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1. Title of the thesis and abstract  

 

Title of the thesis: “Pharmacological Investigations of Medicinal Plants in Metabolic 

Disorders- an Experimental Study” 

 

Abstract: 

Objective: The current study is planned with the objective to screen herbal extracts, prepared 

from the parts of chosen seven herbal plants to investigate their anti-hyperglycaemic and 

anorexic potential in acute studies and selection of two extracts for further study in acute and 

chronic models of metabolic disorder. 

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 performed as per OECD 420 guideline. Glucose Tolerance 

Test (GTT) was performed to select appropriate glucose load to induce hyperglycemia. 

Antihyperglycemic 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. Diabetes was induced by low dose streptozotocin 

(STZ) and post-diabetic treatment was given for 03 weeks. In high fat diet-induced metabolic 

disorders, treatment was given for seven weeks. Parameters studied in chronic models are 

body weight, food intake, nutritional & anthropometric parameters, lipid profile, creatinine, 

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

alanine aminotransferase, organ weight and tissue histopathology. Additional parameters 

studied in high fat diet-induced metabolic disorders are leptin, glucose tolerance test and 

insulin tolerance test. 

Results: Phytochemical investigation revealed presence of flavonoids, glycosides, tannins, 

carbohydrates and saponins. All herbs were found safe in acute oral toxicity study. On the 

basis of acute study results of antihyperglycemic and food intake study, two extracts were 

selected for further study in 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 
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dose optimization study, for evaluation in chronic models. In high fat diet-induced metabolic 

disorders, treatment groups showed significant decrease in body weight, food intake, 

nutritional parameters, lipid profile, atherogenic indices, insulin, HOMA-IR and leptin level. 

Significant improvement was observed in anthropometric parameters, glucose intolerance and 

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

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

indices, aspartate aminotransferase and alanine aminotransferase. Significant improvement 

was observed in histopathology of pancreas, liver and kidney in treatment groups. 

Conclusion: With the obtained results, it is concluded that chosen extracts i.e. Cassia 

angustifolia and Raphanus sativus leaf extracts significantly ameliorates metabolic 

consequences associated with diabetes and obesity, as indicated by improvement in various 

parameters through different mechanisms.  

 

2. Brief description on the state of the art of the research topic  

Disturbances in normal metabolic processes result into development of metabolic disorders. 

The most prevalent metabolic disorders are diabetes mellitus, obesity and dyslipidemia[1]. 

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[1], final outcome is metabolic 

disorders i.e. overweight, obesity and type-2 diabetes mellitus.           

Traditional dietary therapies and herbal therapies are emerging as an effective treatment for 

chronic diseases. Research using traditional herbal medicines is increasing hopes for new 

treatment options for metabolic disorders[2]. There are so many herbal extracts studied 

briefly for the treatment of few or any one condition associated with metabolic disorders. In 

this study, such herbal extracts are chosen to screen to further evaluate their potential to treat 

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. 

 

3. Definition of the Problem  

Metabolic disorders are worldwide problem, especially diabetes, hyperlipidemia, overweight 

and obesity are of growing concern due to associated cardiovascular disorders as well as 

decrease in quality of life. WHO declared increase in number of affected people each year[3, 
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4]. There is a challenge in the prevention and long term treatment of metabolic disorders with 

synthetic drugs due to their adverse effects, high cost, lack of safety, insufficient accessibility 

as well as poverty of the general population in the world[5, 6]. Herbal medicines are better 

option and in spite of increasing interest worldwide in shifting from synthetic drugs to 

phytotherapy as an alternative treatment, there is still a gap in scientific evidences of plant-

derived therapeutic benefits. 

 

4. Objectives and Scope of work  

4.1  Objectives: 

 The objective of the present study is to select plant extracts from Raphanus sativus, Withania 

somnifera, Luffa acutangula, Ricinus communis, Solanum melongena, Moringa oleifera & 

Cassia angustifolia for investigation in chronic metabolic disorders.  

 To study the glucose lowering effect of the medicinal plants in glucose tolerance test. 

 To screen anorexic effect of the medicinal plants using food intake measurement. 

 To study the lipid lowering effect of the selected medicinal plants in Poloxamer407- induced 

hyperlipidemia. 

 To perform dose optimization study using selected medicinal plants against GTT. 

 To investigate activity of selected medicinal plants in HFD- model.  

 To investigate anti-diabetic activity of selected medicinal plants in HFD+STZ- induced 

diabetes.  

4.2  Scope of work: 

The current research work throws light on the efficacy of various herbal medicines in the 

reduction of consequences associated with metabolic disorders. The study helps in the 

selection of better option out of selected herbal medicines as a treatment approach for 

metabolic disorders.   

 

5. Original contribution by thesis 

The current study provides scientific data regarding potential of chosen herbal extracts in the 

treatment of acute problems associated with metabolic disorders as well as mechanisms 

responsible for ameliorative effects of chosen extracts in consequences associated with 

metabolic disorders.  
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6. Methodology of Research, Results / Comparisons  

6.1 Method: 

6.1.1 Experimental animals & Ethical approval 

Rats were used as experimental animal. 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/13-14/03, Phd/13-15/01, BIP/IAEC/2014/16, 

BIP/IAEC/2015/04, BIP/IAEC/2015/18). 

6.1.2 Extracts used  

Extracts used for study are: 

 Aqueous extracts of, Raphanus sativus leaves (RSLAE), Raphanus sativus stem (RSSE), 

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

angustifolia leaves (CALE).  

 Ethanolic extract of Withania somnifera leaves (WSLEE) 

 Methanolic extract of Luffa acutangula fruit (LAFE) 

 Hydroalcoholic extracts of Raphanus sativus leaves (RSLE), Solanum melongena fruit 

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

acutangula peel (LAPE) 

6.1.3 Phytochemical analysis 

Qualitative phytochemical tests to identify the secondary metabolites in extracts were carried 

out according to standard methods, TLC and HPTLC [7–9]. Quantitative estimation was done 

using gravimetric method[10] & HPLC method. 

6.1.4 Acute oral toxicity study 

Single dose acute oral toxicity study was performed as per OECD 420 guidelines[11]. 

6.1.5 Acute studies 

6.1.5.1 Glucose Tolerance Test (Method optimization, Single dose study,  

Multiple dose study) 

In GTT (method optimization) study, animals were given different glucose loads 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 Glucose Tolerance Test (GTT) studies. 

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

vehicle  control (1% CMC), Group II-glucose control (glucose, 3 g/kg), Group III, IV, V, VI, 

VII, VIII, IX, X, XI, XII, XIII, XIV, XV were treated with RSLE, RSLAE, RSSE, LAPE, 
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LAFE, WSLAE, WSLEE, WSFE, RCRE, MOFE, SMFE, CALE and AILE respectively and 

Group XVI- Metformin (100 mg/kg). 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. Blood glucose levels were measured at basal, 0, 30, 60, 90 and 120 min 

after the oral glucose load[12].  

In GTT (Multiple dose 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 GTT (Single dose study). 

6.1.5.2 Food intake measurement 

Animals were 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 RSLE, RSLAE, RSSE, LAPE, LAFE, 

WSLAE, WSLEE, WSFE, RCRE, MOFE, SMFE, CALE and AILE respectively and Group 

XV-Rimonabant (10 mg/kg). All the extracts were given at the dose of 400 mg/kg. All the 

treatments were given once orally. Fasted rats (18 h fasting) were given respective treatments 

and then placed in cages with pre-weighed feed. After 3 h, animals were returned to their 

original cages and the remaining feed was weighed[13].  

6.1.5.3 Poloxamer 407 (P407)-induced hyperlipidemia 

Animals were divided into five groups (n=06): Group I: VC (1% CMC, p.o.) Group II: P407, 

1g/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 Group V: AT 

(P407+Atorvastatin, 75 mg/kg, p.o.). Drug treatments were started from two weeks before 

P407 administration to respective groups. Blood samples were collected on 0, 24 & 48 h after 

P407 administration[14, 15]. Study parameters were lipid profile [Total cholesterol (TC),  

triglyceride (TG), high density lipoprotein (HDL), very low density lipoprotein (VLDL), low 

density lipoprotein (LDL) and non-HDL cholesterol level][16, 17] and atherogenic indices 

[Castelli Risk Index-I (CRI-I), Castelli Risk Index-II (CRI-II), Atherogenic Coefficient (AC) 

& Atherogenic Index of plasma (AIP)][18].  

 6.1.5.4 Dose optimization study 

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

to select best possible dose for chronic studies. 
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6.1.6 Chronic studies 

6.1.6.1 High fat diet-induced metabolic disorder 

Sprague–Dawley rats were fed on their respective diets i.e. normal pellet diet (NPD) or high 

fat diet (HFD) for 16 weeks. After 16 weeks, animals were divided into seven groups: Group 

I: NPD (normal pellet diet, 1% CMC), Group II: HFD (high-fat diet, 1% CMC), Group III: 

RSLE4 (high-fat diet+ Raphanus sativus extract, 400 mg/kg), Group IV: RSLE8 (high-fat 

diet+ Raphanus sativus extract, 800 mg/kg), Group V: CALE4 (high-fat diet+ Cassia 

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

extract, 800 mg/kg) and Group VII: AT (Atorvastatin, 10 mg/kg). Treatment was given orally 

for 07 weeks. Parameters studied are weekly body weight, daily food intake, nutritional 

(energy intake, feed efficiency ratio) and anthropometric (Lee index, BMI, Naso-anal length) 

parameters, lipid profile, glucose, insulin, leptin, Aspartate aminotransferase (AST), Alanine 

aminotransferase (ALT), creatinine, glucose tolerance test, insulin tolerance test, atherogenic 

indices (AIP, AC, CI-I, CI-II), HOMA-IR, organ weight and tissue histopathology of Liver & 

Mesenteric fat[19–27]. 

6.1.6.2 Streptozotocin (STZ) and high fat diet-induced diabetes mellitus 

After the 16 weeks of dietary manipulation, the rats were injected with STZ (35 mg/kg i.p.). 

Seven days after STZ injection, the rats with the non-fasting glucose of ≥200 mg/dL were 

considered diabetic. Study groups were: Group I: NPD (normal pellet diet, 1% CMC), Group 

II: NPD+STZ (normal pellet diet, 1% CMC), Group III: HFD+STZ (high fat diet, 1% CMC), 

Group IV: RSLE4 (high-fat diet+ Raphanus sativus extract, 400 mg/kg), Group V: RSLE8 

(high-fat diet+ Raphanus sativus extract, 800 mg/kg), Group VI: CALE4 (high-fat diet+ 

Cassia angustifolia extract, 400 mg/kg), Group VII: CALE8 (high-fat diet+ Cassia 

angustifolia extract, 800 mg/kg) and Group VIII: MET (Metformin, 100 mg/kg). Treatment 

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

glucose level was checked before & after study. Weekly body weight and daily food intake 

was measured. All other parameters were checked at the end of study. Parameters studied are 

nutritional (energy intake, feed efficiency ratio), and anthropometric (Lee index, BMI, Naso-

anal length) parameters, lipid profile, glucose, insulin, leptin, AST, ALT, creatinine, glucose 

tolerance test, insulin tolerance test, atherogenic indices (AIP, AC, CI-I, CI-II), HOMA-IR, 

organ weight and tissue histopathology of Liver, Pancreas & Kidney[19–21, 23, 24, 28]. 
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6.1.7 Statistical methods 

Data were analysed by one way/two way ANOVA followed by multiple comparison test and 

p < 0.05 was considered statistically significant. Data presented as mean ± SEM. Graph Pad 

Prism 5 software was used for statistical analysis. 

6.2 Result 

6.2.1 Phytochemical analysis  

Qualitative phytochemical analysis of the extracts showed presence of flavonoids, glycosides, 

saponins and/or tannins. 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% & 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 and Sennoside A: 0.73 %, Sennoside B: 1.55%, and rutin: 0.15 % in CALE.  

6.2.2 Acute oral toxicity study 

No sign of toxicity was observed during toxicity study. Necropsy study revealed that structure 

abnormality was found to be absent. 

6.2.3 Acute studies 

6.2.3.1 Glucose Tolerance Test (Method optimization, Single dose study, Multiple dose 

study) 

GTT (Method optimization) study supported use of 3 g/kg glucose load to induce 

hyperglycaemia.GTT (Single dose) & GTT (Multiple dose) study indicated that significant 

elevation in glucose level was observed at 30, 60, 90 and 120 (p<0.001) in glucose control 

group as compared to vehicle control. It was observed that RSLE and CALE were effective in 

glucose lowering at 30 and 60 min. in both models of GTT (single dose and multiple dose), as 

compared to glucose control, which supports potential of these extracts for further study in 

chronic models.   

6.2.3.2 Food intake measurement 

Results indicate that the order of % inhibition of food intake is:  

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.   

6.2.3.3 Poloxamer 407 (P407)-induced hyperlipidemia 

Results indicated significant increase (P<0.001) in lipid profile and atherogenic indices of 

P407 group at 24 h and 48 h as compared to VC group.  Significant decrease was observed in 
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lipid profile & atherogenic indices of CALE4 & RSLE4 groups at 24 h and 48 h as compared 

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

6.2.3.4 Dose optimization study 

Results of this study supported selection of two doses i.e. 400 and 800 mg/kg of both 

extracts-RSLE & CALE for study in chronic models. 

6.2.4 Chronic study 

6.2.4.1 High fat diet model 

6.2.4.1.1 Body weight & food intake 

Significant increase (P<0.001) in body weight and body weight gain was observed in HFD 

group as compared to NPD group (Table 1). Significant decrease, in final body weight, body 

weight gain and food intake was observed in all extracts treated groups as compared to HFD 

group (Table 1).  

 

Table 1: Effect of R. sativus & C. angustifolia extracts on body weight and food intake 

Parameters 
Group 

NPD HFD RSLE4 RSLE8 CALE4 CALE8 AT 

Initial body 
weight (g) 

225±4.65 272.5±7.04### 273.33±7.26 275±7.3 263.33±5.73 265±2.89 260.83±3 

Final body 
weight (g) 

245 ±5.77 323.33±7.6### 293.33±7.49* 286.67±6.15** 295±5.77** 291.67±5.27*** 305±4.28 

Body weight 
gain (g) 

20±2.24 50.83±5.67### 20±5.34*** 11.67±6.2*** 31.67±1.87* 26.67±2.45** 44.17±3.74 

Food intake 
(g/rat/day) 

10.37±0.1 10.61±0.08 10.31±0.01* 10.20±0.05** 10.27±0.08* 10.28±0.03* 10.50±0.07 

  

Values are expressed as Mean ± SEM (n=6), analyzed by One way ANOVA followed by Bonferroni Test. ###denotes P< 0.001 vs. NPD,  * denotes P< 0.05, **denotes P< 

0.01  & ***denotes  P< 0.001 vs. HFD. NPD-Normal pellet diet, HFD- High fat diet, RSLE4- Raphanus sativus leaf extract (400 mg/kg), RSLE8- Raphanus sativus leaf 

extract (800 mg/kg), CALE4-Cassia angustifolia leaf extract (400 mg/kg), CALE8-Cassia angustifolia leaf extract (800 mg/kg) , AT- Atorvastatin 

 

6.2.4.1.2 Nutritional Parameters (energy intake, feed efficiency ratio) 

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

observed in HFD group as compared to NPD group. Significant decrease in energy intake and  

feed efficiency ratio was observed in all extracts treated groups as compared to HFD group.  

6.2.4.1.3 Anthropometric Parameters (Lee index, BMI, Naso-anal length)  

Body mass index (BMI) and LEE index, both were significantly increased (P<0.001) in HFD 

group as compared to NPD group, while significantly decreased in treatment groups i.e. 

RSLE4, RSLE8, CALE4 and CALE8 group as compared to HFD group.  
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6.2.4.1.4 Glucose, Insulin, HOMA-IR & leptin level 

Significant increase in insulin (P<0.05), HOMA-IR (P<0.001) & leptin (P<0.001) was 

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

in CALE8 group as compared to HFD group. Leptin was also decreased significantly in 

RSLE8 and CALE4 groups as compared to HFD group.  

6.2.4.1.5 Lipid profile & atherogenic indices  

Significant increase was observed in TC (P<0.001), TG (P<0.05), LDL (P<0.001) and VLDL 

(P<0.05) in HFD group as compared to NPD group. Significant decrease in TC, TG, LDL and 

VLDL was observed in RSLE8, CALE4, CALE8 & AT group as compared to HFD group. 

RSLE4 group showed significant decrease in TC & LDL in comparison with HFD. No 

significant change was observed in HDL. Significant increase (P<0.05) in AC, CI-I, CI-II was 

observed in HFD group as compared to NPD group, while significant decrease in AIP, AC, 

CI-I, CI-II was observed in treatment groups as compared to HFD group. 

6.2.4.1.6 AST, ALT & creatinine  

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

group. AST level was found to be 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 significant change was observed in creatinine level. 

6.2.4.1.7 GTT & ITT 

AUC for glucose level was significantly increased in HFD group in ITT (P<0.001) and GTT 

(P<0.05), while significantly decreased in RSLE4, CALE4, CALE8 and AT group in ITT and 

in RSLE4 and RSLE8 group in GTT as compared to HFD group (Fig. 1). 
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Fig. 1: a. AUC glucose (ITT) and b. AUC glucose (GTT); Values are expressed as Mean ± SEM (n=6), Data analyzed by one way ANOVA followed by Tukey Test. # 

denotes P< 0.05, ###denotes P< 0.001 vs. NPD, * denotes P< 0.05, **denotes P< 0.01 vs. HFD. NPD-Normal pellet diet, HFD- High fat diet, RSLE4- Raphanus sativus leaf 

extract (400 mg/kg), RSLE8- Raphanus sativus leaf extract (800 mg/kg), CALE4-Cassia angustifolia leaf extract (400 mg/kg), CALE8-Cassia angustifolia leaf extract (800 

mg/kg) , AT- Atorvastatin 
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6.2.4.1.8 Organ weight  

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

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

organs. 

6.2.4.1.9 Tissue histopathology  

Adipose tissue 

Histology of adipose tissue showed significant increase in cell size in HFD group as 

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

Significant decrease in cell size was observed in RSLE4, RSLE8, CALE4, CALE8 and AT 

group as compared to HFD group indicating decrease in fat deposition in adipocytes of 

treatment groups. 

Liver 

Histopathology of liver revealed microvesicular steatosis was observed in all groups fed with 

HFD. Significant decrease in microvesicular steatosis was observed in RSLE4, RSLE8, 

CALE4 and CALE8 groups in dose dependent manner as compared to HFD group. 

6.2.4.2 Streptozotocin and high fat diet-induced diabetes mellitus 

6.2.4.2.1 Body weight & food intake 

Significant increase in final body weight (P<0.05) and food intake (P<0.001) was observed in 

HFD+STZ group as compared to NPD group. No significant change in body weight and food 

intake was observed in extract treated groups as compared to HFD+STZ group. 

6.2.4.2.2 Nutritional Parameters (energy intake, feed efficiency ratio) 

Significant increase in energy intake (P<0.001) and decrease in feed efficiency ratio (P<0.05) 

was observed in HFD+STZ group as compared to NPD group. No significant change in 

nutritional parameters was observed in extract treated groups as compared to HFD+STZ 

group. 

6.2.4.2.3 Glucose, Insulin & HOMA-IR  

Significant increase in glucose on day 0 (P<0.001) and day 21 (P<0.001) & HOMA-IR 

(P<0.001) while decrease in insulin (P<0.01) was observed in HFD+STZ group as compared 

to NPD group. Significant decrease in glucose level was observed on day 21 in all treated 

groups as compared to HFD+STZ group. Significant increase in insulin level was observed in 

RSLE4 and RSLE8 groups as compared to HFD+STZ group. Significant decrease in HOMA-

IR was observed in RSLE8 and CALE8 groups as compared to HFD+STZ group (Table 2). 
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Table 2: Effect of R. sativus & C. angustifolia extracts on serum glucose, serum insulin and HOMA-IR 

Parameters Group 
NPD NPD+STZ HFD+STZ RSLE4 RSLE8 CALE4 CALE8 MET 

Glucose 
(mg/dL), 
Day 0 

92.5±3.9 156.3±4.78 349.7±19.12### 341±38.2 335.8±4 353.5±25.42 322.2±33.81 323.2±38.29 

Glucose 
(mg/dL), 
Day 21 

90±3.15 97.2±3.46 405.8±20.79### 200.3±41.9*** 144.3±25.1*** 258.3±36.56** 136.3±14.76*** 129±18.99*** 

Insulin 
(μg/L) 

2.26±0.1 2.12±0.17 1.57±0.09## 2.26±0.1* 2.40±0.13** 1.69±0.14 1.85±0.08 1.73±0.16 

HOMA-IR 
9.1±0.52 9.1±0.79 28±0.89### 19.7±3.81 15.5±3.07** 18.6±2.32 10.4±1.22*** 10.5±1.57*** 

Values are expressed as Mean ± SEM (n=6), analyzed by One way ANOVA followed by Tukey Test. ## denotes P< 0.01 & ###denotes P< 0.001 vs. NPD, * denotes P< 

0.05, **denotes P< 0.01 & ***denotes P< 0.001 vs. HFD+STZ. NPD-Normal pellet diet, HFD- High fat diet, STZ- Streptozotocin, RSLE4- Raphanus sativus leaf extract 

(400 mg/kg), RSLE8- Raphanus sativus leaf extract (800 mg/kg), CALE4-Cassia angustifolia leaf extract (400 mg/kg), CALE8-Cassia angustifolia leaf extract (800 mg/kg), 

MET- Metformin 

 

6.2.4.2.4 Lipid profile & Atherogenic indices  

Significant increase was observed in TC (P<0.001), TG (P<0.01), LDL (P<0.001) and VLDL 

(P<0.01) in HFD+STZ group as compared to NPD group. Significant decrease in TC, TG, 

LDL and VLDL was observed in RSLE4, RSLE8, CALE8 & MET group, as compared to 

HFD+STZ group. CALE4 group showed significant decrease in TC & LDL as compared with 

HFD+STZ group. No significant change was observed in HDL. Significant increase (P<0.05) 

in AC, CI-I and CI-II was observed in HFD+STZ group as compared to NPD group, while 

significant decrease was observed in treatment groups as compared to HFD+STZ group (Fig. 

2). 
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Fig. 2: Effect of R. sativus & C. angustifolia extracts on atherogenic indices. Values are expressed as Mean ± SEM (n=6), analyzed by One way ANOVA followed by Tukey 

Test. # denotes P< 0.05 vs. NPD, * denotes P< 0.05, ** denotes P< 0.01 & ***denotes P< 0.001 vs. HFD+STZ. NPD-Normal pellet diet, HFD- High fat diet, STZ- 

Streptozotocin, RSLE4- Raphanus sativus leaf extract (400 mg/kg), RSLE8- Raphanus sativus leaf extract (800 mg/kg), CALE4-Cassia angustifolia leaf extract (400 

mg/kg), CALE8-Cassia angustifolia leaf extract (800 mg/kg) , MET- Metformin. 

 

6.2.4.2.5 AST, ALT & creatinine  

Significant increase was observed in AST (P<0.01) and ALT (P<0.05) level of HFD+STZ 

group as compared to NPD group. Significant decrease was observed in AST and ALT of 
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RSLE4, RSLE8 and MET group as compared to HFD+STZ group. No significant change was 

observed in creatinine level. 

6.2.4.2.6 Organ weight  

No significant change was observed in relative organ weight of all groups. 

6.2.4.2.7 Tissue histopathology  

Pancreas  

In NPD & NPD+STZ group, the pancreas islets showed clear boundaries. In these groups, 

size of islets was bigger and prominent as compared to other groups. HFD+STZ group 

showed islets with numerous vacuous areas. Size of islets was decreased as compared to NPD 

group. Significant improvement was observed in the structure of the islets in treatment groups 

in dose dependent manner as compared to HFD+STZ group.  

Liver  

In NPD & NPD+STZ group, the structure of liver tissue was normal, with clear cell borders 

of hepatocytes, and the nucleus was round and clear, located in the centre of the cell with 

abundant cytoplasm. Fatty degeneration was not found in the liver of these groups. In the 

HFD+STZ group; the liver volume was significantly increased compared with the normal 

group, and there were more fat vacuoles. Compared to the HFD+STZ group, significant 

improvement was observed in hepatocytes of treated groups and the number of fat vacuoles 

was significantly reduced as compared to HFD+STZ group. Higher dose extract groups i.e. 

RSLE8 and CALE8, showed a better preventive effect. 

Kidney  

Histological study of kidney revealed normal glomerulus surrounded by the Bowman's 

capsule, proximal, and distal convoluted tubules without any inflammatory changes in NPD 

group. Improvement was observed in the histological observations in treatment groups as 

compared to HFD+STZ group. No prominent basement membrane thickening was observed. 

 

7. Achievements with respect to objectives  

As per the study objective, two extracts- Raphanus sativus leaf extract and Cassia 

angustifolia leaf extract were selected out of studied twelve extracts, for further study in 

chronic study. Both plant extracts, were found to possess significant glucose lowering, lipid 

lowering potential and significantly improved consequences associated with metabolic 

disorders as supported by data of acute and chronic models of study. 
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8. Conclusion  

On the basis of results, it is suggested that Raphanus sativus leaf extract and Cassia 

angustifolia leaf extract possess ameliorative effect in consequences associated with 

metabolic disorders.  
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