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Abstract 

Objective: Metabolic disorders are of growing concern with increasing quest for herbal 

medicines as a treatment option. The current study is planned to screen twelve herbal extracts in 

acute studies of glucose tolerance test and food intake measurement followed by further screening 

of selected extracts in antihyperlipidemic study and in chronic models of metabolic disorders.  

Methods: Qualitative phytochemical investigation was done as per standard procedures. 

Quantitative phytochemical investigation was done using gravimetric method and HPLC analysis. 

Acute oral toxicity study was performed as per OECD 420 guideline. Glucose tolerance test 

(method optimization) was done to select appropriate glucose load to induce hyperglycaemia. 

Ant-hyperglycaemic activity was evaluated by glucose tolerance test (single dose and multiple 

dose study), anorexic potential was screened by food intake measurement and antihyperlipidemic 

activity was screened using poloxamer407-induced hyperlipidemia. For acute studies, 400 mg/kg 

dose was used for all the extracts. Dose optimization study was done using various doses of 

selected extracts. Further, for chronic studies, Sprague–Dawley rats were fed on high fat diet for 

16 weeks. After 16 weeks of dietary manipulation, animals were divided into eight groups for 

streptozotocin and high fat diet-induced diabetes and into seven groups for high fat diet-induced 

metabolic disorders. For streptozotocin and high fat diet-induced diabetes, treatment was given 

orally for 03 weeks to all groups. Diabetes was induced using low dose streptozotocin (35 mg/kg, 

i.p.). Parameters studied in this model were body weight, food intake, nutritional parameters, lipid 

profile, creatinine, glucose, insulin, HOMA-IR, atherogenic indices, creatinine, aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), organ weight and tissue histopathology. 

For high fat diet-induced metabolic disorders, treatment was given orally for 07 weeks to all 

groups. Parameters studied in this model were body weight, food intake,  nutritional and 

anthropometric parameters, lipid profile, creatinine, glucose, insulin, leptin, HOMA-IR, 

atherogenic indices, AST, ALT, glucose tolerance test, insulin tolerance test, organ weight and 

tissue histopathology. 

Results: Qualitative phytochemical investigation revealed presence of flavonoids, glycosides, 

tannins, carbohydrates and saponins, while quantitative analysis revealed presence of rutin and 

myricetin in Raphanus sativus extract and presence of sennoside and rutin in Cassia angustifolia 

extract. All herbs were found safe in acute oral toxicity study. Glucose tolerance test (method 

optimization study) signalled use of 3 g/kg glucose load for induction of hyperglycaemia in single 

and multiple dose studies. On the basis of results obtained from the acute studies of glucose 

tolerance test and food intake measurement, two extracts were selected for further study in 
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chronic models i.e. Cassia angustifolia and Raphanus sativus leaf extracts. Both extracts possess 

significant lipid lowering activity in poloxamer407-induced hyperlipidemia. Two doses of both 

extracts i.e. 400mg/kg and 800 mg/kg, were selected from dose optimization study, for evaluation 

in chronic models i.e. high fat diet model and streptozotocin and high fat diet- induced diabetes. 

In high fat diet model, treatment groups showed significant decrease in body weight, body weight 

gain, food intake, nutritional parameters, lipid profile, atherogenic indices, alanine 

aminotransferase, aspartate aminotransferase, insulin, HOMA-IR and leptin level. Significant 

improvement was observed in Lee index, body mass index, glucose intolerance, liver and adipose 

tissue histopathology. In streptozotocin and high fat diet-induced diabetes model, treatment 

groups showed significant decrease in glucose, insulin, HOMA-IR lipid profile, atherogenic 

indices, alanine aminotransferase and aspartate aminotransferase. Significant improvement was 

observed in kidney, pancreas and liver histopathology.  

Conclusion: Present study throws light on the effectiveness of experimental herbal extracts as 

anti-hyperglycaemic and anorexic agents. It is concluded that Cassia angustifolia and Raphanus 

sativus leaf extracts significantly ameliorates metabolic disorders associated with diabetes and 

obesity.  

 

 

 

 

 

Key words: High fat diet, Raphanus sativus, Cassia angustifolia, obesity, hyperlipidemia, diabetes, 

streptozotocin, poloxamer407, metabolic disorder 
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CHAPTER 1  

Introduction 

 
Metabolic disorders are worldwide problem as declared by WHO. Metabolic disorders 

especially diabetes (1), hyperlipidemia, overweight and obesity (2) are of growing concern 

due to associated  cardiovascular disorders as well as decrease in quality of life. There is 

increase in number of affected people each year. 

 

  

Figure 1: As per guidelines on herbal medicines and WHO factsheets (1–3) 

In all over the world, leading causes of morbidity as well as mortality is diabetes mellitus. 

The number of people affected with diabetes has risen worldwide from 108 million in 1980 

to 422 million in 2014. In 2015, diabetes caused an estimated 1.6 million deaths and in 

2012, hyperglycaemia caused 2.2 million deaths globally. WHO declared diabetes as the 

seventh leading cause of death in 2030 (3).  

Rising prevalence of type-2 diabetes and other metabolic diseases is of growing concern 

for India. WHO also declared increase in diabetes epidemic in lower middle income 

countries. Diabetes and its complications are an important cause of morbidity and mortality 
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in India. The occurrence of diabetes in India in 2013 was only slightly higher than the 

world average (9.1% vs. 8.3% worldwide). India is on second position in having largest 

population affected with diabetes, after China. In 2013, 65.1 million Indian people were 

living with diabetes and this number was increased up to 69.2 million in 2015. The number 

of diabetic population is predicted to increase up to 109 million by 2035. There is a large 

regional and socioeconomic variation in the prevalence of type-2 diabetes in India. 

Prevalence of diabetes is more in the southern part of the country in comparison to the 

northern and eastern parts (4).  

As per WHO 2016 diabetes factsheet, number of Indian people having age 30-69 (75,900 

males and 51,700 females) and having age 70+ (46,800 males and 45,600 females) died, 

due to diabetes (5). Prevalence of diabetes is increasing in low and middle income 

countries. There is also increase in associated risk factors like overweight and obesity (6). 

Hyperglycaemia is the characteristic symptom of diabetes mellitus, which leads to decrease 

in life expectancy, poor quality of life and increased medical costs (6). As per WHO 2016 

diabetes factsheet, number of Indian people having age 30-69 (145,700 females and 

251,300 males) and having age 70+ (139,900 females and 135,700 males) died, due to 

hyperglycaemia (5). 

Chronic diseases are the major cause of the death worldwide. In India, 53% of all deaths 

are because of chronic diseases. Increased body mass index is an important cause of 

chronic diseases like obesity and overweight (7).  

Day by day increase in public affordability for luxuriant things resulted into sedentary life 

style with less work and high calorie food consumption. More consumption and less 

utilization of calorie causes abnormal fat accumulation, final outcome is overweight and 

obesity. Overweight and obesity are linked to increased mortality rate worldwide i.e. 2.8 

million people dying each year. As worldwide, more than 70% of adult population is 

overweight, so the eating disorders are of growing concern. WHO declared that in 2014 

over 1.9 billion adults having age 18 years and older were overweight, in which more than 

600 million adults were obese. In 2014, about 13% of the world’s adult population (11% of 

men and 15% of women), were obese. Prevalence of obesity doubled between 1980 and 

2014 globally. It was also observed in 2014 that nearly half of the children out of 41 
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million overweight or obese children worldwide, under the age of 5 years, lived in Asia 

(2).  

As per OECD 2017 report, prevalence of obesity is increasing worldwide. Data indicated, 

that occurrence of obesity was more common in females than males in the majority of 

countries including India (8). As per WHO 2016 factsheet, about 19.0% males and 23.9% 

females were overweight, while 3.1% males and 6.5% females were found to be obese in 

India (2,4–6). 

Factors responsible for increase in number of affected people with metabolic diseases are 

rapid urbanization, unhealthy diets, use of tobacco and sedentary lifestyles. Obesity and 

overweight are the well known risk factors responsible for diabetes (2). Excessive and 

abnormal fat deposition associated with obesity may result into insulin resistance as well as 

cardiac diseases. Insulin resistance contributes to hyperglycaemia and increased risk of 

type-2 diabetes mellitus (2,7).  

Adverse effects associated with currently available synthetic anti-diabetic drugs are also a 

important point of concern. Anti-diabetic drug metformin can cause folic acid and vitamin 

B12 deficiency. Another problem associated with its use is decrease in the drug’s efficiency 

as diabetes progresses. Adverse reactions reported with the use of gliptins are 

nasopharyngitis, headache and upper respiratory tract infection. Genital mycosis, urinary 

tract infections, ketoacidosis and pyelonephritis may occur with the use of Sodium-glucose 

co-transporter 2 (SGLT2) inhibitors. Other antidiabetic drugs are hypoglycaemic and/or 

weight gain promoting (8).  

Most of the drugs approved in the past few years due to promising results on weight 

reduction and improvement of cardio-metabolic factors, were withdrawn from the market 

due to serious adverse effects (11). Drugs like fenfluramine, rimonabant and sibutramine 

were approved because of their appetite depressant potential, but these drugs were 

withdrawn from the market due to their psychological or cardiovascular adverse effects 

(12). Administration of orlistat is good but not as effective as treatment with rimonabant or 

sibutramine, to reduce body weight and it also causes gastrointestinal side effects (9,10). 

Thus there is a huge unmet need for safe and effective drugs to treat diabetes, obesity and 

associated disorders.  
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Herbal medicines are obtained from plants with minimal or no industrial processing. These 

medicines are used to treat diseases within local or regional healing practices. Traditionally 

used herbal medicines are getting significantly increased attention globally. There is also 

increase in public funding for international traditional herbal medicine research. WHO also 

promotes safe and effective use of herbal medicines. Traditional herbal medicine is an 

important and often underestimated part of health services. Traditional dietary therapies 

and herbal therapies are emerging as an effective treatment option for chronic diseases. 

Since so many years herbal medicines are reliable, satisfactory and preferable treatment 

option among people world-wide. Extensive research work was done till date to prove 

efficacy and safety of herbal medicines. Market value of herbal medicines is increasing day 

by day and due to same reason there is increase in number of investors in herbal medicine 

production and research (11).  

Research using traditional herbal medicines is increasing hopes for new treatment options 

for metabolic disorders, where safety of available medication is questionable. Significant 

investments have made in research of traditional herbal medicines by China, India, 

Nigeria, the United States of America and WHO. Consumer demand attracted attention of 

industries in research of promising medicinal herbs, resulting in investment of millions 

dollars. Market of herbal products approached US$ 60 billion annually worldwide. 

Popularity of herbal medicines is increasing day by day in developed as well as developing 

countries, which is reflected by increase in number of marketed anti-obesity herbal 

products (12). 

Many studies have done in past in search of new herbal drugs to treat metabolic disorders, 

still there is poor information available regarding use of herbs in different conditions 

associated with metabolic disorders. There are so many herbal medicines, studied for the 

treatment of few or any one condition associated with metabolic disorders, the current 

study is planned to investigate in detail possible role of briefly studied herbal extracts using 

various models of metabolic disorders. The plants selected for the study are Raphanus 

sativus Linn., Withania somnifera (L.) Dunal, Luffa acutangula (L.) Roxb., Ricinus 

communis Linn., Moringa oleifera Linn., Solanum melongena Linn., and Cassia 

angustifolia Linn.. Reported studies support the possible use of these drugs in the treatment 

of metabolic disorders, so the current study is planned to evaluate their activity in acute 

models to screen their anti-hyperglycaemic and appetite depressants potential and selection 
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of best ones to screen in antihyperlipidemic, anti-diabetic and high fat diet-induced 

metabolic disorders models. 

Objectives of current study are: 

 The objective of the present study is to select best plant extracts from the few less 

commonly used parts of plants like Raphanus sativus, Withania somnifera, Luffa 

acutangula, Ricinus communis, Solanum melongena, Moringa oleifera and Cassia 

angustifolia for investigation in metabolic disorders.  

 To study the glucose lowering effect of the medicinal plant extracts in oral glucose 

tolerance test.  

 To screen anorexic effect of the medicinal plant extracts using food intake 

measurement model. 

 To study the lipid lowering effect of the selected medicinal plant extracts in 

Poloxamer407-induced hyperlipidemia. 

 To investigate anti-diabetic activity of selected medicinal plant extracts in high fat 

diet and streptozotocin-induced diabetes.  

 To investigate activity of selected medicinal plant extracts in high fat diet-induced 

metabolic disorders.  
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CHAPTER 2  

Literature Review 

2.1      Metabolic disorder 

Metabolic disorders include disorders of protein, carbohydrate and lipid metabolism. There 

are various metabolic disorders affecting millions of people worldwide like diabetes, 

obesity, dyslipidemia and hyperglycaemia. 

2.1.1      Obesity and Overweight 

Obesity and overweight are defined as accumulation of abnormal or excess amount of fat 

that may impair health, as there is a positive relation between body weight and fat 

consumption (13).  

Obesity starts to develop when there is imbalance between energy intake and energy 

expenditure i.e. energy intake exceeds utilization. Obesity is associated with various 

chronic conditions including cardiac diseases, type-2 diabetes mellitus, hypertension, 

nonalcoholic fatty liver disease and dyslipidemia (14). 

Risk Factors for Obesity: 

Major determinants of weight gain and obesity include a combination of causes and 

contributing factors. Individual risk factors are behaviour and genetics. Behaviour risk 

factors are inactivity, dietary habit, physical activity, medications and other exposures. 

Other risk factors are the education and skills, food and physical activity and food 

marketing and promotion. Some illnesses like Cushing’s syndrome and polycystic ovary 

syndrome may lead to obesity or increase in weight. Medications like steroids and some 

antidepressants may cause increase in weight (15,16).  
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Diagnosis: 

Body mass index (BMI) is used to diagnose obesity and overweight, as it correlates with 

the amount of body fat. With BMI, following parameters should be checked to diagnose 

overweight or obesity: 

 Presence of risk factors for diseases associated with obesity, such as hypertension and 

physical inactivity, waist circumference to measure abdominal adiposity (Waist 

circumference > 40 inch (102 cm) in men and > 35 inch (88 cm) in women) and 

measurement of blood pressure, lipid levels and fasting blood glucose  

Presence of three or more of the following risk factors confirms a high risk: 

 Age 45 years or more for males or 55 years or more for females, smoking, family 

history of coronary heart disease, high-density lipoprotein (HDL) cholesterol< 35 

mg/dL, impaired fasting glucose (110 to 125 mg/dL), hypertension, Low-density 

lipoprotein (LDL) cholesterol 160 mg/dL or greater (17,18) 

Consequences of Obesity: 

Glucose Intolerance and Insulin Resistance: Many descriptive cross-sectional studies 

reported high prevalence of impaired glucose tolerance among obese children and 

adolescents. Such studies indicate correlation between obesity and insulin resistance, 

impaired glucose tolerance, pancreatic β-cells dysfunction and abdominal fat distribution. 

There is similar prevalence of impaired glucose tolerance and insulin resistance between 

male and female children and adults. Obesity is closely associated with increased risk of 

insulin resistance in children and adults (19). 

Insulin resistance can be defined as physiological condition in which insulin hormone fails 

to reduce blood sugar. Increase in blood sugar associated with insulin resistance may 

exceed normal range of blood sugar and may result in health problems. Insulin is needed 

for the entry of glucose inside fat and muscle cells. In insulin resistance, these cells do not 

respond to the circulating insulin and blood sugar elevates. As insulin also plays an 

important role in lipid metabolism, its resistance leads to reduced ability of fat cells to clear 

lipids from blood and hydrolysis of triglycerides also increases. Hydrolysis of triglycerides 

leads to increase in free fatty acids in circulation and associated health problems. 

Descriptive studies indicate that the prevalence of insulin resistance is higher in patients 
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with impaired glucose tolerance, when compared with other children and adolescents in the 

same age group (22). 

 

 

Figure 2: Consequences associated with overweight/obesity 

Glucose tolerance test (GTT) is used to predict impaired glucose tolerance. Early 

identification and treatment of patients with impaired glucose tolerance can reduce its 

progression towards type-2 diabetes mellitus (21). 

Dyslipidemia: Dyslipidemia associated with obesity consists of increased triglycerides 

(TG) and free fatty acids (FFA), decreased high density lipoprotein (HDL) and normal or 

slightly increased low density lipoprotein (LDL).  

In obesity, there is a reduced mRNA expression level of lipoprotein lipase (LPL) in 

adipose tissue result in decreased LPL activity in skeletal muscle, so lipolysis of TG-rich 

lipoproteins is impaired. FFA level increases due to increase in postprandial lipemia.  

Hypertriglyceridemia is the major cause of the lipid abnormalities and increase in 

atherogenicity in obese people. Cholesterol-ester content of LDL is reduced and the TG 

content of LDL is elevated in the presence of hypertriglyceridemia. Hepatic lipase 

hydrolyses TG content of the LDL, which causes the formation of small, dense LDL 
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particles. Small dense LDL is formed in obesity mainly due to increased TG 

concentrations. It is relatively slowly metabolized, which increases its atherogenicity. In 

obesity, expression of the LDL receptor is also reduced (23). 

Due to raised hepatic production of apolipoprotein (apo) B containing lipoproteins, 

concentrations of plasma apo B is increased. 

In obesity, HDL metabolism is also strongly affected. The raised number of TG-rich 

lipoproteins leads to elevated cholesterylester-transfer-protein activity, which exchanges 

cholesterolesters from HDL for TG from very low density lipoprotein (VLDL) and LDL. 

Hepatic lipase causes lipolysis of TG-rich HDL leads to formation of small HDL with 

reduced affinity for apolipoprotein A-I (Apo A-1), which causes dissociation of apo A-I 

from HDL. Finally, there is a lower level of HDL with impairment of reversed cholesterol 

transport (23).  

Leptin Resistance: Leptin gene was described first in 1994. Leptin acts as an agonist on 

the leptin receptor to inhibit food intake and to enhance energy expenditure in animals. 

Research indicates that obesity associated with leptin resistance leads to elevated serum 

leptin levels in obese patients. Increased adipose depots increase production of leptin and 

its circulating levels. Circulating levels of leptin are in proportion to body fat mass (24,25). 

Leptin is a polypeptide hormone. Adipocyte produces leptin in proportion to their 

triglyceride content.  Leptin receptors are located in the brain. Leptin decreases food intake 

by binding to and activating leptin receptor in the brain. Leptin action is essential for the 

regulation of normal energy homeostasis (26).  

There is development of leptin resistance in diet induced obese (DIO) animals. In these 

animals, increased inflammatory signalling pathways in the hypothalamus leads to 

impairment of leptin signalling both in vivo and in cultured cell models. Increase in obesity 

in DIO animals limits the ability of leptin to control adiposity, thus increasing the extent of 

weight gain. Inhibition of inflammatory signals in the brain of obese rodents promotes 

leptin action and protects against diet induced obesity (27). 

Role of Statins and Cannabinoid1 (CB1) Receptor Antagonist: Statins inhibit 3-

Hydroxy-3-methyl-glutaryl CoA (HMG-CoA) reductase, a rate-limiting enzyme in 
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cholesterol biosynthesis. In the treatment of diabetic dyslipidemia, statins are used as first-

line therapy. 

Central obesity is associated with insulin resistance of adipose tissue and liver and raised 

hepatic lipid substrate availability, leads to hepatic oversecretion of apoB. In obesity, 

atorvastatin inhibits cholesterol synthesis but elevates intestinal cholesterol absorption. The 

elevated cholesterol absorption may counteract the inhibitory effect on hepatic VLDL-

apoB secretion (28). It is reported that atorvastatin treatment preserves pancreatic β cell 

function of obese animals (29). 

In another study in obese subjects, atorvastatin inhibits cholesterol synthesis which leads to 

decrease in the plasma concentrations of both LDL and triglyceride-rich remnants (30).  

Rimonabant is the first selective CB1 receptor antagonist. It inhibits CB1 receptor in the 

hypothalamus and nucleus accumbens, resulting in decreased food intake predominantly of 

palatable food (31).It also regulates lipid and glucose metabolism by acting peripherally in 

adipose tissue, liver, muscles and the gastrointestinal tract. Clinical trials have shown a 

significant reduction in weight and TG and significant increased HDL cholesterol level 

after treatment with rimonabant. It decreases the development of metabolic syndrome. The 

European Medicines Agency approved the application of rimonabant as an anti-obesity 

drug in adjunct to diet and exercise in 1996. Its use was suspended in October 2008 due to 

reports of significant psychiatric side effects like anxiety and depression (32). 

Development of selective peripheral CB1 receptor antagonist, lacking psychiatric side 

effects, is one of the most promising approaches in the treatment of obesity. 

2.1.2      Diabetes Mellitus 

Type-2 diabetes mellitus is a metabolic disorder characterized by hyperglycaemia resulting 

from defects in insulin secretion, insulin resistance, or both. 

Most of the type-2 diabetic patients are obese. Obesity is a strong risk factor of insulin 

resistance. In non-obese patients, an increased percentage of body fat distributed in the 

abdominal region, leads to defective insulin secretion and insulin resistance. Improvement 

in insulin resistance is observed with weight reduction and/or pharmacological treatment of 

hyperglycaemia but is rarely restored to normal (29). 
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Risk Factors for Diabetes Mellitus: 

Risk factors for the type-2 diabetes are ethnicity, family history of diabetes, previous 

gestational diabetes in females, old age, overweight, obesity, unhealthy diet, smoking and 

physical inactivity. The strongest risk factor for type-2 diabetes is excess body fat. Physical 

inactivity associated with overweight and obesity, is suspected to cause large proportion of 

the global diabetes burden. Higher waist circumference and higher body mass index (BMI) 

are also significant risk factors of type-2 diabetes. Development of diabetes is at a lower 

level of BMI in South-East Asia, as compared to populations of European origin. Dietary 

risk factors include more intakes of saturated fatty acids and less intake of dietary fibre. 

High consumption of sugar sweetened beverages increases the likelihood of being 

overweight or obese as well as increased risk of type-2 diabetes. Other factors that may 

increase risk are poor fetal growth, high birth weight and low birth weight. There is a 

highest risk of type-2 diabetes among heavy smokers (6). 

Diagnosis: 

1. As per American Diabetes Association Criteria for the diagnosis of diabetes is (33): 

Fasting plasma glucose ≥126 mg/dl (7.0 mmol/l). Fasting is no caloric intake for at 

least 8 h 

OR 

2. A random (any time of day) plasma glucose ≥200 mg/dl (11.1 mmol/l) and symptoms 

of hyperglycaemia (unexplained weight loss, polyuria and polydipsia)  

OR 

3. During an oral glucose tolerance test, 2-h plasma glucose ≥200 mg/dl (11.1 mmol/l). 

The test should be performed using a glucose load of 75 g anhydrous glucose dissolved 

in water. 

 

Consequences of Diabetes Mellitus:  

Hyperglycaemia: Type-2 diabetes is associated with abnormal islet cell function. In initial 

stage of disease, production of insulin is normal or increased, but disproportionately less 

for the degree of insulin sensitivity. The ability of the pancreatic β-cell to release adequate 

insulin in response to rising glycaemia is deeply compromised. This functional islet cell 

abnormality is the main determinant of hyperglycaemia, which progresses over time. In 
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type-2 diabetes, glucagon secretion is increased by pancreatic α-cells, which further 

promotes hepatic glucose production. Insulin resistance in liver, muscle and adipose tissue 

is the main feature in obese patients with type-2 diabetes. This results in both increased 

glucose production and less glucose utilization. Type-2 diabetes is also associated with an 

raised hepatic delivery of fatty acids which favours their oxidation and contributes to 

elevated gluconeogenesis and promotes hepatosteatosis (34). 

Insulin Resistance: Insulin resistance is defined as weak biological response in presence 

of normal or increased insulin level. It results in reduced insulin sensitivity for insulin 

mediated glucose disposal. In most of the cases, insulin resistance results due to post-

receptor defects in insulin signalling. Possible mechanisms for insulin resistance are 

receptor down-regulation, genetic variation in tyrosine phosphorylation of the insulin 

receptor, insulin receptor substrate proteins or phosphatidylinositol-4,5-bisphosphate 3-

kinase, or defects in glucose transporter 4 (GLUT 4) function. 

 

Figure 3: Consequences associated with type-2 diabetes mellitus 

Insulin resistance occurs before the development of diabetes. It is generally found in 

unaffected first-degree relatives. Muscle cells and adipocytes affected first, due to defects 

in insulin action. Insulin resistance results into impairment of GLUT 4 translocation and 

insulin-mediated glucose transport. 
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Invasiveness and complexity limit measurement of insulin resistance. Insulin sensitivity 

test and short insulin tolerance test (ITT) are less invasive methods. Direct methods are 

mathematical modelling based measurement of insulin resistance include the Homeostasis 

Assessment Model (HOMA), Continuous Infusion of Glucose with Model Assessment 

(CIGMA), Quantitative Insulin Sensitivity Check Index (QUICKI) and Frequently 

Sampled Glucose Tolerance Test (35). 

Dyslipidaemia: Dyslipidaemia is commonly associated with type-2 diabetes. This 

significantly increases coronary artery disease risk in diabetics as compared to non-diabetic 

individuals. Raised triacylglycerols and decreased HDL-cholesterol, are the main lipid 

abnormalities of dyslipidaemia associated with diabetes. Additionally, type-2 diabetic 

patients also possess abnormalities of all lipoproteins, increasing the risk of 

atherosclerosis. Insulin-resistance before the onset of diabetes, leads to the lipid 

abnormalities, which include increased triacylglycerol-rich lipoproteins, small, dense LDL 

particles and decreased HDL cholesterol in plasma. This indicates the important role of 

insulin resistance in the development of diabetic dyslipidaemia (36). 

 Role of Metformin: Metformin is widely used first line treatment of type-2 diabetes 

mellitus. In association with glucose lowering activity, it improves endothelial dysfunction, 

oxidative stress, insulin resistance, haemostasis, dyslipidemia and fat redistribution. 

Studies showed that metformin also has anti-proliferative role in cancer and 

neuroprotective effect. Metformin does not possess hypoglycaemia as side effect in 

monotherapy and has few drug interactions of clinical relevance, which indicates high 

safety profile of this drug. Starting with low doses, using an appropriate dose titration or 

switching to an extended release form, improves the tolerability of metformin and 

minimizes its side effects (37). 

2.1.3      Cardiovascular risk and metabolic disorders:  

Coronary artery disease is emerging as a major cause of death in developing countries. 

Diabetes mellitus and obesity both are closely associated with increased prevalence of 

coronary artery disease. Patients exhibit risk of cardiac diseases due to presence of 

hyperglycaemia, dyslipidemia and insulin resistance, which lead to endothelial cell 

dysfunction, abnormal coagulation and impaired platelet function (38,39) .  
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Increased serum LDL cholesterol level is a well-known risk factor for cardiovascular 

disease. Raised triglyceride levels are often associated with decreased levels of HDL and 

increased levels of small dense LDL particles, which are highly atherogenic. Increased 

levels of triglyceride-rich lipoproteins and their remnants are independently associated 

with increased risk of cardiovascular disease. Mechanisms responsible for this association 

are enhanced free fatty acid release, proinflammatory cytokines formation, coagulation 

factors and impaired fibrinolysis (40). 

2.1.4      Non-Alcoholic Fatty Liver Disease 

Non-alcoholic fatty liver disease (NAFLD) has been recognized as a global clinical 

problem, affecting 6-45% of the population, increasing up to 70% in type-2 diabetes 

mellitus patients or 90% in patients with obesity (41). 

In India, NAFLD accounts for about 63% of cryptogenic cirrhosis cases. In the cities of 

India such as Haryana and Maharashtra, the occurrence of NAFLD has increased up to 

30.7% in 2016 and 28.1% in 2015, respectively. NAFLD is associated with single 

nucleotide polymorphism in the promoter region of the gene encoding apolipoprotein C3 

(APOC3). Studies indicate that 38% of Asian Indian males with apolipoprotein C3 variants 

had NAFLD and showed marked insulin-resistance (42). 

Obesity is the significant risk factor for the development of NAFLD, both in children as 

well as in adults. Other risk factors for liver disease progression are identified, but the 

treatment of obesity still remains the most effective preventive strategy.  

Insulin resistance is related to the development of NAFLD. Hyperinsulinaemia exerts a 

different influence on adipocytes and hepatocytes. Insulin promotes lipolysis in adipocytes, 

thus increases FFA delivery to the liver, while in the hepatocyte, insulin stimulates 

synthesis and inhibits oxidation of FFAs. Furthermore, because of the reduced hepatic 

release secondary to increase in insulin level, degradation of apolipoprotein B100 is 

increased. This mechanism decreases the release of triglycerides from the liver and large 

amounts of triglycerides are stored in the liver because of raised synthesis due to greater 

flow of FFAs to the liver (43). 

It is concluded that when type-2 diabetes mellitus and dyslipidaemia, co-exist with obesity, 

then the risk of NAFLD is increased. 



 

15 
 

2.2      Medicinal plants 

Indian system of medicine is one of the oldest systems. There are so many medicinal plants 

mentioned in this system for the treatment of various diseases.  

Seven plants selected as study plants and used for the current study are: Raphanus sativus 

Linn., Withania somnifera (L.) Dunal, Luffa acutangula (L.) Roxb., Ricinus communis 

Linn., Moringa oleifera Linn., Solanum melongena Linn. and Cassia angustifolia Linn.  

Azadirachta indica A. Juss was selected and used as herbal standard. 

2.2.1      Raphanus sativus Linn. 

Biological Source: The drug consists of dried leaves and stems of Raphanus sativus Linn. 

belonging to family Brassicaceae. 

Synonyms: English: Radish, Gujarati: Mulo, Hindi: Muli, Siddha/Tamil: Mullangi, 

Marathi: Mula 

 

Figure 4: Raphanus sativus Linn. 

Chemical Constituents: Protein, amino acids, essential oil (0.002%) containing 2- hexen -

1- al (leaf aldehyde) 3 – hexane -1- ol (leaf alcohol) and small quantities of n – and 

isobutyraldehyde, isovaleraldehyde, flavone compounds, calcium, iron and ascorbic acid   

Traditional Uses: Used in whooping cough, cancer, gastric discomfort, liver problems, 

constipation, dyspepsia, gallbladder problems, arthritis, gallstones and kidney stones (44) 

 Reported Activities: Antioxidant (45), hypolipidemic (46), antiulcer (47), laxative (48) 
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2.2.2      Withania somnifera (L.) Dunal 

Biological Source: The drug consists of leaves and fruits of Withania somnifera Linn. 

belonging to family Solanaceae. 

Synonyms: English: Winter Cherry, Ayurvedic: Ashwagandhaa, Unani: Asgandh 

 

 

Figure 5: Withania somnifera (L.) Dunal 

Chemical Constituents: Alkaloids (withanine, somnine, somniferinine, somniferine, 

tropine, choline and anaferine), steroidal lactones (withanolides), alcohols (somnitol and 

somnirol), withanic acid, a phytosterol and a mixture of fatty acids containing oleic acid, 

palmitic acid and stearic acid  

Uses: Sedative and hypnotic, hypotensive, immunomodulatory, in the treatment of gout, 

rheumatism, nervine and skin diseases (49)   

Reported Uses: Hypoglycemic and hypolipidemic in alloxan induced diabetes mellitus 

(50), antioxidant and antibacterial activity (51) 
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2.2.3      Luffa acutangula Roxb. 

Biological Source: The drug consists of dried fruit and peel of Luffa acutangula var. 

amara Roxb., belonging to family Cucurbitaceae  

Synonyms: English: Ridge gourd, Marathi: Kadudodak, Ranturai, Sanskrit: Katukoshataki, 

Hindi: karviturai  

 

Figure 6: Luffa acutangula  Roxb. 

Chemical Constituents: A crystalline bitter principle, triterpene saponins – acutoside A, 

B, C, D, E, F, and G, Seeds: saturated and unsaturated fatty acid palmatic, stearic, oleic, 

linoleic and traces of lignoceric acid, Fruit: cucurbetacin B and E and oleanalic acid  

Traditional Uses: Laxative, purgative, diuretic, CNS depressant, antiasthmatic, cures 

jaundice, anticancer (52)  

Reported Activities: Antidiabetic and antihyperlipidemic (53), Hepatoprotective (54), 

antioxidant (55) 
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2.2.4      Ricinus communis Linn. 

Biological Source: The drug consists of dried roots of Ricinus communis  L. belonging to 

family Euphorbiaceae. 

Synonyms: English: Castor, Hindi: Arand, Gujarati: Erando, Kanada: Haralu 

 

Figure 7: Ricinus communis Linn. 

Chemical Constituents: Saponins, alkaloids, flavonoids, glycosides, Indole-3-acetic acid 

Uses: Used for lumbago and allied complaints, in the form of a paste for toothache. 

Root bark is reported to be a powerful purgative (56). 

 

Reported Uses: Antidiabetic and lipolytic (57), anti-inflammatory (58), anti-asthamatic 

(59), antifertility (60) 
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2.2.5      Moringa oleifera Linn. 

Biological Source: The drug consists of dried fruit pods of Moringa oleifera belonging to 

family Moringaceae. 

Synonyms: English: Drum Stick, Tamil:  Murungai, Gujarati: Sargava 

 

Figure 8: Moringa oleifera Linn. 

Chemical Constituents: Niaziridin, niazirin, niazimicin, pterygospermin, benzyl 

isothiocyanate, lucosinolate, carotenoids (61) 

Uses: Antipyretic, anthelmintic, fried pods are used by diabetics, antiinflammatory, 

antiulcer, antispasmodic, diuretic, antihypertensive, cholesterol lowering, antioxidant, 

antidiabetic, hepatoprotective, antibacterial and antifungal activities (62,63) 

Reported Uses: Antihyperlipidemic (64), ulcerative colitis (65) 
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2.2.6      Solanum melongena Linn. 

Biological Source: The drug consists of dried fruits of Solanum melongena belonging to 

family Solanaceae. 

Synonyms: English: Brinjal, eggplant, Hindi: Baigan, Gujarati: Ringan 

 

Figure 9: Solanum melongena Linn. 

Chemical Constituents: Higher content of free reducing sugars, anthocyanin, phenols, 

glycoalkaloids (solasodine) and amide proteins (66) 

Uses: Liver complaints, amenorrhoea, stimulates the intrahepatic metabolism of 

cholesterol, produces a marked drop in blood cholesterol level, inhibit choline esterase 

activity of human plasma (62) 

Reported Uses: Antihyperlipidemic (67), anti-inflammatory (68) 
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2.2.7      Cassia angustifolia Linn. 

Biological Source: The drug consists of dried leaves of Cassia angustifolia Vahl 

belonging to family Caesalpiniaceae. 

Synonyms: English: Indian senna, Hindi: Senai 

 

 

Figure 10: Cassia angustifolia Linn. 

Chemical Constituents: Anthraquinone glycoside-Sennosoid A, B, C and D, tinnevellin 

glycoside, isorhamnetin-3-O-beta-gentiobioside, apigenin-6,8-di-C-glycoside, emodin-8-

O-beta-D-glucopyranoside, kaempferol, aloe emodin, D-3-O-methylinositol, sucrose (69) 

Uses: Antiinflammatory, laxative, antiobesity, as a component of slimming tea (70) 

 Reported Uses: Hypolipidemic (71), Pancreatic lipase inhibitor (72),  antioxidant (73), 

laxative (74) 
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2.2.8      Azadirachta indica A. Juss 

Biological Source: The drug consists of dried leaves of Azadirachta indica A. Juss. 

belonging to family Meliaceae. 

Synonyms: English: Neem, Hindi: Nimba, nimbaka, arishta (49)  

 

 

Figure 11: Azadirachta indica A. Juss 

Chemical Constituents: Alkaloids, flavonoids, triterpenoids, phenolic compounds, 

carotenoids, steroids and ketones, azadirachtin, salannin, volatile oils, meliantriol and 

nimbin  (75) 

Uses: Antimicrobial, antifungal, anthelmintic, insecticidal (49) 

 Reported Uses: Diabetic retinopathy (76), antidiabetic (77), antihypertensive (78) and 

antihypercholestrolemic (79) 
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CHAPTER 3  

Materials and Methods 

3.1      Plan of Work 

             CPCSEA approval 

 

                   Procurement, authentication and extraction of selected herbs 

 

              Phytochemical evaluation (qualitative and quantitative) 

 

                Acute models 

          Glucose tolerance test (single dose, multiple dose), antihyperlipidaemic study, 

               food intake measurement 

 

                 Dose optimization study 

 

             Chronic models (antidiabetic study, high fat diet induced metabolic disorders) 

 

            Statistical analysis 

3.2      Experimental Animals and Ethical Approval 

Wistar rats of either sex, weighing 190–250 g, were used for acute study. For chronic 

studies, female Sprague-dawley rats of 4-6 weeks age were used. Animals were housed 

under standard condition (well ventilated, temperature 22 ± 2oC, relative humidity 50–60% 

and 12 h day and night cycle). Food consisted of normal rat chow, and water was provided 

ad libitum. Study was conducted in accordance with the Committee for the Purpose of 

Control and Supervision of Experiments on Animals (CPCSEA) guidelines, Govt. of India. 

Animal study protocol was approved by IAEC committee, CPCSEA, Govt. of India 

(Phd/13-15/01, BIP/IAEC/2014/16,BIP/IAEC/2015/04, BIP/IAEC/2015/18). 
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3.3      Materials 

3.3.1      Procurement and Authentication of Drug 

All herbs Luffa acutangula, Withania somnifera, Raphanus sativus, Azadirachta indica, 

Ricinus communis, Solanum melongena and Moringa oleifera were collected, dried and 

authenticated.  L. acutangula and R. sativus were authenticated from K.N.K. College of 

Horticulture, Mandsaur (M.P.), while authentication of Withania somnifera, Ricinus 

communis, Azadirachta indica, Solanum melongena and Moringa oleifera was done at 

Department of Botany, Gujarat University. Aqueous extract of Cassia angustifolia leaves 

was found as a gift sample from Vasu Research Center, Vadodara. 

Aqueous extracts of Raphanus sativus leaves, Raphanus sativus stem, Azadirachta indica 

leaves and Withania somnifera leaves and fruits and hydroalcoholic extracts of Raphanus 

sativus leaves and Luffa acutangula peel were prepared by maceration.  

Ethanolic extract of Withania somnifera leaves, methanolic extract of Luffa acutangula 

fruit, hydroalcoholic extracts of Ricinus communis roots, Solanum melongena fruit and 

Moringa oleifera fruit pod were prepared by soxhletion.  

3.3.2      Drugs and Chemicals 

Atorvastatin: Torrent Research Center, Ahmedabad 

Sitagliptin: Sun Pharma Advanced Research Center, Vadodara 

Metformin: Sun Pharma Advanced Research Center, Vadodara 

Rimonabant: Cadila Healthcare Ltd., Ahmedabad 

Poloxamer 407: Lupin Pharmaceuticals, Ahmedabad 

Streptozotocin: Sisco Research Laboratories Pvt. Ltd., Mumbai 

3.3.3      Instruments/Apparatus Used 

Glucometer: Accu-Chek active, Roche Diagnostics 

Deep Freezer (-20oC): Blue Star 

Refrigerator: Godrej 

Cooling Centrifuge: Remi 

UV Spectrophotometer: Shimadzu 

Trinocular Micoscope: Primostar 
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Semiautoanalyser: Microlab 

Weighing Balance: Shimadzu 

ELISA Reader: Thermo Scientific 

Incubator: INCU-30 

UPLC: Shimadzu 

   

3.3.4      Kits 

SGPT and SGOT: Labcare Diagnostics Pvt. Ltd. Valsad 

Creatinine: Labcare Diagnostics Pvt. Ltd. Valsad 

Triglyceride: Labcare Diagnostics Pvt. Ltd. Valsad 

Total cholesterol: Labcare Diagnostics Pvt. Ltd. Valsad 

HDL: Labcare Diagnostics Pvt. Ltd. Valsad 

Insulin: GenXbio 

Leptin: Enzo Lifesciences 

3.3.5      Diet: Normal and High Fat 

Table 1: Composition of diet 

Normal pellet diet (NPD) 

[9.67% kcal from fat] 

High fat diet (HFD)(80, 81) 

[58.4% kcal from fat] 

Carbohydrate: 63.22% Hydrogenated vegetable oil: 34% 

Crude protein: 22.12 % Casein: 5%  

Crude Oil: 4.06 % Powder of Normal Pellets: 44.4% 

Crude Fibre: 3.76 % Sucrose: 14%  

Ash: 5.64 % Choline bitartrate: 0.6% 

Sand silica: 1.2 %  Vitamin Mix: 1% 

 Mineral Mix: 1% 
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3.3.6      Extracts used for the current study 

Aqueous Extracts: Raphanus sativus leaves (RSLAE), Raphanus sativus stem (RSSE), 

Withania somnifera leaves (WSLAE), Withania somnifera fruit (WSFE) and Cassia 

angustifolia leaves (CALE)  

Ethanolic Extract: Withania somnifera leaves (WSLEE) 

Methanolic Extract: Luffa acutangula fruit (LAFE) 

Hydroalcoholic Extracts: Raphanus sativus leaves (RSLE), Solanum melongena fruit 

(SMFE), Moringa oleifera Pods (MOFE), Ricinus communis roots (RCRE) and Luffa 

acutangula peel (LAPE). 

Aqueous extract of Azadirachta indica leaves (AILE) was initially used as herbal standard. 
 

3.4      Methods 

3.4.1      Phytochemical Analysis 

Qualitative phytochemical evaluation of all selected plant extracts was done as per the 

standard phytochemical tests (82–84). Thin layer chromatography (TLC) study was 

performed to confirm presence of saponins and cardiac glycosides in RSLE and CALE 

(85). HPTLC study was done to further confirm the presence of various phytoconstituents 

in the selected extracts (85). 

Solvent systems used in TLC and HPTLC studies were as follows (85): 

For anthracene derivatives: n-propanol-ethyl acetate-water-glacial acetic acid 

(40:40:29:1) 

For cardiac glycosides: ethyl acetate-methanol-water (100:13.5:10) 

For saponins: Chloroform-glacial acetic acid-methanol-water (64:32:12:8) 

For flavonoids: Ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

For glucosinolates: n-butanol-n-propanol-glacial acetic acid-water (30:10:10:10) 

 

Quantitative analysis was done, by Gravimetric analysis (86,87) and HPLC method, for the 

extracts selected for chronic study. In HPLC method, quantification of sennoside was done 

by using a modular HPLC (Shimadzu Corporation, Kyoto, Japan), LC system having RP-

18 column (100 mm X 4.6 mm, 3µm) using the gradient solvent system consisting of 
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methanol and 1.25% acetic acid in water at a flow rate of 1.0 ml/min at 400C, at λ max 270 

nm for sennosides. Mobile phase used for the separation of flavonoids was acetonitrile 

(45%) and 0.1% formic acid in water (55%) at a flow rate of 1.0 ml/min at 400C, at λ max 

370 nm.  

3.4.2      Acute Oral Toxicity Study 

Single dose acute oral toxicity study was performed as per OECD 420 guideline. One 

female rats was used for each extract in sighting study with starting dose of 2000 mg/kg 

orally, followed by dosing of a further four animals at this level. A period of 24 hours was 

kept between the dosing of each animal. Rats were fasted overnight prior to dosing. 

Following the period of fasting, the rats were weighed and the test substance was 

administered at the starting dose of 2000 mg/kg, orally. After drug administration, food 

was withheld for 03 hours. Animals were observed individually after dosing, especially 

during first 4 hours, and then daily for 14 days. At the end of the study, animals were 

weighed and then humanely killed for necropsy study (88).  

3.4.3      Pharmacological Evaluation 

For all the methods, 1% carboxymethylcellulose (CMC) was used as a vehicle.  

3.4.3.1      Acute Studies 

Glucose Tolerance Test (Method Optimization) 

For method optimization study, animals were divided into four groups (n=6). Group I-

vehicle control (VC) was treated with 1% CMC, orally. Group II, Group III and Group IV, 

were treated with different doses of glucose load i.e. 2 g/kg, 3 g/kg and 4 g/kg orally 

respectively. Dose of glucose load selected after optimization study was used for further 

GTT studies. 

Glucose Tolerance Test (Single Dose Study)  

In this study, all the animals were divided into XVI groups (n=6) i.e. Group I-vehicle        

control (1% CMC, p.o.), Group II-glucose control (glucose, 3 g/kg, p.o.), Group III, IV, V, 

VI, VII, VIII, IX, X, XI, XII, XIII, XIV, XV treated with RSLAE, RSLE, RSSE, LAPE, 

LAFE, WSLAE, WSLEE, WSFE, RCRE, MOFE, SMFE, CALE and AILE respectively at 
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the dose level of 400 mg/kg, p.o. and Group XVI- MET (metformin, 100 mg/kg, p.o.). 

Treatments were given once orally. All the extracts were given at the dose of 400 mg/kg. 

AILE was used as herbal standard and metformin as allopathic standard. 

After 18 hours of food deprivation, basal blood glucose was measured for randomization. 

After randomization, respective treatment was given to all the animals and glucose levels 

were measured 1 h after treatment. Thereafter, oral glucose load was given to all the 

groups except group I. Blood glucose levels were measured by using Accu-Chek active 

glucometer strips at 30, 60, 90 and 120 min after the oral glucose load (89).  

Glucose Tolerance Test (Multiple Dose Study)  

In this study, all the animals were given treatment for seven days. On the seventh day, 

GTT study was performed. Animal grouping and GTT study was done same as mentioned 

above in glucose tolerance test (single dose study). 

Food Intake Measurement 

Animals were randomized on the basis of mean food intake (n = 3 trials). After 

randomization, all animals divided into XV groups (n= 6) i.e. Group I-VC (1% CMC), 

Group II, III, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII, XIV treated with RSLAE, RSLE, 

RSSE, LAPE, LAFE, WSLE, WSLEE, WSFE, RCRE, MOFE, SMFE, CALE and AILE 

respectively at the dose level of 400 mg/kg, p.o. and Group XV-RIM (Rimonabant,10 

mg/kg, p.o.). All the extracts were given at the dose of 400 mg/kg. All the treatments were 

given once orally. 

Cages were prepared with pre-weighed feed. After 18 h fasting, test drug or vehicle was 

administered orally to rats. Immediately after the treatment, the animals were put in the 

cages with pre-weighed feed, with free access to food and water. The rats were left in the 

cage for 3 h and then returned to their original cages. All excrement was removed and the 

feed was reweighed (90). 

Poloxamer407-Induced Hyperlipidemia 

Animals were divided into five groups (n= 6): Group I: VC (1% CMC, p.o.) Group II: 

poloxamer407 (P407), 1 g/kg, i.p., Group III: RSLE (P407+Raphanus sativus extract, 400 

mg/kg, p.o.), Group IV: CALE (P407+Cassia angustifolia extract, 400 mg/kg, p.o.) and 
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Group V: AT (P407+atorvastatin, 75 mg/kg, p.o.). Drug treatments were started orally 

once daily two weeks before P407 administration to respective groups. Blood samples 

were collected from fasted animals on 0, 24 and 48 h after P407 administration and serum 

was separated for estimations of various parameters (91–96). 

Parameters: 

 Serum concentration of TC, TG and HDL was measured by assay procedure mentioned 

in biochemical kits using semiautoanalyzer. The non-HDL cholesterol, LDL, VLDL 

and atherogenic indices were calculated using the following formulae: 

 Non-HDL Cholesterol (92)=TC – HDL 

 LDL (92)= LDL-C (mg/dl) = Non-HDL-C × 90% - TG × 10% 

 VLDL (93) = 0.166 a TG 

 Atherogenic indices (94,95,96):  

Castelli Risk Index-I (CRI-I) = TC/HDL 

Castelli Risk Index-II (CRI-II) = LDL/HDL 

Atherogenic Coefficient (AC) = (TC-HDL)/HDL 

Atherogenic Index of plasma (AIP) = Log (TG/HDL-C) 

 

Dose Optimization Study 

Four doses (200, 400, 800 and 1600 mg/kg) of selected extracts were studied using GTT 

model to select best possible dose for chronic studies. 

3.4.3.2      Chronic Studies 

High Fat Diet Model 

Sprague–Dawley rats were fed on their respective diets (normal pellet diet or high fat diet) 

for 16 weeks. After 16 weeks, animals were divided into seven groups: Group I: NPD 

(normal pellet diet, 1% CMC, p.o.), Group II: HFD (58% high-fat diet, 1% CMC, p.o.), 

Group III: RSLE4 (high-fat diet, Raphanus sativus extract, 400 mg/kg, p.o.), Group IV: 

RSLE8 (high-fat diet, Raphanus sativus extract, 800 mg/kg, p.o.), Group V: CALE4 (high-

fat diet,Cassia angustifolia extract, 400 mg/kg, p.o.), Group VI: CALE8 (high-fat diet, 

Cassia angustifolia extract, 800 mg/kg, p.o.) and Group VII: AT (high-fat diet, 

atorvastatin, 10 mg/kg, p.o.). Treatment was given for 07 weeks. Food intake was 
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measured daily. Body weight was measured weekly. All other parameters were measured at 

the end of the study (94–100, 102). 

At the end of experimental period, all the animals were fasted overnight, blood samples 

were collected and heparinised to separate plasma for the analysis of biochemical 

parameters. After blood collection, animals were sacrificed for collection of organs. 

Mesenteric fat was located and identified by its attachment with small intestine and then 

isolated and stored in 10% buffered formalin for histopathology. Other organs i.e. liver, 

kidney, heart and spleen were also isolated and weighed. Liver is stored in 10% formalin 

for histopathology.  

Parameters: 

 Anthropometric parameters(100):  

 Body weight and food intake 

 Body mass index (BMI) = Body weight (g)/ Length2 (cm2) 

 Lee index = [cubic root of body weight (g)/nose-to-anus length (mm)]*10 

 Nutritional parameters (100): energy intake, feed efficiency ratio 

 Lipid profile (97): TC, TG, HDL, LDL, VLDL 

 LDL(104)= TC-HDL-VLDL 

 VLDL=TG/5 

 Aspartate aminotransferase (AST) (98), Alanine aminotransferase (ALT) (98), 

Creatinine(98) 

 Glucose(98), Insulin(99), Leptin (99)  

 Glucose tolerance test (99,102), insulin tolerance test (99) 

 Atherogenic indices (94,95,96): CI-I, CI-II, AC, AIP 

 HOMA-IR(98): [glucose (mg/dL) X insulin (μg/L)/22.5], using fasting values 

 Organ weight (97): Liver, Kidney, Spleen, Heart 

 Histopathological study (99): Liver, Mesenteric fat  

Streptozotocin and High Fat Diet-Induced Diabetes 

After the 16 weeks of dietary manipulation, the groups of the rats fed with HFD and NPD 

were injected with STZ (35 mg/kg i.p.). Seven days after STZ injection, the rats with the 

non-fasting glucose level of ≥200 mg/dl were considered diabetic. All the animals normal 

as well as diabetic were divided into eight groups: Group I: NPD (normal pellet diet, 1% 

CMC, p.o.), Group II: NPD+STZ (normal pellet diet, 1% CMC, p.o.), Group III: 
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HFD+STZ (high fat diet,1% CMC, p.o.), Group IV: RSLE4 (high-fat diet, Raphanus 

sativus extract, 400 mg/kg, p.o.), Group V: RSLE8 (high-fat diet, Raphanus sativus 

extract, 800 mg/kg, p.o.), Group VI: CALE4 (high-fat diet, Cassia angustifolia extract, 400 

mg/kg, p.o.), Group VII: CALE8 (high-fat diet, Cassia angustifolia extract, 800 mg/kg, 

p.o.) and Group VIII: MET (high fat diet, Metformin, 100 mg/kg, p.o.).Treatment was 

given to respective groups for 03 weeks with ad libitum respective diet. 

Blood glucose level was checked before and after study. Food intake was measured daily. 

Body weight was measured weekly. All other parameters were checked at the end of study 

(100–105).  

At the end of experimental period, all the animals were fasted overnight; blood sample was 

collected to separate serum for the analysis of biochemical parameters. After blood 

collection, animals were sacrificed for collection of organs. Isolated organs were weighed 

and then stored in 10% formalin for histopathology. 

Parameters: 

 Anthropometric parameters (100): Body weight, Food intake 

 Nutritional parameters (100): Energy intake, Feed efficiency ratio 

 Lipid Profile(102,104): TC, TG, HDL, LDL, VLDL 

 AST and ALT, Creatinine(102) 

 Glucose(102) and Insulin(102) 

 Atherogenic indices (94,95,96): CI-I, CI-II, AC, AIP 

 HOMA-IR(102) = [glucose (mg/dL) X insulin (μg/L)/22.5], using fasting values 

 Organ weight (104): Liver, Kidney, Spleen, Heart 

 Histopathological study(105): Liver, Pancreas, Kidney 

3.4.4      Statistical Analysis 

Data for GTT study, lipid profile and atherogenic indices in P407 induced hyperlipidemia, 

dose optimation study, body weight and food intake in chronic models were analysed by 

two way ANOVA followed by Bonferroni multiple comparison test. All other parameters 

of acute and chronic models were analysed by using one way ANOVA followed by 

Bonferroni multiple comparison test. p<0.05 was considered statistically significant. Data 

presented as mean ± SEM. Graph Pad Prism 5 software was used for statistical analysis.
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CHAPTER 4  

Results and Discussion 

4.1      Results  

4.1.1      Phytochemical Analysis 

Qualitative phytochemical analysis of the extracts showed presence of flavonoids, 

glycosides, saponins and/or tannins (Table 2).  

TLC studies confirmed presence of saponins with Rf value in range of 0.62-0.76 for CALE 

and 0.59 to 0.84 for RSLE. TLC study for cardiac glycosides indicates Rf value 0.85 for 

CALE and 0.86 for RSLE (Fig. 12). Further analysis of RSLE and CALE extracts done by 

HPTLC method, confirmed the presence of saponins, cardiac glycosides, flavanoid, 

anthracene glycosides and glucosinolates (Fig. 13). 

Quantitative analysis done for the extracts selected for the chronic study i.e. RSLE and 

CALE by gravimetric analysis, indicated presence of flavonoids: 5.2%, cardiac glycosides: 

<2%, saponins: 24.52% and tannins: 2.91% in RSLE and Glycoside: 2.62%, flavonoids: 

4.62%, saponins: <2% in CALE.  

Further, quantitative analysis done for the RSLE and CALE by HPLC method, indicated 

presence of rutin: 0.12 % and myricetin: 0.03% in RSLE (Fig. 14) and Sennoside A: 0.73 

%, Sennoside B: 1.55%, and rutin: 0.15 % in CALE (Fig. 15 and 16). 
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Table 2: Phytochemical analysis of plants selected for study 

Plant 
extracts 

Constituents 
Alkaloid Carbohydrate Flavanoid Glycoside Saponin Tannin 

RSLAE - + + + + + 
RSLE - + + + + + 
RSSE - + + + + + 
LAPE - + + - - + 
LAFE - + + - - + 
WSLAE - - + - + + 
WSLEE - - + - - - 
WSFE + - - + + + 
RCRE - + + - + + 
MOFE - + + + + + 
SMFE - + + - + + 
CALE - + + + + + 
AILE - - + - + - 
+ = PRESENT, - = ABSENT 
 

 

 

 
Figure 12: TLC study for saponins and cardiac glycosides. 

A= CALE extract, B = RSLE extract 
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Figure 13: HPTLC study for phytoconstituents  

A= CALE extract, B = RSLE extract 
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Figure 14: HPLC chromatogram of hydroalcoholic extract of Raphanus sativus leaves 
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Figure 15: HPLC chromatogram of aqueous extract of Cassia angustifolia leaves - Rutin 
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Figure 16: HPLC chromatogram of aqueous extract of Cassia angustifolia leaves - Sennosides 

 

4.1.2      Acute Oral Toxicity Study 

Sign of toxicity was found to be absent during toxicity study.  

No structural abnormality was seen during necropsy study. Toxicity study indicates that 

drugs are safe to use for treatment purpose. 
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4.1.3      Pharmacological Evaluation 

4.1.3.1      Acute Studies  

Glucose Tolerance Test (Method Optimization): 

Results of GTT showed significant increase in glucose level with the glucose load of 2 

g/kg, 3 g/kg and 4 g/kg as compared to vehicle control (Table 3). AUC0-120 readings 

showed significant increase in AUC0-120 of glucose loaded groups as compared to vehicle 

control (Fig. 17).  

The increase in blood glucose levels post oral glucose load of 2 g/kg was insufficient to 

differentiate the effect of treatments, i.e. blood glucose levels at 30 min and AUC0-120. 

There was peak blood glucose level at 30 min post oral glucose load of 3 g/kg which is 

reported blood glucose profile in literature. In case of oral glucose load of 4 g/kg, the peak 

glucose levels were observed at 60 min post glucose load.  

Considering above all observations, 3 g/kg dose for glucose load in GTT was selected to 

have sufficient window to understand effect of different treatments using a profile of blood 

glucose levels in control group that match with the available reported blood glucose profile 

for GTT in rats.  

Table 3: Glucose Tolerance Test (Method optimization) 

Groups 
Blood Glucose Concentration (mg/dL) 

Basal 0 min 30 min 60 min 90 min 120 min 
I-Vehicle control  91.83±1.80 94.83±2.15 102.83±3.00 106.33±1.58 96.50±2.69 97.83±2.12 
II-Glucose   
(2 g/kg, p.o.) 

92.00±2.11 87.50±1.06 124.17±2.44z 131.67±1.89z 120.83±2.02z 101.17±1.92 

III-Glucose  
(3 g/kg, p.o.) 

94.33±2.88 93.67±2.74 156.33±7.34z 135.67±2.42z 135.00±2.88z 120.33±4.36z 

IV-Glucose  
(4 g/kg, p.o.) 

97.17±3.68 98.33±3.06 150.33±3.45z 162.33±3.52z 153.00±3.98z 130.67±5.12z 

Values are expressed as Mean ± SEM (n= 6), analyzed by two way ANOVA followed by Bonferroni 
Multiple Comparison Test. zdenotes P< 0.001 as compared to Group I 
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Values are expressed as Mean ± SEM (n= 6). Data analyzed by one way ANOVA followed by Bonferroni 
Multiple Comparison Test.  zdenotes P< 0.001 as compared to VC (Vehicle control) 

Figure 17: Glucose tolerance test -method optimization (area under the curve of the delta glucose) 

Glucose Tolerance Tolerance (Single Dose Study) 

Significant increase in glucose level at 30, 60, 90 and 120 min in glucose control group as 

compared to vehicle control was observed. In treatment groups, glucose level was 

significantly decreased at 30 and 60 min in RSLE and CALE groups while LAPE group 

showed significant decreased glucose level at 30 min and increased at 60 min as compared 

to glucose control group. RSLAE and LAFE group showed significant decrease in glucose 

level at 30 min, when compared to glucose control group. WSLAE group showed 

significantly increased glucose level at 30, 60 and 90 min and WSLEE group showed 

significantly increased glucose level at 30 min, as compared to glucose control group. 

RSSE, WSFE, RCRE, MOFE and SMFE groups showed no significant change in glucose 

level. AILE group showed significantly increased glucose level at 30 min and significantly 

decreased at 60 min when compared with glucose control group. Treatement with 

metformin significantly decreased glucose level at 30, 60, 90 and 120 min as compared 

with glucose control group (Table 4). 
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Table 4: Glucose Tolerance Test (Single dose study) using all the plants under study 

Values are expressed as Mean ± SEM (n= 6). Data analyzed by two way ANOVA followed by Bonferroni Multiple Comparison Test. ydenotes P< 0.01 and zdenotes P< 0.001 
as compared to Group I, a denotes P< 0.05, bdenotes P< 0.01 and cdenotes P< 0.001 as compared to Group II.

Groups 
Blood Glucose Concentration (mg/dL) 

Basal 0 min 30 min 60 min 90 min 120 min 

I-Vehicle  control (1% CMC, p.o.) 83.17±2.17 86.00±2.27 93.67±2.89 85.83±1.42 77.50±2.80 74.67±1.65 

II-Glucose control (3 g/kg, p.o.) 87.33±1.82 91.67±1.93 149.83±6.13z  138.50±5.90z 118.50±5.43z 105.33±6.95y 

III- Glucose+RSLAE (400 mg/kg,p.o.) 88.00±1.61 89.33±3.15 129.83±1.78a 121.50±1.67 109.00±1.90 96.67±3.44 

IV- Glucose+RSLE (400 mg/kg,p.o.) 82.17±3.36 84.33±3.94 122.95±9.60b 118.38±7.48a 108.50±5.84 97.97±6.90 

V- Glucose+RSSE (400 mg/kg,p.o.) 82.83±2.66 85.67±2.39 135.42±10.81 133.80±5.61 116.33±5.66 110.45±7.44 

VI- Glucose+LAPE (400 mg/kg,p.o.) 83.33±2.92 86.00±3.89 107.83±4.53c 183.33±9.79c 124.67±11.91 96.33±6.38 

VII- Glucose+LAFE (400 mg/kg,p.o.) 81.50±2.05 94.33±2.69 121.17±2.87c 122.67±5.35 113.00±6.34 99.00±4.73 

VIII-Glucose+WSLAE (400 mg/kg,p.o.) 84.17±2.43 76.00±0.93 285.00±16.82c 273.33±12.36c 161.00±9.39c 108.50±8.25 

VIX-Glucose+WSLEE (400 mg/kg,p.o.) 84.67±1.38 75.00±2.48 176.00±8.90b 123.67±3.89 108.00±4.05 96.00±2.18 

X-Glucose+WSFE (400 mg/kg,p.o.) 93.83±5.07 95.67±4.54 136.50±3.78 140.17±4.26 115.33±2.99 104.83±4.09 

XI-Glucose+RCRE (400 mg/kg,p.o.) 90.50±3.39 94.33±3.65 134.17±3.22 138.33±2.16 122.17±2.75 106.83±2.12 

XII- Glucose+MOFE (400 mg/kg,p.o.) 92.50±1.78 93.00±2.00 155.17±4.09 135.17±2.55 130.33±2.53 118.83± 1.74 

XIII-Glucose+SMFE (400 mg/kg,p.o.) 91.50±1.43 94.17±1.76 135.67±1.54 123.50±1.84 122.67±1.43 111.67±1.54 

XIV Glucose+CALE (400 mg/kg,p.o.) 92.50±3.73 92.33±2.03 126.67±5.74a 118.33±5.53a 108.67±4.37 96.33±4.62 

XV- Glucose+AILE (400 mg/kg,p.o.) 83.53±1.23 101.89±2.58 181.00±3.21c 111.47±1.99b 110.42±4.08 99.94±4.49 

XVI-Glucose+MET (100 mg/kg,p.o.) 89.67±1.80 75.00±0.97 91.67±3.91c 105.17±4.65c 98.50±3.64a 85.17±3.49a 
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Glucose tolerance test (multiple dose study) 

Significant elevation in glucose level was observed at 30, 60, and 90 min in the glucose control group as compared to the vehicle control. In the 

treatment groups, significant decrease in glucose level was observed in RSLE, RCRE, SMFE, CALE and metformin treated groups at 30 and 60 

min and in RSLAE, LAPE and MOFE treated groups at 30 min, when compared with the glucose control group. 

Table 5: Glucose Tolerance Test (Multiple Dose Study) using all the plants under study 

 
Values are expressed as Mean ± SEM (n= 6). Data analyzed by two way ANOVA followed by Bonferroni Multiple Comparison Test.  ydenotes P< 0.01 and zdenotes P< 
0.001 as compared to Group I, a denotes P< 0.05, bdenotes P< 0.01 and cdenotes P< 0.001 as compared to Group II. 

Groups 
Blood Glucose Concentration (mg/dL)  

Basal (min) 0 min 30 min 60 min 90 min 120 min 
I-Vehicle  control (1% CMC, p.o.) 83.00±2.45 90.67±2.64 97.67±8.04 94.83±3.61 90.67±2.23 83.33±4.67 
II-Glucose control (3 g/kg, p.o.) 88.67±2.08 87.50±2.54 140.67±5.61z 149.83±6.57z 119.50±6.43y 101.67±6.71 
III- Glucose+RSLAE (400mg/kg,p.o.) 87.67±1.87 89.33±2.20 119.83±1.85a 130±0.73 110.50±1.91 96.17±2.74 
IV- Glucose+RSLE (400mg/kg,p.o.) 87.00±3.29 85.50±3.16 115.50±7.21b 113.50±7.04c 102.83±7.82 97.17±9.45 
V- Glucose+RSSE (400mg/kg,p.o.) 74.83±3.35 104.33±8.69 137.67±5.38 135.17±5.46 134.83±3.93 128.33±3.56b 
VI- Glucose+LAPE (400mg/kg,p.o.) 89.00±1.15 84.17±3.29 119.33±4.14a 188.00±8.02c 107.67±9.45 84.67±2.97 
VII- Glucose+LAFE (400mg/kg,p.o.) 88.83±3.62 101.33±3.59 154.67±6.54 132.50±6.21 123.50±5.73 132.50±4.91c 
VIII-Glucose+WSLAE (400mg/kg,p.o.) 81.67±6.40 104±10.34 138.33±10.14 133.67±14.99 133.33±7.31 135.83±6.49c 
VIX-Glucose+WSLEE (400mg/kg,p.o.) 97.33±3.32 89.50±3.60 135.83±3.12 135.00±2.70 129.50±4.41 127.33±5.43b 
X-Glucose+WSFE (400mg/kg,p.o.) 90.67±4.01 94±4.58 139.50±3.06 132.33±4.84 119.17±5.87 104.83±4.09 
XI-Glucose+RCRE (400mg/kg,p.o.) 91.83±3.67 75.33±2.03 113.00±2.05b 106.67±9.02c 117.83±6.26 101.50±5.21 
XII- Glucose+MOFE (400mg/kg,p.o.) 81.50±1.98 74.17±1.47 117.50±4.61a 139.50±6.39 114.17±5.22 96.17±2.46 
XIII-Glucose+SMFE (400mg/kg,p.o.) 87.33±2.38 79.67±2.86 117.67±3.76a 121.33±5.65b 99.67±1.54 89.50±1.86 
XIV Glucose+CALE (400mg/kg,p.o.) 91.83±3.92 90.83±2.44 119.33±3.86a 122.83±3.86b 105.83±2.41 94.50±3.91 
XV- Glucose+AILE (400mg/kg,p.o.) 79.00±3.31 81.00±2.85 130.67±5.57 130.00±4.40 133.17±4.10 132.67±4.81c 
XVI-Glucose+ MET (100mg/kg,p.o.) 85.17±4.54 74.50±3.13 108.33±4.72c 103.00±6.91c 99.67±7.16 97.50±7.78 
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Significant increase in glucose level was observed in RSSE, LAFE, WSLAE, WSLEE and 

AILE treated groups at 120 min and in LAPE treated group at 60 min, as compared to the 

glucose control group. No significant change was observed in the WSFE treated group 

(Table 5). 

 
Food intake measurement 

Results indicate that the order of % inhibition of food intake is (Fig. 18):   

Rimonabant>WSLEE>RSLE>CALE>SMFE>RSLAE>RCRE>WSFE>WSLAE>MOFE>

LAPE>RSSE  

No effect on food intake inhibition was observed in LAFE and AILE treated groups (Fig. 

18, 19). 

 
Values are expressed as Mean ± SEM (n= 6). Data analyzed by one way ANOVA followed by Bonferroni 
Multiple Comparison Test.  xdenotes P< 0.05 and zdenotes P< 0.001 as compared to VC 

Figure 18: Food intake (g) 

. 
 

0

2

4

6

8

z

*

x
x

x

VC
RSLAE
RSLE
RSSE
LAPE
LAFE
WSLAE
WSLEE
WSFE
RCRE
MOFE
SMFE

CALE
AILE
RIM

F
oo

d 
in

ta
ke

 (
g)



 

41 
 

-30

-20

-10

0

10

20

30

40

50

60

70

80
RSLAE
RSLE

RSSE
LAPE

LAFE
WSLAE

WSLEE
WSFE

RCRE
MOFE

SMFE
CALE

AILE

RIM

In
hi

bi
ti

on
 o

f f
oo

d 
in

ta
ke

 (
%

)

 
Values are expressed as Mean ± SEM (n= 6). Data analyzed by one way ANOVA followed by Bonferroni 
Multiple Comparison Test. 

Figure 19: Inhibition of food intake (%) 

 

On the basis of results obtained from glucose tolerance test and food intake measurement 

studies, two extracts were selected for further studies in acute and chronic models i.e. 

Raphanus sativus leaf hydroalcoholic extract and Cassia angustifolia leaf aqueous extract. 

 

Poloxamer 407- Induced Hyperlipidemia 

Effect of R. sativus and C. angustifolia extracts on lipid profile: 

Results indicated significant increase (P<0.001) in TC, TG, HDL, VLDL, LDL and non-

HDL cholesterol level of P407 group at 24 h and 48 h as compared to VC group. 

Significant decrease was observed in TC, TG, VLDL, LDL and non-HDL cholesterol level 

of RSLE and AT group at 24 h and 48 h as compared to P407 group. Significant decrease 

was observed in TC, LDL and non-HDL cholesterol at 24 h and in TC, TG, VLDL and 

non-HDL cholesterol at 48 h in CALE group as compared to P407 group. No significant 

change was observed in TG and VLDL level at 24 h and in LDL at 48 h in CALE group as 

compared to P407 group. No change was observed in HDL level in treatment groups 

(Table 6, Fig. 20). 
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Table 6: Effect of R. sativus and C. angustifolia extracts on lipid profile 

Parameters 

Groups 

VC 
(1% CMC, 
p.o.) 

P407 
(1% CMC, p.o.) 

RSLE 
(400mg/kg, 

p.o.) 

CALE 
(400mg/kg, 

p.o.) 

AT 
(75 mg/kg, p.o.) 

 
 

0 h 

TC (mg/dL) 81.48±2.28 73.80±2.96 75.27±4.28 80.15±4.02 81.23±4.73 

TG (mg/dL) 94.08±5.55 104.57±4.32 100.46±4.84 94.37±5.75 96.92±6.60 

HDL (mg/dL) 28.85±0.99 30.10±1.02 31.17±0.58 32.40±2.03 29.67±0.82 

LDL (mg/dL) 37.96±2.80 28.87±2.99 29.64±3.49 33.54±2.51 36.72±4.77 

VLDL(mg/dL) 15.62±0.92 17.36±0.72 16.68±0.80 15.66±0.96 16.09±1.10 

Non-HDL-C 
(mg/dL) 

52.63±2.59 43.70±3.28 44.10±4.12 47.75±3.07 51.57±4.94 

24 h 

TC (mg/dL) 79.81±3.19 585.95±38.58z 453.10±33.17b 447.48±30.04b 391.09±29.23c 

TG (mg/dL) 129.45±3.23 1062.65±48.28z 903.72±67.33a 938.77±38.71 854.26±43.15b 

HDL (mg/dL) 29.07±1.47 54.74±1.01z 58.79±3.50 54.09±3.43 62.13±4.02 

LDL (mg/dL) 32.72±2.88 371.82±38.77z 264.51±27.39a 260.17±26.72b 210.64±22.92c 

VLDL(mg/dL) 21.49±0.54 176.40±8.01z 150.02±11.18a 155.84±6.43 141.81±7.16b 

Non-HDL-C 
(mg/dL) 

50.74±3.39 531.20±39.19z 394.31±31.41b 393.39±29.62b 328.96±28.34c 

48 h 

TC (mg/dL) 84.98±3.49 845.22±46.99z 715.06±38.14b 723.89±40.08a 689.35±51.56c 

TG (mg/dL) 137.47±3.12 1211.21±62.87z 1013.43±76.07b 1005.87±44.31b 1008.07±45.65b 

HDL (mg/dL) 29.33±1.36 56.92±2.60z 62.23±3.53 52.75±5.31 59.17±2.66 

LDL (mg/dL) 36.34±2.17 588.35±45.87z 486.20±36.10a 503.44±32.67 466.36±43.15b 

VLDL(mg/dL) 22.82±0.52 201.06±10.44z 168.23±12.63b 166.97±7.35b 167.34±7.58b 

Non-HDL-C 
(mg/dL) 

55.65±2.49 788.30±48.64z 652.82±37.01b 671.14±36.53a 630.18±51.54c 

Values are expressed as Mean ± SEM (n= 6), Data analyzed by two way ANOVA followed by Bonferroni 
Multiple Comparison Test. zdenotes P< 0.001 vs. VC, adenotes P< 0.05, bdenotes P< 0.01 and cdenotes P< 
0.001 Vs. P407. 
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Values are expressed as Mean ± SEM (n= 6), Data analyzed by two way ANOVA followed by Bonferroni 
Multiple Comparison Test. zdenotes P< 0.001 vs. VC, bdenotes P< 0.01 and cdenotes P< 0.001 vs. P407.  

Figure 20: Effect of R. sativus and C. angustifolia extracts on lipid profile in P407- induced 
hyperlipidemia 

 

Effect of R. sativus and C. angustifolia extracts on atherogenic indices: 

Results indicated significant increase (P<0.001) in castelli risk index-I, castelli risk index-

II, atherogenic coefficient and atherogenic index of plasma in P407 group at 24 h and 48 h 

as compared to VC group. Administration of RSLE and AT significantly reduced 

atherogenic indices, i.e. castelli risk index-I, castelli risk index-II, atherogenic coefficient 

and atherogenic index of plasma, as compared to P407 group. Significant reduction was 

observed in castelli risk index-I, castelli risk index-II and atherogenic coefficient in CALE 

group as compared with P407 group. No significant effect was observed in atherogenic 

index of plasma in CALE group at 24 h and 48 h, and in AT group at 48 h as compared to 

P407 group (Fig. 21).  
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Values are expressed as Mean ± SEM (n= 6), Data analyzed by two way ANOVA followed by Bonferroni 
Multiple Comparison Test. zdenotes P< 0.001 vs. VC, adenotes P< 0.05, bdenotes P< 0.01 and cdenotes P< 
0.001 vs. P407. 

Figure 21: Effect of R. sativus and C. angustifolia extracts on atherogenic indices in P407- induced 
hyperlipidemia 

Dose Optimization Study 

GTT study was performed using various doses of RSLE and CALE, with the aim to find 

out best possible doses of the chosen extracts for further study.  

Results indicated that RSLE produced significant decrease in glucose level at the dose of 

400 mg/kg, 800 mg/kg and 1600 mg/kg as compared to glucose control. Dose of 1600 

mg/kg showed similar outcomes as with dose of 800 mg/kg. No significant benefit 

observed by increase in dose more than 800 mg/kg, therefore two doses of RSLE i.e. 400 

mg/kg and 800 mg/kg were selected for further study. Results also indicated that CALE 

produced significant decrease in glucose level at 30 min. time point with the dose of 400 

mg/kg and 800 mg/kg as compared to glucose control. Therefore, two doses of both the 

extracts i.e. 400 and 800 mg/kg were selected for further study in chronic models (Table 

7). 
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Table 7: GTT for dose optimization of R. sativus and C. angustifolia extracts 

Groups Blood Glucose Concentration (mg/dL ) 

Basal (min) 0 min 30 min 60 min 90 min 120 min 

I- Vehicle control 80.17±2.65 73.17±1.94 75.33±2.49 78.83±2.59 79.83±2.81 79.17±2.46 

II- Glucose control (3 gm/kg), p.o. 79.50±2.03 91.50±5.85
y
 135.83±7.40

z
 130.00±3.87

z
 123.50±3.13

z
 111.00±3.02

z
 

III- Glucose +RSLE (200 mg/kg, p.o.)  80.83±1.99 83.50±2.81 119.50±4.26
a
 139.33±1.86 130.50±3.00 116.50±3.48 

IV- Glucose +RSLE (400 mg/kg, p.o.)  82.17±3.36 81.83±2.60 115.67±7.44
b
 112.50±6.73

b
 107.83±6.33

a
 98.00±6.88 

V- Glucose +RSLE (800 mg/kg, p.o.)  81.00±1.83 88.83±2.30 116.67±2.75
b
 112.67±3.26

b
 104.50±3.24

b
 98.67±1.73 

VI-Glucose +RSLE (1600 mg/kg, p.o.)  82.50±1.96 89.00±3.19 116.33±2.47
b
 113.83±3.46

a
 102.67±1.43

c
 98.17±1.66 

VII- Glucose +CALE (200 mg/kg, p.o.)  80.83±2.61 83.67±4.14 134.67±3.96 137.33±5.05 131.50±4.12 118.17±3.64 

VIII- Glucose +CALE (400 mg/kg, 
p.o.)  

81.33±2.87 83.33±2.55 117.33±5.15
b
 117.33±2.97 110.17±3.90 101.50±4.96 

IX- Glucose +CALE (800 mg/kg, p.o.)  81.17±2.85 87.67±3.72 120.83±3.61
a
 117.50±3.43 106.67±1.73

a
 93.33±3.66

b
 

X- Glucose +CALE(1600 mg/kg, p.o.)  80.67±2.93 99.83±4.86 130.50±4.67 123.50±2.17 105.50±2.17
b
 93.50±2.29

b
 

Values are expressed as Mean ± SEM (n= 6). Data analyzed by two way ANOVA followed by Bonferroni Multiple Comparison Test.  ydenotes P< 0.01 and zdenotes P< 
0.001 as compared to Group I, a denotes P< 0.05, bdenotes P< 0.01 and cdenotes P< 0.001 as compared to Group II. 
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4.1.3.2      Chronic study: High fat diet model 

Effect of R. sativus and C. angustifolia extracts on body weight and food intake: 

Significant increase in body weight and body weight gain was observed in HFD group as 

compared to NPD group (Fig. 22i and 23i, Table 8). Significant decrease, in body weight, 

body weight gain and food intake was observed in all extract treated groups as compared to 

HFD group. No change in body weight, body weight gain and food intake was observed in 

AT group (Fig. 22ii and 22iii, Fig. 23ii and 23iii, Table 8). 
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Values are expressed as Mean ± SEM (n= 6), Data analyzed by Two way ANOVA followed by Bonferroni 
Test. z denotes P< 0.001 vs. NPD. a denotes P< 0.05, bdenotes P< 0.01 and c denotes P< 0.001 for chance 
difference vs. HFD 
i. Body weight of HFD and NPD groups ii. Body weight of HFD, RSLE4, RSLE8 and AT groups iii. Body 
weight of HFD, CALE4, CALE8 and AT groups 

Figure 22: Effect of R. sativus and C. angustifolia extracts on weekly body weight (g)                                   
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Values are expressed as Mean ± SEM (n= 6), Data analyzed by Two way ANOVA followed by Bonferroni 
Test. x denotes P< 0.05, ydenotes P< 0.01 vs. NPD 
i. Food intake of HFD and NPD group ii. Food intake of HFD, RSLE4, RSLE8 and AT group iii. Food intake 
of HFD, CALE4, CALE8 and AT group 

Figure 23: Effect of R. sativus and C. angustifolia extracts on daily food intake (g)                                        
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Table 8: Effect of R. sativus and C. angustifolia extracts on body weight and food intake 

Groups 
Parameters 

Initial body 
weight (g) 

Final body 
weight (g) 

Body weight 
gain (g) 

Food intake 
(g/rat/day) 

NPD 225.00±4.65 245.00 ±5.77 20.00±1.83 10.37±0.09 

HFD 272.50±7.04z 323.33±7.60z 50.83±4.73z 10.61±0.08 

RSLE4 273.33±7.26 293.33±7.49a 20.00±4.47c 10.31±0.01a 

RSLE8 275.00±7.30 286.67±6.15b 11.67±5.58c 10.20±0.05b 

CALE4 263.33±5.73 295.00±5.77b 31.67±1.67a 10.27±0.08a 

CALE8 265.00±2.89 291.67±5.27c 26.67±3.07b 10.28±0.03a 

AT 260.83±3.00 305.00±4.28 44.17±3.27 10.50±0.07 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni Test. 
zdenotes P< 0.001 vs. NPD, a denotes P< 0.05, bdenotes P< 0.01 and c denotes P< 0.001 vs. HFD. 

Effect of R. sativus and C. angustifolia extracts on nutritional parameters 

Significant increase in energy intake and feed efficiency ratio was observed in HFD group 

as compared to NPD group. Significant decrease in energy intake and feed efficiency ratio 

was observed with RSLE4, RSLE8, CALE4 and CALE8 groups as compared to HFD 

group. No change was observed in AT group (Table 9). 

Table 9: Effect of R. sativus and C. angustifolia extracts on nutritional parameters 

Groups 
Parameters 

Energy intake 
(kcal/rat/day) 

Feed efficiency ratio 
(%) 

NPD 39.19±0.35 10.46±1.04 

HFD 58.54±0.41
z
 17.70±1.60

x
 

RSLE4 56.89±0.08
a
 7.17±1.60

c
 

RSLE8 56.33±0.29
c
 4.24±2.03

c
 

CALE4 56.66±0.46
b
 11.12±0.75

a
 

CALE8 56.74±0.19
b
 9.59±1.10

b
 

AT 57.98±0.36 15.54±1.12 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni Test.  
x denotes P< 0.05, z denotes P< 0.001 vs. NPD, a denotes P< 0.05, bdenotes P< 0.01 and c denotes  
P< 0.001 vs. HFD.  
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Effect of R. sativus and C. angustifolia extracts on lipid profile 

Significant increase in TC, TG, LDL and VLDL was observed in HFD group as compared 

to NPD group. Significant decrease in TC, TG, LDL and VLDL was observed in RSLE8, 

CALE4, CALE8 and AT group as compared to HFD group. RSLE4 group showed 

significant decrease in TC and LDL in comparison with HFD. No significant change was 

observed in HDL (Table 10). 

Table 10: Effect of R. sativus and C. angustifolia extracts on lipid profile 

Groups 
Parameters 

TC 
(mg/dl) 

TG 
(mg/dl) 

HDL 
(mg/dl) 

LDL 
(mg/dl) 

VLDL 
(mg/dl) 

NPD 77.92±4.00 63.22±4.86 39.38±1.67 25.90±3.37 12.63±0.97 

HFD 122.77±9.02z 89.15±5.24x 38.35±1.33 66.58±9.40y 17.82±1.04x 

RSLE4 94.08±3.41a 70.58±7.10 46.20±1.24 33.77±4.57a 14.12±1.41 

RSLE8 90.85±1.93a 55.70±4.39b 45.78±1.58 33.92±2.47a 11.15±0.88b 

CALE4 92.37±5.45a 61.48±6.82a 46.47±2.63 33.63±7.87a 12.30±1.36a 

CALE8 81.78±9.34c 52.02±3.78c 43.37±2.36 27.98±10.14b 10.42±0.75c 

AT 77.02±6.33c 62.50±5.96a 44.25±1.73 20.25±6.03c 12.53±1.19a 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni Test.  
x denotes P< 0.05, y denotes P< 0.01, z denotes P< 0.001 vs. NPD, a denotes P< 0.05, bdenotes P< 0.01 and    
c denotes P< 0.001 vs.HFD. 

 

Effect of R. sativus and C. angustifolia extracts on atherogenic indices  

Significant increase in AC (p<0.001), CI-I (p<0.001) and CI-II (p<0.001) was observed in 

HFD group as compared to NPD group, while significant decrease in AC, CI-I, CI-II was 

observed in all treatment groups as compared to HFD group (Table 11). Significant 

decrease in AIP was observed in RSLE4, RSLE8, CALE4, CALE8 and AT groups as 

compared to HFD group, while no change was observed in HFD group (Table 11). 
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Table 11: Effect of R. sativus and C. angustifolia extracts on atherogenic indices 

Groups 
Parameters 

AIP AC Castelli index I Castelli index II 

NPD 0.20±0.03 0.99±0.11 1.99±0.11 0.67±0.10 

HFD 0.36±0.03 2.21±0.25z 3.21±0.25z 1.74±0.26y 

RSLE4 0.17±0.04a 1.05±0.10c 2.05±0.10c 0.74±0.11b 

RSLE8 0.08±0.05c 1.00±0.10c 2.00±0.10c 0.75±0.08b 

CALE4 0.11±0.05b 1.04±0.19c 2.04±0.19c 0.77±0.18b 

CALE8 0.08±0.01c 0.92±0.25c 1.92±0.25c 0.68±0.25b 

AT 0.14±0.05b 0.75±0.15c 1.75±0.15c 0.46±0.14c 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni Test.  
ydenotes P< 0.01 and z denotes P< 0.001 vs. NPD, a denotes P< 0.05, b denotes P< 0.01 and cdenotes P< 
0.001 vs. HFD. 

Effect of R. sativus and C. angustifolia extracts on anthropometric parameters 

Significant increase (P<0.001) in body mass index (BMI) and LEE index was observed in 

HFD group as compared to NPD group, whereas significant decrease was observed in 

RSLE4, RSLE8, CALE4 and CALE8 groups as compared to HFD group (Table 12).  

Table 12: Effect of R. sativus and C. angustifolia extracts on anthropometric parameters 

 

Groups 
Parameters 

BMI 
(gm/cm2) 

Lee Index 

NPD 0.52±0.03 0.289±0.006 

HFD 0.75±0.02z 0.330±0.004z 

RSLE4 0.59±0.01c 0.297±0.003b 

RSLE8 0.57±0.02c 0.294±0.005b 

CALE4 0.61±0.03b 0.302±0.007a 

CALE8 0.59±0.02c 0.298±0.004b 

AT 0.66±0.04 0.312±0.008 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni Test. 
zdenotes P< 0.001 vs. NPD, a denotes P< 0.05, b denotes P< 0.01 and cdenotes P< 0.001 vs. HFD. 
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Effect of R. sativus and C. angustifolia extracts on AST, ALT and creatinine 

Significant increase (p<0.001) was observed in AST level of HFD group as compared to 

NPD group. AST level was decreased in RSLE4, CALE4 and CALE8 groups as compared 

to HFD group. Significant increase was observed in ALT level of CALE8 group as 

compared to HFD group. No remarkable change was observed in creatinine level (Table 

13). 

Table 13: Effect of R. sativus and C. angustifolia extracts on AST, ALT and Creatinine 

Groups 
Parameters 

AST 
(U/L) 

ALT 
(U/L) 

Creatinine 
(mg/dL) 

NPD 139.14±12.72 36.61±3.25 0.72±0.02 

HFD 338.62±30.83z 43.33±3.45 0.86±0.04 

RSLE4 191.19±13.86c 40.18±4.88 0.77±0.02 

RSLE8 371.19±44.13 41.88±3.24 0.78±0.03 

CALE4 167.67±7.12c 57.28±7.28 0.84±0.02 

CALE8 213.55±13.67b 76.41±9.22b 0.74±0.01 

AT 244.50±7.87 53.74±4.97 0.64±0.03 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni’s 
Multiple Comparison Test. zdenotes P< 0.001 vs. NPD, bdenotes P< 0.01 and cdenotes P< 0.001 vs. HFD 

 

Effect of R. sativus and C. angustifolia extracts on glucose, insulin, HOMA-IR and 

leptin level  

Significant increase in insulin (p<0.05), leptin (p<0.001) and HOMA-IR (p<0.001) was 

observed in HFD group as compared to NPD group, whereas significant decrease was 

observed in CALE8 group as compared to HFD group (Fig. 24ii, 24iii, 24iv). Significant 

decrease in leptin level was observed in RSLE8 and CALE4 groups as compared to HFD 

group (Fig. 24iii). No significant change in glucose level was observed (Fig. 24i.). 
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Values are expressed as Mean ± SEM (n= 6), Data analyzed by One way ANOVA followed by Bonferroni 
Test. x denotes P< 0.05 and z denotes P< 0.001 vs. NPD, a denotes P< 0.05 and cdenotes P< 0.001 vs. HFD. 
i. Glucose level, ii. Insulin level, iii. Leptin level, iv. HOMA-IR 

Figure 24: Effect of R. sativus and C. angustifolia extracts on Glucose, Insulin, HOMA-IR and leptin 
level  

Effect of R. sativus and C. angustifolia extracts on GTT and ITT 

AUC for glucose level was significantly increased in HFD group in GTT (p<0.01) and ITT 

(p<0.001), whereas significantly decreased in RSLE4 and RSLE8 group in GTT  and in 

RSLE4, CALE4, CALE8 and AT group in ITT as compared to HFD group (Fig. 25i, 25ii). 
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Values are expressed as Mean ± SEM (n=6), Data analyzed by one way ANOVA followed by Bonferroni 
Test. x denotes P< 0.05, zdenotes P< 0.001 vs. NPD, a denotes P< 0.05, bdenotes P< 0.01 vs. HFD 
i. AUC0-120 glucose (GTT) and ii. AUC0-60 glucose (ITT) 
 

Figure 25: Effect of R. sativus and C. angustifolia extracts on the AUC for glucose in GTT and ITT                              

Effect of R. sativus and C. angustifolia extracts on relative organ weight, % 

Significantly reduced (p<0.05) relative weight of spleen was observed in the HFD group as 

compared to the NPD group. No significant change was observed in relative weight of 

other organs (Table 14). 

Table 14: Effect of R. sativus and C. angustifolia extracts on relative organ weight, % 

Groups 

Organs 

Heart Spleen Kidney Liver 

Relative organ weight % 

NPD 0.27±0.02 0.15±0.01 0.30±0.03 2.78±0.19 

HFD 0.31±0.05 0.10±0.01x 0.28±0.01 2.93±0.19 

RSLE4 0.27±0.03 0.11±0.01 0.24±0.01 2.58±0.13 

RSLE8 0.29±0.01 0.12±0.01 0.27±0.02 2.82±0.13 

CALE4 0.30±0.01 0.12±0.01 0.36±0.03 3.15±0.17 

CALE8 0.36±0.03 0.13±0.01 0.40±0.03 3.45±0.15 

AT 0.25±0.01 0.13±0.01 0.30±0.03 2.98±0.22 
Values are expressed as Mean ± SEM (n=6), analyzed by One way ANOVA followed by Bonferroni Test. 
xdenotes P< 0.05 vs. NPD. 



 

54 
 

Effect of R. sativus and C. angustifolia extracts on histology of adipose tissue 

Histology of adipose tissue showed significant increase in cell surface area (p<0.001) and 

decrease (p<0.01) in number of mean adipocytes count in the HFD group as compared to 

the NPD group, which indicates excess fat deposition in adipocytes of HFD group. 

Significant decrease in cell surface area and increase in number of mean adipocytes count 

was observed in RSLE4, RSLE8, CALE4, CALE8 and AT groups as compared to the HFD 

group indicating decrease in fat deposition in adipocytes of treatment groups (Fig. 26a, 26b 

and 26c). 
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a. Histology of Adipose tissue (H&E staining, 400× magnification), blue arrow= nucleus, black arrow= fat 
cell; b. Cell surface area (μm2), c.  Mean adipocytes count. Values were expressed as Mean ± SEM. Data 
analyzed by One way ANOVA followed by Bonferroni Test. zdenotes P< 0.001 vs. NPD, a denotes P< 0.05,  
cdenotes P< 0.001 vs. HFD.  

Figure 26: Effect of R. sativus and C. angustifolia extracts on the histology of adipose tissue                        
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Effect of R. sativus and C. angustifolia extracts on histology of liver 

Histopathology of liver revealed that a high degree of steatosis was developed in the HFD 

group, whereas no histological abnormalities were seen in the NPD group. Microvesicular 

steatosis was observed in all groups fed with HFD. HFD group also showed 

intracytoplasmic diffuse vacuolation and mild diffuse pigmentation. 

   
NPD HFD RSLE4 

 
RSLE8 CALE4 CALE8 

  

AT   
 

  

Histology of liver (H&E staining, 1000× magnification), white arrow =fat depots, black arrow=nucleus, 
green arrow= congestion 

Figure 27: Effect of R. sativus and C. angustifolia extracts on the histology of liver  

Treatment groups showed regenerating hepatocytes, mild intracytoplasmic vacuolation and 

mild pigmentation. Significant decrease in microvesicular steatosis was observed in 
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RSLE4, RSLE8, CALE4 and CALE8 groups in dose dependent manner as compared to the 

HFD group. Regeneration of hepatocytes was observed in AT group (Fig. 27). 

 

4.1.3.3      Chronic study: High fat diet and streptozotocin induced diabetes 

Effect of R. sativus and C. angustifolia extracts on body weight and food intake 

Significant increase in body weight and food intake was observed in the HFD+STZ group 

as compared to the NPD group (Fig. 28i, Fig. 29i, Table 15). Significant decrease in food 

intake was observed in MET group as compared to the HFD+STZ group. No change in 

body weight, body weight gain and food intake was observed in the NPD+STZ group and 

extract treated groups (Fig. 28ii and 28iii, Fig. 29ii and 29iii, Table 15).  
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Values are expressed as Mean ± SEM (n= 6), Data analyzed by Two way ANOVA followed by Bonferroni 
Test. xdenotes P< 0.05 vs. NPD. 
i. Body weight of NPD, NPD+STZ and HFD+STZ groups, ii. Body weight of HFD+STZ, RSLE4, RSLE8 
and MET groups, iii. Body weight of HFD+STZ, CALE4, CALE8 and MET groups 

Figure 28: Effect of R. sativus and C. angustifolia extracts on the weekly body weight (g) 

 
 

 

 

 



 

57 
 

1 2 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
0

5

10

15

20

25 NPD
NPD+STZ
HFD+STZ

i.

x z z z z
z z z

z
z z z z

z z

z z z z z z z

z
z z z

z
z

Days

F
oo

d 
In

ta
k

e 
(g

/d
ay

)

1 2 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
0

5

10

15

20

25

HFD+STZ
RSLE4
RSLE8
MET

ii.

Days

F
oo

d 
In

ta
k

e 
(g

/d
ay

)

1 2 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
0

5

10

15

20

25
HFD+STZ
CALE4
CALE8
MET

iii.

Days

F
oo

d 
In

ta
ke

 (
g

/d
ay

)

 
Values are expressed as Mean ± SEM (n= 6), Data analyzed by Two way ANOVA followed by Bonferroni 
Test. xdenotes P< 0.05, zdenotes P< 0.001 vs. NPD 
i. Food intake of NPD, NPD+STZ and HFD+STZ groups, ii. Food intake of HFD+STZ, RSLE4, RSLE8 and 
MET groups, iii. Food intake of HFD+STZ, CALE4, CALE8 and MET groups 

Figure 29: Effect of R. sativus and C. angustifolia extracts on daily food intake (g) 
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Table 15: Effect of R. sativus and C. angustifolia extracts on body weight and food intake 

Groups 
Parameters 

Initial body weight 
(g) 

Final body weight 
(g) 

Body weight gain 
(g) 

Food intake 
(g/rat/day) 

NPD 221.67±8.63 233.33±8.82 11.67±1.67 9.59±0.04 

NPD+STZ 230.83±2.39 240.83±2.01 10.00±2.89 10.25±0.04 

HFD+STZ 245.00±3.16 265.00±3.42
x
 20.00±1.83 19.90±0.13

z
 

RSLE4 242.50±2.50 259.17±5.97 16.67±4.22 19.62±0.18 

RSLE8 245.00±3.42 271.67±5.73 26.67±3.07 21.11±0.25 

CALE4 244.17±8.51 266.67±8.63 22.50±2.50 20.14±0.69 

CALE8 243.33±7.60 263.33±7.38 20.00±1.83 19.98±0.18 

MET 239.17±4.73 255.00±5.48 15.83±2.01 18.38±0.09b 
Values are expressed as Mean ± SEM (n=6), analyzed by One way ANOVA followed by Bonferroni Test. 
 x denotes P< 0.05 and zdenotes P< 0.001 vs. NPD, bdenotes P< 0.01 vs. HFD+STZ. 

Effect of R. sativus and C. angustifolia extracts on nutritional parameters 

Significant increase in energy intake (p<0.001) and feed efficiency ratio (p<0.05) was 

observed in the HFD+STZ group as compared to the NPD group. Significant decrease in 

energy intake was observed in the MET group as compared to the HFD+STZ group (Table 

16).  

Table 16: Effect of R. sativus and C. angustifolia extracts on nutritional parameters 

Groups 
Nutrirional Parameters 

Energy intake 
(kcal/rat/day) 

Feed efficiency ratio 
(%) 

NPD 36.24±0.14 15.36±2.23 

NPD+STZ 38.76±0.14 12.29±3.58 

HFD+STZ 109.87±0.72z 8.67±0.79x 

RSLE4 108.29±1.02 7.35±1.87 

RSLE8 116.53±1.39 10.89±1.25 

CALE4 111.19±3.80 9.70±1.19 

CALE8 110.31±0.99 8.62±0.76 

MET 101.46±0.48b 7.43±0.94 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni Test. x 
denotes P< 0.05 and zdenotes P< 0.001 vs. NPD, bdenotes P< 0.01 vs. HFD+STZ.  
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No significant change was observed in the NPD+STZ group and extract treated groups 

(Table 16). 

Effect of R. sativus and C. angustifolia extracts on serum glucose, insulin and HOMA-

IR  

Significant increase in glucose day 0 (p<0.001), glucose day 21 (p<0.001) and HOMA-IR 

(p<0.001) and significant decrease in insulin (p<0.01) was observed in the HFD+STZ 

group as compared to the NPD group. Significant decrease was observed in glucose level 

of treatment groups on day 21 as compared to the HFD+STZ group. Significant increase in 

insulin level was observed in RSLE4 and RSLE8 groups, while significant decrease in 

HOMA-IR was observed in RSLE8, CALE8 and MET groups as compared to the 

HFD+STZ group. No significant change was observed in the NPD+STZ group as 

compared to the NPD group (Table 17). 

Table 17: Effect of R. sativus and C. angustifolia extracts on serum glucose, insulin and HOMA-IR 

Groups 
Parameters 

Glucose 
(mg/dL), Day 0 

Glucose 
(mg/dL), Day 21 

Insulin 
(μg/L) 

HOMA-IR 

NPD 92.50±3.94 90.00±3.15 2.26±0.10 9.1±0.52 

NPD+STZ 156.33±4.78 97.17±3.46 2.12±0.17 9.1±0.79 

HFD+STZ 349.67±19.12z 405.83±20.79z 1.57±0.09y 28±0.89z 

RSLE4 341.00±38.16 200.33±41.89c 2.26±0.12a 19.7±3.81 

RSLE8 335.83±39.00 144.33±25.12c 2.40±0.13b 15.5±3.07b 

CALE4 353.50±25.42 258.33±36.56b 1.69±0.14 18.6±2.32 

CALE8 322.17±33.81 136.33±14.76c 1.85±0.08 10.4±1.22c 

MET 323.17±38.29 129.00±18.99c 1.73±0.16 10.5±1.57c 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni Test. 
ydenotes P< 0.01 and zdenotes P< 0.001 vs. NPD, adenotes P< 0.05, bdenotes P< 0.01 and cdenotes P< 0.001 
vs. HFD+STZ. 

 

Effect of R. sativus and C. angustifolia extracts on AST, ALT and creatinine 

Significant increase was observed in AST (p<0.01) and ALT (p<0.05) level of the 

HFD+STZ group as compared to the NPD group. AST and ALT level was decreased in 
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RSLE4, RSLE8 and MET groups as compared to the HFD+STZ group. No significant 

change was observed in AST and ALT level of CALE4 and CALE8 groups as compared to 

the HFD+STZ group and of the NPD+STZ group as compared to the NPD group. No 

significant change was observed in creatinine level (Table 18). 

Table 18: Effect of R. sativus and C. angustifolia extracts on AST, ALT and creatinine 

Groups 
Parameters 

AST 
(U/L) 

ALT 
(U/L) 

Creatinine 
(mg/dL) 

NPD 148.83±4.00 47.52±4.09 0.72±0.02 

NPD+STZ 150.70±8.77 51.47±1.67 0.78±0.07 

HFD+STZ 188.35±11.87y 59.67±2.13x 0.87±0.05 

RSLE4 144.59±5.62b 46.22±0.94b 0.81±0.04 

RSLE8 132.48±7.68c 45.62±1.54b 0.94±0.03 

CALE4 199.54±5.08 60.48±2.72 0.82±0.04 

CALE8 186.53±5.48 62.68±2.19 0.92±0.07 

MET 135.16±5.52c 46.76±1.53b 0.81±0.04 
Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni Test.  
x denotes P< 0.05 and ydenotes P< 0.01 vs. NPD, bdenotes P< 0.01 and cdenotes P< 0.001 vs. HFD+STZ. 

 

Effect of R. sativus and C. angustifolia extracts on lipid profile  

The levels of TC, TG, LDL and VLDL were significantly increased in the HFD+STZ 

group as compared to the NPD group. Significant decrease in the level of levels of TC, TG, 

LDL and VLDL was observed in RSLE4, RSLE8, CALE8 and MET groups, while CALE4 

group showed significant decrease in TC and LDL, as compared with the HFD+STZ 

group. No significant change was observed in the NPD+STZ group as compared to the 

NPD group (Fig. 30). 

 

 

 

 



 

61 
 

NPD

NPD+STZ

HFD+STZ

RSLE4

RSLE8

CALE4

CALE8
M

ET

0

50

100

150 z

c
c

c

b
c

Treatment

 T
ot

al
 C

ho
le

st
er

ol
 (

m
g/

dL
)

NPD

NPD+S
TZ

H
FD+S

TZ

R
SL

E4

R
SL

E8

CA
LE4

CA
LE8

M
ET

0

50

100

150 y

c b
b a

 T
ri

gl
yc

er
id

e 
(m

g/
dL

)

 

 

NPD

NPD+ST
Z

H
FD+ST

Z

RSL
E4

RSL
E8

CALE4

CALE8
M

ET

0

20

40

60

80
   z

a

c

a

c b

L
ow

 D
en

si
ty

 L
ip

op
ro

te
in

 (
m

g/
dL

)

 

  

NPD

NPD+STZ

H
FD+STZ

RSLE4

RSLE8

CALE4

CALE8
M

ET

0

10

20

30   y

c b
b a

V
er

y 
L

ow
 D

en
si

ty
 L

ip
op

ro
te

in
 (

m
g/

dL
)

 

 

Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni’s 
Multiple Comparison Test. ydenotes P< 0.01 and zdenotes P< 0.001 vs. NPD, adenotes P< 0.05, bdenotes P< 
0.01 and cdenotes P< 0.001 vs. HFD+STZ. 

Figure 30: Effect of R. sativus and C. angustifolia extracts on lipid profile 
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Effect of R. sativus and C. angustifolia extracts on atherogenic indices 

Results indicated significant increase (P<0.05) in castelli risk index-I, castelli risk index-II 

and atherogenic coefficient in the HFD+STZ group as compared to the NPD group, while 

significant decrease was observed in RSLE8, CALE8 and MET groups as compared to 

HFD+STZ group. Significant decrease in atherogenic coefficient was observed in RSLE4 

group as compared to the HFD+STZ group. No significant change was observed in the 

CALE4 group and NPD+STZ group (Fig. 31). 
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Values are expressed as Mean ± SEM (n= 6), analyzed by One way ANOVA followed by Bonferroni’s 
multiple comparison test. xdenotes P< 0.05 vs. NPD, adenotes P< 0.05, bdenotes P< 0.01 and cdenotes P< 
0.001 vs. HFD+STZ. 

Figure 31: Effect of R. sativus and C. angustifolia extracts on atherogenic indices 
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Effect of R. sativus and C. angustifolia extracts on relative organ weight, % 

No significant change was observed in relative weight of all groups (Table 19). 

Table 19: Effect of R. sativus and C. angustifolia extracts on relative organ weight, % 

Groups 

Organs 

Heart Spleen Kidney Liver 

Relative organ weight, % 

NPD 0.29±0.04 0.19±0.01 0.32±0.04 2.99±0.32 

NPD+STZ 0.29±0.01 0.14±0.01 0.34±0.01 3.44±0.12 

HFD+STZ 0.28±0.03 0.12±0.03 0.44±0.03 3.55±0.10 

RSLE4 0.31±0.01 0.15±0.01 0.34±0.01 3.59±0.32 

RSLE8 0.33±0.01 0.16±0.01 0.35±0.01 3.18±0.22 

CALE4 0.37±0.01 0.18±0.01 0.36±0.01 3.11±0.24 

CALE8 0.31±0.01 0.16±0.01 0.41±0.04 3.36±0.12 

MET 0.30±0.04 0.13±0.02 0.35±0.04 3.39±0.50 
 
Values are expressed as Mean ± SEM (n=6), analyzed by One way ANOVA followed by Bonferroni Test. 

 

Effect of R. sativus and C. angustifolia extracts on histology of liver 

Histopathology of liver revealed that a high degree of steatosis and structural changes were 

developed in the HFD+STZ group, whereas no histological abnormalities were seen in NPD and 

NPD+STZ groups. Steatosis was observed in all groups fed with the HFD. Congestion, vacuolation 

and cytoplsmic degeneration was osreved in HFD+STZ group. Significant amelioration in structure 

and steatosis was observed in RSLE4, RSLE8, CALE4 and CALE8 groups as compared to the 

HFD+STZ group. All section showed vacuolation in periportal cells, congestion and RBCs except 

NPD and NPD+STZ group (Fig. 32).  
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NPD NPD+STZ HFD+STZ 

 

RSLE4 RSLE8 CALE4 

 

 

CALE8 MET  

Histology of Liver (H&E staining, 1000× magnification), white arrow =fat depots, black arrow=nucleus, green arrow= 
congestion  

Figure 32: Effect of R. sativus and C. angustifolia extracts on the histology of liver   
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Effect of R. sativus and C. angustifolia extracts on histology of pancreas 

Histopathology of pancreas revealed that a decrease in β cells was seen in the HFD+STZ group, 

whereas no histological abnormalities were seen in NPD and NPD+STZ groups. Significant increase 

in β cells was observed in RSLE4, RSLE8, CALE4 and CALE8 groups as compared to the 

HFD+STZ group (Fig. 33). 

   
NPD NPD+STZ HFD+STZ 

   
RSLE4 RSLE8 CALE4 

  

 

CALE8 MET  

Histology of Pancreas (Aldehyde-fuchsin staining, 400× magnification), black arrow indicates Islet of Langerhans 

Figure 33: Effect of R. sativus and C. angustifolia extracts on the histology of pancreas  
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Effect of R. sativus and C. angustifolia extracts on histology of kidney 

No histological abnormalities were seen in NPD and NPD+STZ groups. In HFD+STZ group mild 

multifocal tubular vacuolation was observed. Significant reduction was observed in tubular 

vacuolation in treatment groups as compared to the HFD+STZ group (Fig. 34). 

 

   

NPD          NPD+STZ HFD+STZ 

   

RSLE4 RSLE8 CALE4 

  

 

CALE8 MET  

Histology of Kidney (H&E staining, 100× magnification), black arrow indicates glomerulus 

Figure 34: Effect of R. sativus and C. angustifolia extracts on the histology of kidney  
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4.2      Discussion 

Various parts of selected medicinal plants i.e. Raphanus sativus Linn., Withania somnifera (L.) 

Dunal, Luffa acutangula (L.) Roxb., Ricinus communis Linn., Moringa oleifera Linn., Solanum 

melongena Linn. and Cassia angustifolia Linn. were proven to be useful traditionally as well as 

scientifically in various models of metabolic disorders. Therefore, in the present study, antidiabetic 

and antiobesity potential was studied with the help of acute and chronic models.  

Qualitative phytochemical analysis of twelve extracts used in the study, showed presence of 

flavonoids, glycosides, saponins and/or tannins. It is well reported that flavonoids possess 

antihyperglycemic, antiobesity and antioxidant activity (101, 106). Another constituent of chosen 

extracts i.e. saponin is indicated to use as renoprotective, antihyerglycemic, antihyperlipidemic and 

antioxidant. Tannin possesses antioxidant and renoprotective activity (101, 106). In the literature, 

glycosides are indicated to use for antihyerglycemic and hepatoprotective activity (101, 106). 

Presence of these constituents in the extracts of study plants strongly supports their effectiveness in 

metabolic disorders. 

Further, phytochemical study was done using two extracts i.e. Raphanus sativus extract and Cassia 

angustifolia extract, selected out of twelve study extracts for study in chronic models. Quantitative 

phytochemical study using HPLC revealed the presence of flavonoids i.e. rutin and myricetin in 

Raphanus sativus extract and rutin in Cassia angustifolia extract. Rutin is a glycosylated quercetin, 

which is reported to have anti-obesity and anti-diabetic functions. Myricetin, another flavonol, also 

shows anti-obesity and anti-diabetic properties (107).  Quantitative phytochemical study using HPLC 

also revealed presence of glycosides i.e. Sennoside A and Sennoside B in Cassia angustifolia extract. 

Presence of these active constituents, in both extracts, is mainly responsible for their potential to 

ameliorate metabolic disorders.  

In GTT, glucose was administered either orally or intravenously and samples of glucose are 

measured over various time points. This test determines the blood glucose clearance rate. Glucose 

lowering medications act by modifying the actions of glucagon and insulin directly. Comparisons of 

glucose levels during glucose tolerance test at various time points, with and without medications, 

lead to a better understanding of utility of study medications in the metabolic disorders (108). 

 GTT, a widely used method, was developed to classify carbohydrate tolerance. During this test, 

blood glucose level and insulin level indicate the insulin secreting ability of pancreatic β-cells and 

tissue insulin sensitivity. Therefore, GTT can also be used to evaluate β-cell function and insulin 

resistance (109). GTT is fast, convenient, cheaper and reproducible method for the estimation of 

glucose lowering action of drugs in normal animals. It helps in selection of drugs for study in chronic 
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models. It was observed that RSLE and CALE both were effective as antihyperglycaemic in the 

acute models of GTT (single dose and multiple dose), which supports potential of these drugs for 

further study in chronic models. The glucose lowering activity of RSLE and CALE is due to 

presence of flavonoids, glycoside and saponins in both extracts. Flavonoids possess the ability to 

increase insulin release, while antihyerglycemic activity of saponins include stimulation of glycogen 

synthesis, increased Glut 4 expression, and release of insulin from β cells (101,106). Choi et al., 

2006, reported that glycosides present in senna i.e. sennoside A and B decrease carbohydrate 

digestion (110). Kang et al, 2015 reported that myricetin alleviates postprandial hyperglycaemia 

conditions via inhibition of α-glucosidase activity (111). Kim et al., 2014 showed that aqueous 

extract of radish leaves reduces intestinal glucose absorption by significantly inhibiting intestinal α-

glucosidase activity (112). Thus, glucose lowering activity of RSLE and CALE in our study is in 

support with above literature. 

Endocannabinoid (EC) system has an important role in the regulation of energy metabolism, food 

intake and gastrointestinal motility. Central and peripheral actions on lipid and glucose metabolism 

in adipose tissue are believed to be affected by the stimulation of CB1 receptors in the EC system. 

Thus CB1 receptor stimulation helps to regulate food intake, energy balance and gastrointestinal 

motility (113). Rimonabant, CB1 receptor antagonist, induces acute appetite suppression by 

antagonizing action of endogenous cannabinoids in the brain and/or periphery. Further, in hungry 

rats endocannabinoid levels in the limbic forebrain and hypothalamus are increased and return to 

basal levels when rats are satiated (114). Thus food intake inhibitory action of extracts in fasted rats 

may be due to action of extract constituents on mediators/receptors either in the brain or periphery. 

Arcuate nucleus of hypothalamus contains neurons containing neuropeptide Y (NPY) that increase 

food intake. Saponins inhibit the NPY and thus reduce the food intake (115); therefore food intake 

inhibitory action of extracts in fasted rats is partly due to presence of saponins as one of the 

constituent. Previously various pharmacological studies for the treatment of obesity have focused on 

drug targets that reduce food intake. For example, when given acutely to lean rats or mice, the 

clinically effective drugs lorcaserin, fenfluramine, sibutramine and rimonabant all reduce food intake 

(116). Hence, the investigation of acute effect of study drugs on the food intake of a lean rat or 

mouse is not only a rapid screen, but also provides information about the relative potencies of drugs 

to inhibit food intake and their duration of action in vivo. Accordingly, superior drugs can be 

selected and studied further in chronic studies to investigate effects on body weight. 

Poloxamer-407 is the non-ionic surfactant that inhibits lipoprotein lipase and activates HMG-CoA 

reductase. Inhibition of lipoprotein lipase results into reduced hydrolysis of triglycerides and 

induction of hypertriglyceridemia in rats. As poloxamer-407 also activates HMG-CoA reductase 

indirectly, it also induces hypercholesterolemia in rats (117, 118). Hypertriglyceridemia increases 
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risk of atherogenicity and cardiovascular disorders. Results indicate significant antihyperlipidemic 

activity of both extracts and thus reduction in the risk of cardiovascular disorders. Prince and 
Kamalakkannan, 2006, reported that rutin administration in diabetic rats significantly decreased 

activity of 3-hydroxy 3-methylglutaryl coenzyme A reductase in liver, kidney and heart and 

increased the activity of plasma lipoprotein lipase and lecithin cholesterol acyltransferase (119). 

Thus presence of rutin in both the plant extracts indicates that antihyperlipidemic activity is due to 

enhancement of lipoprotein lipase and decreased HMG-Co-A reductase activity. Other varieties of 

senna also possess HMG Co-A reductase inhibitory activity as reported by Shen et al., 2016 (120), 

which further supports lipid lowering activity of CALE. 

Obesity and diabetes mellitus type-2 both are associated with hyperlipidemia, insulin resistance and 

other metabolic disorders, so the complete management of disease includes management of 

associated co-morbidities also. Lipid lowering and anti-hyperglycemic activity shown by Raphanus 

sativus and Cassia angustifolia extracts supports their possible use in chronic model of metabolic 

disorders. Both extracts possess inhibitory activity against pancreatic lipase (121, 122). Selection of 

senna leaves for further study is also supported by reported anti-diabetic activity of other species of 

Cassia (124). 

Atherogenic indices are powerful indicators of the risk of cardiovascular disease. Higher value of 

atherogenic indices indicates higher risk of developing cardiovascular disease and vice versa. 

Atherogenic Index of plasma, Castelli’s Risk Index and Atherogenic coefficient are ratios for 

predicting the risk of cardiovascular disease. Atherogenic coefficient is a measure of cholesterol in 

LDL, IDL and VLDL lipoproteins with respect to HDL. It indicates atherogenic potential of the 

lipoprotein fractions. Castelli’s Risk Index is a sensitive and specific index of cardiovascular risk 

than total cholesterol. It has clear association with coronary plaques formation. The Atherogenic 

Index of Plasma is proposed as a marker of plasma atherogenicity. It is inversely correlated with 

LDL particle size. It is increased in people with higher risk for coronary heart disease (124,125). 

Significant reduction in these indices was observed in RSLE and CALE treatment groups as 

compared to P407 group, which clearly indicates reduction in the risk of cardiovascular diseases by 

the treatment given. 

In the dose optimization study, RSLE showed similar outcomes at the dose of 1600 mg/kg as that of 

800 mg/kg. As there was no significant benefit observed by increase in dose beyond 800 mg/kg, two 

doses of RSLE i.e. 400 mg/kg and 800 mg/kg were selected for further study. CALE at dose level of 

400 mg/kg and 800 mg/kg produced significant decrease in glucose level at desired time point i.e. 30 

min. as compared to glucose control, so these two doses of extracts i.e. 400 and 800 mg/kg were 

selected for further study in chronic models. 

The first description for use of ‘high-fat diet’ to induce obesity was given in 1959 by Masek and 

Fabry (126). Further studies done using nutritional intervention, revealed that high-fat diet promotes 



 

70 
 

hyperglycaemia and whole-body insulin resistance. Various researchers have examined the effects of 

HFD on muscle and liver physiology as well as on insulin signal transduction. On the basis of 

research studies done, it is generally accepted that high fat diets can be used to generate a valid 

rodent model for metabolic disorders with reduced β-cell function and insulin resistance (127). High 

fat diet model induces metabolic disorders in the animals similar to obese human; therefore, this 

model was chosen to study the anti-obesity effect of chosen herbal extracts.  

High fat diet associated increased calorie intake leads to increased weight in high fat diet rats. Both 

extracts RSLE and CALE decreased calorie intake due to their anorectic activity as discussed in 

acute model of food intake measurement, reduced weight gain and thus proven beneficial as 

treatment option for metabolic disorders. This beneficial effect of RSLE and CALE is due to 

presence of rutin as one of the constituent. Hsu et al, 2009, investigated anti-obesity effects of rutin. 

Results showed, that body weight and adipose tissue weight in rutin treated group was significantly 

decreased as compared to the HFD group (128). RSLE also contains myricetin. Choi et al, 2016 

found that administration of 0.12% myricetin in mice fed a high-fat high-sugar diet resulted in 

decreased body weight and improved hypercholesterolemia and hypertriglyceridemia, confirming 

that myricetin can reduce obesity (129). Similar results were observed by treatment with RSLE in 

this study, due to its myricetin content. 

Dyslipidemia is a metabolic abnormality leading to elevated plasma concentration of cholesterol and 

triglycerides. Three types of dyslipidemia are: hypercholesterolemia, hypertriglyceridemia, and 

mixed hyperlipidemia, due to increase in both cholesterol and triglycerides. Excess LDL cholesterol 

increases risk of arteriosclerosis which is one of the major risk factors of cardiovascular diseases 

(130). In the present study, supplementation with RSLE and CALE was observed to attenuate 

significantly the levels of TC, TG, LDL and VLDL in rats fed with HFD. Treatment groups also 

showed trend of increase in HDL level in a dose dependent manner. Thus, treatment with RSLE and 

CALE significantly ameliorate dyslipidemia in HFD fed rats due to the presence of 

phytoconstituents. Flavonoids possess the ability to improve lipid profile (101, 106). Flavonoids and 

saponins both are pancreatic lipase inhibitors, thus they inhibit fat absorption (72). Choi et al., 2006, 

reported that sennoside B decreases triglyceride accumulation and both sennoside A and B inhibit α-

glucoamylase activity (110). Seo et al, 2014 studied the effect of rutin on high-fat diet induced obese 

rats and reported significant improvement in lipid profile in the rutin supplemented group. Results of 

this study indicated that beneficial effect of rutin on obesity is partially mediated via down-regulation 

of mRNA expression of adipogenic genes including SREBP-1c, PPARγ and aP2 (131). In another 

study, Hsu et al, 2009, also reported that serum lipid profile was significantly decreased in rutin 

treated group as compared to HFD group (128). Choi et al., 2014 reported that myricetin improves 
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hypertriglyceridemia and hypercholesterolemia without a significant influence on food intake in 

mice fed the high fat diet (129).  

Atherogenic indices are preferred parameters to assess risk for various cardiovascular disorders as 

compared to lipid profile. These indices also become important when traditional risk factor i.e. lipid 

profile fails to identify risk of coronary artery disease. Pretreatment with RSLE and CALE 

significantly attenuated the atherogenic indices and thus provided significant cardioprotection.  

Lee index is a fast and accurate way to measure obesity in rats. Lee, in 1928, described the 

measurement of obesity in rats by Lee index. Lee index is calculated by dividing the cubic root of the 

weight (grams) by nasoanal length (millimetres) and multiplication by 10. The value of Lee index 

below 0.300 is considered normal. BMI and Lee index both are markers of obesity (100,132,133). 

Results showed significant increase in BMI and Lee index in HFD fed rats that was reverted 

significantly in treatment groups. 

High-fat diet results in a progressively elevated hyperinsulinaemia, indicating progressive worsening 

of insulin resistance. ITT and GTT both tests are used to detect insulin resistance (134). Results 

indicate reduced glucose elimination in ITT and GTT as insulin resistance leads to impaired glucose 

tolerance. RSLE and CALE treatment improved insulin resistance and impaired glucose tolerance in 

HFD rats due to presence of flavonoids. Liu et al., 2007, reported that myricetin improves insulin 

sensitivity through increased post-receptor insulin signaling mediated by increased insulin receptor 

substrate-1-associated PI3-kinase and glucose transporter subtype 4 activity (135). 

 Obesity is also associated with increased blood leptin level indicating leptin resistance (136). In this 

study, results indicate that administration of both RSLE and CALE ameliorates leptin resistance. 

There is possibility that decrease in plasma leptin is due to the reduction in the white adipose tissue 

mass, as blood leptin level is closely related to fat deposition. In addition, insulin resistance and 

hyperglycaemia are also closely associated with obesity. Surprisingly, glucose levels of HFD fed rats 

was not altered significantly as compared to NPD rats in this study. Similar findings were reported in 

the studies done previously by Triscari et al, 1985, that no hyperglycaemia was observed in HFD fed 

rats (137). However, insulin resistance was observed in HFD fed rats. Increased fat level in obesity 

results in deposition of fat in tissues other than adipose i.e. liver and muscle, results in to insulin 

resistance (138). Insulin resistance results in increased insulin level. Administration of CALE8 

reduced elevated insulin level and insulin resistance as indicated by HOMA-IR in HFD fed rats. 

CALE contains rutin and similar result was observed in study by Hsu et al, 2009, that the insulin and 

leptin were significantly decreased in rutin treated group as compared to HFD group (128). In 

another study, Choi et al., 2014 found that myricetin treatment significantly decreases serum leptin 

and insulin levels, as well as HOMA-IR values in mice fed with high fat diet (129).  

RSLE and CALE treatment significantly reduced excess fat deposition in adipose tissue and liver as 

indicated in tissue histopathology, this also supports the efficacy of RSLE and CALE in the 
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treatment of obesity. Seo et al, 2014 reported that decreased hepatic deposition of lipids in the rutin 

supplemented group was by regulation of mRNA expression of adipogenic genes (131). Similar 

result was observed with rutin treatment in another study by Hsu et al, 2009 (128). Seo et al, 2014 

also reported that the treatment with rutin increased number and size of mitochondria in the brown 

adipose tissue and the mechanism is up-regulation of genes related with mitochondria biogenesis 

such as PGC-1α and UCP2 (131). 

Thus the mechanism underlying HFD model can be attributed to reduction in food intake, body 

weight, BMI and Lee index, lipids, serum leptin, insulin and HOMA-IR.  

Induction of diabetes with the combination of High fat diet and low dose streptozotocin is the 

preferred method to induce type-2 diabetes in similarity to the diabetes in humans. High fat diet 

feeding in rats causes insulin resistance in the organs, while low dose streptozotocin induces 

hyperglycaemia due to defect in insulin secretion. Thus, development of type-2 diabetes mellitus 

using this model is similar to humans, where several researchers agree (139). 

In the current study, results of high fat diet study clearly demonstrated that body weight of HFD fed 

rats increased as compared to NPD fed rats, but due to STZ injection in STZ+HFD model, body 

weight of diabetic control rats was lower as compared to HFD fed rats but higher than NPD rats. 

Another observation in diabetic rats includes increased food intake, which is similar to the symptoms 

of diabetic patients.  

Ishak et al., 2013 showed that diabetes induced in rats by combination of low dose STZ and high fat 

diet closely resembles with the natural process of diabetic occurrence and metabolic disturbance in 

type-2 diabetic human (139). In the present study, diabetic model that has been developed using high 

fat diet with combination of 35 mg/kg of STZ showed the symptoms in similarity with that reported 

by Srinivasan et al., 2005 (80). Blood glucose level in diabetic rats was increased in the current study 

and this finding was supported with the findings of Poitout and Robertson, 2002 (140), where they 

showed that STZ produces destruction of pancreatic β-cells and decrease the sensitivity of the cells 

for insulin mediated glucose uptake and this result into high glucose concentration in blood. In this 

study, all treatment groups significantly reduced glucose level.  

HFD fed STZ-induced diabetic rats in the current study showed significant decrease in the levels of 

plasma insulin and increase in HOMA-IR when compared with the normal control rats. Treatment of 

diabetic rats with RSLE was marked by a significant increase of insulin level and decrease in 

HOMA-IR during study period. CALE8 also reduced HOMA-IR. Significant improvement in blood 

glucose level, insulin level and HOMA-IR of HFD and STZ induced diabetic rats following 

administration of RSLE and CALE is again attributed to the presence of phytochemical constituents 

of the extracts. Flavonoids possess the ability to regenerate β cells. Saponins improve insulin 

signalling, inhibit gluconeogenesis, α-glucosidase activity and mRNA expression of glycogen 



 

73 
 

phosphorylase (101, 106). Hossain et al, 2016 reported that diabetic mice fed with rutin in their diet 

showed significant reductions in plasma glucose levels and increased insulin levels due to 

augmentation of GLUT4 expression, increased phosphorylation of AKT and insulin receptor 

substrate 1 in genetically obese diabetic rats (107). Ong and Khoo, 1996 reported that myricetin 

mimics insulin action in stimulating lipogenesis and glucose transport in rat adipocytes in vitro. They 

state that myricetin stimulates glucose uptake without the presence of fully functional insulin 

receptor (141). Li et al, 2017 reported that the myricetin activates GLP-1 receptor and subsequently 

stimulate the secretion of insulin (142).  

The HFD and STZ-induced diabetic rats are characterized by hyperglycaemia and 

hypertriglyceridaemia which were similar to the features of the later stage of type-2 diabetes (139) . 

Type-2 diabetes often associates with dyslipidemia (143).  Dyslipidemia enhances the risk of 

cardiovascular disorder as well as increases insulin resistance by inhibiting insulin signaling in 

insulin-targeted tissues (144). Chronic dyslipidemia leads to lipid deposition and pancreatic 

lipotoxicity, thus impairing insulin secretion and promoting the progression of type-2 diabetes (145). 

Hossain et al, 2016 reported that rutin activates liver enzymes linked with the gluconeogenic and 

lipid metabolic processes and led to the reestablishment of serum lipid profile in STZ-treated diabetic 

rats fed a high-fat diet (107). Thus significant reduction in the lipid profile of HFD and STZ induced 

diabetic rats following three weeks administration of drugs is attributed to the presence of rutin in 

both the extracts.  

Chandran et al., 2016 proposed that the mechanism by which the serum aspartate aminotransferase 

and alanine aminotransferase were raised in diabetic control may involve increased release of these 

enzymes from  liver, due to oxidative stress or the formation of advanced glycation end product 

(146). Similar results were obtained in this study that aspartate aminotransferase and alanine 

aminotransferase were elevated in diabetic rats. Serum aspartate aminotransferase and alanine 

aminotransferase were reduced by the treatment of RSLE which is an indication of the protective 

effects on liver. No change was observed in creatinine level with the extract treatment, which 

indicted no renal damage. The ability to maintain the renal and hepatic factors close to the normal 

conditions supports the ability of the extract to provide protection from nephropathy and 

hepatopathy. The antihyperglycaemic and antioxidant effect of the flavonoids, glycoside, saponins 

and tannin, could be attributed to the normalization of these factors in serum. Tannin is also reported 

to reduce formation of advanced glycation end products (101, 106).  

Histological study of the kidney revealed that the treated groups showed normal glomerulus, the 

absence of inflammatory cells, normal basement membrane and capillaries. Histopathological 

findings of pancreas indicated that metformin could repair the damage incurred by the pancreatic 

islets due to exposure to STZ, whereas the groups fed with RSLE and CALE showed effects which 



 

74 
 

were comparable to metformin group in terms of the recovery of STZ-induced impairment of 

pancreatic islets.  

The pathophysiology of hepatic fibrosis with type-2 diabetes is complicated and involves in many 

factors. Triglyceride accumulation in hepatocytes is a prerequisite and is therefore, the “first hit” in 

the development of hepatic fibrosis with type-2 diabetes. Hepatic fibrosis with type-2 diabetes is 

characterized by elevated blood glucose, triglyceride, and very low density lipoprotein levels. Our 

results showed that the treatment with RSLE and CALE reduced hyperlipidemia, eventually 

alleviated hepatic steatosis in diabetic rats, exerting a beneficial effect against the “first hit”. 

Metformin also produced beneficial effect on the “first hit” in diabetic rats which was similar to the 

study done by Qiang et al., 2014.  

Thus, in summary, our results showed anti-hyperlipidemic activity of selected plant extracts namely, 

Cassia angustifolia and Raphanus sativus against both the acute and chronic experimental models 

revealing cardiovascular protection. Further, it has been observed that the study drugs reduced 

insulin resistance, hyperglycaemia, leptin levels, improvement in liver and pancreatic histology and 

atherogenic indices. The mechanism of action of the extracts of Cassia angustifolia and Raphanus 

sativus against metabolic disorders can be attributed to antihyperglycemic, antihyperlipidemic and 

antiobesity action and presence of bioactive constituents like flavonoids, glycosides, saponins and 

tannins.  

It is clearly evident that extracts of Cassia angustifolia and Raphanus sativus ameliorates metabolic 

abnormalities associated with diabetes and obesity. Therefore, The beneficial effects are grossly 

attributed to the presence of various secondary plant metabolites namely flavonoids, saponins, 

glycosides and tannins in the selected extracts. 

 

Limitations of study: 

 Chronic models of current study was performed using female animals only, hence effect on 

male animals cannot be inferred from the current data.  

 This study mainly focussed on diet-induced metabolic disorders. Thus the results of this study 

are not representative of metabolic disorders due to other aetiologies.  

 The current study includes the use of twelve plant extracts initially in acute models, out of 

which exclusion of ten extracts from further study does not indicate that the excluded extracts 

do not possess medicinal importance in the treatment of metabolic disorders. This is the 

imitation of this study that effect of excluded extracts in the other models of metabolic 

disorders cannot be assumed with the results obtained and models chosen.  
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 Change in quality of feed composition, dietary habit of animals, and composition of high fat 

diet as well as change in environmental conditions can influence the development of 

metabolic disorders. 

 Collection of plant materials in different seasons and storage condition may affect the 

quantity as well quality of constituents present, which cannot be interpreted from the current 

study results. 
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CHAPTER 5  

Summary and Conclusions 

Metabolic disorders have become a major problem worldwide. Prevalence of metabolic disorders 

and withdrawal of synthetic medicines due to adverse drug reactions, enhanced interest of people 

globally to use phytotherapy as an alternative and safer option. WHO also took interest to promote 

research on and use of, quality herbal medicines.  

Wide variety of plants can produce variety of therapeutic action in the treatment of diseases, but still 

we have poor scientific data from pharmacological and toxicological evaluation of medicinal plants, 

so research using herbal medicines should be increased.  

This study provides evidence that extracts of Cassia angustifolia and Raphanus sativus ameliorates 

metabolic abnormalities associated with diabetes and obesity and can retard the risk of complications 

due to chronic hyperglycaemia. The beneficial effects of both extracts on metabolic disorders seem 

to be attributed to the synergistic effects of its bioactive compounds such as flavonoids, saponins, 

and glycosides (Fig. 35).  

Abnormally increased food intake is the major causative factor of diet-induced obesity. Chosen 

extracts reduced food intake in both acute as well as chronic models and thus reduced weight gain. 

Leptin regulated feeding behaviour and leptin resistance in high fat diet fed rats was also found to be 

reduced with chosen extracts.  

Antihyperlipidemic activity of both extracts in acute and chronic models indicates that the treatment 

with chosen extracts significantly reduces the cardiovascular risk. It was further supported by the 

findings of calculated atherogenic indices. 

Diet-induced obesity, diabetes and associated consequences like insulin resistance, hyperglycaemia, 

and hyperlipidaemia are major problems that can be reduced with the treatment by chosen extracts as 

indicated by results. 

Fat deposition in liver and adipose tissue is associated with the use of chronic high fat diet. Fat 

accumulation was reduced with the treatment of extracts as indicated by histology of liver and 

adipose tissue. Studies done previously indicated that both extracts are safe to use, but results of liver 

function marker in chronic models indicates that still detailed chronic toxicology studies are needed 

to determine liver safety profile of both extracts. Improvement in pancreatic histology with no sign 
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of nephrotoxicity was observed with the chosen extracts, which further supports the use of chosen 

extracts. 

 

 

Figure 35: Effect of R. sativus and C. angustifolia extracts on the consequences associated with metabolic disorders 
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Salient features of the present study 

The mechanism of anti-obesity action can be attributed to: 

Food intake inhibition and decreased in weight gain 

Lipid lowering activity 

Decreased atherogenicity 

Decreased lipid deposition in adipocytes 

Decreased insulin and leptin resistance 

Presence of flavonoids, glycosides, saponins and tannins  

 

The mechanism of anti-diabetic action can be attributed to: 

Glucose lowering activity 

Decreased insulin resistance 

Improved lipid profile 

Decreased atherogenicity 

Amelioration of pancreatic histology 

Presence of flavonoids, glycosides, saponins and tannins  

Future perspectives 

Although the present study results demonstrate approaches to prevent obesity, diabetes and 

associated metabolic disorders in rodents, but many questions remain unanswered.   

Future work can be done for isolation of active constituents of chosen herbs and for elucidating 

receptor level mechanism of action as well as pharmacokinetic studies.  

In general, our findings encourage the importance of more research with isolated active compounds 

as well as combination of isolated active moieties as treatment option for metabolic disorders. 

Parameters such as inflammatory markers and gene expression can be examined.  

Various doses of chosen extracts can be tested with multiple dosing in long-term experiments in 

rodents, to investigate if the effect is sustained.  

Another approach will be to test the experimental herbs for their beneficial health implications 

related to obesity and associated metabolic disorders in overweight and obese individuals.  

Plants possess large variety of therapeutic action but we are lacking in complete in-depth study on 

medicinal plants, so more research should be done on herbal medicine in the treatment of different 

diseases. 
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