
 
 

IN THE NAME OF  

ALLAH 
THE BENEFICENT, 

THE MERCIFUL 
 
 
 
 
 
 
 
 



In vitro and in vivo toxicological study of selective 
medicinal plants 

 

 
 

By 
 

Mazhar Abbas 
 

M. Phil. (UAF) 
 
             A thesis submitted for partial fulfillment of the requirements for the degree of 

 

DOCTOR OF PHILOSOPHY 
 

IN 
 

BIOCHEMISTRY 
 
 

DEPARTMENT OF BIOCHEMISTRY 
 

FACILITY OF SCIENCE 
 

UNIVERSITY OF AGRICULTURE  
                        
                       FAISALABAD, PAKISTAN 

 
2014 

  



DECLARATION 

I hereby declare that the contents of the thesis," In vitro and in vivo Toxicological Study 

of Selective Medicinal Plants" is product of my own research and no part has been copied 

from any published source (expect the references, standard mathematical and geometrical 

models/ equations/ formulate/ protocols etc.). I further declare that this work has not been 

submitted for the award of any other diploma/ degree. The university may take actions if 

the information provided is found inaccurate at any stage.  

 

 

          

 

Mazhar Abbas 

        2004-ag-237 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



T o  

  The Controller of Examinations,  
  University of Agriculture,   
  Faisalabad.  
  

 “We, the Supervisory Committee, certify that the contents and form of the thesis 

submitted by Mr. Mazhar Abbas 2004-ag-237, have been found satisfactory and 

recommend that it be processed for evaluation, by the External Examiner(s) for the award 

of Ph.D. degree”.  

 

Supervisory Committee 

 

 1. Chairman   __________________________ 
      Dr. Muhammad Shahid. 

   

 2. Member   __________________________ 
      Prof. Dr. Munir Ahmad Sheikh. 

       

 3. Member    __________________________ 
      Prof. Dr. Ghulam Muhammad. 

 
 
 
 



 
DEDICATED 

 

 
To 

 
 
 

My loving Parents 

 
Who always provide me compassion   

Throughout my life and   

my success is really the fruit of their prayers 



ACKNOWLEDGMENT 
In the name of Allah, the merciful, the beneficent 

 
 

All praises (belong) to Allah alone, the cherisher and Sustainer of the world. He 
is the first, he is the last, he is the hidden, and he knows about everything. He brings the 
night into the day and brings the day into the night, and he knows the thoughts of 
hearts (Al-Quran) 

I have the pearls of my eyes to admire countless blessings of Allah Almighty 
because the words are bound, knowledge is limited and time of life is too short to express 
his dignity. It is the one of his infinite benedictions that He bestowed upon me with the 
potential and ability to complete the present research program and to make a meek 
contribution to the deep oceans of knowledge already existing. 

Then the trembling lips and wet eyes praise the greatest man of Universe, the 
last messenger of ALLLAH, HAZRAT MUHAMMAD (PBUH), whom ALLAH has 
sent as mercy for worlds, the illuminating torch, the blessing for the literate, illiterate, 
rich, poor, powerful, weaker,able and disable. Whose life and sayings are ultimate 
source of guidance and way of "NIJAT" for the mankind, who enlighten our conscious 
with the essence of faith on ALLAH, merging all his kindness and mercy upon us. 

I deem it my utmost pleasure to avail an opportunity to express my heartiest 
gratitude and deep sense of obligation to a very hardworking and personalized man. My 
honorable supervisor, Dr. Muhammad Shahid, Department of Biochemistry , University 
of Agriculture, Faisalabad for his kind behavior, generous transfer of knowledge, moral 
support, constructive criticism and enlightened supervision during the whole study 
period. His available words will always serve as a beacon of light throughout my life. 

I express my deep sense of gratitude to my supervisory committee, Dr. 
Muhammad Shahid,, ( Associate professor, Department of Biochemistry), Prof. Dr. 
Munir Ahmad Sheikh(Ex. Dean Faculty of Sciences Professor of Department of 
Biochemistry), Prof. Dr. Ghulam Muhammad( Ex. Chairman, Department of Clinical 
Medicine and Surgery University of Agriculture, Faisalabad. They paid special 
attention with regard to my research work and Dean Of faculty of Sciences Dr. Munir 
Ahmad Sheikh (Professor of Department of Biochemistry) for his kind sincere and 
unprecedented leadership as well as moral patronization, 

I am also very thankful to all of my class-fellows for their sincere co-operation 
and appreciation, throughout the study period, especially my Sister Sumaira Sharif, Asia 
Atta & Sumia Akram PhD scholar, UAF) research fellows Hira Munir, True friends, 
the asset of my life, who always helped me like my own and never make me feel that 
anything is difficult or impossible, include a list of small in number but great and 
sincere people Atiq ur rehman, Abid Ali,  Dr. Munawar Iqbal, Javid Iqbal, Usama 
Abou Bakar, Mazhar Abbas, Yasir Mehmood, Shamshad Shab, Khizar Qureshi, 



Muhammad Zubair, Khaliq Dad. Sheikh Khalid Rehman, May ALLAH bless them 
with success and happiness. I would like to offer high recommendations for their future. 

At last but not the least I pay my cordial thanks to those who live in my mind 
and soul, whose love will never mitigate, whose prayers will never die, who are nearest, 
deepest and dearest to me, my parents, my dearest relatives Mr. & Mrs. Muhammad 
Zafar Niazi and Mr. & Mrs. Dr. Nazar Muhammad, My cute Fiancee Kinza Zafar, 
my brothers Azhar abbas, Liaqat Ali, M. Haseeb Zafer, Muneeb Ahmad, sisters  
Maryum Zafar and all those who helped me ever in the life. All of my prayers, good 
habits and sacred emotions are for them. May Allah bless them all here and hereafter 
(Amin). 

 
 

Mazhar Abbas 
 

 
 

            

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Contents 
 

S. No. Chapter Page No. 
1 Introduction 1 
2 Review of literature 6 
3 Material and Methods 20 
4 Results and Discussion 45 
5 Summary 199 
6 Literature cited 201 

 



      List of figure 

S. No. Title Page 

3.1 

Schematic presentation for the extraction and fractionation of plant 

material 

27 

4.1 

Percentage yield of extracts from different parts of Ricinus 

communis (a) Datura innoxia (b) and Croton tiglium (c) on the 

basis of extraction methods 

50 

 4.2 

 Fourier transforms infrared spectra of alkaloids from selected 

medicinal plant Ricinus communis, Croton tiglium and Datura 

innoxia 

60 

 4.3 

Fourier transform infrared spectra of Flavonoids from selected 

medicinal plant Ricinus communis, Croton tiglium and Datura 

innoxia 

64 

4.4 

Fourier transforms infrared spectra of saponins from selected 

medicinal plant 

67 

4.5 

Comparison of different extraction methods for their antioxidant 

potential of R. communis methanol extracts in (fig 4.5a, 4.5b, 4.5c) 

76 

 4.6 

Comparison of different extraction methods for their antioxidant 

potential of D. innoxia methanol extracts in (fig 4.6a, 4.6b, 4.6c) 

82 

4.7 

Comparison of different extraction methods for their antioxidant 

potential of Croton tiglium methanol extracts in (fig 4.7a, 4.7b, 

4.7c) 

88 

4.8 

DNA damage/protection effect of methanol extract of Ricinus 

communis exposed to H2O2 and UV induced oxidative damage on 

pBR322 

90 

4.9 

DNA damage/protection effect of Ricinus communis whole plant 

by methanolic extracts and fraction extracts with H2O2 and UV 

induced oxidative damage on pBR322 

91 

4.10 

DNA damage/protection effect of Datura innoxia by methanol 

extract with H2O2 and UV induced damage to pBR322. 

92 



 4.11 

 DNA damage/protection effect of Datura innoxia whole plant by 

methanolic extracts and fraction extracts with H2O2 and UV 

induced damage to pBR322 

93 

4.12  

DNA damage/protection effect of Croton tiglium by methanol 

extract with H2O2 and UV light induced damage to pBR322  

94 

 4.13  

DNA damage/protection effect of Croton tiglium whole plant by 

organic extraction and fraction extract with H2O2 and UV induced 

damage to pBR322 

95 

4.14 

(a), (b), (c) and (d) showing different images of blank, control 

TA98, control TA100 and sample respectively. 

139 

4.15 Histopathology of rabbit liver treated with Ricinus communis 

 

154 

4.16 Histopathology of rabbit kidney treated with Ricinus communis 154 

4.17 Histopathology of rabbit liver treated with Datura innoxia. 156 

4.18  Histopathology of rabbit kidney treated with Datura innoxia. 156 

4.19 Histopathology of rabbit liver treated with Croton tiglium 157 

4.20 Histopathology of rabbit kidney treated with Croton tiglium 158 

4.21  Histopathology of rabbit liver treated with Cyclophosphamide. 159 

4.22  Histopathology of rabbit kidney treated with Cyclophosphamide. 159 

4.23  Histopathology of rabbit liver treated with distilled water 160 

4.24  Histopathology of rabbit kidney treated with distilled water 160 

4.25 The GC-MS chromatogram of Ricinus communis seed oil. 165 

4.26 Structure of saturated and unsaturated fatty acids detected through 

GC-MS analysis of R. communis. 

166 

4.27 The GC-MS chromatogram of D. innoxia seed oil. 167 

4.28 Structure of saturated and unsaturated fatty acids detected through 

GC-MS analysis of Datura innoxia seed oil 

168 

4.29 The GC-MS chromatogram of C. tiglium seed oil. 169 

4.30 Structures of saturated and unsaturated fatty acid detected through 

GC-MS analysis of C. tiglium seed oil 

170 



4.31 Chromatogram of Ricinus communis of whole plant analyzed 

by liquid chromatography mass spectrometry 

 

174 

4.32 A representative chromatogram of methyl gallate from Ricinus 

communis extract analyzed by ESI-MS/MS 

174 

4.33 Few structural presentation of compounds detected from Ricinus 

communis through LC-MS-MS 

180 

4.34 Chromatogram of Datura innoxia of whole plant analyzed by 

liquid chromatography mass spectrometry 

183 

4.35 Few structural presentations of compounds detected from Datura 

innoxia through LC-MS-MS 

186 

4.36 Chromatogram of Croton tiglium of whole plant analyzed by 

liquid chromatography mass  spectrometry 

188 

4.37 Few structural presentations of compounds detected from Croton 

tiglium through LC-MS-MS 

191 

 

  



   List of table 

S. No Title Page 

3.1 Scientific and Vernacular name of selected medicinal plants 26 

4.1 

 Percentage yield of extracts from selected plants using 

methanol solvent further fractioned using different solvents 

47 

4.2 

 Percentage yield of extracts from different parts of medicinal 

plants on the basis of extraction methods 

48 

4.3 

Proximate composition of Ricinus communis, Datura innoxia 

and Croton tiglium of whole plants 

51 

4.4(a) 

 Phytochemicals constituent qualitative analysis of Ricinus 

communis 

54 

4.4(b) 

Phytochemicals constituent qualitative analysis of Datura 

innoxia 

54 

4.4(c) 

Phytochemicals constituent qualitative analysis of Croton 

tiglium 

54 

4.5(a) 

Phytochemicals constituent quantitative analysis from different 

parts of Ricinus communis 

55 

4.5(b) 

Phytochemicals constituent quantitative analysis from different 

parts of Datura innoxia 

55 

4.5(c) 

Phytochemicals constituent quantitative analysis from different 

parts of Croton tiglium 

55 

4.6 

Fourier transforms infrared spectral data of alkaloids obtained 

from different parts of selected medicinal plant 

57 

4.7 

Fourier transforms infrared spectral data of flavonoids obtained 

from different parts of selected medicinal plant 

61 

4.8 

Fourier transforms infrared spectral data of saponins obtained 

from different parts of selected medicinal plant 

65 

4.9 

Antioxidant profile of extracts of different parts from R. 

communis extracted in methanol using different extraction 

techniques 

74 



4.10 

Antioxidant profile of R. communis methanolic extracts 

sequentially fractioned with different solvents 

75 

4.11 

Antioxidant  profile of different parts of D. innoxia extracted in 

methanol by different extraction technique by using different 

assay methods 

80 

4.12 

Antioxidant  profile of D. innoxia methanolic extract 

sequentially fractioned with different solvents 

81 

4.13 

Antioxidant profile of different parts from Croton tiglium 

extracted in methanol by different extraction methods  

86 

4.14 

Antioxidant profile of Croton tiglium methanolic extracts 

sequentially fractioned with different solvents 

87 

4.15 

Antimicrobial activity in terms of inhibition zone (mm) of R. 

communis plant methanolic extract, against selected bacterial 

and fungal strains 

103 

4.16 

Antimicrobial activity in terms of inhibition zone (mm) of R. 

communis plant extract, against selected bacterial and fungal 

strains 

104 

4.17 

Minimum inhibitory concentration (MIC) in (µg/mL) by R. 

communis plant methanolic extract against selected bacterial 

and fungal strains 

105 

4.18 

Minimum inhibitory concentration (MIC) in (µg/mL) by R. 

communis plant extract, fractions against selected bacterial and 

fungal strains 

106 

4.19 

Antimicrobial activity in terms of inhibition zone (mm) of D. 

innoxia plant methanolic extract, against selected bacterial and 

fungal strains 

109 

4.20 

Antimicrobial activity in terms of inhibition zone (mm) of D. 

innoxia plant extract, against selected bacterial and fungal 

strains. 

110 

4.21 Minimum inhibitory concentration (MIC) in (µg/mL) by D. 111 



innoxia plant methanolic extract against selected bacterial and 

fungal strains. 

4.22 

Minimum inhibitory concentration (MIC) in (µg/mL) by D. 

innoxia plant extract, fractions against selected bacterial and 

fungal strains 

112 

4.23 

Antimicrobial activity in terms of inhibition zone (mm) of C. 

tiglium plant methanolic extract, against selected bacterial and 

fungal strains 

116  

4.24 

Antimicrobial activity in terms of inhibition zone (mm) of C. 

tiglium plant extract, against selected bacterial and fungal 

strains 

117 

4.25 

Minimum inhibitory concentration (MIC)  in (µg/mL) by  C. 

tiglium  plant methanolic extract against selected bacterial and 

fungal strains 

118 

4.26 

Minimum inhibitory concentration (MIC) in (µg/mL) by C. 

tiglium plant extract, fractions against selected bacterial and 

fungal strains 

119 

4.27 

Hemolytic activity of selected medicinal plant methanolic 

extract using different extraction methods 

121 

4.28 

 Hemolytic activity of extracts from Ricinus communis 

extracted in methanol and fractioned with different solvents of 

seed and whole plant 

122 

4.29 

Hemolytic activity of methanolic extracts from D. innoxia plant 

using different extraction methods 

123 

4.30 

Hemolytic activity of medicinal plant extracted in methanol and 

fractioned with different solvents of seed and whole plant 

124 

4.31 

 Hemolytic activity of methanolic extracts from C. tiglium plant 

using different extraction methods 

125 

4.32 

Hemolytic activity of C. tiglium extracted in methanol and 

fractioned with different solvents of seed and whole plant 

125 



4.33 

Brine shrimp cytotoxic activity of methanolic extract of R. 

communis using brine shrimp nauplii 

132 

4.34 

Brine shrimp cytotoxic activity of methanolic extract of R. 

communis using brine shrimp nauplii of seeds and whole plant 

133 

4.35 

Brine shrimp cytotoxic activity of methanolic extract of D. 

innoxia on brine shrimp nauplii 

134 

4.36 

Brine shrimp cytotoxic activity of methanolic extract of D. 

innoxia using brine shrimp nauplii of seeds and whole plant 

135 

4.37 

Brine shrimp cytotoxic activity of methanolic extract of C. 

tiglium on brine shrimp nauplii 

136 

4.38 

 Brine shrimp cytotoxic activity of methanolic extract of C. 

tiglium using brine shrimp nauplii of seeds and whole plant 

137 

4.39 

Mutagenicty of methanolic extract from R. communis using 

different extraction techniques  

144 

4.40 

Mutagenicty of R. communis seed and whole plant extracted 

with methanol and fractioned with different organic solvents 

145 

4.41 

Mutagenicty of methanolic extract from D. innoxia using 

different extraction techniques 

146 

4.42 

Mutagenicty of D. innoxia seeds and whole pant extracted with 

methanol and fractioned with different organic solvents 

147 

4.43 

Mutagenicty of methanolic extract from C. tiglium using 

different extraction techniques 

148 

4.44 

Mutagenicty of C. tiglium seed and whole plant extracted with 

methanol and fractioned with different organic solvents  

149 

4.45 

Micronuclei induction in the bone marrow cells of rabbits 

treated with aqueous phytoextract of selected medicinal plants 

151 

4.46 

Amino acid profiles (g/100g crude protein) of selected 

medicinal plants like Ricinus   communis, Datura innoxia and 

Croton tiglium seeds. 

164 

 

4.47 GC-MS analysis of R. communis oil of saturated fatty acid and 165 



unsaturated fatty acid 

4.48 

GC-MS analysis of D. innoxia oil of saturated fatty acid and 

unsaturated fatty acid 

167 

4.49 

GC-MS analysis of C. tiglium oil of saturated fatty acid and 

unsaturated fatty acid  

169 

4.50 

LC-MS-MS of Ricinus communis methanolic extract from 

whole plant 

172 

4.51 

LC-MS-MS of Datura innoxia methanolic extract from whole 

plant 

181 

4.52 LC-MS-MS of C. tiglium methanolic extract from whole plant 187 

 

 



Abstract 

The present work was aimed to appraise the biological activities and toxic potential of medicinal 

plant extracts of Ricinus communis, Datura innoxia and Croton tiglium. Different parts of 

selected plants were extracted separately through different extraction techniques using methanol 

which were further fractionated using polarity base solvents. The methanolic extracts as well as 

fractions were assayed for antioxidant, antimicrobial, cytotoxic (hemolytic, brine shrimp) and 

mutagenic (Ames) studies. The identified compounds from different plant parts were analyzed 

through advanced techniques such as GC-MS, LC-MS and NMR. The proximate composition of 

whole plant was also studied and variations in parameter were recorded among selected plants. 

The qualitative and quantitative phytochemicals screening, were also performed that these 

medicinal plants were rich source of different phytoconstituent. The biological assays showed 

that selected medicinal plants exhibited considerable antioxidant potential and selected plants 

extracts were also showing promising antimicrobial potential. It was also depicted from current 

study that the plant extracts also have potential of DNA protective conducted on the pBR322 

DNA induced by UV and H2O2. The plant extracts found to be cytotoxic as evident from 

hemolytic, brine shrimp lethality and mutagenic activity by Ames test at variable levels. From in 

vivo study it was proved that Datura innoxia and Croton tiglium showed significant toxicity and 

developed micronucleus and also proved cellular damage against vital organs like liver and 

kidney. Amino acids of selected plant seeds were also profiled in which isoleucine and 

tryptophan remains undetectable among essential amino acids. Chemical compounds of selected 

plants oils were identified by GC-MS which showed significant antimicrobial activity against the 

selected microbial species. In LC-MS of methanolic extracts analysis wide ranges of phenolic 

compounds were documented. Moreover, compounds were also purified from methanolic 

extracts through column chromatography and characterized by advanced spectroscopic 

techniques like 1H-NMR, 13C-NMR, IR and ESI-MS, following compounds like apigenin, 

ursolic acid, rutin, chlorogenic acid and ferulic acid were first time reported from these plants. 

The current research study explored the selected medicinal plants in a very comprehensive 

fashion and presented their different biological aspects. In future these results may be used as 

foundation for large scale extraction and isolation of different bioactive compounds and their 

applications. Furthermore, detailed trials are recommended including animal model and cell 

lines. 
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Chapter # 1 

Introduction 

The history of plants as high valuable source of medicines dates back to 4000 to 5000 B.C. 

The forerunners in using plants as medicinal source were Chinese and Indian. Authoritative 

and invaluable information and references regarding drug yielding plants have been 

extensively described by Dioscorides in his famous book ‘De Materia Medica’. So, among all 

invaluable sources of drug yielding plants, nature is the most important source of medicine 

development (Sharma and Kumar 2012). Since time immemorial, researchers have proved that 

diagnosis, treatment and management of death causing diseases through plants can be 

accentuated. This feature of plants makes them most significant and safe source for diagnosis 

and treatment of human ailments (Kensa and Yasmin 2011). 

Among plant kingdom, strong defense system has made medicinal plants as the most 

preferable source for treating diseases and saving lives. As time passed, active components 

from medicinal plants after research have been extracted and used for diagnosis and treatment 

of human ailments. According World Health Organization (WHO), certain active components 

of medicinal plants are precursors for medicinal applications as well as for chemo 

pharmaceutical synthesis (Shinwari and Khan 2002). 

       Currently, active components extracted from medicinal plants are utilized by 

pharmaceutical companies in the synthesis of allopathic medicines and then these are used 

against human and animal infections. More than 400,000 species of plants contain phyto 

components such as waxes, bioactive peptides, dyes, rubbers, flavonoids, gums resins, phyto 

hormones and bio pesticides. WHO reports show that about 80% health care requirements as 

well as 30% are dependent on plants, particularly medicinal plants (Gulfraz et al. 2006). 

At present, medicinal plants occupy significant place in medicines for controlling death 

causing diseases and are used as raw materials for synthetic pharmaceuticals (Sharma and 

Kumar 2012). Even at present, researchers have revealed the facts that thousands of people 

who are living in far off places are still dependent on old traditions for health care instead of 

using synthetic drugs and antibiotics. The reason behind people dependence on old traditional 



2 
 

healers is that as compared to antibiotics and synthetic drugs, herbs have far too less side 

effects and considered safe. This valuable feature of medicinal plants makes them important 

source in controlling and managing death causing ailments (Jamil et al. 2007). All disciplines 

especially molecular modeling, synthetic chemistry and combinational chemistry have been 

paying great share for discovering new compounds which in turn can be used in new drug 

synthesis as well as in the management of complicated diseases (Balunas and Kinghorn 2005).  

With reference to World Health Organization reports, among different species of plants, more 

than 10% find their use in controlling and curing diseases (Shinwari 2010). The main reason 

behind their beneficial effects is their strong defense system which in turn defends themselves 

from microbes such as fungi, insects, and bacteria using their toxic substances as compared to 

animals. Later on, research on higher plants led to conclusion that theses toxic substances are 

also beneficial with reference to control of intractable diseases. Most of naturally producing 

toxins are utilized for these purposes. However, some of them can also be produced artificially 

to achieve medicinal targets. At present, toxicity of toxin is especially utilized in treating 

human ailments as well as in controlling microbial attack (Ayuba et al. 2011). 

Among different nations, Chinese were the first to utilize  bioactive plant ingredients through 

traditional procedures and at present, theses active agents are utilized for controlling cancer. 

Irrespective of other compounds, vinblastine and taxol find their use as antimalarial and 

anticancer drugs against. Same herbs are used in controlling respiratory infections as well as 

bronchitis through roots of Plarogonium sidoides (Rahmatullah et al. 2010).The Indians still 

rely on traditional procedures to provide primary health care especially to rural areas. 

Throughout the world, traditional medicine system beliefs, experiences and skills are still in 

practice for incurable human ailments (Sharma et al. 2012). Now a day, most of the research is 

being carried out to achieve valuable information on wild and cultivated plants which in turn 

can be used in the management of incurable diseases (Ayuba et al. 2011). 

      World Health Organization reports reveal the fact that to achieve beneficial effects from 

medicinal plants, it is important to estimate proximate analysis as well as micronutrients for 

drug standardization. So, before implementation, each herbal drug should pass through 

different standardization procedures (Hussain et al. 2010). Therefore, extensive research led to 

conclusion that instead of using expensive extraction procedures, traditional procedures can be 
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a best guide for new research in the herbal medicines. Traditional knowledge and traditional 

methods are easily consumable and cheapest and so plays a significant role in modern 

medicines at present (Surveswaran et al. 2007).  

 According to WHO, through standardization procedure, medicinal plants can be classified into 

two branches on the basis of estimate and proximate analysis of toxins. First category of this 

classification includes those plants which are still traditional healer in far off places while 

second one includes those medicinal plants whose active ingredients are utilized by medicinal 

companies in herbal formulations (Vinayaka et al. 2010). 

 The most important producers of primary and secondary metabolites are plants. Primary 

metabolites include those products which are important with reference to growth and survival 

of plants (Elhardallou 2011). While secondary metabolites make defensive system of plants 

but these are not required for growth and survival of plants. For different purposes, large 

variety of secondary metabolites are produced by plants e.g. some secondary metabolites are 

used for growth as well as for defense against predators such as alkaloids, terpenes and 

phenolic compounds etc. (Asghari et al. 2011)  

Plant flavors, odour and pigmentation are only due to presence of bioactive compounds. This 

factor makes medicinal plants valuable with reference to research in the field of herbal 

medicines (Mallikharjuna et al. 2007). Therefore, defensive system of plants not only has 

multiple functions but is also useful in food additives, pharmaceutical industries and fragrance. 

Thus due to low abundance and chemical diversity, it is important to screen these toxins and 

then purify them for their usage in different fields. The techniques used are microwave assisted 

extraction and chromatographic techniques along with different detectors (Zhang et al. 2011; 

Steinmann and Ganzera 2011). Phytochemical screening through TLC and HPLC is performed 

for isolation of toxic chemicals and then characterization is done with the help of NMR and 

FTIR for structural elucidation of useful constituents (Sasidharan et al. 2011).  

Irrespective of their abundance, Pakistan contains more than 200 medicinal species having 

medicinal value (Sharma and Kumar 2012; Kaushik et al. 2013). However, some of these 

species have become extinct due to more extraction from medicinal plants and over collection. 

In Pakistan, herbal companies extracted and screened active ingredients from medicinal plants 
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for herbal preparations, (Shinwari 2010). But in Pakistan, medicinal plants are facing threats 

for their survival due to over collection, lack of knowledge of threats of medicinal plants, 

heavy grazing and lack of knowledge of scientific work (Kaushik et al. 2013).  

Among different properties of active constituents of medicinal plants, antioxidant properties of 

phenolics, condensed tannins and tochopherols  are of primary importance which permit them 

to perform their function as reducing agents (Ferrazzano et al. 2011). While synthetic 

antioxidants used as food antioxidants are propyl gallate, butylated hydroxytoluene and 

butylated hydroxyanisole. These synthetic antioxidants have disadvantages over natural 

antioxidants because of their health effects and concern causing cancer and degenerative 

diseases (Iqbal and Bhanger 2007). Irrespective of their antioxidant properties, DNA 

protective effects of medicinal plant extracts have also been considered and highlighted by 

many researchers (Riaz et al. 2012).  

Among different sources of drugs, active ingredients of medicinal plants are economical and 

invaluable source as compared to synthetic drugs for controlling and curing diseases. Although 

toxins extracted from medicinal plants have some health detrimental effect on humans but 

their beneficial effects in controlling diseases have led to overcome these side effects. Even 

toxins have proved powerful tool in controlling diseases in wars and also for hunting. For 

example, alkaloids; an important toxic compound has been successfully utilized for treating 

uncontrollable cancer disease. Similarly many other toxins have been used to discover as new 

drug (Huai et al. 2010). At present, most of research has been performed on medicinal plants 

on different aspects to increase their potential activity. But still lack of knowledge on potential 

toxicity of medicinal plants exists which is main hurdle in the discovery of new drugs (Nasri 

and Shirzad 2013).  

Croton tiglium, Datura innoxia and Ricinus communis are selected as medicinal plant in 

present investigation. The biochemical and toxicological effects of Croton tiglium has been 

observed. Croton tiglium belongs to family Euphorbiaceae. Its area of origin is India and is 

widely distributed in New Guinea, China, Java, Indonesia and Philipine and cultivated in 

southern California as medicinal and ornamental plant (Wang et al. 2008). These species can 

be widely used in the treatment of dysentery, fever, digestive problems, inflammation, malaria 

and ulcers (Salatino et al. 2007). Lipid soluble components of hydrocarbons and terpenes are 
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present in barks, roots, leaves and fruits of Croton tigilum particularly monoterpenes and 

sesquiterpenes components extracted as essential oil from bark, leaves and seeds of croton 

tiglium and extensively used in the diagnosis of diseases and in medicines as well (Wang et al. 

2008). 

 Datura innoxia is a perennial plant of family Solanaceae. The area of origin is America and is 

widely distributed in warm regions. Attractive features of datura species are their high toxicity 

and phytochemical constituents. Despite these, datura species at limited range are beneficial as 

medicines (Jakabova 2012). The main cause of toxicity of datura species are Belladonna 

alkaloids, preponderate by scopolamine and atropine. Belladonna alkaloids generally 

abundantly occur in flowers, leaves, roots and stems of datura species and also show difference 

in occurring ratio of alkaloids even within the specimens of same species which in turn show 

different dose response in patients and thus showing their rang of toxicity (Krenzelok 2010).  

  Ricinus communis stem has gained more importance because of its usage as traditional 

medicine. It contains carbohydrate, flavonoids, ricinine, tannins and amino acids and also its 

involvement in the pathogenesis of many diseases such as asthma, schizophrenia, aging and 

retinopathy (Singh et al. 2010). While seeds of Ricinus communis contain phenolic 

compounds, esters, glycerides of stearic, ricinoleic, dihydroxystearic and isoricinoleic acids 

and these ingredients can be detected by GLC (Kore et al. 2011). 

Keeping in view the importance of medicinal plant, the current study was planned to screen 

and quantify the phytochemical components of selected medicinal plants. Secondly, different 

biological activities like antimicrobial, antioxidant and toxic activities for their medicinal 

attributes were also documented. To evaluate the toxicity of screened plant extracts or 

fractions, in vitro and in vivo assays will also be performed. Finally, the toxic compounds 

were purified and characterized by using different techniques. Normally all these selected 

plants are reported as toxic medicinal plants. In this current study their beneficial or medicinal 

potential like proximate analysis, phytochemistry antimicrobial and antioxidant as well as 

toxic side will be very comprehensively profiled. So that, in future our study will be a sound 

foundation about their medicinal and toxicological properties.  
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Chapter # 2 

Review of Literature 

World Health Organization (WHO 2011) data showed that major population in developing 

nations was based mainly on medicinal plants for their health care. Conventional medicinal 

practice has not only become popular and got acceptance, but it is sometimes the only program 

available in non-urban places generally for the therapy of different aliments (Naidoo and 

Coopoosamy 2011). In perspective of accessibility to medicinal place, traditional medication 

has become first line treatment against many diseases (Mabona and Vuuren 2013). 

Additionally, the improved demand for cheaper medication, lack of employment and greater 

existence of diseases makes the traditional medicines attractive choice to buy.  These therapy 

routines are cheaper, easily available and their use depends upon the comprehensive 

information and expertise amongst the regional communities (Shai et al., 2008 and Street et 

al., 2008). The richest and wealthiest source of antimicrobial compounds and natural 

antioxidants are plants (Farombi 2003; Albayrak et al., 2010). In the perspective of the value 

of the vegetation as solution for diseases, there is a need to observe the biological features and 

structure of medicinal plants. Around 80 percent of developing nations rely on traditional 

medication for their main health needs (FAO 2004). Though, the common plants have not yet 

gone through chemical, biological, medicinal and toxicological research (Ghani 2003). 

Phenolic substances are the majorly occurring group of elements that contain various families 

of aroma compounds. These are the most frequently present secondary metabolites as cell wall 

bound hydroxycinammic acids, condensed tannins, lignins flavonoids and phenolic acids. 

These phytochemicals processes take part in various biochemical processes occurring in 

animals and plants (Almey et al., 2010). 

The phenolics and flavonoids gain a particular attention because of their several tasks 

in plants and their impact on individual health (Harborne and Williams 1992). Flavonoids and 

phenolics plays a part in seed pigmentation, flower, reproduction, fertility and in many 

reactions to defend against abiotic stress like ultraviolet light and biotic stress like pathogen 

attacks (Forkmann and Martens 2001). Many plants have prospective to be used as natural 

cure against diseases (Erdemgil et al., 2007). Tha data related to antioxidant activity of 
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phytochemicals found in plants is also important because of their medicinal  properties (Zhu et 

al., 2004). Antioxidants help to protect the lipid oxidation in the products which contain lipids 

or fats. Due to the redox property of antioxidants they catch free radicals. Currently, there is an 

increasing attention in the medical cure to the biochemical function of phytochemicals, 

especially flavonoids and phenolics relevant substances to prevent oxidative harm to one's 

human body due to reactive oxygen species (Dillard and German 2000). There is a sensible 

proof that the discrepancy among antioxidant and reactive oxygen species in protecting system 

that may cause chemical adjustment of the biological macromolecules such as DNA, 

carbohydrate,  protein and fats (Muthuswamy et al., 2006).  

In Pakistani lifestyle, handling of the medicinal plants for daily individual use, regional 

economic uplift and animal therapy is typical practice (Ahmed 1999). About seven hundred 

species of plants are being used for aromatic and medicinal purpose in the Himalayan region 

(Jaitak et al., 2010). Pakistan has different plants containing about 6000 different varieties. 

About 80% of the individuals from the non-urban places still depend upon the regional natural 

herbs (Nasri and Shirzad 2013). In recent decades, initiatives have been taken to paper the 

conventional information about regional medicinal plants. In this way traditional usage and 

conservation of 160 plant species have been described form Margalla Hills National Park 

(Shinwari and Khan, 2000). Shah (2001) also pointed out fifty eight species of medicinal 

natural herbs from Ayubia National Park near NathiaGali. Information about the use of twenty 

five medicinal herbs from Kahuta, district  Rawalpindi  has  been  reported  by  Qureshi and 

Khan (2001). 

Datura innoxia 

Datura innoxia is perennial plant belongs to family Solanaceae and is located in warm 

areas. Attractive functions of Datura species are their great poisoning and phytochemical 

elements. Different varieties of datura are also important because of their use in medicine 

(Jakabova 2012). Belladonna alkaloids like scopolamine and atropine of datura species are 

main cause of toxicity. These belladonna alkaloids frequently present in leaves, roots, stems 

and flowers of datura species. The ratio of alkaloids varies even among the same varieties, in 

this way the effect of dose to patient varies, showing a range of toxicity in a particular person. 

The commonly observed symptoms of toxicology of alkaloids are maladies, cycloplegia and 
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mydriasis that happen due to their high amount and blockage of papillary sphincter muscle. 

The base of individual management includes helpful proper care and prescribed amount of 

dose after regular durations given to adults as well as to children. Datura innoxia is an alkaloid 

rich species and until now more than 50 types of tropane alkaloids have been reported 

(Krenzelok 2010). 

According to Griffin and Lin (2000) these alkaloids are used in the chemotaxonomy of 

Solanaceae family. Though, the biosynthesis of a particular alkaloid depends on various 

aspects such as genetics, stage of growth and atmosphere. For our knowledge, from literature 

studies this is reviewed genus datura remains hidden and no extraordinary studies have been 

carried out for its environmental impacts like gas chromatographic and mass spectrometric 

analysis. Such kind of knowledge would give rise to the better information on submission and 

difference of the alkaloids within only one species on the one side and to calculate their 

chemotaxonomic importance on the other hand. Rather than the poisoning, however many 

useful functions are associated with datura varieties. For example, malaria, heart discomfort 

and stress are handled by using their fresh fruits. Seeds and simply leaves are useful for ear 

ache, patchy baldness and also apply to bitter fish strikes and boil (Hussain et al., 2008). 

Ricinus communis 

Ricinus communis soft, small woody tree belongs to family Euphorbiaceae, mainly 

present in India, distributed in high temperature areas, tropical region of country (Taur et al., 

2011) and particularly expanded in waste places, fields and landscapes (Singh et al., 2010). 

The seeds are of particular importance due to their medicinal value especially castor beans 

(Raji et al., 2006). The main function of these seeds is to stop the synthesis of protein, this 

characteristic to inhibition acts as a tool against cancer therapy (Kitdamrongtham et al., 2013). 

Ricinus communis has become more essential because of its usage as traditional 

medication. Mainly it contains flavonoids, carbohydrates, ricinine, amino acids and tannins. In 

this way it defends against any diseases caused by pathogens such as retinopathy, aging, 

schizophrenia and asthma (Singh et al., 2010). The seeds of this plant hold dihydroxystearic, 

isoricinoleic acids, ricinoleic, esters, glycerides of stearic and phenolics, can be characterized 

by GLC (Kore, et al., 2011). Different parts of plants were used to obtain plant extract that 
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exhibit potential like hepatoprotective (Sabina et al., 2009), anti-fertility (Sandhyakumari et 

al., 2003), anti-diabetic (Shokeen et al., 2008), antimicrobial (Oyewole et al., 2010), 

insecticidal (Ramos-López et al., 2010, Zahir et al., 2010, Arnosti et al., 2011 and Tounou et 

al., 2011) and antihistaminic and anti-inflammatory (Lomash et al., 2010). 

Ricinus communis oil has gained importance in international market, used from 

cosmetics to medicines replacing petroleum in the production of biodiesel, lubricants and 

plastics. More than seven hundred users have assured the use of caster bean (CIR 2007:Weiss 

2000). The residue left after extracting oil is called bean cake also contain toxins and allergy 

causing agents. Ricin is a component present in castor bean cake (European Food Safety 

Authority 2008). The contents of ricinoleic acid uniformly present in castor oil due to these 

contents, castor oil gained importance in many fields such as it can be used for lubricant 

preparation, in cosmetics, medicine and many other chemical use (Anjani, 2012). The ease 

with which it can be harvested in undesirable surroundings plays its role in its appeal as a plant 

in tropical areas in developing nations. The toxicity produced by castor oil can be controlled 

by many chemical and physical treatments, which denature the protein that is toxic in nature 

(ricin) but there are also some limitations related to this procedure. These treatments can be 

performed by autoclaving followed by fermentation, lay treatment, boiling and NaOH 

application (Akande et al., 2011).   

Croton tiglium 

Croton tiglium belongs to family Euphorbiaceae and is generally harvested in India and 

pakistan, New Guinea, China, Indonesia, Philippines and Southern California as medicinal and 

ornamental plant (Wang et al., 2008). 

The use of this species is related to the treatment of fever, dysentery, ulcers, malaria, 

inflammation and digestive problems (Salatino et al., 2007). This species had been found 

effective in application in therapy of intestinal inflammation, gastrointestinal disorders, peptic 

ulcer, visceral pain, rheumatism and headache in older times (Wang et al., 2002a, Morimura 

2003 and Tsai et al., 2004). The plant portions such as bark, leaf, root and fruit contain lipid 

solubilizing agents of hydrocarbons and terpens. The major substances such as sesquiterpenes 

and monoterpenes, consist of the high portion of the extracted essential oil from plant seeds, 

leaves and bark of Croton tiglium and have various applications in medication (Salatino, et al., 
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2007). This oil has been extensively used for the therapy of gastrointestinal problems in many 

countries such as Brazil and China (Giday et al., 2007), essential oil of Croton tiglium or other 

related species of Croton family such as Croton nepetaefolius, have been employed to 

synthesize animal models of diarrhea and intestinal inflammation (Pol et al., 1994: Pascual et 

al., 2002: Tsai et al., 2004: Santos et al., 2005 and Jimenez et al., 2006). Previous study about 

Croton tiglium have revealed that its essential oil have inflammatory, antimicrobial, analgesic 

and purgative properties (Tsai et al., 2004). The direct effect of essential oil of Croton 

tiglium on the guinea pig colonic smooth muscle cells and human intestinal epithelial cell had 

been investigated in vitro (Wang et al., 2002). Various species of croton comprising 

sarcopetalanes, phorbol esters, alkaloids and clerodanes are gaining importance due to their 

use in medication. Many species have aromatic compounds because they contain volatile oils 

and flavonoids (Salatino et al., 2007). 

Biological activities and composition of selected medicinal plants 

Medicinal plant research instructed towards the recognition, solitude and recognition of 

bioactive metabolites produced by plant varieties used in traditional medication. For the 

recognition and identification of biological activity in crude plant extracts many scientist have 

developed easy and handy methods. During the study of seeds, leaves, roots and pod of Datura 

innoxia for their phytochemical and proximate composition (Ayuba et al. 2011) reported that 

Datura innoxia contain glycosides, phenols, flavonoids, essential oils, saponins, atropine, 

cardiac and scopolamine but valepotriates, carboxylic acid, coumarins and tannins were not 

found in plant all parts under study. In proximate analysis there is significant variation in crude 

protein content, moisture content and crude lipid content was found. Total ash was highest in 

the root and least in the seed. Similarly, (Oseni et al., 2011) analyzed the fruits of datura for 

proximate composition, anti-nutrients, minerals, functional properties and physicochemical 

properties.  Results showed that, protein and ash were highly distributed in the seed coat than 

the seed, in contrast fat, carbohydrate and fiber contents of the seed were higher than the coat. 

In addition, the seeds also contained higher concentration of phytate, tannin and oxalate than 

the coat. In order to study the pediculocidal activity (Sandhya et al., 2011) reported a 

significant activity and resultantly plants showed potent pediculocidal activity. Among the two 

plants Datura innoxia seed oil was found to be best. Further investigations have to be carried 
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out on the isolated compounds which can set a base for the development of lead compounds 

with potent pediculocidal activity. 

Igwe et al. (2012) reported the amino acid (AA) profiles and crude protein and their 

protein potentials of flours from boiled, fermented and raw seeds of Ricinus communis and it 

was found that fermentation improved the protein contents of raw seeds of R. communis by 

3.95%. The total AA concentrations of raw and fermented R. communis were 823.50 and 

894.10 mg/gcp respectively. The total EAA contents for R. communis; 401.10 mg/gcp (raw) 

and 430.30 mg/gcp (fermented). Lysine was the limiting EAA in R. communis raw sample. 

Fermentation significantly increased the individual AA compositions of R. communis by 53%, 

while boiling reduced these parameters significantly by 82%. 

Azor and Joseph (2008) evaluated castor seed obtained from Ilorin using its un-

decorticated and decorticated full fat and cake forms for nutritional constituents and chemical 

composition. Proximate analyses of un-decorticated and decorticated seeds and cake revealed 

that both the oil seed and cake contain valuable nutrients mainly soluble carbohydrate. The 

amino acid profile analysis of un-decorticated and decorticated seed and cake compared with 

soybeans as standard plant protein indicated that the cake is deficient in some indispensable 

amino acids like lysine, isoleucine and tryptophan. Based on results of the analyses, it is 

observed that the seed and cake contain valuable nutrients especially when decorticated and 

may serve useful alternatives to food/feed stuffs if the castor seed is detoxified of the 

phytotoxins, ricin (a toxic protein), ricinine (a relatively harmless protein), hydrocyanides and 

allergens, the extremely potent toxins. 

Characterization of selected medicinal plants 

The recognition, separation and the structure elucidation of bioactive substance is the 

pre-requisite to understand and evaluate the therapeutic prospective of medicinal plants. An 

increasing attention for the fast extraction from different matrices and for the accurate studies 

of these effective substances improved the need for optimizing the technique used for 

extraction. The purpose is to gain better recoveries, low solvent consumption and reduced 

extraction periods. In recent times there is an increased interest in evaluation of natural organic 

compounds.  Various extraction methods are employed for this purpose. Quantification of 

these extracted plants bioactive is carried out using HPLC, spectroscopy, capillary 
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electrophoresis, GC-FID and GC-MS. Among all these techniques best separation and 

identification results, for volatile and semi-volatile compounds are obtained by GC-MS. Also 

the result quality depends upon the selected method for extraction (Iordache et al., 2009). 

Zayed et al. (2006) identified twenty six tropane alkaloids by the characterization of 

plant extracts prepared from Datura innoxia. Ester derivatization of tropane gave 3-tigloyl-

oxy-6-hydroxytropine and 3 α-tigloyloxytropine as major products. Other reported GC-MS 

analysis of D. innoxia performed by Sandhya et al. (2011) confirmed the major constituent 

share of alkaloids. Different kinds of fatty acids are reported in GC-MS profile of fixed oils in 

D. innoxia. Significant pediculocidal activity was shown by both plants. Egyptian and 

Bulgarian varieties of Datura innoxia plants were examined for presence of alkaloid using 

GC-MS technique (Berkov and Zayed 2004). They have reported five new alkaloids in D. 

innoxia. The spectra of both varieties (Bulgarian and Egyptian) have shown significantly 

different composition of alkaloid and major alkaloid accumulation in plant. Whereas, Zahed et 

al., (2006) carried out segmental analysis of different parts of Datura innoxia. Extracts 

prepared from flowers, stem, leaves, roots and seed were evaluated for tropane alkaloids by 

GC-MS analysis. Detected tropane alkaloid were twenty six and their major ester derivatives 

were 3-tigloyloxy-6-hydroxytropine and  3α-tigloyloxytropine. 

Toxicological studies 

It has been observed that natural herbal drugs have lesser side effects as compared to 

synthetic ones. Potential of these medicinal plants depends upon bioactive compounds, before 

being use as a drug it is necessary to check their toxicity. For this purpose, worldwide studies 

were reported to evaluate the gentoxicities, cytotoxicities and mutagenicitic abilities of 

medicinal plant extracts. 

Cytotoxicity 

For the assessment of toxicological effects of medicinal plants (Adoum 2009) worked 

on  Hausa and Kanuari tribe medicines that are prepared from twenty different plant species 

from fifteen plant families. These medicines are use cure cancer and malaria. Fractional 

distillation was carried out for extract preparation and lethality test was done in brine shrimp 

(Artemiasalina) to check the activity of extract. The highest lethality effect LC50 values 

exhibited by root extracts of Cochlospermum tinctorium were 8, 10 and 6 μg/mL for aqueous, 
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ethyl acetate extracts and chloroform fraction respectively. Moreover, extracts of Momordica 

charantia, Nauclea aculeate, Sclerocaria birrea and Borehaavia diffusa have also showed 

significant activity at lethal capacity lower than 60 μg/mL. Krishnaraju et al., (2005) examined 

the toxicological abilities of medicinal plants in India. Water extracts were checked by using 

brine shrimp lethality test. Among 120 selected plants Pistacia lentiscus gave highest LC50 

value (2.5 μg) followed by Aristolochia indica, Boswellia serrata, Ginkgo biloba, Garcinia 

cambogia and Semecarpus anacardium having LC50 13, 18, 21, 22, and 29.5 μg respectively. 

According to authors brine shrimp lethality test is a simple, direct and convenient method to 

evaluate bioactivity of medicinal plants and shrubs. These results recommended the use of 

traditional medicine. In literature there is another study for different Tanzanian plants collected 

from district Bukoba were also checked for their lethality test by Moshi et al., (2010). These 

plants were used as traditional medicine in those areas. Fifty extracts were prepared out of 

which thirty two extracts exhibited very low toxicity i.e. LC50> 100 μg/mL while twelve plants 

were found to be nontoxic. Plant extracts having LC50 in the range 30-100 μg/mL were 

classified as mild toxic. They are ethanolic extracts of Rubus rigidus (LC50 41.7 μg /mL), 

Antiaris toxicaria (LC50 38.2 μg /mL), Gynura scandens extracts prepared in dichloromethane 

(LC50 36.5 μg/mL), Vernonia bradycalyx(LC50 33.9 μg/mL), Lantana trifolia (LC50 32.3 

μg/mL) and Bridelia micrantha (LC50 32.0 μg/mL).  Extracts that range in moderate region 

were of Rubus rigidus(LC50 19.8 μg/mL) and Picrali manitida(LC50 18.3 μg/mL). These 

extracts were 1.1 and 1.2 fold less toxic than drug used as standard i.e. cyclophosphamide 

(LC50 16.3 μg /mL).  These results revealed the use of twenty eight plants as safe traditional 

medicine for short time. Although extracts of Rubus rigidus and Picralima nitida showed mild 

toxicity, they can yield anticancer compounds. 

Garlic extract and allicin extracts were checked by Arzanlou et al., (2011) for 

hemolytic ability of pneumolysin in intact and paralyzed cells. Every extract exhibit inhibitory 

effects on PLY heamolytic activity. Neutralization of pneumolysin by allicin was a time and 

concentration dependent activity. A mixture of pneumolysin and allicin (0.61 mM/mL) were 

incubated for twenty five minutes and total hemolytic activity of pneumolysin was inhibited. 

Inhibition abilities of pure allicin and old extract of garlic was found similar while lower 

concentration of fresh extract exhibited pneumolysin hemolytic. Intact cells in a media of 
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allicin concentration 1.8 mm showed complete inhibition of hemolutic activity within bacterial 

cells. 

Toxicity profile of leaves of Rauvolfia vomitoria, Bidens pilosa and for barks of roots 

and stem of Fagara macrophylla was studied by Ngogang et al., (2008). Barks of F. 

macrophylla has highest DL50 value (3.1) followed by R. vomitoria (2.87) while B. pilosa 

showed least toxicity. RBCs and WBCs count was significantly lowered by extracts of root 

bark of F.macrophylla. Blood cholesterol level was enhanced by R. vomitoria extract. 

Hyperglycemic condition was generated by higher extract concentration of roots of F. 

macrophylla and B. pilosa. These plant extracts enhanced the enzyme activities that were used 

as biomarker for liver cytolysis and given prove of adverse effects of these plants on liver. 

While there was no change observed in the concentration of kidney markers (urea and 

creatinin). Histopathalogial tests have revealed that the use of these plants created liver toxicity 

and histological effects were observed in kidney. Yi et al., (2008) checked the toxicological 

effects of forty plants that were supposed to possess medicinal effects. The testing materials 

were the larvae of Cobol fuscipes and Lycoriella ingenue. Solvent used for extraction was 

methanol. Among forty plants the extracts that have shown total mortality of larvae were of 

Aster tatricus (root), Leonurus japonicus (whole plant), Acanthopanax sessiliflorum (cortex), 

Carthamus tinctorius (flower), Illicium verum (fruit), Eugenia caryophillata (flower bud), 

Rehmannia glutinosa (root) and Asarum sieboldii (whole plant).  

Plants that are used for the treatments of skin diseases were checked for their toxicity 

by Mabona and Vuuren (2013). Their toxicity profiles showed positive response. Lobo et al. 

(2010) also worked to evaluate the acute toxicological abilities of Moringa pterigosperma, 

Terminalia bellerica and Cassia tora. Toxicity was checked on Swiss mice. Dose was given 

orally depending upon weight of testing animal 3-5 g/Kg. Single plant was selected for each 

mice and dose was prepared from powdered plant's aqueous slurry. Oral mode of injection 

with water assistance was used. Alternations in weight of subject, water and food intake and 

caged side behavior were observed and no toxicity was seen. 

Insecticidal effects of nine medicinal plants were studied by Ciccia et al. (2000). These 

plants were selected from South America and their eleven extracts were checked for activity 

by Aedes aegypti larvicidal assay. Among eleven extracts, eight extracts exhibited toxicity 
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against larvae of A. aegypti in the range LC50<500 μg/mL. Highest larvicidal activity was 

observed for extracts of Minthostachys setosa and Abuta grandifolia. Solvent used was 

dichloromethane. A. grandifolia extract exhibited significantly higher insecticidal effects (LC50 

2.6 and LC100 8.1 μg/ml) which were two times higher than natural insecticide (β-asarone) 

selected as control (LC100 16 μg/ml). Extracts of M. setosa prepared dichloromethane have 

shown toxicity results as LC50 9.2 and LC100 25.2 μg/mL. These results strongly recommended 

the use of extracts of M. setosa and A. grandifolia as natural insecticide against A. aegypti. 

 Campos et al. (2013) tested the toxicological potential of medicinal plants including 

Ligusticum porteri, Exostema carbaeum, Poliomintha longiflora and Hippocratea excelsa. 

Mutations induced by the extracts of Valeriana procera and Gnaphalium sp were confirmed 

by Ames test. In S. typhimumium TA98 was mutated with/without microsomal fraction of S9, 

while T100 was mutated by enzymatic fraction. Valeriana proera extract did not caused 

mutation. Artemia salina lethality was used to evaluate the crustacean larvae mortality caused 

by plant extracts. Poliomintha longiflora, Arracacia tolucensis, Piper sanctum and Brickellia 

veronicaefolia exhibited lethality results in the range of 37-227 μg/mL.  

Aegle marmelos is frequently used due to its toxicological effects. Veerappan et al. 

(2007) checked its effects on rats. Extracts were prepared from A. marmelos leaves in pure 

methanol, pure water and subjected to check toxic effects. Physiology regarding lungs, 

intestine, kidney, heart, spleen, liver, stomach, brain and lungs of dead animal was recorded. 

There were no significant changes observed in physiological and histological characteristics. A 

dosage of 50 mg/kg weight was given for two weeks via intraperitoneal insertion to study the 

histopathological effects but no significant change was observed.  Moreover, there were no 

gross abnormalities were seen. There were no short time toxicity come into observation in 

wistar rat both male and female. On the whole A. marmelos leave extracts have proved to be a 

safe drug to use. 

Vinayaka et al., (2010) checked the toxicity of five plants which were traditionally 

used for the treatment of malaria. Extracts were prepared from roots and leave portions and 

brine shirmp lethality test was carried out. To check the in vitro antiplasmodial potential, 

Plasmodium falciparum strains used that were sensitive and resistant to chloroquine. Results 
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showed that 60% of selected plants exhibited the lethality capacity towards brine shirmp as 

LC50<30 μg/mL, 80% of plants gave results regarding in vitro antiplasmodial effects as 

IC50<50 μg/mL. Leave extracts of Cyathula poylcephela showed highest lethality value LC50 

2.9 μg/mL whereas highest antiplasmodial activity was exhibited by Penta slongiflora leave 

extracts (IC50 11.4 μg/mL). There was an inverse relation among IC50 and concentration of 

antiplasmodial compounds. 

Bussmanna et al., (2011) selected some plant species for evaluation of toxicity test that 

were in use for the treatments of many diseases in Northern Peru. Extraction was done by 

using two solvents, methanol and water. Twenty four aqueous extracts and seventy six percent 

extracts prepared in alcohol have given best results for brine shrimp test. Some species showed 

similar toxicity results irrespective of solvents used for extraction. While in some cases 

extracts of same plants widely ranged in toxicity index from nontoxic to highly toxic. From 

results it was cleared that method of extraction and solvent selection greatly counts for 

toxicological abilities of the extracts. 

Nguta and Mbaria (2013) have also tested the cytotoxicity of different medicinal plants 

that are in use to cure malaria in Kenya. All the extracts were subjected to check their 

suppression abilities regarding parasitaemia. The extract prepared from bark of roots of A. 

indica expressed highest lethality capacity LC50 of 285.8 µg/mL followed by T. indica and G. 

trichocarpa extracts LC50 as 516.4 and 545.8 µg/mL respectively. Root extracts of D. cinerea 

and A. seyal showed LC50 >1000 µg/mL and were classified as nontoxic. 

Thirty one extracts from twenty eight plants were screened for their anti-infective 

agents, by Gutierrez-Lugo et al., (1996). These plants were locally used in Mexico as 

traditional medicine. Three cell line study was conducted to evaluate the cytotoxic abilities of 

these plants using MCF-7 breast cancer, HT-29 colon adenocarcinoma and A 549 lungs cancer 

cell lines.   Among 28 plants only Helianthella quinquenervis extracts showed significant 

effects against breast cancer. 

Mongelli et al. (2000) had chosen seven different plants from Argentine and prepared 

eight extracts and checked for cytotoxic activity against KB cell lines.  The selected plants 

were Salpichroa origanifolia, Erythrina crista-galli, Aristolochia triangularis, Bolax 
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gummifera, Baccharis grisebachii, Eupatorium hecatanthumand and Pterocaulon 

polystachium. Cytotoxic effects were expressed by these plant, E. hecatanthum (ED50 35 

μg/mL), B. gummifera (ED50 32 μg/mL) and A. triangularis (ED50 47 μg/mL). Extracts from 

all plants showed inhibitory effects against crown gall tumors that expressed the facts that 

there was a correlation among experimental data and use of these plants as medicine. Results 

have also shown the alteration of DNA by P. polystachium and E. hecatanthum. Cytotoxicity 

effects of different plants extracts were checked by McGaw et al., (2007).  These plants were 

used for veterinary treatments in South Africa. Brine shrimp test of these extracts showed that 

thirty percent of these plant extracts possessed toxicity value LC50 = 0.6 mg/mL.  

Mutagenicity:  

The macronucleus analysis was designed by Fenech and Morley (1985) with the 

preventing of cytokinesis by cytochalasin-B, an inhibitory chemical of actin polymerization, 

which stops cytokinesis but allows nucleus fraction. Consequently, binucleated tissues were 

established which were considered for the use of micro nuclease (Fenech and Morley 1985; 

Fenech et al., 2003). This analysis has been employed by many scientists to assess the 

genotoxic prospective of therapeutic plant ingredients. 

Ahmad et al., (2008) examined the biochemical and toxicological effects of aqueous 

phytoextract of Croton bonplandianum in mice (male). Outcomes illustrated that phytoextract 

did not generate micronuclei development in mice and revealed unimportant amelioration. 

Results recommend that at the higher extract concentration of C. bonplandianum that were 

used the phytoextract was not clastogenic but it was toxic towards heart and liver.  

In another research, Vinod et al., (20011) analyzed the possible mutagenic and 

antimutagenic action possessed by neem oil and DMSO extract (NDE) by the use of Ames 

using Ames mutagenicity analysis and micronucleus test of bone marrow of rabbits. S. 

typhimurium strains were chosen to check the genotoxicity in neem oil with or without 

Aroclor-1254 induced rat liver homogenate (S9). No mutagenicity was caused by Salmonella 

typhimurium strains both in presence or absence of S9 mix.  There was no important 

enhancement in the regularity of micronucleated polychromatic erythrocytes (MNPCEs) in 

neem oil handled categories over the control without neem oil (DMSO) showing the non-

clastogenic action of neem oil in the micronucleus analysis. By Ames it was indicated that 

neem oil possessed lesser antimutagenicity against MMC. Better activity against clastogenic 
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induced by DMBA was shown by neem oil in vivo anticlastrogenicity test. All these results 

proved neem oil as non mutagenic and suggested its use in pharmacological preparation. 

Mulaudzi et al., (2013) selected twelve different plants for Ames test that Venda people used 

to cure venereal diseases. Salmonella typhimurium strain TA98 was used for Ames test 

with/without S9. Aqueous and ethanolic extracts of these plants, Bolusanthus speciosus(bark), 

Pappea capensis(leaves), Adansonia digitata (bark), Pterocarpus angolensis (bark) and 

Ekebergia capensis (bark) expressed non mutagenicity for S. typhimurium strain while 

Ekebergia capensis and Elephantorrhiza burkei proved weakly mutagenic as copared to 

others. 

 Abdillahi et al., (2012) studied the Southern African Podocarpu specie extracts 

obtained from leaves and stem for mutagenicity. Salmonella/microsome test was used. For that 

purpose with/without metabolic activation, plate-incorporation and neutral red uptake methods 

respectively were employed.  S. typhimurium strains used were TA1537, TA100, TA1535, 

TA98 and TA 102 was used. No mutagenicity effects were observed by extracts against tested 

strains. All extracts confirmed a powerful antimutagenic impact on the strains caused by 

4NQO, reducing its mutagenic impact in concentration dependent manner. 

Some research studies have also outlined the genotoxicity of therapeutic plant extracts 

using various tests regarding genotoxicity. Edziri et al., (2013) performed in vitrogenotoxic 

analysis of Cleome amblyocarpa Barr and Murb, an essential therapeutic plant used in Tunisia.  

There it is commonly used against intestinal colic and diabetic issues. The methanolic extracts 

obtained by each and every part of plant were tested against NRU to check the in vitro 

genotoxicity. Extracts were proved non-genotoxic. The NRU analysis exposed that it was 

extremely toxicological and therefore some warning, especially concerning dose and regularity 

of use must be of priority concern. 

 Elgorashi et al., (2003) described genotoxic effects of fifty one plants that are grown in 

South Africa and are used for medicinal purpose. Extraction was carried out with two solvents, 

90% methanol and dichloromethane. VITOTOX and bacterial Ames test were employed 

with/without metabolic activation. Crinum macowanii bulb extract exhibited highest 

mutagenicity in TA98 (with/ without metabolic activation). While leave extracts of Plumbago 

auriculata and Chaetacme aristata expressed mutagenicity as well as toxicity. Catharanthus 
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roseus extract of leaves and twigs were resulted mutagenic only on metabolic activation. The 

leave extracts of Ziziphus mucronata and C. roseus were mutagenic in TA98 for 90% 

methanolic extract.  Genotoxicity was not found for VITOTOX test and for TA100. 

Gadano et al., (2002) analyzed the inherited harm caused by decoction and infusion 

with different concentrations (1, 10, 100, 1000 μg/mL), by inclusion of the extracts to cell 

cultures of human lymphocyte. The endpoints analyzed were chromosomal aberrations (CA) 

and sister chromatid transactions (SCE) and mitotic indices (MI). The results revealed a 

statistical improvement in the amount of tissues with CA and in the regularity of SCE when 

cultures were revealed to both arrangements of Paico, a loss of MI of both arrangements 

assayed. It described that there were genotoxic changes observed in both preparation.  

 Wesam et al. (2013) examined the genotoxicity of Erythroxylum cuneatum(E. 

cuneatum) standardized aqueous extracts in human being WRL68 and HepG2 cell. Extracts 

were prepared from dry leaves.  Comet assay (single cell gel electrophoresis) was used to 

evaluate the genotoxicity on E. cuneatum extract.  Genotoxicity analysis revealed that therapy 

with E. cuneatum up to 1 mg/mL did not cause apparent DNA harm in WRL68 and HepG2 

tissues. No significant protection was observed in WRL68 and HepG2 cells by the addition of 

E. cunaetum. Results revealed that standardized extract of E. cuneatum might be used for the 

establishment of new medicinal opportunities of its applications. 
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Chapter # 3 

                                    Materials and Methods 

 

The research work presented in this dissertation was performed in Bioassay Section, Protein 

Molecular Biology Lab, Department of Chemistry and Biochemistry, University of 

Agriculture, Faisalabad Pakistan with collaboration of Nuclear Institute of Biotechnology 

and Genetic Engineering (NIBGE) Faisalabad Pakistan, International Centre for Chemical 

and Biological Sciences (ICCBS) Pakistan. Research Institute of Chemistry, University of 

Karachi, Pakistan and Government College University Lahore, Pakistan. 

3.1: List of chemicals  

All the chemicals and reagents used were of analytical grade such as linoleic acid (90%), 

gallic acid (99%), catechin (99.9%), folinciocalteu reagent,  DPPH(2, 2,-Diphenyl-1-

picrylhydrazyl) and homologous series of C4-C28 n-alkanes. The absolute methanol, sodium 

phosphate buffer, penicillin/streptomycin solution, ammonium thiocyanate, ferrous chloride, 

butylatedhydroxytoluene, potassium ferricyanide,  trichloroacetic acid, ferric chloride, 

cyclophosphamide monohydrate, fetal bovine serum, Giemsa stain, triton-X 100, absolute 

ethanol, hydrochloric acid, sodium hydroxide, sodium nitrite, sodium carbonate, aluminum 

chloride, picric acid,  Davis-Mingioli salt, D-glucose, bromocresol purple, D-biotin, L-

histidine, sodium azide(NaN3), potassium dichromate (K2Cr2O7), n-hexane, chloroform, n-

butanol, potassium iodide, iodine, dimethylsulfoxide, ethyl acetate, hydrogen peroxide, silica 

gel(Sigma Aldrich Chemical Co. USA and Merck USA. The pBR322 DNA and 1 kb DNA 

ladder were purchased from Fermentas Life Sciences Company, Canada. All other reagents 

used were also of analytical grade purchased from Merck Darmstadt, Germany Sterile 

resazurin tablets were obtained from BDH Laboratory Supplies and culture media were 

purchased from Oxoid (Hampshire, UK). 

3.2: Preparation of reagents 

3.2.1: Sodium carbonate solution (10% w/v) 

Sodium carbonate (10 g) was dissolved in small quantity of distilled water in a 100 mL 

volumetric flask and volume was made up to the mark. 
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3.2.2: Ferrous chloride solution (20 mM) 

The 0.254 g of ferrous chloride was dissolved in 100 mL of 3.5% HCl solution. 

3.2.3: Sodium nitrate solution (5%) 

Sodium nitrate (5 g) was dissolved in some quantity of distilled water in 100 mL volumetric 

flask. The volume was made up to the mark.  

3.2.4: Aluminum chloride (10%) 

Aluminum chloride (10 g) was dissolved in a 100 mL volumetric flask and volume was made 

up to the mark with distilled water. 

3.2.5: Sodium phosphate buffer 

Sodium phosphate buffer (NaH2PO4/Na2HPO4) of pH = 7.0 were prepared by using 
Henderson Hasselbalch equation: 
   pH = pKa + log [salt / acid] 
3.2.6: Sodium hydroxide (1M ) 

Sodium hydroxide (4 g) was dissolved in small quantity of distilled water in a 100 mL 

volumetric flask and volume was made up to the mark with distilled water. 

3.2.7: Ethanol (75%) 

Ethanol (75 mL, 99.9%) was taken in 100 mL volumetric flask and volume was made up to 
the mark. 
3.2.8: 1, 1 Diphenyl-2-picrylhydrazyl Radical (DPPH) 

Measured quantity 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH) (0.004mg) was dissolved 

in small quantity of absolute methanol in 1000 mL volumetric flask and volume was made up 

to the mark. 

3.2.9: Wagner’s reagent 

Potassium iodide (2 mg) was dissolved in small quantity of distilled water and 3 mg of iodine 

was added in 100 mL volumetric flask and volume was made up to the mark distilled water. 

3.2.10: Hager’s reagent 

Picric acid (0.025 g) was dissolved in small quantity of distilled water in a 100 mL 

volumetric flask and volume was made up to the mark. 

3.2.11: Dragendroff reagent 

For the preparation of dragendroff reagent two stock solutions were prepared. Bismuth 

nitrate (0.6 g) was dissolved in concentrated hydrochloric acid (2 mL) and water (10 mL). 

The second solution contained potassium iodide (6 g) in water (10 mL). The two solutions 



 

22 
 

were mixed together with concentrated hydrochloric acid (7 mL) and water (15 mL). The 

mixture was diluted up to 400 mL with water (Harborne and Williams, 1992). 

3.2.12: Mayer's reagent 

Mercuric chloride (1.36 g) was dissolved in 60 mL distilled water. Potassium iodide (5 g) 

was dissolved in 20 mL distilled water. The two solutions were mixed and volume was made 

up to 100 mL with distilled water. 

3.2.13: Aluminium chloride solution (1%) 

Aluminium chloride (1 g) was dissolved in small quantity of ethanol in a 100 mL volumetric 

flask and volume was made up to the mark. 

3.2.14: Sodium thiosulphate solution (0.01 N) 

Sodium thiosulphate (2.48 g) were dissolved in a small quantity of distilled water in a 1000 

mL volumetric flask and volume was made up to the mark. The solution was standardized 

before use. 

3.2.15: Peroxide value solution 

Peroxide Value solution was prepared by mixing chloroform and acetic acid (3:2 ratio v/v). 

3.2.16: Sodium carbonate solution (20%) 

Sodium carbonate (20 g) dissolved in small quantity of distilled water in a 100 mL 

volumetric flask and volume was made up to the mark. 

3.2.17: Oxalic acid (0.1 N) 

Oxalic acid (6.3 g) in a small quantity of distilled water in a 1000 mL volumetric flask and 

volume was made up to the mark. 

3.2.18: Potassium iodide solution (15%) 

Weighed amount (15 g) potassium iodide was dissolved in small amount of distilled water in 

100 mL volumetric flask and volume was made up to the mark. 

3.2.19: Sodium thiosulfate(0.1 N) 

Sodium thiosulfate (24.8 g) was dissolved in small quantity of distilled water in 1000 mL 

volumetric flask and volume was made up to the mark. 

3.2.20: Phenolphthalein solution in alcohol (1%) 

One gram phenolphthalein was dissolved in small quantity of ethyl alcohol in 100 mL 

volumetric flask and volume was made up to the mark. 
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3.2.21: Ceric sulphate reagent 

The ceric sulphate (0.1 g) and trichloro acetic acid (1 g) were dissolved in 4 mL distilled 

water. The solution was boiled and concentrated sulphuric acid was added drop wise till the 

disappearance of turbidity. 

3.2.22: Reagent mixture for salmonella strain 

Davis-Mingioli salt (21.62 mL), D-glucose (4.75 mL), bromocresol purple (2.38 mL), D-

biotin (1.19 mL) and L-histidine (0.06 mL) were mixed aseptically in a sterile bottle. 

3.2.23: Nutrient agar 

Nutrient agar (Oxoid UK), 28 g/L was dissolved in distilled water. Sterilized the medium 

before used. 

3.2.24: Sabouraud dextrose agar 

Sabouraud dextrose agar (Oxoid, UK) was dissolved in 39 g/L of distilled water in a 1 L 

conical flask, stirred, boiled to dissolve and then autoclaved. 

3.2.25: Sterilization of media for antimicrobial studies 

The conical flask containing medium for antimicrobial studies was autoclaved. The lid of 

autoclave was fixed, safety valve was adjusted to the required temperature (121oC) and 

pressure (15 pound/sq. inch) then medium were allowed to sterilize for 15 minutes. At the 

end of this period, heater was turned off and autoclave was allowed to cool. Then, the flask 

was removed. 

3.2.26: Preparation of Petri plates for antimicrobial activity 

The agar medium was added in glass Petri plates 6 and 12 inches, approximately 25 mL and 

50 mL respectively, cooled to 45-50oC was poured into pre sterilized 6 and inches Petri 

plates respectively. The agar medium formed a firm gel which on cooling gave a layer of 2-3 

mm thickness in each plate. 

3.2.27: Laminar air flow conditions 

The aseptic conditions were maintained in laminar flow, which was cleaned with 70% 

ethanol and irradiated with short wave UV light. 

3.3: Standardization of solutions 

3.3.1: Standardization of sodium thiosulfate solution (0.01 N) 

Potassium dichromate (0.16 g) was taken in volumetric flask and dissolved it in 10 mL of 

water. Added 1 mL of concentrated HCl and few drops of potassium iodide solution. Mixed 
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the solution and allowed to stand for 5 min and then 100 mL of distilled water was added. 

The contents of flask were titrated with 0.01 N sodium thiosulfate (Na2S2O3) solutions 

shaking continuously until the yellow color faded. Then added 1-2 drops of starch as an 

indicator and continues the titration until the greenish blue color just appeared. 

3.3.2: Standardization of sodium hydroxide solution (0.1 N) 

The 10 mL of known concentration of oxalic acid was taken in conical flask with few drops 

of phenolphthalein as an indicator. The contents of flask were titrated against sodium 

hydroxide. Light pink color was noted as end point. 

3.4: Instruments Used 

The instruments used for analysis during the study along with their company identification 
detailed are as below. 
1. GC-MS, GC 6850 network GC system equipped with a 7683B series auto injector and 

5973 inert mass selective detector (Agilent Technologies, Wilmington, DE, USA). 

2. Gel documentation system, SYNGENE Model GENE GENIUS, Cambridge, United 

Kingdom. 

3. Gel electrophoresis cell, Bio-Rad model wide mini, Tec view Singapore. 

4. Grinder, Model CB 222, Cambridge United Kingdom. 

5. Incubator, Sanyo, Germany. 

6. FTIR spectrophotometer, JASCO-320-A, JASCO, Inc., Mary's Court, Easton, MD USA. 

7. Laminar air flow, Dalton, Japan. 

8. Magnetic stirrer, Gallen Kamp, England. 

9. Microplate stirrer, New Jersey, USA. 

10. NMR, AZ-300, Bruker spectrometers, Switzerland. 

11. Orbitrary shaker, Gallen Kamp, England. 

12. Oven, Memert GmbH, D-91126, Germany. 

13. Rotary evaporator, Heidolph, model LABORATA 4000, Schwabach, Germany 

14. Ultra low freezer, Sanyo, Germany. 

15. UV detection lamp 254 and 365 nm, Fisher Scientific Ltd, Pandan Crescent, UE Tech 

Park, Singapore. 

16. 96 micro well plate readers BioTek, model µ-QuantTM, Winooski, VT, USA. 

17. Autoclave , Omron, Japan. 

18. Blender, Mamrelax, Fait Common, France. 
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19. Centrifuge, H-200 NR, Kokusan, Japan. 

20. EI-MS MAT 312 spectrometer, Scientific Instrument Services, Inc., Ringoes, NJ, USA. 

3.5: General procedure 

Methods: 
3.5.1: Collection of selected plants. 

3.5.2: Grinding and sample size/extraction. 

3.5.3: Proximate analysis of whole plants. 

3.5.4: Amino acid analysis of selected plant seeds. 

3.5.5: Qualitative and quantitative content analysis. 

3.5.6: Antimicrobial activity of prepared samples by different methods. 

3.5.7: Antioxidant activity of all prepared samples through different methods. 

 3.5.8: Hemolytic activity of all prepared samples by different methods. 

3.5.9: Brine shrimp toxicity assay of prepared samples through different methods. 

3.5.10: Mutagenic assay/Ames test of prepared samples by different methods. 

3.5.11: Micronucleus assay. 

3.5.12: Analytic technique like, Nuclear magnetic resonance, Fourier transformation 

infrared spectroscopy, and liquid chromatography mass spectroscopy. 

3.5.13: Statistical analysis of all data obtained. 

            3.5.1:  Collection of plant material 

In the present study the following medicinal plants were used for the analysis. Which are 

Ricinus communis, Croton tiglium, and Datura innoxia whole plants and as well as their 

different parts like leaves, stem, fruit, seed were collected from Botanical Garden, 

University of Agriculture Faisalabad, Pakistan (table 3.1). The plants were further 

identified and authenticated by the Taxonomist Dr. Mansoor Hameed, Associate 

Professor, Department of Botany, University of Agriculture Faisalabad, Pakistan. 
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Table 3.1: Scientific and Vernacular name of selected medicinal plants 

 
S. No 

 
Scientific name 

 
Vernacular name 

 
Family name 

 
      1 

 
Ricinus communis 

 
Arind 

 
Euphorbia 

 
2 

 
Croton tiglium 

 
Jamalghota 

 
Euphorbia 

 
3 

 
Datura innoxia 

 
Datura 

 
Solanaceae 

 

3.5.2: Effect of plant sample size on extraction 

To obtain maximum yield of extract 25µm mesh size of plants were optimized. The plants 

materials were washed with distilled water, shade dried and ground. The 100 g of each 

plant was soaked in absolute methanol at room temperature for seven days. After soaking 

the plants extracts were filtered with filter paper (Whatman No. 1) and extracting solvent 

(absolute methanol) was removed to dryness using rotary evaporator (Heidolph, model 

Laborata 4000, Schwabach, Germany) at a temperature 45-50oC. The plant material was 

extracted thrice and extracts were combined. The percentage yield of extract (g/100 g of 

dry plant) was calculated. 

 3.5.2.1: Preparation of extracts and various organic solvent fractions 

After the optimization of sample size it observed that 25 µm mesh size of plant provided 

maximum yield. So, thus optimized mesh size of plants was used for further extraction. 

The ground plants material and their seed for their comparison (1 Kg) 25 µm mesh size of 

each plant was soaked in absolute methanol at room temperature. The extraction repeated 

thrice and extracts were combined. The absolute methanol extract was further fractionated 

by using solvent extraction method with different polarity based absolute solvents such as 

n-hexane, chloroform, ethyl acetate and n-butanol (Scheme 3.1) as method described by 

(Tiwari et al., 2011). After fractionation, samples were concentrated to dryness using 

rotary evaporator at a temperature 45-50oC. The samples were stored in a refrigerator at 

4oC, until used for further analysis. The samples were stored at low temperature because 
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storage at high temperature may cause decomposition of phytochemicals and decline in 

biological activity (Perez-Jimenez et al., 2008). 

 

In absolute methanol exract added water for the
separatrion of dif ferent organic solvent layers

Added n-hexane

n-hexane fraction Residue

Added chloroform

Chloroform fraction Residue

Added ethyl acetate

Ethyl acetate f raction Residue
Added n-butanol

n-butanol f raction Residue (water soluble)

Plant material

Extraction with absolute methanol

 

Scheme. 3. 1: Schematic presentation for the extraction and fractionation of plant material 

3.5.2.2: Extraction by sonication method 

Sample (5 g) was transferred into an Erlenmeyer flask with 50 mL of extraction solvent 

(methanol).The flask, covered with an aluminum foil to prevent  photo-degradation, was 
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placed into an ultrasonic bath for a time depending on the procedure. The extract was 

carefully filtered through a layer of anhydrous sodium sulphate into a 250 mL round-

bottomed flask. The extraction was repeated by two to three time with 50 mL of extraction 

solvent for further extraction). All the extract were mixed and   evaporated by a rotary 

evaporator just to evaporate the solvent and then transferred into a 10 mL volumetric flask 

for further uses (Tomaniova et al., 1998). 

3.5.2.3: Extraction by shaking method 

3.5.2.4: Extraction with soxhlet method 

In this experiment, first grinded plants parts like seeds, stems, fruits, leaves and roots were 

weighted 20 g and packed in the thimble of filter paper. Filter paper thimble was adjusted 

in the soxhlet apparatus and 300 mL of n-hexane was added in flask for six hour for 

defatting.  After completing defatting n-hexane was stored in the bottle and seed defatting 

extracts were subject to GC-MS analysis. Then again same thimble with residue was 

adjusted in the soxhlet apparatus and 300 mL of methanol was added in the flask and 

extractions were carried out for 8hours and extracts were subject to their biological and 

cytoxicity assay (Chukeatirote and Saisavoey, 2009). 

3.5.3: Proximate analysis of plants 

The dried plants powder was analyzed for its moisture content, crude proteins, crude fats, 

crude fibers and ash content by the following methods. 

3.5.3.1: Moisture content  

Moisture content was determined by using the method described by Ayuba et al. (2011).  

Two grams of plant sample was transferred in crucible of known weight and placed at 

120°C in thermostatic oven. A sample was dried to constant weight. Moisture content will 

be expressed as percentage by weight of sample. 

3.5.3.2: Estimation of crude fats 

Crude fats of dried plants powder were determined by the method described by Ayuba et 

al. (2011). For the estimation of crude fats dried plants powder were taken in a thimble. 

The thimble was placed in extraction tube of soxhlet apparatus. It was placed in a water 

bath and the temperature was so adjusted that continuous drops of water fell on the plant 

sample that was placed in extraction tube. The process of extraction was carried out with 

petroleum ether (Boiling point is 40-60oC) for 16 hours. Then the sample was removed 
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from the extraction tube and the solvent was allowed to evaporate by placing the flask in 

boiling water bath. The extract was placed in hot air oven at 105oC for 30 minutes and it 

was completely dried. It was allowed to cool in desiccators. The weight of dried extract 

was recorded. Crude fat percentage was calculated with the help of following formula: 

Crude fat (%) = Wt of fat in sample (g) × 100/ Wt of sample 

3.5.3.3: Estimation of crude protein 

Crude protein was determined by micro Kjeldahl apparatus according to Ayuba et al. 

(2011). Protein percentage of plants was determined by the following formula: 

Crude protein (%) = 6.25 × Nitrogen (%) 

A  known  weight  of each fat-free  samples  of  the selected plants were first wrapped in 

Whatman filter paper (No. 1) and  put  in  a  Kjeldhal  digestion  flask. The 10mL of 

concentrated Sulphuric acid was added.  In one gram of  catalyst  (a  mixture  of  sodium  

sulphate  (Na2SO4) copper  sulphate  (CuSO4)  and  selenium  oxide  (SeO2),  ratio  10:5:1  

was added  into  the  flask  to  facilitate  digestion. Antidumping granules were added.  

The flasks were then put on Gallenkamp digestion apparatus for 2 hours until liquid 

turned light green. The digested samples were cooled and diluted with distilled water to 

100 mL in standard volumetric flask.  A  10 mL  aliquot  of  each  diluted  solution  with  

10mL  each  of  45% sodium  hydroxide  were  put  into  the  Manhan  distillation  

apparatus  and distilled  into  10mL  of  2%  boric  acid  containing  4  drops  of  

bromocresol green/methyl red indicator. Each distillate  was  then  titrated  with  

standardized  0.01N  hydrochloric  acid  to grey colored end point to obtain nitrogen. The 

percentage crude protein in the original sample was calculated using the formula.  

Crude protein (%) = (a-b) x 0.01 x 14.01 x C x 100x 6.25 /   d x e   

Where:   

a    =   Titre value of the digested sample (b) = Titre value of the blank sample  

c    = Volume to which the digested sample was made up to with distilled water 

(100    mL)  

d    = Volume of sodium hydroxide used for distillation (10 mL)  

e    = Weight of dried fat-free sample    
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3.5.3.4: Estimation of crude fibers 

Crude fibers of dried plants were determined according to Pushpa et al. (2010). In 1L 

beaker, 3g of dried and fat free sample were taken and 200 mL of 1.25% H2SO4 were 

added to it and level of beaker was marked. This was allowed to boil for 30 min with 

constant stirring and also the level of water was maintained. These contents were filtered 

while warmed giving 2 to 3 washings with hot water until it became alkali free. The 

residue was carefully transferred in a crucible and dried in hot air oven at 100oC for 3 to 4 

h until constant weight was obtained. These contents were heated on an oxidizing flame 

until the smoke ceased come out. Then this sample was put in a muffle furnace at 550oC 

for 4 hours until grey color ash was obtained. This was allowed to cool in desiccators and 

weighed. 

Percentage of crude fibers was calculated by the following formula: 

Crude fiber (%) = 100(crucible wt before ashing – crucible wt after ashing)/ Wt. of sample 

3.5.3.5: Determination of ash contents 

Ash contents of dried plant samples were determined by the method as described by 

Ayuba et al. (2011). Dried plant samples were placed in a crucible and heated on an 

oxidizing flame until the smoke was stopped. The crucible was placed in a muffle furnace 

for 6 h at 550 oC until ash was obtained. This sample was allowed to cool and weighed.  

Ash content was calculated with help of following formula. 

Ash (%) = wt of ash in sample (g) × 100/ wt of sample (g) 

3.5.3.6: Determination of total carbohydrates 

Total carbohydrates were calculated by difference method as follows: 

Total carbohydrates = 100- (Total moisture + Total protein + Total fat + Total ash) 

3.5.3.7: Total energy 

Total energy was calculated according to the following equations (Barros et al., 2007). 

Energy (Kcal) = 4× (g protein + g carbohydrate) + 9 × (g lipid) 

Energy (KJ) = 17 × (g protein + g carbohydrate) + 37 × (g lipid) 

3.5.4: Amino Acid Analysis 

In order to hydrolyze amino acids from protein homogenized seed samples (100± 23 mg) 

were taken in separate digestion tubes with the addition of 2mL, 6 N HCl and kept for 18-

24 h at 110°C under vacuum. The hydrolyzed samples were then washed with water and 
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evaporated to dryness on a rotary evaporator in vacuum, at 70°C. Final volume was made 

up at 25 mL with deionized water. Samples were filtered through syringe filter (0.22 

micron) and diluted with buffer a solution in a sample vial, prior to injection (20 µL) into 

the amino acid analyzer. Amino acid analysis was conducted on the Shimadzu Amino 

Acid Analyzer with Shim-Pack Amino-Na column (4.6mm, i.d x100 mm) containing 

strong acidic cation exchanger resin (styrene divinyl benzene copolymer with sulphonic 

groups). Sample is injected by the auto injector SIL-10ADVP. The 3 mobile phase A, B, 

and C consisted of 0.2 N sodium citrate pH 3.2 (mobile phase A, MA), 0.6 N sodium 

citrate and 0.2 M boric acid pH10 (Mobile phase B, MB), and 0.2 M NaOH (Mobile phase 

C, MC). A gradient program of 72 min was set for mobile phase A, B, C with the initial 

flow rate of 0.4 mL/min at 100% MA followed by MB 0-100% for 14-53 minutes; 

MC100% for 53.01 to 58 minutes; MA 100% for 59-72 min. Ammonia trap column is 

used prior to column elution (Shim-pack ISC-30/SO504 Na). System controller was SCL-

10A VP, while degasser used was DGU-14A. Reaction solutions were kept at a flow rate 

of 2 mL/min at 60°C. Fluorescence detector RF-10A XL was adjusted at Excitation = 350 

nm, Emission = 450 nm. The column oven CTO-10AV VP was set at 60°C. Flow rate of 

reaction solution was kept constant by peristaltic pump (PRR-2A) (Igwe et al., 2012). 

3.5.5: Phytochemistry of Plants 

3.5.5.1 Qualitative analysis 

3.5.5.1.1: Test for alkaloids: A 2 mL of the extract and 0.2 mL of dilute hydrochloric 

acid were taken in a test tube. Then, 1mL of Mayer’s reagent was added. A yellowish buff 

precipitate is indicative of the presence alkaloids (Biswas et al., 2011). 

3.5.5.1.2: Test for tannins 

The extract 0.5 g was boiled in 10 mL of water in a test tube for 5 min. The mixture was 

filtered and then in 5 mL of filtrate solution. A few drops of 0.1% ferric chloride was 

added and observed for brownish green or a blue-black coloration (Menghani et al., 

2012). 

3.5.5.1.3: Test for terpenoide (Salkowski’s test) 

Chloroform (1 mL) was added to 200 µL of the extract followed by a few drops of 

concentrated sulfuric acid. A reddish brown precipitate produced immediately indicated 

the presence of terpenoides (Misra et al., 2011). 
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3.5.5.1.4: Test for flavonoids 

A few drops of concentrated hydrochloride acid were added to a small amount of plant 

extract. Immediate development of a red colour indicates the presence of flavonoids 

(Biswas et al., 2011). 

3.5.5.1.5: Test for saponins 

The extract 0.5 g was added in 5mL of distilled water. The solution was shaken vigorously 

and observed for the formation of an emulsion (Menghani et al., 2011) 

3.5.5.1.6: Test for Phlobatanins 

The extract (0.5 g) was dissolved in distilled water and filtered. The filtrate was boiled 

with 2% HCl solution. Red precipitate showed the presence of phlobatanins (Uddin et al., 

2011). 

3.5.5.1.7: Test for steriods 

The extract 1 mL was dissolved in 10 mL of chloroform and equal volume of concentrated 

sulphuric acid was added by sides of the test tube. The upper layer turns red and sulphuric 

acid layer showed yellow with green fluorescence. This indicated the presence of steroids 

(Savithramma et al., 2011). 

3.5.5.1.8: Test for cardiac glycosides (kellarkiliani test) 

 Extract (200 µL) was dissolved in 100 µL of glacial acetic acid. Few drops of 5% ferric 

chloride were added followed by few drops of concentrated sulphuric acid. A greenish 

blue colour confirmed the presence of glycosides (Misra et al., 2011).   

3.5.5.2: Quantitative analysis 

3.5.5.2.1: Alkaloid determination 

Sample (5 g) was weighed into a 250 mL beaker and 200 mL of 10% acetic acid in 

ethanol was added and covered and allowed to stand for 4 h. This was filtered and the 

extract was concentrated on a water bath to one-quarter of the original volume. 

Concentrated ammonium hydroxide was added drop wise to the extract until the 

precipitation was complete. The whole solution was allowed to settle and the precipitated 

was collected and washed with dilute ammonium hydroxide and then filtered. The residue 

is the alkaloid, which was dried and weighed (Sutharsingh et al., 2011). 
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3.5.5.2.2: Saponin determination  

Grounded sample (20 g) was put into a conical flask and 100 mL of 20% aqueous ethanol 

was added. Then the flask was heated on a hot water bath for 4 h with constant stirring at 

about 55°C. The mixture was then filtered and the residue was again extracted with 

another 200 mL 20% ethanol. The combined extract was reduced to 40 mL on a hot water 

bath at about 90°C. The concentrate was transferred into a 250 mL separator funnel, added 

20 mL diethyl ether in it followed by vigorous shaking. The aqueous layer was recovered 

while the ether layer was discarded. The purification process was repeated 60 mL of n-

butanol was added. The combined n-butanol extracts were washed twice with 10 mL of 

5% aqueous sodium chloride. The remaining solution was heated in a water bath. After 

evaporation the samples were dried in oven, weighed and saponins content was calculated 

as percentage (Khan et al., 2011). 

3.5.5.2.3: Flavonoid determination 

Colorimetric method with slight modifications was used to determine flavonoids content. 

Plant extract (1mL) in methanol was mixed with 1mL of methanol, 0.5 mL aluminium 

chloride (1.2%) and 0.5 mL potassium acetate (120 mM). The mixture was allowed to 

stand for 30 min a room temperature then the absorbance was measured at 415nm. 

Quercetin was used as standard. Flavonoid content is expressed in terms of quercetin 

equivalent (mg-1 of extracted compounds) (Vaghasiya et al., 2011). 

3.5.6: Antimicrobial assay of plant extracts 

The extracts were individually tested against a panel of micro organisms, including four 

bacterial and six fungal species. 

3.5.6.1: Bacterial strains 

Following bacterial and fungal strains were used to measure antimicrobial activities 

(1) Escherichia coli (2) Pasteurella multocida (3) Staphylococcus aureus (4) Bacillus 

subtil 

3.5.6.2 : Fungal strains 

(1) Aspergillus niger (2) Aspergillus flavus (3) Ganoderma lucidum (4) Alternaria 

alternate (5) Penicillium notatum (6)Trichoderma harzianum  

Bacterial strains were cultured overnight at 37 0C on nutrient agar (Oxoid, Uk) and fungi   

isolates were cultured for 72h at 280C on potato dextrose agar (Oxoid, Uk). 
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3.5.6.3: Antibacterial assay 

3.5.6.3.1: Bacterial growth medium, cultures and inocula preparation 

Pure cultures were maintained on nutrient agar medium in the slants and Petri plates. For 

the inocula preparation 13 g/L of nutrient broth (Oxoid, Uk) was suspended in distilled 

water, heat, mixed well and distributed homogenously and autoclaved. Pure (10µL) 

culture of a bacterial strain was mixed with medium and placed for 24 hours at 37 oC at in 

a shaker 120 rpm. All the innocula were prepared by same pattern and stored at 4oC.The 

inocula with 1×108 CFU/mL were used for further analysis. 

3.5.6.3.2 : Antibacterial assay by disc diffusion method 

Antimicrobial activity of extracts was determined by using disc diffusion method (CLSI, 

2011). Nutrient agar (Oxoid, UK) 28 g/L was suspended in distilled water, mixed well and 

distributed homogenously. The medium was sterilized by autoclaving at 121oC for 15 

min. Before the medium was transferred to Petri plates; inocula (100 μL/100mL) was 

added to the medium and poured in sterilized Petri plates. After this, wicks paper discs of 

size 9 mm were laid flat on growth medium containing 100 μL of extracts. The Petri 

plates were then incubated at 37oC for 24 hours, for the growth of bacteria. The extracts 

having antibacterial activity, inhibited the bacterial growth and clear zones were formed. 

The zones of inhibition were measured in millimeters using zone reader (Riaz et al., 

2012). 

3.5.6.4: Antifungal assay 

3.5.6.4.1: Growth medium, culture and inocula preparation 

Pure culture of the fungi were maintained on potato dextrose agar (PDA) medium in slant 

and Petri plates that were pre sterilized in hot air oven at 180oC for 3 h. These culture 

slants were incubated at 28oC for 3-4 days for the multiplication of fungal strains.  

3.5.6.4.2: Antifungal assay by disc diffusion method     

The prepared sterilized potato dextrose medium was transferred to the sterilized Petri 

plates. The Petri plates were then incubated at 28oC for 48 hours, for the growth of fungus. 

Small filter paper discs were laid flat on growth medium having fungal growth, and 100 

μL of extracts was applied on each disc. The Petri plates were again incubated. The 
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extracts having antifungal activity exhibited clear zones around the discs. The zones of 

inhibition were measured in millimeters using zone reader (Riaz et al., 2012). 

3.5.6.5: Minimum inhibitory concentrations (MIC) of plant extracts 

Sample 100 μL, liquid medium (Muller Hinton medium Oxoid, UK) inoculum 10 μL, 10 

μL resazurin as an indicator of cell growth and 96 well plates were used. 

3.5.6.6: Preparation of bacterial culture 

Using aseptic technique a single colony was transferred in to 100 mL bottle of Iso-

Sensitest broth, capped and placed in incubator overnight at 37oC. After 12-18 h of 

incubation using aseptic preparation and the aid of centrifuge, a clean sample of bacteria 

was prepared. The broth was spun down using centrifuge at 4000 rpm for 5 min. The 

supernatant was discarded into an appropriately labeled and contaminated waste beaker. 

The pellet was resuspended using 20 mL of sterile normal saline and centrifuge again at 

4000 rpm for 5 min. This step was repeated until the supernatant was clear. The pallet was 

suspended in 20 mL normal saline and was labeled. The optical density of bacterial 

culture was recorded at 500 nm, and serial dilutions were carried out with appropriate 

aseptic techniques until the optical density was in the range of 0.5-1.0. The actual number 

of colony forming units was calculated from the viability graph. The dilution factor 

needed was calculated and the dilution was carried out to obtain a concentration of 5x106 

CFU/mL. 

3.5.6.7 Preparation of resazurin solution 

The resazurin solution was prepared by dissolving 270 mg tablet (Sigma Aldrich, Uk) in 

40 mL of distilled water. Plates were prepared under aseptic condition. A volume of 100 

µL of test material was pipette into the first row of the labeled and sterile 96 well plate. To 

all other wells 50 µL of nutrient broth was added. Serial dilutions in descending 

concentration were performed. At the end of serially dilutions in descending order, tips 

having the test material were discarded. To each well 10 µL of resazurin indicator solution 

was added. Finally, 10 µL of bacterial suspension (5x106 CFU/mL) was added to achieve 

a concentration of 5x105 CFU/mL. Each plate had a set of control: A column with a broad 

spectrum antibiotic as positive control. A column, with all solution except test compound 

and a column having all solutions except bacterial solution were added 10 µL of broth 

instead. Each plate was wrapped with aluminum foil to ensure that bacteria did not 
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become dehydrated. The plates were then incubated at 37oC for bacteria for 24 hours. The 

absorbance was measured at 500nm. Any color change from purple to pink or colorless 

was recorded as positive. The lowest concentration at which colour changes occur was 

taken as MIC value (Sarker et al., 2007). 

3.5.7: Antioxidant activity of plant extracts     

Antioxidant activity of plant extracts were measured by different methods including; 

i. Total phenolic contents (TPC) of selected plant extracts 

ii. Total flavonoid contents (TFC) of selected plant extracts    

iii. Free radical scavenging activity by DPPH of selected plant extracts  

iv. Oxidation of compounds by linoleic acid of selected plant extracts 

v. Determination of reducing power of selected plant extracts 

vi. Antioxidant activity by DNA protection assay of selected plant extracts   

3.5.7.1: Total phenolic contents (TPC) of selected plant extracts 

TPC was determined by Folin-Ciocalteu reagent method as described by Ainsworth and 

Gillespie (2007). In 100 mL of each sample 200 µL of F-C reagent was added and vortex 

thoroughly. 800 µL of 700 mM Na2Co 3 into each sample and incubated at room 

temperature for 2 h. 200 µL sample was transferred to a clear and clean 96-well plate and 

absorbance of each well was measured at 765nm. Amount of TPC was calculated using a 

calibration curve of Gallic acid as a standard. The results were expressed as gallic acid 

equivalent (GAE) per dry matter. 

 3.5.7.2: Total flavonoids content (TFC) of selected plant extracts  

To measure the TFC, One mL of extract containing 0.01 g/mL of dry matter was placed in 

a 10 mL of volumetric flask, Then 5 mL of distilled water was added followed by 0.3 mL 

of 5% NaNo2. After 5 min, 0.6 mL of 10% AlCl3was added. After another 5 min 2 mL of 

1 M NaoH was added and volume was made up with distilled water. Absorbance was 

measured at 510 nm. TFC amounts were expressed as catechin equivalents (100-1300 

mg/L) per dry matter (Dewanto et al., 2002). All samples were analyzed thrice and results 

were averaged. 
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3.5.7.3: DPPH radical scavenging assay of selected plant extracts 

The DPPH assay was carried out as described by Bozin et al. (2006). The antioxidant 

activity of seed extracts were assessed by measuring their scavenging abilities to 2, 2-

diphenyl-1-1-picrylhydrazyl stable radical. 50uL aliquot of various concentrations of the 

samples was added to 5 mL of a 0.004 % methanol solution of DPPH. After 30 min 

incubation period at room temperature, the absorbance was read against a blank at 517 

nm. The assay was carried out in triplicate. 

  I % = (A blank –A sample /A blank) ×100   

Where A blank is the absorbance of the control reaction (containing all reagents except 

the test compound) and A sample is the absorbance of the test compound. Extract 

concentration providing 50 % inhibition (IC50) was calculated from the graph plotted 

inhibition percentage against extract concentration. The assay was carried out in triplicate. 

3.5.7.4: Determination of reducing power of selected plant extracts 

 The reducing power of extracts was determined according to the procedure described by 

Yen et al. (2000). A 100 μL of solution was mixed with sodium phosphate/potassium 

phosphate buffer (5.0 mL/0.2 M, pH: 6.6) and potassium ferricyanide (5.0 mL, 1.0 %); the 

mixture was incubated at 50 oC for 20 min. Then 5 mL of 10 % of tricholoroacetic acid 

was added and centrifuged at 1000 rpm (10 min at 5oC) in refrigerated centrifuge. The 

upper layer of the solution (5.0 mL) was diluted with 5.0 mL distilled water and ferric 

chloride (1.0 mL, 0.1 %), and absorbance read at 700 nm. The experiment was performed 

thrice and results were averaged and data presented as mean ± SD. 

3.5.7.5: Antioxidant activity determination in linoleic acid of selected plant extracts 

The antioxidant activity of extract was determined in terms of measurement of % of 

inhibition of peroxidation in linoleic acid system following the reported method of Iqbal et 

al. (2005). A 5mg of each extract of sample was added to a solution mixture of linoleic 

acid (0.13 mL), 98 % ethanol (10mL) and 10 mL of 0.2 M sodium phosphate buffer (pH 

:7.0). Total was be diluted up to 25 mL with distilled water. The solution was incubated at 

40 oC and the degree of oxidation was measured following thiocyanate method (Yen et al. 

2000) with 10 mL of ethanol (75 %), 0.2 mL of an aqueous solution of ammonium 

thiocynate (30 %), 0.2 mL of sample solution and 0.2 mL of ferrous chloride (FeCl2) 
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solution (20 mM in 3.5 % HCl) being added sequentially. After 3 min of stirring, the 

absorption value of mixture was measured at 500 nm was taken as peroxide contents. A 

control was performed with linoleic acid but without extracts. butylate dhydroxytoluene 

(BHT) and ascorbic acid (200µg/mL) was used as positive control. The maximum 

peroxidation level observed as 175 hours (7 days) in the sample those contain no 

antioxidant component was used as a test point. 

Percent inhibition=100-(Abs. increase of sample at 175h/Abs increase of control at 175h) 

×100 

3.5.7.6: Antioxidant activity by DNA protection assay of selected plant extracts 

The antioxidant activity by DNA protection assay was carried out for the plant extracts 

exhibited significant activity during initial screening so for were used for this assay by the 

method described by (Kalpana et al., 2009) with some modifications. For this assay pBR 

322 DNA 0.5 µg/µL was diluted up to two folds (0.5 µg/3 µL using 50 mM sodium 

phosphate buffer pH 7.4). The 3 µL of diluted pBR 322 DNA was treated with 5 µL test 

sample. After this, 4 µL of 30% H2O2was added in the presence and absence of different 

concentrations of test samples. The volume was made upto 15 µL with sodium phosphate 

buffer (pH: 7.4). Initially to optimize dose, different concentrations of absolute methanol 

extract were used such as 1000, 100 and 10 µg/mL in the reaction mixture. The 1000 

µg/mL showed better protection to DNA damaging, it was preceded to analyze for DNA 

protection assay. The relative difference in migration between the native and oxidized 

DNA was then examined on 1% agarose by horizontal DNA gel electrophoresis using a 

wide mini system (Techview, Singapore). The gels were documented by a Syngene model 

Gene Genius unit (Syngene, Cambridge, UK). 

  3.5.8: Cytotoxicity studies by hemolytic activity 

The cytotoxicity studies of the plants extracts, fractions and essential oils were analyzed 

by hemolytic activity by the method Powell et al. 2000 with some modifications. The 

plant extracts at concentration of 10 mg/mL in 10% DMSO were prepared. Three mL of 

freshly obtained human blood was added in heparinized tubes to avoid coagulation and 

gently mixed, poured into a sterile 15 mL falcon tube and centrifuged for 5 min at 850 x g. 

The supernatant was poured off and RBCs were washed three times with 5 mL of chilled 

(4 ºC) sterile isotonic phosphate buffer saline (PBS) solution, adjusted to pH: 7.4. The 
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washed RBCs were suspended in the 20 mL chilled PBS. Erythrocytes were counted using 

heamacytometer under microscope. The RBCs count was maintained to 7.068 x 

108cells/mL for each assay. The 20 µL of plant extract and fractions were taken in 2 mL 

eppendorfs, and then added 180 µL diluted blood cell suspension. The samples were 

incubated for 30 minutes at 37ºC. Agitated it after 10 minutes, after incubation, then tubes 

placed on ice for 5 minutes and centrifuged for 5 minutes at 1310 x g. After centrifugation 

100 µL supernatant was taken from the tubes and diluted with 900 µL chilled PBS. All 

eppendorfs were maintained on ice after dilution. After this 200 µL mixture from each 

eppendorfs was added into 96 well plates. For each assay, 0.1% triton X-100 was taken as 

a positive control and phosphate buffer saline (PBS) was taken for each assay as a 

negative control. The absorbance was noted at 576 nm with a BioTek, μ Quant microplate 

reader (BioTek, Winooski, VT, USA). The % lysis of RBCs calculated by the following 

formula (Powell et al., 2000) 

Lysis of RBCs (%) = (Absorbance of sample /Absorbance of triton X-100) ×100 

3.5.9: Brine shrimp lethality assay: 

Brine shrimp lethality bioassay was carried out to investigate the cytotoxicity of extracts 

of medicinal plants. Brine shrimps (Artemia salina) were hatched using brine shrimp eggs 

in a conical shaped vessel (2L), filled with sterile artificial seawater (prepared using sea 

salt 38 g/L and adjusted to pH 8.5 using 1N NaOH) under constant aeration for 48 h. After 

hatching, active nauplii free from egg shells were collected from brighter portion of the 

hatching chamber and used for the assay. Twenty nauplii were drawn through a glass 

capillary and placed in each vial containing 4.5 mL of brine solution. In each experiment, 

0.5ml of the plant extract was added to 4.5 mL of brine solution and maintained at room 

temperature for 24 h under the light and surviving larvae were counted. Experiments were 

conducted along with control, four different concentrations (10-100, 1000, 3000 µg/mL) 

of the plants were used to check their toxicity and the experiment was repeated three times 

(Manilal et al., 2009). 

3.5.9.1: Lethality concentration determination 

The percentage lethality was determined by comparing the mean surviving larvae of the 

test and control tubes. LC50 values were obtained from the best fit line plotted 



 

40 
 

concentration verses percentage lethality. Methanol was used as a positive control in the 

bioassay. 

  3.5.10: Ames assay (genotoxicity assay) 

The Ames test was performed in agar plate as precisely reported by  Razak et al. (2011). The 

plates were sealed in plastic bags and incubated at 37 0C for 4 days. The blank plate was 

observed first and the rest of plates were read only when all wells in the blank plate were 

colored purple indicating the assay was not contaminated. The background, standard, and test 

plates were scored visually and all yellow, partial yellow or turbid wells were scored as 

positive wells while purple wells were scored as negative. The extract was considered toxic 

to the test strain if all wells in the test plate showed purple coloration. For an extract to be 

mutagenic, the number of positive wells had to be more than twice the number of positive 

well in the background plate  

3.5.11: Micronucleus assay 

To check the toxic potential of medicinal plants. In vivo study was performed on 

experimental animals. Micronucleus tests were performed in experimental animal rabbits 

supplied by the Department of Clinical Medicinal and Surgery, University of Agriculture 

Faisalabad, Pakistan. The rabbits were kept in a room with a 12 h photoperiod at a 

temperature of 25 ± 1°C with free access to food and tap water. The rabbits  were 

sacrificed at 7, 14, and 21 days after the administration of Croton tiglium, Datura innoxia 

and Ricinus communis extracts at a dose of 300 mg/kg body weight per week were given 

in  and cyclophosphamide (CP) 0.80 mg/kg body weight per week were used as positive 

by Intraperitoneal (I.P) route. Air dried slides with rat bone marrow micronuclei were 

stained with May-Grünwald and Giemsa. A total of 2000 polychromatic erythrocytes 

(PCEs) were scored per animal for the determination of micro nucleated PCEs (MnPCEs). 

In the analysis of PCEs/non-chromatic erythrocytes (PCEs/NCEs), a total cell count of 

1000 erythrocytes was scored per animal (Ahmad et al., 2008). 

3.5.11.1: Preparation of stained slides for histological examination 

 At the start of the experiment selected medicinal plants were given to rabbits to check the in 

vivo cytotoxicity in bone marrow cells. Along with bone marrow study liver and kidney 

tissue were also examined for their toxic effect. Groups taking selected medicinal plants 
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aqueous extracts were slaughtered in order to check the damage of liver and kidney. 

Following is the procedure by which stained slides are prepared for Histological 

Examination. 

3.5.11.2: Fixation 

Liver and kidney tissues were cut into smaller blocks and placed in 10% buffered formalin 

for 3 days for fixation. 

3.5.11.3: Trimming  

Fixed tissues were trimmed between 0.2 cm to 0.5 cm wide between 0.2 cm to 0.5 cm thick 

and not more than 2.0 cm long. Then trimmed samples were rinsed in tap water for 10 

minutes. 

3.5.11.4: Dehydration  

Dehydration was carried out in an automatic tissue processor (Hitachi Japan) 

3.5.11.5: Cleaning 

Dehydrated samples were dipped in chloroform all night. 

3.5.11.6: Wax Infiltration 

Wax bath (58ċ) Time (h) 

1 1 hour 

2 1 hour 

3 1 hour 

3.5.11.7: Embedding sample in wax 

 Wax infiltrated samples were placed in embedding molds. Pure melted paraffin covered with 

embedding cassettes. Poured some more wax on to the cassettes. Placed molds on a cold 

plate or ice tray so that the embedded samples solidify. After solidification cassettes with 

wax embedded samples were separated from the mold and now were ready for sectioning. 

3.5.11.8: Sectioning 

Removed tissue blocks from mold and trim away excess surrounding paraffin using a clean 

razor blade or scalpel. Fitted trimmed blocks to a microtome using a pair forceps. Gently 

operated the microtome so as it to cut ribbon of section. Ribbon was put to a water bath. 

Then transferred the ribbon on to a clean glass slide using a needle. Let the slides dried on a 

slide bench. 
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3.5.11.9: Dewaxing 

Placed slides in a trough containing xylene (xylol) for 2-3 minutes. Repeated this procedure 

using another trough of fresh xylene. Transferred slides through a series of troughs 

containing descending grades of alcohol (Absolute alcohol- two times,   95%  &70%  for 2-3 minutes 

each) Rinsed the slides in running tap water for 2-3 minutes and removed any visible artifacts. 

3.5.11.10: Staining 

Erlich’sHaematoxylin   30 mins 

Washed in tap water 

Differentiated in 1% acid alcohol  dip 

“Blue” in tap water or Scott’s Tap water 5-10 min 

5% aqueous yellowish eosin   10 min 

Differentiated in tap water 

Dehydrated in absolute alcohol  2 min, repeat 

Cleared in Xylol    3 min 

Mounted in D.P.X 

Slides were ready for examination.  

3.5.12: Analytical technique for characterization of natural compounds 

3.5.12.1: GC-MS analysis of oils 

The sample was analyzed using a GC 6850 network GC system equipped with a 7683B 

series auto injector and 5973 inert mass selective detector (Agilent Technologies, 

Wilmington, DE, USA). Compounds were separated on an HP-5 MS capillary column with 

a 5% phenyl polysiloxane stationary phase (30.0 m × 0.25 mm, film thickness 0.25 μm). 

Oven temperature was programmed in a three step gradient: initial temp set at 45°C (held 

for 5 min), ramped till 150°C at 10°C/min, followed by a 5°C/min rise till 280°C and 

finally at 15°C/min to 325°C where it was held for 5 min. Helium gas flow rate was 1.1 

mL/min (pressure 60 KPa and linear velocity 38.2 cm/sec). Ions/fragments were monitored 

in scanning mode through 40-550 m/z. 
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3.5.12.2: Identification of compounds 

The identification of the components was based on comparison of their retention index 

(RI), relative to a standard alkane series (C9–C24). The compounds were further 

indentified and authenticated using their MS data by comparison with those of the NIST 

05 Mass Spectral Library and published mass spectra (Adams, 2001). The quantitative 

data were obtained electronically using FID area percentage without the use of any 

correction factors. 

3.5.12.3: Extraction of phenolic compounds for LC-MS analysis 

Phenolic compounds were extracted according to the method reported by (Adom and Liu, 

2002) with minor modifications. (1.0 g) of whole plant was mixed with 20 mL of chilled 

absolute methanol for 10 min. After centrifugation at 2500 ×g for 10 min, the supernatant 

was removed. The extraction was repeated thrice. Supernatants were combined, 

evaporated at 45◦C to dryness using rotary evaporator. The extract was stored at 4◦C until 

using for analysis. 

  3.5.12.4: Analysis by liquid chromatography mass spectrometry (LC-MS) 

The presence of phenolic compounds in selected medicinal plants was analyzed by liquid 

chromatography combined with electon spray ionization mass spectrometry (LC-ESI-

MS). The plant extract was filtered through a 0.45 µm syringe filter before analysis. The 

pump equipped with a Luna RP C-18 analytical column (4.6×150 mm, 3.0 µm particle 

size) (Phenomenex, USA). Solvent elution consisted of LCMS grade methanol and 

acidified water (0.5 % formic acid v/v) as the mobile phases A and B, respectively. 

Solvent elution consisted of a gradient system run at a flow rate of 0.3 mL/min. The 

gradient elution was programmed as follows: from 10 % to 30 % in 5 min; from 10 % to 

50 % in 20 min; and maintained this till the end of analysis. A 20 min re-equilibration 

time was used after each analysis. The column was maintained at 25°C and the injection 

volume was 5.0 µL. The effluent from the HPLC column was directed to the electron 

spray ionization mass spectrometer (LTQ XLTM linear ion trap Thermo Scientific River 

Oaks Parkway, USA). The mass spectrometer was equipped with an ESI ionization 

source. Parameters for analysis were set using negative ion mode with spectra acquired 

over a mass range from m/z 260 to 800. The optimum values of the ESI-MS parameters 

were: spray voltage, +4.0 kV; sheath gas and auxiliary gas were 45 and 5 units/min. 
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respectively; capillary temperature 320◦C; capillary voltage, -20.0 V and tube lens -66.51 

V. The accurate mass spectra data of the molecular ions was processed through the 

Xcalibur Software (Thermo Fisher Scientific Inc, Waltham, MA, USA). 

    3.5.12.5: Isolation and characterization of phytochemicals 

Thin layer chromatography (TLC) method was run on precoated silica gel G-25- UV254 

plates to check the purity of compounds. The spots on TLC plates were checked with UV 

detection lamp at 254 nm and 365 nm before and after spraying ceric sulfate reagent. The 

compounds were finalized for NMR, IR, UV and ESI-MS analysis. The 1H-NMR analyses 

in CD3OD at 300 MHz on Bruker spectrometer. Where as13C-NMR experiments were 

scanned on the same instrument at 100 MHz. Tetramethylsilane (TMS) was used as an 

internal standard. Electron ionization mass spectra (ESI-MS) of samples were recorded with 

MAT 312 spectrometer. IR spectra were recorded on IR spectrophotometer, JASCO-320-A, 

JASCO, Inc., Mary's Court, Easton, MD USA. Samples were prepared for IR spectroscopy 

by incorporating the crystals into a KBr disc. The melting point was determined by using 

Stuat SMP3 (SKS Science Products, West Water vliet, NY, USA). 

3.5.13: Statistical analysis 

All the experiments were conducted in triplicate unless stated otherwise and statistical 

analysis of the data was performed by analysis of variance, using CoStat version 6.3 

statistical software (CoHort Software, Monterey, CA, U.S.A.). The comparison between the 

extracts fractions and essential oils analyzed using one way/two way ANOVA to determine 

the effect of different solvents on antioxiadant, antimicrobial and cytotoxicity assays. For the 

evaluation of probability value of difference P ≤ 0.05 was considered to denote a statistically 

significance. The other calculations like percentage inhibition, standard deviations were 

carried out using Microsoft Office Excel 2007. To calculate the Lc50 of Brine shrimp Probit 

analysis was used by Minitab software. All data were presented as mean values ± standard 

deviation (S.D.) Steel et al, (1997). 
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Chapter # 4 

Results and Discussion 

Plants have been used throughout the history of mankind in traditional medicines. At present, 

approximately two-thirds to three-quarters of the world’s population have been relied on 

medicinal plants for the treatment of many diseases. So, there has been an increasing interest 

to study the biological properties and phytochemicals studies of plants. Phytochemicals 

constituent found in plants have prominent pharmacological properties. In the present 

research work biological, phytochemicals as well as toxicological potential of selected 

medicinal plants, Croton tiglium, Ricinus communis and Datura innoxia were carried out. 

The main focus of the current study was to perform a comprehensive research related to 

toxicity of these plants. 

Layout of the results and discussion 

 Extraction and % age yield of extracts from medicinal plants. 

 Proximate analysis of selected medicinal plants 

 Qualitative and quantitative Phytochemistry of plant extracts through IR technique.  

 Antioxidant/ DNA damage/ protects 

 Antimicrobial activity of plant extracts 

 In vitro cytotoxicity (hemolytic and brine shrimp lethality assay) 

 Mutagenic assay/ Ames test 

 In vivo cytotoxicity using rabbit as an animal model for  (micronucleus assay and 

Histopathological study) 

 Identification and characterization compound (GC-MS, LC-MS and NMR) 

4.1. Percentage yield of plants extracts and fractions 

For extraction, 25 µm sizes of sample mesh were screened for extraction. Therefore, plants 

materials were shade dried because by drying at high temperature causes a decline in the 

biological properties and antioxidant activity due to the decomposition of phytochemicals 

(Bravo et al., 1994). Larrauri and co-workers reported that drying the plant material above 

60oC showed less antioxidant activity than when dried at lower temperature (Larrauri et al. 

1997). The plants material was grinded to get maximum percentage yield in extracts. This 

was most probably because decrease in particle size breaks certain structures releasing bound 
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antioxidants and decreasing the distance for the solvent to reach the inner surface easily. The 

decrease in particle size of plant material improved solvent penetration (Mukhopadhyay et 

al., 2006). The phytochemicals have been mostly extracted in organic solvent like methanol 

or mixture of water with some organic solvent (Dalla-Valle et al., 2007). So, in the present 

study, the phytochemicals from plant material was extracted with absolute methanol and 

further fractioned in different polarity based absolute solvents such as n-hexane, chloroform, 

ethyl acetate and n-butanol. Gorinstein and co-workers reported that certain phytochemicals 

require polar solvents such as methanol (Gorinstein et al. 2007). 

The percentage yield of extract (w/w) for plant R. communis as a whole plant and seeds in 

methanol was 60.60 g/100 g and 52.2 g/10 g for whole plant and seed respectively, further 

fractions into different organic solvents according to their polarity, n-hexane, chloroform, 

ethyl acetate and n-butanol shows % age yield was in the range of 9.8-18.1 g/100 g in whole 

plant and 6.4-20.8 g/100 g yield from R. communis seeds. The extraction of bioactive 

compounds from D. innoxia as a whole plant and seeds in methanol was 66.01 g/100 g and 

56 g/100 g while fractionation of extract whole plant yield was in the range of 9.7-23.6 g/100 

g in different solvents with respect to their polarity and 5.7-16.2 g/100 g in seeds shows that 

whole plant give better yield of bioactive compounds as compared to seeds. Moreover, C. 

tiglium yields 47 g/100 g and 51 g/100 g for whole plant and seeds in methanolic extract 

respectively. In comparisons to whole plant verses seeds fractionation range was 3.7-19.6 

g/100 g and 6.5-18.1 g/100 g respectively due to different polarity range n-hexane < 

chloroform < ethyl acetate < n-butanol. Moreover, in comparisons to selected plants for their 

bioactive compound, the maximum yield was observed in n-hexane extract of D. innoxia 

whole plant as compare to seeds, while the minimum in the n-butanol fraction of Croton 

tiglium of whole plant. The % age yields of various organic fractions are shown in (figure 

4.1). So, the extraction of organic bioactive compound was better in seeds as compared to 

whole plants. The methanol is a good extraction solvent for phytochemical constituents from 

medicinal plant than fractioned these bioactive compounds into different organic solvents 

according to their polarity and similar trends have been reported previously (Riaz et al., 

2012; Rizwan et al., 2012). Zhao and coworkers also evaluated that solvent can affects the 

extraction of bioactive compounds (Zhao et al., 2006). 
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Table 4.1: Percentage yield of extracts from selected plants using methanol solvent further fractioned using different solvents  

 

Plant name 

Methanol n-Hexane Chloroform Ethyl acetate n- Butanol 

Seed W. Plant Seed W. Plant Seed W. Plant Seed W. Plant Seed W. Plant

R. communis 52.2±0.4 60±0.6 20.8±0.4 18.1±0.9 15.2±0.7 17.7±0.2 8.2±0.8 12.3±0.1 6.4±0.6 9.8±0.4 

D. innoxia 56±0.7 66±0.1 16.2±0.2 23.6±0.3 18.7±0.6 18.6±0.3 11.2±0.2 10.9±0.5 5.7±0.4 9.7±0.1 

C. tiglium 51±0.2 47±0.5 18.1±0.8 19.6±0.8 14.9±0.5 16.4±0.1 9.7±0.7 4.3±0.2 6.5±0.9 3.7±0.3 

The values were the mean ± S.D.  Abbreviation for Whole plant (w. plant)
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Furthermore, the yield of medicinal plants extracted in methanol was also evaluated on the 

basis of extraction technique like shaking, sonication and soxhlet methods. It was observed 

that shaking method showed best yield among other extraction methods. Moreover, in 

comparisons to plant parts like seeds, stems, leaves, fruits and roots for all plants. The results 

in table (table 4.2, fig. 4.1) showed that seeds give better yield as compared to other plant 

parts and followed by leaves as compared to other parts. The percentage yield of seeds 

extracts was found up to 60.72 % in R. communis, 52.8 % in D. innoxia and 27.09 % in C. 

tiglium respectively in shaking sonication and soxhlet methods. Regarding plant parts, yield 

of seeds, stems, leaves, fruits and roots of R. communis were 60.72, 6.5, 39.4, 21.5 and 4.84 

% respectively. Yield in g/100 g of dry weight of D. innoxia plant was 13.4, 13.9, 19.4, 15.5 

and 21.5 % and C. tiglium plant part showed yield 16.65 % in seed, 8.4 % in stem, 17.6 % in 

leaves, 14.45 % in fruit and 6.4 % in roots. 

 

Table 4.2: Percentage yield of extracts from different parts of medicinal plants on the basis of extraction 

methods 

Plant name Plant Part 
Extraction  method 

Shaking Sonication soxhlet 

 R. communis 
 
 

Seeds 60.72±0.3 52.8±0.5 27.09±0.6 

Stems 6.5±0.4 4.4±0.1 2.85±0.8 

Leaves 39.4±0.6 18.4±0.6 6.88±0.9 

 Fruits 21.5±0.4 16.2±0.1 5.9±0.6 

Roots 4.84±0.3 4.1±0.2 2.4±0.4 

D. innoxia 
 
 

Seeds 13.4±0.9 9.65±0.8 16.07±0.8 

Stems 13.9±0.8 11.65±0.3 2.04±0.9 

Leaves 19.4±0.3 18.3±0.4 5.92±0.3 

Fruits 15.5±0.4 12.6±0.6 8.9±0.7 

Roots 21.5±0.1 18.85±0.9 5.7±0.5 

C. tiglium 
 
 

Seeds 16.65±0.8 33±0.8 24.06±0.4 

Stems 8.4±0.5 5.4±0.3 1.97±0.7 

Leaves 17.6±0.4 8.9±0.7 3.5±0.8 

Fruits 14.45±0.8 9.5±0.4 4.6±0.9 

Roots 6.4±0.2 3.6±0.5 2.3±0.2 
The values are the mean ± S.D of triplicate experiments. 
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Fig:4.1(a)  

          

     Method of extraction                         Ricinus communis 

 

 

Fig. 4.1(b) 

Method of extraction                         Datura innoxia 
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Fig. 4.1(b) 

            Method of extraction                         Croton tiglium 
 
Figure (4.1): Percentage yield of extracts from different parts of Ricinus communis (a) Datura innoxia (b) and   
Croton tiglium (c) on the basis of extraction methods. 

 

4.2. Proximate analysis 

The medicinal potential of plant materials typically result from the secondary products 

present in the plant although, it is usually not attributed to a single compound but a 

combination of the metabolites. The medicinal actions of plants are unique to a particular 

plant species or group, consistent with the concept that the combination of secondary 

products in a particular plant is taxonomically distinct (Parekh et al., 2005). The results of 

proximate composition of three selected medicinal plants are reported in (table 4.3). The 

proximate analysis indicate that as usual in plant, there was a variation in crude protein 

content which ranged from 5.5% in the C. tiglium to 11.7% in the D. innoxia, while the crude 

protein of the R. communis was found to be 10.9%. According to the National Research 

Council of United States, crude protein less than 20% indicates low protein content of that 

feed stuff. These crude protein results are however comparable with the result of some 

tropical plant seeds reported by (Dalla-Valle et al., 2007) they reported that Diospyros 

mespiliformis and Entandrophragma angolense, that had crude protein contents of 3.46 and 

12.34 % respectively. The moisture content which represents the amount of water in the plant 

in free and bound form also varied. The R. communis having the lowest (11.2 %) moisture 
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content, while the C. tiglium had the highest of 12.8 % and the moisture content of that of 

Datura innoxia was 12 %. According to United States, moisture content of 5-20 % which are 

considered to enough high. The result of this investigation are comparable with those 

obtained by (Dalla-Valle et al., 2007) for Gliricidia sepium 6.77 %, Albizia zygia 7.8 %, and 

Diospyros mespiliformis 8.99 %, however these results were found to different as reported 

for  Lophira lanceolata seed (2.78%). This different might be due to the variation and 

difference in agro-climatic conditions and also mainly plant species. 

The crude lipid contents were recorded similar in both C. tiglium and R. communis (2%), 

while D. innoxia showed lipid contents significantly higher as compared to C. tiglium and R. 

communis which were found up to 25.7 %. Results of the lipid contents of present 

investigation were in line with Oseni  et  al. (2011) who studied the lipid contents of Datura 

stramonium L. Total ash was highest in the Ricinus communis (26.4 %), while it was lowest 

in the Datura innoxia (14 %) and in Croton tiglium it was 16.2 %.  Ayuba et al. (2011) 

reported total ash contents of different parts of Datura innoxia and found the ash content 

ranged 16- 25 %. This difference may be due to difference in plant species and 

environmental conditions. In case of energy values, significantly high amount calories were 

recorded in all the selected plants which were 276.26, 241.86 and 200.25 Kcal for Croton 

tiglium, Ricinus communis and Datura innoxia are respectively. Looking at the results 

obtained from carbohydrate analysis, C. tiglium had prominent level (63.53 %) as compared 

to Ricinus communis (49.43 %) and Datura innoxia (36.62 %). 

Table 4.3: Proximate composition of Ricinus communis, Datura innoxia and Croton tiglium of whole 

plants 

Sample Moisture Carbohydrate Ash Fat Protein Energy 

  % % % % % Kcal 
R. communis 11.2 49.43 26.4 2 10.973 241.86 

D. innoxia 12 36.62 14 25.7 11.71 200.25 

C. tiglium 12.8 63.53 16.2 2 5.5 276.26 
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4.3 Phytochemicals screening of selected medicinal plants 

Medicinal plants are of prime importance to the health from individuals to communities. The 

medicinal value of these economically important plants is due to presence of different 

chemical constituents e.g. alkaloids, tannins, flavonoids and saponins etc, which produce a 

definite physiological action on human body (Edeoga et al., 2005). In this current research 

project the different parts of selected medicinal plant Ricinus communis, Datura innoxia and 

Croton tiglium were screened for their qualitative and quantitative phytochemicals 

constituents (table 4.4-4.5) shows the phytochemicals obtained from selected plants 

investigated qualitatively and quantitatively. Results from above mentioned tables revealed 

that, most of plant parts have alkaloids, flavonoids, saponins, steroids, phlobatannins, 

terpenoids, tannins and cardiac glycosides content in them. The extracts from different part 

were also quantitatively studied for some phytocomponents. 

4.3.1 Alkaloids are naturally occurring chemical compounds contain more than 12000 cyclic 

nitrogenous compounds and found subsequently more than 20 % of global flora (Gaire et al., 

2011). Alkaloids can be distinguished due to their structural similarity with indole alkaloid, 

tropane, purine alkaloid etc. Alkaloids are widely used in medicine as neurotoxins and 

poisons. These also provide enzyme inhibiting treatment against the Alzheimer disease 

(Gobalakrishnana et al., 2013). 

4.3.2 Flavonoids are chemical species found naturally as a phytochemicals in plants species 

having high potential of retarding the in vitro oxidation of lipoproteins (Kiruba et al., 2011). 

Flavonoids are found to building an important role in pharmacology for developing anti-

inflammatory, anti-allergic and anti-microbial medicines (Kumar et al., 2011). 

4.3.3 Tannins are widely applied to any large polyphenolic compounds containing sufficient 

hydroxyl groups and other suitable groups (such as carboxyls) to form strong complexes with 

proteins and other biomacromolecules (Gobalakrishnana et al., 2013). The tannins are widely 

distributed in many species of plants, where they play important role in protection from 

predation and also as pesticides, and in growth regulation. The astringency from the tannins 

is what causes the dry and puckery feeling in the mouth following the consumption of 

unripened fruit or red wine. Likewise, the destruction or modification of tannins with time 

plays important role in ripening of fruit and aging of wine (Edeoga et al., 2005).  
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4.3.4 Saponins are a class of organic compounds, one of many secondary metabolites found 

in natural sources. Saponins found in particular abundance in various plant species. More 

specifically, they are amphipathic glycosides grouped, in terms of phenomenology, by soap 

like foaming they produce when shaken in aqueous solutions and in terms of structure, by 

their composition in odd one or more hydrophilic glycosides moieties combined with 

lipophillic triterpene derivative (Gaire et al., 2011). There is evidence of presence of 

saponins in traditional medicine preparations, where oral administrations might be expected 

to lead to hydrolysis of glycoside from terpenoid. 

4.3.5 Steroids are called brassino steroids which plays fundamental role in anti-allegic and 

anti-inflammatory drugs. It is also an important plant growth regulator (Flores et al., 2013). 

4.3.6 Terpenoids are natural class of organic compounds which are extensively used due to 

their aromatic qualities. They play a role in traditional herbal remedies and are under 

investigation for antibacterial, antineoplastic and other pharmaceutical functions. It is a 

characteristic class that contains specific arrangement of cycloalkanes rings that are joined 

together (Kiruba et al., 2011). 

4.3.7 Cardiac glycosides are also secondary metabolites present in many plants. Therapeutic 

uses of cardiac glycosides primarily involve the treatment of cardiac failure 

(Gobalakrishnana et al., 2013). Their utility results from an increased cardiac output by 

increasing the force of contraction. By increasing intracellular calcium cardiac glycosides 

increase calcium-induced calcium release and thus contraction (Kumar et al., 2011). 

Naturally occurring alkaloids and their synthetic derivatives have analgesic, antisplasmodic 

and bactericidal activities (Okwu and Okwu, 2004). (table 4.4 a-c), shows that Ricinus 

communis parts, seeds, stems, leaves, fruits and roots were screened for the alkaloid except 

the roots all parts shows that alkaloid was identified by qualitatively and result also shows 

the medicinal potential because alkaloid having a diverse medicinal potential against 

different disease.  Relatively high percentage of alkaloids content in all three plants. 
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Table 4.4(a): Phytochemicals constituent qualitative analysis of Ricinus communis 

Parts Alkaliods Tannins Saponins Steriods Phlobatannins Flavonoids Terpenoids Cardic glycosides 

Seeds +ve +ve +ve -ve -ve -ve -ve -ve

Stems +ve -ve -ve -ve -ve +ve +ve -ve

Leaves +ve +ve +ve +ve -ve +ve -ve -ve

Fruits +ve +ve +ve -ve -ve +ve -ve -ve

Roots -ve -ve -ve +ve -ve -ve +ve +ve 

(b): Phytochemicals constituent qualitative analysis of Datura innoxia 

Parts Alkaliods Tannins Saponins Steriods Phlobatannins Flavonoids Terpenoids Cardicglycosides 

Seeds +ve +ve +ve -ve -ve -ve -ve -ve 

Stems +ve -ve -ve -ve -ve +ve +ve -ve 

Leaves +ve +ve +ve +ve -ve +ve -ve -ve 

Fruits +ve +ve +ve -ve -ve +ve -ve -ve 

Roots -ve -ve -ve +ve -ve -ve +ve +ve 

(c): Phytochemicals constituent qualitative analysis of Croton tiglium 

Parts Alkaliods Tannins Saponins Steriods Phlobatannins Flavonoids Terpenoids 
Cardic 
glycosides 

Seeds +ve +ve +ve -ve -ve -ve +ve +ve 

Stems +ve -ve +ve +ve -ve +ve - -ve 

Leaves +ve +ve +ve +ve +ve +ve - -ve 

Fruits +ve +ve +ve - -ve +ve - - 
Roots - - - +ve -ve - +ve +ve 

(+ Positive) indicates the presence of different qualitative phytoconstituent, (negative -) show the absent of phytoconstituent 

 



55 
 

 

4.4   Phytoconstituent of selected medicinal plants 

Table 4.5(a): Phytochemicals constituent quantitative analysis from different parts of Ricinus communis 

Plant part  Alkaloids (%) Flavonoids (%) Saponins (%) 

Seeds 10.6±.4 8.3±.7  0.4±.2 

Stems 1.8±.2 ‐  0.8±.9 

Leaves 5.6±.8 28±.2  2.6±.4 

Fruits 7.8±.5 19±.8  2±.4 

Roots - ‐  ‐ 
 

(b): Phytochemicals constituent quantitative analysis from different parts of Datura innoxia 

Plant part  Alkaloids (%) Flavonoids (%) Saponins (%) 

Seeds 0.6±.3  3.3±.7 1±.4 

Stems 1.6±.5  18.3±.2 1±.3 

Leaves 9.4±.8  4.6±.5 0 

Fruits 3.2±.2  14.6±.7 2.4±.3 

Roots 1.6±.7  21±.1 0 
 

(c): Phytochemicals constituent quantitative analysis from different parts of Croton tiglium 

Plant part  Alkaloids (%) Flavonoids (%) Saponins (%) 

Seeds 0.6±.4 3.3±.7 1±.3 

Stems 1.6±.2 18.3±.4 1±.7 

Leaves 9.4±.7 4.6±.1 - 

Fruits 3.2±.9 14.6±.3 2.4±.5 

Roots 1.6±.2 21±.6 - 
The values are the mean ± SD of triplicate experiments 

The percentage of alkaloids, flavonoids and saponins in Ricinus communis seeds were (10.4 

± 0.4), (8.3 ± 0.7) and (0.4 ± 0.2) respectively. In stem content of alkaloids (1.8 ± 0.2), 

flavonoids was not identified and saponins (0.8 ± 0.9). But leaves contained high contents of 

these bioactive constituents than parts of Ricinus communis (5.6 ± 0.8), (28 ± 0.2), (2.6 ± 

0.4). Fruits of Ricinus communis also contain these phytoconstituent alkaloid was (7.8 ± 0.5), 

flavonoids (19 ± 0.8) and saponins (2 ± 0.4). But in the root of Ricinus communis these 

bioactive constituents were not present. Quantitative phytochemicals of C. tiglium seeds 

followed by D. innoxia leaves (9.4 %), R. communis fruit (7.8 %) and C. tiglium seed (7.6 %) 



56 
 

respectively as compared to other plants parts. The ranking of D. innoxia plant parts on the 

basis of their alkaloid content was as follows: leaves > fruits > stems > roots > seeds. For R. 

communis ranking is seeds > fruits > leaves > stems. C. tiglium ranking is seeds > leaves > 

stems. 

The flavonoids content was recorded in all selected medicinal plant species. However, the 

flavonoids content was different among the selected plant species and plant parts also such as 

stems, seeds, leaves and fruits. The maximum flavonoids content (28 %) was observed in R. 

communis, while minimum flavonoids content (3.3 %) was recorded in D. innoxia seed. 

Regarding flavonoids content, the D. innoxia plant parts were ranked as: roots > stems > 

fruits > leaves > seeds. Ranking of flavonoids content for R. communis was leaves > fruits > 

stems. For C. tiglium order was as; leaves > stems > seeds. The maximum (5.8 %) saponins 

content were recorded in C. tiglium leaves, while the R. communis seed furnished minimum 

(0.4 %) saponins content. 

4.5 Fourier transforms infrared study of phytochemicals extracted from selected 

medicinal plants 

4.5.1 Alkaloids IR spectra of selected medicinal plants 

Alkaloids contain mostly nitrogen. In addition to carbon, hydrogen & nitrogen, they may also 

contain oxygen, sulfur and rarely chlorine phosphorous bromine. Normally, they may contain 

an aromatic ring, a pyridine ring, a secondary amine or tertiary amine, hydroxyl group etc. IR 

analysis in (table 4.6). In the IR spectra of alkaloids above, there is a broad peak appeared in 

the range from 3370 to 3406 cm-1 indicating the presence of an OH group which is strongly 

H-bonded (Alias et al., 2010). In some compounds there observed a peak ranging from 2928 

to 2983 cm-1which is due to C-H stretching vibration however this peak is not clearly 

appeared in all the spectra of the compounds, actually it is overlapped with the broad peak 

for O-H (str) in the spectra of some compounds (Heneczkowski et al., 2001). A sharp peak 

observed in the range from 1699 cm-1 to 1721 cm-1 is due to carbonyl group. Another band 

around 1640 -1655 cm-1 is observed in all the spectra which is possibly because of C=C or 

C=N (str) (Kareru et al. 2008). The characteristic absorbance of C-N (str) is appeared ranging 

from 1255-1280 cm-1. A peak observed in the range from 1010cm-1 to1050 cm-1 is assigned 

to C-O (str) vibration. Another band appeared at around 1375-1390 cm-1 is possibly because 

of C-H bending vibration (Kareru et al., 2008).  
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Table 4.6: Fourier transforms infrared spectral data of alkaloids obtained from different parts of selected 
medicinal plant 

S.No C-H (str) C=C 

or C=N 

C=O 

(str) 

O-H(str) 

(H-bonded) 

C-N 

(str) 

C-O 

(str) 

C-H 

(bend)) 

1 ----- 1653.9 1703.5 3379.2 1280.0 1014.2 1392.7 

2 2982.8 1650 1708.0 3392.8 1257.5 1050.3 1379.2 

3 ------ 1640.4 1712.5 3388.3 1257.5 1009.8 1383.7 

4 ------ 1631.4 1717.0 3406.3 1271.0 1009.8 1374.7 

5 2982.8 1645 1721.5 3379.3 1271 1050.3 1383.7 

6 2982.8 1640.4 1712.5 3397.3 1266.5 1050.3 1374.7 

7 2942.3 1652 1703.5 3388.3 1266.5 1009.8 1383.7 

8 -------- 1649.4 1699 3406.3 1257.5 1018.8 1388.2 

9 -------- 1649.4 1717 3370.2 1266.5 1045.8 1380 

10 2982.8 1649.5 1717 3388.3 1280 1045.5 1379.5 

11 2973.8 -------- 1721 3379.3 1271 1050.3 1388.2 

12 2928.8 1649.4 1717 3406.3 1253 1050.3 1379.2 

13 2888.8 1637 1710 3391.4 1265 1042 1391.5 

14 2980 1646 1719 3389 1270 ----- 1378 
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Fig. 4.2: Fourier transforms infrared spectra of alkaloids from selected medicinal plant Ricinus communis, 

Croton tiglium and Datura innoxia 

 

4.5.2 Flavonoids IR spectra of selected medicinal plants 

Flavonoids are natural, biologically active compounds. They are hydroxyl, metoxyl and 

glycoside derivatives of flavones. Structural formula of flavone is given below. The 

representative IR data in (table 4.7).The IR spectrum of all the samples shows a peak ranging 

from 2856 cm-1to 2951 cm-1 indicating the presence of C-H bond. A very broad peak in the 

range from 3280-3360 cm-1 in all the spectra are observed which is due to hydrogen bonded 

O-H stretching vibration. A band appeared in the range from 1040 to 1050 cm-1 is assigned to 

C-O stretching vibration. The peak appeared at around 1600-1630 cm-1 is assigned to 

aromatic C=O (Str) (quinonic group) (Shafaghat and Salimi, 2008). The appearance of 

carbonyl stretching vibration peak at such a low frequency is due to delocalization of 
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carbonyl π-electrons which results in increased single bond character of carbonyl C=O group 

and thus decreasing the absorption frequency (Stancic-Rrotaru et al., 2003). Another peak 

around 1340-1400 cm-1 is observed in all the spectra which are possibly due to C-H bending 

vibration. 

 
Table 4.7: Fourier transforms infrared spectral data of flavonoids obtained from different parts of 
selected medicinal plant 
S.No C-H (Str) C=O (Str) O-H 

(H-bonded) 

C-O (Str) C-H 

(Bending) 

1 2856.7 1626.9 3347.7 1050.5 1374.7 

2 2928.8 1604.4 3284.7 1040 1356.6 

3 2951.3 1631.4 3311.7 1045.8 1343.1 

4 2933.3 1608.9 3293.7 1050.3 1401.7 

5 2933.3 1586.4 3361.2 1054.8 1383.7 

6 2934.5 1622.2 3286.3 1042.2 1389.2 

7 2861.8 1626.9 3314.1 1053.7 1359.6 

8 2933.7 1586.2 3349.5 1046.4 1399.8 

9 2952.1 1629.3 3296.7 1056.1 1396.3 

10 2857.8 1610.1 3363.5 1056.8 1345.9 

11 2930.3 1622.7 3281.8 1048.3 1408.5 

12 2931.6 1589.3 3365.2 1039.7 1387.2 

13 2951.2 1626.2 3287.9 1043.5 1406.7 
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Fig. 4.3: Fourier transforms infrared spectra of flavonoids from selected medicinal plant Ricinus communis, 

Croton tiglium and Datura innoxia 

4.5.3 Saponins IR spectra of selected medicinal plants 

Saponins are glycosides of triterpenes, steroids, and sometimes alkaloids, which occur 

primarily, but not exclusively in all plants. The saponins can therefore be classified as 

steroidal, triterpenoidal or alkaloidal depending on the nature of the aglycone. The aglycone 

part of a saponin referred to as a sapogenin, while the glycone parts of the saponins are 

generally oligosaccharides. Oligosaccharides may be linked to the sapogenin through an 

ether or ester linkage at one or two glycosylation sites, giving the corresponding 

monodesmosidic or bidesmosidic saponins, respectively. Attachment of the glycone to three 

sites (tridesmosidic) in a sapogenin is rare (Natori et al., 1981). Many saponins are present in 

higher plants in the form of glycosides of complex salicylic compounds and show 
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characteristic foaming properties in aqueous solution. Many plants contain little or no 

saponin; in others, the triterpenoid saponins predominate. The triterpenes are subdivided into 

20 groups, depending on their particular structures. In fact isolated oleanolic acid, the basic 

oleanane triterpene, is a substance of therapeutic interest found in the Chinese herbal plant 

Panax japonicum (Liu, 1995). Saponins showed characteristic infrared absorbance spectrum 

(Table 4.8) of the hydroxyl group (-OH) ranging from 3334 cm-1 to 3372 cm-1; C-H ranging 

from 2926 cm-1 to 2978 cm-1; C = C absorbance ranging from 1640 cm-1 to 1659 cm-1; C=O 

ranging from 1715 cm-1 to 1742 cm-1. The absorption band in IR spectrum appeared in the 

range from 1036 cm-1 to 1058 cm-1 is assigned to C-O stretching vibration (Table 4.8). The 

data obtained from IR spectra of saponins are in accordance with that mentioned in the 

literature (Kirmizigul and Anil, 2002). 

Table 4.8: Fourier transforms infrared spectral data of saponins obtained from different 
parts of selected medicinal plant 
 

Sr.No C-H (Str) C=C (Str) C=O (Str) 
O-H (Str) 

(H-bonded) 
C-O(Str) 

1 2926.2 1653.5 1723.5 3371.8 1050.1 

2 2951.6 1655.7 1735.3 3345.5 1055.5 

3 2970.2 1649.7 1736.8 3367.8 1042.4 

4 2931.9 1640.3 1739.5 3334.9 1049.9 

5 2929.1 1659.9 1728.1 3351.4 1057.2 

6 2931.6 1643.2 1716.5 3370.5 1054.9 

7 2927.2 1655.5 1723.9 3361.3 1036.8 

8 3090.9 1653.9 1736.8 3334.2 1216.5 

9 2955.5 1648.7 1731.5 3343.3 1042.7 

10 2978.4 1649.5 1728.2 3370.3 1036.8 
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Fig. 4.4: Fourier transforms infrared spectra of saponins from selected medicinal plant  
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4.6 Antioxidant activity 

Natural products are under exploration due to high costs and potentially hazardous side 

effects (liver problems, diarrhea, etc.) of commercially available antioxidants and drugs. 

Herbal medicines are important sources of natural antioxidants and possible candidates 

for drug development. By the middle of the 19th century at least 80% of all medicines 

were derived from herbs (Gilani and Rahman, 2005). A great number of natural products 

mostly being plant derived have come to us from the scientific study of remedies 

traditionally utilized by various cultures. Today many pharmacological classes of drugs 

include a natural prototype such as; aspirin, atropine, taxol and vinblastine. Most of these 

plant derived drugs were originally discovered through the study of traditional cures and 

folk knowledge of indigenous people and some of these could not be substituted despite 

the enormous advancement in synthetic chemistry. It is widely accepted that folk or 

traditional medicinal uses of plants indicate the presence of biologically active 

constituents in a plant. In other words, folk medicine represent us the shortcut to discover 

modern medicines (Alves and Rosa, 2007). These beneficial effects of medicinal plants, 

which are rich sources of phenolic compounds, are often assumed to be acting by 

antioxidant mechanisms and enzyme inhibitory properties such as inhibition of α-

amylase, α-glucosidase and pancreatic lipase due to their ability to bind the proteins (Mai 

et al. (2007); Tang and Halliwell (2010); Exteberria et al. (2012); Gulati et al. (2012). 

However, phenolic compounds are extensively metabolized in vivo due to a large number 

of enzymatic reaction (Manach et al., 2004) and therefore their bioactivities are still 

unclear. The selected medicinal plants were analyzed to study their antioxidant activities. 

Preliminary phytochemicals screening revealed that plant under investigation showed 

richer source of alkaloids, flavonoids and Saponins. Antioxidants are compounds that can 

delay or inhibit the oxidation of lipids or other molecules by inhibiting the initiation or 

propagation of oxidative chain reactions (Velioglu et al., 1998). The antioxidative effect 

is mainly due to phenolic components such as flavonoids (Pietta, 1998), phenolic acids, 

and phenolic diterpenes (Shahidi et al., 1992). The antioxidant activity of phenolic 

compounds is mainly due to their redox properties, which can play an important role in 

absorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or 

decomposing peroxides (Osawa, 1994). 
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4.6.1 Antioxidant potential of Ricinus communis extracts obtained from different 

extraction methods 

The amount of total phenolic contents varied in different plant parts significantly and 

ranged from 5 mg to 361 mg GAE/100 g of dry material. By using shaking method the 

highest total phenolic contents were detected in leaves extract and lowest were detected 

in roots extract. The total phenolic contents were detected in different parts of plant. The 

total phenolic contents in seed extracts extracted by sonication, soxhlet and shaking were 

detected as 361 > 149 > 122 GAE/100 g of dry material. The total phenolic contents in 

stem extracted samples by shaking, sonication and soxhlet were detected as 24 > 11 > 5 

GAE/100 g of dry material. The total phenolic contents in leaves extracted samples by 

shaking, sonication and soxhlet were detected as 165 > 58 > 31 GAE/100 g of dry 

material. The total phenolic contents in fruit extracts extracted by shaking, sonication and 

soxhlet were detected as 94 > 64 > 23 GAE/100 g of dry material. The total phenolic 

contents in roots extracted samples by shaking, sonication and soxhlet were detected as 

16 > 12 > 9 GAE/100 g of dry material. Extraction method significantly affects the total 

phenolic contents and sonication extraction method was found to be better as compared 

to soxhlet and shaking methods (table 4.9) because the detected values of total phenolic 

contents were high by this method. Similar conclusion was also drawn by Hussain et al. 

(2012) for extraction method effect on the phenolic contents detection. The amount of 

total phenolic contents in R. communis was higher than for other medicinal 

plant (Kahkonen et al., 1999), Mentha piperita, Melissa officinalis and Rosmarinus 

officinalis (Zheng and Wang, 2001). Phenolic acids have repeatedly been implicated as 

natural antioxidants in fruits, vegetables and medicinal plants. For example, caffeic acid, 

ferulic acid and vanillic acid are widely distributed in the plant kingdom (Larson, 1988). 

In present investigation, the total phenolic contents (TPCs) of seeds and methanolic 

extracts of whole plants fractioned with different solvents on the basis of their polarity 

were also measured. Maximum TPC values were recorded in n-butanol, ethyl acetate and 

chloroform in seeds, while in whole plants the order was as; chloroform, n-butanol and 

ethyl acetate (table 4.10). Total phenolic contents of methanol extract were determined as 
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gallic acid equivalent. Forty five micrograms gallic acid equivalent total phenolic in 1 mg 

extract (4.5%) was determined that might be responsible for the radical scavenging 

activity of methanol extracts (Gullece et al., 2007). Verma et al. (2009) investigated 

different fractions of M. oleifera leaves for in vitro and in vivo antioxidant properties and 

oxidative DNA nicking protective activity. Antioxidant polyphenolics investigation done 

by HPLC indicated the presence of phenolic acids (Gallic, chlorogenic, ellagic and ferulic 

acid) and flavonoids (kaempferol, quercetin and rutin). The strong antioxidant activity of 

N. sativa shoots and roots assessed by the different systems could be attributed to their 

high total polyphenolic contents. In fact, it has been found that polyphenols are one of the 

most effective antioxidative constituents in the plant. Moreover, the high yield of the 

different phenolic compounds found in different plant parts might contribute to the potent 

antioxidant activity of the methanol extracts, since a positive correlation between 

phenolic composition and antioxidant activity was proved (Bourgou et al., 2008).The 

antioxidant activity was correlated with the amount of total phenolic contents present in 

the respective extracts in each assay. Methanol proved to be the most efficient solvent for 

extraction of antioxidants from mulberry leaves as the related extract contained the 

highest amount of phenolic compounds and also exhibited the strongest antioxidant 

capacity in all the assays used (Saeedeh and urooj, 2007). Bozin et al. (2008) also 

reported the amount of total phenolic contents varied widely in plant materials and 

ranged from 0.05 to 0.98 mg GAE/g. In the immature garlic plant, the content of 

quercetin equivalents was noticeably higher (6.99 mg QE/g) than it was in mature plant 

bulbs (5.78 and 4.16 mg QE/g). The decrease of total phenolic contents were most 

probably caused by the increase of sulfur compounds and terpenoid substances present in 

the essential oil of mature garlic bulbs. (Zheng and Wang, 2001) determined the total 

phenolic contents in extracts of 27 culinary herbs and 12 medicinal herbs. The total 

phenolic contents for the medicinal herbs ranged from 0.23 to 2.85 mg of gallic acid 

equivalents (GAE)/g of fresh weight. Gupta et al. (2004) it has been estimated that 40 % 

of all human cancer may be a result of poor diet. The greatest impact of diet is cancer by 

the consumption of compounds that prevent cellular damage and thus reduce the chances 

of cancer. The answer to all this damage is natural anticancer, antioxidant compounds 

like phenolic contents that prevent this loss. The TPCs is a good index of antioxidant 



71 
 

compounds in any sample. There was a wide range of phenol concentrations in the 

medicinal plant infusions analyzed. The values varied from 9 to 2218 mg/100 g of 

infusion (average 470 mg/100 g) as measured by the Folin-Ciocalteau method. It is well 

known that plant polyphenols are widely distributed in the plant kingdom and that they 

are sometimes present in surprisingly high concentrations (Katalinic et al., 2006). Total 

flavonoids of different parts of R. communis extracted in methanol by different 

techniques are shown in (table 4.9). The highest value of TFCs was found in seeds 

extracts in sonication method followed by soxhlet as compared to shaking method. The 

total flavonoids content were detected in different parts of plants. The total flavonoids 

content in seed extracts extracted by sonication, soxhlet and shaking were detected as 171 

> 94 > 15 mg/100 g. The total flavonoids content in stem extracts extracted by soxhlet, 

shaking and sonication were detected as 16 > 6 > 4 mg/100 g. The total flavonoids 

content in leaves extracted samples by shaking, soxhlet and sonication were detected as 

71 > 39 > 32 mg/100 g of dry material. The total flavonoids content in fruits extracted 

samples by shaking, sonication and soxhlet were detected as 68 > 46 > 34 mg/100 g. The 

total flavonoids content in roots extracted samples by shaking, sonication and soxhlet 

were detected as 4 > 2.8 > 2 mg/100 g. Over all, the TFCs value ranged from 2-171 

mg/100 g, which showed that the R. Communis has good total flavonoids content, 

however, plant parts possess different amount of TFCs and also extraction method have 

significant effect on TFCs extracted with methanol. The methanolic extracts further 

fractioned with solvents, n-hexane, chloroform, ethyl acetate and n-butanol and it was 

recorded that fractions showed different concentrations of TFCs. Overall, whole plant 

showed high values of TFCs as compared to seeds. The values of TFCs in seeds were 

recorded to be 12.1, 13.6 and 2.3 mg/ 100 g, while in whole plant the TFCs were 40.0, 

17.2 and 59.0 mg/100 g, in chloroform, ethyl acetate and n-butanol fractions respectively 

(table 4.10).  

The 1, 1-Diphenyl-2-picrylhydrazyl (DPPH), is a kind of stable organic oxide radical. 

The DPPH oxidative assay (Peng et al., 2000) adopted is used worldwide in the 

quantification of radical scavenging capacity (RSC). The capacity of biological reagents 

to scavenge the DPPH radical can be expressed as its magnitude of antioxidation ability. 

The reactive rate and the ability of the radical scavenger depend on the rate and the peak 
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value of disappearance of the DPPH (Chi et al., 2003). Compared with other methods, the 

DPPH assay has many advantages, such as good stability, credible sensitivity, simplicity 

and feasibility Jin et al. (2006); Ozcelik et al. (2003). The DPPH radical scavenging 

activity was also recorded to be significant. Regarding different R. communis parts, the 

DPPH radical scavenging activity was found in following order; 7.25, 20, 7.54, 5.14 and 

6.58 % in R. communis seeds, stems, leaves, fruits and roots, respectively in shaking 

method, while 8.8, 6.2, 10.45, 5.67 and 13.29 % in sonication and in case of soxhlet 

extraction method the activities were 7.42, 14.33, 13.99, 6.9 and 8.24 % respectively. 

Among extraction method, sonication showed higher efficiency followed soxhlet method 

(table 4.9). The DPPH radical scavenging activity of methanolic whole plant and seeds 

extracts fractioned with different solvents were also evaluated and resultantly a 

significant activity was record. The DPPH radical scavenging activities were recorded to 

be 13.19, 10.39, 8.19 and 12.99 % in seed extracts of n-hexane, chloroform, ethyl acetate 

and n-butanol, respectively, while in case of whole plant the activities were 14.55, 13.71, 

6.34 and 12.29 % respectively in n-hexane, chloroform, ethyl acetate and n-butanol. 

Overall, whole plant showed good DPPH radical scavenging activities as compared to 

seed extracts (table 4.10). 

The ability of plants extracts and various organic fractions to reduce Fe3+ to Fe2+ was 

determined. For the reducing power assay, the presence of reducing agents (antioxidant) 

in tested samples results in the reduction of ferric ion Fe3+/ferricyanide complex to 

ferrous form (Bougatef et al., 2009). Zhu and co-workers reported the reducing power of 

plant’s extracts increased with increasing amount of test samples (Zhu et al., 2006). A 

significantly high reducing power of extracts was observed in different parts of R. 

communis plant, the reducing power of 43.56, 12.46, 57.38, 35.69 and 10.84 mg/mL in 

seeds, stems, leaves, fruits and roots respectively, extracted in methanol by shaking 

method, while 87.28, 8.14, 20.64, 23.54 and 11.39 mg/mL was recorded when samples 

were extracted by sonication method and 48.19, 6.63, 26.32, 21.21 and 7.23 mg/mL were 

recorded in soxhlet method in seeds, stems, leaves, fruits and roots respectively (table 

4.9). The reducing power of seeds and whole plant extracts fractioned with n-hexane, 

chloroform, ethyl acetate and n-butanol were also evaluated and resultantly a 

considerable reducing power was recorded. A reducing power of 49.21, 1.38, 19.64, 
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12.27, 16.58 mg/mL was observed in seeds extracted with methanol and fractioned with 

n-hexane, chloroform, ethyl acetate and n-butanol, respectively. Similar trend was also 

exhibited by whole plant; however, the reducing power in case of seed extracts was 

slightly higher as compared to whole plant (table 4.10).  

The findings of percentage inhibitions of linoleic acid oxidation by plants extracts are 

shown in (table 4.9). The extracts showed percentage inhibition ranged between 0.19 to 

0.85 %. From the extracts the highest percentage inhibition was also observed by 

absolute methanol extracts of R. communis. The results of percentage inhibition of 

linoleic acid oxidation of methanolic extracts are shown in (table 4.10). The R. communis 

seeds and whole methanolic extracts fractioned with different solvents with respect to 

polarity and results are shown in (table 4.10). The percentage inhibition of linoleic acid 

oxidation was also significant; however, the methanolic extracts of whole plant showed 

promising efficiency as compared to fractions. These results suggested that the plant 

extracts and various organic fractions of R. communis can be used for the lowering of 

lipid oxidation processes instead of synthetic antioxidants. 
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Table 4.9: Antioxidant profile of extracts of different parts from R. communis extracted in methanol using different extraction techniques 

S.No Method Plants part TPC 
(mg /100g) 

TFC 
(mg/100g) 

DPPH 
% inhibition 
(0.1mg/mL) 

R. power 
(1 mg/mL) 

Linnoleic 
% inhibition 

1 Shaking Seeds 122±3 15±1 7.25±0.3 43.56±0.3 0.481±0.8 

2 Stems 24±1 6±0.2 20±0.2 12.46±0.7 0.278±0.3 

3 
 

Leaves 165±1.5 71±1 7.54±0.2 57.38±0.2 0.578±0.6 

4 Fruits 94±2 68±2 5.14±0.3 35.69±0.4 0.396±0.1 

5 Roots 16±1 4±0.1 6.58±0.8 10.84±0.9 0.209±0.7 

6 Sonication Seeds 361±2 171±2.8 8.8±0.6 87.28±0.1 0.854±0.3 

7 Stems 11±0.3 4±0.6 6.2±0.9 8.14±0.7 0.184±0.2 

8 
 

Leaves 58±1 32±1.2 10.45±0.7 20.64±0.3 0.356±0.8 

9 
 

Fruits 64±2 46±1.2 5.67±0.1 23.54±0.6 0.379±0.3 

10 
 

Roots 12±0.5 2.8±0.6 13.29±0.7 11.39±0.2 0.234±0.9 

11 Soxhlet Seeds 149±1.5 94±0.4 7.42±0.5 48.19±0.3 0.523±0.7 

12 
 

Stems 5±0.1 16±0.1 14.33±0.9 6.63±0.5 0.194±0.4 

13 Leaves 31±1 39±0.6 13.99±0.4 26.32±0.6 0.376±0.6 

14 Fruits 23±0.5 34±0.3 6.9±0.8 21.21±0.9 0.362±0.2 

15 
 

Roots 9±0.9 2±0.1 8.24±0.6 7.23±0.3 0.231±0.8 

The values are the mean ± SD of triplicate experiments 
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Table 4.10: Antioxidant profile of R. communis methanolic extracts sequentially fractioned with different solvents 

S.No Solvent Plants part TPC 
(mg 

/100g) 

TFC 
(mg/100g) 

DPPH 
% 

inhibition 
(0.1mg/mL)

R. power 
(1mg/mL)

Linnoleic 
% 

inhibition 

1 n-Hexane Seeds - - 13.19±0.3 1.38±0.7 0.174±0.1

2 Chloroform Seeds 48±1 12.1±1.6 10.39±0.6 19.64±0.2 0.189±0.6

3 Ethyl acetate Seeds 16.45±0.7 13.6±0.4 8.19±0.1 12.27±0.5 0.253±0.8

4 n-Butanol Seeds 19±0.1 2.3±0.2 12.99±0.5 16.58±0.4 0.276±0.6

5 n-Hexane Whole plant - - 14.55±.1 2.54±.8 0.137±.1 

6 Chloroform Whole plant 42±1.5 40±1.7 13.71±.3 18.47±.3 0.396±.8 

7 Ethyl acetate Whole plant 20.5±.9 17.2±.7 6.34±.1 17.53±.1 0.356±.4 

8 n-Butanol Whole plant 27±1 59±.6 12.29±.6 23.46±.8 0.437±.1 
The values are the mean ± SD of triplicate experiments 
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Fig. 4.5: Comparison of different extraction methods for their antioxidant potential of R. communis 
methanol extracts in (fig 4.5a, 4.5b, 4.5c)  
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4.6.2 Antioxidant Potential of Datura innoxia by using different extraction 

techniques 

For extraction of antioxidant compound from D. innoxia, five different parts and three 

extraction techniques were used and methanol was used as base line extracting solvent. 

The amount of total phenolic contents varied in different plant parts significantly and 

maximum TPC value recorded was 115 mg GAE/100 g of leaves in shaking method, 

while minimum was also in leaves in soxhlet extraction method. Extraction method 

significantly affects the TPC and overall, shaking method was found better than soxhlet 

and sonication extraction method (table 4.11). Previous study by Daniels et al. (2011), 

also showed the similar result that leaves contains highest TPC content which were in 

different medicinal plants, C. bolivianum; A. acuminate, O. rosea, L. meyenii and M. 

acuminate (56.8-72.3 mg GAE/g of DW). These values are also in comparisons to 

Datura innoxia leaves TPCs. In present investigation, the methanolic extracts of seeds 

and whole plant were used to determine TPCs. Maximum TPCs values were recorded in 

ethyl acetate followed by chloroform in seeds, while in case of whole plant chloroform 

showed highest values of TPCs (table 4.12). Similarly, total phenolic contents were also 

reported by Amal et al. (2009). According to them plant phenolic compounds were 

highly effective free radical scavengers and antioxidants. The total phenolic content of P. 

auriculata, F. vaillantii and F. vulgaris were ranged 10.15 mg GAL/g (F. valliantii) to 

11.32 mg GAL/g (P. auriculata) and F. vulgaris 12.82 mg GAL/g per g dry weight basis. 

It is believed that phenolic compounds contribute to quality and nutritional value in terms 

of modifying color, taste, aroma, and flavor and also in providing health beneficial 

effects. In addition, they serve in plant defense mechanisms to counteract reactive oxygen 

species (ROS) in order to survive and prevent molecular damage and damage by 

microorganisms, insects and herbivores (Jaberian et al., 2013). 

The TFCs values of D. innoxia plant of different parts extracted with different techniques 

in methanol are shown in (table 4.11). The highest value of TFCs (80 mg/100 g dry 

weight) was found in fruit extracted with shaking method followed by sonication and 

soxhlet. Overall, the TFCs value ranged from 8-54 mg/100 g dry weight, which showed 

that the D. innoxia has good TFCs profile, however, plant parts possess different amount 

of TFCs and also extraction method have significant effect on TFCs extracted with 
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methanol. The TFCs of D. innoxia were found to be significant lower than R. communis 

the difference might be due plant species difference. The methanolic extracts further 

fractionated with different solvents and it was found that some solvent used for fractions 

also showed significant amount of TFCs. Overall, seeds showed greater values of TFCs 

as compared to whole plant of D. innoxia (table 4.12). The values of TFCs in seeds were 

recorded to be 38, 18 and 6 mg/100 g dry weight, while in whole plant the TFCs were 

10.0, 8.0 and 0.4 mg/100 g dry weight in chloroform, ethyl acetate and n-butanol 

fractions, respectively (table 4.12). Bhagat et al. (2011) reported that methanol extracts 

exhibited the highest polyphenolic content and showed better antioxidant activity than the 

other two extracts. Total phenolic and total flavonoids content in the methanol extract 

were (90.08 ± 0.44 mg) gallic acid equivalents/g and (58.50 ± 0.09 mg) quercetin 

equivalents/g respectively. The IC50 of the methanol extract in the DPPH•, superoxide 

anion, hydroxyl radical, nitric oxide radical, hydrogen peroxide scavenging activity and 

metal chelating assays were (16.4 ± 0.41), (35.9 ± 0.19), (24.1 ± 0.33), (23.7 ± 0.09), 

(126.8 ± 2.92), and (117.2 ± 1.01) µg/mL respectively. The methanol extract of whole 

plants showed potent reducing power ability, total antioxidant activity, significantly 

inhibit lipid per oxidation and oxidative hemolysis which was similar to that of standards. 

Bhagat et al. (2011) reported that DPPH is a stable free radical, when antioxidant reacts 

with DPPH• the electron is paired off and the DPPH solution is decolorized. The 

medicinal plants showing strong scavenging capacity on DPPH• was possibly due to the 

hydrogen donating ability of the polyphenolic compounds present in the extracts. 

Regarding different D. innoxia parts, the DPPH radical scavenging activity was found in 

following order; 6.9, 5.3, 6.2, 9.11 and 8.61% in seeds, stems, leaves, fruits and roots, 

respectively in shaking method, while 10.9, 11.95, 7.8, 10.89 and 11.78 % in sonication 

method respectively and in case of soxhlet these values were 6.26, 12.91, 13.65, 10.8 and 

6.7 %, respectively. Among extraction method, soxhlet showed slightly higher efficiency 

followed by sonication and shaking methods (table 4.11). The DPPH radical scavenging 

activity of methanolic extract of whole plant and seed extract fractioned with different 

solvents were also evaluated and resultantly a significant activity was observed. The 

DPPH radical scavenging activities were recorded to be 2.5, 11.22, 13.11 and 10.79 % in 

seeds extracts of n-hexane, chloroform, ethyl acetate and n-butanol, respectively, while in 
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case of whole plant the activities were 1.34, 15.28, 6.85 and 2.53 % in n-hexane, 

chloroform, ethyl acetate and n-butanol respectively. Overall, whole plant showed 

slightly higher DPPH radical scavenging activities as compared to seeds extracts (table 

4.12). Similarly, Shirwaikar et al. (2011) reported that in medicinal plant M. spinosa leaf 

extract, with the increase of concentration in DPPH scavenging activity was also 

increased. Ascorbic acid was used as a standard with IC50 of (3.3 ± 0.01) µg/mL. While 

the M. spinosa phytoextract scavenging activity was (16.4 ± 0.41) µg/mL, followed by 

the ethyl acetate with IC50 of (17.8 ± 0.38) µg/mL, and petroleum ether extract with IC50 

of (22.0 ± 0.43) µg/mL. 

 High reducing power of extracts was observed in different parts of D. innoxia, the 

reducing power was 28.56, 31.49, 51.29, 34.83 and 38.76 mg/mL, respectively in seeds, 

stems, leaves, fruits and roots extracted in methanol by shaking method, while 18.64, 

23.86, 47.94, 36.24 and 33.46 mg/mL respectively was recorded when samples were 

extracted by sonication method and 19.69, 17.42, 8.54, 12.73 and 25.16 mg/mL was 

recorded in soxhlet method in seeds, stems, leaves, fruits and roots respectively (table 

4.11). The reducing power of seeds and whole plant extracts fractioned with n-hexane, 

chloroform, ethyl acetate and n-butanol were also evaluated and resultantly a 

considerable reducing power was observed. A reducing power of 1.27, 16.48, 20.37, 1.72 

mg/mL was observed in seeds extracted with methanol and fractioned with n-hexane, 

chloroform, ethyl acetate and n-butanol, respectively. Similar trend was observed in case 

of whole plant; however, the reducing power was in case of whole plant extracts was 

slightly higher as compared to seed extracts (table 4.12). Valko et al. (2007) reported the 

reducing power capacity assay of M. spinosa leaves extracted into different organic 

solvents. The sequence for the reducing power was ascorbic acid > methanol > ethyl 

acetate > petroleum ether extract. The reducing power of the methanol, ethyl acetate and 

petroleum ether extracts increased from 0.684, 0.486, and 0.453, respectively at 50 

µg/mL to 1.135, 0.746, and (0.697 at 800 µg/mL), respectively. The findings of 

percentage inhibitions of linoleic acid oxidation by plants extracts are shown in (table 

4.11). The extracts showed percentage inhibition ranged between 0.10 to 0.49 %. Leaves 

extracted by shaking method exhibited higher percentage inhibition and in soxhlet 

method leaves showed lower percentage inhibition which indicates that extraction 
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method has significant effect on antioxidant activity. The results of percentage inhibition 

of linoleic acid oxidation of methanolic extracts are shown in (table 4.12) of seeds and 

whole plant extracted with methanol and further fractioned with organic solvents such as 

n-hexane, chloroform, ethyl acetate and n-butanol. The percentage inhibition of linoleic 

acid oxidation was also significant; however, chloroform extracts showed promising 

efficiency as compared to other fractions.  
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Table 4.11: Antioxidant profile of different parts of D. innoxia extracted in methanol by different extraction technique by using different assay 

methods 

S.No Solvent Plants 

part 

TPC 

(mg/100g)

TFC 

(mg/100g) 

DPPH 

% 

inhibition 

(0.1mg/mL)

R. power 

(1 mg/mL) 

Linnoleic 

% 

inhibition 

1 Shaking Seeds 44±1 22±1 6.9±0.7 28.56±0.7 0.285±0.5 
2 Stems 51±0.1 8±0.2 5.3±0.3 31.49±0.4 0.387±0.6 
3 Leaves 115±2 67±2.5 6.2±0.6 51.29±0.1 0.495±0.8 

4 Fruits 59±2 80±1.8 9.11±0.2 34.83±0.5 0.432±0.4 

5   Roots 78±2 11±0.4 8.61±0.4 38.76±0.9 0.467±0.1 

6 Sonication Seeds 25±1 8±0.3 10.9±0.7 18.64±0.2 0.168±0.5 

7 Stems 31±0.1 9±0.1 11.95±1.2 23.86±0.7 0.216±0.4 

8 Leaves 91±1 54±1.6 7.8±0.7 47.94±0.6 0.483±0.7 

9 Fruits 69±2 48±0.4 10.89±0.4 36.24±0.3 0.465±0.1 

10   Roots 56±1 14±1 11.78±0.8 33.46±0.8 0.427±0.5 

11 Soxhlet Seeds 25±0.1 61±0.6 6.26±0.4 19.69±0.8 0.251±0.7 

12 Stems 24±2 10±0.3 12.91±0.6 17.42±0.3 0.234±0.8 

13 Leaves 9±0.1 19±0.1 13.65±0.3 8.54±0.8 0.108±0.4 

14 Fruits 14±0.1 32±0.2 10.8±0.3 12.73±0.7 0.227±0.3 

15   Roots 34±0.5 9±0.7 6.7±0.2 25.16±0.4 0.285±0.9 
The values are the mean ± SD of triplicate experiments. 
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Table 4.12: Antioxidant profile of D. innoxia methanolic extract sequentially fractioned with different solvents 

S.No Solvent Plants part TPC 
(mg/100g)

TFC 
(mg/100g) 

DPPH 
% 

inhibition 
(0.1mg/mL)

R. power 
(1mg/mL)

Linnoleic 
% 

inhibition 

1 n-Hexane Seeds - - 2.5±0.6 1.27±0.5 0.109±0.8

2 Chloroform Seeds 18±1 38±0.2 11.22±0.1 16.48±0.3 0.296±0.7

3 Ethyl acetate Seeds 21±2 18±0.6 13.11±0.2 20.37±0.7 0.371±0.5

4 n-Butanol Seeds 2±0.1 6±0.1 10.79±0.5 1.72±0.1 0.213±0.7

5 n-Hexane Whole plant - - 1.6±0.4 1.34±0.5 0.147±0.8

6 Chloroform Whole plant 17±1 10±0.2 9.76±0.3 15.28±0.1 0.284±0.2

7 Ethyl acetate Whole plant 8±0.1 8±0.1 12.11±0.2 6.85±0.4 0.217±0.5

8 n-Butanol Whole plant 3±0.1 0.4±0.1 14.9±0.2 2.53±0.9 0.189±0.8

The values are the mean ± SD of triplicate experiments. 
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Fig. 4.6: Comparison of different extraction methods for their antioxidant potential of D. 
innoxia methanol extracts in (fig 4.6a, 4.6b, 4.6c) 
 

4.6.3 Antioxidant Potential of Croton tiglium by different extraction techniques 

Plant food contains a variety of biological activities, non nutritional compounds known as 

phytochemicals, which impart health benefits (e.g. antioxidant activity) beyond basic 

nutrition value. Phenolic compounds have a different biochemical potential, such as food, 

health, pharmaceutical and cosmetic industries (Sreeramulu and Raghunath, 2010). For 

the evaluation of antioxidant activity of Croton tiglium five different parts (seeds, stems, 

leaves, fruits and roots) and three extraction techniques such as shaking, sonication and 
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soxhlet were used. Absolute methanol was used as extracting solvent and further 

fractioned. Lu et al. (2011) also reported the nutritional potential herbs, and their 

different parts like spices, fruits, leaves and seeds (0.8-102.1 mg GAE/g of DW). The 

amount of total phenolic contents varied in different plant parts significantly and 

maximum TPCs values were recorded to be 176 mg GAE/100 g in seeds by soxhlet 

method, while minimum TPCs was recorded in roots in soxhlet extraction method which 

indicate that different plant parts have different TPCs and overall, shaking method was 

found to be better than soxhlet and sonication extraction method (Table 4.13). Konczak et 

al. (2010) reported the result of phenolic compound content, type and related antioxidant 

activity were studied in different plants was widely consumed by the native population. 

TPCs varied considerably with values fluctuating between 0.3 and 72.3 mg GAE/g of dry 

weight (DW). In present investigation, the TPCs of seeds and whole plant of methanolic 

extracts fractioned with different organic solvents such as n-hexane, chloroform, ethyl 

acetate and n-butanol. Maximum TPCs values was recorded in methanol in whole plant 

and seeds, while fractioned showed considerably low TPCs as compared to methanol 

(table 4.14). Silva et al.(2007) described that in general leaves presented higher TPCs 

values followed by fruits, roots and tubers and finally by seeds and grains. A high TPCs 

content in leaves has also been previously reported (Harborne and William, 2000). The 

TFCs of C. tiglium extracted from different plant parts using different techniques in 

methanol are presented in (table 4.13). The greater value of TFCs (98.3 mg/100 g dry 

weight) was found in seeds extracted with shaking method followed by sonication and 

soxhlet. The TFCs ranged from 5-98.3 mg/100 g dry weight, which showed that C. 

tiglium has good TFCs profile, however, plant parts possess variable amount of TFCs and 

extraction method have also significant effect on TFCs extracted with methanol. The 

TFCs of C. tiglium was found significant lower than R. communis, the difference might 

be due plant difference. The methanolic extracts further fractioned with different solvents 

and it was found that solvents used for fractions also exhibited significant amount of 

TFCs. Overall, seed showed high values of TFCs as compared to whole plant. The values 

of TFCs in seeds were recorded to be 12.3, 19.6 and 14.9 mg/100 g dry weight, while in 

whole plant the TFCs were 15.4, 22.9 and 19.9 mg/100 g dry weight of methanolic 

extracts fractioned with different organic solvents such as chloroform, ethyl acetate and 
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n-butanol fractions, respectively (table 4.14). Total flavanoids, were also reported from 

Rumex crispus L. and Schinusmolle from the leaves and Passiflora mollisima from the 

fruits. while working on their different parts, leaves, barks and fruits of four Amazonian 

plants (0.2-16.2 mg GAE/g of dry weight), total flavonoids values for the leaves, fruits 

and roots and tubers groups represented were between 3.4 and 55.7 %; 0.4 and 19.6 % 

and 3.0 and 16.0 % of TPCs, respectively (Souza et al. 2008). 

The DPPH radical scavenging activity of C. tiglium different parts were found in 

following order; 8.61, 5.51, 10.21, 9.8, 3.2 %, respectively in seeds, stems, leaves, fruits 

and roots extracted with shaking method, while 10.85, 6.3, 5.4, 7.4 and 2.7 %, 

respectively in sonication method and in case of soxhlet these values were 6.13, 13.98, 

9.6, 6.4 and 2.4%, respectively (table 4.13). The DPPH radical scavenging activity of 

methanolic whole plant and seeds extracts fractioned with different solvents were also 

evaluated and resultantly a significant activity was observed. The DPPH radical 

scavenging activities were recorded to be 14.08, 13.89, 13.02 and 11.57 % in seeds 

extracts of n-hexane, chloroform, ethyl acetate and n-butanol, respectively, while in case 

of whole plant the activities were 9.57, 10.54, 11.57 and 11.57 % in n-hexane, 

chloroform, ethyl acetate and n-butanol, respectively. Overall, seed showed high DPPH 

radical scavenging activities as compared to whole plant extracts (table 4.14). Porto et al. 

(2000) reported the antioxidant activity of (Jatropha) leaf and seeds extracts the extract 

significantly inhibited the activity of DPPH radicals in a dose-dependent manner. Results 

demonstrated that leaf extract has higher free radical scavenging activity than seeds 

extract. A significantly high reducing power of extracts was observed in different parts of 

C. tiglium plant, the reducing power of 9.23, 16.26, 23.67, 32.29 and 8.76 mg/mL was 

recorded in seeds, stems, leaves, fruits and roots, respectively extracted in methanol by 

shaking method, while 19.43, 10.61, 13.46, 17.24 and 5.76 mg/mL was recorded when 

samples were extracted by sonication method and 11.39, 10.38, 21.84, 14.42 and 5.36 

mg/mL was recorded in seeds, stems, leaves, fruits and roots extracted by soxhlet 

method, respectively (table 4.13). Riaz et al. (2012) reported the antioxidant potential of 

a medicinal plant they prepared phytoextract in methanollic solvent and then sequentially 

separated the bioactive components into their polarity, n-hexane, chloroform, ethyl 

acetate and n-butanol. The results show that ethyl acetate soluble fraction exhibited the 
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highest percent inhibition of the DPPH radical than other fractions. It showed 81.14±1.38 

% inhibition of the DPPH radical at a concentration of 60 μg/mL. The concentration of 

this fraction leading to 50 % inhibition of the DPPH radical (IC50) was found to be 

33.95±0.58 μg/mL, the chloroform fraction showed the highest total antioxidant activity, 

1.078±0.59 μg/mL. The reducing power of seeds and whole plant extracts fractioned with 

n-hexane, chloroform, ethyl acetate and n-butanol was also evaluated and resultantly a 

considerable reducing power was recorded. A reducing power of 4.68, 9.54, 14.73, 17.56 

mg/mL was observed in seeds extracted with methanol and fractioned with n-hexane, 

chloroform, ethyl acetate and n-butanol, respectively. Similar trend was observed in case 

of whole plant; however, the reducing power was found slightly higher in whole plant 

extracts as compared to seeds extracts (table 4.14). Similar result was also reported by El-

Diwani et al. (2009). Leaves extracts of Jatropha showed a moderate reducing property 

in addition to DPPH assay results could indicate that the leaves extract probably contains 

more electron donors reacting with free radicals. However, the seeds extract may chelate 

metal ions rather than scavenging hydroxyl radicals directly. The reducing power of 

organs correlated well with the polyphenol content (seeds = 311.57 mg/g and leaves= 

133.09 mg/g; the results are expressed in mg of gallic acid equivalent/g dry matter (Ghali 

et al., 2013).The findings of percentage inhibitions of linoleic acid oxidation by plants 

extracts are tabulated in (table 4.13). The extracts showed percentage inhibition ranged 

between 0.17 to 0.53 % among different parts which showed that plant parts have 

different values and extraction method also affects the antioxidant values significantly. 

The results of percentage inhibition of linoleic acid oxidation of methanolic extracts are 

shown in (table 4.14) of seeds and whole plant extracted with methanol and further 

fractioned with organic solvents such as n-hexane, chloroform, ethyl acetate and n-

butanol. The percentage inhibition of linoleic acid oxidation was also significant; 

however, the whole plant showed high values as compared to seeds extracts.  
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Table 4.13: Antioxidant profile of different parts from Croton tiglium extracted in methanol by different extraction methods  

S. No Method 
Plants 
part 

TPC 
(mg/100g)

TFC 
(mg/100g) 

DPPH 
% 

inhibition 
(0.1mg/mL)

R. power 
(1 mg/mL) 

Linnoleic 
% 

inhibition 

1 Shaking Seeds 63±0.3 8.6±0.5 8.61±0.8 9.23±0.4 0.342±0.2 

2 
 

Stems 30±0.1 15.6±0.4 5.51±0.3 16.26±0.1 0.284±0.9 

3 Leaves 60±0.1 45±0.3 10.21±0.2 23.67±0.7 0.489±0.2 
4 Fruits 56±0.7 67±0.2 9.8±0.6 32.29±0.3 0.534±0.7 
5 Roots 12±0.6 24±0.8 3.2±0.1 8.76±0.5 0.243±0.4 

6 Sonication Seeds 99±0.5 15±0.1 10.85±0.8 19.43±0.2 0.338±0.1 

7 Stems 12±0.7 14±0.4 6.3±0.9 10.61±0.3 0.236±0.7 
8 Leaves 46±0.4 38±0.1 5.4±0.2 13.46±0.6 0.278±0.2 
9 Fruits 34±0.5 29±0.6 7.4±0.2 17.24±0.2 0.324±0.5 
10 Roots 9±0.2 19±0.4 2.7±0.8 5.76±0.8 0.186±0.3 

11 Soxhlet Seeds 176±0.6 98.3±0.8 6.13±0.3 11.39±0.9 0.274±0.2 

12 Stems 8±0.3 5±0.2 13.98±0.7 10.38±0.1 0.268±0.8 
13 Leaves 36±0.9 26±0.6 9.6±0.2 21.84±0.3 0.376±0.6 
14 Fruits 24±0.6 18±0.2 6.4±0.5 14.42±0.5 0.247±0.3 
15 Roots 6±0.2 13±0.7 2.4±0.1 5.36±0.3 0.172±0.1 

The values are the mean ± SD of triplicate experiments.



87 
 

 

 

 

Table 4.14: Antioxidant profile of Croton tiglium methanolic extracts sequentially fractioned with different solvents 

S. 
No 

Solvent Plants part 
TPC 

(mg/100g)
TFC 

(mg/100g) 

DPPH 
% 

inhibition 
(0.1mg/mL)

R. power 
(1 

mg/mL) 

Linnoleic 
% 

inhibition 

1 n-Hexane Seeds - - 14.08±0.6 4.68±0.7 0.174±0.1 

2 Chloroform Seeds 14±0.1 12.3±0.1 13.89±0.9 9.54±0.3 0.189±0.6 

3 Ethyl acetate Seeds 15±1 19.6±0.3 13.02±0.2 14.73±0.5 0.253±0.8 

4 n-Butanol Seeds 16±0.1 14.9±0.5 11.57±0.6 17.56±0.9 0.276±0.6 

5 n-Hexane Whole plant - - 9.57±0.7 5.34±0.2 0.167±0.3 

6 Chloroform Whole plant 16±0.6 15.4±0.9 10.54±0.5 8.36±0.1 0.214±0.5 

7 Ethyl acetate Whole plant 18±0.9 22.9±0.5 11.57±0.2 11.32±0.7 0.347±0.2 

8 n-Butanol Whole plant 21±0.5 19.9±0.3 11.57±0.1 18.49±0.4 0.382±0.7 
The values are the mean ± SD of triplicate experiments.
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Fig. 4.7: Comparison of different extraction methods for their antioxidant potential of 
Croton tiglium methanol extracts in (fig 4.7a, 4.7b, 4.7c) 
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4.7 DNA Damage/protection assay of selected medicinal plant extracts 

The antioxidant activity by DNA protection assay was carried out of the plant extracts 

showed high activity during initial screening. For the absolute methanol extract by 

shaking method, various parts were used like seeds, stems, leaves and fruits of Ricinus 

communis, Datura innoxia and Croton tiglium, various organic solvent fractions were 

used for this experiment. The DNA damage/protection results of shaking of methanolic 

extracts and fractions of whole plant into different solvent were compared. It was found 

that among shaking methods, shaking was better and among whole plant (Ricinus 

communis, Datura innoxia and Croton tiglium) also showed significant protection. So, 

the shaking method and whole plants were selected for further studies. The plasmid 

pBR322was studied subjected to H2O2 and UV (280 nm) light followed by methanol 

extract and organic fraction treatment. As shown in fig. 4.8 to 4.13, lane (2), plasmid 

pBR322present without any treatment that might be due to dominant super coiled form, 

while lane (3) contain pBR322 DNA that was exposed to H2O2 that caused damage in 

plasmid pBR322 DNA that might occurred due to conversion of super coiled form of 

pBR322 DNA into open linear form. Similarly lane (4) contain pBR322 DNA that was 

exposed to UV exposed that also caused damage in plasmid pBR322 DNA. The lane (1) 

showed the 1 kb DNA ladder, while lane (5 to 8) methanol extracts of selected plant 

extracts were added along with treated H2O2 to see the protective effect on pBR322 DNA. 

Similarly, organic fractions with the increasing polarity from n-hexane to n-butanol are 

also treated with H2O2 to check the DNA protective potential. While in line (9 to 12) 

methanolic as well as phytoextract prepared in different organic solvent were also treated 

when exposed to UV to check their protective potential. 
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Fig. 4.8: DNA damage/protection effect of methanol extract of Ricinus communis exposed to 
H2O2 and UV induced oxidative damage on pBR322. 

Lane 1= 1 Kb DNA ladder: Lane 2 = Plasmid pBR322 DNA without treatment (Super coiled); Lane 3= Plasmid pBR322 
DNA treated with  H2O2(open circular or damaged), Lane 4 = Plasmid pBR322 DNA; treated with H2O2 + UV(open 
circular or damaged); Lane 5 = Plasmid pBR322 DNA treated seed extract by shaking method  + H2O2; Lane 6 = 
Plasmid pBR322 DNA treated with stem extract by shaking method + H2O2; Lane 7 = Plasmid pBR322 DNA treated with 
leaves extract by shaking method + H2O2; Lane 8 = Plasmid pBR322 DNA treated with fruits extract by shaking method 
+ H2O2; Lane 9 = Plasmid pBR322 DNA treated with seeds extract by shaking method + H2O2+UV light). ; Lane 10 = 
Plasmid pBR322 DNA treated with stems extract by shaking method + H2O2+UV); Lane 11 = Plasmid pBR322 DNA 
treated with leaves extract by shaking method + H2O2+UV). ; Lane 12= Plasmid pBR322 DNA treated with fruits extract 
by shaking method + H2O2+UV). 
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Fig. 4.9: DNA damage/protection effect of Ricinus communis whole plant by methanolic extracts 
and fraction extracts with H2O2 and UV induced oxidative damage on pBR322. 

Lane 1= 1 Kb DNA ladder: Lane 2 = Plasmid pBR322 DNA without treatment (Super coiled); Lane 3= Plasmid pBR322 
DNA treated with  H2O2(open circular or damaged), Lane 4 = Plasmid pBR322 DNA; treated with H2O2 + UV(open 
circular or damaged); Lane 5 = Plasmid pBR322 DNA treated with n-hexane  fraction  + H2O2; Lane 6 = Plasmid pBR322 
DNA treated with chloroform fraction + H2O2; Lane 7 = Plasmid pBR322 DNA treated with ethyl acetate fraction + 
H2O2; Lane 8 = Plasmid pBR322 DNA treated with n-butanol fraction + H2O2; Lane 9 = Plasmid pBR322 DNA treated 
with n-hexane fraction + H2O2+UV). ; Lane 10 = Plasmid pBR322 DNA treated with chloroform fraction + H2O2+UV); 
Lane 11 = Plasmid pBR322 DNA treated with ethyl acetate fraction + H2O2+UV). ; Lane 12= Plasmid pBR322 DNA 
treated with n-butanol fraction + H2O2+UV). 
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Fig. 4.10: DNA damage/protection effect of Datura innoxia by methanol extracts with H2O2 and 
UV induced damage to pBR322  

Lane 1= 1 Kb DNA ladder: Lane 2 = Plasmid pBR322 DNA without treatment (Super coiled); Lane 3= Plasmid pBR322 
DNA treated with  H2O2(open circular or damaged), Lane 4 = Plasmid pBR322 DNA; treated with H2O2 + UV(open 
circular or damaged); Lane 5 = Plasmid pBR322 DNA treated seeds extract by shaking method  + H2O2; Lane 6 = 
Plasmid pBR322 DNA treated with stems extract by shaking method + H2O2; Lane 7 = Plasmid pBR322 DNA treated 
with leaves extract by shaking method + H2O2; Lane 8 = Plasmid pBR322 DNA treated with fruits extract by shaking 
method + H2O2; Lane 9 = Plasmid pBR322 DNA treated with seeds extract by shaking method + H2O2+UV). ; Lane 10 
= Plasmid pBR322 DNA treated with stems extract by shaking method + H2O2+UV); Lane 11 = Plasmid pBR322 DNA 
treated with leaves extract by shaking method + H2O2+UV). ; Lane 12= Plasmid pBR322 DNA treated with fruits 
extract by shaking method + H2O2+UV). 
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Fig. 4.11: DNA damage/protection effect of Datura innoxia whole plant by methanolic extracts 
and fraction extracts with H2O2 and UV induced damage to pBR322  

Lane 1= 1 Kb DNA ladder: Lane 2 = Plasmid pBR322 DNA without treatment (Super coiled); Lane 3= Plasmid pBR322 
DNA treated with  H2O2(open circular or damaged), Lane 4 = Plasmid pBR322 DNA; treated with H2O2 + UV(open 
circular or damaged); Lane 5 = Plasmid pBR322 DNA treated with n-hexane  fraction  + H2O2; Lane 6 = Plasmid pBR322 
DNA treated with chloroform fraction + H2O2; Lane 7 = Plasmid pBR322 DNA treated with ethyl acetate fraction + 
H2O2; Lane 8 = Plasmid pBR322 DNA treated with n-butanol fraction + H2O2; Lane 9 = Plasmid pBR322 DNA treated 
with n-hexane fraction + H2O2+UV). ; Lane 10 = Plasmid pBR322 DNA treated with chloroform fraction + H2O2+UV); 
Lane 11 = Plasmid pBR322 DNA treated with ethyl acetate fraction + H2O2+UV). ; Lane 12= Plasmid pBR322 DNA 
treated with n-butanol fraction + H2O2+UV). 
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Fig. 4.12: DNA damage/protection effect of Croton tiglium by methanol extract with H2O2 and 
UV light induced damage to pBR322  

Lane 1= 1 Kb DNA ladder: Lane 2 = Plasmid pBR322 DNA without treatment (Super coiled); Lane 3= Plasmid pBR322 
DNA treated with  H2O2(open circular or damaged), Lane 4 = Plasmid pBR322 DNA; treated with H2O2 + UV(open 
circular or damaged); Lane 5 = Plasmid pBR322 DNA treated seeds extract by shaking method  + H2O2; Lane 6 = 
Plasmid pBR322 DNA treated with stems extract by shaking method + H2O2; Lane 7 = Plasmid pBR322 DNA treated 
with leaves extract by shaking method + H2O2; Lane 8 = Plasmid pBR322 DNA treated with fruits extract by shaking 
method + H2O2; Lane 9 = Plasmid pBR322 DNA treated with seeds extract by shaking method + H2O2+UV). ; Lane 10 
= Plasmid pBR322 DNA treated with stems extract by shaking method + H2O2+UV); Lane 11 = Plasmid pBR322 DNA 
treated with leaves extract by shaking method + H2O2+UV). ; Lane 12= Plasmid pBR322 DNA treated with fruits extract 
by shaking method + H2O2+UV). 
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Fig. 4.13: DNA damage/protection effect of Croton tiglium whole plant by organic extraction 
and fraction extract with H2O2 and UV induced damage to pBR322 

Lane 1= 1 Kb DNA ladder: Lane 2 = Plasmid pBR322 DNA without treatment (Super coiled); Lane 3= Plasmid pBR322 
DNA treated with  H2O2(open circular or damaged), Lane 4 = Plasmid pBR322 DNA; treated with H2O2 + UV(open 
circular or damaged); Lane 5 = Plasmid pBR322 DNA treated with n-hexane  fraction  + H2O2; Lane 6 = Plasmid pBR322 
DNA treated with chloroform fraction + H2O2; Lane 7 = Plasmid pBR322 DNA treated with ethyl acetate fraction + 
H2O2; Lane 8 = Plasmid pBR322 DNA treated with n-butanol fraction + H2O2; Lane 9 = Plasmid pBR322 DNA treated 
with n-hexane fraction + H2O2+UV). ; Lane 10 = Plasmid pBR322 DNA treated with chloroform fraction + H2O2+UV); 
Lane 11 = Plasmid pBR322 DNA treated with ethyl acetate fraction + H2O2+UV). ; Lane 12= Plasmid pBR322 DNA 
treated with n-butanol fraction + H2O2+UV) 

Results showed that the methanolic extracts and fractions with organic solvents were able 

to protect DNA damage induced by H2O2 and UV. To evaluate the antioxidant activity of 

the plant extracts by the DNA damage/protection assay the method describe by (Kalpana 

et al. 2009). Studies showed that the DNA protection effect of plant extracts is due to the 

presence of total phenolic, flavonoids contents and their antioxidant potential. The plants 

used in this study may be a candidate to protect DNA damage due to ROS (Reactive 

Oxygen Species) and sunlight UV. This potential is probably due to antioxidant activities 

of these plants discussed in previous sections. DNA damage occurs due to free radical, 

reactive oxygen species and nitrogen reactive species which cause damage to the cellular 

genetic material. 
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The protective effect of absolute methanol extract, extracted by shaking method and 

fractioned with various organic fractions on plasmid pBR322 DNA by H2O2and UV is 

shown in fig. 4.13. In the second lane, plasmid pBR322constitute the control (without 

treatment) can be seen. When the plasmid was exposed to H2O2and UV the plasmid DNA 

damage was evident in which may be the conversion of the super coiled form of pBR322 

DNA into open linear form (3 lane) leaving behind from the untreated DNA (1 lane) can 

be seen clearly. In comparison to other lanes, alone DNA treated with H2O2 and UV 

showed that DNA was damaged and the protective effects of the extract in combination 

with the H2O2 and UV showed the band almost equal to the pure plasmid DNA band. The 

n-hexane fraction showed no protective effect. It was very clear that the band of DNA 

was near to the damaged plasmid DNA treated with n-hexane fraction. However, all other 

fractions and absolute methanolic extracts showed protective effect on DNA induced by 

H2O2 and UV radiation. However, the most effective DNA protection showed by absolute 

methanol extracts which might be more concentration of bioactive compounds such as 

antioxidants. It is reported that the bioactive compounds present in extracts scavenge the 

oxidation products that damage the DNA. The active components also inhibit the H2O2 

action on plasmid DNA coil and in this way the extracts showed the protection of 

plasmid DNA damage both from H2O2 and UV radiation. The H2O2 and UV cause 

resultantly DNA damage. So, as a result of plant extract treatment it is likely to protect 

genetic damages. The protective effect furnished by absolute methanol extract could be 

due to the higher concentration of phenolic, flavonoids and other bioactive components 

that scavenge the free radicals and oxidation products. Riaz et al. (2012) also reported 

that the protective effects of plant extract on DNA were due to the ability of extracts to 

scavenge reactive oxygen species (ROS). (Yoshikawa et al., 2006) The hydroxyl radicals 

have very short which attack the DNA double strands (double helical) and break it into 

single strand (open circular) and the antioxidants present in extracts play important role 

in inhibiting the DNA damage by quenching of free radicals. It is also reported that the 

phenolic rich compound has high DNA protection efficiency. Overall, methonolic 

extract, extracted by shaking method and whole plant organic fraction of R. communis, D. 

innoxia and C .tiglium exhibit significant DNA protection activity and similar trend has 

also been reported previously (Chandrashekar and Umesha, 2010). In another study, it is 
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also reported that the phenolic and flavonoids from R. communis, D. innoxia and C. 

tiglium leaves extracted by shaking method also possess a significant DNA protection 

activity due to presence of phytochemicals (Premanath and Lakshmidevi, 2010). 

Some studies also highlighted the same trend for DNA protection e.g. Celastrus 

paniculatus L., Picrorhiza kurroa L. and Withania somnifera L. These are medicinal 

plants having a remarkable reputation in health care among the indigenous medical 

practitioners. The plants exhibit varying degrees of therapeutic value some of which 

useful in the treatment of cognitive dysfunction, epilepsy, insomnia, rheumatism, gout, 

dyspepsia. Irrespective there health care applications, the genetic damage repair 

efficiency has also been investigated. Author investigated the free radical scavenging 

capacity and protection of DNA damage induced by H2O2 UV photolysis of methanolic 

extracts of selected medicinal plants. In addition, the effect on hydrogen peroxide 

induced cytotoxicity and DNA damage in human non-immortalized fibroblasts was also 

investigated. These extracts showed a dose dependent free radical scavenging capacity 

and a protective effect of DNA cleavage by both UV radiation and H2O2. These results 

were confirmed by a significant protective effect on H2O2 induced cytotoxicity and DNA 

damage in human non-immortalized fibroblasts. In another study, Kumar et al. (2012) 

reported the crude extracts of several medicinal plants for their protective effect against 

DNA damage induced by oxidative mutagens and results showed positive response 

regarding DNA damage by UV and H2O2. Previous study and present investigation 

regarding DNA damage protection by medicinal plant extracts showed that plant extracts 

are the source of natural antioxidants that may serve as leads for the novel drugs 

development. 

Naturally occurring compounds are capable to protect DNA against ionizing radiation 

and chemical mutagens have considerable potential for prevention of mutation based 

health impairment including cancer and other degenerative diseases. Chlorophyllin, a 

water soluble derivative of chlorophyll, has been examined for its ability to protect DNA 

against radiation induced strand breaks using an in vitro plasmid DNA system. Gamma 

radiation, up to a dose of 6 Gy dose rate induced a dose dependent increase in single 

strand breaks (SSBs) in plasmid pBR322 DNA. Chlorophyll did not induce damage, but 



98 
 

inhibited radiation induced single strand breaks (SSBs) in a concentration dependent 

manner. The ability of CHL to scavenge -OH and ROO- may contribute to its protective 

effects against radiation induced DNA damage in the pBR322system. Richi et al. (2012) 

also investigated the radioprotective effect of EGCG (epigallocatechin-3-gallate) on 

gamma radiation induced cell damage. Under a cellular condition of radiation exposure, 

pBR322 plasmid DNA was protected by EGC in a concentration dependent manner. 

Treatment of murine splenocytes with EGCG 2h prior to radiation (3Gy) protected the 

cellular DNA against radiation induced strand breaks. EGCG also inhibited gamma 

radiation induced cell death in splenocytes. EGCG pretreatment to the cells decreased the 

radiation induced lipid peroxidation and membrane damage.   

Jagtap et al. (2011) reported positive response and the jackfruit wine was also able to 

protect H2O2+UV radiation and gamma radiation (100 Gy) induced DNA damage in 

pBR322 plasmid DNA. Kumar et al. (2000) reported that the ability of vanillin (4-

hydroxy-3-methoxybenzaldehyde) in inhibiting photosensitization induced single strand 

breaks (SSBs) in plasmid pBR322 DNA. Kadam et al. (2008) investigated the antioxidant 

activity and genetic damage protection efficiency of sugarcane juice (Saccharum 

officinarum L.). The sugarcane juice showed good antioxidant properties and were also 

able to protect against radiation induced DNA damage in pBR322 plasmid DNA.  

It is well known that photosensitization is a widely occurring phenomenon in biological 

systems, caused by visible light and a number of endogenous and exogenous compounds 

which can act as photosensitizers (Black, 1987). Oxidation is also a natural cellular 

metabolic process, lead to the formation of free radicals commonly known as reactive 

oxygen species (ROS) or reactive nitrogen species (RNS). Now it is scientifically proved 

that oxidative stress imposed by ROS and RNS can damage cellular membranes, proteins, 

fats and nucleic acid (Devasagayam et al., 2004). The potentially damaging event is 

primarily triggered by the generation of various radical and non-radical reactive oxygen 

systems (ROS). Several classes of commonly used chemicals are able to react with UVA 

/ UVB photons as well as oxidation product, yielding stable toxic products or producing 

free radicals. Generation of free radicals in skin by solar ultraviolet light accelerates skin 

cancer, photoaging and other light related skin pathologies during (Witt et al., 1993). 
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Therefore, there is a need to develop suitable inexpensive and green formulations that can 

prevent photo induced and other oxidation reactions with in biological systems. 

Exploration of plants for this purpose might be useful because plant have a variety of 

antioxidant and related compound and with the passage of time these compounds are 

modified to cope with stresses. In present study, three medicinal plants were used to 

evaluate the effect on DNA damage induced by H2O2 and UV radiation. It was found that 

the medicinal plant extracts were able to protect DNA damage from H2O2 and UV 

radiation action. So, medicinal plant extracts appears to be a promising formulation for 

DNA damage protection. Moreover focus needs in future to work out the lead molecules 

from these extract has higher DNA protection potential used for therapeutic and cosmetic 

applications. 
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4.8 Antimicrobial activity 

Medicinal herbs possess curative properties due to the presence of various complex chemical 

substances of different composition, which are found as secondary plant metabolites in one 

or more parts of these plants (Patil et al., 2009). There is continuous and urgent need for 

discovery of new antimicrobial compounds with diverse chemical structures and novel 

mechanisms of action because of alarming increase in the incidence of new and reemerging 

infectious diseases (Parekh and Chanda, 2008). Natural products are known to play an 

important role in both drug discovery and chemical biology. In fact, many of the current 

drugs either mimic naturally occurring molecules or have structures that are fully or in part 

derived from natural motifs (Kamaraj et al., 2012; Hancock et al., 2012) now a day’s an 

increasing number of infectious microbes are becoming more resistant to commercial 

antimicrobial compounds. The necessity to develop new drugs requires varied strategies, 

among them, the bioprospection of secondary metabolites produced by medicinal plants 

(Dionisi et al., 2012; Benko and Crovella, 2010). In many parts of world, it is a rich tradition 

of using medicinal plants in different forms for the treatment of various infectious diseases, 

inflammations and injuries. Because of the side effects and the resistance, build up by 

pathogenic microorganisms against antibiotics, much attention has been paid at present, to 

extracts and biologically active compounds which are isolated from plant species and used in 

medicine (Essawi and Srour, 2000). Plant based antimicrobials represent a vast untapped 

source for medicines and further exploration of natural antimicrobials is need of time. 

Antimicrobials of plant origin have enormous therapeutic potential. They are effective in the 

treatment of infectious diseases while simultaneously mitigating many of the side effects that 

are often associated with synthetic antimicrobials (Iwu et al., 1999). In this study methanolic 

extracts and different fractions extracted from different parts of three selected plants, which 

had been described in herbal books and folklore medicine of Pakistan were screened for their 

antimicrobial activity. 

4.8.1 Antimicrobial activity of Ricinus communis by using different extraction methods 

The R. communis seeds and whole plant were compared regarding antimicrobial activities 

extracted in methanol using different extraction methods like shaking, sonication and 

methods.  The comparison of different plant parts such as seeds, stems, leaves, fruits and 

roots was also performed. The antimicrobial activities were evaluated by disc diffusion 
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method against four bacterial strains and six fungal strains. Methanolic extracts showed good 

antibacterial activity, while the antifungal activities were poor. Among methods, shaking 

technique showed better results in comparison to sonication and extraction methods. The 

zones of inhibition of methanolic extracts in case of shaking were 22, 30 and 25 and 30 mm, 

against four bacterial strains Pasturella multocida, Bacillus subtilis, Escherichia coli and 

Staphylococcus aureus respectively. In case of plant parts such as seeds, stems, leaves, fruits 

and roots of Ricinus communis, fruit showed highest antibacterial activity against both Gram 

positive (Pasturella multocida, Bacillus subtilis) and Gram negative bacteria (Escherichia 

coli, Staphylococcus aureus), while in case of antifungal, the activity was moderate. Selected 

plant parts showed good antibacterial activities, however antimicrobial activity of fruit was 

slightly higher (table 4.15). Parekh and Chanda (2007) also reported the potential of water 

and methanolic extracts of selected medicinal against the bacterial strains Bacillus cereus, 

Staphylococcus aureus, Enterobacter aerogenes, Escherichia coli and Klebsiella 

pneumoniae. Bupesh et al. (2007) similar, antibacterial potential from leaf extract of Mentha 

was reported against pathogenic bacteria like Bacillus subtilis, Pseudomonas aureus and 

Streptococcus aureus. The aqueous as well as organic extracts of the leaves were found to 

possess strong antibacterial activity against a range of pathogenic bacteria. Rosyid et al. 

(2011) also reported the similar result of medicinal plants leaves were tested extracts against 

Gram positive and Gram negative bacteria. The result of all plants against all Gram positive 

and Gram negative bacteria represent zone of inhibition ranging from 15.47 to 20.63 mm. 

Joy and Raja (2008) also reported that crude plants extract showing antimicrobial activity 

due to extracts contain alkaloids, glycoside, flavonoids, terpenes, tannin, resin, and salicylic 

acid which possess antibacterial activity against food borne pathogens. Similarly, Tortora et 

al. (2001) also showed that the antibacterial activity of extracts of Jasminum sambac against 

S. typhii and S. aureus. Besides that, these leaves also contain antibacterial effect against S. 

aureas. Leaf extracts of Cosmos caudatus showed varying degrees of antibacterial activity 

against all microorganisms tested. The Gram positive bacteria were more susceptible than 

Gram negative bacteria. Tan et al. (2004) and Rizwan et al. (2012) reported the antimicrobial 

activity of Agave attenuate. By using disc diffusion method, minimum inhibitory 

concentration (MIC) was also evaluated by using standard methods. The antimicrobial 

activity of selected medicinal plants against Aspergillus flavus and Alternaria alternata, with 
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the highest inhibition zones 27.5 and 20.75 mm and the lowest MIC values 18.4 and 69.4 

µg/mL respectively. While the chloroform fraction also showed strong inhibitory action 

against R. solani and A. flavus with high inhibition zones 26.7 and 19 mm and reduced MIC 

values 20.4 and 25.1 mg/mL respectively. Result showed that Agave attenuate methanol 

extract have no potential against P. multocida and A. niger and also against P. multocida and 

S. aureus. Bioactive crude extract prepared in ethyl acetate showed better inhibitory activity 

only against E. coli, with an inhibition zone of 18.75 mm and the lowest MIC value 94.2 

mg/mL but the ethyl acetate fraction has not showed activity against selected fungal strains to 

inhibit the growth of A. flavus, A. alternate and R. solani. n-butanol fraction showed a strong 

activity against E. coli with highest inhibition zone of 26.8 mm and the lowest MIC value 

15.2 mg/mL when results compared against rifampicin using as a positive control whose 

inhibition zone was of 21.5 mm MIC 62.1 mg/mL. Very low activity was exhibited against 

B. subtilis, with the small inhibition zone of 13 mm and the highest MIC value 170 mg/mL, 

n-hexane fraction showed strong inhibitory action against P. multocida, with the inhibition 

zone of 25.75 mm and the lowest MIC value 27.4 mg/mL; this fraction resulted inactive 

against B. subtilis. According to the Sawai et al. (2002) plants extracts contains different 

types of active components, but not all are able to inhibit bacteria only certain types of active 

component are able to inhibit certain bacteria. 

R. communis seeds compared with whole plants for their antimicrobial activities. Both of the 

seeds and whole plants methanolic extracts were prepared and then fractioned with different 

organic solvents according to their polarity from non polar to polar solvents like n-hexane, 

chloroform, ethyl acetate and n-butanol. Results showed that whole plant illustrated better 

antibacterial activity as compared to seeds. The zones of inhibition of methanolic extract 

were 24, 20, 24 and 30 mm. By comparing the whole plant with seeds, Ricinus communis 

showed greater antibacterial activity both against Gram positive (Pasturella multocida, 

Bacillus subtilis) and Gram negative bacteria (Escherichia coli, Staphylococcus aureus), 

while in case of antifungal, the activity was not much prominent (table 4.16). Kumar et al. 

(2007) also reported that the leaf extract of Allium sativum L. Allium cepa L. showed 

antifungal activity against A. flavus. Shahid, (2007) reported that very strong activity was 

observed in the leaf extracts of Moringa oleifera against Staphylococcus aureus. Then 

Croton tiglium also showed good results for bioactivity. 
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Table 4.15 Antimicrobial activity in terms of inhibition zone (mm) of R. communis plant methanolic extract, against selected bacterial and fungal strains 

Method R. communis E. coli P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

Shaking  
Seeds 20±0.8 22±0.1 15±0.3 20±0.2 21±0.1 12±0.8 12±0.2 16±0.4 19±0.9 - 

   Stems 20±0.4 12±0.2 14±0.2 25±0.8 19±0.3 - - 13±0.6 - 21±0.7 

   Leaves 22±0.7 20±0.9 25±0.3 30±0.4 12±0.6 - - - - 12±0.9 

   Fruits 25±0.2 22±0.8 30±0.4 30±0.1 14±0.3 12±0.3 - - 12±0.7 12±0.5 

   Roots 22±0.9 21±0.2 25±0.3 33±0.5 12±0.7 - 12±0.2 - - 12±0.6 

Sonication  Seeds 18±0.5 20±0.7 12±0.4 18±0.2 20±0.3 12±0.9 12±0.3 14±0.1 14±0.6 - 

   Stems 13±0.3 - 15±0.8 18±0.8 - - - - - - 

   Leaves 22±0.6 22±0.3 20±0.2 20±0.6 12±0.1 12±0.5 - - 18±0.3 12±0.8 

   Fruits 24±0.7 26±0.8 25±0.1 30±0.2 - - - - - - 

   Roots 18±0.9 20±0.4 - - - - - - - - 

Seeds 16±1.2 19±0.2 12±0.6 20±0.2 20±0.4 12±0.7 12±0.5 14±0.7 16±0.9 - 

   Stems 14±1.1 - 12±0.7 12±0.4 - - - - - - 

   Leaves 12±0.2 - 11±0.3 13±0.2 - 19±0.1 - - - - 

   Fruits 24±0.9 26±0.2 25±0.4 30±0.3 14±0.1 12±0.4 - - 12±0.6 12±0.3 

   Roots 18±0.6 20±0.3 - - 12±0.2 - 12±0.4 - - 12±0.8 

Standard Rifampicin 34±0.4 36±0.4 34±0.8 36±0.3 - - - - - - 

  Fluconazol - - - - 30±0.2 28±0.3 32±0.5 26±0.4 26±0.5 30±0.7 

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoderma lucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate, A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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Table 4.16: Antimicrobial activity in terms of inhibition zone (mm) of R. communis plant extract, against selected bacterial and fungal strains 

Solvent R. communis 
E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

n-Hexane Seeds 12±0.1 16±0.5 14±0.2 12±0.8 - - - - - - 

Chloroform Seeds 14±0.2 12±0.4 - - - - - - - - 

E. acetate Seeds 16±0.3 14±0.1 12±0.6 14±0.2 14±0.8 12±0.1 12±0.5 12±0.2 14±0.7 - 

n-Butanol Seeds 15±0.2 12±0.7 18±0.5 23±0.4 - 12±0.6 - - 11±0.3 16±0.7 

n-Hexane W. plant 18±0.2 12±0.8 15±0.4 20±0.3 - - 
 

- - - 

Chloroform W. plant 22±0.1 20±0.5 20±0.7 28±0.5 - 22±0.3 - - - - 

E. acetate W. plant 11±0.3 15±0.5 14±0.2 13±0.8 - - - - - - 

n-Butanol W. plant 14±0.8 12±0.3 12±0.2 15±0.8 12±0.3 14±0.9 13±0.7 12±0.3 14±0.1 12±0.8 

 Standard 
Control 34±0.4 36±0.4 34±0.8 36±0.3 - - - - - - 

  
Control - - - - 30±0.2 28±0.3 32±0.1 26±0.3 26±0.2 30±0.5 

Bacterial Strains: E.coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganodermal ucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate, A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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Table 4.17: Minimum inhibitory concentration (MIC) in (µg/mL) by R. communis plant methanolic extract against selected bacterial and fungal 
strains 

Method R .communis E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

Shaking Seeds 275±0.7 234±0.3 345±0.1 274±0.2 245±0.2 370±0.2 370±0.6 334±0.3 287±0.5 - 

Stems 295±0.2 387±0.5 357±0.7 187±0.1 283±0.6 - - 357±0.2 - 295±0.3 

Leaves 234±0.1 294±0.3 113±0.2 124±0.4 355±0.1 - - - - 354±0.6 

Fruits 150±0.4 170±0.6 124±0.7 122±0.3 258±0.2 272±0.5 - - 277±0.2 272±0.7 

  Roots 232±0.2 267±0.8 187±0.4 84±0.6 354±0.3 - 354±0.1 - - 350±0.2 

Sonication Seeds 320±0.5 295±0.9 376±0.2 320±0.8 295±0.8 374±0.6 374±0.8 355±0.6 349±0.8 - 

Stems 374±0.9 - 345±0.3 312±0.5 - - - - - - 

Leaves 234±0.7 231±0.6 295±0.6 291±0.4 352±0.3 354±0.9 - - 282±0.1 357±0.4 

Fruits 197±0.5 163±0.8 179±0.1 124±0.8 - - - - - - 

  Roots 312±0.3 250±0.1 - - - - - - - - 

Soxhlet Seeds 340±0.1 302±0.8 384±0.2 295±0.2 295±0.6 384±0.2 384±0.6 373±0.4 340±0.2 - 

Stems 357±0.2 - 387±0.4 388±0.3 - - - - - - 

Leaves 387±0.8 - 406±0.4 374±0.2 - 302±0.1 - - - - 

Fruits 197±0.2 163±0.1 179±0.7 124±0.8 258±0.4 272±0.7 - - 271±0.3 270±0.1 

  Roots 312±0.4 250±0.2 - - 354±0.4 - 350±0.4 - - 351±0.5 

 Standard Rifampicin 125±0.2 62±0.9 106±0.1 75±0.6 - - - - - - 

  Fluconazol - - - - 102±0.7 130±0.8 84 ±0.5 148±0.9 138±0.7 114±0.6 

 Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturellamu ltocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoder malucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D 
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Table 4.18.  Minimum inhibitory concentration (MIC) in (µg/mL) by R. communis plant extract, fractions against selected bacterial and fungal 
strains 

Method R. communis E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

n-Hexane Seeds 384±.6  336±.2  360±.1  384±.8  -  -  -  -  -  -  

Chloroform Seeds 352±.3  376±.9  -  -  -  -  -  -  -  -  

E. acetate Seeds 231±.2  247±.5 279±.5 331±.2  386±.8 363±.9  385±.8  351±.3  342±.3  367±.6 

n-Butanol Seeds 334±.1  357±.2  382±.6  357±.5  356±.2  282±.3  382±.9  382±.2  357±.8  -  

n-Hexane W. plant 312±.9  -  345±.4  295±.3  -  -  -  -  -  -  

Chloroform W. plant 234±.2  295±.6  294±.2  145±.5  -  234±.1  -  -  -  -  

E. acetate W. plant 197±.1  198.3±  295±.3  124±.1  317±.2  293±.3  305±.1  317±.1  293±.2  317±.8  

n-Butanol W. plant 318±.4  298±.7  214±.6 280±.3 336±.9 237±.9 267±.7  235±.2  315±.3  -  

 Standard 
Rifampicin    125±.2   62±.9   106±.1   75±.6   -  -  -  -  -  -  

  
Fluconazol -  -  -  -  102±.7   130±.8   84 ±.5   148±.9   138±.7   114±.6   

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturellamu ltocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoder malucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D 
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Regarding MIC values, comparison of methanolic extracts of R. communis by using different 

extraction method such as shaking, sonication and for extraction of bioactive compounds 

having characteristics potential to kill the microorganism or inhibit their growth. There is 

also a comparison between their different parts like seed, stem, leave, fruit and root. The 

minimum inhibitory concentration (MIC) showed that the low concentration was required to 

inhibit the selected bacterial and fungal strains growth. The higher MIC represents that the 

tested samples have less activity and more concentration required to inhibit the selected 

bacterial and fungal strains. So, result shows that among all three methods shaking method is 

good for the extraction of bioactive compounds in all parts of R. communis plants. Fruits 

exhibited the low concentration in (µg) to inhibit the bacterial and fungal growth (table 4.17). 

For the comparison of MIC of seed and whole plant, the extracts were prepared in methanol 

and then fractioned into different organic solvents such as n-hexane, chloroform, ethyl 

acetate and n-butanol. Results showed that whole plant have better antibacterial activity as 

compared to seed. Different solvents used for fraction showed that the MIC varies which 

indicate different solvent have different ability to extract the bioactive compounds. Generally 

whole plant showed MIC values as compared to seeds (table 4.18).  

4.8.2 Antimicrobial activity of Datura innoxia by using different extraction techniques. 

For the evaluation of antimicrobial activity of D. innoxia, methanolic extracts were used, 

prepared by selected extraction method like shaking, sonication. The plant parts like seeds, 

stems, leaves, fruits and roots were also compared for their antibacterial and antifungal 

activities. It was observed that methanolic extract reflected good antibacterial activity, while 

the antifungal activity of extract was recorded as poor. Among extraction methods, shaking 

technique showed good efficiency as comparison to sonication. The zones of inhibition of 

methanolic extract in case of shaking were 24, 16, 15, 25 mm against Escherichia coli, 

Pasturella multocida, Bacillus subtilis and Staphylococcus aureus, respectively. Regarding 

plant parts such as seeds, stems, leaves, fruits and roots antimicrobial activity, leaves shows 

greater both against Gram positive (Pasturella multocida, Bacillus subtilis) and Gram 

negative bacteria (Escherichia coli, Staphylococcus aureus), while in case of fungal the 

activity was also in good range (table 4.19).  

The antimicrobial activity of D. innoxia seeds and whole plants was compared. For this 

purpose, the methanolic extracts were fractioned with different organic solvents like n-
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hexane, chloroform, ethyl acetate and n-butanol solvent. Result showed that whole plant 

demonstrated better antibacterial activity as compared to seeds. Among solvents n-butanol 

showed best activity, while ethyl acetate and n-hexane showed poor activity (table 4.20). 

Similar results were also reported by Kamaraj et al. (2012) they reported the crude phyto 

extracts activity against different pathogenic bacteria A. indica showed better antibacterial 

activity against E. aerogenes (25 mm zone of inhibition) and E. coli (20 mm zone of 

inhibition) by disc diffusions methods, while C. angustifolia flower methanol extract showed 

the antibacterial activity in the range of (22 mm zone of inhibition) against B. cereus. Leaf of 

G. sylvestre extracted in acetone reported antibacterial activity up to (22 mm zone of 

inhibition) against B. cereus. The minimum inhibitory concentration (MIC) of leaf methanol 

extract of A. indica against K. pneumonia (22.6 µg/mL), and flower extract showed against 

E. coli (MIC: 24.2µg/mL), leaf ethyl acetate extract of C. angustifolia against K. pneumonia 

(MIC: 28.4 µg/mL). Acetone, ethyl acetate and methanol extracts of D. melanoxylon and D. 

biflorus showed the lowest MIC activity value of > 30 µg/mL against all tested pathogens. 

Eftekhar et al. (2005) also reported the antibacterial activity of D. innoxia extract against 

Bacillus subtilis, Enterococcus faecalis and Staphylococcus aureus. Results showed that by 

increase of concentration plants shows better activity and it was reported that maximum 

activity at 2.5 mg/mL. Datura stramonium had slight antibacterial activity against the Gram 

positive at 2.5 mg/mL and lower concentrations were not effective. Both plant extracts had 

little or no activity against Escherichia coli and Pseudomonas aeruginosa. When the results 

were compared with the antibacterial activity of ampicillin, the plant extracts showed equal 

or better antibacterial activity. 

The MIC values of D. innoxia against set of bacterial and fungal strains were evaluated. 

Different parts of D. innoxia such as seed, stem, leaves, fruits and roots were extracted with 

methanol using shaking, sonication and soxhlet extraction techniques. Fruit extracts of 

shaking method showed low MIC value, while stem and root in sonication and stem and 

leaves in soxhlet method showed high MIC values which indicate that fruit extracted with 

shaking method has good antimicrobial agent. Overall, it was observed that the extracts with 

sonication method furnished high value of MIC followed by shaking methods (table 4.21). 
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Table 4.19: Antimicrobial activity in terms of inhibition zone (mm) of D. innoxia plant methanolic extract, against selected bacterial and fungal strains 

Method D. innoxia E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

Shaking  Seeds 24±0.1 16±0.6 15±0.3 25±0.2 12±0.7 - - - 14±0.3 - 

   Stems 26±0.7 22±0.2 20±0.5 27±0.3 14±0.2 14±0.4 - - - 12±0.8 

   Leaves 32±0.4 30±0.5 30±0.8 20±0.9 12±0.1 14±0.3 18±0.5 - - 12±0.2 

   Fruits 34±0.2 24±0.7 30±0.1 28±0.5 14±0.7 12±0.2 16±0.8 - 14±0.6 16±0.7 

   Roots 24±0.9 22±0.4 20±0.5 20±0.6 12±0.4 14±0.1 - - 12±0.9 14±0.7 

Sonication  Seeds 20±0.8 12±0.5 12±0.6 20±0.1 12±0.3 - - - 14±0.5 - 

   Stems 18±0.3 22±0.1 20±0.8 20±0.3 - - - 20±0.4 - 14±0.7 

   Leaves 28±0.6 30±0.9 30±0.2 30±0.7 - - 17±0.7 - 14±0.5 17±0.1 

   Fruits 27±0.8 30±0.2 23±0.5 25±0.9 12±0.8 14±0.4 12±0.8 - 12±0.2 - 

   Roots 18±0.2 12±0.7 15±0.3 20±0.4 12±0.2 12±0.6 12±0.3 - 12±0.8 12±0.8 

Soxhlet  Seeds 16±0.3 12±0.5 12±0.1 22±0.3 12±0.5 - - - 14±0.6 - 

   Stems - - - - - 18±0.1 17±0.3 - - - 

   Leaves 14±0.5 22±0.8 - - - - - - - 22±0.8 

   Fruits 23±0.9 25±0.2 22±0.5 20±0.7 14±0.6 12±0.3 16±0.7 - 14±0.1 16±0.2 

   Roots - - - - 12±0.3 14±0.6 - - 12±0.3 14±0.7 

 Standard Rifampicin  
34±0.4  36±0.4  34±0.8  36±0.3  -  -  -  -  -  -  

  Fluconazol 
-  -  -  -  30±0.2  28±0.1  32±0.4  26±0.7  26±0.1  30±0.9  

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoder malucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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Table 4.20:  Antimicrobial activity in terms of inhibition zone (mm) of D. innoxia plant extract, against selected bacterial and fungal strains. 

Solvent D. innoxia E. coli P.M B.S S.A G.L T.H A.L A.N A.F P.N 

n-Hexane Seeds 12±0.2 - 18±0.6 - 12±0.3 - 14±0.7 - 16±0.3 - 

Chloroform Seeds 14±0.6 16±0.2 12±0.8 14±0.4 12±0.8 - 18±0.5 20±0.1 - 16±0.6 

E. acetate Seeds 16±0.9 12±0.8 14±0.2 14±0.7 18±0.2 12±0.4 16±0.1 14±0.5 - 14±0.3 

n-Butanol Seeds 21±0.3 24±0.5 - - 15±0.6 20±0.1 - 12±0.3 11±0.5 - 

n-Hexane W. plant 18±0.4 20±0.6 15±0.3 15±0.8 12±0.6 20±0.9 - 16±0.4 14±0.8 - 

Chloroform W. plant 20±0.2 18±0.1 15±0.4 15±0.7 - 14±0.3 - 18±0.9 - - 

E. acetate W. plant 17±0.7 16±0.6 18±0.3 13±0.5 20±0.3 11±0.5 13±0.3 16±0.1 - - 

n-Butanol W. plant 22±0.1 26±0.3 - - 16±0.5 23±0.2 - 14±0.4 12±0.7 - 

 Standard 
Rifampicin 34±0.4 36±0.4 34±0.8 36±0.3 - - - - - - 

  
Fluconazol - - - - 30±0.6 28±0.2 32±0.4 26±0.2 26±0.1 30±0.6 

Bacterial Strains: E.coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoder malucidum, T.H=Tricoder maharzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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Table 4.21:  Minimum  inhibitory  concentration  (MIC)  in (µg/mL) by D. innoxia plant methanolic extract  against selected bacterial and fungal strains. 

Method D .innoxia E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

Shaking Seeds 197±0.3 332±0.5 345±0.8 187±0.4 374±0.3 - - - 345±0.2 - 

 
Stems 172±0.7 234±0.3 295±0.5 156±0.5 367±0.7 365±0.3 - - - 390±0.6 

 
Leaves 98±0.2 124±0.5 124±0.1 275±0.6 374±0.2 350±0.1 302±0.5 - - 374±0.2 

 
Fruits 67±0.1 197±0.1 121±0.7 145±0.1 307±0.6 331±0.8 284±0.3 - 307±0.6 284±0.3 

  Roots 197±0.8 234±0.6 297±0.6 293±0.7 374±0.4 350±0.5 - - 370±0.2 350±0.1 

Sonication Seeds 295±0.9 384±0.8 380±0.3 295±0.2 332±0.5 - - - 307±0.2 - 

 
Stems 312±0.3 234±0.2 294±0.3 296±0.6 - - - 294±0.4 - 367±0.2 

 
Leaves 145±0.2 123±0.2 122±0.2 124±0.2 - - 277±0.4 - 313±0.9 277±0.8 

 
Fruits 156±0.4 225±0.7 172±0.2 188±0.6 343±0.2 319±0.6 343±0.7 - 343±0.8 - 

  Roots 312±0.2 387±0.2 345±0.5 293±0.8 387±0.2 383±0.6 388±0.2 - 387±0.2 389±0.4 

 
Seeds 340±0.1 364±0.7 360±0.6 268±0.3 374±0.1 - - - - - 

 
Stems - - - - - 312±0.6 335±0.8 - - - 

 
Leaves 357±0.2 234±0.8 - - - - - - - 234±0.5 

 
Fruits 172±0.8 187±0.3 232±0.5 295±0.2 307±0.1 331±0.8 284±0.3 - 307±0.1 284±0.8 

  Roots - - - - 372±0.2 350±0.9 - - 374±0.4 350±0.2 

 Standard Rifampicin    125±0.2   62±0.9   106±0.1   75±0.6   -  -  -  -  -  -  

  Fluconazol -  -  -  -  102±0.7   130±0.8   84 ±0.5   148±0.9   138±0.7   114±0.6   

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoderma lucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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Table 4.22: Minimum inhibitory concentration (MIC) in (µg/mL) by D. innoxia plant extract, fractions against selected bacterial and fungal strains. 

Method D. innoxia E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

n-Hexane Seeds 387±0.2  -  315±0.3  -  384±0.1  -  360±0.3  -  336±0.6  -  

Chloroform Seeds 360±0.1  340±0.3  383±0.2  340±0.7  374±0.9  -  302±0.4  290±0.1  -  328±0.6  

E. acetate Seeds 312±0.8  150±0.7  345±0.5  344±0.2  356±0.8  320±0.1  368±0.4  332±0.5  -  344±0.9  

n-Butanol Seeds 295±0.6  320±0.2  -  -  365±0.1  360±0.7  -  360±0.7  384±0.7  -  

n-Hexane W. plant 197±0.9  150±0.2  292±0.3  295±0.5  372±0.3  284±0.6  -  324±0.2  341±0.6  -  

Chloroform W. plant 295±0.8  312±0.5  345±0.2  340±0.1  -  356±0.7  -  328±0.9  -  -  

E. acetate W. plant 289±0.4  134±0.6  314±0.1 318±0.8 336±0.5  292±0.1  284±0.3  294±0.9  -  -  

n-Butanol W. plant 234±0.2  163±0.3  -  -  306±0.2  222±0.1  -  330±0.2  354±0.4  -  

 Standard 
Rifampicin    125±0.2   62±0.9   106±0.1   75±0.6   -  -  -  -  -  -  

  Fluconazol -  -  -  -  102±0.7   130±0.8   84 ±0.5   148±0.9   138±0.7   114±0.6   

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoderma lucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 



113 
 

For the comparison of MIC of seed and whole plant, the methanolic extracts were prepared 

and then fractioned into different organic solvents such as n-hexane, chloroform, ethyl 

acetate and n-butanol solvent. Result showed that whole plant fractions have slightly lower 

MIC values as compared to seeds. However, different solvents used for fraction showed 

variation (table 4.22).  

4.8.3 Antimicrobial activity of Croton tiglium by using different extraction techniques. 

The results of antimicrobial activity of C. tiglium are shown in (table 4.23). The C. tiglium 

plant seed, stem, leaves, fruits and roots were extracted with methanol and compared for 

antimicrobial activities again a set of bacterial and fungal strains. Overall, it was observed 

that shaking method showed slightly higher antimicrobial activity followed by sonication and 

methods. Among plant parts, fruit furnished high activity followed by seed and stem. The 

antimicrobial activity in terms of zone of inhibition was also compared for seeds and whole 

plants. Extracts fractioned with different polar solvents and results are shown in (table 4.24). 

It was observed that the whole plant have higher antimicrobial activity as well as antifungal 

activity. The zones of inhibition in case of seeds were 14, 18 and 16 mm, while in whole 

plant those were 24, 16 and 18 mm in n-hexane, chloroform and n-butanol fractions and 

similar trend was observed for other bacterial and fungal strains (table 4.23). Similar results 

were also reported by Saetae and Suntornsuk (2010). Jatropha plant species seed extracts 

prepared in polar solvent. Jatropha did not show the promising activity against selected 

fungal strains.  

The MIC values of methanol extracts of different parts of C. tiglium which were fractioned 

with different solvents, also measured against four bacterial strains and six fungal strains. As 

expected from antimicrobial activity, the MIC values were found lower in shaking method 

followed by sonication and soxhlet. The MIC values 312, 234, 234, 184, 340 µg/mL were 

found in shaking method, while 324, 320, 295, 284, 360 µg/mL in sonication and 234, 340, 

307, 272, 322 µg/mL in soxhlet, respectively for seeds, stems, leaves, fruits and roots. The 

results of MIC values of C. tiglium seeds and whole plant methanol extract fractioned with 

different solvents are shown in (table 4.25). The whole plant showed low MIC values as 

compared to seeds. The MIC values were found to be 357, 312 and 345 µg/mL in case of 

seeds, while 197, 143 and 313 µg/mL for whole plant methanol extracts fractioned with n-

hexane, chloroform and n-butanol, respectively. Similar trend of MIC values were observed 
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for other bacterial and fungal strains (table 4.26). The maximal inhibition zones and MIC 

values for bacterial strains, which were sensitive to the essential oil of M. longifolia ssp., 

were in the range of 8-22 mm, and 15.62-125 µl/mL, respectively. The maximal inhibition 

zones and MIC values of the yeast and fungi species sensitive to the essential oil of M. 

longifolia ssp. were12-35 mm and 31.25-125 µL/mL, respectively (Gulluce et al., 2007). 

Mothana et al. (2006) also reported the antimicrobial and antiviral potential of selected 

Jatropha species like J. curcas, J. gaumeri, J. gossypiifolia, J. multifida, J. nana and J. 

unicostata. Results showed that the Jatropha species having promising antibacterial and 

antifungal potential against selected strains S. pyrogenes, P. mirabilis, P. putida, Fusarium 

sp., A. niger and C. lunata by disc diffusion method. J. unicostata extracts also shows the 

antiviral potential against influenza type A and herpes simplex type 1 virus. Purified phenolic 

compound extracted from J. curcas seed also showed minimum inhibitory concentration 

(MIC) against selected Gram positive and Gram negative bacteria (S. pyrogenes, P. mirabilis, 

P. putida, Fusarium sp., A. niger and C. lunata) (Devappa et al., 2012). 

Results of present study were found in accordance with previous studies regarding to 

antibacterial and antifungal activities of medicinal plant (Ripa et al., 2012). They reported 

relative evaluation of phytochemicals constituents and antimicrobial activity of leaves of 

Ecliptaalba and Aphanamixis polystachya and bark of Premna integrifolia in two different 

solvents. A preliminary phytochemicals analysis was completed and concluded that the 

presence of alkaloids, tannins, flavonoids and glycoside in extracts of medicinal plants. The 

antimicrobial activity was tested by disc diffusion method against four bacteria and six 

fungal strains using rifampicin and fluconazol as control. The outcome showed that the 

antibacterial activity was effective in methanol extracts and further fractions of methanol also 

showed considerable antimicrobial activities against tested agents. However, different plant 

parts such as seed, leaves, stem, fruit, root and whole plant showed variable in antibacterial 

and antifungal activities. Among solvents, more polar solvent was found more productive for 

the extraction of bioactive compounds. The MIC values of methanolic and fractioned extracts 

were also determined which were correlated with antimicrobial activities. The plants were 

extracted by using different extraction techniques like shaking, sonication and soxhlet 

methods. It was observed that methods also affect the bioactive compound significantly. 

Current investigations concluded that C. tiglium, D. innoxia and R. communis extracts have 
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quite effective antimicrobial activity and potent phytochemicals constituents. Accordingly, 

the literature reviewed that plants have activity against microorganisms due to presence of 

phytoconstituent. The secondary metabolites estimated during the phytochemicals assay in 

medicinal plants have steroids, tannins, saponins, alkaloids and terpenoids and similar 

compound have also been reported for different medicinal plants (Verastegui et al., 2008). In 

view of antimicrobial activities of medicinal plant under investigation, they can be used as a 

natural antimicrobial purpose for the treatment of several infectious diseases caused by the 

studied microorganism, which have developing resistance to antibiotics. Sanchez et al. 

(2005) reported the antifungal activity in methanolic extract of A. asperrima and A. striata 

flowers against A. flavus and found effective results than other non polar solvents. 

Tannins have been found to form irreversible complexes with proline rich protein resulting in 

the inhibition of protein synthesis (Shimada, 2006). The tannins have been known to react 

with proteins to provide the typical tannin effect which are important for the treatment of 

inflamed or ulcerated tissues. Tannins were also toxic to bacteria, fungi and viruses and 

inhibit their growth (Scalbert, 1991). Alkaloids are also the largest group of phytochemicals 

in plants having good effects against diseases and this has led to the development of powerful 

antimicrobial and pain killer effects (Kam and Liew, 2002). It has been revealed that the 

saponins have antimicrobial properties (Killeen et al., 1998). Flavonoids, another constituent 

found in plants extracts and various organic fractions exhibited a wide range of biological 

activities like antimicrobial, anti-inflammatory and antioxidant properties (Hodek et al., 

2002). Anthraquinones possessed anti-inflammatory and bactericidal effects (Feroz et al. 

1993).The growth of microorganism are inhibited very effectively by plants extracts due to 

presence of phenolics and flavonoids (Mori et al., 1987). The present study showed the value 

of plants used in current research work could be of considerable interest to the development 

of plant based herbal medicine. 
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Table 4.23: Antimicrobial activity in terms of inhibition zone (mm) of C. tiglium plant methanolic extract, against selected bacterial and fungal strains. 

 C. tiglium E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

Shaking  Seeds 18±0.2 12±0.5 15±0.3 20±0.8 12±0.1 - 20±0.9 - 20±0.4 12±0.7 

   Stems 22±0.7 24±0.2 20±0.9 20±0.4 12±0.3 12±0.6 - 12±0.3 - 12±0.5 

   Leaves 22±0.3 26±0.1 20±0.6 20±0.1 12±0.9 12±0.3 - 12±0.1 - - 

   Fruits 24±0.1 20±0.4 18±0.8 16±0.3 14±0.5 - 16±0.7 - - - 

   Roots 16±0.5 - 12±0.2 - - - 12±0.5 - - - 

Sonication  Seeds 14±0.1 12±0.3 12±0.6 18±0.7 - - 16±0.2 14±0.7 18±0.8 - 

   Stems 18±0.3 20±0.7 16±0.1 14±0.9 - - - - - - 

   Leaves 20±0.6 22±0.9 14±0.4 12±0.5 12±0.2 12±0.1 - 12±0.7 - - 

   Fruits 20±0.2 18±0.6 16±0.5 14±0.2 12±0.8 - 14±0.5 - - - 

   Roots 14±0.4 - 16±0.7 - - - 14±0.6 - - - 

 
Seeds 22±0.5 20±0.1 13±0.3 12±0.5 22±0.7 - 18±0.1 - 21±0.9 - 

   Stems 16±0.2 14±0.5 18±0.8 12±0.9 18±0.1 - - - - 16±0.7 

   Leaves 18±0.5 20±0.4 16±0.2 14±0.5 12±0.2 12±0.1 - 12±0.3 - 12±0.5 

   Fruits 24±0.3 16±0.1 12±0.7 18±0.8 - - 14±0.4 - - - 

   Roots 18±0.8 - 20±0.6 - - - 16±0.7 - - - 

 Standard Rifampicin 34±0.4 36±0.4 34±0.8 36±0.3 - - - - - - 

  Fluconazol - - - - 30±0.2 28±0.3 32±0.2 26±0.4 26±0.5 30±0.7 

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoderma lucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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Table 4.24: Antimicrobial activity in terms of inhibition zone (mm) of C. tiglium  plant extract,against selected bacterial and fungal strains.  

Solvent C .tiglium E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

n-hexane Seeds 14±0.2 - 12±0.8 - 18±0.1 16±0.3 12±0.2 - 12±0.1 - 

Chloroform Seeds 18±0.1 15±0.5 14±0.3 12±0.2 14±0.4 12±0.7 - 14±0.2 14±0.8 - 

E. acetate Seeds - 16±0.7 14±0.4 18±0.1 12±0.2 14±0.7 - - - - 

n-Butanol Seeds 16±0.3 12±0.1 16±0.5 15±0.2 - 22±0.6 16±0.2 - 18±0.4 - 

n-hexane W. plant 24±0.8 22±0.6 - 30±0.2 - 20±0.6 - 16±0.2 - 12±0.1 

Chloroform W. plant 16±0.2 17±0.5 19±0.9 17±0.6 18±0.6 22±0.3 14±0.9 16±0.5 14±0.2 18±0.8 

E. acetate W. plant - 18±0.3 18±0.1 15±0.5 - 16±0.2 12±0.4 18±0.7 12±0.9 14±0.1 

n-butanol W. plant 18±0.4 13±0.3 18±0.3 18±0.5 - 25±0.8 19±0.3 - 20±0.1 - 

Standard Control 34±0.4 36±0.4 34±0.8 36±0.3 - - - - - - 

 
Control - - - - 30±0.2 28±0.3 32±0.3 26±0.4 26±0.5 30±0.7 

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoderma lucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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Table 4.25: Minimum  inhibitory  concentration  (MIC)  in (µg/mL) by  C. tiglium  plant methanolic extract against selected bacterial and fungal strains. 

Method C. tiglium E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

Shaking Seeds 312±0.3 387±0.1 342±0.5 295±0.6 345±0.9 - 297±0.8 - 295±0.3 344±0.3 

 
Stems 234±0.5 197±0.7 295±0.2 298±0.6 391±0.4 391±0.7 - 391±0.2 - 391±0.8 

 
Leaves 234±0.7 163±0.2 290±0.6 292±0.2 354±0.2 351±0.9 - 354±0.3 - - 

 
Fruits 184±0.4 274±0.3 302±0.1 334±0.9 358±0.7 - 334±0.2 - - - 

  Roots 340±0.5 - 386±0.2 - - - 388±0.7 - - - 

Sonication Seeds 324±0.2 351±0.1 352±0.4 307±0.5 - - 302±0.8 324±0.9 276±0.4 - 

 
Stems 320±0.9 295±0.2 348±0.8 372±0.3 - - - - - - 

 
Leaves 295±0.4 320±0.7 367±0.3 390±0.1 391±0.4 395±0.8 - 392±0.4 - - 

 
Fruits 284±0.3 308±0.8 336±0.5 357±0.2 382±0.9 - 357±0.7 - - - 

  Roots 360±0.8 - 320±0.3 - - - 360±0.8 - - - 

 
Seeds 234±0.4 295±0.3 374±0.2 387±0.1 234±0.7 - 264±0.2 - 246±0.6 - 

 
Stems 340±0.2 372±0.6 311±0.8 384±0.7 312±0.4 - - - - 335±0.3 

 
Leaves 307±0.1 295±0.9 332±0.4 356±0.7 370±0.5 372±0.2 - 371±0.7 - 372±0.6 

 
Fruits 272±0.8 368±0.1 390±0.5 342±0.4 - - 360±0.6 - - - 

  Roots 322±0.3 - 295±0.9 - - - 356±0.2 - - - 

 Standard Rifampicin 125±0.2 62±0.9 106±0.1 75±0.6 - - - - - - 

  Fluconazol - - - - 102±0.7 130±0.8 84 ±0.5 148±0.9 138±0.7 114±0.6 

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoderma lucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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Table 4.26: Minimum  inhibitory  concentration  (MIC)  in (µg/mL) by C. tiglium plant extract, fractions against selected bacterial and fungal strains. 

Method C. tiglium E. coli  P.M  B.S  S.A  G.L  T.H  A.L  A.N  A.F  P.N  

n-hexane Seeds 357±0.6 - 384±0.3 - 308±0.2 334±0.1 382±0.5 - 384±0.9 - 

Chloroform Seeds 312±0.2 356±0.8 367±0.2 381±0.5 367±0.8 384±0.5 - 366±0.2 367±0.5 - 

E. acetate Seeds - 340±0.1 360±0.2 308±0.7 384±0.6 360±0.4 
    

n-butanol Seeds 345±0.8 372±0.3 342±0.6 358±0.3 - 274±0.2 346±0.6 - 320±0.1 - 

n-hexane W. plant 197±0.6 234±0.2 - 124±0.1 - 264±0.5 - 312±0.7 - 360±0.4 

Chloroform W. plant 143±0.2 145±0.4 295±0.6 187±0.3 322±0.1 274±0.9 370±0.3 356±0.4 370±0.7 322±0.8 

E. acetate W. plant - 312±0.2 311±0.8 345±0.6 - 310±0.4 364±0.1 313±0.7 364±0.2 340±0.1 

n-butanol W. plant 313±0.4 337±0.1 311±0.7 328±0.9 - 232±0.7 314±0.3 - 297±0.7 - 

Standard Rifampicin 125±0.2 62±0.9 106±0.1 75±0.6 - - - - - - 

 
Fluconazol - - - - 102±0.7 130±0.8 84 ±0.5 148±0.9 138±0.7 114±0.6 

Bacterial Strains: E. coli= Escherichia coli, P.M = Pasturella multocida, B.S =Bacillus subtilis, S.A =Staphylococcus aureus. 

Fungal Strains : G.L=Ganoderma lucidum, T.H=Tricoderma harzianuum, A.L=Alternaria alternate,   A.N=Aspergillus niger, A.F=Aspergillus flavus, 
P.N=Penicillium notatum. 
The  values  are  the mean of  triplicate samples  (n  =  3) ± S.D. 
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4.9 Hemolytic activity 

In this part of study the toxic potential of selected plants were done through a set of planed in 

vitro and in vivo toxicological assays. First part of in vitro study was conducted against 

human and bovine red blood cells (RBCs).The erythrocyte contains high concentrations of 

polyunsaturated fatty acids, molecular oxygen, and ferrous ions which are believed to be 

highly vulnerable to oxygen radical formation. Erythrocytes are highly susceptible to 

oxidation; therefore erythrocytes are a suitable cellular model for investigation of the 

oxidative damage in biomembranes. Oxidant damage of cell films, which may be induced by 

H2O2, can cause erythrocyte hemolysis (Kumar et al., 2010). 

4.9.1.1 Cytotoxic potential of extracts from Ricinus communis with different extraction 

methods 

The hemolytic activity (human and bovine) of different parts of R. communis were 

determined in methanolic extracts, furthermore, the methanolic extracts were fractioned in 

different solvents like n-hexane, chloroform, ethyl acetate and n-butanol. The extraction 

methods, shaking, sonication and soxhlet were used for the extraction. All extracts were 

tested for their hemolytic activity and results of hemolytic activity of extracts from different 

parts of R. communis such as seeds, stems, leaves, fruits and roots are presented in (table 

4.27). The triton X-100(0.1%) was used as a positive control and phosphate buffer saline 

(PBS) as a negative control for this activity. All methanolic extracts of R. communis parts 

showed considerable hemolytic activity, however, a clear difference among plant parts was 

observed. In different extraction methods, shaking showed higher hemolytic activity 

followed by sonication and soxhlet. Methanolic extract of seeds, extracted by shaking 

method showed higher hemolytic activity against both human and bovine red blood cells. 

After seeds, fruits showed high hemolytic activity followed by leaves, roots and stems. 

Overall, extracts showed high hemolytic activity against human RBCs as compared to bovine 

RBCs. In sonication extraction method, leaves showed high hemolytic activity followed by 

fruits, seeds, roots and stems. In soxhlet method, leaves showed higher hemolytic activity 

followed fruits, stems, roots and seeds. The hemolytic activity results of seeds and whole 

plant are shown in (table 4.28).  
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Table 4.27: Hemolytic activity of selected medicinal plant methanolic extract using 

different extraction methods 

S. No Method R. communis Human Blood Bovine Blood 

1 Shaking Seeds 50.91±1.32 44.91±0.34 

2 
 

Stems 3.51±0.63 2.23±0.08 

3 Leaves 28.22±0.27 26.58±0.07 

4 Fruits 38.48±0.37 37.34±0.26 

5 
 

Roots 12.62±0.23 8.30±0.51 

6 Sonication Seeds 6.55±0.19 5.55±0.07 

7 Stems 0.71±0.15 0.76±0.03 

8 
 

Leaves 15.56±0.33 13.32±0.16 

9 Fruits 12.05±0.52 9.70±0.10 

10 
 

Roots 0.93±0.71 0.80±0.26 

11 Soxhlet Seeds 0.70±0.03 0.07±0.08 

12 Stems 11.37±0.15 9.99±0.10 

13 
 

Leaves 34.20±1.05 41.40±0.56 

14 Fruits 19.43±0.92 16.59±0.68 

15 
 

Roots 2.52±0.86 1.87±0.49 

Triton-100 X (100 % cell lysis) was used as positive control and phosphate buffer saline 

(background no cell lysis) was used as negative control 

 

4.9.1.2 Comparison between seeds and whole plant 

Whole plant showed significantly higher hemolytic activity as compared to seeds methanolic 

extracts fractioned with n-hexane, chloroform, ethyl acetate and n-butanol. Among solvents, 

ethyl acetate furnished higher hemolytic activity followed by chloroform, n-hexane and n-

butanol. From results, it can be concluded that the R. communis extract has considerable 

hemolytic activity. 
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Table 4.28: Hemolytic activity of extracts from Ricinus communis extracted in methanol 
and fractioned with different solvents of seed and whole plant  

S.No 
R .communis  Solvent/extract 

Human 
Blood  

Bovine Blood  

1 Seeds n-Hexane  3.87±0.50  2.37±0.09  

2 Chloroform  0.13±0.08  0.42±0.03  

3 Ethyl acetate  1.68±0.16  3.83±0.70  

4   n-Butanol 1.05±0.05  0.52±0.10  

1 Whole plant n-hexane  17.37±0.29  21.99±0.29  

2 Chloroform  25.56±1.30  26.70±0.89  

3 Ethyl acetate  30.21±0.87  29.02±0.27  

4   n-butanol 6.83±0.57  4.51±0.03  
Triton-100 X (100 % cell lysis) was used as positive control and phosphate buffer saline 

was used as negative control 

4.9.1.3 Hemolytic/ cytotoxic potential of Datura innoxia with different extraction 

method 

To evaluate the cytotoxicity of D. innoxia, a comparative study was performed in which 

different parts of plant were extracted using methanol solvent by different extraction 

techniques and in second part of study, seeds and whole plant of D. innoxia were extracted 

with methanol and fractioned with different solvents such as n-hexane, chloroform, ethyl 

acetate and n-butanol. Hemolytic activity method was used against human and bovine red 

blood cells (RBCs) to evaluate the cytotoxicity.  

The hemolytic responses of D. innoxia different parts are shown in (table 4.29). Results 

showed that human RBCs lysis was significantly higher in comparisons to bovine RBCs 

lysis. In shaking extraction method different parts of plant D. innoxia were checked for the 

hemolytic activity of human red blood cells (RBCs) and found to be much effective. Among 

different parts of the plant Datura, leaves shows terrific effectiveness against human and 

bovine red blood cells hemolytic assay and according to results and literature, could be cause 

of death due to the presence of toxic compounds. Other than leaves the hemolytic activity of 

fruits extract was considerable and showed equal effect on both human and bovine red blood 

cells but in case of seeds and stems there is least response as compared to leaves and fruits in 

shaking extraction method. In sonication extraction method again the leaves shows 

considerable results in hemolytic bioassay for both of human and bovine red blood cells 

followed by fruits, seeds and stems. The general trend of hemolytic bioassay observed in 
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sonication extraction technique was leaves > fruits > seeds > stems. In another mentioned 

soxhlet extraction method the results showed a bit variation to above mentioned results for 

sonication and shaking techniques. D .innoxia leaves and stems showed equal effectiveness 

against the human red blood cells lysis followed by seeds, fruits and lowest for roots but  for 

bovine red blood cells a small change in trend was observed in results like stem > leaves > 

seeds > fruits > roots. Among extraction methods, shaking showed high activity followed by 

sonication and soxhlet. Generally, from literature and previous experimentation it was 

observed that leaves methanolic extracts showed high hemolytic activity followed by fruits, 

stems, seeds and roots. 

Bellila et al. (2011) reported the cytotoxicity of Datura  metel leaves extract was assessed 

against human lung carcinoma (A549), colorectala-1) and normal skin fibroblast (WS1) cell 

lines. The results were obtained using a resazurin assay and are expressed as the 

concentration inhibiting 50 percent of cell growth (IC50). Datura metel extract was cytotoxic 

against A549, DLD-1 and WS1 cells with IC50 values of 11.9, 3.1 and 7.9 µg/mL, 

respectively. A bioguided fractionation of the methanolic extract was conducted in order to 

isolate and identify the compounds responsible for the cytotoxicity. The methanolic extract 

was successively partitioned with n-hexane, dichloromethane and ethyl acetate. The 

cytotoxicity of each fraction was again tested. The results showed that the three partitions 

were cytotoxic against cancer and normal cell. 

Table 4.29: Hemolytic activity of methanolic extracts from D. innoxia plant using 

different extract 

S.No Method Datura innoxia Human Blood Bovine Blood 
1 Shaking Seeds 18.75±0.48 16.50±0.20 
2 Stems 27.67±0.38 25.21±0.08 
3 Leaves 79.39±1.02 75.57±0.31 
4 Fruits 36.97±0.35 36.14±0.49 
5 Roots 4.53±0.52 2.08±0.09 
6 Sonication Seeds 3.75±0.25 2.62±0.06 
7 Stems 3.16±0.27 1.27±0.07 
8 Leaves 69.63±1.73 67.20±0.48 
9 Fruits 4.92±0.33 2.44±0.04 
10 Roots 1.11±0.13 0.65±0.18 
11 Soxhlet Seeds 14.88±0.21 16.67±0.19 
12 Stems 18.54±0.13 23.23±0.20 
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13 Leaves 18.67±0.78 19.17±0.65 
14 Fruits 12.96±0.58 15.23±0.38 
15 Roots 0.93±0.16 1.24±0.11 

Triton-100 X (100 % cell lysis) was used as positive control and phosphate buffer saline 

(background no cell lysis) was used as negative control 

 

4.9.1.4 Datura innoxia cytotoxicity results in comparison between seeds and whole plant 

The results of hemolytic activity of seeds and whole plant methanolic extracts, fractioned 

with different solvents are shown in (table 4.30). Results showed that both chloroform and 

ethyl acetate extracts of whole plant showed high percentage of lysis red blood cells as 

compared to the n-butanol and n-hexane. 

Table 4.30: Hemolytic activity of medicinal plant extracted in methanol and fractioned 
with different solvents of seed and whole plant 

S.No Datura innoxia Solvent/extract 
Human 
Blood 

Bovine Blood 

1 n-Hexane 12.54±0.06 10.79±0.12 
2 Seeds Chloroform 55.54±0.94 49.23±0.72 
3 Ethyl acetate 32.55±0.64 27.66±0.29 
4 n-Butanol 1.11±0.13 1.00±0.01 
5 n-Hexane 8.95±0.13 9.35±0.12 
6 Whole plant Chloroform 25.15±0.20 27.99±0.75 
7 Ethyl acetate 32.30±0.38 28.07±0.80 
8 n-Butanol 0.38±0.06 0.90±0.12 

Triton-100 X (100 % cell lysis) was used as positive control and phosphate buffer saline 

(background no cell lysis) was used as negative control 

 

4.9.1.5 Croton tiglium cytotoxicity by comparisons with different extraction technique. 

The hemolytic activity against human and bovine of different parts of C. tiglium were asses 

in methanolic extracts, furthermore, the methanolic extracts were fractionated using different 

solvent namely n-hexane, chloroform, ethyl acetate and n-butanol of seed and whole plant. 

The results of hemolytic activity of different parts of C. tiglium such as seeds, stems, leaves, 

fruits and roots methanolic extracts, extracted by different extraction method are shown in 

(table 4.31). All methanolic extracts of C. tiglium parts showed considerable hemolytic 

activity, however, there was a significant difference between plant parts. Among extraction 

methods, shaking showed higher hemolytic activity followed by soxhlet and sonication. 
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Seeds methanolic sample, extracted by shaking method showed higher hemolytic activity 

against both human and bovine red blood cells. Overall, extracts showed high hemolytic 

activity against human erythrocytes as compared to bovine RBCs.  

 

 

 

Table 4.31: Hemolytic activity of methanolic extracts from C. tiglium plant using 

different extract 

S.No Method Croton tiglium Human Blood Bovine Blood 
1 Shaking Seeds 70.29±3.27 67.70±0.16 
2 Stems 0.90±0.22 1.57±0.09 
3 Leaves 0.13±0.10 0.93±0.50 
4 Fruits 4.57±0.44 2.36±0.38 
5 Roots 6.31±0.19 5.08±0.78 
6 Sonication Seeds 4.17±0.39 3.57±0.09 
7 Stems 1.50±0.3 2.11±0.17 
8 Leaves 0.09±0.03 1.18±0.06 
9 Fruits 3.29±0.16 2.44±0.22 
10 Roots 4.31±0.50 2.39±0.10 
11 Soxhlet Seeds 34.66±0.90 29.84±2.39 
12 Stems 16.92±1.78 19.24±0.69 
13 Leaves 8.65±0.13 8.55±0.09 
14 Fruits 9.13±0.88 7.78±0.93 
15 Roots 13.68±0.76 20.85±0.56 

Triton-100 X (100 % cell lysis) was used as positive control and phosphate buffer saline 

(background no cell lysis) was used as negative control 

4.9.1.6 Croton tiglium cytotoxicity result in comparison between seeds and whole plant 

The hemolytic activity results of seeds and whole plant methanolic extracts, fractionated with 

different solvents are shown in (table 4.32). Whole plant showed significantly higher 

hemolytic activity as compared to seed methanolic extracts fractioned with n-hexane, 

chloroform, ethyl acetate and n-butanol. Among solvent, ethyl acetate and chloroform 

furnished higher hemolytic activity followed by n-hexane and n-butanol. Overall, whole 

plant had higher hemolytic activity as compared to seed extracts. it can be concluded that the 

C. tiglium extract has considerable hemolytic activities again both human and bovine RBCs. 

Table 4.32: Hemolytic activity of C. tiglium extract of different solvents of seed and 
whole plant  
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S.No Croton tiglium Solvent/extract
Human 
Blood 

Bovine Blood 

1 Seeds n-Hexane 24.35±2.06 19.61±0.52 
2 Chloroform 29.15±0.57 26.70±0.24 
3 Ethyl acetate 26.14±0.35 24.42±0.40 
4 n-Butanol 0.86±0.10 0.74±0.03 
5 Whole plant n-Hexane 1.61±0.34 2.64±0.32 
6 Chloroform 36.19±0.60 35.57±0.82 
7 Ethyl acetate 47.78±2.16 50.78±0.60 
8 n-Butanol 1.23±0.21 3.03±0.12 

Triton-100 X (100 % cell lysis) was used as positive control and phosphate buffer saline 

(background no cell lysis) was used as negative control 

 

It was reported that mostly bioactive compound are tannins which were responsible for 

cytotoxicity and were soluble in organic solvent. The phytochemical analysis of 

medicinal plant under investigation showed a considerable amount of tannins along with 

other phytoconstituent. The results obtained in present investigation are found in 

accordance with previous studies. it was revealed that cytotoxic potential of the extracts 

is of great significance for their traditional use in the treatment of various disorders other 

than cancer (Uddin et al., 2009).Plants extracts or fractions having minor to moderate 

cytotoxicity might be used as a herbal medicine (Aslam et al., 2011).As per our findings 

the selected plants used in present research work showed high toxicity by shaking and 

soxhlet methods of seeds against human and bovine RBCs. Stem by soxhlet method also 

showed mild toxicity. It was concluded that from selected medicinal plants D. innoxia 

showed more toxicity in shaking method as compared to soxhlet and sonication method. 

Leaves showed highest toxicity both in shaking and sonication. Similarly, C. tiglium also 

exhibited toxicity against human and bovine erythrocytes. Overall, results of C. tiglium 

showed highest toxicity in seeds extracts extracted by shaking and soxhlet methods 

against human and bovine erythrocytes. R. communis results also showed that seeds, 

leaves and fruits contain toxic bioactive compound when examined with human and 

bovine erythrocytes. From our research it was found that shaking method extracts contain 

more toxic compounds in comparison with other methods used. Organic fractions of 

seeds and whole plant D. innoxia showed that chloroform and ethyl acetate fraction more 

toxicity as compared to n-hexane and n-butanol fraction. Similar results were shown by 
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C. tiglium has showed by D. innoxia. In R. communis seeds fraction did not show any 

toxicity in comparison to whole plant ethyl acetate, chloroform and n-hexane fraction 

against human and bovine erythrocytes.   
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4.10 Brine shrimp/ lethality assay 

4.10.1 Ricinus communis cytotoxicity by comparison with different extraction 

technique. 

The brine lethality assay represents a rapid, inexpensive, and simple bioassay for testing 

plant extracts and other sample bioactivity and considered a useful tool for preliminary 

assessment of toxicity. It has been used for the detection of fungal toxin, plant extract 

toxicity, heavy metals, pesticides and cytotoxicity testing of dental and other materials (Sam 

et al., 2010).The brine shrimp lethality bioassay has a good correlation with cytotoxic 

activity in some human solid tumors. To evaluate the cytotoxicity through brine shrimp 

assay, different parts such as seeds, leaves, stems, fruits and roots of R. communis were 

extracted using methanol as extraction solvent. All parts were extracted using different 

extraction technique such as shaking, sonication and soxhlet and results thus obtained are 

shown in (table 4.33). In brine shrimp assay, the methanolic extracts extracted by different 

extraction methods showed lethality against the brine shrimp (Artemia salina) nauplii. It 

showed different mortality rate at different concentrations. The LC50 (µg/mL) values 

obtained for methanolic extracts were 0.40, 0.22, 1.49, 0.22 and 3.71 µg/mL for seeds, stems, 

leaves, fruits and roots, respectively in shaking method, while 9.92, 34.24, 2.12, 1.59 and 

60.92 µg/mL, respectively in case of sonication and 4.26, 0.72, 0.67, 8.62 and 33.60 µg/mL 

in case of soxhlet extraction method for seeds, stems, leaves, fruits and roots, respectively. 

The LC90 (µg/mL) value were found be enough high as compared to LC50. The LC90 value in 

case of shaking were in the range of 120–446 (µg/mL), while sonication showed the LC90 

values range of 130–1866 (µg/mL) and 64–1504 (µg/mL) was the range in case of soxhlet. 

Similar result was also reported to check the cytotoxicity of A. indica ethanolic leaf extract 

shows their LC50 was 37.15µg/mL against Brine shrimp lethality bioassay (Emran et al., 

2011). In brine shrimp lethality (BSL) bioassay, medicinal plant M. oleifera stem bark was 

extracted in organic solvent, crude petroleum ether, chloroform and methanol. The LC50 

(µg/mL) values were compared with different solvent against the brine shrimp nauplii as 850 

µg/mL for petroleum ether extract, 800 µg/mL for chloroform extract and 900 µg/mL form 

ethanol extract (Kumbhare et al., 2012).  
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4.10.1.2 Comparison of cytotoxicity of Ricinus communis methanolic extract between 

seeds and whole plant 

The cytotoxicity profile of seed and whole plant methanolic extracts fractioned with different 

organic solvent are shown in (table 4.34). Results showed that the seed and whole plant 

fractions were cytotoxic in nature. The LC50 values 2.49, 49.46, 87.235 and 28.06 (µg/mL) 

were recorded for seed extracts fractions with n-hexane, chloroform, ethyl acetate and n-

butanol, while these values were 5.72, 1.13, 3.77 and 1.05 (µg/mL) in case of whole plant, 

respectively. Similar to methanolic extracts, the LC90 values were also found high as 

compared to LC50. Overall, it was found that whole plant organic fractions showed low LC50 

as well as LC90 values and R. communis methanolic extracts as well as fraction were 

cytotoxic in nature. In previous study effect of R. communis seed extract were also explored 

against larvicidal effects with 100 % killing activities at concentrations 32-64 μg/mL and 

with LC50 values 7.10, 11.64 and 16.84 μg/mL against different species of termites. The 

activity may be due to the synergistic activity of the mixture of bioactive constituents present 

in the extract. These finding suggest that R. communis seed extracts provided an excellent 

potential against termites and mosquitoes larva. Nguta and Mbari (2013) reported that the 

medicinal plants showing higher LC50 value are more toxic. On the other side the medicinal 

plants have larger the LC50 value, are lower the toxicity. A. indica had LC50 of 285.8 mg/mL, 

and was considered to be moderate cytotoxic. Two plants extract, T. indica and G. 

trichocarpa had LC50 of 516.4 and 545.8 mg/mL respectively and were considered less toxic 

while the crude plant extracts of A. seyal and D. cinerea had toxicity values above 1000 

mg/mL and were therefore considered to be nontoxic. 

4.10.1.3 Datura innoxia extracts cytotoxicity by comparison with different extraction 

technique 

The cytotoxic profile of D. innoxia was also evaluated through brine shrimp lethality assay, 

different parts like seeds, leaves, stems, stems and roots of D. innoxia were extracted using 

methanol. All parts were extracted by different extraction methods such as shaking, 

sonication and soxhlet and subjected to brine shrimp lethality assay and results recorded are 

shown in (table 4.35). In brine shrimp assay, the methanolic extracted samples by different 

extraction methods showed lethality against the brine shrimp nauplii. It showed different 

mortality rate at different concentrations. The LC50 (µg/mL) values obtained for methanolic 
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extracts were 1.30, 57.30, 4.76, 2.75 and 7.01µg/mL, respectively for seeds, stems, leaves, 

fruits and roots extracted by shaking method, while 8.83, 2.99, 1.564, 0.22 and 2.62 µg/mL 

were recorded when sonication was used and 36.65, 12.40, 5.51, 0.67 and 8.69 µg/mL in case 

of soxhlet extraction method for seeds, stems, leaves, fruits and roots, respectively. The LC90 

(µg/mL) value were found be enough high as compared to LC50. The LC90 value in case of 

shaking were in the range of 126–3382 (µg/mL), while sonication showed the LC90 values 

range of 40–563 (µg/mL) and 64–2217 (µg/mL) was the range in case of soxhlet (table 4.36).  

4.10.1.4 Comparison of cytotoxicity of Datura innoxia methanolic extract between seeds 

and whole plant 

The cytotoxicity profile of seed and whole plant methanolic extracts fractioned with different 

organic solvent are shown in (table 4.36). Results showed that the seed and whole plant 

fractions were cytotoxic in nature. The LC50 values of 38.09, 16.66, 94.85 and 121.80 

(µg/mL) were recorded for seed fractions with n-hexane, chloroform, ethyl acetate and n-

butanol, while these values were 15.45, 8.19, 25.06 and 43.70 (µg/mL) in case of whole 

plant, respectively. Similar to methanolic extracts, the LC90 values were also found high as 

compared to LC50. Overall, it was found that whole plant organic fractions as well as 

methanolic extracts of different parts of D. innoxia were cytotoxic in nature. Similar results 

were also reported by (Mandal, 2010). that cytotoxicity of ethyl acetate extract of Luffa 

cylindrica and n-hexane extract of Luffa acutangula. The LC50 values of the plant 

extracts/fractions were within the range of 15.92 to 33.69 µg/mL, result showed the highest 

level of toxicity with the LC50 values of 15.92 and 20.40 µg/ mL, respectively. 

4.10.1.5 Croton tiglium cytotoxicity by comparisons with different extraction technique 

The cytotoxic potential of C. tiglium was evaluated through brine shrimp lethality assay, 

different parts like seeds, leaves, stems, stems and roots of C. tiglium were extracted using 

methanol and tested for their cytotoxicity. All plant parts were extracted by different 

extraction methods such as shaking, sonication and soxhlet and subjected to brine shrimp 

lethality assay and results obtained are shown in (table 4.37). In brine shrimp assay, the 

methanolic extracts, extracted sample by different extraction methods showed lethality 

against the brine shrimp nauplii, however, the mortality rate was different at various 

concentrations. The LC50 (µg/mL) values obtained for methanolic extracts were 5.95, 2.86, 

3.85, 1.30 and 4.90 µg/mL, respectively for seeds, stems, leaves, fruits and roots, extracted 
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by shaking method, while 4.26, 3.77, 2.12, 1.17 and 1.19 µg/mL were recorded when 

sonication was used and 0.67, 0.59, 0.49, 1.53 and 9.92 µg/mL in case of soxhlet extraction 

method for seeds, stems, leaves, fruits and roots, respectively. The LC90 (µg/mL) value were 

found be significant high as compared to LC50. The LC90 value in case of shaking were in the 

range of 162-496 (µg/mL), while sonication showed the LC90 values range of 171–456 

(µg/mL) and 74–784 (µg/mL) was the range in case of soxhlet (table 4.37). The sample 

extracted by soxhlet showed higher cytotoxicity followed sonication and shaking because 

LC50 and LC90 values were lower in soxhlet and so on. Similar result was also reported to 

check the cytotoxicity of A. indica methanolic leaf extract shows their LC50 was 37.15 

µg/mL, against Brine shrimp lethality bioassay (Emran et al., 2011). 

4.10.1.6 Comparison of cytotoxicity of Croton tiglium of methanolic extract between 

seeds and whole plant 

The cytotoxicity profile of seed and whole plant methanolic extracts fractioned with different 

organic solvent are shown in (table 4.38). Results showed that the seed and whole plant 

fractions were cytotoxic in nature. The LC50 values of 1.05, 4.26, 6.44 and 1.00 (µg/mL) 

were recorded for seed fractions with n-hexane, chloroform, ethyl acetate and n-butanol, 

while these values were 0.92, 1.54, 25.14 and 0.92 (µg/mL) in case of whole plant, 

respectively. Similar to methanolic extracts, the LC90 values were also found high as 

compared to LC50. Overall, it was observed that C. tiglium extracts were cytotoxic in nature 

and different parts extracted by different extraction methods have significant effect on 

leaching of cytotoxic agents (Obayed Ullah et al., 2013). According to selected plant extracts 

was also screened for cytotoxic activity using the brine shrimp lethality bioassay result of  

Xanthium indicum, was in the range of 8.447 to 60.323 μg/mL when compare to the positive 

control, result shows highest cytotoxic effect with LC50 value of 8.447μg/mL. 

The brine shrimp lethality bioassay has been used extensively in the primary screening of the 

crude extracts because brine shrimp lethality bioassay is the simple method useful for 

screening large number of extracts in the drug discovery process (Meyer et al., 1982). The 

method allows the use of small quantity of the sample and permits larger number of samples 

and dilutions within shorter time than using the original test vials (Sam, 1930). Furthermore, 

it has been established that the cytotoxic compounds generally exhibit significant activity in 

the brine shrimp lethality bioassay and this assay can be recommended as a guide for the 
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detection of antitumour and pesticidal compounds because of its simplicity and low cost. 

This bioassay has also a good correlation with the human solid tumor cell lines. The 

inhibitory effect of the extract might be due to the toxic compounds present in the active 

fraction that possess ovicidal and larvicidal properties. The metabolites either affected the 

embryonic development or slay the eggs. Therefore, the cytotoxic effects of the plant extracts 

enunciate that it can be selected for further cell line assay because there is a correlation 

between cytotoxicity and activity against the brine shrimp nauplii using extracts (Manilal et 

al., 2009). Hence the present study supports brine shrimp lethality bioassay as a reliable 

method for the assessment of bioactivity of Diaplazium esculentum also displayed potent 

cytotoxic potential in our observations. The in vitro cytotoxicity displayed by the plant 

extracts tested is an initial indicator of in vivo antitumour activity. However since a wide 

range of phytocompounds are capable of exhibiting nonspecific cytotoxicity, plant extracts 

with significant cytotoxic activity should be further assayed using animal models to confirm 

antitumour activity, or a battery of various cell lines to detect specific cytotoxicity. This step 

is necessary to eliminate cytotoxic compounds with little value. Similar cytotoxicity studies 

have been reported previously for medicinal plant (Kumbhare et al., 2012). The LC50 values 

were obtained for extracts as 850 µg/mL for petroleum ether extract, 800 µg/mL for 

chloroform extract and 900 µg/mL for methanol extract. Methanolic extract showed high 

cytotoxicity of extracts as compared to others. 
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Table 4.33: Brine shrimp cytotoxic activity of methanolic extract of R. communis using brine shrimp nauplii 

S.N
o Method 

R. 
communis 

Conc. tested  
(µg/mL) 

LC50  
(µg/mL) 

LC90  
(µg/mL) 

95 % confidence 
interval 

1 Shaking Seeds 3000,1000,100,10 0.40 169.81 11.16 - 240.01 
2 Stems 3000,1000,100,10 0.22 140.67 8.73 - 177.77 
3 Leaves 3000,1000,100,10 1.49 345.42 12.84 - 381.46 
4 Fruits 3000,1000,100,10 0.22 120.67 8.73 - 177.77 
5 Roots 3000,1000,100,10 3.71 446.66 20.9 6 - 130.65 

1 
Sonicati

on Seeds 3000,1000,100,10 9.92 1321.00 75.92 - 1518.45 
2 Stems 3000,1000,100,10 34.24 1479.40 164.45 - 2090.24 
3 Leaves 3000,1000,100,10 2.12 576.11 29.65 - 732.20 
4 Fruits 3000,1000,100,10 1.59 130.50 15.78 - 150.63 
5 Roots 3000,1000,100,10 60.92 1866.00 186.93 - 2114.41 
1 Soxhlet Seeds 3000,1000,100,10 4.26 586.29 26.08 - 617.29 
2 Stems 3000,1000,100,10 0.72 133.28 13.36 - 225.01 
3 Leaves 3000,1000,100,10 0.67 64.62 11.03 - 117.38 
4 Fruits 3000,1000,100,10 8.62 924.43 54.52 - 1076.69 
5 Roots 3000,1000,100,10 33.60 1504.80 162.66 - 2051.87 

Positive control: cyclophosphamide (larvae are died 100%), negative control: artificial sea water brine shrimp ( nauplii are live) 
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Table 4.34: Brine shrimp cytotoxic activity of methanolic extract of R. communis using brine shrimp nauplii of seeds and 

whole plant  

S.No Method  R. communis Conc tested  (µg/mL) LC50  (µg/mL) LC90  (µg/mL) 95 % confidence interva

1 n-Hexane Seeds 3000,1000,100,10 26.49 1762.06 575.14 - 2044.68 

2 Chloroform 3000,1000,100,10 49.46 3424.00 551.02 - 4237.68 

3 E. acetate 3000,1000,100,10 87.25 5228.00 870.59 - 5604.03 

4 n-Butanol   3000,1000,100,10 28.06 1838.90 441.05 - 2289.77 

5 n-Hexane W.plant 3000,1000,100,10 5.72 501.59 31.39 - 657.42 

6 Chloroform 3000,1000,100,10 1.13 192.72 9.81 - 241.58 

7 E. acetate 3000,1000,100,10 3.77 341.98 19.40 - 377.19 

8 n-Butanol   3000,1000,100,10 1.05 142.75 13.94 - 157.95 
Positive control: cyclophosphamide (larvae are died 100%), negative control: artificial sea water brine shrimp ( nauplii are live)
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Table 4.35: Brine shrimp cytotoxic activity of methanolic extract of D. innoxia on brine shrimp nauplii 

S.
No Method 

D.inno
xia 

Concentration tested  
(µg/mL) 

LC50  
(µg/mL) 

LC90  
(µg/mL) 

95 % confidence 
interval 

1 Shaking Seeds 3000,1000,100,10 1.30 126.99 23.32 - 136.87 
2 Stems 3000,1000,100,10 57.30 3382.70 232.94 - 4283.45 
3 Leaves 3000,1000,100,10 4.76 427.30 34.91 - 449.65 
4 Fruits 3000,1000,100,10 2.75 287.97 24.66 - 313.01 
5   Roots 3000,1000,100,10 7.01 588.06 33.74 - 641.73 

1 
Sonicati
on Seeds 3000,1000,100,10 8.83 563.73 50.42 - 592.66 

2 Stems 3000,1000,100,10 2.99 253.50 44.42 - 432.77 
3 Leaves 3000,1000,100,10 1.54 205.46 11.97 - 259.29 
4 Fruits 3000,1000,100,10 0.22 40.67 8.73 - 77.77 
5   Roots 3000,1000,100,10 2.62 279.10 23.87 - 319.87 
1 Soxhlet Seeds 3000,1000,100,10 36.65 2217.70 188.70 - 2516.03 
2 Stems 3000,1000,100,10 12.40 798.90 115.34 - 953.77 
3 Leaves 3000,1000,100,10 1.51 198.06 22.34 - 266.46 
4 Fruits 3000,1000,100,10 0.67 64.62 11.03 - 117.38 
5   Roots 3000,1000,100,10 8.69 645.45 54.73 - 756.32 

Positive control: cyclophosphamide (larvae are died 100%), negative control: artificial sea water brine shrimp ( nauplii are live)
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Table 4.36: Brine shrimp cytotoxic activity of methanolic extract of D .innoxia using brine shrimp nauplii of seeds and 

whole plant  

S.N
o Method 

D. 
innoxia 

Conc tested  
(µg/mL) 

LC50  
(µg/mL) 

LC90  
(µg/mL) 

95 % confidence 
interval 

1 n-Hexane Seeds 3000,1000,100,10 38.09 2818.85 124.81 - 857.28 

2 
Chlorofor
m 3000,1000,100,10 16.66 977.20 58.28 - 1449.90 

3 E. acetate 3000,1000,100,10 94.85 852.60 188.61 - 6430.47 

4 n-Butanol   3000,1000,100,10 121.80 1392.00 248 - 9452.80 

5 n-Hexane W.plant 3000,1000,100,10 15.45 924.14 54.36 - 1550.46 

6 
Chlorofor
m 3000,1000,100,10 8.19 849.14 46.7 - 927.94 

7 E. acetate 3000,1000,100,10 25.06 1873.70 484.45 - 2026.71 

8 n-Butanol   3000,1000,100,10 43.70 2630.30 182.0 - 4244.53 
Positive control: cyclophosphamide (larvae are died 100%), negative control: artificial sea water brine shrimp ( nauplii are live)
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Table 4.37: Brine shrimp cytotoxic activity of methanolic extract of C. tiglium on brine shrimp nauplii 

S.
No Method 

C. 
tiglium 

Concentration tested  
(µg/mL) 

LC50  
(µg/mL) 

LC90  
(µg/mL) 

95 % confidence 
interval 

1 Shaking Seeds 3000,1000,100,10 5.95 496.92 26.99 - 650.97 
2 Stems 3000,1000,100,10 2.86 283.70 19.20 - 337.67 
3 Leaves 3000,1000,100,10 3.85 361.58 24.83 - 423.81 
4 Fruits 3000,1000,100,10 1.30 162.99 23.32 - 236.87 
5   Roots 3000,1000,100,10 4.90 413.02 32.06 - 552.25 

1 
Sonicati
on Seeds 3000,1000,100,10 4.26 456.29 26.08 - 717.29 

2 Stems 3000,1000,100,10 3.77 381.98 29.40 - 377.19 
3 Leaves 3000,1000,100,10 2.12 263.11 29.65 - 332.20 
4 Fruits 3000,1000,100,10 1.17 171.26 17.02 - 283.10 
5   Roots 3000,1000,100,10 1.19 185.26 17.02 - 298.17 
1 Soxhlet Seeds 3000,1000,100,10 0.67 74.59 9.07 - 156.49 
2 Stems 3000,1000,100,10 0.59 58.76 11.46 - 126.03 
3 Leaves 3000,1000,100,10 0.49 45.95 6.87 - 123.11 
4 Fruits 3000,1000,100,10 1.53 217.03 22.04 - 272.00 
5   Roots 3000,1000,100,10 9.92 783.54 75.92 - 1018.45 

Positive control: cyclophosphamide (larvae are died 100%), negative control: artificial sea water brine shrimp ( nauplii are live) 
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Table 4.38: Brine shrimp cytotoxic activity of methanolic extract of C. tiglium using brine shrimp nauplii of seeds and 
whole plant  

S.N
o Method 

C. 
tiglium 

Conc tested  
(µg/mL) 

Lc50  
(µg/mL) 

Lc90  
(µg/mL) 

95 % confidence 
interval 

1 n-Hexane Seeds 3000,1000,100,10 1.05 142.75 13.94 - 157.95 
2 Chloroform 3000,1000,100,10 4.26 486.29 26.08 - 587.29 
3 E. acetate 3000,1000,100,10 6.44 745.80 41.72 - 826.87 
4 n-Butanol   3000,1000,100,10 1.00 134.51 11.37 - 182.45 
5 n-Hexane W.plant 3000,1000,100,10 0.92 81.02 7.56 - 126.58 
6 Chloroform 3000,1000,100,10 1.54 185.46 11.97 - 259.29 
7 E. acetate 3000,1000,100,10 25.14 1763.90 135.23 - 1950.34 
8 n-Butanol   3000,1000,100,10 0.92 86.02 7.56 - 128.58 

Positive control: cyclophosphamide (larvae are died 100%), negative control: artificial sea water brine shrimp ( nauplii are live)
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4.11. Mutagenicty/Ames test of selected medicinal plants 

a) Negative control 
b) K2Cr2O7 
c) NaN3 
d) Sample 

 

a) Negative control 
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b) K2Cr2O7 (T98) 

 

c) NaN3 (T100) 

 

 

d) Sample 

Fig. 4.14: (a), (b), (c) and (d) showing different images of blank, control TA98, control 

TA100 and sample respectively. 



140 
 

4.11.1.1 Mutagenicty of Ricinus communis extracts prepared by different     

extraction   methods 

  The mutagenicty of different parts of R. communis were determined in methanolic 

extracts, furthermore, the methanolic extracts were fractionated using different solvent 

namely n-hexane, chloroform, ethyl acetate and n-butanol of seed and whole plant and 

also subjected to Ames test to evaluate the mutagenicty. The results of mutagenic activity 

of different parts of R. communis such as seeds, stems, leaves, fruits and roots methanolic 

extracts, extracted by different extraction method are shown in (table 4.39). It was 

observed that that R. communis methanolic extracts were mutagenic in nature. The 

mutagenicty was evaluated through 96 micro plate methods and it is reported that if > 40 

well or double than background plates get affected then tested sample is mutagenic in 

nature. Both TA98 and TA100 revealed the mutagenic nature of R. communis methanolic 

extracts. All plant part except stem extracted by soxhlet method revealed the mutagenic 

action and all other plant parts showed comparable mutagenic activity. Among extraction 

methods, sample extracted by shaking method showed slightly higher mutagenic activity 

followed by sonication and soxhlet in case of TA98, while soxhlet showed slightly higher 

activity for TA100 followed by shaking and sonication.  

The in vitro assays provide detailed information about the activity of particular 

compounds, and can verify the efficacy of the extraction and fractionation procedures in 

obtaining bioactive compounds. However, the compounds that were obtained and 

subsequently tested in vitro should be conclusively evaluated by more advanced (and 

costly) pharmacological and clinical trials (Halliwell, 2008). Chemical not plant extract 

was consider a non toxic and widely used in widely used in many biological test systems 

as a histological and vital stain or pH indicator. Author reported the genotoxicity of 

neutral red in the Ames test on Salmonella typhimurium strains TA1535, TA97, TA98, 

TA98NR, TA100, and TA102 with and without metabolic activation, and result found that 

neutral red to be moderately mutagenicinTA98 and marginally mutagenic in strains TA97, 

TA100 andTA102 in the absence of any activation. It is concluded that all synthetic or 

bioactive chemicals were consider to nontoxic in other cytotoxicity, in Ames test result 

may or may not be same. Because the sensitivity of mutagenicty have consider better 

than other in vitro cytotoxicity assay, that’s why before   using animal trial newly 
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synthetic  and plants purified compound must be screen for their  mutagenicty assay 

(Guerard et al., 2012). 

Kirkland et al. (2011) test the cytotoxicity and in vitro genotoxicity compound having 

different nature, either synthetic or extracted from medicinal plants, before using as a 

medicine and nutritional need. To check their toxic and mutagenic potential frequently 

Ames test (detects gene mutations) and then in vitro micronucleus test (MNvit), were 

frequently performed. Thus, there is no convincing evidence that any genotoxic rodent 

carcinogens or in vivo genotoxins would remain undetected in an in vitro test battery 

consisting of Ames test and in vitro micronucleus test. Wozniak et al. (2010) described 

plant derived antioxidants and antimutagens may have widespread implications for 

protection against genotoxic factors, both internal and environmental, that were 

negatively affecting human health. However, the prerequisites for their use for this 

purpose were confirmed in vivo activity and sufficient bioavailability as well as absence 

of safety concerns. 

4.11.1.2 Ricinus communis mutagenicty of seeds and whole plant 

The results obtained in case of seeds and whole plant methanolic extracts, fractionated 

with different organic solvent are shown in (table 4.40). Again it was observed that 

mutagenic activity was comparable of seed and whole plant. Only chloroform showed 

low mutagenic activity against of TA98. For TA100, seeds showed significantly higher 

mutagenicty in comparison to whole plant.   

4.11.1.3 Mutagenicty of Datura innoxia extracts prepared by different extraction 

methods 

Bellila et al. (2011) reported the cytotoxicity of Datura metel leaves extract was assessed 

against human lung carcinoma (A549), colorectal adenocarcinoma (DLD-1) and normal 

skin fibroblast (WS1) cell lines. The results were obtained using a resazurin assay and are 

expressed as the concentration inhibiting 50 percent of cell growth (IC50). Datura metel 

extract was cytotoxic against A549, DLD-1 and WS1 cells with IC50 values of 11.9, 3.1 

and 7.9 µg/mL, respectively. A bioguided fractionation of the methanolic extract was 

conducted in order to isolate and identify the compounds responsible for the cytotoxicity. 

The methanolic extract was successively partitioned with n-hexane, dichloromethane and 
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ethyl acetate. The cytotoxicity of each fraction was again tested. The results showed that 

the three partitions were cytotoxic against cancer and normal cell lines. 

The mutagenicty of D. innoxia was also determined in methanolic extracts using TA98 

and TA100. Different parts of D. innoxia such as seeds, stems, leaves, fruits and roots 

methanolic extracts and subjected to mutagenicty assay and results obtained are shown in 

(table 4.41). It was observed that that D. innoxia methanolic extracts were mutagenic in 

nature. TA100 showed higher mutagenic activity as compared to TA98. Overall, extracted 

samples by soxhlet showed higher mutagenic activity followed by sonication and shaking 

method. All plant parts except root extracted by soxhlet and sonication showed 

mutagenic activity. 

4.11.1.4 Datura innoxia mutagenicty of seeds and whole plant 

Mutagenic activity results obtained in case of seeds and whole plant methanolic extracts, 

fractioned with different organic solvent are shown in (table 4.42). All solvents used for 

fraction showed mutagenic activity except n-butanol fractions of seed. The mutagenic 

activities were comparable of seed and whole plant, however, TA100 revealed slightly 

higher activity as compared to TA98 (table 4.42). From results it was concluded that D. 

innoxia plant has mutagenic activity which may vary depending on solvent used for 

extraction and extraction method 

4.11.1.5 Mutagenicty of Croton tiglium extracts prepared by different extraction 

methods 

To evaluating the mutagenic potential of C. tiglium, different plant parts were extracted 

using methanolic and tested their mutagenic activity using TA98 and TA100 and thus 

results obtained are shown in (table 4.43). It was observed that that C. tiglium methanolic 

extracts were mutagenic in nature except leave extracted by shaking and sonication, seed 

and root extracted with sonication and seeds, stems and leaves extracted with soxhlet 

method. Overall, it was observed that TA100 mutagenic activity was higher as compared 

to TA98 (table 4.43).  

4.11.1.6 Croton tiglium mutagenicty of seeds and whole plant 

Mutagenic activities observed in case of seed and whole plant methanolic extracts, 

fractioned with different organic solvent such as n-hexane, chloroform, ethyl acetate and 

n-butanol are shown in (table 4.44). All solvent used for fraction showed mutagenic 
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activity in case of seeds, while chloroform and n-butanol fractions of whole plant also did 

not exhibited mutagenicty and TA100 showed highly strong mutagenicty as compared to 

TA98. Again C. tiglium mutagenic activity varied depending upon extraction method and 

solvent used for extraction. So, for the extraction of mutagenic agent form C. tiglium 

proper solvent and extraction method should be used. It has been also reported previously 

that plant has mutagenic activities. 

Santos et al. (2008) employed Ames test for Mouriri pusa and Mouririelli ptica and 

found that the methanol extract of the M. pusa was mutagenic to the Salmonella 

typhimurium strains TA98, TA97 and TA100. Enriched fractions of flavonoids and tannins 

of M. pusa were also evaluated and they demonstrated positive mutagenicty. The 

mutagenic potentials of medicinal plants using Ames assay and positive result has been 

reported  

Li et al. (2012) reported the genotoxicity of silver nanoparticles (AgNPs) were reported 

their antimicrobial properties, were have commonly used in consumer products. A 

current issue regarding nanomaterials is the extent to which existing genotoxicity assays 

are useful for evaluating the risks associated with their use. In this study, the genotoxicity 

of 5 nm AgNPs was assessed using two standard genotoxicity assays the Salmonella 

reverse mutation assay (Ames test) and the in vitro micronucleus assay. Using the 

preincubation version of the Ames assay, Salmonella strains TA102, TA100, TA1537, TA98, 

and TA1535 were treated with 0.15–76.8 µg/plate of the AgNPs. Toxicity limited the doses 

that could be assayed to 2.4–38.4 µg/plate; no increases in mutant frequency over the 

vehicle control were found for the concentrations that could be assayed. Human 

lymphoblastoid TK6 cells were treated with 10–30 µg/mL AgNPs, and additional cells 

were treated with water and 0.73 g X-rays as vehicle and positive controls. Micronucleus 

frequency was increased by the AgNP treatment in a dose-dependent manner. At a 

concentration of 30 µg/mL (with 45.4% relative population doubling), AgNPs induced a 

significant, 3.17-fold increase with a net increase of 1.60% in micronucleus frequency 

over the vehicle control, a weak positive response. These results demonstrate that the 5 

nm AgNP are genotoxic in TK6 cells. In our study, significant amount of 

phytoconstituent were recorded in R. communis, D. innoxia and C. tiglium, so high 

mutagenicty is expected. 
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Table 4.39: Mutagenicty of methanolic extract from R. communis using different extraction techniques  

S.No Plant Part Method TA98            Result TA100         Result 

1 Seeds Shaking 90/96 Mutagenic 94/96 Mutagenic 

2 Stems 93/96 Mutagenic 93/96 Mutagenic 

3 Leaves 89/96 Mutagenic 90/96 Mutagenic 

4 Fruits 90/96 Mutagenic 90/96 Mutagenic 

5 Roots 88/96 Mutagenic 95/96 Mutagenic 

6 Seeds Sonication 90/96 Mutagenic 94/96 Mutagenic 

7 Stems 88/96 Mutagenic 94/96 Mutagenic 

8 Leaves 67/96 Mutagenic 93/96 Mutagenic 

9 Fruits 87/96 Mutagenic 92/96 Mutagenic 

10 Roots 90/96 Mutagenic 90/96 Mutagenic 

11 Seeds Soxhlet 78/96 Mutagenic 93/96 Mutagenic 

12 Stems 35/96 Not Mutagenic 95/96 Mutagenic 

13 Leaves 91/96 Mutagenic 94/96 Mutagenic 

14 Fruits 84/96 Mutagenic 90/96 Mutagenic 

15 Roots 82/96 Mutagenic 90/96 Mutagenic 

16 Standard K2Cr2O7 96/96 Mutagenic - - 

17 Standard NaN3 - - 94/96 Mutagenic 

18 Blank - nil - nil - 
*K2Cr2O7 and NaN3 were used as positive for TA98 and TA100, respectively 
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Table 4.40: Mutagenicty of R. communis seed and whole plant extracted with methanol and fractioned with different 
organic solvents  

S.No Plant Part      Solvent/extracts TA98        Results TA100             Results 
1 n-Hexane 73/96 Mutagenic 92/96 Mutagenic 
2 Seeds Chloroform 45/96 Mutagenic 90/96 Mutagenic 
3 Ethyl acetate 94/96 Mutagenic 92/96 Mutagenic 
4 n-Butanol 70/96 Mutagenic 92/96 Mutagenic 

5 W. Plant n-Hexane 92/96 Mutagenic 34/96 Non Mutagenic 
6 Chloroform 88/96 Mutagenic 43/96 Non Mutagenic 
7 Ethyl acetate 87/96 Mutagenic 33/96 Non Mutagenic 
8 n-Butanol 91/96 Mutagenic 95/96 Mutagenic 
9 Standard K2Cr2O7 96/96 mutagenic - - 
10 Standard NaN3 - - 94/96 Mutagenic 
11 Blank - Nil - nil - 

*K2Cr2O7 and NaN3 were used as positive for TA98 and TA100, respectively 
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Table 4.41: Mutagenicty of methanolic extract from D. innoxia using different extraction techniques 

S.No Plant Part Method TA98  Results TA100           Results 
1 Seeds Shaking 89/96 Mutagenic 94/96 Mutagenic 
2 Stems 86/96 Mutagenic 90/96 Mutagenic 
3 Leaves 89/96 Mutagenic 92/96 Mutagenic 
4 Fruits 94/96 Mutagenic 94/96 Mutagenic 
5 Roots 72/96 Mutagenic 94/96 Mutagenic 
6 Seeds Sonication 95/96 Mutagenic 90/96 Mutagenic 
7 Stems 76/96 Mutagenic 96/96 Mutagenic 
8 Leaves 96/96 Mutagenic 95/96 Mutagenic 
9 Fruits 95/96 Mutagenic 94/96 Mutagenic 
10 Roots 29/96 Non Mutagenic 90/96 Mutagenic 
11 Seeds Soxhlet 86/96 Mutagenic 96/96 Mutagenic 
12 Stems 82/96 Mutagenic 92/96 Mutagenic 
13 Leaves 20/96 Non Mutagenic 90/96 Mutagenic 
14 Fruits 84/96 Mutagenic 94/96 Mutagenic 
15 Roots 18/96 Non Mutagenic 90/96 Mutagenic 
16 Standard K2Cr2O7 96/96 Mutagenic - - 
17 Standard NaN3 - - 94/96 Mutagenic 
18 Blank - nil - nil - 

*K2Cr2O7 and NaN3 were used as positive for TA98 and TA100, respectively 
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Table 4.42: Mutagenicty of D. innoxia seeds and whole pant extracted with methanol and fractioned with different organic 
solvents  

S.No Plant Part Method TA98         Results TA100            Results  
1 Seeds n-Hexane 90/96 Mutagenic 47/96 Mutagenic 
2 Chloroform 91/96 Mutagenic 60/96 Mutagenic 
3 Ethyl acetate 95/96 Mutagenic 96/96 Mutagenic 
4 n-Butanol 30/96 Non Mutagenic 23/96 Non Mutagenic 
5 W. Plant n-Hexane 95/96 Mutagenic 96/96 Mutagenic 
6 Chloroform 90/96 Mutagenic 96/96 Mutagenic 
7 Ethyl acetate 73/96 Mutagenic 96/96 Mutagenic 
8 n-Butanol 84/96 Mutagenic 96/96 Mutagenic 
9 Standard K2Cr2O7 96/96 mutagenic - - 
10 Standard NaN3 - - 94/96 Mutagenic 
11 Blank - Nil - nil - 

              
*K2Cr2O7 and NaN3 were used as positive for TA98 and TA100, respectively 
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Table 4.43: Mutagenicty of methanolic extract from C. tiglium using different extraction techniques  

S. No Plant Part Method TA98              Results TA100          Results 
1 Seeds Shaking 74/96 Mutagenic 94/96 Mutagenic 
2 Stems 81/96 Mutagenic 91/96 Mutagenic 
3 Leaves 13/96 Non Mutagenic 90/96 Mutagenic 
4 Fruits 78/96 Mutagenic 84/96 Mutagenic 
5 Roots 57/96 Mutagenic 88/98 Mutagenic 

6 Seeds Sonication 32/96 Non Mutagenic 92/96 Mutagenic 
7 Stems 67/96 Mutagenic 94/96 Mutagenic 
8 Leaves 34/96 Non Mutagenic 81/96 Mutagenic 
9 Fruits 64/96 Mutagenic 78/96 Mutagenic 
10 Roots 48/96 Non Mutagenic 92/96 Mutagenic 

11 Seeds Soxhlet 44/96 Non Mutagenic 94/96 Mutagenic 
12 Stems 40/96 Non Mutagenic 92/96 Mutagenic 
13 Leaves 16/96 Non Mutagenic 84/96 Mutagenic 
14 Fruits 67/96 Mutagenic 75/96 Mutagenic 
15 Roots 58/96 Mutagenic 67/96 Mutagenic 
16 Standard K2Cr2O7 96/96 Mutagenic - - 
17 Standard NaN3 - - 94/96 Mutagenic 
18 Blank - nil - nil - 

*K2Cr2O7 and NaN3 were used as positive for TA98 and TA100, respectively 

 

  



149 
 

 
 
 
 
 

Table 4.44: Mutagenicty of C. tiglium seed and whole plant extracted with methanol and fractioned with different organic 
solvents  

S.No Plant Part Method TA98         Results TA100            Results 
1 Seeds n-Hexane 72/96 Mutagenic 96/96 Mutagenic 
2 Chloroform 90/96 Mutagenic 96/96 Mutagenic 
3 Ethyl acetate 92/96 Mutagenic 96/96 Mutagenic 
4 n-Butanol 70/96 Mutagenic 96/96 Mutagenic 
5 W. Plant n-Hexane 70/96 Mutagenic 96/96 Mutagenic 
6 Chloroform 20/96 Non Mutagenic 96/96 Mutagenic 
7 Ethyl acetate 90/96 Mutagenic 96/96 Mutagenic 
8 n-Butanol 25/96 Non Mutagenic 96/96 Mutagenic 
9 Standard K2Cr2O7 96/96 Mutagenic - - 

10 Standard NaN3 - - 94/96 Mutagenic 
11 Blank - Nil - nil - 

*K2Cr2O7 and NaN3 were used as positive for TA98 and TA100, respectively 
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4.12 Micronucleus/ Histopathology study 

By using modern laboratory techniques for the analysis of plant extracts have gained a 

comprehensive attention towards their medicinal potential, for the human therapeutic use the 

medicinal plants need to screen comprehensively for their toxic effects. Among these assay 

the in vivo micronucleus (MN) assay is widely recommended by the various regulatory 

agencies in the risk assessment process (Jena et al., 2002). The peripheral blood 

micronucleus (PBMN) assay has several advantages over bone marrow micronucleus 

(BMMN) assay such as rapid detection, assessment of the kinetics of (MN) formation from 

the same animal  and evaluation of cumulative damage (Vikram et al., 2008). Although, it 

can detect clastogenic and aneugenic potential of chemicals, its inability to detect single 

strand breaks and the need of rapidly dividing cell population poses practical limitations to its 

usage (Vikram et al., 2008). The MN and comet assay in peripheral blood determine genetic 

damage in different cell types immature erythrocytes and mature leukocytes respectively 

(Heuser et al., 2008). Rodent/human erythrocytes and lymphocytes are not considered as 

suitable sample for the comet and MN assay respectively. They have found increased 

incidences of MN in the peripheral blood erythrocytes (PBE) and DNA damage Comet assay 

in their earlier studies (Mughal et al., 2010). The MN assay in peripheral blood lymphocytes 

is extensively used in biomonitoring and molecular epidemiology studies to evaluate the 

presence and the extent of chromosomal damage in exposed human populations to genotoxic 

agents and also because an increased MN frequency has been validated as a cancer risk 

biomarker in humans (Bonassi et al., 2007). The results obtained in micronucleus frequency 

showed that the values in the exposed to coal mining residuals group (8.6±4.8) are higher as 

compared with the non-exposed control group (2.9±4.0) reported by (Mejia et al., 2011). 

Cyclophosphamide as an alkylating agent owes its cytotoxic action to cross-linking of DNA 

and RNA strands. From history of medicinal plants proved that natural or crude phytoextracts 

are better medicinal alternatives, because in crude phytoextracts some bioactive compounds 

within such extracts counter the side effects of pure therapeutic principles. This potential of 

medicinal plants is experimentally supported in many studies (Santos et al., 2008). An 

assessment of phytoextracts as used traditionally and the effects of active compounds 

purified from them (Ahmad et al., 2008). 
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The negative results in the micronucleus assay suggest that the active metabolites produced 

in the liver through enterohepatic circulation did not reach the bone marrow. Active 

metabolites produced in the liver are often short lived and the concentration reaching the 

bone marrow does not allow for sufficient exposure to induce MN (Suzuki et al., 2009). 

Active metabolites produced in the liver may also be bound to liver tissue, never entering 

systemic circulation. It may also be that the bone marrow is not a target organ for the 

compound used in trial to check their toxic potential (Takasawa et al., 2010). In this part of 

study were mainly deals with cytotoxic effects of selected medicinal plants.  

Table: 4.45: Micronuclei induction in the bone marrow cells of rabbits treated with aqueous phytoextract of selected 
medicinal plants 

S.No Treatments Concentrations No. rabbits Total scored Total no. of Result 

  
(mg/g b. wt.) treated (N) cells micronuclei 

per 
1000cells±S.D. 

1 Neg. control 0 3 8000 0 0 

2 Pos. control 0.2 3 8000 280 35±3.71 

3 R. communis 7 9 8000 36 4.5±0.3 

4 D. innoxia 7 9 8000 80 10±0.6 

5 C. tiglium 7 9 8000 66 8.25±0.8 
Neg = negative/solvent control (distilled water); Pos = positive control (Cyclophosphamide = 0.2 mg/g);  
CP = Cyclophosphamide; MNPCEs=micro nucleated polychromatic erythrocytes; MN=micronuclei.

 
Ricinus communis commonly called castor all parts of plant are important bark, leaves, 

flowers, seeds and oil of this plant is extensively used in Ayurveda, Unani, and Homeopathic. 

Allopathic system of medicines as cathartic. The plant is reported to possess antioxidant, anti 

implantation, antiinflammatory, antidiabetic, central analgesic, and antitumour, larvicidal, 

adult emergence inhibition, antinociceptive and antiasthmatic activity. All these uses are due 

to the presence of certain phytoconstituent in the plant. The major phytoconstituent reported 

in this plant are rutin, gentistic acid, quercetin, gallic acid, kaempferol-3-O-β-d-rutinoside, 

kaempferol-3-O- β-d-xylopyranoid, tannins, and three types of ricin A, B and C, ricinus 

agglutinin, indole-3-acetic acid and an alkaloid ricinine (Rana et al., 2012). The probable 

anticlastogenic activity of Ricinus communis was studied in the rabbit bone marrow 

micronucleus test (MNT). In vivo study was planned for 21 days, 7 mg of Ricinus communis 

aqueous phytoextract kg/bwt/day were administered to rabbits and result showed that Ricinus 

communis just showed 4.5 percent micronuclei, the result is insignificant as compare to 

positive control. Result can also be compared with the previous part of in vitro study, 
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hemolytic and brine shrimp cytotoxicity results can also be compared that whole plant of 

Ricinus communis have shown less toxicity. Three groups were planned in this study and in 

each group three animals were included. Every week, three rabbits from each group were 

slaughtered by cervical dislocation and frequencies of micro nucleated cells in phytoextracts 

treated rabbits were counted. Cyclophosphamide as positive and distilled water was used as 

negative control. In this study, nonsignificant differences in MN induction were obtained 

among the groups of rabbits injected with selected doses of the phytoextracts of selected 

medicinal plants, Ricinus communis, Datura innoxia and Croton tiglium. The injection of 

cyclophosphamide stimulated induction of MN in significantly higher numbers. Croton 

species was reported from many times to cure human ailments either their phyto-derivative 

or products derived from Croton species (Campos et al., 2002). Ahmad et al. (2008) 

investigated the cytotoxic and biochemical effects of injecting aqueous phytoextract of 

Croton bonplandianum (Baill) leaves in male rats. Sub chronic dosages were administered 

3.25, 4.65 and 6.97 mg/g b. wt. weekly. The ameliorative effects were evaluated in rats by 

injecting phytoextract mixed with 0.2 mg/g b. wt. of cyclophosphamide. Positive controls 

received only cyclophosphamide, while negative control groups were kept on normal diet 

and water. Our results demonstrate that phytoextract did not induce micronuclei formation in 

rats and showed insignificant amelioration. Belcavello et al. (2012) investigate the 

cytotoxicity and mutagenicty potential of ipriflavone by using three dosages of the drug, 

1.71, 8.57 and 42.85 mg/kg body weight in single oral exposure and for two dosages, 5 and 

10 µg/mL in the cytokinesis blocked micronucleus assay (CBMN) assay. Results did not 

differ from control neither in the induction of MN nor induced cytotoxicity to cells in the in 

vivo test. However, in the CBMN assay, the concentration of 10 µg/mL induced a statistically 

significant increase in MN formation and decreased cell proliferation, demonstrating to be 

mutagenic and cytotoxic at this concentration. Kumar et al. (2003) reported the potency of 

toxin in a biological system need careful assessment of the change in cell integrity and its 

metabolism. Ricin is known to have diverse effect on the cells of different organs like liver, 

kidney, pancreas, intestines, thyroid, parathyroid, hepato and nephrotoxic effect. 
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4.12.1 Histopathology of treated animals 

4.12.1.1 Liver tissue histopathology of Ricinus communis treated animals 

The experimental animals were sacrificed at the end of the study and their histopathology of 

liver and kidney tissues were performed. Among the Ricinus communis treated group, the 

liver histopathology showed that hepatocytes were arranged in fine hepatic cords. Nuclei of 

the hepatocytes were normal in appearance having nucleus with fine chromatin materials. 

Cytoplasms of the hepatocytes having hazy pinkish to white hepatocytes and were condensed 

in appearance but these are rare in number. From histopathology study it was concluded that 

Ricinus communis cannot show liver toxicity (fig. 4.15). Balint (2000) reported that ricin was 

a phytotoxins and the liver cells histopathology clearly indicate the first and commonest 

signs of cell damage like swollen mitochondria, the electron density changes, which is 

supported by elevated levels of liver enzymes. Similarly, in another study Charity et al. 

(2012) histological observations show no evidence of cellular damage in the treatment groups 

treated with varies doses of G. Kola compared to the control. However, mild cellular edema 

was observed in test groups and the control group which received normal saline. Jaffri et al. 

(2011) reported that liver and kidney actively detoxify and handle endogenous and 

exogenous chemicals, making them vulnerable to injury. Plant extracts contain a mixture of 

phenolic compounds acting additively and synergistically. The therapeutic activity of plant 

extracts does not necessarily reflect the activity of isolated compounds and the potential of 

crude extracts may be due to the synergism between the different active constituents present 

in the extract (Persson et al., 2009). Potential of medicinal plants also reported that 

flavonoids can be used to block the fibrogenic cascades triggered by hepatotoxic stimuli 

(Gebhardt, 2002). 

4.12.1.2 Kidney tissue histopathology of Ricinus communis treated animals 

In vivo trial of phytoextracts of Ricinus communis was given to rabbits by intraperitoneal 

route. The renal parenchyma’s are normal in appearance but at few places tubular epithelial 

cell condensed. Mild degree of congestion is also present. Similarly, to the liver 

histopathology Ricinus communis cannot show high degree of kidney tissue toxicity (Fig: 

4.16). In another histological study reported by Manjrekar et al. (2007) reported that P. 

amarus induced deleterious changes on the renal tubules and testes of male rats.  
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  Fig: 4.15. Histopathology of rabbit liver treated with Ricinus communis 

 

Fig: 4.16. Histopathology of rabbit kidney treated with Ricinus communis 
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4.12.1.3 Liver tissue histopathology of Datura innoxia treated animals 

Datura innoxia in the hepatic parenchyma moderate to severe degree of congestion is 

present. Individual cell necrosis is also present. Cellular infiltration is also present. Mild 

degree of vacuolar degeneration is also present. Where as in another study histological 

findings revealed that there was no distortion on the cyto architecture of the liver parenchyma 

both in the treated and control groups. Moreover, Santacroce et al. (2008) reported that 

aflatoxin B1 (AFB1) is the most biologically active toxin known and has been found to 

produce hepatotoxic, carcinogenic, mutagenic, teratogenic and immune suppressant effects in 

aquatic animals.  Ljubuncic et al. (2005) explored the toxic potential of an aqueous extract 

prepared from dried leaves of Pistacia lentiscus in rat, it was concluded that by giving long 

term leaves extract of Pistacia lentiscus  to healthy rats, it induced hepatic fibrosis and an 

inflammatory response, mild cholestasis and depletion of reduced glutathione associated with 

an increase in its oxidized form where as in hepatotoxin treated rats, it induced the 

aggravated, inflammatory, fibrotic and glutathione depleting responses without affecting the 

extent of lipid per oxidation (fig. 4.17). 

4.12.1.4 Kidney tissue histopathology of Datura innoxia treated animals 

Renal parenchyma at few places normal but other places pykonotic nuclei is present. The 

tubular epithelial cells that indicate tubular necrosis. Mild to moderate degree of congestion 

also present. Urinary places are clear and dilated. In another histopathological study reported 

by (Eroschenko, 2000) that shows the damages to kidney caused either by chemical agents or 

drugs could be manifested as vascular congestion (glomerulus), inflammatory cell infiltration 

and hyaline globule in collecting tubules. Similarly, Young and Heath (2000) reported the 

accumulation of proteins in glomerular filtrate, which could lead to decreased filtration rate, 

urine formation and/or nephritis (fig. 4.18) 
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Fig: 4.17. Histopathology of rabbit liver treated with Datura innoxia. 

 

Fig: 4.18. Histopathology of rabbit kidney treated with Datura innoxia. 
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4.12.1.5 Liver histopathology of Croton tiglium treated animals 

In the hepatic parenchyma cytoplasmic vacuole are present throughout the cytoplasm of 

hepatocytes. It is called vacuolar degeneration. At few places mild degree billary hyperplasia 

is also present. Mild degree of congestion is also present throughout the hepatic parenchyma. 

Individual cell necrosis is also present that is indicated by pikynotic nuclei. In another study 

reported by Dollah et al. (2013) the liver cells showed no hepatic vacuolization, 

degeneration, inflammation and necrosis. Among treatment group, there were very minimal 

and mild fatty degeneration in the portal tracts of normal and high doses of (0.1 g/kg and 1.0 

g/kg body weight) Nigella sativa treated rats (fig. 4.19). 

4.12.1.6 Kidney tissue histopathology Croton tiglium treated animals 

Croton tiglium treated groups show the kidney damage in histopathology as Nuclei of tubular 

epithelial cells are normal in appearance having nucleus and fine chromatin material. 

Glomeruli are congested in appearance (fig. 4.20). 

 

Fig: 4.19. Histopathology of rabbit liver treated with Croton tiglium 
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Fig: 4.20. Histopathology of rabbit kidney treated with Croton tiglium 

4.12.1.7 Liver histopathology of positive control animals  

Cyclophosphamide treated group shows liver toxicity. Moderate to severe degree of vacuolar 

degeneration. Individual cells necrosis is also present at few places that indicated pickynotic 

nuclei of the hepatocytes. Fibrosis along with billary hyperplasia is also present (fig. 4.21). 

4.12.1.8 Kidney histopathology of positive control animals 

Cyclophosphamide treated group shows liver toxicity. Renal parenchyma at few places 

normal but other places pykonotic nuclei is present. The tubular epithelial cells that indicate 

tubular necrosis. Mild to moderate degree of congestion also present. Urinary places is clear 

and dilated (fig. 4.22). 

4.12.1.9 Liver histopathology of negative control animals  

Hepatocytes were normal in appearance having nucleus with prominent chromatin material 

and nucleolus. Hepatic parenchyma was normal in appearance (fig. 4.23). 

4.12.1.10 Kidney histopathology of negative control animals  

Nuclei of tubular epithelial cells are normal in appearance having nucleus and fine chromatin 

material. Glomeruli are congested in appearance (fig. 4.24). 
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Fig: 4.21. Histopathology of rabbit liver treated with Cyclophosphamide. 

 

 
Fig: 4.22. Histopathology of rabbit kidney treated with Cyclophosphamide. 
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Fig: 4.23. Histopathology of rabbit liver treated with distilled water 

 

 

 
  Fig: 4.24. Histopathology of rabbit kidney treated with distilled water 

Histopathological studies proved that cyclophosphamide causes damage to the organs like 

liver kidney and liver. This was evidenced by the myocyte swelling and hyalinization of 
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heart, tubular necrosis and desquamation of lining epithelial cells with collection of 

esinophilic granules within lumen of the kidney and marked swelling and narrowing of 

sinusoidal spaces of liver tissues. This might be due to membrane damaging potential of the 

cyclophosphamide metabolites. These pathological changes correlated well with the altered 

enzyme activities (Senthilkumar et al., 2006). In this present study, the biological activity of 

medicinal plants, Ricinus communis, Datura innoxia, croton tiglium were screened for their 

toxicological potential by using in vitro and in vivo toxicological assays. In vitro study 

Ricinus communis leaves, stems, fruits and roots phytoextracts were screened by hemolytic 

assay using human and bovine red blood cells (RBCs). From results it is showed that Ricinus 

communis showed hemolysis against RBCs (human and bovine). Further brine shrimp 

bioassay was also used to screen their toxic potential. Results also showed that Ricinus 

communis having promising cytotoxicity against brine shrimp lethality bioassay and in last 

for their genotoxicity/ mutagenicty assay salmonella mutant strain TA98 and TA100 were used. 

Bioactive compounds having different solubility in different organic solvent showed their 

high level of toxicity when screened for mutagenicty. Form result it was concluded that 

Ricinus communis all parts contain different organic bioactive compounds when extracted in 

different organic solvents. Due to these compounds Ricinus communis showed significantly 

cytotoxicity and mutagenicty. For the evaluation of their in vivo toxicity Ricinus communis 

aqueous phytoextract were given to experimental animal rabbits, 7mg of aqueous extract 

were given and total study were planned for 21days.  Bone marrow cells were obtained in 

bovine serum and slides were prepared, micronucleated polychromatic erythrocytes 

(MNPCE) were counted. The results showed that active metabolite may be not penetrating to 

bone marrow tissue. From in vivo study promising toxicity of Ricinus communis was not 

seen. Histopathology also showed that Ricinus communis had no effect on liver and kidney. 

Datura innoxia was also screened for their toxicological potential by using in vitro and in 

vivo toxicological assays. in vitro study Datura innoxia leaves, stems, fruits and roots 

phytoextracts were screened by hemolytic assay using human and bovine red blood cells 

(RBCs). Results showed that Datura innoxia showed hemolysis against RBCs (human and 

bovine). Toxic potential of Datura innoxia was also screened by Brine shrimp assay. Results 

also showed that Datura innoxia having high cytotoxicity against brine shrimp lethality 

bioassay and in last for their genotoxicity mutagenicty assay salmonella mutant strain TA98 
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and TA100 were used. Phytocomponents having different solubility in different organic 

solvent showed their high level of toxicity when screened for mutagenicty. Form result it was 

concluded that Datura innoxia all parts contain different organic bioactive compounds when 

extracted in different organic solvents. From result it was concluded that Datura innoxia 

showed high cytotoxicity and mutagenicty. The in vivo toxicity of Datura innoxia was 

evaluated by giving aqueous extract 7 mg/kg b.wt for 21 days to experimental animal 

(rabbits).  Bone marrow cells were obtained in bovine serum and slides were prepared, 

micronucleated polychromatic erythrocytes (MNPCE) were counted. From in vivo study high 

toxicity of Datura innoxia was recorded. Histopathology also support that Datura innoxia 

affected the liver and kidney cells/ tissues. Phytoextracts of Croton tiglium parts were 

screened for their toxicity by activity guided toxicity assay, hemolytic assay using human and 

bovine red blood cells (RBCs). From results it was concluded that Croton tiglium contained 

such bioactive compounds which showed toxicity against human and bovine red blood cells. 

In comparisons for their toxicity, extracts were also screened against newly hatched brine 

shrimps larvae for their in vitro toxicity. It was also concluded that extracts showed 

significant cytotoxicity against brine shrimp lethality bioassay. Results also depicted 

considerable mutagenicty when screened against TA98 and TA100. Bioactive compounds 

having different solubility in different organic solvent showed their high level of toxicity 

when screened for mutagenicty. Form in vitro results it was concluded that crude extracts 

were prepared in different organic solvents, n-hexane, chloroform, ethyl acetate, n-butanol 

and methanol. The samples were obtained from femur bone and slides were prepared to 

check their toxicity, micronucleated polychromatic erythrocytes (MNPCE) were counted. 

The results showed that extract was not actively penetrating to bone marrow tissue. From in 

vivo study high toxicity of Croton tiglium extracts was seen. Histopathology also supported 

that Croton tiglium affect the liver and kidney of the animal model. 
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The selected medicinal plants were screened for their biological potential which was 

evaluated by various toxicological assays such as (hemolytic, brine shrimp and mutagenic 

activity). From their toxicity results Ricinus communis seeds did not showed toxicity 

against human and bovine erythrocytes, brine shrimp lethality bioassay showed LC50  

4.26 and LC 90 586.29 µg/mL against newly hatched brine larvae, mutagenic activity 

against Salmonella strains TA98 and TA100 was evaluated with control and Ricinus 

communis showed significant mutagenic potential (78/96 and 93/96). Similarly, Datura 

innoxia seeds showed toxicity against human and bovine erythrocytes, brine shrimp 

lethality bioassay showed LC50 36.65 and LC 90 2217.70 µg/mL against newly hatched 

brine larvae, mutagenic activity against Salmonella strains TA98 and TA100 was evaluated 

with control and Ricinus communis showed significant mutagenic potential (86/96 and 

96/96). Croton tiglium seeds showed significantly erythrocytes lysis as compared to 

Datura innoxia and Ricinus communis, brine shrimp lethality bioassay also showed 

higher toxic potential LC50 0.67 and LC90 74.59 µg/mL as compared to Datura innoxia 

and Ricinus communis, mutagenic activity against Salmonella strains TA98 and TA100 was 

evaluated with control and Ricinus communis showed significant mutagenic potential 

(44/96 and 94/96). Moreover, from in vivo study their toxicity was also conformed from 

micronucleus and histopathology findings. These results show significant toxicity and 

emphasized to identify the bioactive compound present in these medicinal plants.  

 4.13 Amino acid profile of medicinal plant 

    The amino acid profile is highly important for the quality of protein present in sample. In      

our current study the amino acid profiles showed that essential amino acid lysine were 

present in highest percentage (30.91%) in Datura innoxia seeds as compared to Ricinus 

communis and Croton tiglium seeds. Among essential amino acid isoleucine and 

tryptophan were not identified in all selected plants, while histidine was not identified in 

the seeds of Datura innoxia. Methionine maximum up to 0.16 % was only recorded in the 

Ricinus communis seeds, while absent in seeds of C. tiglium and Ricinus communis. 

Among non essential amino acid proline were present in higher amount in Datura 

innoxia (25.07 %), while tyrosine was present in small amount (0.28 %) only in Ricinus 

communis and absent from Datura innoxia and C. tiglium (table 4.46). These finding 

were in line with previously reported for medicinal plant (Igwe et al., 2012). 
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Table 4.46. Amino acid profiles (g/100g crude protein) of selected medicinal plants like Ricinus   

communis, Datura innoxia and Croton tiglium seeds. 

Amino acid Abbreviation R. communis D. innoxia C. tiglium 

Essential Amino Acid 

Lysine Lys 30.27% 30.91% 25.28% 

Histidine His 0.20% 0.20% 0% 

Arginine Arg 5.61% 7.92% 14.65% 

Threonine Thr 1.53% 2.13% 1.35% 

Valine Val 0.44% 0.44% 0.41% 

Methionine Met 0.16% 0.17% 0% 

Isoleucine Ile 0.00% 0% 0% 

Leucine Leu 0.72% 0.70% 0.53% 

Phenylalanine Phe 1.69% 1.59% 1.49% 

Tryptophan Trp 0% 0% 0% 

Non Essential Amino Acid 

Glutamine Gln 11.39% 8.30% 7.35% 

Serine Ser 0.42% 3.03% 2.69% 

Aspartate Asp 5.78% 6.05% 5.10% 

Proline Pro 24.30% 25.07% 22.83% 

Glycine Gly 4.22% 4.05% 3.20% 

Alanine Ala 2.21% 2.05% 2.15% 

Cysteine Cys 10.79% 6.91% 12.52% 

Tyrosine Tyr 0.28% 0.49% 0.46% 

 

4.14 GC-MS study 

The chemical compounds identified by GC-MS analysis of selected plants oils were 

performed. The chromatograms of R. communis medicinal plants is shown in (fig. 4.25), 

while data in (table 4.47), and structure of major compound detected can be seen in (fig. 

4.26). The major saturated fatty acid detected through GC-MS were stearic acid, phytanic 

acid, palmitic acid and their percentages composition were 1.72 %, 0.35 % and 0.78 %, 

respectively. The unsaturated fatty acids were palmitoleic acid, ricinoleic acid, oleic acid, 

linolenic acid and dihyroxystearic acid and composition were 6.98 %, 78 %, 2.67 %, 5.1 

% and 0.46 %, respectively.   
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Fig. 4.25: The GC-MS chromatogram of Ricinus communis seed oil. 

Table 4.47: GC-MS analysis of R. communis oil of saturated fatty acid and unsaturated fatty acid 

S. No Common name %(Composition) Retention time(min) 
Saturated Fatty acid 

 
1 

Stearic acid 
 

1.72 
 

15.052 
 

2 
Phytanic acid 

 
0.35 

 
14.84 

 
3 

Palmitic acid 
 

0.78 
 

14.67 
Unsaturated fatty acid 

 
4 

Palmitoleic acid 
 

6.98 
 

14.947 
 

5 
Ricinoleic acid 

 
78 

 
15.922 

 
6 

Oleic acid 
 

2.67 
 

14.442 
 

7 
Linolenic acid 

 
5.1 

 
15.001 

 
8 

Dihydroxystearic acid 
 

0.46 
 

9.873 
Mode of identification= Retention Index (RI) and comparison of mass spectra 
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Fig. 4.26: Structure of saturated and unsaturated fatty acids detected through GC-MS analysis of R. 

communis. 

The chemical compounds identified by GC-MS analysis of D. innoxia oils are presented in 

Tables 4.48 and GC-MS chromatogram and structure are shown in (fig. 4.27 and 4.28), 

respectively. The major saturated fatty acid detected through GC-MS were caproic acid, 

caprylic acid, myristic acid, palmitic acid, stearic acid and archidic acid and their 

percentages composition were 0.13 %, 0.16 %, 0.12 %, 64.22 %, 8.74 % and 0.43 %, 

respectively. The unsaturated fatty acids were ricinoleic acid, 2, 5-octadecadienoic acid 

methyl ester and linoleic acid and composition were 0.84 %, 17.38 % and 0.31 %, 

respectively.   
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Fig.  4.27: The GC-MS chromatogram of D. innoxia seed oil. 

Table 4.48: GC-MS analysis of D .innoxia oil of saturated fatty acid and unsaturated fatty acid 

S. No Common name %(Composition) Retention time(min) 

Saturated Fatty acid 

1 Caproic acid 0.13 6.544 

2 Caprylic acid 0.16 8.527 

3 Myristic acid 0.12 0.12 

4 Palmitoleic acid 64.22 15.014 

5 Stearic 8.74 8.74 

6 Arachidic acid 0.43 16.02 

Unsaturated Fatty acid 

7 Ricinoleic acid 0.84 15.918 

8 2,5-Octadecadienoic acid methyl ester 17.392 0.71 

9 Linoleic acid 0.32 14.739 

Mode of identification= Retention Index (RI) and comparison of mass spectra 
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Fig. 4.28: Structure of saturated and unsaturated fatty acids detected through GC-MS analysis of 

Datura innoxia seed oil 

Similar to R. communis and D. innoxia, the GC-MS analysis of C .tiglium oil was also 

performed and the chemical compounds identified are presented in (tables 4.49) and GC-

MS spectra and structure are shown in (fig. 4.29 and 4.30), respectively. The major 

saturated fatty acids were detected through GC-MS, caproic acid, caprylic acid, decanoic 

acid, lauric acid, myristic acid, palmitic acid, margaric acid, stearic acid and archidic acid 

and their percentages composition were 0.52 %, 0.44 %, 2.49 %, 6.98 %, 0.11 %, 0.06 %, 

6.55 % and 2.02 % respectively. The unsaturated fatty acid were olieic acid, linoleic acid, 

9,12 octadecanoic acid and 2,5 octadecadienic acid methyl ester  and compositions were 

0.21 %, 56.07 %, 0.69 % and 0.51 %, respectively. 
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Fig. 4.29: The GC-MS chromatogram of C. tiglium seed oil. 

    

  Table 4.49: GC-MS analysis of C. tiglium oil of saturated fatty acid and unsaturated fatty acid 

S. No Common name %(Compoistion) Retention time(min) 

Saturated Fatty acid 

1 Caproic acid 0.52 6.591 

2 caprylic acid 0.44 8.544 

3 Decanoic acid 2.49 10.173 

4 Lauric  acid 1.7 11.581 

5 myristic acid 6.98 12.871 

6 palmitic acid, methyl ester 0.11 13.817 

7 Margaric acid 0.06 0.06 

8 Stearic acid 6.55 6.55 

9 Arachidic acid 2.02 16.028 

unsaturated fatty acid 

10 Oleic acid 0.21 14.442 

11 Linoleic acid 56.07 15.001 

12 9,12-Octadecadienoic acid 0.69 16.32 

13 2,5 0ctadecadienoic acid methyl ester 0.51 0.51 

Mode of identification= Retention Index (RI) and comparison of mass spectra 
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Fig. 4.30: Structures of saturated and unsaturated fatty acid detected through GC-MS analysis of C. tiglium 

seed oil 
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4.15 Phenolic Compounds Analyzed by LC-ESI-MS/MS 

The liquid chromatography-mass spectrometry analysis of Ricinus communis sample 

showed the presence of phytochemicals such as piceol , p-hydroxy benzoic  acid , 

protocatehuic acid ,  p -coumaric acid , gallic acid, ethyl protocatechuate , methyl gallate, 

carpacin, xantoxylin , syringic acid, eugenin, oxyresveratrol, eugenitin, bakuchiol, 

magnolol, apigenin, glycinol, ammiol, paradol, 4-o-methylhonokiol, retusin (isoflavone), 

catechin, karanjin, picein, flavokavain c, ellagic acid, (epi)gallocatechin, quercetagetin, 

digallic acid, 5-o-methylmyricetin, hexahydroxydiphenic acid, flavone, caffeic acid 

hexoside, dicaffeic acid, 5-o-galloylquinic acid, chebulic acid, derrubone, feruloylquinic 

acid, syringin, caffeic acid derivative, mangiferin, flavone glycoside, curculigoside, 

caffeoylsinapylquinic acid, kaempferol-3-o-sophoroside, isorhamnetin 3-o-(p-coumaroyl) 

hexoside, hhdp-galloyl-glucose, 3,4,5-tri-o-galloylquinic acid and quercetin-tri- o-

hexoside. The identification of compounds was done after the elution from liquid 

chromatography coupled with ESI-MS/MS. the structures of compounds identified are 

shown in (fig. 4.31). 

The identification of compounds was made by comparison of retention time with the 

known standards analyzed with same solvent system and conditions. The ESI-MS/MS 

spectra of analyzed samples were also compared with the standards and data in the 

literature.  

The presence of methyl gallate was also confirmed by comparing the retention time with 

standards and ESI-MS/MS pattern in chromatogram (fig. 4.32). The presence of peak in 

negative mode at m/z = 183 corresponds to the molecular formula C8H8O5. The fragments 

ions peaks at m/z = 168 due to loss of –15 (–CH3) and at m/z = 139 due to loss of –COO 

(–29) and at m/z = 124 due to loss of –15 confirmed the methyl gallate. 
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Table 4.50: LC-MS-MS of Ricinus communis methanolic extract from whole plant 

S.no Molar Mass m/ z M(+/- ) MS/MS ions m / z (relative intensity) Rt(min) Compound 

1 137 136(-) 62, 0.43 Piceol 

2 138 139 122, 121, 81, 69 0.75 p-Hydroxy benzoic  acid 

3 154 155 138, 137, 0.7 Protocatehuic acid 

4 164 163(-) 138 0.95 p -Coumaric acid 

5 170 169(-) 165, 150, 140, 100, 57 1.17 gallic acid 

6 181 182 165, 100, 57 2.12 Ethyl protocatechuate 

7 184 183(-) 168, 139, 124 0.67 Methyl gallate 

8 192 191(-) 173, 149, 127, 111, 93, 85 0.46 Carpacin 

9 196 195(-) 181, 163, 113, 85 1.89 Xantoxylin 

10 198 199 190, 185, 175, 171, 161, 157, 143, 124, 103, 81, 63 0.89 Syringic acid 

11 206 205(-) 181, 179 0.73 Eugenin 

12 220 221 204, 162, 1.11 Eugenitin 

13 245 244(-) 230, 212, 194, 182, 164, 146, 1.25 Oxyresveratrol 

14 256 255(-) 248, 134, 104 1.44 Bakuchiol 

15 265 266 251, 225, 171, 155 0.36 Magnolol 

16 270 269(-) 246, 110, 93, 91 1.95 Apigenin 

17 272 271(-) 233, 205, 0.79 Glycinol 

18 275 276 261, 0.94 Ammiol 

19 278 277(-) 264, 246,150 2.23 Paradol 

20 280 279(-) 266, 248, 2.42 4-O-Methylhonokiol 

21 284 283(-) 242, 124 2.79 Retusin (isoflavone) 

22 289 290 272, 260, 242, 124,93 1.92 Catechin 

23 292 291(-) 279, 183 1.18 Karanjin 
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24 298 297(-) 282, 264, 1.87 Picein 

25 299 300 283, 272, 257, 229, 185, 179, 151 1.52 Flavokavain c 

26 302 301(-) 273 1.67 Ellagic acid 

27 306 305(-) 296, 293, 267, 249, 183 1.24 (epi)Gallocatechin 

28 319 318(-) 304, 285, 247, 232, 202, 190, 160 3.24 Quercetagetin 

29 321 322 320, 2338, 220, 138 2.69 Digallic acid 

30 332 333 321, 308, 294, 265, 255, 231, 213, 195, 153, 123 3.32 5-O-Methylmyricetin 

31 337 338 321, 313, 303, 285, 276, 263, 213, 195, 165, 123 1.32 Hexahydroxydiphenic acid 

32 340 339(-) 325, 253, 239 3.38 Flavone 

33 341 342 325, 307, 287, 269, 253, 239 4.37 Caffeic acid hexoside 

34 342 343 328, 325, 307, 289, 229, 209, 171 1.22 Dicaffeic acid 

35 344 343(-) 311,293,279 1.71 5-O-galloylquinic   acid 

36 355 356 350, 347, 333, 321, 303, 289, 273, 1.49 Chebulic acid 

37 366 367 352, 339, 337, 299 1.49 Derrubone 

38 368 367(-) 341,215, 8.6 Feruloylquinic acid 

39 373 372(-) 341, 215 3.78 Syringin 

40 378 377(-) 363, 345, 318, 307, 280, 219, 201 4.57 Caffeic acid derivative 

41 422 423 301, 331 2.22 Mangiferin 

42 464 463(-) 207,205 2.03 Flavone glycoside 

43 466 467 367, 355, 337 1.98 Curculigoside A 

44 560 561 586, 577, 3.16 Caffeoylsinapylquinic acid 

45 610 609(-) 607, 593, 565, 551, 489, 475, 2.72 Kaempferol-3-O-sophoroside 

46 624 625 631, 574, 547, 449 4.72 Isorhamnetin 3- O -( p-coumaroyl-) hexoside 

47 634 633(-) 630, 617, 487, 449,336 2.91 HHDP-galloyl-glucose 

48 648 649 637, 493, 477, 431 3.29 3,4,5-Tri-O-galloylquinic acid 

49 788 787(-) 635, 617, 465 3.32 Quercetin-tri- O-hexoside 
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Fig. 4.31: Chromatogram of Ricinus communis of whole plant analyzed by liquid chromatography mass 

spectrometry 

 

Fig 4.32: A representative chromatogram of methyl gallate from Ricinus communis extract analyzed by 

ESI-MS/MS  
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Fig. 4.33: Few structural presentation of compounds detected from Ricinus communis through LC-MS-MS 

Secondary metabolites are considered as important   characteristics   in   distinction of   plant 

species.   These   compounds   are mostly involved in   the   relationship   of   the   organism 

with its environment, e.g.   in   plant  defense   mechanisms  or  as  signal   compounds;   their  

synthesis   is   often  induced   by  different  kinds   of   biotic   or  abiotic  stress (Amdoun et 

al., 2009) 
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Table 4.51: LC-MS-MS of Datura innoxia methanolic extract from whole plant 

S.No MW m/ z M(+/-) MS/MS ions m / z (relative intensity) Rt(min) Compound 

1 137 138 121, 0.28 p-Hydroxy benzoic  acid 

2 154 155 138, 137, 127, 110, 97, 0.34 Protocatehuic acid 

3 170 169(-) 125, 97 1.58 Gallic acid 

4 192 191(-) 173, 149, 127, 117, 111, 93, 85 1.12 Carpacin 

5 196 195(-) 177, 159, 129 1.41 Xantoxylin 

6 198 199 181, 167, 85 0.73 Syringic acid 

7 220 221 203, 104 0.93 Eugenitin 

8 246 247 229, 113, 104 1.08 Plicatin B 

9 266 265(-) 97 0.52 Magnolol 

10 272 271(-) 225 0.72 Glycinol 

11 275 276 110, 93, 91 1.22 Ammiol 

12 280 279(-) 261, 235, 97 0.7 4-O-Methylhonokiol 

13 289 290 260, 242, 124, 93 1.22 Catechin 

14 296 295(-) 277, 249, 183, 171, 155, 141 1.57 Coutaric acid 

15 326 325(-) 307, 183 0.89 p-Coumaric acid glucoside 

16 328 327(-) 309, 291, 281, 229, 211, 201, 183, 171 1.71 Rhododendrin 

17 330 329(-) 311, 293, 275, 229, 201, 171 1.83 Eupalitin 

18 337 338 320, 238, 220, 138 0.81 Hexahydroxydiphenic acid 

19 340 339(-) 321, 295, 277, 213, 183 1.62 Flavone 

20 342 341(-) 323, 267, 179, 161, 119 1.77 Caffeic acid hexoside 

21 344 343(-) 325, 289, 273, 255, 229, 209, 201, 187, 171 1.21 5-O-galloylquinic   acid 

22 356 355(-) 309 1.9 Chebulic acid 
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23 359 358(-) 338, 1.42 Retusin 

24 368 367(-) 351, 339, 337, 323, 299, 219 2.05 Feruloylquinic acid 

25 378 377(-) 341, 303, 215, 0.56 Caffeic acid derivative 

26 405 404(-) 386, 368, 360, 330, 303, 242, 202, 142 3.04 trans-Resveratrol-3-O-glucuronide 

27 484 483(-) 255 2.32 1-O,6-O-Digalloyl-β-D-glucose 

28 498 499 481, 467, 379, 264 2.02 Phylloflavan 

29 565 564(-) 520 1.98 Apiin 

30 573 574 556, 459 389, 267 2.57 Viniferal 
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Fig. 4.34: Chromatogram of Datura innoxia of whole plant analyzed by liquid chromatography mass 

spectrometry 
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Fig. 4.35: Few structural presentations of compounds detected from Datura innoxia through LC-MS-MS 
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Table 4.52: LC-MS-MS of C. tiglium methanolic extract from whole plant 

S.no 
Molar 
Mass 

m/ z 
M(+/) 

MS/MS ions m / z (relative intensity) Rt(min) Compound 

1 168 169 151, 137, 111, 95, 82 1.77 Vanillic acid 

2 182 181(-) 163, 143, 131, 119, 113, 101, 89, 71, 59 0.56 Ethyl protocatechuate 

3 184 185 167, 153, 139, 129, 98, 83 0.5 Methyl gallate 

4 192 191(-) 173, 127, 111, 93, 85 0.68 Carpacin 

5 193 192(-) 175, 164, 120, 108 0.58 Ferulic acid 

6 196 195(-) 177, 159, 129,99, 75 0.76 Xantoxylin 

7 220 221 203, 177, 104 0.54 Eugenitin 

8 226 225(-) 207, 189, 171, 159, 141, 129 1.12 3-deoxyflavonoids 

9 246 247 229, 215 0.56 Plicatin B 

10 256 255(-) 237, 211, 193, 0.61 Liquiritigenin 

11 265 266 248, 230, 104 0.98 Magnolol 

12 282 281(-) 263, 237, 0.95 Pseudobaptigenin 

13 289 290 260, 124, 93, 91 1.55 Luteoforol 

14 296 295(-) 277, 251, 207, 133, 131, 113, 97 0.75 Coutaric acid 

15 342 341(-) 323, 295, 279, 179, 161, 113 1.08 Coniferin 

16 364 365 203, 185 1.68 Isoquercetin 

17 368 367(-) 349, 323, 305, 255 1.52 7-O-Methylluteone 

18 370 369(-) 207, 192 1.61 Eckstolonol 

19 378 377(-) 341, 323, 281, 263, 215, 161, 113 1.81 Miquelianin 

20 405 404(-) 386, 368, 330, 314, 270, 242, 223, 194, 181 2.67 trans-Resveratrol-3-O-glucuronide 

21 412 411(-) 393, 365, 349, 1.53 

22 448 447(-) 429, 357, 327, 285 2.82 Kaempferol 7-O-glucoside 

23 452 451(-) 415,377 2.46 Cinchonain-Ib 

24 454 455 437, 418, 381, 293, 275 2.13 Flavogallonic acid dilactone 
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Fig. 4.36: Chromatogram of Croton tiglium of whole plant analyzed by liquid chromatography 

mass  spectrometry 
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Fig. 4.37: Few structural presentations of compounds detected from Croton tiglium through LC-MS-

MS 

The use of mass spectrometry (MS/MS) coupled to liquid chromatography (LC) is ideal 

for the analysis of phenolics found in plants. The advantage of LC-MS/MS is that 

separation and structural elucidation of compounds can be achieved in a continuous 

manner (Kallenbach et al., 2009). Ionization by electrospray (ESI) is one of the most 

widely used tools for LC-ESI-MS/MS analysis, and the ions can be selectively monitored 

in negative and positive mode (Johnson, 2005). In the ESI negative mode, analysis of 

small molecules containing free carboxyl groups, yields mainly the ion [M-H]-, 

corresponding to their carboxylate anion (Nishikaze and Takayama, 2007). The 

identification of phenolic compounds in  extracts were based on chromatograms obtained 

by LC and EIS-MS/MS and comparison with literature and pure standard compounds data 

(Dinelli et al., 2009).  
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4.16 Isolated Compounds by Liquid Column Chromatography/ Nuclear magnetic 

resonance spectroscopy  

The plants methanolic extracts showing better antioxidant and antimicrobial activity it 

was placed for isolation of bioactive constituents. The identification of active plant 

chemicals is an essential component of modern pharmacognosy and ethnopharmacy. 

Purification of bioactive constituents from selected plants. First the methanolic extracts 

was subject to polarity base solvents and than through separating funnel and through 

column chromatography compounds are separated and than for their chemical structure 

confirmation of isolated compounds was accomplished by analyzing the samples with 

advanced spectroscopic techniques such as ESI-MS, IR, 1H-NMR, 13C-NMR and UV. It 

was observed that the isolated compounds, first time reported in the selected medicinal 

plants.  

4.16.1 Apigenin  
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1H-NMR (300 MHz), CD3OD, chemical shift δ in ppm, coupling constant J in Hz: 

6.75 (1H, s, H-2), 6.20 (1H, d, J=2.1, H-8), 6.12 (1H, d, J=2.0, H-6), 7.66 (2H, d, J=8.6, 

H-2', H-6'), 6.85 (2H, d, J=8.6, H-3', H-5'), 10.16 (1H, s, OH-4'), 11.96 (1H, s, O-5H'), 

10.65 (1H, s, OH-7'. 

13C-NMR (100 MHz), CD3OD, chemical shift δ in ppm: 164.1 (C-2),104.1 (C-3), 182.1 

(C-4), 160.3 (C-5), 96.8 (C-6), 163.8 (C-7), 94.2 (C-8), 162.6 (C-9),104.2 (C-10), 122.1 

(C-1'), 128.7 (C-2'), 116.5 (C-3'), 159.2 (C-4'), 116.5 (C5'), 128.7 (C-6'). 

ESI-MS m/z (intensity): 269 (100), 158 (45). 

IR (KBr), cm-1: 1172, 1616, 3144, 3298. 
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The fraction was yellow crystalline solid with melting point = 347-349 °C. The flavone 

structure was supported by the UV spectrum due to absorption at λmax = 267 nm and 335 

nm of methanolic solution of apigenin. The mass spectrum in negative mode showed a 

stronger molecular ion peak at m/z = 269 which corresponds to molecular formula 

C15H10O5 and the fragment ion peak at m/z = 158. The IR spectrum showed that there are 

no intensive bands for glycoside bond in the 1100-1000 cm-1. The intensive band at 1616 

cm-1 is most probably the result of C=O group from the central heterocyclic ring, while 

the C-O vibration occurred at approximately 1172 cm-1. In the spectrum a band found, at 

approximately 3144 cm-1, that was most probably the result OH of phenol groups. The 1H-

NMR and 13C-NMR data for apigenin  were in good agreement with that of apigenin 

(Breitmaier and Voelter, 1989). 

4.16.2 Ursolic acid  
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1H-NMR (300 MHz), CD3OD, chemical shift δ in ppm, coupling constant J in Hz:  

5.25 (m, 1H, H-12), 3.12 (m, 1H, H-3), 2.33 (d, 1H, J=11.1 Hz, H-18), 2.01-1.13 (m, H-

22), 1.04 (s, 3H, H-23), 0.99 (s, 3H, H-27), 0.93 (s, 3H, H-26), 0.90 (s, 3H, H-24), 0.89 

(d, 3H, H-29), 0.84 (d, 3H, H-30), 0.81 (s, 3H, H-25). 

13C-NMR (100 MHz), CD3OD, chemical shift δ in ppm: 179.8 (C-28), 138.9 (C-13), 

125.7 (C-12). 78.9 (C-3), 55.9 (C-5), 54.1 (C-18), 48.3 (C-17), 47.8 (C-9), 42.5 (C-14), 

39.6 (C-8), 39.4 (C-20), 39.1 (C-19), 38.9 (C-4), 38.6 (C-1), 38.1 (C- 10), 37.0 (C-22), 

34.1 (C-7), 30.9 (C-21), 29.1 (C-15), 28.9 (C-2), 27.6 (C-23), 26.0 (C-24); 25.4 (C-16), 

25.2 (C-11), 24.8 (C-27), 20.5 (C-30), 19.2 (C-6), 17.3 (C-29), 17.2 (C-26), 16.1 (C-25). 

ESI-MS m/z (intensity): 456.3 (100), 411.3 (35), 248.1 (25), 219 (28.7), 207 (27), 203.1 

(42.6), 189 (10.1), 133 (32.2), 119 (11.3), 69 (13.3). 
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IR (KBr); cm-1: 3750, 3405, 1692, 1540 1272, 1092, 996.  

The fraction was slightly greenish powder with melting point = 284-285 °C. The 

molecular formula C30H48O3 was established through ESI-MS showing molecular ion 

peak at m/z 456.3 (calculated for C30H48O3, 456.360). Further diagnostic peaks at m/z 

411.3 representing the loss of COOH group. Another prominent peak at m/z 248.1 

represented  fragmentation, characteristic of ursane type triterpenes with COOH group at 

C-17 (Budzikiewicz et al., 1963). The peak, at m/z 203.1 was attributed to the loss of 

COOH from the fragment at m/z 248.1. The structure was supported by the UV spectrum 

due to absorption at λmax = 470 nm, 443 nm and 422 nm of methanolic solution of ursolic 

acid . The 1H-NMR and 13C-NMR data was in agreement with ursolic acid.  

The IR spectrum showed absorptions at 3405 cm-1 (hydroxyl group) and 1692 cm-l for 

carbonyl group. Comparison of the 13C-NMR signals with the literature values especially 

those for C-12, C-13, C-18, C-19, C-20, C-23, C-24, C-25, C-29 and C-30 indicated that 

the compound was ursolic acid. This conclusion was further supported by the 1H-NMR 

spectrum where a doublet at 2.20 ppm with J = 11.3 Hz indicated that H-18 and H-19 are 

trans to one another.  
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1H-NMR (300 MHz), CD3OD, chemical shift δ in ppm, coupling constant J in Hz:  

9.61 (1H, s, OH-4'); 9.61 (1H, s, OH-3'); 11.98 (1H, s, OH-5'); 10.84 (1H, s, OH-7); 6.24 

(1H, d, J=2, H-6); 6.42 (1H, d, J=2, H-8); 7.53 (1H, d, J=2.1, H-2'); 6.88 (1H, d J=9, H-
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5'); 7.54 (1H, dd, J=9,2.1, H-6'); 5.65 (1H, d, J=7.4, H-1''); 5.08 (1H, d, J=1.9, H-1'''); 

1.15 (3H, d, J=6.1, Me C-5'''). 

13C-NMR (100 MHz), CD3OD, chemical shift δ in ppm: 150.9 (C-2), 135.2 (C-3), 177.6 

(C-4), 160.1 (C-5), 98.5 (C-6), 165.3 (C-7), 93.2 (C-8), 159.7 (C-9), 103.2 (C-10), 121.3 

(C-1'), 117.2(C-2'), 144.4 (C-3'), 148.2 (C-4'), 116.6 (C-5'), 121.3 (C-6'), 101.8 (C-1''), 

74.7 (C-2''), 76.9 (C-3''), 71.8 (C-4''), 77.1 (C-5''), 68.1 (C-6''), 103.1 (C-1''), 71.2 (C-2''), 

72.0 (C-3''), 72.1 (C-4'''), 69.3 (C-5'''), 17.9 (C-6'''). 

ESI-MS, m/z (intensity): 610.1 (25), 609.2 (30), 301 (90). 

IR (KBr); cm-1: 3430, 1656 and 1296. 

The fraction was crystalline solid with melting point = 241-242 °C. The structure was 

supported by the UV spectrum due to absorption at λmax = 205 nm, 255 nm and 355 

methanolic solution of rutin. The ESI-MS mass spectrum showed a stronger molecular ion 

peak at 610.1 and the fragment ion peaks at m/z 609.2 and 301 which correspond to 

molecular formula C27H30O16. The 1H-NMR and 13C-NMR data was in agreement with 

rutin. The presence of 1H-NMR signals at chemicals shift (ppm): 6.24 (d, H-6); 6.42 (d, 

H-8); 7.53 (d, H-2'); 6.88 (d, H-5') and 7.54 (dd, H-6') was indication of rutin (3). The 

presence of signal at 5.65 (d, H-1'') indicated the presence of glucose moiety. The 

presence of signals at 5.08 (d, H-1''') and 1.15 (3H, d, Me, C-5''') indicated the rhamnose 

moiety. 

The presence of 13C-NMR signals at chemicals shift (ppm): 98.5 (C-6), 93.2 (C-8), 117.2 

(C-2'), 116.6 (C-5'), 121.3 (C-6') confirmed rutin (3). Further the presence of signals at 

101.8 (C-1''), 68.1 (C-6'') for glucose moiety and 103.1 (C-1'''), 17.9 (C-5''') represents the 

rhamnose moiety. From the above data the structure of rutin (3) was confirmed. The IR 

spectra showed the presence of peaks at 3,430 (OH), 1,656 (C=O) and 1,296 cm-1 (C-O-

C) supported the structure of rutin. 
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4.16.4 Chlorogenic acid  

1 2
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O

OH

OH
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1H-NMR (300 MHz), CD3OD, chemical shift δ in ppm, coupling constant J in Hz:  12. 

3 (1H, d, J=16 Hz, H-7'), 9.42 (1H, s, OH-4'), 9.38 (1H, s, OH-3'), 7.43 (1H, d, J=16 Hz, 

H-7'), 7.13 (1H, s, H-2'), 6.93 (1H, dd, J=8.0, 2.0 Hz, H-6'), 6.81 (1H, d, J=8.0 Hz, H-5'), 

6.15 (1H, d, J=16.0 Hz, H-8'), 5.06 (1H, ddd, J=10.0, 6.0 Hz, H-3), 3.92 (1H, s, H-5), 

3.42 (1H, s, H-4), 2.03 - 1.77 (4H, m, H-2 and H-6). 

13C-NMR (100 MHz), CD3OD, chemical shift δ in ppm: 176.4 (C-7 for (COOH)), at 

164.9 (C-9' for OCOCH=CH-), 146.9 (C-4'), 145.8 (C-7'), 145.1 (C-3'), 125.7 (C-1'), 

121.6 (C- 6'), 116.9 (C-5'), 114.8 (C-8'), 114.5 (C-2'), 74.5 (C-1), 71.2 (C-4), 70.2 (C-5), 

69.0 (C-3), 36.9 (C-6) and 36.8 (C-2). 

IR (KBr); cm-1: 3421, 2929, 1697, 1635, 1456, 1398, 1278, 1182 and 812. 

ESI-MS m/z (intensity): 354.3 (25), 353.1 (10), 191.1 (70), 179.4 (32). 

The fraction was slightly yellow amorphous powder with melting point = 208-209 °C. 

The ESI-MS data showed a stronger molecular ion peak at 354.3 which corresponds to 

molecular formula C16H18O9. The further fragment ion peaks at 353.1, 191.1 and 179.4 

confirmed the presence of chlorogenic acid. The structure was also supported by the UV 

spectrum due to absorption at λmax = 325 nm of methanolic solution of chlorogenic acid 

(4). The 1H-NMR, and 13C-NMR data was in agreement with chlorogenic acid. 

The signals for protons like 9.42 (1H, s, H-4'), 9.38 (1H, s, OH-3'), 7.43 (1H, d, H-7'), 

7.13 (1H, s, H-2'), 6.93 (1H, dd, H-6'), 6.81 (1H, d, H-5'), 5.06 (1H, ddd, H-3), 3.92 (1H, 

s, H-5), 2.03 - 1.77 (4H, m, H-2 and H-6). Indicated the chlorogenic acid (4), The 13C-

NMR spectra showed two carbonyl carbons at 176.4 (C-7) and 164.9 (C-9’). Further there 

were 8 signals at 146.9 (C-4'), 145.8 (C-7'), 145.1 (C-3'), 125.7 (C-1'), 121.6 (C- 6'), 116.9 
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(C-5'), 114.8 (C-8'), 114.5 (C-2') ppm described the presence of six aromatic and two 

olefenic carbons. The 6 signals of carbons from the cyclohexane ring appeared at 74.5 (C-

1), 71.2 (C-4), 70.2 (C-5), 69.0 (C-3), 36.9 (C-6) and 36.8 (C-2). 

4.16.5 Ferulic acid  

1

2
3

4
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6
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3'
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HO
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O  

 

1H-NMR (300 MHz), CD3OD, chemical shift δ in ppm, coupling constant J in Hz: 11.98 

(broad s, OH-3'), 9.80 (broad s, OH-4'), 7.45 (1H, d, J=14 Hz, H-1'), 7.12 (1H, dd J=6 Hz 

and 2 Hz, H-5), 7.06 (1H, d, J=1 Hz, H-3), (1H, dd, J=8 and 2 Hz, H-5), 7.08 (1H, d, J=2 

Hz, H-3), 6.32 (1H, d, J=14 Hz and 2 Hz, H-2'), 6.91 (1H, d, J=8 Hz, H-6) and 3.96 (3H, 

s, H-4'). 

13C-NMR (100 MHz), CD3OD, chemical shift δ in ppm: 149.8 (C-1), 134.3 (C-2), 113.4 

(C-3), 121.3 (C-4), 110.5 (C-5), 119.05 (C-6), 145.7 (C-1'), 115.7 (C-2'), 172.1(C-3') and 

55.2 (C-4').  

ESI-MS m/z (intensity): = 194.18 (20), 193.2 (45), 178 (21), 149 (55). 

IR (KBr), cm-1 = 3440, 1680, 1600, 1505, 1270 and 940. 

The fraction was crystalline powder with melting point = 170-172°C. The mass spectrum 

showed a stronger molecular ion peak at m/z 194.18 which corresponds to molecular 

formula C10H10O4. The fragment ion peaks at 193.23, 178 and 149 confirmed the ferulic 

acid. The structure was also supported by the UV spectrum due to absorption at λmax = 

278 nm and 321 nm by methanolic solution of ferulic acid. 

The IR spectrum with the peaks at 3440 cm-1 (carboxylic acid O-H stretching), 1680 cm-1 

(carboxylic acid C=O stretching), 1270 cm-1 (carboxylic acid C-O stretching) and 1505; 

1600 cm-1 (aromatic C=C) confirms the skeleton of ferulic acid.  
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1H-NMR spectrum displayed the characteristic signal for a methoxy group showed singlet 

at chemical shift 3.96. The compound spectrum also showed three aromatic protons at 

chemical shift 6.91 (H-6), 7.12 (H-5) and 7.06 (H-3), characteristics for the aromatic part 

of isolated compound. The presence of further two proton doublets with J= 14 Hz at 

chemical shift 7.45, 6.32 and indicated in the presence of H-1' and H-2' in the side chain 

of compopund respectively. The 13C-NMR spectrum showed the presence of 10 signals (4 

aliphatic chain carbons and 6 aromatic carbons) in agreement with the proposed structure 

of ferulic acid. Due to the phenolic nucleus and extended conjugated side chain, ferulic 

acid is an antioxidant (Graf, 1992). 
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Chapter # 5 

Summary 

The present work was aimed to appraise the biological activities and toxic potential of R. 

communis, D. innoxia and C. tiglium medicinal plants. The plant parts (flower, root, stem 

etc) were extracted through different techniques, sonication, shaking and soxhlet using 

absolute methanol. The methanolic extracts were further fractionated using solvents of 

varying polarities e.g. n-butanol, acetone, n-hexane etc.  The order of the extraction 

yields of the medicinal plants are in this fashion Datura innoxia ˃ Croton tiglium ˃ 

Ricinus communis. Among fractions, the maximum percentage yield was recorded in n-

hexane from D. innoxia, whereas minimum was observed in n-butanol fraction of C. 

tiglium whole plant. The proximate analysis indicate that there was a variation in crude 

protein content were 5.5% in C. tiglium, whereas 11.7% was recorded in D. innoxia and 

10.9% in R. communis. D. innoxia showed lipid contents significantly higher than other 

plants. The phytochemicals, qualitative and quantitative analysis of whole plants and their 

different parts showed the presence of diverse nature of phytoconstituent like alkaloids, 

tannins, steroids, saponins and terpenoids.  

The selected plants extracts of all parts and fractions subjected to different antioxidant 

assays showed variable level of antioxidant potential. The antioxidant activity of extracts 

obtained by shaking method was better and whole plants showed higher activity as 

compared to different parts in three plants studied. Medicinal plant extracts were also 

tested for their antimicrobial activity against a battery of selected bacterial and fungal 

strains. Similar to the methanolic extracts, the medicinal plant extracts also exhibited 

significant antibacterial activity against Bacillus subtilis, Staphylococcus aureus and 

Pasturella multocida and moderate antifungal activity against Aspergilius flavus, 

Aspergilius niger, Alternaria alternata, Ganoderma lucidum, Tricoderma harzianuum 

and Penicillium notatum. The protective effect of extracts and fractions induced by H2O2 

in plasmid pBR322 DNA were evaluated and found that sample tested protected the DNA 

damage which is attributed to the presence of antioxidant compounds. Medicinal plants 

contain bioactive compounds having toxic potential/along with diverse biological 
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activities. Plants extracts were also subjected for testing their toxic potential using 

toxicological assays. Hemolytic (human and bovine red blood cell) and brine shrimp 

assays were used, whereas Ames test (Salmonella typhimurium TA98 and TA100) were 

used for mutagenicty evaluation. The brine shrimp cytotoxicity was evaluated through 

LC50 and LC90 values and it was observed that all plant extracts were cytotoxic in nature, 

which varies among plants and plant different parts. Different solvents also showed 

different behavior regarding cytotoxicity. The LC50 values were obtained for extracts as 

850 µg/mL for petroleum ether extract, 800 µg/mL for chloroform extract and 900 µg/mL 

for methanol extracts. Methanolic extracts showed higher cytotoxicity as compared to 

fractions. Regarding mutagenicty, TA100 showed higher mutagenic activity and found 

more sensitive to toxins as compared to TA98. Overall, extracts extracted by soxhlet 

method showed higher mutagenic activity followed by sonication and shaking method. 

The mutagenic activity also varied among solvents, plants and plants parts. The rabbits 

were used as animal model for in vivo to study to screen the effect of medicinal plant 

extracts on bone marrow cell and cellular damaging potential on vital organ liver and 

kidney. 

The advanced analytical techniques e.g. GC-MS, LC-MS and NMR were used to identify 

the bioactive compounds responsible for enhanced biological activities. The presence of 

phenolic compounds through LC-MS, phenolic compounds from Ricinus communis are 

(49), Datura innoxia are (30) and Croton tiglium only (24) different phenolic compounds 

are identified and. Furthermore, the confirmation of the chemical structure of detected 

compound was accomplished by analyzing the samples with advanced spectroscopic 

techniques like 1H-NMR, 13C-NMR, IR and ESI-MS. apigenin, ursolic acid, rutin, 

chlorogenic acid and ferulic acid were first time reported from these plants. So, it was 

concluded from this study the selected medicinal plants have promising biological 

activities and are considered a potential candidate for the ethnomedicines. Future analysis 

is recommended for cell lines and animal model studies for the elucidation of biological 

activities.  
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