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SUMMARY 

Diabetes mellitus is a metabolic disorder and most common disease 

worldwide. In Asia more than 99% population suffered from type-2 diabetes. The 

occurrence and consequences of diabetes type 2 in children are also increasing with 

its complications. In the present study, the effect of Guaiacum officinale in 

streptozotocin induced diabetic rats in male albino rats was observed. For determining 

the anti-diabetic effect of bark extract of Guaiacum officinale, we developed type 2 

diabetic rat model in albino rats by the use of streptozotocin at 30 mg /kg dose by 

intraperitoneal route. Initially OGTT was performed for the confirmation the 

development of type 2 diabetic model and the estimation of serum insulin by ELIZA 

technique.  

To determine the anti-diabetic activity of Guaiacum officinale, we 

selected male albino (Wistar) rats, weight 200±20 gms, acclimatized in uniform 

environment and conditions. Animals were divided in to four groups. Control group, 

streptozotocin induced diabetic group (positive control) Glibenclamide (Standard) 

group and Guaiacum officinale (treated) group. Streptozotocin administered at a dose 

30 mg/ kg, I/P, single dose. Glibenclamide at 0.5 mg/kg dose by oral route for 28 days 

and Guaiacum officinale at 500mg/kg dose, orally for 28 days. 

After treatment of 28 days, we drawn blood samples by cardiac 

puncture technique for estimation of blood glucose, serum insulin, pancreatic 

enzymes, liver enzymes, bilirubin, kidney functions and electrolytes. Histo 

pathological studies were also performed by H&E staining and scanning electron 

microscopy. Animals were sacrificed by cervical decapitation, dissected and isolate 

the vital organs (pancreas, kidney and liver) to observe the histological changes in all 
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groups. Blood glucose was determined by glucometer and the data was analyzed by 

ANOVA SPSS version 20. Expressed in (Mean±SEM). The results of blood glucose 

level of treated group (G.O) showed highly significant results as compare to control 

group. The serum insulin level was performed by ELIZA rat kit. 144 animals were 

selected, results were expressed in (Mean± SEM) showed that the treated group found 

highly significant results equivalent to control group. 

The estimation of pancreatic enzymes (Amylase and Lipase) were 

performed, 144 male albino wistar strain weight 200±20 gms were selected, results 

were presented in (Mean±SEM) showed that the amylase level of treated (G.O) group 

was found highly significant and the level of pancreatic lipase of treated group was 

found highly significant. In the present study, determine the effect of Guaiacum 

officinale on liver enzymes, selected 144 albino rats, divided in to four groups, treated 

group treat with extract and standard group treated with Glibenclamide for 28 days. 

Blood was collected in a vacutainer containing gel tubes, centrifuged at 3000 rpm; 

serum was separated for estimation of liver enzymes. Data was analyzed by ANOVA 

SPSS version 20 and expressed in (Mean ± SEM). The results of serum Aspartate 

transaminase (AST/SGOT) showed that Guaiacum officinale (treated) group was 

found highly significant results as compare to control. The Gamma glutamyl 

transferase (γ- GT) level of treated albino rats with G. officinale for 28 days showed 

insignificant results were expressed in (Mean± SEM). The results of Alanine 

transaminase (ALT/SGPT) with compare to control, expressed in (Mean ± SEM) 

showed that the level of ALT/SGPT   in treated albino rats was found insignificant. 
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The alkaline phosphatase (ALP) of treated group (methanolic extract 

of Guaiacum officinale) at 500 mg /kg dose for 28 days by oral route. Results were 

expressed in (Mean±SEM) and compare with control, the treated group was found 

highly significant. The effect of G. officinale on bilirubin (Direct and indirect) was 

estimated in male albino Wistar rats, weight 200±20 gms, acclimatized under control 

conditions, divided in four groups. Treated group treated with (G. officinale) and 

standard group treated with GLB for 28 days. The results expressed in (Mean ± SEM) 

showed direct and indirect bilirubin was found insignificant. 

The effect of Guaiacum officinale was determined at 500 mg / kg dose 

on total lipids of male albino rats. The animals were treated with bark extract orally 

for 28 days. The level of cholesterol and triglycerides compare with control group 

expressed in (Mean ± SEM) was showed that the treated group (G. officinale) group 

was found to be highly significant. The level of triglycerides of male albino rats by 

the treatment with bark extract of G. officinale expressed in (Mean±SEM) showed 

significant results as compare to control. 

The effect of extract on high density lipoprotein (HDL) of albino rats 

estimated by ANOVA SPSS , expressed in (Mean± SEM) showed insignificant results 

with compare to control, while the results of low density lipoprotein (LDL) was 

showed highly significant  and the value of VLDL showed insignificant result with 

compare to control. The   effect of G. officinale at 500mg/kg dose on kidney functions 

(Urea and Creatinine) in male albino rats. The results were expressed in (Mean ± 

SEM) by ANOVA. The results of both urea and creatinine were found highly 

significant with respect to control. 
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In present study, the effect of Guaiacum officinale on electrolytes 

(Sodium and Potassium) were observed in male albino rats at 500 mg/kg dose orally 

route for 28 days. Animals (144) were selected, weight 200±20 gms, divided in to 

four groups. Data expressed in (Mean± SEM) showed serum sodium of G. officinale 

treated group was found highly significant and serum potassium level was found to be 

insignificant with compare to control. 

The histo-pathological effects of Guaiacum officinale on tissues 

(pancreas, kidney and liver) of male albino rats were observed by H &E staining. The 

observations through microscopic examination proved that the bark extract of G. 

officinale showed highly significant with respect to control and supported by 

biochemical and hematological results. The histological studies of Guaiacum 

officinale on tissues (pancreas, liver and kidney) of male albino rats by scanning 

electron microscopy. The observations through electron microscope at different 

magnification showed that the bark extract of G. officinale protect the vital organs 

from diabetes and its disasters. 
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ABBREVIATIONS 

ALT Alanine transaminase 

ALP Alkaline phosphatase 

AST Aspartate transaminase 

DM Diabetes mellitus 

GLB Glibenclamide 

G.O                                     Guaiacum officinale 

HDL High density lipoprotein 

IDDM Insulin dependent diabetes mellitus 

K
+                                                             

    Potassium 

LDL Low density lipoprotein 

LFT Liver function test 

Na
+   

                                         Sodium 

NIDDM   Non-insulin dependent diabetes mellitus 

SGOT Serum glutamate oxaloacetate transaminase 

SGPT Serum glutamate pyruvate transaminase 

SEM Scanning electron microscopy 

STZ Streptozotocin 

SU Sulfonyl urea 

SUR Sulfonyl urea receptor 

TG Triglycerides 

γ- GT                                       Gamma glutamyl transpeptidase 
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INTRODUCTION 

Guaiacum officinale belongs to family zygophyllacea. Its common 

name is lignum-vitae; the "tree of life" The natural graphic distribution is throughout 

the caribbean and from Panama to Guyana in North South America (Barwick et al., 

2004). It is slow growing ever green tree with dense crown and packed with small 

dark leaflets. Most species of Guaiacum can grow more than 40 feet tall and a trunk 

circumference about 3 feet or more the life of Guaiacum is very long up to 1000 years 

(Daley et al., 2007). 

The tree can produce large number of crooked branches and the leaves 

arranged in opposite or Sub-Opposite pattern on stem. The leaf has leathery texture, 

glossy and dark green in color. Flowers are produced in a form of cluster with hairy 

pedicels about 0.3-1 inch long and has 5 petals deep blue to purple in color.  Fruits are 

flat, heart shaped with two chambered capsules about 0.75 inches in diameter (Seddon 

et al., 2005). 

Guaiacum officinale has resins of lignum vitae which were used to 

cure arthritic diathesis, tonsillitis, rheumatism (Homeopathic). The heart-word of 

Guaiacum has anti-rheumatic, anti-inflammatory, laxative, diaphoretic and diuretic 

actions (Herbal Medicine Meteria Medica). 

Marwat et al. (2008) and Akhter et al. (2009) the plant of family 

zygophyllacea useful for the treatment of piles, urinary disorders, dysentery, stomach 

disorder, cancer, blood purifier and typhoid. Wazir et al. (2009) evaluated that the 

plant of family zygophyllacea are beneficial for the relief of constipation as laxative. 
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Orwa et al. (2009) reported that Guaiacum officinale is commonly 

called as lignum vitae tree, and gum is named as guaiacum. In creaole (gayakfran, 

gayak) Danish (Frazostreae). Dutch (Pokhout), French (arbre de vie), German 

(Guajakholz, franzosenholz), Italian (guajaco, legnoguaojaccano, legnosanto) and in 

Swedish (fransosen holts). Flowers are blue in color, has 5 petals covered in hairy 

calyx with long slender stalk, stamens are 10 in number with golden yellow anthers. 

The documented species is distributed in native range (United State of America, 

Venezuela, Virgin Island (US) etc.) and in exotic range in Ghana and India. They 

reported that heart wood is used in bushing blocks steam ships, caster wheels, 

bowling balls. Steals and tube mills are made with this wood to replace brass and 

metal resins obtained from wood and bark are used for making of powder, pills and 

tincture and it used for relief of tooth ache, externally applied for rheumatism and 

gout. Resin taken by oral route for treatment of blood pressure and arthrosclerosis. 

Guaiacum officinale is used for chronic inflammation also especially 

in case of chronic rheumatism and rheumatoid arthritis and is useful for treatment of 

gout (Meteria Medica).  

Nkechi et al. (2003) reported that hot aqueous extract of leaves, flower, 

& fruits of Guaiacum officinale has an antifertility effect by causing the abortion in 

mice and rats at a dose of 480.75mg / kg. Ramon et al. (2013) reported that Sonarian 

ethenic group used extract of Guaiacum coultri for that treatment of tuberculosis.  

Sharma et al. (2013) worked on isolated saponins from Guaiacum officinale that 

showed abortion activity.                   

Sarkar et al. (2014) reported that homeopathic preparation prepared 

from latex part of Guaiacum officinale possesses anti rheumatic and anti-oxidant 
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activity in male albino rats. Perceval et al. (2014) Studied Guaiacum officinale used 

with the leave extract of Tillandsia recurvata have wound healing potential for 

diabetic ulcer treatment in type-1 diabetic rat induced by Streptozotocin.  

Chhatre et al. (2014) reported that the plant Tribulus terresteris 

belongs to family zygophyllacea used in India and China for treatment of various 

kinds of diseases including diabetes, hypolipidemic, anti-inflammatory, analgesic and 

anticancer.  
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DIABETES MELLITUS 

Diabetes mellitus is metabolic disorder characterized by abnormality of 

carbohydrates, lipids and protein metabolism. Hyperglycemia is the most important 

parameter for the diagnosis of diabetes that results due to inability of pancreatic 

insulin secretion and its action or both. Type1 diabetes mellitus is defined due to 

complete deficiency of insulin secretion, destruction of β-cells and autoimmune 

response. 10% patients suffered from insulin dependent diabetes mellitus. Type2 

diabetes mellitus (NIDDM) caused by inadequate response of insulin secretion by the 

pancreatic β cells or due to combination of peripheral resistance to insulin action. 80-

90% patients suffered from non-insulin dependent diabetes mellitus.  

The pathogenesis of insulin dependent diabetes is an autoimmune 

destruction of pancreatic cells. While non-insulin dependent diabetes are defective 

glucose induced insulin action and its secretion, elevated hepatic glucose uptake, 

defect of insulin to exacerbate glucose uptake in peripheral targeted tissues, these 

amendment causes the change in transportation of  glucose inside the cells, 

hepatocytes, adipose tissue of skeletal muscles and GLUTS. 

Diabetes mellitus is a metabolic syndrome that is increasing worldwide 

day by day. In all over the world the continuously increasing the cases of diabetes 

may become a serious threat for mankind. The major complication of diabetes such as 

micro-vascular and macro-vascular increases the ratio of morbidity and mortality. The 

International Diabetes Federation in 2012 reported that the people living with diabetes 

globally, that value will increases up to 565 million by 2030. Roman et al. (1992) 

reported that the traditional preparation of Guaiacum coulteri produced hypoglycemic 

effect similar to tolbutamide in diabetic rabbits. 
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Marles et al. (1996) presented the database list of NAPRALERT, 

which have 1200 species of plants with 725 species in 183 families including marine 

algae and fungi with antidiabetic activity. They reported that herbal remedies were 

used for diabetes as alternative therapeutic strategies. Delvin (1997) and Barar (2000) 

defined that diabetes may developed due to defect in metabolism of carbohydrate, 

protein and fat or due to deficiency of insulin action, secretion or insulin resistance. 

Ziyyat et al. (1997) also proved the hypoglycemic effects of Guaiacum coulteri. 

Yarborough (2001) revealed that in worldwide more than 85% of cases   type 2 

diabetes suffered are either due to insulin resistance or insulin deficiency. 

Charkrabarti et al. (2002) reported that 5% of world population is 

suffering from diabetes which may either produce less amount of insulin or 

progressively resistant to its action. Ramachandran et al. (2002) reported that India, 

China and United States are considered as those countries which have large number of 

diabetic peoples. Hasnen (2002) reported the number of peoples with diabetes will 

increase in year 2025 from 135 million to 300 million. Eddouks et al. (2002) reported 

that herbal medicine inhibited the renal glucose reuptake. Eddouks et al. (2004) 

reported that more than 800 plants have antidiabetic properties proved by the current 

survey.   

Andrade- cetto et al. (2005) revealed that more than 500 plant species 

are used in Mexico as a medicine for diabetes.  The species of plant Guaiacum that is 

coulteri and sanctum were used as an anti-diabetic agent.  Kaneto et al. (2005) 

demonstrated that herbal medicines worked up by preventing the oxidative stress that 

causes the dysfunctioning of β-cells of pancreas in diabetes mellitus.   
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Lokesh et al. (2006) revealed that more than 85% patients suffered 

from non- insulin dependent diabetes mellitus either due to deficiency of insulin or 

due to development of insulin resistance. Edwin et al. (2006) and Andrew, (2008) 

demonstrated that the insulin secrete from exocrine gland of pancreas. Insulin is a 

major carrier for transportation of glucose from blood to the cells. Mukharjee et al. 

(2006) reported that herbal medicine worked by increased the stimulation of insulin 

secretion from β-cells and inhibit the insulin degradation or by reduction in insulin 

resistance. Bnorham et al. (2006) revealed that the herbal medicine involved in the 

regeneration of β-cells by increased in number and size of β-cell. Kesari et al. (2007) 

reported that more than 1200 plants were used as traditional medicine for lowering the 

blood sugar level and as hypoglycemic agents proved by ethno pharmacological 

survey. Satyavati et al. (2007) revealed that the plants which belong to family 

zygophyllacea have antidiabetic properties. 
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STREPTOZOTOCIN  

Streptozotocin is naturally occurring nitrous urea compound with 

molecular weight 265 and formula is C14 H27 N5 O12 (Dorr et al., 1980). Yamamoto et 

al. (1981) reported that streptozotocin causes the intracellular change in DNA 

pancreatic β cells.  Piyachaturawat et al. (1988) and Piyachaturawat et al. (1990) 

reported that streptozotocin used as diabetogenic agent but it causes hepatotoxicity, 

nephrotoxicity as well as gastric ulceration. 

Oberley (1988) reported that streptozotocin was used for induction of 

diabetes in experimental rats. The multiple evidences supports that involvement of 

free-radicals is due to pathogenesis of diabetes. Turk et al. (1990) and Nakatuska et 

al. (1990) reported that the superoxide anions produced as a result in action of 

streptozotocin action on mitochondria,  increases the activity of xanthine oxidase as a 

result oxygen consumption is decreased by mitochondria and streptozotocin inhibits 

the krebs cycle (Figure: 1). 

Sofue et al. (1991) reported the depletion of nucleotide in β cell due to 

limited the mitochondrial ATP production by nitric oxide which causes the restriction 

of mitochondrial ATP generation. Morgan et al. (1994) explained the alkylation of 

streptozotocin related to nitros urea moiety, especially at O 6-position of guanine, 

because streptozotocin is a nitric oxide donor and it causes the damage of DNA in 

streptozotocin induced diabetic cells.            
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Figure: 1. Schematic presentation of Streptozotocin 
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Heller et al. (1994) revealed that the alkylating properties of 

streptozotocin produced toxicity, alongside with synergistic action of nitric oxide 

(NO) and reactive oxygen species. Kronche et al. (1995) reported that streptozotocin 

is not a spontaneous nitric oxide donor it is released when streptozotocin is 

metabolized inside the cells. Bedoya et al. (1996) reported that nitric oxide is not 

responsible for cytotoxic effect, certain reactive oxygen species contribute in DNA 

fragmentation which causes the deleterious changes in the cell. 

Schnedl et al. (1997) and Thulesen et al. (1997) reported that 

streptozotocin enters in β-cell of Pancreas by glucose transporter GLUT2. Kubish et 

al. (1997) reported that free radicals are capable of damaging cellular molecules. 

DNA, proteins and lipids leading to alter cellular functions. Recent studies reveal that 

antioxidants are capable of neutralizing free radicals and are effective in preventing 

experimental induced diabetes in animal model.  Elsner et al. (2000) proved that 

destruction of streptozotocin induced by β cell due to alkylation of DNA.   
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ANTIHYPERGLYCEMIC DRUG 

 Sulfonylureas (SU) 

Sulfonylureas are the major class of drugs that were used in medicine 

and agriculture. Sulfonylureas are the anti-diabetic drug helpful for the management 

of type-2 diabetes. They produce there action by increasing the release of insulin form 

beta cells of pancreas. Glibenclamide is the major drug of Sulfonylureas and 

beneficial for the treatment of type-2 diabetes. Rendell (2004) reported that in United 

States, glibenclamide was the most popular Sulfonylurea 

Mechanism of Glibenclamide 

Glibenclamide worked by binding and inhibiting the ATP – sensitive 

potential channel (KATP) and inhibiting the regulatory sub unit receptor of 

Sulfonylurea (SUR1) in pancreatic β cells. This inhibition causes the depolarization of 

cell membrane resultant to open the voltage – dependent channels of calcium as a 

result intra-cellular calcium increase in β cell of pancreas and subsequent stimulation 

of insulin released (Figure: 2). 

Proks et al. (2002) reported that Sulfonylurea extensively used for the 

management of type-2 diabetes by stimulating the insulin secretion from beta cells of 

pancreas. The inhibition of KATP channels by Sulfonylurea causes the depolarization 

of β – cells membrane, triggers the opening of voltage gated Ca
2+

 channels due to 

influx of intra-cellular calcium increases. This intra-cellular calcium stimulates the 

exocytosis of insulin containing secretary granules.  
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Figure: 2. Schematic Presentation of Glibenclamide. 
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Rendell et al. (2004) reported that the glibenclamide (glyburide), 

gliclazide, glipizide and glimepiride are the primary sulfonylureas which are clinically 

used for type-2 diabetes. Glibenclamide produced a pronounced hypoglycemia effect 

by triggering the insulin released from pancreatic β – cells due to specific site of ATP 

sensitive potassium channel occupied by sulfonylurea leading to the opening of 

calcium channels and exocytosis of insulin. 
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PANCREATIC ENZYMES 

Amylase  

Amylase is an enzyme that catalysis the hydrolysis of starch into sugar. 

Amylase present in saliva and pancreas, hydrolysis the dieting starch in disaccharide 

and disaccharide finally convert in to simple sugar. Amylase are of three types (, β 

and γ) amylase. -amylase is the most common type of amylase which is found in 

animals and humans. In animals it is a major digestive enzyme and the optimum pH is 

6.7 – 7.0. Soling et al. (1972) reported that streptozotocin responsible to decrease the 

pancreatic amylase activity after 36 hours. Bazin et al. (1979) reported that the diet 

composition and insulin effected on amylase lipase ratio in pancreas of diabetic rats. 

They also proved that streptozotocin induced diabetes leads to 95% decrease in 

amylase to lipase ratio in rats. 

Skrha et al. (1987) reported the presence of hyperglycemia associated 

with the decrease in secretion of pancreatic serum amylase. Aughsteen et al. (2005) 

reported that the diabetes not only effects on metabolism of carbohydrates, but it also 

causes the abnormal metabolism of fats and proteins. Hammer, (2010) and Leeds et 

al. (2011) studied the deficiency of pancreatic enzyme known as pancreatic exocrine 

insufficiency (PEI) which occurs due to malabsorption and malnutrition. Nakajima et 

al. (2011) and Lee et al. (2011) proved by clinical studies that low level of serum 

amylase is associated with metabolic syndrome and diabetes. Hardt (2011) observed 

that PEI defined as low level of fecal elastase-1 and was found in approximate 20% of 

patients with type 2 diabetes. 
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Muneyuki et al. (2012) reported that low level of serum amylase may 

be related with metabolic abnormality which leads to impaired insulin action. Vadav 

et al. (2013) reported the correlation of pancreatic functions with serum amylase in 

patient of type 2 diabetes mellitus. They reported that diabetes mellitus is associated 

with hyperglycemia, when blood sugar level higher the activity of amylase was found 

to be significantly decreased. 

Lipase 

Pancreatic lipase is also known as pancreatic triacylglycerol lipase. It 

hydrolysis dietary fat molecules. It is an important digestive enzyme that converts 

triglycerides substrate found in ingested oil to mono-glycosides and free fatty acids. 

Bile acid is secreted from liver and released in to small intestine where it converts 

dietary fat in to small fatty globules. Davis et al. (1991) reported that fatty globules 

convert in to fatty acid and glycerol as under: 

Triacylglycerol + 2H2O  2-monoacylglycerol + 2 fatty acid anions 

These small molecules are absorbed in to lymphatic system by a vessel 

called lacteals. Koop (1984) reported that pancreatic lipase secreted in to duodenum 

and the concentration of serum lipase is very low under extreme destruction of 

pancreas. 
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LIVER FUNCTION TEST (LFT) 

Liver is a vital organ located in the cranial portion of abdomen just 

behind the diaphragm. The liver perform different major functions including conserve 

and filtration of blood, bile secretion, sugar conversion into glycogen, detoxification 

of toxic substances, synthesis of serum proteins like  & β globulin, albumin, 

synthesis of  essential clotting factors like fibrinogen and prothrombin. Liver Function 

tests (LFT’s) useful to differentiate the diagnosis of injuries and disease of liver. It is 

also beneficial to monitor the response of treatment.  

Liver Transaminases 

The liver has amino-transaminases responsible for breakdown of   

proteins (amino acids) into storage molecules for the source of energy. The increased 

levels of enzyme (transaminase) are the major indicator of liver damage (Giboney, 

2005). The two transaminases, aspartate transaminase (AST) and alanine 

transaminase (ALT), previously called serum glutamate oxaloacetate transaminase 

(SGOT) and serum glutamate - pyruvate transaminase (SGPT), are useful to diagnosis 

the pathology and dysfunctioning of liver. 

Oh RC (2011) reported that the elevated level of transaminases 

indicates in thyroid disorder, celiac disorder and muscle disorders. The high level of 

ALT (SGPT) indicates liver inflammation or injury of muscles by the use of any 

drugs and toxins.  
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Alanine Transaminase (ALT/SGPT) 

 The maximum amount of ALT is present in liver cells and minor 

amount in heart, kidneys, and skeletal muscles. It is major marker of acute liver 

damage. Slight – moderated elevation of ALT with elevated level of AST indicate 

hepatocellular (liver injury), cirrhosis drug induced or alcoholic hepatitis. While 

moderate to high level of ALT is indicator of infections, antiviral hepatitis or severe 

hepatitis congestion due to heart failure. Marginal elevation of ALT occasionally 

reported in myocardial infarction leads to hepatic congestion. Pagana et al. (1998) 

reported that decreased level of SGPT (ALT) along with increased level of cholesterol 

is commonly seen in congested liver. 

 Aspartate Transaminase (AST /SGOT) 

AST is found in liver cells, heart, kidney, pancreas and muscles. This 

test is useful for diagnosis of recent myocardial infarction or to different rate of acute 

hepatic diseases. Pagana et al. (1998) reported that AST levels fluctuate in response 

of cellular necrosis. Minimum elevated level indicate the early disease process and 

very high elevated level indicates the most acute phase of disease or increasing the 

severity of disease and tissue damage. Decreased in level of AST indicates the disease 

resolution and tissue repairing. 

 Alkaline Phosphatase (ALP) 

ALP is found in kidney, intestine, bones, liver and placenta. Pagana et 

al. (1998) reported that elevated level of ALP along with normal slightly elevated 

level of ALT & AST indicates the disease of bile duct. Serum alkaline phosphates 
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activity markedly increases in case of bile duct obstruction or in bile duct diseases. 

This enzyme is also produced in bones, so it may also increase in bones disorders. 

Gamma Glutamyl Tran-peptidase (γ-GT) 

γGT is an enzyme that found in liver. γGT specific indicator for 

examination of liver or bile duct diseases. The increased level of γ-GT and ALP are 

the basic markers for diagnosis of liver and bile duct disorders. Elevated level of γ-GT 

found in disease of liver, obstructions of bile duct, drug abuse and alcoholism. 

Decreased levels of γGT indicated hypothyroidism, malfunctioning of 

hypothyroidism and in hypomagnesaemia. 

Bilirubin 

Bilirubin is the breakdown product of hemoglobin that is produced by 

liver called bile. The elevation of direct bilirubin indicates the obstruction within the 

liver on obstruction due to gall stone or tumor. The elevated level of indirect bilirubin 

may be due to liver cell dysfunction of hepatitis. The elevated level of total bilirubin 

indicates the liver disease, mononucleosis, hemolytic anemia or toxic effect of drugs 

while decreased level of bilirubin may be due to inefficient liver, excessive fat 

digestion or low intake of nitrogen bearing foods.  
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TOTAL LIPIDS 

Cholesterol is defined as a lipid which is a fatty substance that is 

necessary in human body. Cholesterol is produced by the body in the liver and it is 

important for the formation of stomach and to help with the digestion of food and 

hormones, such as estrogen and testosterone and it is important for the production of 

vitamin D for skin. Lipids are synthesized in liver and transported in to blood stream 

required for the membrane of all animal cells. It plays a vital role in biochemical 

processes. LDL is the cholesterol which is major precursor of lipid transport vehicle. 

Elevated level of low density lipoprotein is the risk factor for arterial diseases. Alpha 

– lipoproteins is the carrier of good cholesterol (HDL). The elevated level of  - 

lipoprotein indicates the healthy metabolic system and shows no liver disease or 

intoxication. HDL is meant to oppose the low density protein because cellular uptake 

of LDL is inhibited by HDL and worked as a carrier to get rid of cholesterol from 

peripheral tissues and return back to the liver for catabolic activities and excretion. 

Triglycerides are deposited in adipose tissues in components of 

glycerol, fatty acids (FA) and monoglycerides and reverted back as triglycerides by 

the liver. Approximately 95% of fat stored in tissues are triglycerides. Elevated level 

of cholesterol indicates the pathology of atherosclerosis, diabetes, hypothyroidism and 

pregnancy. Low level of cholesterol indicates liver insufficiency, malignancies, 

anemia, infection and malnutrition. The level of triglycerides may be increased in 

several conditions such as hypothyroidism, pancreatic and liver disease, 

atherosclerosis, myocardial infarction, nephrotic syndrome and metabolic disorder. 

Reduce level of triglycerides may be in hypothyroidism, pulmonary diseases, brain 

infarction, malnutrition and mal-absorption. 
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Newihi et al. (1988) reported that diabetic neuropathy progress as to 

impair entero-pancreatic reflexes and exocrine dysfunctioning of pancreas.  Chu et al. 

(2003) reported the hypoglycemia and hypolipidemia activities of Tribulus terresteris. 

Carmena et al. (2004) reported that all lipoproteins carry cholesterol but the elevated 

level of lipoprotein especially LDL type of cholesterol is associated with the coronary 

heart disease and atherosclerosis. EL-Tantawy et al. (2007) reported that the 

comparison of hypoglycemia and hypolipidemic effect of Tribulus alatus in 

streptozotocin induced diabetic rats with Tribulus terresteris. Khan et al. (2007) 

demonstrated the level in streptozotocin induced diabetic rats such as the marker of 

blood coagulation, serum electrolytes, lipid profile and renal function test. Czoko et 

al. (2009) reported that more than 50% of diabetics have pancreatic atrophy, fibrosis, 

fatty infiltration and loss of exocrine cell of pancreas. Jain et al. (2014) reported that 

serum amylase and HDL level is a positive correlation in diabetics or serum amylase 

may act as a cardio metabolic protective factor of HDL. 
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RENAL FUNCTIONS 

Creatinine 

Creatinine is a resultant product of creatine phosphate of muscles and 

is generated by breakdown of muscle mass. It is commonly used to evaluate the 

kidney function and monitor the progression of renal diseases. The creatinine values 

increased in leukemia, anemia, muscular dystrophy, and hypothyroidism. The reduce 

level of creatinine observed in CHF, glomerulonephritis, tubular necrosis, shock, 

dehydration and polycystic kidney. Kamal et al. (2014) reported that the amount of 

creatinine in skeletal muscle is directly proportional to breakdown ratio of creatine.  

Harita et al. (2009) presented the hypothesis that if the serum creatinine is lower that 

mean the increase in risk for the development of type-2 diabetes because they indicate 

a decrease mass of skeletal muscle. 

Urea 

Urea is a nitrogenous base of protein and by product of catabolic 

amino acids originated by liver and distributed throughout the intracellular and 

extracellular body fluids. It is useful for differential diagnosis of renal failure when 

the ratio of nitrogen and creatinine level increases in blood. Kidney failure, blockage 

of urinary tract, congestive heart failure, dehydration are the common causes of 

increased level of urea in serum. Trauma, surgery, opioids, malnutrition, use of 

anabolic steroids are the most common causes of decreased level of urea. Rehman et 

al. (2005) reported that about one third of type-2 diabetic patients suffered from 

diabetic nephropathy and the deranging of serum makers of creatinine and urea level 

is responsible for morbidity and mortality of the patients. 
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Molitoris et al. (2007) reported that the blood urea nitrogen and 

creatinine are useful for analysis of kidney functions. Blood urea is the normal 

metabolic waste product of protein excreted from kidney. In renal failure urea is not 

excreted and it accumulates in the body as a result blood urea level is increased. 

Kumar et al. (2010) reported that diabetes mellitus is a metabolic syndrome due to 

abnormal secretion of insulin, and its insulin action. The long term hyperglycemia 

associated with the damage of vital organs like heart, nerve, kidney eyes, and blood 

vessels. Globally the type-2 diabetes mellitus is major health problem with rapid 

increase in population urbanization, increased in prevalence of obesity and physical 

activity. Kidney functions become disturbed in diabetes. Collins et al. (2015) reported 

that renal failure is mostly associated with diabetes and National Institute of Diabetes 

also reported that even in controlled stage of diabetes disease can lead to renal failure 

and the data indicated that 24 million people suffered with diabetes in United States 

and nearly 1800 people living with kidney disease due to diabetes in United States. 

 

 

 

 

 

 

 



27 
 

ELECTROLYTES 

Diabetes mellitus is characterized by hyperglycemia due to insulin 

deficiency or body unable to use insulin. The proportion of electrolytes can be change 

via the amount of glucose in blood. The hyperglycemic conditions increases the urine 

output for get rid of excessive blood glucose from the body. In diabetes, electrolytes 

imbalance may occurs as a result of increased blood sugar level. Excessive urination 

produces a water and electrolytes imbalance especially sodium and potassium level. 

De Fronzo (1981) explained that the primary action of insulin on sodium balance 

which is excreted from kidney, as the insulin concentration increase in plasma under 

physiological range stimulate distal nephron for sodium reabsorption. Wald et al. 

(1984) proved that in streptozotocin induced diabetes mellitus in rats caused to 

increase in GFR with increase in filtration and re-absorption of sodium. This 

alteration is responsible to increase Na-K ATPase activity in renal medulla and 

cortex. 

Shera et al. (2004) reported that diabetes is a chronic metabolic 

disorder that can cause serious cardiovascular, renal, neurological and retinal 

complications. Beukhof et al. (2007) reported that hyperglycemia induced 

hyponatremia in diabetes mellitus. Jabbar et al. (2015) reported the effect of Tribulus 

terresteris belong to family zygophyllacea as compared to the effect with 

hydrochlorothiazide on urine volume and serum electrolytes in rabbits. 
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Potassium (K
+
) 

Potassium is a chemical with atomic number 19 indicated with symbol 

K. Potassium is necessary for living cells. Potassium excreted by kidney in abnormal 

concentration leads to different disorders. Hypokalemia is defined as the potassium 

level lower than normal in blood stream. It is an important electrolyte to maintain the 

proper functioning of nerves and muscles. Primary aldosteronism, kidney disease, 

diabetic ketoacidosis, excessive urination is the common causes of hypokalemia. 

Hyperkalemia is defined as elevated concentration of potassium in blood. Endocrine 

metabolic disorder, acute and chronic kidney diseases are the common causes of 

hyperkalemia. 

Petersen et al. (1982) reported that the insulin induced hypoglycemia 

causes to increase the secretion of epinephrine which may induce severe hypokalemia. 

Adrogue et al. (1986) reported that hyperglycemia increased serum osmolality. The 

loss of intracellular potassium concentration, along with the fraction forces of solute 

and solvent as a result potassium being moved along with water in the cell membrane 

may be harmful. Wilcox (1999) reported that hypokalemia due to diabetes associated 

with impairment of insulin section or decreased peripheral glucose utilization due to 

carbohydrate intolerance and hyperglycemia. 

Yamg et al. (2010) explained that hypokalemia in diabetics may be due 

to re-distribution of potassium from extracellular to intracellular compartment or loss 

of potassium from GIT due to malabsorption syndrome or loss of potassium from 

kidney due to osmotic diuretic. Hyperkalemia may be due to existing 

hypomagnesaemia because of low magnesium concentration activities in the renal 

outer medullary potassium channel to secrete more potassium. 
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Sodium (Na
+
) 

Sodium is an element with atomic number 11 and indicated with 

symbol Na. Sodium works as electrolyte and mineral. It help to keep the water and 

electrolyte balance of the body, that is inside and outside the cell. Sodium is an 

important electrolyte to control the muscle and nerve functions. Hyponatremia is 

defined as low level of sodium in serum. Hypernatremia is defined as electrolytes 

imbalance by the high level of sodium in blood. Dehydration, hyperventilation, 

hormonal imbalance and diabetes are the most causes of hypernatremia. Liamis et al. 

(2013) reported that diabetes mellitus is associated with decrease or increase sodium 

level. Reduction in serum water fractions which contain fats, proteins may reduce due 

to marked hyperlipidemia that is called pseudo-hyponatremia. In some situations 

serum sodium level is normal along with hyperlipidemia that is called 

pseudonormonatraemia. The opposite phenomena pseudo-hypernatremia and pseudo-

hyponatremia may be due to severe hypoproteinemia not frequently observed in 

diabetes but common in nephrotic or malabsorption syndrome. 
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LITERATURE REVIEW 

Sterkel et al. (1958) reported the laboratorial data for evaluation of 

pancreatic disease. The new techniques were used for assessing the digestive capacity 

of pancreatic enzymes which were helpful for diagnosis of pancreatic enzymes. The 

researchers confirmed the increased serum amylase activity in inflammation or in 

obstruction of pancreatic duct. 

Magee et al. (1969) reported that streptozotocin used for induction of 

diabetes causes the irreversible damage of pancreatic β-cells as a result pancreas is not 

able to secrete insulin.  

Soling et al. (1972) reported the function of insulin for -amylase 

synthesis in the pancreatic β cells of rat. They induced diabetes in rats by 

streptozotocin and proved that the streptozotocin is responsible for a significant 

reduction in pancreatic amylase activity.  This reduction appeared after 36 hours. By 

this study researchers proved that insulin is responsible for regulation of pancreatic 

amylase synthesis at the level of transcription but not involved in regulation of non-

diabetic state. 

Kanno et al. (1976) reported the potentiating effect of insulin on 

pancreozymin which causes the hyperpolarization and increase the release of amylase 

from the acinar cells of pancreas. They also reported that the release of insulin about 

1mu/ml from isolated pancreas of rats is helpful for the release of amylase, which 

were perfused in erythrocyte containing medium, stimulated by 0 – 5 mu/ml 

pancreozymin. The researchers observed that release of amylase potentiated by 

insulin 1 mu/ml  by hyper polarization from acinar cells of pancreas in response to 0 – 
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5 mu P2/ml . They also evaluated the P2/ml increase the released of amylase in 

condition after vegotomy or ligature of pyloric region. 

Bazin et al. (1979) reported the regulation of insulin and diet 

composition effect on amylase and lipase ratio on diabetic rats. They reported that the 

diabetes was associated with disease of exocrine pancreatic function. By this research 

project they proved that streptozotocin induced diabetes decreased 95% amylase to 

lipase ratio. They evaluated that insulin treatment causes the alteration of exocrine 

pancreas function or by the enhancement in glucose metabolism with fed low fat diet 

and high fat diet.  They proved that the rats were fed with low fat diet with treatment 

of insulin can reverse the amylase to lipase  ratio in pre-diabetic stage of rats, while 

the rats were fed with high fat diet and insulin treatment was not able to reduced 

amylase to lipase ratio in diabetic stage of rats. The researchers demonstrated that 

insulin as well as diet composition effected on the rat of glucose metabolism as well 

as regulation of amylase to lipase ratio. 

Dorr et al. (1980) reported that streptozotocin is naturally occurring 

nitrous urea compound with 265 molecular weight and C14H27N5O12 empirical 

formula. De Fronzo (1980) reported that the most common cause of hyperkalemia in 

diabetics is to reduce tubular secretion of potassium due to syndrome of hyporeniemic 

hypoaldosteronism. Tomavo et al. (1981) reported that the Tribulus terresteris 

belongs to family zygophyllacea improved the spermatogenesis and lipido in humans 

and animals. 

Bennett et al. (1981) reported that streptozotocin used for the treatment 

of pancreatic neoplasm and for induction of diabetes by the methylation of DNA to 

form methylated purines as streptozotocin was administered by I.V injection on 
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experimental rats. The formation of 7 -methyl- guanine, O-6-methyl guanine, 3- 

methyl adenine and 7-methyl adenine by the methylation of DNA of pancreas, kidney,  

liver and intestine. The significant methylation in DNA of pancreas induced by 

streptozotocin that may lead to formation and initiation of tumor that causes the cell 

death. 

Farese et al. (1981) reported that many cellular and animal studies 

proved that the insulin effects on stimulatory amylase secretion through islet acinar 

axis. Yamamoto et al. (1981) reported that streptozotocin causes the intracellular 

change in DNA Pancreatic β-cell by reducing the level of NAD in pancreatic islets 

and inhibit the synthesis of pro-insulin in rats. The NAD is decreased due to increase 

the NAD degradation by activation of poly ADP ribose synthase. Streptozotocin 

causes the breakdown of DNA strand which stimulates the nuclear poly ADP ribose 

synthase. 

Ahmed et al. (1984) reported the isolation the saponins of Guaiacum 

officinale from stem barks. Phytochemical screening revealed the presence of 

arginine, sitosterol and oleonolic acid.  Wald et al. (1984) reported the effect of 

streptozotocin on ATPase activity of sodium and potassium in renal cortex and 

medulla after 24 hours of diabetes mellitus induction. The ATPase activity of 

potassium and sodium of cortex was increased and remained high after 3-7 days, but 

the sodium and potassium activity of ATPase of medulla remain unchanged after 24 

hours but markedly increased after 3 days till 7 day. By this study scientist proved that 

streptozotocin induced diabetes mellitus in rats which causes a substantial increase in 

GFR associated with increased in filtration and reabsorption of sodium. 
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Defronzo et al. (1985) reported that major effected tissue of insulin is 

skeletal muscle. Lesser the mass of skeletal muscles means the target site for insulin is 

decreased as a result insulin resistance may develop. The major cause for the 

development of type-2 diabetes mellitus is insulin resistance. 

Williams et al. (1985) reported that the acinar axis of pancreatic insulin 

plays a vital role in pancreatic function. They proved that the acinar pancreas directly 

regulate the insulin and convey the blood to the islet cells of pancreas through the 

portal system. They reported the insulin receptors have present in the acini of isolated 

rat and mouse, which were involved in sugar transport. 

Skrha et al. (1987) reported the significant decrease of isoamylase 

activity in serum during the intravenous administration of amino acids and hypertonic 

glucose resulting in acute hypercalcemia. They suggested that higher concentration of 

glucose, amino acids and increase level of calcium may affect the regulation of 

amylase flux from acinar of pancreas. The endocrine secretion of amylase may alter 

the level in pathogenesis of amylase secreting organ like pancreas and in chronic 

pancreatitis with exocrine insufficiency. They also reported that the disorders of liver 

and kidney prominently increased the level of amylase caused by the disturbance in 

clearance mechanism of amylase from blood. 

Piyachaturawat et al. (1988) reported that streptozotocin is responsible 

to produce gastric lesion in diabetic rat by single dose of streptozotocin at 65 mg / kg 

dose. Severe hyperglycemia produce at this dose of streptozotocin along with 

damaging of gastric mucosa and severity of gastric lesion is exacerbated after one to 

six weeks of treatment. Researchers proved that gastric lesion associated with direct 

action of streptozotocin and its severity associated with the progression of diabetic 
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state. Piyachaturawat et al. (1990) reported that streptozotocin used as diabetogenic 

but along with it caused hepatotoxicity, nephrotoxicity as well as gastric ulceration. 

Nakatsuka et al. (1990) reported that the concentration of ATP has 

importance in pancreatic β cells of rat .They reported that the monolayer cultures of 

rat pancreatic beta cells are affected by streptozotocin and N-methyl-N-nitro-N-nitros-

O-guanidine (MNNG). They evaluated that the NAD of intracellular was markedly 

decrease by both streptozotocin and MNGG but insulin secretion and intracellular 

ATP level is markedly reduced by streptozotocin because streptozotocin decreased 

oxygen consumption of rat liver mitochondria with respect to time and dose, that 

enhanced the generation of hydroxyl radicals, that leads in reduction of intracellular 

ATP in β cell of pancreas. 

Turk et al. (1990) proved that streptozotocin is responsible for 

selective toxicity for β cells of pancreas secreting insulin that causes the diminishing 

of islets, oxidation of glucose and impairment of insulin secretion.  Streptozotocin 

contain nitros moiety that liberates nitric oxide. NO is rapidly transformed to nitrite in 

aqueous solution and nitric oxide activated guanylyl cyclase inhibits the 

mitochondrial aconitase activity of islets that results in the impairment of insulin 

secretion. 

Weidmann et al. (1991) reported that sodium retention occurs in 

insulin dependent, and non-insulin dependent diabetes. Sodium retention causes to 

increased glomerular filtration of glucose which leads to increase the transport of 

sodium – glucose in proximal tubule which may result in renal failure. 
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Takasu et al. (1991) reported that nitric oxide is not only responsible 

for cytotoxic effect but certain reactive oxygen species and H2O2 may contribute in 

DNA fragmentation which causes the deleterious changes in cells.  Sofue et al. (1991) 

reported the uptake of nicotinamide by the exposure of streptozotocin to the 

pancreatic β cells of rats that inhibited the uptake of nicotinamide, 2-deoxy glucose 

and reduced intracellular ATP concentration. These changes are not only due to 

cytotoxic effect of streptozotocin but due to viability it caused ATP- depleted cells 

resulting to decreased in insulin release and uptake of nicotinamide and 2-deoxy 

glucose, as a result it decreases the uptake of nicotinamide in ATP- depleted β cell 

caused by streptozotocin toxicity. 

Roman et al. (1992) reported the mechanism of hypoglycemic drugs as 

compared to Guaiacum coulteri. They administered regular insulin in to three groups 

of rabbits. First group of healthy rabbit was induced hyperglycemia by subcutaneous 

administration of 50% dextrose, Second group of rabbit having moderate diabetes was 

induced by allaxon, fasting blood sugar level 150-300 mg/dl and third group of rabbit 

was induced severe diabetes by allaxon, fasting hyperglycemia higher than 400 mg/dl. 

The plant extract of Guaiacum coulteri produce similar effect like tolbutamide in 

healthy and mild diabetic rabbit and no effect on severe diabetic rabbits.                    

Dominguez Munoz et al. (1993) reported the optimum serum enzyme 

ratio for the diagnosis of chronic pancreatitis. They selected 269 patients with 

clinically suspected of chronic pancreatitis patient, out of which 167 finally were 

diagnosed with chronic pancreatitis and 129 suffered with other digestive disease, 

which were considered as control. On the basis of variation of serum pancreatic 
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amylase-lipase ratio, they concluded that the low ratio of serum and amylase P<0.01 

is helpful in diagnosis and staging of pancreatitis. 

Welsh et al. (1994) reported the depletion of nucleotide in β cell due to 

less production of mitochondrial ATP, because nitric oxide causes the restriction of 

mitochondrial ATP generation. Heller et al. (1994) reported that at the level of single 

cell, oxygen radicals generated from xanthine oxidase, DNA strands breaks the cell 

nuclei. Immunofluorescence studies demonstrated that endogenous formation of 

ADP- ribose polymers in all islets cells nuclei takes place in minutes of treatment with 

xanthine oxidase. This shown that the enzyme poly -ADP- ribose polymerase become 

activated. Nicotinamide largely prevented the NAD depletion was noted. 

Achenbach et al. (1994) reported that the genus Tribulus belongs to 

family zygophyllacea, which comprises of 20 species. It grows as shrubs or herbs in 

subtropical areas throughout the world. 

Morgan et al. (1994) reported the diabetogenic action of streptozotocin 

involved in induction of apoptosis in pancreatic β cells by the treatment of (HIT-T15 

and RINm5F) via cultured pancreatic β cell. They proved a significant increase in 

number of cells that became detached from the substrate, during cultured period. 

These detached cells examined by fluorescent microscopy or by electron microscopy. 

The evidence of chromatin condensation and margination has been reported. 

Delaney et  al. (1995) reported the inhibition of glucose stimulated 

secretion  in islets of langerhans isolated from adult Sprague- Dawly rats treated with 

streptozotocin and proved that the release of nitric oxide by increase in medium nitrite 

and cellular GMP. Streptozotocin decreased glucose stimulated insulin release not 
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only by nitric oxide released along with the failure of oxyhaemoglobin to inhibit the 

insulin secretion. 

Kronche et al. (1995) reported that nitric oxide was produced due to 

destruction of pancreatic cells. Streptozotocin metabolized in rat hepatocytes and 

pancreatic β cells yield nitric oxide. By several experiments proved that nitric oxide is 

not only responsible for cytotoxic effect, certain reactive oxygen species contributed 

in DNA fragmentation which causes the deleterious changes in the cells. 

Bedoya et al. (1996) reported the diabetogenic effect of streptozotocin 

on pancreatic islets glucose metabolism and insulin secretion, DNA fragmentation 

and cell viability  proved that nitric oxide is not only responsible for cytotoxic effect, 

certain reactive oxygen species contributes in DNA fragmentation, impaired insulin 

secretion and oxidation of glucose on pancreatic islets tissues. 

Farias et al. (1996) reported that the HDL cholesterol plays a major 

role against the oxidative damage of cell membrane as well as in lipid metabolism by 

transporting of cholesterol from peripheral tissue to the liver by the process of reverse 

cholesterol transport. 

Wang et al. (1997) reported that the Tribulus terresteris extensively 

used for the treatment of eye troubles, edema, leucorrhoea, diuretic and anthelmintic. 

Braulich et al. (1997) proved that the creatinine serum levels are the 

major indicators of kidney functions. Luzi et al. (1997) reported  the overview on the 

pharmacokinetics, pharmacodynamics  and mechanism of action of glibenclamide and 

proved that the hypoglycemia effect is produced  by the inhibition of ATPase – 

sensitive potassium channel which leads to depolarization of the cells and secretion of 
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insulin from β – cells of pancreas. Glibenclamide produced extra pancreatic action on 

liver, skeletal muscles, heart muscle and smooth muscles and by the physiological 

action of the C-Peptide molecule. C-peptide has stimulatory effect on Na+, K+ 

ATPase pump. 

Hwang et al. (1997) reported that the extract of steroidal saponins of 

Tribulus terresteris (zygophyllacea) extensively used for treatment of urinary, 

cardiovascular and gastrointestinal disorder. In humans and animals it improves libido 

and spermatogenesis. 

King et al. (1998) reported the prevalence of diabetes increased from 

4% in 1995 to 5.4% by the year of 2025. Aguilara et al. (1998) reported the ethno 

botanical information proved that the 800 plants have anti-diabetic properties. 

Singh et al. (1999) reported the secretions of pancreas regulated by 

brain through autonomic nervous system which is naturally present in gut hormones 

secretin and cholecystokinin.  They further reported that the serum sodium and 

potassium level have an inverse relationship which were associated with the 

movement of electrolytes in intracellular and extra cellular spaces. The movement of 

electrolytes depends on   impairment of insulin action. 

Andrew (2000) reported the patient with diabetes have significant 

morbidity and mortality due to micro and macro vascular complication. Elsner et al. 

(2000) reported that streptozotocin have cytotoxic effect through the alkylation of 

DNA, which was evaluated that the different expression level of glucose transporter 

GLUT 2 occurs in bioengineered RIN m5F insulin producing cells, by likening the 

toxicity of streptozotocin with different alkylating compounds, N-methyl -N- nitros 
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urea (MNN), N-ethyl-N-nitrosurea (ENN), methyl methansulphonate (MMS) and 

ethyl methane sulphonate (EMS). They generated GLUT2 expressing RIN m5F cells 

via transaction of GLUT2 transporter of rats and proved that the selective uptake of 

GLUT2 were more susceptible to the selective toxicity of streptozotocin. 

Shinwari et al. (2000) reported the plant Tribulus terresteris belong to 

family zygophyllacea. It is used in folk remedies worldwide. The flower and seeds 

were used as diuretic and aphrodisiac. It is also used to treat urinary disorder, 

impotency, heart disease, hemorrhages, kidney stones and gout. 

Wild et al. (2000) reported that the according to world health 

organization more than 170 million peoples were effected from diabetes mellitus in 

worldwide and this number will increase from 370 million by 2030.                           

Szkudeliski et al. (2001) reported the potent alkylating properties of 

streptozotocin are the important reason of toxicity along with synergistic action of 

both nitric oxide (NO) and peroxynitrite (ONOO). The intracellular antioxidants or 

nitric oxide scavengers are responsible for streptozotocin toxicity. Streptozotocin 

responsible for the inhibition of insulin synthesis and secretion by the activation of  

poly ADP ribosylation that leads cellular NAD+ depletion and reduction of ATP 

content. 

Shankar et al. (2001) reported that diabetes mellitus diagnosed by 

recurrent or persistent hyperglycemia, the plasma glucose level during fasting at or 

above 126 mg/dl or 7.0 mmol/l. Randomly plasma glucose level at or above 200 

mg/d1 or 11.1 mmol/1. Two values of fasting blood glucose above 126 mg/dl or 7.0 

mmol/l and random blood glucose level greater than 200 mg/dl on two consecutive 
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readings reflected as a patient of diabetes. The range of fasting blood glucose level 

from 110-125mg / dl or 6.1-7.0 mmo1/l considerable as patient of impaired fasting 

glucose and the patient considered as impaired blood glucose tolerance when the 

plasma glucose level at or above 140mg/dl or 7.8mmol/l after the loading of 75gm of 

oral glucose within 2 hours. 

Boullier et al. (2001) reported that reactive oxygen species (ROS) 

generated under physiological condition which were involved in signaling and in 

defense mechanism as phagocytosis, neutrophil function and vaso-relaxation but the 

excessive production of ROS causes the damage of protein, lipids and DNA. ROS can 

stimulate the oxidation of low density protein as a result receptors of LDL are not 

recognized and can be taken as scavenger receptors in macrophages leading to cell 

formation and atherosclerotic plague. 

Turko et al. (2001) reported that hyperglycemia responsible for the 

generation of ROS by the auto oxidation of glucose and formation of OH⁻ radicals. In 

hyperglycemic condition glucose is metabolized by sorbitol pathways, which may 

enhance the production of O2⁻. 

Chodury et al. (2002) reported that the evidence of micro and macro 

vascular disease occurs more in Asian patients as compared to Europeans. Li M et al. 

(2002) reported the saponins of Tribulus terresteris (zygophyllacea) used for 

hypoglycemic activity. 

Carballo et al. (2002) reported that infectious diseases are the 

important cause of deaths about 43% for that reason new and effective antimicrobial 

agents are necessary to develop for control this mortality rate. 
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Aughsteen et al. (2002) reported that insulin enhanced the amylase and 

lipase activity in diabetic rats induced by diabetes inducer drug streptozotocin to 

detect any promising regeneration in the beta cell of pancreas by transmission electron 

microscopy in male adult Albino Fischer rats by administration of streptozotocin 

intravenously at 75 mg /kg dose. The results observed that the pancreatic amylase and 

lipase level reduced by 66% and 43% and insulin treatment of diabetic rats increased 

the level of serum amylase and lipase level above 65% but no evidence showed in 

regeneration of β cells by electron microscopic examination. 

Ramachandran (2002) reported that the chronic renal failure due to 

diabetic nephropathy was 30.3% chronic interstitial nephritis 23% and chronic 

glomerulo nephritis 17.7%. 

Sower (2002) revealed the relationship between dyslipidemia and 

chronic kidney disease. He presented the hypothesis that statins are responsible to 

increase the transcription of endothelial NO synthase via the pathway of 

phosphatidylinositol – 3 – kinase and impede the small molecular weight G- proteins 

mobilization. 

Grover et al. (2002) reported that the diabetes is one the major cause of 

death in humans and animals and they reported that in Indian system of medicine have 

numerous  number of plants were reported as an anti-diabetic. 

Ghazanfar et al. (2003) reported that the Tribulus terresteris is used in 

Pakistan for urinary disorders and cough. Vadav et al. (2003) reported the pancreatitis 

due to hypertriglyceridemia and hyper-lipidemic pancreatitis which correlates with 

secondary factors like poor controlled diabetes, medications on alcohol use. 
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Durrington (2003) reported that a high level of cholesterol in the blood 

is hypercholesterolemia, the high level of lipid in blood is hyperlipidemia and hyper-

lipoprotienemia is the increased level of lipoproteins in the blood. 

Offiah (2003) reported that the hot aqueous extract of Guaiacum 

officinale have antifertility activity by using the aerial part of flower, fruits and tender 

branches. In over 50 trials on mice and rats they concluded that the Guaiacum 

officinale extract caused abortion at ED50 dose in pregnant mice 320±20.00 mg/kg, 

while lethal dose (LD50) was 1280.3±9.03 mg/kg caused abortion on day 5 of first 

trimester of pregnancy in mice by acetylcholine which potentiates the contraction of 

uterus. The extract of Guaiacum officinale protects form contraction of primed or 

gravid uteri. The researchers concluded that in folk medicine extract of Guaiacum 

officinale by hot aqueous extracted method is used for antifertility process. 

Wei et al. (2003) reported that Chinese herbal drug useful for the 

management and prevention of metabolic syndrome (diabetes mellitus). They 

estimated that about 200 species of plant have hypoglycemic properties. They 

believed through pharmacological studies, that those plants contain polysaccharides 

have an ability to stimulate the insulin output from β cells and also restore the 

functions of pancreatic tissue and the herbal drug have an ability to markedly reduce 

the level of glucose and on prolong use of those agents that contain polysaccharides 

may become beneficial for prevention of complications which were caused by 

diabetes. 

Alam et al. (2003) reported the insulin resistance developed in cell 

membrane when glucose was not able to transport inside the cell for oxidation, as a 

result high amount of glucose circulated in blood. Diabetics feel increased appetite 
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and impression of hunger due to lacking in utilization of glucose and to maintain the 

normal blood glucose level. Kidneys play a vital role for excretion of extra sugar from 

blood. Insulin resistance may develop the defect in synthesis of muscle glycogen, 

hexokinase and glucose uptake activity. 

Sharbana et al. (2003) reported that different products from plant 

source have been popular for the management of diabetes to provide symptomatic 

relief or to prevent from the development of complications. Herbal drugs produced 

their mechanism by the regeneration of β-cells by maintaining the normal blood sugar 

level. The drug can reduce the consequences of type2 diabetes mellitus by reducing 

the blood sugar level and restoration of liver glycogen. 

Nunes et al. (2003) screened the patient of diabetes mellitus for 

pancreatic exocrine insufficiency. The objective of study is to recognize a significant 

deficit of exocrine function in diabetic patients can be detected with the help of fecal 

elastase (EI) test. The results concluded that in diabetic patients the pancreatic 

exocrine insufficiency more like occurs having BMI > 25. 

Halder et al. (2003) reported the microvascular disease leads to 

nephropathy, neuropathy and retinopathy while the macrovascular disease leads to 

cardiovascular disease. 

Coresh et al. (2003) reported that the development of renal disease due 

to diabetes by the formation of ROS, as a result metabolic and vascular abnormalities 

medicated by endothelial nitric oxide formation. The systolic blood pressure increases 

due to the interaction of angiotensin II and aldosterone with pulse pressure that 

actives NADP oxidase which acts as mediator of oxidative stress. Angiotensin II 
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causes the vasodilation of endothelial cells by increase the metabolism of NO to 

peroxynitrite. 

Bigger et al. (2004) classified the lipoprotein as low density 

lipoprotein (LDL), very low density lipoprotein (VLDL) and high density lipoprotein 

(HDL). Carmena et al. (2004) reported the atherogenic lipoprotein responsible for 

development of atherosclerosis. Particularly atherogenic forms of very small, dense 

LDL particles and oxidized LDL particles. They revealed that apo-lipoproteins and 

triglycerides increased the risk of acute coronary events. 

Palmer et al. (2004) reported the incidence of hyperkalemia is higher 

in diabetic patient due to the failure in redistribution of potassium from an 

intracellular to extracellular compartment. The development of asymptomatic 

hyperkalemia due to mild to moderate renal insufficiency or common in those patients 

that have the impairment in excretion of potassium, volume depletion or the chronic 

use of medications. 

Robertson (2004) reported that diabetes categorized by increase blood 

glucose level caused by either complete or incomplete insulin deficiency or due to 

insulin resistance. Type-1 diabetes is due to the formation of islets antigen that react 

against immune system of patients. Type-2 diabetes caused due to multiple etiology, 

as the hyperglycemia becomes chronic and patient’s undergoes in complication like 

retinopathy, renal failure, macro vascular disease due to the detoriation of β-cells of 

pancreas, which secrete less amount of insulin or completely inhibits the secretion of 

insulin. He revealed that endogenous reaction oxygen species (ROS) is helpful to 

maintain homeostasis but when ROS accumulates for a long period of time they cause 

chronic oxidative stress particularly dangerous for islets cell of pancreas. 
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Abou-Seif et al. (2004) reported that hyperglycemia is a primary cause 

of diabetes complication, which were associated with oxidative stress results to cause 

the abnormality in pancreatic function and metabolism of lipids and proved that the 

average cholesterol, triglycerides, low density lipoprotein were higher in type 2 

diabetics and high density lipoprotein was lowered in both insulin dependent and non-

insulin dependent diabetic patients. 

Robertson et al. (2004) studied  the patients  of type-2 diabetes 

continuously undergoes oxidative stress as the blood glucose concentration increase in 

body as it results reactive oxygen species were formed from β-cells of pancreas. The 

over expression of antioxidant enzymes protects β-cell from glucose toxicity and 

some extent to lipotoxicity. 

Shera et al. (2004) evaluated the occurrence of complications related to 

non-insulin dependent diabetic patients; they studied about 500 patients, age > 25 

years. They examined every fifth patient for determination of micro and 

macrovascular complications. Blood samples were collected for determination of lipid 

profile and serum creatinine. The result proved that the increase incidence of diabetic 

complications were higher in those patients  who were suffering with chronic 

diabetes, poor glycemic control as well as suffered with associated hypertension and 

obesity. 

Chandra et al. (2004) reported that the Emblica officinalis belongs to 

family zygophyllacea showed antidiabetic activity in type 2 diabetic patients. 

Bustamante et al. (2005) reported that hyponatremia altered 

vasopressin metabolism because insulin and vasopressin both act in renal collecting 
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duct as a result re-absorption of hypotonic fluid is more due to slower emptying time 

of stomach. 

Danial et al. (2005) reported some herbal extract used in human and 

animal models to observe the hypoglycemic effects. Bertelli et al. (2005) reported that 

the insulin deficiency indicates the progressive damage of pancreatic acinar cells and 

the pancreatic exocrine tissue become fibrosed in diabetic patient as a result the 

response was reduced to hormonal stimulation. 

Bustamante et al. (2005) reported that hyponatremia altered 

vasopressin metabolism because insulin and vasopressin both act in renal collecting 

duct as a result re-absorption of hypotonic fluid is more due to slower emptying time 

of stomach. 

Aughsteen et al. (2005) reported the presence of serum pancreatic 

amylase and serum pancreatic lipase enzyme in patient of type-1 and type-2 diabetes 

mellitus by biochemical analysis. This study was performed on 20 healthy volunteers 

and 39 volunteer suffering from diabetes on the basis of age, onset of diabetes and 

type of treatment categorized in to type-1 and type-2 diabetics. Evaluation based on 

fasting blood glucose level, serum pancreatic amylase and lipase enzyme, 

glycosylated hemoglobin, and serum insulin. The result indicated that FBS and 

HbA1c was higher in both type of diabetes patients and reduction in serum amylase 

71% in type-1 and 49% in type 2 diabetic patients. The reduce level of serum lipase 

was only found in type-1 (insulin dependent) diabetic patients approximate to 31% 

with  very low serum insulin, the reduce level of serum amylase and lipase was 77% 

and  42% with the reduction of low serum insulin that is 34% considered as a type 2 

(non-insulin dependent) diabetic patient and proved that the patients of both insulin 
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dependent and non-insulin dependent diabetes have impairment in exocrine pancreatic 

function. 

Eidi et al. (2005) reported that the leaves of Salvia officinalis   belong 

to family zygophyllacea have hypoglycemic effect by the administration of 

methanolic extract at a dose 100, 250, 400 and 500 mg/kg intraperitoneally. The 

results showed that plant extract of Salvia officinalis significantly decreased the level 

of serum glucose without effecting on insulin release from pancreas within 3 hours in 

diabetic rats. 

Giboney et al. (2005) reported the mild elevation of alanine 

transaminase and aspartate transaminase in asymptomatic patient. The elevation of 

transaminase may be due to viral hepatitis, alcohol use, medications, diabetes, heart 

disease and thyroid disease. They evaluated that by the management strategies like by 

cessation alcohol use, use of medications, control of diabetes, and change in life style 

may control the mild elevation of liver transaminases. 

Johansen et al. (2005) reported the cardiovascular disease 

characterized by endothelial dysfunction, atherosclerosis are the leading cause of 

morbidity and mortality related to diabetes. They revealed that the excessive 

generation of free radicals due to hyperglycemia causes oxidative stress. The over 

production of free radicals causes the vascular dysfunctioning, damaging of cellular 

proteins, lipids and nucleic acid membranes. Numerous studies proved that oxidative 

stress due to hyperglycemia induced free radicals responsible for the development and 

progression of diabetes. 
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Daneman et al. (2005) reported that worldwide the neuropathy is major 

cause of chronic renal failure with associated risk factor like obesity, smoking, 

prolong time period of diabetes, impairment of metabolic disorder, high level of lipids 

and hypertension.  

Amin et al. (2006) investigated the protective effect of Tribulus 

terresteris on liver and kidney due to the decrease or inhibit the production of free 

radical and ROS in diabetic rats induced by the streptozotocin. They administered 

Tribulus terresteris extract in rats with 2g/kg dose given by orally for 30 days. They 

evaluated the level of ALT, AST and creatinine level for the liver and kidney 

functions through serum samples and histopathological examination. They proved that 

Tribulus terresteris significantly decreased the level of ALT AST and creatinine in 

serum with probability (P<0.05) and pronounced significant recovery of liver by 

histopathological examination. 

Kontush et al. (2006) reported that the small, dense high density 

lipoprotein HDL have an athero protective activity. In that study scientist find out the 

antiatherogenic properties of HDL. Small dense HDL particles possess antioxidant 

activity but not favorable in condition of anti-atherogenic dyslipidemia because the 

functional HDL deficiency correlates with the reduction in HDL cholesterol 

concentration and alteration in HDL metabolism and structure. The type-2 diabetes 

and metabolic syndrome responsible for deficiency of HDL particle number and 

function resulted to accelerate the atherosclerosis. 

Heilig et al. (2006) reported the development of diabetic nephropathy 

in relationship to glucose transporter expression. In animal model due to GLUT 1 

over expression in glomeruli creates diabetes nephropathy phenotype as similar to 
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diabetic renal disease with increasing the mean volume of glomerular filtrate, 

expansion of mesangial and sclerosis. 

Perveen et al. (2006) reported that in tropical, subtropical warm and 

dried areas 25 genera and 240 species of zygophyllacea family are grown. Among 

these 8 genera and 22 species grow in Pakistan. They reported the lignum vitae wood 

Guaiacum officinale belongs to family zygophyllacea. 

Edwin et al. (2006) reported that glucose is a fuel of energy. Insulin 

acts as a transporter of glucose from blood to the cell of the body. Insulin release from 

pancreas, if it not produced or does not work properly, glucose not able to transport 

inside the cells as a results blood sugar level will increase or remains high. 

Eidi et al. (2006) observed the effect of Allium sativum (garlic) extract 

on glucose level of serum, total lipid (such as cholesterol and triglycerides), uric acid, 

urea, creatinine, ALT and AST in healthy and diabetic rats induced by streptozotocin. 

They observed that the oral administration of the garlic extract within a dose of 0.1, 

0.15 and 0.5 g / kg, produced a significant reduction in all parameter but the level of 

serum insulin increased in diabetic rats in comparison of glibenclamide at a dose of 

600 mcg/kg and proved that the anti-diabetic effect of Allium sativum extract is more 

effective than glibenclamide. 

De Luca et al. (2006) reported the cause of diabetes like obesity, 

sedentary life style, industrialization, aging, consumption of refined food. Among all 

these factors obesity is the major cause of diabetes associated with hormonal, genetic 

and environmental factors. 
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Clozel et al. (2006) reported that the administration of streptozotocin is 

responsible for the destruction of β – cell of pancreas by the development of 

hyperglycemia, dyslipidemia and renal dysfunction in rats. 

Mohammad et al. (2006) reported the large number of medicinal plants 

have hypoglycemic effects for the management of type 2 diabetes as well as useful for 

prevention of diabetic complications during the past few years. Bioactive drugs 

isolated from hypoglycemic plant showed that the bioactive drugs have more efficacy 

than oral hypoglycemic agents used in clinical therapy.  

Mohan et al. (2007) reported that the total cholesterol and LDL 

cholesterol have common values between Asians, Americans and Europeans but the 

level of HDL and triglycerides significantly higher in Asian patients. 

Hossain et al. (2007) reported that in Asians more than 99% patients 

were diabetic and considered as type-2 diabetic. The incidence and prevalence of 

diabetes increased in children day by day. 

EL-Tantawy et al. (2007) compared the hypoglycemic and 

hypolipidemic activities by the extract of both Tribulus terresteris and Tribulus alatus 

(zygophyllacea) proved that the both extract remarkable reduced the level of blood 

glucose in model of type 2 diabetic rats induced by streptozotocin. They selected male 

Swiss albino rats in between weight 150 – 200 grams and administered streptozotocin 

intraperitoneally at 55 mg / kg dose. The Tribulus terresteris and Tribulus alatus 

extracts showed a significant decreased in total cholesterol, triglycerides and LDL – 

cholesterol but the percent reduction of blood glucose of Tribulus terresteris was 

significantly higher as compare to Tribulus alatus. 
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Khan et al. (2007) reported that those patients who suffered from 

diabetes may also suffer from dyslipidemia, atherogenesis and heart disorder. 

Prabhakar (2008) reported that the large number of medicinal plant 

used as potential constituents for therapeutic approaches related to diabetes. The main 

source of energy for a body is glucose in case of diabetes mellitus and the mechanism 

of glucose becomes irregular. They proved that around 410 medicinal plants 

experimentally used as anti-diabetic but the complete mechanism of action for control 

the blood sugar level available only about 109 drugs.                                    

  Bhatnagar et al. (2008) reported that the primary cause of hyper-

cholesterolemia is the environmental and genetic factors and the secondary cause are 

diabetes mellitus type 2, alcohol, obesity, dialysis, nephrotic syndrome, 

hypothyroidism, Cushing syndrome and use of medication like diuretics, 

cyclosporine, glucocorticoid, β-blocker, retinoic acid. 

 Liamis et al. (2008) reported that hypoaldosteronism more frequently 

observed in diabetes, elder patients and in chronic renal failure patients. They reported 

that 43% - 63% of cases diabetic nephropathy due to hyporeniemic 

hypoaldosteronism.                                     

Tsuang et al. (2009) reported that alteration in lipoprotein metabolism 

may be due genetic cause or the secondary cause like in disease of hypothyroidism, 

obesity and diabetes. They also revealed that the hyper-triglyceridemic pancreatitis 

due to the hydrolysis of triglycerides by pancreatic lipase and release of free fatty  

acids increased the free radical formations. 
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 Parasad et al. (2009) reported the aqueous extract of three herbs 

Murraya koenigii, Psidium guajava and Catheranthus roseus were used to observe 

the anti-diabetic activity as compared to glibenclamide in streptozotocin induced 

diabetic albino rats. They administered 500 mg / kg of extracts to diabetic 3 groups of 

rats given orally for time period of 15 days, and in one group glibenclamide given 

orally with dose of 3 mg/kg. At the termination of experiment, they concluded that the 

extracts produced a pronounced anti-diabetic activity and histological changes in 

pancreas and kidneys which recovered by the use of extract as compared to diabetic 

control group. 

 Czako et al. (2009) reported the functional and anatomical links 

between endocrine and exocrine pancreas. The pancreatic conditions may alter due to 

diabetes mellitus, pancreatic surgery, cystic fibrosis and pancreatic cancer. The 

complication of diabetes like hypoglycemia due to deficiency of glucagon and micro 

and macro vascular complications impaired the function of pancreas. Diabetes 

mellitus is a major factor of mortality with exocrine pancreatic disease because 

atrophy of exocrine tissues causes the deficiency of trophic insulin and the regulation 

of pancreatic functions impaired due to deficiency of islet hormones. 

 Shikha et al. (2009) and Shamim et al. (2009) they reported that the 

after prolong treatment of Emblica officinalis (zygophyllacea) the total cholesterol 

level did not change but the level of triglycerides decreased by 14%. 

American Diabetic Association (2010) reported the multiple reasons of 

defects in secretion of insulin and signaling mechanism of non-insulin dependent 

type-2 diabetes which may be effected enzyme synthesis and released of enzymes 

from the exocrine cells of pancreas.                                
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Hammer (2010) reported the pathology, physiology, diagnosis and 

management of pancreatic steatorrhea. He proved that the fat digestion is the key 

factor for evaluating the pancreatic insufficiency. In diabetes mellitus output of 

insulin and glucagon level decreased, fecal concentration of elastase helpful for 

diagnosis of pancreatic insufficiency. To determine the pancreatic insufficiency he 

used pancreatic preparation and observed that most patient were with reduced their 

steatorrhea to <15 gm fat per day. 

Barreto et al. (2010) reported the interrelationship of endocrine and 

exocrine pancreas, this relationship mediated by islet derived hormones like insulin 

somatostatin, hormonal factors and neurotransmitters released from innervating 

nerves of pancreas and proved that insulin, somatostatin, hormonal factors and 

neurotransmitters played a role in regulation of amylase secretion from acinar cell. 

Richard et al. (2010) reported that there are two major types of 

diabetes insulin dependent type-1 and non-insulin dependent type-2 diabetes. Insulin 

dependent type 1 diabetes occurred due to genetic autoimmune detection and type-2 

diabetes due to detect in synthesis and less amount of insulin production from 

pancreas or due to the development of resistance and reported that one person is 

diagnosed as diabetic in every 2 second and 1 person was died in every 8 second due 

to diabetes in both developed and undeveloped countries. 

Liamas et al. (2011) reported that diabetes mellitus is well-known 

cause of dysnatremia. Glucose is an osmotic active substance as hyperglycemia 

induced due to diabetes; serum osmolality will increase as a result the movement of 

water out of the cell and consequently causes the reduction in serum sodium level. 
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Leeds et al. (2011) reported the estimation of exocrine pancreatic 

insufficiency by detecting the fecal elastase-1 in his methodology. They explained the 

function of fecal elastase-1 in gastrointestinal and non-gastro intestinal condition as 

well as determined pancreatic enzyme level by using the supplementations. 

Duwiejua   (2011) reported that the anti-inflammatory activity by the 

ethanolic extract of Polygonum bistorta, Guaiacum officinal and Hamamelis 

virginians. They administered extracts with 100 and 200 mg/kg before induction of 

carrageenan rate paw edema. After the onset of inflammatory response the extract of 

Guaiacum 0fficinal at the dose of 200 mg/kg was administered and proved that the 

extract was useful to reverse the course of both carrageenan and adjuvant induced rat 

paw swelling. 

Nakajima et al. (2011) reported the low serum amylase reflects the 

impaired exocrine and endocrine relationship of pancreas and proved that the 

metabolic abnormality and abnormal glucose level associated   due to impaired action 

and resistance of insulin or inadequate secretions of insulin. They selected 2425 

healthy subject, aged varies from 30 – 80 years, clinical variables except of age. The 

fluctuation in serum amylase level over time was very slight and unaffected by kidney 

functions, and results concluded that the low serum amylase may be due to increased 

risk of metabolic abnormalities and diabetes. 

Liamis et al. (2011) reported that uncontrolled diabetes mellitus 

induced hypovolemic hyponatremia due to osmotic diuresis as well as in diabetic 

ketoacidosis. ketone bodies obligate to lose the urine electrolytes and increased the 

sodium renal wasting. 
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Lee et al. (2011) reported the level total serum amylase and metabolic 

syndrome in Korean adults. They selected 4495 subjects. Each participant divided in 

to four sub groups. The comparison of diagnostic rate of amylase and biomarkers for 

metabolic syndrome were analyzed by Receiver–operating characteristics (ROC) 

curve. Results concluded that decrease serum amylase level were interlinked with 

increased the occurrence of metabolic syndrome. 

Nain et al. (2012) reported that the Emblica officinalis (Euphorbaceae) 

showed the activity of anti-diabetic and anti-oxidant in diabetic rats induced by STZ. 

Khan et al. (2012) reported that the streptozotocin causes the alteration in markers of 

blood coagulation, lipid profile, renal function and serum electrolytes in STZ induced 

diabetic rats. They selected Sprague – Dewley male rats, weighing 250 – 300 gm. 

They administered single dose of streptozotocin by intraperitoneally and other group 

received saline as a control group.  They concluded the result that the random blood 

glucose level was remarkable increase in diabetic rats as compared to control group of 

rats; creatinine and serum urea were significantly higher but no significant difference 

in serum lipids and electrolytes except a tremendous reduce in level of sodium with 

respect to control group. 

Dastagir et al. (2012) reported the plants of family zygophyllacea 

having antibacterial activity. They selected plant Tribulus terresteris belongs family 

zygophyllacea to observe the antibacterial activity against Salmonella typhi, 

Klebsiella pneumonia, Pseudomonas aeruginosa, Staphylococcus aureus and 

Escherichia coli. Results were evaluated by the zone of inhibition. In methanol extract 

of Tribulus terresteris showed the zone of inhibition of Salmonella typhi 12 mm 

(63.6%), Pseudomonas aeruginosa 17mm (48.4%) e Escherichia coli 10mm (69.6%), 
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Staphylococcus aureus 19mm (42.4%) and Klebsiella pneumoniae 23mm  (30.3%). 

While in n-hexane 25mm (24.2%), 29mm (12.1%), 30mm (9.09%), 12 (63.6%), 

15mm (54.4%), they concluded that the Tribulus terresteris obtained by the 

methanolic extract has significant inhibitory effect then the extract of n-hexane.  

Muneyuki et al. (2012) reported that when the level of serum amylase 

decreased consumption of high amount of carbohydrates increased because amylase 

catalyzes the starch and complex carbohydrates .The requirement of amylase will 

increase for catalyzation of carbohydrates in type-2 diabetes. 

Ramon (2013) reported that the Sonarian ethenic group used herbal 

based proportion of methanolic extract from Ambrosia confertiflora, Ambrosia 

ambrosioides and Guaiacum coulteri as a first line treatment against tuberculosis. 

These extracts were used against Mycobacterium tuberculosis H 37 Rv by using the 

Alemar blue redox bioassay. The result evaluated that Guaiacum coulteri showed 

minimum inhibitory concentration values of 200, 790 and 1000 mcg/ml Sonarian 

ethenic group used Guaiacum coulteri as an anti-tuberculosis agent. 

Behradmasnesh  et al. (2013) studied to observe the hypoglycemic 

activity of plant belong to (zygophyllceae) Salvia officinalis on blood glucose level, 

glycosylated hemoglobin (HbA1c), lipid profile, liver and kidney functions on 

diabetic patients and the study was conducted by double-blind clinical trials . They 

concluded that 2 hours post prandial glucose level and cholesterol level significantly 

decreased by Salvia officinalis. 

Vadav et al. (2013) reported that the diabetes mellitus due to the 

alteration in function of pancreas. They presented study of researchers to observe the 
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level of blood glucose, pancreatic amylase and lipid profile of known case of non-

insulin dependent diabetes type-2. They selected 110 patients of non-insulin 

dependent type-2 diabetes mellitus with age of 30 and same sex. By fasting venous 

blood samples they analyzed the level of blood glucose, lipid profile and pancreatic 

amylase. The results indicated that the amylase level  was considerably decrease in 

diabetes patients in comparison to control P<0.001, whereas the level of LDL, 

triglycerides, total cholesterol  was significantly higher as compared to control 

diabetic patients. 

Proph et al. (2014) reported that streptozotocin is responsible to 

decrease in concentration of plasma electrolytes (Na
+
, K

+
, Cl

-
 and  HCO3

-
) in 

streptozotocin induced diabetic rats.  Sarkar (2014) reported that the homeopathic 

preparation of Guaiacum officinale was used to evaluate the antiemetic and 

antioxidant activity in male albino wistar rats with weight of 130 ± 10 gm. They 

induced rheumatoid arthritis by freund’s complete adjutant (FCA) at a dose of 0.25 

mg. They also observed the body weight, and ankle diameter, urine parameter 

(calcium, phosphate, and creatinine) serum ACP, ALP, GGT, lipid per oxidation, 

glutathione, superoxide dismutase. They proved by the level of significance p < 0.05 

and concluded that the Guaiacum officinal have both antiemetic and antioxidant 

activities in experimental male albino rats. 

Perceval (2014) reported that Guaiacum officinal with Tillandsia 

recurvate have wound healing potential in type -1 diabetic rats induced by 

streptozotocin. They selected 6-8 well old Sprague Dawley rats with weight 254 gms. 

They induced diabetes by streptozotocin dose 65 mg/kg, all animals were anesthetized 

with ketamine hydrochloride at a dose of 18 mg/kg, Wound were created with forced 
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and make a wound in length of 1.5cm and  in depth of 0.2cm. Normal control group 

and diabetic control used only Vaseline wound, normal and diabetic experimental 

group used Tillandsia recurvata extract with 100 mg/kg dose for the time period of 12 

days, and Lignum vitae extract on other group. The control group used Neosporin as a 

standard. The result indicated that the combination of Tillandsia recurvata (ball moss) 

and Guaiacum officinale (lignum vitae) remarkably reduce the wound area in the 

experimental diabetic rats and proved that the combination of extracts possess wound 

healing potential similar to neosporin. 

Jain et al. (2014) reported the level of serum amylase in patients of 

non-insulin type-2 diabetes mellitus. This study was observed on 50 patients of 

diabetes mellitus. The level of blood glucose, serum amylase and lipid profile were 

checked. The results concluded that serum amylase level significantly reduced in 

diabetic patients as compare to healthy control. The serum lipid profile, fasting serum 

cholesterol, triglycerides and LDL were significantly higher but HDL cholesterol was 

remarkably decreased in diabetic patients with respect to control. By that results 

researchers proved that the diabetes mellitus causes the derangement in the endocrine 

and exocrine pancreatic functions. 

Liamis et al. (2014) reported that the electrolytes abnormalities are 

more common in diabetic patients particularly in decompensate diabetes mellitus in 

elder patient and in renal failure patients. Ansari et al. (2014) revealed that the type-2 

diabetes induced in male rats by streptozotocin, one group treated with glibenclamide 

and diabetic group treated with fruit extract of Emblica officinalis (Euphorbaceae).  

Both groups were treated orally for 8 weeks and proved that Emblica officinalis have 
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a potential antidiabetic and antioxidant properties along with positive effect on total 

serum cholesterol and triglycerides in type-2 diabetic rats. 

Jabbar et al. (2015) compared the effect of Tribulus terresteris                 

(Zygophyllacea) with hydrochlorothiazide on serum sodium and potassium level with 

urine volume on rabbit.  They evaluated that serum sodium level highly significant 

p<0.05 during study but the level of potassium was significant P<0.05 on day 1 but 

insignificant on day 15. Urine volume was found statistically remarkable P<0.05 on 

day 1 and 15. They concluded that Tribulus terresteris have good diuretic properties 

but not indicated for management of mild to moderate hypertension. 

Maheswari et al. (2015) reported the effect of Tribulus terresteris in 

the treatment of various diseases by the antioxidant activity. They induced diabetes in 

rats by streptozotocin with dose of 40 mg/kg I.P and evaluated the beneficial effect of 

Tribulus terresteris extract on hyperglycemia, lipid profile, renal damage and 

oxidative stress in liver and pancreas of type-2 diabetes mellitus in rats. They selected 

male albino rats and divide in four groups. Group one (1) received as control treated 

with normal saline, group 2 received normal saline and Tribulus terresteris extract 

orally with dose of 50 gm /kg for 4 weeks, group 3 received high fat diets for two 

weeks, then inject streptozotocin, group 4 received diet containing high fat,  

administered streptozotocin and treated with Tribulus terresteris extract for 4 weeks. 

After treatment blood samples were collected. The FBS, triglycerides, total 

cholesterol, LDL and VLDL significantly stimulated and level of HDL significantly 

decreases in high fat diet and streptozotocin group. The blood urea nitrogen and 

serum creatinine and alkaline phosphates (ALP) level were decreased by treatment 



60 
 

with Tribulus terresteris; they proved that Tribulus terresteris extract is effective in 

reducing the hyperglycemia. 

El-shaibany et al. (2015) investigated the hypoglycemic activity of 

metabolic extract of Tribulus terresteris belonging to family zygophyllacea and 

compared with the glycemic index of glibenclamide with dose of 5 mg / kg. They 

assigned 4 groups, 1 group served as (normal control), group 2 served as 

(hyperglycemia control), group 3 administered the single dose of glibenclamide and 

group 4 treated with methanolic extract of Tribulus terresteris with dose of 250 mg / 

kg. Group 3 and 4 were treated with glucose as dose 5 g / kg after 1 hour of drug and 

extract administration. The results concluded that the comparison between groups and 

within groups both methanolic extract of Tribulus terresteris and glibenclamide 

significantly reduced the elevated blood sugar level at 1 hour, 2 hour and 3 hour as 

compared to hyperglycemia control group and proved that Tribulus terresteris have a 

potential anti-hyperglycemic activity in glucose loaded normal rabbits. 
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MATERIAL AND METHOD 

EXPERIMENTAL DESIGN FOR ANTI-DIABETIC ACTIVITY 

Material 

1. Extract  Guaiacum  officinale (500mg/kg body weight) 

2. Streptozotocin (for induction of diabetes) 

3. Glibenclamide (Standard drug) 

4. Gluco-meter 

5. Gauze syringe 

6. Insulin syringe 

7. Surgical gloves 

8. Beaker 

9. Glass rod 

10. Measuring cylinder 

11. Oral glucose solution  

12. Lancet 

13. Glucose test strip 

14. Cotton 

15. Xylol solution 

16. Albino male rat 
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Preparation of Plant Extract 

Guaiacum officinale stem bark was collected from the trees grow in 

University of Karachi campus. Dr. Muhammad Qaiser from “Department of Botany, 

University of Karachi, Pakistan” was identified this plant. “Voucher specimen (No. 33 

KU)” has been deposited in the Herbarium of botany department (University of 

Karachi). The stem and bark of Guaiacum officinale was dried in open air and shade, 

than chopped. The air dried chopped bark of Guaiacum officinale (10 kg) was 

grounded and then extracted thrice a time with methyl alcohol at room temperature. 

By freeze drying process under reduced pressure the methanol was get rid from the 

plant extract to produce a gummy residue of brownish appearance. 

 Selection of Experimental Animal 

Albino male rats of Wistar strain (200 gm ± 20 gm) were acquired 

from animal house of PCSIR (Pakistan Council of Scientific and Industrial Research) 

laboratory. The animals were kept in light/dark cycle of 12/12 hours at a temperature 

25 ± 2ºC in the animal house of Baqai Medical University. Approval for experimental 

research of Albino rats has been taken from “Institutional Ethics Committee of Baqai 

Medical University Karachi”. For experimental studies all animals were acclimatized 

for 2 weeks kept on same environment and diet. The animals were weighted 200 ± 20 

gm, kept under observation to assess their health. The one hundred and forty four 

(144) animals with uniform weight 200 ± 20 gm were selected for experimental study. 
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METHOD FOR PREPERATION OF STREPTOZOTOCIN SOLUTION 

After overnight fasting (12 – 16 hours) Streptozotocin were used for 

induction of diabetes (sigma, St. Louis, MO) .Streptozotocin injected by dissolving in 

freshly prepared “0.1 M sodium citrate buffer pH = 4.5.” pH adjusted by using of 1N 

NaOH or by citric acid and followed the metabolic changes occurred during pre-post 

streptozotocin injection for one week. 

Preparation of 0.1 M Citrate Buffer 

Weigh accurately sodium citrate 14.7 gm and citric acid 10.5 gm 

dissolve in distilled water (500 ml). Then final volume makes upto 1 L with distilled 

water. Adjust pH by sodium hydroxide (Rajurkar, 2011). Calculate the dose 

streptozotocin according to body weight of rat, mixed in citrate buffer and given by 

I.P route. 

DETERMINATION OF OGTT FOR MODEL DEVELOPMENT 

OF TYPE-2 DIABETES: 

 Male albino rats (144) weight 200±20 gms were fasted for (12-16 

hours), after induction of diabetes with streptozotocin. The confirmation of 

development of type 2 model of albino rats performed OGTT test to confirm the 

induction of diabetes by giving of glucose 1 gm / kg orally. Baseline blood glucose 

value (0 hours) was determined before loading the glucose solution. This was 

followed by determination of blood glucose at 0.5, 1, 2, 3 hours by using of 

glucometer (Rightest TM GM 300). For the confirmation of diabetes induce 

hyperglycemia, the rat’s shows glycosuria with hyperglycemia. 
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METHODOLOGY FOR DETERMINATION OF BLOOD 

GLUCOSE 

In this study 144 male albino (Wistar) rats were divided in to four 

different groups. Group A considered as Control, group B considered as Positive 

control (STZ), group C considered as standard (GLB), group D considered as treated 

(G. officinale). Each group consisting 12 male albino rats. Experiment was repeated 3 

times. 

Group A: Control group, n=12 received distilled water. 

Group B:  Positive control group n=12 received Streptozotocin at 30 mg/kg dose 

by I/P route (Reed et al., 2000). 

Group C: Standard group n=12 received Glibenclamide 0.5 mg/kg in distilled 

water by oral route for 28 days (Maurya et al., 2012). 

Group D:  Treated group n=12 received the methanolic stem bark extract of 

Guaiacum officinale at 500 mg/kg dose by oral route for duration of 28 

days. 

Blood glucose level of Control group, streptozotocin induced group 

(positive control group) Glibenclamide group (standard group) and Guaiacum 

officinale (treated group) were checked by glucometer through tail vein method. 
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ESTIMATION OF BLOOD SUGAR LEVEL 

Blood sugar level was determined by Bionime blood glucose 

monitoring system. Rightest TM GM 300. 

Principle 

In the strip glucose oxidase and potassium ferrocynide reacts with 

sample having glucose to generate an electrical current which is relative to sum of 

glucose in the sample. The glucometer measure the current to change over it to the 

relating glucose concentration. 

Testing Procedure  

1. First remove the new test strip from vial and promptly recap the vial. 

2. Embed the test strip with indication symbol, facing up, in to test strip pot. 

3. Push the test strip, meter turns automatically, then hear the sound of beep. 

4. Put the drop of blood sample by pricking the tail vein of rat. 

5. The minimum blood sample size for glucose monitoring is1.4 µL. 

6. Touch the blood drop to the strip, blood moves by capillary action. 

7. As the blood applied to the strip, count down appear on the screen of 

glucometer and result will appear on screen after 8 sec in mmol/L or mg/dl. 

8. The testing result automatically stored with date and time. 

9. Remove the used test strip immediately from glucometer. Carefully to secure 

the efficacy of glucometer.  
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INSULIN ASSAY BY ULTRASENSITIVE RAT INSULIN ELISA 

KIT: 

Material for Insulin Assay 

 Antibody - coated micro plate (one pack contain 6×8 well modules, 48 

well/ pack). 

 Anti- insulin enzyme conjugate stock solution. 

 Sample diluents 

 Enzyme substrate (TMB) Solution. 

 Enzyme reaction stops solution. (1N sulfuric acid) 

 Rat insulin standard, lyophilized. 

 Wash buffer stock solution (20X concentrate) 

 Frame for affixing the micro plate well module. 

 Plastic micro plate cover. 

 Micropipettes and disposable tips. 

 Volumetric flasks 

 Distilled or deionized water. 

 Poly propylene micro tubes 

 Test tube racks 

 Vortex mixer 

 Aspirator for washing procedure 

 Micro plate reader. 
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SELECTION OF EXPERIMENTAL ANIMAL 

Albino male rats of Wistar strain (200 gm ± 20 gm) were acquired 

from animal house of PCSIR (Pakistan Council of Scientific and Industrial Research) 

laboratory. The animals were kept in light/dark cycle 12/12 hours at a temperature 25 

± 2ºC in animal house of Baqai Medical University. Approval for experiment of 

Albino rats has been taken from Institutional Ethics Committee of Baqai Medical 

University Karachi. One week prior to start the experimental study all animals were 

acclimatized for 2 weeks kept on same environment and diet. The animals were 

weighted 200 ± 20 gm, kept under observation to evaluate their health. A total of one 

hundred and forty four (144) animals with uniform weight 200 ± 20 gm were selected 

for research work. 

METHOD FOR COLLECTION OF SERUM TO PERFORM INSULIN ASSAY 

In this study 144 male albino Wistar rats were divided in to four 

different groups. Group A considered as Control, group B considered as Positive 

control (STZ), group C considered as standard (GLB), group D considered as treated 

(G. officinale). Each group consisting 12 male albino rats and the experiment were 

repeated thrice for results accuracy. 

Group A: Control group, n=12 received distilled water. 

Group B:  Positive control group n=12 received streptozotocin at 30 mg/kg dose 

by I/P route. 

Group C: Standard group n=12 received Glibenclamide 0.5 mg/kg in distilled 

water by oral route for 28 days (Maurya et al., 2012). 
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Group D:  Treated group n=12 received the methanolic stem bark extract of 

Guaiacum officinale at 500 mg/kg dose by oral route for 28 days. 

All groups of animals were anesthetized by injection of thiopental 

sodium through IP route at the dose of 30 I.U/kg. The blood was collected by cardiac 

puncture in vacutainer containing gel tubes (Parasuraman et al., 2010). Serum was 

separated at 3000 rpm for 20 minutes time duration by centrifugation process. Then 

stored at -20ºC in epindroff. 

QUANTITATIVE DETERMINATION OF LOW RANGE ASSAY OF 

INSULIN 

Low range assay of insulin was estimated by “Ultra-sensitive Rat insulin ELISA kit, 

Crystal Chem®. Catalog # 90060.” 

Procedure 

Preparation of reagents: All reagents should be kept at a temperature of 2-8 ºC 

prior to use. 

Antibody -coated micro plate: Remove the anti-coated micro plate and marked it A 

from the sealed foil pouch and equilibrate at room temperature (37 ºC). 

Rat insulin stock solution: Reconstitute the rat standard solution with 100 µL of 

distilled or de ionized water. The stock solution of rat insulin (25.6 ng /ml) was stored 

at a temperature of -80 ºC. 
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Anti- insulin enzyme conjugate: To prepare anti-insulin enzyme conjugate by 

mixing of anti -insulin enzyme conjugate (3.6 ml) with enzyme conjugate diluents 

(1.8 ml). Mix well to ensure the homogenous mixture. 

Enzyme substrate solution: The enzyme substrate solution provided and ready to 

use. 

Enzyme reaction stop solution: The enzyme reaction solution is provided and ready 

to use. 

Sample diluents: The sample diluents are provided and ready to use. 

Wash buffer: The wash buffer stock solution is prepared to 1L with distilled or de 

ionized water in a volumetric flask. Mix well before use. 

Preparation of Working Rat Insulin Standards 

 Pipette out sample diluents (150 µL) and rat insulin stock solution “25.6 

ng/ml” (50 µL) in to polypropylene micro tubes labeled 6.4 ng/ ml. 

 50 µL sample diluents were dispense to micro tubes and the tubes were 

labeled as 0.1, 0.2, 0.4, 0.8, 1.6 and 3.2 ng/ ml. 

 Dispense 50 µL of the standard (6.4 ng/ ml) in to the micro tubes having 

sample diluents 3.2 ng/ml, and mix thoroughly. 

 Again dispense 50 µL of the standard (3.2 ng/ ml) in to the micro tube 

1.6ng/ml and again mix thoroughly. 

 Now this dilution scheme was repeated several times for precision. 

 50 µL sample diluents were dispense in to a polypropylene micro tubes 

labeled as 0ng/ml. 
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Preparation of working rat insulin standards for low range assay 

  

               Rat insulin concentration (ng/ml) 

6.4     3.2      1.6      0.8         0.4         0.2            0.1           0 

 RISS *(µL) 

  SD** 

 

 TOTAL(µL) 

50 

150     50     50        50          50           50             50          50 

             50        50        50          50        50       50 

 

200       100      100     100       100         100             100       50 

RISS*: Rat insulin stock solution (25.6 ng/ml). SD**: Sample diluent 

ASSAY PROCEDURE 

First Reaction: 

1. Remove the anti-body coated micro plate module from the foil and 

equilibrate at room temperature. Fix the micro plate in supporting frame. 

2. 95 µL sample diluent was dispense in each well. 

3. 5 µL samples were Pipette out (0, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 ng/ml) 

of working rat insulin standards in to the wells. 

4. Micro plate was covered with micro plate cover for 2 hours at a temperature 

of 4ºC for incubation. 
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Second Reactions 

1. Aspirate well contents and wash five times with 300µL of wash buffer per well. 

After every wash remove remaining solution by inverting and tapping the plate 

firmly. 

2. Add 100 µL per well of anti-insulin enzyme conjugate. 

3. Then cover the micro plate with plastic micro plate cover, incubate for 30 

minutes at room temperature. 

     Third Reaction 

1. Discard the content of each well and wash seven times of each well with wash 

buffer. 

2. Immediately dispense 100 µL per well of enzyme substrate solution, react for 

40 minutes at room temperature. 

3. Stop the reaction by adding 100 µL per well of enzyme reaction stop solution. 

4. Absorbance can be measured within 30 minutes by using the plate reader. 

5. Measure the absorbance at A450  value and subtract A630 value. 

DETERMINATION OF INSULIN CONCENTRATION 

1. Determine the mean absorbance of each set of duplicate standards. 

2. By using linear graph, plot the insulin standard curve by plotting the mean 

absorbance value on Y-axis versus standard rat insulin concentration on X - 

axis. 

3. Rat insulin concentration in the sample is plotted by using the standard curve 

and mean absorbance value for each sample. 
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Affix the anti- body coated micro plate to the frame 

 
Dispense 95µL of sample diluent per well 

 
Pipette 5µL of the sample 

 
Incubate the micro plate for 2 hrs at 4ºC 

 
Wash each well five times with wash buffer 

 
Dispense 100 µL of anti- insulin enzyme conjugate per well 

 
Incubate the micro plate for 30 minutes at room temperature 

 
Wash each well seven times with wash buffer 

 
Dispense 100 µL of enzyme substrate solution 

 
Incubate micro plate at room temperature for 40 minutes 

 
Stop the reaction by adding 100 µL per well 

 
Measure A450 and subtract A630 values within 30 minutes 

 
Calculate insulin concentration by using standard curve. 

 

Figure: 3. Schematic Presentation of Rat Insulin ELIZA Kit Assay 
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ESTIMATION OF PANCREATIC ENZYMES 

Materials for Pancreatic Enzymes Determination 

 Vacutainer containing gel 

 Amyl, α- amylase liquid according to IFCC , Cobas ® 

 Roche / Hitachi, MODULAR P, ACN: 570. 

 Lipase , colorimetric assay, Cobas® 

 Roche/Hitachi, 912, MODULAR P/D analyzer, ACN: 731. 

 Labofuge, centrifuge (80-2S) 

 Blood 

 Gloves 

 Syringes 

  Albino rats 

 Glass wares 

Experimental Animals for Pancreatic Enzymes Activity 

Male albino rats (200± 20 gms) received from PCSIR (Pakistan 

Council Scientific and Industrial Research) laboratory of Karachi. The male albino 

rats were kept in animal house of Baqai medical university in 12/12 hours light and 

dark cycle at a temperature of 25± 2ºC for acclimatization. An approval has been 

taken from Institutional Ethical Committee of Baqai medical university before starting 

the experiment. During acclimatization of male albino rat kept in separate cages, 

given uniform environment and diet. A total of one hundred and forty four (144) male 

albino rats (200±20 gms) were selected for experimental studies. 
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Methodology for Collection of Blood Samples to Evaluate the Level of Pancreatic 

Enzymes 

All male albino rats were divided in to four groups. 

Group A: Control group n=12. 

Group B: Positive control group n=12 received streptozotocin at 30mg/kg dose I/P               

route single dose. 

Group C: Standard group, n= 12 received glibenclamide at 0.5 mg/kg dose by oral   

route for 28 days. (Maurya et al., 2012). 

Group D: Treated group, n=12 received the stem bark extract of Guaiacum officinale 

at 500 mg/kg dose by oral route daily for 28 days. 

The dose of Glibenclamide and the bark extract of Guaiacum officinale 

according to body weight of rats. The experiment was repeated three times. The 

animals were sacrificed by cervical decapitation. (Gandhi et al., 2012; Maurya et al., 

2012). The blood was collected in a vacutainer containing gel tubes. 

The blood samples were used for evaluation of pancreatic enzymes, 

(amylase and lipase). Blood samples were centrifuged at 3000 rpm for a period 15 

min in labofuge machine. After centrifugation blood serum were separated and used 

for analysis of pancreatic enzymes. 
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Estimation of Amylase 

Pancreatic amylase was determined by using AMYL- α- amylase 

liquid according to IFCC, Cobas® according to enzymatic colorimetric assay. Roche / 

Hitachi, MODULAR P, analyzer ACN: 509. 

Test principle:  

The enzymatic colorimetric assay method was used for determination 

of pancreatic enzymes. It is a kinetic method based on cleavage of 4, 6 - ethylidene - 

(G7)-1,4 nitrophenol- (G1)α, D-maltohepatoside by α- amylase and subsequent 

hydrolysis of all degradation products to p-nitrophenol with the aid of α- glucosidase . 

The intensity of color of p-nitrophenol is directly proportional to α-amylase activity, 

which was measured by photometer. 

Reaction 

 Sample and addition of R1 

 Addition of R2 and start of reaction. 

 

5 -ethylidene-G7 PNP +5H2O α - Amylase 
2- ethylidene - G5 + 2G2PNP +  

2-ethyldene- G4 + 2G3PNP + 

ethylidene- G3 + G4PNP 
 

2G2PNP + 2G3PNP + G4PNP 

+ 14H2O 

α - Glucosidase
 

 

5PNP +14G 

(PNP = P = Nitrophenol, G= glucose)              

                                                                (Lorentz et al., 1988; kurrle et al., 1996). 
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Reagents 

R1 

HEPES: 2[4-(2-hydroxyethyl) -1- piperazinyl] - ethane sulfonic acid. 

R2 

HEPES buffer                                                                    52.4 mmol/L 

4, 6- ethylidene- G7 PNP                                                    22mmol/L 

Testing procedure 

 Wavelength                                                               340nm 

 Temperature                                                              37º C 

 Volume of R1                                                           250µL 

 Volume of R2                                                           50 µL 

 Volume of sample                                                    10 µL 

The quantification of analyte, carried out by photometry. The aliquot 

of sample in a cuvette that contains reagent mixed with analytes. The reagent reacts 

with analyte producing a change in color. The absorbance or change in color 

measured by photometer. 

Analytical consideration  

The analysis of sample based on principle of end point. The method of 

End point utilizes the signal as a function of time. The reaction between reagents and 
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analyte required a period of time to detect the end point. As the end point detected, 

absorbance can be calculated. 

ESTIMATION OF LIPASE 

Pancreatic lipase was determined by LIP, lipase colorimetric assay, Cobas®, 

according to enzymatic colorimetric assay. Roche / Hitachi 912. Modular P/D, 

Analyzer ACN: 731. 

Test principle 

The colorimetric assay method used for determination of lipase 

enzyme. This method depends on cleavage of chromogenic lipase substrate 1,2 - O- 

dilauryl- rac-glycero- 3- gultaric acid (6- methyl resorufin) ester emulsified with bile 

acids. The pancreatic lipase activity specifically determined by the combination of 

bile acids and Colipase. The chromogenic lipase substrate 1,2- O-dilauryl-rac- 

glycero-3-glutaric acid (6- methyl resorufin ) ester cleaved in the presence of alkaline 

lipase to form 1,2 -O-dilauryl -rac-glycerol  an unstable intermediate glutaric acid. In 

alkaline solution glutaric acid spontaneously decomposed to form glutaric acid and 

methyl resorufin as a result red dye is formed which was directly proportional to 

lipase activity can be determined photometer. 

Reaction 

 Sample and addition of R1. 

 Addition of R2 and start of reaction. 
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1,2 -O-diauryl- rac-glycero-3-

glutaric acid-(6-methyresorufin) 

ester 

Lipase 
1,2-O-dilauryl-rac-glycerol + 

glutaric acid (6- methyl 

resorufin) ester 
 

 

 

 

 

Glutaric acid (6- methyl 

resorufin)ester 

Spontaneous 

Decomposition
 glutaric acid + methyl resorufin

 

Reagents 

R1 

BICIN  buffer  50 mmol/L 

Colipase (porcine pancreas)  ≥ 0.9 mg/ L 

Na- deoxycholate  1.6 mmol/L 

Calcium choloride  10 mmol/ L 

R2   

Tartarate buffer  10 mmol/ L 

1,2-O- dilauryl-rac-glycero-3-glutaric acid 

(6-methyresorufin) ester 

 0.27mmol/L 

Taurodeoxycholate  8.8 mmol/L 

Testing procedures 

 Wavelength                                                               504nm 

 temperature                                                                37 ºC 

 Volume of R1                                                            250 µL 

 Volume of R2                                                            0µL 

 Sample volume                                                          4 µL 
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The quantification of analyte carried out by photometer. The 

aliquot of sample in a cuvette that containing analyte and reagent mixed with 

other. As the reagent react with analyte the change in absorbance is measured. 

The change in absorbance is directly proportional to the concentration of analyte 

in the sample. 

Analytical consideration 

The analysis of lipase activity based on the principle of end point. 

The endpoint method utilizes the signal development as a function of time, as the 

endpoint detected absorbance can be calculated. 
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ESTIMATION OF LIVER ENZYMES (ALP, ALT, AST, γGT) AND 

BILIRUBIN (INDIRECT AND DIRECT) 

Materials for liver enzyme activity and Bilirubin 

 Vacutainer containing gel 

 Vita lab micro ® (Merck) 

 ALP kit (Alkaline phosphates liquid according to IFCC) Roche / Hitachi 

MODULAR P/D analyzers : ACN  158 

 ALT kit (ALAT / GPT) ALT IFCC without pyridoxal phosphate activation, 

Roche / Hitachi 902 analyzer: ACN 684. 

 GGT (Gamma Glutamyl Transferase liquid according to SZaSZ) Roche / 

Hitachi MODULAR analyzers: ACN 479 

 AST kit (ASAT / GOT) Aspartate aminotransferase according to IFCC 

without pyridoxal phosphate activation, Roche/ Hitachi 902 analyzer: ACN 

902. 

 BILT 3 (Bilirubin Total Gen 3) Roche / Hitachi MODULAR analyzers ACN  

712 

 BILD2 (Direct bilirubin Gen 2) Roche / Hitachi 902 and MODULAR P 

analyzers ACN 734 

 Labofuge, centrifuge machine (80-2S) 

 Blood 

 Gloves 

 Syringes 

 Rats 

 Glass wares 
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EXPERIMENTAL ANIMALS FOR ESTIMATION OF LIVER 

ENZYMES AND BILIRUBIN (DIRECT AND INDIRECT) 

Male Albino Wistar rats (200 ± 20 gm) were collected from PCSIR (Pakistan Council 

of Scientific and Industrial Research) Laboratory of Karachi. The animals were kept 

12 hours light and dark cycle in the animal house of Baqai Medical University for 

acclimatization of animal at a temperature of 25 ± 2ºC. An approval has been taken 

from Institutional Ethics Committee of Baqai Medical University Karachi, before 

starting the experimental study. During acclimatization all animals were kept on same 

and uniform diet and observed for evaluation of their health. A total (144) one 

hundred and forty four rats (200 ± 20 gm) were selected for experimental study. 

Methodology for Collection of Blood to Evaluate Liver Enzymes and Bilirubin 

All selected animals (Albino rats) were divided into four groups. 

Group A:  Control group n=12, received distilled water. 

Group B: Positive control group n=12 received streptozotocin at f 30 mg/kg dose.  

Group C: Standard group n=12 received Glibenclamide at 0.5 mg/kg dose by oral 

route for 28 days (Maurya et al., 2012). 

Group D: Treated group n=12 received bark extract of Guaiacum officinale at 500 

mg/kg dose orally for 28 days. The experiment was repeated three times for 

evaluation of correct results. 

The animals were sacrificed by cervical decapitation or cervical 

dislocation (Gandhi et al., 2012; Maurya et al., 2012). The blood was collected in 
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vacutainer containing gel tubes. Blood sample were used for evaluation of liver 

enzymes including ALT / SGPT (Alkaline transaminases / Glutamate pyruvate 

transaminases), AST / SGOT (Aspartate transaminase / Serum Glutamate 

oxaloacetate transaminase), ALP (Alkaline phosphates), γGT / γ-GT (Gamma 

Glutamyl transpeptidase) and Bilirubin (direct and indirect). Blood was centrifuged 

by labofuge centrifuge machine, model 80-2S at a temperature 25ºC at 3000 rpm 

(revolution per minute) for 15 – 20 minutes. After centrifugation serum (supernatant) 

was separated and used for liver enzymes and bilirubin evaluation. 

Estimation of Alkaline Phosphatase (ALP) 

Alkaline phosphatase activity was determined by Cobas ® IFCC liquid method, 

Roche / Hitachi MODULAR P/D analyzer ACN 158, EC 3.1.3.1. 

Method recommended by IFCC 

The colorimetric assay method was first described by King and 

Armstrong, modified by Ohmori & Bessey, Lowery and Brock. In 1983, Hausamen 

improved this method and recommended by International Federation of Clinical 

Chemistry (IFCC) to standardize the method for determination of alkaline 

phosphatase by using a substrate concentration and 2 – amino – 2 methyl – 1 propanol 

as buffer in the presence of cations magnesium and zinc. 

Principle 

The test principle was used to estimate the level of alkaline 

phosphatase which depends on release of P-nitrophenol. In the presence of 

magnesium and zinc ions, P-nitrophenyl phosphate cleaved by phosphatase in to 
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phosphate and P-nitro phenol. The release of P-nitro phenol is directly proportional to 

ALP activity that was measured by photometer. 

Reaction 

Colorimetric assay of ALP carried out in two steps sample and addition of R1. 

Addition of R2 and start of reaction (Hausemen et al., 1983). 

 

P-nitro phenyl phosphate + H2O   
ALP 

 

Phosphate + P-nitro phenol 

Regents 

R1: 

2 – amino – 2 methyl – 1 – propanol  1.12 mmol / L 

Magnesium acetate  2.49 mmol / L 

Zinc sulphate  0.50 mmol / L 

N – (2 – hydroxyethyl –ethylenediamine 

tri- acetic acid) 

 2.49 mmol / L 

R2: 

 

P – nitrophenyl phosphate  
 

99.5 mmol / L 

Testing procedure 

 Wave  length                                                            450 nm 

 Temperature                                                             37 ºC 

 Volume of R1                                                          250 µl 

 Volume  of  R2                                                         50 µl 

 Sample volume                                                         10 µl 
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The quantification of chemistry analyte achieved by using of 

photometry. The aliquot of sample mixed in cuvette that contains analyte with liquid 

regent. When the reagent reacts with analyte changes in color will occurs within the 

reaction solution by the changes of absorbance. The absorbance is measured by using 

a photometer. 

Estimation of Alanine Aminotransferase (ALT/ SGPT) 

Alanine aminotransferase activity was determined by Cobas ® 

according to IFCC method without pyridoxal phosphate activation Roche / Hitachi 

902 automated analyzer. ACN 684 EC 2.6.1.2 

Method recommended by IFCC 

In 1956, Wroblewski and LaDue describe the first kinetics 

determination of ALT in serum. The International Federation of Clinical Chemistry 

(IFCC) standardized the method for estimation of ALT with optimized substrate 

concentration. In 2002, the IFCC confirmed their recommendation and extended it to 

37 ºC. 

Principle  

The test principles were used to estimate the level of ALT depends on 

the formation of pyruvate. In this reaction L-alanine react with  - ketoglutarate to 

form L – glutamate and pyruvate. It is reversible reaction and proceeds in the 

presence of ALT. The resultant pyruvate reacts with NADH2 in the presence of lactate 

dehydrogenase (LDH) and gives L – lactate and NAD
+
. The rate of decrease in 



85 
 

NADH is directly proportional to the rate of formation of pyruvate by that ALT 

activity determined by photometer. 

Reaction 

This test was carried out in two steps. 

 Sample and addition of R1.  

 Addition of R2 and start of reaction (Bergmeyer et al., 1986; ECCLS, 1989). 

 

(i)   - ketoglutarate + L – alanine 
ALT 

 

L-glutamate + pyruvate 

 

(ii)  Pyruvate + NADH + H
+
 

LDH 
 

L-lactate + NAD
+
 

Regents 

R1: 

TRIS buffer  1.25 mmol / L 

L – alanine  625 mmol / L 

NADH  0.23 mmol / L 

LDH  1.5 U/ml 

Magnesium acetate  2.49 mmol / L 

Zinc sulphate  0.50 mmol / L 

N – (2 – hydroxyethyl – ethylenediamine 

tri acetic acid) 

 2.49 mmol / L 

R2: 

 

 - ketogluterate 
 

 

94 mmol / L 
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Testing procedure 

 Wave length                                                                     450nm 

 Temperature                                                                     37 ºC 

 Volume of R1                                                                   250 µl 

 Volume of R2                                                                   50 µl 

 Sample volume                                                                 11µl 

Photometry method was used for quantification of analyte, aliquot of 

sample containing analyte mixed with liquid regent in cuvette. The regents react with 

analyte to produce a change in color, which is detected by absorbance and measured 

by photometric system. 

Estimation of Gamma Glutamyl Transferase (γGT) 

  Gamma Glutamyl transferase activity was determined by Cobas® 

SZaSZ liquid standard method, Roche / Hitachi analyzer 902, ACN  479. 

Method standardization against SZaSZ 

In 1969, SZaSZ published the first kinetic procedure for γGT in serum 

using γ-glutamyl – P – nitroanalide as substrate and glycyl glycine as acceptor. 

In order to overcome the poor solubility of γ–glutamyl–P–nitroanalide. 

Persijn and Vander Silk investigated the various derivatives of compound. The 

substrate L – γ – glutamyl 3–carboxy–4–nitro analide were used due to its superior 

stability and solubility. 
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Principle  

The enzymatic colorimetric assay used for estimation of Gamma glutamyl transferase 

activity. In this reaction L – γ – glutamyl – 3 – carboxy – 4 – nitro analide reacts with 

glycine in the presence of enzyme Gamma glutamyl transferase. The formation of 5 – 

amino – 2 – nitro benzoate is directly proportional to Gamma glutamyl transferase 

activity and can be measured by photometer. 

Reaction 

This assay was carried out by: 

 Sample and addition of R1. 

 Addition of R2 and start of reaction 

 

L – γ – glutamyl-3 – carboxy – 

4 – nitro analide + glycylglycine 
γGT 

L – γ – glutamyl – glycylglycine 

+ 5 – amino – 2 – nitrobenzoate. 

R1: 

TRIS buffer  123 mmol / L 

Glycylglycine  123 mmol / L 

R2: 

Acetate buffer  10 mmol / L 

L – γ – glutamyl 3 – carboxy – 

4 – nitro analide 

 225 mmol / L 
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Testing procedure 

 Wave length                                                               334 nm 

 Temperature                                                               37 ºC 

 Volume of R1                                                             250µl 

 Volume of R2                                                             50 µl  

 Sample volume                                                           15 µl 

The quantification of analyte was achieved by using photometer, the 

aliquot of sample in a cuvette that contains analyte mixed with liquid regent. As the 

regent react with analyte changes in color was observed after the reaction. The change 

in color measured by absorbance by using of photometer. 

Estimation of Aspartate Aminotransferase (AST/SGOT) 

Aspartate aminotransferase activity was determined by Cobas® 

according to IFCC without pyridoxal phosphate activation. Roche / Hitachi 902, 

analyzer ACN: 143. 

Method recommended by IFCC without pyridoxal phosphate activation 

In 1955, Karmen et al. first time describe the AST activity in serum. In 

1977 and 1980 International Federation of Clinical Chemistry (IFCC) standardized 

the procedure for AST determination. In 2002, the IFCC confirmed the 

recommendation and extended it to 37ºC. 
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Principle  

UV test used for determination of AST activity. In this activity α- 

ketoglutarate and L- Aspartate react in the presence of AST to form L-glutamate and 

oxaloacetate. The oxaloacetate is determined indicator that was catalyzed in the 

presence of malate dehydrogenase and NADH is oxidized to NAD+. The rate of 

formation of oxaloacetate is directly proportional to decrease the NADH that can 

measure photometer. 

Reaction 

This reaction is carried out by 

 Sample and addition of R1 

 Addition of R2 and start of reaction. (Bergmeyer et al.,1985; ECCLS, 1989). 

 

(i)  α- ketoglutarate + L-aspartate AST L-glutamate + oxaloacetate 

 

(ii)  Oxaloacetate +NADH+ H
+
 MDH 

 

L-malate+ NAD
+
 

Reagents 

R1 

TRIS buffer  100mmol/L 

L-aspartate  300 mmol/L 

NADH  0.23 mmol / L 

MDH (porcine heart)  ≥ 0.53 U/ml 

LDH  ≥0.75 U/ml 
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R2 

 

 - ketogluterate 
 

 

75 mmol / L 

Testing procedure 

 Wave length                                                              340 nm 

 Temperature                                                              37 ºC 

 Volume of R1                                                           250µl 

 Volume of R2                                                           50 µl  

 Sample volume                                                         10 µl 

Photometer is used for quantification of analyte, aliquot of sample in 

cuvette that contains analyte mixed with reagents, as the reagent react with analyte, 

color changes is observed by using photometer. 

Estimation of Total Bilirubin (Indirect) 

Total bilirubin was determined by Cobas ® bilirubin total Gen. 3 by 

colorimetric diazo method. Roche / Hitachi MODULAR analyzer, ACN 712. 

Test principle  

The test principle were used for estimation of total bilirubin is 

colorimetric diazo method. In this reaction bilirubin react with 3,5 – 

dichlorophenyldiazonium in the presence of acidic medium to from azobilirubin. It is 

an irreversible reaction. The intensity of color (red azodye) is directly proportional to 

the total bilirubin which can be determined photometer. 
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Reaction 

 

Bilirubin + 3,5 – DPD 
Acid 

 

Azobilirubin 

(Wahlefeld etal.,1972) 

Regents 

R1: 

 

Phosphate 
 

 

25 mmol / L 

R2: 

 

3,5 – dichlorophenyldiazonium salt 
 

 

≥1.35 mmol / L 

Testing procedure: 

 Wave length                                                         546 nm 

 Temperature                                                         37 ºC 

 Volume of R1                                                       250µl 

 Volume of R2                                                       50 µl 

 Sample volume                                                     14 µl 

The quantification of analyte achieved by using photometer, the aliquot 

of sample in a cuvette containing analyte mixed with regent. The regent reacts with 

sample in an acidic medium, a change in color is observed due to formation of 

azobilirubin, and change in color was observed by photometer. 
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Estimation of Direct Bilirubin  

Direct bilirubin determined by Cobas ® direct bilirubin total Gen. 2 by 

colorimetric diazo method. Roche / Hitachi 902 and MODULAR P – analyzer, ACN 

734. 

Test principle 

The test principle used for direct bilirubin is colorimetric diazomethod. 

In this principle, direct bilirubin and conjugated bilirubin reacts with 3,5 – 

dichlorophenyldiazonium salt in acidic buffer to from azobilirubin (red colored). The 

color intensity of direct (conjugated) bilirubin concentration in red color can be 

determined photometer. 

Reaction 

 

Bilirubin + 3,5 – ADP 
Acid 

 

Azobilirubin    

  (Wahlefeld et al., 1972) 

Regents 

R1: 

Phosphoric acid  35 mmol / L 

HEDTA  4.0 mmol / L 

NaCl  50 mmol / L 
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R2: 

 

3,5 – dichloro phenyl diazonium 
 

 

1.5 mmol / L 

Testing procedure 

 Wave length                                                                      546 nm 

 Temperature                                                                      37 ºC 

 Volume of R1                                                                   250µl  

 Volume of R2                                                                   50µl 

 Sample volume                                                                 14µl 

The quantification of chemistry analyte was achieved by using 

photometer. The aliquot of sample in a cuvette mixed the analyte with regents, the 

regent react with analyte produced a color changes which was detected in form of 

absorbance. The absorbance was measured by using the photometer. 
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ESTIMATION OF TOTAL LIPIDS AND RENAL FUNCTIONS 

Material for Total Lipid Determination 

 Vacutainer containing gel 

 Cholesterol CHOD – PAP Cobas ® 

 Roche / Hitachi MODULAR P/D analyzers : ACN 433 

 HDL – C 3
rd

 generation Cobas ® 

 Roche / Hitachi 912 MODULAR analyzers : ACN 433 

 LDL – C plus 2
nd

 generation Cobas ® 

 Roche / Hitachi 912 / 917 MODULAR analyzers : ACN 059 

 Triglycerides GPO – PAP Cobas ® 

 Roche / Hitachi MODULAR: ACN 781 

 Labofuge, centrifuge machine (80-2S) 

 Blood 

 Gloves 

 Syringes 

 Male albino rats 

 Glass ware 

Material for Renal function determination 

 Vacutainer containing gel 

 Urea/BUN, Kinetic UV assay for UREA/ Urea nitrogen , Cobas® 

 Roche, Hitachi MODULAR D, ACN :418 

 CREA, Creatinine Jaffe method, rate - blanked and compensated Cobas® 
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 Roche/ Hitachi automated analyzer. ACN: 902. 

 Labofuge, centrifuge (80-2S) 

 Blood serum 

 Gloves 

 Syringes 

 Glassware 

Experimental Animal for Estimation of Total Lipid and Renal Functions 

 Male albino Wistar rats (200 ± 20 gm) were purchased from PCSIR 

(Pakistan Council of Scientific and Industrial Research) Laboratory of Karachi. The 

male albino rats were kept 12/12 hours light and dark cycle in the developed animal 

house of Baqai Medical University of Karachi for acclimatization of rats at a 

temperature of 25 ± 2ºC. An approval has been taken from Institutional Ethics 

Committee of Baqai Medical University Karachi before starting the experimental 

study. During acclimatization all animals were kept on same environment and diet. A 

total (144) one hundred and forty four male albino rats (200 ± 20 gm) were selected 

for research study. 

Methodology for Collection of Blood to Evaluate the Level of Total Lipids and 

Renal Functions 

All male albino rats were divided into four groups. 

Group A:  Control group n=12. 

Group B: Positive control group n=12 received streptozotocin at 30 mg/kg dose by 

I/P route (Reed et al., 2000). 
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Group C: Standard group n=12 received Glibenclamide at 0.5 mg/kg dose by oral 

route for 28 days daily (Maurya et al., 2012). 

Group D: Treated group n=12 received the bark extract of Guaiacum officinale at 

500 mg/kg dose by oral route for duration of 28 days. 

The experiments were repeated three times for accuracy of results. 

The animals were sacrificed by cervical decapitation (Gandhi et al., 

2012; Maurya et al., 2012). The blood was collected in vacutainer containing gel 

tubes. Blood samples were used for evaluation of total lipid including cholesterol, 

triglycerides (TG), high density lipoprotein (HDL) and low density lipoprotein (LDL), 

renal function (Urea and Creatinine). Blood was centrifuged at 3000 rpm (revolution 

per minute) for 15 – 20 minutes (labofuge centrifuge machine, model 80-2S). After 

centrifugation serum was separated and used for determination of total lipids and 

renal functions. 
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METHODS FOR DETERMINATION OF TOTAL LIPIDS: 

Estimation of Cholesterol 

Cholesterol was determined by using cholesterol CHOD – PAP Cobas 

® kit according to enzymatic colorimetric assay Roche / Hitachi MODULAR P/D 

analyzers: ACN 433. 

Test principle  

The enzymatic colorimetric assay was used for determination of 

cholesterol. The Roche cholesterol assay was meets the goal in 1992 National 

Institute of Health goal of less than an equal to 3% for both precision and bias. In that 

reaction cholesterol esters are cleaved to form fatty acid and free cholesterol in the 

presence of cholesterol esterase. The cholesterol is converted in to cholest – 4 – en – 3 

– one and hydrogen peroxide in the presence of cholesterol oxidase. The hydrogen 

peroxide reacts with 4 – amino phenazone and phenol in the presence of enzyme 

peroxidase, red dye stuff is formed. The intensity of color is directly proportional to 

concentration of cholesterol which can be detected photometer. 

Reaction 

Sample and addition of R1 and start the reaction 

Regents 

 

Cholesterol esterase +H2O Cholesterol Esterase 
 

Cholesterol +RCOOH 

 

Cholesterol esterase + O2 Cholesterol Oxidase 
 

Cholest–4–ene–3–one + H2O2 
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2H2O2 + 4 – amino  

phenazone + phenol 
Peroxidase 4 – (P – benzoquinone – mono 

amino) phenazone + 4H2O 

R1: 

Piperazine -1, 4 bis (2-ethanane sulfonic acid)  75 mmol / L 

Mg2+  625 mmol / L 

Sodium Cholate  0.2 mmol / L 

4 – amino Phenazone  0.15mmol / L 

Phenol  ≥ 4.2 mmol /L 

Fatty alcohol Polyglycol ether  >1% 

Cholesterol esterase  ≥ 0.5 U 

Cholesterol oxidase  ≥ 0.15 U/ml 

Peroxidase  ≥ 0.25 U/ml 

Testing procedure 

 Wave length                                                            505 nm 

 Temperature                                                            37
o
C 

 Volume of R1                                                         250µl 

 Sample volume                                                       3 µl 

Photometry method was used for the quantification of chemistry 

analyte. The aliquot of sample in a cuvette that contains analyte mixed with reagents. 

The analyte and reagent reacts red dye stuff was formed, which was detected by the 

absorbance. The range easily measured by photometry system. 
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Estimation of High Density Lipoprotein (HDL)  

The HDL was determined by HDL-C plus 3
rd

 generation Cobas ® 

according homogenous enzymatic colorimetric test. Roche / Hitachi 912 / Modular 

analyzer: ACN: 435 

Method  

Enzymatic invitro assay for the direct quantitative determination of 

HDL – cholesterol by automated method uses PEG modified enzymes and dextran 

sulphate. When enzymes cholesterol oxidase and cholesterol esterase were modified 

by PEG, they show specific catalytic activities for fractions of cholesterol HDL and 

LDL. 

Test principle: 

The homogenous enzymatic colorimetric method used for 

determination of HDL cholesterol by the help of enzymes cholesterol esterase and 

cholesterol oxidase. They coupled with PEG, first cholesterol esters broken down in 

to free fatty acid and cholesterol in the presence of enzyme cholesterol esterase and 

oxygen. In the presence of cholesterol oxidase, the cholesterol oxidized in to 


4
cholestenone and hydrogen peroxide. In the presence of peroxidase, hydrogen 

peroxide reacts with 4-amino-antipyrin and HSDA to form purple-blue dye. The color 

intensity of dye is directly proportional to concentration of cholesterol. 
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Reactions 

 

HDL Cholesterol esterase PEG Cholesterol Esterase 

 

HDL Cholesterol + 

RCOOH 

 

HDL Cholesterol + O2 
PEG Cholesterol Oxidase 

 


4
cholestenone+ H2O2 

 

2H2O2 + 4-amino-antipyrine 

+ HSDA + H
+
 + H2O 

Peroxidase Purple blue pigment + 

5H2O 

(Sugiuchi et al., 1995; Matsuzaki et al., 1996). 

Reagents 

R1 

4 – (2 – hydroxyl ethyl) – 1 – piperazine – 

ethanesulfonic acid 

 10.07mmol/ L 

 

2 – (N – cyclohexylamino) ehanesulfonic acid 
     

 

96.95mmol/ L 

Dextran sulphate   1.5g/L 

Magnesium nitrate hexahydrate  >11.7 mmol / L 

HSDA [sodium – N- (2 – hydroxyl – 3 – 

sulfopropyl) – 3, 5 – dimethoxyanilline ] 

 0.96 mmol / L 

Ascorbate oxidase  > 50 µ Kat / L 

Peroxidase  > 16.7 µ Kat /L 

R2 

HEPES buffer [4 – (2 – hydroxyethyl) 

– 1 – piperazine – ethanesulfonic acid] 

 10.07 mmol / L 



101 
 

 

PEG cholesterol esterase 
 

 

> 3.33 µ Kat / L 

PEG cholesterol oxidase  > 127 µ Kat / L 

Peroxidase  > 333 µ Kat / L 

4 – amino  - antipyrine  2.46 mmol / L 

Testing procedure 

 Wave length                                   450 nm 

 Temperature                                              37ºC 

 Volume of R1                                              250 µL 

 Volume of R1                                              83 µL 

 Sample volume                                             3 µL 

The quantification of analyte carried out by using of photometer. The 

aliquot of sample in a cuvette that contains analyte mixed with liquid reagent. The 

reagent react with analyte produces a change in color within the reaction solution. 

Analytical consideration 

The change in color due to the reaction of analyte and reagent, 

readings in form of absorbance measured by end point method. This method utilizes 

signal as a function of time. The time period is needed to reach the end point, when 

the reaction will start between the analytical reagents. At this point analyte 

concentration can be calculated in form of absorbance. 
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Estimation of Low Desnsity Lipoprotien (LDL) 

LDL was determined by LDL – C plus 2
nd

 generation, LDL – 

Cholesterol Cobas ® according to homogenous colorimetric assay Roche / Hitachi 

912/917 MODULAR Analyzer: ACN 059. 

Test principle  

The homogenous enzymatic colorimetric assay was used for the 

determination of LDL – Cholesterol. In that principle, LDL – Cholesterol ester broken 

in the presence of cholesterol esterase to form free fatty acid and cholesterol. 

Cholesterol is oxidized by cholesterol oxidase in the presence of oxygen to form 


4
cholestenone and hydrogen peroxide. Hydrogen peroxide reacts with 4-amino-

antipyrin and HSDA to form purple-blue dye in the presence of peroxidase. The 

intensity of dye is directly proportional to concentration of cholesterol. 

Reactions 

 

LDL Cholesterol esterase Cholesterol Esterase 

 

Cholesterol + free fatty acid 

OH 

 

LDL Cholesterol + O2 
Cholesterol Oxidase 

 


4
cholestenone+ H2O2 

 

2H2O2 +  4-amino-antipyrin 

+ HSDA + H2O + H
+
 

Peroxidase Purple blue pigment + 

5H2O 
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Reagents:  

R1 

 

MOPS (3 – morpholinopropane sulfonic acids) 
 

 

20.1 mmol / L 

HSDA  0.96 mmol / L 

Ascorbate oxidase  > 50 mmol / L 

Peroxidase  > 167 mmol / L 

R2 

 

MOPS (3 – morpholinopropane sulfonic acids) 
 

 

20.1 mmol / L 

4 – amino  - antipyrine  2.46 mmol / L 

Cholesterol esterase  > 50 µ Kat / L 

Cholesterol oxidase  > 33.3 µ Kat / L 

Peroxidase  > 333 µ Kat / L 

Testing procedure 

 Wave length                                         480nm 

 Temperature                                                    37
o
C 

 Volume of R1                                         250 µl 

 Volume of R1                                         83 µl 

 Sample volume                                        3 µl 

Photometry method used for the quantification of chemistry analyte. 

The aliquot of sample in a cuvette that contains analyte and reagent mixed with the 
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analyte and reagent reacts with each other to form purple blue pigment, which was 

detected in form absorbance.  

Analytical consideration 

The change in color due to the reaction between analyte and the reagent, readings in 

form of absorbance were measured by end point method. The reaction between 

analyte reagents needs a period of time to detect the end point; at that point 

concentration of analyte was calculated in form of absorbance. 

Estimation of Triglycerides 

Triglycerides were determined by Triglycerides – GPO –  PAP Cobas ® according to 

enzymatic calorimetric assay Roche / Hitachi / MODULAR ACN: 781 

Test principle:   

The enzymatic colorimetric assay was used for determination of triglycerides. In that 

principle, triglycerides broken down into glycerol and free fatty acid, glycerol in 

presence of ATP, GK, Mg
2+

 to from glycerol – 3 – phosphate and ADP. Glycerol – 3 

– phosphate in the presence of GPO to from dihydroxy acetone phosphate and 

hydrogen peroxide. The hydrogen peroxide react with amino – 4 – phenazone and 

chlorophenol to form 4 - P – benzoquinone – monoaminophenazone in the presence 

of peroxidase. 
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Reactions: 

 

Triglycerides + 3 H2O 
LPL 

 

glycerol + 3 RCOOH 

 

Glycerol + ATP 
GK Mg

2+ 
 

glycerol – 3 – phosphate + 

ADP 

 

Glycerol – 3 – phosphate + O2 
GPO 

 

dihydroxy– acetone – 

phosphate + H2O2 

 

H2O2 + amino – 4 – phenazone 

+ cholor – 4 – phenol 
Peroxidase

 
4 – (D – benzoquinone – 

monoimino) – phenazone + 

2 H2O +HCL
 

Reagents: 

R1 

PIPES [(hydroxy–2-ethyl –4–

piperazine–1] 2–ethyl sulfonic) 

 50 mmol / L 

Mg2+  40 mmol / L 

Amino – 4 – phenazone  4.7 mmol / L 

Chloro – 4 – phenol  0.15mmol / L 

Lipoprotien Lipase  > 5.0 µ / ml 

Glycero kinase  > 0.19 µ / ml 

Glycerol phosphate oxidase  > 2.5 µ / ml 

Peroxidase  > 0.10 µ / ml 

Testing procedure 

 Wave length                                   450nm 

 Temperature                                              37
o
C 
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 Volume of R1                                               250 µl 

 Sample volume                                               3 µl 

The quantification of analyte carried out by photometry. The aliquot 

containing of sample and reagents reacts in a cuvette, as they react color formation 

occurred, which were detected by the absorbance. 

Analytical consideration 

The analysis of sample based on principle of end point. This method 

utilizes the signals as the function of time. The reaction between reagents and analyte 

require the period of time to detect the end point. As the end point detected, 

absorbance can be calculated. 
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METHOD FOR RENAL FUNCTIONS 

Estimation of Urea  

Urea was determined by urea/ BUN, Kinetic UV assay for urea/ urea 

nitrogen, Cobas® according to kinetic UV assay. Roche/ Hitachi MODULAR D, 

analyzer ACN: 418. 

Test principle: 

The kinetic UV assay method was used for determination of urea. Urea is hydrolyzed 

to form CO3
2-

 and ammonia in the presence of enzyme urease. The ammonia react 

with α- ketoglutarate and NADH to form glutamate and NAD⁺ in the presence of 

GLDH. 

REACTION: 

This reaction carried out by: 

 Sample and addition of R1 

 Addition of R2 and start of reaction. 

 

Urea + H2O Urease 
 

2NH4 +CO3
2-

 

 

α- ketoglutarate + NH4
+
 NADH GLDH

 
 

L-glutamate + NAD
+
 + H2O 

  (Fawcett et al., 1960; Chaney et al., 1962 
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REAGENTS 

R1: 

 

CAPSO buffer   
 

 

5 mmol/L 

NADH  ≥0.23 mmol/L 

R2: 

BICIN  buffer  1000 mmol/L 

Urease  ≥ 120 µkat/ L 

GLDH  ≥ 15.0 µkat/L 

α-ketoglutarate  8.3 mmol/L 

Testing procedure 

 Wavelength                                                              340 nm               

 Temperature                                                             37Cº 

 Volume of R1                                                           250µL 

 Volume of R2                                                           150µL 

 Sample volume                                                          4.0 µL 

The quantification of analyte carried out by photometer. The aliquot of 

sample in a cuvette that contains analyte mixed with reagents. As the reagent react 

with analyte to produce a change in color in form of absorbance. The absorbance 

detected by photometer. 
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Analytical consideration 

The analysis of sample carried out by end point down reaction. This 

method utilizes the signal as a function of time. The reaction between analyte and 

reagents need a period of time to reach end point. Urea is an example of an analyte 

that utilizes the end point down reaction. 

Estimation of Creatinine 

Creatinine was determined by CREA, Creatinine Jaffe method rate - blanked and 

compensated, kinetic colorimetric assay method, cobas®, Roche/ Hitachi 902. 

Test principle 

The kinetic U.V assay method used for determination of creatinine. In this reaction, 

Creatinine reacts with picric acid in alkaline pH to form yellow- orange complex. 

Reaction 

This reaction carried out by: 

 Sample and addition of R1 

 Addition of R2 and stat of reaction 

 

Creatinine + picric acid 
Alkaline pH 

 

Yellow orange complex 

    (Fabiney et al., 1971; Bartetes et al., 1971). 
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Reagents 

R1: 

 

Sodium hydroxide 
 

 

0.20 mmol/L 

R2: 

 

Picric acid 
 

 

25mmol/L 

Testing procedure 

 Wave length                                                            505nm 

 Temperature                                                            37Cº 

 Volume of R1                                                         250µL 

 Volume of R2                                                         10µL 

 Sample volume                                                       15µL 

The quantification of analyte carried out by using photometer. In 

photometry aliquot of sample containing analyte mixed in cuvette with reagent, as the 

reagents react to each other, a change in color observed with in the reaction solution. 

Analytical consideration 

The analysis of sample carried out by end point. This method utilizes 

signal development as a function of time as the end point reached due to reaction 

between analyte and reagent, automated photometer calculate the result in form of 

absorbance. 
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ESTIMATION OF ELCTROLYTES (SODIUM AND POTASSIUM) 

   Materials 

 Vacutainer containing gel 

 Vita Labofuge, centrifuge machine (80-2S) 

 Blood 

 Gloves 

 Syringes 

 Rats 

 Glass wares 

  lab micro ® (Merck) 

 Cuvette 

Experimental Design for Estimation of Electrolytes 

Animals (albino rats) were collected from PCSIR (Pakistan Council of 

Scientific and Industrial Research) Laboratory of Karachi. The rats were kept in 

animal house for acclimatization at a temperature of 25±ºC in Baqai Medical 

University. All animals were kept on uniform diet and environment. The one hundred 

and forty four (144) animals were selected for research study. 

Method for Collection of Blood for Estimation of Electrolytes 

All selected animals (Albino rats) were divided into four groups. 

Group A:  Control group n=12, received distilled water. 

Group B: Positive control group n=12 received streptozotocin by I/P route. 
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Group C: Standard group n=12 received Glibenclamide at 0.5 mg / kg/oral. 

Group D: Treated group n=12 received bark extract of Guaiacum officinale by oral 

route for 28 days. The experiment was repeated three times for evaluation of correct 

results. 

The animals were sacrificed by cervical dislocation (Gandhi et al., 

2012; Maurya et al., 2012). The blood was collected in gel tubes. Blood sample were 

used for evaluation of electrolytes. Blood was centrifuged by labofuge centrifuge 

machine, model 80-2S at a temperature 25ºC ± 2 ºC at 3000 rpm (revolution per 

minute) for duration of 15 – 20 minutes. After centrifugation serum (supernatant) was 

separated and used for electrolytes (Sodium and potassium) evaluation. 

Estimation of Sodium Electrolyte  

Estimation of serum sodium with Mg-Uranyl acetate done by photometric color test 

method (Steadman, 1941). 

Principle 

Mg-Uranyl acetate was precipitated with sodium. Yellow brown complex was formed 

with thio glycolic acid due to the presence of Uranyl ions. The difference between 

reagent blank without precipitation of sodium is directly proportional to the sodium 

concentration. 
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Reagents 

 Uranyl acetate                                                      19mmol/L 

 Magnesium acetate                                               140mmol/L 

 Ammonium thioglycolate                                     550mmol/L 

 Ammonia                                                             550 mmol/L 

 Standard sodium                                                   150mmol/L 

Procedure 

Pipetting 

 Standard solution                                                  20µl 

 Sample serum                                                       20 µl 

 Precipitant of standard                                          1000µl 

 Precipitant of sample                                            1000µl 

After addition of all reagent cuvettes were closed and mixed well. Kept 

for 5 minutes. Shake for 30 seconds and again allow standing for 30 minutes. 

Centrifuged at 3000 rpm for duration of 5-10 minutes. 

After centrifugation  

 Precipitant of reagent blank                                      20µl 

 supernatant of standard                                             20µl 

 Supernatant of sample                                               20µl 

 Reagent blank                                                           1000µl 

 Reagent standard                                                       1000µl 

 Reagent sample                                                         1000µl 
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The solutions were mixed well, after 15-30 minutes; absorbance was 

measured against distilled water respectively. 

Estimation of Potassium 

The analysis of potassium explained by Hillman and Beyer 1967. 

REAGENTS 

 Thiochloroacetic acid                                                0.3mmol/l 

 Sodium tetraphenylboron                                          0.2 mmol/l 

 Sodium hydroxide                                                    0.2 mmol/l 

 Standard potassium                                                  5.0 mmol/l 

Preparation of test tubes 

Sodium tetra phenyl boron were mixed with contains of bottle sodium 

hydroxide in ratio of 1:1. Left for 15-30 minutes before use. The prepared reagents 

were used for 6 days at 2-8ºC. 

Pipetting 

 Volume of serum                                                       50µl 

 Volume of precipitant                                                500µl 

These tubes mixed thoroughly, and then centrifuged 3000 rpm for 

duration of 5-10 minutes at. Clear solution was separated. 
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Determination 

 Volume of standard reagent                                           1000µl 

 Volume of supernatant                                                   100µl 

To produce the homogenous turbidity the standard and clear solution 

was added on the surface of reagents in cuvettes. The solution mixed well and kept for 

5 minutes. Absorbance was measured by photometer.                                                                  
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EXPERIMENTAL DESIGN FOR HISTOPATHOLOGICAL 

STUDIES 

On the basis of that the bark extract of Guaiacum officinale have a 

potential to reduced blood sugar level in type 2 diabetic rats.  A total 144 male albino 

(Wistar) rats 200±20 gms were selected for histopathological studies. 

Methodology for Collection of Organs to Evaluate the Histopathological Changes 

All selected male albino rats were divided in to four groups. 

GROUP A: Control group n=12 

GROUP B (Positive control):  n=12, received Streptozotocin 30 mg/kg dose by   I/P 

route. 

 GROUP C (Standard group): n=12 received Glibenclamide at 0.5 mg/kg dose by 

oral route for 28 days. 

GROUP D (Treated group): n=12, received bark extract of Guaiacum officinale at 

500mg/kg dose by oral route for 28 days. 

The dose of glibenclamide and bark extract of Guaiacum officinale 

calculated according to body weight of rats. The experiment was repeated for three 

times. The animal was sacrificed by cervical decapitation (Gandhi et al., 2012; 

Maurya et al., 2012). After one month of treatment rats were dissected. The vital 

organs (Liver, kidney and pancreas) were separated and preserved in 10% formalin 

solution for proceeding to section and staining (Bancroft et al., 1990). 
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PREPERATION FOR DISECTION OF RATS 

Material 

 Male albino (Wistar) rats 

 Dissecting pan 

 Dissecting kit (surgical scissors, forceps, dissecting  needles) 

 Surgical gloves 

 Beakers 

 Formalin 10% 

Methodology for Dissection of Rats 

All animals were sacrificed by cervical decapitation. 

Step 1: Skinning of ventral surface 

 The upper and lower limbs were fixed of decapped rats with the help of 

dissecting pin to the ventral surface in upward direction in dissecting pan. 

Step 2: Opening of abdominal cavity 

 Abdominal cavity was opened by using a pair of scissors. To avoid the injury 

of viscera detached the muscles and tissues with the help of forceps. 

  Two lateral cuts were made near the base of rib cage on each left and right 

side. 

 The cuts were long-drawn-out and pinned back on surface of pan. 

 The abdominal cavity well exposed to examine the viscera’s of abdomen. 
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Step 3: Examination of abdominal organs 

 Reddish brown liver first seen, carefully cut off liver, stomach and intestine 

were visualized. Supporting membranes and mesenteries, blood vessels and 

nerves were lifted up with the portion of intestine and pancreas was just lying 

beneath the intestine. 

 Peeled off the peritoneum and fat from abdominal cavity, kidney and 

reproductive organs easily visualized. Urinary bladder along with pair of 

kidneys cut off carefully. 

PREPERATION OF HISTOLOGICAL STUDIES 

Preparation of Haematoxylin Stain 

Reagents 

 Haematoxylin 

 Potash alum 

 Absolute alcohol 

 Distilled water 

 Mercuric oxide 

 Glacial acetic acid 

Procedure 

Haematoxylin stain prepared by weighed 2.5 gm of haematoxylin 

dissolved in 25 ml of absolute alcohol. Potash alum of 50 gms dissolved in luke warm 
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water and add in mixture of haematoxylin solution. The entire mixtures were boiled 

and instantly add 1.25 gm of mercuric oxide. Allowed to cool the stain and kept the 

flask in cold water. Then add 20 ml of glacial acetic acid. Now stain is prepared and 

ready for use.  

Preparation of Eosin Stain (Eosin -Y 0.5%) 

Reagents  

 Eosin -Y 

 Distilled water 

 Absolute alcohol 

Preparation 

Weighed eosin-Y of 5 gms and dissolved in 5 ml of distilled water. 

Then add   absolute alcohol 95 ml.  Eosin solution 0.5 % ready for immediate use. 

TISSUE PROCESSING  

Fixation 

After dissection of animal organs immediately fixed in formalin 

solution  for 24-48 hours. The fixative solution generally employed for all histological 

and histochemical technique. 

Preparation 

 Sodium chloride                                                  9gm 

 40% formaldehyde                                              100ml 

 Tap water                                                             900 ml  
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Dehydration 

Dehydration process carried out by using different dehydrating agent 

(ethyl alcohol). From lower to higher concentration dehydration was started by 

ethanol 60-70% then 90-95% ethanol. The percent concentration of ethanol increased 

stepwise until the clear stage was achieved. Duration of each strength to treat with 

ethanol is 60 minutes. 

Clearing 

Clearing step is an intermediate step of dehydration and infiltration. 

Clearing solution is required which dissolved both the dehydrant and the embedding 

medium to assist the transition of tissue from dehydrating and infiltration step. 

Infiltration 

Infiltration of tissues carried out by melted paraplast at temperature of 

58ºC. 

Casting or Block embedding 

Solid mass of paraplast consist of metal pieces of L-shaped were used 

to fix the tissues. The cold piece of metal plates sited on a glass to prepared the 

squares for required diameter. By using of warm forceps tissues were placed 

longitudinally on the squares of blocks where enclosures already filled with melted 

paraplast. Labeled it, allowed to cool and removed metal blocks. 
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Sectioning 

Rotatory micrometer used for sectioned the tissue of five micron 

thickness. 

Mounting 

Clean and uncontaminated gelatinized slides were used for mounting. 

The mounted slides were kept on hot plate for 24 hours at 37ºC of temperature for 

appropriate fixation. 

Staining 

By using of haematoxylin and eosin stain slides were stained. 

Preservation 

The stained slides of liver, kidney and pancreas of male albino rats 

kept for drying and labeled. Slides were stored in wooden or plastic boxes (Bancroft 

and Steven, 1990). 

Optical OR Ocular study of stained tissues: 

The slides of tissues (liver, kidney and pancreas) were observed under 

microscope at 10X, 100X, 200X and 400X. 
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Figure: 4. Schematic Presentation of H&E Staining. 
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EXPERIMENTAL DESIGN FOR SCANNING ELECTRON 

MICROSCOPY (SEM) 

In scanning electron microscopy, we selected 144 male albino (Wister) 

rats, weight 200±20gms for this study. The animals were sacrificed by cervical 

decapitation. After one month of treatment rats were dissected .liver, kidney and 

pancreas were isolated and preserved in 10% formaldehyde solution. 

Principle of Scanning Electron Microscopy 

SEM is an electronic microscope that produce image of a sample by 

scanning it with the focused beam of electron. The atoms of a sample interact with the 

electrons and producing signals that contain information about the surface of the 

samples. The electron beam is scanned in raster scan pattern or rectangular pattern. 

The detected signals and beam’s position is combined to construct an image. 

Commonly Scanning electron microscope useful for detection of secondary electron 

emitted by atoms excited by electron beam. The electrons are collected by detectors 

which generates electronic signals. These signals are scanned in a manner by screen to 

produce image on cathode ray tube (CRT). The image is saved by capturing it from 

CRT. This microscope is use for surface imaging of samples (McMullan, 1995; IE, 

2015).  
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Preparation of Sample 

Fixation  

The samples of pancreas, liver and kidney of all groups (control, 

positive control, standard and treated) were prefixed on 10% formaldehyde solution. 

Post fixation of biological samples was done by osmium tetra oxide. 

Dehydration 

The tissues of pancreas, liver and kidney were dehydrated by ethanol 

or by series of ethanol water mixture. 

Drying  

The samples of all groups were completely dried with Critical Point 

Drier, Bromar SPC-1500. 

Mounting  

The Liver, pancreas and kidney tissues were mounted on stub of 

scanning electron microscope. Tissues were attached with the help of glue. 

Coating 

To make samples electronically conducted were coated with gold 

palladium using Denten-Desk-1 Vacuumed Coater (Suzuki, 2002; Braun et al., 2006). 

The sample was coated with gold up to 300 
O
A. Coated model number JFC-1500. 
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Imaging 

The image is captured by the detection of excited electron that is being 

bounced on gold plated sample at varying speed and signals. The two detectors were 

pick up the electron signals by analog-to-digital conversion process, image were seen 

on computer. The coated sample was placed in a sample chamber of SEM. The 

experiment was conducted in Centralized Science Research Laboratory at University 

of Karachi. 

 Model number                   JSM- 6380 

 Accelerating voltage         5kv 

 Spot size                            40 

Magnification of Image 

The samples were placed in electron microscope, desired 

magnification was adjusted, various views of images were observed on monitor and 

required images were captured and saved. 
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Figure: 5. Schematic Presentation of Scanning Electron Microscope (SCM). 
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OBSERVATIONS AND RESULTS 

ESTIMATION OF BLOOD GLUCOSE LEVEL 

Albino (Wistar) rats, weight 200±20 Gms were selected for study to 

observe the effect of Glibenclamide and Guaiacum officinale on blood glucose. Blood 

was taken by tail vein method. The animals were treated with Guaiacum officinale at 

500mg/kg dose and dose of Glibenclamide is 0.5 mg/kg for 28 days by oral route. The 

estimation of blood glucose was carried out by ANOVA SPSS version.20. 

Effect of Glibenclamide on Blood Glucose 

In this study, blood glucose level of control group was 69.33± 

1.281(Mean ± SEM) showed in Table 1 and Graph1 (a) (b). Whereas the blood 

glucose level of Streptozotocin induced group (positive control) was 342.08 ± 10.546 

(Mean± SEM) showed in Table 1 and Graph1 (a) (b). The blood glucose level of male 

albino rats treated with Glibenclamide as a standard was 167.08 ±15.287*** 

(Mean±SEM) showed highly significant results. Presented in Table 1 and Graph1 (a) 

(b).  

Effect of Guaiacum Officinale on Blood Glucose 

In the presented study , blood glucose level of control group 

was75.000 ± 2.0412 (Mean± SEM) showed in Table 2 and Graph 2 (a) (b).while the 

blood glucose level of diabetes induced group was 295.167±10.9433 (Mean±SEM) 

showed in Table 2 and Graph 2 (a) (b). The group of Guaiacum officinale (treated) 

group was showed the blood glucose level 133.667±8.3814*** (Mean±SEM) 

presented in Table 2 and Graph 2 (a) (b) was found highly significant results.   
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TABLE 1: COMPARISON OF BLOOD GLUCOSE LEVEL BETWEEN 

CONTROL, STREPTOZOTOCIN (POSITIVE CONTROL) AND STANDARD 

GROUP (GLIBENCLAMIDE) GROUP 

Groups Blood Glucose level (Mean + SEM) 

Control 69.33+1.281 

Streptozotocin  

(positive control) 
342.08+ 10.546 

Glibenclamide  

(standard group) 
167.08+15.287*** 
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Graph 1 (a): Comparison of blood glucose of control group, Positive control 

(STZ group) and standard group (GLB group) 
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GRAPH 1 (b):  Comparison of blood glucose level of control, STZ group and 

GLB group
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 TABLE 2: COMPARISON OF BLOOD GLUCOSE LEVEL BETWEEN 

CONTROL, STREPTOZOTOCIN GROUP AND GUAIACUM OFFICINALE 

GROUP 

Groups Blood Glucose level [Mean + SEM] 

Control 75.000+2.0412 

Streptozotocin   

(positive control) 
295.167+10.9433 

Guaiacum officinale 

(Treated group) 
133.667+8.3814*** 
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Graph 2 (a): Comparison of blood glucose of Control, STZ group and 

Treated group 
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Graph 2 (b): Comparison of blood glucose of Control, STZ group and 

Treated group 
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MODEL DEVELOPMENT OF TYPE 2 DIABETIC RATS 

Male albino wistar rats, weight 200±20 gms were selected for 

development of type 2 diabetes model. Diabetes inducer drug Streptozotocin was 

administered by I/P route at 30mg/kg dose. (Reed et al., 2000). 

The rats were fasted for 12-16 hours, administered oral glucose 

solution at 1 gm/kg dose by orally given for the model development of type 2 diabetic 

rats. The level of blood glucose values were 246.42 ± 14.905, 413.08 ± 14.828, 

379.58 ± 10.275, 326.08 ± 11.422 and 235 ± 3.911 at (0, 30, 60, 120 and 180 minutes) 

respectively. The Results were presented in Table 3 and Graph 3 (a) (b). 
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 TABLE 3: DETERMINATION OF BLOOD SUGAR LEVEL BY ORAL 

GLUCOSE TOLERANCE TEST 

 

Time Interval 

(minutes) 
Blood Sugar Level (Mean + SEM) 

0 246.42 +14.905 

30 413.08 +14.828 

60 379.58 +10.275 

120 326.08 + 11.422 

180 235.42 + 3.911 
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Graph 3(a): Oral glucose tolerance test of type 2 in diabetic model of rats. 



137 
 

 

 

 

 

 

 

 

 

 

Graph 3(b): Oral glucose tolerance test of type 2 in diabetic model of rats. 
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DETERMINATION OF RAT SERUM INSULIN LEVEL BY 

ELIZA TECNIQUE: 

The level of serum insulin level were estimated by rat insulin ELIZA kits (Crystal 

Chem Cat #90060. Samples of all groups (Control, positive control, standard and 

treated) and standards available in a kit were added to a microliter plate with addition 

of diluents (5 µl +95 µl) to the respective wells. The plate was covered, mixed in 

rotator at 7000 rpm for 1 minute and incubate at 4ºC for 2 hrs. Each well was washed 

3 times after the addition of 100µl anti-insulin enzyme conjugate, then again washed 

by incubation at room temperature for 30 minutes. Add 100 µL enzyme substrate 

solutions, washed it, incubated at room temperature for 40 minutes for color 

formation in respective wells. By adding 1N sulfuric acid the reaction was stopped 

and absorbance was taken at 450nm. For calculation of results, values were plotted 

against standard. The results presented in table 4 and graph 4. 

 Effect of Serum Insulin Level of Control, Streptozotocin (positive control), 

Glibenclamide (standard) and G. Officinale (treated groups) 

Male albino rats, weight 200± 20 gms were used in study for estimating serum insulin 

level. The animals were treated with Guaiacum officinale at 500 mg/kg dose and 

treated with standard drug (Glibenclamide) at 0.5 mg/kg dose for 28 days. The blood 

sample was collected in gel containing vacutainer tubes via a technique of cardiac 

puncture and serum were obtained by centrifugation at 3000 rpm for 20minutes. The 

estimation of serum insulin of rats carried out by ANOVA SPSS version 20. 
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COMPARISON THE EFFECT OF SERUM INSULIN LEVELS: 

The estimation of serum insulin carried out SPSS. The level of serum insulin of 

control group 1.65342±0.111 (Mean ± SEM). The level serum insulin of 

streptozotocin group at 30 mg/kg dose is 1.15025±0.112491 (Mean± SEM) and the 

level of standard group (Glibenclamide) at 0.5 mg/kg dose is 1.36875± 0.099 

(Mean±SEM), treated group (Guaiacum officinale) at 500 mg/ kg dose is 

1.60408±0.105489 (Mean± SEM). The results showed that the treated group is highly 

significant and level equivalent to control group. Results presented in table 5 and 

graph 5(a), (b), (c), (d), (e), (f), (g) & (h). 
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Table 4: Determination of Serum Insulin by ELISA Method. 
 

 Serum Insulin Concentration [Mean ± SEM] 

Absorbance 0.413125 ± 0.1750248 

Insulin Concentration 1.588 ± 0.7843 
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Graph 4 (a): Serum Insulin by ELIZA technique. 
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Graph 4(b): Serum Insulin by ELIZA technique. 
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TABLE 5: EFFECT OF SERUM INSULIN LEVEL OF CONTROL, 

STREPTOZOTOCIN, GLIBENCLAMIDE AND G. OFFICINALE GROUPS. 

Groups 

 

Serum Concentration [Mean ± SEM] 

 

Control 

 

1.65342 ± 0.111952 

 

 

Streptozotocin  

(Positive Control) 

1.15025 ± 0.112491 

 

Glibenclamide  

(Standard) 

 

1.36875 ± 0.099240 

 

 

G. Officinale  

(Treated) 
1.60408 ± 0.105489 
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Graph 5(a): Comparison the effect of serum insulin between control and STZ 

group. 
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Graph 5(b): Comparison the effect of serum insulin between control and STZ 

group. 
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Graph 5(c): Comparison the effect of serum insulin between control and GLB 

group.  
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Graph 5(d): Comparison the effect of serum insulin between control and GLB 

group. 
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Graph 5 (e): Comparison the effect of serum insulin level between control and 

Guaiacum officinale (Treated group). 
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Graph 5 (f): Comparison the effect of serum insulin level between control and 

Guaiacum officinale (Treated group).
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Graph 5 (g): Comparison of mean serum level between control, STZ group, GLB 

group and G. officinale group. 
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Graph 5 (h): Comparison of mean serum level between control, STZ group, GLB 

group and G. officinale group. 
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EFFECT OF GUAIACUM OFFICINALE ON PANCREATIC 

ENZYMES IN MALE ALBINO RATS (WISTAR STRAIN) 

Pancreatic Functions 

 Male albino Wistar rats, weight 200±20 gms were used in study for 

estimating the effect of Guaiacum officinale on pancreatic enzymes (amylase, lipase). 

The blood sample was collected in vacutainer containing gel tubes through cardiac 

puncture technique. The animals were treated with Guaiacum officinale at 500 mg/kg 

dose for a time period of 28 days. The pancreatic enzymes (amylase, lipase) used for 

diagnosis the pancreatic disorders. The estimation of pancreatic enzymes carried out 

by ANOVA SPSS ver.20. 

 Effect on Amylase  

Statistical analysis by ANOVA used for estimation of amylase 

enzymes. The pancreatic enzymes (amylase) level in treated group, (Guaiacum 

officinale) was 353.80±1.083
*** 

(Mean ±SEM) showed in table 6 (a) and graph 6 (a) 

(b), while the value of Glibenclamide group (standard group) 384.50±16.132
*** 

(Mean 

±SEM) with comparison of control group 272.50±1.491 (Mean ±SEM) presented in 

table 6 (a) and graph 6 (a) (b), demonstrated that both treated and standard group 

showed highly significant results. 

The level of amylase in Streptozotocin 30 mg/kg (positive control) was 

199.30±14.463*** (Mean±SEM) showed in table 6 (a) and graph 6 (a) (b), indicated 

highly significant. 
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Effect on Lipase 

The lipase enzymes of male albino rats were estimated by ANOVA 

SPSS version 20. The lipase level of Guaiacum officinale in treated group was 115.50 

± 2.282***
 
(Mean± SEM) showed in table 6(a) and graph 6(a) (b) and the level of 

lipase in standard group (Glibenclamide group) was 69.40± 2.495*** (Mean±SEM) 

with comparison of control group was 118.40 ± 4.025 (Mean±SEM), the result of 

treated and standard group showed highly significant. 

The level of lipase of albino rats in diabetic group was 78.50±1.293*** 

(Mean±SEM) showed in table 6 (a) & (b) and graph 6 (a) & (b) was found highly 

significant. 
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TABLE 6 (a): EFFECT OF GUAIACUM OFFICINALE (500mg/kg) ON 

PANCREATIC ENZYMES IN MALE ALBINO RATS. 

Groups Amylase 

 

Lipase 

 

Control 272.50 ± 15.491 118.40 ± 4.025 

Diabetic group 

(positive control) 
199.30 ± 14.463*** 78.50 ± 1.293*** 

Glibenclamide 

(standard group) 
384.50 ± 16.132*** 69.40 ± 2.495*** 

Guaiacum officinale  

(Treated group) 
353.80 ± 1.083*** 115.50 ± 2.282*** 
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TABLE 6 (b): COMPARISON OF PANCREATIC ENZYMES OF 

GUAIACUM OFFICIANLE (TREATED GROUP) AND 

GLIBENCLAMIDE (STANDARD) FROM DIABETIC GROUP 

Groups 

 

Amylase 

 

Lipase 

Diabetic group 

(Positive Control) 

199.30 + 14.463 78.50 + 1.293 

Glibenclamide  

(standard group) 

384.50 + 16.132*** 69.40 + 2.495 

Guaiacum officinale 

(Treated group) 

353.80 + 1.083*** 115.50 + 2.282*** 
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Table 6 (c): COMPARISON OF PANCREATIC ENZYMES BETWEEN 

GUAIACUM OFFICINALE (TREATED) AND GLIBENCLAMIDE 

(STANDARD) GROUP 

Groups Amylase Lipase 

Guaiacum officinale 

(treated group) 

353.80 ± 1.083 115.50 ± 2.282 

Glibenclamide 

(standard group) 

384.50 ± 16.132 69.40 ± 2.495*** 
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Graph 6 (a): Effect of Guaiacum officinale extract on pancreatic enzymes in 

albino rats.  
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Graph 6 (b): Effect of Guaiacum officinale extract on pancreatic enzymes in 

albino rats at a dose of 500mg/kg. 
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EFFECT OF GUAIACUM OFFICINALE ON LIVER FUNCTIONS 

IN MALE ALBINO WISTAR RATS 

Liver Functions  

The liver Gamma glutamyl transpeptidase (γ- GT), enzymes Aspartate 

transaminase (AST /SGOT), Alanine transaminase (ALT/SGPT) and alkaline 

phosphatase (ALP) were used for diagnosis of liver diseases. In present study, we 

used male wistar albino rats weighing 200±20 gms for estimating the effect Guaiacum 

officinale on liver enzymes .The blood samples was collected through cardiac 

puncture technique. The animals were treated with Guaiacum officinale at 500 mg/kg 

dose for 28 days. The data of liver enzymes carried out statistically by ANOVA SPSS 

version 20. 

Effect on Aspartate Transaminase (AST/ SGOT) 

The aspartate transaminase, liver enzyme was evaluated in diabetic rats 

induced by streptozotocin at 30 mg/kg dose I/P and treated group with Guaiacum 

officinale, at 500 mg/kg dose orally, standard group treated with glibenclamide at 0.5 

mg/kg dose given orally. The level of SGOT in treated group was 188±7.391
*** 

(Mean±SEM) showed in table 7 (a) and graph 7 (a) (b) and the value of standard 

group 215±2.859 (Mean±SEM) was showed in table 7 (a) and graph 7 (a) (b) as in 

compare with control group, the level of SGOT was 216.09±8.381 (Mean±SEM), 

indicated that treated group showed highly significant results. 

The level of SGOT in streptozotocin (diabetes inducer) group 

considered as positive control showed 202.50±5.084 (Mean±SEM) showed in table 7 

(a) (b) and graph 7 (a) (b) was demonstrated as insignificant. 
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Effect on Gamma Glutamyl Transpeptidase (γ-GT) 

The gamma glutamyl transpeptidase, enzyme of liver was evaluated in 

male albino rats.. The level of γ-GT in Guaiacum officinale group was 2.00±0.333 

(Mean ±SEM) showed in table 7 (a) and graph 7 (a) (b) and the value of 

Glibenclamide group was 2.70±0.615 (Mean±SEM) as compare to control 3.00±0.516 

(Mean±SEM) . Treated and standard both group demonstrated as insignificant. 

The level of γGT in positive control group (glibenclamide) was 2.80±0.629 

(Mean±SEM) showed in table 7 (a) (b) and graph 7 (a) (b) was demonstrated as 

insignificant.  

Effect on Alanine Transferase (ALT/SGPT) 

The alanine aminotransferase, the liver enzyme was estimated in male 

albino rat. The level of SGPT in treated group (Guaiacum Officinale 500 mg/kg) was 

70.00±1.390 (Mean± SEM) showed in table 7 (a) and graph 7 (a) (b) while the value 

of SGPT in Glibenclamide group was 76.30±4.531
*** 

(Mean± SEM) in comparison 

with control group was 64.20±2.471 (Mean± SEM) showed in table 7 (a) and graph 7 

(a) (b) which was demonstrated that standard group showed highly significant result. 

The level of SGPT in diabetes induced group by streptozotocin in 

wistar albino rats showed 80.000±2.728
***

 (Mean± SEM) in table 7 (a) (b) and graph 

7 (a) (b) was found highly significant. 

Effect on Alkaline Phosphatase (ALP) 

The alkaline phosphatase level of male albino rat was assayed by 

ANOVA SPSS version 20. The enzyme level in  treated group , treated with 

Guaiacum officinale was 520.00±2.485
*** 

(Mean±SEM) showed in table 7 (a) and 
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graph 7 (a) (b) while the value of standard group was 586.90±2.953(Mean± SEM) 

showed in table 7 (a) and graph 7 (a) (b) by comparison with control group was 

177.50±2.746 (Mean ±S EM) indicated in table 7 (a) and graph 7 (a) (b)  Both treated 

(G. officinale) and standard (GLB) group showed highly significant results. 

The level of Alkaline Phosphatase (ALP) in positive control group was 

581.50±6.607
***

 (Mean ±SEM) showed in table 7 (a) (b) and graph 7 (a) (b) 

demonstrated as highly significant results. 
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Table 7 (a): EFFECT OF GUAIACUM OFFICINALE (500mg/kg) GROUP ON 

LIVER FUNCTIONS IN MALE ALBINO RATS. 

Groups AST/SGOT γ GT ALT /SGPT 

Alkaline 

Phosphatase 

ALP 

Control 216.09 ± 8.381 3.00 + 0.516 64.20 ± 2.471 177.50 ± 2.746 

Diabetic group 

(Positive 

Control) 

202.50 ± 5.084 
2.80 ±  

0.629 

80.00 ± 

2.728*** 

581.50 ± 

6.607*** 

Glibenclamide 

(Standard 

group) 

215.80 ± 2.859 
2.70  ± 

0.615 

76.30 ± 

4.531** 

586.90 ± 

2.953*** 

Guaiacum 

officinale 

(treated group) 

188.10 ± 

7.391*** 

2.00 ± 

0.333 
70.00 ± 1.390 

520.00 ± 

2.485*** 
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Table 7 (b): COMPARISON OF LIVER FUNCTIONS OF GUAIACUM 

OFFICIANLE (TREATED GROUP) AND GLIBENCLAMIDE 

(STANDARD) FROM STREPTOZOTOCIN (DIABETIC GROUP) 

Groups AST/SGOT γ GT ALT /SGPT 

Alkaline 

Phosphatase 

ALP 

Diabetic group 

(Positive 

Control) 

202.50 ± 5.084 2.80 ± 0.629 80.00 ± 2.728 581.50 ± 6.607 

Glibenclamide 

(Standard 

group) 

188.10 ± 7.391 2.00 ± 0.333 70.00 ± 1.390 

520.00 ± 

2.485*** 

Guaiacum 

officinale 

(treated group) 

215.80 ±  

2.859 

2.70 ± 0.615 76.30 ± 4.531 586.90 ± 2.953 

 

 

 



164 
 

 

 

Table 7 (c): COMPARISON OF LIVER FUNCTION BETWEEN 

GUAIACUM OFFICINALE (TREATED GROUP) AND 

GLIBENCLAMIDE (STANDARD) GROUP 

Groups AST/SGOT γ GT ALT /SGPT 

Alkaline 

Phosphatase 

ALP 

Treated 188.10 + 7.391 2.00 + 0.333 70.00 + 1.390 520.00 + 2.485 

Standard 
215.80 +  

2.859*** 
2.70 + 0.615 76.30 + 4.531 

586.90 + 

2.953*** 
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Graph 7 (a): Effect of Guaiacum officinale extract on liver functions in albino 

rats at a dose of 500mg/kg. 
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GRAPH 7 (b): Effect of Guaiacum officinale extract on liver functions in albino 

rats at a dose of 500mg/kg. 
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EFFECT OF GUAIACUM OFFICINALE ON BILIRUBIN IN MALE 

ALBINO WISTAR RATS 

In research study, we selected male albino wistar rats, weighing 

200±20 gms for evaluating the effect of Guaiacum officinale on bilirubin (direct, 

indirect) level. The blood samples was collected by cardiac puncture, animals were 

treated with bark extract of Guaiacum officinale, dose 500 mg/kg for 28 days. The 

level of bilirubin (Direct/ indirect) analyzed by ANOVA. 

Effects on Direct Bilirubin  

The level of direct bilirubin was evaluated in male albino wistar rats. 

The level of direct bilirubin in Guaiacum officinale group was 0.052±0.0049 

(Mean±SEM) showed in table 8 (a) graph 8 (a) (b) that was insignificant. While the 

value of Glibenclamide group considered as standard group was 

0.022±0.0039
***

(Mean ± SEM) showed in table 8 (a) graph 8 (a) (b) with respect to 

compare with control was 0.055±0.0054( Mean±SEM) showed in table 8 (a) graph 8 

(a) (b) The standard group considered as highly significant . 

The level of direct bilirubin in diabetic rats showed 0.044±0.0047 

(Mean±SEM) showed in table 8 (a) (b) and graph 8 (a) (b) was demonstrated as 

insignificant. 

Effect on Indirect Bilirubin 

The indirect bilirubin level was estimated by ANOVA. The value of 

treated group by Guaiacum officinale at a dose of 500mg/kg was 0.119±0.0038 (Mean 

± SEM) showed in table 8 (a) graph 8 (a) (b) showed insignificant and the value of 

Glibenclamide group was 0.090±0.0059
**

 (Mean ± SEM) with compare to control 



168 
 

value was 0.112±0.0063 (Mean ± SEM) showed in table 8 (a) graph 8 (a) (b) The 

standard (Glibenclamide) group considered as significant. 

The level of indirect bilirubin in diabetic group was 0.068±0.0051
*** 

(Mean±SEM) showed in table 8 (a) (b) graph 8 (a) (b) was found to be highly 

significant. 
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Table 8 (a):  EFFECT OF GUAIACUM OFFICINALE (500mg/kg)   ON 

DIRECT AND INDIRECT BILIRUBUIN IN MALE ALBINO RATS 

Groups Direct Bilirubin Indirect Bilirubin 

Control 0.055 ± 0.0054 0.112 ± 0.0063 

Diabetic group 

(Positive Control) 
0.044 ± 0.0047 0.068 ± 0.0051*** 

Glibenclamide 

(Standard group) 
0.022 ± 0.0039*** 0.090 ± 0.0059** 

Guaiacum officinale 

(Treated  group) 
0.052 ± 0.0049 0.119 ± 0.0038 
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Table 8 (b): COMPARISON OF DIRECT AND INDIRECT BILIRUBIN IN 

GUAIACUM OFFICIANLE (TREATED) AND GLIBENCLAMIDE 

(STANDARD) FROM STREPTOZOTOCIN GROUP (POSITIVE 

CONTROL) 

Groups Direct Bilirubin Indirect Bilirubin 

Streptozotocin group 

(Positive Control) 
0.044 ± 0.0047 0.068 ± 0.0051 

Guaiacum officinale 

(Treated group) 
0.052 ± 0.0049 0.119 ± 0.0038*** 

Glibenclamide 

(Standard group) 
0.022 ± 0.0039*** 0.090 ± 0.0059** 

 

 

 

 

 

 



171 
 

 

 

 

Table 8 (c): COMPARISON OF DIRECT AND INDIRECT BILIRUBIN 

BETWEEN GUAIACUM OFFICINALE (TREATED) AND 

GLIBENCLAMIDE (STANDARD) GROUP 

Groups Direct Bilirubin Indirect Bilirubin 

Guaiacum officinale 

(Treated group) 
0.052 + 0.0049 0.119 + 0.0038 

Glibenclamide 

(Standard group) 
0.022 + 0.0039*** 0.090 + 0.0059*** 
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Graph 8 (a): Effect of Guaiacum officinale extract on direct and indirect 

bilirubin in albino rats at a dose of 500mg/kg. 
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GRAPH 8 (b): Effect of Guaiacum officinale extract on direct and indirect 

bilirubin in albino rats at a dose of 500mg/kg. 
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EFFECT OF GUAIACUM OFFICINALE ON LIPID PROFILE IN 

MALE ALBINO RATS (WISTAR STRAIN) 

Lipid Profile 

The estimation of lipid profile was used for diagnosis of any 

cardiovascular disorders.  In our study, we observe the effect   on total  lipid  of 

Guaiacum officinale on male albino rats, weight 200  ± 20 gms by administration of 

bark extract at 500 mg/kg dose by orally given  for 28 days. The blood sample was 

collected through cardiac puncture. Blood was collected in a vacutainer containing gel 

tubes. The results were analyzed by ANOVA SPSS version 20. 

Effect on Cholesterol 

The effect of Guaiacum officinale was evaluated on male albino rats. 

The level of cholesterol in Guaiacum officinale treated group was 

86.70±1.407
***

(Mean ±SEM) showed in table 9 (a) and graph 9 (a) (b) and the level 

of cholesterol in standard group treated with Glibenclamide was 91.00± 

4.420
***

(Mean ±SEM) showed in table 9 (a) and graph 9 (a) (b) was compared with 

control group 59.60 ± 0.833 (Mean±SEM) showed in table 9 (a) and graph 9 (a) (b)  

The treated and standard group both showed highly significant results. 

The cholesterol level in Streptozotocin group (diabetic group) showed 

82.00±0.516 
*** 

(Mean ±SEM) showed in table 9 (a) (b) and graph 9 (a) (b) was 

demonstrated as highly significant. 
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Effect on Triglycerides 

The effect of Guaiacum officinale on triglycerides in albino rats was 

estimated by ANOVA. The level of triglycerides in treated group was 73.00± 1.592 

(Mean±SEM) showed in table 9 (a) and graph 9 (a) (b) and the level of triglycerides 

in Glibenclamide group was 120.10± 4.446 (Mean ±SEM) showed in table 9 (a) and 

graph 9 (a) (b) with comparison of control group 92.20±1.143 (Mean ±SEM) showed 

in table 9 (a) and graph 9 (a) (b) was evaluated the both treated and standard group 

showed insignificant results. 

The level of triglycerides in diabetic group treated with Streptozotocin 

at a single dose 30mg / kg I/P was 243.43± 24.074
*** 

(Mean±SEM) showed in table 9 

(a) (b) and graph 9 (a) (b) demonstrated as highly significant. 

Effect on High Density Lipoprotein (HDL) 

The effect of guaiacum officinale was estimated by ANOVA on male albino wistar 

rats. The level of high density lipoprotein of bark extract of Guaiacum officinale in 

treated group was 47.60±0.76 (Mean±SEM) showed in table 9 (a) and graph 9 (a) (b) 

and the level of HDL on Glibenclamide treated group was 51.00±3.218
**

 

(Mean±SEM) compared with control group 42.50± 2.460(Mean±SEM). The result 

indicated that Glb showed highly significant and treated group showed in significant 

results presented table 9 (a) and graph 9 (a) (b), was found significant. 

The level of high density lipoprotein in diabetic group was 55.60± 0.168
***

 (Mean± 

SEM) showed in table 9 (a) (b) and graph 9 (a) (b) demonstrated as highly significant. 
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Effect on Low Density Lipoprotein (LDL) 

The effect of Guaiacum officinale extract on low density lipoprotein by 

ANOVA SPSS ver 20 .The level of  LDL in treated group ( Guaiacum officinale) was 

26.70± 1.212
*** 

(Mean ±SEM) showed in table 9 (a) and graph 9 (a) (b) and the effect 

of glibenclamide on LDL was 21.30± 0.870 (Mean±SEM) showed in table 9 (a) and 

graph 9 (a) (b) with comparison of control group was 18.10 ± 0.971 (Mean±SEM) 

showed in table 9 (a) and graph 9 (a) (b) demonstrated that treated group showed 

highly significant results. 

The level of LDL on positive control group treated with Streptozotocin 

was 25.90±1.509
*** 

(Mean±SEM) showed in table 9 (a) (b) and graph 9 (a) (b) was 

found to be highly significant. 

Effect on Very Low Density Lipoprotein (VLDL) 

The effect of crude bark extract of Guaiacum officinale in male albino 

wistar rats was estimated by ANOVA. The level of VLDL on Guaiacum officinale 

treated group was 18.70±0.746 (Mean ±SEM) showed in table 9 (a) and graph 9 (a) 

(b) and the level of VLDL in Glibenclamide treated group was 24.00±0.175 (Mean± 

SEM) showed in table 9 (a) and graph 9 (a) (b) (Mean ±SEM) with compare to 

control group was 19.00± 0.422 (Mean±SEM) showed in table 9 (a) and graph 9 (a) 

(b) found insignificant results of both treated and standard group. 

The level of VLDL in diabetic group was44.00±5.044
*** 

(Mean±SEM) 

showed in table 9 (a) (b) and graph7 (a) (b) was demonstrated as highly significant. 
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Table 9 (a): EFFECT OF GUAIACUM OFFICINALE (500mg/kg)   ON LIPID 

PROFILE IN MALE ALBINO RATS 

Groups 

 

Cholesterol 

 

 

Triglycerides 

 

 

HDL 

 

 

LDL 

 

 

VLDL 

 

Control 59.60 ± 0.833 92.20 ± 1.143 
42.50 ± 

2.460 

18.10 ± 

0.971 

19.00 ± 

0.422 

Streptozotocin 

(Positive 

Control) 

82.00 ± 

0.516*** 

243.43 ± 

24.074*** 

55.60 ± 

0.618**

* 

25.90 ± 

1.509*

** 

44.00 ± 

5.044**

* 

Glibenclamide 

(standard 

group) 

91.00 ± 

4.420*** 

120.10 ± 

4.446 

51.00 ± 

3.218** 

21.30 ± 

0.870 

24.00 ± 

0.715 

Guaiacum 

officinale 

(Treated 

group) 

86.70 ± 

1.407*** 
73.00 ± 1.592 

47.60 ± 

0.763 

26.70 ± 

1.212*

** 

18.70 ± 

0.746 
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Table 9(b): COMPARISON OF LIPID PROFILE OF GUAIACUM 

OFFICIANLE (TREATED GROUP) AND GLIBENCLAMIDE 

(STANDARD) FROM STREPTOZOTOCIN (DIABETIC GROUP) 

Groups 

 

Cholesterol 

 

 

Triglycerides 

 

 

HDL 

 

 

LDL 

 

 

VLDL 

 

Streptozotocin 

(Positive 

Control) 

82.00 ± 0.516 243.43 ± 24.074 
55.60 ± 

0.618 

25.90 ± 

1.509 

44.00 ± 

5.044 

Glibenclamide 

(standard 

group) 

86.70 ± 1.407 
73.00 ± 

1.592*** 

47.60 ± 

0.763*

* 

26.70 ± 

1.212 

18.70 ± 

0.746**

* 

Guaiacum 

officinale 

(Treated 

group) 

91.00 ±  

4.420* 

120.10 ± 

4.446*** 

51.00 ± 

3.218 

21.30 ± 

0.870*

* 

24.00 ± 

0.715**

* 
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Table 9 (c): COMPARISON OF LIPID PROFILE BETWEEN GUAIACUM 

OFFICINALE (TREATED) AND GLIBENCLAMIDE (STANDARD) 

GROUP 

Groups 

 

Cholesterol 

 

 

Triglycerides 

 

 

HDL 

 

 

LDL 

 

 

VLDL 

 

Treated 86.70 ± 1.407 73.00 ± 1.592 
47.60 ± 

0.763 

26.70 ± 

1.212 

18.70 ± 

0.746 

Standard 91.00 ±  4.420 120.10 ± 4.446** 
51.00 ± 

3.218 

21.30 ± 

0.870**

* 

24.00 ± 

0.715 
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Graph 9 (a): Effect of Guaiacum officinale extract on lipid profile in albino rats 

at a dose of 500mg/kg. 
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GRAPH 9 (b): Effect of Guaiacum officinale extract on lipid profile in albino 

rats at a dose of 500mg/kg. 
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EFFECT OF GUAIACUM OFFICINALE ON KIDNEY 

FUNCTIONS IN MALE ALBINO WISTAR RATS 

Kidney Functions 

Male Wister strain of albino rats , weight 200± 20 gms were used in  

study for estimating the effect of Guaiacum officinale on kidney functions (Urea, 

Creatinine) of rats. The animals were treated with Guaiacum officinale at 500 mg/kg 

dose for 28 days. The sample of blood collected in gel tubes through cardiac puncture 

technique. The kidney functions (Urea, Creatinine) used for diagnosis the kidney 

disorders. The estimation of kidney functions carried out by ANOVASPSS version 

20. 

Effect on Urea 

The urea level in male albino rats estimated by ANOVA. The kidney 

function (urea) level in treated group, Guaiacum officinale was 24.00 ± 0.745
*** 

(Mean ±SEM) showed in table 10 (a) and graph 10 (a) (b) (c) (d) (e) (f)  while the 

value of glibenclamide group (standard group) 26.00±0.447
*** 

(Mean±SEM) with 

comparison of control group 32.00±0.447 (Mean± SEM) presented in in table 10 (a) 

and graph 10 (a) (b) (c) (d) (e) (f)  shown that both treated and standard group showed 

highly significant results. 

The urea level in streptozotocin (at 30 mg/kg) induce diabetes group 

was 30.50±0.883 (Mean±SEM) showed in in table 10 (a) (b) and graph 10 (a) (b) (c) 

(d) (e) (f) indicated non-significant results. 
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Effect on Creatinine 

The creatinine function of male albino rats was estimated by ANOVA 

SPSS version 20. The level of creatinine in Guaiacum officinale treated group was 

0.287±0.0422
***

(Mean± SEM) showed in table 10 (a) and graph 10 (a) (b) (c) (d) (e) 

(f)  and the creatinine level of standard group  was 0.422±0.0141 (Mean±SEM) with 

respect of control group was 0.445±0.0067 (Mean± SEM) , the result of treated group 

was found highly significant. 

The creatinine level of albino rats in Streptozotocin induced group was 

0.453±0.0651 (Mean± SEM) showed in table 10 (a) (b) and graph 10 (a) (b) (c) (d) (e) 

(f) was found insignificant. 
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Table 10 (a): EFFECT OF GUAIACUM OFFICINALE (500mg/kg)   ON 

KIDNEY FUNCTIONS (UREA AND CREATININE) IN MALE ALBINO 

RATS 

Groups Urea Creatinine 

Control 32.00 ± 0.447 0.445 ± 0.0067 

Streptozotocin 

(Positive Control) 
30.50 ± 0.883 0.453 ± 0.0651 

Glibenclamide 

(Standard group) 
26.00 ± 0.447*** 0.422 ± 0.0141 

Guaiacum officinale 

(Treated  group) 
24.00 ± 0.745*** 0.287 ± 0.0422*** 
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Table 10 (b): COMPARISON OF UREA AND CREATININE OF 

GUAIACUM OFFICIANLE (TREATED GROUP) AND 

GLIBENCLAMIDE GROUP (STANDARD) FROM STREPTOZOTOCIN 

GROUP 

Groups Urea Creatinine 

Streptozotocin 

 (Positive Control) 
30.50 ± 0.883 0.453 ± 0.0651 

Guaiacum officinale 

(Treated group) 
24.00  ± 0.745*** 0.287 ± 0.0422*** 

Glibenclamide  

(Standard group) 
26.00  ±  0.447*** 0.422 ± 0.0141 
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Table 10 (c): COMPARISON OF UREA AND CREATININE OF 

GUAIACUM OFFICINALE (TREATED) GROUP AND 

GLIBENCLAMIDE (STANDARD) GROUP 

 

Groups Urea Creatinine 

Guaiacum officinale 

(Treated group) 
24.00 ± 0.745 0.287 ± 0.0422 

Glibenclamide 

(Standard group) 
26.00 ± 0.447 0.422 ± 0.0141*** 
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Graph 10 (a): Effect of Guaiacum officinale extract on urea   in 

albino rats at a dose of 500mg/kg. 
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Graph 10 (b): Effect of Guaiacum officinale extract on urea   in 

albino rats at a dose of 500mg/kg. 
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Graph 10 (c): Effect of Guaiacum officinale extract on Creatinine   in 

albino rats at a dose of 500mg/kg. 
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Graph 10 (d): Effect of Guaiacum officinale extract on Creatinine   in 

albino rats at a dose of 500mg/kg. 
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Graph 10 (e): Comparison the effect of Guaiacum officinale extract 

on urea and creatinine in albino rats at a dose of 500mg/kg. 
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Graph 10 (f): Comparison the effect of Guaiacum officinale extract 

on urea and creatinine in albino rats at a dose of 500mg/kg. 
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EFFECT OF GUAIACUM OFFICINALE ON ELECTROLYTES 

BALANCE IN MALE ALBINO WISTAR RATS 

Electrolytes Balance  

The estimation of electrolytes (sodium and potassium) was used for 

estimation of any physiological changes.  The estimation was carried out by statistical 

analysis (ANOVA). In present study, we used male wistar albino rats weighing 

200±20 gms for estimating the effect Guaiacum officinale on electrolytes by 

collection of blood samples through cardiac puncture technique. The animals were 

treated with Guaiacum officinale at 500 mg/kg dose for 28 days.  

Effect on Sodium Level 

The sodium level was evaluated in diabetic rats induced by 

streptozotocin at 30 mg/kg dose I/P and treated group treated with Guaiacum 

officinale (500mg/kg), standard group treated with glibenclamide 0.5 mg/kg dose 

orally. The level of sodium in treated group was 150.00±1.033
*** 

(Mean± SEM) 

showed in table 11 (a) graph 11 (a) (b) and the value of standard group 

143.00±1.145** (Mean±SEM) showed in table 11 (a) graph 11 (a) (b) as in compare 

with control group, the level sodium 138.00±0.943 (Mean±SEM), indicated that 

treated group showed highly significant and standard group showed moderate 

significance. 

The level of sodium in streptozotocin (diabetes inducer) group 

considered as positive control showed 141.00±0.789* (Mean±SEM) showed in table 

11 (a) (b) graph 11 (a) (b) was demonstrated as significant. 

 



194 
 

Effect on Potassium 

The level of potassium was evaluated in male albino rats. The level of 

potassium in Guaiacum officinale group was 6.30±0.047 (Mean ±SEM) showed in 

table 11 (a) graph 11 (a) (b)   and the value of glibenclamide (standard) group was 

6.50±0.128 (Mean±SEM) as compare to control  6.40 ± 0.044 (Mean±SEM) . Treated 

and standard both group demonstrated as insignificant. 

The level of potassium in positive control group (glibenclamide) was 

6.00±0.065*** (Mean±SEM) showed in table 11 (a)(b) graph 11 (a) (b) was 

demonstrated as  highly significant.  
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Table 11 (a): EFFECT OF GUAIACUM OFFICINALE ON ELECTROLYTES 

IN MALE ALBINO RATS 

Groups Sodium Potassium 

Control 138.00 ± 0.943 6.40 ± 0.044 

Streptozotocin 

Positive Control 
141.00 ± 0.789* 6.00 ± 0.065*** 

Glibenclamide 

standard 
143.00 ± 1.145** 6.50 ± 0.128 

G. officinale 

Treated 
150.00 ± 1.033*** 6.30 ± 0.047 
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TABLE 11 (b): COMPARISON OF ELECTROLYTES OF GUAIACUM 

OFFICIANLE (TREATED GROUP) AND GLIBENCLAMIDE GROUP 

(STANDARD) FROM STREPTOZOTOCIN GROUP 

Groups Sodium Potassium 

Streptozotocin 

Positive Control 
141.00 ± 0.789 6.00 ± 0.065 

G. officinale 

Treated 
150.00 ± 1.033*** 6.30 ± 0.047* 

Glibenclamide 

standard 
143.00 ± 1.145 6.50 ± 0.128*** 
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Table 11 (c): COMPARISON OF ELECTROLYTES OF GUAIACUM 

OFFICINALE (TREATED) GROUP AND GLIBENCLAMIDE 

(STANDARD) GROUP 

Groups Sodium Potassium 

G. officinale 

Treated 
150.00 ± 1.033 6.30 ± 0.047* 

Glibenclamide 

standard 
143.00 ± 1.145*** 6.50 ± 0.128 
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Graph 11(a): Effect of G. Officinale extract on electrolytes (sodium and 

potassium) in albino rats at a dose of 500mg/kg. 
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Graph 11(b): Effect of G. Officinale extract on electrolytes (sodium and 

potassium) in albino rats at a dose of 500mg/kg. 
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HISTOPATHOLOGICAL OBSERVATIONS OF PANCREAS  

Control Group (A) 

Pancreas is major organ that consists of endocrine and exocrine 

pancreas. Alkaline fluid secretes from exocrine pancreas directly in to duodenum by 

pancreatic duct. The enzymes of pancreas degrade proteins, carbohydrates, lipids and 

nucleic acids by luminal digestion. The exocrine pancreas consists of closely packed 

secretory acini and its secretion drain in to main pancreatic duct which join into the 

common bile duct and drain through ampulla of Vater in to duodenum. The endocrine 

tissue of the pancreas forms islets of langerhans of different sizes throughout the 

exocrine tissue. The section of pancreas of albino rats was taken to observe the 

normal histology and morphology. The general architecture of pancreas was normal 

during microscopical examination. 

 1. Islets of langerhans were seen normal. Plate 1, 2, 3, 4. 

2.  Pancreatic duct was normal. Plate 1, 2, 3, 4. 

 Diabetic Control Group (Positive Control Group)  

The general architecture of pancreas was normal and intact during microscopic 

studies. 

1. Islets cells of pancreas were seen Shrinkage Plate 5. 

2. No change of exocrine cells was observed. Plate 5. 

3. Islets cells of pancreas were decreased in size Plate 6. 

4. Lymphocytes infiltration was observed. Plate 6. 

5. Pancreatic duct was normal Plate 8. 
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6. No acinar cells were injured. 

7. No parenchymal fibrosis was observed. 

Glibenclamide Group (Standard Group)  

During microscopic studies, general architecture of pancreas was normal. 

1. Number of islets cells of pancreas was decreased Plate 9. 

2. Size of islets cells of pancreas was decreased. Plate 9. 

3. Lymphocytes infiltration was seen Plate 10. 

4. Islets cells of pancreas were damaged. Plate 10. 

5. Vaculization was seen Plate 10. 

6. Structure of islets cells of pancreas were not well defined Plate 10. 

7. Cytoplasmic Vaculization was seen. Plate 10. 

8. Duct of pancreas was normal Plate 11, 12. 

Guaiacum Officinale (Treated Group) 

During microscopic studies, general architecture of pancreas was normal. 

1. No Vaculization was observed. 

2. No change in number of islets cells of pancreas Plate 14 

3. Size of islets cells was showed normal Plate 14. 

4. No any fibrosis was seen. 

5. Pancreatic duct was not dilated Plate 15. 

6. Pancreatic duct was not obstructed Plate 15. 

7. No congestion in blood vessels. 

8. Normal islets cells containing secretion Plate 13. 

9. Normal exocrine cells Plate 13. 
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PLATE: 1 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of control  male albino rat (Group A) showing normal islet of 

langerhans (A) pancreatic Ducts(B) X 200. 

 

 

 

B 

A 
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PLATE: 2 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of control male albino rat (Group A) Showing normal islets of 

langerhans x 400. 

 

 

 

 

A 
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PLATE: 3 

Photomicrograph of a 5 micron thick H&E stained paraffin section from  the 

control  male albino rat (Group A) showing normal islets of langerhans (A) and 

normal pancreatic duct(B) X200. 

 

 

 

A 

B 



205 
 

 

 

 

 

 

PLATE: 4  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of control male albino rat (Group A) showing normal pancreatic duct 

(A) x400. 

 

 

 

A 

A 
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PLATE: 5  

photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of positive control male albino rat (Group B) showing shrinkage of 

islets of langerhans (A) Normal exocrine cells(B) X 200. 

 

 

 

A 

B 
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PLATE: 6 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

positive control male albino rat (Group B) Showing lymphocytes infiltration (A) 

shrinkage of islets of langerhans (B) X200. 

 

 

 

A 

B 
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PLATE: 7:  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of positive control male albino rat (group B) showing shrinkage of islets 

of langerhens  (A) Normal exocrine cells(B) X400. 

 

 

 

A 
B 
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PLATE: 8 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of positive control male albino rat (Group B) Showing normal duct (A) 

X400. 

 

 

 

A 
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PLATE: 9 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of standard male albino rat (Group C) Showing shrinkage of islets of 

langerhans (A) X200. 

 

 

 

A 
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PLATE: 10 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of standard male albino rat (Group C) Showing lymphocytes 

infiltration (A) damage of islets of langerhans/ cytoplasm vaculization (B) X400. 

 

 

 

A 

B 
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PLATE: 11 

Photomicrograph of 5 micron thick H&E stained paraffin section from the 

pancreas of standard male albino rat (Group C) showing normal duct containing 

secretion (A) X400. 

 

 

 

A 
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PLATE: 12 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of standard male albino rat (Group D) showing normal duct (A) X 200. 

 

 

 

 

A 
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PLATE: 13   

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of treated male albino rat (Group D) showing normal islets of 

langerhans (A) Normal secretions in duct (B) Normal exocrine cells (C) X200. 

 

 

 

A 

B 

C 
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PLATE: 14 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of treated male albino rat (Group D) showing normal islets of 

langerhans (A) X 400. 

 

 

 

A 
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PLATE: 15 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

pancreas of treated male albino rat (Group D) Showing normal pancreatic duct 

(A) X400. 

 

 

 

A 
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HISTOPATHOLOGICAL OBSERVATIONS OF KIDNEY 

Control Group (A) 

Kidney is a vital organ of excretion. Each kidney consists of millions 

of nephron and functional unit of kidney is nephron. Each nephron comprised of renal 

tubules and corpuscles. Each renal corpuscle contains Bowman's capsules that 

enclosed in bundle of capillaries called as glomeruli. The section of kidney of male 

albino rats to observe the normal morphology and histology. During microscopical 

examination of kidney of male albino rats observed the general architecture of kidney 

was normal. 

1. Showed normal glomeruli plate 1 and 2. 

2. Renal tubules were normal Plate 2. 

 Diabetic Group (Positive Control Group) 

General architecture of diabetes induced positive control group was 

found normal during microscopic examination. 

1. Congestion of glomeruli was seen plate 3, 5, 6, 8, 9. 

2. Interstitial congestion was found plate 3. 

3. Inflammation of interstitial spaces was found plate 3. 

4. Congestion of peritubular capillaries was found plate5. 

5. Shedding of glomeruli was seen plate 6, 8. 

6. Lymphocytes were seen plate 7, 8, 9. 

7. Cellularity was normal.  

8. No any necrotic changes were recorded. 
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9. No any atrophic changes were found in basement membrane. 

10. No fibrotic changes were present in interstrium. 

11. No edema was showed in interstitium. 

Glibenclamide (Standard Group) 

General architecture of standard group was found normal during 

microscopic examination. 

1. Less or no congestion of glomeruli plate.10, 11, 12, 13 and 14. 

2. Less congestion of renal tubules plate 11. 

3. Mild tubulitis was seen Plate 14. 

4. Fibrotic changes were not seen. 

5. Necrotic changes were not seen 

6. Inflammation of intrestitium was not seen 

7. Necrosis was not seen.  

Guaiacum Officinale (Treated Group)  

During microscopic examination of kidney section, general 

architecture was found normal. 

1. Less tubular damage was seen plate 15. 

2. Less congestion was found in glomeruli plate 16. 

3. Less vaculization was seen plate 16. 

4. No or minor congestion in glomeruli plate17. 

5. Cellularity was normal. 

6. No dilated renal corpuscles were recorded. 
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7. No any shrinkage of glomeruli was found. 

8. No inflammatory cells were found. 

9. No fibrotic changes were recorded. 

10. No necrosis was found. 

11. No atrophic changes were found in tubules. 

12. No atrophic changes were found in basement membrane. 

13. No fibrotic changes were found in interstitium. 
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PLATE: 1   

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

control male albino rat (Group A) Showing normal renal tubules (A) normal 

glomeruli (B) X100. 

 

 

 

 

A 

B 
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PLATE: 2 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

control male albino rat (Group A) Showing normal renal tubules (A) normal 

glomeruli (B) X200. 

 

 

 

 

A 

B 
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PLATE: 3 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

positive control male albino rat (Group B) Showing   congestion of glomeruli (A) 

interestial congestion (B) interstitial inflammation (C) X 200. 

 

 

 

 

A 
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PLATE: 4  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

positive control male albino rat (Group B) Showing   congestion of glomeruli (A)  

(B)  interstitial inflammation or tubulitis  (C)X200. 

 

 

 

 

A 

B
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PLATE: 5 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

positive control male albino rat (Group B) Showing   congestion of peritubular 

capillaries (A)congestion of glomeruli  (B) X 400. 

 

 

 

 

A 
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PLATE: 6  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

positive control male albino rat (Group B) Showing   congestion of glomeruli and 

shedding of glomeruli (A) X 400. 
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PLATE: 7  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

positive control male albino rat (Group B) Showing   lymphocytes infiltration (A) 

X 400 

 

 

 

 

A 
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PLATE: 8 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

positive control male albino rat (Group B) Showing congestion of glomeruli (A) 

lymphocytes seen (B) X 400. 

 

 

 

 

A 

B 
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PLATE: 9 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

positive control male albino rat (Group B) Showing congestion of glomeruli (A) 

lymphocytes seen (B) X 400. 

 

 

 

 

A 
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PLATE: 10 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

standard male albino rat (Group C) Showing less congestion of glomeruli (A) 

X200. 
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PLATE: 11 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

standard male albino rat (Group C) Showing normal glomeruli (A) Less or no 

congestion of glomeruli (B) X200.  

 

 

 

 

A 
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PLATE: 12  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

standard male albino rat (Group C) Showing normal glomeruli (A) 400X. 
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PLATE: 13 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

standard male albino rat (Group C) Showing no congestion of glomeruli (A) 

400X. 

 

 

 

 

A 
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PLATE: 14  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

standard male albino rat (Group C) Showing mild lymphocytosis (A) less 

congestion of glomeruli (B) 400X. 

 

 

 

 

A 
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PLATE: 15  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

treated male albino rat (Group D) Showing less congestion in glomeruli (A) 

200X. 
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PLATE: 16 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

treated male albino rat (Group D) Showing less tubular demage (A) Less 

congestion in glomeruli (B) less Vaculization (C) 400X. 

 

A 

B 
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PLATE: 17 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

treated male albino rat (Group D) Showing less congestion in glomeruli (A) 400X. 

 

 

 

A 
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HISTOPATHOLOGICAL OBSERVATION OF LIVER 

Control Group 

Liver is a major organ for metabolism. Liver performs many functions 

such as formation and secretion of bile, storage of glycogen, metabolism of fat and 

detoxification of drugs. The section of liver was taken to observe the normal histology 

and morphology .Liver is a polygonal prism shaped lobule and cross section of each 

lobule consists of central vein and hepatocytes.  

1. The general architecture of liver during microscopic examination was normal.  

2. Normal portal vein was seen in plate 1 and 2.  

3. Normal hepatocytes were seen in plate 3. 

4. Normal portal tract was seen in plate 1. 

Diabetic Control Group (Positive Control Group)  

The general architecture was found normal during microscopic examination. 

1. Congestion of central vein was found. Plate 4, 5, 6. 

2. Inflammatory cells were seen.  

3. Fatty alteration was not found. 

4. Fibrotic changes were not seen. 

5. Narcosis was not recorded. 

6. Mild lymphocytosis was found in plate 5. 

7. Severe congestion of central vein in plate 6. 

8. Sinusoidal congestion was recorded plate 7. 
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Glibenclamide Group (Standard Group)   

 The general architecture of liver was normal during microscopic studies. 

1. No congestion of central vein. Plate 8. 

2. Showing normal hepatocytes. Plate 8, 

3. Lobular inflammation was seen .Plate 8. 

4. No congestion of central vein. Plate 9, 10. 

5. No lymphocytes infiltration. Plate 9. 

6. Normal parenchymal cell. 

7. No inflammatory cells. 

8. Necrosis was not seen. 

Guaiacum Officinale (Treated Group) 

The general architecture of liver was normal during microscopic studies. 

1. Less or no congestion of central vein. Plate 11, 12. 

2. Normal hepatocytes were seen. Plate 13. 

3. No dilation of central vein. 

4. No inflammatory cell was seen. 

5. No narcosis was found. 

6. No fibrosis was found. 

7. Portal tract was normal 

8. Parenchyma was normal 

9. Sinusoids were normal. 

10. No fatty changes were seen. 

11. Lymphocytes were not present. 
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PLATE: 1    

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

control male albino rat (Group A) Showing  normal  portal vein (A) normal 

portal tract(B)  X100. 
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PLATE: 2    

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

control male albino rat (Group A) Showing normal portal vein (A) X200. 
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PLATE: 3    

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

control male albino rat (Group A) Showing normal hepatocytes (A) X200. 
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PLATE: 4    

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

diabetic control male albino rat (Group B) Showing congestion in central vein 

(A) X 200. 
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PLATE: 5    

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

diabetic control male albino rat (Group B) Showing  congestion in central vein 

(A) mild lymphocytosis (B) X 200. 
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PLATE: 6    

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

diabetic control male albino rat (Group B) Showing mild lymphocytosis (A) 

Severe congestion of central vein (B) X 400. 
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PLATE: 7    

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

diabetic control male albino rat (Group B) Showing sinusoidal congestion (A) X 

400. 
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PLATE:  8  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

standard male albino rat (Group C) showing normal portal vein (A) Slight 

lobular inflammation (B) normal hepatocytes (C) X 200. 
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PLATE:  9  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

standard male albino rat (Group C) showing no congestion of central vein(A) 

normal hepatocytes(B) X 200. 
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PLATE 10  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

standard male albino rat (Group C) showing normal central vein (A) X 400. 
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PLATE 11 

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

treated male albino rat (Group D) Showing less congestion of central vein (A) X 

100. 
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PLATE 12  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

treated male albino rat (Group D) Showing  no congestion  of central vein (A) X 

200. 
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PLATE: 13  

Photomicrograph of a 5 micron thick H&E stained paraffin section from the 

treated male albino rat (Group D) Showing normal hepatocytes (A) less 

congestion of central vein (A) X 200. 
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OBSERVATION OF PANCREAS BY SCANNING ELECTRON 

MICROSCOPY 

 Control Group: 

 Scanning electron micrograph of pancreas was observed to be normal. 

 Mild wavy surface was seen. Plate 1. 

 No gross abnormality was noted. 

 Slightly unfolded surface with small knob like projections. Plate 2. 

 Numerous knobs, irregular and non-uniform structure were seen. Plate.3 

 Undulating and knob like structure was found on the surface. Plate 4. 

Diabetic Control Group (Positive Control Group) 

 Surface showed more irregular, spikes and projections were seen. Plate 5. 

 Elongated and irregular surface was seen. Plate 6. 

 Surface was marked non- uniform and uneven surface. Plate 7. 

 SEM showed gross distortion on the surface was seen. Plate 8. 

Glibenclamide Group (Standard Group) 

 SEM showed irregular and fine undulation of surface was noted. Plate 9 

 Surface of pancreas slightly uneven and irregular as compare to positive 

control. Plate 10. 

 Wavy, non-uniform and rod like structure were found. Plates 11 & 12. 
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Guaiacum officinale (Treated Group)  

 SEM showed nearly smooth surface as compare to positive control. Plate 13. 

 No any gross abnormality was found. Plates 13 & 14. 

 SEM showed wavy rod like structure distributed sparsely. Plate 15 & 16. 

 Subtle surface irregularities were found. Plate 17. 
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PLATE 1: 

Scanning electron micrograph of control pancreas of male albino rat (Group A) 

showing mild wavy surface (A) and no gross abnormalities were noted(B) X 500. 
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PLATE 2:  

Scanning electron micrograph of control pancreas of male albino rat (Group A) 

showing slightly unfolded surface with small knob like projections (A) X 1000. 
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PLATE 3:  

Scanning electron micrograph of control pancreas of male albino rat (Group A) 

showing numerous knob like structure on the surface and slightly non- uniform 

surface (A) X 2000. 
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PLATE 4: 

Scanning electron micrograph of control pancreas of male albino rat (Group A) 

showing undulation of the surface (A) Knob like structure was found on the 

surface (B) X 3000. 
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PLATE 5:  

Scanning electron micrograph of positive control pancreas of male albino rat 

(Group B) showing distorted and irregular surface (A) holes and projections or 

spike like structure (B) X 500. 
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PLATE 6:  

Scanning electron micrograph of positive control pancreas of male albino rat 

(Group B) showing highly irregular surface (A) elongated and perforated 

surface (B) X 1000. 
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PLATE 7: 

Scanning electron micrograph of positive control pancreas of male albino rat 

(Group B) showing marked non-uniform and uneven surface (A) X 2000. 

  

 

 

 

 

 

 

A 



261 
 

 

 

 

 

 

 

PLATE 8: 

Scanning electron micrograph of positive control male pancreas of albino rat 

(Group B) showing gross distortion on the surface with bend like structure 

running in the center  of the field (A) X 3000. 

 

 

 

 

 

 

A 



262 
 

 

 

 

 

 

 

PLATE 9: 

Scanning electron micrograph of standard pancreas of male albino rat (Group 

C) Showing irregular and fine undulation on the surface (A) X 500. 
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PLATE 10:  

Scanning electron micrograph of standard pancreas of male albino rat (Group 

C) Showing surface was slightly irregular (A) X 1000. 
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PLATE 11: 

Scanning electron micrograph of standard pancreas of male albino rat (Group 

C) Showing surface structure more squashed and slightly uneven (A) X 2500 
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PLATE 12: 

Scanning electron micrograph of standard pancreas of male albino rat (Group 

C) Showing surface was crimped and non-uniform (A) slightly rods like 

structure (B) X 3000. 
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PLATE 13:  

Scanning electron micrograph of treated male albino rat of pancreas (Group D) 

Showing smooth and even surface(A) and no gross abnormality (B) X 500. 
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PLATE 14: 

Scanning electron micrograph of treated male albino rat of pancreas (Group D) 

Showing fine irregularities (A) X 1000. 
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PLATE 15: 

Scanning electron micrograph of treated male albino rat of pancreas (Group D) 

Showing slightly uneven surface with numerous wave rod like structure 

distributed sparsely (A) X 2500. 
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PLATE 16: 

Scanning electron micrograph of treated male albino rat of pancreas (Group D) 

Showing less irregular and rod like structure (A) X 3000. 
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PLATE 17: 

 Scanning electron micrograph of treated male albino rat of pancreas (Group D) 

Showing subtle and irregular surface (A) irregular structure distributed sparsely 

(B) X 7000. 
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OBSERVATION OF KIDNEY BY SCANNING ELECTRON 

MICROSCOPY 

Control Group 

Scanning electron micrograph of kidney was observed under microscope showed 

following structures. 

 Low power SEM showed finely granulated surface was seen. Plate 1 

 Regular and nodular surface was seen. Plate 2 

 Nodular projection and regular surface was seen. Plate 2 

Diabetic Control (Positive Control) 

 Showed irregular and wavy surface of kidney. Plate 3 

 Surface showed depression on surface. Plate 4 

 Surface showed nodular projection. Plate 4 

Glibenclamide Group (Standard Group) 

 Showed more irregular surface. plate 5 

 Shrunken appearance was seen. Plate 6 

Guaiacum officinale (Treated Group) 

 Regular surface was seen. Plate 7 

 Structure was more regular and smooth. Plates 8 & 9. 
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PLATE 1: 

Scanning electron micrograph of control kidney of male albino rat (Group A) 

showing finely granular and regular surface (A) 100X. 
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PLATE 2:  

Scanning electron micrograph of control kidney of male albino rat (Group A) 

showing fine and regular nodular surface (A) 500X. 
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PLATE 3:  

Scanning electron micrograph of control kidney of male albino rat (Group A) 

showing nodular projection on surface (A) 1000X. 
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PLATE 4: 

Scanning electron micrograph of positive control kidney of male albino rat 

(Group B) showing irregular wavy projection on surface (A) 500X. 
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PLATE 5: 

Scanning electron micrograph of positive control kidney of male albino rat 

(Group B) showing irregular, and irregularity of the surface with depression (A) 

irregular nodular projection (B) 1000X. 

 

 

 

A 



277 
 

 

 

 

 

 

 

 

 

PLATE 6:  

Scanning electron micrograph of standard kidney of male albino rat (Group C) 

showing more irregular surface (A) 500X. 
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PLATE 7:  

Scanning electron micrograph of standard kidney of male albino rat (Group C) 

showing irregular and shrunken surface (A) 1000X. 
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PLATE 8: 

Scanning electron micrograph of treated kidney of male albino rat (Group D) 

showing slightly more regular surface (A) 500X. 
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PLATE 9:  

Scanning electron micrograph of treated kidney of male albino rat (Group D) 

showing regular surface (A) 1000X. 
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OBSERVATION OF LIVER BY SEM  

Control Group  

 Surface of liver finely reticulated. Plate 2. 

 Surface of liver is fairly regular. Plate 1, 2. 

 In high power undulated and ridges on surface of liver was seen. Plate 3. 

Diabetic Control Group (Positive Control)  

 Surface was more irregular and uneven as compare to control. Plate 4,5. 

 Contorted surface was seen. Plate 6. 

 Narrow and deep cleft was seen on the surface of liver. Plate 6. 

Glibenclamide Group (Standard Group) 

 More irregular and wavy surface was seen as compare to control and positive 

control. Plate 7. 

 Flutter and uneven surface was seen. Plate 8. 

Guaiacum Officinale (Treated Group) 

 Appearance of liver surface was seen normal like control. Plate 9. 

 In high magnification surface of liver was seen normal. Plate 10. 
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PLATE: 1  

Scanning electron micrograph of control liver of male albino rat (Group A) 

showing regular and smooth surface (A) X 500. 
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PLATE 2: 

Scanning electron micrograph of control liver of male albino rat (Group A) 

showing finely reticulated surface (A) X 1000. 

 

 

 

 

 

A 



284 
 

 

 

 

 

 

 

 

PLATE 3: 

Scanning electron micrograph of control liver of male albino rat (Group A) 

showing undulated surface (A) ridges like structure (B) 2500X. 
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PLATE 4:  

Scanning electron micrograph of positive control liver of male albino rat (Group 

B) showing more irregular and uneven (A) 500X. 
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PLATE 5:  

Scanning electron micrograph of positive control liver of male albino rat (Group 

B) showing more irregular and uneven (A) 1000X. 

  

 

 

 

 

A 



287 
 

 

 

 

 

 

 

 

 

PLATE 6: 

Scanning electron micrograph of positive control liver of male albino rat (Group 

B) showing contorted surface (A) 2500X. 
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PLATE 7:  

Scanning electron micrograph of standard liver of male albino rat (Group C) 

showing more irregular and wavy surface (A) 1000X. 
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PLATE 8:  

Scanning electron micrograph of standard liver of male albino rat (Group C) 

showing uneven and flutter surface (A) 2500X. 

 

 

 

 

 

 

A 



290 
 

  

 

 

 

 

 

 

 

PLATE 9: 

Scanning electron micrograph of treated liver of male albino rat (Group D) 

showing even and regular surface (A) 1000X. 
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PLATE 10: 

Scanning electron micrograph of treated liver of male albino rat (Group D) 

showing even and regular surface like control (A) 2500X. 
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DISCUSSION 

Diabetes mellitus is a metabolic disorder characterized by abnormality 

of carbohydrates, lipids and protein metabolism. Type 1 diabetes mellitus is 

characterized by complete defect in secretion of insulin and Type 2 diabetes mellitus 

is characterized by less secretion of insulin or due to insufficient response of insulin 

secretion by the β cells of pancreas (Delvin, 1997; Barar 2000). Numerous researchers 

reported that more than 85% of people suffered from type 2 diabetes either due to 

insulin resistance or insulin secretion defects (Yarborough, 2000; Ranjan et al., 2002). 

International Diabetes Federation reported in 2012, that the number of diabetic 

patients will increase up to 565 million by 2030 and the countries which will be most 

probably affected are China, US and India (Ramachandran et al., 2002). 

The huge number of drugs and herbal treatments are available for the 

management of diabetes. The Worldwide survey proved that more than 800 plants 

have antidiabetic properties (Eddouk et al., 2002) and more than 500 species of plants 

were used as an antidiabetic agent (Andrade-cetto et al., 2005). These drugs act either 

by the improvement of insulin secretion to stimulate the uptake of glucose molecules 

in targeted tissues of peripheral or by the hepatic uptake of blood glucose. All these 

consequences revealed that GLUT4 is considered as a major player of insulin 

stimulated glucose transporter for insulin sensitive tissues. Insulin resistance may be 

developed due to defect or reduction in transport of insulin through GLUT 4 

containing vesicles (Tozzo et al., 1993; Shepherd, 1993; Smith, 2002). 

Guaiacum officinale belong to family Zygophyllacea and it has been 

reported that it was useful for the treatment of arthritis, diathesis, and tonsillitis. It is 

also effective against rheumatism, anti-inflammatory, laxative and diuretic actions 

(Herbal Medicine Meteria Medica). The saponins of Guaiacum officinale showed 
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abortion activity and the latex part of plant possessed anti-rheumatic and antioxidant 

activity in male albino rats (Sharma et al., 2013; Sarkar et al., 2014). 

The plants belong to family Zygophyllacea have an antidiabetic, 

hypolipidemic, anti-inflammatory, analgesic, blood purifier and anticancer properties 

(Marwat et al., 2000; Akhter et al., 2009; Chhatre et al., 2014). Scientists revealed 

that herbal medicines act by regeneration or by increase in number and size of β-cells 

(Mohammad et al., 2006). 

In the present study, the plan was to determine the antidiabetic activity 

of Guaiacum officinale in streptozotocin induced diabetic male albino rats. More than 

1200 plants have been used as hypoglycemic agent by ethno pharmacological survey 

(Kesari et al., 2007). The present study is to develop the type 2 diabetic model for rats 

using streptozotocin as a diabetic inducer at a dose of 30 mg/kg by I/P route. This low 

dose beneficial for destruction of pancreatic β-cells (Reed et al., 2006) and the 

experimental evidence proved that they act by the free radicals formation and causes 

the intracellular change in DNA of pancreatic β-cells (Yamamoto et al., 1981; 

Oberley, 1988).  Kubish et al. (1997) also reported that free radicals cause the damage 

of cellular molecules, proteins, DNA and lipids that leads to alter the cellular 

functions. 

Hyperglycaemia is the key parameter for the diagnosis of diabetes and 

it is associated with free radicals formations (Faujita et al., 2006) that leads to 

increase per oxidation level, insulin resistance and inadequate antioxidant defense 

(Vincent and Taylor, 2006). 

In this current study, we selected male albino Wistar rats, weight 

200±20 gms, they were divided in four groups control group, streptozotocin induced 
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diabetic group (positive control), Glibenclamide (standard) group and Guaiacum 

officinale (treated group) to observe the antidiabetic effect of bark extract of 

Guaiacum officinale at 500mg/kg oral dose and Glibenclamide at 0.5 mg/kg by oral 

route for 28 days (Maurya et al., 2012). The results were estimated by ANOVA SPSS 

version 20.  

The data of blood glucose of control group was 75.00±2.0412 

(Mean±SEM). The  level of streptozotocin induced diabetic group (positive control) 

was 295.167±10.9433 (Mean±SEM) while the level of Guaiacum officinale (treated 

group) was 133.667±8.3814*** (Mean±SEM).The blood glucose level of treated 

group was considered as a highly significant when compared with control and 

streptozotocin induced group, demonstrated in table 2 and graph 2(a) (b).The data of 

control group of blood glucose was 69.33±1.281, streptozotocin group was 

342.08±10.546 and the level of Glibenclamide group was 167.08±15.287*** (Mean± 

SEM)  presented in table1 and graph 1(a) (b) the results supported by (Shankar et al., 

2001). 

The oral glucose tolerance test was conducted for the development of 

type-2 diabetic model of rats.  The formation of free radicals in diabetic animals may 

be due to auto oxidation of glucose (Maheswari et al., 2015) and the free radicals 

formations associated with oxidative stress leads to develop the insulin resistance ( 

Frilyand and Philipson, 2005). In the present research study, orally administered 

glucose to streptozotocin induced diabetic rats at 1gm/kg dose to evaluate the glucose 

tolerance level. Blood was taken by tail vein method at different intervals (0 min, 30 

min, 60 min, 120min and 180 min) and values were 246.42 ± 14.905, 413.08 ± 

14.282, 379.58±10.275, 326.08±11.422 and 235.42±3.911 (Mean±SEM) respectively. 

The AUC (values) curve indicated that blood glucose level was found to increase 
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initially and maintained up to 60 minutes in streptozotocin induced diabetic rats then 

fall down  of peak with respect to time, as demonstrated in table 3 and graph 3(a) (b). 

The present study was conducted to observe the effect of Guaiacum 

officinale on pancreatic enzymes, liver enzymes, lipid profile, kidney functions and 

electrolytes. We selected male albino rats, weight 200±20 gms. Rats were treated with 

bark extract of Guaiacum officinale at 500 mg/kg dose and GLB at 0.5 mg/kg dose 

given orally for 28 days. Blood was collected in gel containing vacutainer through the 

technique of cardiac puncture and separation of serum was obtained by centrifugation 

at 3000 rpm. 

Pancreatic enzymes play a vital role in functioning of pancreas. 

Amylase is an enzyme that hydrolyzes starch in to sugar and lipase hydrolyzes the 

dietary fat molecule. Diabetes inducer drug (streptozotocin) was responsible to 

decrease the serum amylase level (Skrha et al., 1987). The level of amylase of control 

group was shown to be 272.50±15.491 (Mean±SEM) and the level of streptozotocin 

induced group was 199.30±14.463***, the value 384.80±16.132*** (Mean±SEM) 

was observe in Glibenclamide group and 353.80±1.083*** (Mean±SEM) was 

observed into Guaiacum officinale group. The treated group and standard group both 

showed highly significant results, Demonstrated in table 6 (a) and graph 6 (a) (b). 

Significant reduction of serum amylase was previously reported (Soling et al., 1972; 

Nakajima et al., 2011). The data of control group of pancreatic lipase have been 

shown to be 118.40±4.025 (Mean±SEM), Streptozotocin induced group data was 

78.50±1.293*** (Mean±SEM) while the level of Glibenclamide and Guaiacum 

officinale (treated group) was 69.40±2.495*** and 115.50±2.282*** (Mean±SEM) 

compared with control the results showed that both standard and treated group 

showed highly significant results, presented in table 6(a) and 6 (a) (b). Many 
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researchers proved that diabetes due to deficiency of insulin causes the alteration in 

function of pancreas and the streptozotocin induced diabetes caused to decreased the 

95% amylase and lipase ratio ( Bazin et al., 1979; Dominguez Munoz et al., 1993). 

Lipid is an essential component of cell membrane and plays a vital role 

in biochemical processes. Cholesterol (HDL) plays a major role against oxidative 

damage of cell membrane (Farias et al., 1996). Diabetes that leads to oxidative stress 

causes the abnormality in metabolism of lipids. The level of cholesterol, triglycerides 

and LDL higher in type-2 diabetes and HDL lower in type 2 diabetes (Abou- Seif et 

al., 2004). The extract of garlic significantly reduced the total lipids as compared to 

Glibenclamide in diabetic rats induced by streptozotocin (Eidi et al., 2006). In current 

study, the effect of Guaiacum officinale at a dose of 500mg/kg/ oral on total lipids 

was investigated. The level of control group of cholesterol was59.60±0.833 

(Mean±SEM), STZ group was 82.00±0.516*** (Mean±SEM), whereas level of GLB 

group was 91.00± 4.420*** (Mean±SEM) and the level of G. officinale group was 

86.70±1.407*** (Mean±SEM). The results showed that both treated and standard 

group showed highly significant levels. Demonstrated in table 7(a) and graph7 (a) (b).  

The level of control group of triglycerides was 92.920±920±1.143 

(Mean±SEM) and the level of positive control group  was showed  

243.43±24.074***,  GLB group was 120.10±4.446 (Mean± SEM) and the level of G. 

officinale group was 73.00±1.592 (Mean±SEM), G. officinale which remarkably 

reduced the level of triglycerides as compared to control, STZ and GLB group. 

Presented in table 7 (a) and graph 7(a) (b). 

The data of control group of   42.50±2.460 (Mean±SEM) and the 

streptozotocin group was 55.60±0.618*** (Mean±SEM) and the level of HDL of 
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GLB and G. officinale was 51.00±3.218*** and 47.60±0.763 (Mean±SEM) 

respectively, and showed insignificant results of extract, demonstrated in table 7(a) 

and graph 7(a) (b). 

The level of control group of LDL was 18.10±0.971 (Mean±SEM), 

STZ group was 25.90±1.509***, while the level of Glibenclamide group was 

21.30±0.870 and the level of Guaiacum officinale was 26.70±1.212***. Results were 

demonstrated in table 7(a) and graph 7(a) (b). The level of control group of VLDL 

was 19.00±0.422 (Mean±SEM), STZ group was 44.00± 5.044*** and the level of 

GLB and bark extract was found to be 24.00±0.715 and 18.70±0.746 (Mean±SEM) 

respectively demonstrated in table 7(a) and graph 7(a) (b). Extract of Guaiacum 

officinale highly reduced VLDL level as compared to control, STZ and GLB. 

Scientists previously reported that the family Zygophyllacea significantly reduced 

blood glucose, total cholesterol and LDL (EL-Tantawy et al., 2007; Bahradmanesh et 

al., 2013). 

Liver function test are the major indicator of liver injuries and diseases. 

It is helpful for the diagnosis and to observe the response of treatment. The decreased 

level of SGPT/ALT and increased level of ALP and AST indicates the obstruction of 

bile duct and bile diseases (Pagana, 1988). In the present study, the effect of 

Guaiacum officinale at a dose of 500 mg/ kg by oral route for 28 days on liver 

function in streptozotocin induced diabetic rats was also investigated. The value of 

aspartate transaminase (AST/SGOT) of control group was 216.09±8.381 

(Mean±SEM), Streptozotocin group was 202.50±5.084 (Mean±SEM), the value of 

Glibenclamide group was 215.80±2.859 (Mean±SEM) and the value of Guaiacum 

officinale group was 188.10±7.391*** (Mean±SEM) which indicated that treated 

group showed highly significant results, presented in table 8(a) and graph8 (a) (b). 
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Researchers previously reported that the herbal drug Tribulus terresteris belongs to 

family zygophyllacea and significantly reduces the level of AST and ALT in 

streptozotocin induced diabetic rats (Amin et al., 2006). 

The data of Gamma glutamyl transpeptidase (γ GT) of control group 

was 3.00±0.516 (Mean±SEM), streptozotocin induced diabetic rats was 2.80±0.629 

(Mean±SEM) level of GLB group was 2.70±0.615 (Mean± SEM) and Guaiacum 

officinale group was 2.00±0.333 (Mean±SEM) which showed insignificant result, 

presented in table 8(a) and graph 8(a) (b). 

The level of alanine transaminase (ALT/SGPT) of control group was 

64.20±2.471 (Mean±SEM), the level of positive control group was 80.00±2.728*** 

(Mean ±SEM) and the level of glibenclamide group was 76.30±4.531** 

(Mean±SEM), In Guaiacum officinale group it was 70.00±1.390 (Mean±SEM) 

showed insignificant results as compared to control, but G. officinale reduced the 

level of SGPT as compared to STZ which induced diabetic group demonstrated in 

table 8(a) (b) and 8(a) (b). 

The alkaline phosphatase level was estimated by ANOVA. Level of 

ALP of control group was 177.50±2.745 (Mean±SEM) and the level in streptozotocin 

group was 581.00±6.670*** (Mean±SEM), Glibenclamide group was 

586.90±2.9553*** (Mean±SEM), and the level of Guaiacum officinale group was 

520.00±2.485 (Mean±SEM). The result showed that both standard and treated group 

showed highly significant.  G. officinale reduced the level of ALP as compared to 

STZ induced diabetic rats. Presented in table 8(a) (b) and graph 8(a) (b). It was 

previously reported by several researchers that the herbal drug Allium sativum to 

decreases the level of ALT and AST in diabetic rats induced by streptozotocin as 
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compare to Glibenclamide (Eidi et al., 2006). Tribulus terresteris reduced the level of 

ALP in STZ induced diabetic rats (Maheswari et al., 2015). 

Bilirubin is a byproduct of haemoglobin produced by liver called bile. 

The increased level of direct bilirubin may be due to obstruction of liver or due to 

obstruction of gallstones. The elevated level of total bilirubin indicates liver diseases, 

haemolytic anemia and the toxic effect of drug while the decreased level of may be 

due to inefficient liver functions, excessive fat digestion or low intake of nitrogen 

bearing foods. In present study, determine the effect of Guaiacum officinale at 500 

mg/kg dose given orally on bilirubin was recorded. The level of control group of 

direct bilirubin was 0.055±0.0054 (Mean±SEM), STZ group was 0.044±0.0047 

(Mean±SEM), GLB group was 0.022±0.0039*** (Mean±SEM) and the level of 

Guaiacum officinale group was 0.052±0.0049 (Mean±SEM). This indicates that there 

is no significant effect on the bilirubin as compared to control group. Result 

demonstrated in table 9(a) (b) and 9(a) (b). 

The level of indirect bilirubin of control group was 0.112±0.0063 

(Mean±SEM), STZ (positive control group) was 0.068±0.0051*** (Mean±SEM), 

value of GLB (standard) group was 0.090±0.0059** (Mean±SEM) and the value of 

G. officinale group was0.119±0.0038 (Mean±SEM). The result of G. officinale 

showed normal like a control group. Demonstrated in table 9(a) (b) and graph 9(a) 

and (b). 

The estimation of kidney function (Urea and Creatinine) is helpful for 

the diagnosis of renal diseases. (Braulich et al., 1997; Hwang et al., 1997). In present 

study, estimation of serum creatinine and urea of Guaiacum officinale at a dose of 

500mg/kg. The level of serum urea in blood of control group was 32.00±0.447 
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(Mean±SEM), streptozotocin induced diabetic group was 30.50±0.883 (Mean±SEM) 

and the level of glibenclamide group was 26.00±0.447 (Mean±SEM), Guaiacum 

officinale group was 24.00±0.745*** (Mean±SEM). The treated and glibenclamide 

group both showed highly significant results, demonstrated in table 10(a) (b) and 

graph 10(a) (b). 

The value of serum creatinine of control group was 0.445±0.0067 

(Mean±SEM), streptozotocin group was 0.453±0.0651 (Mean±SEM), the value of 

glibenclamide group was 0.422±0.0141 (Mean±SEM) and the value of G. officinale 

group was found to be 0.287±0.0422*** (Mean±SEM). The treated group (G.O) 

showed highly significant as demonstrated in table 10(a) (b) (c) and graph 10(a) (b). 

The researchers proved in past that crude extract of Tribulus terresteris 

(Zygophyllacea) significantly reduced the level of creatinine (Amin et al. 2006) and 

decrease the level of serum urea and creatinine in type 2 diabetes (Rehman et al., 

2005). 

Hyperglycemia is a condition that can alter the electrolyte balance of 

the body. Excessive blood glucose level increases the urine output as a result water 

and electrolyte imbalance is observed. Hyperglycaemia induced hyponatremia and 

hypokalemia in humans and animals. (Petersen et al., 1982). Diabetes mellitus 

associated with increase or decrease the level of sodium and potassium (Weidmenn et 

al., 1991; Liamis et al., 2013). In present study, the level of control group of sodium 

was 138.00±0.943 (Mean±SEM), streptozotocin induced diabetic group was 

141.00±0.789 (Mean±SEM), level of glibenclamide group was 143.00±1.145*** 

(Mean±SEM) and the level of G. officinale group was 150.00±1.033*** 

(Mean±SEM).Both treated and standard groups showed that the results are highly 

significant and presented in table 11(a) (b) and graph11 (a) (b). 
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The data of potassium was estimated by ANOVA SPSS version 20. 

The value of control group of potassium was 6.40±0.044 (Mean±SEM), the value of 

streptozotocin group was 6.00±0.065*** (Mean±SEM), data of glibenclamide group 

was 6.50±0.128 (Mean±SEM) and value of Guaiacum officinale group was 

6.30±0.047 (Mean±SEM). The treated and standard group both showed insignificant 

result, presented in table 11(a) and graph 11(a) (b) but G.O retained the potassium in 

blood as compare to streptozotocin group presented in table 11(b). Numerous 

researchers reported previously that Diabetes mellitus is responsible to increase in 

filtration and reabsorption of sodium in rats (Wald et al., 1984) and serum sodium and 

potassium have an inverse relationship with the movement of electrolytes due to 

impairment of insulin action in diabetes (Kanno et al., 1976). Diabetes induced 

hyponatremia due to osmotic diuresis and in diabetic ketoacidosis (Liamis et al., 

2011) and significant decrease in level of sodium in streptozotocin diabetic rats (Khan 

et al., 2012). 

In present study, histopathological studies of pancreas, kidney and 

liver were performed to observe the effect of Guaiacum officinale at500mg/kg dose in 

diabetic rats induced by streptozotocin. After treatment with Guaiacum officinale for 

of 28 days, animals were sacrificed by cervical decapitation (Gandhi et al., 2012; 

Maurya et al., 2012). Animals of all groups were dissected, and the organs (pancreas, 

kidney and liver) were isolated and fixed in 10%formaldehyde solution. Several 

researchers observed the effect of herbal drugs by histopathological studies in 

streptozotocin induced diabetic rats and proved the antidiabetic activity by the 

recovery of histological changes of pancreas, kidney and liver (Prasad et al., 2009). 

Pancreas is a vital organ that consists of functional and anatomical link between 

endocrine and exocrine pancreas. In diabetes mellitus it is a major factor of mortality 
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with alteration in regulation of pancreatic functions due to deficiency of islets of 

hormones (Czako et al., 2009). In our research study the general architecture of 

control pancreas was normal. Pancreatic duct and islets cell of langerhans were seen 

normal (plate 1, 2, 3 and 4), and the architecture of streptozotocin induced diabetic 

rats showed shrinkage and decrease in size of islets cells of pancreas (plate 5 and 6). 

Lymphocytes infiltrations were observed (plate 6). Pancreatic duct and acinar cells 

were seen normal (plate 8). Parenchymal fibrosis was not observed. The histological 

changes of glibenclamide (standard) group were showed the number and size of islets 

cells of pancreas was decreased (plate 9). Lymphocytes infiltration and damage of 

islets cell of pancreas were also seen (plate 10). Cytoplasmic vaculization was also 

seen (plate 10). Structure of islets cell of pancreas was not well defined (plate 10). 

Duct of pancreas was normal (plate 11 and 12). The histological changes of 

Guaiacum officinale (treated) group showed that the number and size of islets cells of 

pancreas was normal (plate 14). Pancreatic duct was observed normal and not 

obstructed (plate 15). Secretory granules and exocrine cells were seen normal (plate 

13) exocrine cells were stimulated for insulin synthesis (Noor et al., 2008; Gandhi et 

al., 2012).  This proved that Guaiacum officinale is safe and beneficial with 

comparison of positive control (STZ) and standard group (GLB). 

Kidney is a major organ for excretion of metabolites (Molitoris et al., 

2007). The histo-pathological changes of kidney of control group male albino rats 

showed normal architecture. Glomeruli and renal tubules were seen normal (plate 1 

and 2). The diabetes inducer group (STZ) showed remarkable congestion of glomeruli 

(plate 3, 5, 6, 8 and 9). Interstitial spaces congestion and inflammation of interstitial 

spaces were found (plate 3). Shedding of glomeruli was seen (plate 6 and 8). 

Lymphocytes were seen normal (plate 7, 8 and 9). Congestion of peritubular 
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capillaries was seen (plate 5). Necrotic and fibrotic changes were not seen. While the 

standard group (GLB) of control kidney tissue was found with normal architecture 

during microscopic examination. Congestion of glomeruli was not seen (plate 10, 11, 

12, 13 and 14). Mild congestion of renal tubules was seen (plate 11). Mild tubulitis 

was also seen (plate 14). Inflammation of intrestitium was not seen. Fibrotic and 

necrotic changes were not seen. The architecture of Guaiacum officinale treated of 

control group was seen normal. Mild tubular damage was seen (plate 15). Mild 

congestion of glomeruli was also seen (plate 15 and 16). Less vaculization was also 

seen (plate 15). Atrophic changes were found in basement of membrane and fibrotic 

changes were not seen in tissue of kidney. Cellularity was normal mostly herbal drugs 

were showed no inflammation of intrestitium (Noor et al., 2008; Parasad et al., 2009). 

Liver is a vital organ to maintain the normal glucose level and 

fluctuation in hepatic blood glucose causes the imbalance of auto oxidation and 

reduction reaction of hepatocytes. Liver or damage of any vital organ due to diabetes 

can be prevented by the selection of those drugs that must have antioxidant and blood 

glucose decreasing properties (Cameron et al., 2005; Liu et al., 2008; Ramesh et al., 

2006). The histo-pathological studies of liver tissue of control group showed normal 

architecture and normal portal vein was seen during microscopic examination (plate 1 

and 2). Hepatocytes were seen normal (plate 3) and portal tract was found normal 

(plate 1). The streptozotocin induced group (positive control) showed the congestion 

of central vein (plate 4, 5 and 6). Mild lymphocytosis was seen (plate 5). Sinusoidal 

congestion was seen (plate 7).  Any Fibrotic changes and necrosis were not seen in 

liver tissue of streptozotocin induced rats. The histopathological observations of 

glibenclamide (standard) group of liver were found with normal hepatocytes (plate 8). 

Congestion of central vein was not seen (plate 8, 9 and 10). Lobular inflammation was 
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seen (plate 8). Parenchymal cell was seen normal. Lymphocytes infiltration was not 

seen. Necrosis of tissues was not observed. While the architecture of liver of 

Guaiacum officinale (treated) group was found with no congestion of central vein 

(plate 11 and 12). Hepatocytes were seen normal (plate 13). Central vein was not 

dilated. Necrotic and fibrotic changes were not seen. Portal tract and sinusoidal was 

seen normal (plate 11, 12 and 13). Parenchymal cell were normal and lymphocytes 

were not seen in liver tissue of G. officinale treated group. 

Scanning electron microscopy is another technique to observe the anti-

diabetic effect of Guaiacum officinale extract on male albino Wistar rats. In present 

study we observe the histo pathological changes on the vital organs (pancreas, kidney 

and liver) were observed by scanning electron microscopy. Lot of scientist used this 

technique to observe the effect of herbal medicine on biological samples (Mcmullan, 

1995; Suzuki, 2002). Animals were divided in to control, positive control (STZ), 

standard (GLB) and treated group (G. officinale). After dissection of animals organs 

were separated and fixed in 10% formaldehyde solution. Samples were observed 

under electron microscope at different resolution. The micrograph of control group of 

pancreas showed mild and wavy surface (plate 1). Undulated and non-uniform surface 

was seen (plate 2, 3 and 4). The streptozotocin induced group (positive control). 

Showed more irregular, uneven and non- uniform surface (plate 5, 6 and 7) and gross 

distortion on the surface of pancreas was seen (plate 8). While the micrograph of 

glibenclamide (standard) group of pancreas was irregular and fine undulated surface 

(plate 9) but Surface was comparatively even and regular to positive control (plate 10, 

11 and 12) and the micrograph of Guaiacum officinale treated group  showed no gross 

abnormality (plate 13 and 14). Subtle surface irregularities were seen (plate 17). 
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The micrograph of kidney of male albino rat of control group showed 

finely granulated surface (plate 1). Regular and nodular projection was seen (plate 2) 

and the micrograph of positive control group was showed highly irregular and wavy 

surface (plate 3). Surface showed deep depression and heavy nodular projections 

(plate 4). While the standard group showed irregular and shrunken appearance of 

surface (plate 5 and 6) and the micrograph of Guaiacum officinale treated group 

showed regular and smooth surface as like control group (plate 7 and 8). 

The micrograph of liver of control group showed fine reticulated 

surface (plate 2) and surface of liver was finely regular (plate 1 and 2). The positive 

control (STZ) group showed highly irregular and uneven surface (plate 4 and 5). 

Contorted, narrow and deep cleft was seen on the surface of liver (plate 6). The 

standard group (GLB) of liver showed more irregular , wavy and flutter surface (plate 

7 and 8) as compared to control and positive control group, while the micrograph of 

Guaiacum officinale  treated group showed fine and regular surface like control group 

(plate 9 and 10). 
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CONCLUSION 

Diabetes mellitus is a heterogeneous metabolic disorder characterized 

by progressive decline in insulin action either due to non-availability of insulin or due 

to insufficient response of pancreas or due to the development of insulin resistance. 

Long term hyperglycaemia associated with the damage of vital organs like pancreas, 

kidney and liver. Type 2 diabetes mellitus is a global health problem and increasing 

day by day. Several research publications have been reported by scientist on different 

drugs, and herbal drugs that were used as antidiabetic agents. The purpose of the 

present study is to observe the antidiabetic effect of Guaiacum officinale on male 

albino Wistar rats at a dose of 500mg/ kg in streptozotocin induced diabetic rats. 

The hypothesis of my research is that the methanolic bark extract of 

Guaiacum officinale demonstrated as an antidiabetic agent in type 2 diabetic rat 

model to reduce the blood glucose level and increase the serum insulin level by 

scavenging of free radicals. The other hypothesis is that to compare the effect of 

Guaiacum officinale with standard drug that is Glibenclamide. For the confirmation of 

hypothesis, different biochemical and hematological test like estimation of pancreatic 

enzymes, liver enzymes, lipid profile, kidney functions and electrolytes were 

performed. Histopathological studies were also performed by H & E staining 

technique and by scanning electron microscopy (SEM) to check the safety profile and 

positive outcomes of this study. My findings show that Guaiacum officinale bark is at 

least as effective in restoring a variety of parameters disrupted by diabetes, as is the 

widely accepted anti-diabetic drug.  

For further confirmation of results, it is to be suggested that the study 

should be conducted on large scale. Further study required on cellular and molecular 



307 
 

basis. More advance techniques should be used for histopathological changes of 

tissues i-e by TEM (Transmission electron microscopy) and by immunoflorsecent 

microscopy. To determine the individual component of extract that act as an anti-

diabetic agent. Clinical trials should be conducted to be used as a therapeutic agent in 

future.   
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