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 This study explores the anti-diabetic, insulin sensitizing and hypolipidemic activity of 
Coccinia indica (C.indica) leaf extract (ethanolic) in glucocorticoid induced insulin resistance 
(IR). A 12 day study with 5 groups of 30 male Wistar albino rats, with 6 rats in each was 
conducted. The rats in all the groups except group 1 received dexamethasone (8mg/kg/i.p.) from 
7th to 12th day to induce IR. The groups 1 and 2 received 2% gum acacia orally for 12 days 
whereas the groups 3 & 4 received oral ethanolic extract of C.indica leaf in the dose of 1 and 2 
gm/kg, respectively. The standard control (group 5) received metformin (1gm/kg) orally for 12 
days. Fasting serum glucose, insulin and lipid levels were estimated at the beginning and end 
of the study. The insulin sensitivity indices (homeostatic model assessment of insulin resistance 
and sensitivity, fasting glucose to insulin ratio, hepatic & atherogenic indices) were calculated. 
The body weight was monitored on alternate days. The liver weight, volume and histopathology 
were also done. Compared to group 2 rats, the group’s 3 & 4 demonstrated significant(p<0.05) 
dose dependent lowering of serum glucose, insulin and lipids as well as lowered IR, improved 
insulin sensitivity and reduced hepatic steatosis. Additionally, group 2 rats had low body weight 
and hepatomegaly. This extract demonstrated significant anti-diabetic, hypolipidemic and 
insulin sensitizing activity. Hence it can be used as an effective alternative for treating type2 
diabetes mellitus.
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 Diabetes mellitus (DM) is characterized 
by hyperglycemia either due to absolute or relative 
deficiency of insulin secretion or action.1 Insulin 
resistance (IR), found in type 2 DM, is a state 
of impaired glucose utilization by the peripheral 

target tissues like liver, skeletal muscle and adipose 
tissue due to reduced insulin response. Initially, IR 
leads to compensatory hyperinsulinemia via beta 
cell hypersecretion which progresses to persistent 
hyperglycemia, dyslipidemia, and endothelial 
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alterations.2 Glucocorticoids (GC) contribute to 
IR due to its counter regulatory effect on insulin 
to produce hyperglycemia and hyperlipidemia. 
Furthermore, the GC enhances the release of excess 
fatty acids from adipose tissue and facilitates 
triglycerides (TG) synthesis in liver, contributing 
to fatty liver.3, 4 
 The indices of IR and insulin sensitivity 
(IS) are widely used in research and clinical trials as 
well as clinical practice. These indices quantify IR 
and IS, and may serve as specific markers of early 
organ damage.5 The homeostatic model assessment 
(HOMA) of IR and IS are simple indices employed 
to calculate IR, insulin secretion and IS.6 In 
addition, another specific index that  measures IS 
is fasting glucose to insulin ratio (FGIR) .7 The 
hepatic index (HI), an indicator of hepatic steatosis 
analyzes the progression of non-alcoholic fatty 
liver disease whereas the atherogenic index (AI) 
indicates the risk/occurrence of atherosclerosis and 
coronary artery diseases.8, 9

 Many local plants were used in the 
traditional medicine for treating DM. Coccinia 
indica (C.indica), a Cucurbitaceae family member, 
is commonly known as ivy gourd is a climbing 
tropical perennial vine.10 It is commonly grown 
in India and its fruit is consumed as vegetable. 
Traditionally the leaves and the shoot were used 
in Ayurvedic and Unani Medicine. The aqueous 
and ethanolic leaf extracts exhibited hypoglycemic 
activity11 and depressed glucose-6-phosphatase 
enzyme activity.12  To the best of our knowledge no 
other study has evaluated the hypoglycemic, insulin 
sensitizing and hypolipidemic effect of ethanolic 
leaf extract of C.indica in GC-induced IR in Wistar 
Albino rats hence, the current study. Additionally 
the hypolipidemic effects were confirmed by 
histopathologic examination of liver tissues.

MATERIALS AND METHODS

Plant material
 Fresh leaves of C.indica plant were 
collected from the farms of Nalgonda town, 
Telangana, India. The leaves were authenticated 
and stored until extraction and analysis in the 
Department of Pharmacognosy, SDM Centre for 
Research in Ayurveda and Allied Sciences, Udupi, 
Karnataka, India.

Extract Preparation
 The leaves were dried under shade 
and then finely powdered using a blender. The 
powdered leaves (3000 gm) was mixed with 16L 
of absolute ethanol in a flask and allowed to stand 
for 24hrs. Then it was filtered and concentrated by 
rotary evaporator. Finally 132 gm of dried yield 
was obtained and stored in a stopper glass bottle 
until the study.13 
Phytochemical Analyses
 Preliminary phytochemical analysis of 
ethanolic extract of C.indica was assessed to find 
the presence of active chemical compounds by 
using standard methods.14

Experimental Design
Animals
 Thirty adult male Wistar albino rats 
weighing 250-300gms were obtained and housed 
in polypropylene cages in the animal house facility. 
In accordance with the Committee for the Purpose 
of Control and Supervision on Experimental 
Animals (CPCSEA), they were maintained under 
optimum temperature (22ºC±2ºC) and 12h day:12h 
night cycle. They had free access to pellet food 
(Hindustan Lever Limited, Mumbai, India) and 
water ad libitum. This study was approved by the 
Institutional Animal Ethics Committee (KSHEMA/
IAEC/02/2013).
Drugs and Reagents
 The drugs and reagents including GC 
dexamethasone (DEX) (Zydus pharmaceuticals, 
India), Metformin (Mahalakshmi Chemicals 
Private Limited, Hyderabad), Ketamine (Neo 
laboratories, Mumbai), Biochemical Reagents 
(Agappe Diagnostic Private Limited, Bangalore), 
Enzyme-Linked Immunosorbent Assay (ELISA) 
kit (Gen X Bio Health Sciences Private Limited, 
New Delhi), Hematoxylin & Eosin (H&E) 
Reagents (Bio Lab Diagnostics Private Limited, 
Mumbai) were procured and were used in the study.
Methodology
 Thirty male Wistar albino rats were 
categorized into five groups with 6 rats in each 
and were studied for 12 days. The details of five 
categorical groups are given below. All the rats 
were weighed using electrical balance on alternate 
days beginning from day 1 and ending on day 12 
before sacrifice. The blood glucose, insulin and 
lipid levels of all the rats were recorded before 
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Table 1. Serum glucose, insulin and lipid profile among Categorical groups

Categorical  Glucose Insulin TC TG HDL-C LDL-C
Group (mg/dl) (ng/ml) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Group 1 103.37±0.27 2.76±0.11 82.98±2.84 57.49±2.49 27.25±0.90 44.23±2.98
Group 2* 272.27±3.36 19.04±0.27 224.51±2.72 176.73±3.20 12.16±0.81 177.01±3.19
Group 3 147.10±2.23 7.41±0.24 106.97±2.66 98.46±2.58 20.18±0.74 67.10±1.95
Group 4** 122.51±1.21 6.02±0.23 103.40±2.54 86.83±1.45 22.88±0.61 63.15±2.73
Group 5 130.91±0.70 6.37±0.24 105.35±3.24 93.92±0.95 20.94±0.36 65.63±2.91

Each group has 6 rats (n=6), The group 2* compared to the other groups had higher levels of all the parameters. **Group 4 
compared to group 3 had dose dependent lowered levels of all parameters 

Table 2. Insulin Sensitivity indices among Categorical groups

Categorical  HOMA-IR ISI FGIR Hepatic  Atherogenic 
Group    Index Index

Group 1 16.92±0.69 1.47±0.06 1.57±0.06 1.37±0.03 2.06±0.12
Group 2* 307.17±4.45 0.08±0.01 0.60±0.01 7.16±0.23 17.94±1.42
Group 3 64.67±2.84 0.39±0.02 0.83±0.02 2.64±0.05 4.33±0.19
Group 4 43.76±1.90 0.57±0.02 0.85±0.03 1.77±0.04 3.53±0.16
Group 5 49.46±1.93 0.50±0.02 0.86±0.03 2.46±0.04 4.03±0.13

Each group has 6 rats (n=6), The group 2* had higher insulin resistance, hepatic index, atherogenic index 
and low insulin sensitivity compared to the other groups.

starting the experiment as well as at the end of the 
study (12th day). For which fasting blood samples 
were collected from overnight fasted rats by retro-
orbital sinus puncture under ketamine anesthesia 
intraperitoneally (50mg/kg). The safe dosage of 
ethanolic extract of C.indica in Wistar rats was 
determined using acute toxicity study prior to the 
experiment as was done earlier.15 The experiment 
was conducted as follows -
Group 1: Normal control group - were given only 
2 % gum acacia orally (10mg/kg/day) from 1- 12 
days.
Group 2: Diabetic control group received 2% 
gum acacia orally/day from 1-12 days along with 
intraperitoneal DEX injection (8mg/kg/day) from 
7-12 days. 
Group 3 & 4: Rats in these test groups were given 
ethanolic extract of C.indica orally [group III (1 
gm/kg/day) & group IV (2gm/kg/day) respectively] 
from 1-12 days along with intraperitoneal DEX 
injection (8mg/kg/day) from 7-12 days. 
Group 5: The standard control group rats were 
given oral metformin (1gm/kg/day) from 1-12 days 
along with intraperitoneal DEX injection (8mg/kg/
day) from 7-12 days.

 At the end of the study the rats were 
sacrificed by cervical dislocation. The liver was 
dissected, its weight and volume was recorded. The 
liver volume was measured by calculating volume 
of saline displaced by liver in 100ml of saline. 
Later it was fixed in 10% neutral buffered formalin 
solution for further histopathology examination.
Fasting serum glucose levels
 The blood samples collected in plain and 
anticoagulated (calcium oxalate & sodium fluoride) 
vacutainers were centrifuged at 2000 RPM for 
15-20 minutes to obtain the serum. Then, serum 
glucose levels were measured by glucose oxidase 
- peroxidase method (GOD-POD) using automated 
analyzer. The values were expressed as mg/dl.
Insulin Assay
 Serum insulin levels were estimated by 
ELISA method and the results were expressed as 
ng/ml.
Serum lipid profile
 Serum total cholesterol (TC), HDL-
Cholesterol (HDL-C) and LDL-Cholesterol 
(LDL-C) levels were assessed by Cholesterol 
oxidase - phenol aminophenazine (CHOD-PAP) 
method. Serum TG levels were estimated by glycerol 
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Table 3. Confidence Intervals (CIs) of Serum glucose, insulin, lipid profile and insulin 
sensitivity indices between group 2 and other rat groups

Parameter Group 2 Vs. 1 Group 2 Vs. 3 Group 2 Vs. 4 Group 2 Vs. 5

Glucose 159.90-177.88 116.17-134.14 140.76-158.73 132.36-150.33
Insulin 15.23-17.33 10.59-12.68 11.97-14.07 11.62-13.71
TC 128.32-154.74 104.32-130.75 107.90-134.32 105.95-132.37
TG 108.50-129.97 67.53-89.00 79.16-100.63 72.06-93.53
HDL-C -18.42 - -11.75 -11.35 - -4.69 -14.06 - -7.39 -12.11 - -5.44
LDL-C 119.69-145.86 96.82-122.99 100.78-126.95 98.29-124.46
HOMA-IR 277.70-302.79 229.96-255.04 250.86-275.95 245.16-270.25
ISI -1.53 - -1.24 -0.44 - -0.16 -0.63 - -0.34 -0.56 - -0.27
FGIR -1.14 - -0.80 -0.40 - -0.06 -0.42 - -0.08 -0.43 - -0.09
HI 5.27-6.29 4.01-5.02 4.87-5.89 4.19-5.20
AI 12.83-18.92 10.56-16.65 11.35-17.44 10.85-16.94

All these CIs indicate significance with a p value of <0.05.

Fig. 1. Bar diagram demonstrating the differences in Body weight, Liver weight and volume among the categorical 
groups.

(A) The diabetic control group 2 rats exhibited significantly reduced body weight when compared to the other group 
rats (p<0.0001). (B) In comparison to the other group rats the diabetic control group 2 rats had marked hepatomegaly 
as manifested by increase in both weight and volume of the liver (p<0.0001). 

3-phosphate oxidase - phenol aminophenazine 
(GPO-PAP) method using automated analyzer. The 
results were expressed as mg/dl.
Calculation of insulin sensitivity indices16, 17

 The insulin sensitivity indices were 
calculated using formulas. HOMA-IR = [Fasting 
insulin × fasting glucose]/405, HOMA-IS = 
10000/ [fasting insulin × fasting glucose], FGIR 
= Fasting glucose concentration / Fasting insulin 
concentration, HI = liver weight/ body weight x 
100 and AI = Total cholesterol - HDL cholesterol 
/ HDL cholesterol.
Histopathological Examination
 The formalin fixed liver was processed in 
an automated tissue processor and then embedded 

in paraffin wax block. Sections of 5µm thickness 
were cut using microtome. These sections were 
mounted onto the slides and were stained with 
standard H & E reagents. Subsequently, the slides 
were examined under light microscope by the 
pathologist (CS) for the assessment of the extent 
of steatosis (40X).18  
Statistical analysis
 All the values were expressed as 
mean ± standard deviation (SD). The statistical 
analyses were done by One way Analysis of 
Variance (ANOVA) followed by Tukeys multiple 
comparisons post hoc test using SPSS version 20.0 
statistics software. The p value of < 0.05 was taken 
as statistical significance. 
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Fig. 2. Histopathology of Liver in groups 1 to 5 (H & E Stain 40X magnification).

(A) Normal control (group1) - Normal architecture without steatosis (B) Diabetic control (group2) - partial loss 
of architecture with extensive macrovesicular steatosis (arrows) (C) Test group (3) - Normal architecture with 
microvesicular steatosis (arrows) (D) Test group (4) - Normal architecture with focal microvesicular steatosis  (arrow) 
(E) Metformin group (group5) - Normal architecture without steatosis.  

RESULTS

Phytochemical findings
 The qualitative phytochemical screening 
of ethanolic extract of C.indica leaf revealed the 
presence of triterpenoids, alkaloids, steroids, 
carbohydrates, tannins, flavonoids, coumarins, 
phenols, resins and quinones. 
Serum insulin levels and Anti-diabetic Effect
 The diabetic control group (group 2) 
exhibited significantly (p<0.05) higher fasting 
serum insulin (19.04 vs. 2.76 ng/ml)(Confidence 
Interval(CI):15.23-17.33) and glucose (272.27 
vs. 103.37 mg/dl) (CI:159.90-177.88) levels  
when compared to the normal control group 
(group 1) (Table 1 & 3). The test (groups 3 & 4) 
and metformin (group 5) groups demonstrated 
significantly lower levels of serum insulin (7.41, 
6.02 & 6.37 ng/ml) (CI:10.59-12.68, 11.97-14.07 
& 11.62-13.71) and glucose (147.10, 122.51 & 
130.91 mg/dl) (CI:116.17-134.14, 140.76-158.73 
& 132.36-150.33) when compared to the diabetic 
control group (group 2) in a dose-dependent 
manner (Table 1 & 3). 
Effect on lipid profile
 The diabetic control group (group 2) had 

significantly (p<0.05) higher serum lipid levels (TC 
& LDL-C), but lower HDL-C when compared to 
the normal control group (group 1) (Table 1 & 3). 
The test groups 3 & 4 and the metformin group 5 
had lower TC, LDL-C and higher HDL-C levels. 
Specifically, the group 4 rats had much lower TC, 
LDL-C and higher HDL-C levels than the group 
5 (Table 1 & 3).
Effect on insulin sensitivity indices
 The insulin resistance (IR) was determined 
using insulin sensitivity indices. The group 2 rats 
demonstrated an increased HOMA-IR levels and 
decreased HOMA-IS, FGIR levels indicating 
development of IR. In addition group 2 rats 
exhibited increased HI and AI indices indicating 
hepatic steatosis and hyperlipidemia. Whereas, the 
test groups 3 & 4 and the metformin group 5 had 
normal indices (Table 2 & 3). 
Effect on Body weight
 Significantly (p<0.05) decreased body 
weights (179.17 gm) were observed in the group 
2 rats whereas groups 3, 4 (247.83, 256.5 gm) and 
group 5 (250.00 gm) had increased body weight 
(Figure 1A).
Effect on liver weight and volume
 Of all the groups the group 2 when 
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compared to group 1, 3, 4 & 5 rats had enlarged 
liver by weight (12.83 vs. 3.55, 6.55, 4.55 & 6.15 
gm) and volume (14.52 vs. 2.88, 5.50, 3.60 & 4.50 
ml) (Figure 1B).
Histopathological Examination
 The rats in groups 1 & 5 (Figure 2A, E) did 
not show any steatosis whereas, the group 2 (Figure 
2B) exhibited extensive hepatic macro-vesicular 
steatosis throughout the lobule. The test groups 3 
& 4 showed almost normal liver histology except 
for focal mild microvesicular steatosis (Figure 2C, 
D).
Extract Dosage Significance
 Though not statistically significant 
the groups 3 and 4 exhibited dosage dependent 
variation in all of the above parameters (data not 
shown).

DISCUSSION

 Globally, the rapid increase in the 
incidence of type 2 DM poses a demand for the 
quest of novel therapeutic drugs and necessitates 
addition of alternative medicine. As a result 
number of studies has been conducted to assess 
the utility of herbal medicine in type 2 DM.19 Our 
study evaluated the antidiabetic, hypolipidemic 
and possible insulin sensitizing effect of ethanolic 
extract of C.indica on GC induced IR in Wistar 
albino rats. Wherein the rats belonging to the 
diabetic control group due to GC induced IR had 
impaired glucose and lipid homeostasis. Elevated 
free fatty acid levels in these rats may suppress 
cell membrane expression of GLUT-4 transporter 
thereby, decreases glucose uptake leading to 
impaired glucose metabolism.20 GC by enhancing 
hepatic gluconeogenesis and lipogenesis eventually 
lead to IR state in these rats which was further 
confirmed by the insulin sensitivity indices.21

 The C.indica plant as an antidiabetic drug 
has been used since ancient times of Ayurveda.22 
Earlier studies on C.indica leaf extract reported 
hypoglycemic activity possibly due to the insulin 
stimulatory effect.23 But, the mechanism of 
action is not well understood. Interestingly, the 
hypoglycemic effect of C.indica leaf in obese 
hyperglycemic db/db mice, was due to insulin 
sensitizing action by the triterpenes compound 
(dehydrotrametenolic acid) and was also due to 
the activation of peroxisome proliferator activated 

receptor (PPAR)-γ.24 Similarly in our study the 
ethanolic extract of C.indica leaf demonstrated 
insulin sensitizing effect that helped in overcoming 
the IR induced by GC in Wistar albino rats. 
 Prophylactic oral administration of 
ethanolic extract of C.indica (groups 3 & 4) 
prevented the GC induced hyperinsulinemia and 
hyperglycemia which was comparable to the 
effect of metformin in these rats (group 5). This 
distinct insulin sensitizing activity of C.indica 
extract might be attributed to its effect on glucose 
transporters whose function was impaired by GC 
treatment. It is postulated that C.indica extract 
up-regulates glucose utilization by the peripheral 
tissues by enhancing the GLUT1 and GLUT4 
expression leading to lowered IR.25  Furthermore, 
it also corrects the glucose-6-phosphatase and 
lactate dehydrogenase enzymes in glycolytic 
pathway as well as lipoprotein lipase enzyme in 
lipolytic pathway. Additionally, it also increases 
glucose oxidation by stimulating glucose-6-
phosphatase.26, 27 All these mechanisms underlie 
the dose dependent improvement in glucose and 
insulin levels in IR rats (groups 3 & 4) exerted by 
C.indica extract. 
 The rats with GC induced diabetes (group 
2) have elevated lipid levels which can be attributed 
to decreased insulin sensitivity of peripheral tissues 
especially liver and also due to decreased TG 
hydrolysis because of diminished lipoprotein lipase 
activity.28 Prophylactic treatment with C.indica 
extract for 12 days (groups 3 & 4) prevented 
the elevation in lipid levels in a dose dependant 
manner which can be due to the normalization of 
lipoprotein lipase activity leading to  decrease in 
cholesterol levels.29

 Pathologically, the livers of the diabetic 
control (group 2) rats demonstrated extensive 
macrovesicular steatosis and degenerative changes 
in hepatocytes manifesting as hepatomegaly. The 
suppressed α-oxidation of fatty acids and elevated 
fatty acid synthesis may underlie the development 
of hepatic steatosis and increased cholesterol 
levels in these rats3. The test groups (groups 3 
& 4) showed lower lipid levels and only focal 
microvesicular steatosis indicating protective effect 
of C.indica extract against hepatic steatosis and 
hyperlipidemia.30 
 GC administration was associated with 
significant (30%) reduction in the body weight in 
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diabetic control (group 2) rats. This is probably 
due to the catabolic effect of GC on the muscle 
and bone mass. However, prior treatment with 
C.indica extract in group 3 & 4 rats maintained the 
body weight owing to its insulin sensitizing activity 
which negated the catabolic effects of GC.31

 The anti-diabetic activity of ethanolic 
extract of C.indica is due to the presence of 
phytochemical compounds which has been 
explored previously.32, 33 We also demonstrated 
the rich presence of active therapeutic ingredients 
like triterpenoids, flavonoids and saponins in the 
C.indica extract by qualitative phytochemical 
analysis. These ingredients probably helped in the 
correction of metabolic abnormalities induced by 
GC, though the value of individual compound of 
the extract is not known. Most likely, the triterpene 
compound of C.indica extract by increasing the 
PPAR-γ expression, promotes insulin sensitization 
and peripheral glucose utilization.34

 To conclude, ethanolic extract of C.indica 
leaf exhibited significant anti-diabetic, insulin 
sensitizing and hypolipidemic activity on GC 
induced IR in Wistar albino rats.  Hence, the 
C.indica leaf extract may play an important role 
in the management of type2 DM by enhancing 
the insulin signaling in peripheral tissues through 
various mechanisms. Further studies are required 
to explore the underlying mechanisms as well as 
for the quantitative isolation of specific active 
compounds of C.indica extract that might potently 
reduce IR, enhance glucose utilization and correct 
the IR in type 2 DM and other disorders like 
metabolic syndrome.  
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