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Abstract: The objective of the current research was to validate the hepatoprotective and anti-hyperlipidemic activities of 
C. bonduc seed kernels (CBSK) and G. sylvestre leaves (GSL) hydro-methanolic extracts, separately and in combination 
(CBSKE+GSLE) in alloxan-induced diabetic rat model for 28 days. Diabetes was induced by i.p. injection of alloxan 
monohydrate (140 mg/kg body weight) to albino Wistar rats. Six groups of rats (n=9) were used. Group 1 was the 
normal control; group 2 was diabetic control. After induction of diabetes metformin (150mg/kg), CBSKE (400mg/kg), 
GSLE (400 mg/kg) and CBSKE+GSLE (400mg/kg) were administered to diabetic rat groups 3, 4, 5 and 6 respectively 
for a period of 28 days. Diabetic rats exhibited an increase in serum blood glucose, liver function markers and 
lipid profile. Treatment of diabetic rats with metformin, CBSKE, GSLE and CBSKE+GSLE for 4 weeks 
significantly produced hepatoprotective and hypolipidemic effect via amelioration of raised serum glucose, liver 
profile, and lipid profile. The outcomes of this study suggest that G. sylvestre leaves and C. bonduc seed kernels have 
hepatoprotective and hypolipidemic potential which possibly help in managing diabetes-induced liver injury and 
hyperlipidemia. 
 
Keywords: Caesalpinia bonduc, diabetes, Gymnema sylvestre, hepatotoxicity, hyperlipidemia. 
 
INTRODUCTION 
 
Diabetes is a metabolic disease described by prolonged 
hyperglycemia. In this disease, there is an alteration in 
lipid, protein, and carbohydrate metabolism. This 
metabolic disorder has become the leading cause of main 
complications such as oxidative stress, retinopathy, 
neuropathy, nephropathy, dyslipidemia and impaired liver 
functions. It is predicted that with the unexpected 
prevalence of diabetes type 2 worldwide, a noteworthy 
population could be suffering from liver impairment 
secondary to prolonged hyperglycemia (Ogurtsova et al., 
2017). 
 
Diabetes mellitus can be treated by diet, exercise and oral 
hypoglycemic agents and insulin. However, these drugs 
are costly and have side effects. Keeping this point in 
view, an appropriate pharmacological intervention is 
indispensable for the management of diabetes. World 
health organization director of traditional medicines 
reported that about 60% population of the world fulfills 
their primary health-associated requirements by using 
herbal drugs owing to their abundance, low cost, easy 
availability and safety (Nambirajan et al., 2018).  
 
Caesalpinia bonduc (L.) Roxb. (Family: Caesalpiniaceae) 
is also known as “bonduc nut, fever nut and nicker nut”. 
C. bonduc possesses broad therapeutic effects like 
antiviral, antipyretic, antibacterial and antioxidant. These 
effects are due to the presence of phytoconstituents such 

as polyphenols, saponins and flavonoids in various parts 
of C. bonduc such as seeds, leaves, roots and bark 
(Iftikhar et al., 2020). 
 
Gymnema sylvestre (Family: Asclepiadaceae) also known 
as “Gudmar or Sugar destroyer” is a traditional medicinal 
plant that has been recognized with various 
pharmacological properties such as antioxidant, anti-
diabetic, and anti-hyperlipidemic. G. sylvestre leaves have 
acidic glycosides, anthraquinone and their derivatives 
(Kim et al., 2017). The current experiment was conducted 
to explore the effect of C. bonduc seed kernels extract 
(CBSKE) and G. sylvestre leaves extract (GSLE) alone 
and in combination on liver and lipid profiles of diabetic 
rats. 
 
MATERIALS AND METHODS 
 
Preparation of plants extracts 
Caesalpinia bonduc seed kernels (CBSK) and Gymnema 
sylvestre leaves (GSL) were duly recognized and 
authenticated by a Taxonomist at the Department of 
Botany, University of Agriculture, Faisalabad. For future 
reference, specimen vouchers were assigned and 
preserved in herbarium vide No.248-1-2019 and 249-1-
2019 for C. bonduc and G. sylvestre respectively. The 
extracts of both plants were prepared by macerating 
powdered CBSK and GSL each 1kg in methanol and 
water (7:3) for 7 days and were evaporated and 
concentrated by using a rotary evaporator. 
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Experimental design and induction of diabetes 
Male adult Wistar albino rats (n=54) weighing about 180-
200 g were used. Rats were retained in an animal house at 
the Institute of Physiology and Pharmacology, University 
of Agriculture Faisalabad. The research was carried out 
by strictly following the guidelines for the use and care of 
animals, approved by the institutional bioethical 
committee after getting permission to vide letter number 
1764. Animals were allocated into 6 groups (n=9). Group 
1 was of normal control. Group 2 was of diabetic rats 
without treatment. Group 3, 4, 5 and 6 respectively were 
treated with metformin (150mg/kg), CBSKE, GSLE and 
CBSKE+GSLE (400 mg/kg each) on daily basis for 28 
days. Rats were made diabetic by administering a single 
i.p. injection of alloxan monohydrate dissolved in normal 
saline at 140mg/kg b.w. The rats exhibiting fasting blood 
glucose levels of ≥ 250mg/dL were included in the 
research (Muzaffar et al., 2019). 
 

Blood sampling 
Rats were decapitated by cervical dislocation after 
completion of the experiment. Blood samples were 
collected and centrifuged at 4000 rpm for 10-15 minutes 
to separate serum samples.  
 

Determination of biochemical parameters 
A commercially available kit (SBio® Glucose Mono 
reagent diagnostic kit) was used for the measurement of 
serum glucose levels. Serum ALT, AST, ALP, albumin, 
total protein, total cholesterol, triglyceride and HDL-
cholesterol levels were measured using commercially 
available kits (Q.C.A., Spain). While serum LDL-
cholesterol was measured by using the following formula: 
LDL- cholesterol (mg/dL) = Total cholesterol-
[Triglycerides/5 + HDL- Cholesterol] (Murad et al., 
2020). 
 

Histopathological examination 
To preserve the tissue samples of the liver, a neutral 
buffered 10% formalin solution was used. Fixed liver 
tissue samples were dehydrated and fixed in paraffin. 
Staining was completed by using eosin and hematoxylin 
stains. All sections were observed under a light 
microscope by following previously established protocols 
(Naseer et al., 2019). 
 

STATISTICAL ANALYSIS 
 

One way ANOVA was used for statistical analysis of data 
by using Graph Pad Prism 6.01 software at a 5% level of 
significance. The significant variations among means 
were assessed by Tukey’s multiple comparison test. 
Results were expressed as mean ± SD. 
 

RESULTS 
 

Effect of CBSKE, GSLE separately and in combination 
on serum glucose 
Administration of alloxan monohydrate leads to an 
elevation of serum blood glucose levels that were 

maintained in the diabetic control group throughout the 
experimental period. Daily treatment with metformin, 
CBSKE, GSLE and CBSKE+GSLE for 28 days 
significantly reduced (P≤0.05) serum blood glucose levels 
(fig. 1). 

 
Fig. 1: Effect of metformin, CBSKE, GSLE, and 
CBSKE+GSLE on serum glucose levels (mg/dL) in 
alloxan-induced diabetic rats. 

 
Fig. 2: Photomicrographs of liver rat tissue sections of 
(A) normal control(B) diabetic control(C) metformin(D) 
CBSKE(E) GSLE and (F) CBSKE+GSLE treated groups 
(H&E staining; 100X). 
 
Effect of CBSKE, GSLE separately and in combination 
on serum liver function markers of diabetic rats 
The diabetic control group has significantly (P≤0.05) 
increased the levels of ALT, AST, and ALP as compared 
to the normal control group. Rats treated with metformin, 
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CBSKE, GSLE and CBSKE+GSLE significantly 
(P≤0.05) restored the normal liver enzyme levels. While 
all treatment groups exhibited significant (P≤0.05) revert 
to normal serum ALT, AST and ALP concentrations but 
groups treated with GSLE and CBSKE+GSLE showed 
better results, which were comparable to (standard) 
metformin. The albumin and total protein levels were 
significantly (P≤0.05) declined in the diabetic control 
group in contrast to the normal control group, while 
CBSKE, GSLE and CBSKE+GSLE treatment 
considerably (P≤0.05) restored the albumin and total 
protein levels. However, no significant change was 
detected among all groups of extract-treated and when 
compared with metformin (table 1). 
 
Effect of CBSKE, GSLE separately and in combination 
on lipid profile of diabetic rats 
A noteworthy rise (P≤0.05) in serum total cholesterol, 
triglyceride and LDL-cholesterol levels and a noteworthy 
(P≤0.05) decrease in HDL-cholesterol was detected in the 
diabetic control group in comparison to the normal 
control group, while treatment with metformin, CBSKE, 
GSLE, and CBSKE+GSLE showed a significant 
improvement in lipid profile (table 2). 
 
Effect of CBSKE, GSLE separately and in combination 
on histology of liver 
(A) Photomicrograph of the liver of normal control group 
rat revealed normal hepatocytes with a well-preserved 
nucleus, cytoplasm, and central vein. (B) Diabetic control 
group rat’s liver revealed hepatocytes inflammation, 
accumulation of lipid, the central vein was prominent and 

congested. Pycnotic nucleus and hemorrhage were also 
seen. (C) Liver tissue of the metformin-treated group 
showed reverse degeneration of hepatocytes and central 
vein. (D) CBSKE treated group depicted significant 
improvement and restoration of the histological structure 
of the liver. (E) Liver tissue of GSLE treated group 
displayed improvement in degenerative effect in 
comparison to the diabetic control group (F) Liver tissue 
of CBSKE+GSLE treated group showed restoration of the 
normal architecture of liver hepatocytes and central vein 
(fig. 2A-F). 
 
DISCUSSION 
 
Diabetes is linked with hepatic complications such as 
acute liver disease, raised liver enzyme levels and 
nonalcoholic fatty liver (Khan et al., 2019). The current 
study has explored the effect of CBSKE and GSLE 
separately and in combination on hepatic and lipid 
profiles in alloxanized diabetic rats. 
 
A significant (P≤0.05) decline towards normal serum 
glucose levels was detected in CBSKE, GSLE, 
CBSKE+GSLE, and metformin treatments as compared 
to the diabetic control group (Akhtar et al., 2019). 
Metabolic disorders mainly diabetes mellitus can cause 
harm or injury to hepatocytes resulting in the release of 
liver enzymes into the circulation has been reported 
earlier (EL-Kassaby et al., 2019). In our research, liver 
cell degeneration with the fragmented nucleus, necrotic 
hepatocytes and congested central vein were evident in 
diabetic control rats similar to earlier research (Omodanisi 

Table 1: Effect of metformin, CBSKE, GSLE and CBSKE+GSLE on serum liver function markers ALT, AST, ALP, 
total protein and albumin levels in alloxan-induced diabetic rats. 
 

Parameters 
Groups ALT (U/L) AST (U/L) ALP (U/L) Total protein (g/dL) Albumin (g/dL) 

Normal control 33.57±4.44 44.38±6.6 116.67±17.8 7.62± 0.6 4.98±0.5 
Diabetic control 67.56±6.7A 121.44±13.9A 188.40±20.0A 4.40±0.7A 2.73±0.7A 
Metformin 36.16±4.7B 62.66± 7.8B 132.22±14.7B 7.07±0.4B 4.63±0.5B 
CBSKE 47.84±6.7BC 83.56±11.9BC 155.56±18.7B 6.57±0.5B 4.43±0.6B 
GSLE 40.48± 3.6B 76.31±14.4B 143.89±23.3B 6.92±0.4B 4.52±0.4B 
CBSKE+GSLE 38.33± 6.9B 72.22±10.8B 137.78±18.2B 7.17±0.6B 4.60±0.8B 

 
Table 2: Effect of metformin, CBSKE, GSLE and CBSKE+GSLE on serum lipid profile TC, TG, HDL-cholesterol, 
and LDL-cholesterol levels in alloxan-induced diabetic rats. 
 

Parameters 
Groups TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) 

Normal control 75.89±17.5 56.89 ± 13.7 36.33±8.6 31.94±7.9 
Diabetic control 127.44±23.6A 110.44±11.6A 22.56±5.4 77.92±13.9A 
Metformin 71.56±14.4B 67±10.8B 45.78±8.6B 13.67±4.4B 
CBSKE 93.67±18.8B 88.33±19.0B 39.56±11.6B 41.85±9.8BC 
GSLE 84.66 ±12.7B 80.86±16.5B 44.22±7.9B 31.51±8.7BC 
CBSKE+GSLE 77.78±9.7B 77.05±13.8B 48.67±9.7B 22.43±5.8B 

Results are compared with normal control, diabetic control, and standard drug. A-CMean values within a column, having a different 
superscript differed significantly from each other at P≤0.05. Values are the mean ±S.D. 
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et al., 2017). However, treatment with metformin, 
CBSKE, GSLE and CBSKE+GSLE restored some of 
these histopathological alterations, indicating a defensive 
role of CBSKE and GSLE in hyperglycemia linked to 
liver injury. In the existent study, the concentration of 
liver enzymes presented a significant (P≤0.05) increase in 
the levels of serum ALT, AST and ALP in diabetic 
control rats in contrast to the normal control group. It 
might be possible due to the leakage of enzymes from the 
tissues into circulation. However, treatment with CBSKE, 
GSLE, and CBSKE+GSLE significantly reduced serum 
levels of these enzymes suggesting the hepato-protective 
activity of both herbs. Our results further showed that 
diabetic control rats had a significant (P≤0.05) drop in 
serum total protein and albumin levels in comparison to 
normal control rats suggesting hyperglycemia-induced 
hepatic injury. Treatment with metformin, CBSKE, 
GSLE, and CBSKE+GSLE significantly restored serum 
levels of total protein and albumin. For hepatocytes 
inflammation and damage, hypoalbuminemia is a strong 
clinical biomarker. These findings were followed 
preceding studies (Osigwe et al., 2017; Almalki et al., 
2019).  
 
Diabetes is linked with a wide variation in serum lipid 
profiles. In the present study, a significant (P≤0.05) rise 
in levels of mean serum LDL cholesterol, total 
cholesterol, triglyceride, and a significant decrease 
(P≤0.05) in HDL-cholesterol levels was seen in diabetic 
rats in contrast to normal control. While a significant 
(P≤0.05) improvement in the levels of lipid profile was 
observed in metformin, CBSKE, GSLE and 
CBSKE+GSLE treated diabetic rats. It was noticed that 
capability of CBSKE, GSLE and CBSKE+GSLE 
treatment to lower lipid concentration in serum is linked 
with their potential to recover hyperglycemia and 
antioxidant activities. Our study results were consistent 
with the former study (Mansi et al., 2019). 
 
Although our research has not depicted clearly the 
mechanism by which CBSKE and GSLE could be 
exerting their hepatoprotective and hypolipidemic effects 
in alloxanized diabetic rats. It has earlier been suggested 
that both plants are rich in phenolics and flavonoids, 
which could act as a free radical scavenger that 
ameliorates inflammation and oxidative stress. However, 
which phytochemicals could be responsible for these 
effects need to be recognized and more studies are 
suggested. 
 

CONCLUSIONS 
 
Treatment of alloxan-induced diabetic rats with CBSKE, 
GSLE either alone or in combination showed a 
noteworthy reduction in serum glucose and improvement 
in the hepatic function markers and lipid profile. 
However, CBSKE and GSLE combination treatment 
showed better but not statistically significant results than 

separate treatment. Hence, this study results suggested 
that C. bonduc seed kernels and G. Sylvestre leaves 
extracts alone and in combination could be used as 
hepatoprotective and hypolipidemic in hyperglycemia-
induced liver injury.    
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