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Fig 4.21 Microphotograph of  rat liver (H & E stain) (A) Representative 

section of liver from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) CCl4 group, (D) 

Silymarin + CCl4 group, (E) 200 mg/kg BPM + CCl4 group, (F) 

400 mg/kg BPM + CCl4 group, (G) 400 mg/kg BPM alone 

group. 

121 

Fig 4.22 Microphotograph of  rat liver (H & E stain) (A) Representative 

section of liver from the control group showing normal 

122 
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histology, (B) DMSO + Olive oil group, (C) CCl4 group, (D) 

Silymarin + CCl4 group, (E) 200 mg/kg GAM + CCl4 group, (F) 

400 mg/kg GAM + CCl4 group, (G) 400 mg/kg GAM alone 

group. 

Fig 4.23 Agarose gel showing DNA damage by PCM and protective 

effects of methanol extract of B. procumbens in hepatic tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) Oil+DMSO (3PCM (4) Silymarin+ PCM (5) 200mg/kg 

BPM+ PCM group (6) 400 mg BPM + PCM group, (7) 400 

mg/kg BPM alone. 

130 

Fig  4.24 Agarose gel showing DNA damage by PCM and protective 

effects of methanol extract of G. aparine in hepatic tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2)oil+DMSO  (3) Paracetamol (4) Silymarin, (5) 200mg/kg 

GAM+ PCM group (6) 400 mg GAM + PCM group, (7) 400 

mg/kg  GAM alone. 

130 

Fig 4.25 Microphotograph of  rat liver (H & E stain) (A) Representative 

section of liver from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) M group, (D) 

Silymarin + PCM group, (E) 200 mg/kg BPM + PCM group, (F) 

400 mg/kg BPM + PCM group, (G) 400 mg/kg BPM alone 

group. 

131 

Fig 4.26 Microphotograph of  rat liver (H & E stain) (A) Representative 

section of liver from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) PCM group, (D) 

Silymarin + PCM group, (E) 200 mg/kg GAM + PCM group, 

(F) 400 mg/kg GAM + PCM group, (G) 400 mg/kg GAM alone 

group. 

132 

Fig 4.27 Agarose gel showing DNA damage by GTM4 and protective 

effects of methanol extract of B. procumbens in hepatic tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) Oil+DMSO (3) GTM group (4) Silymarin + GTM (5) 

139 
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200mg/kg BPM+ GTM group (6) 400 mg/kg BPM + GTM 

group, (7) 400 mg/kg BPM alone. 

Fig 4.28 Agarose gel showing DNA damage by GTM and protective 

effects of methanol extract of B. procumbens in hepatic tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) Oil+DMSO (3) GTM (4) Silymarin+ GTM (5) 200mg/kg 

GAM+ GTM group (6) 400 mg GAM + GTM group, (7) 400 

mg/kg GAM. 

139 

Fig 4.29 Microphotograph of  rat liver (H & E stain) (A) Representative 

section of liver from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) GTM group, (D) 

Silymarin + GTM group, (E) 200 BPM mg/kg + GTM group, 

(F) 400 mg/kg BPM + GTM group, (G) 400 mg/kg BPM alone 

group. 

140 

Fig 4.30 Microphotograph of  rat liver (H & E stain) (A) Representative 

section of liver from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) GTM group, (D) 

Silymarin + GTM group, (E) 400 mg/kg GAM + GTM group, 

(F) 400 mg/kg GAM + GTM group, (G)  400 mg/kg  GAM 

alone group. 

141 

Fig 4.31 Agarose gel showing DNA damage by DOX and protective 

effects of methanol extract of B. procumbens in hepatic tissues. 

Lanes from left (M) low molecular weight marker, (1) Control, 

(2) Oil+DMSO (3) DOX group (4) Silymarin+ DOX (5) 

200mg/kg BPM+ DOX group (6) 400 mg BPM + DOX group, 

(7) 400 mg/kg BPM only. 

148 

Fig 4.32 Agarose gel showing DNA damage by DOX and protective 

effects of methanol extract of B. procumbens in hepatic tissues. 

Lanes from left (M) low molecular weight marker, (1) Control, 

(2) Oil+DMSO (3) DOX group (4) Silymarin+ DOX (5) 

200mg/kg GAM + DOX group (6) 400 mg GAM + DOX group, 

(7) 400 mg/kg GAM only. 

148 
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Fig 4.33 Microphotograph of  rat liver (H & E stain) (A) Representative 

section of liver from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) DOX group, (D) 

Silymarin + DOX group, (E) 400 mg/kg BPM + DOX group, 

(F) 400 mg/kg BPM + DOX group, (G) 400 mg/kg  BPM alone 

group. 

149 

Fig 4.34 Microphotograph of  rat liver (H & E stain) (A) Representative 

section of liver from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) DOX group, (D) 

Silymarin + DOX group, (E) 200 mg/kg GAM + DOX group, 

(F) 400 mg/kg GAM + DOX group, (G) 400 mg/kg GAM alone 

group. 

150 

Fig 4.35 Agarose gel showing DNA damage by CCl4 and protective 

effects of methanol extract of B. procumbes in kidney tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + 

CCl4 group, (5) 200 mg BPM + CCl4 group, (6) 400 mg/kg 

BPM + CCl4 group, (7) 400 mg/kg BPM alone. 

160 

Fig 4.36 Agarose gel showing DNA damage by CCl4 and protective 

effects of methanol extract of B. procumbes in kidney tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + 

CCl4 group, (5) 200 mg BPM + CCl4 group, (6) 400 mg/kg 

BPM + CCl4 group, (7) 400 mg/kg BPM alone. 

160 

Fig 4.37 Microphotograph of  rat kidney (H & E stain) (A) 

Representative section of renal from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) CCl4 group, 

(D) Silymarin + CCl4 group, (E) 200 mg/kg BPM + CCl4 group, 

(F) 400 mg/kg BPM+ CCl4 group, (G) 400 mg/kg BPM only. 

161 

Fig 4.38 Microphotograph of  rat kidney (H & E stain) (A) 

Representative section of renal from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) CCl4 group, 

162 
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(D) Silymarin + CCl4 group, (E) 200 mg/kg GAM + CCl4 group, 

(F) 400 mg/kg GAM + CCl4 group, (G)  400 mg/kg GAM alone. 

Fig. 4.39 Agarose gel showing DNA damage by PCM and protective 

effects of methanol extract of B. procumbes in kidney tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) PCM group, (4) Silymarin + 

PCM group, (5) 200 mg/kg BPM + PCM  group, (6) 400 mg/kg 

BPM + PCM group, (7) 400 mg/kg BPM alone 

172 

Fig. 4.40 Agarose gel showing DNA damage by PCM and protective 

effects of methanol extract of G. aparine in nephro tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) PCM group, (4) Silymarin + 

PCM group, (5) 200 mg//kg GAM + PCM group, (6) 400 mg/kg 

GAM + PCM group, (7) 400 mg/kg GAM alone. 

172 

Fig. 4.41 Microphotograph of  rat kidney (H & E stain) (A) 

Representative section of renal from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) PCM 

group, (D) Silymarin + PCM group, (E) 200 mg/kg BPM + 

PCM group, (F) 400 mg/kg BPM + PCM group, (G)  400 mg/kg 

BPM  alone. 

173 

Fig. 4.42 Microphotograph of  rat kidney (H & E stain) (A) 

Representative section of renal from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) PCM 

group, (D) Silymarin + PCM group, (E) 200 mg/kg GAM + 

PCM group, (F) 400 mg/kg GAM + PCM group, (G)  400 

mg/kg GAM alone. 

174 

Fig. 4.43 Agarose gel showing DNA damage by GTM and protective 

effects of methanol extract of B. procumbes in kidney tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) GTM group, (4) Silymarin + 

GTM group, (5) 400 mg/kg BPM + GTM  group, (6) 400 mg/kg 

BPM + GTM group, (7)  400 mg/kg BPM alone. 

184 
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Fig. 4.44 Agarose gel showing DNA damage by GTM and protective 

effects of methanol extract of G. aparine in kidney tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) GTM group, (4) Silymarin + 

GTM group, (5) 400 mg/kg GAM + GTM  group, (6)  400 

mg/kg GAM + GTM group, (7) 400 mg/kg GAM alone. 

184 

Fig. 4.45 Microphotograph of  rat kidney (H & E stain) (A) 

Representative section of renal from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) GTM 

group, (D) Silymarin + GTM group, (E) 200 mg/kg BPM + 

GTM group, (F) 400 mg/kg BPM + GTM group, (G)  400 

mg/kg BPM alone. 

185 

Fig. 4.46 Microphotograph of  rat kidney (H & E stain) (A) 

Representative section of renal from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) GTM 

group, (D) Silymarin + GTM group, (E) 200 mg/kg GAM+ 

GTM group, (F) 400 mg/kg GAM + GTM group, (G) 400 

mg/kg GAM alone. 

186 

Fig. 4.47 Agarose gel showing DNA damage by DOX and protective 

effects of methanol extract of B. procumbens in kidney tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) DOX group, (4) Silymarin + 

DOX group, (5) 200 mg/kg BPM + DOX group, (6)  400 mg/kg 

BPM+ DOX group, (7) 400 mg/kg BPM alone. 

196 

Fig. 4.49 Microphotograph of  rat kidney (H & E stain) (A) 

Representative section of renal from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) DOX 

group, (D) Silymarin + DOX group, (E) 200 mg/kg BPM + 

DOX group, (F) 400 mg/kg BPM + DOX group, (G) 400 mg/kg 

BPM alone. 
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Fig. 4.50 Microphotograph of  rat kidney (H & E stain) (A) 

Representative section of renal from the control group showing 

197 
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normal histology, (B) DMSO + Olive oil group, (C) DOX 

group, (D) Silymarin + DOX group, (E) 200 mg/kg GAM + 

DOX group, (F) 400 mg/kg GAM + DOX group, (G) 400 mg/kg 

GAM alone. 

Fig. 4.51 Agarose gel showing DNA damage by CCl4 and protective 

effects of various dozes of B. procumbens leaves in cardiac 

tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) 

Silymarin + CCl4 group, (5) 200 mg/kg BPM + CCl4 group, (6) 

400 mg/kg  BPM + CCl4 group, (7) 400 mg/kg BPM alone. 

205 

Fig. 4.52 Agarose gel showing DNA damage by CCl4 and protective 

effects of various dozes of G. aparine leaves in cardiac tissue. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + 

CCl4 group, (5) 200 mg/kg GAM + CCl4 group, (6) 400 mg/kg 

GAM + CCl4 group, (7) 400 mg/kg  GAM alone. 

205 

Fig. 4. 53 Microphotograph of  rat heart (H & E stain) (A) Cardiac 

representative section of heart from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) CCl4 group, 

(D) Silymarin + CCl4 group, (E) 200 mg/kg BPM + CCl4 group, 

(F) 400 mg/kg  BPM + CCl4 group, (G) 400 mg/kg BPM. 

206 

Fig. 4. 54 Microphotograph of  rat heart (H & E stain) (A) Cardiac 

representative section of heart from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) CCl4 group, 

(D) Silymarin + CCl4 group, (E) 200 mg/kg GAM + CCl4 group, 

(F) 400 mg/kg GAM + CCl4 group, (G) 400 mg/kg GAM alone 

207 

Fig. 4.55 Agarose gel showing DNA damage by PCM and protective 

effects of various dozes of B. procumbens leaves in cardiac 

tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) PCM group, (4) 

Silymarin + PCM group, (5) 200 mg/kg BPM + PCM group, (6) 

400 mg/kg BPM + PCM group, (7) 400 mg/kg  BPM alone. 

213 
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Fig. 4.56   Agarose gel showing DNA damage by PCM and protective 

effects of various dozes of G. aparine leaves in cardiac tissue. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) PCM group, (4) Silymarin + 

PCM group, (5) 200 mg/kg GAM + PCM group, (6) 400 mg/kg 

GAM + PCM group, (7) 400 mg/kg GAM alone. 

213 

Fig. 4. 57 Microphotograph of  rat heart (H & E stain) (A) Cardiac 

representative section of heart from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) PCM 

group, (D) Silymarin + PCM group, (E) 200 mg/kg BPM + 

PCM group, (F) 400 mg/kg BPM + PCM group, (G) 400 mg/kg 

BPM alone. 

214 

Fig. 4. 58 Microphotograph of  rat heart (H & E stain) (A) Cardiac 

representative section of heart from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) PCM 

group, (D) Silymarin + PCM group, (E) 200 mg/kg GAM + 

PCM group, (F) 400 mg/kg GAM + PCM group, (G) 400 mg/kg 

GAM alone. 

215 

Fig. 4. 59 Agarose gel showing DNA damage by GTM and protective 

effects of various dozes of B. procumbens leaves in cardiac 

tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) GTM group, (4) 

Silymarin + GTM group, (5) 200 mg/kg BPM + GTM group, (6) 

400 mg/kg BPM + GTM group, (7) 400 mg/kg BPM alone. 

221 

Fig. 4. 60 Agarose gel showing DNA damage by GTM and protective 

effects of various dozes of G. aparine in cardiac tissue. Lanes 

from left (M) low molecular weight marker, (1) control, (2) 

DMSO + Olive oil group, (3) GTM group, (4) Silymarin + GTM 

group, (5) 200 mg/kg GAM+ GTM group, (6) 400 mg/kg 

GAM+ GTM group, (7) 400 mg/kg GAM alone 

221 

Fig. 4. 61   Microphotograph of  rat heart (H & E stain) (A) Cardiac 

representative section of heart from the control group showing 
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normal histology, (B) DMSO + Olive oil group, (C) GTM 

group, (D) Silymarin + GTM group, (E) 400 mg/kg BPM + 

GTM group, (F) 400 mg/kg BPM + PCM group, (G) 400 mg/kg 

BPM alone. 

Fig. 4. 62 Microphotograph of  rat heart (H & E stain) (A) Cardiac 

representative section of heart from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) GTM 

group, (D) Silymarin + GTM group, (E) 200 mg/kg GAM + 

GTM group, (F) 400 mg/kg GAM + PCM group, (G) 400 mg/kg 

GAM alone. 

223 

Fig. 4.63 Agarose gel showing DNA damage by DOX and protective 

effects of various dozes of B. procumbens leaves in cardiac 

tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) DOX group, (4) 

Silymarin + DOX group, (5) 200 mg/kg BPM + DOX group, (6) 

400 mg/kg BPM + DOX group, (7) 400 mg/kg BPM alone. 

229 

Fig. 4.64 Agarose gel showing DNA damage by DOX and protective 

effects of various dozes of G. aparine in cardiac tissue. Lanes 

from left (M) low molecular weight marker, (1) control, (2) 

DMSO + Olive oil group, (3) DOX group, (4) Silymarin + DOX 

group, (5) 200 mg/kg GAM + DOX group, (6) 400 mg/kg GAM 

+ DOX group, (7) 400 mg/kg GAM alone. 

229 

Fig. 4.65 Microphotograph of  rat heart (H & E stain) (A) Cardiac 

representative section of heart from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) GTM 

group, (D) Silymarin + DOX group, (E) 200 mg/kg BPM + 

DOX group, (F) 400 mg/kg BPM + DOX group, (G) 400 mg/kg 

BPM alone. 
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Fig. 4.66 Microphotograph of  rat heart (H & E stain) (A) Cardiac 

representative section of heart from the control group showing 

normal histology, (B) DMSO + Olive oil group, (C) GTM 

group, (D) Silymarin + DOX group, (E) 200 mg/kg GAM + 

231 
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DOX group, (F) 400 mg/kg GAM + DOX group, (G) 400 mg/kg 

GAM only. 

Fig. 4. 67 Agarose gel showing DNA damage by CCl4 and protective 

effects of methanol extract of B. procumbes in testicular tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin +  

CCl4 group, (5) 200 mg/kg BPM + CCl4 group, (6) 400 mg/kg 

BPM + CCl4 group, (7) 400 mg/kg BPM alone. 

238 

Fig. 4. 68   Agarose gel showing DNA damage by CCl4 and protective 

effects of methanol extract of G. aparine in testicular tissues. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin +  

CCl4 group, (5) 400 mg/kg  GAM+ CCl4 group, (6) 400 mg/kg 

GAM + CCl4 group, (7)400 mg/kg GAM alone. 

238 

Fig. 4. 69 Microphotograph of rat testis (H & E stain). (A) Representative 

section of testis from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) CCl4 group, (D) (D) 

Silymarin + CCl4 group, (E) 200 mg/kg BPM + CCl4 group, (F) 

400 mg/kg BPM + CCl4 group, (G) 400 mg/kg BPM alone. 

239 

Fig. 4.70 Microphotograph of rat testis (H & E stain). (A) Representative 

section of testis from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) CCl4 group, (D) (D) 

Silymarin + CCl4 group, (E) 200 mg/kg GAM + CCl4 group, (F) 

400 mg/kg GAM + CCl4 group, (G) 400 mg/kg GAM alone.  

240 

Fig. 4.71 Agarose gel showing DNA damage by PCM and protective 

effects of various doses of B. procumbens in testicular tissue. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) PCM group, 4) Silymarin +  

PCM group, (5) 200 mg/kg BPM + PCM  group, (6) 400 mg/kg 

BPM + PCM group, (7) 400 mg/kg BPM alone 

246 

Fig. 4.72 Agarose gel showing DNA damage by PCM and protective 

effects of different dosesof G. aparine in testicular tissue. Lanes 
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from left (M) low molecular weight marker, (1) control, (2) 

DMSO + Olive oil group, (3) PCM group, 4) Silymarin +  PCM 

group, (5) 200 mg/kg GAM + PCM  group, (6) 400 mg/kg GAM 

+ PCM group, (7) 400 mg/kg GAM alone. 

Fig. 4.73 Microphotograph of rat testis (H & E stain). (A) Representative 

section of testis from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) PCM  group, (D) 

(D) Silymarin + PCM group, (E) 200 mg/kg BPM + PCM 

group, (F) 400 mg/kg BPM + PCM group, (G) 400 mg/kg BPM 

alone. 

247 

Fig. 4.74 Microphotograph of rat testis (H & E stain). (A) Representative 

section of testis from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) PCM  group, (D) 

(D) Silymarin + PCM group, (E) 200 mg/kg GAM + PCM 

group, (F) 400 mg/kg GAM + PCM group, (G) 400 mg/kg 

GAM alone. 

248 

Fig. 4.75  Agarose gel showing DNA damage by GTM and protective 

effects of various fractions of B. procumbens in testicular tissue. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) GTM group, 4) Silymarin +  

GTM group, (5) 200 mg/kg  BPM + GTM  group, (6) 400 

mg/kg BPM + GTM group, (7) 400 mg/kg BPM 

254 

Fig. 4. 76  Agarose gel showing DNA damage by GTM and protective 

effects of various fractions of G. aparine leaves in testicular 

tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) GTM group, 4) 

Silymarin +  GTM group, (5) 200 mg/kg  GAM + GTM  group, 

(6) 400 mg/kg GAM+ GTM group, (7) 400 mg/kg GAM alone 
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Fig. 4. 77 . Microphotograph of rat testis (H & E stain). (A) Representative 

section of testis from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) GTM  group, (D) 
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(D) Silymarin + PCM group, (E) 200 mg/kg  ) BPM + GTM 

group, (F) 400 mg/kg) BPM + GTM group, (G) 400 mg/kg 

BPM alone 

Fig. 4. 78 Microphotograph of rat testis (H & E stain). (A) Representative 

section of testis from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) GTM  group, (D) 

(D) Silymarin + GTM group, (E) 200 mg/kg GAM+ GTM 

group, (F) 400 mg/kg GAM+ GTM group, (G) 400 mg/kg GAM 

alone,  
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Fig. 4. 79 Agarose gel showing DNA damage by DOX and protective 

effects of B. procumbens in testicular tissue. Lanes from left (M) 

low molecular weight marker, (1) control, (2) DMSO + Olive oil 

group, (3) DOX group, 4) Silymarin +  DOX group, (5) 200 

mg/kg BPM + DOX group, (6) 400 mg/kg BPM + DOXgroup, 

(7) 400 mg/kg BPM al 

262 

Fig. 4. 80   Agarose gel showing DNA damage by DOX and protective 

effects of B. procumbens in testicular tissue. Lanes from left (M) 

low molecular weight marker, (1) control, (2) DMSO + Olive oil 

group, (3) DOX group, 4) Silymarin +  DOX group, (5) 200 

mg/kg GAM+ DOX group, (6) 400 mg/kg GAM+ DOX group, 

(7) 400 mg/kg GAM alone. 
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Fig. 4. 81 Microphotograph of rat testis (H & E stain). (A) Representative 

section of testis from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) DOX  group, (D) 

(D) Silymarin + DOX group, (E) 200 mg/kg BPM + DOX 

group, (F) 400 mg/kg BPM + DOX group, (G) 400 mg/kg BPM 

alone. 
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Fig. 4. 82 Microphotograph of rat testis (H & E stain). (A) Representative 

section of testis from the control group showing normal 

histology, (B) DMSO + Olive oil group, (C) DOX  group, (D) 

Silymarin + DOX group, (E) 200 mg/kg GAM + DOX group, 
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(F) 400 mg/kg GAM + DOX group, (G) 400 mg/kg GAM alone. 

Fig. 4.83 Agarose gel showing DNA damage by CCl4 and protective 

effects of various dozes of B. procumbens leaves in pulmonary 

tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) 

Silymarin + CCl4 group, (5) 200 mg/kg BPM + CCl4 group, (6) 

400 mg/kg BPM + CCl4 group, (7) 400 mg/kg BPM alone. 

270 

Fig. 4.84 Agarose gel showing DNA damage by CCl4 and protective 

effects of various dozes of B. procumbens leaves in pulmonary  

tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) 

Silymarin + CCl4 group, (5) 200 mg/kg GAM + CCl4 group, (6) 

400 mg/kg GAM + CCl4 group, (7) 400 mg/kg  GAM alone. 

270 

Fig. 4. 85  Microphotograph of  rat lungs (H & E stain) (A) Representative 

section of lungs from the control group showing normal 

histology , (B) DMSO + Olive oil group, (C) CCl4 group, (D) 

Silymarin + CCl4 group, (E) 200 mg/kg BPM+ CCl4 group, (F) 

400 mg/kg BPM+ CCl4 group, (G) 400 mg/kg BPM alone. 

271 

Fig. 4. 86 Microphotograph of  rat lungs (H & E stain) (A) Representative 

section of lungs from the control group showing normal 

histology , (B) DMSO + Olive oil group, (C) CCl4 group, (D) 

Silymarin + CCl4 group, (E) 200 mg/kg GAM+ CCl4 group, (F) 

400 mg/kg GAM+ CCl4 group, (G) 400 mg/kg GAM alone. 

272 

Fig. 4.87 Agarose gel showing DNA damage by PCM and protective 

effects of various dozes of B. procumbens leaves in pulmonary  

tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) PCM group, (4) 

Silymarin + PCM group, (5) 200 mg/kg BPM + PCM group, (6) 

400 mg/kg BPM + PCM group, (7) 400 mg/kg  BPM alone 

277 

Fig. 4.88 Agarose gel showing DNA damage by PCM and protective 

effects of various dozes of B. procumbens leaves in pulmonary 

tissue. Lanes from left (M) low molecular weight marker, (1) 

277 



xxv 
 

Fig No. Title Page 

control, (2) DMSO + Olive oil group, (3PCM group, (4) 

Silymarin + PCM group, (5) 200 mg/kg GAM + PCM group, (6) 

400 mg/kg GAM + PCM group, (7) 400 mg/kg  GAM alone 

Fig. 4. 89 Microphotograph of  rat lungs (H & E stain) (A) Representative 

section of lungs from the control group showing normal 

histology , (B) DMSO + Olive oil group, (C) PCM group, (D) 

Silymarin + PCM group, (E) 200 mg/kg BPM+ PCM group, (F) 

400 mg/kg BPM+ PCM group, (G) 400 mg/kg BPM  alone 

278 

Fig. 4. 90 Microphotograph of  rat lungs (H & E stain) (A) Representative 

section of lungs from the control group showing normal 

histology , (B) DMSO + Olive oil group, (C) PCM group, (D) 

Silymarin + PCM, (E) 200 mg/kg GAM+ PCM group, (F) 400 

mg/kg GAM+ PCM group, (G) 400 mg/kg GAM alone 

279 

Fig. 4.91 Agarose gel showing DNA damage by GTM and protective 

effects of various dozes of B. procumbens in pulmonary  tissue. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) GTM group, (4) Silymarin + 

GTM group, (5) 200 mg/kg BPM + GTM group, (6) 400 mg/kg 

BPM + GTM group, (7) 400 mg/kg  BPM alone 

284 

Fig. 4.92 Agarose gel showing DNA damage by GTM and protective 

effects of various dozes of G. aparine  in pulmonary  tissue. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) GTM group, (4) Silymarin + 

GTM group, (5) 200 mg/kg GAM+ GTM group, (6) 400 mg/kg 

GAM + GTM group, (7) 400 mg/kg  GAM alone 

284 

Fig. 4. 93 Microphotograph of  rat lungs (H & E stain) (A) Representative 

section of lungs from the control group showing normal 

histology , (B) DMSO + Olive oil group, (C) GTM group, (D) 

Silymarin + GTM group, (E) 200 mg/kg BPM+ GTM group, (F) 

400 mg/kg BPM+ GTM group, (G) 400 mg/kg BPM alone 

285 

Fig. 4. 94 Microphotograph of  rat lungs (H & E stain) (A) Representative 

section of lungs from the control group showing normal 

286 



xxvi 
 

Fig No. Title Page 

histology , (B) DMSO + Olive oil group, (C) GTM group, (D) 

Silymarin + GTM group, (E) 200 mg/kg GAM+ GTM group, 

(F) 400 mg/kg GAM+ GTM group, (G) 400 mg/kg GAM alone 

Fig. 4.95 Agarose gel showing DNA damage by DOX and protective 

effects of various dozes of B. procumbens in pulmonary  tissue. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) DOX group, (4) Silymarin + 

DOX group, (5) 200 mg/kg BPM+ DOX group, (6) 400 mg/kg 

BPM + DOX  group, (7) 400 mg/kg  BPM alone 

291 

Fig. 4.96 Agarose gel showing DNA damage by DOX and protective 

effects of various dozes of G. aparine in pulmonary tissue. 

Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3DOX group, (4) Silymarin + 

DOX group, (5) 200 mg/kg GAM+ DOX group, (6) 400 mg/kg 

GAM + DOX group, (7) 400 mg/kg  GAM alone 

291 

Fig. 4. 97 Microphotograph of  rat lungs (H & E stain) (A) Representative 

section of lungs from the control group showing normal 

histology , (B) DMSO + Olive oil group, (C) DOX group, (D) 

Silymarin + DOX group, (E) 200 mg/kg BPM+ DOX group, (F) 

400 mg/kg BPM+ DOX group, (G) 400 mg/kg BPM alone 

292 

Fig. 4. 98 Microphotograph of  rat lungs (H & E stain) (A) Representative 

section of lungs from the control group showing normal 

histology , (B) DMSO + Olive oil group, (C) DOX group, (D) 

Silymarin + DOX group, (E) 200 mg/kg GAM+ DOX group, (F) 

400 mg/kg GAM+ DOX group, (G) 400 mg/kg GAM alone 

293 

Fig 4.99 Microphotographs of pancreas histology of different groups 

after treatments of treatments of BPM and GAM (H & E 

staining). IL-islet of Langerhans, AC-acinar cells, MLD-mild 

Langerhans disruption, AD-Acinar disintegration, LD-

Langerhans disruption, ACS-acinar cells steatosis, IC-

inflammatory cells. (A) Control (B) Diabetic+Glibenclamide 

(C) Diabetic control (D) Diabetic+BPM 200 mg/kg (E) 

305 



xxvii 
 

Fig No. Title Page 

Diabetic+BPM 400 mg/kg (F) Diabetic+GAM 200 mg/kg (G) 

Diabetic+GAM 400mg/kg 

Fig. 4.100 Anti-asthmatic effect of B. procumbens. (A) Differential count 

of WBC in BAL fluid (B) Differential count of WBC in blood 

(C) Cytokine concentration in serum  (D) Cytokine 

concenteration in serum (E) Cytokine concenteration in spleen 

cell. 

309 

Fig 4.101 Histopathological alterations and effect of B. procumbens  in 

sections of lung and bronchioles. A) Shows normal view of lung 

pathology, (B) Shows typical damaged lung tissue with 

leukocyte infiltration, inflammatory exudation vascular 

congestion (C) Shows less leukocyte infiltration by 

dexamethasone treatment (D) Shows less leukocyte infiltration 

by B. procumbens, E) Almost near to normal pathology with 

very less infilteration, F) normal lung Pathology. 

311 

Fig 4.102 Proposed structure of BP1 [2- Propenamide, 3- (4- hydroxy- 3- 

methoxyphenyl) - N- [2- (4-hydroxyphenyl) ethyl] - , (2E).]. 

314 

Fig 4.103 Proposed structure of BP2. 2- Propenamide, 3- (4- hydroxy- 3- 

methoxyphenyl) - N- [2- (3- hydroxy- 4 methoxyphenyl) ethyl] - 

, (2E) –. 

316 

Fig 4.104 
1
H NMR spectra (600 MHz, in DMSO-d6) of BP1. 317 

Fig 4.105 
13

C NMR spectra (600 MHz, in DMSO-d6) of BP1. 317 

Fig 4.106 
1
H NMR spectra (600 MHz, in DMSO-d6) of BP2. 318 

Fig 4.107 
13

C NMR spectra (600 MHz, in DMSO-d6) of BP2. 318 

Fig 4.108 COSY (400 MHz, in DMSO-d6) of BP2. 319 

Fig 4.109 HSQC (400 MHz, in DMSO-d6) BP2. 319 

Fig 4.110 HMBC (400 MHz, in DMSO-d6) of BP2. 320 

Fig 4.111 tROSY (600 MHz, in DMSO-d6) of BP2. 320 

Fig 4.112 NHSQC (600 MHz, in DMSO-d6) of BP2. 321 

Fig 4.113 2D HMQC (600 MHz, in DMSO-d6) of BP2. 321 

Fig 4.114 
Proposed structure of GA1 {1-(3',4'-dihydroxycinnamoyl) 

cyclopentane-2,3-diol}. 

324 



xxviii 
 

Fig No. Title Page 

Fig 4.115 Structure of GA2. (2R, 3R, 4S, 5R)-2-(6-amino-9H-purin-9-yl)-

5-(hydroxymethyl)-tetrahydrofuran-3, 4-diol. 

325 

Fig 4.116 
1
H NMR spectra (600 MHz, in DMSO-d6) of GA1 and GA2. 328 

Fig 4.117 
13

C NMR spectra (600 MHz, in DMSO-d6) of GA1 and GA2. 328 

Fig 4.118 HMBC (600 MHz, in DMSO-d6) of A1. 329 

Fig 4.119 COZY (600 MHz, in DMSO-d6) of A1. 329 

Fig 4.120 HSQC (600 MHz, in DMSO-d6) of GA1. 330 

Fig 4.121  tROZEY spectra (600 MHz, in DMSO-d6) of GA1. 330 

Fig 4.122 HSQC 15 N (600 MHz, in DMSO-d6) of GA1. 331 

Fig 4.123 15 N HMQC spectra (600 MHz, in DMSO-d6) of GA1. 331 

  

 



xxix 

 

LIST OF ABBREVIATIONS 

Abbreviations Full Name 

µg Micro gram 

µl Micro liter 

۰CCl3 Trichloromethyl radical 

۰OOCCl3 Proxy trichloromethyl radical 

ABTS 2, 2 azobis(3ethylbenzothiozoline-6-sulphonic acid 

ACN Aceto nitrile 

ACP Acid phosphatase 

ALP  Alkaline phosphatase 

ALT Alanine transaminase 

ASA Ascorbic acid 

AST Aspartate transaminase  

ATSDR Agency for toxic substances and disease registry 

ATP Adenosine triphosphate 

AT10 Agrobacterium tumefaciens 10 

b.w Body weight  

β Beta 

BAL Bronchoalveolar Lavage 

BaCl2 Barium chloride 

BaSO4 Barium sulphate 

BCC Basal cell carcinoma 

BCG Bromocresol green 

BHT Butylated hydroxyl toluene 

BSA Bovine serum albumin 

BUN Blood urea nitrogen 

B. procumbens Boerhavia procumbens 

BPM Methanol extract of B. procumbens 

BPH n-Hexane extract of B. procumbens 

BPE Ethyl accetate extract of B. procumbens 

BPB Butanol extract of B. procumbens 

BPA Water extract of B. procumbens 

C  Cortisol  

°C. Centigrade 

CH2Cl2 Choloroform 

Ca Calcium 

CAT  Catalase 

CCl4  Carbon tetrachloride  

Ccr  Creatinine concentration 

Cd  Cadmium 

CFU Colony forming unit 

CHAPS 3-cholamidopropyl dimethylammonio-1-propane-sulphonate 

CHE  Choline esterase 

CO Cholesterol oxidase 

Co Cobalt 

Cr   Chromium 

Cs   Creatinine concentration of sample 

Cu  Copper 

CU  Creatinine concentration of urine 



xxx 

 

CuSO4  Copper sulphate 

CYP450  Cytochrome P-450  

DCPIP   Dichlorophenolindophenol 

DDT  Dichloro diphenyl trichloroethane 

DOX Doxorubicin 

dG Deoxyguanosine 

dH2O Distilled water 

dl Deci liter 

DMSO  Dimethyl sulfoxide 

DNA  Deoxyribonucleic acid  

DPA   Diphenylamine 

DPPH  1, 1-diphenyl-2-picryl-hydrazyl 

DTNB 5,5-dithiobis-2-nitrobenzoic acid 

DTT Dithiothreitol  

E2 Estradiol 

FDA Food and Drug Administration 

Fe Iron 

FeCl2 Ferrous chloride 

FeCl3 Ferric chloride 

FeSO4-EDTA Ferrous sulphate EDTA  

FSH Follicle stimulating hormones 

g Gram 

GA Gallic acid 

G. aparine Galium aparine 

GAM Methanol Extract of Galium aaprine 

GAH n-Hexane Extract of Galium aaprine 

GAE Ethyl acetate Extract of Galium aaprine 

GAB Butanol Extract of Galium aaprine 

GAA Water Extract of Galium aaprine 

GAE   Gallic acid equivalent 

GC-MS Gas chromatography mass spectroscopy 

GSH  Glutathione  

GSH-px  Glutathione peroxidase  

GSR Glutathion reductase 

GST Glutathione-S-transferase 

GTM Gentamicin 

H&E Hematoxylin and Eosin 

H2O2 Hydrogen peroxide 

H2S04  Sulphuric acid    

HCCs Hepatocellular carcinomas 

HCl Hydrochloric acid 

HDL  High density lipoprotein 

HDLs  High-density lipoproteins  

HPLC High performance liquid chromatography 

BHA Butylated Hydroxyanisole 

HNE Hydroxynonenal 

i.p. Intraperitoneal 

IARC International Agency for Research on Cancer 

IFN-γ Interferon gamma 

IC50 Fifty percent inhibition concentration 



xxxi 

 

ICAM-1 Intercellular Adhesion molecule 

K Potassium 

KBrO3  Potassium bromate 

KI Potassium iodide 

LD50 Fifty percent death 

LDH Lactate dehydrogenase 

LDL  Low density lipoprotein  

LEC Long-Evans Cinnamon 

LH Luteinizing hormones 

Li Lithium 

LPO Lipid peroxidation 

LSD Least significant difference 

M Molar 

MCP-1 Monocyte Chemo attractant protein 

MDA Malondialdehyde 

MeOH Methanol 

MeCN Accetonitrile 

Mg  Magnesium 

mg Milli gram 

MgCl2 Magnesium chloride 

MIC Minimum inhibition concentration 

ml Millimeter 

mm Millimeter 

mM Milli molar 

Mn Manganese 

Mo Molybdenum 

mRNA Messenger ribonucleic acid 

MS Mass Spectrophotometer 

N Normal 

NAPQI N-Acetyl Parabenzoquine imine  

Na Sodium 

Na2CO3  Sodium carbonate 

NaCl Sodium chloride 

NAD Nicotinamide adenine dinucleotide 

NADP Nicotinamide adinine dinucleotide phosphate reduced 

NADPH Nicotinamide adinine dinucleotide phosphate 

NaH2PO4 Sodium dihydrogen phosphate 

NaOH Sodium hydroxide 

NBT Nitroblue tetrazolium 

NH4OH Ammonium hydroxide 

NSAIDs Non-steroidal anti-inflammatory drugs  

Ni Nickle 

NOˉ Nitric oxide 

NORs  Nucleolar organizer regions  

NMR Nuclear Magnetic Resonance 

O2ˉ Superoxide 

O3  Ozone 

OD Optical density 

OHˉ Hydroxyl 

OOH· Hydroperoxyl 



xxxii 

 

HOCl Hypochlorous acid 

ONOOˉ Peroxinitrite 

oxo8dG  8-oxo-7,8-dihydro-29-deoxyguanosine 

Pb Pulumbam 

PB Phenobarbital 

PBN α-phenyl-N-tert-butyl nitrone 

PBS Phosphate buffer 

PC3 Prostate cancer cells 

PCM Paracetamol 

PG Propyl gallate 

pH Power of hydrogen ion 

POD Peroxidase 

PARP Poly (ADP-ribose) polymerase 

PUFA Polyunsaturated fatty acid 

PMS Phenazine methosulphate 

QR Quercetin 

RBCs Red blood cells 

RNA Ribonucleic acid 

ROO
•
 Peroxy radicals 

ROS Reactive oxygen species  

Rpm Revolution per minute 

RT Rutin 

SDS Sodium dodecyl sulphate 

SGPT Serum glutamic pyruvates transaminase    

SGOT Serum glutamic oxaloacetate transaminase  

SOD Superoxide dismutase 

SRB  Sulforhodamine B  

T3 Triiodothyronine 

T4 Tetraiodothyronine 

TBA Thiobarbituric acid 

TBARS  Thiobarbituric acid reactive substances    

TBE Tris borate EDTA 

TCA Trichloroacetic acid  

TDI Toluene diisocyanate 

TBHQ tertiary butylated hydroxyl quinine 

TLC Thin layer chromatography 

TPC Total phenolic contents 

UV Ultra violet 

WBCs White blood cells 

WHO World health organization 

XO Xanthine oxidase 

Zn  Zinc 

ZnSO4  Zinc sulphate 

γ-GT Gamma glutamyl transaminase 

 

 

 

http://en.wikipedia.org/wiki/Sulforhodamine_B


xxxiii 
 

Abstract 

The current investigation was designed to examine the phytochemistry profile 

and pharmacological evaluation of Boerhavia procumbens and Galium aparine 

against carbon tetrachloride (CCl4), paracetamol (PCM), gentamicin (GTM) and 

doxorubicin (DOX) induced oxidative stress in Sprague-Dawley male rats.  

  Boerhavia procumbens Banks ex Roxb. (Nyctaginaceae) is used in traditional 

system of medicine to cure different ailments (edemas, dropsy, dysmenorrhea, cough 

jaundice, swelling, watering of eyes, anemia, dropsy, gonorrhea, cough and asthma. 

Galium aparine L. (Rubiacea) is employed for the cure of tonsillitis, jaundice, lymph 

swellings, wounds, cancer, fever, scurvy, hypertension and leukemia. Galium aparine 

has a strong anti–inflammatory activity, enhance immunity, combats psoriasis, 

cystitis, kidney stones, dermatitis, fluid retention.  

 Whole plants were shade dried, extracted with methanol (BPM; GAM), 

suspended in distilled water and further fractionated with n-hexane (BPH; GAH), 

ethyl acetate (BPE; GAE) and butanol (BPB; GAB) while the remaining portion was 

filtered and used as water fraction (BPA; GAA). 

 Phytoconstituents have been determined in the methanol extract and the 

derived fractions of B. procumbens and G. aparine. Qualitative analysis of methanol 

extract indicated the composition of diverse classes, namely, flavonoids, tannins, 

saponins, phlobatannins, cardiac glycosides, alkaloids, terpenoids, and 

anthraquinones. Quantitative determination illustrated that BPB and BPE possessed 

the highest concentration of total phenolic (68.45±2.17
 
mg gallic acid equivalent per 

gram sample) and total flavonoid content (60.05±2.3 mg rutin equivalent per gram 

sample), respectively. GAB showed the maximum quantity of total phenolic content 

(64.34±2.71 mg GAE/g of dry powder) and total flavonoid content (58.09±1.9
 

rutin/g), while least concentration was present in GAA (9.678±.05 mg rutin/g). 

 A dose-dependent response for antioxidant activity was exhibited by all the 

samples. The sample with the highest aptitude for antioxidant activity was the BPB 

(ABTS scavenging and TAC) while GAA strongly scavenges the DPPH, ABTS, OH, 

H2O2 and O
2-

 radicals. The amount of total flavonoid and phenolic in B. procumbens 

with EC50 values for superoxide radical scavenging activity were significantly 

correlated; R
2
= 0.7558 and R

2
=0.942, respectively. However, weak correlation of 

EC50 values was established with DPPH, OH, H2O2, and ABTS radical scavenging 

activities. In case of G. aparine superoxide scavenging and DPPH scavenging assay 
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exhibited strong correlation with total phenolic content (R
2 

= 0.8853, 0.8527), 

respectively. Phosphomolybdate assay showed strong correlation with total flavonoid 

content (R
2 

= 0.8269).  

 All the extracts/fractions showed potent activity against Gram-negative, 

Gram-positive bacteria. However, the most active fractions of B. procumbens were 

BPM, BPB and BPE while GAM, GAB of G. aparine exhibited the activity against 

maximum number of strains as compared to other fractions. In antifungal activity, 

BPM, BPE and GAM, GAB, GAE exhibited activity against maximum number of 

strains in comparison to other fractions. These fractions also exhibited good cytotoxic 

activity as the maximum (93.33 and 86.66 %) was shown by ethyl acetate fraction of 

the B. procumbens and G. aparine at 1000 mg/ml.  

 HPLC analysis of different fractions of B. procumbens and G. aparine was 

found to be comprised of rutin, kaempferol, catechin, quercetin, caffeic acid and 

myricetin. In GC-Mass analysis, the prominent compounds detected were phytol, 

squalene, stigmasterol, octadecanedioic acid, triethylene glycol, butanoic acid, 

monoolein, Phthalic acid, 1-Monoolein, Methyl-7,10,13-eicosatrienoate, palmitic 

acid, 11-Octadecenoic acid, and pholedrine.  

 Carrageenan-induced paw edema was significantly (p < 0.05) inhibited by 

BPM, BPE and GAM, GAE, GAB at the 1st, 2nd, and 3rd hour and was comparable 

to control drug diclofenac potassium. For anti-depressant assay, most promising 

fractions were GAM and GAB (95±10.8; 103±5.4 sec); different fractions of B. 

procumbens showed antidepressant activity in a pattern as follows: BPM (112±10.8 

sec) > BPB (120±9 sec) > BPA (127±7.6 sec) > BPE (135±8.3 sec) > BPH (160±5.7 

sec). 

 The effect of BPM and GAM at different doses (200 and 400 mg/kg) was also 

investigated against CCl4/PCM/GTM/DOX induced toxicity in Sprague-Dawley rats. 

The in vivo experiments performed BPM and GAM demonstrated significant dose 

dependent protection of liver, kidney, heart, lungs and testes against different drugs 

induced toxicity, confirming in vitro antiradical activity. However, most potent 

activity was expressed at higher dose. 

 Toxicity by different drugs/chemicals increased liver marker enzymes (AST, 

ALT. ALP, γ GT, LDH) and changed cholesterol profile was reversed towards the 

control by post treatment of plant extracts. Elevated levels of red blood cells (RBC), 

white blood cells (WBC), creatinine, total bilirubin, direct bilirubin urobilinogen, 
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urea, protein and albumin concentration in urine presented main indication of kidney 

injuries induced through different drugs treatment; were significantly reversed, dose 

dependently, towards the control level by various doses of both plants. Depleted 

levels of antioxidant enzymes (CAT, SOD, and POD) and phase II metabolizing 

enzymes (GST, GPx, GR, QR) in different organs were restored by oral 

administration of various doses. Level of TBARS, nitrite and H2O2 was elevated 

while GSH concentration was decreased with toxicants in different organs; and was 

reverted towards the control group, dose dependently. Analysis of hormones revealed 

that toxicants significantly (P>0.01) increased hormonal level of estradiol and 

prolactin while depleted the secretion of testosterone, FSH, LH restored to control rats 

by oral induction of various doses of plants. Moreover, extracts administered at 400 

mg/kg were found to show greater protective effects than that at 200 mg/kg. 

Furthermore, the protective activity of these extracts was comparable to that of 

silymarin, an active moiety in Silybum marianum, well-known for its hepatic 

regenerative activity. 

 BPM and GAM exhibited potent antihyperglycemic and hypoglycemic 

activity at different doses.  Further confirmation of antidiabetic potential was achieved 

by study of multiple dose treatment of alternate days for 15 days. BPM and GAM 

illustrated significant antidiabetic as well as protective and antioxidant role in 

multiple organs against alloxan induced toxicity.  

 Methanol extract of B. procumbens suppresses the asthmatic symptoms and 

inhibits the infiltration of eosinophils and lymphocytes in lungs of TDI provoked rats. 

Administration of BPM to TDI provoked rats, dose dependently, inhibits the release 

of interleukins (IL)-2 in serums and IL-4, IL-6, interferon gamma (IFN-γ) in 

bronchoalveolar lavage (BAL) and in in vitro culture of spleen cells, and ameliorated 

the oxidative stress in lung tissues. 

 Based on the antibacterial activity against methicillin-resistant Staphylococcus 

aureus (MRSA) two compounds (BP1 and BP2) were isolated from the whole plant 

extract of B. procumbens and were characterized as N-trans-feruloyltyramine (BP1) 

and N-trans-feruloyl-4-O-methyldopamine (BP2). An antioxidant compound GA1 {1-

(3', 4'-dihydroxycinnamoyl) cyclopentane-2, 3-diol} and GA2 (adenosine) were 

isolated based on antibacterial activity against MRSA. 

  Thus the results show that crude methanol extracts and partitioned fractions of 

B. procumbens and G. aparine possess antimicrobial, cytotoxic, anti-inflammatory, 
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anti-depresssent, anti-diabetic and antioxidant effects. The spectra of activities 

displayed by the extracts could be credited to the presence of these phytochemicals 

(flavonoids, saponins, tannins, alkaloids and terpenoids). Medicinal use of B. 

procumbens and G. aparine also accredited with the isolation of alkamides and 

antioxidant compounds having diverse properties. This may validate the use of these 

plants in traditional medicine for the treatment of various disease conditions and 

signifies the potential of B. procumbens and G. aparine as sources of therapeutic 

agents. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 1                                                                                                                                Introduction 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).        1 

 

 Throughout the ages, humankind has relied on natural products for their need 

for medicine. Today, almost fifty percent of all the medicines in clinical use are 

produced from natural sources (and their derivatives or analogs), while higher plant-

contribute 25% of all therapeutic agents (Gurib-Fakim, 2006). The other natural 

sources of medicines include land-dwelling microorganisms, aquatic organisms, and 

terrestrial vertebrates and invertebrates (Newman et al., 2000). According to World 

Health Organization report in progressing countries 80% of the people are depending 

on traditional medicine for their basic health care, and about 85% of folk medicine 

encompasses the use of plant extracts (Farnsworth, 1988). In Pakistan, 40% of the 

total population, especially in rural areas depends on traditional practitioners 

(Hakims) for health care, who recommend herbal preparations (Gilani et al., 2001; 

Ahmed et al., 2009). 

Subsequently secondary metabolites isolated from plants have been utilized 

inside living systems, they are frequently observed as showing more “drug-likeness 

and biological friendliness than totally synthetic molecules,” (Koehn and Carter, 

2005) creating them potential contender for more drug formulations (Balunas and 

Kinghorn, 2005). Intricate carbon skeletons and diverse structures discovered from 

natural products used in drug development. Consequently, lead bioactive compounds 

can play an important part in drug development after further modification. 

1.1. Phytochemical screening    

Phytochemical screening allows the screening of novel bioactive compounds 

with potential activities. Phytochemical are natural bioactive compounds found in 

plants, such as fruits, vegetables, leaves, roots and flowers that along with fibers and 

nutrients act as defense system and protect from many diseases. Phytochemicals are 

of two types; primary and secondary constituents. Primary constituents include 

sugars, chlorophyll, amino acids and proteins while secondary constituents are 

comprised of terpenoids, phenolic tannins, flavonoids and alkaloids compounds 

(Nasri et al., 2014; Krishnaiah et al., 2007) and many others.  

Various studies have shown that alkaloids possess number of therapeutic 

potentials. Most of their therapeutic uses are antitumor (vinblastine), antidepressant 

(morphine), anesthetic (cocaine), stimulants (caffine), antimalaria (quinine), 

antibacterial (berberine) and amoebicide (emetine) (Asif, 2015; Gurib-Fakim, 2006). 

Flavonoids are the compounds that act as major antioxidants or free radical 

scavengers (Krimat et al., 2015), antispasmodic, anti-inflammatory, anti-allergic, 
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antiviral, and diuretic affect (Heleno et al., 2012). These properties might be 

attributed to their antioxidant and free radical scavenging behavior. Saponins are 

known to be immune booster, and exerts anti-inflammatory, hemolytic, allelopathic, 

cholesterol lowering and anticancerous effects (Mandeau et al., 2005; Tiwari et al., 

2014). Tannins are known to have spasmolytic action in smooth muscles cells, 

antioxidant and free radical scavenging properties (Tona et al., 2000). They also have 

antimicrobial properties, providing water proof layer on the skin when employed 

superficially or guard the primary coatings of the skin and minimize the loss of fluids 

(Chavasco et al., 2014). 

1.2. Free radicals, reactive species and oxidative stress  

Contribution of free radicals in the origin of different disorders like diabetes, 

cancer, autoimmune diseases, cardiovascular disorders, aging, neurodegenerative 

diseases, etc. is increasingly evident (Uttara et al., 2009). Free radical can be defined 

as an atom or a molecule containing unpaired electrons. The primary free radicals 

derived from oxygen are O2
•
 (superoxide anion) OH

•
 (hydroxyl), OOH

•
 

(hydroperoxyl) radicals, alkoxyl (RO
•
) and peroxyl (ROO

•
) radicals and non-free 

radicals are HOCl (hypochlorous acid), H2O2 (hydrogen peroxide) 
1
O2 (singlet 

oxygen) and O3 (ozone), collectively these reactive intermediates are termed as ROS 

(reactive oxygen species) (Halliwell and Gutteridge, 1999). The following equations 

represent the total reduction of O2 (oxygen).  

 

Similarly, reactive nitrogen species (RNS) includes peroxynitrite (ONOO
•
), 

nitric oxide (NO
•
) and nitrogen dioxide (NO2). Free radicals cause various toxic 

oxidative reactions like initiation of membrane lipid’s peroxidation which lead to the 

accumulation of lipid peroxides, direct inhibition of respiratory chain enzymes of 

mitochondria, fragmentation of various molecules like DNA, proteins and enzymes 

which eventually leads to cell death (Pacher et al., 2007; Halliwell and Gutteridge, 

1999). In living organisms ROS are formed both by exogenous and endogenous 

sources. Endogenous sources of free radicals include aerobic respiration, 

peroxisomes, macrophages and polymorphonuclear leukocytes. The exogenous 
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sources include organic solvents, ionizing radiation, pollutants, tobacco smoke and 

pesticides (Umamaheswari and Chatterjee, 2008).  

 

Schematic presentation of free radicals and their impact on human health 

1.3. Antioxidants 

Antioxidant constituents many compound and extracts of the plants act as a 

radical scavengers and help in converting the free radicals to less reactive species. 

Most naturally occurring antioxidants of plants are flavonoids, vitamins, phenols, 

carotenoids and dietary glutathione. Manach et al. (1998) have reported that plant 

derived antioxidants can quench singlet oxygen, scavenge free radicals, inhibit 

enzymes and decompose peroxides. Therefore flavonoids, tannins, carotenoids and 

other constituents of plants have attracted a great attention of world as potential 

antioxidants (Lobo et al., 2010).   

1.3.1. Mode of action of antioxidants 

Generally antioxidants acts by 

 Breaking chain reaction e.g. α-tocopherol, that can scavenge free radicals in 

lipid phase  

  Minimizing concentration of free radicals e.g. Glutathione. 

  Trapping initiating radicals e.g. superoxide dismutase, that can scavenge 

superoxide free radicals in the lipid phase. 
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1.3.2. Classification of antioxidants 

Antioxidants can be classified into two main categories 

A) Synthetic antioxidants 

B) Natural antioxidants 

A) Synthetic antioxidants 

Butylated hydroxyl toluene BHT, butylated hydroxyl anisole and tertiary 

butylated hydroxyl quinine TBHQ are the some examples of synthetic antioxidants. 

B) Natural antioxidants 

Such type of antioxidants can differ on the basis of their chemical and physical 

characteristics, site and mechanism of action. Further, they are divided into two types. 

i) Enzymatic antioxidants 

Catalase, glutathione peroxidases and superoxide dismutase are the example of 

enzymatic antioxidants, which can attenuate the concentration of the most harmful 

oxidants by removing them or by transferring them into relatively stable compounds. 

ii) Non-enzymatic antioxidants 

These antioxidants can be further classified into lipid soluble antioxidants e.g. 

quinines, carotenoids, tocopherol and water soluble antioxidants e.g. polyphenols, 

ascorbic acid and uric acid. They can delay or prevent the damage at cellular level by 

scavenging unstable reactive oxygen species. 

However, there have been increasing safety concerns over synthetic 

antioxidants. For example, butylated hydroxyanisole (BHA) and butylated 

hydroxytoluene (BHT), the two well-known synthetic antioxidants, have been 

restricted for their DNA damaging and other toxic effects (Sasaki et al., 2002). As an 

alternative, natural resources got substantial attention as a source of biologically 

active antioxidants (Lordan et al., 2011). 

1.4. Antimicrobial studies 

 Medicinal plants have a number of uses and one of them is their activity as 

antibacterial agents. Researchers are using these all over the world for identifying 

their constituents important for this use. Phytochemical constituents of plants can be 

used for the preparation of modern antimicrobial agents.  

 There are two types of bacteria; gram positive and gram negative bacteria. 

Some plants and their ethanol and methanol extracts have different effects on them. 

Different plants are tested for their antibacterial activity and Solenostemma argel 

(Del.), Tamarix aphylla L. (Karst), Conyza dioscoridis (L.) Desf, and Cynanchum 



Chapter 1                                                                                                                                Introduction 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).        5 

 

acutum L showed marked antibacterial activities. The ethanol extract of all these 

plants showed significant effect on gram positive as well as gram negative bacteria 

(Zain et al., 2012). 

 Kanika et al. (2012) evaluated the antibacterial effects through disk diffusion 

method of Schefflera sp, bengalensis Gamb. and Plumbago indica L. The MIC was 

found to be 0.726; 1.453 and 0.782 mg/ml against Staphylococcus aureaus of the 

methanol extract of these plant species. Ethanol extract of the above plant species was 

not much effective against the S. aureus. 

 Eighteen plants of west Nepal used in folklore medicines were evaluated 

against gram-positive; Staphylococcus aureus and gram-negative Escherichia coli, 

Pseudomonas aeruginosa and Shigella boydii. Out of these eighteen plants the 

extracts of eight plants showed the encouraging antibacterial activity against all 

species and the others showed activity against one or two species. These results were 

another step towards the use of medicinal plants as antibacterial agents (Panthi and 

Chaudhary, 2006).  

Biological efficiency of different plants and plant products (gums, resins, 

essential oils and extracts etc.) was evaluated in both systems (in vitro and in vivo) 

(Fawzi et al., 2009; Al-Askar and Rashad, 2010). The suppression of active 

compounds by inter linkage or the presence of nonactive compounds like saponins 

and terpenoids may also add to the higher MIC values of these fractions (Saeidi et al., 

2015). The core motives for consuming components as antifungal entities are for the 

reason that they derived from nature and that’s why there is a slight probability of 

microorganism evolving opposition to them. There may be least contrary outcome of 

essential oils on the biological developments of vegetation and ensure fewer 

ecological dangers related to their man-made substitutes (Gnanamanickam, 2002). 

1.5. Anti-inflammatory and antidepressant studies 

 Protection of body against various factors including infections, wounds, burns, 

toxins, and allergens is mediated through anti-inflammatory response of the body. 

However, inflammation becomes a major factor of etiology in many chronic illnesses 

(Kumar et al., 2004). The imbalance induced by different factors in the mediators and 

complex events of defense may cause, maintain, or enhance the severity in many 

ailments associated with inflammation (Sosa et al., 2002). Innate defense of human 

body may not be sufficient to cope with the perpetual inflammatory response. Use of 

commercially available anti-inflammatory drugs is juxtaposed with serious harmful 
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effects. It becomes the need of the day to develop therapeutic agents with massive 

remedial potential for inflammatory disorders and should be void of side effects. Anti-

inflammatory potential of other plant extracts have been reported in earlier studies 

(Khadse and Kakde, 2011). 

 Depression is most common psychotic abnormalities with 18% occurrence 

rates in the western world (Schloss and Henm, 2004). It is assumed to turn out to be 

the second main reason of early death or disability in the year 2020. However, only 

two third of the psychotic patients responded to numerous medicines that are available 

in the market used for the treatment of depression (Buller and Legrand, 2001). These 

drugs are not suitable because of their unpredictable and extended period for the 

appearance of anti-depressing symptoms. The extent of reaction is low in patients 

however anti-depressant drugs are related with detrimental side effects. The 

inadequate effectiveness of the currently available antidepressant drugs leads to the 

search for more potent and improved tolerable new antidepressant drug. Plants exhibit 

multiple biological potentials due to presence of various secondary phytochemicals.  

1.6. Xenobiotics induced toxicity 

 Humans are constantly exposed to different sort of chemicals as industrial 

effluents, pesticides, food stabilizers and other detrimental toxins in the air, food, 

water and soil (Hasegaw et al., 1995). When exposed to xenobiotics both humans and 

experimental animals experience similar types of metabolic alterations, complex 

cellular responses may stimulate in them leading to adverse effects like hepatic injury.  

 Naturally the body is able to remove these xenobiotics as they gain entry and 

this occurs in the liver. The metabolism of xenobiotics involves deactivation first and 

then excretion of these by urine, breathe, feces and sweat. The whole xenobiotics 

metabolism is carried out by the liver enzymes (cytochrome p450) which first activate 

them and after conjugation with sulphuric acid or glutathione excreting them out of 

the body in urine and bile (Ridenhour and Brodie, 2002). 

1.6.1. Carbon tetrachloride (CCl4) induced toxicity 

 CCl4 is an established hepatotoxicant that causes hepatic fibrosis (Hernandez- 

Munoz, 1990) and cirrhosis after the use exceeds 8-12 weeks (Iredale, 2007) and 

hepatocellular carcinoma (Loguercio and Federico, 2003; Vitaglione et al., 2004). 

Studies proved the toxic nature of CCl4 against kidney, heart, brain (Jayakumar et al., 

2008) and testicular tissues (Khan and Ahmed, 2009). 
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 Carbon tetrachloride reaction is mediated by the reactive intermediates, these 

are trichloromethyl radical (CCl3•) and its derivative trichloromethyl peroxy radical 

(CCl3OO•). These are produced by liver cytochrome p450 and causes membrane 

deformation and disintegration. This results in the discharge of (AST) aspartate 

transaminase, (ALT) alanine transaminase, (ALP) alkaline phosphatase, (LDH) 

lactate dehydrogenase and (g-GT) g-glutamyltransferase marker enzymes results in 

toxicity in liver. Necrosis in liver cells and steatosis are some other effects produced 

by carbon tetrachloride (Singh et al., 2008). Cytochrome P450 involves CYP 2E1 and 

CYP2B1/2 which is responsible for the formation of free radicals. After several hours 

of attack by CCl4 formation of peroxide molecules is started and the central lobules of 

hepatocytes start disintegration leading to cell death and release of liver marker 

enzymes. After 24-48 hours plasma levels of AST and ALT increases to a 

considerable limit (Fukao et al., 2009). The fact that damage to liver cells in rats can 

be caused by CCl4 (Khan et al., 2009; Khan et al., 2010a) other than toxicity in liver 

(Lin et al., 2009), was established during various investigations. Several evidences 

have proven CCl4 to be a possible human carcinogen, based on the detection of 

tumors in animals (Magnussen and Parsi, 2013).  

1.6.2. Paracetamol induced toxicity 

 Paracetamol also known as acetaminophen is used throughout the world for 

being analgesic and antipyretic. Its chemical name is N-(4-hydroxyphenyl) acetamide. 

Its structure is shown below. 

 

 As described by Sweetman (2004) paracetamol is widely used for the cure of 

pain and fever. Paracetamol considered highly safe with lacking gastrointestinal 

effects as compared to aspirin and ibuprofen if taken at prescribed doses (Prescott, 

2000). On the other hand, serious complications were noticed when paracetamol 

dosage exceeds the recommended one (Sweetman, 2004; Goodman et al., 2001). 

 

 

http://en.wiktionary.org/wiki/acetaminophen
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Figure 1.1: Biotransformation pathway of acetaminophen 

 

 Figure 1.1: Redox cycling of N -acetyl- p -benzoquinone imine 
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Paracetamol toxicity has been described by the formation of toxic highly reactive 

metabolite n-acetyl parabenzoquine imine (NAPQI). Due to scarce in conventional or 

synthetic drugs usage in the cure of liver infections and can have  severe opposing 

effects. So going back towards traditional medicinal plants is the trend followed 

worldwide. Many of drugs used for liver ailments are from natural products of herbal 

origin (Chen et al., 2015). With hepatic damage, the half-life is extended to more than 

4 hours (Prescott et al., 1971; Forrest et al., 1982). Paracetamol experiences 

widespread hepatic metabolism. When paracetamol undergoes phase II conjugation to 

sulfated and glucuronidated metabolites, about 85% of a therapeutic dose eliminated 

through renal pathway. A reactive intermediate NAPQI formed when approximately 

10% of paracetamol undergoes phase I oxidation which is normally conjugated with 

glutathione to nontoxic cysteine and mercapturate metabolites (Gelotte et al., 2007). 

The primary cytochrome p450 enzyme cytochrome 2E1 is responsible for this 

oxidation. At high dosages of paracetamol (>4 g), sulfation becomes saturated with 

relative rises in both glucuronidation and, more considerably, oxidation to NAPQI 

(Forrest et al., 1982; Gelotte et al., 2007). Reduced quantities of paracetamol are 

removed unaffected in the urine and by ring oxidation to a catechol derivative (Fig. 

1.1). Oxidative potential of NAPQI is one more theory for the mechanism of toxicity 

but not solid proof available yet. Thiols of cellular components and pyridine 

nucleotides affected by an excellent property of NAPQI oxidation. Furthermore, 

redox cycling by NAPQI leads to creation of superoxide anion by reduction of an 

electron (Fig. 1.2). 

1.6.3. Gentamicin induced toxicity 

 Gentamicin is an aminoglycoside antibiotic effective against a wide variety of 

microorganisms. The structure of gentamicin is shown below. 
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 During the first twenty years after its discovery, gentamicin was used 

extensively (Fair and Tor, 2014) mainly because of its effectiveness in antimicrobial 

assay at comparatively low serum concentration, few resistant organisms, and clinical 

toxicity is comparatively low (Appel and Neu, 1978). Gentamicin is equally active 

against a wide range of both Gram-positive and Gram-negative organisms. 

Gentamicin increased tumor growing factor (TGF) level and also elevated 

macrophage infiltration led to the development of tubulointerstitial nephritis 

(Geleilete et al., 2002, Bledsoe et al., 2006). Gentamycin nephrotoxicity is further 

exerted by apoptosis and lysosomal phospholipidosis (Ali, 1995; El Mouedden et al., 

2000; Bledsoe et al., 2006). Renal damage produced on gentamicin administration 

cause necrosis while generating inflammatory reactions by employing intercellular 

adhesion molecule (ICAM)-1 and monocyte chemo attractant protein (MCP-1) at the 

place of damage that upsurge the movement of monocytes and macrophages to the 

place of injury, eventually causing renal damage (Wahl et al., 1987; Tang et al., 1994; 

Geleilete et al., 2002). Reactive free radicals like hydroxyl radicals, superoxide anions 

and hydrogen peroxides, and reactive nitrogen species (RNS) generated by 

gentamicin administration in the cortex (renal) that eventually cause renal structural 

and functional deterioration (Walker et al., 1999; Balakumar et al., 2008). 

Additionally, increased level of lipoperoxidation is related with gentamicin induced 

renal damage (Ali, 2002), nitrotyrosine formation (Cuzzocrea et al., 2002) and protein 

oxidation (Sener et al., 2002) in the renal cortex. Cell necrosis occurs when cellular 

NAD and ATP levels declined by a nuclear enzyme called Poly (ADP-ribose) 

polymerase (PARP). Cuzzocrea et al. (2002) noticed the PARP activation in the 

proximal tubules of gentamicin administered rats. Furthermore, variations in 

conformation of lipid membranes accomplished by lipid peroxidation induced by 

reactive oxygen species on gentamicin administration (Parlakpinar, 2005). 

Gentamicin-treated kidneys are more vulnerable to injury produced by reactive free 

radicals due to the lacking stimulation in antiradical shield enzymes like SOD and 

CAT (Pedraza-Chaverri et al., 2000). Gentamicin renal injury reportedly linked with 

increased activation of p38-mitogen activated protein kinase (p38MAPK) and nuclear 

factor kappa B (NFkB) pathways (Ozbek et al., 2009).  
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Figure 1.2: Pathological role of ROS in the generation of gentamicin nephrotoxicity  
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1.6.4. Doxorubicin induced toxicity  

 Doxorubicin (Adriamycin) is an antibiotic anthracycline anticancer compound 

was isolated from Streptomyces peacetius in the early 1960s and now synthesized 

chemically. Doxorubicin (DOX) has been employed for more than thirty years in the 

fight against different cancer types (Minotti et al., 2004; Quiles et al., 2006). The 

anticancer property of DOX has been compromised because of dose-limiting cardio 

toxicity (DeVita et al., 2001).  

 

Chemical Structure of Doxorubicin 

 Cardiac dilatation, ventricular failure, hypotension and tachycardia are the 

consequences of dose dependent DOX administration cardiomyopathy. Elevated 

levels of glutamate oxalacetic transaminase, lactate dehydrogenase, and creatinine 

phosphokinase enzyme activities at serum level have been reported. Mitochondrial 

swelling, myofibril loss, vacuolization in cytoplasm, and greater number of lysosomes 

has been stated in reports (Quiles et al., 2002; Bertinchant et al., 2003). 

 DNA synthesis is inhibited by DOX while binding into the DNA strand; 

additionally, DOX also prevent topoisomerase 2 (TOP 2) from functioning (Quiles et 

al., 2006). The development of DNA adducts and free reactive oxygen species 

produced by DOX are intensely involved in genotoxicity. Lipid peroxidation 

stimulated by reactive oxygen species and therby malondialdehyde reacts with amino 

group (exocyclic) of deoxyguanosine, deoxyadenosine and deoxycytidine production 

to generate alkylated adducts. Moreover, different kinds of damage caused by 

oxidative stress in nitrogen bases have been established (Minotti et al., 2004). This 

damage might directly affect the helicases or perhaps associated to these links which 

inhibit the helicase enzyme to unwind by preventing splitting in DNA strands (Minotti 

et al., 2004; Quiles et al., 2002, 2006).   

 Free radicals can be generated by DOX by more than one mechanism (Menna 

et al., 2007; Šimůnek et al., 2009). DOX is reduced by one electron via mitochondrial 

reductases while producing anthracycline semiquinone free oxygen species (Davies  
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Figure 1.3: Molecular mechanisms of doxorubicin toxicity. The main events are: (1) 

DNA damage, (2) production of free radicals and (3) other mechanisms. 
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and Doroshow, 1986). Free radicals produced by DOX are unstable under aerobic 

environment, eagerly reduce molecular oxygen to the free radical superoxide anion 

and H2O2 (Davies and Doroshow, 1986). Reactive oxygen species also produced by 

reactions between iron and DOX in which iron (III) may produce an iron II-DOX free 

radical.  

1.6.5. Toluene diisocyanate toxicity 

 Toluene diisocyanate (TDI) is an industrial chemical and respiratory irritant in 

the production of polyurethane (PU), which is extensively employed for cast 

elastomers, urethane foam, surface coatings, varnishes, etc. (Klees and Ott, 1999). 

TDI also is a prominent occupational sensitizer (Lim et al., 2007).  

N

C

O

N

C

O

2,4, toluene di isocyanate 

 Toluene diisocyanates are reactive molecules mainly react with proteins in 

plasma and other tissues (Kennedy et al., 1994). In animals and humans acetylated 

products and toluene diamines constitute the main metabolites (Rendic and 

Guengerich, 2012; Bartels et al., 1993; Lind et al., 1996). As reported by California 

Environmental Protection Agency, 1999 is extremely toxic in even at low airborne 

concentrations and in both moderate and prolonged exposures. When TDI 

administered in high dosage in individuals consequences in irritation (severe) of the 

skin and eyes while respiratory, gastrointestinal, and central nervous systems also 

damaged (Department of Health and Human Services, 1993). Lungs function have 

shown considerable decline when chronic TDI was administered among industrial 

workers (EPA, 1999). Bronchial constriction, dyspnea and wheezing like symptoms 

noticed in workers exposed to TDI (Mapp et al., 1988; McKay and Brooks, 1984; 

Raulf and Baur, 1998). In individuals SH-SY5Y neuroblastoma cells, nicotinic 

acetylcholine receptors linked with the calcium signaling inhibited by TDI 

administration. Biological monitoring has shown excretion of TDA metabolics both in 

urine and plasma among TDI challenged individuals (Maitre et al., 1993; Lind et al., 

1997). Since both the TDA and TDI are structurally analogous to toluene (Bale et al., 

2002). Which could exert revocable, concentration-reliant extinction of acetylcholine 

(ACh) persuaded current in Xenopus oocytes articulating numerous nicotinic types of 

receptor (Yamakura et al., 2000). Furthermore, GABA receptors while expressed in 
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oocytes were significantly influenced by toluene (Meulenberg and Vijverberg, 2003) 

along with P2X receptors which were articulated in the HEK cells (Woodward et al., 

2004). 

1.7. Selection of plant material  

 The selection of plant material for the screening of biological activity is based 

on a random selection, or based on ethnophramacology, where existing knowledge of 

the  particular healing properties have been handed down from generation to 

generation,  especially amongst traditional healers. An additional mechanism for the 

identification of plants for the study of its chemical constituents is based on 

chemotaxonomy, the latter being a science focusing on the correlation between related 

plant species and the occurrence of similar secondary metabolites. In present study, 

we have selected Boerhavia procumbens and Galium aparine on basis of their 

ethnophramacological uses in local medicinal system. 

Kingdom:                Plantae 

Class:                     Magnoliopsida 

Order:                    Caryophyllales 

Family:                   Nyctaginaceae 

Genus:                    Boerhavia 

Species:                  Boerhavia procumbens  
 

Class:                     Angiospermae  

Subclass:               Dicotyledonae  

Superorder:          Asteridae – Euasteridae  

Order:                   Gentiales  

Family:                  Rubiacea (Apocynaceae)                                   

Genus:                  Galium  

Species:                Galium aparine 
 

1.7.1. Boerhavia procumbens 

 Boerhavia procumbens Banks ex Roxb. belongs to family Nyctaginaceae, 

locally called Biskhapra/Jangli; while in English it is called spreading hogweed. 

Boerhavia is a genus comprising of 40 species which are extensively spread in 

tropical and subtropical parts of the biosphere (Fosberg, 1999; Spellenberg, 2003). Its 

branches, 2 to 3 ft., are usually slender and glabrous. The leaves are larger, broader 

and often rounded beneath with a more robust shape. The branches are long, stout, 

glabrous, pubescent or viscous, with 1-2 inches leaves; they are ovate obtuse or acute 
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and usually cordate green beneath with panicked inflorescence. It is found in Pakistan, 

India, Africa and USA. In Pakistan it is wide spread and found in Peshawar, Hazara, 

Thal to Kurram, Sind, Baluchistan, Multan, Attock and Rawalpindi. Its color is 

purplish red and grows in the month of January to August. 

 Boerhavia procumbens Banks ex Roxb. of family Nyctaginaceae is used in the 

local system of medicine to treat various ailments. Juice of leaves has been reported to 

be effective in edema, dropsy and in dysmenorrhea (Shah and Khan, 2006). Roots of 

B. procumbens are used to treat respiratory and pulmonary disorders (Qureshi et al., 

2010). Generally the powder of roots is snuffed in flue while powder mixed with 

honey is given in cough and asthma. Other uses of this plant in folklore system of 

medicine are to treat swelling, watering of eyes, anemia, dropsy and gonorrhea 

(Katewa et al., 2004). Its folklore uses are to treat jaundice, stomach disorders and in 

sore throat. On account of its cooling, antispasmodic, refrigerant and astringent 

properties this plant is also used in fever and pain (Khan et al., 2000; Singh et al., 

2002). Its phytoconstituents have been determined in the methanol extract and its 

derived fractions (Bokhari et al., 2015). HPLC analysis of B. procumbens was found 

to be comprised of rutin, kaempferol, catechin, quercetin, caffeic acid and myricetin.  

Experimentally the plant has shown the antioxidant in various in vitro free radical 

scavenging assays and anti-inflammatory potential in carrageenan induced paw edema 

in rat (Bokhari et al., 2015). 

1.7.2. Galium aparine 

 Galium is by far the largest and most widespread genus within the tribe 

Rubiaceae (subfamily Rubioideae). Galium aparine is not properly cultivated annual 

herb but grows up randomly along road sides, pastures and in the areas having 

altitudes up to 2500m. The regions including North America, Europe and Asia are the 

landscapes where G. aparine is cherished. The sticky herb is used both internally and 

externally (Veda et al., 2008). Various bioactive compounds (phenolic compounds, 

vitamins and carotenoids) vital for human nutrition and health; have been reported 

from the seeds of G. aparine. Various chemical components of G. aparine include: 

iridoid glycosides (asperulosidic acid, asperuloside, aucubin and monotropein, 

alkaloids such as caffeine, phenolics such as phenolic acids, coumarins, organic acids 

such as citric acid and anthraquinone derivatives such as aldehyde, flavonoids, 

coumarins.  Sticky can battle staphylococcal contaminations. G. aparine is useful for 

cleansing, purifying and detoxifying body (Bauer et al., 2011). G. aparine has a 
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strong anti–inflammatory activity, enhance immunity, combats psoriasis, cystitis, 

kidney stones, seborrhoea dermatitis, fluid retention (Leonelli et al., 2013). Galium 

aparine is diuretic, used to get rid of swelling and stimulate urine production. It is 

also reported to be useful in lymph swellings (especially tonsillitis and adenoid 

trouble), wounds, jaundice, insomnia, fever, cancer, hypertension, leukemia and 

scurvy (Saeed and Javaid, 2007). 

1.8. Main objectives  

The present study was designed to investigate the phytochemical and potential 

preventive and therapeutic application of B. procumbens and G. aparine by following 

steps. 

 Preparation  of crude extracts and their fractionation for concentrating the 

active agents/molecule to express the potential activity at its maximum  

 Preliminary phytochemical screening for different class of chemicals  

 Quantitative estimation of polyphenolic  compounds by High Performance 

Liquid Chromatography 

 Performing various bioassays for investigating bioactive component i.e. 

antibacterial, antifungal,  antitumour and brine shrimp lethality assay 

 In vitro antioxidant activity evaluation by different assays to express the 

potential activity at its maximum 

  Analysis of correlation with different polyphenolic types of compounds 

 In vivo evaluation of potential antioxidant fraction against CCl4, PCM, GTM 

and DOX induced toxicity for multiple organ protection  

 Evaluation of antidiabetic potential of B. procumbens and G. aparine 

 Evaluation of antiasthmatic activity of B. procumbens 

 Isolation of bioactive compounds from different fractions of B. procumbens 

and G. aparine 
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 Medicinal plants continue to contribute significantly to modern prescribed 

drugs by providing lead compounds upon which the synthesis of new drugs can be 

made. According to Newman et al. (2003), 75% of the anti-infectious diseases and 

60% of the anticancer drugs approved by the Food and Drug Administration (FDA) 

from 1981 to 2002 were of natural origin while Gupta et al. (2005) report 61% of all 

the drugs approved during this period could be of natural products or might be their 

modified form. Investigation of the drugs from plants has increased in recent years. 

Microbiologist, biochemist, pharmacologist, botanist and natural product chemist are 

currently investigating medicinal plants for phytochemicals and lead compounds all 

over the world that could be developed for the cure of various diseases (Acharya and 

Shrivastava, 2008). 

Scientists are motivated by means of numerous factors including: 

 Chemical or synthetic drugs have the property of faster and greater effects in 

comparison to that of the equivalent phytomedicine, but associated with risk 

and higher degree of side effects (Haq, 2004; Aronson, 2009). Natural drugs 

derived from plants are believed to be devoid of side effects since millions of 

people all over the world have been using medicinal plants for hundreds of 

years. 

 Medicinal plants are believed to be effective, gentle and often specific to their 

target of the action.  It is believed that phytomedicines have shown cure of 

ailments where other conventional medicine failed.  

 Medicinal plants are by and large less costly than synthetic drugs.  

 Numerous plant species have been used as folk medicine, however it is 

essential to create the scientific premise for the remedial activities of accepted folk 

medicinal plants as these may serve as the hotspot for the development of the highly 

improved therapeutic agent. Scientific examination of the folk remedial plants could 

expedite industrialization and quality control of the product for their safety. In the 

present research work, the remedial potential of Boerhavie procumbens and Galium 

aparine had been inspected scientifically for their anti-infection role, antioxidant 

potential, antidiabetic activity as well as preliminary phytochemical screening 

(Bhattacharya and Zaman, 2009). 

2.1. Phytochemistry 

 Medicinal activity of plants mainly depends on their phytochemicals 

(Savithramma et al., 2011). They provide protection against various ailments and are 
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non-nutritive chemicals. Based on their part in metabolism phytochemicals are mainly 

divided into two categories that are primary and secondary metabolites. Proteins, 

amino acids, carbohydrates and chlorophylls comprise the primary metabolites while 

flavonoids, steroids, alkaloids, and tannins are included in secondary metabolites 

(Jigna and Sumitra, 2007; Kumar et al. 2009a). Various pharmaceutical companies set 

up on the base of phytochemical constituent’s studies. In identification of crude 

medicine, phytochemicals played a major part (Savithramma et al. 2011). 

The phytochemicals are known to have curative ability against many diseases. 

Phenols, flavonoids, and flavonols as reported in literature possess many valuable 

properties, including anti-inflammatory, estrogenic, enzyme inhibition, antimicrobial, 

antiallergic, antioxidant, and cytotoxic antitumor activity (Asif, 2015). Tannin has 

been found to have the ability of healing inflamed mucous membranes and wounds 

(Kozioc and Marcia, 1998; Okwu, 2004). Flavonoids and tannins possess 

antidiarrheal activity (Enzo, 2007). According to Elmarie and Johan (2001) tannins 

have antibacterial activities. Phlobatannins have been found to possess diuretic 

property (Awoyinka, 2007). The terpenoids have hypoglycemic ability in animal 

studies (Luo, 1999). Singh et al. (2006) reported that steroid act as analgesic and anti-

inflammatory agents. Saponins and steroids have effects on central nervous system 

(Argal and Pathak, 2006). Phytochemicals such as flavonoid, glycoside, alkaloid and 

tannin possess hypoglycemic activities (Cherian and Augusti, 1995). Alkaloids are 

heterocyclic indole compounds having pharmacological properties such as 

anticonvulsant (Singh et al., 1980), hypotensive (Ali and Ghatak, 1975), 

antiprotozoal, antimalarial and antimicrobial activities (Asif, 2015, Heleno et al., 

2012). Mensah et al. (2009) reported that plants possessing cardiac glycosides, tannins 

and alkaloids have ability of managing hypertension and protection of heart. 

Flavonoids act as antioxidants and scavengers of free radicals thus preventing from 

cell damage produced by oxidative stress and have strong anticancer activity (Okwu, 

2004). Phenolic compounds are widely used in disinfections (Gill, 1992).  

Preliminary phytochemical examination reported the presence of secondary 

metabolites, for example tannins, saponins, eugenol, phenolic, anthraquinones and 

glycosides. Usually secondary metabolites presence in plants has been accounted for 

the remedial activity (Rabe, 2000). Volatile oils separated from Ocimum gratisium 

have antimicrobial and antihelmenthic activity (Sanisbury and Sofowora 1971). The 

phytochemical examination of Origanum vulgare and Althea officinalis expressed the 
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presence of glycosides, protein, sugars, amino acids, phenols, tannins, saponins, 

flavonoids, oils, and gums. Further, phytochemical examination demonstrated that the 

antibacterial action of methanol extract is because of the presence of phenolic acid 

compounds (Babu et al., 2007). Phytochemical analysis of Bridelia retusa expressed 

the presence of steroids, tannins, triterpenoids and flavonoids as major constituents 

(Tatiya et al., 2011). The presence of phytoconstituents i.e. tannins, steroids, phenols, 

flavonoids, glycosides, triterpenoids and saponins while lack of alkaloids, amino 

acids, lessening sugar, proteins, gums and saps were identified. The extractive yield  

was shown as % extractability for methanol fraction (18.0%) emulated by fluid 

(10.3%), chloroform (0.9%) and petroleum ether (0.5%) and the color of the particular 

concentrates were light green, pale green, greenish tan and light tan (Banerjee and 

Bande, 2011). The percent extraction yield of different solvents gives information on 

the amount and nature of constituents in the extract. 

2.2. Antiradical activity 

 Different plants and their products are part of the healthcare system since 

prehistoric human civilization. Herbal medicines have been used for many years 

(Kareru et al., 2007). Generally, they use plants for nourishment and medical 

purposes. Animal kingdom basically depends on the plants for their source of energy. 

Moreover, great range of chemical substances is synthesized by plants that are of 

physiological significance (Kretovich, 2005). Various antioxidant compounds present 

in different plants provide protection to cells against detrimental effects of reactive 

oxygen species (ROS) like superoxide, singlet oxygen, hydroxyl radical, peroxynitrite 

and peroxyl radicals (Dasgupta and Bratati, 2006). 

 Biomolecules are greatly impaired by oxidative stress produced by reactive 

oxygen species at rapid rate and are responsible for many ailments like diabetes, 

asthma, inflammatory diseases, premature aging, neurodegenerative and 

cardiovascular diseases (Young and Woodside, 2001). Different antioxidants like 

vitamin C, polyphenols, vitamin E, lycopene, carotenoids, β-carotene and lutein are 

present in traditional medicinal plants which play significant parts in neutralizing free 

radicals, reducing singlet and triplet oxygen, or decomposing peroxides (Djeridane et 

al., 2006). Furthermore, flavonoids and terpenoids play an essential part in protection 

against free radicals (Govindarajan et al., 2005).  

For evaluation of antioxidant activity of different plant extracts DPPH (1, 1-

diphenyl-2- picrylhydrazyl) is most widely used assay (Nanjo et al., 1996). DPPH is a 
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stable free radical. It accepts a hydrogen radical or electron and a diamagnetic species 

is formed (Oktay et al., 2003), which result in the change of its purple colour (517 

nm) to pale yellow colour. When DPPH is mixed with the plant sample having radical 

scavenging activity, reaction happens and DPPH concentration decreases as a result a 

decline in absorbance occurs. So a plant having stronger radical scavengers shows a 

greater decrease in absorbance.  

In phosphomolybdate assay reduction of molybdenum (VI) to molybdenum 

(V) occur through an antioxidant as a result a green phosphomolybdate (V) complex 

is formed which can be spectrophotometrically measured. The antioxidant activity of 

the plant is usually correlated with polyphenolic and flavonoids compounds found in 

it (Joseph and Raj, 2010).  

Hydroxyl (•OH) radical is highly reactive and injurious amongst ROS and its 

half-life is shortest as compared to other free radicals. The hydroxyl radicals derived 

from oxygen along with Fe
2+

 transition metal ion degrades deoxyribose into MDA 

(malondialdehyde) and with thiobarbituric acid produces a pink chromogen (Halliwell 

et al., 1987). Antioxidant has the capability to forage hydroxyl (•OH) radicals and 

prevent deoxyribose from the degradation.  

Although H2O2 is not itself a highly reactive species, but it acts as a precursor 

of hydroxyl (•OH) radical which is very reactive and toxic for the cell (Halliwell, 

1991). So the scavenging of hydrogen peroxide is a direct measure of the antioxidant 

potential of a plant that may be due to phenolic compounds presence that has ability 

to donate electrons to H2O2, and neutralize it into H2O.    

 The reducing power of a plant extract is measured by its ability to transform 

Fe
3+

 into Fe
2+

 and it usually depends on the presence of antioxidants (reductones), 

which exert their effects by donating a hydrogen atom and by breaking free radical 

chain (Meir et al., 1995). 

 Sahreen et al., (2011) evaluated the antioxidant activities of Rumex hastatus 

leaves by using different solvent fractions (ethyl acetate, n-hexane, chloroform, 

butanol and aqueous) of its methanol extract. It was found that ethyl acetate fraction 

contained high amount of total polyphenolics and showed the highest scavenging 

potential for hydroxyl radicals, ABTS radicals, superoxide radicals and inhibited β-

carotene linoleic acid peroxidation. Butanol fraction was found to exhibit most 

promising phosphomolybdate iron chelation, and DPPH scavenging activity and 
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chloroform fraction exhibited the most effective antioxidant activities in scavenging 

of hydrogen peroxide.  

 Currently, researchers showed great attention to explore the antioxidant 

activity of plants due to increased interest in investigations on antioxidant property 

and positive health benefits of medicinal plants (Katalinic et al., 2006; Liu et al., 

2008; Matkowski et al., 2008; Veeru et al., 2009; Rafat et al., 2010). Many 

investigations reported that medicinal plants possess stronger antiradical activity than 

common dietary plants (Cai et al., 2004). Many researchers have reported the 

constructive usages of these plant species (Scartezzini and Speroni, 2000; Matkowski, 

2008). Shabbir et al. (2013) determined the phytochemicals and antioxidant activity of 

different extracts of Maytenus royleanus leaves. Similarly Antiradical property of 

different plant fractions from Torilis leptophylla was studied by Saeed et al. (2012). 

Sahreen et al. (2014a) assessed the antiradical activity of Rumex hastatus D. Don. 

roots. 

2.3. Antimicrobial studies 

  Many phytochemical components and extracts with their antimicrobial 

properties play a significant role in treating various ailments (Nagesh and 

Shanthamma, 2009). Different diseases are treated with the conventional use of 

extracts; this forms the foundation for traditional medicines. Though, this region is not 

so established when matched to modern system of medicine, primarily because of the 

lack of scientific documentation in this field (Kalimuthu et al., 2010).  

 Many researchers in various regions of the world have studied the efficacy of 

plant extracts against different microbes (Jain et al., 2015; Bhalodia and Shukla, 2011). 

Agarry et al. (2005) have shown the potent antimicrobial activities of the gel and leaf 

of Aloe vera against a varied range of bacteria and fungi. Bearberry and cranberry 

juice have been used to treat urinary infections while many plant species reported as 

antimicrobial agents such as lemon balm, garlic and tea tree (Rios and Recio, 2005).  

Mathabe et al. (2006) reported that different extracts from various plant parts (leaves, 

roots, bark and stem rhizome) of Punica granatum, Indigofera daleoides, 

Gymnosporia senegalensis,, Syzygium cordatum, Ozoroa insignis, Elephantorrhiza 

elephantina, Elephantorrhiza burkei, Ximenia caffra, Schotia brachypetala and 

Spirostachys africana showed remarkable antibacterial activity against Escherichia 

coli, Vibro cholera, and Staphylococcus aureus, Shigella species and Salmonella typhi 

(Lee et al., 2000). The antibacterial activity of methanol extract and its petroleum 

http://www.sciencedirect.com/science/article/pii/S0960308510000520#bib121
http://www.sciencedirect.com/science/article/pii/S0960308510000520#bib78
http://www.sciencedirect.com/science/article/pii/S0960308510000520#bib78


Chapter 2                                                                                                                     Review of Literature 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L). 23 
 

ether, chloroform and ethyl acetate fractions from the root bark of Akanda (Calotropis 

gigantea) were investigated by Ashraful et al. (2008).  The compounds isolated from 

Verbascum lasianthum and V. pterocalycinum mutense were evaluated for their in 

vitro antifungal activity by TLC bioautographic assay and the triterpenoid saponins, 

were showed in vitro antifungal activity against Colletotrichum acutatum, C. 

fragariae and C. gloeosporioides. Some saponins and phenylethanoid glycosides 

possessed a dose-dependent antimicrobial activity against several bacteria and fungi 

(Zhang et al., 2006). Rashid et al. (2014) investigated the antimicrobial property of 

Fagonia olivieri (Zygophyllaceae). 

 Drug resistance to human pathogenic fungi and bacteria has widely stated by 

different researchers from different parts of the world in recent times (Levy and 

Marshall, 2004). Consequently, there is urgent need to develop new sources of 

antimicrobial agents as raised frequency of multidrug resistant strains of 

microorganisms noticed (Tarai et al., 2013) alongside other strategies such as 

regulated and rational use of antibiotics (Hernandez, 2005). 

2.4. Anti-inflammatory and antidepressant studies  

 Various infections and inflammation are treated by most frequently used non-

steroidal anti-inflammatory drugs (NSAIDs) (Sostres et al., 2013). When taken for 

very long period, they showed solemn toxic effects despite of the ability of these 

medications. Renal ailments and gastro-intestinal ulceration leading to bleeding are 

the main side effects (Fujimori et al., 2010). There is great challenge for NSAIDs 

usage for treating ailments and to reduce the inflammatory agonizing conditions. 

There is great need to discover new, safe and effective medication to treat different 

diseases. In recent ten years research for plant drugs has become the major interest 

area for researchers in various areas of biological sciences (Andrews et al., 2014). So 

there is a great opportunity to discover compounds having anti-inflammatory effects 

from folk medicinal plants. Many anti-inflammatory herbal medicine obtained 

traditional medicinal plants (Hosseinzadeh et al. 2002; Moura et al. 2005; Fernandez-

Arche et al. 2010). 

 Extensive studies have been reported anti-inflammatory activity by different 

plant extracts. Sen and chaudhuri (1991) stated that anti-inflammatory activity of 

methanol fraction of a chloroform extract of Pluchea indica roots and aqueous extract 

of Sida cordifolia was evaluated by Franzotti (2000). Shimoda et al. (2010) examined 

the anti-inflammatory effect of Zingiber officinale using different inflammation 
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models. Ilavarasan et al. (2006) investigated the anti-inflammatory activity of 

methanol extract of Ricinus communis (Euphorbiaceae) Linn. Verma et al. (2010) 

investigated the anti-inflammatory property of root (ethanol) extracts of Aconitum 

heterophyllum has been evaluated in rats. Muthuraman et al. (2011) investigated 

phenolic compounds from Emblica officinalis for anti-inflammatory effects by 

inducing acute and chronic inflammation. Kumar et al. (2009b) reported the anti-

inflammatory activity of Piper longum in rats by employing the procedure of 

carrageenan-induced right hind paw edema. 

  Depression is the major health care problem and 13-20% of world population 

suffers from depression. Deep sadness, hopelessness and periodic thought of death or 

suicide are the main symptoms of depression (Licinio and Wong, 1999). Almost ten 

to fifteen percent of depressed patients attempt suicide before the age of 40 while two 

third of them has suicide thoughts (Moallem et al., 2007). Even though numerous 

synthetic medications existing for cure of depression but their usage is become limited 

due to side effects such as hypotension, dry mouth, exhaustion, sexual dysfunction 

and sleepiness (Miller, 2012). About forty percent of patients do not respond to 

antidepressant drugs as success rate of treatment is low (Freitas et al., 2010). Hence, 

studies for novel antidepressant drugs are required with lesser side effects.  

 Currently, many plants are probed for the cure of despair (Ashok Kumar et al., 

2014; Machado et al., 2009). A number of plants depicted antidepressant activity such 

as Echium vulgar, Crocus sativus, Hypericum reflexum, Rosmarinus officinalis, and 

Ginkgo biloba (Hosseinzadeh et al., 2003; Ishida et al. 2006; Sanchez-Mateo et al., 

2007; Machado et al., 2009). In sub-continent different drugs from natural resources, 

particularly Chinese medicine such as Gardenia jasminoides Ellis, Hypercarium 

perforatum and Plantago asiatica were efficaciously employed to cure depression. 

(Zhang et al., 2015; Sanchez-Mateo et al., 2007). Sea buckthorn extract exhibited 

substantial anxiolytic and antipsychotic activities (Batool et al., 2010).  

2.5. Diabetes mellitus 

 Diabetes mellitus is an illness which lasts for long time and cause wide range 

instabilities of carbohydrates, lipids and proteins metabolism, uncontrolled secretions 

and effects of glucagons and insulin, capillary basement membrane thickness 

throughout the body causing macroangiopathy and microangiopathy and other 

medical problems which long last and affect circulatory system, nervous system, eye 

and kidney (Dhasarathan and Theriappn, 2011). Diabetes mellitus is multifactorial 
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illness, and imperfection in ROS scavenging enzymes (Kesavulu et al., 2000), 

lipoprotein abnormalities (Scoppola et al., 2001), hyperglycemia (Ugochukwu et al., 

2003), high basal metabolic rate (Owu et al., 2006), and high oxidative stress induced 

damage to pancreatic β-cells (Ahmed, 2009). Diabetes mellitus is world’s 7
th

 highest 

ranked cause of death and when incurable medical problems are taken into account, it 

becomes 3
rd

 leading cause of death (Trivedi et al., 2004). Diabetes mellitus is crucial 

non infective disease which hits a large number of people in the millennium 

(Chaurasia and Sharma, 2011). Diabetes mellitus is one of the most often happening 

disorder in developing as well as developed countries, and is spreading rapidly across 

the globe (Tiwari and Madhusudanarao, 2002). Diabetes mellitus and other related 

complications are still most important medical problems in developing and developed 

countries even many hypoglycemic agents were recommended in recent past years for 

curing them. According to World Health Organization (WHO) report, stated in 2002, 

150 million people were having diabetes across the globe and the number of affectees 

could be double by the year 2025 (Bnouham et al., 2006). Long lasting hyperglycemia 

and glucose intolerance characterize diabetes mellitus as heterogeneous group of 

metabolic disorders (Kantarova et al., 2006). Diabetes mellitus is a group of illnesses 

characterized by long lasting hyperglycemia, polydipsia, emaciation, polyuria, 

polyphagia, and weakness due to disturbance in fat, carbohydrate, and protein 

metabolism associated with relative or absolute lack in insulin action and/or insulin 

secretion (Deb and Dutta, 2006).  

 Type 1 and Type 2 diabetes are two main groups of diabetes mellitus. 

Diabetes, as a very harmful and damaging disease, affecting more or less than 3% of 

population across the globe, out of which percentage of people affected by Type 2 

diabetes is more or less than 90%. Diabetes is generally classified into insulin-

dependent diabetes mellitus (Type 1-diabetes) and insulin-independent diabetes 

mellitus (Type 2- diabetes). Main causes of Type 1-diabetes and Type 2-diabetes 

mellitus is lack of insulin secretion from pancreatic β-cells and damage in the insulin 

signaling pathway, respectively (Cerf, 2013; Skyler, 2004).  

 Efforts have got faster to produce and control the power of medicinal plants 

having number of useful effects because of the holistic approach of herbs (Kameswara 

et al., 1997). Search for new and different antidiabetic medicines is still ongoing, 

through evaluation and isolation of new agents.  
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2.6. Asthmatic studies  

 Asthma is a respiratory disease caused by chronic inflammation that is 

mediated by the influx and activation of various inflammatory cells. Its symptoms 

usually include the reversible airflow obstruction. Two stages; early and late, have 

been recognized on the basis of mediators and the associated cells. During early phase 

mast cell degranulation occur while the late phase is characterized by the obstruction 

of airways (Elliot et al., 2009). During the development of asthma pro-inflammatory 

cytokines such as IL-4, IL- 5 and IL-13 secreted by CD4
+
 Th2 cells play a critical role 

in the initial phase (Holgate, 2008). IL-4 is reported to be involved in the recruitment 

of eosinophils via the upregulation of endothelial vascular cell adhesion molecule -1 

(VCAM-1). Further, CD4
+
 Th1 cells augment the situation by release of IFN-γ that 

inhibits the differentiation of Th2 cells (Dai et al., 2009). Ultimately the accumulation 

of macrophages, neutrophils, eosinophils, lymphocytes, and mast cells in airway takes 

place leading to airway hyperresponsiveness (Angelis et al., 2014). 

 Release of reactive oxygen species (ROS) during the development of 

asthmatic response further deteriorated the situation while causing lung injuries in 

diseased animals. Hyperactivity of airways induced with ROS elicits the histamine 

release from mast cells and mucous secretion from epithelial cells (Lee et al., 2011). 

During acute asthma exacerbation these changes are associated with cell shedding, 

enhanced release of arachidonic acid and chemo-attractants (Calabrese et al., 2000) 

and increased release of hydrogen peroxide and nitrous oxide during exhale (Wewel 

et al., 2006; Nagaraja et al., 2012).  

 Asthmatic response is triggered through various agents including viral 

infections, air pollutants and allergens. Toluene diisocyanate (TDI) is used in various 

industries and is considered as low molecular weight occupational sensitizer. TDI 

exposure in both acute and chronic is toxic to human. Malfunctioning and severe 

injuries are being induced with acute exposure to TDI in the respiratory, 

gastrointestinal and central nervous systems. It also induces severe irritation of the 

skin and eyes. However, its chronic exposure may provoke inflammatory response of 

airways that may develop in to asthma-like symptoms (Pisati et al., 1993; Padoan et 

al., 2003).  

 To combat the oxidative stress various non-enzymatic antioxidants; vitamin C, 

glutathione, vitamin E and albumin exist in the lung lining fluid. In mild form of 

asthmatic response concentration of the antioxidants is enhanced due to epithelial 
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permeability. Aside from non-enzymatic antioxidants the crucial enzymatic 

antioxidant are also involved to ameliorate the oxidative stress. Among the enzymatic 

antioxidant catalase, superoxide dismutase, peroxidase and glutathione peroxidase are 

the key biomolecules to combat and neutralize the deleterious effects of ROS. 

However, during exacerbation episodes of asthma antioxidant system of the lungs is 

suppressed. Plant species having antioxidant constituents can be added to the system 

to scavenge the free radicals. Diverse reports have indicated the beneficial effects of 

fruits, vegetables and medicinal plants in stress related ailments in experimental 

animals (Sahreen et al., 2014b).     

2.7. Hepatoprotective effects of medicinal plants 

 Medicinal plants have long been used for treatment against liver diseases. 

Many of them have great effect on acute liver infections. A mixture of 

phytochemicals obtained from different plants is much beneficial with no side effects. 

In the case of hepatotoxicity a single herb may not be enough (Wang et al., 2008). 

Many medicinal plants and their formulations have been claimed by number of 

traditional practitioners to use them efficiently for the relief of various liver diseases 

(Vadivu et al., 2008). Casuarina equisetifolia, Glycosmis pentaphylla, Cajanus cajan, 

Physalis minima, Bixa orellana, Caesalpinia bonduc, Argemone mexicana were 

reported to give protection, dependent on dose against hepatocellular injury induced 

by CCl4 (Ahsan et al., 2009).  

 The protective potential of ethanol extract of Ziziphus mauritiana leaves was 

studied in liver by Dahiru et al. (2005). A marked reduction of AST, ALP, ALT, total 

bilirubin and lipid peroxide profile in pretreated group with 200 and 300 mg/kg b.w. 

in comparison to that of the CCl4 treated control. Restoration of vitamin E and 

glutathione was also observed indicating potent antioxidant activity of Z. mauritianan 

leaves. Carissa carnadas is used as heapatoprotective. Hedge and Joshi (2009) 

demonstrated hepatoprotective effect against CCl4 and paracetamol with pretreatment 

of different doses (100, 200 and 400 mg/kg b.w.) of ethanol extract of C. carnadas 

roots. Mishra et al., 2015 described hepatoprotective potential of ethanolic extract 

of Pandanus odoratissimus root against paracetamol-induced hepatotoxicity in rats. 

 The treatment of Sonchus asper extract markedly lowered the CCl4 induced 

serum levels of liver functional markers (LDH, ALP, AST and ALT), cholesterol, 

LDL, and triglycerides while elevating HDL values. The GSH and the activities of 

CAT, POD, SOD, GST, GPX, and GR were declined. The elevated values of TBARS 
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by CCl4 were reversed to the normal values by the administration of S. asper extract. 

(Khan et al., 2012a). 

 Mimosa pudica is an important medicinal plant displaying hepatoprotective 

effect on CCl4 induced hepatotoxicity in rats. The methanol extract shows 

considerable results by reducing the serum values of several enzymes like serum 

glutamic pyruvates transaminase  (SGPT), serum glutamic oxaloacetate transaminase 

(SGOT), alkaline phospatase (ALP), total bilirubin (TBL) and total cholesterol (CHL) 

(Rekha et al., 2009). 

 Some important hepatoprotective phytochemicals are monoterpenes, 

glycosides, phenols, alkaloids and xanthenes. These are constituents of liver 

protecting plants and herbs (Bhawna and Kumar, 2009). A. digitata is another plant 

having hapatoprotective activity in its fruit pulp (Al-Qarawi et al., 2003). 

 A very significant hepatoprotective activity has been shown by the ethyl 

acetate extract of Launaea intybacea against paracetamol induced hepatotoxicity in 

albino rats by reducing levels of  total bilirubin, SGPT, SALP, SCOT in serum and 

LPO, CAT, SOD, GST, GSH, and GPx in liver homogenates (Takate et al., 2010). 

The altered levels of biochemical markers of liver injury such as AST, ALP, ALT and 

lipid peroxides were restored when treated with Orthosiphon stamineus methanol 

extract in the dose dependent manner (Maheshwari et al., 2008). 

 Citrus hystrix peels extract were evaluated for its cardioprotective and 

hepatoprotective effects against doxorubicin on rat model. Citrus hystrix peels extract 

has the potential to develop as cardioprotector agent in chemotherapy. It repairs the 

cardiohistopathology profile but did not improve serum activities of ALT and AST 

and hepatohistopathology profile in doxorubicin intoxicated rats (Putri et al., 2013).  

Hepatoprotective effect of Terminalia chebula on gentamicin induced toxicity was 

reported by Sivachandran and Hariharan, 2012 while Khan et al. (2011a) also 

evaluated the protective effect of Sonchus asper against gentamicin induced 

hepatorenal toxicity. 

2.8. Nephroprotective effect of medicinal plants 

 Digera muricata is reported in traditional medicine for the cure of renal 

ailments. Khan et al. (2009) studied its protective role against CCl4 induced toxicity in 

the kidney. CCl4 treatment produced significant elevation in the profile of protein, 

nitrite, urine creatinine, urobilinogen and RBC, leukocytes count and profile of blood 

urea nitrogen. DNA fragmentation percent, protein, argyrophilic nucleolar organizer 



Chapter 2                                                                                                                     Review of Literature 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L). 29 
 

regions count in kidney tissue was found markedly increased. Antioxidant enzymes 

activity; POD, SOD, CAT, and GR was observed significantly low while TBARS 

were increased in comparison to that of the control untreated group. Telomerase 

activity was observed low with methanol and n-hexane extracts treatments. Both the 

extracts at various doses of 200, 250 mg/kg b.w. significantly ameliorated the 

biochemical markers and accredited the protective role of D. muricata against CCl4 

induced nephrotoxicity. Oxalis corniculata was therefore, considered as a protective 

agent against these damages because of its phenolic contents (Khan and Zehra, 2013). 

 Ganie et al. (2011) evaluated the antioxidant potential of aqueous extract of 

Podophyllum hexandrum in vitro and in vivo model. Inhibition of hydrogen peroxide 

and superoxide radical was tested in in vitro study. Podophyllum hexandrum extract 

was tested at different dosages of 20, 30 and 50 mg/kg b.w. against 1 ml/kg b.w. CCl4. 

Antioxidant activity was estimated by determining GR, GPX, GST, SOD, GSH and 

TBARS. Strong hydrogen peroxide and superoxide activity was observed comparable 

to BHT. Protective effect in lung and kidney tissue was observed in comparison to 

that of the CCl4 treated group by ameliorating the high profile of antioxidant enzymes. 

 Renal disorders are healed by Sonchus asper as reported in traditional 

medicine. Khan et al. (2010b) investigated the nephroprotective effects of S. asper 

against carbon CCl4 induced renal toxicity in rats. A dosage of 100 and 200 mg/kg 

b.w of n-hexane extract was administered to male rats. The findings discovered that 

CCl4 induced oxidative stress as proved by the major decline in antioxidant enzymes, 

namely; SOD, CAT, GR, GPX and GST while TBARS levels were elevated. The 

study shown that S. asper extract can secure the kidney against CCl4-induced 

oxidative injury by repairing the activity of antioxidant enzyme, because of the 

existence of plant bioactive components. 

 Palani et al. (2009) evaluated effect of the of Indigofera barberi (L) ethanol 

extract in acute paracetamol induced nephrotoxicity in rats. The amount of 

nephroprotective activity was assessed by renal functional parameters like serum urea, 

uric acid and creatinine and hematological profile was concluded that the ethanol 

extract of I. barberi is an effective nephroprotective agent. 

 Sarumathy et al. (2011) evaluated the paracetamol induced decreased levels of 

antioxidant enzymes in kidney i.e. superoxide dismutase, catalase, glutathione and 

glutathione peroxidase and elevated level of MDA values are significantly reversed 

by Clitoria ternatea ethanol extract. The active phytoconstituents and antioxidant 
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properties of Clitoria ternatea ethanol extract most likely mediated its shielding 

effects against paracetamol produced nephrotoxicity in rats. The antioxidant activities 

of Anthoxanthum odoratum ethanol extract mediated its nephroprotective effects 

against paracetamol induced renal injury (Dheeraj et al., 2011). 

 The chloroform and petroleum ether extracts notably alleviated the gentamicin 

induced nephrotoxicity whereas the acute renal failure was maximally mitigated by 

methanol extract of roots. Thus, the methanol extract of Andrographis paniculata 

roots can be used as a nephroprotective agent (Singh et al., 2009). The 

nephroprotective activity of ethanol extract of whole plant of Aerva lanata was 

assessed in gentamicin and cisplatin produced acute renal injury in albino rats. The 

ethanol extract at 300 mg/kg had good preventive effect against gentamicin induced 

toxicity. It has been suggested by the results that Aerva lanata ethanol extract showed 

protective effect on renal damage with lower toxicity and can play an encouraging 

part in the cure of gentamicin and cisplatin induced nephrotoxicity (Shirwaikar et al., 

2004). 

 The nephroprotective potential of Orthosiphon stamineus benth methanol 

extract was assessed against gentamicin toxicity in rats. The gentamicin was given 

intra peritoneal at a dosage of 80 mg/kg weight for nine days. There was noticeable 

peritubular, glomerular and blood vessel congestion shown in histopathological 

sections. The methanol extract of O. stamineus at dosages (100 and 200 mg/kg bw) 

reduced the elevated levels of blood urea, serum creatinine, urinary protein and extent 

of nephrotoxicity (Kannappan et al., 2010). 

 Lepidium sativum was tested for the protective effect against doxorubicin-

induced renal injury in rats. There was a marked elevation in the serum levels of 

creatinine and urea in the doxorubicin treated group as compared to control rats. The 

treatment of L. sativum improved these levels. The malondialdehyde values were 

elevated whereas the levels of renal antioxidant enzymes like catalase, superoxide 

dismutase and reduced glutathione were decreased due to doxorubicin intoxication. 

These changes in the antiradical enzyme levels and MDA were reversed considerably 

in the L. sativum plus doxorubicin. In addition, it is shown by the histopathological 

analysis that doxorubicin-induced renal tubular necrosis is clearly ameliorated by L. 

sativum (Shinde et al., 2010).  
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2.9. Cardioprotective effect of plants 

 Medicinal plants have always been a vital source of a wide diversity of active 

natural components with variable biological properties and play vital part in the cure 

of several human complaints, including cardiovascular disorders (Saravan et al., 

2011). CardiPro, a polyherbal formula comprising of the standardized extracts of 

selected herbs; Terminalia arjuna, Boerhaavia diffusa, Withania somnifera, Emblica 

officinalis, and Ocimum sanctum (Gyanendra, 2001a, b, 2002a, b, c). CardiPro has 

been known to protect against chronic doxorubicin-induced cardiotoxicity (Mohan et 

al., 2006) due to the fact that herbal component of CardiPro is potentially more active 

antioxidant as compared to the vitamin E and C synthesized artificially (Ghosal, 

2000).  

 Previous studies demonstrated that CCl4 can cause oxidative damage and 

generation of reactive oxygen species (ROS) in different tissues including heart (Ohta 

et al., 1997, Jayakumar, 2008, Botsoglou et al., 2009). The cardio toxicity and 

oxidative injury produced after CCl4 given were also displayed by a substantial 

elevation in the cardiac content of MDA. The elevated cardiac content of MDA 

significantly showed the oxidative injury produced by CCl4 (Mohamed, 2010).  

 Ayurvedic text accounts that an amalgamation of substances is used to 

improve the preferred action and to eradicate the undesired side effects. Marutham is 

an Ayurvedic polyherbal formula with components from eight plants including Allium 

sativum, Withania somnifera, Glycyrrhiza glabra, Wedelia calendulaceae, 

Nelumbium speciosum, Tinospora cordifolia, Emblica officinalis and Terminalia 

arjuna. This herbal formulation has been reported to have cardioprotective potential 

against isoproterinol-induced myocardial infarction (Stanely et al., 2009). 

Complementary and alternative medicine (CAM) has opened new doors for the 

alternative mode of treatment of several diseases. An exceptional instance of CAM is 

Traditional Chinese medicine (TCM). The basic notion of TCM is founded on the 

Five Elements theory (Water, Fire, Metal, Wood and Earth) which defines that a Yin 

(negative) Yang (positive) balance exists in each healthy organism (Cheng, 2000; Lu 

et al., 2004). Kudzu root; dried root of Pueraria lobata is found in South East Asia 

and is employed as a food source, fodder and medicine for several years (Luo et al., 

2007; Csurhes, 2008). Mostly it is employed as single entity or in amalgamation with 

other herbs e.g. Ginkgo biloba, Salvia miltiorrhiza, Bacopa monnieri, Silybum 

marianum and Salix alba to relieve several pathologies including cardiac functions 
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(Amazon, 2011; Healthstore, 2011). Isolation of different new drugs from medicinal 

plants with potential benefits has increased to a huge extent (Kim et al., 2008). 

Leonotis leonurus L. (Lamiaceae), a plant found in South Africa has marrubiin; a 

diterpenoid, (Scott et al., 2004) with an indirect cardioprotective action. It dampens 

the hypercoagulable and the inflammatory state related with obesity, so playing a 

cardioprotective role (Mnonopi et al., 2011). Terminalia arjuna (Family 

Combretaceae) is a large tree present in India and its bark has cardioprotective nature 

in the case of ischaemic heart diseases and hypertension (Gupta et al., 2001). A 

compound arjungenin extracted from T. arjuna had revealed a low hindrance against 

the respiratory oxyburst. Oleuropein; a phenolic compound present in large amounts 

in olives and olive oil gives them a bitter taste and pungent smell (Bravo, 1999). It 

inhibits lipid peroxidation induced by doxorubicin, by declining the oxidative stress 

and dropping the iNOS in cardiomyocytes thus relieving cardiotoxicity (Andreadou et 

al., 2007).  

2.10. Testicular protective effects of plants 

 Male sexual dysfunction comprised of different complications related with 

sexual act including; decrease libido, priapism, erectile dysfunction, peyronie disease 

and premature ejaculations (Brock et al., 2002). 

 Yuce et al. (2013) demonstrated the possibility of harmful effects of CCl4 and 

protective behavior of Cinnamon bark oil against CCl4 induced oxidative stress on 

male gonads. CCl4 decreased weight of body and reproductive organ, sperm motility 

and concentration, along with decrease in testicular CAT activity and increased lipid 

peroxidation (LPO) level and histopathological alterations in comparison to untreated 

control group. However, co-administration of CCl4 and cinnamon bark oil 

significantly improved the weights of testes and epididymis, all sperm attained quality 

parameters, normal LPO level and testicular histopathological structure was observed. 

The results significantly suggest that Cinnamon bark oil had ameliorated CCl4 

induced injuries in male reproductive organs.  

 Carissa opaca leaves are employed in traditional drug system for the cure of 

male dysfunction and hormonal disorder as well as healer of oxidative stress in 

Pakistan and Asia. Sahreen et al. (2013) planned an experiment to measure the 

antioxidant potential of methanol extract of C. opaca leaves on CCl4 produced 

reproductive strain in rats. Ameliorating properties of methanol extract of C. opaca 
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against CCl4 produced antiradical and hormonal dysfunction showed the existence of 

antioxidant bioactive components in methanol extract.  

 Related findings were reported by Sherine et al. (2014) that Propolis attenuates 

doxorubicin-induced testicular toxicity in rats. Similarly ameliorating effects of rutin 

and naringin on gentamycin produced testicular oxidative stress were assessed by 

Raju et al. (2011). Protective effect of ginger's alcoholic extract on the testis was 

determined by Bordbar et al. (2013) in busulfan produced infertility in rats. Testicular 

dysfunction was assessed in gentamicin produced oxidative stress in rats which was 

averted by Melatonin (Kim et al., 2014). Paracetamol also induce toxic effects on 

male reproductive system of adult rabbits (Nermeen and  Hassan, 2013). 

2.11. Pulmonary toxicity 

 According to Khan et al. (2012b), reactive oxygen species produced from 

CCl4 cause oxidative damages in lungs of rats, possibly by altering the antioxidant 

enzymes status. Various antioxidant enzymes for example, catalase, peroxidase, and 

superoxide dismutase, play an important role in protecting lung tissues from free 

radical induced damages (Ganie et al., 2011). Sahreen et al. (2014b) described the 

detailed protective effect of Carissa opaca fruits extracts on pulmonary injury and 

fibrosis by CCl4.  

 Scavenging effect of phytochemical constituents like flavonoids and tannins 

on free radicals has been reported in literature (Alpinar et al., 2009). Sonchus asper 

and rutin declined the toxic effects of CCl4 and minor damages witnessed in the lung 

tissues of these groups. The protecting effect of S. asper was more significant at the 

greater dose of Sonchus asper. 

 

 

http://www.sciencedirect.com/science/article/pii/S0940299311000091#bib0010
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 To evaluate the therapeutic potential of Boerhavia procumbens Banks ex. 

Roxb. and Galium aparine L. the following methodology for in vitro and in vivo 

studies was followed. 

3.1. Plant collection  

 The whole plant of B. procumbens and G. aparine were collected in August-

September and March-April 2010 respectively from the hilly areas of Islamabad. The 

collected floras were identified by their native names and then authenticated by Dr. 

Saleem Ahmad, Curator, Pakistan Museum of Natural History, Islamabad. Voucher 

specimens with Accession No. 059133 (B. procumbens) and 052380 (G. aparine) 

were submitted there. 

3. 1. 1. Extract preparation  

 Collected plant samples of B. procumbens and G. aparine shade dried for 3 

weeks and finally powdered (500 g) with 95% of 2000 ml methanol thrice for 72 h 

with occasional shaking and then filtered. Under reduced pressure the filtrate was 

dried (40 °C) giving a crude methanol extract, BPM and GAM. Further fractions were 

obtained by suspending BPM and GAM (4 g) in 200 ml of water (distilled), and 

different fractions were obtained as a sequence of n-hexane (BPH, GAH), ethyl 

acetate (BPE, GAE), n-butanol (BPB, GAB) and residual aqueous fraction (BPA, 

GAA). Different fractions obtained were placed at 4 °C for different in vitro and in 

vivo investigations.  

Different biological assays were measured for the antimicrobial, antiradical, 

cytotoxic, antitumor potential of different plant fractions. 

3.2. Qualitative phytochemical screening   

Screening for different phytochemical components was performed to perceive 

the existence of bioactive constituents in every fraction of both plant parts by using 

standard phytochemical methods. 

3.2.1. Test for alkaloids 

 An amount (0.5) g of each test sample was heated in combination with eight 

milliliter of 1% hydrochloric acid (HCl) and cleaned by filtering. Filterate (2 ml) of 

each tested sample titrated independently with (a) Mayer’s reagent and (b) 

Dragendroff’s reagent. The formation of cream or yellow precipitate depicts the 

existence of alkaloids (Harborne, 1973).  
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3.2.2. Test for anthraquinones  

 Methabnolic extract and various fractions (200 mg) was heated in 6 ml of 1 

percent HCl and filtered. The remainder was mixed with benzene (5 ml), and after 

shaking, 10% ammonium hydroxide was added. Creation of pink/violet or red color in 

alkaline phase designated the occurrence of anthraquinones (Trease and Evans, 1989).  

3.2.3. Cardiac glycosides determination (Keller-Killani test) 

 All the test samples (crude extract and fractions), water extract (10 mg/ml) 5 

ml was mixed with glacial acetic acid (2 ml) adding a droplet of ferric chloride 

solution, then add concentrated H2SO4 (1 ml) to get a layer. The typical characteristic 

of deoxysugars in cardiac glycosides is the creation of brown ring at the border 

(Trease and Evans, 1989). 

3.2.4. Test for coumarins  

 Crude extract and each fraction (0.3 g) were added in a test tube and enclosed 

its mouth with a filter paper dampened with 1 N sodium hydroxide (NaOH) solution. 

After retaining the test tube in a hot water bath for few min, the filter paper was 

examined under ultraviolet light. Yellow fluorescence appearance determined the 

existence of coumarins (Trease and Evans, 1989).  

3.2.5. Test for flavonoids 

 Each sample of methanol extract and fraction (25 mg) was dissolved in 50 ml 

distilled H2O and filtered. Filtrate (10 ml) was added to 5 ml of dilute ammonia. 

Presence of yellow color after addition of few drops of concentrated sulphuric acid 

confirmed the presence of flavonoids (Sofowora, 1982). 

3.2.6. Test for phlobatannins 

 Each sample (80 mg) was heated in 1% HCl. Red precipitate formation 

marked phlobatannins presence (Trease and Evans, 1989). 

3.2.7. Test for saponins  

Crude methanol extract and derived fractions (0.2 g) were added to disinfected 

water (20 ml), mixed then boiled in a water bath. When filtration was done about 5 ml 

of disinfected water was added to filtrate (10 ml) and mixed rigorously. Saponins was 

seen when emulsion created when three drops of olive oil was mixed with froth and 

shaken (Harborne, 1973).  

3.2.8. Test for tannins 

 Approximately 50 mg (methanol extract) and all fractions mixed with 

disinfected water 20 ml, and then boiled. Appearance of blue-black or brownish green 
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color after mixing few drops of 0.1% FeCl3 endorsed the existance of tannins 

(Sofowora, 1993). 

3.2.9. Test for terpenoids (Salkowski test) 

 5 ml of different fractions (1 mg/ml) was taken and added chloroform (2 ml) 

to them followed by an addition of 3 ml of concentrated sulfuric acid (H2SO4). 

Creation of a reddish brown coloration at the cross border established the existence of 

terpenoids (Harborne, 1973).  

3.3. Quantitative determination of total phenolics and flavonoids 

 Total phenolics and flavonids contents were quantified in each fraction by the 

following methods.  

3.3.1. Determination of total phenolics 

 Total phenolic content (TPC) of B. procumbens and G. aparine was assessed 

by means of Folin-Ciocalteu reagent (Kim et al., 2003a). Folin-Ciocalteu reagent (400 

µl) was added to 200 µl of tested samples (1.0 mg/ml) in a flask.  The solution was 

placed at 25 ºC for 5-10 min and mixed with 0.2 ml of 7% Na2CO3 solution, and 

finally diluted the mixture with deionised distilled water to 10.0 ml of volumetric 

flask. Before taking the absorbance at 725 nm, the mixture was placed for two hours 

at 25 ºC. Calibration curve was plotted for the standard of gallic acid. Total phenolics 

were assessed equivalent of per mg gallic acid (GAE) per gram of dried sample 

(mg/g). 

3.3.2. Determination of flavonoids 

 A calorimetric assay was used to estimate the total flavonoid content by 

following Yong et al., 2008. In a volumetric flask of 10.0 ml, an aliquot of 0.1 ml of 

fractions (1.0 mg/ml), distilled water 4.0 ml, 5 % NaNO2 (0.3 ml) and 10 % 

AlCl3.6H2O (0.3 ml). The above solution was placed for 6 minutes, and then add 2 ml 

of 1M NaOH, diluted the mixture with 2.4 ml of distilled water. Absorbance of pink 

colour mixture was taken at 510 nm against a blank (containing all reagents except 

fractions). Rutin was used for plotting calibration curve. Total flovonoids were 

measured as mg rutin equivalents per gram of dried sample (mg/g). 

3.4. In vitro antioxidant assays 

 All fractions were made by dissolving 1.0 mg/ml of fractions in 95% methanol 

and series of concentration dependent dilutions were made for antioxidant assays. For 

all antioxidant assays standard chemicals were utilized for comparison. 
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3.4.1. DPPH radical scavenging activity assay 

 The scavenging activity of DPPH was assessed by following the method of 

Brand-Williams et al. (1995). 2.4 mg DPPH dissolved in 100 ml of methanol to make 

stock solution. Dilute the stock solution with methanol to achieve an absorbance of 

0.980 (± 0.02) at 517 nm on spectrophotometer. 500 µl of the above mixture was 

taken and mixed with 500 µl of the samples at varying concentrations (25-250 µg/ml). 

Then shake the mixture and put in dark for 15 min and absorbance was recorded 517 

nm. The DPPH scavenging activity of different fractions was determined by the 

following equation:  

              [
                                               

                     
]     

IC50 values attained as to determine the 50 % inhibition of DPPH radicals. Ascorbic 

acid and rutin were used as standards. 

3.4.2. Superoxide anion radical scavenging assay 

 The riboflavin–light– nitroblue tetrazolium (NBT) system was employed to 

assay the superoxide radical scavenging activity (Beauchamp and Fridovich, 1971). 

Briefly, reaction mixture was made by adding of 50 mM phosphate buffer (0.5 ml, pH 

7.6), 50 mM riboflavin (0.3 ml), 20 mM phenazine methosulfate (0.25 ml), and 0.5 

mM NBT (0.1 ml) before the addition of 1 ml of various samples. The reaction 

mixture was illuminated with fluorescent light for 20 min and the absorbance was 

taken at 560 nm. The percentage of scavenging superoxide anion generation was 

calculated as:  

              [
                                               

                     
]     

3.4.3. Phosphomolybdate assay (Total antioxidant capacity assay) 

 Phosphomolybdenum method was done to calculate the total antiradical 

capacity of different samples by adjusting the procedure reported by Umamaheswari 

and Chatterjee (2008). Different extracts 100 µl was with the reagent solution (1.0 ml) 

consisted of phosphate 0.6 M H2SO4, 28.0 mM sodium, and 4.0 mM ammonium 

molybdate. The mixture was put in a water bath at 95 ºC for 90 min. Then cooled it at 

room temperature, and then record the absorbance at 765. Ascorbic acid was 

employed as standard. Total antiradical scavenging was calculated as: 

              [
                                               

                     
]     
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3.4.4. Hydroxyl radical scavenging assay 

 Hydroxyl radical scavenging of extracts was estimated by the procedure 

described by Halliwell and Gutteridge (1981). The reactive mixture was consisted of 

following composition: 100 µl of premixed ferric chloride (100 mM), 250 µl of 2.8 

mM 2-deoxyribose in 50 mM phosphate buffer, pH 7.4; and 100 mM EDTA solution 

(1:1; v/v); 200 mM H2O2 (50 µl) without or with the 50 µl extract solution. Reaction 

was triggered by adding 50 µl of ascorbate 300 mM and placed for 60 min at 37 °C. A 

solution of 1 % TBA in 500 µl of NaOH (50 mM) and 500 µl of 2.8% TCA was 

added.  Then put the mixture for 15 min on a boiling water bath. After cooling, the 

absorbance was taken at 532 nm. Hydroxyl radical scavenging was calculated as: 

              [
                                               

                     
]     

3.4.5. Hydrogen peroxide-scavenging activity 

 The hydrogen peroxide scavenging inhibition was obtained by the procedure 

stated by Ruch et al. (1989) with some adaptations. A 2 mM H2O2 solution was added 

in 50 mM phosphate buffer (pH 7.4).  Extracts of 100 µl was shifted into the test tubes 

and filled them up to 400 µl with 50 mM phosphate buffer (pH 7.4). After addition of 

600 µl H2O2 solution, vortexed the tubes and absorbance was taken at 230 nm 10 min. 

The percentage inhibition was calculated by putting readings in the following 

equation: 

              [
                                               

                     
]     

3.4.6 ABTS radical cation scavenging activity 

 The disappearance of ABTS (2, 2 azobis, 3-ethylbenzothiozoline-6-sulphonic 

acid) radical cation was calculated by following the method with slight modifications 

of Re et al. (1999). 7 mM ABTS and 2.4 mM potassium persulphate was mixed for 

making stock solution and put it in the dark for 12-16 h at room temperature. Then 

dilute the solution by mixing 1 ml of ABTS
+
 solution with 60 % of methanol to get an 

absorbance of 0.70 ± 0.001 units at 734 on spectrophotometer. For each assay ABTS
+
 

solution was made fresh. Then add 1 ml of plant extracts to react with 1 ml of the 

ABTS
+
 solution and the absorbance was measured at 734 nm. The decrease in 

absorbance was taken after one minute up to six minutes. Then note the final 

absorbance. Calculate the percentage inhibition by using following formula: 

              [
                                               

                     
]     
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3.4.7. Reducing power assay 

 The ability to reduce was obtained by the procedure stated by Oyaizu (1986) 

with some changes. Extract solution (1 ml) was combined with 0.2 M phosphate 

buffer (2.5 ml, pH 6.6) and 1 % potassium ferricyanide (2.5 ml) and then mixture was 

placed at 50 °C for 20 min.  Then add 10 % TCA (2.5 ml) to the solution and 

centrifuged at 3000 rpm for 10 min. A 2.5 ml of supernatant combined with 2.5 ml of 

distilled water and 500 µl of 1 % FeCl3. Then note the absorbance at 700 nm.  

Upsurge in reducing power of fractions was inferred by rise in absorbance. Standard 

of ascorbic acid was used. 

3.5. Antimicrobial studies 

3.5.1. Antibacterial assay 

 For the determination of antibacterial activity various plant extracts and their 

derived fractions against six bacterial strains, Staphylococcus aureus (ATCC6538), 

Escherichia coli (ATCC15224), Klebsiella pneumoniae (MTCC618), Bacillus subtilis 

(ATCC6633), Enterobactor aerogenes (ATCC13048) and Micrococcus luteus 

(ATCC10240). Standard antibiotics used were cefixime.  

 The test strain of each bacterium was prepared by adding 0.75 ml broth culture 

which has a. 10
6
colony forming units (CFU) per ml. Nutrient agar medium in a 

volume of 75 ml was poured in petri plates (14 cm) and left for solidification. After 

the media was solidified, seven wells having 8 mm width were made with the help of 

sterile metallic borer. Swabbing of each test strain was done or a lawn was made on 

the plates with the help of the cotton swab to ensure sufficient growth. Volume of 100 

µl from each sample having concenteration of 32 mg/ml was added into the respective 

wells, cefixime (1mg/ml) as positive control and DMSO was used as negative control. 

All tests were replicated three times and the results are given as the means and 

standard error of the means (SEM) of the diameters of the zones of growth inhibition. 

Plates were finally incubated for 24 h at 37ºC. After incubation, Antimicrobial 

activity was estimated by measuring the zones of growth inhibition (clear zone) 

surrounding the wells. Diameters of the zones of inhibition were measured using a 

hand-held electronic digital Vernier Caliper with a precision of 0.1 mm. (Phillip et al, 

2009). 

Determination of minimum inhibitory concentration (MIC) 

 The MIC of the extract/fraction was determined by the microdilution method, 

recommended by the National Committee for Clinical Laboratory Standards 
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(NCCLS) as reported in other studies (Ashour et al., 2009). Each sample was 

dissolved in DMSO (32 mg/ml) and added to the medium. It was further diluted two 

fold to obtain concentration in the range of 0.25-32 mg/ml (0.25, 0.5, 1, 2, 4, 8, 16, 32 

mg/ml). Overnight grown inoculum suspension with final concentration of 1 x 10
4
 

CFU/ml was spotted on the 96 well micro plate. After incubation at 37 ºC for 20-24 h 

the MIC was determined.  

3.5. 2. Antifungal assay 

 Antifungal activity of both extracts were tested against five strains of fungus; 

Aspergillus niger ATCC 6275, Aspergillus flavus ATCC 204304, Mucor piriformis 

ATCC 52554, Fusarium solani ATCC 36031 and Helminthosporium solani ATCC 

204193.  

 The antifungal activity of the extract/fractions of B. procumbens and G. 

aparine was determined by the agar tube dilution method (Duraipandiyan and 

Ignacimuthu, 2009). For this purpose 6.5 g of sabouraud dextrose agar was mixed in 

100 ml of distilled water (pH 5.6). An aliquot of 4 ml from this mixture was poured 

into screw caped test tubes and were autoclaved for 15 min at 121 ºC and cooled 

down to 45 ºC. Stock solution of the positive control terbinafine, extract/fractions was 

prepared in DMSO (12 mg/ml). A volume of 67 µl from the stock solution of each 

sample, terbinafine were added to the tubes to give a final concentration of 200 µg/ml. 

DMSO (67 µl) alone was added to tubes for negative control. Tubes were placed in 

slanting position and media was solidified at room temperature. These tubes were 

then inoculated with 4 mm discs from the periphery of 7 days old culture. Tubes were 

incubated for a week at 28ºC. Growth inhibition was determined by measuring linear 

growth in mm. Formula was applied to evaluate growth inhibition. Percent inhibition 

of growth was determined with reference to the negative control.  

3.6. Cytotoxic brine shrimp assay, antitumor assay and phytotoxic assay 

3.6. 1. Cytotoxic brine shrimp assay 

 Different fractions of B. procumbens and G. aparine, 28 g/l of sea salt mixed 

in dH2O. According to Meyer-Alber protocol (1992) Shrimps eggs (Artemia salina), 

tray used for hatching eggs, stirrer, magnifying glass, light lamp, pipette, transparent 

vials, tray, chemicals and distilled water was used in this experiment. 

 Commercially available sea salt about 28 g was added in one litre of distilled 

water with stirring to dissolve completely for 2 h. Eggs of Brine shrimps were hatched 

in a tray sections that contain sea salt saline. They were added in section of tray where 
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there is no light and after overnight incubation larvae was collected from lightened 

side by using micropipette. 

 Test tubes were used in this bioassay. Each reaction mixture (10, 100 and 

1000 μg/ml) was pipetted in vials and the solvents were evaporated. Remnants were 

dissolved again in about 2 ml of saline sea salt. Shrimps at least 10 in number were 

shifted to respective vials and volume was increased up to 5ml then incubated (25-28 

°C) over night for 24 h. After incubation Abbot’s formula was used to calculate the % 

death; 

         [
            

       
]     

Lethal dose was calculated by using software of prism graph pad. 

3.6.2. Antitumor potato disc assay 

 This assay was carried out for antitumor potential of extract as done 

previously by Ferrigini et al., 1982. The strain of Agrobacterium tumefaciens AT10 

was used, Luria broth (LB) 2.5g was added to dH2O (100 ml) then sterilized. 

Rifampicin 20 μl stock solution (50 μg/ml) was mixed in order to obtain the 10 μl/ml 

concentration of rifampicin and inoculation of Agrobacterium tumefaciens (AT10) in 

culture plate was done. Colony was allowed to grow by incubating in a shaking 

incubator for 48 h at 28 °C temperature. 

 Stock solutions (10,000 μg/ml) were prepared by adding and mixing 100 mg 

of every fraction in DMSO about 10 ml. Three dilutions (1000, 100 and 10 μg/ml) 

dissolved in DMSO from previously formulated stock solution (10,000 μg/ml). To 

prepare test sample 10, 100 and 1000 μg/ml final concentrations in the inoculums, and 

Inoculum concentration of 1500 μl was done by dissolving stock solution of 150 μl in 

triplicate vials. Autoclaved distilled water (750 μl) and bacterial culture (600 μl) was 

dissolved in it, in order to make final volume of inoculums up to 1500 μl. Assay 

requires three controls, 150 μl of DMSO in 1350 μl of autoclaved distilled water in 

appendorfs for positive control preparation, 150 μl of DMSO in (750 μl) of 

autoclaved distilled water for preparation of negative control and (600 μl) of bacterial 

culture in appendorf and untreated potato discs were used as 3
rd

 control. 

 All the process was carried out in the flow hood by taking all protective 

actions to prevent contamination. Agar solution (1.5%) was prepared by adding 1.5g 

of agar in dH2O. Agar solution of about 25 ml was required for every petri dish, 

Mercuric chloride solution (0.1%) was used to soaked the red skinned potatoes for 10 
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min. Potatoes were taken out in autoclaved petri plates by using a large size sterilized 

forceps. Potato discs of 8mm size were prepared by using an autoclaved borer. Discs 

were cleaned in sterilized dH2O and approximately 1cm on either sides of disc was 

chopped by using a sterilized autoclaved cutter. Discs (5 mm thick) were cut in 

autoclaved petri plates about 10 discs per plate. Inoculums (50 μl) were pipetted on 

each potato discs surface of particular dilution and inoculums were left to diffuse (10-

20 min). Para film strips were used to seal the edge of each petri plates to make it air 

tight and to avoid loss of moisture throughout the duration of incubation. To keep the 

inoculums on the surface of potato discs flat level of dish is maintained. Incubation of 

petri plates was done for 21 days at 28 °C in dark. In order to prepare Lugol’s 

solution, 10% KI, 5%I was dissolved in distilled water. Lugol’s solution was poured 

on discs covering them completely in order to stain and microscope was used to 

observe the discs after 30 min by using side lamp illumination. Tumor containing 

portion of discs were distained. No., of tumors was counted on each disc and for each 

dilution % inhibition was calculated by using equation mentioned below. 

               [
                                   

                                         
]     

Prevention of tumor (20%) was taken as marked; IC50 was determined by means of 

graph pad prism software.  

3.6.3. Phytotoxicity assay 

The Phytotoxicity test was assessed by following the modified protocol 

employed by McLaughlin (1988a). 

(i) Sample Preparation 

1 ml of DMSO was used to make stock solution by dissolving samples (15mg). 1000, 

100 and 10 µg/ml concentrations were prepared in methanol. 

(ii)  Preparation of plates and treatment 

Brassica compestris seeds were externally disinfected by washing with 0.1% 

HgCl2 (mercuric chloride) and then washed with disinfected water (autoclaved). 5ml 

from different concentrations of each sample was dispensed on double layer of 

sterilized filter paper in each petri plate and solvent was allowed to evaporate. 

Autoclaved distilled water (5 ml) was poured in petri plates and 10 seeds of Brassica 

were placed per plate equidistantly. Incubation was done for one week at 28 °C. Shoot 

and root inhibition as well as fresh and dry weights were determined. Percent seed 

germination was also calculated and compared with control. 
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3.7. HPLC-DAD analysis 

 Accrtonitrile, accetic acid and methanol (HPLC grade) and water (deionized) 

was used. Kaemferol, catechin, rutin, quercetin, gallic acid, apigenin, myricetin and 

caffeic acid (Sigma company, USA) were taken as standards. Stock solutions for 

standard (10 mg/ml) and plant extracts (200 µg/ml) were prepared by dissolving in 

methanol. All the tested samples were then filtered. 

 HPLC-DAD having RP-C8 analytical column (Agilent) was employed for 

analyzing samples. Acetonitrile-methanol-water-acetic acid (5:10:85:1) comprised 

mobile phase A while the composition is acetonitrile- methanol- acetic acid (40:60:1) 

for mobile phase B. Different gradient time span used for different mobile phases 

were as 0-20 min for 0 to 50% B, 20-25 min for 50 to 100% B and then isocratic 

100% B till 40 min was used. Injection volume for each sample is 20 µl and flow rate 

is 2 ml/min. Different wavelengths were used as 257, 279, 325 and 368 nm 

wavelength. Chromatography for each sample was done thrice. Integration peak 

method was used to quantify the peak via the external standard method.  

3.8. Gass chromatography  

 Thermo GC Trace Ultra ver: 5.0, MS DSQ II was used to analysis the 

phytochemicals in methanol extracts of B. procumbens and G. aparine. Gas 

chromatograph interfaced to a Mass spectrometer (GC-MS) equipped with a ZB 5 - 

MS capillary standard non - polar column (30 m x 0.25 mm ID x 0.25 μm FILM). The 

components of the sample were ionized in electron impact mode (EI, 70 eV). Carrier 

gas (Helium) 99.999% was used  having persistent flow rate 1ml/min. Injection 

volume (1 μl) was employed having split ratio of 10:1 injector temperature 250 °C; 

ion-source temperature 280 °C. 70 °C was set for the oven temperature (isothermal 

for 2 min) with per minute 6 °C rise to 260 °C. The samples were inserted in split 

mode as 10:1. 45-450 (m/z) was set as scan mass spectral range. Total GC running 

time was 38.50 min. 

3. 8. 1. Identification of Components 

 Various compounds were identified on GC-MS mass spectra were directed to 

the database of National Institute Standard and Technology (NIST) comprising 

62,000 patterns. Unknown spectra for unknown compounds were coordinated with the 

spectra of the already identified compounds deposited in the NIST library. The name, 

molecular weight and structure of the compounds of the test materials were 

determined. 
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3.9. Anti-inflammatory assay by Carrageenan induced inflammation 

 Anti-inflammatory activity was measured by the procedure reported by 

(Winter et al., 1960). 0.1 ml of carrageenan (1% w/v) administration produced pedal 

information in the right paw of each rat. Diclofenac potassium (10 mg/kg) used as 

reference drug. Different extracts of both plants (200 mg/kg) were given 1 hour prior 

to carrageenan administration. Foot was dipped in mercury bath (plethysmograph) to 

get the paw volume. Anti-inflammatory potential in each group was determined by 

measuring the paw volume by plethysmograph therefore prior to the treatment of 

carrageenan and after 1
st
, 2

nd
 and 3

rd
 h of carrageenan injection. Following equation 

was taken to calculate the edema inhibition. 

Edema (%) inhibition = (1-D/C) × 100 

 Where, D represents the variation in percentage in elevated paw volume when 

test drugs were taken and C symbolizes the control groups showing percentage 

difference of elevated volume  

3.10. Antidepressant Assay by Forced swimming test (FST) 

 Antidepressant activity was measured by using in vivo model called FST 

(Porsolt et al., 1978). The apparatus comprised of a clear plexiglass cylinder (30cm 

high and 12 cm diameter) consisting of 25 cm of water. In the pretest, animals were 

placed separately for 15 min into the cylinder, 24 h prior to the 6min swimming test. 

All the animals were dried properly before placing them back in to their own cages. 

Crude methanol extract of B. procumbens and G. aparine and their fractions was 

administered (200 mg/kg bw, p.o) whereas flouxetine (10 mg/kg bw) was injected 

(i.p) immediately 1h before swimming test. Immobility duration was noted during the 

last 5 min after 1min of acclimatization. 

3.11. In vivo evaluation of fractions 

 For in vivo studies CCl4, PCM, GTM and DOX was preferred to provoke 

toxicity in different organs of rat model. Five major organs including liver, kidneys, 

lungs, heart and testis were investigated at biochemical, molecular and histological 

level. Antiasthmatic and antidiabetic effect of B. procumbens and G. aparine was also 

evaluated. 

3.11.1. Animals  

   Sprague Dawley male rats, weighing 190-200 g were provided by the Animal 

house of NIH (National Institute of Health) Islamabad and were retained in enclosures 

at room temperature of 25
o
C with few degrees change. Ethical board of University 
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approved the study protocol. All animals were distributed into various groups for in 

vivo evaluation of methanolic extract of B. procumbens and G. aparine against CCl4, 

PCM, GTM and DOX induced toxicity in different tissues and for evaluation of 

antidiabetic and anti-asthmatic studies. 

3.11.2. Acute toxicity study 

 Sprague-Dawley rats having good health were indiscriminately distributed into 

eleven groups. Animals were starved but water was provided 15 h before collecting 

test samples. The control group treated with intraperitoneal doze of DMSO (15 %) in 

olive oil. Though, remaining groups received BPM, GAM, fractions different doses. 

Doses used for toxicity evaluation were: BPM (4000, 2000, 1000, 500 and 250 mg/kg 

b.w) GAM (4000, 2000, 1000, 500 and 250 mg/kg b.w). Overall conduct of animals 

was observed after two hours of dozing. Water and food were provided ad libitum. 

Screening of rats was done for 14 days for mortality and morbidity (Lagarto et al., 

2001).          

3.11.3. Experimental plan 

 National Institutes of Health (NIH guidelines) were employed to conduct all 

experimental procedures involving animals. Ethical board of Quaid-i-Azam 

University, Islamabad approved the study protocol. Before commencing experiment, 

animals were familiarized to lab surroundings for seven days. 

 Experiment was designed for chronic toxicity of about eight weeks according 

to Shyu et al. (2008) with some modifications. Seven groups were made with 42 male 

albino rats (Each group having 6 rats). CCl4 (CCl4/olive oil) was administered to rats 

intraperitoneal (i.p.) for eight weeks (twice a week). Different animals were given 

different doze of tested plants and silymarin as described below. 

3. 11. 3. 1. Experimental protocol for CCl4  

 Following dosing plan was adjusted for the experiment 1 in this study. 42 rats 

divided in 7 groups. Group I was given normal feed. Group II was termed as vehicle 

Control and rats were given with DMSO. Group III were fed with CCl4 (0.5 ml/kg 

b.w., i.p) and olive oil, 30%). Group IV was treated with CCl4 + Silymarin (50 mg/kg 

b.w., orally). Group V and VI were given with CCl4 + BPM (200 and 400 mg/kg b.w., 

orally). Group VII rats were treated with BPM (400 mg/kg b.w., orally). 

 Conditions and dose levels for all both experiments were same, but methanolic 

extracts were different according to tested plant part. Hence, BPM will be replaced by 

GAM. 
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3. 11. 3. 2. Experimental protocol for paracetamol 

 For toxicity 21 days experiment was planned according to Anbarasu et al. 

(2011) with some changes. Animals randomly distributed into different groups (7 

groups having 6 rats in each group) were randomly formed of total 42 male albino 

rats. Group I rats were given with normal feed. Group II was fed with 0.5 ml/kg b.w. 

of DMSO (orally) and intraperitoneal doze of 0.5 ml/kg b.w. olive oil. Group III rats 

were administered with paracetamol (0.5 ml/kg b.w., 750 mg/kg b.w.) after every 72 h 

intraperitoneally (i.p.). Simultaneously, Group IV rats were given with silymarin (50 

mg/kg b.w.). Group V and VI rats were treated with paracetamol plus plant extract 

(200 and 400 mg/kg b.w.) orally. Group VII rats were treated with BPM (400 mg/kg 

b.w., orally) alone. 

3. 11. 3. 3. Experimental protocol for gentamicin 

 10 days experiment was designed for gentamicin toxicity according to 

procedure described by Khan et al., 2011a. 42 rats were divided in seven groups in 

this experiment with 6 rats in each group. Group I rats were fed with normal feed. 

Group II rats were given with intraperitoneal doze of 0.5 ml/kg b.w. of Olive oil and 

0.5 ml/kg b.w. of DMSO (orally). Group III rats were administered with gentamicin 

for 10 days (0.5 ml/kg b.w., 100 mg/kg b.w) intraperitoneally. Group IV: rats were 

administered with gentamicin + silymarin (50 mg/kg b.w., orally). Group V and VI 

rats were treated with gentamicin for 10 days and BPM (200 and 400 mg/kg b.w., 

orally). Group VII rats were treated with BPM (400 mg/kg b.w., orally). 

3. 11. 3. 4. Experimental protocol for doxorubicin 

 Two week experiment was designed according to Thippeswamy et al. (2011) 

with some modifications. Rats were divided in seven groups with six rats in each 

group. Group I rats were given with normal feed. Group II rats were administered 

with 0.5 ml/kg b.w. of Olive oil (i.p.) and 0.5 ml/kg b.w. of DMSO (orally). Group III 

rats were treated with doxorubicin once at day 7 (0.5 ml/kg b.w., 15 mg/kg b.w) 

intraperitoneally. Group IV: Doxorubicin once at day 7 plus silymarin (50 mg/kg 

b.w., orally). Group V and VI rats were treated with doxorubicin once at day 7 plus 

BPM (200 and 400 mg/kg b.w., orally). Group VII animals were treated with BPM 

(400 mg/kg b.w., orally). 

 Conditions and dose levels for all experiments were same, but methanolic 

extracts were different according to tested plant part. Hence, BPM was replaced by 

GAM. 
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3. 11. 3.5. Antidiabetic activity study 

 Screening of active antioxidant fractions of different plants for antidiabtic 

activity was performed in rats by following methodology of Jarald et al. (2009) with 

slight modifications. 

 Antihyperglycemic activity by  glucose tolerance test in normal animals 

 Antihyperglycemic activity by  glucose tolerance test in diabetic 

animals 

 Hypoglycemic activity test in diabetic 6 h fasting animals for active 

plant fraction of glucose tolerance test 

 Multiple dose study in alloxan induced diabetic animals 

3. 11. 3.5.1. Glucose tolerance test in normal animals 

    Glucose tolerance test was carried out on methanolic extracts of BPM and 

GAM. Different doses (200 and 400 mg/kg) were used in the glucose tolerance test. 

Two groups for each fraction were designed for two different doses selected from 

acute toxicity study. Blood glucose concentration was measured in unit of mg/dl by 

using glucometer by puncturing tail tip with syringe needle. Normal rats were 

distributed in nine groups having five rats each. Glucose reading before treatment was 

termed 0 min reading and after treatment three readings were observed at 60, 120 and 

180 min. The normal control group was treated only with vehicle used for the 

samples. The animal received their respective doses orally by feeding tube number 6. 

3. 11. 3.5. 2. Glucose tolerance test in diabetic animals 

  Procedure of glucose tolerance test in normal animals was followed in diabetic 

animals with the addition of two groups of diabetic control and reference drug 

glibenclamide treated group. Glibenclamide at 5 mg/kg b.w. was used as a reference 

standard drug. Animals were selected, weighed and then marked for individual 

identification. 

  The rats were injected with alloxan monohydrate in saline (0.9% NaCl) at a 

dose of 120 mg/kg b.w intrperitoneally to induce diabetes in overnight fasted male 

Wistar albino rats weighing 170-200 g. After one hour of alloxan administration the 

animals were given feed ad libitum. A 5% dextrose solution was given in feeding 

bottle for a day to overcome the early hypoglycemic phase. After 72 h, animals with 

blood glucose levels higher than 220 mg/dl were considered diabetic and were 

included in the study. 
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  Blood samples were collected from the tail vein prior at 0, 60, 120 and 180 

min post glucose administration. Blood glucose levels were estimated using 

glucometer. 

(i) Hypoglycemic activity 

 Plants expressing significant activity in antihyperglycemic activity were 

processed in this test to evaluate glucose lowering ability in normal six h fasting 

animals with free access to water. BPM and GAM were processed in this study. In 

this study six groups were designed with 5 rats each. Glucose readings were recorded 

at 0 min for pretreatment glucose concentration and at 60, 120 and 180 min for post 

treatment glucose concentration. 

Multiple dose study 

  Alloxan induced model was selected to confirm the utility of the active 

antihyperglycemic fraction in the diabetic condition. Diabetes was induced by injecting 

125 mg/kg b.w.  alloxan to overnight fasted  rats intraperitoneally,  dissolved in 0.9% 

saline. 10 percent glucose was given in water bottle for 24 h to prevent excessive 

hypoglycemia. After 72 h of alloxan injection fasting glucose profile was monitored by 

using glucometer and animals showing glucose concentration below 230 mg/dl were 

rejected from the experiment. 

Diabetic animals were divided into following 6 groups 5 rats each group and one of 

normal animals was included as normal control. 

Group 1: Normal control animal received 1 ml of the vehicle 

Group 2: Diabetic animal received reference drug glibenclamide (5 mg/kg b.w.) 

orally 

Group 3: Diabetic control received only vehicle 1 ml orally 

Group 4: Diabetic animals received BPM (200 mg/kg b.w.) orally 

Group 5: Diabetic animal received BPM (400 mg/kg b.w.) orally 

Group 6: Diabetic animal received GAM (200 mg/kg b.w.) orally 

Group 7: Diabetic animal received GAM (400 mg/kg b.w.) orally 

 Animals of different groups were given treatment according to their respective 

group for 15 days. After 15 days fasting blood glucose concentration was monitored 

and animals were dissected. Blood and, pancreas were collected. Half of the organ 

was processed for histology while the remaining half was preserved for tissue 

antioxidant enzymes assays. All the precautions, procedures and protocols in common 
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were followed mentioned in CCl4 induced toxicity study except following parameters 

specific for the antidiabetic experiment. 

3. 11. 3.5. 3. Insulin quantification assay 

 Enzyme-linked immunosorbent assay (ELISA) kit (Ultrasensitive Rat Insulin 

ELISA from Mercodia was used to access quantity of insulin level in rat serum or 

plasma after glucose administration. 

Test Procedure 

 All reagents and samples were stored at room temperature before use. 

Mandatory quantity of the enzyme conjugate 1X solution, wash buffer 1X solution, 

samples, insulin control solutions, calibrators and plate plan were prepared. 25 μl each 

of calibrators pipetted into suitable wells and followed by 25 μl of each sample into 

respective wells. 100 μl of enzyme conjugate was added into each well and incubated 

on a plate shaker (700-900 rpm) for 2 h at room temperature (18-25 °C). 

 Each well was washed 6 times with wash buffer 1X solution after incubation 

and the reaction volume was wasted by inverting the microplate over a sink. Then 350 

μl wash solution was added to each well and discarded the wash solution, taped firmly 

many times against absorbent paper to eradicate excess liquid and repeated five times. 

TMB was added after washing 200 μl substrate into each well and incubated 15 

minutes at room temperature (18-25 °C), followed by the addition of 50 μl stop 

solution to each well. Then mix the solution by placing it on the shaker for 

approximately 5 seconds to ensure mixing. Absorbance was observed at 450 nm 

within 30 min and calculated the results. 

 3. 11. 3. 5. 4. Glycosylated haemoglobin 

   All samples and reagents were transported to room temperature before 

consumption. All samples, standards, and controls were assayed in duplicate. Added 

100 µl of standard, blank, or sample per well and covered with the adhesive strip. 

Incubated for 2 h at 37° C. Liquid was removed from each well and added 100 µl of 

Biotin-antibody working solution to each well and incubated for 1 h at 37 °C.  

Aspirated each well and washed, repeating the process thrice for a total of three 

washes. An aliquot of 100 µl of HRP-avidin working solution was added to each well 

and covered the microtiter plate with a new adhesive strip. After incubation for 1 h at 

37° C, repeated the aspiration and wash three times. TMB (90 µl) substrate was added 

to each well and incubated at 37 °C. After 30 min 50 µl of stop solution was mixed to 
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each well. Determined the optical density of each well within 30 min, using a 

microplate reader set to 450 nm and calculated the results. 

3. 11. 3. 6. Experimental protocol for asthma 

Antigen for sensitization  

 2, 4-toluene diisocyanate (TDI) used as antigen for sensitization. Ethyl acetate 

was used to prepare TDI (10%) for sensitization and to 5% for incitement.  

Sensitization and Provocation of Animals  

 Adult rats were distributed into five of 6 animals each.  

Group-I: Control (distilled water);  

Group-II: TDI control   

Group-III: Dexamethasone (2.5 mg/kg body weight b.w. per os, as reference 

standard); Group-IV: BPM (200 mg/kg) + TDI 

Group-V: BPM (400 mg/kg) +TDI 

Group-VI: BPM (400 mg/kg) alone 

 For sensitization a method described by Zheng et al. (2001) with slight 

modifications was used except the control group. 5 μl of 10% TDI dropped into each 

nostril under light ether anesthesia for seven consecutive days. All the rats (except 

Group- I) were sensitized again for 7 day after a week of rest. Second round of 

sensitization was done after one week. Drugs were given to respected groups by oral 

route 1 week before beginning of sensitization until the day of last treatment. In 

relaxing period, dosage was sustained. Two hour prior to provocation, the last 

treatment of drug was given with 5% toluene diisocyanate. The control group was 

administered ethyl acetate through intranasal route and hence challenged.  

 All the treated rats observed after provocation for external noticeable 

indications of airway hyper reactivity for a one hour time. Expiratory phase 

prolongation was observed. Irritability, aggression, and sneezing conditions was 

observed.  

 After 24 h of the last dose, all the animals were given anesthesia with 

chloroform and dissected. Blood was collected in the tubes and then serum obtained 

after centrifugation. The serum was stored. Liver was removed and weighted. After 

weighing the liver was distributed into two parts. 

1. One portions for histopathological studies, a small part was cut off from all organs 

and placed in fixative sera (Absolute alcohol 60%, Glacial acetic acid 10%, 

Formaldehyde 30%).  
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2. Liquid N2 was applied to the remaining part of the tissue and stored at -70 °C for 

further biochemical and molecular research. 

3.11.4. Histopathological study of tissue 

 The tissues that were selected for histology were then weighed and a specific 

portion of it was chosen to be studied. So the tissue pieces were placed in fixative sera 

for 3-4 h, then tissues were dehydrated by adding alcohol (80%, 90%, and 100%) and 

at last transferred to cedar wood oil. Tissues were embedded in paraplast when they 

become transparent and blocks were made for further microtome. Thin slices (3-4 

µm) were made with the help of the microtome and then after removing wax, it was 

stained with hematoxylin-eosin stain, examined under microscope and finally 

photographed at 10X and 40X. 

3.11.5. Biochemical investigations 

 Following assays were carried out to analyze the pharmacological activity 

against the toxicity induced by CCl4, PCM, GTM and DOX in rats. 

3.11.5.1. Analysis of urine 

 By using standard diagnostic kits (Krenngasse 12, 8010 Graz, Australia), urine 

samples were analyzed for estimation of urine physical parameters i.e. White blood 

cells (WBC), red blood cells count (RBCs), urobilinogen, pH  and specific gravity. 

Biochemical urine parameters i.e. Creatinine, creatinine clearance, urea, albumin, and 

protein profile were estimated with the help of AMP diagnostics company kits 

(Krenngasse 12, 8010 Graz, Australia). 

3.11.5.2. Biochemical analysis of urine and serum 

Estimation of total protein, albumin, urea, creatinine, creatinine clearance was 

carried out with different kits. 

3.11.5.2.1. Assessment of total protein 

 The lysate was evaluated for protein estimation by following the protocol of 

Lowry et al. (1951). Alkaline copper solution was prepared by dissolving Solution A 

and B in a ratio of 50:1. Solution A: Sodium carbonate (2 g), Sodium potassium 

tartarate (1 g), NaOH 0.4 g, dH2O (100 ml). Solution B: CuSO4 (0.5 g). Folin 

ciocalteau reagent: Folin cicalteau phenol+dH2O (1:1) were formulated at once prior 

to its utility. 

 Organ tissue (60-80 mg) dissolved in phosphate buffer (4 volumes), mixed and 

lysed in ice bath properly. The resultant lysate was then spinned at 10,000 rpm (20 

min and 4 ºC). Supernatant was transferred and preserved for various protein assays. 
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Five-fold dilution of supernatant was done according to the assay in (0.1 M) PBS (7.4 

pH). Copper alkaline solution (1 ml) was then mixed to each lysate tube and mixed 

properly. Folin ciocalteau phenol reagent in a ratio of 1:1 (0.1 ml) was added after 10 

min, vortex to mix and incubated at room temperature for 30 min. Smart spec
TM

 

spectrophotometer was used to determine the optical density at three different 

wavelengths (500, 595 and 650 nm). 10 mg/ml of BSA was mixed in PBS of same 

dilution as that of samples and serially diluted to obtain slandered curve of optical 

density values. Dilution of soluble protein was determined in mg/ml by comparison of 

the standard optical density readings with sample results. The quantity of protein was 

shown as mg/ml of tissue homogenate in PBS. 

3.11.5.2.2. Assessment of albumin 

 Reagent (succinate buffer, bromocresol green, brij 35) 1 ml was added with 

sample (10 µl), reference such as bovine albumin (10 μl), dH2O is used as a blank and 

optical density was determined at 628 nm after 5 min incubation (37 
o
C). 

3.11.5.2.3. Assessment of globulin 

 Globulin was assessed by using formula as; Total protein – albumin 

3.11.5.2.4. Determination of urea 

Principle 

 In the presence of urease, urea is hydrolyzed into carbon dioxide and ammonia 

and in the presence of oxoglutarate and NADH, glutamate dehydrogenase converts 

ammonia into glutamate. Oxidation of NADH is measured at 340 nm, which is 

directly related to the amount of urea present in the sample. 

 

 

Protocol 

 Urea was determined using kit purchased from the AMP diagnostics company. 

An aliquot of 10 µl of serum sample was added to 800 µl of R1 (2- oxoglutarate 10 

mM/l, Urease 140 U/ml, Tris buffer 125 mM/l, biocides 120, GLDH U/ml) and 200 

µl of R2 (NADH 1.5 Mm/l). Optical density was measured at 340 nm 

spectrophotometrically, after one and two minutes. Distilled water plus reagent was 

used as a blank and urea (50 mg/dl) was used as a standard. For the calculation of urea 

concentration following formula was used; 
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n= concentration of standard (mg/dl) 

3.11.5.2.5. Determination of creatinine and creatinine clearance 

Principle 

 

 In alkaline condition, picric acid reacts with creatinine to form a colored 

complex. Intensity of color produced shows the amount of creatinine present in the 

samples. 

Protocol 

 AMP diagnostic company kits were used to determine creatinine in serum. An 

aliquot of 50 µl of serum sample was added to 1 ml R1 (Alkaline buffer) and 200 µl 

of R2 (Picric acid 40 mM). Optical density was measured at 510 nm 

spectrophotometrically, after one and two min. For the calculation of creatinine 

following formula was used; 

 

n= concentration of standard (mg/dl). 

Creatinine clearance was measured by using formula Ccr = (Cu/Cs) × V 

Concentration of creatinine in serum depicted by Cs, Cu is the concentration of 

creatinine in urine and V is the urine flow rate in ml/min. 

3.11.5.2.6. Determination of urine/serum bilirubin 

Principle 

 Diazotized sulfanilic acid is formed by the reaction between sodium nitrite and 

sulfanilic acid. Azobilirubin is formed by the reaction between total bilirubin and 

diazotized sulfanilic acid, in the presence of DMSO. While in absence of DMSO, only 

direct bilirubin reacts with the diazotized sulfanilic acid to produce a colored product. 

Protocol 

 AMP diagnostic company kits were used to determine direct bilirubin in 

serum samples. An aliquot of 50 µl of serum sample was added to 1.5 ml R1 

(sulfanilic acid 16 mM, DMSO 4.4 M, HCl 164 mM) and 10 µl of R2 (sodium nitrite 

0.6 M). After incubation of 5 min at 37 °C, optical density was measured at 555 nm 

spectrophotometrically. For the calculation of billirubin following formula was used; 
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n= concentration of standard (mg/dl) 

3.11.5.3. Serum analysis of rats 

 Serological studies had been carried out for different parameters, as they 

indicate biomarker of different organs.  

 3.11.5.3.1. Determination of serum cholesterol 

Principle 

 Conversion of cholesterol to quinonamine dye involved the enzymes named 

peroxidase, cholesterol esterase and cholesterol oxidase, dye concentration indicates 

the quantity of cholesterol in serum. 

 

Protocol 

 Serum sample 10 µl was mixed with 1ml of reagent (Sodium cholate 1mM/l, 

Peroxidase 1 KU/l, 4- aminoantipyrine 0.33 mM/l, cholesterol esterase 250 U/l 

cholesterol oxidase 250 U/L, phenol 4 mM/l, biocides 4 g/l, pipes buffer 200 mM/l, 

nonionic tensioactives 4 mM/l). Incubated for 10 minutes at 37 ºC and optical density 

was measured spectrophotometrically at 500 nm. Serum cholesterol was calculated by 

using the following formula; 

 

n= Standard concentration (mg/dl) 

3.11.5.3.2. Estimation of high density lipoprotein (HDL)-cholesterol  

Principle 

 The in vitro HDL estimation was done by the AMP diagnostic kit. R1 binds to 

lipoproteins due to Antihuman β-lipoprotein antibody. R2 addition formed the antigen 

antibody complexes. Cholesterol oxidase and CHE in R2 only interact with HDL. 

This enzymatic reaction with HDL results in hydrogen peroxide production and yields 

a blue color. HDL was measured spectrophotometrically at 593 nm. 

Protocol 

 Serum sample 2.5 µl was added to 240 µl of reagent 1 (Good’s buffer 30mM/l, 

4-aminoantipyrine 0.9 mM/l, ascorbate oxidase U/l, peroxidase 2400 U/l, Anti human 

β-lipoprotein antibody). Optical density was measured spectrophotometrically at 600 

Cholesterol esters + H2O     cholesterol esterase     Cholesterol + fatty acids 

Cholesterol + O2      cholesterol oxidase      4-Cholestenona + H2O2 

2H2O2 + Phenol + 4-Aminoantipyrine    peroxidase       Quinonimine + 4H2O2 
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nm after incubation of 4 min at 37 ºC. 60 µl of Reagent 2 (Good’s buffer 30 mM/l, 

cholesterol esterase 4000 U/l, cholesterol oxidase 20000 U/l, F-DAOS 0.8 mM/l) was 

added and kept at 37 ºC for 5 minutes after that absorbance was measured again. High 

density lipoproteins were calculated by using the following formula; 

 

n= Standard concentration (mg/dl). 

3.11.5.3.3. Estimation of low density lipoprotein (LDL)-Cholesterol 

LDL- cholesterol was calculated by the formula: 

LDL= TG/5+ HDL– cholesterol 

3.11.5.3.4. Triglycerides determination 

Principle 

 Lipoprotein-lipase caused hydrolysis of triglycerides and produced glycerol. 

Glycerol will convert into glycerol-3-phosphate by glycerol-kinase, later on glycerol-

phosphate oxidase changed the glycerol-3-phosphate into de-hydroxyacetone 

phosphate and released hydrogen peroxide. Hydrogen peroxide in the presence of 

peroxidase (POD) reacts with 4-aminophenazone and ethyl sulphopropyl-toluidine 

(ESPT) to generate a colored complex and concentration of triglycerides is indicated 

by color intensity in the sample. 

Protocol 

 10 µl of serum sample and 1ml of  reagent (sodium Azide 15 mM/l, 

peroxidase 800 U/l, glycerol-phosphate oxidase 4000 U/l, glycerol kinase 40 U/l, 

lipoprotein lipase 350 KU/l, 4- aminophenazone 0.8 µM/l, ATP 1 mM/l, magnesium 

ions 0.6 mM/L, ethyl sulphopropyl toluidine 2 mM/l, Pipes buffer 20 mM/l ) were 

mixed. Optical density was calculated spectrophotometrically at 550 nm after the 10 

min incubation at 37 ºC. Triglycerides concentration was calculated using the 

following formula; 

 

n= standard concentration (mg/dl)  

3.11.5.3.5. Aspartate transaminase (AST) 

This assay was performed using AMP diagnostics company kits. 

Principle 



Chapter 3                                                                                                               Materials and Methods 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).                                                                                                                  56 
 

 L-glutamate and oxaloacetate are formed as a result of reaction between 

α-ketoglutarate and L-aspartate due to the transfer of amino group with the help of 

aspartate aminotransferase enzyme. NADH is oxidized to NAD and oxaloacetate is 

reduced by the enzyme malate dehydrogenase. AST activity can be determined by 

measuring absorbance at 340 nm. 

Protocol 

 An aliquot of 100 µl of serum sample was added to 1 ml reagent (L-aspartic 

acid 240 mM α-ketoglutarate acid 12 mM, buffer 80 mM, NADH 0.18 mM, sodium 

azide 0.01%, MDH 800 U/l). After incubation of 1 minute at 37°C, optical density 

was measured at 340 nm spectrophotometrically for the next three minutes. Distilled 

water plus reagent was used as a blank. For the calculation of AST following formula 

is used; 

 

3.11.5.3.6. Alanine transaminase (ALT) 

 ALT estimation was done using modular P800 model autoanalyzer (Roche, 

Mannheim, Germany) with reagents (Roche Diagnostics GmbH, Mannheim, 

Germany). 

Principle 

 Pyruvate and L- glutamate are formed as a result of reaction between L-

alanine and α-ketoglutarate due to the transfer of amino group by alanine 

aminotransferase enzyme. NADH is oxidized to NAD and pyruvate is reduced by the 

enzyme lactate dehydrogenase. ALT activity is determined by measuring absorbance 

at 340 nm.  

 

 

Protocol 

 An aliquot of 100 µl of serum sample was added to 1 ml reagent (L-alanine 

500 mM, α-ketoglutarate acid 15 mM, buffer 100 mM, NADH 0.18 mM, sodium 

azide 0.01%, LDH 2000 IU/l). After incubation of 1 min at 37 °C, absorbance was 

measured at 340 nm spectrophotometrically for the next three minutes. Distilled water 

plus reagent was used as a blank. For the calculation of AST following formula is 

used; 
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3.11.5.3.7. Alkaline phosphatase (ALP) 

 ALP estimation was done using modular P800 model autoanalyzer (Roche, 

Mannheim, Germany) with reagents (Roche Diagnostics GmbH, Mannheim, 

Germany). 

Principle 

ALP catalyze the hydrolysis of 4-nitrophenylphosphate with the formation of free 4-

nitrophenol and inorganic phosphate. Alkaline buffer acts as a phosphate group 

acceptor. Rate of formation of 4-nitrophenol is proportional to ALP activity which is 

measured at 405 nm. 

 

Protocol 

 An aliquot of 20 µl of serum sample was added to 800 µl of R1 (Magnesium 

chloride 500 mM α-ketoglutarate acid 15 mM, buffer 100 mM, NADH 0.18 mM/l, 

sodium azide 0.01%, LDH 2000 IU/l). After incubation of 1 min at 37 °C, optical 

density was measured at 340 nm spectrophotometrically for the next 3 minutes. 

Distilled water plus reagent was used as a blank. For the calculation of AST following 

formula is used; 

 

3.11.5.3.8. Lactate dehydrogenase (LDH)  

Principle 

 LDH activity is determined by measuring the conversion of pyruvate to 

lactate. 

 

Protocol 

 Serum sample 3.5 µl was added to 800 µlof R1 (sodium chloride 255 mM, tris 

Buffer 1008 mM, pyruvate 2 mM) and R2 ( NADH 1.3mM/L) 200 µl. Optical density 

was measured spectrophotometrically at 340 nm after incubation at 37 ºC for 1 min, 

for the next 3 min. Distilled water mixed with reagent used as blank. LDH was 

measured by using following formula; 

 

3.11.5.3.9. Determination of serum γ-GT 

AMP diagnostics company kits were used for serum analysis. 
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Principle 

 γ–Glutamyl group with the help of gamma- glutamyltransferase (γ-GT) is 

transferred from γ–glutamyl-3-carboxy-4-nitroanilide to glycyl glycine. L-γ-glutamyl-

glycylglycine and 5-amino-2-nitrobenzoate are produced as a result of this reaction. 

Product amount represents net γ –GT activity.  

Protocol 

 800 µl of R1 (Tris buffer 133 mM/l, glycylglycine 133 mM/l) was added to 

100 µl of serum sample along with 200 µl of R2 (γ –glutamyl-3-carboxy-4-

nitroanilide 23 mM/l). Using spectrophotometer optical density was measured at 405 

nm, after time interval of 60 seconds and 2 minutes. Blank was prepared by mixing 

distilled water and reagent. γ –GT activity was calculation by using following 

formula; 

 

 = average change per minute in absorbance 

3.11.5.3.10. Determination of serum CK 

 The quantitative determination of creatine kinase (CK) was done by using kit 

from AMP Diagnostics Company. 

Reagents  

 R1 ; Glucose; 20mmol/L, NAC;20mmol/L, magnesiumacetate; 10mmol/L, 

Imidiazol             buffer100mmol/L, NADP; 2.5mmol/L, HK;2.4U/L, 

EDTA;2mmol/L 

R2:  CP; 30mol/L, AMP; 5mmol/L, ADP; 2mmol/L, Di (adenosine-5) pentaphosphate 

; 10µmol/L,G6P-DH;1.5U/L 

 

Assay procedure 

 For preparation of working reagent R1 and R2 are mixed in 4:1 then working 

reagent and sample were mixed and OD was noted at 340nm and 37°C Amount of CK  

was determined by using formula: 

CK[U/L] = ∆OD/min×8095 

optimal activation of enzyme.  

 CP + ADP                 
CK (AMP,NAC)

       Creatinin +  ATP
 

ATP + Glucose           
NAC 

                   ADP + G6P  

G6P + NADP 
+   

+   H2O         
G6P-OH                   

Glucose-6P + NADPH
 + 

+
   

H
+
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3.11.5.3.11. Determination of serum CK-MB 

 CK-MB activity was assayed at 340 nm and at 37 ºC temperature with. All 

tested samples (50 µl) and standard was mixed with working reagent (1 ml) and 

incubated for 5 min. The observations were taken against the blank after 1, 2 and 3 

minutes. 

CK.MB activity was assessed by using following equation. 

CK - MB activity in (U/L) = ΔA /min. x 6666 

Where ΔA/min. is average change in absorbance per min. 

3.11.6. Radioimmunoassay 

3.11.6.1. Determination of Testosterone 

 Testosterone level of rat serum was measured through Astra Biotech kit 

purchased from Immunotech Company. 

Principle 

 It is a competitive solid phase enzyme immunoassay. Testosterone of samples 

and horseradish peroxidase (HRP) labeled testosterone binds to the antibodies coated 

wells until the balance occurs between them. The amount of bound conjugate is 

inversely proportional to the amount of testosterone. 

Assay procedure 

 50 μl of calibrators (0-5), control and samples in duplicates were added into 

the respective wells; wells A1-A2 were left empty for blank. Then 150 µl of conjugate 

was mixed into each well, except wells A1-A2.  The strips were then incubated for 90 

minutes while shaking (500-800 rpm) at room temperature. Washing was done 4 

times. Further 100 µl of substrate was added into each well; incubated at room 

temperature in the dark for 15-30 minutes, depending on the color intensity. Then 100 

µl of stop solution was mixed into each well at the same speed in the same sequence 

as used for dispensing TMB substrate. Absorbance was measured at 450 nm within 20 

minutes. The results were calculated by making standard curve. 

3.11.6.2. Determination of prolactin 

 MicroLISA-Prolactin Quantitative EIA Test Kit was used. 

Test Principle 

Prolactin-EIA was based upon sandwich ELISA. Prolactin in the test sample is 

sandwiched between two antibodies. One anti-prolactin antibody bound to wells and 

another HRP conjugated monoclonal mouse antibody. 

Reagents 
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• Antibody-coated microtiter wells 

• Reference standard, human prolactin 

• Enzyme Conjugate reagent 

• TMB substrate 

• 50X wash buffer 

Assay procedure 

 All samples, standards and controls (50μl) were added to their respective wells 

in the holder. After that 100μl of Enzyme Conjugate Reagent was added into all wells, 

mixed for 10 sec. incubated at 16-25ºC for one hour. . Removed the incubation 

solution and washed 5 times with washing buffer (X). To each well 100μl of TMB 

was added. For 20 min it was incubated at room temperature. 100μl of stop solution 

was added. Mixed until all blue shade of the solution changed to yellow. Optical 

density was measured at 450nm. 

3.11.6.3. Determination of Estradiol 

 MicroLISA- Estradiol Quantitative EIA Test Kit was used. 

Test Principle 

 Basic principle of Estradiol (E2) ElA was a competition, for binding to a fixed 

amount of anti-E2 antibodies, between test specimen E2 and E2 conjugated to the 

enzyme HRP. 

Reagents 

• microtiter wells coated with Anti-Rabbit IgG 

• Estradiol Reference Standards 

• Rabbit Anti-Estradiol Reagent 

• Estrdiol-HRP Conjugate Reagent 

• Two vials of Estradiol Control 

• TMB Reagent 

• Stop Solution 

Assay Procedure 

 25μl E2 standards, controls, samples were added into appropriate wells. 50μl 

rabbit anti-E2 reagent and 100μl of E2-HRP Conjugate reagent were added and 

incubated for 90 minutes at room temperature (18-25°C). During the period of 

incubation there was competition between endogenous E2 and fixed amount of 

HRPE2 conjugate for binding fix number of specific E2 antibody. E2 perxidase 

conjugate that was not bound was then removed. Wells were washed. Next TMB 
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reagent (100μl) was added and gently mixed. For 20 min incubation was carried out at 

room temperature. Stopped reaction by 100 μl of stop solution. Mixed for 30 sec until 

all blue color changed to yellow. Read absorbance at 450nm. 

3.11.6.4. Determination of follicle stimulating hormone (FSH) 

 MicroLISA-FSH Quantitative EIA Test Kit was used to determine 

testosterone concentration in serum. Protocol given with kit was followed. 

Test Principle 

 Solid phase enzyme-linked immunosorbent assay was the basic principle of 

EIA-FSH. One antibody (polyclonal) was immobilized on solid phase. Mouse 

monoclonal anti-FSH antibody was conjugated to HRP enzyme. Test sample reacted 

simultaneously with both antibodies. FSH molecules were sandwiched between two 

antibodies. 

Reagents 

• Antibody-coated microtiter wells 

• Reference standard set 

• Enzyme conjugate reagent 

• TMS substrate 

• 50X wash buffer 

Assay Procedure 

 In the holder secured the required wells. Dispensed 50 μl of controls, standard 

and specimens. Added to the wells enzyme conjugate reagent (100μl), mixed for 30 

sec. For 60 min incubated at room temperature (16-25°C). Removed incubation 

mixture and washed wells with washing buffer (1X) 5 times. Dried with paper towel. 

100 μl TMB solutions were added. Gently mixed for 5 sec. Incubated for 20 min at 

room temperature. 2N HCl was added to stop the reaction, mixed for 30 sec till all 

color changed from blue to yellow. Measured absorbance at 450nm within fifteen 

min. 

3.11.6.5. Determination of luteinizing hormone (LH) 

Test Principle 

 MicroLISA- LH EIA Kit was based on a solid phase enzyme-linked 

immunosorbent assay. LH was sandwiched between two antibodies. 

Reagents 

• Antibody-coated microtiter plate 

• Enzyme Conjugate Reagent 
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• TMB Substrate 

• 50X wash buffer 

• Stop Solution 

• Reference standard 

Assay Procedure 

 50 μl of standard, specimens and controls with 100μl of Enzyme Conjugate 

Reagent were dispensed in respective wells, mixed for 30 sec. Incubation was carried 

out at room temperature for one hour. Washing buffer was used for rinsing, added 

100μl of TMB. Mixed gently and incubate for 20 min. 100 μl of stop solution added 

until color changed from blue to yellow color. Optical density was read at 450 nm 

with the help of microtiter well reader. 

3.11.7. Assessment of tissue biochemical studies 

 Different tissues had been evaluated for their antioxidant levels. 

3.11.7.1. Protein estimation 

The total soluble protein of homogenate and supernatant of tissues were 

assessed by the procedure described by Lowry et al. (1951). Each organ (80 mg) was 

homogenized in phosphate buffer and centrifuged at 10,000 rpm for 20 min at 4 ºC. A 

mixture of 1 ml alkaline solution and 0.1 ml sample incubated for 10 min was made 

and then added Folin Ciocalteu phenol reagent (1:1) to each tube and vortex to mix 

thoroughly. After incubating for 30 min, optical density was recorded at 595 nm at 

smart spec
 TM

 spectrophotometer and concentration of soluble protein was calculated 

using bovine serum albumin standard curve. 

3.11.7.2. Assessment of antioxidant enzymes 

3.11.7.2.1. Catalase assay (CAT) 

 CAT activity determination is based on the process which depends on the 

decomposition of H2O2. To 100 µl of 5.9 mM H2O2 and 625 µl of 50 mM potassium 

phosphate buffer (pH 5.0), 25 µl of tissue homogenate was added. Disappearance of 

H2O2 by catalase was measured in the reaction mixture at 240 nm 

spectrophotometrically. Absorbance change of 0.01 as units/ min defines one unit 

CAT activity (Chance et al., 1955). 

3.11.7.2.2. Peroxidase assay (POD) 

 Chance et al. (1955) method was used to determine POD activity 

spectrophotometrically with minor modifications. To 25 µl of tissue homogenate 25 

µl of 20 mM guaiacol, 75 µl of 40 mM H2O2 and 625 µl of 50mM potassium 
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phosphate buffer (pH 5.0) was added. At 470 nm absorbance change was measured. 

Change in absorbance of 0.01 as units/ min defines one unit POD activity.  

3.11.7.2.3. Superoxide dismutase assay (SOD) 

 SOD activity was determined by Kakkar et al. (1984) method. Tissue 

homogenates were first centrifuged at 1500×g for 10 min and then for 15 min at 

10000×g. Supernatant then obtained is used to determine this activity. Supernatant in 

a volume of 150 µl was added to the reaction mixture containing 50 µl of 186 µM 

phenazine methosulphate and 600 µl of 0.052 mM sodium pyrophosphate buffer (pH 

7.0). In order to start the reaction 100 µl of 780 µM NADH was added and then 500 

µl of glacial acetic acid was added after 1 min to stop the reaction. Quantity of 

chromogen that was formed during the reaction was then evaluated by color intensity 

which was measured at 560 nm. Finally the results obtained were expressed in units/ 

mg protein. 

3.11.7.2.4. Glutathione-S-transferase assay (GST) 

 According to Habig et al. (1974) activity of Glutathione-S-transferase is based 

on the formation of conjugate i.e. CDNB. To 150 µl of tissue homogenate, 12.5 µl of 

1mM CDNB, 100 µl of 1mM reduced glutathione and 720 µl of sodium phosphate 

buffer were added. At 340 nm optical density was measured. With the help of the 

molar extinction coefficient (9.6×10
3
/M/cm), enzymatic activity (GST) was expressed 

as nM CDNB conjugate formed/min/mg protein. 

3.11.7.2.5. Glutathione reductase assay (GR) 

 NADPH was used as substrate in order to determine GSR activity. To 50 µl of 

tissue homogenate, 25 µl of 1mM oxidized glutathione, 50 µl of 0.1mM NADPH, 50 

µl of 0.5mM EDTA and 825 µl of 0.1M sodium phosphate buffer (pH 7.6) were 

added. Decomposition of NADPH was measured spectrophotometrically at 340 nm 

(25 °C). With the help of the molar extinction coefficient (6.22×10
3
/M/cm), 

enzymatic activity (GSR) was expressed as nM NADPH oxidized/min/mg protein 

(Carlberg and Mannervik et al., 1975). 

3.11.7.2.6. Glutathione peroxidase assay (GPx)   

 According to Mohandas et al. (1984), NADPH was used as substrate in order 

to determine GPx activity. To 50 µl of tissue homogenate, 50 µl of 1mM sodium 

azide, 50 µl of 1mM EDTA, 50 µl of 0.2 mM NADPH,  25 µl of glutathione 

reductase (1 unit/ml), 25 µl of 1mM GSH, 5 µl of 0.25 mM H2O2 and 740 µl of 0.1M 

sodium phosphate buffer (pH 7.4) was added. Blank tubes contain only distilled 
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water. This reaction will lead to the disappearance of NADPH which will be 

measured at 340 nm. With the help of the molar extinction coefficient 

(6.22×10
3
/M/cm), enzymatic activity (GPx) was expressed as nM of NADPH 

oxidized/min/mg protein. 

3.11.7.2.7. Quinone reductase assay (QR) 

 Activity of quinone reductase was measured by the method described by 

Benson et al. (1980). The reaction mixture (3.0 ml) consisted of 0.1 ml FAD, 2.13 ml 

Tris-HCl buffer (25 mM; pH 7.4), NADPH (0.02 ml, 0.1 mM), and 0.1 ml of 

homogenate. Dichlorophenolindophenol (DCPIP) reduction was documented at an 

absorbance of 600 nm and measurement of enzyme activity was done as nM of 

DCPIP reduced/min/mg protein employing molar extinction coefficient of 2.1 × 10
4
 

M
-1

cm
-1

 

3.11.7.2.8. Reduced glutathione assay (GSH) 

 Glutathione reductase potential was evaluated by following the protocol of 

Carlberg and Mannervik (1975). The solution comprised of PBS (1.65 ml), EDTA 

(0.5 mM, 0.1 ml), 0.1 M, pH 7.6, oxidized glutathione (1 mM, 0.05 ml ), NADPH (0.1 

mM, 0.1ml) and 10% PMS (0.1 ml) making whole volume up to 2 ml. Reduction  

potential of glutathione was checked by observing fading of NADPH at 25
◦
C and 340 

nm, estimated as nmol NADPH oxidized min
-1 

mg of protein by means of molar 

extinction factor (6.22 x10
3
/M cm). 

3.11.7.2.9. Lipid peroxidation assay (TBARS/LPO) estimation 

 Procedure described by Wright et al. (1981) further modified by Iqbal et al. 

(1996) were used to measure TBARS (thiobarbituric acid reactive substances) using 

TBA in the tissue homogenate. The reaction mixture consists of 100 µl of tissue 

homogenate, 10 µl of 100 mM FeCl3, 100 µl of 100mM ascorbic acid and 290 µl of 

sodium phosphate buffer (pH 7.4). For the duration of 1 h, the mixture was incubated 

in a shaking water bath at 37 
0
C. In order to stop the reaction 500 µl of 10% TCA was 

added. After addition of 500 µl of 0.67% TBA the tubes were placed in boiling water 

bath for 15 minutes. Then shifted on crushed ice for 5 min and allowed to centrifuge 

at 2500×g for 10 min. In order to determine the amount of TBARS formed, the 

absorbance of the supernatant was recorded at 535 nm. With the help of the molar 

extinction coefficient (1.560×10
5
/M/cm), lipid peroxidation activity (TBARS) was 

expressed as TBARS formed/min/mg tissue.  
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3.11.7.2.10. Hydrogen peroxide assay (H2O2) 

 Pick and Keisari (1981) protocol was followed to perform hydrogen peroxide 

(H2O2) assay. The oxidation of phenol red was carried out by H2O2-mediated 

horseradish peroxidase enzyme. To 1 ml of phenol red (0.28 nM) solution, 2.0 ml of 

sample homogenate, 5.5 nM dextrose, 0.05M phosphate buffer (pH 7), horseradish 

peroxidase (8.5 units) was added and incubated for 60 min at 37 
o
C. To stop the 

reaction 0.01 ml of 10 N NaOH was added and centrifugation was done at 800 x g for 

5-10 min. Sample absorbance was documented at an absorbance of 610 nm by using 

the reagent as a blank. H2O2 concenteration was assumed as nM H2O2/min/mg tissue 

established on the standard curve of H2O2 oxidized phenol red. 

3.11.7.2.11. Blood cell count and serum preparation  

Intraperitoneal injection with sodium pentobarbital was used to anesthetize 

rats and blood was taken from cervical vein. Blood cells were lysed by diluting the 

blood at 1:10 with 1% acetic acid and calculations were made for leucocytes. 

Leucocyte subtype calculations were completed on the blood smear. Serum was made 

and stored at －80°C for cytokine assay.  

3.11.7.2.12. Bronchoalveolar lavage and cell count 

Bronchoalveolar Lavage was prepared by employing PBS at 37°C by inserting 

a polyethylene tube into the treachea. BAL fluid was centrifuged (500 g) at 4°C and 

placed at -80°C for further cytokine calculations which were further counted at 

haemocytometer. Trypan blue was used to test the cell viability. Cover glass plates 

were employed to determine the differential cell counts by following the procedure 

stated by Laviolette et al (1991) with some modifications. 

3.117.2.13. Spleen cell culture  

Removal of spleen was done and then prepares the single cell suspension by 

placing the tissue into ice cold RPMI 1640 steel net. 8 g/ l Tris ammonium chloride 

was employed in suspension to lyse red blood cells and then centrifuged (200 g) for 

five minutes. RPMI 1640 was used to wash the cell pellet for thrice and again placed 

in RPMI 1640 (2 mM glutamine 20 mM Hepes, , 100 µg/ ml gentamicin, 100 U/ml 

streptomycin, and 10% FBS). Trypan blue was used to assess the cell viability and 

heamocytometer was used to count the suspension cells. 5 × 105 cells/well (spleen 

cells) cultured for 48 hours at 37°C in incubator (5% CO2). After incubation, the 

supernatant was taken off pooled and placed at －80°C for further cytokine analysis.  
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3.11.7.2.14. Cytokine assay  

Commercial ELISA kits for IL-2, IL-4, IL-6 and IFN-γ were used to check the 

cytokine productions of these interleukins in serum, BAL fluid and spleen cell 

cultured in vitro. Kits for IL-2, IL-4 and IL-6 were purchased from Tokyo, Japan and 

IFN-γ kit was from USA (Endogen Inc.). 

3.11.8. Molecular studies 

 For in vivo toxicity studies, isolation of DNA and percentage quantification of 

its fragmentation was measured.  

3.11.8.1. DNA fragmentation assay with diphenylamine reaction 

A procedure from Wu et al. (2005) was used to assess the DNA fragmentation 

from tissue extract. TTE solution was used to homogenize 100 mg tissue. Tissues 

homogenate (0.1 ml) was marked as B, centrifuged at 200 × g at 4 ºC for ten minutes, 

obtained supernatant marked S. S tubes were centrifuged at 20,000 × g at 4 ºC for 10 

min to detach intact chromatin, was marked T. Added 25 % TCA (1.0 ml) in all tubes 

and placed over night at 4 ºC. DNA (Precipitated) was obtained after incubation by 

collecting pellet after centrifuging for 10 min at 18,000 × g at 4 ºC. Added 5 % TCA 

(160 µl) to each pellet and heated for 15 min at 90 ºC. Freshly prepared DPA (320 µl) 

solution was added, vortexed and incubated for 4 hour 37 ºC. Absorbance was read at 

600 nm with a spectrophotometer (Smart spec
 TM 

Plus, catalog # 170-2525). 

3.11.8.2. Isolation of DNA 

 Isolation of DNA was done by following the protocols of Wu et al. (2005), 

Barone et al. (2006). Isolated DNA treated with Liquid Nitrogen and kept at -70°C 

temperatures untill start of DNA extraction. In order to prepare DNA buffer added 1M 

Tris pH 8.0 (20 ml), 20 ml of EDTA (0.5M) and autoclaved dH2O (100 ml). Dissolve 

100mg Proteinase K in 10 ml TE for 30 min (RT) so as to prepare Proteinase K stock 

solution of 10mg/ml. Aliquot the solution and store at 20°C. Dissolve (200mg) RNase 

A (10ml) in disinfected water, heat for fifteen minutes, cooled to room temperature. 

Aliquot and keep at –20°C temperature. 

 10xTBE was prepared by adding Tris 109 g, Boric acid 55g, EDTA 9.3g and 

distilled Water 1000ml. Added 0.25% Bromophenol Blue, 4 g sucrose in water and 

distilled water to 10 ml. Added 10 mg of ethidum bromide per ml of water. Added 

1.5% of Agarose in 1xTBE. DNA lysis buffer was prepared by Adding 10 mM Tris 

HCl (pH.8), 25 mM EDTA, 100 mM NaCl, 0.5% SDS and 0.1 mg/ml protein kinase. 

 Take tissues (0.1 to 0.15 g) in a petri dish and rinsed with DNA Buffer. After 
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air drying, the tissues were lysed in aluminum foil by utilizing pistle and Mortar. Pour 

the l ml lysis buffer to every 15ml falcon tube containing the grinded tissues and grind 

the tissues again in lysis buffer by using glass rod. Add proteinase K (100µl) from 

stock concentration of 10 mg/ml and 10% SDS (240µl), mix and incubate for 24hours 

at 45 °C (water bath). If some tissues still need grinding then add proteinase K and 

again repeat the above mentioned process. Shake by adding phenol (2.4ml) with 

hands for 5-10min duration and spin at 3000 rpm (5min & 10°C). Separate the 

supernatant and add phenol (1.2ml), chloroform + isoamyl alcohol (1.2ml) in a ratio 

of 24:1 mix well and spin at 3000rpm (5min &10°C). Again pipette the supernatant, 

add chloroform plus isoamyl alcohol (2.4ml) in a ratio of 24:1, mix well and spin at 

3000 rpm (5 min & 10°C). Separate the supernatant; add 3M sodium acetate (25µl) 

with pH 5.2 and ethanol (5ml), mix well until the precipitates of DNA are formed. 

Pipette the excess solution without damaging the DNA thread and Wash the DNA by 

using 70% ethanol in order to remove impurities and dry DNA in laminar flow hood. 

Added TE buffer to dissolve the DNA and add the RNAs at 4°C by using rotating 

shaker. Determine the DNA concentration in a spectrophotometer at 260 plus 280 nm. 

3.11.8.3. DNA ladder protocol 

 DNA Ladder was observed by following the protocol of Wu et al. (2005) as 

well as Barone et al. (2006). Whole DNA was isolated from tissues successively by 

the help of Phenol-chloroform isoamyl alcohol reagent in a ratio of 25:24:1 (v/v/v). 

70% alcohol was utilized to purify the DNA plus remove proteins. 1.5% gel 

consisting of ethidium bromide (1.0ug/ml) was used to perform agarose gel and 5ug 

of whole DNA for each well was loaded. DNA standards about 0.5 μg for each well 

were utilized to determine the mass of the DNA bands. Resolving agarose gel 

Electrophoresis was done for 45 min (100 V) and DNA was observed under UV 

fluorescent light. 

3.12. Bioassay-guided fractionation 

 In order to isolate active compounds from B. procumbens and G. aparine, a 

bioassay-guided fractionation method was employed. Crude extract and all the 

fractions from both plants (BPM, BPH, BPE, BPB, BPA; GAM, GAE, GAB, GAA) 

were evaluated against the Staphylococcus aureus (Methiacillin Resistant) strain with 

a minimum zone of inhibition 6 mm was considered as the active extract/fraction. By 

following this criterion BPE and GAB were selected for the isolation of active 

constituents.  
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3.12.1. Isolation of lead compounds from B. procumbens 

 The BPE fraction was chromatographed on Sephadex LH-20 (3 cm × 120 cm) 

using 4:1 MeOH/CH2Cl2 as eluent to give total of 60 fractions. These fractions were 

then combined on TLC (95:5 MeOH: CH2Cl2) basis and five fractions (A, B, C, D, E) 

obtained were evaluated for the antibacterial activity. The active fraction E was 

selected for further purification and dissolved in dichloromethane and subjected to 

WATERS (Sep-Pak 12cc silica 2 g) column and eluted with gradient system with 

different solvents starting with starting with 100% n-hexane and to 100% ethyl acetate 

in gradient as below: 

Ethyl acetate 5% n-Hexane 95% 

Ethyl acetate 10% n-Hexane 90% 

Ethyl acetate 25% n-Hexane 75% 

Ethyl acetate 50% n-Hexane 50% 

Ethyl acetate 100% n-Hexane 0% 

Ethyl acetate 10% Methanol 90% 

Methanol 100% - 

 48 fractions eluted by this scheme were combined through TLC (95:5 MeOH: 

CH2Cl2) in to five fractions (EA, EB, EC, ED, and EE). These fractions were again 

tested for antibacterial activity and EC fraction was found active in MRSA assay and 

hense selected for further purification. The fraction EC subjected on C18 reversed 

phase HPLC using a CSC-Inertsil 150A/ODS2, 5 μm 25 × 0.94 cm column, with 3:1 

H2O/MeCN as eluent, to reveal two compounds BP1 and BP2. 

3.12.2. Isolation of lead compounds from G. aparine 

 The GAB fraction was eluted on Sephadex LH-20 (3 cm × 120 cm) using 4:1 

MeOH/ CH2Cl2 as eluent to obtain 85 fractions, which then combined on TLC (95:5 

MeOH: CH2Cl2) basis. Out of seven fractions (BA, BB, BC, BD, BE, BF, BG) BA 

was found active in MRSA, hence selected for further purification and processed on 

C18 reversed phase HPLC using a CSC-Inertsil 150A/ODS2, 5 μm 25 × 0.94 cm 

column, with 95:5 H2O/MeCN as eluent, to give two peaks (GA1 and GA2) which 

collected, dried and prepared for NMR studies as described below. 

3.12.3. General experimental Procedures for NMR, MS and HPLC 

 UV spectra was recorded on WATERS 2487 Dual Absorbance Detector was 

Bruker AV-600 spectrometer was employed to record the 
1
H and 

13
C NMR spectra. 

Residual C6D6 signal (7.15 ppm) used as standard for 
1
H chemical shifts and C6D6 
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solvent peak (128.0 ppm) used as reference for 
13

C chemical shifts. Bruker-Hewlett 

Packard 1100 Esquire–LC system mass spectrometer was used to detect the molecular 

mass. For TLC, Merck Type 5554 silica gel plates and Whatman MKC18F plates 

were used Reversed-phase HPLC purifications were performed on a Waters 600E 

System Controller liquid chromatography attached to a Waters 996 Photodiode Array 

Detector. All solvents used for HPLC were Fisher HPLC grade. 

 Structural assignments were based on spectra resulting from one or more of 

the following one dimensional or two dimensional NMR experiments: 
1
H, 

13
C, 

1
H-

13
C 

heteronuclear single quantum correlation (HSQC),
 1

H-
13

C heteronuclear multiple 

bond correlation (HMBC), 
1
H‐

1
H correlation spectroscopy (COSY) and Nuclear 

Overhauser effect spectroscopy (NOESY). Spectra of pure compounds were 

processed by using Bruker 1D-NMR or 2D-NMR software. The structures of the 

compounds were confirmed by comparison of their spectroscopic data with reference 

data from available literature. MS spectrum was also recorded to confirm the 

molecular weight of the compounds. 
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 Partitioned 

   LH 20 4: 1 (MeOH:DCM) 

(Sep-Pak 12cc silica 2 g)            gradient column 

RP-HPLC 3 Water: 1 Accetonitrile 

Fig 3.1: Schematic representation of isolation and purification of B. procumbens 

compounds 

Boerhavia 
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60 fractions combined 

on TLC (95:5 MeOH: 

CH2Cl2) 

48 fractions combined 

on TLC (95:5 MeOH: 

CH2Cl2) 
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LH 20 4: 1 (MeOH:DCM) 

        RP-HPLC 95% Water: 5 % Accetonitrile 

Fig 3.2: Schematic representation of isolation and purification of G. aparine 

compounds. 

Galium 

aparine 

GAM GAE GAB GAA 

A 

A1 

C D E F G 

A2 

B 

85 fractions combined 

on TLC (95:5 MeOH: 

CH2Cl2) 
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3.13. Statistical analysis  

Data of in vitro assays recorded were analyzed with help computerized Graph 

prism pad software to determined EC50, IC50 and LD50. However to find the different 

treatment effects of in vivo studies one way analysis of variance was carried by 

computer software SPSS 13.0. Level of significance among the various treatments 

was determined by LSD at 0.05% level of probability.  
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4.1. Biochemical analysis 

 Plants owe their therapeutically potential by the presence of secondary 

metabolites. Results of biochemical analysis of the extract/fractions obtained in this 

context are given as under. 

4.1.1. Qualitative analysis of B. procumbens and G. aparine 

 Medicinally active constituents were observed in the plant samples during the 

present investigation. Phytochemical screening of various fractions of the B. 

procumbens and G. aparine indicated the presence of different constituents as shown 

in Table 4.1a and 4.1b. BPM was consisted of alkaloids, flavonoids, saponins, 

terpenoids, tannins, anthraquinones, phlobatannins and cardiac glycosides; whereas 

cardiac glycosides, terpenoids, phlobatannins and coumarins were absent in BPB. 

Terpenoids, cardiac glycoside, coumarins and phlobatannins were absent in BPE. 

However, in BPA terpenoids, phlobatannins, saponins and coumarins were not 

detected. BPH was comprised of saponins, cardiac glycosides, tannins and 

anthraquinones. 

 Similarly GAM showed the presence of terpenoids, flavonoids, alkaloids, 

coumarins, saponins, cardiac glycosides, tannins, anthraquinones while terpenoids, 

tannins, cardiac glycosides and phlobatannins were absent in GAH. Presence of 

alkaloids, tannins, flavonoids and terpenoids was established in GAA. GAE and GAB 

was composed of alkaloids, terpenoids, tannins, coumarins, cardiac glycosides and 

saponins except cardiac glycosides were not detected in GAB.  

4.1.2. Quantitative screening of plants 

 The total yield extracted with methanol was 3.5±0.24% to that of the dry 

powder in B. procumbens. Among the fractions maximum quantity of yield was 

recorded in BPB 12.4±1.23% to  that of the dry matter of BPM and was followed by 

BPA > BPH > BPE. In the samples determination of the total phenolic compounds 

was carried out following the Folin–Ciocalteau assay. Table 4.2a shows the total 

phenolic content of B. procumbens. The maximum quantity of the total phenolic 

content was recorded in BPB (68.45±2.1 mg GAE /g) and BPE (62.34±1.55 mg 

GAE/g of dry powder). However, BPA possessed the minimum quantity of total 

phenolic compounds. Maximum quantity of total flavonoids contents was present in 

BPE (60.05±2. mg rutin/g) followed by the BPM, BPB, BPH and BPA.  

In case of G. aparine the methanol extract gave 4.2±.05% of yield to that of 

the dry powder. Among the fractions maximum yield was recorded in GAB followed 
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by GAA (Table 4.2b). GAE and GAH constituted moderate quantity of extracted 

yield. The highest amount of total phenolic and flavonoid content was reported in 

GAB (64.34±2.7 mg GAE/g; 58.095±1.9 mg rutin/g of dry matter, respectively). 

Among the other fractions the total phenolic contents in GAE were 53.56±5.3 mg 

GAA E/g and were decreased in the order of GAH > GAM > GAA. As for as the total 

flavonoid content was concerned; GAE had the 50.947±2.5 mg rutin E/g of dry 

matter, the 2
nd

 highest amount and was followed by GAM > GAH > GAA. 
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Table 4.1a: Phytochemical constituents of the Boerhavia procumbens 

Phytochemicals Plant Extracts 

BPM BPH BPE BPB BPA 

Alkaloids ₊ ₊ ₊ ₊ ₊ 

Tannins ₋ ₊ ₊ ₋ ₋ 

Saponins ₊ ₊ ₊ ₊ ₋ 

Flavonoids ₊ ₊ ₊ ₊ ₋ 

Terpenoids ₋ ₊ ₋ ₊ ₋ 

Cardiac Glycosides ₊ ₊ ₊ ₊ ₊ 

Anthraquinones ₋ ₊ ₊ ₋ ₋ 

Coumarins ₊ ₊ ₊ ₊ ₋ 

Phlobatannins ₊ ₊ ₊ ₊ ₋ 

BPM= Methanolic extract of B. procumbens, BPH= n-Hexane extract of B. 

procumbens, BPE= Ethyl Acetate extract of B. procumbens, BPB= N-butanolic 

extract of B. procumbens, BPA= Aqueous extract of B. procumbens. 

 

Table 4.1b: Phytochemical constituents of the Galium aparine 

Phytochemicals Plant Extracts 

GAM GAH GAE GAB GAA 

Alkaloids ₊ ₊ ₊ ₊ ₊ 

Tannins ₊ ₋ ₊ ₊ ₊ 

Saponins ₋ ₊ ₊ ₊ ₊ 

Flavonoids ₊ ₊ ₊ ₋ ₊ 

Terpenoids ₊ ₊ ₋ ₊ ₊ 

Cardiac Glycosides ₊ ₊ ₊ ₊ ₊ 

Anthraquinones ₊ ₋ ₊ ₊ ₊ 

Coumarins ₋ ₊ ₊ ₊ ₊ 

Phlobatannins ₊ ₊ ₊ ₋ ₊ 

GAM= Methanolic extract of G. aparine, GAH= n-Hexane extract of G. aparine, 

GAE= Ethyl Acetate extract of G. aparine, GAB= N-butanolic extract of G. aparine, 

GAA= Aqueous extract of G. aparine. 
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Table 4.2a: Total phenolics, flavonoid and extraction yield of methanol extract and 

soluble fractions of B. procumbens 

Plant 

Extracts 

Total Flavonoids (mg 

rutin equivalent/g) 

Total Phenolics 

(mg gallic acid equivalent/g) 

Extraction   

yield % 

BPM 41.68±3.2
b
 46.37±3.21

c
 3.58±.024

d
 

BPH 50.98±4.1
c
 55.87±2.54

c
 5.23±0.21

b
 

BPE 60.05±2.3
e
 62.34±1.55

e
 4.95±.084

b
 

BPB 43.96±1.5
b
 68.45±2.17

e
 12.4±1.23

e
 

BPA 6.30±1.01
d
 20.34±1.43

b
 10.1±1.01

c
 

Each value in the table is represented as mean ± SD (n = 3). 

Values not with similar superscript letter (
b–e

) in each column are significantly 

different at P < 0.05. 

 

 

Table 4.2b: Total phenolics, flavonoid and extraction yield of methanol extract and 

soluble fractions of G. aparine 

Plant 

Extracts 

Total Flavonoids 

(mg rutin 

equivalent/g) 

Total Phenolics (mg gallic 

acid equivalent/g) 

Extraction   

yield % 

GAM 35.78±3.8
c
 42.51±2.12

a
 4.2±.053

a
 

GAH 21.14±2.1
b
 35.51±2.45

b
 5.1±.027

a
 

GAE 50.94±2.5
d
 53.56±5.36

c
 5.3±.12

a
 

GAB 58.09±1.9
d
 64.34±2.71

d
 13.1±2.1

b
 

GAA 9.678±.05
a
 22.12±1.23

a
 10.4±1.2

b
 

Each value in the table is represented as mean + SD (n = 3). 

Values not with similar superscript letter (
a–d

) in each column are significantly 

different at P < 0.05. 
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4.2. In vitro antioxidant studies 

Antioxidant activities of the extract/fractions of B. procumbens and G. aparine 

were evaluated through nine diverse in vitro assays. After the determination of IC50 

values, antioxidant activity was correlated with the total phenolic and total flavonoid 

content.  

4.2.1. In vitro antioxidant assays of B. procumbens 

In this part of study the antioxidant potential of B. procumbens investigated as 

a part of our efforts to find out pharmacological potential of plant. Results obtained in 

this context are as follows. 

4.2.1.1. DPPH radical scavenging activity  

Scavenging potential of the extract/fractions for the DPPH radical can be 

ranked as BPM > BPE > BPB > BPA > BPH (Fig. 4.1A). IC50 values of various 

samples obtained for the scavenging of DPPH are shown in Table 4.3a. The IC50 

values for scavenging of DPPH radicals for the BPM and BPE were 78.3±2.41 µg/ml 

and 93.3±2.87 µg/ml, respectively, while for the BPH was > 193±3.33 µg/ml (Table 

4.3a). Analysis of correlation of the IC50 values with the total phenolic and total 

flavonoid content indicated non significant association (P > 0.05).  

4.2.1.2. Superoxide radical scavenging activity  

The results obtained in this study indicated a dose response relationship of the 

samples with the scavenging of superoxide radical. The IC50 values were determined 

on the basis of dose response relationship and are given in Table 4.3a. IC50 values of 

the various test samples for superoxide scavenging activities were in the order of 

BPM > BPA > BPB > BPE > BPH. However, the test samples exhibited low level of 

scavenging activity for superoxide radicals to that of the ascorbic acid. Association of 

the IC50 values with the total phenolic and flavonoid content was found significant (P 

< 0.01).  

4.2.1.3. Phosphomolybdate assay (Total antioxidant capacity) 

 The IC50 values for total antioxidant capacity of the test samples showed the 

lowest IC50 value for the BPE (31.7±1.62 µg/ml) followed by BPB (38.3±0.95 µg/ml), 

BPA (> 123±0.32 µg/ml) (Table 4.3a). IC50 values of the extract/fraction can be 

ranked as; BPE > BPM > BPB > BPH > BPA. However, lower total antioxidant 

capacity was exerted by all the test samples in this study. The IC50 values obtained for 

the total antioxidant capacity show very low level of association with the amount of 

total phenolic and total flavonoid (Table 4.3a).  
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4.2.1.4. Hydroxyl radical scavenging activity 

 The results obtained in this study indicated remarkable level of IC50 values for 

the scavenging of hydroxyl radicals. BPB exhibited the IC50 values of 43.3±1.32 

µg/ml and the BPH as > 250 µg/ml (Table 4.3a) on the basis of IC50 values the test 

samples can be ranked in the order; BPB > BPA > BPM > BPE > BPH. A dose 

response association of the hydroxyl radical scavenging potential was recorded for the 

various samples (Fig. 4.1D).  

4.2.1.5. Hydrogen peroxide scavenging activity 

 For scavenging of hydrogen peroxide lower IC50 values were obtained for 

BPB (55±2.09 µg/ml) and BPA (61.7±1.07 µg/ml) whereas least effective were BPE 

(>250 µg/ml) and BPH (>>250 µg/ml). The extract/fractions exhibited a dose 

dependent relationship for scavenging of hydrogen peroxide. The IC50 values shown 

by the test samples exhibited a low level of correlation (P > 0.05) with the total 

phenolic and total flavonoid content.   

4.2.1.6. ABTS radical scavenging activity 

 In this experiment the pronounce level of ABTS radical scavenging efficiency 

was exhibited by the BPE (46.7±2.23 µg/ml) while the least scavenging potential was 

shown by BPH (222±4.81 µg/ml). Scavenging potential for ABTS radicals recorded 

for the BPE was comparable with the IC50 value obtained for the ascorbic acid. The 

IC50 values obtained in this experiment can be ranked in order; BPE > BPB > BPA > 

BPM > BPH. The scavenging ability of the test samples showed a dose response 

curve in the selected concentration range. Concentration of total phenolic and the total 

flavonoid exhibited the low level of association (P > 0.05) with the IC50 values.   

4.2.1.7. Reducing power activity 

 In this assay higher absorbance at 700 nm imply the greater reducing power 

ability of the test sample. All the samples in this assay exhibited the increasing 

tendency of reducing ability with the rise in concentration. According to the results 

maximum reducing ability was manifested by the BPA at the maximum dose of 250 

µg/ml. At the higher concentration of each sample the reducing ability was ranked; 

BPA > BPM > BPE > BPB > BPH.  
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Table 4.3a: Antioxidant effect (IC50) on hydrogen peroxide radicals, ABTS radicals, 

DPPH, Hydroxyl radicals, SOD and phosphomolebedenum of methanol extract and 

soluble fractions of B. procumbens 

Plant 

Extracts/ 

Chemicals 

IC50 µg/ml 

DPPH 

radical 

Superoxide 

radical 

H2O2 Hydroxyl 

radical 

ABTS 

radical 

Phosphomoly-

bdate radical 

BPH 193±3.33f ˃500
f
 ˃˃250

f
 ˃˃250

f
 222±4.8

f
 45±1.49

d
 

BPE 93.3±2.87
c
 ˃250

e
 ˃250

e
 ˃250

e
 46.7±2.23

b
 31.7±1.62

b
 

BPB 115±3.45
b
 178±3.08

d
 55±2.09

b
 43.3±1.32

b
 115±3.24

c
 75±2.31

e
 

BPM 78.3±2.41
b
 55±1.32

b
 71.7±1.4

d
 85±3.32

d
 148±1.49

e
 38.3±0.95

c
 

BPA 135±1.54
e
 162±1.1

c
 61.7±1.07

c
 65±2.6

c
 117±2.17

d
 123±0.32

f
 

Ascorbic acid 20±1.03
a
 21.7±0.89

a
 23.3±2.01

a
 33.3±1.8

a
 66.7±3.6

a
 25±0.43

a
 

Rutin  18.3±1.00
a
 - 30±2.31

a
 - - 30±0.81

a
 

Each value in the table is represented as mean ± SD (n=3) 

-, not determined. (a-f) shows significance at P < 0.05 probability level. 

 

Table 4.3b: Antioxidant effect (IC50) on hydrogen peroxide, ABTS radicals, DPPH, 

Hydroxyl radicals, superoxide and phosphomolebedenum of methanol extract and 

soluble fractions of G. aparine 

Plant  

extracts/ 

chemicals 

IC50 µg/ml 

DPPH 

radical 

Superoxi

de radical 

H2O2 Hydroxyl 

radical 

ABTS 

radical 

Phosphomol

ybdate 

radical 

GAH ˃500
f
 ˃250

e
 ˃250

e
 ˃250

f
 ˃500

f
 ˃500

f
 

GAE 368±3.67
e
 ˃250

e
 ˃250

e
 ˃250

e
 ˃500

e
 81.7±2.44

b
 

GAB 61.7±1.94
c
 120±2.13

d
 123±3.4

d
 76.7±1.54

d
 110±3.25

c
 375±4.71

e
 

GAM  75±2.0
d
 60±1.19

c
 76.7±2.6

c
 53.3±0.87

b
 125±4.1

d
 227±5.21

d
 

GAA 58.3±1.32
b
 35±1.4

b
 61.7±2.0

b
 58.3±1.03

c
 75±2.86

b
 207±3.98

c
 

Ascorbic acid 18.3±1.11
a
 21.7±0.98

a
 23.3±1.5

a
 28.3±1.26

a
 61.7±3.10

a
 25±1.23

a
 

Rutin  20±1.00
a
 - 30±1.2

a
 - - - 

Each value in the table is represented as mean ± SD (n=3) 

-, not determined. (
a-f

) shows significance at P < 0.05 probability level. 
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Table 4.4a: Correlation
1
 between the IC50 values of antioxidant activities and 

phenolic and flavonoids content of B. procumbens 

Assays Correlation R
2
 

Flavonoids Phenolics 

IC50 of DPPH radical scavenging ability 0.00482 0.05856 

IC50 of superoxide radical scavenging ability 0.7858
a
 0.9421

b
 

IC50 of antioxidant capacity 0.0332 0.02849 

IC50 of hydroxyl radical scavenging ability 0.01153 0.1461 

IC50 of hydrogen peroxide radical scavenging ability 0.06276 0.2757 

IC50 of ABTS radical scavenging ability 0.01035 0.1129 

 G.aparine methanol extract and its soluble fractions were used in the correlation. 

 
a,b

 significantly different at P < 0.05, P < 0.01 respectively. 

 

 

Table 4.4b: Correlation
 
between the IC50 values of antioxidant activities and phenolic 

and flavonoids content of G. aparine. 

  Correlation R
2
 

Assays  Flavonoids Phenolics 

IC50 of DPPH radical scavenging ability 0.0207 0.8527
b
 

IC50 of superoxide radical scavenging ability 0.187 0.8853
b
 

IC50 of antioxidant capacity 0.826
b
 0.0091 

IC50 of hydroxyl radical scavenging ability 0.4707
a
 0.0067 

IC50 of hydrogen peroxide scavenging ability 0.4925
a
 0.0237 

IC50 of ABTS radical scavenging ability 0.0254 0.4209
a
 

1
B.procumbens methanol extract and its soluble fractions were used in the correlation. 

a,b
 significantly different at P < 0.05, P < 0.01 respectively. 
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4.2.2. In vitro antioxidant assays of G. aparine 

 To assess the antioxidant status of various samples of G. aparine multifaceted 

assay systems were studied. Results of these circumstances are described below.  

4.2.2.1. DPPH radical scavenging activity  

 On account of reliability and efficacy of the DPPH radical scavenging assay 

was followed to determine the antioxidant ability of the extract and its derived 

fractions of G. aparine. In this experiment the lowest IC50 values were determined for 

the GAA (58 ± 1.6 µg/ml) followed by GAM and (61.7±1.94 µg/ml). However the 

least IC50 values for DPPH scavenging activity was observed for the GAH (>500 

µg/ml). Generally the IC50 values can be arranged in the order; GAA > GAB > GAM 

> GAE > GAH (Table 4.3b). Based on the scavenging ability of the concentration 

used a dose dependent response was recorded. IC50 values observed for DPPH radical 

scavenging showed a significant association with the total phenolic content whereas 

non-significant association was recorded with the total flavonoid content.  

4.2.2.2. Superoxide radical scavenging activity 

 The data obtained for the superoxide radical scavenging ability showed a 

positive response with the concentration of the test samples used in this experiment. 

Maximum scavenging activity for the superoxide radical was recorded for the GAM 

(35±1.4 µg/ml) followed by GAM (60±1.19 µg/ml). However, low level of 

superoxide radical scavenging ability was recorded for the GAH and GAB. In fact, 

IC50 values can be ranked as; GAA > GAM > GAB > GAE > GAH (Table 4.3b). 

Total phenolic content showed a significant correlation with the IC50 value while the 

total flavonoid content exhibited low level of association.   

4.2.2.3. Phosphomolybdate assay (Total antioxidant capacity) 

 The results obtained for the total antioxidant capacity of the various test 

samples showed a dose dependent property. The IC50 values depicted the differential 

behavior towards the total antioxidant ability and can be ranked; GAE > GAA > 

GAM > GAB > GAH. Lowest IC50 value for antioxidant capacity was recorded for 

the GAE (35±1.4 µg/ml) followed by GAA (60±1.19 µg/ml), while for the rest of the 

fractions IC50 was >250 µg/ml (Table 4.3b). Total phenolic content showed a low 

level of association with the IC50 values while the total flavonoid content exhibited 

significant correlation with the IC50 values.  
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4.2.2.4. Hydroxyl radical scavenging activity 

 The results of the present investigation showed the lowest IC50 value for the 

GAM (53.3±0.87 µg/ml) and for the GAA (58.3±1.03 µg/ml). The IC50 values for the 

hydroxyl radical scavenging ability of GAE and GAH were >250 µg/ml (Table 4.3b). 

Moderated level of association of IC50 values with the total flavonoid content was 

determined while for the total phenolic content the association was very week.  

4.2.2.5. Hydrogen peroxide scavenging activity 

 The test samples such as GAA, GAB and GAM in this study exhibited 

medium level of scavenging effect for the hydrogen peroxide while the other samples; 

GAE and GAH exhibited low level of scavenging activity. The ability to scavenge 

hydrogen peroxide radicals of the test samples can be ranked; GAA > GAM > GAB > 

GAE > GAH (Table 4.3b). The IC50 values obtained in this study exhibited moderate 

level of association with the total flavonoid content and a week association with the 

total phenolic content.   

4.2.2.6. ABTS radical scavenging activity 

 The scavenging ability of the test samples for ABTS radicals in this study 

exhibited dose dependent response (Fig. 4.3F). The IC50 values recorded for the 

ABTS radical scavenging ability of the extract/fractions can be ranked as GAA > 

GAB > GAM > GAE > GAH. The IC50 value obtained for the GAA was 75±2.86 

µg/ml whereas for the GAH was >500 µg/ml (Table 4.3b). The IC50 value exhibited a 

moderate level of association with the total phenolic content.   

4.2.2.7. Reducing power activity of G. aparine 

 The results observed in this experiment imply that the reducing ability of the 

test samples was increased with the increase in concentration of the sample. 

Absorbance of the samples obtained at the highest dose can be ranked: GAM > GAA 

> GAE > GAH > GAB. The GAM exhibited a remarkable reducing power of 1.405 ± 

0.14 at 250 µg/ml.  

 

 



Chapter 4                                                  Biochemical studies                                                        Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).                                                                                                               83 

 

0100200300400

0

50

100

150

BPHBPEBPBBPMBPAAscRt

conc.µg/ml

D
P

P
H

 
%

a
g

e
 
i
n

h
i
b

i
t
i
o

n

0100200300

0

20

40

60

80

100

BPHBPEBPB BPMBPAAsc

conc.µg/ml
S

O
D

 
%

 
a

g
e

 
i
n

h
i
b

i
t
i
o

n
 

(A)        (B) 

0100200300

0

20

40

60

80

100

BPHBPEBPB BPMBPA AscRt

conc.µg/ml

T
A

C
 
%

 
a

g
e

 
I
n

h
i
b

i
t
i
o

n

     

0100200300

0

50

100

150

BPHBPEBPBBPMBPAAsc

conc.µg/ml

O
H

 
r
a

d
i
c
a

l
 
%

 
a

g
e

 
i
n

h
i
b

i
t
i
o

n

 

(C)      (D) 



Chapter 4                                                  Biochemical studies                                                        Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).                                                                                                               84 

 

0100200300

0

20

40

60

80

100

BPHBPE BPBBPMBPAAscrt

conc.µg/ml

H
2
O

2
 r

a
d

ic
a

l s
c
a

v
a

n
g

in
g

0100200300

0

50

100

150

BPHBPEBPBBPMBPAAsc

conc.µg/ml

A
B

T
S

 %
a

g
e

 s
c
a

v
a

n
g

in
g

 

(E)           (F) 

Fig. 4.1: Scavenging potential of B. procumbens. (A) DPPH radical scavenging 

activity (B) ABTS percent inhibition (C) hydrogen peroxide percent inhibition total 

antioxidant capacity (D) superoxide inhibition (E) droxyl percentage inhibition (F) 

TAC percent inhibition of various fractions of B. procumbens at different 

concentrations. Each value represents a mean ± SD (n=3). BPH, n-hexane fraction; 

BPE, ethyl acetate fraction; BPB, n-butanol fraction; BPM, methanol extract; BPA, 

aqueous fraction; Rt, rutin; Asc, ascorbic acid. 
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Fig. 4.2: Reducing power of various fractions of B. procumbens at different 

concentrations. Each value represents a mean ± SD (n=3). BPH, n-hexane fraction; 

BPE, ethyl acetate fraction; BPB, n-butanol fraction; BPM, methanol extract; BPA, 

aqueous fraction; Rt, rutin; Asc, ascorbic acid. 
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Fig.  4.3: Scavenging potential of G. aparine (A) DPPH radical scavenging activity 

(B) ABTS percent inhibition (C) hydrogen peroxide percent inhibition total 

antioxidant capacity (D) superoxide inhibition (E) Hydroxyl percentage inhibition (F). 

TAC percent inhibition of various fractions of B. procumbens at different 

concentrations. Each value represents a mean ± SD (n=3). GAH n-hexane fraction; 

GAE, ethyl acetate fraction; GAB, n-butanol fraction; GAM, methanol extract; GAA, 

aqueous fraction; Rt, rutin; Asa, ascorbic acid. 
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Fig. 4.4: Reducing power of various fractions of G. aparine at different 

concentrations. Each value represents a mean ± SD (n=3). GAH, n-hexane fraction; 

GAE, ethyl acetate fraction; GAB, n-butanol fraction; GAM, methanol extract; GAA, 

aqueous fraction; Asa, ascorbic acid. 
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 Plants and plant fractions are used for medication since prehistory. Most of the 

world’s population (80%) depends mainly on conventional medicines that involve the 

use of plant extracts (WHO, 1993). The use of medicinal plants on synthetic drugs is 

preferred due to their less or no side effects, low cost of treatment and easy 

availability. Medicinal plants possess an array of secondary metabolites having 

therapeutic potential to provide an extensive variety of medications in opinion of the 

information that, a particular plant can be utilized to cure more than one infection. In 

fact, in recent years, traditional medicines are of extensive use. Food researchers and 

nutrition experts consent that plants, characterized as huge source of natural 

antiradicals, contributes to reduce risks of different infections, like cancer, hepatitis, 

arthrosclerosis, inflammation and cardio-vascular diseases. 

4.3. Bioassays 

4.3.1. Antibacterial activity  

 On account of potentially existence of bioactive constituents for antimicrobial 

activities in plants; a considerable interest has been developed to evaluate the extracts 

of medicinal plants and to isolate promising candidates to control spoilage of food and 

pathogenesis in human (Alzoreky and Nakahara, 2003; Valero and Salmeron, 2003; 

Li et al., 2005). 

 In the present investigation methanol extracts and their derived fractions of 

both the plants; B. procumbens and G. aparine were evaluated for their potential 

antibacterial activities. The minimum inhibitory concentration (MIC) values of the 

samples were determined to record the inhibition of visible growth of bacteria. For 

this purpose both kinds of bacteria; gram-negative bacteria and gram-positive were 

utilized to determine the efficacy of the extract/fractions. 

4.3.2. Antibacterial activity of B. procumbens 

 Antibacterial activity of BPM and its derived fractions was recorded in the 

form of zone of inhibition at a concentration of 32 mg/ml (Table 4.5a) and as MIC 

(Table 4.5b). The results obtained in the present study showed that BPE showed 

maximum zone of inhibition (22±2.0 mm) against M. luteus followed by BPB (20±0.5 

mm), BPM (17±1.0 mm) and BPH (11±0.5 mm). BPA did not affect the growth of M. 

luteus. Maximum zone of inhibition against B. subtilis was exhibited by BPB (25±1.5 

mm) followed by BPM (20±0.5 mm). Other fractions displayed low to moderate 

effect. However, E. coli strain showed resistance against BPH and BPA while BPM 

showed low activity (13±0.5 mm). The other two fractions; BPE and BPB presented 

moderate activity (14±1.0 and 18±1.0 mm, respectively). 
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 BPH and BPE did not retard the growth of K. pneumoniae strain used in this 

study. However, BPA showed low (12±0.5 mm), BPM moderate (18±1.0 mm) and 

BPB marked effect on the growth of K. pneumoniae (22±2.0 mm). Diverse effect of 

BPM and its derived fractions were determined against the growth of S. aureus 

strains. BPE showed exhibited the maximum zone of inhibition (32±1.0 mm) 

followed by BPB and BPM (26±0.5 mm and 21±1.0 mm, respectively). Growth of S. 

aureus was not affected by BPH and BPA. Enterobactor aerogenes strain exhibited 

resistance against BPH therefore no zone of inhibition was observed. Retarding effect 

of BPE on the growth of E. aerogenes was low (12±0.0 mm) whereas BPM, BPB and 

BPA manifested moderate efficacy (17±0.5, 16±1.5 and 14±1.0 mm, respectively). In 

comparison to standard antibiotic cefixime used in this study, B. procumbens extract 

as well as its derived fractions did not cross the zone of inhibition. BPE (32±1.0 mm) 

against S. aureus exhibited better results and were nearer to cefixime (38±1.0 mm).  

 Minimum inhibition concentration (MIC) was observed from 0.25 mg/ml to 

32 mg/ml. Lowest MIC was recorded for BPB against Gram positive M. luteus strain, 

while S. aureus showed prominent low MIC of 0.25 mg/ml for BPM and BPB. All 

other fractions showed MICs higher than 0.25 mg/ml. 

4.3.3. Antibacterial activity of G. aparine 

 Galium aparine methanol extract as well as its derived fractions showed 

growth inhibition of different bacterial strains of Gram positive and Gram negative. 

Antibacterial activity of G. aparine is presented in the form of zone of inhibition at 32 

mg/ml in Table 4.5a and minimum inhibition concentration in Table 4.5b.   

  In this experiment M. luteus depicted low to moderate resistance in terms of 

zone of inhibition. GAM and GAA showed low zone of inhibition (12±0.5 and 13±1.0 

mm, respectively) while GAH, GAE and GAB showed moderate inhibition (15±1.0, 

14±1.0 and 14±0.5 mm, respectively). Bacillus subtilis observed susceptibility from 

G. aparine extract and fractions from null to high in terms of zone of inhibition. GAB 

and GAA did not affect B. subtilis. However, moderate susceptibility was recorded 

for GAM and GAH (19±1.0 and 14±0.5 mm, respectively). GAE showed maximum 

zone of inhibition for B. subtilis growth (20±1.0 mm).  

 GAE inhibited the growth of E. coli (14±1.0 mm), while other 

extract/fractions showed no activity. Growth of Klebsiella pneumoniae strain was 

diversely inhibited ranging from low to high against G. aparine extract and fractions. 

GAH showed low (11±0.5 mm), GAE moderate (16±1.0 mm) while GAM, GAB and 
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GAA showed high inhibition activity (20±0.5, 21±1.0 and 22±1.0 mm, respectively). 

Staphylococcus aureus strain depicted diverse response against G. aparine extract and 

fractions. GAA recorded no activity, GAM response was low (12±0.5 mm) while 

GAH and GAE (21±1.0, 20±1.0 mm, respectively) observed moderate zone of 

inhibition. GAB maximally (30±1.0 mm) inhibited the growth of S. aureus. E. 

aerogenes strain observed low susceptibility from GAH (13±0.5 mm) while moderate 

from GAE (15±1.0 mm). Remaining fractions and methanol extract showed no 

activity. No extract/fraction of G. aparine crossed the zone of inhibition of cefixime 

used as standard antibiotic. MIC recorded for G. aparine extract and derived fractions 

ranged from 0.25-32 mg/ml. Lowest MIC was illustrated by GAB and GAE against S. 

aureus. 

4.3.4. Antifungal activity of B. procumbens 

 Antifungal activity of B. procumbens is displayed in Table 4.6. Antifungal 

activity of B. procumbens extract and fractions were tested against six different strains 

of fungus. BPM showed moderate activity against A. fumigatus (50±5.0%) while no 

significant activity was noticed against any other strain. 100% growth inhibition was 

observed for A. flavus when treated with BPM. BPH showed no significant growth 

inhibition against any strain. BPE illustrated significant growth inhibition against F. 

solani (75.5±1.5%), good against A. flavus (65±1.5%) and moderate against A. niger 

(55±1.5%) while no significant activity against H. solani, M. piriformis, and A. 

fumigatus. BPB showed significant activity only against M. piriformis (72±2.0%) and 

no significant activity recorded against any other strain used in the study. BPA 

illustrated low growth inhibition of F. solani, H. solani, A. flavus and A. niger 

whereas no activity against M. piriformis. BPA fraction exhibited low level of activity 

against fungal strains used in the study. 

4.3.5 Antifungal activity of G. aparine 

 Antifungal activity of G. aparine is displayed in Table 4.6. GAM showed 

moderate activity against A. niger (65±1.5%) and A. fumigatus (50.5±3.5%) while 

non-significant activity was observed against other strains. GAH and GAB 

demonstrated moderate activity only against A. fumigatus (50±3.0%) and F. solani 

(50±1.5%), respectively and non-significant growth inhibition was recorded in other 

strains used in this study. GAA illustrated non-significant activity against all fungal 

strain used in the experiment. GAE expressed no activity at all. 
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4.3.6 Cytotoxicity screening 

 Brine shrimp cytotoxicity assay has been considered as a prerequisite to 

determine the antitumor and other cytotoxic activities. Results obtained for the brine 

shrimp lethality were expressed in terms of percent deaths of the larvae and are shown 

in Table 4.7. The findings acquired in this investigation specified the direct 

relationship of the death of larvae with the increasing concentration of the 

extract/fractions. LD50 represented the minimum concentration of the extract/fraction 

to cause 50% death of shrimps. The order of LD50 of the extract/fractions of G. 

aparine was GAA > GAB > GAH > GAM > GAE. LD50 for different fractions of B. 

procumbens were ranked in order of BPE > BPB > BPM > BPA > BPH.  

4.3.7 Antitumor screening 

To elucidate the antitumor potential of both the plants under investigation of 

this study potato disc assay was performed, due to its rapidity and economical 

suitability. All the extract and fractions of both plants were tested at three 

concentrations (10, 100, 1000 mg/l) against the Agrobacterium tumefaciens (AT 10). 

From the data obtained tumor inhibition was determined through IC50 value and is 

summarized in Table 4.8. The results of the present experiment indicated the valuable 

antitumor potential of various extract and fractions and the order of IC50 of B. 

procumbens was BPE > BPA > BPM > BPB and BPH. However, in case of G. 

oparine the ranking order of extract/fractions was GAB > GAE > GAA > GAM > 

GAH. Among all the tested samples GAB showed a marked inhibition in tumor 

formation which was near to positive control.  

4.3.8 HPLC analysis 

4.3.8.1. HPLC quantification of flavonoids 

 To both qualitative and quantitative investigation of different extracts from B. 

procumbens and G. aparine, HPLC-UV considered as most favored technique. 

Meanwhile different fractions displayed an excellent antiradical activity; the 

quantification of these fractions by integration of peak areas at 280 nm within runtime 

of twenty minutes (Fig 4.5 - 4.12). To obtain good quality chromatograms with good 

resolution, Investigational conditions were adjusted to obtain improved resolution 

within a small resolution time and maximum UV absorption of sample.  

4.3.8.2. Linearity and detection limits 

 The detector reaction (relative peak area) was linearly dependent on the 

sample concentration. Table 2.9a showed the linear calibration curves at different 
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concentrations for standard analytes. Therefore, correlation coefficient values (0.9982 

to 0.9998) exhibited a decent linearity reaction and compassion for established 

scheme. LOD’s (limits of detection) of catechin, caffeic acid, rutin, myricitin, 

quercetin and kaempfeol were 5,3,2,1,4 and 3 ng/ml while the LOQs obtained were 

9,8,5,4,7 and 5 ng/mL, respectively. The present study revealed that the recommended 

technique shows a decent sensitivity for the quantification of flavonoids in the 

samples. 

4.3.8.3. Precision and recovery 

 The recovery and accurateness of the present technique, RSD percentage 

values articulated as intra- and inter-day accuracies and retrievals % of the standard 

analytes were measured. The intra- and inter-day precisions were from 1.38% to 

1.87% and 1.95% to 2.20% for the analytes, respectively. Therefore, a worthy 

recurrence of the present scheme was observed by calculating the relative peak areas 

of the standard analytes. To assess the accurateness of the recommended scheme, 

percentage recovery values were attained by having peak areas of the fractions at 

three diverse concentrations of standard analytes. The retrievals of the samples were 

from 97.4% to 99.8% with RSD values of 1.34% to 2.51%.  Regression equation was 

used to measure the quantity of the four analytes in the samples. B. procumbens 

samples contain the catechin, caffeic acid, rutin, myricetin, quercetin and kaempfeol 

while the G. aparine contains the catechin, caffeic acid, rutin, myricetin and 

quercetin. The chromatograms (HPLC) revealed that the peak resolution values are 

greater than 1.0 that endorses the aptness and precision of the suggested technique for 

the quantitative examination of samples (Fig. 4.5 - 4.12). 

 The findings recommend that the activity of methanol extract of B. 

procumbens and G. aparine is credited to phenolic compounds and in specific to 

catechin, caffeic acid, rutin, myricetin, quercetin and kaempferol though, unidentified 

(peaks) components may also comprised the antiradical properties of samples. 

 Qualitative analysis of the extract/fractions of B. procumbens and G. aparine 

was carried out by using reverse phase HPLC and their chromatographic profile was 

compared with the retention times and absorption spectrum of reference standards 

(rutin, kaempferol, myricetin, gallic acid, catechins, caffeic acid and quercetin). The 

amount of rutin in different extracts of B. procumbens ranges from 1.02±0.003 μg/mg 

(BPM) to 0.023±0.002 μg/mg (BPA). The highest amount of caffeic acid was 

detection in BPM (0.98±0.051 μg/mg) and least in BPE (0.033±0.001 μg/mg). BPM 
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has recorded the highest amount of catechin (0.74±0.004 μg/mg) followed by BPA 

and BPE (0.24±0.0043 μg/mg to 0.041±0.0011 μg/mg). Highest amount of myricetin 

was determined in BPM (2.4±0.022 μg/mg) while least in BPE (0.28±0.0015 μg/mg). 

Quercetin was detected only in BPM (1.7±0.0024 μg/mg) and BPB (0.76±0.0051 

μg/mg). BPM and BPA contained appreciable amount of kaempferol (0.95±0.0011 

μg/mg; 0.45±0.0013 μg/mg) while the presence of kaemferol was not recorded in 

BPE and BPB.  

 Different flavonoids were detected in all the extract/fractions of G. aparine in 

diverse amounts. Presence of rutin was recorded in all the extract/fractions with the 

highest amount in BPM (1.07±0.02 μg/mg) and the lowest in BPA (0.46±0.012 

μg/mg). Maximum amount of caffeic acid and catechin was recorded in BPM 

(0.76±0.021 μg/mg; 0.89±0.0062 μg/mg) whereas their least quantity was furnished in 

BPE (0.043±0.0031 μg/mg; 0.56±0.012 μg/mg, respectively). The existence of 

myricetin was confirmed only in BPM. Quercetin only made its appearance in BPM 

(0.58±0.004 μg/mg) and in BPB (0.64±0.0011 μg/mg). However, the presence of 

kaempferol was not recorded in any extract/fraction of G. aparine. 

4.3.9.1. GC-MASS analysis of BPM 

 On the basis of retention time (RT), molecular formula, molecular weight 

(MW) 31 compounds were detected through GC-MS analysis of BPM (Table 4.10a). 

The chromatogram (Fig. 4.13a) shows prominent peaks in the retention time range 

3.06-39.55.The prominent compounds detected were Phytol, Squalene, Stigmasterol, 

2-(4-ethyl-1-piperazinyl)-5-nitro-n-[4-(triflUoromethoxy)phenyl]benzamide, Octa 

decanedioic acid (CAS), Triethylene glycol, 1-Methoxy- 5-trimethylsilyloxy-3-

phenylpentane, Butanoic acid, 2-hydroxy-3-methyl-, 3-(3,3-Dimethyl-5-

oxocyclopent-1-enyl)propyl acetate, Glycine, N-(3-methyl-1-oxo-2-butenyl)-, methyl 

ester, (-)-Loliolide, Neophytadiene, Hexadecanoic acid, 9-Octadecenoic acid (Z)- 

(CAS), 2,5-Dioctyl-p-Benzoquinone, 1-Monoolein, Phthalic acid, bis (2-ethylhexyl) 

ester. 

4.3.9.2. GC-MASS analysis of GAM 

 GC-MS analysis of GAM identified 30 compounds (Table 4.10b). The 

chromatogram (Fig. 4.13b) shows prominent peaks in the retention time range 3.06-

39.72. The prominent compounds are Methyl cis-5-Dimethoxymethyl-3-phenyl-4, 5-

dihydroisoxazol-4-carboxylate, Diisooctyl phthalate, 1-Monoolein, 2-(N-Morpholino) 

ethanesulfonic acid, Palmitic acid, Phytol, Methyl-7,10,13-eicosatrienoate, N2-
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dimethylguanine, 11-Octadecenoic acid, (Z)-, 2-O-Methylhexose, Cis-9-Octadecen-1-

ol, 4-ethenyl-2-methoxy-, Pholedrine, Phenol, 2,5-Dioctyl-p-Benzoquinone, 3-

hydroxy-5-methoxybenzaldehyde, 1,3,5-Trimethyl-4-n-octadecylcyclohexane, 2,2'-

[1,2-ethanediylbis(oxy)]bis- (CAS). 

4.3.10. Anti-inflammatory activity 

 The present study described the anti-inflammatory potential of the 

extract/fraction obtained from B. procumbens. Percent edema inhibition of standard 

drug Diclofenac Potassium relative to control at 3rd h was found 87.36% while 

different extract/fractions showed inhibition in order; BPM (74.34±6.2%) > BPE 

(72.45±3.2%) > BPB (68.89±2.3%) > BPA (50.31±3.6) and BPH (43.23±4.8%) 

compared to control was significant. Percent edema inhibition in case of G. aparine 

fractions was found highest for GAM (77.89±1.8%) followed by GAB (75.47±5.7%); 

GAE (69.45±5.2%); GAA (68.23±3.9%) and GAH (47.21±2.4%). 

4.3.11. Antidepressant activity 

 The results of present finding endorsed remarkable antidepressant activity of 

the GAM when administered at dosage of 200 mg/kg of body weight as it the 

immobility time recorded was 95 sec as compared to the immobility time of control 

i.e. 195 sec. These results showed that GAM was the most potent antidepressant as 

the immobility time was very close to the standard drug i.e. Flouxetine HCl (10 

mg/ml) (Fig. 4.12). However, the immobility period recorded for other fractions was; 

GAB (103±5.4 sec); GAE (110±5.7 sec); GAA (117±4.3 sec) and for GAH (175±4.3 

sec). Different fractions of B. procumbens showed antidepressant activity in a pattern 

as follows: BPM (112±10.8 sec) > BPB (120±9 sec) > BPA (127±7.6 sec) > BPE 

(135±8.3 sec) > BPH (160±5.7 sec). 
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Table 4.5a. Antibacterial activity of B. procumbems and G. aparine methanol extract and 

their derived fractions  

Sample 

(32 

mg/ml) 

Zone of inhibition (mm) 

M. 

luteus 

B.   

subtilis 

E. coli K. 

pneumoniae 

S. 

aureus 

E. 

aerogenes 

BPM 17±1.0 20±0.5 13±0.5 18±1.0 21±1.0 17±0.5 

BPH 11±0.5 9±1.0 0 0 0 0 

BPE 22±2.0 15±1.0 14±1.0 0 32±1.0 12±0.0 

BPB 20±0.5 25±1.5 18±1.0 22±2.0 26±0.5 16±1.5 

BPA 0 13±1.0 0 12±0.5 0 14±1.0 

GAM 12±0.5 19±1.0 0 20±0.5 12±0.5 0 

GAH 15±1.0 14±0.5 0 11±0.5 21±1.0 13±0.5 

GAE 14±1.0 20±1.0 14±1.0 16±1.0 20±1.0 15±1.0 

GAB 14±0.5 0 0 21±1.0 30±1.0 0 

GAA 13±1.0 0 0 22±1.0 0 0 

Cefixime 32±1.0 30±1.0 45±1.0 35±1.0 38±1.0 45±2.0 

DMSO 0 0 0 0 0 0 

Values are expressed as mean±SD. 8-13, low; 14-19, moderate; High 20 and above 20  

BPM; B. procumbens methanol extract. BPH; B. procumbens n-Hexane extract. BPE; B. 

procumbens ethyl acetate fraction. BPB; B. procumbens n-butanol fraction. BPA; B. 

procumbens aqueous fraction. GAM; G. aparine methanol extract. GAH; G. aparine n-

Hexane. GAE; G. aparine ethyl acetate BPB; G. aparine n-butanol fraction. GAA; G. 

aparine aqueous fraction.  
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Table 4.5b. Minimum Inhibition Concentration (mg/ml) of B. procumbens and G. aparine 

methanol extract and its derived fractions 

Sample 

(32 

mg/ml) 

Zone of inhibition (mm) 

M.   

luteus 

B. 

subtilis 

E.   

coli 

K. pneumoniae S. aureus E. 

aerogenes 

BPM 8 16 32 16 0.25 32 

BPH 32 32 - - - - 

BPE 16 4 8 - 0.25 30 

BPB 0.25 8 8 4 2 16 

BPA - 8 0 12 0 14 

GAM 16 16 - 32 16 - 

GAH 8 32 - 32 4 8 

GAE 4 8 8 4 0.25 8 

GAB 8 - - 8 0.25 - 

GAA 16 - - 16 - - 

-; no activity. BPM; B. procumbens methanol extract. BPH; B. procumbens n-Hexane 

extract. BPE; B. procumbens ethyl acetate fraction. BPB; B. procumbens n-butanol 

fraction. BPA; B. procumbens aqueous fraction. GAM; G. aparine methanol extract. 

GAH; G. aparine n-Hexane. GAE; G. aparine ethyl acetate BPB; G. aparine n-

butanol fraction. GAA; G. aparine aqueous fraction.  
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Table 4.6. Antifungal activity of B. procumbens and G. aparine methanol extract and its  

derived fractions 

Sample Percent growth inhibition 

F.    

solani 

H.    solani M. 

piriformis 

A.   

flavus 

A.   niger A. 

fumigatus 

BPM 35±1.5 27.5±1.5 30.5±1.5 0 30±1.0 50±5.0 

BPH 10±1.0 17±1.0 30±1.0 0 35.5±1.5 38±2.0 

BPE 75.5±1.5 20±1.0 45.5±2.5 65±1.5 55±1.5 25±1.5 

BPB 30.5±1.0 10±0.0 72±2.0 5±0.0 20±2.0 40±2.0 

BPA 20±1.0 25±1.0 10±0.0 8±1.0 30±1.0 20±1.0 

GAM 40±2.5 24±2.0 15±0.5 43±1.0 65±1.5 50.5±3.5 

GAH 35±1.5 22±1.0 40±1.5 5±0.5 40±2.0 50±3.0 

GAE 0 0 0 0 0 0 

GAB 50±1.5 0 15.5±0.5 0 20±2.0 5±0.5 

GAA 40±2.0 0 10±1.0 20±1.0 30±1.0 45±1.0 

Turbinafine 97±1.0 100 95±1.0 90±2.0 100 100 

DMSO 0 0 0 0 0 0 

Significant-more than 70% growth inhibition; Good-60-70% growth inhibition; 

Moderate-50-60 % growth inhibition; Non significant-below 50% growth inhibition 

BPM; B. procumbens methanol extract. BPH; B. procumbens n-Hexane extract. BPE; 

B. procumbens ethyl acetate fraction. BPB; B. procumbens n-butanol fraction. BPA; 

B. procumbens aqueous fraction. GAM; G. aparine methanol extract. GAH; G. 

aparine n-Hexane. GAE; G. aparine ethyl acetate BPB; G. aparine n-butanol 

fraction. GAA; G. aparine aqueous fraction.  
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Table 4. 7. Percentage mortality and LD50 at different concentrations of B. 

procumbens and G. aparine 

Plants Samples µg/ml No. of shrimps killed Mean % age LD50 

B. 

procumbens 

 

BPM 

1000 6 7 7 20 66.67 287.50 

100 3 4 3 10 33.33 

10 1 2 1 4 13.33 

BPH 1000 5 5 6 16 53.33  

707.37 100 3 3 4 10 33.33 

10 2 1 2 5 16.67 

BPE 1000 10 9 9 28 93.33  

11.16 100 7 8 8 23 76.67 

10 5 4 5 14 46.67 

BPB 1000 9 7 8 24 80  

24.45 100 7 7 6 20 66.67 

10 4 5 3 12 40 

BPA 1000 5 5 7 17 56.67  

391.77 100 3 4 5 12 40 

10 3 2 3 8 26.67 

G. aparine GAM 1000 6 8 8 22 73.33 122.77 

100 4 5 5 14 46.67 

10 2 2 3 7 23.33 

GAH 1000 4 5 6 15 50 1360.35 

100 2 3 3 8 26.67 

10 2 1 2 5 16.67 

GAE 1000 8 9 9 26 86.67 15.12 

100 7 7 8 22 73.33 

10 4 4 5 13 43.33 

GAB 1000 7 7 8 22 73.33 37.68 

100 6 7 6 19 63.33 

10 4 4 3 11 36.67 

GAA 1000 6 6 7 19 63.33 184.93 

100 4 4 5 13 43.33 

10 2 4 3 9 30 
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Table: 4.8. Antitumour activity of BPM, GAM and different fractions 

 

Plants Extracts Concentration µg/ml IC50 

(µg/ml) 
10 100 1000 

B.  procumbens  BPM 28.32±1.17 48.34±2.16 62.45±3.21 255 

BPH 10.12±1.03 17.16±1.42 25.23±1.12 >1000 

BPE 40.34±2.12 62.56±3.21 78.34±2.16 55 

BPB 21.23±1.01 41.65±2.11 59.56±1.45 515 

BPA 45.23±2.13 67.42±2.35 82.46±3.24 70 

G. aparine GAM 38.34±2.32 56.56±2.31 63.47±1.87 60 

GAH 12.53±1.45 24.67±2.72 32.17±1.52 >1000 

GAE 38.23±2.15 65.13±2.43 76.45±2.12 50 

GAB 42.34±4.12 72.57±3.23 84.53±1.45 30 

GA 32.67±3.12 56.67±1.43 61.23±1.58 70 

Positive 

control 

49.2±1.2 69.5±2.3 88.9±3.2 11 
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Table 4.9a: Retention time, linear range, calibration curve, Correlation coefficient, 

LOD and LOQ of four flavonoids determined by HPLC (UV) 

Compound  Retention 

time 

linear 

range 

µg/ml) 

Calibration equation Correlation 

coefficient 

(r) 

LOD 

(ng) 

LOQ 

(ng) 

Catechin 8.5 5.0-500 y=8.465×176x+3951.353 0.9988 5 9 

Caffeic acid 10.1 10-1000 y=4.298x123x+1064.376 0.9998 3 8 

Rutin 14.1 2.0-500 y=3.165x115x+1623.676 0.999 2 5 

Myricetin 17.5 2.0-250 y=6.876x112x+3222.227 0.9984 1 4 

Quercetin 20.1 10-1000 y=5.494x104x+2398.811 0.999 4 7 

Kaempferol 22.3 5.0-200 y=2.457x101x+1125.651 0.9987 3 5 

 

 

Table 4.9b: Precision and Recovery determined by HPLC (UV)   

Mean ± SD (n=3). 

 

 

 

 

 

 

 

 

Compound  Precision Recovery 

Intra-day (RSD, 

%) 

Inter-day (RSD, %) Mean 

(%) 

RSD (%) 

Catechin 1.38 1.95 97.9 1.83 

Caffeic acid 1.86 1.99 99.8 2.51 

Rutin 1.74 2.29 97.4 1.92 

Myricetin 1.69 2.20 98.6 2.43 

Quercetin 1.46 2.12 99 1.34 

Kaempferol 1.87 1.98 97.8 2.01 



Chapter 4                                                         Bioassays                                                               Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).                                                                                                             100 

 

Table 4.9c: HPLC quantification of different fractions of B. procumbens 

Standards 

Compounds 

MBP 

Concentration 

(μg/mg dry 

weight) 

EABP 

Concentration 

(μg/mg dry 

weight) 

BBP 

Concentration 

(μg/mg dry 

weight) 

ABP 

Concentration 

(μg/mg dry 

weight) 

Rutin  1.02±0.003 0.27±0.0012 0.75±0.0021 0.023±0.002 

Gallic Acid  ND ND ND ND 

Caffeic Acid  0.98±0.051 .033±0.001 0.089±0.0031 0.038±0.003 

Catechin 0.74±0.004 0.24±0.0043 ND 0.041±0.0011 

Myricetin  2.4±0.022 0.28±0.0015 0.95±0.014 0.94±0.002 

Quercetin 1.7±0.0024 ND 0.76±0.0051 ND 

Kaempferol 0.95±0.0011 ND ND 0.45±0.0013 

Mean±SEM, ND: Not detected. 

 

Table 4.9d:  HPLC quantification of different fractions of G. aparine 

Standards 

Compounds 

MGA 

Concentration 

(μg/mg dry 

weight) 

EAGA 

Concentration 

(μg/mg dry 

weight) 

BGA 

Concentration 

(μg/mg dry 

weight) 

AGA 

Concentration 

(μg/mg dry 

weight) 

Rutin  1.07±0.02 0.67±0.003 0.63±0.032 0.46±0.012 

Gallic Acid  ND ND ND ND 

Caffeic Acid  0.76±0.021 0.043±0.0031 0.59±0.015 0.076±0.001 

Catechin 0.89±0.0062 0.56±0.012 ND ND 

Myricetin  0.48±0.02 ND ND ND 

Quercetin 0.58±0.004 ND 0.64±0.0011 ND 

Kaempferol ND ND ND ND 

Mean±SEM,  ND: Not detected. 
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Fig. 4.5: HPLC Chromatrogram of methanol extract of B. procumbens. 

 

Fig. 4.6: HPLC Chromatrogram of ethyl acetate fraction of B. procumbens. 

 

Fig. 4.7: HPLC Chromatrogram of Butanol fraction of B. procumbens. 

 

Fig. 4.8: HPLC Chromatrogram of Aqueous fraction of B. procumbens. 
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Fig. 4.9: HPLC Chromatrogram of methanol extract of G. aparine. 

 

Fig. 4.10: HPLC Chromatrogram of Ethyl accetate extract of G. aparine. 

 

Fig. 4.11: HPLC Chromatrogram of Butanol extract of G. 

aparine.

 

Fig. 4.12:  HPLC Chromatrogram of Aqueous extract of G. aparine.  
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Fig. 4.13: GC-Mass analysis of B. procumbens. 

Table 10a: GC-MASS analysis of B. procumbens 

Sr. 

No. 

RF Compound Name Common Name Structure Mol. Formula Mol. 

Weight 

Peak 

area % 

1 3.06 2-(4-ethyl-1-

piperazinyl)-5-nitro-

n-[4-

(triflUoromethoxy)p

henyl]benzamide 

2-(4-ethyl-

piperazin-1-yl)-5-

nitro-n-(4-

trifluoromethoxy-

phenyl)-benzamide ON
H

O

F

F

F

N
+

O

O
-

N

N

 

C20H21F3N4O4 438  0.43 

3 4.40 Butanoic acid, 2-

hydroxy-3-methyl- 

Alpha-

hydroxyisovalerian

saeure 

O

HO

OH

 C5H10O3 118 6.24 

4 5.69 Octadecanedioic 

acid (CAS) 

Octadecane-1,18-

dicarboxylic acid 
O

OH

O

HO

 

C18H34O4  314  0.24 

5 6.21 Glycine, N-(3-

methyl-1-oxo-2-

butenyl)-, methyl 

ester 

Methyl N-(á 

methylcrotonyl) 

glycine 

H
N

O

O

O 
C8H13NO3  171  0.31 

6 7.07 1-Methoxy- 5-

trimethylsilyloxy-3-

phenylpentane 

[(5-Methoxy-3-

phenylpentyl)oxy](

trimethyl)silane 

O

Si

O

 

C15H26O2Si 266 .266 

7 8.28 Triethylene glycol Ethanol, 2,2'-[1,2-

ethanediylbis(oxy)]

bis- 

HO

O

O

OH

 
C6H14O4 150 3.20 

8 9.46 3-(3,3-Dimethyl-5-

oxocyclopent-1-

enyl)propyl acetate 

3-(3,3-Dimethyl-5-

oxocyclopent -1-

enyl) propyl 

O

O

O

 

C12H18O3  210  0.41 
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acetate 

9 13.50 2(4H)-

Benzofuranone, 

5,6,7,7a-tetrahydro-

4,4,7a-trimethyl- 

(2,6,6-Trimethyl-2-

hydroxycyclohexyl

idene)acetic acid 

lactone 

O

O 

C11H16O2 180 0.77 

10 15.91 3,4,Dimethoxybicyc

lo[4.2.0]octa-1,3,5-

trien-7-one 

3,4-

Dimethoxybicyclo[

4.2.0]octa-1,3,5-

trien-7-one 

O
O

O

 

C10H10O3  178  1.19 

11 16.26 Silanamine, N-[2-

[3-methoxy-4 

[(trimethylsilyl)oxy]

phenyl]-N,1,1,1-

tetramethyl-2-

[(trimethylsilyl)oxy]

ethyl]- (CAS) 

Metanephrine-

tritms 

 

C19H39NO 413 .71 

12 16.98 1-

(pentylsulfinyl)pent

ane 

1-

(pentylsulfinyl)pen

tane 

S

O

 

C10H22OS  190  1.74 

13 17.80 4-((1E)-3-Hydroxy-

1-propenyl)-2-

methoxyphenol 

4-((1E)-3-

Hydroxy-1-

propenyl)-2-

methoxyphenol 

O

HO

OH

 

C10H12O3 180 0.45 

14 18.46 (-)-Loliolide 2(4H)-

Benzofuranone, 

5,6,7,7a-

tetrahydro-6-

hydroxy-4,4,7a-

trimethyl-, (6S-

cis)- (CAS) 

O

O

OH

 

C11H16O3 196 0.47 

15 19.86 Neophytadiene  7,11,15-

Trimethyl,3-

methylene-1-

hexadecene 

 C20H38  278  0.29 

16 21.81 (Methylsilyl)diazom

ethane  

(Methylsilyl)diazo

methane 
N

+

-
N

SiH2

 

C2H6N2Si  86  16.82 

17 22.38 Hexadecanoic acid Hexadecanoic acid 
O

HO

 
C16H32O2 256 2.20 

18 22.84 2-Isopropyl-6,6-

dimethyl-1-

oxaspiro[2.5]octane-

4,8-dione 

1-

Oxaspiro[2.5]octan

e-4,8-dione, 6,6-

dimethyl-2-(1-

methylethyl)- 

(CAS) 

O

O

O

 

C12H18O3 210 0.26 

19 25.12 Phytol 2-Hexadecen-1-ol, 

3,7,11,15-

tetramethyl-, [R-

[R*,R*-(E)]]- 

HO

 

C20H40O 296 3.13 

20 25.70 9-Octadecenoic acid Oleic acid 
O

OH

 C18H34O2  282  3.75 
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(Z)- (CAS)  

21 28.31 2,5-Dioctyl-p-

Benzoquinone 

2,5-Dioctyl-p-

Benzoquinone 
O

O

 
C22H36O2 332 0.31 

22 29.77 3,5-Di-tert-Butyl-2-

(3'-methyl-2'-

pyridyl)phenyl 

Trifluoromethanesul

fonate 

(R)-3,5-Di-tert-

butyl-2-(3'-methyl-

2'-pyridyl)phenyl 

trifluoromethanesul

fonate 

S

O

O

O

F
F

F

N

 

C21H26F3NO3S 

 

429 0.22 

23 30.49 6,8-Dichloro-

1,2,3,4-tetrahydro-

2,2-

diphenylquinolin-4-

one 

6,8-Dichloro-

1,2,3,4-tetrahydro-

2,2-

diphenylquinolin-

4-one 

H
N

O

Cl

Cl

 

C21H15Cl2NO 367 0.17 

24 31.36 Bis(2-ethylhexyl) 

phthalate 

Phthalic acid, 

bis(2-ethylhexyl) 

ester 

O

OO

O

 

C24H38O4 390 47.44 

25 32.16 2-(4,7-Dimethyl-

(1àh),2,3,(4áh),(4aà.

H),5,8,( 8aáh)-

octahydronaphthale

n-1-yl)propionic 

acid 

  C15H21D3O2 236 1.33 

26 33.69 9-Octadecenoic acid 

(Z)-, 2,3-

dihydroxypropyl 

ester(CAS) 

1-Monoolein 
O

OH

HO

O

 

C21H40O4  356  4.13 

27 35.60 2,7,10-

Trimethylspiro[acrid

ane-9,9'(10'H)-

anthracene]-10'-one 

Spiro[acridine-

9(10H),9'(10'H)-

anthracen]-10'-one, 

2,7,10-trimethyl- 

(CAS) 

 

C29H23NO  401  0.88 

28 35.97 2,6,10,14,18,22-

Tetracosahexaene 

Squalene 

 

C30H50  410 0.2 0.23 

29 37.03 Stigmasta-5,22-

dien-3-ol, (3á,22E)- 

(CAS) 

Stigmasterol 

 

C29H48O  412  2.02 

30 39.06 2-Ethoxycarbonyl-

5-formyl-6-

methoxybenzo [b] 

selenophenee 

2-Ethoxycarbonyl-

5-formyl-6-

methoxybenzo[b]se

lenophene 

Se
O

O

O

O

 

C13H12O4Se 312  0.19 

31 39.55 Urs-12-en-28-oic 

acid, 3-hydroxy-, 

methyl ester, (3á)- 

Urs-12-en-28-oic 

acid, 3á-hydroxy-, 

methyl ester  

C31H50O3  470  0.24 
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Fig. 4.14: GC-MASS analysis of G. aparine. 

Table 10b:  GC-MASS analysis of Galium aparine 

Sr. 

No. 

RF Molecular Name Common Name Structure Molecula

r 

Formula 

Molecul

ar 

Weight 

Peak Area 

% 

1 3.06 Phenol, 4-[2-

(methylamino)prop

yl]- (CAS) 

Pholedrine 

 

HN

OH

 

C10H15NO 165 0.45 

2 4.42 Methyl Cis-5-

Dimethoxymethyl-

3-phenyl-4,5-

dihydroisoxazol-4-

carboxylate 

Methyl cis-5-

Dimethoxymethyl-

3-phenyl-4,5-

dihydroisoxazol-4-

carboxylate 

O
N

O

O

O

O

 

C14H17NO

5 

279 6.23 

3 5.73 (4-Isopropyl-1-

methyl-6,7-

dimethylenebicyclo

[3.2.1]oct-8-

yl)methanol 

(4-Isopropyl-1-

methyl-6,7-

dimethylenebicycl

o[3.2.1]oct-8-

yl)methanol 

OH

 

C15H24O 220 0.18 

4 6.23 Cyclohexane, 1,3,5-

trimethyl-2-

octadecyl- (CAS) 

1,3,5-Trimethyl-4-

n-

octadecylcyclohex

ane 

 
C27H54 378 0.32 

5 7.09 2,3-Dihydro-3,5-

dihydroxy-6-

methyl-4H-pyran-4-

one 

2,3-Dihydro-3,5-

dihydroxy-6-

methyl-4H-pyran-

4-one 
O

OOH

HO

 

C6H8O4 144 0.22 

6 8.30 Ethanol, 2,2'-[1,2-

ethanediylbis(oxy)]

bis- (CAS 

Ethanol, 2,2'-[1,2-

ethanediylbis(oxy)]

bis- (CAS) 

O

O HO

OH

 
C6H14O4 150 2.99 

7 9.44 2-Methoxy-4-Phenol, 4-ethenyl-

O

OH

C9H10O2 150 0.38 
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vinylphenol 2-methoxy-  

8 10.80 3-hydroxy-5-

methoxybenzaldehy

de 

3-hydroxy-5-

methoxybenzaldeh

yde 

O

O

OH

 

C8H8O3 152 0.24 

9 13.51 2(4H)-

Benzofuranone, 

5,6,7,7a-tetrahydro-

4,4,7a-trimethyl- 

(CAS) 

2(4H)-

Benzofuranone, 

5,6,7,7a-

tetrahydro-4,4,7a-

trimethyl- 

O

O

 

C11H16O2 180 0.92 

10 14.01 4,11-Dioxa-3,5-

dimethyltetracyclou

ndecane Cage 

Compound 

4,11-dioxa-3,5-
dimethyltetracyclo
undecane cage 
compound 

 C11H16O2 180 0.23 

11 15.92 6H-Purin-6-one, 2-

(dimethylamino)-

1,7-dihydro- (CAS) 

N2-

dimeth

ylguani

ne 

NH

N
N

N
H

HN

O

 

C7H9N5O 179 0.34 

12 17.20 Monomethyl 

malonate 

3-Methoxy-3-

oxopropanoic acid 

O

HO

O

O

 

C4H6O4 118 1.02 

13 17.81 4-((1E)-3-Hydroxy-

1-propenyl)-2-

methoxyphenol 

4-((1E)-3-

Hydroxy-1-

propenyl)-2-

methoxyphenol 

O

HO

OH

 

C10H12O3 180 0.32 

14 18.46 (-)-Loliolide 2(4H)-

Benzofuranone, 

5,6,7,7a-

tetrahydro-6-

hydroxy-4,4,7a-

trimethyl-, (6S-

cis)- (CAS) 

O

O

OH

 

C11H16O3 196 0.48 

15 19.86 3,7,11,15-

Tetramethyl-2-

hexadecen-1-ol 

2-Hexadecen-1-ol, 

3,7,11,15-

tetramethyl 

HO

 

C20H40O 296 0.25 

16 21.66 2-O-Methyl-D-

mannopyranosa 

2-O-Methylhexose 

 

C7H14O6 194 15.37 

17 22.37 Hexadecanoic acid 

(CAS) 

Palmitic acid 
O

HO

 
C16H32O2 256 3.87 

18 25.11 2-Hexadecen-1-ol, 

3,7,11,15-

tetramethyl-,[R-

[R*,R*-(E)]]- 

(CAS) 

Phytol 
HO

 

C20H40O 296 2.93 

19 25.70 Cis-Vaccenic acid 11-Octadecenoic 

acid, (Z)- 

O

OH

 

C18H34O2 282 4.92 
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20 27.11 9-Octadecen-1-ol, 

(Z)- (CAS) 

Cis-9-Octadecen-

1-ol 

OH

 

C18H36O 268 0.18 

21 28.30 2,5-Dioctyl-p-

Benzoquinone 

2,5-Dioctyl-p-

Benzoquinone 
O

O

 

C22H36O2 332 0.23 

22 29.77 (E)-2-

Butenylcyclopropan

e 

(2E)-2-

Butenylcyclopropa

ne  

C7H12 96 0.25 

23 31.37 1,2-

BENZENEDICAR

BOXYLIC ACID 

Diisooctyl 

phthalate 

 O

O

O

O

 

C24H38O4 390 47.98 

24 32.18 5,10-Dihexyl-5,10-

diihydroindolo[3,2-

b]indole-2,7-

dicarbaldehyde 

5,10-Dihexyl-5,10-

diihydroindolo[3,2-

b]indole-2,7-

dicarbaldehyde 

N

N

O

O

 

C28H34N2

O2 

430 4.62 

25 33.69 9-Octadecenoic 

acid (Z)-, 2,3-

dihydroxypropyl 

ester (CAS) 

1-

Mono

olein 

O

OH

HO

O

 

C21H40O4 356 4.04 

26 35.26 Hexadecanoic acid, 

1,2-ethanediyl ester 

(CAS) 

1,2 di-o-

hexadecanoyl 

ethanediol 

O O

OO

 

C34H66O4 538 0.23 

27 36.54 7,10,13-

Eicosatrienoic acid, 

methyl ester (CAS) 

METHYL-7,10,13-

EICOSATRIENO

ATE 

O

O
-

 

C21H36O2 320 0.16 

28 37.03 2-MORPHOLINO 

ETHANE 

SULFONIC ACID 

2-(N-

Morpholino)ethane

sulfonic acid 

S

O

O

OH

ON

 

C27H32clN 437 0.26 

29 38.66 4,4-Dinorlupan-4-

one-28-carboxylic 

acid, 3á-methyl-, 

methyl ester 

4,4-Dinorlupan-4-

one-28-carboxylic 

acid, 3á-methyl-, 

methyl ester 
 

C30H48O3 456 0.18 

30 39.72 9-Octadecene, 1,1'-

[1,2-

ethanediylbis(oxy)]

bis-, (Z,Z)- CAS) 

Ethane, 1,2-bis(9-

octadecenyloxy)-, 

(Z,Z)- 

O

O

 

C38H74O2 562 0.22 
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Fig. 4.15: Anti-inflammatory activity of different fractions of B.  procumbens. 
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Fig. 4.16: Anti-inflammatory activity of different fractions of G. aparine. 
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Fig. 4.17: Antidepressant activity of different fractions of B. procumbens. Bars 

represent mean + SEM of 06 animals per group. * p < 0.05, ** p < 0.01, *** p < 

0.001 significantly different from control group (Dunnette’s test). 

 

 

 

Fig. 4.18: Antidepressant activity of different fractions of G. aparine. Bars represent 

mean+SEM of 06 animals per group. * p < 0.05, ** p < 0.01, *** p < 0.001 

significantly different from control group (Dunnette’s test). 
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Table 11a: Edema inhibition relative to control at 1
st
, 2

nd
 and 3

rd
 hour of different 

fractions of B. procumbens 

Treated Groups Doses 

(mg/kg) 

 

% Edema inhibition relative to control at 

1
st
, 2

nd
 and 3

rd
 hour. 

1
st
 hour 2

nd
 hour 3

rd
 hour 

Control (CMS) 0.3 ml 0 0 0 

Diclofenac. Potassium 10 44.11±2.4 62.98±4.60 87.36±4.4 

BPM 200 40.32±3.6 54.45± 6.1 74.34±6.2 

BPH 200 28.45±4.8 34.78±3.8 43.23±4.8 

BPE 200 38.32±5.1 55.12±2.7 72.45±3.2 

BPB 200 42.64±2.7 59.09±1.9 68.89±2.3 

BPA 200 20.12±4.2 40.23±3.9 50.31±3.6 

Mean±SE (n=6). 

 

Table 4.11b:  Edema inhibition relative to control at 1
st
, 2

nd
 and 3

rd
 hour of different 

fractions of G. aparine 

Treated Groups Doses 

(mg/kg) 

 

% Edema inhibition relative to control at 1
st
, 

2
nd

 and 3
rd

 hour 

1
st
 hour 2

nd
 hour 3

rd
 hour 

Control (CMS) 0.3 ml 0 0 0 

Diclofenac. Potassium 10 44.11±2.4 62.98±4.60 87.36±4.4 

GAM 200 37.32±2.6 61.5.± 6.3 77.89±1.8 

GAH 200 15.37±3.1 35.43±2.9 47.21±2.4 

GAE 200 35.44±4.1 57.34±1.7 69.45±5.2 

GAB 200 42.64±2.7 59.09±1.9 75.47±5.7 

GAA 200 35.45±4.8 47.78±5.2 68.23±3.9 

Mean±SE (n=6). 
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Table 4.12a: Effect of Boerhavia procumbens on Immobility time in FST 

Drug treatment Dose (mg/kg) Immobility period 

Control CMC 195±9.6 

BPM 200 112±10.8 

BPH 200 160±5.7 

BPE 200 135±8.3 

BPB 200 120±9.1 

BPA 200 127±7.6 

Fluoxetine 10 75±6.3 

Mean±SE (n=6). 

 

Table 4.12b: Effect of Galium aparine on Immobility time in FST 

Drug treatment Dose (mg/kg) Immobility period, 

 

Control CMC 195±9.6 

GAM 200 95±10.8 

GAH 200 175±4.3 

GAE 200 110±5.7 

GAB 200 103±5.4 

GAA 200 117±4.3 

Fluoxetine 10 75±6.3 

Mean±SE (n=6). 
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4.4. Hepatotoxicity 

 Liver is the key organ of metabolism of various nutrients including 

carbohydrates, fats and proteins. Additionally it detoxifies the drugs, toxins and other 

foreign substances and at the same time it has a critical role in the excretion of 

metabolites. Owing to its role in the absorption of food nutrients simultaneously it 

becomes exposed to toxic materials.    

4.4.1. CCl4 induced hepatotoxicity 

  Carbon tetrachloride (CCl4) is an archetype hepatotoxin and is widely used to 

investigate the oxidative stress related ailments to liver. Generally CCl4 is 

metabolized by the cytochrome P-450 of liver and also in other tissues of the body 

resulting in unstable trichloromethyl (CCl3) and trichloromethyl peroxyl (CCl3O2) 

radicals. These radicals have the strong ability to bind with proteins and lipids 

inducing oxidative stress and lipid peroxidation.  

4.4.1.1. Effects of B. procumbens and G. aparine against CCl4 induced 

hepatotoxicity in rat  

In this experiment, the ability of B. procumbens and G. aparine as antiradical 

was checked against CCl4 induced hepatotoxicity in Sprague Dawley rats. 

Hepatocytes were specifically targeted by CCl4 causing abrasions with alterations in 

liver marker enzymes, antioxidant enzymes and biochemical markers and chemicals. 

The observations obtained in this context are given below. 

4.4.1.2. Effects of B. procumbens and G. aparine on liver marker enzymes  

Serum enzymes level estimation is a supportive marker to determine the extent 

and type of hepatocellular lesions. Since, different enzymes to be found in cytosol are 

released in to the blood as an indicative of cellular damage/leakage. Different serum 

maker enzymes viz; ALT, AST, ALP, LDH and γ-GT levels are highly subjected to 

hepatotoxins like CCl4 serving as an indication of liver damage and oxidative stress. 

The recovery pattern of B. procumbens and G. aparine were depicted in Tables 4.13 

and 4.14 on liver function tests of serum in CCl4-induced hepatic insults. The 

induction of CCl4 resulted in significant increase of ALT, AST, ALP, LDH and γ-GT. 

But Co-administration of various doses of B. procumbens and G. aparine significantly 

inverted the increased levels of serum marker enzymes following renewal towards 

control group and their values were related to that of reference drug silymarin.  
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4.4.1.3. Effects of B. procumbens and G. aparine on lipid profile 

Tables 4.15 and 4.16 showed lipid profile changes i.e. total cholesterol, 

triglycerides, low density lipoproteins (LDL) and high density lipoproteins (HDL). 

After CCl4 administration, elevation in lipid levels was observed in serum of rats. In 

this study, B. procumbens and G. aparine showed considerable (p<0.05) protective 

effects against liver damages induced by CCl4. The protecting properties in respect of 

above all parameters against CCl4 induced pathogenesis were more eminent in 400 

mg/kg extract treated group.  

4.4.1.4. Effects of B. procumbens and G. aparine on liver antioxidant enzymes  

CCl4 induced hepatic fibrosis induced by CCl4 is relevant to oxidative stress 

and lipid peroxidation. Antioxidant enzymes play significant part in clearing of 

reactive oxygen species (ROS) and inhibit chronic liver damages. A decrease in 

hepatic proteins and antioxidant enzyme levels depicts in Tables 4.17 and 4.18 by the 

induction of CCl4. Different doses of BPM and GAM (200 and 400 mg/kg) noticeably 

normalized the altered tissue proteins level and different antioxidant enzymes like 

POD, CAT, SOD and LPO, H2O2 levels, when compared with CCl4-induced group. 

LPO injury mediated by reactive oxygen species is widely measured by MDA level. 

After CCl4 treated group, lipid peroxidation and H2O2 levels was observed much 

higher than control group. On the other hand, administration with B. procumbens and 

G. aparine and silymarin significantly reverted back the elevated MDA, and H2O2 

level.  

Protective effects of B. procumbens and G. aparine on phase II antioxidant 

metabolizing enzymes like GR, GPx, GST, QR and biomolecules GSH were shown in 

Tables 4.19 and 4.20. After CCl4 administration, decrease in amount of GSH was 

observed while co-administration of extracts of B. procumbens and G. aparine 

significantly elevated the glutathione status near to control. Decrease in QR, GR, 

GPx, GST due to administration of CCl4 was restored by B. procumbens and G. 

aparine near to control. Co-treatment of various doses (200 and 400 mg/kg) of B. 

procumbens and G. aparine reduced the CCl4 intoxication and the level of these 

biomolecules was restored in a dose dependent manner. 

4.4.1.5. Effects of B. procumbens and G. aparine on DNA fragmentation 

 Co-treatment of B. procumbens and G. aparine significantly (p<0.05) reduced 

DNA fragmentation and erased the % DNA damaging effect of CCl4 intoxication. 

These observations showed the scavenging effects of various doses of B. procumbens 
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and G. aparine against reactive oxygen species formed by CCl4 intoxication in the 

liver.  

4.4.1.6. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

Free radicals produced after CCl4 administration induces DNA damages in the 

liver tissues of rats. The different doses (200 and 400 mg/kg) of BPM and GAM 

against CCl4 toxicity is shown in Fig. 4.19 and 4.20. No impairment was found in 

DNA of control groups as well as DMSO group, whereas extensive DNA damages 

were recorded in CCl4 group. Co-administration of B. procumbens and G. aparine or 

silymarin as shown by band pattern of various groups reduced the damages in 

comparison to CCl4 group.  

4.4.1.7. Effects of B. procumbens and G. aparine on liver histoarchitecture  

Hepatic sections after staining with hematoxylin and eosin depicted normal 

histology of liver parenchyma cells, sinusoids and central vein in control groups 

(group I and II) showed in Fig. 4.21, 4.22 A and B. After CCl4 administration, severe 

liver pathology, marked elevation in fatty changes, cellular hypertrophy, and necrotic 

foci, degeneration of the lobular architecture, excessive collagen deposition i.e. 

fibrosis and congested blood vessels with disturbed epithelium were observed (Fig. 

4.21, 4.22  C). Co-administration of various doses (200 and 400 mg/kg) of BPM and 

GAM ameliorated the hepatic injuries, reduced collagen deposition with very less or 

no fatty changes and maintained normal lobular architecture near to control group. Fig 

4.21, 4.22 E- G shows that high doses (400 mg/kg) of BPM and GAM had most 

protective attention near to control while microphotographs of groups treated with 

low doses representing histoarchitecture more close to diseased group. Reference drug 

silymarin also produced the repairing effects against CCl4 intoxication (Fig 4.21, 4.22 

D). The histological findings are supporting the serological findings as well as 

biochemical studies in respect of oxidative stress.  
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Table 4.13: Protective effects of BPM on serum marker enzymes 

Treatment 

(mg/kg bw) 

ALT 

(U/L) 

ALP 

(U/L) 

AST 

(U/L) 

LDH 

(nM/min/mg 

protein 

γ-GT 

(nM/min/mg 

protein) 

Control 24.15±0.82
d 

186.99±8.05
d 

73.63±2.83
d 

52.91±5.75
d 

3.98±0.18
d 

Oil+DMSO 25.32±1.04
d 

187.45±6.45
d 

75.46±4.28
d 

53.57±5.61
d 

4.02±0.13
d 

CCl4 45.96±0.88
a 

370.54±9.50
a
 213.96±3.5

a
 200.17±3.8

a
 8.13±0.24

a
 

CCl4+Sily (50) 32.34±1.03
e 

200.81±2.32
c 

81.54±4.23
d 

67.45±2.45
c 

3.73±0.36
d 

CCl4+BPM (200) 37.14±0.34
b
 250.38±5.30

b
 180.68±6.6

b
 84.54±2.73

b
 6.49±0.09

b
 

CCl4+BPM (400) 29.42±0.38
c
 195.30±2.08

c
 132.8±5.38

c
 71.42±1.36

 c
 5.05±0.11

c
 

BPM (400) 22.63±1.54
d 

183.12±3.32
d 

72.44±5.85
d 

48.69±2.41
d 

3.87±0.08
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

 

Table 4.14: Protective effects of GAM on serum marker enzymes 

Treatment 

(mg/kg bw) 

ALT 

(U/L) 

ALP 

(U/L) 

AST 

(U/L) 

LDH (nM/ 

min/mg 

protein 

γ-GT (nM/ 

min/mg 

protein) 

Control 25.4±0.77
d 

188.7±4.05
d 

77.6±2.13
d 

51.8±4.67
d 

4.05±0.15
d 

Oil+DMSO 24.9±0.64
d 

189.4±3.87
d 

75.9±3.74
d 

48.8±5.12
d 

4.12±0.26
d 

CCl4 44.8±0.76
a
 366.7± 7.50

a
 217.9±2.5

a
 198.4±4.4

a
 9.24±0.21

a
 

CCl4+Sily (50) 31.4±0.54
b 

192.7±2.78
c 

73.5±3.17
d 

61.7±3.69
c 

5.17±0.42
c 

CCl4+GAM (200) 33.6±0.44
b
 205.4±5.61

b
 175.8±7.8

b
 87.1±2.53

b
 6.49±0.09

b
 

CCl4+GAM (400) 29.5±0.45
c
 195.4±4.18

c
 103.3±4.3

c
 64.5±1.43

c
 5.25±0.19

c
 

GAM (400) 24.1±0.84
d 

185.2±4.42
d
 74.5±1.45

d 
47.7±2.73

d 
3.91±0.12

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aprine methanol extract. 
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Table 4.15: Protective effects of BPM on lipid profile 

Treatment 

(mg/kg bw) 

Triglycerides 

(mg/dl) 

Total 

cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 95.85±6.73
e 

91.75±4.87
e 

61.86±0.76
d 

29.24±6.67
e 

Oil+DMSO 96.47±3.82
e 

89.43±5.18
e 

60.27±0.27
d 

29.72±7.10
e 

CCl4 184.1±12.5
a
 128.3±4.87

a
 39.64±0.18

a
 89.95±6.72

a
 

CCl4+Sily (50) 110.8±9.38
d 

98.67±3.37
d 

66.71±0.23
d 

32.87±2.34
d 

CCl4+BPM (200) 151.8±10.4
b
 118.1±13.9

b
 45.16±0.16

b
 72.42±8.67

b
 

CCl4+BPM (400) 120.5±5.72
c
 106.5±3.79

 c
 54.48±0.26

c
 52.12±2.45

c
 

BPM (400) 90.56±4.37
e 

90.69±1.18
e 

60.35±0.25
d 

30.16±3.09
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

 

Table 4.16: Protective effects of GAM on lipid profile 

Treatment 

(mg/kg bw) 

Triglycerides 

(mg/dl) 

Total 

cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 92.46±4.73
d 

94.37±3.41
d 

62.45±3.76
d 

32.55±2.72
d 

Oil+DMSO 97.57±2.73
d 

92.49±3.12
d 

62.16±2.39
e 

30.90±2.37
d 

CCl4 189.2±14.5
a
 125.32±5.7

a
 38.54±1.64

a
 87.74±5.61

a
 

CCl4+Sily (50) 96.73±6.12
d 

98.26±3.18
d 

65.82±3.17
d 

33.71±1.18
d 

CCl4+GAM (200) 135.8±8.41
b
 111.14±6.8

b
 46.34±2.45

b
 64.41±2.47

b
 

CCl4+GAM (400) 119.3±8.51
c
 99.54±3.5

c
 55.97±3.86

c
 44.22±2.41

c
 

GAM (400) 93.58±4.28
d 

93.69±1.15
d 

62.82±2.34
d 

30.45±2.60
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Table 4.17: Protective effects of BPM on hepatic antioxidant enzymes 

Treatment 

(mg/kg bw) 

Total 

protein(μg/ 

mg tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/mg 

protein 

H2O2 

(nM/mg 

Tissue 

Control 2.29±0.15
e 

2.53±0.07
d 

19.5±0.71
d 

14.5±1.4
e 

19.7±1.6
e 

3.17±0.35
e 

Oil+DMSO 2.19±0.13
e 

2.48±0.05
e 

18.8±0.26
d 

12.8±2.1
d 

18.92±2.1
d 

3.28±0.43
e 

CCl4 1.17±0.07
a
 1.64±0.12

a
 8.51±0.36

a
 7.23±0.64

a
 40.6±2.6

a
 8.58±0.32

a
 

CCl4+Sily (50) 2.37±0.18
d 

2.45±0.45
e 

17.6±0.47
c 

12.7±0.5
d 

23.6±3.1
d 

3.44±0.28
d 

CCl4+BPM (200) 1.71±0.15
b
 1.96±0.13

b
 16.6±0.85

b
 9.3±0.73

b
 33.2±2.9

b
 6.14±0.37

b
 

CCl4+BPM (400) 2.05±0.07
c
 2.24±0.05

c
 17.9±0.72

c
 11.4±0.8

c
 27.7±1.35

c
 4.15±0.29

c
 

BPM (400) 2.37±0.14
d 

2.52±0.11
d 

18.7±0.61
d 

14.8±0.4
e 

22.6±2.1
d 

3.48±0.36
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

 

Table 4.18: Protective effects of GAM on hepatic antioxidant enzymes 

Treatment 

(mg/kg bw) 

Total 

protein(μg

/mg tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/mg 

protein) 

H2O2 

(nM/mg 

tissue) 

Control 2.45±0.16
d 

2.75±0.05
d 

21.8±0.67
e 

15.8±1.5
d 

18.6±1.72
d 

3.66±0.3
e 

Oil+DMSO 2.40±0.25
d 

2.36±0.13
e 

20.3±0.59
d 

13.1±1.6
e 

16.6±2.18
d 

4.58±0.5
d 

CCl4 1.14±0.07
a
 1.68±0.14

a
 9.31±0.75

a
 7.75±0.5

a
 38.6±1.67

a
 9.04±0.4

a
 

CCl4+Sily (50) 2.58±0.28
e 

2.28±0.42
e 

20.7±0.28
d 

12.7±0.4
e 

17.7±2.17
d 

4.43±0.3
d 

CCl4+GAM (200) 1.86±0.21
b
 1.98±0.15

b
 13.3±0.54

b
 9.72±0.8

b
 31.2±2.73

b
 7.41±0.7

b
 

CCl4+GAM (400) 2.17±0.06
c
 2.36±0.07

c
 17.1±0.65

c
 10.4±0.7

c
 24.6±1.25

c
 5.04±0.6

c
 

GAM (400) 2.52±0.14
e 

2.74±0.12
d 

21.5±0.63
e 

15.6±0.6
d 

15.5±2.02
d 

3.52±0.3
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Table 4.19: Effects of BPM on phase II antioxidant enzymes and DNA fragmentation 

Treatment 

(mg/kg bw) 

GST(nM 

/min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 221.5±4.3
e 

136.7±2.4
e 

218.4±6.2
e 

20.87±1.5
d 

139.5±3.4
d 

1.34±0.51
d 

Oil+DMSO 212.3±2.5
d 

129.6±4.1
d 

227.3±2.2
d 

21.43±2.1
e 

138.9±5.1
d 

1.56±0.17
d 

CCl4 105.8±5.9
a
 78.78±5.1

a
 104.8±4.5

a
 9.3±0.67

a
 56.9±2.13

a
 4.72±0.28

a
 

CCl4+Sily (50) 212.3±6.8
d 

120.3±3.4
d 

229.8±3.3
d 

19.45±2.5
c 

124.9±4.3
c 

1.84±0.14
d 

CCl4+BPM (200) 163.4±5.4
b
 94.74±2.2

b
 173.8±3.7

b
 12.87±1.3

b
 97.9±3.89

 b
 3.39±0.32

b
 

CCl4+BPM (400) 203.4±4.8
c
 105.2±2.3

c
 298.8±4.2

c
 18.85±1.7

c
 127.9±3.9

 c
 2.40±0.31

c
 

BPM (400) 220.4±5.4
e 

137.3±2.0
e 

221.7±5.7
e 

21.78±2.3
d 

136.7±4.7
d 

1.82±0.17
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

 

Table 4.20: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM 

/min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 223.5±3.2
e 

133.4±5.2
d 

213.4±3.1
e 

22.7±4.1
d 

142.7±4.3
d 

1.67±0.23
d 

Oil+DMSO 215.3±3.5
d 

136.8±4.1
d 

209.4±2.5
d 

22.6±3.1
d 

143.5±2.5
d 

1.61±0.18
e 

CCl4 107.8±5.9
 a
 73.3±3.41

a
 105.4±3.8

a
 10.7±3.8

a
 58.49±2.9

a
 5.67±0.16

a
 

CCl4+Sily (50) 218.6±5.8
d 

137.8±3.7
d 

215.5±4.2
e 

18.1±2.9
c 

155.4±2.4
e 

2.15±0.27
e 

CCl4+GAM (200) 173.4±4.4
b
 121.7±4.5

b
 147.9±3.1

b
 14.6±2.4

b
 93.73±4.2

b
 2.63±0.41

b
 

CCl4+GAM (400) 210.4±6.8
c
 148.8±3.9

c
 178.4±3.6

c
 18.6±4.7

c
 125.3±2.6

c
 1.91±0.12

c
 

GAM (400) 235.4±4.3
e 

137.9±4.1
d 

207.3±2.8
d 

22.7±4.6
d 

153.7±4.3
e 

1.51±0.18
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Fig. 4.19: Agarose gel showing DNA damage by CCl4 and protective effects of 

methanol extract of B. procumbes in hepatic tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin + CCl4 group, (5) 200 mg/kg BPM + CCl4 group, (6) 400 mg/kg BPM + 

CCl4 group, (7) 400 mg/kg BPM alone. 

 

Fig. 4.20: Agarose gel showing DNA damage by CCl4 and protective effects of 

methanol extract of G. aparine in hepatic tissues. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) 

Silymarin + CCl4 group, (5) 200 mg/kg GAM + CCl4 group, (6) 400 mg/kg GAM + 

CCl4 group, (7) 400 mg/kg GAM alone. 
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Fig. 4.21: Microphotograph of  rat liver (H & E stain) (A) Representative section of 

liver from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) CCl4 group, (D) Silymarin + CCl4 group, (E) 200 mg/kg BPM + CCl4 group, (F) 

400 mg/kg BPM + CCl4 group, (G) 400 mg/kg BPM alone group.  
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Fig. 4.22: Microphotograph of  rat liver (H & E stain) (A) Representative section of 

liver from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) CCl4 group, (D) Silymarin + CCl4 group, (E) 200 mg/kg GAM + CCl4 group, (F) 

400 mg/kg GAM + CCl4 group, (G) 400 mg/kg GAM alone group.  
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4.4.2. Paracetamol induced hepatotoxicity 

 Paracetamol also known as acetaminophen is a potentially analgesic and 

antipyretic drug at its therapeutic level but its chronic or acute overdose may induce 

dysfunction of liver and kidneys. The fatal injurious effects are produced due to the 

production of reactive oxygen (ROS) and nitrogen (RNS) species by the cytochrome 

P450 activation. The initial step of PCM metabolism is the synthesis of N-acetyl-p-

benzoquinone imine (NAPQI) that is depleted by conjugation with glutathione (GSH). 

Conversely its excessive generation causes GSH depletion.  

4.4.2.1. Effects of B. procumbens and G. aparine against paracetamol induced 

hepatotoxicity in rat  

 In this experiment, the ability of B. procumbens and G. aparine as antiradical 

was checked against PCM induced hepatotoxicity in Sprague Dawley rats. 

Hepatocytes were specifically targeted by PCM causing abrasions with alterations in 

liver marker enzymes, antioxidant enzymes and biochemical markers. The 

observations obtained in this context are given below. 

4.4.2.2. Effects of B. procumbens and G. aparine on liver marker enzymes  

Serum enzymes level estimation is a supportive marker to determine the extent 

and type of hepatocellular lesions. Since, different enzymes to be found in cytosol are 

released in to the blood as an indicative of cellular damage/leakage. Different serum 

maker enzymes viz; ALT, AST, ALP, LDH and γ-GT levels are highly subjected to 

hepatotoxins like PCM serving as an indication of liver damage and oxidative stress. 

The recovery pattern of B. procumbens and G. aparine were depicted in Tables 4.21 

and 4.22 on liver function tests of serum in PCM-induced hepatic insults. The 

induction of PCM resulted in significant increase of ALT, AST, ALP, LDH and γ-GT. 

But co-administration of various doses of B. procumbens and G. aparine significantly 

inverted the increased level of serum marker enzymes following renewal towards 

control group and their values were related to that of reference drug silymarin.  

4.4.2.3. Effects of B. procumbens and G. aparine on lipid profile 

Tables 4.23 and 4.24 showed lipid profile changes i.e. total cholesterol, 

triglycerides, low density lipoproteins (LDL) and high density lipoproteins (HDL). 

After PCM administration, elevation in lipid levels observed as opposite to control 

group. In this study, B. procumbens and G. aparine showed considerable (p<0.05) 

protective effects against liver damages induced by PCM. The protecting properties in 
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respect of above all parameters against PCM induced pathogenesis was more 

pronounced at 400 mg/kg plant extracts given with PCM. 

4.4.2.4. Effects of B. procumbens and G. aparine on liver enzymatic antioxidants 

 PCM induced hepatic fibrosis are relevant to oxidative stress and lipid 

peroxidation. Reactive oxygen species (ROS) radically detoxified by various 

antiradical enzymes and inhibit chronic liver damages. A decline in hepatic proteins 

and antioxidant enzyme levels depicts in Tables 4.25 and 4.26 by the induction of 

PCM. However, different doses of BPM and GAM (200 and 400 mg/kg) noticeably 

regularized the altered level of antioxidant enzymes like POD, CAT, SOD and LPO, 

H2O2, when compared with PCM-induced group. LPO injury mediated by reactive 

oxygen species are perpetuated by the lipid peroxide radicals. After PCM treated 

group, lipid peroxidation and H2O2 levels was observed much higher than control 

group. On the other hand, administration with B. procumbens and G. aparine and 

silymarin significantly reverted the elevated MDA, and H2O2 level.  

Protective effects of B. procumbens and G. aparine on phase II antioxidant 

metabolizing enzymes like GSH, GR, GPx, GST, and QR are presented in Tables 4.27 

and 4.28. Decrease in amount of GSH was recorded with PCM treatment while co-

administration of BPM and GAM significantly elevated the glutathione level in 

hepatic tissues. Decrease in GR, GPx, GST and QR due to administration of PCM was 

restored by B. procumbens and G. aparine treatment near to control.  

4.4.2.5. Effects of B. procumbens and G. aparine on DNA fragmentation 

 PCM administration to rats induced severe DNA damages in hepatic tissues. 

Co-treatment of BPM and GAM decreased the DNA damages in PCM intoxicated 

rats. The observed restoration of DNA damages showed dose dependent response and 

at their highest dose protective effects were similar to the silymarin drug.  

4.4.2.6. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

PCM administration to rats provoked the generation of free radicals which 

consequently induces DNA damages in the liver tissues of rats. The protective 

potential of BPM and GAM against the PCM on DNA damages are presented in Fig. 

4.23 and 4.24. The result obtained indicated the fact that DNA damages were not 

induced in the control groups whereas extensive damages occurred in the PCM treated 

group. On the other hand with the application of silymarin and plant samples repairing 

of DNA damages had occurred and the banding pattern was changed and appeared 

similar to the control rats.  
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4.4.2.7. Effects of B. procumbens and G. aparine on liver histoarchitecture  

Thin sections of the liver tissues indicated normal histoarchitecture with 

respect to the liver parenchyma cells, sinusoids and central vein in control groups 

(group I and II) showed in Fig. 4.25, 26 A and B. histopathology of liver was altered 

by the administration of PCM leading to severe liver pathology, marked elevation in 

fatty changes, cellular hypertrophy, and necrotic foci, degeneration of the lobular 

architecture, excessive collagen deposition i.e. fibrosis and congested blood vessels 

with disturbed epithelium depicted in Fig. 4. 25, 26 C. Marked protective effects on 

the liver histopathology were manifested by the co-administration of various doses 

(200 and 400 mg/kg) of BPM and GAM; ameliorated the hepatic injuries, reduced 

collagen deposition with very less or no fatty changes and maintained normal lobular 

architecture near to control group. At the highest dosage of (400 mg/kg) of BPM and 

GAM changes induced with PCM were vanished in a more extensive was than at the 

lower dose of BPM and GAM.  
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Table 4.21: Protective effects BPM on serum marker enzymes 

Treatment 

(mg/kg bw) 

ALT 

(U/L) 

ALP 

(U/L) 

AST 

(U/L) 

LDH  (nM/ 

min/mg            

protein) 

γ-GT (nM/ 

min/mg 

protein) 

Control 24.90±0.31
e 

182.6±6.0
d 

72.93±2.11
f 

51.90±3.17
e 

3.95±0.18
e 

Oil+DMSO 23.52±0.52
e 

181.5±4.7
d 

80.47±3.27
e 

50.95±2.56
e 

4.21±0.23
d 

PCM 41.49±2.98
 a
 360.1±8.8

a
 215.9±3.01

a
 211.5±5.52

a
 8.02±0.13

a
 

PCM+Sily (50) 26.21±2.13
d 

212.4±4.1
e 

85.87±2.67
d 

63.85±3.43
d 

4.13±0.24
d 

PCM+BPM (200) 35.21±2.09
b
 252.5±9.4

b
 114.3±1.76

b
 136.7±0.52

b
 6.73±0.36

b
 

PCM+BPM (400) 30.39±2.31
c
 211.7±8.1

c
 90.75±0.45

c
 65.64±3.28

c
 4.49±0.09

c
 

BPM (400) 22.67±2.71
d 

178.3±6.8
e 

78.11±1.23
e 

48.87±3.18
d 

3.90±0.11
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

Table 4.22: Protective effects GAM on serum marker enzymes 

Treatment 

(mg/kg bw) 

ALT 

(U/L) 

ALP 

(U/L) 

AST 

(U/L) 

LDH (nM/ 

min/mg 

protein) 

γ-GT (nM 

/min/mg 

protein) 

Control 24.67±0.41
d 

181.6±3.67
e 

75.93±2.45
d 

52.56±2.38
e 

4.2±0.23
d 

Oil+DMSO 23.83±0.62
d 

183.2±2.71
d 

73.71±3.15
c 

51.53±4.47
e 

4.3±0.61
d 

PCM 46.53±3.43
a
 356.21±6.8

a
 212.9±2.01

a
 205.6±6.73

a
 8.2±0.19

a
 

PCM+Sily (50) 29.43±1.23
c 

194.4±3.28
e 

84.87±1.67
d 

54.79±2.63
d 

5.2±0.19
c 

PCM+GAM (200) 37.21±2.09
b
 256.4±7.36

b
 103.8±1.16

b
 194.7±0.61

b
 5.4±0.41

b
 

PCM+GAM (400) 30.39±2.31
c
 198.71±4.9

c
 88.75±1.37

c
 80.30±0.42

c
 4.5±0.71

c
 

GAM (400) 22.71±1.31
d 

179.67±3.6
d 

71.76±1.2
e 

51.94±0.18
d 

4.4±0.17
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 

 

 

 

 

 



Chapter 4                                                 Hepatotoxicity                                                                 Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L). 127 

Table 4.23: Effect of BPM on lipid profile in paracetamol treated rats 

Treatment 

(mg/kg bw) 

Triglycerides 

(mg/dl) 

Total 

cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 92.71±2.54
d 

91.83±4.12
d 

60.73±1.41
e 

31.40±2.54
d 

Oil+DMSO 95.63±3.41
e 

89.44±3.66
d 

61.83±2.64
e 

29.02±3.81
d 

PCM 162.5±3.25
a
 119.7± 4.01

a
 38.60±0.68

a
 85.45 ± 1.3

a
 

PCM+Sily (50) 117.36±2.37
e 

95.12±1.31
e 

59.22±0.12
d 

36.30±2.07
c 

PCM+BPM (200) 132.4±3.15
b
 112.00±3.07

b
 47.00±1.15

b
 65.20±1.07

 b
 

PCM+BPM (400) 109.40±2.38
c
 103.67±2.12

c
 53.60±1.56

c
 50.21±1.56

c
 

BPM (400) 91.75±5.41
d 

92.46±3.65
d 

61.49±3.45
d 

31.56±2.14
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

 

Table 4.24: Effect of GAM on lipid profile in paracetamol treated rats 

Treatment 

(mg/kg bw) 

Triglycerides 

(mg/dl) 

Total 

cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 92.45±3.24
d 

91.16±4.08
d 

61.65±2.19
d 

30.43±2.37
d 

Oil+DMSO 94.73±4.21
d 

92.39±3.53
d 

60.83±3.27
d 

32.22±3.62
d 

PCM 163.43±3.63
a
 123.6±2.01

a
 36.45±3.34

a
 87.15±2.43

a
 

PCM+Sily (50) 115.75±4.43
d 

93.43±2.01
e 

61.46±1.02
d 

32.63±2.45
d 

PCM+GAM (200) 135.63±2.46
b
 112.23±4.2

b
 43.36±2.46

b
 69.45±1.07

 b
 

PCM+GAM (400) 98.34±1.38
c
 105.42±1.4

c
 55.35±2.45

c
 48.33±2.35

c
 

GAM (400) 93.84±2.56
d 

96.67±2.91
e 

64.73±3.15
d 

32.64±2.12
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 
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Table 4.25: Protective effects of BPM on antioxidant enzymes 

Treatment 

(mg/kg bw) 

Total protein 

(μg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/mg 

protein) 

H2O2 

(nM/mg 

tissue) 

Control 2.42±0.34
d 

2.62±0.13
d 

18.6±0.38
d 

17.5±2.5
d 

24.4±1.3
d 

3.32±0.31
e 

Oil+DMSO 2.34±0.62
d 

2.65±0.27
d 

15.3±0.53
c 

18.7±2.7
d 

22.6±1.5
d 

3.28±0.42
d 

PCM 1.58±0.14
a
 1.42±0.18

a
 9.58±038

a
 09.4±3.1

a
 42.8±3.6

a
 8.13±0.45

a
 

PCM+Sily (50) 2.29±0.03
d 

2.60±0.38
d 

16.2±0.74
d 

16.5±1.5
d 

22.7±1.9
d 

3.30±0.38
e 

PCM+BPM (200) 1.95±0.18
b
 1.81±0.31

b
 12.7±0.27

b
 12.7±1.1

b
 36.7±3.7

b
 5.65±0.25

b
 

PCM+BPM (400) 2.09±0.28
c
 2.08±0.18

c
 14.3±0.38

c
 14.8±2.2

c
 30.4±2.9

c
 4.24±0.39

c
 

BPM (400) 2.43±0.19
d 

2.61±0.04
d 

17.0±0.18
d 

17.6±1.3
d 

23.3±1.3
d 

3.27±0.21
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

 

Table 4.26: Protective effects of GAM on antioxidant enzymes 

Treatment 

(mg/kg bw) 

Total protein 

(μg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/mg 

protein) 

H2O2 

(nM/mg 

tissue) 

Control 2.45±0.12
d 

2.69±0.04
d 

18.5±0.63
d 

16.73±2.16
d 

21.9±2.2
e 

3.76±0.35
d 

Oil+DMSO 2.50±0.18
d 

2.72±0.09
d 

19.2±0.59
d 

17.48±1.27
d 

24.6±3.4
d 

3.80±0.55
d 

PCM 1.62±0.29
a
 1.48±0.07

a
 10.5±0.02

a
 8.39±1.78

a
 42.4±1.1

a
 8.25±0.48

a
 

PCM+Sily (50) 2.48±0.62
d 

2.65±0.19
d 

19.0±0.86
e 

16.83±0.17
d 

21.7±2.4
e 

3.66±0.29
d 

PCM+GAM (200) 2.28±0.14
b
 1.97±0.61

b
 14.6±0.61

b
 11.93±0.50

b
 31.6±1.6

b
 5.43±0.14

b
 

PCM+GAM (400) 2.53±0.14
c
 2.16±0.13

c
 16.8±0.39

c
 13.83±0.49

c
 28.2±2.1

c
 4.75±0.62

c
 

GAM (400) 2.44±0.05
d 

2.64±0.05
d 

18.6±0.58
d 

16.79±0.37
d 

25.3±1.2
d 

3.58±0.42
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 
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Table 4.27: Protective effects of BPM on antioxidant enzymes 

Treatment 

(mg/kg bw) 

GST 

(nM 

/min/mg 

protein) 

GPx 

(nM/ 

min/mg 

protein) 

GR 

(nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR 

(nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 225.3±5.1
d 

137.4±3.6
d 

124.3±3.2
d 

19.6±1.63
d 

137.4±1.3
d 

1.12±0.3
d 

Oil+DMSO 232.5±3.7
e 

134.2±2.5
d 

131.4±4.2
e 

17.2±1.49
d 

141.3±1.6
e 

1.77±0.6
d 

PCM 117.8±3.4
a
 79.37±2.3

a
 85.67±2.6

a 
08.8±1.05

a
 60.31±2.0

a
 5.33±0.9

a
 

PCM+Sily (50) 234.5±4.6
e 

138.1±3.5
d 

125.2±3.5
d 

18.1±2.14
d 

136.7±2.4
d 

1.30±0.1
d 

PCM+BPM (200) 158.4±3.4
b
 90.52±2.7

b
 98.53±2.8

b
 11.3±1.15

b
 88.46±3.1

b
 4.00±0.4

b
 

PCM+BPM (400) 198.9±4.2
c
 106.7±2.8

c
 107.8±2.4c 14.7±1.62

c 
121.8±1.2

c
 2.73±0.6

c
 

BPM (400) 223.5±3.8
d 

136.7±2.1
d 

130.5±3.7
e 

18.4±1.31
d 

139.2±1.2
e 

1.17±0.5
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

 

Table 4.28: Protective effects of GAM on antioxidant enzymes 

Treatment 

(mg/kg bw) 

GST 

(nM 

/min/mg 

protein) 

GPx 

(nM/ 

min/mg 

protein) 

GR 

(nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR 

(nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 243.3±4.7
d 

132.7±2.9
d 

129.5±3.13
d 

16.67±1.63
d 

135.5±2.3
d 

1.12±0.7
d 

Oil+DMSO 240.2±3.9
d 

130.8±2.8
d 

131.3±2.93d
 
14.83±1.21

c
 132.6±3.1

d 
1.18±0.4

d 

PCM 120.4±3.1
a
 80.86±1.2

a
 85.82±1.65

a
 09.26±0.87

a
 60.3±2.01

a
 5.63±1.2

a
 

PCM+Sily (50) 248.6±4.2
d 

134.1±2.5
d 

130.5±2.23
d 

17.48±0.64
d 

135.7±2.1
d 

1.13±0.1
d 

PCM+GAM (200) 180.2±3.3
b
 103.5±2.5

b
 105.6±1.84

b
 11.23±0.15

b
 96.7±3.11

b
 3.26±0.4

b
 

PCM+GAM (400) 226.4±2.6
c
 126.7±2.8

c
 120.4±2.67

c
 14.76±0.14

c 
113.8±1.2

c
 2.77±0.6

c
 

GAM (400) 246.7±4.3
d 

133.1±2.5
d 

128.2±1.55
d 

17.14±0.31
d 

133.2±1.2
d 

1.12±0.5
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 
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Fig. 4.23: Agarose gel showing DNA damage by PCM and protective effects of 

methanol extract of B. procumbens in hepatic tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) Oil + DMSO (3) PCM (4) Silymarin + PCM 

(5) 200 mg/kg BPM + PCM group (6) 400 mg BPM + PCM group, (7) 400 mg/kg 

BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

Fig.  4.24: Agarose gel showing DNA damage by PCM and protective effects of 

methanol extract of G. aparine in hepatic tissues. Lanes from left (M) low molecular 

weight marker, (1) control, (2)oil+DMSO  (3) Paracetamol (4) Silymarin, (5) 

200mg/kg GAM+ PCM group (6) 400 mg GAM + PCM group, (7) 400 mg/kg  GAM 

alone.  
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Fig. 4.25: Microphotograph of  rat liver (H & E stain) (A) Representative section of 

liver from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) M group, (D) Silymarin + PCM group, (E) 200 mg/kg BPM + PCM group, (F) 

400 mg/kg BPM + PCM group, (G) 400 mg/kg BPM alone group. 
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Fig. 4.26: Microphotograph of  rat liver (H & E stain) (A) Representative section of 

liver from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) PCM group, (D) Silymarin + PCM group, (E) 200 mg/kg GAM + PCM group, (F) 

400 mg/kg GAM + PCM group, (G) 400 mg/kg GAM alone group. 
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 4.4.3. Gentamicin induced hepatotoxicity 

 Gentamicin is an aminoglycoside antibiotic. It is effective against most of the 

life threatening Gram negative bacterial infections. Its chronic use in human being 

induces renal toxicity which in turn causes liver injuries.  

4.4.3.1. Effects of B. procumbens and G. aparine against gentamicin induced 

hepatotoxicity in rat  

 Antiradical capacity of BPM and GAM has been evaluated against the 

gentamicin induced hepatotoxicity in Sprague-Dawley rats. Metabolism of gentamicin 

result in ROS which consequently induce oxidative stress and altered the level of 

various enzymes and biochemical related to hepatic function. The observations 

obtained in this context are given below. 

4.4.3.2. Effects of B. procumbens and G. aparine on liver marker enzymes  

Level of enzymes associated with liver function indicated the toxicity induced 

with foreign substances. In this experiment level of serum markers such as ALT, 

AST, ALP, LDH and γ-GT was elevated in comparison to control animals with the 

toxicity induced by gentamicin. Concentration of these enzymes in the serum implies 

the hepatocyte damage and release of the biochemical in the blood. Co-administration 

of BPM and GAM along with gentamicin ameliorated the toxicity of gentamicin and 

restored the level of these markers in the line of control animals (Tables 4.29 and 

4.30). The highest dosage of BPM and GAM more remarkably inverted the increased 

levels of serum marker enzymes following renewal towards control group. 

Amelioration of gentamicin induced toxicity with administration of silymarin was 

related with the higher dose of both the plant samples.  

4.4.3.3. Effects of B. procumbens and G. aparine on lipid profile 

Gentamicin administration to rats elevated the level of serum total cholesterol, 

triglycerides, LDL and HDL to that of the control animals. Administration of BPM 

and GAM indicated remarkable protective potential against the damages induced with 

gentamicin. Restoration potential of plant samples was more eminent at 400 mg/kg in 

gentamicin induced toxic rats (Tables 4.31 and 4.32). 

4.4.3.4. Effects of B. procumbens and G. aparine on liver antioxidant enzymes  

Administration of gentamicin to rats induced oxidative stress and lipid 

peroxidation that is manifested by the significant decreased level of several antiradical 

enzymes; POD, CAT, SOD and an increase in lipid peroxides and in the level of 

H2O2. Gentamicin induced hepatic damages was ameliorated by the co-administration 
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of different doses of plant samples leading to an elevation in antioxidant enzymes 

level and in the reduction of lipid peroxides and H2O2 in hepatic tissues (Tables 4.33 

and 4.34).  

Similarly the level of phase II antioxidant enzymes such as GR, GPx, GST, 

QR and the GSH of hepatic tissues were significantly reduced by the treatment of 

gentamicin to rats. Co-administration of plant samples significantly elevated the 

glutathione status and the level of various antioxidant enzymes in liver samples 

(Tables 4.35 and 4.36).  

4.4.3.5. Effects of B. procumbens and G. aparine on DNA fragmentation 

Treatment of gentamicin induced DNA damages in hepatic samples that resulted in 

the significant increase of % DNA fragmentation. Co-treatment of B. procumbens and 

G. aparine significantly (p<0.05) erased the % DNA damaging effect of gentamicin 

intoxication. These observations indicated the antiradical capacity of various doses of 

B. procumbens and G. aparine against reactive oxygen species formed by gentamicin 

induced toxicity in the liver.  

4.4.3.6. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

Gentamicin induced oxidative stress in liver produced DNA lesions leading to 

a continuous banding pattern during electrophoresis. In case of control samples DNA 

banding pattern was different and the DNA remained at the site of loading. Co-

administration of different doses (200 and 400 mg/kg) of BPM and GAM against 

gentamicin toxicity showed protective effects and change the banding pattern similar 

to seen in the control samples. The protective effects of plant samples were more 

evident at the highest dose of plant samples (Fig. 4.27 and 4.28).  

4.4.3.7. Effects of B. procumbens and G. aparine on liver histoarchitecture  

Hepatic lesions induced with gentamicin in rats were evident in the thin 

sections of hepatic tissues. The liver damages induced with gentamicin were apparent 

in the form of cellular hypertrophy, and necrotic foci, degeneration of the lobular 

architecture, excessive collagen deposition i.e. fibrosis and congested blood vessels 

with disturbed epithelium depicted in Fig. 4.29, 4.30 C. Co-administration of various 

doses (200 and 400 mg/kg) of BPM and GAM ameliorated the hepatic injuries, 

reduced collagen deposition with very less or no fatty changes and maintained normal 

lobular architecture near to control group. However treatment of rats with the highest 

dose of plant samples produced more prominent protective effects.  
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Table 4.29: Effects of BPM on liver marker profile in rat 

Treatment 

(mg/kg bw) 

ALT 

U/l 

ALP 

U/l 

AST 

U/l 

LDH( nM/ 

min/mg 

protein) 

γ-GT 

(nM/min/mg 

protein) 

Control 26.31±1.34
d 

184.4±1.83
d 

78.51±3.7
e 

58.42±3.8
d 

3.43±0.51
d 

Oil+DMSO 23.78±1.24
e 

188.5±2.76
d 

80.22±2.5
d 

55.83±1.6
d 

3.67±0.32
d 

GTM 44.3±3.28
a
 384.6±15.3

a
 235.3±5.3

a
 210.6±2.5

a
 9.37±1.71

a
 

GTM+Sily (50) 22.6±1.83
d 

188.9±8.54
d 

77.76±6.4
d 

60.54±4.2
d 

3.91±0.82
d 

GTM+BPM (200) 36.5±2.57
b
 237.3±13.2

b
 133.5±3.8

b
 117.7±1.2

b
 5.72±0.75

b
 

GTM+BPM (400) 30.8±1.24
c
 218.3±18.3

c
 102.63±2.6

c
 83.35±4.8

c
 4.82 ±0.67

c
 

BPM (400) 23.5±1.32
d 

188.7±14.6
d 

73.65±4.7
d 

60.70±6.5
d 

3.84±0.36
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

 

 

Table 4.30: Effects of GAM on liver marker profile in rat 

Treatment 

(mg/kg bw) 

ALT 

U/l 

ALP 

U/l 

AST 

U/l 

LDH (nM/ 

min/mg 

protein) 

γ-GT 

(nM/min/mg 

protein) 

Control 28.38±2.18
d 

181.6±2.85
d 

71.44±4.5
d 

51.6±4.9
e 

3.55±0.64
d 

Oil+DMSO 26.56±2.17
d 

184.3±2.40
d 

75.61±3.6
d 

56.2±3.7
d 

3.58±0.52
d 

GTM 48.64±.3.35
a
 375.6±19.5

a
 231.3±4.3

a
 207.8±7.1

a
 9.43±1.72

a
 

GTM+Sily (50) 25.43±5.92
d 

180.7±2.35
d 

74.84±2.8
d 

56.7±3.9
d 

3.62±0.87
d 

GTM+GAM (200) 40.72±2.83
b
 249.5±15.6

b
 142.7±4.6

b
 97.5±5.2

b
 6.32±1.20

b
 

GTM+GAM (400) 34.50±2.41
c
 212.5±3.31

c
 99.71±3.9

c
 82.3±3.8

c
 4.63±0.93

c
 

GAM (400) 27.80 ± 2.44
d 

183.1±2.54
d 

74.65±6.7
d 

50.2±5.3
e 

3.60±0.43
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Table 4.31: Effects of BPM on lipid Profile of rat 

Treatment 

(mg/kg bw) 

Triglycerides 

(mg/dl) 

Total 

Cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 97.34±1.87
e 

85.24±2.15
d 

60.81±2.34
e 

25.25±2.11
d 

Oil+DMSO 95.85±2.64
d
 82.54±1.34

d 
55.62±2.67

d 
24.98±2.16

d 

GTM 195.34±4.56
a
 115.9±2.09

a
 25.68±3.78

a
 85.67±3.90

a
 

GTM+Sily (50) 92.78±2.94
d 

83.18±3.76
d 

53.52±2.09
d 

30.97±1.97
c 

GTM+BPM (200) 198.35±2.07
b
 93.25±1.91

b
 36.70±1.62

b
 57.45±0.92

b
 

GTM+BPM (400) 156.75±1.12
c
 90.85±1.96

c
 45.63±1.31

c
 45.36±0.51

c
 

BPM (400) 96.67±3.57
e 

84.89±1.96
d 

62.18±2.86
e 

23.67±1.98
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM B. procumbens methanol extract. 

 

 

Table 4.32: Effects of GAM on lipid Profile of rat 

Treatment 

(mg/kg bw) 

Triglycerides 

(mg/dl) 

Total  

Cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 95.56±3.16
d 

83.43±2.13
d 

63.45±3.78
d 

30.52±1.03
d 

Oil+DMSO 90.35±2.98
d 

79.00±3.34
d 

66.92±2.43
d 

38.98±1.26
c 

GTM 187.95±2.99
a
 117.7±1.12

a
 30.64±2.53

a
 87.98±0.37

a
 

GTM+Sily (50) 93.75±4.67
d 

98.83±1.38
e 

63.98±2.75
d 

32.67±0.15
d 

GTM+GAM (200) 125.85±3.00
b
 110.6±1.38

b
 50.98±1.37

b
 59.60±0.53

b
 

GTM+GAM (400) 105.42±4.25
c
 105.8±2.28

c
 57.72±2.49

c
 48.14±0.11

c
 

GAM (400) 94.23±3.44
d 

90.82±2.76
d 

60.86±2.32
d 

31.23±0.85
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Table 4.33: Effects of BPM on liver antioxidant enzymes of rat 

Treatment 

(mg/kg bw) 

Total 

protein μg/ 

mg tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/mg 

protein) 

H2O2 

(nM/mg 

tissue) 

Control 2.52±0.64
d 

2.56±.44
d
 23.5±2.5

d 
12.8±1.5

d 
21.3±1.2

e
 4.7±0.31

e 

Oil+DMSO 2.48±0.53
d
 2.72±.60

d
 29.8±3.1

e 
13.7±2.5

d 
26.2±2.8

d 
5.8±0.42

d 

GTM 1.67±0.37
a
 1.53±.28

d
 10.5±1.7

a
 5.39±0.8

a
 48.6±6.1

a
 8.5±0.45

a
 

GTM+Sily (50) 2.45±0.42
d 

2.70±.33
d
 30.6±1.8

e 
11.6±2.3

d 
25.8±3.9

d 
4.5±0.38

e 

GTM+BPM (200) 1.96±0.29
b
 1.80±.65

b
 15.3±1.3

b
 7.55±1.3

b
 39.2±1.2

b
 7.8±0.25

b
 

GTM+BPM (400) 2.06±0.31
c
 2.12±.62

c
 20.3±1.5

c
 9.32±1.5

c
 30.52±4.7

c
 6.7±0.39

c
 

BPM (400) 2.55±0.29
d
 2.69±0.8

d 
25.7±1.2

d 
11.7±1.3

d 
22.81±2.3

e
 5.3±0.21

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

 

Table 4.34: Effects of GAM on liver antioxidant enzymes of rat 

Treatment 

(mg/kg bw) 

Total 

protein(μg/

mg tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/mg 

protein) 

H2O2 

(nM/mg 

tissue) 

Control 2.57±0.27
d 

2.74±0.74
d 

23.2±2.3
d 

13.2±1.3
c 

23.5±1.3
d
 4.9±0.31

d 

Oil+DMSO 2.61±0.63
d 

2.47±0.65
d 

24.2±2.7
d 

13.8±1.4
c 

25.8±1.2
d 

5.2±0.42
d 

GTM 1.78±0.54
a
 1.66±0.28

a
 11.7±1.6

a
 5.88±0.2

a
 45.3±2.6

a
 8.1±0.45

a
 

GTM+Sily (50) 2.41±0.60
d 

2.55±0.72
d 

24.6±3.1
d 

14.2±1.2
c 

20.9±1.3
e 

5.3±0.38
d 

GTM+GAM (200) 2.85±0.35
b
 1.87±0.60

b
 15.5±1.8

b
 9.48±1.2

b
 37.6±1.1

b
 7.4±0.25

b
 

GTM+GAM (400) 3.74±0.43
c
 2.07±0.28

c
 19.9±1.6

c
 10.8±1.3

b
 31.2±1.6

c
 6.1±0.39

c
 

GAM (400) 2.48±0.28
d
 2.90±0.53

d 
27.7±1.4

e 
16.4±1.6

d 
22.5±1.1

d 
5.0±0.21

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Table 4.35: Effect of BPM on phase II antioxidant enzymes 

Treatment 

(mg/kg bw) 

GST 

(nM 

/min/mg 

protein) 

GPx 

(nM/ 

min/mg 

protein) 

GR 

(nM 

/min/mg 

protein) 

GSH 

 

(μM/g 

tissue) 

QR 

(nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 228.7±5.4
e 

128.4±3.4
e 

220.1±3.1
d 

24.7±1.3
d 

130.8±3.3
d 

1.43±1.5
d 

Oil+DMSO 230.5±4.6
e 

131.5±2.1
d 

221.3±2.5
d 

26.8±2.7
d 

132.3±4.2
d 

1.23±0.9
d 

GTM 95.48±2.1
a
 76.38±3.6

a
 98.9±3.6

a
 09.5±0.6

a
 58.6±3.35

a
 5.83±2.1

a
 

GTM+Sily (50) 226.8±4.6
d 

125.9±2.6
d 

217.4±4.4
d 

23.4±1.3
d 

128.6±4.7
d 

1.32±1.4
d 

GTM+BPM (200) 140.2±5.1
b
 87.91±3.2

b 
178.8±5.5

b
 14.8±2.5

b
 92.1±1.51

b
 4.39±0.9

b
 

GTM+BPM (400) 198.1±3.9
c
 109.8±2.8

c
 201.6±4.3

c
 18.2±1.1

c
 110.6±4.1

c
 3.05±0.4

c
 

BPM (400) 229.4±1.1
d 

132.2±3.7
e 

221.1±2.6
d 

23.9±0.2
d 

127.8±3.2
d 

1.47±0.6
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

Table 4.36: Effect of GAM on phase II antioxidant enzymes 

Treatment 

(mg/kg bw) 

GST 

(nM 

/min/mg 

protein) 

GPx 

(nM/ 

min/mg 

protein) 

GR 

(nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR 

(nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 222.9±5.4
d 

125.1±3.4
d 

214.1±3.5
d 

23.8±1.3
d 

132.8±2.3
d 

1.12±0.3
d 

Oil+DMSO 227.4±3.1
d 

120.6±2.8
d 

215.3±5.3
d 

20.6±2.5
d 

134.3±3.5
d 

1.16±0.5
d 

GTM 97.7±5.13
a
 71.91±3.1

a
 94.8±4.2

a
 10.4±2.1

a
 60.1±2.01

a
 5.33±1.4

a
 

GTM+Sily (50) 228.3±5.4
d 

123.4±3.4
d 

218.1±3.6
d 

20.9±1.3
d 

130.7±3.6
d 

1.15±0.3
d 

GTM+GAM (200) 147.6±2.5
b
 95.38±2.5

b
 178.4±3.2

b
 14.1±1.0

b
 88.4±2.13

b
 4.30±0.1

b
 

GTM+GAM (400) 205.1±3.6
c
 110.8±2.8

c
 193.7±4.3

c
 18.3±1.1

c
 114.6±3.1

c
 2.00±0.7

c
 

GAM (400) 224.2±1.3
d 

120.2±1.2
d 

217.5±2.1
d 

25.7±1.2
d 

133.8±1.2
d 

1.13±0.3
d 

 Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Fig. 4.27: Agarose gel showing DNA damage by GTM4 and protective effects of 

methanol extract of B. procumbens in hepatic tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) Oil + DMSO (3) GTM group (4) Silymarin 

+ GTM (5) 200 mg/kg BPM + GTM group (6) 400 mg/kg BPM + GTM group, (7) 

400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

Fig. 4.28: Agarose gel showing DNA damage by GTM and protective effects of 

methanol extract of B. procumbens in hepatic tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) Oil+DMSO (3) GTM (4) Silymarin+ GTM 

(5) 200mg/kg GAM+ GTM group (6) 400 mg GAM + GTM group, (7) 400 mg/kg 

GAM.  

M       1       2        3      4       5      6      7 

M    1      2        3      4         5       6       7 
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Fig. 4.29: Microphotograph of  rat liver (H & E stain) (A) Representative section of 

liver from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) GTM group, (D) Silymarin + GTM group, (E) 200 BPM mg/kg + GTM group, 

(F) 400 mg/kg BPM + GTM group, (G) 400 mg/kg BPM alone group.  
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Fig. 4.30: Microphotograph of  rat liver (H & E stain) (A) Representative section of 

liver from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) GTM group, (D) Silymarin + GTM group, (E) 400 mg/kg GAM + GTM group, 

(F) 400 mg/kg GAM + GTM group, (G)  400 mg/kg  GAM alone group. 
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4.4.4. Doxorubicin induced hepatotoxicity 

 Doxorubicin (DOX) is generally used for the treatment of various types of 

carcinomas and lymphomas. However, it may cause serious side effects in both acute 

and in chronic administration in different organs; heart, brain, liver and kidneys with 

the cardiac and the brain injuries are irreversible. Most of these injuries are resulting 

from the low antioxidant defense against the oxidative stress induced with 

doxorubicin. The results related to the hepatotoxicity are described below.  

4.4.4.1. Effects of B. procumbens and G. aparine against doxorubicin induced 

hepatotoxicity in rat  

 In this study doxorubicin was administered to rats in order to challenge the 

oxidative defenses. Antiradical capacity of the methanol extracts of B. procumbens 

and G. aparine was investigated in Sprague-Dawley rats. Alteration in the level of 

liver marker and the antioxidants induced with DOX and the protective potential of 

both the plant samples obtained are presented below. 

4.4.4.2. Effects of B. procumbens and G. aparine on liver marker enzymes  

Hepatocytes are the target of oxidative stress due to the presence of 

cytochrome P450 and resulted in the leakage/release of the liver function marker 

enzymes in the blood stream. In this experiment damaging action of DOX to liver was 

noted in the significant elevation of the serum ALT, AST, ALP, LDH and γ-GT to 

that of the control samples. The toxicity of DOX was ameliorated by the co-treatment 

of BPM and GAM at various doses and the level of the above markers was decreased 

in a dose dependent manner. The protective effects of both the plant samples were 

similar to that of the antioxidant drug silymarin (Tables 4.37 and 4.38).  

4.4.4.3. Effects of B. procumbens and G. aparine on lipid profile 

Treatment of DOX to rats induced metabolic change of the liver and as a 

consequence the level of lipid profile total cholesterol, triglycerides, LDL and HDL 

was altered in the serum. After DOX administration, elevation in lipid level was 

recorded as opposite to control group. The treatment of DOX to rats in addition to the 

various doses of BPM and GAM changed the toxicity level on the lipid profile and the 

concentration of the above parameters was restored towards the normal level (Tables 

4.39 and 4.40).  

4.4.4.4. Effects of B. procumbens and G. aparine on liver enzymatic antioxidants  

The innate defense against the free radicals keeps the concentration of ROS in 

the normal physiological range. In this mechanism antioxidants of both the Phase I 
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and Phase II play a critical role in order to maintain a balance of the free radicals. 

Whenever the burden of free radicals is increased the various defenses in a cell tried 

their best to re-establish the physiological concentration, but failed and the level 

decreased by virtue of their use and the low level of expression. In this study the level 

of antioxidant enzymes; POD, CAT, SOD, GR, GPx, GST, QR in liver samples was 

decreased by the toxicity induced with DOX. On the other hand the level of peroxides 

and the H2O2 was enhanced while the concentration of GSH was decreased. Due to 

the ability of BPM and GAM to scavenge the free radicals the level of antioxidant 

enzymes and GSH was increased and the level of lipid peroxides was reduced in 

samples treated simultaneously with DOX and the plant samples. The antiradical 

capacity obtained in this experiment showed a dose dependent response (Tables 4.41, 

4.42, 4.43 and 4.44). 

4.4.4.5. Effects of B. procumbens and G. aparine on DNA fragmentation 

The toxic insult of DOX to rats resulted in the increase of free radicals which 

ministration of this experiment. Co-treatment of B. procumbens and G. aparine 

significantly (p<0.05) decreased the % DNA fragmentation induced with DOX 

intoxication.  

4.4.4.6. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

The banding pattern of DNA obtained from the control, DOX treated and the 

other groups treated with DOX and plant samples is shown in Fig. 4.31 and 4.32. It is 

obvious from the DNA banding pattern of control samples that the DNA was intact as 

it was accumulated in the loading area. DOX administration induced DNA damages 

in the liver tissues of rats that manifested by a continuous type of banding pattern. Co-

administration of the plant samples in combination with DOX reduced the toxicity 

and low level of DNA damage was recorded in the electrophoresis process (Fig. 4.31 

and 4.32).  

4.4.4.7. Effects of B. procumbens and G. aparine on liver histoarchitecture  

Histopathology obtained from the thin sections of various treatments is shown 

in Fig. 4.33, 4.34. The histoarchitecture obtained for control groups depicted normal 

arrangement of parenchyma cells, sinusoids and central vein (Fig. 4.33, 4.34 A and 

B). After DOX administration alteration in the normal structure was obvious as 

indicated by severe liver congested blood vessels with disturbed epithelium depicted 

in Fig. 4.33, 4.34 C. Administration of various doses of BPM and GAM along with 

DOX reduced the toxicity of DOX and the pathological abnormalities were 

ameliorated in the hepatic tissues.  
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Table 4.37: Protective effects of BPM on serum marker enzymes 

Treatment 

(mg/kg bw) 

ALT 

(U/L) 

ALP 

(U/L) 

AST 

(U/L) 

LDH 

(nM 

/min/mg 

protein 

γ-GT 

(nM 

/min/mg 

protein) 

Control 21.92±1.32
d 

181.64±3.52
e 

71.63±2.8
d 

57.31±5.75
d 

3.86±0.18
d 

Oil+DMSO 22.12±1.52
d 

183.28±4.36
e 

70.44±3.6
d 

56.83±4.69
d 

3.88±0.27
d 

DOX 41.18±1.65
a
 345.77±3.76

a
 213.46±4

a
 220.57±5.6

a
 8.02±0.13

a
 

DOX+Sily (50) 25.84±2.54
e 

176.95±3.62
d 

74.96±3.5
d 

58.17±3.82
d 

3.83±0.24
d 

DOX+BPM (200) 36.4±3.23
b
 232.38±2.28

b
 150.5±4.2

b
 125.45±2.4

b
 6.73±0.36

b
 

DOX+BPM (400) 29.43±2.67
c
 190.52±2.55

c
 90.68±6.6

c
 90.54±2.73

c
 4.49±0.09

 c
 

BPM (400) 20.83±2.54
d 

179.77±2.37
d 

75.83±5.8
d 

53.42±1.36
d 

3.97±0.11
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

 

Table 4.38: Protective effects of GAM on serum marker enzymes 

Treatment 

(mg/kg bw) 

ALT 

(U/L) 

ALP 

(U/L) 

AST 

(U/L) 

LDH 

(nM 

/min/mg 

protein 

γ-GT 

(nM 

/min/mg 

protein) 

Control 19.13±1.77
d 

186.72±4.05
d 

76.63±2.3
d 

54.85±4.6
d 

4.08±0.15
d 

Oil+DMSO 21.47±0.83
d 

190.67±3.62
d 

79.95±3.4
d 

56.96±3.8
d 

4.14±0.28
d 

DOX 42.78±1.76
a
 352.69± 7.50

a
 217.6±2.7

a
 215.4±4.2

a 
9.24±0.21

a
 

DOX+Sily (50) 26.95±1.64
c 

190.38±3.87
d 

83.87±3.4
d 

59.78±5.2
d 

4.18±0.26
d 

DOX+GAM (200) 34.43±0.54
b
 310.67±6.78

b
 155.4±3.1

b
 95.74±3.9

b
 6.67±0.42

b
 

DOX+GAM (400) 27.64±0.44
c
 220.38±5.61

c
 105.8±7.3

c
 72.14±2.3

c
 4.49±0.09

c
 

GAM (400) 18.51±0.45
d 

193.40±5.18
d 

76.18±4.8
d 

56.51±1.4
d 

4.10±0.19
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 
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Table 4.39: Effect of BPM on lipid profile 

Treatment 

(mg/kg bw) 

Triglycerides 

(mg/dl) 

Total  

Cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 98.80±3.34
d 

93.71±4.74
d 

64.54±3.14
d 

29.41±3.03
d 

Oil+DMSO 96.32±4.16
d 

92.54±3.66
d 

62.73± 4.38
d 

30.37±4.52
d 

DOX 155.1±1.97
a
 124.3±7.34

a
 36.63±0.50

a
 88.60±8.16

a
 

DOX+Sily (50) 97.94±3.43
d 

90.41±1.23
d 

60.18±1.58
d 

30.28±1.25
d 

DOX+BPM (200) 125.2±2.15
b
 113.3±4.21

b
 48.64±2.13

b
 65.18±6.21

b 

DOX+BPM (400) 107.3±1.77
c 

103.6±2.64
c 

58.11±1.42
c 

45.31±2.53
c 

BPM (400) 95.69±2.38
d 

93.82±3.29
d 

64.66±2.62
d 

27.88±3.63
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

 

 

Table 4.40:  Effect of GAM on lipid profile 

Treatment 

(mg/kg bw) 

Triglycerides 

(mg/dl) 

Total  

Cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 94.43±3.75
d 

92.39±3.38
d 

69.83±3.14
d 

23.41±1.03
d 

Oil+DMSO 92.72±4.63
d 

91.58±2.73
d 

66.07±4.72
d 

25.63±2.72
d 

DOX 149.3±7.34
a
 123.72±1.9

a
 38.63±1.37

a
 85.60±8.16

a
 

DOX+Sily (50) 96.92±1.23
d 

91.90±2.43
d 

64.19±1.58
d 

27.91±1.25
d 

DOX+GAM (200) 126.3±2.48
b 

113.23±2.1
b
 48.64±2.13

b 
65.18±1.21

b 

DOX+GAM (400) 115.5±6.21
c 

102.27±4.2
c
 57.84±2.61

c 
45.66±2.55

c 

GAM (400) 97.73±2.64
d 

92.80±3.66
d
 64.58±1.77

d 
28.29±3.41

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 
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Table 4.41:  Protective effects of BPM on Antioxidant enzymes 

Treatment 

(mg/kg bw) 

Total  

protein (μg/ 

mg tissue) 

CAT  

 

(U/min) 

POD  

 

(U/min) 

SOD 

(U/mg 

 protein 

TBARS 

(nmol/mg 

protein 

H2O2  

(nmol/mg 

tissue 

Control 2.36±0.15
d 

2.55±0.7
d 

19.5±0.7
d 

14.5±1.4
c 

22.7±1.5
e 

3.22±0.3
d 

Oil+DMSO 2.42±0.41
d 

2.57±0.9
d 

18.7±1.2
d 

12.8±2.3
c 

25.9±2.2
d 

3.25±0.7
d 

DOX 1.17±0.07
a
 1.64±0.2

a
 13.8±0.8

a
 7.21±0.6

a
 46.1±2.6

a
 9.63±0.3

a
 

DOX+Sily (50) 2.39±0.13
d 

2.48±0.5
d 

18.4±0.0
d 

12.7±2.1
c 

22.7±2.1
e 

3.28±0.4
d 

DOX+BPM (200) 1.75±0.18
b
 1.90±0.5

b
 15.3±0.4

b
 09.6±0.5

b
 35.6±3.7

b
 7.39±0.8

b
 

DOX+BPM (400) 2.11±0.15
c
 2.17±0.3

c
 17.6±0.8

c
 11.2±0.7

c
 31.2±2.9

c
 5.45±0.7

c
 

BPM (400) 2.40±0.36
d 

2.58±0.6
d 

19.2±1.3
d 

13.6±1.2
c 

26.3±3.1
d 

3.34±1.8
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

 

Table 4.42: Protective effects of GAM on Antioxidant enzymes 

Treatment 

(mg/kg bw) 

Total  

Protein(μg 

/mg tissue) 

CAT  

 

(U/min) 

POD  

 

(U/min) 

SOD 

(U/mg 

 protein 

TBARS 

(nmol/mg 

Protein 

H2O2  

 

(nmol/mg 

Tissue 

Control 2.31±0.16
e 

2.68±0.5
e 

18.4±0.6
d 

13.8±1.5
d 

23.4±1.2
e 

3.27±0.3
d 

Oil+DMSO 2.27±0.21
e 

2.69±0.6
e 

18.0±0.7
d 

13.7±1.9
d 

25.7±1.7
d 

3.32±0.2
d 

DOX 1.18±0.07
a
 1.65±0.4

a
 14.6±0.5

a
 7.05±0.5

a
 41.8±1.6

a
 9.42±0.4

a
 

DOX+Sily (50) 2.47±0.25
d 

2.48±0.3
d 

20.7±0.9
e 

15.1±1.6
e 

25.3±2.8
d 

3.18±0.5
d 

DOX+GAM (200) 2.52±0.28
b
 1.88±0.2

b
 16.3±0.2

b
 8.78±1.4

b
 37.6±2.1

b
 7.03±0.7

b
 

DOX+GAM (400) 2.87±0.21
c
 2.27±0.5

c
 17.2±0.4

c
 10.7±1.5

c
 31.1±2.7

c
 5.41±0.2

c
 

GAM (400) 2.46±0.14
d 

2.42±0.3
d 

19.5±0.3
e 

13.6±1.2
d 

22.5±2.4
e 

3.38±0.7
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 
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Table 4.43: Effects of BPM on phase II antioxidant enzymes and DNA fragmentation 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

 

Table 4.44: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST(nM/

min /mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 225.7±5.2
d 

128.9±2.5
d 

228.7±2.1
d 

23.8±1.2
d 

139.8±2.2
d 

1.52±1.1
e 

Oil+DMSO 228.3±4.2
d 

130.3±3.7
d 

226.5±3.7
d 

22.4±2.6
d 

141.7±3.7
d 

1.50±1.6
d 

DOX 118.5±5.9
a
 76.4±4.14

a
 110.3±3.4

a
 10.8±1.9

a
 59.6±1.52

a
 5.83±3.7

a
 

DOX+Sily (50) 232.2±3.5
d 

132.1±3.6
d 

223.2±2.6
d 

25.1±3.5
d 

133.3±1.7
d 

1.62±1.2
d 

DOX+GAM (200) 196.5±2.7
b
 90.42±3.7

b
 166.5±3.7

b
 17.7±2.2

b
 98.2±1.53

b
 3.72±1.8

b
 

DOX+GAM (400) 207.6±2.1
c
 117.5±1.6

c
 175.3±2.4

c
 23.3±2.4

c
 120.5±2.1

c
 2.35±1.1

c
 

GAM (400) 225.3±4.3
d 

126.7±3.3
d 

225.3±2.6
d 

20.7±1.8
d 

135.7±1.2
d 

1.49±1.8
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 

 

 

 

Treatment 

(mg/kg bw) 

GST 

(nM/min 

/mg 

protein) 

GPx 

(nM/min 

/mg 

protein) 

GR 

(nM 

/min/mg 

protein) 

GSH 

 

(μM/g       

tissue) 

QR 

(nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 220.4±4.8
d 

126.7±2.4
e 

221.3±6.4
d 

21.7±1.5
d 

135.5±3.4
d 

1.30±1.1
d 

Oil+DMSO 218.7±5.6
d 

128.2±3.2
e 

217.3±4.3
d 

19.7±2.4
d 

125.8±2.5
d 

1.28±1.2
d 

DOX 112.8±3.4
 a
 78.78±5.1

a
 120.8±4.4

a
 9.1±0.67

a
 56.94±2.6

a
 5.72±2.2

a
 

DOX+Sily (50) 217.5±6.2
d 

119.7±4.2
d 

224.1±2.5
c 

20.4±2.1
d 

132.6±5.1
d 

1.25±1.5
d 

DOX+BPM (200) 167.3±2.7
b
 110.9±3.7

b
 165.6±3.1

b
 13.5±2.5

b
 94.4±4.24

b
 4.81±1.4

b
 

DOX+BPM (400) 187.6±2.3
c
 118.4±2.9

c
 198.7±3.3

c
 17.8±1.3

c
 115.9±3.8

c
 2.33±1.3

c
 

BPM (400) 222.5±3.2
d 

128.7±3.7
e 

222.4±4.1
d 

21.4±3.8
d 

132.8±4.3
d 

1.31±1.5
d 
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Fig. 4.31: Agarose gel showing DNA damage by DOX and protective effects of 

methanol extract of B. procumbens in hepatic tissues. Lanes from left (M) low 

molecular weight marker, (1) Control, (2) Oil + DMSO (3) DOX group (4) 

Silymarin+ DOX (5) 200 mg/kg BPM + DOX group (6) 400 mg BPM + DOX group, 

(7) 400 mg/kg BPM only. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.32: Agarose gel showing DNA damage by DOX and protective effects of 

methanol extract of B. procumbens in hepatic tissues. Lanes from left (M) low 

molecular weight marker, (1) Control, (2) Oil + DMSO (3) DOX group (4) 

Silymarin+ DOX (5) 200 mg/kg GAM + DOX group (6) 400 mg GAM + DOX 

group, (7) 400 mg/kg GAM only. 

 

M       1      2         3       4     5      6       7 

 M      1     2       3     4      5      6    7 
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Fig. 4.33: Microphotograph of  rat liver (H & E stain) (A) Representative section of 

liver from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) DOX group, (D) Silymarin + DOX group, (E) 400 mg/kg BPM + DOX group, (F) 

400 mg/kg BPM + DOX group, (G) 400 mg/kg  BPM alone group.  
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Fig. 4.34: Microphotograph of  rat liver (H & E stain) (A) Representative section of 

liver from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) DOX group, (D) Silymarin + DOX group, (E) 200 mg/kg GAM + DOX group, 

(F) 400 mg/kg GAM + DOX group, (G) 400 mg/kg GAM alone group. 

A

G

F

CD

B

E

Kuppfer cells 

Hepatocytes 

Disse space 

Central vein 

Hepatic cords 

Hepatic cords 

Disse spaces 

Endothelial cells 

Sublobular vein 

Central vein 

Endothelial cells 

Central vein 

Sinusoid 

Central vein 
Disse space 

Damaged central vein 

Necrosis Kuppfer cell 

hypertrophy 

Sinusoids Hepatocyte 



Chapter 4                                                             Nephrotoxicity                                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  151 
 

4.5. Nephrotoxicity studies  

 Kidneys are regularly exposed to the drugs, metabolic wastes, and various 

environmental factors owing to their role in urine excretion. Renal toxicity usually 

resulted in kidney dysfunction leading to a spectrum of renal anomalies. The drugs, 

industrial wastes or environmental chemicals may affect one or several cell types and 

lesions may be localized to one or several discrete anatomical areas. 

4. 5.1. CCl4 induced nephrotoxicity 

 It is well established phenomenon that the exposure of CCl4 to rats induces 

oxidative stress in various organs including kidneys. In this study alteration in 

different parameters related to kidney toxicity as an effect of CCl4 and the protective 

capacity of both plant samples were evaluated. Results obtained were given as under.  

4.5.1.1. Effects of B. procumbens and G. aparine on CCl4 induced nephrotoxicity 

in rat  

 The present accomplishments were in order to evaluate the medicinal potential 

of various doses of BPM and GAM against CCl4-induced oxidative damages in rat 

kidney. The biochemical alterations in various groups of rats were collaborated by the 

renal histological architectures of respective group. The findings obtained in this 

context are given below. 

4. 5.1.2. Effects of B. procumbens and G. aparine on urine profile of rat 

 Different renal functions altered on CCl4 administration and protective effects 

of BPM and GAM was reviewed by checking rat various parameters of urine. Urine 

profile including urinary pH, specific gravity, RBCs, WBCs and level of urea is 

depicted in Tables 4.45 and 4.46. Toxicity induced by exposure of CCl4 to rats results 

in significant decline of the pH level whereas significant increase was found in case of 

specific gravity, RBCs, WBCs count and level of urea in comparison to control group. 

A marked increase in urinary creatinine and urobilinogen while, creatinine clearance, 

urinary albumin, and level of urinary proteins were significantly decreased by CCl4 

administration (p<0.05) in contrast to control group (Tables 4.47 and 4.48). 

Administration of various doses of BPM and GAM with CCl4 showed shielding 

capability against CCl4 intoxication by reestablishing the level of above urinary 

parameters of rat. Results of urine analysis for the groups treated with BPM and GAM 

alone did not show any toxic effects as their values were near to control. Data shows 

that almost all doses had significant pharmacological effects for urine versus diseased 

group and the protective order of extracts was significant in 400 mg/kg bw treatment. 



Chapter 4                                                             Nephrotoxicity                                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  152 
 

4.5.1.3. Effects of B. procumbens and G. aparine on serum profile of rats 

 Tables 4.49 and 4.50 summarized the effects of different doses BPM and 

GAM on serum profile of kidneys. There was a significant reduction in protein, 

albumin and globulin level of serum in CCl4 intoxicated group, while total bilirubin 

and direct bilirubin of serum was increased in CCl4 intoxicated group. Administration 

of CCl4 significantly enhanced the BUN, urobilinogen, creatinine and nitrite level of 

serum while reduced the creatinine clearance of serum. The serum profile data for 

kidney shows the recovery effects of different doses of BPM and GAM and the 

protective ability recorded at the maximum dose of both plant samples was similar to 

silymarin, a reference drug used to reduce nephrotoxicity (Tables 4.51 and 4.52). 

4.5.1.4. Effects of B. procumbens and G. aparine on renal antioxidant enzymes  

Nature has developed metabolic systems in various organisms to reduce the 

oxidative damage and avoid different lethal damages to cells and tissues. During this 

natural process various oxidative metabolites are formed as by product in the cells. 

Antioxidant enzymes reduce these metabolites in a scavenging process. In this study 

activities and scavenging effects of various antioxidative enzymes was studied. CCl4 

administration to rats significantly decreased tissue protein and disturbs the 

antioxidant prominence by lessening the renal peroxidase, superoxide dismutase and 

catalase level and increasing the LPO and hydrogen peroxide levels in contrast to 

control group. Co-administration of various doses of BPM and GAM with CCl4 

enhanced the activity of suppressed enzymes and the soluble protein, whereas the 

level of lipid peroxides and hydrogen peroxide declined in renal tissues. However, 

non significant change was recorded with the treatment of extracts alone against the 

control group (Tables 4.53 ad 4.54).  

 Tables 4.55 and 4.56 showed the level of phase II metabolizing antioxidant 

enzymes including GST, GPx, GR and QR and GSH, DNA fragmentation in renal 

tissues of different experimental groups. CCl4 insults extensively (p<0.05) lessened 

the level of GST, GPx, GR, GSH and QR while % DNA fragmentation was enhanced. 

Co-administration of various doses of BPM and GAM along with CCl4 treatment 

markedly reversed the level of GST, GPx, GR, GSH, QR and DNA fragmentation. 

Silymarin administered to intoxicated group completely suppressed the effect of CCl4 

thereby restoring the level of glutathione enzymatic group while decreased the level 

of DNA injuries.  
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4.5.1.5. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

 DNA extracted from renal tissues of various treated groups was run 1.5% 

agarose gel to record the DNA induced damages. Fig. 4.35 and 4.36 details the 

banding pattern of DNA. In case of CCl4 intoxicated rats a peculiar fragmentation of 

DNA can be observed while the control groups showed intact behavior of DNA 

banding pattern. Banding pattern of groups treated with different doses of BPM and 

GAM along with CCl4 exhibited marked protective potential. Groups administered 

with plant samples only did not exhibit DNA damages. 

4.5.1.6. Effects of B.  procumbens and G. aparine on kidney histoarchitecture 

Histoarchitecture of kidneys of different groups is provided in Fig. 4.37 and 

4.38. The histopathologically observed changes showed that intraperitoneal injection 

of CCl4 for eight weeks resulted in severe impairment to corticular region of kidneys. 

The damage induced was in different forms of degenerations showing glomerular 

atrophy by means of dilation and disappearance of Bowman’s space, congestion in the 

capillary loops, dilation in renal tubules and foamy look of epithelial cells of tubular 

region (Fig. 4.37 and 4.38 C). In addition, subchronic administration of CCl4 exhibited 

interstitial inflammatory cells infiltration in both corticular and medullary region. The 

evaluation of kidney section of control and DMSO group had normal histological 

architecture as shown in Fig. 4.37, 4.38 A and B. Renal sections of rats treated with 

different doses of BPM and GAM reversed the CCl4 intoxication and showed mild 

injury in contrast to CCl4 treated group (Fig. 4.37, 4.38 E-G). The histological 

appearance of glomeruli and Bowman’s capsule was almost normal, and only some of 

the grlomeruli were degenerated. The least of the damage was observed in groups 

treated with 400 mg/kg bw as mild necrosis in the glomeruli and tubules was 

observed. As a measure of protective effects, silymarin was also administered in 

combination with CCl4 treatment (Fig. 4.37, 4.38 D). Silymarin treatment erased the 

CCl4 pathogenesis, relative to CCl4 group.  
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Table 4.45: Effects of BPM on urine profile including pH specific gravity, RBC, 

WBC and urea 

Treatment 

(mg/kg bw) 

pH Specific 

gravity 

RBC 

/µl 

WBC 

/µl 

Urea (mg/dl) 

Control 6.83±0.03
d
 1.03±0.03

d
 0.07±0.01

f
 34.27±3.13

d
 64.47±3.21

c
 

Oil+DMSO 6.91±0.04
e
 1.06±0.02

d
 0.08±0.02

f
 32.73±2.64

d
 63.36±2.05

c
 

CCl4 6.04±0.01
a
 1.42±0.04

a
 17.4±3.62

a
 91.61±4.16

a
 93.28±4.19

a
 

CCl4+Sily (50) 6.80±0.05
c
 1.12±0.02

c
 1.98±0.12

e
 37.17±3.36

d
 67.57±2.85

c
 

CCl4+BPM (200) 6.28±0.12
b
 1.24±0.05

b
 9.42±1.17

b
 67.18±1.37

b
 74.85±2.16

b
 

CCl4+BPM (400) 6.77±0.13
c
 1.10±0.04

c
 6.74±0.38

c
 51.74±3.21

c
 68.42±3.11

c
 

BPM (400) 6.81±0.04
d
 1.02±0.04

d
 3.62±0.41

d
 35.54±2.82

d
 62.66±2.61

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-f)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

  

 

Table 4.46: Effects of GAM on urine profile including pH specific gravity, RBC, 

WBC and urea 

Treatment 

(mg/kg bw) 

pH Specific 

gravity  

RBC 

/µl 

WBC 

/µl 

       Urea  

      (mg/dl) 

Control 6.87±0.05
d
 1.02±0.03

c
 0.08±0.03

f
 36.72±2.34

d
 67.57±3.46

d
 

Oil+DMSO 6.92±0.07
d
 1.04±0.05

c
 0.09±0.02

f
 38.38±1.46

d
 69.29±2.69

d
 

CCl4 6.07±0.04
a
 1.38±0.04

a
 20.3±1.73

a
 96.54±3.34

a
 96.44±2.51

a
 

CCl4+Sily (50) 6.91±0.10
c
 1.05±0.03

c
 1.95±0.14

e
 34.12±2.57

d
 65.75±1.73

c
 

CCl4+GAM (200) 6.69±0.18
b
 1.22±0.05

b
 12.7±0.51

b
 65.48±3.73

b
 81.34±1.66

b
 

CCl4+GAM (400) 6.93±0.16
c
 1.09±0.02

c
 7.48±0.19

c
 49.63±1.84

c
 74.38±2.19

c
 

GAM (400) 6.85±0.03
d
 1.03±0.04

c
 3.58±0.18

d
 35.54±4.16

d
 69.22±1.41

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Table 4.47: Effects of BPM on urine profile viz; creatinine, creatinine clearance, 

albumin, urobilinogen and urinary protiens  

Treatment 

(mg/kg bw) 

Creatinine 

 

(mg/dl) 

Albumin 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Urinary 

protein 

(mg/dl) 

Control 2.07±0.32
d
 11.34±0.15

d
 5.23±2.21

d
 38.51±0.17

d
 

Oil+DMSO 2.05+0.14
d
 10.85±0.74

d
 5.13±1.07

d
 39.47±0.23

d
 

CCl4 4.73±1.62
a
 4.38±0.28

a
 35.47±3.16

a
 13.49±0.67

a
 

CCl4+Sily (50) 2.04±0.23
d
 11.35±0.73

d
 5.85±1.63

d
 34.47±0.38

c
 

CCl4+BPM (200) 3.60±0.56
b
 7.39±0.61

b
 18.48±2.31

b
 23.73±0.53

b
 

CCl4+BPM (400) 3.38±0.33
c
 9.64±0.41

c
 10.37±3.14

c
 31.31±0.51

c
 

BPM (400) 2.06±0.15
d
 11.23±0.49

d
 5.38±2.48

d
 39.63±0.74

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

Table 4.48: Effects of GAM on urine profile viz; creatinine, creatinine clearance, 

albumin, urobilinogen and urinary protiens  

Treatment 

(mg/kg bw) 

Creatinine 

 

(mg/dl) 

Albumin 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Urinary 

protein 

(mg/dl) 

Control 2.08±0.12
d
 10.93±0.23

d
 5.84±2.32

d
 39.75±0.37

d
 

Oil+DMSO 2.04+0.09
d
 10.84±0.69

d
 5.73±1.44

d
 37.19±0.42

d
 

CCl4 4.68±1.16
a
 4.59±0.15

a
 33.48±1.67

a
 14.74±0.38

a
 

CCl4+Sily (50) 2.11±0.41
d
 10.74±0.21

d
 5.90±1.43

d
 39.59±0.58

d
 

CCl4+GAM (200) 3.59±0.71
b
 6.94±0.48

b
 14.74±2.29

b
 21.73±0.26

b
 

CCl4+GAM (400) 2.84±0.43
c
 8.82±0.71

c
 9.47±3.47

c
 29.82±0.63

c
 

GAM (400) 2.16±0.13
d
 10.74±0.53

d
 5.83±2.38

d
 37.84±0.73

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Table 4.49: Effects of BPM on serum profile like serum proteins, albumin, globulin, 

total bilirubin and direct bilirubin 

Treatment 

(mg/kg bw) 

Serum 

proteins 

(mg/dl) 

Albumin 

 

(mg/dl) 

Globulin 

 

(mg/dl) 

Total 

bilirubin 

(mg/dl) 

Direct 

bilirubin 

(mg/dl) 

Control 51.31±0.31
d
 22.43±0.16

d
 48.33±1.03

d
 2.53±0.03

d
 1.27±0.05

d
 

Oil+DMSO 48.93±0.20
d
 22.03±0.47

d
 47.22±1.35

d
 2.62±0.08

d
 1.28±0.03

d
 

CCl4 29.39±0.53
a
 10.67±0.22

a
 23.13±0.32

a
 4.64±0.19

a
 2.38±0.03

a
 

CCl4+Sily (50) 45.26±0.48
c
 21.74±0.46

d
 46.52±1.23

d
 2.28±0.29

b
 1.21±0.07

d
 

CCl4+BPM (200) 35.65±0.71
b
 15.56±0.35

b
 28.41±0.61

b
 3.92±0.07

b
 1.60±0.05

b
 

CCl4+BPM (400) 43.42±0.63
c
 18.87±0.21

c
 37.21±0.27

c
 3.08±0.04

c
 1.42±0.04

c
 

BPM (400) 48.76±0.22
d
 21.54±0.24

d
 47.32±0.30

d
 2.56±0.16

d
 1.20±0.08

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

Table 4.50. Effects of GAM on serum profile like serum proteins, albumin, globulin, 

total bilirubin and direct bilirubin 

Treatment 

(mg/kg bw) 

Serum 

proteins 

(mg/dl) 

Albumin 

 

(mg/dl) 

Globulin 

 

(mg/dl) 

Total 

bilirubin 

(mg/dl) 

Direct 

bilirubin 

(mg/dl) 

Control 47.19±0.83
d
 21.38±0.73

d
 44.04±1.25

d
 2.85±0.20

d
 1.53±0.07

d
 

Oil+DMSO 46.17±0.15
d
 22.19±0.24

d
 42.21±1.41

d
 2.70±0.18

d
 1.58±0.03

d
 

CCl4 27.76±0.62
a
 9.40±0.66

a
 22.39±2.33

a
 4.49±0.26

a
 2.47±0.03

a
 

CCl4+Sily (50) 47.94.±0.34
d
 22.45±0.86

d
 41.82±1.90

d
 2.90±0.19

d
 1.51±0.05

d
 

CCl4+GAM (200) 35.21±0.47
b
 14.29±0.33

b
 31.42±1.33

b
 3.57±0.12

b
 1.91±0.04

b
 

CCl4+GAM (400) 41.25±0.23
c
 18.40±0.25

c
 38.32±1.28

c
 3.32±0.30

c
 1.83±0.04

c
 

GAM (400) 46.32±0.26
d
 22.27±0.35

d
 41.45±0.84

d
 2.76±0.07

d
 1.51±0.06

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Table 4.51: Effects of BPM on urine profile including BUN, urobilinogen, creatinine, 

creatinine clearance, and serum nitrite  

Treatment 

(mg/kg bw) 

BUN 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Creatinine 

 

(mg/dl) 

Creatinine 

Clearance 

(ml/min) 

Serum 

nitrite 

(µM/ml) 

Control 33.56±1.18
d
 10.92±3.21

d
 43.58±3.27

d
 0.97±0.06

d
 41.34±1.38

d
 

Oil+DMSO 34.17±1.27
d
 10.37±1.83

d
 44.21±1.54

d
 0.94±0.03

d
 42.21±1.23

d
 

CCl4 65.46±3.20
a
 43.28±2.57

a
 75.35±3.45

a
 0.61±0.04

a
 83.34±2.54

a
 

CCl4+Sily (50) 38.71±1.48
d
 11.48±3.04

d
 42.15±2.03

d
 0.88±0.03

d
 44.34±2.41

d
 

CCl4+BPM (200) 51.42±1.67
b
 31.67±2.46

b
 62.45±2.19

b
 0.73±0.05

b
 71.30±1.57

b
 

CCl4+BPM (400) 46.39±1.58
c
 18.16±3.27

c
 53.47±2.33

c
 0.81±0.03

c
 63.44±1.64

c
 

BPM (400) 35.66±1.24
d
 12.33±1.26

d
 45.61±1.34

d
 0.96±0.02

d
 44.63±2.34

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

Table 4.52: Effects of GAM on urine profile including BUN, urobilinogen, 

creatinine, creatinine clearance, and serum nitrite  

Treatment 

(mg/kg bw) 

BUN 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Creatinine 

 

(mg/dl) 

Creatinine 

clearance 

(ml/min) 

Serum  

nitrite 

(µM/ml) 

Control 31.82±2.48
d
 13.55±1.37

d
 46.83±2.24

d
 0.94±0.07

d
 46.78±3.21

d
 

Oil+DMSO 30.53±3.16
d
 11.65±1.56

d
 53.79±1.71

d
 0.97±0.05

d
 45.63±1.05

d
 

CCl4 62.68±1.89
a
 42.93±2.28

a
 78.53±2.82

a
 0.58±0.03

a
 84.82±3.22

a
 

CCl4+Sily (50) 34.71±3.26
d
 14.37±2.53

d
 43.15±1.93

d
 0.95±0.02

d
 41.59±2.53

d
 

CCl4+GAM (200) 46.27±2.70
b
 25.31±1.42

b
 64.56±1.38

b
 0.63±0.03

b
 63.63±1.39

b
 

CCl4+GAM (400) 38.22±2.43
c
 19.07±2.18

c
 55.22±1.38

c
 0.74±0.04

c
 56.74±2.44

c
 

GAM (400) 32.18±1.46
d
 12.76±2.43

d
 44.23±1.45

d
 0.92±0.02

d
 48.35±2.78

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Table 4.53: Effects of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min 

/mg 

protein) 

H2O2 

(nM/mg 

tissue 

Control 1.64±0.06
d
 4.38±0.3

d
 10.4±0.7

d
 3.52±0.12

d
 2.93±0.11

d
 1.36±0.03

d
 

Oil+DMSO 1.59±0.03
d
 4.33±0.4

d
 11.5±0.2 3.60±0.16

d
 2.99±0.04

d
 1.39±0.01

d
 

CCl4 0.90±0.02
a
 2.78±0.8

a
 6.83±0.8

a
 1.07±0.09

a
 5.82±0.37

a
 2.98±0.04

a
 

CCl4+Sily (50) 1.65±0.08
c
 4.12±0.9

d
 10.5±0.4

c
 3.57±0.31

d
 3.02±0.27

d
 1.38±0.09

d
 

CCl4+BPM (200) 1.13±0.03
b
 3.14±0.3

b
 8.05±0.3

b
 1.59±0.15

b
 4.47±0.14

b
 2.03±0.04

b
 

CCl4+BPM (400) 1.32±0.07
c
 3.78±0.4

c
 9.61±0.2

c
 2.72±0.31

c
 3.16.±0.1

c
 1.79±0.06

c
 

BPM (400) 1.63±0.04
d
 4.37±0.5

d
 10.7±0.5

d
 3.48±0.40

d
 2.95±0.4

d
 1.43±0.08

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

 

Table 4.54: Effects of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min 

/mgprotein) 

H2O2 

(nM/mg 

tissue 

Control 1.69±0.07
d
 4.34±0.6

d
 9.42±0.3

d
 3.15±0.5

d
 2.98±0.4

d
 1.43±0.05

d
 

Oil+DMSO 1.62±0.05
d
 4.37±0.2

d
 9.50±0.5

d
 3.22±0.4

d
 3.05±0.8

d
 1.39±0.06

d
 

CCl4 0.93±0.04
a
 2.82±0.3

a
 6.92±0.9

a
 1.12±0.3

a
 5.75±0.6

a
 2.82±0.23

a
 

CCl4+Sily (50) 1.60±0.02
d
 4.38±0.2

d
 9.47±0.2

d
 1.09±0.5

d
 2.91±0.4

d
 1.48±0.12

c
 

CCl4+GAM (200) 1.16±0.08
b
 3.1±0.4

b 
7.23±0.3

c
 1.37±0.2

b
 4.68±0.3

b
 2.25±0.23

b
 

CCl4+GAM (400) 1.48±0.09
c
 3.8±0.8

c
 6.35±0.8

b
 2.56±0.6

c
 3.73±0.2

d
 1.73±0.09

c
 

GAM (400) 1.66±0.08
d
 4.39±0.7

d
 4.45±0.6

a
 3.39±0.3

d
 2.92±0.1

d
 1.44±0.08

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Table 5.55: Effects of BPM on phase II antioxidant enzymes and DNA fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

 protein) 

GR 

(nM/mg 

 protein) 

GSH 

 (µM/g 

tissue) 

QR 

(nM/mg 

 protein) 

%DNA 

Injuries 

Control 193.5±3.5
d
 132.5±2.3

c
 218.8±2.4

d
 22.9±1.5

d
 105.3±2.4

d
 1.73±0.3

d
 

Oil+DMSO 196.4±2.6
d
 135.4±3.4

c
 210.4±2.3

d
 24.4±1.3

d
 107.3±2.3

d
 1.61±0.4

d
 

CCl4 97.85±2.1
a
 78.3±3.2

a
 109.2±1.6

a
 10.6±0.8

a
 73.4±2.5

a
 6.72±1.2

a
 

CCl4+Sily (50) 199.6±3.4
d
 126.3±2.2

b
 195.7±1.6

c
 19.7±0.9

c
 98.3±2.4

c
 1.67±0.3

d
 

CCl4+BPM (200) 115.2±1.1
b
 121.6±1.6

b
 150.3±1.6

b
 13.3±0.5

b
 84.3±1.3

b
 4.42±0.6

b
 

CCl4+BPM (400) 164.6±2.0
c
 174.4±1.2

d
 193.3±1.4

c
 18.5±0.5

c
 95.1±1.2

c
 2.53±0.4

c
 

BPM (400) 188.4±4.8
d
 134.8±3.8

c
 220.1±2.4

d
 23.8±0.7

d
 104.3±2.4

d
 1.70±0.5

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, BPM; B. procumbens methanol extract. 

 

 

Table 4.56: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

 protein) 

GR 

(nM/mg 

 protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

 protein) 

%DNA 

Injuries 

Control 197.6±2.5
d
 128.7±4.2

d
 213.3±4.3

d
 24.3±1.4

d
 106.82±3.0

e
 1.66±0.2

d
 

Oil+DMSO 198.3±1.2
d
 125.3±4.4

d
 216.4±3.4

d
 23.5±1.8

d
 103.73±3.5

d
 1.64±0.4

d
 

CCl4 92.45±3.3
a
 75.2±3.4

a
 106.5±4.4

a
 10.1±1.4

a
 71.64±2.13

a
 6.42±1.3

a
 

CCl4+Sily (50) 192.5±3.4
d
 127.5±3.5

d
 210.3±4.3

c
 19.6±1.7

c
 107.67±2.48

d
 1.60±0.6

c
 

CCl4+GAM (200) 124.4±3.2
b
 87.4±2.1

b
 143.6±3.7

b
 16.6±0.3

b
 87.37±2.58

b
 3.42±0.5

b
 

CCl4+GAM (400) 145.7±2.3
c
 117.2±2.2

c
 178.4±3.4

c
 20.6±0.9

c
 92.60±2.54

c
 2.48±0.6

c
 

GAM (400) 194.2±3.2
d 

127.0±2.2
d
 212.3±3.5

d
 23.5±1.9

d
 107.24±2.51

d
 1.71±0.3

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, GAM; G. aparine methanol extract. 
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Fig. 4.35: Agarose gel showing DNA damage by CCl4 and protective effects of 

methanol extract of B. procumbes in kidney tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin + CCl4 group, (5) 200 mg BPM + CCl4 group, (6) 400 mg/kg BPM + 

CCl4 group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.36: Agarose gel showing DNA damage by CCl4 and protective effects of 

methanol extract of B. procumbes in kidney tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin + CCl4 group, (5) 200 mg GAM + CCl4 group, (6) 400 mg GAM + CCl4 

group, (7) 400 mg/kg GAM alone. 
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Fig. 4.37: Microphotograph of  rat kidney (H & E stain) (A) Representative section of 

renal from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) CCl4 group, (D) Silymarin + CCl4 group, (E) 200 mg/kg BPM + CCl4 group, (F) 

400 mg/kg BPM+ CCl4 group, (G) 400 mg/kg BPM only. 
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Fig. 4.38: Microphotograph of  rat kidney (H & E stain) (A) Representative section of 

renal from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) CCl4 group, (D) Silymarin + CCl4 group, (E) 200 mg/kg GAM + CCl4 group, (F) 

400 mg/kg GAM + CCl4 group, (G)  400 mg/kg GAM alone. 
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4.5.2. Paracetamol induced nephrotoxicity 

 Paracetamol belongs to non-steroidal anti-inflammatory drugs and is 

considered as the most effective analgesic-antipyretic agent. Use of acetaminophen as 

acute or in chronic administration is reported to induce hepatotoxicity, but its side 

effects on renal tissues cause impairment and dysfunction. Paracetamol generally 

induce oxidative stress that is accompanied by increased lipid peroxidation, decreased 

glutathione status and other urinary alterations. 

4.5.2.1. Effects of B. procumbens and G. aparine on PCM induced nephrotoxicity 

in rat  

 In the present investigation methanol extract of two plant species was 

evaluated for the pharmacological potential against the PCM-induced injuries in 

kidneys of rat. In this context various parameters including the urine, serum and renal 

tissues were investigated.  

4.5.2.2. Effects of B. procumbens and G. aparine on urine profile of rat 

 The toxicity induced by PCM and the protective potential of BPM and GAM 

against it on urine profile was studied (Tables 4.57 and 4.58). Administration of PCM 

for eight weeks at sub-chronic level markedly increased the count of RBCs, WBCs, 

level of urea and specific gravity while decreased the pH of urine samples. PCM-

induced toxicity in rat had increased the urinary creatinine and urobilinogen level 

whereas the level of creatinine clearance, urinary total protein and albumin level was 

significantly decreased in contrast to control group. Co-administration of BPM and 

GAM to PCM treated rats alleviated the toxicity of PCM and considerably restored 

the level of the aforesaid parameters. The maximum protection was exhibited by the 

highest dose of BPM and GAM where the restoration was more or less equal to the 

reference drug silymarin. Data regarding the treatment of BPM and GAM alone did 

not show any toxic effects as their values were near to control (Tables 4.59 and 4.60). 

4.5.2.3. Effects of B. procumbens and G. aparine on serum profile of rats 

 PCM-induced toxicity on the serum profile was evident by the increased level 

of total bilirubin, direct bilirubin, BUN, urobilinogen and nitrite while the level of 

total proteins, albumin and globulin was reduced as compared to the control group 

(Tables 4.61 and 4.62). Treatment of different doses of BPM and GAM showed 

remarkable protective potential against the PCM-induced toxicity in rat. The highest 

dose of BPM and GAM revealed the maximum protective ability and the level of 

various parameters of serum was restored towards the normal level. The co-
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administration of silymarin also indicated the eminent recovery effects. Toxicity of 

the plant samples alone as not detected in this experiment (Tables 4.63 and 4.64). 

4.5.2.4. Effects of B. procumbens and G. aparine on liver enzymatic antioxidant 

level  

Toxicity of PCM in rat overload the oxidative stress in renal tissues that was 

manifested by an increased level of CAT, POD, SOD, GPx, GST, GR and QR in 

respect to the control individuals. The methanol extract of B. procumbens and G. 

aparine endowed with remarkable scavenging ability to eradicate the free radicals and 

as a consequence the level of the antioxidant enzymes was enhanced due to 

amelioration of PCM-induced toxicity in renal samples. The protective effects were 

more pronounced by the administration of 400 mg/kg bw of BPM and GAM. On the 

other hand the exposure of rats to PCM decreased the glutathione status while 

increased the lipid peroxides (TBARS), H2O2 and % DNA damages in renal samples. 

Co-administration of BPM and GAM enhanced the level of reduced glutathione and 

decreased the estimation of lipid peroxides, DNA damages and hydrogen peroxide. 

However, non significant change was recorded with the treatment of extracts alone 

against the control group. Silymarin administered to intoxicated group suppressed the 

effect of PCM and increased the level of antioxidant enzymes and GSH while 

decreased the level of DNA injuries, lipid peroxides and hydrogen peroxide (Tables 

4.65, 4.66, 4.67 and 4.68). 

4.5.2.5. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

 PCM-induced DNA damages and the protective effects of plant samples were 

exhibited in Fig. 4.39 and 4.40. Banding pattern of DNA extracted from renal tissues 

of the treated rats was different from the control samples. In case of control samples 

banding pattern showed intact form of DNA while the PCM-treated samples showed 

strand breaks that were exhibited by a continuous band. Both plant samples 

remarkably protect the DNA injuries and these effects were more pronounce with the 

highest dose. 

4.5.2.6. Effects of B. procumbens and G. aparine on kidney histoarchitecture 

The histopathological analysis of renal samples from 8 weeks treated 

paracetamol group showed severe abnormalities in the kidney samples. The more 

obvious region of the kidneys showing lesions was the corticular region. The damage 

induced was in different forms of degenerations showing glomerular atrophy by 

means of dilation and disappearance of bowmen’s space, congestion in the capillary 
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loops, dilation in renal tubules and foamy look of epithelial cells of tubular region 

(Fig. 4.41 and 4.42 C). In addition, sub-chronic administration of PCM exhibited 

interstitial inflammatory cells infiltration in both corticular and medullary region. The 

evaluation of kidney section of control and DMSO group had normal histological 

architecture as shown in Fig. 4.41, 4.42 A and B. Renal sections of rats treated with 

different doses of BPM and GAM reversed the PCM intoxication and showed mild 

injury in contrast to control group (Fig. 4.41, 4.42 E-G). The histological appearance 

of glomeruli and Bowman’s capsule was almost normal. The least of the damage was 

observed in groups treated with dose (400 mg/kg bw). Mild necrosis in the glomeruli 

and tubules was observed. As a measure of protective effects, silymarin was also 

induced to a group of rats (Fig. 4.41, 4.42 D). Silymarin treatment erased the PCM 

pathogenesis, relative to control group.  
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Table 4.57: Effects of BPM on urine profile 

Treatment 

(mg/kg bw) 

pH Specific 

gravity 

RBC/µl WBC/µl Urea  

(mg/dl) 

Control 6.93±0.22
d
 1.04±0.12

c
 0.08±0.01

f
 36.66±3.12

d
 65.32±2.19

 d
 

Oil+DMSO 6.97±0.31
d 

1.07±0.15
c
 0.09±0.02

f
 34.83±2.41

d
 62.55±3.48

d
 

PCM 6.18±0.03
a
 1.44±0.07

a
 18.66±2.3

a
 92.59±1.71

a
 95.49±2.15

a
 

PCM+Sily (50) 6.88±0.01
c
 1.08±0.04

c
 1.92±0.01

e
 41.40±2.34

c
 65.31±3.67

d
 

PCM+BPM (200) 6.78±0.05
b
 1.24±0.05

b
 10.65±0.14

b
 66.18±2.66

b
 87.89±2.58

b
 

PCM+BPM (400) 6.83±0.09
c
 1.09±0.02

c
 07.81±0.39

c
 45.33±2.21

c
 78.43±2.62

c
 

BPM (400) 6.95±0.21
d
 1.02±0.04

c
 03.77±0.54

d
 34.12±2.49

d
 63.27±1.73

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

 

Table 4.58: Effects of GAM on urine profile 

Treatment 

(mg/kg bw) 

pH Specific 

gravity 

RBC/µl WBC/µl Urea 

 (mg/dl) 

Control 6.84 ±0.02
d
 1.06±0.03

d
 0.08±0.01

f
 38.39±3.43

d
 63.32±2.12

d
 

Oil+DMSO 6.82±0.05
d
 1.09±0.08

d
 0.07±0.01

f
 36.46±2.57

d
 63.58±3.68

d
 

PCM 6.13±0.03
a
 1.45±0.02

a
 17.3±1.24

a
 96.55±1.36

a
 97.29±3.21

a
 

PCM+Sily (50) 6.80±0.02
d
 1.01±0.04

d
 1.3±1.35

d
 34.27±2.26

d
 65.67±3.71

c
 

PCM+GAM (200) 6.34±0.04
b
 1.18±0.02

b
 10.3±1.42

b
 55.34±3.51

b
 78.59±1.58

b
 

PCM+GAM (400) 6.55±0.05
c
 1.07±0.02

c
 5.67±0.51

c
 37.46±1.84

c
 69.11±1.45

c
 

GAM (400) 6.83±0.12
d
 1.02±0.03

d
 3.58±0.03

e
 37.67±2.73

d
 62.76±1.82

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 
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Table 4.59: Effects of BPM on urine profile  

Treatment 

(mg/kg bw) 

Creatinine 

 

(mg/dl) 

Albumin 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Urinary protein 

(mg/dl) 

Control 3.08±0.31
d
 10.6±0.23

d
 5.74±1.23

d
 38.78±0.14

d
 

Oil+DMSO 3.11±0.38
d
 10.5±0.52

d
 5.82±2.43

d
 40.63±0.78

d
 

PCM 4.14±1.05
a
 4.09±0.11

a
 38.43±1.21

a
 18.91±0.64

a
 

PCM+Sily (50) 3.05±0.12
d
 10.4±0.61

d 
5.71±1.08

d 
37.62±0.23

d 

PCM+BPM (200) 4.58±0.45
b
 6.63±0.18

b
 15.88±1.73

b
 25.60±0.31

b
 

PCM+BPM (400) 3.68±0.71
c
 8.10±0.26

c
 10.64±2.27

c
 31.33±0.52

c
 

BPM (400) 3.18±0.41
d
 10.22±0.31

d
 5.86±2.41

d
 37.84±0.43

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

 

Table 4.60: Effects of GAM on urine profile  

Treatment 

(mg/kg bw) 

Creatinine 

 

(mg/dl) 

Albumin 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Urinary protein 

(mg/dl) 

Control 3.07±0.24
d
 9.13±0.18

d
 5.88±1.40

d
 41.04±0.18

d
 

Oil+DMSO 3.16±0.42
d
 9.18±0.28

d
 5.73±1.72

d
 41.83±0.39

d
 

PCM 4.39±1.31
a
 4.17±0.16

a
 35.5±1.31

a
 17.84±0.63

a
 

PCM+Sily (50) 3.09+0.12
d
 9.28±0.51

d
 5.03±1.05

d
 38.48±0.22

c
 

PCM+GAM (200) 4.03±0.48
b
 7.19±0.21

b
 21.2±1.70

b
 29.21±0.46

b
 

PCM+GAM (400) 3.66±0.65
c
 8.10±0.48

c
 13.7±2.19

c
 36.11±0.32

c
 

GAM (400) 3.09±0.41
d
 9.31±0.31

d
 5.16±2.49

d
 42.31±0.41

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 
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Table 4.61: Effects of BPM on serum profile 

Treatment 

(mg/kg bw) 

Serum 

proteins 

(mg/dl) 

Albumin 

 

(mg/dl) 

Globulin 

 

(mg/dl) 

Total 

bilirubin 

(mg/dl) 

Direct 

bilirubin 

(mg/dl) 

Control 43.48±0.39
d
 22.53±0.31

d
 41.67±2.23

d
 2.66±0.05

d
 1.00±0.06

d
 

Oil+DMSO 42.83±0.52
d
 21.73±0.82

d
 42.96±3.72

d
 2.72±0.36

d
 1.00±0.24

d
 

PCM 27.48±0.56
a
 10.29±0.22

a
 25.19±2.39

a
 4.05±0.20

a
 1.90±0.13

a
 

PCM+Sily (50) 41.11±0.44
d
 23.63±0.33

d
 39.01±2.65

c
 2.51±0.21

d
 1.06±0.03

d
 

PCM+BPM (200) 34.26±0.28
b
 13.74±0.46

b
 33.22±1.20

b
 3.93±0.07

b
 1.61±0.07

b
 

PCM+BPM (400) 38.45±0.17
c
 15.56±0.35

c
 37.21±1.62

c
 3.85±0.03

c
 1.35±0.05

c
 

BPM (400) 44.45±0.63
d
 22.47±0.21

d
 40.11±2.28

d
 2.61±0.05

d
 1.06±0.04

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

Table 4.62: Effects of GAM on serum profile 

Treatment 

(mg/kg bw) 

Serum 

proteins 

(mg/dl) 

Albumin 

 

(mg/dl) 

Globulin 

 

(mg/dl) 

Total 

bilirubin 

(mg/dl) 

Direct 

bilirubin 

(mg/dl) 

Control 45.63±0.39
d
 24.67±0.43

d
 42.78±1.33

d
 2.77±0.18

e
 1.39±0.03

d
 

Oil+DMSO 47.73±0.83
d
 23.92±0.61

d
 44.51±1.68

d
 2.83±0.38

e
 1.42±0.09

d
 

PCM 27.57±0.25
a
 9.821±0.54

a
 25.66±2.71

a
 4.54±0.22

a
 2.08±0.13

a
 

PCM+Sily (50) 48.56±0.62
d
 22.82±0.87

d
 40.82±1.73

d
 2.49±0.46

d
 1.42±0.03

c
 

PCM+GAM (200) 32.24.±0.84
b
 14.45±0.86

b
 32.82±1.40

b
 3.60±0.19

b
 1.84±0.05

b
 

PCM+GAM (400) 40.21±0.17
c
 19.29±0.35

c
 37.42±1.53

c
 3.09±0.24

c
 1.61±0.04

c
 

GAM (400) 46.25±0.33
d
 23.40±0.21

d
 43.32±1.28

d
 2.82±0.44

e
 1.31±0.04

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 
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Table 4.63: Effects of BPM on serum profile  

Treatment 

(mg/kg bw) 

BUN 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Creatinine 

 

(mg/dl) 

Creatinine 

Clearance 

(ml/min) 

Serum nitrite 

 

(µM/ml) 

Control 35.72±1.53
d
 11.63±3.01

d
 41.69±4.4

d
 1.06±0.12

d
 52.74±1.24

d
 

Oil+DMSO 36.88±1.72
d
 12.45±3.53

d
 42.58±3.6

d
 1.08±0.16

d
 54.28±1.73

d
 

PCM 64.84±3.28
a
 42.21±3.10

a
 81.32±2.4

a
 0.59±0.04

a
 87.43±2.53

a
 

PCM+Sily (50) 38.28±1.53
d
 10.53±1.92

d
 44.38±1.5

c
 1.08±0.03

d
 48.21±2.47

d
 

PCM+BPM (200) 40.71±1.28
c
 14.30±2.18

c
 68.15±2.3

b
 0.73±0.02

b
 63.34±2.39

b
 

PCM+BPM (400) 52.59±1.35
b
 28.20±1.26

b
 55.63±2.1

c
 0.94±0.05

c
 58.30±1.57

c
 

BPM (400) 37.45±1.68
d
 14.16±2.27

c
 42.52±2.7

d
 1.04±0.03

d
 51.44±1.64

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

 

Table 4.64: Effects of GAM on serum profile  

Treatment 

(mg/kg bw) 

BUN 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Creatinine 

 

(mg/dl) 

Creatinine 

clearance 

(ml/min) 

Serum nitrite 

 

(µM/ml) 

Control 31.38±2.58
d
 13.69±1.51

d
 43.85±2.8

d
 0.82±0.04

d
 56.83±2.04

d
 

Oil+DMSO 32.48±1.84
d
 14.52±1.82

d
 41.48±3.6

d
 0.87±0.08

d
 51.55±2.48

d
 

PCM 63.65±1.54
a
 46.71±2.35

a
 86.34±3.7

a
 0.56±0.03

a
 83.84±3.31

a
 

PCM+Sily (50) 32.26±1.20
d
 12.33±1.42

d
 41.76±1.2

d
 0.73±0.02

c
 58.71±1.12

c
 

PCM+GAM (200) 45.71±2.33
b
 23.20±2.58

b
 58.15±1.3

b
 0.62±0.01

b
 29.64±2.53

b
 

PCM+GAM (400) 37.47±2.70
c
 16.31±1.52

c
 51.56±1.5

c 
0.76±0.03

c
 37.33±2.39

c
 

GAM (400) 33.52±2.43
d
 12.07±2.18

d
 42.22±1.8

d
 0.85±0.05

d
 57.74±2.44

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 
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Table 4.65: Effects of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/mg 

tissue) 

Control 1.59±0.06
d
 4.8±0.32

d
 11.3±0.18

d
 3.5±0.18

d
 2.7±0.05

d
 1.38±0.01

d 

Oil+DMSO 1.63±0.04
d
 4.9±0.48

d
 11.8±0.26

 d
 3.8±0.47

d
 2.6±0.09

d
 1.42±0.04

d
 

PCM 0.92±0.09
a
 2.4±0.18

a
 5.94±0.32

a
 1.04±0.08

a
 6.1±0.66

a
 2.85±0.02

a
 

PCM+Sily (50) 1.65±0.03
d
 4.7±0.48

d
 13.3±0.21

d
 3.6±0.21

d
 2.8±0.11

d
 1.35±0.08

d
 

PCM+BPM (200) 1.21±0.08
b
 3.6±0.39

b
 10.1±0.41

c
 2.8±0.33

b
 4.5±0.17

b
 1.87±0.04

c
 

PCM+BPM (400) 1.51±0.03
c
 4.2±0.38

c
 8.79±0.22

b
 3.0±0.12

c
 3.4±0.11

c
 2.34±0.06

b
 

BPM (400) 1.55±0.04
d
 4.6±0.31

d
 11.5±0.23

d
 3.4±0.21

d
 2.8±0.13

d
 1.45±0.05

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

 

Table 4.66: Effects of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/mg 

tissue) 

Control 1.53±0.03
d
 4.2±0.2

d
 15.3±0.21

d
 4.1±0.85

d
 2.6±0.53

d
 1.33±0.03

d
 

Oil+DMSO 1.51±0.05
d
 4.7±0.8

d
 15.7±0.43

d
 4.8±0.72

e
 2.9±0.77

d
 1.38±0.08

d
 

PCM 0.87±0.03
a
 2.3±0.4

a
 4.78±0.39

a
 1.1±0.21

a
 5.7±0.68

a
 2.63±0.02

a
 

PCM+Sily (50) 1.55±0.04
d
 4.8±0.9

c
 14.2±0.30

 d 
3.9±0.21

d
 3.0±0.38

c
 1.42±0.07

d
 

PCM+GAM (200) 0.92±0.08
b
 2.9±0.3

b
 8.59±0.29

b
 1.7±0.18

b
 4.0±0.24

b
 1.90±0.04

b
 

PCM+GAM (400) 1.23±0.02
c
 3.6±0.5

c
 12.3±0.33

c
 3.0±0.20

c
 3.2±0.23

c
 1.76±0.03

c
 

GAM (400) 1.54±0.09
d
 4.1±0.2

d
 16.6±0.18

d
 4.2±0.60

d
 2.8±0.20

d
 1.40±0.09

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 
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Table 4.67: Effects of BPM on phase II antioxidant enzymes and DNA fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 193.5±3.4
d
 134.3±2.3

d
 213.2±4.1

d
 22.4±1.3

c
 112.8±3.1

d
 1.08±0.4

d
 

Oil+DMSO 195.2±2.8
d
 136.3±3.1

d
 215.7±3.8

d
 24.5±2.2

c
 113.6±2.8

d
 1.09±0.7

d
 

PCM 83.93±2.1
a
 76.8±3.18

a
 112.2±3.6

a
 11.3±0.8

a
 62.5±1.53

a
 5.69±1.2

a
 

PCM+Sily (50) 191.3±4.2
d
 131.4±3.4

d
 216.4±2.7

d
 26.6±1.4

c
 105.4±2.6

d
 1.03±0.6

d
 

PCM+BPM (200) 147.6±5.3
b
 98.8±2.27

b
 187.6±4.8

b 
17.4±0.9

b
 83.63±2.4

b
 3.42±0.7

b
 

PCM+BPM (400) 174.3±2.1
c
 113.1±1.6

c
 193.3±5.5

c
 19.5±0.6

b
 96.41±1.3

c
 2.32±0.6

c
 

BPM (400) 195.6±3.1
d
 135.7±1.2

d 
215.5±2.4

d
 25.7±0.5

c
 113.3±1.2

d
 1.07±0.5

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, BPM; B. procumbens methanol extract. 

 

 

Table 4.68: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg  

protein) 

GR 

(nM/mg  

protein) 

GSH  

 (µM/g 

tissue) 

QR 

(nM/mg  

protein) 

%DNA 

Injuries 

Control 197.6±4.1
d
 139.7±3.1

d
 217.3±4.5

d
 20.8±2.9

d
 106.2±2.4

d
 1.02±0.4

d
 

Oil+DMSO 198.8±3.3
d
 140.2±2.6

d
 218.6±3.4

d
 21.5±2.5

d
 102.4±3.3

d
 1.05±0.7

d
 

PCM 88.45±3.9
a
 72.2±2.4

a
 118.4±3.3

a
 10.4±1.3

a
 53.64±2.1

a
 5.42±1.1

a
 

PCM+Sily (50) 193.6±3.2
d
 140.4±1.4

d
 212.6±2.4

d
 22.1±1.4

d
 105.7±3.5

d
 1.06±0.7

d
 

PCM+GAM (200) 125.5±3.4
b
 110.6±4.5

b
 184.3±4.2

b
 18.7±1.5

c
 85.54±2.8

b
 3.13±0.6

b
 

PCM+GAM (400) 154.4±3.2
c
 125.7±3.1

c
 203.8±3.6

c
 16.6±0.3

b
 97.32±2.5

c
 2.71±0.8

c
 

GAM (400) 196.7±2.9
d
 138.2±2.2

d
 215.5±3.4

d
 21.7±0.8

d
 108.2±2.4

d
 1.02±0.5

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, GAM; G. aparine methanol extract. 

 

 

 



Chapter 4                                                             Nephrotoxicity                                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  172 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.39: Agarose gel showing DNA damage by PCM and protective effects of 

methanol extract of B. procumbes in kidney tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) PCM group, 

(4) Silymarin + PCM group, (5) 200 mg/kg BPM + PCM  group, (6) 400 mg/kg BPM 

+ PCM group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.40: Agarose gel showing DNA damage by PCM and protective effects of 

methanol extract of G. aparine in nephro tissues. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3) PCM group, (4) 

Silymarin + PCM group, (5) 200 mg//kg GAM + PCM group, (6) 400 mg/kg GAM + 

PCM group, (7) 400 mg/kg GAM alone. 
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Fig. 4.41:  Microphotograph of  rat kidney (H & E stain) (A) Representative section 

of renal from the control group showing normal histology, (B) DMSO + Olive oil 

group, (C) PCM group, (D) Silymarin + PCM group, (E) 200 mg/kg BPM + PCM 

group, (F) 400 mg/kg BPM + PCM group, (G)  400 mg/kg BPM  alone. 
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Fig. 4.42: Microphotograph of  rat kidney (H & E stain) (A) Representative section of 

renal from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) PCM group, (D) Silymarin + PCM group, (E) 200 mg/kg GAM + PCM group, (F) 

400 mg/kg GAM + PCM group, (G)  400 mg/kg GAM alone. 
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4.5.3. Gentamicin induced nephrotoxicity 

 Gentamycin is a potent nephrotoxin, as it brings out acute as well as chronic 

toxicity in kidneys. The present investigations were conducted to assess the toxicity 

induced with gentamicin and then evaluate the protective ability of methanol extracts 

of B. procumbens and G. aparine in kidneys of rat.  

4.5.3.1. Effects of B. procumbens and G. aparine on gentamicin induced 

nephrotoxicity in rat  

 In this study various parameters including the urine, serum and kidney tissues 

were evaluated for the protective potential against the gentamicin induced kidney 

trauma in rat. The results obtained in this context are given below. 

4.5.3.2. Effects of B. procumbens and G. aparine on urine profile of rat 

The ability of BPM and GAM against the sub-chronic administration of GTM for 8 

weeks was illustrated in Tables 4.69 and 4.70. Trauma induced with GTM in kidneys 

of rats has resulted in the elevation of specific gravity, urea, urobilinogen, creatinine, 

and in the count of RBCs and WBCs whereas a marked decrease in the level of pH, 

creatinine clearance, total protein and albumin was determined in the urinary samples. 

These alterations were significantly diminished by the co-administration of BPM and 

GAM in addition to GTM treatment to rats. The protective effects of BPM and GAM 

were markedly pronounced at the highest dose of 400 mg/kg bw and the level restored 

was similar to the reference drug silymarin. In this investigation the administration of 

the highest dose of plant samples did not induce marked changes in the above said 

parameters of urinary samples (Tables 4.71 and 4.72).  

4.5.3.3. Effects of B. procumbens and G. aparine on serum profile of rats 

GTM induced trauma in rats had altered the serum parameters related to kidney 

function. In this study the level of total bilirubin, direct bilirubin, BUN, urobilinogen, 

creatinine and nitrite level was elevated markedly while the level of total protein, 

albumin and globulin was decreased in GTM intoxicated rats (Tables 4.73, 4.74, 4.75 

and 4.76). The pharmacological potential of both the plant samples was evident 

against the GTM induced injuries in kidneys of rat. Co-administration of BPM and 

GAM potentially restored the altered level of various parameters in a dose dependent 

manner. The protective effects of the higher dose of both the plant samples against 

GTM induced stress was similar to the drug silymarin a reference drug used in this 

study. Statistically non-significant alterations were recorded in the level of these 

parameters by the administration of 400 mg/kg b.w. alone to rats.  
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4.5.3.4. Effects of B. procumbens and G. aparine on antioxidant level  

The insufficiency of the natural antioxidant system in living organisms led to 

the development of oxidative trauma. Plants have secondary metabolites of various 

kinds to combat the oxidative stress by their antiradical ability. In this study GTM 

administration to rats had decreased the level of antioxidant enzymes; CAT, POD, 

SOD, GPx, GST, GR and QR in kidney samples. On the other hand the level of 

antioxidant biochemical GSH was decreased with a simultaneous increase in lipid 

peroxides (TBARS), % DNA damages and H2O2 level in kidney samples. The 

treatment of BPM and GAM in association with GTM ameliorated the oxidative stress 

and the level of CAT, POD, SOD, GPx, GST, GR and QR was restored in renal 

tissues in dose dependent fashion. Likewise the level of GSH was enhanced with the 

concomitant decrease of lipid peroxides, % DNA damages and H2O2. The antiradical 

capacity of the higher dose was similar to the silymarin. However, non-significant 

change was recorded with the treatment of extracts alone against the control group 

(Tables 4.77, 4.78, 4.79 and 4.80).  

4.5.3.5. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

 The damages induced with GTM in the DNA were estimated by the DNA ladder 

assay as well. After DNA extraction from renal tissues of various treated groups was 

loaded on 1.5% agarose gel. Fig. 4.43 and 4.44 details the ban 

ding pattern of DNA. In case of GTM intoxicated rats a peculiar fragmentation of 

DNA was recorded and this DNA injury was reduced by the administration of plant 

samples. The group treated with only plant samples did not show DNA damages. 

4.5.3.6. Effects of B. procumbens and G. aparine on kidney histoarchitecture 

The histopathological manifestations of kidney tissues obtained in various 

groups of rats are shown in Fig. 4.45 and 4.46. The histopathologically observed 

changes showed that intraperitoneal injection of GTM for eight weeks resulted in 

lesions which were more frequent in corticular region of kidneys. The damage 

induced was in different forms of degenerations showing glomerular atrophy by 

means of dilation and disappearance of bowmen’s space, congestion in the capillary 

loops, dilation in renal tubules and foamy look of epithelial cells of tubular region 

(Fig. 4.45 and 4.46 C). In addition, subchronic administration of GTM exhibited 

interstitial inflammatory cells infiltration in both corticular and medullary region. The 

evaluation of kidney section of control and DMSO group had normal histological 

architecture as shown in Fig. 4.45, 4.46 A and B. Renal sections of rats treated with 



Chapter 4                                                             Nephrotoxicity                                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  177 
 

different doses of BPM and GAM reversed the GTM intoxication and showed mild 

injury in contrast to control group (Fig. 4.45 and 4.46 E-G). The histological 

appearance of glomeruli and Bowman’s capsule was almost normal, and only some of 

the glomeruli were degenerated. The least of the damage was observed in groups 

treated with dose (400 mg/kg bw). Mild necrosis in the glomeruli and tubules was 

observed. As a measure of protective effects, silymarin was also induced to a group of 

rats (Fig. 4.45 and 4.46 D). Silymarin treatment erased the GTM pathogenesis, 

relative to control group. Among all the treated groups, the maximum protection was 

observed in case of high dose treated rats.  
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Table 4.69: Effects of BPM on urine profile 

Treatment 

(mg/kg bw) 

pH Specific 

gravity 

RBC/µl WBC/µl Urea 

 (mg/dl) 

Control 6.92±0.03
d
 1.01±0.02

d
 0.06±0.02

f
 37.27±2.44

d
 63.23±1.84

d
 

Oil+DMSO 7.01±0.07
d
 1.08±0.04

d
 0.07±0.03

f
 35.28±2.28

d
 65.38±2.26

d
 

GTM 6.20±0.02
a
 1.44±0.03

a
 22.32±2.4

a
 91.58±2.37

a
 92.66±2.67

a
 

GTM+Sily (50) 6.95±0.05
d
 1.04±0.04

d 
1.87±0.23

e
 38.62±1.82

d
 65.48±1.44

d
 

GTM+BPM (200) 6.58±0.03
b
 1.27±0.05

b
 13.4±0.14

b
 68.73±2.64

b
 85.27±2.13

b
 

GTM+BPM (400) 6.71±0.05
c
 1.11±0.04

c
 9.57±0.85

c
 44.36±3.16

c
 74.19±2.72

c
 

BPM (400) 7.01±0.10
d
 1.04±0.05

d
 3.31±0.61

d
 35.67±2.31

d
 65.34±1.27

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

 

Table 4.70: Effects of GAM on urine profile 

Treatment 

(mg/kg bw) 

pH Specific 

gravity 

RBC/µl WBC/µl Urea  

(mg/dl) 

Control 6.94±0.04
d
 1.00±0.02

c
 0.08±0.03

f
 37.78±3.28

d
 62.23±2.21

d
 

Oil+DMSO 6.83±0.07
c 

1.00±0.03
c
 0.07±0.02

f
 37.45±2.74

d
 65.66±3.47

d
 

GTM 6.15±0.03
a
 1.47±0.03

a
 21.82±3.1

a
 93.39±3.18

a
 96.31±3.24

a
 

GTM+Sily (50) 6.80±0.06
c
 1.00±0.05

c
 1.94±0.03

e
 36.46±2.35

d
 61.69±3.53

d
 

GTM+GAM (200) 6.69±0.04
b
 1.21±0.07

b
 10.73±2.1

b
 56.37±1.46

b
 85.51±2.19

b
 

GTM+GAM (400) 6.86±0.05
c
 1.09±0.04

c
 6.38±0.12

c
 43.12±2.57

c
 79.82±2.76

c
 

GAM (400) 6.98±0.12
d
 1.03±0.05

c
 3.08±0.37

d
 35.18±2.37

d
 61.66±2.56

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Table 4.71: Effects of BPM on urine profile  

Treatment 

(mg/kg bw) 

Creatinine 

 

(mg/dl) 

Albumin 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Urinary 

protein 

(mg/dl) 

Control 2.18±0.23
d
 11.37±0.38

d
 5.73±1.3

d
 36.67±0.19

d
 

Oil+DMSO 2.37±0.38
d
 11.84±0.52

d
 5.89±1.67

d
 33.03±0.33

d
 

GTM 4.73±1.39
a
 4.26±0.15

a
 38.49±1.26

a
 18.49±0.54

a
 

GTM+Sily (50) 2.17±0.26
d
 11.29±0.42

d 
5.65±1.38

d
 35.49±0.81

d
 

GTM+BPM (200) 4.01+0.15
b
 8.41±0.51

b
 18.80±1.03

b
 21.19±0.46

b
 

GTM+BPM (400) 3.83±0.42
c
 10.70±0.45

c
 12.21±1.78

c 
29.21±0.66

c
 

BPM (400) 2.28±0.55
d
 11.10±0.33

d
 5.27±2.19

d
 34.59±0.32

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

Table 4.72: Effects of GAM on urine profile  

Treatment 

(mg/kg bw) 

Creatinine 

 

(mg/dl) 

Albumin 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Urinary protein 

(mg/dl) 

Control 2.25±0.41
d
 10.05±0.27

e
 5.02±1.51

d
 37.52±0.12

d
 

Oil+DMSO 2.12±0.36
d
 10.92±0.72

e
 6.18±1.82

d
 38.40±0.38

d
 

GTM 4.84±1.26
a
 4.19±0.12

a
 32.42±1.26

a
 14.03±0.62

a
 

GTM+Sily (50) 2.28±0.29
d
 9.66±0.52

d
 5.83±1.38

d
 38.72±0.38

d
 

GTM+GAM (200) 4.53±2.11
b
 7.39±0.31

b
 19.22±2.43

b
 21.60±0.31

b
 

GTM+GAM (400) 4.07±0.32
c
 8.60±0.25

c
 10.30±1.58

c
 29.21±0.48

c
 

GAM (400) 2.30±0.65
d
 9.10±0.23

d
 6.03±3.04

d
 38.11±0.42

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 

 

 

 

 



Chapter 4                                                             Nephrotoxicity                                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  180 
 

Table 4.73: Effects of BPM on serum profile 

Treatment 

(mg/kg bw) 

Serum 

proteins 

(mg/dl) 

Albumin 

 

(mg/dl) 

Globulin 

 

(mg/dl) 

Total 

bilirubin 

(mg/dl) 

Direct 

bilirubin 

(mg/dl) 

Control 41.56±0.31
d
 20.63±0.28

d
 40.87±2.13

d
 3.27±0.05

d
 1.39±0.04

d
 

Oil+DMSO 43.26±0.52
d
 19.65±0.52

d
 41.62±2.18

d
 3.28±0.18

e
 1.40±0.07

d
 

GTM 27.19±0.23
a
 9.38±0.52

a
 22.19±0.49

a
 4.64±0.29

a
 1.96±0.13

a
 

GTM+Sily (50) 43.37±0.62
d
 21.47±0.62

d
 39.87±1.47

d
 3.22±0.06

d
 1.63±0.06

d
 

GTM+BPM (200) 32.11±0.60
b
 13.63±0.47

b
 29.01±1.55

b
 4.04.±0.10

b
 1.82±0.10

b
 

GTM+BPM (400) 37.26±0.48
c
 17.74±0.36

c
 34.22±1.23

c
 3.93±0.08

c
 1.76±0.05

c
 

BPM (400) 42.45±0.57
d
 21.56±0.35

d
 39.21±0.62

d
 3.25±0.03

d
 1.65±0.07

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

Table 4.74: Effects of GAM on serum profile 

Treatment 

(mg/kg bw) 

Serum 

proteins 

(mg/dl) 

Albumin 

 

(mg/dl) 

Globulin 

 

(mg/dl) 

Total 

bilirubin 

(mg/dl) 

Direct 

bilirubin 

(mg/dl) 

Control 44.29±0.53
d
 22.83±0.39

 d
 44.67±1.62

d
 3.18±0.10

d
 1.48±0.03

e
 

Oil+DMSO 43.83±0.83
d
 21.39±0.72

d
 46.62±2.53

d 
3.09±0.21

e
 1.43±0.08

e
 

GTM 29.56±0.62
a
 9.73±0.73

a
 20.39±1.46

a
 4.83±0.36

a
 1.92±0.03

a
 

GTM+Sily (50) 45.82±0.72
d
 23.64±0.47

d
 40.84±1.84

c
 3.01±0.16

e
 1.52±0.09

d
 

GTM+GAM (200) 32.89±0.25
b
 15.35±0.48

b
 33.21±2.55

b
 4.14±0.15

b
 1.94±0.03

b
 

GTM+GAM (400) 37.24±0.74
c
 19.45±0.82

c
 39.82±1.66

c
 3.74±0.09

c
 1.75±0.05

c
 

GAM (400) 43.21±0.27
d
 23.29±0.26

d
 43.42±1.38

d
 3.26±0.20

d
 1.43±0.04

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Table 4.75: Effects of BPM on serum profile  

Treatment 

(mg/kg bw) 

BUN 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Creatinine 

 

(mg/dl) 

Creatinine 

Clearance 

(ml/min) 

Serum 

nitrite 

(µM/ml) 

Control 38.27±2.66
d
 11.16±3.67

d
 39.30±2.11

d
 0.94±0.02

d
 40.34±3.15

d
 

Oil+DMSO 36.73±1.16
d
 12.10±2.15

d
 40.82±1.82

d
 0.99±0.05

d
 42.64±2.62

d
 

GTM 68.34±2.19
a
 40.59±2.44

a
 72.00±3.45

a
 0.62±0.03

a
 79.72±2.49

a
 

GTM+Sily (50) 35.88±3.55
d
 10.64±2.72

d
 38.45±2.63

d
 0.90±0.09

d
 37.28±2.63

e
 

GTM+BPM (200) 49.11±1.10
b
 28.48±1.86

b
 56.21±1.54

b
 0.78±0.04

b
 64.21±1.43

b
 

GTM+BPM (400) 43.71±1.63
c
 18.30±2.18

c
 49.15±2.03

c
 0.85±0.03

c
 51.34±2.39

c
 

BPM (400) 36.44±1.27
d
 10.76±1.26

d
 42.45±2.19

d
 0.90±0.05

d
 43.30±1.57

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

Table 4.76: Effects of GAM on serum profile  

Treatment 

(mg/kg bw) 

BUN 

 

(mg/dl) 

Urobilinogen 

 

(mg/dl) 

Creatinine 

 

(mg/dl) 

Creatinine 

clearance 

(ml/min) 

Serum nitrite 

 

(µM/ml) 

Control 35.74±1.11
d
 10.88±2.33

d
 36.73±1.64

d
 0.88±0.02

d
 41.45±1.44

d
 

Oil+DMSO 37.38±2.02
d
 11.42±1.93

d
 34.83±2.51

d
 0.81±0.08

d
 36.92±2.39

d
 

GTM 62.43±3.19
a
 44.71±2.35

a
 75.34±3.71

a
 0.66±0.04

a
 76.56±3.81

a
 

GTM+Sily (50) 33.68±2.34
d
 09.59±1.84

d
 34.72±1.47

d
 0.92±0.07

d
 40.64±1.83

d
 

GTM+GAM (200) 41.41±1.20
b
 22.64±1.42

b
 53.32±1.24

b
 0.63±0.03

b
 60.71±1.12

b
 

GTM+GAM (400) 39.71±2.33
c
 17.20±2.58

c
 45.15±1.93

c
 0.68±0.01

c
 52.64±2.53

c
 

GAM (400) 34.27±2.70
d
 11.31±1.52

d
 38.56±1.38

d
 0.84±0.03

d
 39.33±1.39

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Table 4.77:  Effects of BPM on tissue proteins and antioxidant enzyme level 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min 

/mg protein) 

H2O2 

(nM/mg 

tissue 

Control 1.82±0.04
d
 4.4±0.32

d
 10.3±0.18

d
 3.51±0.2

d
 2.9±0.08

d
 1.34±0.02

d
 

Oil+DMSO 1.75±0.8
d
 4.6±0.46

d
 10.4±0.26

d
 3.68±0.6

d
 2.6±0.09

d
 1.37±0.09

d
 

GTM 0.96±0.2
a
 2.5±0.48

a
 6.31±0.21

a
 1.20±0.3

a
 5.7±0.13

a
 2.9±0.03

a
 

GTM+Sily (50) 1.80±0.7
d
 4.6±0.53

d
 10.8±0.27

d
 3.63±0.8

d
 2.8±0.09

d
 1.36±0.08

d
 

GTM+BPM (200) 1.18±0.5
b
 3.1±0.18

b
 7.60±0.32

b
 1.96±0.8

b
 4.6±0.66

b
 1.9±0.03

b
 

GTM+BPM (400) 1.32±0.2
c
 3.8±0.39

c
 9.23±0.41

c
 2.78±0.3

c
 3.4±0.17

c
 1.7±0.05

c
 

BPM (400) 1.85±0.0
d
 4.3±0.38

d
 10.7±0.22

d
 3.58±0.2

d
 2.9±0.11

d
 1.35±0.06

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

Table 4.78: Effects of GAM on tissue proteins and antioxidant enzyme level 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min 

/mg  protein) 

H2O2 

(nM/mg 

tissue 

Control 1.85±0.02
d
 4.8±0.21

d
 9.3±0.2

d
 3.54±0.2

d
 2.7±0.05

d
 1.39±0.04

d
 

Oil+DMSO 1.82±0.06
d
 4.6±0.28

d
 9.4±0.6

d
 3.58±0.3

d
 2.9±0.42

d
 1.41±0.02

d
 

GTM 0.92±0.04
a
 2.1±0.19

a
 6.8±0.3

a
 1.12±0.2

a
 5.6±0.03

a
 2.9±0.03

a
 

GTM+Sily (50) 1.80±0.07
d
 4.9±0.28

d
 9.3±0.3

d
 3.62±0.4

d
 2.5±0.02

d
 1.40±0.06

d
 

GTM+GAM (200) 1.25±0.03
b
 3.3±0.24

b
 7.9±0.9

b
 1.35±0.2

b
 4.6±0.06

b
 2.0±0.05

b
 

GTM+GAM (400) 1.48±0.04
c
 4.0±0.32

c
 8.4±0.6

c
 2.83±0.3

c
 3.5±0.21

c
 1.7±0.01

c
 

GAM (400) 1.5±0.08
d
 4.8±0.41

d
 9.1±0.3

d
 3.63±0.2

d
 2.6±0.41

d
 1.37±0.03

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Table 4.79: Effects of BPM on phase II antioxidant enzymes and DNA fragmentation 

Treatment 

(mg/kg bw) 

GST  

(nM/mg 

protein)      

GPx  

(nM/mg 

protein) 

GR  

(nM/mg 

protein)  

GSH 

 (µM/g  

tissue) 

QR  

(nM/mg 

protein) 

%DNA  

Injuries 

Control 194.5±6.4
d
 133.6±3.9

d
 217.3±7.3

d
 23.9±1.47

d
 101.2±2.6

d
 1.63±0.3

d
 

Oil+DMSO 193.8±5.8
d
 132.1±2.4

d
 220.7±4.5

d
 18.5±2.38

c
 102.4±3.2

d
 1.72±0.2

d
 

GTM 95.34±6.2
a
 75.4±3.8

a
 117.4±6.2

a
 10.6±1.34

a
 61.34±2.3

a
 5.37±1.8

a
 

GTM+Sily (50) 195.7±4.6
d
 134.7±4.1

d
 210.5±5.5

d
 22.8±1.47

d
 103.8±2.6

d
 1.82±0.9

d
 

GTM+BPM (200) 136.9±3.1
b
 95.26±3.8

b
 165.2±4.6

b
 13.3±0.83

b
 82.44±2.5

b
 3.73±0.3

b
 

GTM+BPM (400) 155.6±3.3
c
 112.8±2.7

c
 183.6±4.8

c
 17.4±0.91

c
 94.36±2.1

c
 2.40±0.6

c
 

BPM (400) 193.3±1.1
d
 126.1±1.6

d
 220.3±3.6

d
 21.5±0.46

d
 96.34±1.5

c
 1.43±0.6

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, BPM; B. procumbens methanol extract. 

 

 

 

Table 4.80: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

mg 

protein) 

GPx (nM/ 

mg 

protein) 

GR (nM/ 

mg 

protein) 

GSH 

(µM/g 

tissue) 

QR (nM/ 

mg 

protein) 

%DNA 

Injuries 

Control 190.3±3.3
d
 128.3±4.2

d
 214.3±4.3

d
 20.32±1.3

d
 98.71±3.9

d
 1.53±0.3

d
 

Oil+DMSO 193.2±2.5
d
 133.8±3.6

d
 213.8±3.6

d
 18.32±2.5

c
 100.7±2.7

e
 1.60±0.6

e
 

GTM 90.6±3.2
a
 79.3±4.49

a
 112.4±3.4

a
 10.05±1.8

a
 62.73±3.5

a
 5.43±1.4

a
 

GTM+Sily (50) 196.8±4.1
d
 122.4±3.1

d
 217.6±2.6

d
 19.72±3.1

c
 96.55±2.9

d
 1.62±0.7

d
 

GTM+GAM (200) 121.4±3.2
b
 79.2±3.40

b
 149.4±4.3

b
 14.53±1.4

b
 73.64±2.1

b
 3.41±0.0

b
 

GTM+GAM (400) 138.5±3.4
c
 108.4±3.5

c
 193.3±4.2

c
 16.58±1.6

c
 82.67±2.4

c
 2.03±0.6

c
 

GAM (400) 193.4±3.5
d
 130.6±2.1

d
 215.6±3.6

d
 21.64±0.3

d
 97.37±2.5

d
 1.48±0.8

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, GAM; G. aparine methanol extract. 
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Fig. 4.43: Agarose gel showing DNA damage by GTM and protective effects of 

methanol extract of B. procumbes in kidney tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) GTM group, 

(4) Silymarin + GTM group, (5) 400 mg/kg BPM + GTM  group, (6) 400 mg/kg BPM 

+ GTM group, (7)  400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.44: Agarose gel showing DNA damage by GTM and protective effects of 

methanol extract of G. aparine in kidney tissues. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3) GTM group, (4) 

Silymarin + GTM group, (5) 400 mg/kg GAM + GTM  group, (6)  400 mg/kg GAM + 

GTM group, (7) 400 mg/kg GAM alone. 

M     1     2     3     4       5      6     7 

7 

M    1     2      3       4      5     6      7 



Chapter 4                                                             Nephrotoxicity                                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  185 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.45:  Microphotograph of  rat kidney (H & E stain) (A) Representative section 

of renal from the control group showing normal histology, (B) DMSO + Olive oil 

group, (C) GTM group, (D) Silymarin + GTM group, (E) 200 mg/kg BPM + GTM 

group, (F) 400 mg/kg BPM + GTM group, (G)  400 mg/kg BPM alone. 
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Fig. 4.46: Microphotograph of  rat kidney (H & E stain) (A) Representative section of 

renal from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) GTM group, (D) Silymarin + GTM group, (E) 200 mg/kg GAM+ GTM group, (F) 

400 mg/kg GAM + GTM group, (G) 400 mg/kg GAM alone. 
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4.5.4. Doxorubicin induced nephrotoxicity 

Doxorubicin is a potent nephrotoxin, as it brings out acute as well as chronic 

toxicity in kidneys. This study was conducted to approximate the pharmacological 

potential plant samples against DOX-induced renal injuries in rat. Various parameters 

related to kidney function tests viz; serum profile, urine profile, genotoxicity and 

histopathology were investigated.  

4.5.4.1. Effects of B. procumbens and G. aparine on DOX-induced nephrotoxicity 

in rat  

The present studies were conducted to ensure the renal injuries induced with 

doxorubicin treatment and the protective ability of plant samples in rat. The 

biochemical alterations in different group of rats were collaborated by the renal 

histological architectures of respective group. The results obtained in this context are 

given below. 

4.5.4.2. Effects of B. procumbens and G. aparine on urine profile of rat 

The protective effects of BPM and GAM against DOX administration was 

reviewed by rat renal functions alterations. Tables 4.81 and 4.82 present urine profile 

including urinary pH, specific gravity, count of RBCs, WBCs and level of urea. 

Chronic toxicity provoked by eight week treatment of DOX to the rats significantly 

decreased the level of pH, whereas significant increase was found in case of specific 

gravity, count of RBCs, WBCs and level of urea in comparison to control group. 

Tables 4.83 and 4.84 demonstrates a marked increase in urinary creatinine and 

urobilinogen while, creatinine clearance, total protein and albumin level was 

significantly decreased by DOX administration (p<0.05) in contrast to control group. 

Administration of various doses of BPM and GAM with DOX showed protective 

ability against DOX intoxication by restoring the level of urine profile in rat. Results 

of urine analysis for the groups treated with plant samples alone did not show toxic 

effects as their values were near to control.  

4.5.4.3. Effects of B. procumbens and G. aparine on serum profile of rats 

Effects of different doses of BPM and GAM on serum profile of kidneys are 

summarized in Tables 4.85, 4.86, 4.87 and 4.88. Tables 4.85 and 4.86 present serum 

protein, albumin, globulin, total bilirubin and direct bilirubin of serum. There was a 

significant reduction in protein, albumin and globulin level of serum in DOX 

intoxicated group, while total bilirubin and direct bilirubin of serum was enhanced in 
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DOX intoxicated group. Tables 4.87 and 4.88 summarize the BUN, urobilinogen, 

creatinine, creatinine clearance and nitrite level of serum. Administration of DOX 

significantly enhanced the BUN, urobilinogen, creatinine and nitrite level of serum 

while reduced the creatinine clearance of serum. The serum profile data for kidney 

shows the recovery effects of different doses of extracts. Silymarin was used as a 

reference drug to reduce nephrotoxicity and all the above parameters were restored by 

its administration to rats.  

4.5.4.4. Effects of B. procumbens and G. aparine on liver enzymatic antioxidants  

Nature has developed metabolic systems in various organisms to reduce the 

oxidative damage and avoid different lethal damage to cells and tissues. During this 

natural process various oxidative metabolites are formed as by product in the cells. 

Antioxidant enzymes reduce these metabolites in a scavenging process. In this study 

activities and scavenging effects of various antioxidative enzymes was studied. 

Effects of various doses of BPM and GAM and DOX on tissue soluble protein and 

antioxidant defense enzyme system such as CAT, POD, SOD and the concentration of 

TBARS and H2O2 is shown in Tables 4.89 and 4.90. DOX administration to rats 

significantly decreased tissue protein and disturbs the antioxidative status by lessening 

the renal catalase, peroxidase and superoxide dismutase levels and increasing the lipid 

peroxidation and hydrogen peroxide levels in comparison to control group. Co-

administration of various doses of BPM and GAM with DOX enhanced the activity of 

suppressed enzymes and the soluble protein, whereas reduced the activity of elevated 

enzymes. However, non significant change was recorded with the treatment of 

extracts alone against the control group.  

 Tables 4.91 and 4.92 show the level of phase II metabolizing antioxidant 

enzymes including GST, GPx, GR, QR and GSH, DNA fragmentation in renal tissues 

of different experimental groups. DOX insults extensively (p<0.05) lessened the level 

of GST, GPx, GR and QR while the concentration of GSH and % DNA fragmentation 

was enhanced. Co-administration of various doses of BPM and GAM along with 

DOX treatment markedly reversed the level of GST, GPx, GR, QR and the level of 

GSH and % of DNA fragmentation. Data shows that maximum recovery effects were 

due to 400 mg/kg bw treatment. Silymarin administered to intoxicated group 

completely suppressed the effect of DOX and increased the level of glutathione 

enzymatic group while decreased the level of DNA injuries.  
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4.5.4.5. Effects of B. procumbens and G. aparine on DNA damages (ladder assay) 

DOX induced DNA damages were investigated by DNA ladder assay. DNA was 

extracted from renal tissues of various treated groups and banding pattern was 

recorded on agarose gel. From Fig. 4.47 and 4.48, it became apparent that the banding 

pattern of DNA from control group was different to that of the DOX treated group. 

DNA banding pattern exhibited by control was localized to the loading area while in 

DOX treated group a continuous pattern was recorded. The DNA injury was reduced 

by the administration of plant samples. The group treated with only plant samples did 

not show DNA damages. 

4.5.4.6. Effects of B. procumbens and G. aparine on kidney histoarchitecture 

The histopathological analysis of renal samples from 8 weeks treated DOX 

group showed severe abnormalities in the kidney samples. The more obvious region 

of the kidneys showing lesions was the corticular region. The damage induced was in 

different forms of degenerations showing glomerular atrophy by means of dilation 

and disappearance of bowmen’s space, congestion in the capillary loops, dilation in 

renal tubules and foamy look of epithelial cells of tubular region (Fig. 4.49 and 4.50 

C). In addition, sub-chronic administration of DOX exhibited interstitial inflammatory 

cells infiltration in both corticular and medullary region. The evaluation of kidney 

section of control and DMSO group had normal histological architecture as shown in 

Fig. 4.49 and 4.50 A and B. Renal sections of rats treated with different doses of BPM 

and GAM reversed the DOX intoxication and showed mild injury in contrast to 

control group (Fig. 4.49 and 4.50  E-G). The histological appearance of glomeruli and 

Bowman’s capsule was almost normal. The least of the damage was observed in 

groups treated with dose (400 mg/kg bw). Mild necrosis in the glomeruli and tubules 

was observed. As a measure of protective effects, silymarin was also induced to a 

group of rats (Fig. 4.49 and 4.50 D). Silymarin treatment erased the DOX 

pathogenesis, relative to control group.  
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Table 4.81: Effects of BPM on urine profile 

Treatment 

(mg/kg bw) 

pH Specific 

gravity 

RBC/µl WBC/µl Urea (mg/dl) 

Control 6.92±0.03
d
 1.04±0.04

d
 0.09±0.01

f
31.56±3.57

d
 66.67±3.42

c

Oil+DMSO 6.95±0.07
d
 1.08±0.06

d
 0.07±0.03

f
33.68±2.42

d
 68.73±4.11

c

DOX 6.27±0.04
a
 1.44±0.02

a
 20.7±2.62

a
 94.35±4.34

a
 89.69±2.54

a

DOX+Sily (50) 6.96±0.05
d
 1.07±0.05

d
 1.97±0.03

e
 33.04±2.46

d
 69.27±3.12

c

DOX+BPM (200) 6.49±0.08
b
 1.26±0.07

b
 12.5±0.18

b
 59.88±3.48

b
 79.63±2.76

b

DOX+BPM (400) 6.67±0.06
c
 1.12±0.05

c
 09.7±0.36

c
 43.47±3.12

c
 69.94±3.26

c

BPM (400) 6.91±0.02
d
 1.06±0.06

d
 3.27±0.33

d
 36.63±2.30

d
 64.50±2.62

c

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

Table 4.82: Effects of GAM on urine profile 

Treatment 

(mg/kg bw) 

pH Specific 

gravity 

RBC 

/µl 

WBC 

/µl 

Urea (mg/dl) 

Control 6.97±0.04
d

1.01±0.03
d

0.07±0.02
f
 38.84±4.03

d
 65.23±1.63

d

Oil+DMSO 6.84±0.07
c

1.01±0.03
d

0.08±0.03
f
 36.56±3.51

d
 63.62±2.44

d

DOX 6.22±0.05
a

1.45±0.04
a

21.9±3.62
a
 90.37±2.46

a
 92.18±3.06

a

DOX+Sily (50) 6.99±0.03
d

1.06±0.05
d

1.95±0.03
e
 41.67±2.34

c
 61.89±2.42

d

DOX+GAM (200) 6.59±0.06
b

1.25±0.02
b

12.35±0.1
b
 54.12±3.18

b
 86.94±3.78

b

DOX+GAM (400) 6.84±0.05
c

1.13±0.04
c

8.83±0.29
c
 41.83±1.93

c
 78.34±2.26

c

GAM (400) 6.96±0.06
d

1.05±0.06
d

3.21±0.33
d
 36.49±2.34

d
 63.76±1.61

d

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 



Chapter 4   Nephrotoxicity  Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L). 191 

Table 4.83: Effects of BPM on urine profile 

Treatment 

(mg/kg bw) 

Creatinine 

(mg/dl) 

Albumin 

(mg/dl) 

Urobilinogen 

(mg/dl) 

Urinary 

protein 

(mg/dl) 

Control 2.94±0.22
d

11.48±0.26
d

4.37±2.31
d

30.94±1.23
d

Oil+DMSO 2.98±0.31
d

11.65±0.35
d

4.51±1.74
d

28.62±2.39
c

DOX 4.84±2.04
a

04.86±0.12
a

38.14±1.35
a

16.69±1.34
a

DOX+Sily (50) 2.86+0.25
d

12.01±0.61
e

4.54±1.06
d

31.19±2.11
d

DOX+BPM (200) 3.79±0.41
b

6.58±0.19
b

18.21±1.49
b

25.21±1.26
b

DOX+BPM (400) 3.34±0.65
c

8.17±0.48
c

11.27±2.38
c

28.11±1.32
c

BPM (400) 2.31±0.34
e

10.51±0.33
d

5.16±3.04
d

30.31±1.51
d

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

Table 4.84: Effects of GAM on urine profile 

Treatment 

(mg/kg bw) 

Creatinine 

(mg/dl) 

Albumin 

(mg/dl) 

Urobilinogen 

(mg/dl) 

Urinary protein 

(mg/dl) 

Control 2.82±0.18
d

10.23±0.26
d

4.74±1.31
d

32.44±0.11
d

Oil+DMSO 2.87±0.21
d

11.67±0.42
d

4.84±1.24
d

34.61±0.63
d

DOX 4.77+0.21
a

04.33±0.71
a

34.82±1.03
a

14.19±0.38
a

DOX+Sily (50) 2.91±1.36
d

10.35±0.12
d

4.14±1.26
d

31.79±0.44
d

DOX+GAM (200) 4.16±0.42
b

07.48±0.25
b 

16.2±1.78
b

24.21±0.36
b

DOX+GAM (400) 3.90±0.55
c

09.10±0.23
c

9.27±2.19
c

29.11±0.42
c

GAM (400) 2.85±0.34
d

10.31±0.30
d

5.34±2.49
d

31.31±0.51
d

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 
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Table 4.85: Effects of BPM on serum profile 

Treatment 

(mg/kg bw) 

Serum 

proteins 

(mg/dl) 

Albumin 

(mg/dl) 

Globulin 

(mg/dl) 

Total 

bilirubin 

(mg/dl) 

Direct 

bilirubin 

(mg/dl) 

Control 44.67±0.29
d
 19.49±0.52

c
 44.38±1.43

d
 3.06±0.05

d
 1.28±0.04

e
 

Oil+DMSO 42.35±0.48
d
 17.74±0.64

c
 42.83±2.74

d
 3.16±0.09

d
 1.36±0.07

d
 

DOX 26.68±0.78
a
 09.63±0.25

a
 25.44±0.22

a
 4.27±0.39

a
 1.77±0.13

a
 

DOX+Sily (50) 46.77±0.30
d
 18.38±0.71

c
 41.21±1.34

d
 3.03±0.10

d
 1.26±0.03

e
 

DOX+BPM (200) 32.26±0.48
b
 14.23±0.46

b
 31.45±1.30

b
 3.28±0.09

d
 1.51±0.07

b
 

DOX+BPM (400) 39.45±0.57
c
 17.56±0.33

c
 34.96±0.42

c
 4.05±0.07

b
 1.45±0.05

c
 

BPM (400) 43.45±0.63
d
 19.87±0.62

c
 45.41±0.27

d
 3.98±0.04

c
 1.32±0.04

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

 

 

Table 4.86: Effects of GAM on serum profile 

Treatment 

(mg/kg bw) 

Serum 

proteins 

(mg/dl) 

Albumin 

(mg/dl) 

Globulin 

(mg/dl) 

Total 

bilirubin 

(mg/dl) 

Direct 

bilirubin 

(mg/dl) 

Control 41.91±0.72
d
 20.78±0.24

d
 41.34±1.54

d
 3.37±0.10

d
 1.38±0.03

d
 

Oil+DMSO 43.68±0.94
d
 21.47±0.41

d
 42.63±2.32

d
 3.35±0.16

d
 1.41±0.07

d
 

DOX 27.48±0.27
a
 9.44±0.58

a
 21.39±1.22

a
 4.38±0.36

a
 1.76±0.03

a
 

DOX+Sily (50) 39.83±0.49
c
 21.35±0.24

d
 42.21±2.51

d
 3.50±0.15

c
 1.34±0.03

e
 

DOX+GAM (200) 33.59±0.38
b
 13.45±0.39

b
 30.82±1.60

b
 3.83±0.09

b
 1.63±0.05

b
 

DOX+GAM (400) 38.62±0.59
c
 17.29±0.78

c
 36.42±1.53

c
 3.65±0.20

c
 1.59±0.04

c
 

GAM (400) 42.78±0.41
d
 21.40±0.31

d
 43.32±1.18

d
 3.33±0.30

d
 1.42±0.04

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 
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Table 4.87: Effects of BPM on serum profile  

Treatment 

(mg/kg bw) 

BUN 

(mg/dl) 

Urobilinogen 

(mg/dl) 

Creatinine 

(mg/dl) 

Creatinine 

Clearance 

(ml/min) 

Serum 

nitrite 

(µM/ml) 

Control 37.27±2.58
d
 13.55±1.87

d
 46.00±3.05

d
 0.89±0.04

d
 44.34±1.24

d
 

Oil+DMSO 40.63±3.17
d
 15.47±1.64

d
 48.27±3.26

d
 0.85±0.04

d
 42.59±2.48

d
 

DOX 58.28±3.19
a
 42.21±3.10

a
 70.57±3.45

a
 0.63±0.03

a
 85.34±3.45

a
 

DOX+Sily (50) 34.11±2.05
d
 15.23±1.92

d
 43.12±1.54

d
 0.85±0.04

d
 41.21±1.43

d
 

DOX+BPM (200) 53.71±1.73
b
 33.30±2.18

b
 61.48±2.03

b
 0.72±0.03

b
 61.34±2.39

b
 

DOX+BPM (400) 46.44±1.27
c
 21.20±1.26

c
 54.45±2.19

c
 0.79±0.05

c
 54.30±1.57

c
 

BPM (400) 39.50±1.68
d
 15.60±2.27

d
 44.47±2.33

d
 0.87±0.03

d
 45.44±1.64

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

 

 

Table 4.88: Effects of GAM on serum profile  

Treatment 

(mg/kg bw) 

BUN 

(mg/dl) 

Urobilinogen 

(mg/dl) 

Creatinine 

(mg/dl) 

Creatinine 

clearance 

(ml/min) 

Serum 

nitrite 

(µM/ml) 

Control 38.74±1.37
c
 11.33±1.83

d
 42.29±2.48

d
 0.94±0.02

d
 36.84±2.35

d
 

Oil+DMSO 42.69±2.47
c
 10.72±2.58

d
 47.38±1.93

d
 0.96±0.01

d
 42.64±1.53

d
 

DOX 56.68±2.89
a
 41.45±2.74

a
 76.30±3.71

a
 0.67±0.04

a
 88.56±2.81

a
 

DOX+Sily (50) 39.47±3.62
c
 10.72±2.58

c
 44.44±2.69

d
 0.95±0.01

d
 39.37±1.84

d
 

DOX+GAM (200) 48.33±2.70
b
 14.31±1.52

b
 61.56±1.38

b
 0.78±0.05

b
 56.86±2.39

b
 

DOX+GAM (400) 43.22±2.43
c
 10.84±2.18

c
 53.19±1.38

c
 0.85±0.08

c
 49.57±2.36

c
 

GAM (400) 36.37±1.83
c
 09.94±3.50

d
 43.64±3.40

d
 0..97±0.03

d
 35.74±2.44

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 
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Table 4.89: Effects of BPM on tissue proteins and antioxidant enzyme level 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min 

/mg 

protein) 

H2O2 

(nM/mg 

tissue 

Control 1.72±0.06
d
 4.4±0.3

d
 10.3±0.8

d
 3.42±0.2

d
 2.95±0.08

d
 1.31±0.01

d
 

Oil+DMSO 1.75±0.08
d
 4.1±0.4

d
 11.5±0.7

d
 3.47±0.8

d
 2.89±0.09

d
 1.38±0.06

d
 

DOX 0.95±0.01
a
 2.5±0.8

a
 6.62±0.2

a
 1.04±0.6

a
 6.04±0.66

a
 2.98±0.05

a
 

DOX+Sily (50) 1.77±0.03
d
 4.7±0.4

d
 10.3±0.2

d
 3.38±0.2

d
 2.91±0.13

d
 1.25±0.03

d
 

DOX+BPM (200) 1.17±0.03
b
 3.0±0.3

c
 8.2±0.4

c
 2.72±0.3

c
 5.37±0.17

b
 1.76±0.03

c
 

DOX+BPM (400) 1.40±0.03
c
 3.9±0.8

b
 9.79±0.2

b
 1.54±0.1

b
 3.42±0.11

c
 2.54±0.06

b
 

BPM (400) 1.70±0.04
d
 4.9±0.3

d
 10.6±0.3

d
 1.40±0.4

b
 2.85±0.13

d
 2.51±0.06

b
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

 

 

Table 4.90: Effects of GAM on tissue proteins and antioxidant enzyme level 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/mg 

tissue 

Control 1.7±0.02
d
 4.6±0.2

d
 10.5±0.21

e
 3.18±0.5

d
 3.01±0.5

d
 1.39±0.05

d
 

Oil+DMSO 1.8±0.04
d
 4.5±0.9

d
 10.8±0.30

e
 3.42±0.7

d
 3.00±0.8

d
 1.33±0.06

d
 

DOX 0.8±0.03
a
 2.1±0.2

a
 6.67±0.39

a
 0.84±0.3

a
 6.31±0.6

a
 2.92±0.03

a
 

DOX+Sily (50) 1.6±0.04
c
 4.0±0.7

c
 10.4±0.29

d
 2.57±0.8

c
 3.05±0.4

d
 1.37±0.01

c
 

DOX+GAM (200) 1.1±0.08
b
 3.0±0.4

b
 6.15±0.33

b
 1.21±0.2

b
 5.43±0.3

b
 2.28±0.03

b
 

DOX+GAM (400) 1.5±0.09
c
 3.7±0.5

c
 7.62±0.18

c
 2.43±0.1

c
 4.80±0.40

c
 1.73±0.09

c
 

GAM (400) 1.9±0.07
d
 4.5±0.6

d
 10.7±0.47

e
 3.28±0.7

d
 3.08±0.5

d
 1.42±0.06

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 
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Table 4.91: Effects of BPM on phase II antioxidant enzymes and DNA fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 194.7±3.5
d
 134.8±2.8

d
 231.4±4.7

d
 17.8±1.4

d
 106.8±3.1

d
 1.78±0.3

d
 

Oil+DMSO 195.4±4.6
d
 132.5±3.3

d
 218.3±7.3

c
 20.3±1.3

d
 104.2±2.3

d
 1.80±0.7

d
 

DOX 96.92±3.5
a
 73.2±3.18

a
 117.2±4.4

a
 10.1±0.8

a
 63.4±2.56

a
 5.38±1.2

a
 

DOX+Sily (50) 198.7±5.3
d
 120.4±3.4

c
 209.6±6.2

c
 18.6±1.3

d
 107.3±2.3

d
 1.73±0.4

d
 

DOX+BPM (200) 125.6±3.3
b
 92.2± 2.2

b
 195.7±4.5

b 
12.4±0.9

b
 74.36±2.4

b
 3.42±0.3

b
 

DOX+BPM (400) 170.3±1.1
c
 122.1±1.6

c
 212.3±3.6

c
 14.5±0.4

c
 89.34±1.3

c
 2.51±0.6

c
 

BPM (400) 195.5±2.0
d
 133.3±1.7

d
 232.5±2.4

d
 17.3±0.5

d
 105.1±1.2

d
 1.75±0.4

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, BPM; B. procumbens methanol extract. 

 

Table 4.92: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg  

protein) 

GPx 

(nM/mg  

protein) 

GR 

(nM/mg  

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg  

protein) 

%DNA 

Injuries 

Control 190.4±3.3
d
 128.3±4.2

e
 224.1±4.3

d
 20.3±1.3

d
 108.2±3.0

d
 1.65±0.3

d
 

Oil+DMSO 193.7±2.6
d
 125.5±3.5

e
 227.6±3.6

d
 21.9±2.7

d
 104.2±4.3

d
 1.68±0.7

d
 

DOX 93.35±3.9
a
 69.2±3.40

a
 109.4±4.3

a
 10.2±1.4

a
 68.64±2.3

a
 5.47±1.1

a
 

DOX+Sily (50) 196.6±3.2
d
 119.4±4.4

d
 222.6±3.4

d
 23.5±1.8

d
 105.7±3.5

d
 1.62±0.4

d
 

DOX+GAM (200) 153.5±3.4
b
 75.6±3.5

b
 143.3±4.2

b
 14.4±1.6

b
 65.67±2.8

b
 3.42±0.6

b
 

DOX+GAM (400) 170.4±3.2
c
 107.6±2.1

c
 198.6±3.6

c
 17.6±0.3

c
 90.37±2.3

c
 2.71±0.5

c
 

GAM (400) 192.2±2.9
d
 130.2±2.3

e
 222.4±3.4

d
 21.3±0.7

d
 107.6±2.4

d
 1.66±0.7

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, GAM; G. aparine methanol extract. 
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Fig. 4.47: Agarose gel showing DNA damage by DOX and protective effects of 

methanol extract of B. procumbens in kidney tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) DOX group, 

(4) Silymarin + DOX group, (5) 200 mg/kg BPM + DOX group, (6)  400 mg/kg 

BPM+ DOX group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.48: Agarose gel showing DNA damage by DOX and protective effects of 

methanol extract of G. aparine in kidney tissues. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3) DOX group, (4) 

Silymarin + DOX group, (5) 200 mg/kg GAM + DOX group, (6)  400 mg/kg GAM + 

DOX group, (7) 400 mg/kg GAM alone. 
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Fig. 4.49:  Microphotograph of  rat kidney (H & E stain) (A) Representative section 

of renal from the control group showing normal histology, (B) DMSO + Olive oil 

group, (C) DOX group, (D) Silymarin + DOX group, (E) 200 mg/kg BPM + DOX 

group, (F) 400 mg/kg BPM + DOX group, (G) 400 mg/kg BPM alone. 
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Fig. 4.50:  Microphotograph of  rat kidney (H & E stain) (A) Representative section 

of renal from the control group showing normal histology, (B) DMSO + Olive oil 

group, (C) DOX group, (D) Silymarin + DOX group, (E) 200 mg/kg GAM + DOX 

group, (F) 400 mg/kg GAM + DOX group, (G) 400 mg/kg GAM alone. 
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4.6. Cardiotoxicity studies   

 Cardiotoxicity usually affect the heart either through direct effect of the drug, 

chemical or toxicant and/or indirectly via the haemodynamic flow alteration or due to 

dysfunction created by thrombotic events. Among the various insults oxidative 

imbalance is a primary or secondary cause of many cardiovascular diseases. A well 

acknowledged affiliation between free radicals and cardiotoxicity is recognised by 

many experimental studies 

4.6.1. CCl4 induced cardiotoxicity 

CCl4 is a potent toxic chemical that can cause severe pathological damage to 

the myocardial tissue. Reactive oxygen species production is concerned with 

pathophysiology of many diseases such as inflammation, ischemic heart diseases and 

many more.  

4.6.1.1. Effects of B. procumbens and G. aparine against CCl4 induced 

cardiotoxicity in rat  

The topical plan of study was to assess the capacity of B. procumbens and G. 

aparine methanol extract as an antioxidant that may lead to protect the cardiac 

histological, biochemical and serological changes caused by the treatment of CCl4. 

The results are given below. 

4.6.1.2. Effects of B. procumbens and G. aparine on cardiac marker enzymes of 

serum  

Treatment of CCl4 to rats had resulted in alteration of cardiac serum markers; 

the level of CK and CK-MB was increased (p<0.05) in contrast to control group 

(Tables 4.93 and 4.94). Toxicity of CCl4 was ameliorated with the treatment of 

different doses of B. procumbens and G. aparine methanol extracts CCl4 and the level 

of CK and CK-MB was returned towards the normal level and this effect was more 

pronounced in case of higher dose. However, administration of B. procumbens and G. 

aparine methanol extracts alone did not change the CK and CK-MB activity in serum 

as against the control group.  

4.6.1.3. Effects of B. procumbens and G. aparine on cardiac enzymatic 

antioxidant levels  

CCl4 toxicity is mostly due to free radical mediated damage that disturbs the 

antioxidant level. Thus, enzymatic antioxidant levels were used to enumerate the 

oxidative damage. The extent of cardiac damage was assessed by estimating the level 

of protein, CAT, POD, SOD and lipid peroxides and H2O2 (Tables 4.95 and 4.96). 
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CCl4 administered group showed a significant decrease in the level of cardiac protein 

and antioxidative status; CAT, POD and SOD while raised the lipid peroxidation and 

hydrogen peroxide levels when compared with untreated animals. Post-induction of a 

range of doses of B. procumbens and G. aparine methanol extracts boosted up the 

activity level of antioxidative enzymes and the proteins. However, the level of 

TBARS and H2O2 were dropped near to control group. Treatment with plant samples 

alone did not significantly alter the level of above parameters from control group.  

The effects of various doses of B. procumbens and G. aparine methanol 

extracts on phase II antioxidative status; GST, GPx, GR, QR and the level of GSH 

and DNA fragmentation % of myocardial tissue is explained in Tables 4.97 and 4.98. 

A marked decline in the level of GST, GPx, GR, GSH and QR was noted due to CCl4 

intoxication. Beside this, DNA fragmentation % was appreciably (p<0.05) higher in 

CCl4 treated rats. Post-administration of various doses of B. procumbens and G. 

aparine methanol extracts along with CCl4 treatment markedly reversed the level of 

GST, GPx, GR, QR and the level of GSH and DNA injuries. Data shows that 

maximum recovery effect was due 400 mg/kg b.w dose given alone. Silymarin 

administered to intoxicated group completely suppressed the effects of CCl4 and 

increased the status of antioxidant enzymes while decreased the content of GSH and 

fragmentation of DNA. The groups that were administered with the doses of B. 

procumbens and G. aparine methanol extracts alone showed non-significant 

alterations for above all parameters in comparison to control group.  

4.6.1.4. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

 To further confirm the possible role of CCl4 in genotoxicity and protective 

effects of different dozes of B. procumbens and G. aparine methanolic extracts, DNA 

ladder assay was assessed. The results of the DNA ladder assay are summarized in 

Fig. 4.51 and 4.52. It is evident that banding pattern of CCl4 group was different than 

control group. Nevertheless, various doses of B. procumbens and G. aparine 

methanol extracts showed repairing effects as provoked by intact genomic DNA and 

the effects of highest dose were more similar to the DNA of control group. 

4.6.1.5. Effects of extract of B. procumbens and G. aparine on cardiac 

histoarchitecture 

 Fig. 4.53, 4.54 A and B shows normal architecture of rat heart representing 

control and DMSO groups, respectively. These groups presented normal myofibrillar 

structure with striations, branched appearances and continuity with adjacent 
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myofibrils. Each cardiac muscle contained a single, centrally located nucleus. The 

cardiac muscle has a vast blood supply. Numerous small blood vessels and capillaries 

are found in the connective tissue. The heart sections from the groups that received 

CCl4 showed characteristics appearance of cardiotoxicity apparent by disruption of 

cardiac blood capillaries and interference in the trabeculae. The cardiac histological 

section of CCl4 group showed focal lesions with fragmented myofibril structure. 

Besides, clear sequestered mucoid edema and necrosis were also observed as 

demonstrated in Fig. 4.53 and 4.54 C.  Post-treatment with various doses of B. 

procumbens and G. aparine methanol extracts, supposed as a powerful antioxidant, 

safeguard the cardiac structural design, with few lesions in rats exposed to CCl4. 

Cardiac tissue from these groups showed lesser extent of abnormal findings in heart at 

few sites as shown in Fig. 4.53 and 4.54 E-J. A marked improvement in plants given 

group of CCl4 intoxicated rats was observed with less capillary dilatation and vacuolar 

changes near to control group. 
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Table 4.93: Effects of BPM on heart function tests 

Treatment 

(mg/kg bw) 

CK (U/l) CK-MB (U/l) 

Control 98.23±3.28
e
 104.32±5.22

d
 

Oil+DMSO 83.75±3.58
e
 111.31±4.60

d
 

CCl4 989.2±4.71
a
 260.23±3.89

a
 

CCl4+Sily (50) 211.3±6.33
d
 136.33±4.26

c
 

CCl4+BPM (200) 654.6±7.22
b
 219.26±6.49

b
 

CCl4+BPM (400) 398.7±5.44
c
 123.11±2.67

c
 

BPM (400) 235.4±4.99
d
 109.28±2.95

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.94: Effects of GAM on heart function tests 

Treatment 

(mg/kg bw) 

CK (U/l) CK-MB (U/l) 

Control 87.23±2.66
e
 102.32±3.22

e
 

Oil+DMSO 83.73±3.18
e
 105.11±4.60

e
 

CCl4 926.2±4.73
a
 273.23±6.52

a
 

CCl4+Sily (50) 225.3±5.21
d
 136.33±3.62

d
 

CCl4+GAM (200) 643.3±6.22
b
 214.26±7.11

b
 

CCl4+GAM (400) 362.3±5.44
c
 169.11±5.32

c
 

GAM (400) 96.45±3.85
e
 122.28±4.29

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.95: Effects of BPM on tissue proteins and antioxidant enzyme levels 
Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 3.67±0.05
e
 2.71±0.27

d
 12.6±0.07

d
 3.5±0.31

d
 2.73±0.3

d
 1.77±0.02

d
 

Oil+DMSO 3.25±0.04
d
 2.68±0.25

d
 13.5±0.10

e
 3.7±0.12

d
 2.97±0.2

d
 1.69±0.01

d
 

CCl4 0.93±0.04
a
 1.05±0.30

a
 5.74±0.33

a
 1.36±0.5

a
 5.49±0.8

a
 3.25±0.02

a
 

CCl4+Sily (50) 3.84±0.06
e
 2.73±0.20

d
 10.3±0.16

c
 3.4±0.24

d
 2.77±0.3

d
 1.54±0.07

e
 

CCl4+BPM (200) 1.78±0.05
b
 1.80±0.06

b
 9.87±0.11

b
 1.5±0.08

b
 4.10±0.5

b
 2.66±0.04

b
 

CCl4+BPM (400) 2.61±0.01
c
 2.41±0.03

c
 10.1±0.15

c
 2.6±0.06

c
 3.37±0.3

c
 2.01±0.03

c
 

BPM (400) 3.12±0.02
d
 2.71±0.16

d
 12.0±0.28

d
 3.8±0.12

d
 2.75±0.4

d
 1.47±0.02

e
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.96: Effects of GAM on tissue proteins and antioxidant enzyme levels 
Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

nM/min/ 

mg tissue) 

Control 3.73±0.04
d
 2.77±0.27

d
 14.0±0.08

d
 3.83±0.21

d
 2.66±0.31

d
 1.71±0.02

e
 

Oil+DMSO 3.71±0.06
d
 2.64±0.25

d
 15.5±0.21

e
 3.69±0.16

d
 2.73±0.23

d
 1.74±0.08

d
 

CCl4 0.85±0.02
a
 1.09±0.16

a
 5.82±0.32

a
 1.33±0.05

a
 5.69±0.18

a
 3.52±0.02

a
 

CCl4+Sily (50) 3.76±0.02
d
 2.80±0.20

d
 16.0±0.12

e
 3.76±0.14

d
 2.74±0.32

d
 1.572±0.07

e
 

CCl4+GAM (200) 1.34±0.02
b
 1.84±0.06

b
 9.88±0.18

b
 1.97±0.09

b
 4.10±0.05

b
 2.72±0.06

b
 

CCl4+GAM (400) 2.92±0.01
c
 2.10±0.03

c
 11.1±0.13

c
 2.64±0.05

c
 3.29±0.13

c 
2.12±0.05

c
 

GAM (400) 3.73.±0.05
e
 2.62±0.16

d
 14.0±0.22

d
 3.80±0.12

d
 2.62±0.41

d
 1.70±0.09

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.97: Effects of BPM on phase II antioxidant enzymes and DNA fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/min 

/mg 

protein) 

GPx 

(nM/ 

min/mg 

protein) 

GR 

(nM 

/min/mg 

protein) 

GSH 

 

(μM/g 

tissue) 

QR 

(nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 163.3±3.6
d
 147.3±2.5

d
 208.4±3.4

d
 20.4±1.3

e
 98.84±2.4

e
 1.09±0.7

d
 

Oil+DMSO 188.2±4.5
e
 155.4±3.7

e
 201.3±5.6

e
 21.3±2.6

e
 96.37±3.2

e
 1.04±0.3

d
 

CCl4 89.42±2.8
a
 68.8±4.11

a
 127.7±2.3

a
 10.9±0.8

a
 60.27±3.2

a
 5.65±1.2

a
 

CCl4+Sily (50) 147.5±3.3
c
 162.1±2.6

e
 206.2±3.4

d
 16.5±1.2

d
 92.51±1.7

d
 1.07±0.5

d
 

CCl4+BPM (200) 116.4±2.6
b
 86.45±1.2

b
 147.4±2.6

b
 11.5±0.6

b
 68.81±1.7

b
 3.28±0.3

b
 

CCl4+BPM (400) 142.7±3.5
c
 131.5±1.6

c
 182.6±2.8

c
 11.5±0.2

b
 82.18±1.4

c
 2.01±0.5

c
 

BPM (400) 166.5±3.7
d
 149.2±2.6

d
 200.5±3.9

e
 13.7±0.9

c
 90.43±2.6

d
 1.05±0.6

e
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.98: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/min 

/mg 

protein) 

GPx 

(nM/ 

min/mg 

protein) 

GR 

(nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR 

(nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 160.2±4.2
e
 140.3±3.3

e
 205.4±5.3

e
 23.45±2.3

d
 93.88±2.3

d
 1.24±0.3

d
 

Oil+DMSO 163.1±4.3
e
 145.7±3.2

d
 177.6±5.4

d
 27.23±2.5

e
 108.1±2.7

e
 1.25±0.7

d
 

CCl4 90.06±5.6
a
 67.08±3.2

a
 123.3±3.6

a
 11.09±0.6

a
 58.8±2.42

a
 5.38±1.4

a
 

CCl4+Sily (50) 145.2±3.2
d
 142.1±2.1

e
 183.7±3.4

d
 18.45±1.8

c
 92.55±2.2

d
 1.30±0.3

d
 

CCl4+GAM (200) 109.4±2.5
b
 83.09±1.8

b
 142.4±2.7

b
 15.05±0.6

b
 75.16±1.7

b
 3.28±0.6

b
 

CCl4+GAM (400) 114.2±3.2
c
 115.3±1.6

c
 147.6±2.8

c
 17.15±0.2

c
 86.81±1.3

c
 2.72±0.5

c
 

GAM (400) 136.4±2.3
d
 139.2±2.6

d
 207.9±3.5

e
 24.87±0.9

d
 102.3±2.9

e
 1.23±0.1

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin,  GAM; G. aparine methanol extract. 
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Fig. 4.51: Agarose gel showing DNA damage by CCl4 and protective effects of 

various dozes of B. procumbens leaves in cardiac tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin + CCl4 group, (5) 200 mg/kg BPM + CCl4 group, (6) 400 mg/kg  BPM 

+ CCl4 group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.52: Agarose gel showing DNA damage by CCl4 and protective effects of 

various dozes of G. aparine leaves in cardiac tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin + CCl4 group, (5) 200 mg/kg GAM + CCl4 group, (6) 400 mg/kg GAM 

+ CCl4 group, (7) 400 mg/kg GAM alone. 

M        1      2     3    4     5      6      7 

M       1      2     3     4     5     6      7 
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Fig. 4.53: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative 

section of heart from the control group showing normal histology, (B) DMSO + Olive 

oil group, (C) CCl4 group, (D) Silymarin + CCl4 group, (E) 200 mg/kg BPM + CCl4 

group, (F) 400 mg/kg  BPM + CCl4 group, (G) 400 mg/kg BPM. 
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Fig. 4.54: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative 

section of heart from the control group showing normal histology, (B) DMSO + Olive 

oil group, (C) CCl4 group, (D) Silymarin + CCl4 group, (E) 200 mg/kg GAM + CCl4 

group, (F) 400 mg/kg GAM + CCl4 group, (G) 400 mg/kg GAM alone. 
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 4.6.2. Paracetamol induced cardiotoxicity 

Paracetamol is a potent toxic chemical that can cause severe pathological 

damage to the myocardial tissue. ROS production is concerned with pathophysiology 

of many diseases such as inflammation, ischemic heart diseases and many more. In 

the present study protective potential of plant extracts was evaluated against the toxic 

upshots of paracetamol on heart tissues of rat.  

4.6.2.1. Effects of B. procumbens and G. aparine against paracetamol induced 

cardio toxicity in rat  

Boerhavia procumbens and G. aparine are traditionally used in various 

ailments by local healers. The main theme of the present investigation was to evaluate 

the antioxidative potential of these two plant species. In this connection biochemical, 

serological, and histological parameters were studied in various groups of rat. The 

results are given below. 

4.6.2.2. Effects of B. procumbens and G. aparine on cardiac marker enzymes of 

serum  

Treatment of paracetamol to rats had resulted in significant increase in the 

serum level of CK and CK-MB activity (p<0.05) in contrast to control group (Tables 

4.99 and 4.100). An amelioration of paracetamol induced cardiotoxicity was 

established by the co-administration of BPM and GAM and the level of CK and CK-

MB restored towards the normal level and this effect was more advanced at higher 

doses of both plant samples. However, administration of B. procumbens and G. 

aparine methanol extracts alone did not statistically change the CK and CK-MB 

activity in serum as against the control group.  

4.6.2.3. Effects of B. procumbens and G. aparine on cardiac enzymatic 

antioxidant levels  

Paracetamol induced cardiotoxicity is mediated through the generation of free 

radicals that altered the level of antioxidant enzymes and the biochemical associated 

with the amelioration of oxidative stress. In this experiment PCM induced 

cardiotoxicity that was reflected by the low level of cardiac proteins, CAT, POD, 

SOD, GPx, GST, GR,  and QR activities. Similarly the cardiac estimation of GSH 

was depleted by the upshots of PCM. However the level of lipid peroxides and H2O2 

was elevated as a consequence of free radical stress. PCM administration to rats also 

induced DNA damages that were shown by the significant elevation of % DNA 

fragmentation in cardiac tissues.  Co-administration of BPM and GAM reduced the 
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PCM damages and the extent of cardiac protection was assessed by the elevated level 

of cardiac proteins, CAT, POD, SOD, GPx, GST, GR and QR activities. Plant 

samples were also able to restore the GSH contents in cardiac tissues with the 

concomitant decrease of lipid peroxides, DNA damages and H2O2. The protective 

effects produced by silymarin were similar to the highest dose of plant samples. 

However, treatment of plant samples alone did not significantly alter the level of 

aforementioned parameters (Table 4.101-104).  

4.6.2.4. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

 Protective potential of different doses of BPM and GAM on PCM induced 

genotoxicity was established by the DNA ladder assay. After electrophoresis of DNA 

on agarose the DNA banding pattern of various groups was compared. In case of 

control groups the DNA was accumulated at or near the loading point while in case of 

PCM treated group a continuous banding patted was observed. The protective 

potential of both plant samples was determined by the low level of DNA movement 

along the electrophoresis and the highest dose was more efficient in this regard. The 

protective effects of silymarin aginst the PCM induced cardiotoxicity were similar to 

the highest dose of plant samples. The DNA banding pattern of plant samples alone 

did not indicate the existence of genotoxicity in cardiac tissues (Fig. 4.55 and 4.56).  

4.6.2.5. Effects of B. procumbens and G. aparine on cardiac histoarchitecture 

 Histoarchitecture of cardiac tissues of the control groups had shown the 

normal myofibrillar structure with striations, branched appearances and continuity 

with adjacent myofibrils. The myofibrillar were endowed with centrally located 

nucleus and the presence of numerous small blood vessels and capillaries in 

connective tissues. In case of cardiac samples treated with PCM had shown disruption 

of cardiac blood capillaries and interference in the trabeculae. The cardiac histological 

section of paracetamol group showed focal lesions with fragmented myofibril 

structure. Besides, clear sequestered mucoid edema and necrosis were also observed 

as demonstrated in Fig. 4.57 and 4.58 C.  Co-treatment with various doses of B. 

procumbens and G. aparine methanol extracts, supposed as a powerful antioxidant, 

safeguard the cardiac structural design, with few lesion in rats exposed to 

paracetamol. Cardiac tissue from these groups showed lesser extent of abnormal 

findings in heart at few sites as shown in Fig. 4.57 and 4.58 E-J. A marked 

improvement at higher dose of plants given with paracetamol intoxicated rats was 

observed with less capillary dilatation and vacuolar changes near to control group.  
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 Table 4.99:  Effects of BPM on heart function tests 

Treatment 

(mg/kg bw) 

CK (U/l) CK-MB (U/l) 

Control 90.53±2.41
e
 106.53±3.7

d
 

Oil+DMSO 87.88±3.55
e
 104.85±4.05

d
 

PCM 973.2±11.5
a
 351.11±4.6

a
 

PCM+Sily (50) 110.1±4.71
d
 105.23±3.89

d
 

PCM+BPM (200) 511.5±6.33
b
 259.33±4.2

b
 

PCM+BPM (400) 241.3±7.22
c
 189.26±6.4

c
 

BPM (400) 105.7±5.44
d
 108.11±2.6

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.100:  Effects of GAM on heart function tests 

Treatment 

(mg/kg bw) 

CK (U/l) CK-MB (U/l) 

Control 92.63±2.66
e
 109.3±3.22

d
 

Oil+DMSO 110.4±2.72
d
 106.9±2.85

d
 

PCM 930.73±3.1
a
 341.1±4.60

a
 

PCM+Sily (50) 106.21±4.7
d
 95.23±1.52

e
 

PCM+GAM (200) 532.3±5.21
b
 220.3±3.62

b
 

PCM+GAM (400) 233.3±6.22
c
 154.2±7.11

c
 

GAM (400) 91.37±5.44
e
 103.1±5.32

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.101:  Effects of BPM on tissue proteins and antioxidant enzyme levels 
Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min 

/mg protein) 

H2O2 

(nM/min 

/mg 

tissue) 

Control 3.87±0.03
d
 2.63±0.31

d
 13.6±0.42

d
 3.42±0.18

d
 2.88±0.31

d
 1.83±0.2

d
 

Oil+DMSO 3.83±0.05
d
 2.67±0.25

d
 13.4±0.12

d
 3.55±0.26

d
 2.81±0.23

d
 1.76±0.8

d
 

PCM 0.99±0.06
a
 1.23±0.41

a
 6.14±0.53

a
 1.46±0.15

a
 5.34±0.18

a
 3.25±0.2

a
 

PCM+Sily (50) 3.83±0.08
d
 2.59±0.52

c
 13.3±0.26

d
 3.46±0.24

d
 2.97±0.32

d
 1.78±0.7

d
 

PCM+BPM (200) 1.68±0.03
b
 1.72±0.30

b
 9.82±0.25

b
 2.53±0.31

b
 4.20±0.05

b
 2.66±0.6

b
 

PCM+BPM (400) 2.81±0.07
c
 2.15±0.22

c
 10.2±0.21

c
 3.10±0.12

c
 3.27±0.13

c
 1.98±0.5

c
 

BPM (400) 3.82±0.05
d
 2.68±0.12

d
 13.5±0.20

d
 3.40±0.26

d
 2.85±0.41

d
 1.87±0.9

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

 

Table 4.102: Effects of GAM on tissue proteins and antioxidant enzyme levels 
Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 3.63±0.04
d
 2.65±0.27

d
 12.7±0.08

d
 3.9±0.21

d
 2.86±0.41

d
 1.85±0.5

d
 

Oil+DMSO 3.59±0.06
d
 2.72±0.25

d
 12.5±0.11

d
 3.8±0.16

d
 2.73±0.13

d
 1.88±0.8

d
 

PCM 0.95±0.02
a
 1.27±0.30

a
 6.24±0.33

a
 1.4±0.05

a
 5.42±0.25

a
 3.33±0.2

a
 

PCM+Sily (50) 3.66±0.07
d
 1.68±0.20

d
 12.4±0.16

d
 3.7±0.14

d
 2.74±0.34

d
 1.84±0.7

d
 

PCM+GAM (200) 1.74±0.05
b
 1.66±0.06

b
 9.84±0.11

b
 2.7±0.09

b
 4.45±0.15

b
 2.31±0.6

b
 

PCM+GAM (400) 2.72±0.03
c
 2.06±0.03

c
 10.4±0.15

c
 3.5±0.05

c
 3.12±0.23

c
 2.04±0.3

c
 

GAM (400) 3.62±0.05
d
 2.60±0.16

d
 12.9±0.28

d
 3.8±0.12

d
 2.77±0.38

d
 1.87±0.7

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.103:  Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

min/mg 

protein) 

GPx 

(nM/min/ 

mg protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 169.3±3.6
d
 139.3±3.51

d
 213.4±3.6

d
 18.45±1.4

e
 95.8±2.3

e
 1.09±0.3

d
 

Oil+DMSO 175.9±4.2
e
 151.4±3.70

e
 210.8±5.3

d
 16.23±2.6

d
 97.1±2.7

d
 1.04±0.2

d
 

PCM 88.43±3.2
a
 72.08±4.11

a
 117.7±2.8

a
 08.09±0.8

a
 62.06±2.4

a
 5.39±1.4

a
 

PCM+Sily (50) 153.5±4.3
c
 149.1±2.06

e
 212.1±3.4

d
 15.45±1.3

d
 98.55±2.2

d
 1.08±0.6

d
 

PCM+BPM (200) 113.4±2.7
b
 93.47±1.28

b
 163.9±2.7

b
 10.05±0.6

b
 79.08±1.8

b
 3.17±0.6

b
 

PCM+BPM (400) 149.2±2.2
c
 120.3±1.63

c
 190.6±2.8

c
 12.15±0.2

c
 83.81±1.3

c
 2.29±1.3

c
 

BPM (400) 166.5±3.5
d
 143.2±2.62

d
 214.5±3.9

d
 19.87±0.9

e
 94.36±2.9

e
 1.05±0.1

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

 

Table 4.104: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 172.2±3.20
d
 142.3±3.3

d
 210.5±5.3

d
 20.4±3.1

d
 93.8±3.2

d
 1.13±0.3

d
 

Oil+DMSO 178.7±2.35
d
 148.5±3.8

d
 215.6±5.4

e
 23.2±2.7

e
 96.1±2.5

d
 1.19±0.7

d
 

PCM 83.06±4.61
a
 69.08±3.2

a
 111.7±3.8

a
 10.0±0.9

a
 48.4±2.4

a
 5.44±1.4

a
 

PCM+Sily (50) 180.22±3.6
c
 145.1±2.1

d
 200.3±3.4

d
 19.5±2.1

d
 65.5±3.5

d
 1.15±0.3

d
 

PCM+GAM (200) 107.4±2.53
b
 83.09±1.8

b
 167.4±2.7

b
 14.2±0.7

b
 74.1±1.7

b
 3.26±1.6

b
 

PCM+GAM (400) 142.7±3.25
c
 112.5±1.6

c
 189.6±2.8

c
 16.3±0.9

c
 83.8±1.3

c
 2.19±1.5

c
 

GAM (400) 176.5±2.51
d
 141.2±2.2

d
 205.9±3.2

d
 24.7±0.7

e
 94.4±2.9

d
 1.12±0.1

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Fig. 4.55: Agarose gel showing DNA damage by PCM and protective effects of 

various dozes of B. procumbens leaves in cardiac tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) PCM group, 

(4) Silymarin + PCM group, (5) 200 mg/kg BPM + PCM group, (6) 400 mg/kg BPM 

+ PCM group, (7) 400 mg/kg  BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.56:  Agarose gel showing DNA damage by PCM and protective effects of 

various dozes of G. aparine leaves in cardiac tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) PCM group, 

(4) Silymarin + PCM group, (5) 200 mg/kg GAM + PCM group, (6) 400 mg/kg GAM 

+ PCM group, (7) 400 mg/kg GAM alone. 

M     1       2     3      4     5      6      7 

M      1     2      3     4      5       6      7 
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Fig. 4.57: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative 

section of heart from the control group showing normal histology, (B) DMSO + Olive 

oil group, (C) PCM group, (D) Silymarin + PCM group, (E) 200 mg/kg BPM + PCM 

group, (F) 400 mg/kg BPM + PCM group, (G) 400 mg/kg BPM alone. 
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Fig. 4.58: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative 

section of heart from the control group showing normal histology, (B) DMSO + Olive 

oil group, (C) PCM group, (D) Silymarin + PCM group, (E) 200 mg/kg GAM + PCM 

group, (F) 400 mg/kg GAM + PCM group, (G) 400 mg/kg GAM alone. 
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Gentamicin is regularly used as antibiotic against gram negative bacteria during 

infection in various organs. However, its acute or chronic use can lead to 

pathophysiological conditions in different organs.   

4.6.3.1. Effects of B. procumbens and G. aparine against gentamicin induced 

cardio toxicity in rat  

In the present investigation the methanol extract of B. procumbens and G. 

aparine were co-administered along with GTM to investigate the protective effects in 

cardiac tissues. In this respect the cardiac marker enzymes, antioxidant biomolecules 

and histoarchitecture of cardiac tissues were studied. The results are given below. 

4.6.3.2. Effects of B. procumbens and G. aparine on cardiac marker enzymes  

Level of enzymes associated with cardiac function indicated the toxicity 

induced with GTM. In the present investigation level of serum markers such as CK 

and CK-MB was elevated implying the potential damaging effects in cardiac tissues. 

Co-administration of BPM and GAM along with gentamicin had restored the level of 

these markers in the line of control animals (Table 4.105 and 4.106). The highest 

dosage of BPM and GAM more remarkably restored the elevated level of CK and 

CK-MB. Amelioration of gentamicin induced toxicity with administration of 

silymarin was related with the higher dose of both the plant samples.  

4.6.3.3. Effects of B. procumbens and G. aparine on cardiac enzymatic 

antioxidants  

Gentamicin toxicity is induced by the synthesis of free radicals consequently 

cause oxidative stress. The inability of the normal antioxidative mechanism 

suppressed the synthesis and function of various antioxidant enzymes. In this 

experiment the level of CAT, POD, SOD, GPx, GST, GR and QR was depleted in the 

cardiac samples treated with GTM. The upshots of GTM induced toxicity also 

decreased the proteins and GSH in cardiac tissues. On the contrary the level of lipid 

peroxides, DNA damages and H2O2 was elevated in GTM treated cardiac samples. 

The protective potential of silymarin and plant samples was evident by the enhanced 

level of antioxidant enzymes and GSH concentration in cardiac samples. Further the 

level of lipid peroxides, DNA damages and H2O2 was decreased by the simultaneous 

application of GTM and plant samples. The protective effects were more eminent at 

the highest dose of both plant samples. However, treatments with plant extract alone 

did not significantly differ from control group (Table 4.107-110).  
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Oxidative stress induced with GTM in cardiac tissues caused DNA lesions 

leading to a continuous banding pattern during electrophoresis. In case of control 

samples DNA banding pattern was different and the DNA remained at the site of 

loading. Co-administration of different doses (200 and 400 mg/kg) of BPM and GAM 

against gentamicin toxicity showed protective effects showed repairing effects as 

provoked by intact genomic DNA more similar to the DNA of control group. The 

protective effects of plant samples were more evident at the highest dose of plant 

samples (Fig. 4.59 and 4.60).  

4.6.3.5. Effects of B. procumbens and G. aparine on cardiac histoarchitecture 

Cardiac lesions induced with gentamicin in rats were evident in the thin sections of 

cardiac tissues in the form of normal myofibrillar structure with striations, branched 

appearances and continuity with adjacent myofibrils (Fig. 4.61, 4.62 A and B). 

Cardiac muscles have a single, centrally located nucleus and vast blood supply in the 

connective tissues. In GTM treated cardiac samples disruption in blood supply and 

interference in the trabeculae, edema and necrosis was evident (Fig. 4.61 and 4.62 C). 

Co-treatment either with silymarin or various doses of B. procumbens and G. aparine 

methanol extracts suppressed the GTM induced toxicity by their powerful antioxidant 

capacities and safeguard the cardiac structural design (Fig. 4.61, 4.62 E-J).  

4.6.3.4. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)
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(mg/kg bw) 

Control 99.36±2.4
e

120.9±5.42
e

Oil+DMSO 107.3±5.4
e

118.4±3.09
e

GTM 918.4±9.6
a

276.2±3.55
a

GTM+Sily (50) 154.7±8.3
d

141.8±3.00
d

GTM+BPM (200) 510.6±9.6
b

219.6±3.37
b

GTM+BPM (400) 272.1±8.9
c

180.1±4.17
c

BPM (400) 95.85±9.4
e

155.4±3.15
d

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

Table 4.106.:  Effects of various dozes of GAM on heart function tests 

Treatment 

(mg/kg bw) 

CK (U/l) CK-MB (U/l) 

Control 93.67±3.51
e

116.97±2.42
e

Oil+DMSO 164.3±3.45
d

118.41±4.09
e

GTM 926.4±10.6
a

288.23±3.55
a

GTM+Sily (50) 180.7±8.37
d

132.28±2.00
d

GTM+GAM (200) 610.6±6.56
b

213.68±3.37
b

GTM+GAM (400) 317.1±6.29
c

167.01±4.17
c

GAM (400) 94.85±7.48
e

112.42±3.15
e

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, GAM; G. aparine methanol extract. 

Table 4.105: Effects of various dozes of BPM on heart function tests 
Treatment CK (U/l) CK-MB (U/l) 
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Table 4.107: Effects of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/mi/ 

mg potein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 3.45±0.06
e
 2.37±0.19

d
 9.8±0.28

e
 3.8±0.31

d
 3.2±0.36

e
 1.4±0.02

d
 

Oil+DMSO 3.38±0.07
d
 2.42±0.23

d
 8.7±0.46

d
 3.9±0.42

d
 3.3±0.33

d
 1.4±0.06

d
 

GTM 0.94±0.05
a
 1.07±0.17

a
 5.8±0.61

a
 1.1±0.29

a
 5.4±0.08

a
 2.5±0.07

a
 

GTM+Sily (50) 3.36±0.09
d
 2.40±0.31

d
 9.5±0.64

e
 3.4±0.13

c
 3.4±0.14

d
 1.5±0.02

c
 

GTM+BPM (200) 1.18±0.03
b
 1.57±0.32

b
 7.4±0.42

b
 2.1±0.32

b
 4.0±0.13

b
 2.0±0.08

b
 

GTM+BPM (400) 2.76±0.02
c
 1.98±0.12

c
 8.1±0.82

c
 3.6±0.17

c
 3.9±0.06

c
 1.6±0.02

c
 

BPM (400) 3.52±0.04
e
 2.35±0.31

d
 8.6±0.35

d
 3.9±0.18

d
 3.1±0.12

e
 1.3±0.05

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.108: Effects of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 3.52±0.05
d
 2.23±0.19

d
 8.7±0.28

d
 3.7±0.28

e
 3.6±0.28

d
 1.2±0.03

d
 

Oil+DMSO 3.45±0.06
d
 2.25±0.26

d
 9.1±0.36

e
 3.4±0.52

d
 3.3±0.37

e
 1.1±0.08

d
 

GTM 0.88±0.02
a
 1.10±0.14

a
 5.0±0.71

a
 1.2±0.33

a
 5.8±0.15

a
 2.4±0.07

a
 

GTM+Sily (50) 3.54±0.09
d
 2.17±0.20

d
 8.6±0.78

d
 3.5±0.17

d
 3.4±0.13

e
 1.5±0.04

d
 

GTM+GAM (200) 1.48±0.03
b
 1.51±0.16

b
 7.6±0.39

b
 2.8±0.23

b
 4.7±0.17

b
 2.0±0.08

b
 

GTM+GAM (400) 2.60±0.02
c
 1.88±0.22

c
 8.2±0.68

c
 3.1±0.27

c
 3.9±0.05

c
 1.8±0.07

c
 

GAM (400) 3.48±0.08
d
 2.12±0.17

d
 8.6±0.34

d
 3.7±0.12

e
 3.6±0.14

d
 1.6±0.06

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.109: Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST(nM/

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 179.4±4.3
d
 147.5±4.7

d
 214.6±3.7

d
 18.78±1.3

d
 94.6±4.1

d
 1.19±0.9

d
 

Oil+DMSO 186.7±2.2
d
 150.9±3.6

d
 217.3±4.8

d
 17.6±1.50

d
 92.1±3.2

d
 1.13±0.6

d
 

GTM 82.73±3.7
a
 69.6±3.02

a
 119.5±3.6

a
 10.3±0.65

a
 66.3±2.6

a
 5.27±2.6

a
 

GTM+Sily (50) 193.5±3.1
e
 148.5±2.4

d
 212.8±2.9

d
 16.7±1.61

d
 96.1±2.7

d
 1.13±0.4

d
 

GTM+BPM (200) 145.8±2.4
b
 98.71±2.6

b
 148.4±3.5

b
 10.9±0.43

b
 67.0±2.8

b
 3.26±0.7

b
 

GTM+BPM (400) 167.7±2.9
c
 123.6±2.3

c
 192.2±3.6

c
 12.2±0.52

c
 78.1±2.2

c
 2.17±0.3

c
 

BPM (400) 180.5±2.3
d
 145.9±3.7

d
 218.9±3.2

d
 19.3±0.36

d
 95.4±2.3

d
 1.17±0.5

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

 

Table 4.110: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 
Treatment 

(mg/kg bw) 

GST 

(nM/min 

/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 178.8±4.8
e
 153.5±4.3

d
 164.7±3.3

e
 18.5±1.6

c
 97.74±4.1

d
 1.13±0.4

d
 

Oil+DMSO 179.9±4.1
e
 150.9±4.7

d
 152.1±2.9

d
 19.4±1.5

c
 92.32±3.2

d
 1.15±0.9

d
 

GTM 95.52±4.3
a
 68.64±2.3

a
 124.3±3.3

a
 10.6±0.6

a
 63.65±2.6

a
 5.41±3.6

a
 

GTM+Sily (50) 170.4±1.7
d
 158.6±1.8

d
 149.8±2.9

d
 18.8±1.4

c
 98.43±2.7

d
 1.21±0.3

d
 

GTM+GAM (200) 137.4±2.4
b
 86.76±1.6

b
 137.4±3.5

b
 13.7±0.7

b
 71.39±2.8

b
 3.30±0.7

b
 

GTM+GAM (400) 154.3±3.9
c
 126.6±1.4

c
 148.2±3.6

c
 17.5±0.3

c
 86.41±2.1

c
 2.25±0.3

c
 

GAM (400) 172.5±2.6
d
 155.9±1.7

d
 165.9±3.2

e
 19.3±0.6

c
 96.28±2.3

d
 1.12±0.7

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Fig. 4.59: Agarose gel showing DNA damage by GTM and protective effects of 

various dozes of B. procumbens leaves in cardiac tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) GTM group, 

(4) Silymarin + GTM group, (5) 200 mg/kg BPM + GTM group, (6) 400 mg/kg BPM 

+ GTM group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.60: Agarose gel showing DNA damage by GTM and protective effects of 

various dozes of G. aparine in cardiac tissue. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3) GTM group, (4) 

Silymarin + GTM group, (5) 200 mg/kg GAM+ GTM group, (6) 400 mg/kg GAM+ 

GTM group, (7) 400 mg/kg GAM alone. 

M        1      2     3      4   5     6      7 

M      1       2       3    4      5    6    7 
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Fig. 4.61:  Microphotograph of  rat heart (H & E stain) (A) Cardiac representative 

section of heart from the control group showing normal histology, (B) DMSO + Olive 

oil group, (C) GTM group, (D) Silymarin + GTM group, (E) 400 mg/kg BPM + GTM 

group, (F) 400 mg/kg BPM + PCM group, (G) 400 mg/kg BPM alone. 
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Fig. 4.62: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative 

section of heart from the control group showing normal histology, (B) DMSO + Olive 

oil group, (C) GTM group, (D) Silymarin + GTM group, (E) 200 mg/kg GAM + 

GTM group, (F) 400 mg/kg GAM + PCM group, (G) 400 mg/kg GAM alone. 
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4.6.4. Doxorubicin induced cardiotoxicity 

 Doxorubicin is used in the treatment of various tumors and leukemias but its 

frequent uses are prohibited by the propagation of cardiotoxicity. Its unwanted initial 

effects include hypotension and transient electrocardiographic abnormalities. During 

chronic exposure it induces cardiomyopathy and accounts for increased mortality. The 

toxic insult of DOX might involve the ROS induced cellular injuries, suppression of 

certain genes, improper adrenergic signaling and apoptosis. 

 4.6.4.1. Effects of B. procumbens and G. aparine against doxorubicin induced 

cardio toxicity in rat  

Methanol extracts of B. procumbens and G. aparine possess strong antioxidant 

ability. In this connection antioxidant capacity of B. procumbens and G. aparine was 

evaluated against the cardiac injuries induced with DOX in rat. The results are given 

below. 

4.6.4.2. Effects of B. procumbens and G. aparine on cardiac marker enzymes  

In this experiment damaging action of DOX to cardiac tissues was noted in the 

elevation of CK and CK-MB in serum to that of the control samples. The toxicity of 

DOX was ameliorated by the co-treatment of BPM and GAM at various doses and the 

level of the above markers was decreased in a dose dependent manner. The protective 

effects of both the plant samples were similar to that of the antioxidant drug 

silymarin. However, treatment with B. procumbens and G. aparine methanol extracts 

alone did not change the CK and CK-MB activity in serum as against the control 

group (Table 4.111 and 4.112).  

4.6.4.3. Effects of B. procumbens and G. aparine on cardiac enzymatic 

antioxidants  

During natural process the innate defense mechanism of individuals maintain 

the ROS balance in the physiological norm. This balance in ROS is usually 

established by the Phase I and Phase II antioxidant enzymes. The normal function of 

these enzymes is disturbed by the overwhelming synthesis of ROS and their activity 

level is undermined. In this experiment the level of antioxidant enzymes; POD, CAT, 

SOD, GR, GPx, GST, QR in cardiac samples was decreased by the toxicity induced 

with DOX. On the other hand the level of lipid peroxides and the H2O2 was enhanced 

while the concentration of GSH was depleted. Due to the ability of BPM and GAM to 

scavenge the free radicals the level of antioxidant enzymes and GSH was increased 

and the level of lipid peroxides was reduced in samples treated simultaneously with 
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DOX and the plant samples. The antiradical capacity obtained in this experiment 

showed a dose dependent response. Data shows that maximum recovery effect was 

due at higher dose (400 mg/kg). Silymarin administered to intoxicated group 

suppressed the effects of doxorubicin and increased the status of antioxidant enzymes. 

Treatment of rats with DOX resulted in significant rise in the level of DNA damages. 

The groups treated with various doses of B. procumbens and G. aparine methanol 

extracts along with DOX significantly reduced the DNA fragmentation % in 

comparison to DOX treated group (Table 4.113-16).  

4.6.4.4. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

The DNA banding pattern obtained from DOX treated samples indicated 

extensive breakages in DNA molecules and were reflected by the continuous pattern 

in the gel (Fig. 4.63 and 4.64). It is obvious from the DNA banding pattern of control 

samples that the DNA was intact as it was accumulated in the loading area. Co-

administration of the plant samples in combination with DOX reduced the toxicity 

and low level of DNA damage was recorded in the electrophoresis process.  

4.6.4.5. Effects of B. procumbens and G. aparine on cardiac histoarchitecture 

Cardiac injuries were induced by the exposure of rats with doxorubicin. Due to DOX 

toxicity disruption in blood supply and interference in the trabeculae, edema and 

necrosis were observed (Fig. 4.65, 66 C). In case of control rats normal myofibrillar 

structure with striations, branched appearances and continuity with adjacent 

myofibrils was exhibited (Fig. 4.65, 66 A and B). Cardiac muscles have a single, 

centrally located nucleus and vast blood supply in the connective tissues. Co-

treatment either with silymarin or various doses of B. procumbens and G. aparine 

methanol extracts suppressed the GTM induced toxicity by their powerful antioxidant 

capacities and safeguard the cardiac structural design (Fig. 4.65, 66 E-J).  

 

 

 

 

 

 

 

 

 



Chapter 4                                                     Cardiotoxicity                                                              Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L). 226 

 

Table 4.111: Effects of BPM on heart function tests 

Treatment 

(mg/kg bw) 

CK (U/l) CK-MB (U/l) 

Control 96.23±2.14
e
 106.32±3.16

e
 

Oil+DMSO 97.59±3.66
e
 118.55±4.28

d
 

DOX 960.2±4.76
a
 264.23±6.89

a
 

DOX+Sily (50) 109.3±3.69
d
 112.11±4.60

d
 

DOX+BPM (200) 458.3±6.14
b
 178.33±3.26

b
 

DOX+BPM (400) 179.2±5.22
c
 129.26±5.49

c
 

BPM (400) 105.7±7.44
d
 108.11±7.67

e
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.112:  Effects of GAM on heart function tests 

Treatment 

(mg/kg bw) 

CK (U/l) CK-MB (U/l) 

Control 89.23±4.14
e
 117.32±5.22

d
 

Oil+DMSO 96.23±3.24
d
 115.32±5.22

d
 

DOX 989.2±5.76
a
 284.43±7.89

a
 

DOX+Sily (50) 88.73±3.69
e
 106.11±6.60

e
 

DOX+GAM (200) 556.3±5.45
b
 173.33±3.26

b
 

DOX+GAM (400) 254.3±7.22
c
 135.26±7.49

c
 

GAM (400) 99.37±8.44
d
 116.11±5.67

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.113:  Effects of BPM on tissue proteins and antioxidant enzyme levels 
Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg 

protein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 2.77±0.04
e
 3.56±0.2

d
 10.3±0.08

e
 3.56±0.2

d
 3.72±0.31

d
 1.2±0.05

d
 

Oil+DMSO 2.90±0.08
e
 3.47±0.3

d
 9.85±0.03

d
 3.63±0.6

e
 3.76±0.59

e
 1.3±0.04

d
 

DOX 0.93±0.03
a
 1.51±0.3

a
 5.44±0.33

a
 1.37±0.3

a
 5.90±0.18

a
 3.6±0.02

a
 

DOX+Sily (50) 2.69±0.06
d
 3.63±0.2

e
 10.5±0.11

e
 3.69±0.4

e
 3.79±0.23

c
 1.6±0.08

d
 

DOX+BPM (200) 1.68±0.07
b
 2.43±0.2

b
 7.07±0.16

b
 1.92±0.5

b
 4.83±0.32

b
 2.9±0.07

b
 

DOX+BPM (400) 2.37±0.03
c
 3.27±0.0

c
 6.88±0.11

c
 2.43±0.7

c
 4.13±0.05

c
 2.1±0.03

c
 

BPM (400) 2.63±0.04
d
 3.61±0.0

e
 9.73±0.15

d
 3.66±0.4

d
 3.82±0.13

e
 1.2±0.05

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

Table 4.114:  Effects of GAM on tissue proteins and antioxidant enzyme levels 
Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 2.82±0.06
e
 3.46±0.27

d
 12.5±0.08

e
 3.76±0.3

d
 3.77±0.31

d
 1.3±0.07

d
 

Oil+DMSO 2.73±0.07
d
 3.51±0.31

d
 11.6±0.06

d
 3.85±0.4

e
 3.74±0.31

d
 1.2±0.03

d
 

DOX 0.99±0.03
a
 1.43±0.30

a
 5.63±0.33

a
 1.42±0.2

a
 5.86±0.18

a
 3.7±0.02

a
 

DOX+Sily (50) 2.73±0.06
d
 3.62±0.25

e
 12.5±0.11

e
 3.68±0.4

d
 3.86±0.23

d
 1.2±0.08

d
 

DOX+GAM (200) 1.90±0.07
b
 1.98±0.20

b
 7.74±0.16

b
 1.87±0.3

b
 4.73±0.32

b
 2.7±0.07

b
 

DOX+GAM (400) 2.17±0.03
c
 2.59±0.06

c
 9.8±0.11

c
 2.56±0.7

c
 4.22±0.05

c
 2.0±0.06

c
 

GAM (400) 2.78±0.04
e
 3.56±0.03

d
 11.1±0.15

d
 3.79±0.5

d
 3.73±0.13

d
 1.4±0.05

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.115: Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 166.2±3.2
e
 157.3±1.3

e
 217.4±5.3

d
 20.1±1.4

e
 109.8±2.5

d
 1.09±0.3

d
 

Oil+DMSO 155.6±2.6
d
 159.2±2.7

e
 220.7±4.5

d
 21.3±2.3

e
 107.3±1.7

d
 1.03±0.6

d
 

DOX 94.8±4.37
a
 63.08±3.2

a
 113.5±3.3

a
 11.0±0.8

a
 53.66±2.4

a
 5.31±1.4

a
 

DOX+Sily (50) 158.4±2.8
d
 152.5±2.8

d
 205.3±5.4

d
 24.2±2.6

d
 115.1±2.8

e
 1.04±0.7

d
 

DOX+BPM (200) 118.2±2.6
b
 95.15±2.1

b
 173.6±3.4

b
 15.4±1.8

b
 81.54±2.2

b
 3.23±0.4

b
 

DOX+BPM(400) 123.4±3.5
c
 126.9±1.2

c
 195.4±2.7

c
 18.0±0.6

c
 94.83±1.7

c
 2.57±0.2

c
 

BPM (400) 165.7±4.2
e
 150.5±1.6

d
 214.1±2.8

d
 23.1±0.2

d
 118.1±1.3

e
 1.07±0.5

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

Table 4.116: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST(nM/ 

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 155.2±2.2
d
 159.3±3.3

e
 219.5±5.3

d
 19.5±1.4

d
 108.5±2.3

d
 1.12±0.3

d
 

Oil+DMSO 167.7±3.1
e
 153.6±2.4

d
 220.6±4.3

d
 17.7±2.6

c
 115.6±3.1

e
 1.17±0.7

d
 

DOX 90.27±5.6
a
 70.08±2.6

a
 117.4±3.3

a
 10.4±0.8

a
 55.74±2.4

a
 5.42±1.1

a
 

DOX+Sily (50) 163.5±4.3
e
 156.4±3.2

d
 225.3±5.4

d
 22.3±2.6

e
 104.1±2.7

d
 1.14±0.5

d
 

DOX+GAM (200) 124.2±3.2
b
 91.11±2.1

b
 143.7±3.4

b
 12.4±1.8

b
 79.37±2.2

b
 3.75±0.4

b
 

DOX+GAM(400) 109.4±2.5
c
 134.5±1.2

c
 187.2±2.7

c
 16.0±0.6

c
 88.15±1.6

c
 2.62±0.6

c
 

GAM (400) 144.3±3.2
d
 156.3±3.6

d
 216.1±2.8

d
 18.1±0.2

d
 117.6±1.8

e
 1.25±0.5

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Fig. 4.63: Agarose gel showing DNA damage by DOX and protective effects of 

various dozes of B. procumbens leaves in cardiac tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) DOX group, 

(4) Silymarin + DOX group, (5) 200 mg/kg BPM + DOX group, (6) 400 mg/kg BPM 

+ DOX group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.64: Agarose gel showing DNA damage by DOX and protective effects of 

various dozes of G. aparine in cardiac tissue. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3) DOX group, (4) 

Silymarin + DOX group, (5) 200 mg/kg GAM + DOX group, (6) 400 mg/kg GAM + 

DOX group, (7) 400 mg/kg GAM alone. 
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Fig. 4.65:  Microphotograph of  rat heart (H & E stain) (A) Cardiac representative 

section of heart from the control group showing normal histology, (B) DMSO + Olive 

oil group, (C) GTM group, (D) Silymarin + DOX group, (E) 200 mg/kg BPM + DOX 

group, (F) 400 mg/kg BPM + DOX group, (G) 400 mg/kg BPM alone. 
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Fig. 4.66: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative 

section of heart from the control group showing normal histology, (B) DMSO + Olive 

oil group, (C) GTM group, (D) Silymarin + DOX group, (E) 200 mg/kg GAM + DOX 

group, (F) 400 mg/kg GAM + DOX group, (G) 400 mg/kg GAM only. 
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4.7. Testicular toxicity studies 

 There are different reasons have been described to affect the fertility in male. 

Among the many reasons; environmental factors, misuse of drugs and antibiotics are 

the key elements to cause deterioration of male health, semen quality and have 

increased the prevalence of infertility.  

4.7.1. CCl4 induced testicular toxicity         

 Exposure of animals to CCl4 can induce injuries in vital organs. These 

damages usually arise due to overwhelming synthesis of free radicals. Based on the 

studies carried out previously on the CCl4 induced testicular injuries the present 

studies were conducted to evaluate the pharmacological effects of BPM and GAM 

against the CCl4 induced testicular injuries in rat.  

4.7.1. 1. Effects of B. procumbens and G. aparine against CCl4 induced testicular 

toxicity in rats  

 To assess the pharmacological effects of B. procumbens and G. aparine 

against CCl4 induced testicular toxicity hormonal study, genotoxicity, antioxidant 

level and histological alterations were explored.  

4.7.1.2. Effects of B. procumbens and G. aparine on male reproductive hormones 

Reproductive hormones are considered as potential biomarkers of testicular 

function. CCl4 affected the pituitary and various endocrine glands. The protective 

effects of various doses of B. procumbens and G. aparine against CCl4 induced 

toxicity on the serum level of testosterone, luteinizing hormone (LH), follicle 

stimulating hormone (FSH), prolactin and esteradiol are revealed in Tables 4.117 and 

4.118. Treatment of CCl4 in rats significantly (p<0.05) reduced the testosterone, LH 

and FSH levels while (p<0.05) augmented the level of prolactin and esteradiol. The 

testosterone, LH, FSH, prolactin and estradiol levels were returned back towards 

control by oral administration of various doses of B. procumbens and G. aparine. 

Similarly silymarin treatment expunged CCl4 intoxication and increased serum level 

of LH, testosterone and FSH whereas decreased the prolactin and estradiol level in 

serum of rat. However, serum level of these hormones was found near to control 

group by administrating B. procumbens and G. aparine alone. The overall progression 

of different doses of B. procumbens and G. aparine against testicular hormonal level 

was more ameliorating at higher dose of 400 mg/kg bw. 

4.7.1.3. Effects of B. procumbens and G. aparine on testis enzymatic antioxidants 

 Tables 4.119 and 4.120 present the level of testicular proteins and activities of 
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antioxidant enzymes in different experimental groups. SOD causes dismutation of 

superoxide radicals while CAT and POD converts hydrogen peroxide into water and 

protect the cells from oxidative stress. Treatment of CCl4 significantly (p<0.05) 

reduced testicular proteins and activities of CAT, POD and SOD in homogenate of 

testis. This reduction of tissue protein and activity of CAT, SOD and POD was 

reestablished (p<0.05) when treated with extracts of B. procumbens and G. aparine 

near to control group. Administration of various doses of B. procumbens and G. 

aparine significantly (p<0.05) ameliorated the toxic effects of CCl4 in testis by 

reducing the elevated level of TBARS and H2O2 due to CCl4 intoxication. Treatment 

of 50 mg/kg body weight of silymarin in CCl4 treated rats attenuated the toxicity and 

restored the protein concentration and activities of these enzymes, comparable to 

extracts of B. procumbens and G. aparine. However, extracts given at 400 mg/kg bw 

of BPM and GAM alone showed normal level of above all parameters.  

Inhibitory effects of various doses of B. procumbens and G. aparine against 

CCl4 intoxication on antioxidant phase II enzymes like GST, GPx, GR and QR and 

the content of GSH, % DNA fragmentation of testis is shown in Tables 4.121 and 

4.122. Chronic treatment of CCl4 for eight weeks considerably (p<0.05) decreased the 

activities of GST, GPx, GR and QR and concentration of GSH while increased 

(p<0.05) the percentage of DNA fragmentation in testicular tissue in comparison to 

control group. Co-administration of various doses of B. procumbens and G. aparine 

restored the status of GST, GPx, GR, GSH and QR, while lessened the percentage of 

DNA fragmentation at the same dose. Silymarin treatment to CCl4 treated rats 

ameliorated the toxicity of CCl4 and reversed the activities towards the control group. 

However, groups treated with extracts of B. procumbens and G. aparine alone showed 

nontoxic dose level as levels of above parameters were near to control group.  

4.7.1.4. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

As shown by DNA ladder assay in Fig. 4.67 and 4.68, CCl4 induced DNA 

damages in the testicular tissues of rat. Fig. shows that no damage was found in 

control group. DNA of CCl4 treated group was extensively damaged due to reaction 

between free radicals of CCl4 and DNA strands. Co-administration of silymarin and 

different doses of BPM and GAM reduced the DNA damages that might be due the 

presence of antioxidant ability of the extract, which inhibit DNA adducts formation 

as shown by DNA band pattern of different groups as compared to CCl4 group. 
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4.7.1.5. Effects of B. procumbens and G. aparine on testis histoarchitecture 

 Fig. 4.69 and 4.70 shows the testicular histoarchitecture of different treated 

groups. Histopathology of testis section revealed that normal testicular structural 

design was disturbed by CCl4 intoxication. Male reproductive system of control group 

showed normal histology possessing normal germ cells, typical seminiferous tubules, 

sperms with usual morphology and concentration and inconspicuous sertoli cells. 

CCl4 intoxication showed testicular destruction and degeneration, dislocate the 

interstitial cells away from the basement membrane and seminiferous tubules (Fig. 

4.69 and 4.70 C).  Fig.  4.69 and 4. 70 E-J shows that the sections obtained from the 

rats treated with various doses of BPM and GAM and intoxicated with CCl4, the 

typical cellular configuration were maintained as compared to CCl4 toxicated group, 

thus confirming the serological and homogenate study of the organ. Silymarin also 

produced a marked protective effect against CCl4 pathogenesis (Fig. 4.69 and 4.70 D). 
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Table 4.117:  Effects of BPM on male reproductive hormonal level 

Treatment 

(mg/kg bw) 

Testosterone 

 

 

(ng/ml) 

Luteinizing 

Hormone 

 

(ng/ml) 

Follicle 

Stimulating 

Hormone 

(ng/ml) 

Prolactin 

 

 

(ng/ml) 

Estradiol 

 

 

(ng/ml) 

Control 4.12±0.04
d 

1.77±0.05
d 

25.18±0.23
d 

13.28±0.13
d 

18.56±0.17
e 

Oil+DMSO 4.16±0.13
d 

1.59±0.03
d 

25.65±0.42
d 

14.08±0.08
d 

18.98±0.12
e 

CCl4 1.28±0.07
a
 1.05±0.06

a
 12.49±0.18

a
 20.08±0.31

a
 30.43±0.21

a
 

CCl4+Sily (50) 4.03±0.09
d 

1.72±0.04
d 

22.27±0.27
c 

15.32±0.06
c 

20.52±0.35
d 

CCl4+BPM (200) 2.15±0.05
b
 1.23±0.02

b
 19.04±0.51

b
 18.41±0.04

 b
 26.38±0.41

b
 

CCl4+BPM (400) 3.54.±0.08
c
 1.41±0.07

c
 21.24±0.21

c
 16.51±0.05

c
 23.66±0.30

 c
 

BPM (400) 4.05±0.04
d 

1.55±0.05
d 

25.54±0.31
d 

14.01±0.11
d 

18.82±0.26
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

 

Table 4.118: Effects of GAM on male reproductive hormonal level 

Treatment 

(mg/kg bw) 

Testosterone 

 

 

(ng/ml) 

Luteinizing 

Hormone 

 

(ng/ml) 

Follicle 

Stimulating 

Hormone 

(ng/ml) 

Prolactin 

 

 

(ng/ml) 

Estradiol 

 

 

(ng/ml) 

Control 4.44±0.09
d 

1.94±0.06
e 

22.42±0.11
e 

16.48±0.14
c 

17.31±0.21
d 

Oil+DMSO 4.58±0.11
d 

1.80±0.04
d 

23.27±0.12
e 

17.04±0.08
c 

17.06±0.16
d 

CCl4 1.32±0.11
a
 1.08±0.07

a
 10.29±0.18

a
 24.05±0.13

a
 31.16±0.27

a
 

CCl4+Sily (50) 4.32±0.08
d 

1.72±0.06
c 

20.38±0.20
d 

17.61±0.06
c 

17.44±0.45
c 

CCl4+GAM (200) 2.18±0.09
b
 1.21±0.02

b
 15.04±0.22

b
 22.93±0.11

b
 25.38±0.41

b
 

CCl4+GAM (400) 3.16±0.06
c
 1.69±0.08

c
 18.61±0.15

c
 18.51±0.09

c
 21.26±0.30

 c
 

GAM (400) 4.64±0.09
d 

1.90±0.08
e 

20.22±0.24
d 

13.77±0.13
d 

17.13±0.26
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4. 119:  Effects of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

nM/min/ 

mg tissue) 

Control 1.63±0.04
d 

4.39±0.27
d 

11.34±0.3
d 

3.79±0.21
d 

2.84±0.26
e 

1.40±0.9
d 

Oil+DMSO 1.71±0.02
e 

4.77±0.30
e 

11.41±0.2
d 

3.86±0.18
d 

2.96±0.35
e 

1.51±0.5
e 

CCl4 0.82±0.04
a
 2.42±0.15

a
 5.85±0.16

a
 1.00±0.10

a
 5.19±0.20

a
 2.64±0.3

a
 

CCl4+Sily (50) 1.43±0.02
c 

4.82±0.26
e 

11.52±0.4
d 

3.76±0.21
d 

3.48±0.10
c 

1.39±0.4
d 

CCl4+BPM (200) 0.95±0.03
b
 2.77±0.11

b
 7.09±0.32

b
 1.44±0.09

b
 4.73±0.26

b
 2.19±0.8

b
 

CCl4+BPM (400) 1.47±0.06
c
 3.61±0.09

c
 9.24±0.12

c
 2.83±0.08

c
 3.59±0.19

c
 1.93±0.3

c
 

BPM (400) 1.62±0.05
d 

4.42±0.20
d 

11.57±0.4
d 

3.81±0.13
d 

2.72±0.23
d 

1.64±0.5
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.120: Effects of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/mg 

protein) 

H2O2 

nM/min/ 

mg tissue) 

Control 1.48±0.08
e 

4.3±0.25
d 

10.2±0.18
d 

3.64±0.21
d 

2.88±0.2
d 

1.38±0.07
e 

Oil+DMSO 1.31±0.07
d 

4.5±0.21
d 

10.1±0.15
d 

3.55±0.18
d 

3.01±0.3
d 

1.42±0.04
d 

CCl4 0.73±0.02
a
 2.1±0.16

a
 5.67±0.16

a
 1.02±0.10

a
 5.16±0.2

a
 2.53±0.02

a
 

CCl4+Sily (50) 1.32±0.03
d 

4.2±0.23
d 

10.5±0.34
d 

3.48±0.21
d 

2.70±0.1
d 

1.38±0.05
e 

CCl4+GAM (200) 0.84±0.02
b
 2.9±0.10

b
 7.14±0.32

b
 1.82±0.09

b
 4.56±0.2

b
 2.16±0.06

b
 

CCl4+GAM (400) 1.20±0.07
c
 3.8±0.09

c
 9.63±0.12

c
 2.71±0.08

c
 3.65±0.1

c
 1.83±0.04

c
 

GAM (400) 1.50±0.04
e 

4.3±0.20
d 

10.2±0.21
d 

3.61±0.13
d 

2.75±0.2
d 

1.45±0.03
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.121: Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 162.7±3.2
e 

117.3±3.8
d 

196.3±2.8
d 

24.81±1.2
d 

108.6±2.7
e 

1.68±0.6
d 

Oil+DMSO 167.9±4.3
e 

112.5±3.2
d 

207.9±4.6
e 

23.44±2.3
d 

105.5±2.4
e 

1.72±0.7
d 

CCl4 85.6±3.54
a
 65.8±2.64

a
 132.6±2.2

a
 12.04±0.4

a
 58.8±2.25

a
 6.23±1.3

a
 

CCl4+Sily (50) 135.5±2.6
d 

133.3±2.4
e 

185.4±3.8
d 

18.43±1.3
c 

93.6±3.61
d 

1.66±0.5
d 

CCl4+BPM (200) 95.3±1.14
b
 75.6±1.22

b
 141.6±3.1

b
 16.27±0.8

b
 67.32±1.2

b
 3.42±0.3

b
 

CCl4+BPM (400) 125.5±2.6
c
 78.9±1.55

c
 166.5±2.4

c
 20.67±0.4

c
 85.3±1.54

c
 2.35±0.5

c
 

BPM (400) 141.6±3.2
d 

131.7±2.2
e 

198.3±3.2
d 

27.02±1.1
e 

106.4±2.7
e 

1.69±0.4
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

Table 4.122: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 171.3±4.5
d 

116.3±2.4
d 

199.3±4.8
d 

23.3±1.2
d 

106.3±2.7
e 

1.45±0.8
d 

Oil+DMSO 178.9±4.1
d 

114.3±3.2
d 

203.9±3.6
e 

24.4±2.2
d 

101.5±2.2
e 

1.53±0.5
d 

CCl4 83.6±3.73
a
 64.83±2.6

a
 130.6±3.2

a
 10.3±0.5

a
 56.91±2.2

a
 5.72±1.34

a
 

CCl4+Sily (50) 142.5±2.6
c 

140.2±2.4
e 

163.5±3.8
c 

18.3±1.0
c 

95.35±3.6
d 

1.50±0.6
d 

CCl4+GAM (200) 130.2±1.4
b
 72.60±1.2

b
 153.6±3.1

b
 13.7±0.2

b
 63.3±1.24

b
 3.62±0.2

b
 

CCl4+GAM (400) 158.5±2.6
c
 91.35±1.5

c
 161.5±2.4

c
 19.6±0.4

c
 86.6±1.58

c
 2.43±0.4

c
 

GAM (400) 176.4±3.4
d 

137.2±2.2
e 

200.3±3.1
e 

24.2±1.1
d 

104.4±2.7
e 

1.47±0.4
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Fig.  4.67: Agarose gel showing DNA damage by CCl4 and protective effects of 

methanol extract of B. procumbes in testicular tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin +  CCl4 group, (5) 200 mg/kg BPM + CCl4 group, (6) 400 mg/kg BPM 

+ CCl4 group, (7) 400 mg/kg BPM alone. 

 

Fig. 4.68:  Agarose gel showing DNA damage by CCl4 and protective effects of 

methanol extract of G. aparine in testicular tissues. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin +  CCl4 group, (5) 400 mg/kg  GAM+ CCl4 group, (6) 400 mg/kg GAM 

+ CCl4 group, (7)400 mg/kg GAM alone. 
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Fig.  4. 69:  Photomicrograph of seminiferous tubule in rat testis. (H & E stain). (A) 

Representative section of testis from the control group showing normal histo-

archetecture in control , (B) DMSO + Olive oil group with compact arrangement of 

seminiferous tubules and active spermatogenesis and filled lumen, (C) CCl4 group 

with degeneration in the basement membrane and tubular lesion in epithelium and 

empty lumen (Arrow heads), co treated groups  (D,E,F) Silymarin and 200, 400 

mg/kg BPM + CCl4 group treated group with less tubular lesion and active 

spermatogenesis (Arrow head) (G) 400 mg/kg BPM alone showed normal architecture 

and compactly arranged tubules. 
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Fig. 4.70: Photomicrograph of seminiferous tubule in rat testis (H & E stain). (A) 

Representative section of testis from the control group showing Normal histo-

archetecture (B) DMSO + Olive oil group, with compact arrangement of seminiferous 

tubules and active spermatogenesis and filled lumen (Arrow heads). (C)  CCl4 treated 

animals with degeneration in the basement membrane and tubular lesion in epithelium 

and empty lumen (Arrow heads), (D,E,F) Silymarin and 200, 400 mg/kg BPM + CCl4 

group co treated groups with less tubular lesion and epithelium regeneration with 

round spermatids differentiation (Arrow head), (G) 400 mg/kg GAM alone showed 

normal architecture and compactly arranged tubules similar to control group. 
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4.7.2. Paracetamol induced testicular toxicity 

 Paracetamol is one of the drugs that are frequently used the treat the pain and 

other anomalies. It has been recorded that the toxicity of paracetamol is not only 

restricted to hepatic; it can actually distress other vital organs including kidney, lungs, 

heart and testis. As a consequence, the aim of the present investigation was also to 

evaluate the toxicity induced in testes and the amelioration of the BPM and GAM on 

testes related various parameters. 

4.7.2.1. Effects of B. procumbens and G. aparine against paracetamol induced 

testicular toxicity in rats  

 To explore the beneficial effects of B. procumbens and G. aparine against 

paracetamol induced testicular toxicity; hormonal study, genotoxicity, antioxidant 

level and histological alterations were explored.  

4.7.2.2. Effects of B. procumbens and G. aparine on male reproductive hormones 

of rats 

The treatment of paracetamol to rats affected the secretion of various male 

hormones possibly by inducing oxidative stress in the testicular tissues. To ascertain 

this, level of male hormones in different groups has been determined and is presented 

in Tables 4.123 and 4.124. Toxicity induced with paracetamol in testes of rat 

significantly (p<0.05) decreased the serum level of testosterone, LH and FSH while 

augmented the level of prolactin and esteradiol. The administration of silymarin and 

the various doses of BPM and GAM alleviated the PCM induced toxicity and the 

level of testosterone, LH, FSH, prolactin and estradiol was restored towards the 

control samples. The overall progression of different doses of B. procumbens and G. 

aparine against testicular hormonal level was more eminent at higher dose of 400 

mg/kg bw. However, serum level of these hormones was found near to control group 

by administration of B. procumbens and G. aparine alone.  

4.7.2.3. Effects of B. procumbens and G. aparine on testis enzymatic antioxidants  

In this study activity of various antioxidant enzymes and the injuries induced 

with PCM to testes were investigated. CCl4 administration to rats significantly 

decreased tissue protein and status of antioxidant enzymes; catalase, peroxidase and 

superoxide dismutase while increased the lipid peroxidation and hydrogen peroxide 

level in comparison to control group. Co-administration of various doses of BPM and 

GAM with PCM augmented the activity of these enzymes, whereas reduced the level 

of lipid peroxides and hydrogen peroxide in testes. However, statistical alteration in 
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these parameters was not recorded with the treatment of extracts alone against the 

control group (Tables 4.125 and 4.126).  

 Tables 4.127 and 4.128 show the level of phase II metabolizing antioxidant 

enzymes including GST, GPx, GR and QR and GSH, DNA fragmentation in renal 

tissues of different experimental groups. PCM insults extensively (p<0.05) lessened 

the level of GST, GPx, GR, GSH and QR while % DNA fragmentation was enhanced. 

Co-administration of various doses of BPM and GAM along with PCM treatment 

markedly reversed the level of GST, GPx, GR, GSH, QR and DNA fragmentation. 

Silymarin administered to intoxicated group restored the level of glutathione 

enzymatic group while decreased the level of DNA injuries.  

4.7.2.4. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

 The ladder assay of DNA extracted from testicular tissues of various treated 

groups was carried out to record the DNA induced damages. It became evident from 

Fig. 4.71 and 4.72, in case of PCM intoxicated rats a peculiar fragmentation of DNA 

was present while the control groups showed intact behavior of DNA banding pattern. 

Banding pattern of groups treated with different doses of BPM and GAM along with 

PCM exhibited marked protective potential and this effect was more eminent at the 

highest dose of both plant samples. Groups administered with plant samples only did 

not exhibit DNA damages. 

4.7.2.5. Histopathological analysis of testes  

 Histological examination of testes of control and BPM and GAM alone groups 

showed normal architecture with intact interstitium, normal seminiferous epithelium 

and numerous spermatozoa within their lumen (Fig 4.73 and 74 A and B). There were 

degenerative changes found in paracetamol treated rats including vacuolization of the 

interstitium, hypospermatozoa formation and interstitial edema (Fig. 4.73, 74 C). The 

testes of silymarin and BPM and GAM extract (200 and 400 mg/kg) treated rats 

showed normal histological profiles as that of the control rats (Fig. 4.73, 74 D, E and 

F).  
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Table 4.123: Effects of BPM on male reproductive hormonal level 

Treatment 

(mg/kg bw) 

Testosterone 

 

 

(ng/ml) 

Luteinizing 

Hormone 

 

(ng/ml) 

Follicle 

Stimulating 

Hormone 

(ng/ml) 

Prolactin 

 

 

(ng/ml) 

Estradiol 

 

 

(ng/ml) 

Control 4.42±0.05
d 

2.31±0.09
d 

24.48±0.14
e 

11.20±0.34
e 

16.43±0.32
d 

Oil+DMSO 4.36±0.15
d 

2.46±0.01
d 

19.12±0.36
d 

11.67±0.32
e 

17.24±0.43
d 

PCM 1.37±0.07
a
 1.12±0.08

a
 12.68±0.21

a
 22.56±0.44

a
 42.16±0.65

a
 

PCM+Sily (50) 4.62±0.13
e 

1.77±0.12
c 

20.87±0.48
d 

13.52±0.22
d 

21.23±0.63
c 

PCM+BPM (200) 2.41±0.05
b
 1.55±0.13

b
 15.26±0.61

b
 19.13±0.30

b
 27.71±0.19

b
 

PCM+BPM (400) 3.73±0.09
 c
 1.97±0.12

c
 17.38±0.62

c
 15.56±0.14

c
 19.27±0.33

c
 

BPM (400) 4.51±0.07
d 

2.44±0.06
d 

23.34±0.38
e 

12.34±0.71
d 

15.46±0.18
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

Table 4.124:  Effects of GAM on male reproductive hormonal level 

Treatment 

(mg/kg bw) 

Testosterone 

 

 

(ng/ml) 

Luteinizing 

Hormone 

 

(ng/ml) 

Follicle 

Stimulating 

Hormone 

(ng/ml) 

Prolactin 

 

 

(ng/ml) 

Estradiol 

 

 

(ng/ml) 

Control 4.69±0.05
d 

2.38±0.09
d 

29.48±0.14
e 

10.76±0.34
d 

15.43±0.32
e 

Oil+DMSO 4.71±0.15
d 

2.62±0.01
e 

28.12±0.36
e 

11.07±0.32
d 

19.24±0.43
d 

PCM 1.42±0.07
a
 1.19±0.08

a
 14.68±0.21

a
 21.16±0.44

a
 41.16±0.65

a
 

PCM+Sily (50) 4.75±0.13
d 

1.98±0.12
c 

24.87±0.48
d 

15.52±0.22
c 

20.23±0.63
d 

PCM+GAM (200) 2.40±0.05
b
 1.52±0.13

b 
17.26±0.61

b
 17.13±0.30

b 
32.71±0.19

b
 

PCM+GAM (400) 3.84±0.09
c
 1.92±0.12

c
 22.35±0.52

c
 13.56±0.14

c
 26.27±0.33

c
 

GAM (400) 4.72±0.07
d 

2.42±0.06
d 

30.34±0.38
e 

10.34±0.71
d 

19.46±0.18
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.125: Effects of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 1.45±0.03
e 

3.8±0.2
d 

9.4±0.13
e 

3.5±0.23
d 

2.57±0.16
e 

1.32±0.05
e 

Oil+DMSO 1.51±0.04
e 

3.6±0.5
d 

9.1±0.34
e 

3.6±0.14
d 

2.48±0.27
e 

1.66±0.02
d 

PCM 0.88±0.02
a
 2.0±0.8

a
 5.4±0.51

a
 1.08±0.7

a
 5.92±0.48

a
 2.57±0.06

a
 

PCM+Sily (50) 1.32±0.08
d 

3.5±0.3
d 

8.3±0.38
d 

2.7±0.07
c 

3.82±0.33
d 

1.53±0.09
d 

PCM+BPM (200) 1.17±0.02
b 

2.6±0.6
b
 5.7±0.35

b
 1.6±0.32

b
 5.10±0.04

b
 2.13±0.05

b
 

PCM+BPM (400) 1.26±0.07
c 

3.2±0.2
c
 7.9±0.45

c
 2.7±0.10

c
 4.26±0.52

c
 1.73±0.07

c
 

BPM (400) 1.48±0.05
e 

3.7±0.4
d 

8.6±0.72
d 

3.6±0.36
d 

2.63±0.11
e 

1.27±0.06
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.126: Effects of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 1.53±0.03
e 

3.7±0.2
d 

9.7±0.13
e 

3.4±0.23
e 

2.92±0.16
e 

1.44±0.04
e 

Oil+DMSO 1.48±0.06
d 

3.9±0.5
e 

9.8±0.34
e 

3.3±0.14
d 

3.02±0.27
d 

1.52±0.03
d 

PCM 0.81±0.09
a
 2.3±0.1

a
 5.7±0.51

a
 1.07±0.07

a
 5.62±0.48

a
 2.61±0.02

a
 

PCM+Sily (50) 1.33±0.08
c 

3.6±0.3
d 

8.3±0.38
d 

3.2±0.05
d 

2.83±0.33
e 

1.52±0.06
d 

PCM+GAM (200) 1.20±0.02
b
 2.6±0.3

b
 5.7±0.35

b
 1.7±0.32

b
 3.82±0.04

b
 2.01±0.09

b
 

PCM+GAM (400) 1.38±0.03
c
 3.4±0.7

c
 7.8±0.45

c
 2.6±0.10

c
 3.16±0.52

c
 1.72±0.07

c
 

GAM (400) 1.55±0.05
e 

3.8±0.5
e 

8.6±0.72
d 

3.4±0.36
e
 2.95±0.11

e 
1.47±0.05

e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.127:  Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 143.4±3.6
d 

115.7±3.5
d 

195.6±3.7
e 

20.8±2.5
d 

94.7±3.8
e 

1.48±0.6
d 

Oil+DMSO 150.7±4.5
d 

112.6±5.4
d 

190.2±4.1
e 

21.5±1.3
d 

98.6±4.4
e 

1.37±0.8
d 

PCM 70.52±2.4
a
 69.8±2.82

a
 102.3±2.8

a
 8.63±1.3

a
 50.6±5.3

a
 6.73±1.3

a
 

PCM+Sily (50) 125.2±1.7
c 

110.5±3.6
c 

175.4±3.5
d 

20.7±0.4
d 

86.5±3.4
d 

1.46±0.3
d 

PCM+BPM (200) 200.6±1.5
b
 83.7±2.53

b
 140.8±3.4

b
 11.5±1.8

b
 62.2±1.9

b
 3.34±0.8

b
 

PCM+BPM (400) 120.3±3.6
c
 105.9±1.7

c
 168.5±2.9

c
 15.4±1.6

c
 76.8±3.2

c
 2.67±0.6

c
 

BPM (400) 150.5±2.3
d 

114.5±3.5
d 

192.9±4.2
e 

19.9±1.5
d 

90.5±3.7
d 

1.44±0.9
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.128: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

mg 

protein) 

GPx (nM/ 

mg 

protein) 

GR (nM/ 

mg 

protein) 

GSH 

(µM/g 

tissue) 

QR (nM/ 

mg 

protein) 

%DNA 

Injuries 

Control 152.3±5.3
d 

111.5±4.4
d 

196.7±4.7
d 

25.8±1.1
d 

94.9±2.97
d 

1.17±0.7
d 

Oil+DMSO 155.7±4.4
d 

95.37±4.5
c 

202.3±3.2
d 

24.3±1.3
d 

85.3±4.24
c
 1.16±0.4

d 

PCM 75.37±4.3
a
 65.8±3.11

a
 105.4±4.3

a
 10.6±1.3

a
 52.4±1.16

a 
5.73±1.4

a
 

PCM+Sily (50) 135.6±2.3
c 

116.5±2.2
e 

173.5±4.4
c 

21.7±0.8
d 

100.4±2.5
e 

1.19±0.3
d 

PCM+GAM (200) 106.5±2.5
b
 78.55±1.6

b
 141.6±3.1

b
 15.4±0.1

b
 68.2±1.90

b
 3.45±0.1

b
 

PCM+GAM (400) 128.4±2.2
c
 93.48±2.9

c
 162.5±3.5

c
 19.7±0.6

c
 80.8±2.49

c
 2.92±0.4

c
 

GAM (400) 150.2±2.0
d 

112.7±2.7
d 

205.2±5.3
d 

23.8±0.5
d 

92.1±2.29
d 

1.14±0.6
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, GAM; G. aparine methanol extract. 
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 Fig. 4.71: Agarose gel showing DNA damage by PCM and protective effects 

of various doses of B. procumbens in testicular tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) PCM group, 

(4) Silymarin +  PCM group, (5) 200 mg/kg BPM + PCM  group, (6) 400 mg/kg BPM 

+ PCM group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.72: Agarose gel showing DNA damage by PCM and protective effects of 

different dosesof G. aparine in testicular tissue. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3) PCM group, (4) 

Silymarin +  PCM group, (5) 200 mg/kg GAM + PCM  group, (6) 400 mg/kg GAM + 

PCM group, (7) 400 mg/kg GAM alone. 
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Fig. 4.73: Photomicrograph of seminiferous tubule in rat testis (H & E stain). (A) 

Representative section of testis from the control group showing normal histo-

archetecture (B) DMSO + Olive oil group with compact arrangement of seminiferous 

tubules and active spermatogenesis and filled lumen (Arrow heads). (C) PCM treated 

animals with degeneration in the basement membrane and tubular lesion in epithelium 

and vaculation, sperm aggregation in lumen (Arrow heads), co treated groups (D,E,F) 

Silymarin and 200, 400 mg/kg BPM + PCM treated group with less tubular lesion and 

vaculation in epithelium (arrow head) and regeneration and round spermatids 

differentiation into elongated spermatozoa (Arrow head)  (G) 400 mg/kg BPM alone 

with normal architecture and compactly arranged tubules similar to control group. 
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Fig. 4.74: Photomicrograph of testicular tissues (H & E stain). (A) Representative 

section of testis from the control group showing normal histo-archetecture, (B) 

DMSO + Olive oil group showed normal histological aarangement of cells in the 

tubular and peri-tubular compartments (C) PCM group indicates vaculation and 

degeneration in epithelium (Arrow heads). (D, E, F) Silymarin and 200, 400 mg/kg 

BPM + PCM treated group with less degeneration in the epithelium and elongated 

spermatids in the lumen of co-treated groups, (G) 400 mg/kg GAM alone with normal 

architecture and compactly arranged tubules similar to control group. 
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4.7.3. Gentamicin induced testicular toxicity 

 It has been demonstrated in various studies that GTM is a male reproductive 

toxicant that cause sperm immotility, reduce testicles weight and induce apoptosis. 

The theme of this study was to evaluate the pharmacological potential of BPM and 

GAM against GTM induced toxicity in male reproductive system.  

4.7.3.1. Effects of B. procumbens and G. aparine against gentamicin induced 

testicular toxicity in rats  

 To elucidate the pharmacological effects of B. procumbens and G. aparine on 

testicular toxicity induced with GTM in rat we have studied the level of male 

hormones, enzymatic antioxidant level and the histopathology of various groups.  

4.7.3.2. Effects of B. procumbens and G. aparine on male reproductive hormones 

Gentamicin treatment to rats altered the level of male hormones (Tables 4.129 

and 4.130). The toxicity of GTM in rat decreased the concentration of testosterone, 

LH and FSH while augmented the level of prolactin and esteradiol to that of the 

control group. GTM induced toxicity was alleviated by the simultaneous application 

of silymarin and the various doses of BPM and GAM to rats. Consequently, the level 

of testosterone, LH, FSH, prolactin and estradiol was restored and these effects were 

more prominent at the highest dose of plant samples. However, serum level of these 

hormones was found near to control group by administration of B. procumbens and G. 

aparine alone.  

4.7.3.4. Effects of B. procumbens and G. aparine on testis enzymatic antioxidant 

level  

The administration of GTM induced oxidative stress and lipid peroxidation in 

testes of rat. Due to toxicity of ROS by GTM administration induces chronic male 

gonad damages. A decrease in gonadal proteins and antioxidant enzyme levels like 

POD, CAT, SOD, was recorded by the administration of GTM. Different doses of 

BPM and GAM (200 and 400 mg/kg) noticeably normalized the altered tissue 

proteins level and different antioxidant enzymes like POD, CAT, SOD when 

compared with GTM treated group. In GTM treated group, lipid peroxidation and 

H2O2 levels was observed much higher than control group. On the other hand, 

administration with B. procumbens and G. aparine and silymarin significantly 

inverted the elevated MDA, and H2O2 level (Tables 4.131 and 4.132).  

Protective effects of B. procumbens and G. aparine on phase II antioxidant 

metabolizing enzymes like GR, GPx, GST, QR and concentration of GSH and DNA 
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damages are shown in Tables 4.133 and 4.134. GTM administration to rats decreased 

the amount of GSH while co-administration of extracts of B. procumbens and G. 

aparine significantly elevated the GSH status and DNA damages. Decrease in QR, 

GR, GPx, GST due to administration of GTM was restored by B. procumbens and G. 

aparine near to control. Co-treatment of various doses (200 and 400 mg/kg) of B. 

procumbens and G. aparine reduced the GTM intoxication and the level of these 

biomolecules was restored in a dose dependent manner (Tables 4.133 and 4.134). 

4.7.3.4. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

As shown by DNA ladder assay in Fig. 4.75 and 4.76, gentamicin induced 

DNA damages in the testicular tissues of rat. Fig. shows that no damage was found 

in control group. DNA of gentamycin treated group was extensively damaged due to 

reaction between free radicals of gentamycin and DNA strands. Post-administration 

of silymarin and different doses of BPM and GAM reduced the DNA damages that 

might be due the presence of antioxidant ability of the extract, which inhibit DNA 

adducts formation as shown by DNA band pattern of different groups as compared 

to Gentamycin group. 

4.7.3.5. Effect of B. procumbens and G. aparine on Histoarchituire 

The seminiferous tubules of control rats were oval in outline with intact 

interstitium and normal epithelium (Fig. 4.77, 4.78 A, B). In animals treated with 

gentamicin, degenerative changes were found in the seminiferous epithelium 

including vacuolization of the interstitium and interstitial edema. There was partial 

disappearance of  ground substance within the interstitium which was replaced by 

inflammatory cells and fibroblast (Fig. 4.77, 4.78 C).The gentamicin rats treated with 

silymarin and BPM and GAM showed mild degenerative changes and improved the 

seminiferous epithelium and interstitium (Fig. 4.77, 4.78  D, E and F). The 

histological architecture of the testes of BPM and GAM alone group was comparable 

to that of the normal rats (Fig. 4.77, 4.78 G). 
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Table 4.129: Effects of BPM on male reproductive hormonal level 

Treatment 

(mg/kg bw) 

Testosterone 

 

 

(ng/ml) 

Luteinizing 

Hormone 

 

(ng/ml) 

Follicle 

Stimulating 

Hormone 

(ng/ml) 

Prolactin 

 

 

(ng/ml) 

Estradiol 

 

 

(ng/ml) 

Control 5.41±0.13
d 

3.61±0.17
e 

21.83±0.36
d 

12.35±0.51
e 

21.53±0.5
d 

Oil+DMSO 5.52±0.12
d 

3.74±0.12
e 

22.65±0.32
d 

14.54±0.09
d 

20.71±0.6
d 

GTM 1.38±0.18
a
 1.19±0.21

a
 12.54±0.51

a
 26.22±0.43

a
 35.46±0.1

a
 

GTM+Sily (50) 5.61±0.15
d 

3.56±0.36
d 

25.46±0.63
d 

14.36±0.40
d 

25.97±0.4
c 

GTM+BPM (200) 3.52±0.32
b
 2.32±0.03

b
 14.19±0.67

b
 20.33±0.22

b
 29.15±0.3

b
 

GTM+BPM (400) 4.82±0.13
c
 3.25±0.19

c
 18.17±0.57

c
 16.76±0.81

c
 26.29±0.7

c
 

BPM (400) 5.56±0.27
d 

3.74±0.16
e 

22.12±0.22
d 

11.27±0.37
e 

20.72±0.5
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.130: Effects of GAM on male reproductive hormonal level 

Treatment 

(mg/kg bw) 

Testosterone 

 

 

(ng/ml) 

Luteinizing 

Hormone 

 

(ng/ml) 

Follicle 

Stimulating 

Hormone 

(ng/ml) 

Prolactin 

 

 

(ng/ml) 

Estradiol 

 

 

(ng/ml) 

Control 5.78±0.15
d 

3.44±0.17
d 

23.83±0.22
d 

11.75±0.41
d 

22.53±0.56
d 

Oil+DMSO 5.75±0.23
d 

3.61±0.12
d 

24.65±0.41
d 

12.54±0.08
d 

21.71±0.64
e 

GTM 1.40±0.11
a
 1.21±0.21

a
 11.54±0.27

a
 25.42±0.51

a
 37.46±0.51

a
 

GTM+Sily (50) 5.81±0.17
d 

3.12±0.36
c 

23.46±0.63
d 

13.76±0.27
d 

23.97±0.70
d 

GTM+GAM (200) 3.53±0.41
b
 2.41±0.03

b
 16.19±0.67

b
 21.23±0.32

b
 30.15±0.31

b
 

GTM+GAM (400) 4.76±0.31
c
 3.16±0.19

c
 19.17±0.57

c
 14.76±0.71

c
 25.43±0.63

c
 

GAM (400) 5.74±0.27
d 

3.52±0.16
d 

24.12±0.22
d 

14.67±0.37
c 

21.72±0.53
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.131:  Effects of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 1.65±0.08
d 

5.4±0.15
d 

13.9±0.24
d 

4.72±0.17
d 

2.85±0.6
d 

1.67±0.31
d 

Oil+DMSO 1.67±0.04
d 

5.6±0.18
d 

14.2±0.37
e 

4.83±0.31
d 

2.92±0.7
d 

1.79±0.16
d 

GTM 0.75±0.06
a
 2.8±0.25

a
 5.21±0.42

a
 1.43±0.15

a
 5.51±0.9

a
 2.62±0.35

a
 

GTM+Sily (50) 1.60±0.05
d 

5.6±0.29
d 

13.9±0.51
d 

4.86±0.42
d 

3.31±0.5
d 

1.81±0.48
d 

GTM+BPM (200) 0.99±0.04
b
 3.5±0.33

b
 7.61±0.26

b
 3.31±0.17

b
 4.33±0.2

b
 2.07±0.10

b
 

GTM+BPM (400) 1.15±0.02
 c
 4.6±0.42

c
 9.35±0.57

c
 3.95±0.14

c
 3.50±0.5

c
 1.93±0.32

c
 

BPM (400) 1.64±0.07
d 

5.4±0.53
d 

13.6±0.62
d 

4.66±0.42
d 

2.90±0.4
d 

1.78±0.11
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.132:  Effects of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 1.61±0.07
d 

5.8±0.17
d 

13.4±0.27
d 

3.52±0.10
d 

2.63.±0.2
d 

1.73±0.3
d 

Oil+DMSO 1.46±0.02
d 

5.9±0.20
d 

13.0±0.41
d 

3.83±0.21
e 

2.85±0.9
d 

1.81±0.6
d 

GTM 0.73±0.05
a
 2.7±0.21

a
 5.31±0.56

a
 1.23±0.19

a
 5.61±0.8

a
 2.52±0.5

a
 

GTM+Sily (50) 1.63±0.01
d 

5.8±0.33
d 

13.2±0.18
d 

3.56±0.18
e 

2.79±0.2
d 

1.77±0.4
d 

GTM+GAM (200) 0.97±0.07
b
 3.5±0.32

b
 8.57±0.34

b
 2.41±0.11

b
 4.73±0.3

b
 3.16±0.5

b
 

GTM+GAM (400) 1.38±0.05
c
 4.7±0.51

c
 9.54±0.69

c
 3.17±0.17

c
 3.97±0.9

c 
2.23±0.3

c
 

GAM (400) 1.65±0.02
d 

5.8±0.24
d 

13.6±0.71
d 

3.60±0.33
d 

2.60±0.7
d 

1.72±0.4
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.133: Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 182.6±3.7
d 

133.2±3.6
e 

191.5±3.5
d 

30.5±2.3
e 

119.4±2.3
e 

1.04±0.3
d 

Oil+DMSO 176.4±4.5
d 

135.1±3.1
e 

196.4±3.2
d 

27.8±2.3
d 

123.7±2.7
e 

1.06±0.7
d 

GTM 97.3±5.3
a
 65.69±2.5

a
 128.7±3.6

a
 11.3±1.2

a
 64.31±3.6

a
 6.54±1.6

a
 

GTM+Sily (50) 156.5±3.2
c 

119.4±3.4
d 

193.6±2.3
d 

22.7±2.4
c 

108.3±5.2
d 

1.08±0.4
d 

GTM+BPM (200) 115.4±3.4
b
 94.35±2.8

b
 141.4±1.4

b
 15.6±1.3

b
 87.7±2.85

b
 3.65±0.2

b
 

GTM+BPM (400) 161.8±3.9
c
 112.5±2.2

c
 173.3±2.7

c
 24.4±2.3

c
 93.5±1.41

c
 2.72±0.3

c
 

BPM (400) 184.2±4.4
d 

131.8±2.3
e 

198.5±3.8
d 

31.5±2.4
e 

113.7±2.7
d 

1.06±0.3
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

 

Table 4.134: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 187.3±4.7
d 

132.6±2.5
d 

196.5±3.5
e 

28.6±1.5
e 

116.3±4.5
e 

1.13±0.5
d 

Oil+DMSO 192.7±3.1
d 

105.2±4.8
c 

181.4±4.2
d 

26.5±2.5
e 

104.2±3.4
d 

1.10±0.7
d 

GTM 90.4±3.6
a
 66.69±3.6

a
 125.7±1.6

a
 10.2±1.7

a
 60.51±2.3

a
 5.88±1.6

a
 

GTM+Sily (50) 153.2±3.2
c 

125.4±4.4
d 

199.5±3.3
e 

23.3±2.1
d 

109.3±2.5
d 

1.12±0.4
d 

GTM+GAM (200) 117.6±2.3
b
 88.40±2.7

b
 143.4±1.6

b
 13.2±1.8

b
 72.67±2.8

b
 3.53±0.2

b
 

GTM+GAM (400) 161.8±5.2
c
 100.5±5.4

c
 170.3±1.7

c
 17.7±2.2

c
 89.72±1.4

c
 2.68±0.3

c
 

GAM (400) 184.2±3.6
d 

136.8±2.3
d 

192.5±2.2
e 

25.8±2.9
d 

118.3±2.7
e 

1.15±0.4
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Fig. 4.75:  Agarose gel showing DNA damage by GTM and protective effects of 

various fractions of B. procumbens in testicular tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) GTM group, 

4) Silymarin +  GTM group, (5) 200 mg/kg  BPM + GTM  group, (6) 400 mg/kg 

BPM + GTM group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.76:  Agarose gel showing DNA damage by GTM and protective effects of 

various fractions of G. aparine leaves in testicular tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) GTM group, 

4) Silymarin + GTM group, (5) 200 mg/kg  GAM + GTM  group, (6) 400 mg/kg 

GAM+ GTM group, (7) 400 mg/kg GAM alone. 
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Fig. 4. 77: Photomicrograph of seminiferous tubule in rat testis (H & E stain). (A) 

Representative section of testis from the control group showing normal histo-

archetecture (B) DMSO + Olive oil group with compact arrangement of seminiferous 

tubules and active spermatogenesis and filled lumen (Arrow heads). (C) GTM treated 

animals with degeneration in the basement membrane and tubular lesion in epithelium 

and vaculation, sperm aggregation in lumen (Arrow heads), co treated groups (D,E,F) 

Silymarin and 200, 400 mg/kg BPM + GTM treated group with less tubular lesion and 

vaculation in epithelium (arrow head) and regeneration and round spermatids 

differentiation into elongated spermatozoa (Arrow head)  (G) 400 mg/kg BPM alone 

with normal architecture and compactly arranged tubules similar to control group. 
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Fig.  4. 78: Photomicrograph of testicular tissues (H & E stain). (A) Representative 

section of testis from the control group showing normal histo-archetecture, (B) 

DMSO + Olive oil group showed normal histological aarangement of cells in the 

tubular and peri-tubular compartments (C) GTM group indicates vaculation and 

degeneration in epithelium (Arrow heads). (D, E, F) Silymarin and 200, 400 mg/kg 

BPM + GTM treated group with less degeneration in the epithelium and elongated 

spermatids in the lumen of co-treated groups, (G) 400 mg/kg GAM alone with normal 

architecture and compactly arranged tubules similar to control group. 
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4.7.4. Doxorubicin induced testicular toxicity         

 The use of DOX in clinics is limited by virtue of its unwanted effects on 

different organs. The use of DOX in animal models cause toxicity usually mediated 

by the synthesis of ROS and consequently lipid peroxidation plays a key role in sperm 

dysfunction and male infertility.  

4.7.4.1. Effects of B. procumbens and G. aparine against doxorubicin induced 

testicular toxicity in rat  

To evaluate the antiradical and repairing potential of BPM and GAM against the 

DOX induced testicular toxicity here we have estimated the content of male 

hormones, enzymatic antioxidants, lipid peroxidation, genotoxicity and alteration in 

histopathology in rat.  

4.7.4.2. Effects of B. procumbens and G. aparine on male reproductive hormones 

of rat 

Estimation of male hormones in serum is a supportive marker to determine the 

extent and type of male reproductive toxicity. The level of different male hormones 

viz; testosterone, LH and FSH was decreased while the concentration of prolactin and 

estradiol was increased by the toxicity induced by DOX in rat. But co-administration 

of various doses of B. procumbens and G. aparine significantly inverted the decreased 

level of testosterone, LH and FSH and increased level of prolactin and estradiol 

following renewal towards control group and their values were related to that of 

reference drug silymarin (Tables 4.135 and 4.136).  

4.7.4.3. Effects of B. procumbens and G. aparine on testis enzymatic antioxidant 

level  

DOX induced male gonad toxicity is relevant to oxidative stress and lipid 

peroxidation. A decrease in testicular proteins and antioxidant enzyme level like 

POD, CAT, SOD was recorded by the induction of DOX. However, different doses of 

BPM and GAM (200 and 400 mg/kg) noticeably normalized the altered level of 

antioxidant enzymes when compared with DOX-induced group. After DOX treatment 

the level of lipid peroxidation, DNA damages and H2O2 was observed much higher 

than control group. On the other hand, administration with B. procumbens and G. 

aparine and silymarin significantly inverted the elevated lipid peroxides, DNA 

damages and H2O2 level (Tables 4.137 and 4.138).  

Protective effects of B. procumbens and G. aparine on phase II antioxidant 

metabolizing enzymes like GSH, GR, GPx, GST, QR are presented in Table 4.139 
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and 4.140. Decrease in amount of GSH was recorded with DOX treatment while co-

administration of BPM and GAM significantly elevated the glutathione level in 

testicular tissues. Decrease in GR, GPx, GST and QR due to administration of DOX 

was restored by B. procumbens and G. aparine treatment near to control (Tables 

4.139 and 4.140).  

4.7.4.4. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

DOX administration to rats provoked the generation of free radicals which 

consequently induces DNA damages in the liver tissues of rats. The protective 

potential of BPM and GAM against the DOX on DNA damages are presented in Fig. 

4.79 and 4.80. The result obtained indicated the fact that DNA damages were not 

induced in the control groups whereas extensive damages occurred in the DOX 

treated group. On the other hand with the administration of silymarin and plant 

samples repairing of DNA damages had occurred and the banding pattern was 

changed and appeared similar to the control rats.  

4.7.4.5. Histological studies of testes tissue 

 The testicular tissues of control rats showed well preserved sertoli cells, 

normal spermatogenesis and well delineated tubular basement membrane (Fig. 4.81 

and 82 A, B). Doxorubicin treatment results in fibroid debris and vacuolization in the 

seminiferous tubules. Moreover, seminiferous tubules were shrunk along with the loss 

of germ cells. In the interstitial tissues, severe vacuolization and interstitial space 

widening were observed (Fig. 4.81and 82 C). These changes were restored towards 

normal by the co- administration of silymarin and BPM and GAM extract (200 and 

400 mg/kg) together with doxorubicin (Fig. 4.81 and 82 D, E and F). There were no 

noticeable changes observed in testicular histology of rats given BPM and GAM 

alone relative to control (Fig. 4.81and 82 G). 
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Table 4.135: Effects of BPM on male reproductive hormonal level 

Treatment 

(mg/kg bw) 

Testosterone 

 

 

(ng/ml) 

Luteinizing 

Hormone 

 

(ng/ml) 

Follicle 

Stimulating 

Hormone 

(ng/ml) 

Prolactin 

 

 

(ng/ml) 

Estradiol 

 

 

(ng/ml) 

Control 4.81±0.07
d 

2.45±0.05
d 

28.73±0.27
d 

10.74±2.63
e 

15.72±0.53
e 

Oil+DMSO 4.74±0.06
d 

2.43±0.07
d 

27.34±0.37
d 

12.66±1.35
d 

16.17±0.35
e 

DOX 1.18±0.09
a
 1.07±0.11

a
 14.49±0.39

a
 25.31±0.41

a
 37.65±0.29

a
 

DOX+Sily (50) 4.77±0.05
d 

2.49±0.10
d 

24.66±0.60
d 

17.45±0.68
c 

20.64±0.19
d 

DOX+BPM (200) 2.52±0.04
b
 1.71±0.08

b
 17.54±0.42

b
 21.15±0.72

b
 30.07±0.45

b
 

DOX+BPM (400) 3.37±0.10
c
 2.14±0.01

c
 21.41±0.38

c
 16.54±0.42

c
 23.52±0.36

c
 

BPM (400) 4.85±0.11
d 

2.44±0.12
d 

29.62±0.71
d 

10.77±0.57
e 

14.34±0.74
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

Table 4.136: Effects of GAM on male reproductive hormonal level 

Treatment 

(mg/kg bw) 

Testosterone 

 

 

(ng/ml) 

Luteinizing 

Hormone 

 

(ng/ml) 

Follicle 

Stimulating 

Hormone 

(ng/ml) 

Prolactin 

 

 

(ng/ml) 

Estradiol 

 

 

(ng/ml) 

Control 4.73±0.06
d 

2.48±0.05
d 

29.33±0.27
e 

10.63±2.63
e 

15.72±0.53
d 

Oil+DMSO 4.65±1.09
d 

2.44±0.07
d 

25.34±0.37
d 

13.81±1.35
d 

13.17±0.35
e 

DOX 1.24±0.04
a
 1.03±0.11

a
 16.49±0.39

a
 26.51±0.41

a
 33.65±0.29

a
 

DOX+Sily (50) 4.57±0.03
d 

2.46±0.10
d 

25.76±0.60
d 

17.45±0.68
c 

12.64±0.19
e 

DOX+GAM (200) 2.42±0.05
b
 1.75±0.08

b
 19.54±0.42

b
 21.15±0.72

b
 30.07±0.45

b
 

DOX+GAM (400) 3.27±0.11
c
 2.11±0.06

c
 22.71±0.38

c
 16.54±0.42

c
 21.52±0.36

c
 

GAM (400) 4.70±0.13
d 

2.50±0.12
d 

28.42±0.71
e 

10.77±0.57
e 

17.34±0.74
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.137:  Effects of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg 

protein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 1.82±0.34
d 

4.96±0.10
d 

12.3±0.5
d 

4.02±0.4
d 

2.83±0.41
d 

1.18±0.10
d 

Oil+DMSO 1.86±0.21
d 

4.90±0.15
d 

11.9±0.2
d 

3.98±0.8
d 

2.89±0.33
d 

1.10±0.12
d 

DOX 0.74±0.15
a
 2.18±0.07

a
 5.67±0.5

a
 1.34±0.5

a
 6.62±0.58

a
 2.63±0.26

a
 

DOX+Sily (50) 1.84±0.32
d 

4.83±0.06
d 

12.5±0.4
d 

3.86±0.3
d 

2.72±0.80
d 

1.26±0.31
d 

DOX+BPM (200) 0.98±0.22
b
 2.90±0.32

b
 8.09±0.3

b
 2.38±0.6

b
 4.00±0.54

b
 2.15±0.17

b
 

DOX+BPM (400) 1.42±0.35
c
 3.38±0.20

c
 10.5±0.2

c
 3.29±0.2

c
 3.18±0.33

c
 1.85±0.11

c
 

BPM (400) 1.85±0.41
d 

4.99±0.17
d 

12.1±0.6
d 

3.95±0.5
d 

3.94±0.26
d 

1.19±0.20
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.138: Effects of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(µg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 1.73±0.01
d 

4.73±0.2
d 

14.7±0.6
d 

4.07±0.5
d 

2.35±0.52
d 

1.88±0.15
d 

Oil+DMSO 1.76±0.02
d 

4.78±0.9
d 

14.9±0.3
d 

4.04±0.3
d 

2.09±0.29
d 

1.74±0.13
d 

DOX 0.86±0.03
a
 2.13±0.5

a
 6.86±0.1

a
 1.24±0.7

a
 6.55±0.59

a
 2.64±0.43

a
 

DOX+Sily (50) 1.70±0.03
d 

4.81±0.3
d 

14.6±0.4
d 

4.03±0.2
d 

2.17±0.92
d 

1.83±0.33
d 

DOX+GAM (200) 1.25±0.01
b
 3.27±0.4

b
 07.0±0.5

b
 2.67±0.1

b
 4.19±0.29

b
 2.24±0.29

b
 

DOX+GAM (400) 1.53±0.02
c
 3.87±0.4

c
 09.1±0.8

c
 3.88±0.2

c
 3.56±0.93

c
 2.09±0.35

c
 

GAM (400) 1.78±0.01
d 

4.80±0.5
d 

14.1±0.7
d 

4.09±0.3
d 

2.45±0.88
d 

1.89±0.62
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 
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Table 4.139: Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 149.7±3.8
e 

113.5±2.6
e 

195.5±3.6
e 

17.4±2.16
e 

108.5±2.1
d 

1.24±0.4
d 

Oil+DMSO 133.3±4.3
d 

104.5±3.1
d 

162.6±4.1
d 

15.8±2.37
d 

110.6±1.7
d 

1.19±0.6
d 

DOX 83.63±3.2
a
 57.86±2.6

a
 123.8±3.5

a
 7.54±0.67

a
 61.48±2.2

a
 6.13±1.3

a
 

DOX+Sily (50) 125.8±4.2
d 

94.62±2.4
c 

155.7±2.4
d 

13.3±0.79
c 

102.6±3.4
d 

1.25±0.8
d 

DOX+BPM (200) 99.05±2.7
b
 68.44±2.3

b
 136.4±3.3

b
 10.4±0.48

b
 76.54±2.6

b
 4.23±0.6

b
 

DOX+BPM (400) 104.6±3.6
c
 87.37±2.5

c
 149.6±1.7

c
 14.7±0.51

c
 92.37±1.8

c
 2.16±0.2

c
 

BPM (400) 153.3±2.5
e 

106.2±2.6
d 

196.2±2.3
e 

16.9±0.33
d 

107.5±2.4
d 

1.25±0.6
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

Table 4.140: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST 

(nM/mg 

protein) 

GPx 

(nM/mg 

protein) 

GR 

(nM/mg 

protein) 

GSH 

(µM/g 

tissue) 

QR 

(nM/mg 

protein) 

%DNA 

Injuries 

Control 155.3±3.6
e 

110.7±2.7
d 

198.3±4.7
e 

16.6±1.53
e 

102.3±1.3
e 

1.28±0.3
d 

Oil+DMSO 148.7±1.7
d 

103.5±3.4
d 

182.5±3.8
d 

13.7±1.62
c 

96.24±1.4
d 

1.27±0.6
d 

DOX 85.24±3.6
a
 55.26±2.6

a
 122.6±4.1

a
 6.93±0.77

a
 62.3±1.07

a
 6.19±1.2

a
 

DOX+Sily (50) 135.6±4.1
d 

94.62±2.3
c 

175.7±3.6
d 

14.8±0.83
d 

105.5±2.8
e 

1.24±0.5
d 

DOX+GAM (200) 103.6±3.8
b
 75.44±1.8

b
 141.6±4.1

b
 10.1±0.43

b
 74.6±1.86

b
 3.32±0.7

b
 

DOX+GAM (400) 120.7±2.4
c
 90.37±2.7

c
 159.5±2.5

c
 12.6±0.51

c
 88.4±1.63

c
 2.30±0.5

c
 

GAM (400) 150.8±2.7
e 

107.2±2.6
d 

199.1±3.1
e 

15.1±0.28
e 

98.7±1.38
d 

1.28±0.4
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 
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Fig. 4. 79: Agarose gel showing DNA damage by DOX and protective effects of B. 

procumbens in testicular tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) DOX group, 4) Silymarin +  DOX group, 

(5) 200 mg/kg BPM + DOX group, (6) 400 mg/kg BPM + DOXgroup, (7) 400 mg/kg 

BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. 80:  Agarose gel showing DNA damage by DOX and protective effects of B. 

procumbens in testicular tissue. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) DOX group, 4) Silymarin + DOX group, (5) 

200 mg/kg GAM+ DOX group, (6) 400 mg/kg GAM+ DOX group, (7) 400 mg/kg 

GAM alone. 
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Fig. 4. 81: Photomicrograph of seminiferous tubule in rat testis (H & E stain). (A) 

Representative section of testis from the control group showing normal histo-

archetecture (B) DMSO + Olive oil group with compact arrangement of seminiferous 

tubules and active spermatogenesis and filled lumen (Arrow heads). (C) DOX treated 

animals with degeneration in the basement membrane and tubular lesion in epithelium 

and vaculation, sperm aggregation in lumen (Arrow heads), co treated groups (D,E,F) 

Silymarin and 200, 400 mg/kg BPM + DOX treated group with less tubular lesion and 

vaculation in epithelium (arrow head) and regeneration and round spermatids 

differentiation into elongated spermatozoa (Arrow head)  (G) 400 mg/kg BPM alone 

with normal architecture and compactly arranged tubules similar to control group. 
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Fig.  4. 82: Photomicrograph of testicular tissues (H & E stain). (A) Representative 

section of testis from the control group showing normal histo-archetecture, (B) 

DMSO + Olive oil group showed normal histological aarangement of cells in the 

tubular and peri-tubular compartments (C) DOX group indicates vaculation and 

degeneration in epithelium (Arrow heads). (D, E, F) Silymarin and 200, 400 mg/kg 

BPM + DOX treated group with less degeneration in the epithelium and elongated 

spermatids in the lumen of co-treated groups, (G) 400 mg/kg GAM alone with normal 

architecture and compactly arranged tubules similar to control group. 
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4.8. Pulmonary toxicity studies 

Pulmonary toxicity is induced with the acute or chronic administration of 

toxicants, drugs, antibiotics and other chemicals. Most of the chemicals induce 

toxicity in lungs as a consequence of hazardous reactive free radicals. The lipid 

peroxides developed on oxidative stress causes more damage to the pulmonary 

tissues.  

4.8.1. CCl4 induced pulmonary toxicity 

CCl4 is going to be introduced in rat models to explore the lung injury. 

Previous reports suggest that oxidative stress is one of primary causes of lung injuries 

hence it is hypothesized that over production of free radicals by CCl4 may cause 

pulmonary injuries. During pulmonary toxicity many pathological conditions such as 

fibrosis, inflammatory changes and degeneration of epithelial cells have been 

recorded. Hence, it was certain to record the protective capacities of both plant 

samples on CCl4-induced pulmonary injuries in rat.  

4.8.1.1. Effects of B. procumbens and G. aparine against CCl4 induced pulmonary 

toxicity in rat  

In this experiment CCl4 was used as a toxicant to estimate the damages 

induced in lungs and the amelioration of the pulmonary toxicity with BPM and GAM 

in rat. The parameters studied in this respect were the alteration in antioxidant enzyme 

profile, genotoxicity and the characteristic histological changes in lungs. 

4.8.1.2. Effects of B. procumbens and G. aparine on enzymatic antioxidant levels  

Oxidative stress induced by CCl4 has decreased the enzymatic level of CAT, 

POD and SOD in lung tissues. CCl4 induced pulmonary toxicity decreased the tissue 

protein as well. Further, the level of lipid peroxides, DNA damages and H2O2 

concentration was increased to that of the control group. Co-administration of BPM 

and GAM in CCl4 intoxicated rats had reduced the pathogenesis of CCl4 and the 

level of above parameters was inverted towards the normal level. Administration of 

silymarin to rats in combination with CCl4 diminished the alteration of above 

parameters in the same way. Groups inducted with BPM and GAM alone did not 

statistically alter the level of these parameters (Tables 4.141 and 4.142).  

Phase II antioxidant enzymes mutually form a group to ameliorate the 

toxicity of free radicals. In this context the activity level of GST, GPx, GR and QR 

estimated in various groups in given in Tables 4.143 and 4.144. Treatment of CCl4 

to rats suppressed the activity of these enzymes to that of the control animals. 

Similarly the concentration of GSH was decreased in lung tissues while increased 
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the DNA fragmentation in lungs of rat. Various doses of BPM and GAM and the 

administration of silymarin ameliorated the intoxication by increasing the activity 

level of these enzymes and had also reduced the DNA damages in lung tissues. 

Administration of BPM and GAM alone showed non-significant (p>0.05) variation 

as compare to control group (Tables 4.143 and 4.144).  

4.8.1.3. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

CCl4 induces damages to biomolecules including DNA via the generation of 

highly reactive oxygen species. To elucidate this DNA ladder assay of various groups 

is shown in Fig. 4.83 and 4.84. Administration of CCl4 induced DNA injuries in lungs 

of rat and is manifested by the peculiar type of banding pattern. Other groups of rat 

who received the plant samples or silymarin along with CCl4 depicted the DNA 

banding pattern that was more similar to that of the control samples. However, highest 

dose of plant samples administrated groups represented more intact DNA bands as 

like that of control. In case of the plant sample treatment alone DNA damages were 

not observed.  

4.8.1.4. Effects of B. procumbens and G. aparine on lung histoarchitecture 

To ascertain the protective potential of BPM and GAM against the CCl4 

induced pulmonary toxicity at the histological level thin section of various groups 

were stained and examined under the microscope (Fig. 4.85 and 4.86). 

Histopatholological studies revealed the normal indices of lungs with discrete alveolar 

septa and bronchioles, structured Clara cells and fibroblasts in control samples. On the 

other hand administration of CCl4 has induced histopathological alterations 

characterized by the fibroblasts accumulation, collagen fibres, shattered alveolar 

bronchioles and walls, disordered Clara cells displaying pulmonary edema and 

interstitial hemorrhage. Co-administration of BPM and GAM at various doses 

ameliorated the toxic effects of CCl4 and as a consequence normal histopathological 

structures were simulated of lung tissues. Similarly the co-administration of silymarin 

also prevented the toxic effects of CCl4 and normal histological structures were 

observed.  
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Table 4.141: Effects of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg 

protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 3.05±0.05
e
 4.15±0.23

d
 9.6±0.4

d
 3.6±0.41

e
 3.18±0.16

e
 1.27±0.17

d
 

Oil+DMSO 2.96±0.03
d
 4.18±0.58

e
 9.7±0.7

d
 3.6±0.57

e
 3.15±0.23

e
 1.19±0.25

e
 

CCl4 0.73±0.03
a
 2.14±0.22

a
 5.6±0.4

a
 1.1±0.30

a
 5.61±0.64

a
 2.68±0.08

a
 

CCl4+Sily (50) 2.90±0.04
d
 4.12±0.19

d
 9.6±0.3

d
 3.5±0.81

d
 3.20±0.44

d
 1.18±034

e
 

CCl4+BPM (200) 1.50±0.03
b
 2.80±0.13

b
 7.8±0.7

b
 2.3±0.33

b
 4.85±0.17

b
 2.10±0.82

b
 

CCl4+BPM (400) 2.45±0.03
c
 3.67±0.17

c
 8.7±0.2

c
 3.0±0.57

c
 3.72±0.24

c
 1.61±0.74

c
 

BPM (400) 3.10±0.01
e
 4.20±0.20

d
 9.7±0.8

d
 3.5±0.16

d
 3.24±0.31

d
 1.29±0.90

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.142: Effects of GAM on tissue proteins and antioxidant enzyme level 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 3.07±0.04
d
 4.28±0.32

e
 10.4±0.4

d
 3.4±0.24

d
 3.39±0.42

d
 1.23±0.06

e
 

Oil+ DMSO 2.99±0.01
d
 4.19±0.41

d
 10.8±0.5

d
 3.6±0.31

d
 3.37±0.13

d
 1.30±0.05

d
 

CCl4 0.71±0.01
a
 2.13±0.51

a
 5.24±0.7

a
 1.1±0.07

a
 5.27±0.68

a
 2.43±0.04

a
 

CCl4+Sily (50) 2.95±0.02
d
 4.21±0.21

d
 10.5±0.2

d
 3.5±0.18

d
 3.12±0.47

e
 1.19±0.07

e
 

CCl4+GAM (200) 1.23±0.03
b
 3.60±0.36

b
 7.56±0.4

b
 1.7±0.48

b
 4.91±0.11

b
 2.01±0.03

b
 

CCl4+GAM (400) 2.69±0.06
c
 3.92±0.17

c
 9.67±0.7

c
 2.7±0.08

c
 3.89±0.15

c
 1.81±0.04

c
 

GAM (400) 3.03±0.01
d
 4.25±0.45

e
 10.9±0.8

d
 3.4±0.18

d
 3.32±0.21

d
 1.29±0.08

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.143:  Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST(nM/

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 178.9±4.3
e
 124.2±3.9

e
 236.1±4.6

d
 32.07±1.4

e
 115.7±3.3

e
 1.16±0.4

d
 

Oil+DMSO 182.4±3.5
e
 126.4±3.8

e
 232.2±5.7

d
 27.23±2.6

d
 108.6±3.6

d
 1.18±0.3

d
 

CCl4 78.13±2.7
a
 60.08±3.3

a
 130.2±3.7

a
 10.05±1.1

a
 60.34±2.1

a
 5.43±1.4

a
 

CCl4+Sily (50) 169.3±2.6
d
 118.4±2.8

d
 240.4±4.0

e
 26.53±1.7

d
 114.4±3.2

e
 1.14±0.3

d
 

CCl4+BPM (200) 109.6±3.3
b
 89.40±1.4

b
 156.3±4.5

b
 15.65±0.3

b
 80.18±2.8

b
 3.15±0.5

b
 

CCl4+BPM (400) 143.3±2.5
c
 97.02±1.7

c
 190.6±4.3

c
 21.94±0.2

c
 95.30±3.7

c
 2.37±0.4

c
 

BPM (400) 172.6±2.8
d
 120.5±3.4

d
 240.3±3.2

d
 30.26±1.5

e
 110.1±2.4

d
 1.15±0.2

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.144: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM/ 

min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 172.8±3.7
e
 127.2±3.2

d
 233.2±5.3

d
 35.62±1.5

e
 116.1±3.0

d
 1.19±0.3

d
 

Oil+DMSO 167.4±3.1
d
 123.8±4.1

d
 238.7±2.6

d
 32.91±1.8

d
 113.2±5.1

d
 1.15±0.2

d
 

CCl4 76.25±3.4
a
 65.08±2.7

a
 135.3±3.4

a
 10.23±0.9

a
 58.74±4.5

a
 5.62±1.7

a
 

CCl4+Sily (50) 168.5±3.2
d
 120.8±2.6

d
 205.2±2.5

c
 33.72±1.5

d
 112.2±2.6

d
 1.18±0.4

d
 

CCl4+GAM (200) 100.4±2.3
b
 85.40±1.8

b
 173.5±4.8

b
 18.64±0.2

b
 76.36±3.6

b
 3.27±0.7

b
 

CCl4+GAM (400) 148.2±2.5
c
 94.02±1.5

c
 203.2±3.5

c
 26.91±0.6

c
 93.92±2.4

c
 2.74±0.3

c
 

GAM (400) 175.7±3.2
e
 125.4±3.3

d
 236.4±2.8

d
 33.26±1.5

d
 115.7±3.6

d
 1.17±0.4

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). CCl4; Carbon 

tetrachloride, Sily; Silymarin, GAM; G. aparine methanol extract. 
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 4.83: Agarose gel showing DNA damage by CCl4 and protective effects of various 

dozes of B. procumbens leaves in pulmonary tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin + CCl4 group, (5) 200 mg/kg BPM + CCl4 group, (6) 400 mg/kg BPM + 

CCl4 group, (7) 400 mg/kg BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.84: Agarose gel showing DNA damage by CCl4 and protective effects of 

various dozes of B. procumbens leaves in pulmonary tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) CCl4 group, 

(4) Silymarin + CCl4 group, (5) 200 mg/kg GAM + CCl4 group, (6) 400 mg/kg GAM 

+ CCl4 group, (7) 400 mg/kg GAM alone. 

 

 M      1     2       3     4     5       6     7 
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Fig. 4.85:  Microphotograph of  rat lungs (H & E stain) (A) Representative section of 

lungs from the control group showing normal histology , (B) DMSO + Olive oil 

group, (C) CCl4 group, (D) Silymarin + CCl4 group, (E) 200 mg/kg BPM+ CCl4 

group, (F) 400 mg/kg BPM+ CCl4 group, (G) 400 mg/kg BPM alone. 
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Fig. 4.86: Microphotograph of  rat lungs (H & E stain) (A) Representative section of 

lungs from the control group showing normal histology , (B) DMSO + Olive oil 

group, (C) CCl4 group, (D) Silymarin + CCl4 group, (E) 200 mg/kg GAM+ CCl4 

group, (F) 400 mg/kg GAM+ CCl4 group, (G) 400 mg/kg GAM alone. 
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4.8.2. Paracetamol induced pulmonary toxicity 

Paracetamol generally induces toxicity in the liver and kidneys however other 

organs like lungs are also at high risk. In human lung injuries are usually associated 

with hepatic dysfunction by the acute or chronic administration of PCM. However the 

mechanism associated with lung injuries is unclear but it is suspected the involvement 

of oxidative stress induced by PCM. 

4.8.2.1. Effects of B. procumbens and G. aparine against PCM induced 

pulmonary toxicity in rat  

On the basis of PCM involvement in oxidative stress in various organs the 

present study was planned to induce pulmonary toxicity by PCM as well as to 

evaluate the protective effects of BPM and GAM. The parameters studied in this 

respect were estimation of antioxidant enzymes, lipid peroxidation, DNA injuries and 

histopathology of lungs in various groups of rat.  

4.8.2.2. Effects of B. procumbens and G. aparine on enzymatic antioxidant levels  

The upshots of PCM induce lung injuries in rat. The activity level of CAT, 

POD, SOD, GR, GPx, GST, and QR was suppressed with PCM induced toxicity in 

lung tissues of rat. The concentration of GSH in lung tissues was decreased while the 

content of lipid peroxides, DNA damages and the level of H2O2 was enhanced by the 

administration of PCM to rats. These toxic effects were counterfeited by the co-

administration of BPM, GAM or silymarin in addition to the PCM treatment and the 

level of all the above parameters was inverted to their normal level. The protective 

potential of plant samples was more evident at the highest dose to rats. The 

administration of BPM and GAM alone to rats did not induce significant alteration in 

the above said parameters (Tables 4.145-48).  

4.8.2.3. Effects of B. procumbens and G. aparine on DNA damages (ladder assay) 

To establish the protective effects of BPM and GAM on the genotoxicity 

induced with PCM in lung of rat the DNA ladder assay was performed (Fig. 4.87 and 

4.88). The DNA banding pattern after electrophoresis depicted the DNA damages 

induced with the treatment of PCM to rats. The co-administration of BPM and GAM 

at various dose changes the DNA banding pattern and at the highest dose of 300 

mg/kg bw the pattern showed similarity with the control group. Likewise the co-

administration of silymarin protects the DNA damages in lung tissues of rat induced 

with PCM. The groups treated with BPM and GAM did not reveal the genotoxic 

effect of PCM in rat lungs.  
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The examination of histoarchitecture of lungs of rat treated with PCM 

revealed the toxic effects of PCM on lung tissues (Fig. 4.89 and 4.90). There was 

aggregation of fibroblast, collagen fibres, disorganized alveolar septum and Clara 

cells. The treatment of BPM and GAM modified the histopathology of lung tissues 

and the structural abnormalities induced with PCM were ameliorated, and this effect 

was more prominent at the highest dose of BPM and GAM. The administration of 

BPM and GAM alone did not induce histopathological abnormalities in lung tissues 

of rat.  

4.8.2.4. Effects of B. procumbens and G. aparine on lung histoarchitecture 
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Table 4.145: Effect of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min 

/mg protein) 

H2O2 

(nM/min//

mg tissue) 

Control 2.63±0.4
d
 4.36±0.62

e
 14.2±0.45

d
 3.8±0.45

d
 3.15±0.83

d
 1.6±0.63

d
 

Oil+DMSO 2.65±0.3
d
 4.17±0.61

d
 15.9±0.52

d
 3.4±0.32

d
 3.19±0.75

d
 1.2±0.74

d
 

PCM 0.95±0.7
a
 2.63±0.29

a
 5.84±0.67

a
 1.3±0.70

a
 5.09±0.49

a
 3.2±0.43

a
 

PCM+Sily (50) 2.62±0.5
d
 4.16±0.36

d
 14.3±0.38

d
 3.6±0.39

d
 3.14±0.35

e
 1.3±0.28

d
 

PCM+BPM (200) 1.6±0.02
b
 3.56±0.77

b
 8.01±0.59

b
 2.3±0.74

b
 4.40±0.30

b
 2.9±0.65

b
 

PCM+BPM (400) 1.7±0.08
c
 4.09±0.95

c
 11.3±0.62

c
 2.9±0.20

c
 3.57±0.27

c
 2.3±0.38

c
 

BPM (400) 2.63±0.3
d
 4.32±0.70

e
 15.8±0.68

d
 3.7±0.67

d
 3.20±0.11

d
 1.6±0.72

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.146: Effect of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 2.67±0.07
e
 4.42±0.6

d
 13.2±0.60

d
 3.3±0.5

d
 3.11±0.5

d
 1.04±0.51

d
 

Oil+DMSO 2.48±0.04
d
 4.48±0.5

d
 13.9±0.42

d
 3.7±0.7

d
 3.14±0.7

d
 1.19±0.48

d
 

PCM 0.93±0.01
a
 2.68±0.3

a
 5.34±0.74

a
 1.2±0.4

a
 5.23±0.4

a
 3.03±0.36

a
 

PCM+Sily (50) 2.15±0.03
c
 4.38±0.2

d
 12.3±0.18

d
 3.5±0.3

d
 3.17±0.3

d
 1.14±0.18

d
 

PCM+GAM (200) 1.58±0.02
b
 3.26±0.1

b
 7.01±0.39

b
 1.7±0.3

b
 4.69±0.5

b
 2.28±0.27

b
 

PCM+GAM (400) 2.08±0.02
c
 4.82±0.1

c
 9.3±0.22

c
 2.4±0.1

c
 3.93±0.2

c
 1.82±0.22

c
 

GAM (400) 2.64±0.06
e
 4.45±0.2

d
 12.7±0.18

d
 3.2±0.2

d
 3.05±0.3

d
 1.13±0.30

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.147: Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST(nM/ 

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 170.1±4.2
d
 157.6±2.6

e
 235.2±3.64

d
 27.5±4.2

d
 133.8±1.6

d
 1.08±0.8

d
 

Oil+DMSO 168.2±3.4
d
 162.5±3.5

e
 238.4±3.76

d
 31.2±3.2

e
 129.5±2.3

d
 1.04±0.3

d
 

PCM 82.57±4.1
a
 75.23±1.8

a
 125.6±5.66

a
 12.4±2.1

a
 62.91±1.7

a
 5.38±1.2

a
 

PCM+Sily (50) 157.3±4.3
c
 148.4±3.6

d
 233.3±3.97

d
 25.8±1.6

d
 112.6±1.6

c
 1.09±0.5

d
 

PCM+BPM (200) 135.6±3.1
b
 92.71±1.9

b
 162.1±1.26

b
 17.1±0.8

b
 86.53±2.4

b
 3.81±0.2

b
 

PCM+BPM (400) 153.5±2.2
c
 119.2±2.4

c
 193.3±2.52

c
 21.1±1.2

c
 107.7±2.7

c
 2.72±0.1

c
 

BPM (400) 171.7±6.3
d
 155.3±3.3

d
 238.4±3.60

d
 31.5±1.6

e
 141.6±2.0

e
 1.07±0.8

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.148: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 173.6±3.5
d
 153.7±3.7

d
 230.3±2.6

d
 29.1±3.7

e
 132.4±3.5

d 
1.19±0.3

d
 

Oil+DMSO 172.2±3.7
d
 158.2±1.6

d
 226.5±2.8

d
 30.3±4.2

e
 130.2±2.7

d
 1.26±0.8

d
 

PCM 85.42±2.8
a
 79.6±3.94

a
 120.2±5.1

a
 12.4±2.2

a
 67.47±1.6

a
 5.69±2.3

a
 

PCM+Sily (50) 175.3±3.3
d
 162.4±2.2

e
 228.7±4.1

d
 26.5±1.5

d
 126.3±4.8

d
 1.13±0.6

d
 

PCM+GAM (200) 127.6±4.6
b
 88.63±2.6

b
 147.4±2.3

b
 16.7±0.7

b
 87.40±2.3

b
 3.36±0.3

b
 

PCM+GAM (400) 150.8±3.9
c
 118.2±2.3

c
 211.4±3.2

c
 23.8±1.4

c
 110.6±1.4

c
 2.42±0.2

c
 

GAM (400) 172.9±4.7
d
 165.6±2.8

e
 232.5±2.9

d
 30.4±1.9

e
 126.5±2.5

d
 1.22±0.7

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, Sily; Silymarin, GAM; G. aparine methanol extract. 
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 Fig. 4.87: Agarose gel showing DNA damage by PCM and protective effects of 

various dozes of B. procumbens leaves in pulmonary tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) PCM group, 

(4) Silymarin + PCM group, (5) 200 mg/kg BPM + PCM group, (6) 400 mg/kg BPM 

+ PCM group, (7) 400 mg/kg  BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.88: Agarose gel showing DNA damage by PCM and protective effects of 

various dozes of B. procumbens leaves in pulmonary tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) PCM group, 

(4) Silymarin + PCM group, (5) 200 mg/kg GAM + PCM group, (6) 400 mg/kg GAM 

+ PCM group, (7) 400 mg/kg GAM alone. 

    M     1     2     3     4     5      6     7 
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Fig. 4.89: Microphotograph of  rat lungs (H & E stain) (A) Representative section of 

lungs from the control group showing normal histology , (B) DMSO + Olive oil 

group, (C) PCM group, (D) Silymarin + PCM group, (E) 200 mg/kg BPM+ PCM 

group, (F) 400 mg/kg BPM+ PCM group, (G) 400 mg/kg BPM  alone. 
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Fig. 4.90: Microphotograph of  rat lungs (H & E stain) (A) Representative section of 

lungs from the control group showing normal histology , (B) DMSO + Olive oil 

group, (C) PCM group, (D) Silymarin + PCM, (E) 200 mg/kg GAM+ PCM group, (F) 

400 mg/kg GAM+ PCM group, (G) 400 mg/kg GAM alone.  
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4.8.3. Gentamicin induced pulmonary toxicity 

GTM induces its toxic effects through the generation of free radicals. These 

radicals affect the natural defense system of animals and induce toxic effects via the 

lipid peroxidation. In this system we have evaluated the protective effects of BPM and 

GAM on the GTM induced lung injuries in rat.   

4.8.3.1. Effects of B. procumbens and G. aparine against gentamicin induced 

pulmonary toxicity in rat  

To establish the protective effects of BPM and GAM against the GTM 

induced pulmonary toxicity we have studied the antioxidant level, DNA damages and 

histopathology of lung tissues. 

4.8.3.2. Effects of B. procumbens and G. aparine on enzymatic antioxidant levels  

In this experiment we have recorded the data regarding the activity level of 

antioxidant enzymes and the biomolecules directly involved in this mechanism. The 

administration of GTM enhanced the level of oxidative stress as manifested by the 

low level of phase I and phase II antioxidant enzymes. The activity level of CAT, 

POD, SOD of phase I was significantly reduced with the administration of GTM in 

lung tissues of rat as against the control animals. Likewise the activity level of GPx, 

GST, QR and GR were diminished significantly as compared to the control animals. 

Co-administration of BPM and GAM augmented the defense system of rat and the 

activity level of both phase I and phase II antioxidant enzymes was uplifted most 

dominantly at the highest dose of plant samples. The administration of silymarin to 

rats along with GTM also reduced the oxidative stress thereby enhancing the level of 

antioxidant enzymes. 

Administration of GTM enhanced the level of lipid peroxides and H2O2 in 

lung tissues of rat whereas the level of GSH was suppressed to that of the control 

animals. Conversely, the co-treatment of BPM and GAM along with GTM ameliorate 

dthe toxic effects of GTM and the level of lipid peroxides and H2O2 was diminished 

while the level of GSH was enhanced to that of the GTM treated group. The altered 

level in these parameters was restored by the administration of silymarin in GTM 

treated rats. The administration of plant samples alone to rats did not statistically alter 

the level of these parameters as compared to the control group (Tables 4.149-52).  

4.8.3.3. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

The administration of GTM to rats induced DNA damages in lung tissues to 

that of the control animals. The ability of BPM and GAM to protect the DNA was 
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established by the decreased DNA damages with various doses of plant samples. The 

protective effects of BPM and GAM were more convincing at the higher level of 

treatment. The administration of silymarin also comprehensively reduced the 

genotoxic effects of GTM and the DNA damages were the least. The administration 

of plant samples alone did not induce genotoxic effects in the lung tissues of rat as 

revealed by the DNA banding pattern (Fig. 4.91 and 4.92). 

4.8.3.4. Effects of B. procumbens and G. aparine on lung histoarchitecture 

To ascertain the protective potential of BPM and GAM against the GTM 

induced pulmonary toxicity at the histological level thin section of various groups 

were stained and examined under the microscope (Fig. 4.93 and 4.94). 

Histopathological studies revealed the normal indices of lungs with discrete alveolar 

septa and bronchioles, structured Clara cells and fibroblasts in control samples (Fig. 

4.93 and 4.94 A and B). On the other hand administration of GTM has induced 

histopathological alterations characterized by the fibroblasts accumulation, collagen 

fibres, shattered alveolar bronchioles and walls, disordered Clara cells displaying 

pulmonary edema and interstitial hemorrhage (Fig. 4.93 and 4.94 C). Co-

administration of BPM and GAM at various doses (200 and 400 mg/kg) ameliorated 

the toxic effects of GTM and as a consequence normal histopathological structures 

were simulated of lung tissues (Fig. 4.93 and 4.94 E, F and G). Similarly the co-

administration of silymarin also prevented the toxic effects of GTM and normal 

histological structures were observed (Fig. 4.93 and 4.94 D). 
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Table 4.149:  Effects BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min 

/mg issue) 

Control 2.16±0.3
d
 4.6±0.41

e
 13.7±0.36

d
 4.7±0.52

d
 3.32±0.18

d
 1.4±0.17

d
 

Oil+DMSO 2.13±0.4
d
 4.2±0.53

d
 13.8±0.47

d
 5.1±0.27

e
 3.38±0.22

d
 1.6±0.32

d
 

GTM 1.46±0.7
a
 2.4±0.73

a
 6.26±0.55

a
 2.5±0.28

a
 7.46±0.38

a
 2.9±0.63

a
 

GTM+Sily (50) 2.14±0.6
d
 4.8±0.62

e
 15.8±0.38

e
 4.2±0.34

c
 3.47±0.41

d
 1.3±0.51

d
 

GTM+BPM (200) 1.61±0.3
b
 3.1±0.39

b
 8.60±0.72

b
 3.3±0.25

b
 5.32±0.29

b
 2.3±0.29

b
 

GTM+BPM (400) 1.89±0.4
c
 3.9±0.43

c
 10.8±0.24

c
 4.1±0.60

c
 4.17±0.48

c
 1.9±0.19

c
 

BPM (400) 1.18±0.5
d
 4.2±0.55

d
 15.7±0.41

e
 4.7±0.71

d
 3.42±0.34

d
 1.5±0.27

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.150: Effects of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg protein) 

H2O2 

(nM/min 

/mg issue) 

Control 2.19±0.03
e
 5.2±0.3

e
 14.4±0.21

e
 5.6±0.48

d
 3.27±0.16

d
 1.9±0.19

 d
 

Oil+DMSO 2.23±0.04
e
 4.7±0.4

d
 15.3±0.34

e
 5.9±0.31

e
 3.15±0.20

e
 1.8±0.20

d
 

GTM 1.43±0.03
a
 2.1±0.6

a
 7.25±0.67

a
 2.7±0.40

a
 7.43±0.38

a
 3.1±0.37

a
 

GTM+Sily (50) 2.15±0.07
d
 4.6±0.1

d
 12.3±0.54

d
 4.5±0.43

c
 3.21±0.22

d
 1.9±0.45

d
 

GTM+GAM (200) 1.68±0.02
b
 3.6±0.5

b
 9.54±0.51

b
 3.5±0.23

b
 4.35±0.52

b
 2.7±0.05

b
 

GTM+GAM (400) 1.83±0.04
c
 4.0±0.2

c
 10.8±0.38

c
 4.2±0.31

c
 3.78±0.83

c
 2.3±0.06

c
 

GAM (400) 2.17±0.06
d
 5.2±0.7

e
 12.4±0.39

d
 5.8±0.27

e
 3.19±1.21

e
 1.8±0.13

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.151:  Effects BPM on phase II antioxidant enzymes and DNA fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 177.5±4.6
e
 155.8±4.2

d
 243.7±4.3

d
 33.72±1.5

e
 112.6±3.2

d
 1.23±0.4

d
 

Oil+DMSO 179.3±3.5
e
 153.5±4.1

d
 238.6±4.3

d
 31.80±1.2

e
 119.2±2.2

e
 1.28±0.7

d
 

GTM 86.48±3.8
a
 72.73±3.3

a
 130.8±3.1

a
 09.37±2.6

a
 64.52±2.5

a
 6.43±1.1

a
 

GTM+Sily (50) 165.1±3.6
d
 160.6±2.4

e
 252.5±3.6

d
 26.45±1.4

d
 113.6±3.2

d
 1.20±0.3

d
 

GTM+BPM (200) 99.56±2.7
b
 103.8±3.0

b
 180.5±4.8

b
 16.32±1.7

b
 88.35±1.7

b
 3.57±0.6

b
 

GTM+BPM (400) 128.8±2.8
c
 133.1±3.7

c
 213.4±5.9

c
 22.92±2.3

c
 100.4±3.5

c
 2.74±0.4

c
 

BPM (400) 163.8±3.5
d
 161.4±4.3

e
 245.5±3.5

d
 27.84±1.9

d
 116.6±2.9

e
 1.21±0.6

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.152: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 187.6±2.5
e
 153.7±3.6

d
 243.6±3.7

e
 30.8±1.45

d
 118.6±3.9

d
 1.27±0.5

d
 

Oil+DMSO 182.7±2.4
e
 161.4±3.4

e
 233.7±4.3

d
 33.7±1.73

e
 122.8±4.5

e
 1.24±0.9

 d
 

GTM 85.42±3.1
a
 72.56±3.5

a
 125.4±3.8

a
 10.6±1.07

a
 67.47±2.9

a
 6.17±1.5

a
 

GTM+Sily (50) 162.1±3.6
d
 155.6±2.7

d
 248.5±3.6

e
 27.3±1.58

d
 125.2±3.3

e
 1.25±0.6

d
 

GTM+GAM (200) 120.5±2.7
b
 96.32±3.6

b
 185.3±4.8

b
 16.5±0.52

b
 86.39±2.6

b
 3.49±0.3

b
 

GTM+GAM (400) 147.6±2.4
c
 132.5±3.7

c
 210.4±5.9

c
 22.2±0.91

c
 98.4±3.5

c
 2.15±0.5

 c
 

GAM (400) 169.4±3.5
d
 163.9±4.3

e
 247.5±4.7

e
 28.3±1.74

d
 118.5±2.4

d
 1.24±0.4

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GTM; 

Gentamicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Fig. 4.91: Agarose gel showing DNA damage by GTM and protective effects of 

various dozes of B. procumbens in pulmonary tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) GTM group, 

(4) Silymarin + GTM group, (5) 200 mg/kg BPM + GTM group, (6) 400 mg/kg BPM 

+ GTM group, (7) 400 mg/kg  BPM alone. 

 

  

Fig. 4.92: Agarose gel showing DNA damage by GTM and protective effects of 

various dozes of G. aparine in pulmonary tissue. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3) GTM group, (4) 

Silymarin + GTM group, (5) 200 mg/kg GAM+ GTM group, (6) 400 mg/kg GAM + 

GTM group, (7) 400 mg/kg GAM alone. 
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Fig. 4.93: Microphotograph of  rat lungs (H & E stain) (A) Representative section of 

lungs from the control group showing normal histology , (B) DMSO + Olive oil 

group, (C) GTM group, (D) Silymarin + GTM group, (E) 200 mg/kg BPM+ GTM 

group, (F) 400 mg/kg BPM+ GTM group, (G) 400 mg/kg BPM alone. 
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Fig. 4.94: Microphotograph of  rat lungs (H & E stain) (A) Representative section of 

lungs from the control group showing normal histology , (B) DMSO + Olive oil 

group, (C) GTM group, (D) Silymarin + GTM group, (E) 200 mg/kg GAM + GTM 

group, (F) 400 mg/kg GAM + GTM group, (G) 400 mg/kg GAM alone. 
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4.8.4. Doxorubicin induced pulmonary toxicity 

Doxorubicin induces damages to various tissues by the synthesis of free 

radicals. These radicals affect the natural defense system of animals and induce toxic 

effects via different pathways. Aside from its main effect on cardiac tissues we have 

studied the toxicity induced with DOX in lung tissues of rat. 

4.8.4.1. Effects of BPM and GAM against doxorubicin induced pulmonary 

toxicity in rat  

In this experiment rats were treated with the DOX and with different doses of 

BPM and GAM. The various parameters including the level of antioxidant enzymes, 

genotoxicity and the alteration in lung pathology were investigated.  

4.8.4.2. Effects of B. procumbens and G. aparine on enzymatic antioxidant levels  

In this study the activity level of antioxidant enzymes of phase I and Phase II 

were suppressed with the toxicity induced by DOX in pulmonary tissues of rat. The 

antioxidant enzymes mutually supportive among themselves and during the impact 

of oxidative stress their activity level hampered. The antioxidant enzymes such as 

CAT, POD, SOD, GPx, GST, GR and QR were diminished by the treatment of 

DOX against the control animals. The administration of silymarin re-established the 

activity level in DOX treated animals. Similarly the administration of BPM and 

GAM along with DOX diminished the toxic effects of DOX and restored the level of 

antioxidant enzymes. The treatment of plant samples alone to rats did not alter the 

level of antioxidant enzymes of both phases to that of the control animals.  

The concentration of lipid peroxides and H2O2 was elevated by the 

administration of DOX as against the control group. The concentration of GSH was 

decreased by the toxicity of DOX in lung tissues of rat. However, the administration 

of silymarin as well as the plant samples restored the level of these parameters near 

the control. The treatment of both plant samples alone to rats did not induce 

alteration in the level of these parameters (Tables 4.153-56).  

4.8.4.3. Effects of B. procumbens and G. aparine on DNA damages (ladder assay)  

In this study the administration of DOX altered the banding pattern of DNA 

along the electrophoretic path compared to that of the control animals. The 

genotoxicity of DOX induced break points in the strands resulting in the continuous 

banding pattern of DNA. This alteration in banding pattern was eliminated by the co-

administration of silymarin and the plant samples. The protective effects of plant 
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samples were more pronounced at the highest dose of plant samples (Fig. 4.95 and 

4.96). 

4.8.4.4. Effects of BPM and GAM on lung histoarchitecture 

To examine the effects of different segments of BPM and GAM against DOX 

induced lung injury, histological variations were observed. In control animals the 

histopathology of lungs appeared regular in composition in regard with the alveolar, 

Clara cells and the fibroblast accumulation. The treatment of DOX sufficiently altered 

the lung structure with respect to the alveolar space, septum, structure of Clara cells 

and the deposition of fibres in the bronchioles. The application of BPM and GAM 

protected the damages induced with DOX and only minor irregularities were observed 

in the highest dose of plant samples. Likewise the administration of silymarin 

hampered the induction of abnormalities in the lung structure exerted by DOX 

administration (Fig. 4.97 and 4.98).  
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Table 4.153:  Effect of BPM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg Protein) 

H2O2 

(nM/min/ 

mg tissue) 

Control 2.7±0.04
d
 4.3±0.41

d
 13.8±0.39

d
 3.8±0.68

d
 3.02±0.52

d
 1.38±0.4

d
 

Oil+DMSO 2.7±0.07
d
 4.4±0.37

d
 15.7±0.42

e
 3.2±0.61

d
 3.03±0.78

d
 1.35±0.4

d
 

DOX 1.4±0.01
a
 2.9±0.14

a
 5.62±0.74

a
 1.4±0.40

a
 5.04±0.47

a
 3.89±0.3

a
 

DOX+Sily (50) 2.6±0.03
d
 4.2±0.26

d
 15.7±0.18

e
 3.9±0.32

d
 3.08±0.35

d
 1.64±0.1

d
 

DOX+BPM (200) 1.8±0.02
b
 3.4±0.17

b
 8.74±0.42

b
 1.9±0.32

b
 4.14±0.30

b
 2.84±0.2

b
 

DOX+BPM (400) 2.1±0.02
c
 3.8±0.15

c
 10.3±0.22

c
 2.6±0.17

c
 3.56±0.27

c
 1.82±0.6

c
 

BPM  (400) 2.6±0.05
d
 4.4±0.20

d
 13.8±0.16

d
 3.6±0.22

d
 3.05±0.11

d
 1.45±0.3

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

Table 4.154: Effect of GAM on tissue proteins and antioxidant enzyme levels 

Treatment 

(mg/kg bw) 

Protein 

(μg/mg 

tissue) 

CAT 

 

(U/min) 

POD 

 

(U/min) 

SOD 

(U/mg 

protein) 

TBARS 

(nM/min/ 

mg Protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 2.5±0.03
d
 4.1±0.52

e
 12.4±0.5

d
 3.6±0.39

d
 3.01±0.6

e
 1.48±0.4

d
 

Oil+DMSO 2.2±0.02
d
 4.0±0.29

d
 14.6±0.7

e
 3.2±0.54

d
 3.14±0.7

d
 1.50±0.8

d
 

DOX 1.4±0.07
a
 2.7±0.35

a
 5.27±0.6

a
 1.4±0.43

a
 5.42±0.4

a
 3.75±0.3

a
 

DOX+Sily (50) 2.4±0.03
d
 4.2±0.26

e
 10.5±0.8

c
 3.4±0.32

d
 3.05±0.3

e
 1.49±0.8

d
 

DOX+GAM (200) 1.8±0.02
b
 3.2±0.17

b
 8.01±0.3

b
 1.8±0.48

b
 4.40±0.3

b
 3.10±0.7

b
 

DOX+GAM (400) 2.1±0.03
c
 3.9±0.15

c
 10.3±0.2

c
 2.8±0.17

c
 3.90±0.2

c
 2.36±0.2

c
 

GAM (400) 2.3±0.04
d
 4.1±0.20

d
 12.5±0.8

d
 3.6±0.22

d
 3.12±0.5

d
 1.46±0.3

e
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Table 4.155: Effects of BPM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM 

/min/mg 

protein) 

GPx (nM/ 

min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 178.5±3.2
d
 152.5±3.7

e
 233.3±3.4

d
 26.4±1.7

e
 125.9±4.6

d
 1.23±0.8

e
 

Oil+DMSO 180.4±4.3
d
 128.5±4.6

d
 231.5±3.3

d
 27.5±4.2

e
 130.2±5.1

d
 1.20±0.2

d
 

DOX 98.5±4.1
a
 73.22±3.9

a
 115.62±4.7

a
 12.4±2.2

a
 71.47±3.3

a
 5.69±1.4

a
 

DOX+Sily (50) 182.3±4.6
d
 155.4±3.2

e
 2322.7±3.8

d
 23.3±1.5

d
 123.3±3.8

d
 1.24±0.6

d
 

DOX+BPM (200) 138.6±3.2
b
 96.78±2.6

b
 163.4±1.2

b
 18.7±0.7

b
 94.40±2.3

b
 3.18±0.8

b
 

DOX+BPM (400) 150.8±5.2
c
 112.2±2.3

c
 208.3±2.5

c
 21.3±1.3

c
 117.8±2.4

c
 2.73±0.2

c
 

BPM (400) 175.7±5.3
d
 130.5±2.8

d
 236.5±3.6

d
 26.0±1.9

e
 127.5±3.3

d
 1.25±0.7

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, BPM; B. procumbens methanol extract. 

 

 

 

Table 4.156: Effects of GAM on phase II antioxidant enzymes and DNA 

fragmentation 

Treatment 

(mg/kg bw) 

GST (nM/ 

min/mg 

protein) 

GPx (nM 

/min/mg 

protein) 

GR (nM 

/min/mg 

protein) 

GSH 

(μM/g 

tissue) 

QR (nM/ 

min/mg 

protein) 

DNA 

damages 

% 

Control 175.1±3.6
d
 160.4±2.4

e
 237.8±2.5

d
 32.37±3.8

d
 127.6±1.4

e
 1.13±0.9

d
 

Oil+DMSO 177.5±2.1
d
 132.5±3.6

d
 239.2±3.1

d
 31.51±2.9

d
 128.2±2.1

e
 1.19±0.7

d
 

DOX 95.6±4.2
a
 73.66±2.3

a
 123.7±4.2

a
 12.73±1.2

a
 70.84±1.4

a
 5.75±1.61

a
 

DOX+Sily (50) 173.3±3.6
c
 137.4±2.2

d
 235.7±2.4

d
 24.42±1.3

c
 118.9±1.6

d
 1.12±0.5

d
 

DOX+GAM (200) 128.6±3.5
b
 88.9±1.66

b
 142.1±2.2

b
 17.55±0.6

b
 88.20±2.4

b
 3.03±0.4

b
 

DOX+GAM (400) 160.5±5.1
c
 122.3±3.4

c
 189.4±3.1

c
 26.34±1.6

c
 108.3±1.5

c
 2.81±-0.7

c
 

GAM (400) 176.7±4.2
d
 162.5±3.4

e
 238.4±2.6

d
 35.01±1.8

e
 116.4±2.6

d
 1.15±0.6

e
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, Sily; Silymarin, GAM; G. aparine methanol extract. 
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Fig. 4.95: Agarose gel showing DNA damage by DOX and protective effects of 

various dozes of B. procumbens in pulmonary tissue. Lanes from left (M) low 

molecular weight marker, (1) control, (2) DMSO + Olive oil group, (3) DOX group, 

(4) Silymarin + DOX group, (5) 200 mg/kg BPM+ DOX group, (6) 400 mg/kg BPM 

+ DOX  group, (7) 400 mg/kg  BPM alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.96: Agarose gel showing DNA damage by DOX and protective effects of 

various dozes of G. aparine in pulmonary tissue. Lanes from left (M) low molecular 

weight marker, (1) control, (2) DMSO + Olive oil group, (3DOX group, (4) Silymarin 

+ DOX group, (5) 200 mg/kg GAM+ DOX group, (6) 400 mg/kg GAM + DOX 

group, (7) 400 mg/kg GAM alone. 

M     1     2      3     4      5        6     7 

M      1     2     3      4      5       6     7 
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Fig. 4.97: Microphotograph of  rat lungs (H & E stain) (A) Representative section of 

lungs from the control group showing normal histology , (B) DMSO + Olive oil 

group, (C) DOX group, (D) Silymarin + DOX group, (E) 200 mg/kg BPM+ DOX 

group, (F) 400 mg/kg BPM+ DOX group, (G) 400 mg/kg BPM alone. 
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Fig. 4.98: Microphotograph of  rat lungs (H & E stain) (A) Representative section of 

lungs from the control group showing normal histology, (B) DMSO + Olive oil group, 

(C) DOX group, (D) Silymarin + DOX group, (E) 200 mg/kg GAM+ DOX group, (F) 

400 mg/kg GAM+ DOX group, (G) 400 mg/kg GAM alone. 
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4.9. Antidiabetic potential of B. procumbens and G. aparine 

 Different dozes of methanol extracts of B. procumbens and G. aparine were 

investigated for antidiabetic activity. Extracts were initially screened for 

antihyperglycemic activity in normal and diabetic animal model against glucose load. 

Extracts exhibiting antihyperglycemic potential were processed in hypoglycemic 

activity in the fasting animal model. To further investigate and verify antidiabetic 

potential, Extracts at different dozes exhibiting hypoglycemic activity were used in 

chronic experiment. Various biochemical parameters and histology of different organs 

were analyzed to investigate the role of different extracts in antidiabetic activity and 

ameliorating potential against alloxan induced toxicity. 

4.9.1. Antihyperglycemic activity in glucose loaded normal animals  

 Antihyperglycemic activity of methanolic extracts of B. procumbens and G. 

aparine at different dozes in normal animals against glucose load is given in the Table 

4.157. Antihyperglycemic activity of different extracts was determined by testing 

potential to reduce glucose levels after glucose load in animal model. Extracts at low 

doses (200 mg/kg) showed non-significant alteration on glucose profile in comparison 

to that of the normal control animals after glucose load. Increase doze also 

demonstrated non significant alteration on glucose profile. 

 In only glucose loaded animals, increase in blood glucose level was observed 

to increase till 60 min and decreasing trend was observed at 120 and 180 min. BPM 

and GAM extracts illustrated significant alteration in glucose profile after glucose 

load at 60, 120 and 180 min in comparison to that of the control group. BPM and 

GAM demonstrated dose dependent alterations and high dose showed very low 

glucose profile when compared to the pre treated blood glucose profile (0 min). 

4.9.2. Antihyperglycemic activity against glucose load in diabetic animals 

 Antihyperglycemic activity of methanol extracts demonstrating best 

antioxidant potential of B. procumbens and G. aparine in diabetic animals against 

glucose load are given in the Table 4.158. 

 BPM and GAM showed marked changes (P < 0.05) in glucose profile in 

comparison to that of the diabetic control at a time period of 60, 120 and 180 min 

after administration of glucose. Dose dependent effects were also observed for BPM 

and GAM. Glucose level continued to increase till 120 min post glucose 

administration in BPM, GAM and diabetic control groups. At 180 min post glucose 

administration glucose profile was observed below the level at 0 min (pre glucose 
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administration) in BPM and GAM at high dose, showing antihyperglycemic effect in 

diabetic glucose loaded animals. 

4.9.3. Hypoglycemic activity in fasting animals 

 Based upon observations of antihyperglycemic activity of different fractions, 

active fraction BPM and GAM were subjected to hypoglycemic activity at doses used 

in the anti-hyperglycemic activity. Hypoglycemic activity observed is displayed in the 

Table 4.159. BPM and GAM demonstrated hypoglycemic activity after 60 min of oral 

administration of fractions when compared to that of the normal animal group. Dose 

dependent hypoglycemic activity was observed for these two extracts. The 

hypoglycemic activity of the BPM as well as GAM was found statistically low in 

comparison to the standard drug glibenclamide. 
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Table 4.157: Antihyperglycemic activity of BPM and GAM in glucose loaded normal 

animals 

Plant fraction Group 

No.  

Dose 

(mg/kg) 

Blood Glucose  Concentration (mg/dl) 

0 min 60 min 120 min 180 min 

BPM 1 200 86.8±4.6 118.0±7.0
*
 117.7±2.8

*
 80.9±6.5

*
 

2 400 88.6±6.5 105.0±2.6
*
 98.0±6.0

*
 57.8±5.2

*
 

GAM 3 200 80.9±4.6 173.8±3.2 153.7±5.1 120.0±8.6 

4 400 83.4±3.7 168.0±4.3 145.7±2.8 114.7±5.5 

Normal animals 5 - 85.8±4.7 172.5±5.3 141.4±3.6 112.5±4.8 

       Values expressed as means±SEM. Significance difference (P < 0.05) is expressed against 

normal control. BPM; B.procumbens methanol fraction, GAM; G. aparine methanol 

fraction. 

 

Table 4.158: Antihyperglycemic activity of BPM and GAM in glucose loaded alloxan 

induced diabetic animals. 

Plant fraction Group 

No.  

Dose 

(mg/kg) 

Blood Glucose  Concentration (mg/dl) 

0 min 60 min 120 min 180 min 

BPM 1 200  252.0±4.7 330.0±7.0
*
 332.5±12.3

*
 273.7±5.6

*
 

2 400  257.0±2.4 296.0±4.5
*
 300.7±11.8

*
 246.7±12.2

*
 

GAM 3 200  248.0±5.2 377.3±5.6 378.6±4.3 340.0±17.3 

4 400  245.5±4.3 370.0±4.6 360.5±3.6 359.7±15.2 

Non diabetic 5 - 83.5±6.5 146.0±5.4 115.7±4.2 96.0±5.5 

Diabetic control 6 - 25.00±3.5 374.7±8.5 415.0±4.2 340.0±16.3 

Glibenclamide 7 5  23.0±5.7 270.0±5.2
*
 295.0±5.5 

5
*
 

230.7±4.8
*
 

Values expressed as means±SEM. *, indicates significance difference (P < 0.05) against 

diabetic control. BPM; B. procumbens methanol  fraction, GAM; G. aparine methanol 

fraction. 
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Table 4.159: Hypoglycemic activity of BPM and GAM in normal fasting animals 

Plant fraction Group 

No.  

Dose 

(mg/kg) 

Blood Glucose  Cocentration(mg/dl) 

0 min 60 min 120 min 180 min 

BPM 1 200  85.2±0.63 73.3±1.4
*
 63±3.2

*
 64±2.0

*
 

2 400  84.8±1.3 68.2±2.5
*
 53±1.5

*
 51±1.4

*
 

GAM 3 200  83.0±1.5 65.4±1.8
*
 60±1.5

*
 58±1.5

*
 

4 400  82.2±2.5 62.7±1.5
*
 50±1.5

*
 54±1.7

*
 

Non Diabetic 5 - 81.6±2.1 78.3±1.4 75±1.7 73±1.0 

Glibenclamide 6 5  84.5±1.5 53.8±2.3
*
 46±3.1

*
 50±1.7

*
 

Values expressed as means±SEM. Significance difference (P < 0.05) is expressed against 

non diabetic. BPM; B.procumbens methanol fraction, GAM; G. aparine methanol 

fraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 04  Antidiabetic studies   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  297 

4.5.3. Antidiabetic activity of B. procumbens and G. aparine in alloxan induced 

diabetic animals  

BPM and GAM showing significant hypoglycemic activity were administered 

in alloxan induced diabetic animals for 15 days. 

4.9.3.1. Effect of B. procumbens and G. aparine  on Insulin and glucose profile 

Insulin and glucose profile of blood plasma are the primary markers of 

diabetes. Alloxan treatment in diabetic group induced pathological lesion in islets of 

Langerhans of pancreas and resulted in significantly low insulin secretion from beta 

cell in comparison to that of the normal control group. BPM and GAM significantly 

elevated insulin plasma profile in a dose dependent manner. Approximately, similar 

profile with significant difference was observed at high dose treated groups of BPM 

and GAM with standard glibenclamide treated group. But, insulin profile was not 

recovered completely and significant difference was noted in comparison to that of 

normal groups.  

The glucose level in diabetic rats was markedly elevated in diabetic group 

animals in comparison to that of the normal groups. BPM and GAM extracts dose 

dependently diminished elevated plasma profile of glucose. Table 4.160 displays that 

GAM was more active in restoration of insulin and diminishing of glucose but 

statistically non-significant difference was observed. 

4.9.3.2. Effect of B. procumbens and G. aparine  on haemoglobin and glycosylated 

haemoglobin 

Haemoglobin and glycosylated haemoglobin are associated with diabetes and 

especially glycosylated haemoglobin is used as a marker for diabetes. Haemoglobin 

and glycosylated haemoglobin plasma profiles in different groups are given in Table 

4.161. Diabetes caused significant reduction in the quantity of haemoglobin in blood 

resulting in anemia. BPM and GAM oral administration significantly recovered its 

level in a dose dependent passion equal to reference drug treated group but 

significantly lower than that of normal control group. Glycosylated haemoglobin 

quantity in blood plasma of diabetic animal control group was found to be markedly 

(P < 0.05) elevated. BPM and GAM at high dose of 400 mg/kg b.w. exhibited 

significantly higher glycosylated haemoglobin in comparison to that BPM and GAM 

given at 200 mg/kg b.w. dose. 
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Effect of BPM and GAM on triglyyceroids, total cholesterol, HDL and LDL profile in 

various groups is given in Table 4.162. There was significant elevated profile of 

triglycerides in the diabetic animal group compared to that of the normal control 

animals. Triglyceride level showed significant reduction in dose dependent pattern 

after administration of B. procumbens and G. aparine extract.  At the high dose, 

effects of both BPM and GAM were in the same range of the glibenclamide treated 

group with non significant difference. 

Total cholesterol plasma profile in diabetic animal group was significantly 

elevated to that of the normal control group. BPM and GAM treatment to diabetic 

animals significantly reversed the elevated profile of total cholesterol in a dose 

dependent manner. Fractions BPM and GAM effects on total cholesterol plasma 

profile were approximately in range of no significant difference at high dose. 

High density lipoprotein considered good cholesterol type, was significantly 

reduced by alloxan induced diabetes mellitus. However B. procumbens and G. 

aparine extracts respectively diminished the toxic effects of diabetes and elevated 

HDL profile dose dependently and showed no significant difference in comparison to 

that of the normal control animal group at high dose. 

Low density lipoprotein is considered toxic to the body, was significantly 

raised in comparison to that of the normal control group. BPM and GAM dose 

dependently ameliorated the high profile of LDL. GAM completely reversed the LDL 

profile in range of normal control group. However, in BPM treated group LDL profile 

was not in range of normal control group but was equal to that of the glibenclamide 

treated group. 

4.9.3.3. Effect on blood lipid profile 
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Table 4.160: Effect of BPM and GAM on Insulin and glucose profile in alloxan 

induced diabetic animal 

Group Insulin (U/l) Glucose (mg/dl) 

Normal control 16.0±1.0
d
 85.8±4.6

d
 

Diabetic+Glibenclamide 

 

14.1±1.0
d
 94.3±3.0

d
 

Diabetic control 5.0±1.0
a
 244.4±6.7

a
 

Diabetic+BPM 200 mg/kg 7.5±0.76
b
 145.8±4.2

b
 

Diabetic+BPM 400 mg/kg 10.6±0.50
c
 102.5±6.1

c
 

Diabetic+GAM 200 mg/kg 09.0±1.0
c
 130.4±6.3

b
 

Diabetic+GAM 400 mg/kg 11.2±0.50
c
 97.6±4.51

c
 

Values are expressed as mean ± SEM (06). Means±SEM with different superscript 

letters (
a-d

) within the column indicate significant difference (P < 0.05). BPM; 

B.procumbens methanol fraction, GAM; G. aparine methanol fraction. 

 

Table 4.161: Effect of BPM and GAM on haemoglobin and glycosylated 

hemoglobin profile in alloxan induced diabetic animal 

Treatment 

(mg/kg) 

Haemoglobin  

(g/dl) 

Gly. 

Haemoglobin 

(%) Normal control 12.9±0.8
c
 1.5±0.13

d
 

Diabetic+Glibenclamide 

 

10.9±0.5
b
 1.8±0.15

d
 

Diabetic control 5.5±0.19
a
 4.3±0.35

a
 

Diabetic+BPM 200  9.2±1.35
b
 2.8±0.10

b
 

Diabetic+GAM 400  11.3±1.4
c
 2.1±0.15

c
 

Diabetic+BPM 200  10.8±0.5
b
 2.5±0.12

b
 

Diabetic+GAM 400 12.3±1.7
c
 2.1±0.13

c
 

Values are expressed as mean ± SEM (06). Means±SEM with different superscript 

letters (
a-d

) within the column indicate significant difference (P < 0.05). BPM; 

B.procumbens    methanol fraction, GAM; G. aparine methanol fraction. 
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Table 4.162: Effect of BPM and GAM on lipid profile in alloxan induced diabetic 

animal 

Group Triglycerides  

(mg/dl) 

Total Cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Normal control 96.7±5.3
d
 125.8±3.6

d
 76.3±4.3

c
 35.6±4.6

d
 

Diabetic+Glibenclamide 

 

107.2±3.8
c
 137.2±3.5

d
 69.6±3.7

c
 44.1±1.40

d
 

Diabetic control 204.7±6.5
a
 225.6±9.4

a
 46.6±5.2

a
 152.6±12.4

a
 

Diabetic+BPM 200 mg/kg 148.6±5.2
b
 185.6±8.0

b
 58.6±2.8

b
 97.8±9.3

b
 

Diabetic+BPM 400 mg/kg 114.9±4.2
c
 153.3±6.2

c
 73.6±3.7

c
 55.8±6.3

c
 

Diabetic+GAM 200 mg/kg 140.4±2.6
b
 168.3±5.0

c
 58.6±2.2

b
 86.8±1.5

b
 

Diabetic+GAM 400mg/kg 112.0±3.5
c
 153.4±3.5

c
 65.0±3.6

c
 40.8±1.2

d
 

Values are expressed as mean ± SEM (06). Means±SEM with different superscript 

letters (
a-d

) within the column indicate significant difference (P < 0.05). BPM; 

B.procumbens    methanol fraction, GAM; G. aparine methanol fraction 
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4.5.3.4. Protective role of B. procumbens and G. aparine against alloxan induced 

toxicity of pancreas 

 The protective role of BPM and GAM against alloxan induced toxicity was 

assessed by stress markers, enzymes and histology. 

4.5.3.4.1. Effect on pancreas tissue protein, TBARS, H2O2 and nitrite content 

 The effect of alloxan treatment on tissue protein, TBARS, H2O2 and nitrite 

content is displayed in the Table 4.163. The protein level of pancreas tissue was 

significantly reduced after alloxan induction of diabetes while TBARS, H2O2 and 

nitrite content was significantly elevated. The protein level of pancreas tissue was 

significantly restored by BPM and GAM treatment. Fractions BPM and GAM 

amelioration role at high dose on pancreas protein content was marked but 

significantly different to that of the normal control group but parallel to that of 

glibenclamide treated group. 

 TBARS was markedly increased by alloxan induced diabetes in pancreas of 

diabetic group. Fraction BPM and GAM treatment notably diminished its content and 

in parallel to that of the glibinclamide treated group but significantly different when 

compared to that of the control group.  High level of H2O2 in diabetes group was 

markedly diminished by BPM and GAM treatment and was observed parallel to that 

of glibinclamide at high dose but was significantly higher to that of the control group. 

Nitrite content was reduced by BPM and GAM administration but significantly higher 

from that of glibinclamide treated group as well as normal control group. 

4.5.3.4.2. Effect of B. procumbens and G. aparine on pancreas tissue antioxidant 

enzymes and GSH profile 

 GSH and antioxidant enzymes i.e. CAT, POD, SOD, GST, GPX and GR 

profile of pancreas tissue in different groups are displayed in the Table 4.164.  

Alloxan toxicity significantly reduced antioxidant enzymes and GSH profile. CAT 

level was recovered significantly by BPM and GAM at high dose but its level was 

significantly low in comparison to that of the normal control group. However, CAT 

level was in parallel to that of glibenclamide treated group. POD and SOD were 

restored by BPM and GAM in parallel to that of the glibenclamide treated group. GST 

and GR enzymes recovery were attained by both BPM and GAM at high dose that 

were equal to that of the glibenclamide treated group but significantly less from that 

of normal control group. GSH exhibited restored profile equal to that of the normal 

control group at high dose of BPM and GAM treatment. The GPX high plasma profile 
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was ameliorated by BPM and GAM dose dependently. JDEE showed recovery equal 

to that of the glibenclamide treated group but significantly low to that of normal 

control group. The ameliorative effect of SCEE on GPX was in parallel to that of the 

JDEE treated group but significantly different to that of the glibenclamide as well as 

normal control group.  

4.5.3.4.3. Effect of B. procumbens and G. aparine on pancreas histology  

 Normal control group pancreas illustrated in the Figure 4.99 express compact 

islets of Langerhan surrounded by acinar cells with prominent nuclei of the pancreas. 

Inflammatory cell infiltration was not observed. Alloxan administration resulted in the 

disruption of the islets of Langerhans and steatosis was also observed in acinar cells. 

Inflammatory cell infiltration was seen in the acinar cells as well as islets of 

Langerhans. BPM treatment, dose dependently reversed the pathological alterations 

induced by alloxan. Islets of Langerhans with mild disruption and well-arranged 

acinar cells were observed at high dose of BPM. Similarly, GAM also showed 

significant protection of islets and acinar cells in comparison to that of the diabetic 

group. Only mild disruptions were observed at high dose of GAM while acinar cells 

were in normal morphological form. 
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Table 4.163: Effect of BPM and GAM on pancreas tissue protein, TBARS, H2O2 and 

nitrite content in alloxan induced diabetic animals 

Group  Protein         

(μg/mg 

tissue) 

TBARS 

(nM/min/mg 

protein) 

H2O2 

(nM/min/mg 

tissue 

Nitrite content 

( µM/ml) 

Normal control 5.6±0.36
e
 1.7±0.13

d
 5.9±0.62

d
 68.2±2.3

d
 

Diabetic+Glibenclamide 

 

4.3±0.26
d
 2.5±0.17

c
 6.6±0.52

d
 72.3±0.66

c
 

Diabetic control 1.5±0.23
a
 4.5±0.32

a
 12.4±0.51

a
 106.6±3.6

a
 

Diabetic+BPM 200 mg/kg 3.1±0.13
c
 3.6±0.22

b
 9.5±0.72

b
 94.3±4.5

b
 

Diabetic+BPM 400 mg/kg 4.0±0.18
d
 2.3±0.16

c
 7.2±0.34

c
 78.6±3.6

c
 

Diabetic+GAM 200 mg/kg 2.8±0.23
b
 3.5±0.10

b
 9.2±0.48

b
 90.3±3.0

b
 

Diabetic+GAM 400mg/kg 4.5±0.15
d
 2.9±0.16

c
 6.4±0.31

d
 76.0±2.7

c
 

 Values expressed as means± SEM (06). Means±SEM with different superscript letters 

(
a-e

) within the column indicate significant difference (P < 0.05). BPM; B. procumbens 

methanol fraction, GAM; G. aparine methanol fraction 

Table 4.164: Effect of BPM and GAM on pancreas tissue antioxidant enzymes and GSH 

profile in alloxan induced diabetic animals 

Treatment  

(mg/kg) 

CAT  

 

(U/min)       

 

POD  

 

(U/min)        

 

SOD   

(U/mg 

protein)       

 

GST nM 

min/mg 

protein)        

 

GSH                   

(μM/g 

tissue) 

GPx     

(nM/ 

min/mg 

protein)   

 

GR                          

(nM/min/ 

mg 

protein)     

 

Normal control 7.8±0.7
f
 6.5±0.5

d
 6.8±0.7

e
 118.3±7.6

e
 36.7±1.3

c
 83.3±3.0

d
 154.0±6.5

e
 

Diabetic+Glib 

 

5.5±0.4
d
 5.7±0.3

d

b
 

5.2±0.2
d
 104.0±3.6

d
 35.9±1.0

c
 75.6±2.5

d

b
 

140.3±5.5
d
 

Diabetic control 2.7±0.2
a
 2.0±0.2

a
 1.8±0.5

a 
60.0±5.0

a
 13.3±1.5

a
 39.0±2.6

a
 77.34±2.5

a
 

Diabetic+BPM 200 

mg/kg 

4.1±0.1
c
 3.5±0.5

b
 3.2±0.4

b
 73.6±3.5

b
 20.6±1.6

b
 52.3±2.5

b
 98.32±7.6

b
 

Diabetic+BPM 400 

mg/kg 

6.0±0.5
d
 5.4±0.5

c
 4.5±0.3

c
 95.6±4.9

d
 33.3±1.5

c
 72.0±2.0

c

c
 

126.6±2.8
c
 

Diabetic+GAM 200 

mg/kg 

3.7±0.3
b

d
 

3.5±0.4
b 

4.0±0.6
c

d
 

80.0±4.9
c
 25.0±1.0

b
 46.0±3.6

b

e
 

99.36±5.1
b
 

Diabetic+GAM 400 

mg/kg 

6.5±0.4
e
 5.2±0.2

c
 5.5±0.4

d
 98.3±2.5

d
 33.7±1.1

c
 66.0±2.3

c 
136.0±3.6

d
 

Values are expressed as mean ± SEM (06). Means±SEM with different superscript 

letters (
a-d

) within the column indicate significant difference (P < 0.05). BPM; 

B.procumbens methanol fraction, GAM; G. aparine methanol fraction. 
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Fig. 4.99: Microphotographs of pancreas histology of different groups after 

treatments of treatments of BPM and GAM (H & E staining). (A) Control (B) 

Diabetic + Glibenclamide (C) Diabetic control (D) Diabetic + BPM 200 mg/kg (E) 

Diabetic + BPM 400 mg/kg (F) Diabetic + GAM 200 mg/kg (G) Diabetic + GAM 400 

mg/kg. 

G

F E
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4.10. Anti-asthmatic effect of B. procumbens 

4.10.1. Effect of B. procumbens on airway hyperreactivity symptoms 

 All the animals of different groups were examined after the completion of 

experimental protocol. Animals treated with TDI showed severe symptoms of asthma; 

cough, had their mouth open, difficulty in breathing. They also exhibited prolong 

expiratory phase, sneezing, irritability, and aggression. These exertional symptoms 

were recorded in all TDI provoked rats. Animals of group treated with dexamethasone 

exhibited very mild symptoms of asthmatic response whereas those of plant sample 

treated rats, dose dependently, manifested mild to very mild asthmatic response.  

4.10.2. Effect of B. procumbens on circulating leukocyte count 

 In animals treated with TDI the count of eosinophils and neutrophils in the 

blood was significantly increased to that of the control animals (Fig. 4.100 A). The 

count of eosinophils and neutrophils in the blood was significantly decreased in 

dexamethasone and the BPM against the TDI rats. Administration of BPM decreased 

the count of eosinophils and neutrophils in the blood in a dose dependent manner.  

4.10.3. Effect of B. procumbens on cellular content in BAL fluid 

 Provocation of rats with TDI increased the total cell count and each leukocyte 

subtype in BAL fluid to that of control group. Many fold increase in the count of 

eosinophils, lymphocytes and monocytes was exhibited in TDI sensitized rats 

compared to those of control animals. Co-administration of dexamethasone 

ameliorated the sensitivity of rats and the count of total cells, eosinophils, 

lymphocytes and monocytes was restored near to the control animals (Fig. 4.100 B). 

Administration of BPM to rats along with TDI significantly reduced the elevated 

count of these parameters and these effects were more pronounced at the higher dose 

of BPM (300 mg/kg bw).  

4.10.4. Effect of B. procumbens on cytokine production in serum 

 Concentration of IL-4 in serum of TDI sensitized rats was elevated 

significantly compared to control rats. However, the level of IL-2, IL-6 and IFN-γ in 

serum was not statistically affected by the administration of TDI to rats as compared 

to those of control rats. Dexamethasone and BPM administration to rats along with 

TDI restore the production of IL-4 towards the control rats. The serum level of IL-2, 

IL-6 and IFN-γ in dexamethasone and in BPM treated rats was not different among 

each other and from the control groups (Fig. 4.100 2A).  
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4.10.5. Effect of B. procumbens on cytokine production in BAL fluid 

 In TDI sensitized rats the concentration of IL-4 and IL-6 in BAL fluid was 

recorded significantly higher as compared to the control group. The concentration of 

IL-2 and IFN-γ was elevated to those found in the control rats but this increase in 

cytokine concentration was not enough to reach the statistical significance (Fig. 4.100 

2 B). Co-treatment of dexamethasone, various doses of BPM with the TDI 

provocation the level of all the above parameters were returned to their normal level. 

The protective effects of BPM were more evident at the higher dose of 300 mg/kg bw. 

The administration of BPM alone did not induce significant changes in the level of 

above parameters.  

4.10.6. Effect of B. procumbens on cytokine production in spleen cell 

 The results obtained for cytokine production for spleen cell cultured in vitro of 

TDI-sensitized rats produced significantly higher level of IL-4 and IL-6 whereas the 

level of IL-2 and IFN-γ was elevated to those of spleen cells from control rats (Fig. 

4.100 2C). The co-administration of BPM along with TDI ameliorated the toxic 

effects of TDI and the level of these parameters was recorded near to the control 

group. Similarly the administration of dexamethasone guarded the change in these 

parameters in TDI co-treated rats. The level of IL-2, IL-4, IL-6 and IFN-γ did not 

statistically change the level of these parameters to those of the spleen cells from 

control rats.  

4.10.7. Effect of B. procumbens on biomolecules of lungs  

 The provocation of rats with TDI has significantly elevated the level of lipid 

peroxides and hydrogen peroxide concentration in lung tissues to those of control rats. 

However, the concentration of GSH in lung tissues of TDI treated rats was 

significantly lowered as compared to the control rats. The rats treated with BPM and 

dexamethasone in combination with TDI restored the level of these parameters 

towards the control group (Table 4.165). The protective effects of BPM were recorded 

in a dose response scheme. The level of lipid peroxides. H2O2 and GSH statistically 

were not altered in BPM alone treated rats to those of control animals.   

4.10.8. Effect of B. procumbens on antioxidant enzymes of lungs  

 Activity level of catalase, peroxidase, superoxide dismutase and concentration 

of protein was decreased significantly in lung tissues compared to the control animals 

(Table 4.166). Similarly the activities of GPx, GST, GR and QR were diminished in 

the lung tissues of rat sensitized with TDI to those of control rats (Table 4.166). Co-
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administration of rats with dexamethasone, various doses of BPM separately along 

with TDI reduced the asthmatic response in rats thereby elevated the level of protein, 

and all other antioxidant enzymes in the direction of control rats.   

4.10.9. Effect of B. procumbens on histopathology  

 Administration of TDI provoked the asthmatic responses in rats as illustrated 

by the accumulation of various leucocytes most prominent were the eosinophils in the 

central and peripheral airways. These changes were accompanied with the infiltration 

of goblet cells, bronchial lavage, vascular congestion and edema in bronchial system 

(Fig. ). Co-administration of dexamethasone along with TDI alleviated the changes of 

pulmonary system. Similarly the treatment of BPM at various doses showed 

protective effects and these changes were exhaustively reduced only with mild 

pathological changes.  
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Fig. 4.100: Ameliorating effects of methanol extract of B. procumbens in TDI 

sensitized rats. Total number of leucocytes in the BAL fluid of rats (1 A) and 

differential count of subtypes (1 B). Level of cytokines in serum (2 A), in 

bronchoalveolar lavage (BAL) fluid (2 B) and in splenocytes in vitro culture (2 C).  a, 

b; represent significance (P < 0.01): c, d; represent significance (P < 0.05). a, c: 

control vs asthma and b, d: asthma vs PBM treated groups. Eosin; eosinophils: 

Lymph; lymphocytes: Neutro; neutrophils. Asthma; TDI sensitized rats: Dexa; 

Dexamethasone treated rats: A; Asthmatic: BPM; B. procumbens methanol extract.   
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Table 4.165: Effects of BPM on antioxidant enzymes in lungs of rat 

Group CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

GST 

(nM/min 

/mg protein) 

GPx 

(nM/min 

/mg protein) 

GR 

(nM/min 

/mg protein) 

Control 4.28±0.3
a
 10.0±0.4

a
 3.46±0.24

b
 152.8±3.7

b
 117.2±3.2

a
 243.2±5.3

b
 

Asthma  2.13±0.5
d
 5.72±0.7

e
 1.10±0.07

e
 76.29±3.4

e
 65.08±2.5

d
 130.3±3.6

e
 

Dexa 4.19±0.4
b
 10.7±0.5

b
 3.53±0.31

a
 159.4±3.3

a
 123.4±4.1

b
 238.7±4.6

a
 

A+BPM 200  3.60±0.3
c
 7.53±0.4

d
 1.76±0.48

d
 100.8±2.0

d
 85.40±1.2

cd
 173.5±4.8

d
 

A+BPM 400 3.92±0.1
bc

 9.60±0.2
c
 2.77±0.08

c
 138.2±2.5

c
 94.02±1.5

c
 203.5±3.3

c
 

BPM 400 4.25±0.4
a
 10.1±0.4

b
 3.48±0.16

b
 155.7±3.0

ab
 115.7±3.6

a 
246.8±2.8

b
 

Mean ± SD (06). Means not sharing the same alphabet in the same column are 

significantly different at P < 0.05. Asthma; TDI sensitized rats: Dexa; Dexamethasone 

treated rats: A; Asthmatic: BPM; B. procumbens methanol extract.   

 

 

Table 4.166: Effects of BPME on tissue proteins and biomolecules in lungs of rat  

Group Protein 

(μg/mg 

tissue) 

GSH 

(μM/g 

tissue) 

TBARS 

(nM/min 

/mg protein) 

H2O2 

(nM/min 

/mg tissue) 

Control 2.07±0.045
b
 25.62±1.5

a
 3.39±0.42

a
 1.23±0.062

b
 

Asthma  1.99±0.018
a
 22.91±1.8

a
 3.32±0.13

b
 1.13±0.053

a
 

Dexa 0.71±0.011
e
 08.23±0.9

e
 5.27±0.68

e
 2.43±0.065

e
 

A + BPM 200  0.93±0.032
d
 13.65±0.2

d
 4.91±0.11

d
 2.01±0.033

d
 

A+ BPM 400 1.69±0.069
c
 18.90±0.6

c
 3.89±0.15

c
 1.81±0.041

c
 

BPM 400 2.03±0.018
b
 23.26±1.5

b
 3.34±0.21

a
 1.29±0.081

a
 

Mean ± SD (06). Means not sharing the same alphabet in the same column are 

significantly different at P < 0.05.  Asthma; TDI sensitized rats: Dexa; 

Dexamethasone treated rats: A; Asthmatic: BPM; B. procumbens methanol extract.   
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Fig. 4.101: Histopathological alterations and effect of B. procumbens  in sections of 

lung and bronchioles. A) Shows normal view of lung pathology, (B) Shows typical 

damaged lung tissue with leukocyte infiltration, inflammatory exudation vascular 

congestion (C) Shows less leukocyte infiltration by dexamethasone treatment (D) 

Shows less leukocyte infiltration by B. procumbens, E) Almost near to normal 

pathology with very less infilteration, F) normal lung Pathology 
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4.11. Structure elucidation of B. procumbens and G. aparine  

 All NMR measurements were recorded by using Bruker Avance-400 MHz 

NMR spectrometer at Department of Chemistry, University of British Columbia at 

Vancouver, Canada. Structures of compounds were assigned with the help of David 

Williams Research investigator, Department of Chemistry, University of British 

Columbia at Vancouver, Canada.  

 Structural assignments were based on spectra resulting from one or more of 

the following one dimensional or two dimensional NMR experiments: 
1
H, 

13
C, 

1
H-

13
C 

heteronuclear single quantum correlation (HSQC),
 1

H-
13

C heteronuclear multiple 

bond correlation (HMBC), 
1
H‐

1
H correlation spectroscopy (COSY) and Nuclear 

Overhauser effect spectroscopy (NOESY). Spectra of pure compounds were 

processed by using Bruker 1D-NMR or 2D-NMR software. The structures of the 

compounds were confirmed by comparison of their spectroscopic data with reference 

data from available literature. MS spectrum was also recorded to confirm the 

molecular weight of the compounds. 

4.11. 1. Isolation and Structure Elucidation of B. procumbens compounds 

4.11.1.1. Isolation of BP1 and BP2 

 The antimicrobial potential of crude extracts of B. procumbens was studied 

against different bacteria. Antibacterial potential of crude aqueous extract and 

fractions was assessed in terms of zone of inhibition of bacteria growth.  

The Ethyl Acetate fraction has shown more sensitive to Staphylococcus aureus 

(Methiacillin Resistant), the growth inhibition zone measured ranged from 6.33±0.57 

mm. The results showed that B. procumbens was found to be effective against the 

microbe used and hence the plant was selected for compound isolation. After running 

first column (Sephadex LH20 is 3 cm x 120 cm) having mobile phase (4:1 (MeOH: 

DCM). I got five fractions (A, B, C, D, E) collected based on TLC (95:5 MeOH: 

CH2Cl2) out of which fraction “E” exhibited increased antibacterial activity 

(4.52±0.38 mm) in the MRSA assay. 

 This fraction E was subjected to WATERS (Sep-Pak 12cc silica 2 g) column 

and eluted with gradient system with different solvents starting with 100% n- hexane 

and goes to 100% ethyl acetate. We got about 48 fractions from above Sep-Pak 

Column, combined according to TLC (95:5 MeOH: CH2Cl2) and got five fractions 

(EA, EB, EC, ED, and EE). Test all these obtained fractions against MRSA in which 

fraction “C” was found more active against MRSA assay (5.16±0.52 mm).  Then 



Chapter 4                                       Isolation of Natural products                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  312 
 

subject the fraction “C” on to C18 reversed phase HPLC and got two compounds BP1 

and BP2 and both was found active against MRSA (8.45±0.45, 10.4±0.61 mm 

respectively). 

4. 11. 1. 2. Structure Elucidation of BP1. 

 BP1 obtained as colourless oil having molecular formula C18H19NO4 named as 

2- Propenamide, 3- (4- hydroxy- 3- methoxyphenyl) - N- [2- (4-hydroxyphenyl) ethyl] 

- , (2E). Its   molecular weight is 313.35.  BP1 also known as (E)-N-Feruloyltyramine, 

alfrutamide and moupinamide. BP1 showed a molecular ion at m/z 313 (5%) 

consistent with melting point of 99-103 
o

C. The IR absorptions at 1650 cm
-1 

was 

attributable to α, β-unsaturated amide carbonyl. 

 The 1HNMR spectrum of compound BP1 showed one methoxyl group at δH 

3.89 (3H, s OCH3), and olefinic protons at δH 7.49 (1H, d, J= 15.6 Hz) and δH 6.20 

(1H, d, J= 15.6 Hz) deducible to be E configuration (Table 4.168). HMQC and 

HMBC were then used to assist the interpretation of the structure of this compound, 

allowing unambiguous assignment of all 1H and 13CNMR resonances in compound 

C1 Position of the methoxyl was deduced by HMBC correlations between the 

methoxyl-hydrogens (δH 3.89) and the 3‟-carbon  (δc 147.3). Thus, compound BP1 

was assigned to be N-trans-feruloyltyramine (Fig. 4.102). 

  
1

H NMR (CDCl
3
, 400 MHz) δ 2.78 (2H, t, J= 6.8 Hz, H-7), 3.57 (2H, t, J= 

6.8 Hz, H-8), 3.89 (3H, s, OCH
3
), 6.20 (1H, d, J= 15.6 Hz, H-8'), 6.79 (2H, d, J= 8.2 

Hz, H-3, H-5), 6.86 (1H, d, J= 8.2 Hz, H-5'), 6.98 (1H, brs, H-2'), 7.01 (1H, brd, J= 

8.2 Hz, H-6'), 7.05 (2H, d, J= 8.2 Hz, H-2, H-6), 7.49 (1H, d, J= 15.6 Hz, H-7'). 

 
13

C NMR (CDCl
3+

CD
3
OD, 150 MHz) δ 34.7 (C-7), 41.0 (C-8), 55.9 (OCH

3
), 

110.2 (C-2'), 115.2 (C-5'), 115.5 (C-3), 115.5 (C-5), 117.7 (C-8'), 122.2 (C-6'), 127.0 

(C-1'), 129.8 (C-2), 129.8 (C-6), 129.9 (C-1), 141.2 (C-7'), 147.3 (C-3'), 148.0 (C-4'), 

155.3 (C-4), 167.1 (C=O). EIMS m/z: 313 [M
+

, (5%)], 281 (10%), 207 (100%).  

 Proposed structure BP1 is given in Fig. 4.102. 
1
H NMR spectrum of BP1 is 

given in Fig. 4.104. 
13

C NMR spectrum is given in Fig.  4.105. NMR spectra of BP1 

are described in Table 4.167. 
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 Table 4. 167. Zone of inhibition (MRSA) for various extract/fractions of B. 

procumbens. 

Sample Concentertaion 

ug./disc 

Antibacterial activity 

(MRSA) zone of 

inhibition (mm) 

Minimum Inhibitory 

Concentertaion 

ug./disc 

BPM 40 -  - 

BPH 40 -  - 

BPE 40 6.33±0.57 10 

BPB 40 - - 

BPA 40 - - 

A 30 2.32±0.47 6 

B 30 3.05±0.62 5 

C 30 1.82±0.25 7 

D 30 2.52±0.82 6 

E 30 4.52±0.38 6 

EA 20 2.03±0.28 7 

EB 20 3.45±0.44 5 

EC 20 5.16±0.52 4 

ED 20 2.42±0.38 6 

EE 20 3.66±0.62 5 

BP1 10 8.45±0.45 3 

BP2 10 10.4±0.61 2 

Rifampicin 10 15.7±1.43 - 

- : inhibition not detected 
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Fig. 4.102: Proposed structure of BP1 [2- Propenamide, 3- (4- hydroxy- 3- 

methoxyphenyl) - N- [2- (4-hydroxyphenyl) ethyl] - , (2E).]. 

 

Table 4.168: 
1
H and 

13
CNMR spectral data of compound BP1 

Position                δC                             δH (J in Hz) 

1  129.9   

2  129.8  7.05, d (8.2) 

3  115.5  6.79, d (8.2)  

4  155.3   

5 115.5  6.79, d (8.2)  

6  129.8  7.05, d (8.2 

7  34.7  2.78, t (6.8) 

8  41.0  3.57, t (6.8) 

1' 127.0   

2'  110.2  6.98, brs 

3'  147.3   

4'  148.0   

5'  115.2  6.86, d (8.2)  

6'  122.2  7.01, d (8.2)  

7' 141.2  7.49, d (15.6)  

8'  117.7  6.20, d (15.6)  

C=O  167.1   

OCH3  55.9  3.89, s 
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4.11.1.3. Structure Elucidation of BP2 

 BP2 obtained as colourless oil  gave a brown colour with ethanolic ferric 

chloride having molecular formula C19 H21N O5 by the high-resolution mass spectrum 

(m/z 343.1423) named as 2- Propenamide, 3- (4- hydroxy- 3- methoxyphenyl) - N- [2- 

(3- hydroxy- 4 methoxyphenyl) ethyl] - , (2E) –. Its   molecular weight is 343.37.  BP 

2 also known as N-trans-Feruloyl 4-O-methyldopamine. In the „HNMR spectrum of 

BP2, signals of two methylene groups, two methoxyl groups, six aromatic protons, 

and one tranaolefin group were observed. This indicates that BP2 consists of feruloyl 

and 4-0-methyldopamine moieties. The structure was also supported by the evidence 

that a NOE interaction was observed between methoxyl protons in the 

phenethylamine unit. Thus, the structure of BP2 was considered to be N-trans-

feruloyl-4-0-methyldopamine. 

 7.16 (1H, d, J = 2.0 Hz, H-2), 6.75 (1H, d, J = 8.3 Hz, H-5), 7.05 (1H,dd, J = 

8.4, 2.0 Hz, H-6), 7.51 (1H, d, J = 15.6 Hz, H-7), 6.51 (1H, d,J = 16.0 Hz, H-8), 3.76 

(3H, s, H-3-OCH3), 6.82 (1H, d, J = 2.0 Hz, H-2'), 6.69 (1H, d, J = 8.3 Hz, H-5'), 6.71 

(1H, dd, J = 8.3, 2.0 Hz, H-6'),2.72 (2H, t, J = 7.3 Hz, H-7'), 3.51 (2H, t, J = 7.49 Hz, 

H-8'), 3.88 (3H,s, H-3'-OCH3); 

 13C NMR (CD3OD, 125 MHz) 168.9 (C-9), 151.2 (C-4), 148.8 (C-3), 147.3 

(C-3'), 148.7 (C-4'), 143.5 (C-7), 133.6 (C-1'),129.8 (C-1), 125.5 (C-6), 123.7 (C-6'), 

117.9 (C-8), 115.3 (C-5),117.8(C-5'), 112.9 (C-2'), 112.1 (C-2), 57.3 ( OCH3, C-3, 

3'), 44.8 (C-8'),36.8(C-7'). 

Proposed structure for BP2 is given in Fig. 4.103. 
1
H NMR spectrum of 

compound BP2 is given in Fig 4.106. 
13

C NMR spectrum is given in Fig. 4.107.  

COSY, HSQC and HMBC NMR spectra are shown in Fig 4.108, 4.109 and 4.110, 

respectively. NMR spectra of compound BP2 are described in Table 4.169.  

 

 

 

 

 

 

 



Chapter 4                                       Isolation of Natural products                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  316 
 

H
N

O

OH

OMe

HO

MeO

 

 Fig. 4.103:  Proposed structure of  BP2. 2- Propenamide, 3- (4- hydroxy- 3- 

methoxyphenyl) - N- [2- (3- hydroxy- 4 methoxyphenyl) ethyl] - , (2E) –. 

 

 Table 4.169: 
1
H and 

13
C NMR spectral data of compound BP2 

No.   δC                             δH (J in Hz) 

1  129.8  

2  127.8 7.16m 

3  148.8 7.36m 

4  151.2 7.36m 

5  115.3 6.75m 

6  125.5 7.05m  

7  143.5 7.51, d (15.6) 

8  117.9 6.51, d (15.6) 

9  168.9  

10  130.8  

2 ʹ, 6 ʹ 123.7 6.82, d (8.7) 

 3 ʹ, 5 ʹ 117.8 6.69, d (8.7) 

4 ʹ 148.7  

7 ʹ  36.7 2.72, t (6.8) 

8 ʹ  44.8 3.51, q (6.8) 

OH-7 ʹ 
b
   

OCH3-3  3.88s 

OCH3-4 ʹ  57.3 3.76,s 

NH
b
  5.57,s 
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     Fig. 4.104:
 1

H NMR spectra (600 MHz, in DMSO-d6) of BP1. 

              Fig. 4.105:
 13

C NMR spectra (600 MHz, in DMSO-d6) of BP1. 
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Fig. 4.106:
 1

H NMR spectra (600 MHz, in DMSO-d6) of BP2.

 

 

Fig. 4.107:
 13

C NMR spectra (600 MHz, in DMSO-d6) of BP2. 
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 Fig. 4.108:
 
COSY (400 MHz, in DMSO-d6) of BP2. 

 

 Fig. 4.109:
 
HSQC (400 MHz, in DMSO-d6) BP2. 
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 Fig. 4.110:
 
HMBC (400 MHz, in DMSO-d6) of BP2. 

 

               Fig. 4.111:
 
tROSY (600 MHz, in DMSO-d6) of BP2. 



Chapter 4                                       Isolation of Natural products                                                   Results 

Phytochemical Investigation and Pharmacological Evaluation of Boerhavia procumbens (Banks ex 

Roxb.) and Galium aparine (L).  321 
 

 

Fig. 4.112: NHSQC (600 MHz, in DMSO-d6) of BP2. 

 

 Fig. 4.113:
 
2D HMQC (600 MHz, in DMSO-d6) of BP2. 
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4.11.1.4 Isolation and Structure elucidation of G. aparine compounds 

4.11.1.5. Isolation of GA1 and GA2 

 The antimicrobial potential of crude extracts of G. aparine was studied against 

different bacteria. Antibacterial potential of crude aqueous extract and fractions was 

assessed in terms of zone of inhibition of bacteria growth. The butanol extract (GAB) 

has shown more sensitive to Staphylococcus aureus (Methiacillin Resistant), the 

growth inhibition zone measured as 5.72±0.62 mm for the bacteria. The results 

showed that G. aparine was found to be effective against the microbe used and hence 

the plant was selected for compound isolation.  

 BGA was subjected to first column, (Sephadex LH20 is 3 cm x 120 cm) 

having mobile phase (4:1 (MeOH: DCM), combined according to TLC (95:5 MeOH: 

CH2Cl2 ) and got 7 fractions (A, B, C, D, E, F, G) out of which fraction “A” exhibited 

promising results in the MRSA assay (6.82±0.42 mm) . This fraction A was subjected 

to C18 reversed phase HPLC using a CSC-Inertsil 150A/ODS2, 5 μm 25 x 0.94 cm 

column, with 95:5 H2O/MeCN as eluent, to give 2 peaks (GA1 and GA2) which 

collected, dried and check them against MRSA assay. Both compounds (GA1 and 

GA2) showed good activity (8.67±0.92, 7.46±0.83 mm) against MRSA assay. 

4.11.1.6. Structure Elucidation of GA1 

 The GA1 isolation from current experiment was obtained from the G. aparine 

extract as a pale yellow gum from butanolic fraction and was determined to be a 

previously known compound. Fraction A (100 mg) was purified using a preparative 

HPLC with the mobile phase being H2O: Acetonitrile at a ratio of 95:5. The flow rate 

was 3 mL per minute, which yielded 1.4 mg of compound. Compound 3 was a pale 

yellow oily compound.  

 The molecular formula of GA1, as measured from ESIMS and 
13

C NMR data, 

was C14H16O6. Signals at δ149.5, 147.2, 127.6, 122.9, 115.2, and 116.3 in the 13C 

NMR of GA1 (Table 4.171) were characteristic of a 3, 4-dihydroxylcinnamoyl group. 

Whereas other signals at δ 145.3 and 116.7, showed correlations with gHMBC 

spectrum between H-7ʹ and H-8ʹ with the carbonyl group at 167.5, proposed the 

existence of a caffeic acid moiety. The signals for hydroxymethine carbons C-1, C-2, 

and C-3 at δ72.0 (s), 73.4, and 72.8 were noticed. Presence of methylene carbon 

signals detected at δ 37.7 and 39.6 when spectral information of chlorogenic acid 

matched with the data and further lacking information for second carbonyl group and 
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quaternary carbon around δ 70.0, proposed that the caffeic acid moiety associated to a 

cyclopentane-2, 3-diol moiety not to quinic acid moiety. 

 The 1H NMR of GA1 (Table 4.171) showed doublets of two aromatic protons 

at δ 7.51 (J) 16.0 Hz, H-7ʹ) and 6.17 (J) 16.0 Hz, H-8ʹ), the coupling constant of 

which recommended that they were trans-oriented. The signals for aromatic 

hydrogens of a 3ʹ, 4ʹ-dihydroxylcinnamoyl group detected at δ 6.82 (J) 2.0; 8.0 Hz), 

6.63 (J) 8.0 Hz), and 6.85 (J ) 2.0 Hz) showed chemical shifts comparable to those of 

the corresponding protons in chlorogenic acid. Peaks at m/z 180 and 162 in EIMS 

confirm the presence of a caffeic acid moiety in GA1. Three hydroxymethine 

hydrogens were detected at multiple signals at δ 5.32 (H-1) and 4.12 (H-3) together 

with the doublet of doublets at δ 3.65 (H-2). Further the NOESY and COSY spectra 

on the basis of 1D correlation at δ 1.97, 2.14 (H-4), 2.17 and 1.97 (H- 5) could be 

allocated to the four protons of two methylene groups that completed a pentacyclic 

system. Visible spatial correlations between H-1, H-2, and H-5, between H-2, H-1, 

and H-3, and between H-3, H-2, and H-4 noticed for each hydrogen of the ring system 

by individual irradiation. On the basis of these correlations it was established that the 

oxymethine hydrogens were in the same plane. Furthermore, the coupling constants of 

H-2 (J) 3.0; 3.0 Hz) proposed cis coupling between H-2, H-1, and H-7, and the 

relative configuration of GA1 could be inferred from the available evidence         

 Proposed structure for GA1 is given in Fig. 4.114. 
1
H NMR spectrum of 

compound GA1 is given in Fig. 4.116. 
13

C NMR spectrum is given in Fig. 4.117. 

HMBC, COSY and HSQC NMR spectra are shown in Fig. 4.118, 4.119 and 4.120, 

respectively. NMR spectra of compound GA1 are described in Table 4.171.  
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Table. 4. 170. Zone of inhibition (MRSA) for various extract/fractions of G. aparine. 

Sample Concentertaion 

ug./disc 

Antibacterial activity  

(MRSA) zone of 

inhibition (mm) 

Minimum Inhibitory 

Concenteration  

ug./disc 

GAM 40 - - 

GAH 40 - - 

GAE 40 - - 

GAB 40 5.72±0.62 8 

GAA 40 - - 

A 30 6.82±0.42 4 

B 30 2.04±0.43 8 

C 30 2.07±0.62 9 

D 30 3.31±0.58 10 

E 30 2.17±0.66 7 

F 30 2.32±0.42 6 

G 30 3.11±0.51 7 

GA1 10 8.67±0.92 2 

GA2 10 7.46±0.83 2 

Rifampicin 10 15.6±0.42 - 

- : inhibition not detected 
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HO

O
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Fig. 4.114: Proposed structure of GA1 {1-(3',4'-dihydroxycinnamoyl) 

cyclopentane-2,3-diol}. 

Table 4.171: 
1
H and 

13
C NMR spectral data of compound GA1 

No. δC δH HMBC 

1 127.6 s  H-7; H-8; H-5 

2 115.2 d 7.04 d (J ) 1.8 Hz) H-6; H-7 

3 149.5 s  H-2; H-5; H-6 

4 147.2 s  H-6, H-5; H-2 

5 116.5 d 6.76 d (J ) 8.2 Hz) H-7; H-6 

6 122.9 d 6.93 dd (J ) 8.2; 1.8 Hz) H-7; H-2; H-5 

7 146.8 d 7.58 d (J ) 15.9 Hz) H-6; H-7 

8 115.3 d 6.30 d (J ) 15.9 Hz) H-2; H-6 

9 168.7 s 5.35 m H-7; H-8 

10 72.0 d 3.64 dd (J ) 8.3; H-2 

11 73.6 d 3.1 Hz)  

12 71.5 d 4.14 m  

13 38.2 t 2.15 m  

14 38.9 t 2.15 m; 1.95 m  
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Structure elucidation of GA2 

 The compound GA2 of the present invention was obtained from the G. 

aparine extract as a pale yellow gum from butanolic fraction and was determined to 

be a previously known compound. Fraction A (100 mg) was purified using a 

preparative HPLC with the mobile phase being H2O: Acetonitrile at a ratio of 95:5. 

The flow rate was 3 mL per minute, which yielded 1.4 mg of compound. Compound 3 

was a pale yellow glassy solid compound identified as adenosine having molecular 

formula C10H13N5O4 and molecular weight of 267. 

 Adenosine is a purine nucleoside comprised of adenine and ribose joined by a 

glycosidic bound. It is formed in tissues via dephosphorylation of adenosine 5'-

monophosphate (AMP) by 5'-nucleotidase or via hydrolysis of S 

adenosylhomocysteine (SAH) by SAH-hydrolase, the former being the major source 

of cardiac adenosine production. 

Adenosine (4) (28 mg) glassy solid; MS (ESI): 268.2 (M + H)
+
; 290.2 (M+ Na)

+
. 

13
C-

NMR (100 MHz, MeOH-d4) d: 139.4 (C2), 142.0 (C4), 150.0 (C5), 153.5 (C6), 130.8 

(C8), 91.2 (C10), 88.2 (C11), 75.5 (C12), 72.7 (C13), 63.5 (C14). 

Proposed structure for GA1 is given in Fig. 4.115. 
1
H NMR spectrum of 

compound GA1 is given in Fig. 4.116. 
13

C NMR spectrum is given in Fig. 4.117. 

HMBC, COSY and HSQC NMR spectra are shown in Fig. 4.118, 4.119 and 4.120, 

respectively. NMR spectra of compound 3 are described in Table 4.172.  

 

OH

OH

HO

O

N

N

H2N

NN

adenosine 

Fig. 4.115: Structure of GA2. (2R, 3R, 4S, 5R)-2-(6-amino-9H-purin-9-yl)-5-

(hydroxymethyl)-tetrahydrofuran-3, 4-diol. 
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Table 4.172: 
1
H and 

13
C NMR data (600 MHz, in DMSO-d6) of compound GA2, δ in 

ppm 

H (J in Hz) C (J in Hz) 

2 8.13 (s) 2 152.4 

8 8.34 (s) 4
a
 149.0 

NH2 7.33 (bs) 5 119.3 

1
ʹ
 5.87 (d) 6 156.2 

 6.2 8 139.9 

1
ʹ
 – 1

ʹ
 87.9 

 – 2ʹ 73.4 

2
ʹ
 – 3

ʹ
 70.6 

 – 4
ʹ
 85.9 

2
ʹ
 4.61 (ddd) 5

ʹ
 61.6 

 5.1; 6.2; 6.3 2ʹ-CO
a
 – 

3ʹ 4.14 (ddd) 3ʹ-CO
a
 – 

 3.0; 4.6; 5.1 5ʹ-CO
a
 – 

4
ʹ
 3.96 (ddd) 2ʹ-CH3 (CO) – 

 3.0; 3.6; 3.7 3ʹ-CH3 (CO) – 

5ʹa 3.67 (ddd) 5
ʹ
-CH3 (CO) – 

 3.6; 4.4; 12.1   

5ʹb 3.55 (ddd)   

 3.7; 7.2; 12.1   

2ʹ-OH 5.43 (d)   

 6.3   

3ʹ-OH 5.17 (d)   

 4.6   

5ʹ-OH 5.41 (dd)   

 4.4; 7.2   
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Fig. 4.116:
 1

H NMR spectra (600 MHz, in DMSO-d6) of GA1 and GA2.

  

Fig. 4.117:
 13

C NMR spectra (600 MHz, in DMSO-d6) of GA1 and GA2. 
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Fig. 4.118:
 
HMBC (600 MHz, in DMSO-d6) of GA1. 

  

Fig. 4.119:
 
COZY (600 MHz, in DMSO-d6) of GA1. 
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Fig. 4.120:
 
HSQC (600 MHz, in DMSO-d6) of GA1.

         

Fig 4.121: tROZEY spectra (600 MHz, in DMSO-d6) of GA1. 
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Fig. 4.122:
 
HSQC 15 N (600 MHz, in DMSO-d6) of GA1. 

 

Fig. 4.123:
 
15 N HMQC spectra (600 MHz, in DMSO-d6) of GA1. 
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 People primarily depend on plants for their survival. Plant usage was restricted 

to food, medicine and shelter but their usage expand with the time. Man discovered 

plants with medicinal potency; hence, their dependency on plants increased both 

directly and indirectly. Wild plants have always been the matter of high concern and 

have always been used for their potential for the benefit of human being (Ali et al., 

2003). 

 Plant products, though, also play an essential part in the health care sectors of 

developed countries, with 70–80% of populations of these countries having used some 

form of folk medicine. Traditional medicines are the most common used medicines in 

the world with the herbal part are the famous and are exceedingly beneficial in the 

global open market. The global market for herbal products is expected to reach $5 

Trillion by 2050 (Chaudhary and Singh, 2011). Plants have been utilized for the cure 

of different diseases since ancient times. The medicinal uses of plants growing 

throughout the world lie in the active constituents having direct action in the body. 

They are used in conventional as well as herbal medicine. Hence mankind is provided 

with a valuable gift from nature in the form of herbal drugs (Saxena et al., 2011). 

5.1. Phytochemical analysis 

 Phytochemical screening is the first step in herbal medicine research to 

identify bioactive and novel lead compounds. Plant material consists of many 

different kinds of natural products with nature of different polarities leading to a 

different mode of solubility (Starmans and Nijhois, 1996; Jones et al., 2005).  

 In present study, as a result of qualitative analysis, maximum number of 

compounds was found in crude methanol extract of both plants (BPM and GAM).  

GAM and BPM showed the presence of terpenoids, flavonoids, alkaloids, coumarins, 

saponins, cardiac glycosides, tannins, anthraquinones whereas cardiac glycosides, 

terpenoids, phlobatannins and coumarins were absent in BPB. Terpenoids, cardiac 

glycoside, coumarins and phlobatannins were absent in BPE. However, in BPA 

terpenoids, phlobatannins, saponins and coumarins were not detected. BPH was 

comprised of saponins, cardiac glycosides, tannins and anthraquinones. Similarly 

phlobatannins were absent in GAH. Presence of alkaloids, tannins, flavonoids and 

terpenoids was established in GAA. GAE and GAB was composed of alkaloids, 

terpenoids, tannins, coumarins, cardiac glycosides and saponins except cardiac 

glycosides were not detected in GAB. Similar observations were reported by Saeed et 

al. (2012) and Rashid et al. (2013) in their studies on Torrilis lactophylla and Fagonia 
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olivieri, respectively. Various studies showed that different plants are comprised of an 

extensive variety of natural antiradicals, such as phenolics, flavonoids, and tannins, 

which have more effective antiradical property than the common nutritive plants. 

Isolation of compounds responsible for antiradical activity and can be used for 

prevention and treatment of oxidative stress disorders (Middleton et al., 2000). 

Phenols, flavonoids, and flavonols as reported in literature possess many valuable 

properties, including anti-inflammatory, estrogenic, enzyme inhibition, antimicrobial, 

antiallergic, antioxidant, and cytotoxic antitumor activity (Asif, 2015). 

 Various studies reported many valuable activities of flavonoids like enzyme 

inhibition, anti-inflammatory activity, antimicrobial activity, antiallergic activity, 

antiradical activity in vascular activity and cytotoxic antitumour activity (Heleno et 

al., 2012).  

 Saponins and tannins were detected in different extracts of BPM and GAM. 

Saponins, present in plants, have been suggested as possible anti-carcinogens. 

Tannins are phyto-polyphenol reported as antidiarrheal, antihemorrhoidal, hemostatic, 

antiviral (Akiyama et al., 2001), antibacterial and antiparasitic (Bajaj, 2005). Besides 

these, anticarcinogenic activities (Chung et al., 1998; Kaur et al., 1998), antifungal 

(Adekunle and Ikumapayi, 2006) and cytotoxic/neoplastic (Aguinaldo et al., 2005) 

roles are also reported for tannins. 

 Alkaloids are reported for the use in neurological disorders such as 

Alzheimer's disease (Maelicke et al., 2001). Flavonoids are important secondary 

metabolites, having many biological actions besides antioxidant like anti-

inflammatory (Wu et al., 2008) and anti-carcinogenic (Jiang et al., 2015a). Putative 

healing properties of much traditional medicine may be attributed to the presence of flavonoid 

(Braca et al., 2003). Flavonoids are the most common and widely distributed group of plant 

phenolic compounds, which can be synthesized from the amino acid phenylalanine.The 

presence of such bioactive components, explains the value of these plants in the folk 

medicine. 

5.2. Antioxidant activity 

 Different spices and herbs having antiradical activity are accountable for 

averting the destructive penalties produced by free radicals induced oxidative stress. 

Spices and herbs comprise free radical foragers like polyphenols, flavonoids and 

phenolic compounds. This varied range of antiradical activity may be due to the wide 
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diversity of bioactive compounds, such as phenolics, flavonols, carotenoids, and 

tannins, present in the selected medicinal plants.  

5.2.1. Total phenolic and flavonoid content and extraction yield  

 The maximum quantity of the total phenolic content was recorded in BPB 

(68.45±2.1 mg GAE /g) and BPE (62.34±1.55 mg GAE/g of dry powder). However, 

BPA possessed the minimum quantity of total phenolic compounds. The highest 

amount of total phenolic was reported in GAB (64.34±2.7 mg GAE/g of dry matter). 

Among the other fractions GAE possessed the total phenolic content (53.56±5.3 mg 

GAAE/g) and were decreased in the order of GAH > GAM > GAA. Results of other 

studies reported that methanol fraction exhibited the maximum total phenol content 

(Khan et al., 2012c). 

 Maximum quantity of total flavonoids contents was present in BPE (60.05±2.3 

mg GAE/g) followed by the BPH, BPB, BPM and BPA. As for as the total flavonoid 

content was concerned; highest content seen in GAB (58.09±1.9), GAE had the 

(50.94±2.5
 
mg rutin E/g of dry matter) 2

nd
 highest amount and was followed by 

GAM> GAH > GAA.  

 Among the fractions maximum quantity of yield was recorded in BPB 

12.4 ±1.23% to  that of the dry matter of BPM and was followed by BPA > BPH > 

BPE. In case of G. aparine the methanol extract gave 4.2±0.05% of yield to that of 

the dry powder. Among the extract derived fractions maximum yield was recorded in 

GAB followed by GAA. Extraction plays a significant part in retrieval of antiradical 

phytochemical components. Extraction yield is immensely affected by the solvent, 

time and temperature of extraction along with the chemical entity of the sample. 

When time and temperature conditions remains constant, then vital factors that affect 

extraction yield are solvent used and the chemical property of sample (Shimada et al. 

1992). In our experiment methanol extracts of B. procumbens and G. aparine shown 

maximum recovery rate against the other extracts. 

5.2.2. Scavenging of DPPH radical 

  The DPPH radical scavenging property of different fractions of G. aparine 

and B. procumbens was enhanced by increasing the concentration of various fractions. 

The principle behind this assay resides in the ability of DPPH (a stable free radical) to 

reduce the color in the existence of antiradicals. An odd electron present in DPPH is 

responsible for its deep purple color (Szabo et al., 2007). DPPH decolonization 

occurred by antiradical compounds when they donate an electron to DPPH and easily 
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measured by observing the change in observance at 515 nm. Different fractions 

showed varied response in DPPH scavenging assay. During the DPPH scavenging 

activity BPM exhibited the highest scavenging activity for DPPH radicals. Scavenging 

potential of the other extract/fractions for the DPPH radical can be ranked as BPE > 

BPB > BPA > BPH. The IC50 values for scavenging of DPPH radicals for the BPM 

and BPE were 78.3±2.41 µg/ml and 93.3±2.87 µg/ml, respectively, while for the BPH 

was > 193±3.33 µg/ml. Similar observations were reported  in literature where 

methanaol and ethyl acetate extracts showed maximum DPPH scavenging activity 

(Shabbir et al., 2013). However, weak association of IC50 value of DPPH with total 

phenolic and total flavonoid content suggests the involvement of primary antioxidant 

compounds in the extract/fractions other than phenolics and flavonoids that are 

capable of donating hydrogen to a free radical in order to eliminate odd electron that 

is accountable for radical’s reactivity. 

 For G. aparine, during the DPPH radical scavenging assay the highest 

foraging activity was recorded in aqueous fraction followed by butanol, methanol, 

ethyl acetate and least in hexane fraction. These results are in contrary to other reports 

where strong DPPH scavenging was established for methanol fraction. The IC50 value 

for the aqueous fraction was 58.3±1.32 µg/ml as compared with the standards IC50 as 

18.3±1.11 µg/ml for ascorbic acid and 20.0 ± 1.00 µg/ml for rutin. However, the n-

hexane fraction was the least active fraction with the IC50 > 500 µg/ml in scavenging 

of DPPH radicals similar to other reports (Khan et al., 2012c). The results obtained in 

this study were found contrary to other studies where the n-hexane fraction was found 

to be the most effective while the aqueous fraction the least antiradical scavenger 

(Khan et al., 2012c). The results suggested that aqueous fraction had noticeable DPPH 

scavenging effects.  

5.2.3. Superoxide radical scavenging  

 Superoxide anions are among the most deadly oxidants involved either 

directly or indirectly in the damages of biomolecules (Bokhari et al., 2013).  Different 

biological reactions generate the superoxide radical (O
-2

) which is very toxic free 

radical. During Haber–Weiss reaction, hydroxyl radical formed which interacts with 

DNA bases, proteins, and amino acids to generate toxic effects. Different fractions 

diminish the photochemical reaction of NBT in the presence of riboflavin. NBT 

reduced into tetrazolyl radical in the presence of (O
-2

) that can transform to the 

formazan. When an antioxidant present, it donates an electron to NBT, the purple 
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color of the formazan diminishes (Cai et al., 2004). Findings of current experiment 

indicated that B. procumbens and G. aparine different fractions reduced considerably 

the NBT/riboflavin-generated superoxide radical in a concentration-dependent 

manner.  

 The superoxide radical scavenging capacity of extract and different fractions 

(B. procumbens) was compared with same doses of ascorbic acid ranging from 25 to 

250 mg/ml. The results obtained in this experiment showed that all the samples 

scavenged the superoxide radicals in a dose dependent manner. The IC50 values for 

superoxide radical scavenging were in the order of BPM > BPA > BPB > BPE > 

BPH. These variations in scavenging of superoxide radicals could be due to the 

presence of reactive concentration of bioactive constituents in various samples. 

However, when compared with ascorbic acid, the superoxide radical scavenging 

activity of the extract/fraction was significantly (p < 0.05) lower. The results of our 

study indicated strong correlation of IC50 value for the superoxide anions with the 

total phenolic and total flavonoid content suggesting the crucial role of polyphenolics 

in eliminating the superoxide anions. Superoxide anions are found to be harmful for 

cellular components (Khan et al. 2012c). 

 Highest scavenging was reported in the aqueous fraction with IC50 value of 

35±1.4 µg/ml as compared with the ascorbic acid’s IC50 value of 21.7±0.98 µg/ml 

followed by methanol (60±1.19 µg/ml), butanol (120±2.13 µg/ml), ethyl acetate 

(>250 µg/ml) and hexane (>250 µg/ml) fraction. The results obtained in this study 

were in contrary to other studies where they observed maximum IC50 value of the 

aqueous fraction for superoxide scavenging activity (Khan et al., 2012c). 

5.2.4. Total antioxidant activity  

 Phosphomolybdenum assay is a quantitative method to evaluate total 

antioxidant capacity of the extracts. The phosphomolybdenum method was employed 

on the principal of formation Phosphate/Mo (V) complex (green color) when Mo (VI) 

reduced by then antioxidants present in extracts to Mo (V) (Kumar et al., 2014). 

Various fraction samples depicted evident total antioxidant activity.  

 This study demonstrated that ethyl acetate fraction (B. procumbens) exhibited 

the highest antioxidant capacity for phosphomolybdate reduction. Therefore, on the 

basis of IC50 values obtained in this study, it was proposed that B. procumbens might 

contain antioxidants that contribute significantly to scavenge the free radicals, thereby 

protecting the cells from oxidation. The results of this assay have shown low level of 
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association between the total antioxidant capacity and the total phenolic and total 

flavonoid contents, suggesting the importance of compounds other than polyphenols 

to act as chain terminator, transforming relative free radical species into more stable 

nonreactive products (Ercan et al., 2013). 

The highest antioxidant capacity was exhibited by the ethyl acetate fraction of 

G. aparine having IC50 value of 35±1.4 µg/ml followed by aqueous (60±1.19 µg/ml). 

The n-hexane extract of G. aparine showed very low total antioxidant activity with 

IC50 > 250 µg/ml. However, inferior IC50 values were obtained for all the test samples 

with respect to positive controls ascorbic acid and rutin. IC50 values for total 

antioxidant activity obtained in this study were comparatively less as compared to the 

previous studies (Khan et al., 2012c).  

5.2.5. Scavenging of hydroxyl radical  

 The hydroxyl radical scavenging activity was determined in different fractions 

of B. procumbens and G. aparine. Ageing in human body and other infections are the 

main effects caused by hydroxyl free radical (Umamaheswari and Chatterjee, 2008). 

Hydroxyl radical produced by the reaction of Fe
2+

 and H2O2, and the various fractions 

might decrease the production of hydroxyl radicals by chelating the Fe
2+

. Differential 

response for hydroxyl radical scavenging was recorded for various fractions.  

 In this study, the extract and all the fractions of B. procumbens showed dose-

dependent response for OH radical scavenging activity. The IC50 values of the extract 

and fractions for OH radical could be ranked as BPB > BPA > BPM > BPE > BPH. 

The IC50 values for scavenging of OH radicals for the BPB was 43.3±1.32 µg/ml, 

while for BPH, it was >250 µg/ml. 

 The IC50 value of hydroxyl radical scavenging activity of G. aparine methanol 

fraction was 53.3±0.87 µg/ml followed by aqueous (58.3±1.03 µg/ml), butanol 

(76.7±1.54 µg/ml); ethyl acetate (>250 µg/ml) and hexane fraction (>250 µg/ml). 

However, considerably low IC50 values for various solvent fractions were obtained in 

the previous studies as compared to the present study (Khan et al., 2012c). This could 

be due to the differential chemical composition of both the plant species. 

5.2.6. Scavenging of hydrogen peroxide  

 Hydrogen peroxide is an important free radical due to its capability to 

penetrate to biological membranes, and thus study of hydrogen peroxide is also very 

important. The scavenging activity of different fractions of both plants may be 
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accredited to the phenols present in them which contribute electron to hydrogen 

peroxide (Erkan et al., 2011), hence reducing it to water.  

 Different fractions of B. procumbens and G. aparine scavenged the H2O2 in a 

concentration dependent manner .The scavenging ability of various extract/fractions 

for H2O2 clearly imply that BPB and BPA were more efficient with IC50 values 

having values of 55±2.09 µg/ml and 61.7±1.07 µg/ml, respectively. On the other 

hand, BPE and BPH were least effective with IC50 values of >250 µg/ml and >>250 

µg/ml, respectively. The scavenging abilities on H2O2 of different fractions can be 

ranked in descending order of BPB > BPA > BPM > BPE > BPH. The scavenging 

activity of H2O2 of aqueous fraction of G. aparine was 61.7±2.0 µg/ml. The IC50 

values for the ascorbic acid and rutin was 23.3±1.5l µg/ml and 30±1.2 µg/ml. 

However, ethyl acetate and the hexane fraction showed the least activity with the IC50 

> 250 µg/ml. The scavenging effects of various fractions of B. procumbens and G. 

aparine are similar to earlier reports (Sahreen et al., 2011; Sahreen et al., 2010).  

5.2.7. Scavenging of ABTS radical  

 In ABTS assay, the reaction between ABTS and potassium persulphate 

generate the ABTS radical cation (ABTS
+
) of blue green color at an absorbance of 

734 nm. When antioxidant present in abundance, the purple color radical reverted 

back to colorless (Ruch et al., 1989). The ability of B. procumbens and G. aparine to 

scavenge ABTS
+
 radical revealed that various fractions exerted scavenging effects in 

concentration dependent manner.  

 ABTS
+
 free radical scavenging activity of B. procumbens and G. aparine 

varied significantly in different fractions. Various extract/fractions of B. procumbens 

were capable of scavenging the ABTS radicals in a concentration-dependent manner 

that can be ranked as BPE > BPB > BPA > BPM > BPH. In this study, IC50 value 

obtained for BPE was 46.7±2.23 µg/ml as compared to ascorbic acid (66.7±3.6). The 

least scavenging capacity for ABTS radicals was determined for BPH with IC50 

values of 222±4.81 µg/ml. The reducing capacity of the aqueous fraction of B. 

procumbens may serve as an indicator of possible antiradical properties through the 

action of breaking the free radical chain by donating hydrogen atom (Gulcin, 2012).  

 Different fractions of G. aparine scavenged the H2O2 in a concentration 

dependent manner. The scavenging activity of H2O2 aqueous fraction was 61.7±2.0 

µg/ml. The IC50 values for the ascorbic acid and rutin was 23.3±1.5 µg/ml and 30±1.2 

µg/ml. However, ethyl acetate and the hexane fraction showed the least activity with 
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the IC50 >250 µg/ml. While in case of G. aparine, aqueous fraction had the highest 

scavenging activity and depicted IC50 value of 75±2.86 µg/ml as compared with the 

ascorbic acid chemical components of some plant exhibit direct correlation between 

antioxidant activities and reducing power (Sahreen et al., 2011).  

5.2.8. Reducing power 

 The increase in absorbance with concentration of various fractions of B. 

procumbens and G. aparine indicated that the plant contains plenty of electron donors 

that can reduce the oxidized intermediates of lipid peroxidation processes. Conversion 

of yellow color solution to several shades of blue and green developed in the reducing 

assay depicted the quality of compound to scavenge the free radicals (Re et al., 1999). 

Conversion of Fe
3+

 ferricyanide complex to ferrous form is the principle employed in 

this assay. Therefore, the color conversion relates with the existence or deficiency of 

ferrous ions in solution.  

 Reducing power of B. procumbens and G. aparine fractions significantly 

varied from one another. The findings attained evidently imply that all the tested 

samples prevent or scavenge the radical in a concentration dependent manner. The 

sequence for reducing power in B. procumbens at 250 µg/ml was BPA > BPM > BPE 

> BPB > BPH. All the fractions of G. aparine had the reducing power ranked highest 

in methanol fraction and least in the butanol fraction. Methanol fraction showed an 

excellent reducing power of 1.40±0.14 at concentration of 250 µg/ml. It is suggested 

that chemical components of some plant exhibit direct correlation between antioxidant 

activities and reducing power (Sahreen et al., 2011). 

5.2.9. Correlation studies 

 The findings from several free radical scavenging systems depicted that B. 

procumbens and G. aparine extracts holds substantial quantity of total polyphenols 

and flavonoids and displayed good antioxidants, with different magnitudes of potency 

in scavenging different ROS at microgram concentrations. The antiradical property 

might be correlated to bioactive components present in them. Though, it is still vague 

which constituents are playing vital parts for these activities. Hence, additional 

investigations are still required to explicate mechanistic way how the plant plays their 

role to these activities.  

 Superoxide (R
2
 = 0.8853) and DPPH (R

2
 = 0.8527) scavenging assays 

exhibited strong correlation with total phenolic content. Similar strong correlation was 

exhibited by the IC50 values of DPPH and scavenging of superoxide radical with the 
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total phenolic and flavonoid content. Results obtained in our study depicted 

significant correlation (R
2
; 0.4209) of IC50 values of ABTS radical scavenging with 

the total phenolic content are  in line to the results of other studies (Khan et al., 

2012c). Phosphomolybdate assay displayed strong correlation with total flavonoid 

content (R
2
 = 0.8269). Similar higher correlation coefficients were reported between 

phenolic content and total antioxidant capacity (Kratchanova et al., 2010). However, 

total phenolic content did not show significant correlation (P > 0.05) with the 

phosphomolybdate assay, hydroxyl and hydrogen peroxide scavenging activity. IC50 

values of hydroxyl and hydrogen peroxide showed significant correlation (R
2
; 0.4707, 

0.4925) with total flavonoid content and match with the results described by Imeh and 

Khokhar (2002). These results were not in line to the findings of Kahkonen et al. 

(1999), who did not find such a weak correlation. The weak relationship between 

antioxidant activity and flavonoid contents may be due to the stereochemistry and 

hydroxyl position which affects the proton donor capacity and consequently the 

radical scavenging activity (Hou et al., 2003).  

5.3. Antimicrobial, cytotoxicity and antitumor potency of extracts 

 The synthetic antimicrobials are frequently coupled with side effects, whereas 

the plant based antimicrobials having vast therapeutic potential can serve the rationale 

with less adverse effects (Fair and Tor, 2014). Therefore, there is a requirement to 

constantly explore plant derived antimicrobials. Detailed investigation is desired to 

identify and resolve the full scale of efficiency of the antimicrobial compounds from 

these plants.  

 In this study, both Gram positive and Gram negative strains were used. It is a 

common observation that Gram negative bacteria are much resistant as compared with 

the Gram positive strains (Tomas-Barberan et al., 1988). This resistance is attributed 

to the presence of an additional phospholipopolysaccharide covering over the cell 

wall (Delcour, 2009). But interestingly, all the fractions here showed activity against 

both Gram positive and Gram negative bacteria. 

 Antibacterial activity of BPM and its derived fractions was recorded in the 

form of zone of inhibition at a concentration of 32 mg/ml (Table 4.5a) and as MIC 

(Table 4.5b). The results obtained in the present study showed that BPE showed 

maximum zone of inhibition (22±2.0 mm) against M. luteus followed by BPB (20±0.5 

mm), BPM (17±1.0 mm) and BPH (11±0.5 mm). BPA did not affect the growth of M. 

luteus. Maximum zone of inhibition against B. subtilis was exhibited by BPB (25±1.5 
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mm) followed by BPM (20±0.5 mm). Other fractions displayed low to moderate 

effect. However, E. coli strain showed resistance against BPH and BPA while BPM 

showed low activity (13±0.5 mm). The other two fractions; BPE and BPB presented 

moderate activity (14±1.0 and 18±1.0 mm, respectively). 

 BPH and BPE did not retard the growth of K. pneumoniae strain used in this 

study. However, BPA showed low (12±0.5 mm), BPM moderate (18±1.0 mm) and 

BPB marked effect on the growth of K. pneumoniae (22±2.0 mm). Diverse effect of 

BPM and its derived fractions were determined against the growth of S. aureus 

strains. BPE showed exhibited the maximum zone of inhibition (32±1.0 mm) 

followed by BPB and BPM (26±0.5 mm and 21±1.0 mm, respectively). Growth of S. 

aureus was not affected by BPH and BPA. Enterobactor aerogenes strain exhibited 

resistance against BPH therefore no zone of inhibition was observed. Retarding effect 

of BPE on the growth of E. aerogenes was low (12±0.0 mm) whereas BPM, BPB and 

BPA manifested moderate efficacy (17±0.5, 16±1.5 and 14±1.0 mm, respectively). In 

comparison to standard antibiotic cefixime used in this study, B. procumbens extract 

as well as its derived fractions did not cross the zone of inhibition. BPE (32±1.0 mm) 

against S. aureus exhibited better results and were nearer to cefixime (38±1.0 mm).  

 Minimum inhibition concentration (MIC) was observed from 0.25 mg/ml to 

32 mg/ml. Lowest MIC was recorded for BPB against Gram positive M. luteus strain, 

while S. aureus showed prominent low MIC of 0.25 mg/ml for BPM and BPB. All 

other fractions showed MICs higher than 0.25 mg/ml. 

In this experiment M. luteus depicted low to moderate resistance in terms of zone of 

inhibition. GAM and GAA showed low zone of inhibition (12±0.5 and 13±1.0 mm, 

respectively) while GAH, GAE and GAB showed moderate inhibition (15±1.0, 

14±1.0 and 14±0.5 mm, respectively). Bacillus subtilis observed susceptibility from 

G. aparine extract and fractions from null to high in terms of zone of inhibition. GAB 

and GAA did not affect B. subtilis. However, moderate susceptibility was recorded 

for GAM and GAH (19±1.0 and 14±0.5 mm, respectively). GAE showed maximum 

zone of inhibition for B. subtilis growth (20±1.0 mm).  

 GAE inhibited the growth of E. coli (14±1.0 mm), while other 

extract/fractions showed no activity. Growth of Klebsiella pneumoniae strain was 

diversely inhibited ranging from low to high against G. aparine extract and fractions. 

GAH showed low (11±0.5 mm), GAE moderate (16±1.0 mm) while GAM, GAB and 

GAA showed high inhibition activity (20±0.5, 21±1.0 and 22±1.0 mm, respectively). 
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Staphylococcus aureus strain depicted diverse response against G. aparine extract and 

fractions. GAA recorded no activity, GAM response was low (12±0.5 mm) while 

GAH and GAE (21±1.0, 20±1.0 mm, respectively) observed moderate zone of 

inhibition. GAB maximally (30±1.0 mm) inhibited the growth of S. aureus. E. 

aerogenes strain observed low susceptibility from GAH (13±0.5 mm) while moderate 

from GAE (15±1.0 mm). Remaining fractions and methanol extract showed no 

activity. No extract/fraction of G. aparine crossed the zone of inhibition of cefixime 

used as standard antibiotic. MIC recorded for G. aparine extract and derived fractions 

ranged from 0.25-32 mg/ml. Lowest MIC was illustrated by GAB and GAE against S. 

aureus. 

Differential response of bacteria against the various extract/fractions has been 

determined in this study and the MIC value ranged from 1.88-30 mg/ml. The higher 

MIC values point out towards the scanty concentrations of active antibacterial 

compounds while the low MIC values indicate the good solvent nature of the organic 

compounds used (Panda et al., 2011). The suppression of active compounds by inter 

linkage or the presence of nonactive compounds like saponins and terpenoids may 

also add to the higher MIC values of these fractions (Saeidi et al., 2015). 

5.3.1. Antifungal activity 

Fungi are significant destroyers of food material and grains; unfit them for 

human consumption by disturbing their nutritive value and often by producing 

mycotoxins (Amrouche et al., 2011).  

 B. procumbens extract methanol BPM showed moderate activity against A. 

fumigatus (50±5.0%) while no significant activity was noticed against any other 

strain. 100% growth  inhibition was observed by A. flavus when treated with BPM. 

BPH showed no significant growth inhibition against any strain. BPE illustrated 

significant growth inhibition against F. solani (75.5±1.5%), good against A. flavus 

(65±1.5%) and moderate against A. niger (55±1.5%) while no significant activity 

against H. solani, M. piriformis, and A. fumigatus. BPB showed significant activity 

only against M. piriformis (72±2.0%) and no significant activity recorded against any 

other strain used in the study. BPA illustrated low growth inhibition of F. solani, H. 

solani, A. flavus and A. niger whereas no activity against M. piriformis. BPA fraction 

exhibited low level of activity against fungal strains used in the study. 

 A. niger (65±1.5%) and A. fumigatus (50.5±3.5%) while non-significant 

activity was observed against other strains. GAH and GAB demonstrated moderate 
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activity only against A. fumigatus (50±3.0%) and F. solani (50±1.5%), respectively 

and non-significant growth inhibition was recorded in other strains used in this study. 

GAA illustrated non-significant activity against all fungal strain used in the 

experiment. GAE expressed no activity at all. 

Current findings suggest that methanolic extracts of B. procumbens and G. 

aprine showed significant and effective ability to deal with fungal growth, perhaps 

due the presence of polyphenolic, phenolic, tannins, catechin and saponins. Many 

investigations accredited the preventive outcome of plant extracts against 

microorganisms due to the presence of phenolic compounds (Baydar et al., 2004; 

Rodriguez  et al., 2007) and might be the presence of saponins which possess 

antifungal properties (Mohanta et al., 2007) polyphenolic compound like catechin and 

tannins (Negri et al., 2014).  

5.3.2. Cytotoxic and antitumor activity 

 The extracts of many plant species have been reported to possess potent 

cytotoxic activity. LD50 represented the minimum concentration of the extract/fraction 

to cause 50% death of shrimps. LD50 for different fractions of B. procumbens were 

ranked in order of BPE > BPB > BPM > BPA > BPH. The order of LD50 of the 

extract/fractions of G. aparine was GAA > GAB > GAH > GAM > GAE. Our study 

is similar to previous studies like Kanegusukue et al., (2001) which stated that the 

cytotoxic activities of methanolic and ethyl acetate fraction of Rubus imperialis. 

Another study depicted cytotoxic activity of different medicinal plants of Brazil 

against brine shrimps. 226 methanolic and aqueous extracts were screened for their 

lethality towards brine shrimp larvae which leads to the identification of various 

cytotoxic plant species (Sajid et al., 2011; Anil et al., 2012). 

Antitumor potato disc assay is one of the bench top bioassays, useful in the 

detection of biologically active components of botanical extracts (McLaughlin and 

Rogers, 1998). All the extract and fractions of both plants were tested at three 

concentrations (10, 100, 1000 mg/l) against the Agrobacterium tumefaciens (AT 10). 

From the data obtained tumor inhibition was determined through IC50 value and is 

summarized in Table 4.6. The results of the present experiment indicated the valuable 

antitumor potential of various extract and fractions and the order of IC50 of B. 

procumbens was BPE > BPA > BPM > BPB and BPH. However, in case of G. 

oparine the ranking order of extract/fractions was GAB > GAE > GAA > GAM > 

GAH. Among all the tested samples GAB showed a marked inhibition in tumor 
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formation which was near to positive control. As Agrobacterium tumefaciens is a 

gram negative bacterium and tested samples showed the resistance against gram 

negative bacteria in the antibacterial screening so it was hypothesized that plant 

samples might have antitumor activity. A. tumefaciens has been chosen as the tumor 

causing agent in potato disc assays because of some reasons; 1) its distinctive ability 

to transfer hereditary material between eukaryotes and prokaryotes called as trans- 

kingdom sex; 2) Tumor inducing plasmid multiply the plant’s cells excluding 

apoptosis phase and ultimately tumor is formed that has similarity with human and 

animal cancers, histology and nucleic acid; 3) Scientists have been employing these 

procedures for long time and they seem to be adjustable to the determination of 

standardization or excellent regulator of bioactive components in such varied plants 

(Roy and Vijayalaxmi, 2013; Wang et al., 2014). Here findings are aligned with 

previous reports of Islam et al. (2009) who reported that the antitumor activity 

perhaps endorsed with the type of biological active compounds and their solubility 

with suitable solvent and also justifying the statement of Fatima et al. (2009) that 

tumor induction was variable in case of different solvent extracts.. 

5.4. HPLC and GC-MASS analysis of B. procumbens and G. aparine 

 High performance liquid chromatography is nowadays most useable analytical 

tool for analysis of phenolics and flavonoid contents. The HPLC quantification is the 

most accurate method for the flavonoid compounds of various plant fractions. Both 

presence and quantity is determined for identification and quantification of flavonoids 

at the same time. The current data of HPLC profile showed that contents of the seven 

determined flavonoids in tested plant samples varied considerably in each solvent 

fraction. Qualitative analysis of the extract/fractions of B. procumbens and G. aparine 

was carried out by using reverse phase HPLC and their chromatographic profile was 

compared with the retention times and absorption spectrum of reference standards 

(rutin, kaempferol, myricetin, gallic acid, catechins, caffeic acid and quercetin). The 

amount of rutin in different extracts of B. procumbens ranges from 1.02±0.003 μg/mg 

(BPM) to 0.023±0.002 μg/mg (BPA). The highest amount of caffeic acid was 

detection in BPM (0.98±0.051 μg/mg) and least in BPE (0.033±0.001 μg/mg). BPM 

has recorded the highest amount of catechin (0.74±0.004 μg/mg) followed by BPA 

and BPE (0.24±0.0043 μg/mg to 0.041±0.0011 μg/mg). Highest amount of myricetin 

was determined in BPM (2.4±0.022 μg/mg) while least in BPE (0.28±0.0015 μg/mg). 

Quercetin was detected only in BPM (1.7±0.0024 μg/mg) and BPB (0.76±0.0051 
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μg/mg). BPM and BPA contained appreciable amount of kaempferol (0.95±0.0011 

μg/mg; 0.45±0.0013 μg/mg) while the presence of kaemferol was not recorded in 

BPE and BPB.  

 Different flavonoids were detected in all the extract/fractions of G. aparine in 

diverse amounts. Presence of rutin was recorded in all the extract/fractions with the 

highest amount in BPM (1.07±0.02 μg/mg) and the lowest in BPA (0.46±0.012 

μg/mg). Maximum amount of caffeic acid and catechin was recorded in BPM 

(0.76±0.021 μg/mg; 0.89±0.0062 μg/mg) whereas their least quantity was furnished in 

BPE (0.043±0.0031 μg/mg; 0.56±0.012 μg/mg, respectively). The existence of 

myricetin was confirmed only in BPM. Quercetin only made its appearance in BPM 

(0.58±0.004 μg/mg) and in BPB (0.64±0.0011 μg/mg). However, the presence of 

kaempferol was recorded in any extract/fraction of G. aparine. Zu et al., (2006) has 

also reported similar protocol for simultaneous quantification of catechin, rutin, 

quercetin, kaempferol and isorhamnetin. 

 DAD scanning program is utilized to record spectrochromatograms of 

compounds simultaneously. Therefore, DAD was utilized to optimize determination 

wavelength in the present study. The decision of suitable identification mode is 

pivotal to guarantee that all the contents are recognized. With DAD, this issue might 

be overcome by utilizing a various wavelength analysis program, which is fit for 

checking various wavelengths concurrently. It gives affirmation that all the UV–vis 

engrossing components are scanned, if put forth in sufficient amount. Wavelength 

showing maximum absorbance of the standard compound was used in the plant 

samples for that specific standard compound screening. Diverse biological activities 

reported by flavonoids comprising large part of class  phenolics, also termed as nature 

loving drugs (Peteros and Uy, 2010) like anti-inflammatory aptitude flavonoid 

containing Chinese drug (Jiang et al., 2008; Wu et al., 2008). Thereby, presence of 

flavonoids in various fractions of B. procumbens and G. aparine plant parts can 

validate their traditional use against hepatitis, leukemia and asthma. Various 

biological properties for the reference compounds have been investigated. Catechin 

(polyphenolic compound) has a strong role in enhancing antioxidant activity in the 

body as well as having many constructive health benefits (both in lab and clinic) 

because of their free radical scavenging property. Sutherland et al (2006) stated the 

medical efficacy of catechin as neuroprotective, antiapoptotic and anti-inflamamtory 

in clinical ailments. Caffeic acid, an essential phenolic compound is stated to possess 
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antimetastatic and antitumour activity by suppressing MMP-9 enzyme activity, an 

important actor of metastasis and cancer onset (Chung et al., 2004). Another 

secondary metabolite called rutin present in several plants stated as hepatoprotective, 

antioxidant and anti-inflmmatory agent (Kubola et al., 2011). Myricetin is well known 

for having antidiabetic, anticancer, antiapoptotic and prevention of neurodegeneration 

(Zhang et al., 2010). It is also reported for prevention of platelets aggregation, 

artherosclerosis and inflammation (Ong et al., 1997). Quercetin is one of the potent 

antioxidant flavonol among polyphenols present in vegetables and fruits. It is proved 

to have anticarcenogenic, antibacterial, antiviral and anti-inflammatory effects (Chen 

et al., 1997; Naidu et al., 2012). Ye et al. (2002) reported kaempferol as potential 

enhancer of antioxidant, endocrine and body immune system. Apigenin reported as 

effective free radical scavenger and inflammatory agent (Kim et al., 2003b) also 

exerts antiviral, antimutagenic and purgative effects (Yang et al., 2001). Apigenin 

play a significant part in augmentation of profile of antiradical enzymes i.e. SOD and 

erythrocyte glutathione reductase (Nielsen et al., 1999). Other biological effects 

induced are LDL profile reduction, inhibition of platelet aggregation, and reduction of 

cell proliferation (O'Prey et al., 2003; Surh, 2003; Thiery-Vuillemin et al., 2005). 

 Among several phytochemicals recognized in GC-Mass, n-Hexadecanoic acid, 

and squalene possess the property of anti-oxidant activity, (Lalitha et al., 2009). 

Another significant phytochemical detected was phytol which is effective at different 

stages of the arthritis (Ogunlesi et al., 2009). Loliolide is a monoterpenoid reported 

possessing antioxidant potential (Xiudong et al., 2011) immunosuppressive (Okada et 

al., 1994), germination inhibitory (Kuniyoshi, 1985) and anti-repellent activities 

(Okunade and Wiemer, 1985). Negwer and Scharnow (2007) reported that pholedrine 

is used for the treatment of the hypotensive state. Phytosterols documented as cancer 

preventative agents with other secondary plant products such as carotenoids, 

flavonoids and phytoestrogens. Stigmasterol has been shown to exhibit anti-

inflammatory, anti-neoplastic, anti-pyretic and immunomodulating activity (Careri et 

al., 2001). Recently, Squalene has found to exhibit antioxidant and chemo preventive 

activity against the colon carcinogenesis (Therese et al., 2012). Squalene, which could 

protect liver, resist fatigue  and strengthen the body's resistance, and improve human  

immunity, is considered as vital constituents in  everyday and medical procedures 

with an enormous efficiency in  nutraceutical and pharmaceutical industries (Kim et 

al., 2012). Phthalic acid could cure chronic cardiovascular and cerebrovascular 
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diseases and have anti-tumor, anti-inflammatory, antibacterial functions (Hao et al., 

2006). 

5.5. Anti-inflammatory and antidepressant activity 

 Many herbal medicines are used in various classes of medicines to cure 

inflammation. In this experiment, B. procumbens and G. aparine has been 

investigated for their phytochemical composition and anti-inflammatory potential 

against carrageenan induced paw edema. This conventional model of pedal edema is 

used widely for acute inflammatory response (Obiri et al., 2014). A number of 

primary responses are generated at the site of edema formation, which includes 

enhanced capillary permeability and leukocyte infiltration. This response is 

accompanied with alteration in the metabolic changes along with migration of 

neutrophils and macrophages. Arachidonic acid is metabolized by cyclooxygenase 

and lipoxygenase pathways with the consequent release of inflammatory mediators 

such as histamine, serotonin, bradykinin, nitric oxide (NO), and prostaglandins 

(Reddy et al., 2015). In current study, Carrageenan administration causes an acute 

inflammatory stage (Ishola et al., 2012; Kumar et al., 2004). Triphasic event has been 

suggested for the carrageenan-induced edema formation in rat paw (Vinegar et al., 

1969). During the initial phase, histamine and serotonin are liberated, followed by 

release of kinins in the second phase, whereas prostaglandins, lysosomes, bradykinins, 

and protease are released in the third stage of paw edema. It has been reported that 

carrageenan in its later stage of treatment, responsible for the synthesis of NO from 

peripheral NO synthase isoforms (Ricciotti and FitzGerald, 2011). Treatment of BPM 

and fractions showed anti-edematous effects at all stages of edema development. 

However, BPM and BPE of B. procumbens and GAM, GAB depicted significantly 

higher anti-inflammatory response during all the stages of inflammation comparable 

with the control drug diclofenac potassium. It was established in earlier studies that 

later stage of edema development is more prone to anti-inflammatory active 

constituents (Sokolove and Lepus,  2013 ). These results suggest that B. procumbens 

and G. aparine might attenuate both early and delayed phases of carrageenan-induced 

inflammation probably by the inhibition of histamine and NO release. Similar 

relationships between flavonoids and anti-inflammatory effects were reported 

(Martini et al., 2004; Toker et al. 2004).  

 Recent life style directs to various stress conditions, among which depression 

and anxiety are general and commonly prevailing senile neurological disorders. The 
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generally used animal model for evaluating antidepressant activity in small animals is 

forced swimming test following acute or short-term treatment (Porsolt et al., 1977; 

Cryan and Lucki, 2000). The central concept of forced swimming test is animal will 

get immobile stance when subjected to the short-term or unavoidable stress. This test 

is sensitive and quite specific to all major classes of antidepressants including MAO 

inhibitors, serotonin selective reuptake inhibitors, and tricyclics (Warner-Schmidt, 

2011; Detke et al., 1995). Immobility is the symbol of depression.  It is anticipated 

that immobility happen in this test will be a sign of behavioral desolation or incapable 

to adapt the stress as seen in human (O’Donnell and Gould, 2007). Antidepressants 

that selectively inhibit norepinephrine uptake decrease immobility and selectively 

augment climbing without upsetting swimming (Renshaw et al., 2009). 

 Both plants showed antidepressant-like effects with decline in the immobility 

time which goes along with the boost in swimming time. Different fractions of B. 

procumbens showed antidepressant activity in a pattern as follows: BPM (112±10.8 

sec) > BPB (120±9 sec) > BPA (127±7.6 sec) > BPE (135±8.3 sec) > BPH (160±5.7 

sec).The immobility period recorded for other fractions was; GAB (103±5.4 sec); 

GAE (110±5.7 sec); GAA (117±4.3 sec) and for GAH (175±4.3 sec). It has been 

reported that swimming behavior is sensitive to serotoninergic agents, for instance 

fluoxetine (Cryan and Lucki, 2000; Detke et al., 1995), the selective serotonin 

reuptake inhibitor (SSRI). Based on these findings, it can be recommended that the B. 

procumbens and G. aparine extracts which are capable of decreasing the immobility 

time and increases swimming behavior in the rats exposed to these paradigms. It can 

put forth its effect through a mechanism comparable to that of the fluoxetine via the 

serotonin system. 

 Several neural pathways are implicated in the pathophysiology of anxiety and 

depression states. Therefore, a large number of neurotransmitters are thought to 

engross in underlying mechanisms of these diseases, as apparently by the 

antidepressant and anxiolytic drugs. The antidepressant and anti-inflammatory 

activities of different extracts of B. procumbens and G. aparine are effective due to a 

combination of diverse biologically constituents relatively than any single compound, 

being the most remarkable the alkaloids, the flavonoids and the triterpenoids. Latest 

reports have also pointed out that various flavonoids have anti-inflammatory activity 

(Zhang et al., 2014; Serafini et al., 2010). 
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5.6. In vivo toxicity studies 

 It is well documented that oxidative stress encompasses a difference between 

the production and scavenging rate of reactive oxygen species and cannot be defended 

by the body’s own system. Hence, various pathological situations have been 

implicated as a consequence of this oxidative biological impairment. CCl4 can 

generate oxidative stress in tissues like liver (Brautbar and Williams, 2002) (Sreelatha 

et al., 2009; Yeh et al., 2012; Desai et al., 2012), kidneys (Khan et al., 2009; Khan et 

al., 2010b) testis (Khan and Ahmed, 2009), heart, lung, brain and blood (Ahmed et al., 

1987: Ohta et al., 1997). The chronic use of paracetamol or intake in large doses is 

usually related with hepatorenal toxicity in animals and humans (Schnellman, 1999). 

Nephrotoxicity by paracetamol reported by (Perneger et al., 1994; McLaughlin et al., 

1998; Fored et al., 2001). Paracetamol has been described to stimulate hepatocyte and 

renal apoptosis (Ray et al., 2000; Boulares et al., 2002). Gentamicin nephrotoxicity 

reported by (Naidu et al., 2000; Priyamvada et al., 2008; Balakumar et al., 2010; Raju 

et al., 2011; Tavafi and Ahmad, 2011; Lee et al., 2012), Hepatotoxicity (Adedayo et 

al., 2013), reproductive toxicity (Khaki et al., 2008; Nouri et al., 2009; Zahedi et al., 

2010), and ototoxicity (Ali et al., 2011).  DOX is restricted due to its severe side 

effects such as cardiotoxicity and nephrotoxicity (Minotti et al., 2004), testicular and 

spermatozoal toxicity (Carvalho et al., 2009). All these drugs comprise sound 

damaging effects on other organs due to over production of free radicals as well.  

 Traditionally plants used as medicines are considered beneficial since 

centuries. In order to realize new nontoxic and economical natural antioxidants or to 

exploit new drug development for tissue related human and animal health, CCl4, 

PCM, GTM and DOX was used as chemical toxicant for different organs in the 

present study.    

5.6.1. Serum marker enzymes and oxidative stress 

 Several studies (Balsano and Alisi, 2009) stated that plants and plant products, 

particularly herbal plants, have numerous valuable effects on cancer, metabolic 

diseases, allergy and inflammation, which in turn related to their antiradical efficacy. 

Significant increase in ALT, AST and ALP and total cholesterol levels of sera of 

CCl4, PCM, GTM and DOX treated rats was recorded in the present study. According 

to Pablo and Yesenia (2003) serum level of AST, ALT and ALP was increased in 

liver damage caused by CCl4 in rats. Different drugs increases serum ALT and AST 
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activity which leads to hepatic structural damage (Zhou et al., 2010; Huang et al., 

2011).  

 Hepatotoxicity is protected by their antioxidants and anti-inflammatory agents 

produced by paracetamol over dosage (Oz and Chen, 2008; Girish et al., 2009). 

Mitchell et al., 1973 reported that serum enzymes elevation in liver cell membrane 

represents cellular leakage and loss of functional integrity. Hepatic cell function 

greatly represented by serum ALP, bilirubin and total protein levels. ALP elevation in 

serum level is because of raised synthesis, in presence of increasing biliary pressure 

(Drotman and Lawhorn, 1978). These AST, ALP and ALP are very sensitive markers 

employed in the diagnosis of liver diseases (Rajesh and Latha, 2004; Karakus et al., 

2011). 

 Higher concentrations of alanine aminotransferase (ALT) and aspartate amino 

transferase (AST) are found in cytoplasm and mitochondria. Oxidative damage 

principally occurs through production of reactive oxygen radicals, including CCl3 and 

CCl3O2 species that subsequently react with biological membranes (Singh et al.,1998) 

and causes enzyme leakages and failure of functional architecture of cellular 

membranes (Rajesh and Latha, 2004).  

 While hepatotoxicity of paracetamol is due to the toxic effect of lipid 

peroxidation on liver which is mediated by immediate reactive metabolite of PCM, N-

acetyl-para-benzoquinonimine (NAPQI) (Hinson et al., 2010).  Thus, paracetamol 

hepatotoxicity is related with significant increase in the circulating levels of liver 

enzymes mainly the aminotransferases (AST and ALT). Hepatocellular injury is often 

represented by these enzyme markers (Olagunju et al., 2004; Asadollahi et al., 2014).  

 Liver transaminases such as Aspartate transaminase and Alanine transaminase 

have still remained the gold standards for the assessment of liver injury, and have 

been used as biomarkers of choice for decades (Howell et al., 2014). The increased 

quantity of ALT and AST are indicative of these cellular damages. In the present 

study methanol extract of BPM and GAM reduced the level of ALT and AST in all 

drugs (CCl4, PCM, GTM and DOX) caused hepatotoxicity which is an indication of 

repair of hepatocytes and stabilization of plasma membrane. Similar protective effects 

were reported by administration of n hexane extract of Digera muricata at two doses 

(150 and 200 mg/kg body weight) is an indication of the stabilization and restoration 

of hepatic tissue damages caused by CCl4, PCM (Khan et al., 2011b; Kanchana and 

Sadiq, 2011).  
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 The albumin and total protein levels will be decreased in hepatotoxic 

surroundings due to abnormal protein biosynthesis in hepatocytes (Clawson, 1989). 

The CCl4, PCM, GTM and DOX cause disruption and disassociation of polyribosomes 

on (ER) endoplasmic reticulum that result in reducing the biosynthesis of proteins. 

The treatment of methanol extract of BPM and GAM showed a significant restoration 

of the protein and albumin level to normal control group as also reported by 

(Heibatollah et al., 2008) in CCl4, (Davern et al., 2006) reported hypoproteinemia and 

hypoalbuminemia in PCM treated rats. 

An elevated level of serum bilirubin levels is considered to be due to elevation 

in synthesis and biliary pressure (Madkour and Abdel-Daim, 2013). The serum total 

bilirubin level was significantly restored by methanol extract of BPM and GAM 

treatments, which was in accordance with the study on Grewia tenax fruit (Al-Said et 

al., 2011). 

5.6.2. Renal function tests  

 Urinary examination may be knowledgeable about kidney function. In normal 

conditions, there is no urobilinogen excreted into the urine but it only excretes with 

urine in a high concentration when illness arises. Urobilinogen is the end product of 

bacterial reduction of conjugated bilirubin which passes through the bile ducts and 

metabolized in the intestine thus converted to urobilinogen (Ogeturk et al., 2005; 

Simerville et al., 2005). The increased levels of urobilinogen in urine and elevated 

level of creatinine (serum and urine) are possible pointers of hepatic and kidney 

damage produced by various drugs and chemical treatment. 

 A marked increase in urinary creatinine and urobilinogen while, creatinine 

clearance, urinary albumin, and level of urinary proteins were significantly decreased 

by CCl4/PCM/GTM/DOX administration (p<0.05) in contrast to control group. 

Administration of various doses of BPM and GAM with CCl4 showed protective 

ability against CCl4/PCM/GTM/DOX intoxication by restoring the level of above 

urinary parameters of rat. Results of urine analysis for the groups treated with BPM 

and GAM alone did not show any toxic effects as their values were near to control. 

Data shows that almost all doses had significant pharmacological effects for urine 

versus diseased group and the protective order of extracts was significant in 400 

mg/kg bw treatment. 

 Gentamicin induced toxic effects in the kidney was manifested by a very 

significant elevation in serum urea, creatinine and uric acid levels as compared to the 
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normal group of rat. (El Gamal et al., 2014; Saleemi et al., 2009). Paracetamol 

nephrotoxicity is deeply related with a prominent reduction in the renal tissue 

concentration of glutathione and overproduction of nitric oxide (Naguib et al., 2014). 

 Similarly in this experiment we noticed an elevated level of urobilinogen and 

creatinine as described by Khan et al., (2009). Findings acquired from current 

investigation proposed that BPM and GAM at both doses (200 and 400 mg/kg) hold 

shielding properties against the renal-induced dysfunction. The kidney function and 

acid base balance state can be explored by inspection of urine (Trease and Evans, 

1989). Under regular functioning, urobilinogen is not eliminated into the urine unless 

any infection. Nephrotoxicity caused by drugs or chemicals mainly indicated by 

elevated values of , creatinine, urobilinogen, urea and albumin in urine  (Pels et al., 

1989; Ozturk et al., 2003; Ogeturk et al., 2005; Simerville et al., 2005). Specific 

gravity and pH of urine connects with urine osmolality and was affected with CCl4 

administration (Khan et al., 2009). 

 Another group of renal markers comprising of gamma-GT, total bilurubin, 

creatinine and urea also highly increase due to oxidative atmosphere. According to 

Wyss and Kaddurah-Daouk (2000) creatinine is a waste product formed by slow 

degradation of creatine phosphate. It is the creatine kinase which catalyses the 

formation of creatine phosphate through transfer of phosphate bond from a high 

energy molecule ATP. Under the CCl4, PCM, GTM and DOX induced oxidative 

stress ATP decline occur due to the blockage of TCA cycle so, increasing the amount 

of free creatine whose degradation results in creatinine formation increasing its serum 

level (Lin et al., 2009), a condition specified to nephritis (Bhattacharya et al., 2005). 

 The present study shows that nephrotoxicity by DOX is due to possible 

oxidative damage. Findings in current investigation are coordinated with previous 

literature. Liu et al., (2007) observed an elevation in MDA, apoptosis rate, urinary 

protein, BUN (blood urea nitrogen), NO (nitric oxide), NOS (nitric oxide synthase), 

and SCr (serum creatinine), along with decline in GSH, SOD, and GST (glutathione-

Stransferase) in DOX administered rats when matched to the control group. Our 

findings are closely related with Nematbakhsh et al., (2013). 

 Hematopoietic system is one of the most sensitive systems to evaluate the 

hazardous effects of poisons and drugs in humans and animals.  In this experiment, an 

increased level of RBC’s and WBC
’
s, albumin and proteins were observed. 

Abnormally high values of RBC
’
s and WBC

’
s were counted in CCl4/PCM/GTM and 
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DOX treated tested samples. It indicated glomerular damages, kidney stones and 

toxicity, also severe renal necrosis and fibrosis (Pels et al., 1989). A significant 

increase was observed in urinary RBC’s and WBC
’
s counts by GTM, PCM, CCl4 and 

DOX intoxication. BPM and GAM protect the cells by reducing these values. A 

known complication called proteinuria is of reduced renal mass due to either 

congenital or acquired processes (Kasiske et al., 1995). CCl4 induced a greater 

increase in protein contents while our plant extract showed curative effects. Our 

findings were in strong accordance with the work of Bolanle et al (2014) who also 

described severe renal damages after prolonged exposure to CCl4. These results 

indicate that extracts could contain active biological principles which reversed the 

hematotoxic effect of paracetamol and increases hematopoiesis (Shaik et al., 2012). 

5.6.3. Cardiac marker enzymes 

 The cardiac damage can be detected by measuring levels of cardiac marker 

enzymes for instance serum lipid profile, LDH, Creatine kinase (CK) and creatinine 

kinase-MB fraction (CK-MB) in the serum. Treatment of CCl4, PCM, GTM and DOX 

to rats had resulted in alteration of cardiac serum markers; the level of CK and CK-

MB was increased (p<0.05) in contrast to control group. Toxicity of toxicants was 

ameliorated with the treatment of different doses of B. procumbens and G. aparine 

methanol extracts. The level of CK and CK-MB was returned towards the normal 

level and this effect was more pronounced in case of higher dose. However, 

administration of B. procumbens and G. aparine methanol extracts alone did not 

change the CK and CK-MB activity in serum as against the control group.  

 The early stage of myocardial ischemia is indicated by serum creatinine kinase 

activity. Release of these biomarkers in serum indicates myocardial injury and their 

presence in heart tissue homogenate implies myocardial integrity. A non-specific 

change in the plasma membrane integrity is reflected by the liberation of cellular 

enzymes. There was an increase in activities in serum in CCl4, PCM, GTM and DOX 

induced myocardial damage in our study. Our results are consistent with those of 

Dhibi et al., 2014; Abd El-Gawad and El-Sawalhi (2004), Abd-Allah et al. (2002), 

and Venkatesan (1998). Oral co-treatment with B. procumbens and G. aparine 

refurbish these enzymes activities in the serum close to normal. The cellular levels of 

these enzymes in blood are directly linked to the intactness of cardiac cell plasma 

membrane. Thus, the inhibition of doxorubicin induced increase and dose dependent 

decrease in serum level of CK-MB and LDH by B. procumbens and G. aparine could 
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be due to their action on retaining cardiac membrane integrity and limiting the 

leakage of these enzymes (Chen et al., 2008). 

 CK-MB and creatine phosphokinase activities were elevated in serum by DOX 

is reported by Alkreathy et al., (2010). Another biomarker for evaluating myocardinal 

damage is cardiac troponin (Bleuel et al., 1995). CK and CK-MB all are elevated in 

our investigation by CCl4, PCM, GTM and DOX were also reported in previous 

reports (Elberry et al., 2010). BPM and GAM particularly repaired CCl4, PCM, GTM 

and DOX induced elevations in CK, CK-MB levels in serum. 

5.6.4. Lipid Profile 

 An elevated level of serum cholesterol has been ascribed to the damaged 

structural consistency of liver, which is discharged into circulation after cellular 

damages and injuries (Althnaian et al., 2013). In the current study serum cholesterol 

levels have increased because of oxidative stress. Administration of methanol extract 

of BPM and GAM reversed the changes to almost normal. Ahsan et al. (2009) also 

reported the similar results for cholesterol. 

Lipid profile changes i.e. total cholesterol, triglycerides, low density 

lipoproteins (LDL) and high density lipoproteins (HDL). After CCl4/PM/GTM/DOX 

administration, elevation in lipid levels was observed in serum of rats. In this study, B. 

procumbens and G. aparine showed considerable (p<0.05) protective effects against 

damages induced by different toxicants. The protecting properties in respect of above 

all parameters against CCl4/PM/GTM/DOX induced pathogenesis were more eminent 

in 400 mg/kg extract treated group.  

Torres-Duran et al. (1999) reported that Cl4 caused marked increase in LDL 

and triglycerides. Hepatotoxic compounds like CCl4 interfere with hepatic 

phospholipids production and cause an increase of lipid profile components 

(Subhapradha et al., 2014). Treatment of rats with methanol extract of BPM and 

GAM showed a considerable decrease in the CCl4, PCM, GTM and DOX induced 

enhanced levels of serum LDL and triglycerides. These observations are in agreement 

with the studies on Grewia tenax fruit (Al-Said et al., 2011). The lipid-lowering 

potential of BPM and GAM may be attributed to its steroid derivatives (triterpenes 

and saponins) which were confirmed in the in vitro phytochemical screening of the 

BPM and GAM. Treatment of rats with methanol extract of BPM and GAM showed a 

considerable reduction in the CCl4, PCM, GTM and DOX induced enhanced levels of 
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serum HDL. Our observations are in agreement with the studies on Grewia tenax fruit 

(Al-Said et al., 2011) and Ocimum basilicum (Saber et al., 2012). 

 LDH, triglycerides, HDL, LDL, total cholesterol and albumin are some other 

parameters which had been checked out in this experiment. Lipid abnormalities are 

often linked with renal function deterioration (Vazquez-Perez et al., 2001). Together 

with this there exists an independent risk factor for renal injury known as 

hypercholesterolemia (Moorhead et al., 1982). In the current investigation an increase 

in all the parameters of lipid abnormalities occurred by CCl4 administration except 

HDL and albumin which decrease considerably by CCl4, PCM, GTM and DOX 

toxicity as compared to rats of control group. It can be proposed that high cholesterol 

level in serum is associated with low HDL and high LDL. BPM and GAM blunted the 

elevated levels of these parameters when given along with CCl4, PCM, GTM and 

DOX. The probable cause for hypercholesterolemia is a rise in oxidative stress, 

enhanced formation of oxidized low density lipoprotein (Ox-LDL), and renal 

inflammation (Chatauret et al., 2014). Serum albumin is the predominant serum 

protein, which reflects the synthetic function of the liver.  

5.6.5. Antioxidant enzymes and oxidative stress 

SOD, CAT and POD are the enzymes that defend the cellular bodies against 

ROS induced damages (Sreelatha et al., 2009). SOD (Superoxide dismutase) is a most 

subtle enzymatic index in hepatocellular damages. It forages the superoxide anion to 

form (H2O2) hydrogen peroxide and thus retrieving the lethal effects caused by radical 

(Curtis and Mortiz, 1972). Catalases (CAT) are broadly distributed in all animal 

tissues, which decompose (H2O2) hydrogen peroxide to oxygen and water and guard 

the tissues from highly reactive (OH
.
) hydroxyl radicals (Curtis and Mortiz, 1972). 

Peroxidases (POD) catalyze the reduction of (H2O2) hydrogen peroxide, organic 

hydroperoxide and peroxynitrite.  

In current investigations, PCM, GTM, CCl4 and DOX treatment inhibits the 

antiradical potential of enzymes; SOD, CAT and POD. These observations are in 

consistent with the findings reported by Khan et al., 2011a.  Szymonik-Lesiuk et al. 

(2003) have revealed that CCl4 toxicity can bring shift in genetic expression and 

reduction of SOD and CAT levels in liver. The CAT, POD and SOD activity was 

brought to increase by the treatment of methanol extract of BPM and GAM to 

toxicants treated rats. Treatment of various doses possibly inhibited the conversion of 

CCl4 into its reactive species decreased the oxidative stress and provided protection to 
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the antioxidant enzymes of liver as depicted by the improved level of SOD, CAT and 

POD and in the following experiment. Results of our study were in accordance with 

other studies on Digeria muricata (Khan et al., 2009).  

 In the current experiments, the CAT, SOD, POD levels of liver, kidney, heart, 

lungs and testes significantly decreased in the CCl4, PCM, GTM and DOX when 

compared to control. Karahan et al. (2005) observed decline in CAT activity in 

gentamicin treated group when compared to the control. BPM and GAM at a 

treatment of 400 mg/kg treated groups showed substantial improvement in CAT as 

compared to the control or treated groups. Similar findings were observed in 

silymarin treated group as well. Many previous findings come from other studies of 

(Khan et al., 2011a) who also reported that the administration of BPM and GAM 

produced a significant elevation in the CAT activity in lymphoma bearing mouse 

livers. 

 GSH, GSR, GST and GSH-Px activity considerably decreased during CCl4, 

PCM, GTM and DOX treatment in comparison to control group. All these phase II 

antioxidants enzymes significantly elevated by 400 mg/kg dose of BPM and GAM. 

GPx is one of the seleno enzyme found in liver, two third part of it is present in the 

cytosol and one third in the mitochondria.  GSH is one of the important protein thiol 

which constitutes the first line of body defense system against oxidative damage 

(peroxide scavenger); this could eliminate superoxide anion and hydrogen peroxide. 

In all such reactions, GSH is oxidized to GSSG, which is then cyclically reduced to 

GSH by the NADPH dependent glutathione reductase enzyme. The inhibition of the 

production of ROS (reactive oxygen species) or antioxidant activity is a key role in 

the protection against CCl4, PCM, GTM and DOX induced liver injuries (Sreelatha et 

al., 2009). Literature reveals that GSH has a critical role in detoxification of the toxic 

metabolic constituents induced through CCl4 treatments. GSH stores depletion results 

in liver necrosis (Venkumar and Latha, 2002; El-Morsy and Kamel, 2015). 

In order to prevent oxidative damage, antioxidants play a vital part in 

shielding against paracetamol induced injury (Mohamad et al., 2015). GSH is an 

antiradical which is vital in defending against hepatic damage which plays a main part 

in detoxification of NAPQI (cytotoxic acetaminophen metabolite). Moreover, it 

scavenges reactive oxygen species (Chen et al., 2015). 

 TBARS are an indirect proof of increase in production of free radicals and 

considered to be the index of endogenous lipid peroxidation. In our study, CCl4, 
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PCM, GTM and DOX treatment caused elevation in kidney and liver TBARS levels 

which were improved significantly by the extracts co-administration. The part of lipid 

peroxidation in gentamicin-induced acute renal failure has also been showed in earlier 

experiment (Cuzzocrea et al., 2002).  

 Lipid peroxidation can also stimulate damages to far apart molecules like 

DNA that may produce more liver impediments and cause impairment in its 

functioning. The co-treatment with CCl4, PCM, GTM and DOX and methanol extract 

of BPM and GAM (200 and 400 mg/kg) decline the lipid peroxides level in liver 

samples of rats implies the protective capability of this plant by scavenging of 

oxidative stress (Khan and Ahmad, 2009; Gabriel et al., 2015). The enhanced 

formation of free radicals in nephrotoxic state produced by administration of 

gentamicin may be reason of inactivation of antiradical enzymes such as SOD and 

GPx (Karadeniz et al., 2008) 

5.6.6. Serum level of hormones 

 Liver cirrhosis is associated with thyroid, adrenal and gonadal axis 

dysfunction. In the present study, CCl4, PCM, GTM and DOX were administered for a 

longer period of time for establishment of the liver cirrhosis in rat. Reproductive 

hormones are secreted under the control of hypothalamus-pituitary-gonadal axis. 

Hypothalamus secretes gonadotropin releasing hormone (GnRH) which in turn 

increases the secretion of follicle stimulating hormone and leutinizing hormone. In the 

sertoli cells FSH binds with its receptors and activates formation of sperms; however 

LH stimulates Leydig cells for spermatogenesis (Hogarth and Griswold, 2010).  

Reproductive hormones are considered as potential biomarkers of testicular 

function. CCl4/PCM/GTM/DOX affected the pituitary and various endocrine glands. 

Treatment of toxicants in rats significantly (p<0.05) decreased the testosterone, LH 

and FSH levels while significantly augmented the level of prolactin and esteradiol. 

The testosterone, LH, FSH, prolactin and estradiol levels were returned back towards 

control by oral administration of two doses of B. procumbens and G. aparine (200 and 

400 mg/kg). Similarly silymarin treatment erased CCl4/PCM/GTM/DOX intoxication 

and increased the level of LH, testosterone and FSH whereas decreased the prolactin 

and estradiol level in serum of rat. However, serum level of these hormones was 

found near to control group by administrating B. procumbens and G. aparine alone. 

The overall progression of different doses of B. procumbens and G. aparine against 

testicular hormonal level was more ameliorating at higher dose of 400 mg/kg bw. 
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 Testosterone secretion is might be reduced due to the degeneration of Sertoli 

cells as well as Leydig cells as a result of severe oxidative stress (Santos et al., 2004). 

Reduction in serum testosterone occurred due to direct influence of chemicals on 

leydig cells or indirectly by reducing LH levels, thus affecting steroidogenesis. 

Elevated plasma in cortisol also associated with this reduction. The second probability 

is related with preceding studies proposing that decline in testosterone level occurred 

because of rise in cortisol levels (Glenn, 2011). Toxic effects caused by potassium 

bromate and carbon tetrachloride result in the imbalance of hypothalamus-pituitary 

axis, which caused testicular dysfunction and hormonal impairment, causes 

impotency and infertility in male rats. 

In the present study, a significant decline in serum testosterone, LH and FSH 

was recorded. In addition disturbance in the diameter of seminiferous tubules was also 

recorded in Dox-treated rats. Elevation in testosterone levels in testis is indispensable 

for the usual spermatogenesis along with for the conservation of the structural 

morphology and the normal physiology of seminiferous tubule (Manfo et al., 2014). 

To ascertain the probable tool of the reduced testosterone production on Dox 

administration, the activities and the mRNA expressions of 3b-HSD and 17b-HSD, 

the main enzymes for testicular androgenesis (Jana et al., 2006) as well as StAR, the 

rate-limiting step in steroidogenesis (Stocco, 2001) were studied. In the current study, 

a marked decrease in the activities and mRNA expressions of 3b-HSD and 17b-HSD 

along with decrease in mRNA expression of StAR after DOX exposure were detected. 

However, BPM treatment significantly reversed all the aforementioned changes 

induced by DOX. Such findings were also reported that BPM/GAM antagonizes the 

decline in testosterone level and inhibition of 17-ketosteroid reductase associated with 

aluminum chloride toxicity in male rats (Yousef and Salama, 2009). 

Data of the present study shows that administration of CCl4/PCM/GTM/DOX 

increases the estradiol and prolactin in all treated groups, either through direct 

mechanism of toxicity, imbalance, hypothalamic dysfunction, and as well as 

prolactinemia, are being associated, with hypogonadism. In our study the 

hypothalamic dysfunction may be partly responsible for hypogonadism. Treatment of 

rats with BPM and GAM ameliorated the toxic effects of all drugs on reproductive 

hormones.  
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  The results obtained from hormonal studies revealed that BPM and GAM 

markedly modulates the hormonal changes, in addition to enzymatic changes, which 

might be the presence of bioactive constituent in plant extracts. 

5.6.7. Oxidative stress and DNA damages 

 A genotoxic potential of CCl4, PCM, GTM and DOX has also been observed. 

Paracetamol causes DNA binding and DNA strand breaks in hepatocytes (Kadhim, 

2014) and chromosome aberrations in bone marrow cells (Severin and Beleuta, 1995) 

in rats. A reactive •CCl3 radical which combines are fatty acids, proteins, nucleic acids 

and converted trichloromethyl peroxy radical (CCl3OO•) in the presence of oxygen 

induces lipid peroxidation (Marnett, 2000). Manoaldehyde (MDA) the major product 

of lipid peroxidation react with DNA to form a mutagenic pirimedopurinone adduct 

(M1G) of deoxyguanosine (Marnett 2000; Siddique et al., 2012). According to 

Yoshioka  (2015), it is very important to identify risk factors for genomic instability 

which is responsible for the occurrence of genetic alterations for carcinogenesis. 8-

Hydroxydeoxyguanosine (oh8dG) is a promutagenic DNA lesion produced from 

deoxyguanosine by oxygen radicals. Formation of oh8dG in DNA induces targeted 

G:C-to-T:A transversions unless repaired prior to DNA replication not only in vitro 

(Shibutani et al., 1991) but also in vivo (Wood et al., 1990; Cheng et al., 1992; Moriya 

et al., 1999). Transversions of G: C-to-T: A frequently occurs in the p53 gene with the 

development of hepatocellular carcinoma (Olivier et al., 2010). 

The data revealed that the treatment of CCl4, PCM, GTM and DOX causes 

significant oxidative DNA damage in various tissues of rats which are visualized on 

agarose gel by staining with ethidium bromide. Treatment with various doses of BPM 

and GAM extracts, an antioxidant reference chemical significantly reduce these 

damages. Similar investigation was reported by Khan et al., (2009) during study of 

shielding effects of Digera muricata against carbon tetrachloride induced 

nephrotoxicity in rats. Farombi et al., 2001 and Khan and Sultana (2005) reported the 

induction of KBrO3 cause oxidative DNA damages in rats which support our 

investigations. These results show that the extract of both plants contain bioactive 

compounds which play important role in DNA repair. 

5.6.8. Histopathological changes and chemical toxicity 

Histopathological variations play key role in justification of biochemical 

investigation of present study. Microscopic observations of the all organs displayed 

noticeable histopathological variations among the treatments. Histopathological 
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investigation shown myocardial atrophy, nuclear pyknosis, and cytoplasmic vacuoles 

in the CCl4, PCM, GTM and DOX treated hearts. Comparable interpretations have 

also been prepared in former reports on acute cardiomyopathy produced by DOX 

(Pramanik et al., 2015). Histopathological studies exhibited minor injury in the CCl4, 

PCM, GTM and DOX plus BPM and GAM administered group.  

A number of studies in which the specific chemicals have been used such as 

adriamycin (Rajaprabhu et al., 2007), doxorubicin (Shah et al., 2008) and 

isoproterenol (Raju et al., 2008). Toxic effect of CCl4, PCM, GTM and DOX was 

observed as conspicuous fatty change blocking in the blood vessel clearing of 

cytoplasm with foamy exterior and nuclear deterioration in some zone was detected 

which was considerably improved by the BPM and GAM. This study revealed that 

extract tested; of B. procumbens and G. aparine was found to possess significant 

protective effect against cardio toxicity induced by CCl4, PCM, GTM and DOX which 

may be attributed to the individuals or combined action of phytoconstituents present 

in it.  

Histopathological studies of the liver reveals that administration of CCl4, 

PCM, GTM and DOX cause marked increase in fatty changes, cellular hypertrophy, 

and necrotic foci, inflammatory cells infiltrations, degeneration of the lobular shape 

and the formation of septa, dilation of central vein and congestion of blood vessels. 

Post-administration of various doses of B. procumbens and G. aparine attenuated the 

hepatic injuries with very less or no fatty changes; reversed the dilation of blood 

vessel and morphology of hepatocytes near to control group. These results 

recommended an excellent association with hepatic antioxidant enzyme activities, 

serum aminotransferase activities and hepatic lipid peroxidation. Similar observations 

were documented by the investigation of Farombi et al. (2002b) and Sreelatha et al. 

(2012). These biochemical and immune histochemical results also supported the 

histopathological results from the livers, which discovered hepatocellular 

degeneration and inflammatory cell infiltration in the portal area. Overdoses of 

paracetamol can cause ROS production that changes the membrane proteins and 

macromolecules of liver cells, result in severe centrilobular hepatic necrosis (Bessems 

and Vermeulen, 2001; Chun et al, 2009). 

The structural changes in the heart tissues demonstrated microscopically in 

CCl4, PCM, GTM and DOX for intoxicated rats were similar to those of the literature 

for DOX (Oliveira et al., 2004). Post co-treatment with BPM and GAM showed 
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considerable restoration in the structural modifications. This shows that BPM and 

GAM administration forage the reactive oxygen species thus avert the cellular injury 

in the membrane. Previous research has shown that antiradicals in DOX produced 

myocardial damage have a beneficial effect (Swamy et al., 2012). 

Pulmonary toxicity induced by CCl4, PCM, GTM and DOX treatment, the 

lung tissues are broadly dented having damaged alveolar septa and congested blood 

capillaries with many insertions in their lumen. The fibroblasts were also amplified in 

number which is liable for the accretion of collagen fibers at the intersection of 

several alveolar walls which become hard and cracked. Alveolar macrophages were 

located at different places in alveolar septa, but they were also rigorously or 

reasonably damaged. Comparable findings were stated in lungs tissues by treatment 

with CCl4 in rats (Zakaria et al., 2004; Zhang et al., 2007; Toklu et al., 2008). Post-

administration of different fractions of B. procumbens and G. aparine markedly 

recovered the histopathology near to control group.  

Lipid peroxidation produces damage in histopathology of kidney when treated 

with CCl4, PCM, GTM and DOX. Characteristic external changes such as interstitial 

fibrosis, interstitial mononuclear cell infiltration and glomerular and tubular 

degeneration were observed when treated with CCl4, PCM, GTM and DOX (Ozturk et 

al., 2003; Otunctemur et al., 2015). Related histopathological modifications were 

documented in other reports of CCl4 treatment (Jayakumar et al., 2008). Adewole et 

al. (2007) reported that histopathological abnormality of renal cells which changes the 

tubular absorption, as nephrons are overload, caused subsequent renal dysfunction. 

Treatment with various doses of B. procumbens and G. aparine mended these 

variations up to standard level. Comparable findings were also witnessed by co-

treatment of kolaviron a natural antioxidant (Farombi et al., 2002a), caffeic acid 

phenyl ester (Ogeturk et al., 2005), Ficus racemosa (Khan and Sultana, 2005) and 

Digera muricata (Khan et al., 2009) against CCl4. 

Structure of testicular cells play important role in normal spermatogenesis. 

However exposure of various toxic chemicals could results in degeneration of 

spermatogonial cells, where sperm formation take place (Richburg and Boekelheide, 

1996). Data of the present study revealed that administration of PCM, GTM, DOX 

and CCl4 affects the testicular histology (Kalla and Bansal, 1975; Horn et al., 2006; 

Khan and Ahmed, 2009). Administration of CCl4, PCM, GTM and DOX caused 

degeneration of seminiferous tubules, loss of germ cells, vacuolization of germinative 
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epithelium, interruption in meiosis, or presence of sertoli cells, which were restored 

by post-administration with various doses of B. procumbens and G. aparine. 

 From the present results it was inferred that histoprotective effects of BPM 

and GAM are due the presence of bioactive compounds in the extract of both plants, 

which might be responsible in modulating the effects of PCM, GTM, DOX and CCl4 

induced toxicity as depicted in previous investigation (Lin et al., 2009) and parallel to 

normal rat histology. 

In this study it was found that DOX treatment induced marked acute 

cardiotoxicity. DOX induced cardiotoxiciy was manifested by increase plasma CK 

and LDH activities and confirmed by hispathological changes in heart including early 

necrotic fibres and vascular congestion. Our results were in agreement with the 

previous reports (Nagi and Mansour, 2000; Liu et al., 2002; Yagmurca et al., 2003; 

Nagla et al., 2008). 

5.7. Antidiabetic activity 

 Diabetes is a major health issue influencing major population worldwide. In 

order to determine whether the antioxidant fraction have any role in diabetic mellitus 

control, were evaluated by anti-hyperglcemic, hypoglycemic and chronic alloxan 

induced diabetic model in rat. Anti-hyperglycemic and hypoglycemic activity were 

determined by blood glucose measuring at different intervals, while in chronic 

antidiabetic activity besides glucose measuring various biochemical parameters and 

different  tissue protection analysis against aloxan induced toxicity was performed. 

5.7.1. Anti-hyperglycemic and hypoglycemic activity 

 Epidemiological observations and clinical trials positively uphold the idea that 

hyperglycemia is the central cause for complications. Adequate blood glucose control 

is the main point for averting or switching diabetic complexities and enhancing 

personal satisfaction in diabetic patients. Consequently continued decrease in 

hyperglycemia will diminish the danger of advancing microvascular difficulties and 

doubtlessly decrease the danger of macrovascular deforms (Latha et al., 2004). Based 

on this articulation, we have chosen the glucose-prompted hyperglycemic model to 

check the anti-hyperglycaemic property of methanol extract of B. procumbens and G. 

aparine. Any medicine that is successful in diabetes to control the ascent in glucose 

level by diverse mechanisms and the capacity of the fraction to avoid hyperglycemia 

could be investigated by glucose- loaded hyperglycemias model.  
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 In the glucose loaded hyperglycemias model, BPM and GAM examined for 

anti-hyperglycemic activity displayed significant anti-hyperglycemic action. The 

unnecessary quantity of glucose in the blood impels secretion of insulin. The insulin 

secretion will excite utilization of marginal glucose and controls the processing of 

glucose through numerous pathways (Andrew, 2000). Nevertheless; from the 

experiment (glucose control) it was vibrant that the insulin that secreted needs two to 

three hours to transmit the glucose level to normal. On account of utilizing BPM and 

GAM and glibenclamide treated animals, the glucose levels have not surpassed more 

than the negative control group, giving an implication with respect to the strong 

activity of the fractions and standard drug glibenclamide in glucose usage. The impact 

of glibenclamide, the standard drug utilized as a part of this study, on glucose 

tolerance has been credited to upgrad activity of beta cells of the pancreas bringing 

about the release of bigger amount of insulin. So the system behind this anti-

hyperglycemic activity of BPM and GAM includes an insulin-like impact, likely, 

through high glucose utilization or upgrading the sensitivity of beta cells to glucose, 

bringing about the elevated insulin release (Latha et al., 2004). In these settings, 

various plants have likewise been accounted for to have hypoglycemic effects 

(Zanatta et al., 2007).   

5.7.2. Chronic alloxan induced diabetic study  

 Alloxan prompts diabetes by destroying the insulin secreting cells of the 

pancreas accelerating hypoinsulinemia and hyperglycemia (Szuldelski, 2001). 

Alloxan prompts hyperglycemia by specific cytotoxic impact on pancreatic beta cells. 

One of the intracellular phenomena for its cytotoxicity is through the production of 

free radicals exhibited both in vivo and in vitro (Yadav et al., 2002). Our examinations 

demonstrate the proficiency of the BPM and GAM in the support of blood glucose 

levels in alloxan-instigated diabetic rats may be potentially by the aforementioned 

routes.  

 In uncontrolled or inadequately regulated diabetes, there is an elevated 

glycosylation of various proteins including haemoglobin. Glycosylated haemoglobin 

level is elevated in patients with diabetes mellitus to roughly 16% and the measure of 

increment was discovered directly correlated to the fasting blood glucose level. In 

diabetes, the overabundance glucose presence in the blood reacts with haemoglobin. 

Consequently, the total haemoglobin level is diminished in alloxan diabetic rats (Pari 

and Sateesh, 2004).  Administration of BPM and GAM fractions for 15 days inhibited 
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glycosylated haemoglobin and expanding the level of total haemoglobin in diabetic 

rats. This could be because of the after effect of enhanced glycemic control processed 

by BPM and GAM constituents.  

 The profile of serum lipids is often increased in diabetes mellitus and such an 

increase in lipids prompt coronary illness. This elevated serum lipids levels are 

fundamental because of the uninhibited activities of lipolytic hormones on the fat 

stores primarily because of the low activity of insulin. Under typical conditions, 

insulin endorses the catalyst lipoprotein lipase, which hydrolyzes triglycerides. 

Further, in diabetic state lipoprotein lipase is not initiated because of insulin 

inadequacy bringing about hyper triglyceridaemia (Pushparaj et al., 2007). 

Additionally, insulin lack is connected with hypercholesterolaemia. Lack of insulin 

may be accounted for dyslipidaemia, since insulin has an inhibitory activity on HMG-

CoA reductase, a key rate-constraining catalyst responsible for the metabolism of 

cholesterol-rich LDL particles. The systems accountable for the elevated 

hypertriglyceridemia and hypercholesterolemia in uncontrolled diabetes in people are 

because of various metabolic aberrances happen sequentially (Murali et al., 2002). In 

our study, diabetic rats indicated hypercholesterolaemia and hypertriglyceridaemia 

and when treated with plant fractions, they markedly diminished both cholesterol and 

triglyceride levels. This intimates that BPM and GAM fractions can counteract or be 

accommodating in decreasing the problems of lipid profile seen in a few diabetic 

patients in whom hypoglycemia and hypercholesterolaemia exist together very often. 

These observations additionally back the theory that the action of plant fractions may 

be directly involved to changes in insulin levels upon treatment (Sharma et al., 2007) 

5.7.3. Alloxan impelled harmfulness on Pancreas  

 Alloxan impelled trial diabetes is a significant display for type 1 diabetes. It 

has been accounted for that diabetic problem showed in alloxan-affected animals is 

free radical intervened (Szkudelski, 2001).  

 Diminished pancreatic antioxidant enzyme's action in diabetic animals was 

because of the explanation that pancreas being low in antioxidant enzymes in essence, 

are helpless to ROS assault. Since, antioxidant enzymes are low, alloxan intervened 

ROS resulted due to diminish antioxidant enzymes action. Administration of BPM 

and GAM restored antioxidant enzymes to standard level in pancreas.  

 The hypoglycemic impact of BPM and GAM fractions may be because of the 

presence of insulin like substances in fractions (Collier et al., 1987) stimulating beta 
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cells to generate more insulin (Chang and Jhonson, 1980) abnormal amount of fibers 

which meddles with carbohydrate absorption (Nelson et al., 1991) or the regenerative 

impact of fractions on pancreatic tissue (Shanmugasundaram et al., 1990; Abdel et al., 

1997; Chakravarthy et al., 1980). H and E staining has been utilized to illuminate the 

impact of BPM and GAM on the pancreas. Histopathological investigation of diabetic 

rats indicated almost destruction of islets of Langerhans, which was because of the 

adequate dose of alloxan used in the study. Significant difference was observed in the 

islet of Langerhans of the diabetic untreated group and diabetic treated groups, which 

gives a possibility of regenerative action of BPM and GAM on the islet of 

Langerhans. 

5.8. Anti-asthmatic activity 

 Zimmet and Tashkin, (2000) reported various drugs used by ethnobotanists for 

the cure of respiratory asthma and allergic conditions. Many investigational studies 

carried out on different herbal products, which provide evidence in cure of asthma 

have so far to go through medical trials. However, there is need to develop new 

candidate drugs to treat asthma. 

 Exposure of rats to TDI increased the inflammatory of the airway passages; 

such as irritability, sneezing and troublesome breathing. These conditions are very 

similar asthma patients. Activated eosinophils release mediators such as cysteinyl 

leukotriene C4 have a role in the smooth muscle contraction of airways thereby 

exacerbate the breathing process. Dexamethasone, a glucocorticoid is an effective 

remedy to manage asthma. Symptoms induced with TDI were eliminated with 

dexamethasone in the experimental rats. However, there are reports that the use of 

dexamethasone in severe conditions had no effect or possesses side effects (Mjaanes 

et al., 2006). Herbal medicines have been used for centuries and their diverse 

physiological effects have been endorsed (Lee et al., 2011; Sahreen et al., 2014; 

Bokhari et al., 2015). The asthmatic symptoms were ameliorated by the 

administration of BPM to TDI induced asthmatic rats. The rats treated at the highest 

dose of BPM were normal whereas mild asthmatic symptoms were recorded with low 

dose of BPM. Similar anti-asthmatic potential of CAM has been reported in various 

studies (Lee et al., 2011).  

 Activated eosinophils have the ability to infiltrate in various tissues. In asthma 

patients there is an increased count of eosinophils in the respiratory system; 

contributing towards the inflammatory condition and dysfunction of lungs. Recruited 
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eosinophils may synthesize many factors including basic proteins and neurotoxins 

from their granules. These factors enhance the responsiveness and induce damages to 

the lining of lungs. Further, infiltration of eosinophils is enhanced by the increased 

vascular permeability causing more severe damages. In this study the count of 

eosinophils and leukocytes was elevated with TDI exposure in the lining of lung 

tissues of rat. The treatment of dexamethasone to rats diminished the inflammatory 

response; the movement of eosinophils and leucocytes in the lining in lung tissues 

was restored to the normal level. Herbal medicines having anti-inflammatory 

potential reduced the recruitment of eosinophils in lungs. Statistically similar anti-

inflammatory response of BPM at the highest dose to that of dexamethasone was 

recorded; showing evident potential to treat asthma. These results correlates the anti-

inflammatory potential of BPM for carrageenan induced paw edema in rat (Bokhari et 

al., 2015). These results indicate the remedial potential of BPM against asthma by 

preventing the recruitment of eosinophils and release of injury causing asthma 

mediators.              

 In TDI sensitized rats the count of neutrophils was elevated in the lining of 

airways. It is suspected that the high level of neutrophil infiltration in airway passages 

elevated the severity and disease process. Neutrophils have a substantial role to 

mediate the allergic responses and in the production of antibodies (Puga et al., 2011). 

Activated type 2 T-helper (Th2) cells release several cytokines; interleukine (IL)-2, 

IL-4, IL-6 and IL-13. Among these cytokines; IL-2 play a pivotal role in the 

proliferation and maturation of T cells. Switching of B cells to secrete 

immunoglobulin E (IgE), infiltration of eosinophils and the mucus secretion in airway 

passages is regulated by IL-4. Provokation of rats with TDI elevated the IL-4 in BAL 

and in in vitro spleen cell culture. Increased infiltration of neutrophils in lungs has 

been documented in asthma patients (Quint and Wedzicha, 2007). The use of BPM in 

TDI sensitized rats has prevented the infiltration of neutrophils and suppresses the 

release of cytokines in BAL and in in vitro spleen cell culture. These results indicated 

that use of B. procumbens may be beneficial in asthmatic conditions.  

 The cytokine interferon gamma (IFN-γ) might also play an important role in 

asthma. In this study the level of IFN-γ was enhanced in TDI treated rats in the serum, 

BAL as well as in splenocyte culture but not so to reach the significance level. It has 

been demonstrated that the level of IFN-γ correlated with clinical symptoms such as 

responsiveness and obstruction of airways in atopic asthmatic patients (ten Hacken et 
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al., 1998). Increase level of IFN-γ producing CD4
+
 T cells was demonstrated in the 

peribronchial lymph nodes. Therefore, it was suspected that IFN-γ might contribute 

towards the steroid resistance in asthma patients (Kumar et al., 2006). Low level of 

IFN-γ in BPM treated rats in serum, BAL and in in vitro culture of splenocytes 

suggested its beneficial role in the management of asthmatic conditions.             

 It has been reported that inflammation plays a significant role in the onset of 

oxidative stress, leading to severe pathogenesis of the inflamed tissue. In this 

experiment activities of antioxidant enzymes were suppressed whereas concentration 

of lipid peroxides and H2O2 was elevated in lungs of TDI sensitized rats. Catalase and 

SOD have a role to detoxify H2O2 and superoxide anion, respectively. Enhanced 

generation of lipid peroxides in the cells, damage the biomembranes and 

simultaneously generate more active free radicals. Glutathione peroxidase (Gpx) plays 

an important role to protect the cell by scavenging of H2O2. Alternatively, increased 

concentration of H2O2 in a cell may have the ability to react with superoxide anion to 

produce more lethal hydroxyl radicals. Reduced glutathione (GSH) and a variety of 

antioxidant enzymes of phase II play a pivotal role in scavenging of free radicals and 

xenobiotics (Sahreen et al., 2014). Decreased concentration of GSH and antioxidant 

enzymes with TDI were restored by the co-administration of BPM in lung tissues of 

rats indicating protective potential against oxidative stress ailments. 

5. 9. Isolation of natural products from B. procumbens and G. aparine 

 Natural products drug discovery begins with identification of a potential 

therapeutic source, such as a plant or herb that is used in a traditional herbal remedy 

and preparation of extracts for screening. Methodologies such as bioassay-guided 

fractionation are used to isolate compounds of interest from complex mixtures (Sarker 

et al., 2006). Bio-assay guided fractionation involves a mixture of separation and 

analytical techniques where fractionated material is periodically tested for activity in a 

bioassay and for purity by analytical methods. Initially a crude extract is produced 

with confirmed bioactivity such as anticancer properties. This extract is then 

fractionated by solvent-solvent extraction or chromatographic methods before testing 

isolated fractions in the same bioassay. Extracts can be analyzed using a simple TLC 

technique and applied directly to a bioassay after removal of the extraction solvent. 

This is a common first step in bioassay-guided fractionation of plant material and 

many novel chemotherapeutic agents have been discovered using this method. Active 

fractions can then be purified by purification techniques and pure active compounds 
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can be characterized structurally using different analytical techniques (Kinghorn et al., 

2005). 

 Isolation of natural products from plants has played an important role in the 

discovery of novel chemotherapeutic agents. The group of drugs called “vinca 

alkaloids” is derived from Catharanthus roseus, also known as the Madagascar 

periwinkle. They include drugs such as vinblastine, a microtubule inhibitor that 

suppresses microtubule dynamics and induces cell cycle arrest and apoptosis in tumor 

cells (Jordan and Wilson, 2004). Vinca alkaloids have been used to treat a wide 

variety of cancer types, notably, for Hodgkinʼs lymphoma. Another microtubule 

inhibitor, paclitaxel, is widely used to treat patients with lung, ovarian and breast 

cancer. The original taxol compound was isolated from the Pacific yew tree in 1967 

and since 1992 has been used clinically in chemotherapy systems (Wall and Wani, 

1995). 

 Recently the attention on biologically active compounds isolated from plant 

extracts has been increased (Liu, 2008). The plant extracts are continuously screened 

for antibacterial activity in order to find new antibacterial compound (Hema et al., 

2010). In this study different extract of B. procumbens and G. aparine shows higher 

activity against the test bacteria methicillin-resistant Staphylococcus aureus, MRSA. 

 The research for lead compounds from natural sources is increasing due to the 

multi-drug resistance acquired by various microbes. The emergence of MRSA is not 

limited to USA, Europe but it also become prevalent in Pakistan and India (Shabir et 

al., 2010). So the search for novel anti-MRSA chemicals is needed globally. In the 

present investigation we have evaluated the antimicrobial activity of B. procumbens 

whole plant methanol extract and its derived fractions against MRSA. The results 

obtained show that among the extract and all its derived fractions the ethyl acetate 

fraction inhibited the growth of MRSA, while the other fractions did not inhibit the 

growth of MRSA at 40 µg/well.  

 The isolated compounds from B. procumbens which showed excellent anti-

bacterial activity is characterized and identified as N-Alkyamides by using different 

spectroscopic techniques. Compounds isolated from B. procumbens belong to N-

Alkylamides (NAAs). NAAs are pharmaceutically significant alkaloids, are produced 

by fungi of diverse genera (e.g. Claviceps, Penicillium and Aspergillus) (Wallwey and 

Li, 2011). N-Alkylamides are vital lead bioactive components previously reported in 

literature as plant protectors, functional food, cosmeceuticals and medicine. NAAs 
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majorly found in more than 25 plant families possessing range of biomedical activities 

and have significance role in folklore medicine. 

 Secondary metabolites provide natural source to evaluate for various 

biological activities. In this connection alkamides; a relatively simple class of 

compounds exhibited structural variability and biological activities. Presence of 

alkamides in various ethnomedicinal plants might endorse the significance in folklore 

use. Boerhavia procumbens is traditionally used in various disorders such as anemia, 

bronchitis, piles, asthma, night blindness, jaundice and in inflammation (Akhtar and 

Begum, 2009). Plant is also reported to be effective in kidney failure, hematuria, as 

blood purifier and in septic conditions (Ahmad et al., 2012).  

 Based on the antibacterial activity against MRSA two compounds (BP1 and 

BP2) were isolated from the whole plant extract of B. procumbens and were 

characterized as N-trans-feruloyltyramine (BP1) and N-trans-feruloyl-4-O-

methyldopamine (BP2). These alkamides are the condensation products of cinnamic 

acid and phenethylamine. In this investigation C1 has retarded the growth of MRSA; 

a clinically problematic strain. Earlier BP1 has been isolated from various plant 

species with potential therapeutic effects. Park (2015) isolated N-trans-

feruloyltyramine from Allium sativum with robust P-Selectin expression suppressor 

and consequently inhibited the aggregation of platelets. Hypoglycemic and 

hypotensive activities from standardized root extract on the basis of N-trans-

feruloyltyramine existence of Smilax aristolochiifolia were determined (Amaro et al., 

2014). Antioxidant (Thangnipon et al., 2012) and anti-inflammatory (Iwakami et al., 

1986; Jiang et al., 2015) activities of N-trans-feruloyltyramine have also been 

investigated.      

 The compound BP2 belong to class of naturally occurring bacterial efflux 

pump inhibitor (Kunal, 2015). In this investigation BP2 exhibited relatively higher 

antibacterial activity to that of the BP1 compound isolated from the same fraction of 

BPE. The potency of both BP1 and BP2 against MRSA indicated the therapeutic 

importance of B. procumbens for its ethnomedicinal use as blood purifier and for 

septic conditions. Compound N-trans-feruloyl-4-O-methyldopamine (BP2) precisely, 

displayed an occasional 4-O-methylation of the dopamine part initially discovered 

from the roots of Chenopodium album (Horio et al., 1993). The physicochemical 

properties of BP2 were in good relation with those of the isolated amide. N-trans-

feruloyl-4-O-methyldopamine existed as foremost natural occurring amide possessing 

http://www.sciencedirect.com/science/article/pii/S0304394012002467
http://www.sciencedirect.com/science/article/pii/S0009279715001283
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4-O-methyldopamine moiety. N-trans-feruloyl-4-O-methyldopamine showed 

numerous of signals was alike to those of N-trans-feruloyl-3-O-methyldopamine 

isolated from Spinacia oleracea (Suzuki et al., 1981) and Lauraceae (Tanaka, 1989). 

All the data showed that BP2 comprises of feruloyl and 4-O-methyldopamine 

moieties. The configuration was also reinforced by the confirmation that a NOE 

interaction was seen between methoxyl protons in the phenethylamine unit. Therefore, 

BP2 was discovered to be known as N-trans-feruloyl-4-O-methyldopamine. 

Taking altogether the isolated compounds has the pharmaceutical worth showing 

various biological activities including antimicrobial potential. The results suggest the 

importance of B. procumbens for its use in various disorders.   

 1-(3', 4’-dihydroxycinnamoyl) cyclopentane-2, 3-diol and adenosine isolated 

from G. aparine from butanolic fraction. GA1 (1-(3', 4’-dihydroxycinnamoyl) 

cyclopentane-2, 3-diol) belongs to cinnamoylphenethylamines. Cinnamoyl-

phenethylamines are the end products from the condensation of cinnamic acid and 

phenethylamine derivatives and have significant role in several biological 

accomplishments such as the potentiation of antibiotics (Michal et al.,  2007), 

inhibition of prostaglandin biosynthesis (Tseng et al., 1992) and antioxidant effects 

(Son and Lewis, 2002; Rajan et al., 2001) among others. Cinnamoylphenethylamines 

if present in diet definitely will have positive influence on human health.  

 Adenosine (2R, 3R, 4S, 5R)-2-(6-Aminopurin-9-yl)-5-(hydroxymethyl) 

oxolane-3, 4-diol) is an endogenously existing nucleoside that donates in modulation 

of several biological functions. Adenosine may exert its pharmacologic effects by 

instigation of purine (cell surface A1 and A2 adenosine) receptors. Adenosine, in 

contrast to ATP, is termed as a chemotactic inhibitor of macrophage reaction and 

monocyte reaction, quashing proinflammatory cytokines by triggering P1 receptors in 

the host cells, thus inquisitive with the creation of an immune reaction. (Hask and 

Cronstein, 2004; Bours et al., 2006; Kumar and Sharma, 2009). In addition, this same 

adenosine can be employed by microorganisms to evade several severe or prolonged 

inflammatory disorders, declining the phagocytic activity of macrophages (Bhardwaj 

and Skelly, 2009; Thammavongsa et al., 2009).  

Conclusions 

 Phytochemical evaluation of B. procumbens and G. aparine and their fractions 

reveals the presence of bioactive/medicinally important constituents including 

flavonoids, cardiac glycosides, alkaloids, terpenoids, tannins and saponins. 
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 The extracts and their fractions possess potent antioxidant potential which was 

related to high contents of phenolics and flavonoids. Thus offering effective 

protection from free radicals and are a promising source of natural 

antioxidants of high significance.  

 The B. procumbens and G. aparine demonstrated a broad spectrum of activity 

against both gram-negative and gram-positive bacteria as well as fungal 

species.  These results signify their potential as a source of therapeutic agents 

and may provide leads in the continuing search for antimicrobial agents from 

plants. 

 The extracts of B. procumbens and G. aparine have shown profound cytotoxic 

activities. Hence they might be potential producers of cytotoxic secondary 

metabolites and can be utilized for the development of novel anticancer drug 

leads.  

 The chemical fingerprint profiles of the phenolic compounds of the plant may 

be helpful in the identification and quality assessment of the drugs based on 

plants. The phenolic acids identified in the present study may enable drug 

manufacturers to adjust the herbs proportion and get a standardized product 

with consistent biological activity. 

 The extracts of B. procumbens and G. aparine displayed remarkable anti-

inflammatory and anti-depressant activities. Therefore, these plants can be 

helpful for treating inflammatory disorders and may serve as a potential 

resource for natural psychotherapeutic agent against stress related disorders 

such as anxiety and depression. 

 The BPM and GAM possess protective and antioxidant action on 

CCl4/PCM/GTM/DOX induced toxicity in rats as indicated by biochemical 

and hitopathological analysis. These findings also point out that both plants 

warrants future detailed investigation as promising hepatoprotective 

nephroprotective, testicular protective, pulmoprotective and cardioprotective 

agents. 

 The methanol extract of B. procumbens and G. aparine exerts significant 

hypoglycemic effect in diabetic rats. They seem to be promising for the 

development of phytomedicines for diabetes mellitus.   

 Methanol extract of B. procumbens showed anti-Asthmatic activity in TDI 

induced rats. 
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 N-trans-feruloyltyramine and N-trans-feruloyl-4-0-methyldopamine isolated 

from B. procumbens while 1-(3', 4’-dihydroxycinnamoyl) cyclopentane-2, 3-

diol and adenosine isolated from G. aparine. 

Future Perspectives 

 Indeed, inspected plant parts may be acknowledged as a potential natural 

source for new drugs and might give a practical source of treating free radical 

toxicities and diabetes. However, further detailed studies are recommended for 

isolation, identification and characterization of bioactive constituents responsible for 

antidiabetic/antioxidant activity and elaborating its mechanism of action of 

pharmacological activity. 
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