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ABSTRACT 

Objective: The aim of this study was to investigate the effect of ethanol extracts of stem and leaf of Bacolepis nervosa as antihyperglycemic, anti-
hyperlipidemic and antioxidant activity in alloxan-induced diabetic rats.  

Methods: Diabetes was induced in wistar albino rats by administration of alloxan monohydrate (150 mg/kg). The ethanol extract of B. nervosa leaf 
and stem at a dose of 150 and 300 mg/kg body weight was administrated at a single dose per day to diabetes-induced rats for a period of 14 d. The 
effect of ethanol extract of B. nervosa leaf and stem on blood glucose, insulin, urea, creatinine, HbA1

Results: The ethanol extract of B. nervosa stem and leaf elicited significant reduction in blood glucose (p<0.001), serum enzymes (SGPT, SGOT, ALP) 
(p<0.01), lipid parameters (TC, TG, VLDL-LDL, PL) (p<0.01) except HDL-C and significantly increased insulin (p<0.01), HDL-C (p<0.05),, GPx, GSH, 
SOD and CAT (p<0.05) at the dose of 300 mg/kg when compared with the diabetic-induced control.  

C, serum protein, albumin, globulin, serum 
enzymes, serum lipid profiles, lipid peroxidase (LPO) and antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT), glutathione 
peroxidase (GPx) and reduced glutathione (GSH) were measured in the diabetic rats.  

Conclusion: From the above results, it is concluded that ethanol extracts of B. nervosa leaf and stem possesses significant antihyperglycemic, 
antihyperlipidemic and antioxidant effect in alloxan induced diabetic rats. 

Keywords: Antidiabetic activity, Bacolepis nervosa, Alloxan, Serum lipid profile, Antioxidant enzyme  

© 2016 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4. 0/) 
DOI: http://dx.doi.org/10.22159/ijpps.2016v8i11.14803 

 

INTRODUCTION 

Diabetes mellitus is a complex and a multifarious group of disorders 
that disturbs the metabolism of carbohydrates, fat and protein. It 
results from shortage or lack of insulin secretion or reduced 
sensitivity of the tissue to insulin [1]. This deficiency in insulin 
results in Type 1 diabetes or insulin dependent diabetes mellitus. 
Type 2 diabetes or non-insulin dependent diabetes mellitus is a 
result of hyperglycemia caused by overproduction of glucose at the 
hepatic level or because of abnormal β cell function or insulin 
resistance at target cells [2].  

Diabetes mellitus is the sixth leading cause of death globally [3]. 
According to World Health Organization, the number of diabetes cases 
in Southern Asia and Western Pacific are currently 171 million and it is 
expected to reach about 336 million by the end of 2030 (Sunil et al., 
2011). According to the International Diabetes Federation, about 366 
million people around the world had diabetes in 2011 and the number 
was predicted to double by the year 2030 [4]. 

Diabetes also gives rise to various secondary problems such as 
retinopathy, peripheral vascular insufficiencies, and neuropathy. 
These secondary problems take place due to the oxidative stress and 
DNA damage caused by the generation of free radicals in the cells 
[5]. Currently available synthetic antidiabetic agents produce 
serious side effects like hypoglycemic coma [6]) and hepatorenal 
disturbances [7]. Moreover, they are not safe during pregnancy [8]. 
Diabetes is still not completely curable by the present antidiabetic 
agents. Insulin therapy is the only satisfactory approach in diabetes 
mellitus, even though it has several drawbacks like insulin 
resistance, anorexia, brain atrophy and fatty liver in chronic 
treatment [9].  

Diabetes mellitus is a disorder of carbohydrate metabolism in which 
sugars in the body are not oxidized to produce energy due to the 
lack of the pancreatic hormone insulin. Alloxan is the most 

commonly employed agent for the induction of experimental 
diabetic animal models of human insulin dependent diabetes 
mellitus. There is an increasing evidence that alloxan caused 
diabetes by rapid depletion of cells by DNA alkylation and 
accumulation of cytotoxic free radicals that is suggested to result 
from initial islet inflammation, followed by infiltration of activated 
macrophages and lymphocyte in the inflammatory focus. It leads to a 
reduction in insulin release thereby a drastic reduction in plasma 
insulin concentration leading to stable hyperglycemic states [10]. 

Alternative strategies to the current modern pharmacotherapy of 
diabetes mellitus are urgently needed [11], because of the inability 
of existing modern therapies to control all the pathological aspects 
of the disorder, as well as the enormous cost and poor availability of 
the modern therapies for many rural populations in developing 
countries. Traditionally, a number of plants have been used in 
various herbal preparations in the management of diabetes and only 
a few of them have been proven scientifically [12]. Bacolepis nervosa 
(Wight and Arn.) Decne. ex Moq. (Periplocaceae) is an endemic plant 
to Nilgiri Biosphere Reserve, Western Ghats, Tamil Nadu, India. This 
plant contains a rich source of bioactive compounds such as 
phenolic compounds, flavonoids, steroids and alkaloids. The impact 
of this plant in various disease treatments should be considered to 
discover new drug molecule or its derived compounds. But no such 
literature are revealed for its activity against treatment for diabetes. 
Hence the present study focuses on evaluating the antidiabetic 
activity of stem and leaf extracts of Bacolepis nervosa. 

MATERIALS AND METHODS 

Chemicals and reagents 

ELISA kit was purchased from Aura Biotechnologies Pvt. Ltd., 
Chennai. Insulin was obtained from Jain Diagnostic Pvt. Ltd., New 
Delhi. Dinitrophenylhydrazine (DNPH) reagent was purchased from 
Sigma-Aldrich (India). Standard pellet diet was obtained from 
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Goldmohar brand, Hindustan Lever Ltd., Mumbai, India. All other 
chemicals and reagents used in this study were analytical grade. 

Plant material 

The whole plant of Bacolepis nervosa (Wight and Arn.) Decne. ex Moq. 
was collected from Kothagiri, Nilagiri Biosphere Reserve, Western Ghats, 
Tamil Nadu and identified by the Botanical Survey of India, Coimbatore. 
A voucher specimen (specimen number VOCB6413) was retained in 
Ethnopharmacology Unit, Research Department of Botany, V. O. 
Chidambaram College, Tuticorin for further reference. 

Preparation of plant extract  

The stem and leaves of the plant were dried under shade and then 
powdered separately with a mechanical grinder to obtain a coarse 
powder, which was then subjected to extraction in a Soxhlet 
apparatus using ethanol. The ethanol extract was concentrated in a 
rotary evaporator. The concentrated ethanol extract was used for 
preliminary phytochemical screening [13] and antidiabetic activity. 

Animals 

Normal healthy male wistar albino rats (180-240g) were housed 
under standard environmental conditions at a temperature (25±2 
°C) and light and dark (12:12h). Rats were fed with standard pellet 
diet (Goldmohur brand, Ms Hindusthan lever Ltd., Mumbai, India) 
and water ad libitum. The study was carried out as per IAEC 
approval no. 1012/CO6/CPSEA-Corres-2008-2009. 

Acute toxicity studies 

An acute oral toxicity study was performed as per OECD-423 
guidelines (acute toxic class method), albino rats (n=6) of either sex 
selected by random sampling were used for acute toxicity study [14]. 
The animals were kept fasting for overnight and provided only with 
water, after that the extracts were administered orally at 5 mg/kg 
body weight by gastric intubations and observed for 14 d. If mortality 
was observed in two out of three animals, then the dose administered 
was assigned as a toxic dose. If mortality was observed in one animal, 
then the same dose was repeated again to confirm the toxic dose. If 
mortality was not observed, the procedure was repeated for higher 
doses such as 50, 100 up to 2000 mg/kg body weight. 

Experimental induction of diabetes in rats  

Three months old male Wistar albino rats weighing 180-240 g were 
obtained from the animal house of the laboratory of Agricultural 
University, Trissur, Kerala. All animals were kept in an 
environmentally controlled room with 12 h light/12 h dark cycle. 
The animals had free access to water and standard rat diet. The rats 
were injected with alloxan monohydrate dissolved in sterile normal 
saline at a dose of 150 and 300 mg/kg body weight, 
intraperitoneally. Since alloxan is capable of producing fatal 
hypoglycemia as a result of massive pancreatic insulin release, rats 
were treated with 20% glucose solution intraperitoneally after 6 h. 
The rats were then kept for the next 24 h on 5% glucose solution 
bottles in their cages to prevent hypoglycemia [15]. After a fortnight, 
rats with moderate diabetes having glycosuria (indicated by 
Benedict’s test for urine) and hyperglycemia with blood glucose 
range of 200-260 mg/100 ml were used for the experiment.  

Experimental design  

In the present investigation, non-diabetic control rats and diabetic-
induced rats were used. Diabetic was induced in rats two weeks 
before starting the treatment. The rats were divided into the 
following seven groups after the induction of diabetics. Each group 
consists of 6 rats.  

Group-I: Rats received normal saline daily for 14 d, orally by using 
an intragastric catheter tube (IGC) and served as normal control.  

Group-II: Diabetic rats received normal saline daily for 14 d, orally 
by using an IGC, at a dose of 2.5 ml/kg body weight and served as 
diabetic induced control. 

Group–III: Diabetic rats received ethanol stem extract of B. nervosa at 
the dose of 150 mg/kg body weight daily for 14 d, orally by using an IGC. 

Group–IV: Diabetic rats received ethanol stem extract of B. nervosa at 
the dose of 300 mg/kg body weight daily for 14 d, orally by using an IGC. 

Group–V: Diabetic rats received ethanol leaf extract of B. nervosa at the 
dose of 150 mg/kg body weight daily for 14 d, orally by using an IGC. 

Group–VI: Diabetic rats received ethanol leaf extract of B. nervosa at the 
dose of 300 mg/kg body weight daily for 14 d, orally by using an IGC. 

Group–VII: Diabetic rats received glibenclamide (600 µg/kg body 
weight) for 14 d, orally by using an IGC. 

The plant drug treatments were given between 9.30 to 10.00 h in the 
morning. All the rats were sacrificed on the morning of the 
respective experimental day by decapitation. Blood was collected, 
sera separated by centrifugation at 3000 rpm for 10 min and stored 
at-20 °C until used for enzyme and biochemical assays.  

Biochemical analysis  

The animals were sacrificed at the end of the experimental period of 
14 d by decapitation. Blood was collected, sera separated by 
centrifugation at 3000g for 10 min. Serum glucose was measured by 
the O-toluidine method [16]. Insulin level was assayed by Enzyme-
Linked Immunosorbent Assay (ELISA) kit [17]. Glycosylated 
hemoglobin (HbA1C) estimation was carried out by a modified 
colorimetric method of [18]. Serum total cholesterol (TC) [19], total 
triglycerides (TG) [20], low-density lipoprotein cholesterol (LDL-C), 
very low-density lipoprotein chloesterol (VLDL-C) [21] and high-
density lipoprotein cholesterol (HDL-C) [22] were analyzed. Serum 
protein [23] and serum albumins were determined by the 
quantitative colorimetrically method by using bromocresol green. 
The total protein minus the albumin gives the globulin, serum 
glutamate pyruvate transaminase (SGPT) and serum glutamate 
oxaloacetate transaminase (SGOT) was measured 
spectrophotometrically by utilizing the method of [24], Serum 
alkaline phosphatase (ALP) was measured by the method of [25]. 
Lipid peroxidation (LPO) [26], reduced glutathione (GSH) [27], 
glutathione peroxidase (GPx) [28], Catalase (CAT) [29] and 
superoxide dismutase (SOD) [30] in serum, liver and kidney were 
analyzed in the normal, diabetic induced and drug treated rats.  

Statistical analysis 

The data were analyzed using student’s t-test statistical methods. 
For the statistical tests p values of less than 0.01 and 0.05 was taken 
as significant. 

RESULTS 

Phytochemical screening  

The distribution of different phytochemical constituents in 
petroleum ether, benzene, ethyl acetate, methanol and ethanol 
extracts of stem and leaf powder of B. nervosa were evaluated 
qualitatively. The presence of alkaloid, anthraquinone, catechin, 
coumarin, flavonoid, phenol, quinone, saponin, steroid, tannin, 
terpenoid, sugar, glycoside and xanthoprotein have been confirmed 
in the methanol and ethanol extracts of stem and leaf of B. nervosa. 

Effect of stem and leaf extracts of B. nervosa on body weight 

In the antidiabetic activity, the effect of B. nervosa stem and leaf 
extracts on body weight is measured on 14th day of post induction 
and was compared with normal and diabetic control groups. The 
values are shown in table 1. Alloxan induced diabetic rats showed a 
decrease in body weight compared to normal rats. Oral 
administration of stem extract at the dose of 300 mg/kg showed an 
increase in body weight on 14th

Effect of stem and leaf extracts of B. nervosa on fasting glucose 
level  

 day of post induction when 
compared to other drug treated diabetic rats. 

A marked rise in fasting blood glucose level was observed in diabetic 
control group (Group II) as compared with normal control rats 
(Group I). Stem and leaf extracts of B. nervosa (150 and 300 mg/kg) 
exhibited a dose-dependent significant (p<0.05) antihyperglycemic 
activity on 0, 7th and 14th day post treatment. The antihyperglycemic 
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effect of stem extract (Group III and IV) was found to be more 
effective than leaf extract (Group V and VI). The reference standard, 
glibenclamide showed a significant (p<0.001) reduction in blood 
glucose compared to diabetic control (table 1). 

Effect of stem and leaf extracts of B. nervosa on serum profile 

The effect of stem and leaf extracts of B. nervosa on the serum 
insulin, glucose, urea, creatinine and glycolyted Hb of normal and 
diabetic treated rats are shown in table 2. The results revealed that 
the insulin level was significantly (p<0.001) reduced in diabetic rats 
(Group II) compared to normal rats (Group I) but the other 
biochemical parameters like glucose, urea, creatinine and glycolyted 
Hb were significantly (p<0.01;p<0.001) increased in diabetic rats 
than control rats. A significant (p<0.05;p<0.01) increase in insulin 
level and a decrease in other biochemical parameters mentioned 
above were observed in the stem and leaf extracts of B. nervosa 
treated diabetic rats (Groups III-VI). 

Effect of stem and leaf extracts of B. nervosa on protein and 
liver marker enzyme 

The levels of total protein, albumin, globulin and liver marker enzymes 
such as SGPT, SGOT and ALP in the serum of diabetic rats are 
presented in table 3. When compared with normal control rats (Group 
I), the diabetic control rats (Group II) had decreased levels of total 
serum protein, albumin, globulin and elevated levels of liver marker 
enzymes such as SGPT, SGOT and ALP. After treatment with the stem 
and leaf ethanol extracts of B. nervosa at 150 and 300 mg/kg body 
weight doses (Groups III, IV, V and VI) and glibenclamide (Group VII), 
the total protein, albumin, globulin and liver marker enzymes were 

brought back to near normal levels. It was further evident that stem 
extract (300 mg/kg body weight) treated rats showed significant 
(P<0.01) reduction of liver marker enzyme when compared to diabetic 
control and other treated groups.  

Effect of stem and leaf extracts of B. nervosa on serum lipid profile 

Table 4 illustrates the effect of stem and leaf extracts of B. nervosa on 
the levels of total cholesterol (TC), triglycerides (TG), HDL-C, LDL-C 
and VLDL-C in the serum of experimentally induced diabetic rats. It 
is evident from the results that the serum levels of total cholesterol 
(TC), triglycerides (TG), very low density lipoproteins (VLDL-C) and 
low density lipoproteins (LDL-C) were significantly increased 
(p<0.01) whereas, serum high density lipoproteins (HDL-C) level 
was significantly reduced (p<0.05) in diabetic rats compared to 
normal control group. It was further evident that stem and leaf 
extracts treated groups significantly (p<0.05;p<0.01) reduced the 
levels of TC, TG, VLDL-C, and LDL-C whereas significantly (p<0.05) 
increased HDL-C respectively in a dose-dependent manner (table 4). 

Effect of stem and leaf extracts of B. nervosa on antioxidant 
enzymes 

Alloxan induced diabetic rats were found to have decreased SOD, GSH, 
GPX and CAT enzyme in serum, liver and kidney as compared with 
control. Administration of stem and leaf extracts to the diabetic rats 
resulted in significant ((p<0.05;p<0.01) increase in the activities of 
SOD, GSH, GPX

 

 and CAT (tables 5-7). Diabetic rats were found to 
exhibit significant (p<0.01;p<0.001) increase of lipid peroxidase in 
serum, liver and kidney compared to control rats. Treatment with 
stem and leaf extracts produced significant (p<0.05) decrease in LPO.

Table 1: Effect of stem (BNS) and leaf extracts (BNL) of Bacolepis nervosa on the body weight and fasting blood glucose in normal, diabetic 
and diabetic treated rats 

Group Mean initial body 
weight (g) 

Mean final body 
weight (g) 

Mean weight 
Gain (G↑)/loss (L↓) (g) 

Fasting Blood glucose (mg/dl)  
 0-Day  7-days after 14-days after 

I 224.65±8.14 239.88±1.65 15.23↑ 63.91±2.51 72.65±1.93 70.44±1.34 
II 216.54±7.22 201.68±7.13 14.86↓ 194.88±6.54 204.54±5.13** 216.62±5.26*** 
III 

*** 
214.90±7.60 220.55±9.15 5.65 208.22±7.45 182.24±6.15 138.22±5.46*ns 

IV 
nsa 

198.54±6.24 216.19±8.16 17.65↑ 228.11±4.93 161.54±3.41** 126.22±3.54*aa 
V 

nsa 
204.15±4.80 209.40±5.10 5.25 204.11±7.80 192.15±6.40 170.65±6.85*ns 

VI 
**ns 

219.63±8.13 214.50±8.16 5.13 216.16±8.13 186.16±4.55** 156.16±4.93*a 
VII 

*a 
214.54±6.16 219.43±5.81 4.89↑ 218.65±6.94 101.24±6.11*** 82.93±3.16aaa aaa 

Values are expressed as mean±SEM, n= 6 in each group, *p<0.05;** p<0.01;*** p<0.001-Comparison made between normal control, diabetic and drug 
treated, ap<0.05;aa p<0.01 aaa

 

 p<0.001-Comparison made between diabetic control and drug-treated groups, ns-not significant. 

Table 2: Effect of stem (BNS) and leaf extracts (BNL) of Bacolepis nervosa on the serum insulin, glucose, urea, creatinine and HbAlc level of 
normal, diabetic and diabetic treated rats 

Group Insulin (MIu/ml) Glucose (mg/dl) Urea (mg/dl) Creatinine (mg/dl) Glycosylated Hb 
I 15.62±1.24 70.44±1.34 16.84±0.92 0.73±0.06 3.68±0.16 
II 4.39±0.36 216.62±5.26*** 41.68±1.36*** 3.08±0.54** 10.88±0.96* 
III 

* 
10.04±0.18 138.22±5.46a 22.15±1.48nsa 1.34±0.18a 5.90±0.73a 

IV 
a 

10.93±0.78 126.22±3.54aa 19.65±0.96nsa 1.26±0.16nsa 5.04±0.86aa 
V 

a 
7.96±0.53 170.65±6.85** 34.15±1.13**ns 2.16±0.65* 7.93±0.18* 

VI 
* 

9.62±0.91 156.16±4.93a 32.68±1.54*a 1.84±0.23* 6.82±0.95ns 
VII 

ns 
16.39±1.24 82.93±3.16aaa 17.23±0.86aaa 1.04±0.05aa 4.16±0.24aa aa 

Values are expressed as mean±SEM, n= 6 in each group, *p<0.05;**p<0.01;p***<0.001-Comparison made between normal control to diabetic control 
and drug treated groups, ap<0.05;aa p<0.01;aaa

 

 p<0.001-Comparison made between diabetic control and drug treated groups; ns-not significant 

Table 3: Effect of stem (BNS) and leaf extracts (BNL) of Bacolepis nervosa on the serum protein, albumin, globulin, SGOT, SGPT and ALP 
level of normal, diabetic induced and drug treated rats 

Group Protein (g/dl) Albumin (g/dl) Globulin (g/dl) SGPT (U/l) SGOT (U/l) ALP (U/l) 
I 8.23±0.54 4.68±0.11 3.55±0.13 13.54±0.98 19.92±1.04 163.59±6.23 
II 6.92±0.16 4.16±0.31* 2.76±0.17ns 52.62±2.41* 48.68±2.11*** 296.54±6.74*** 
III 

*** 
7.34±0.18 4.51±0.22 2.83±0.19 23.18±0.94 24.13±1.34aa 196.22±4.16a 

IV 
aa 

8.07±0.13 4.39±0.34 3.68±0.18 19.55±1.42 18.54±1.88aa 182.61±4.82aa 
V 

aa 
6.98±0.74 4.31±0.11 * 2.67±0.11 31.54±1.31 32.90±1.28a 198.23±4.15** 

VI 
* 

7.14±0.25 4.54±0.13 2.60±0.15 21.65±1.68 29.33±1.93nsa 192.67±5.86* 
VII 

*a 
8.19±0.26 4.62±0.62 3.57±0.14 14.88±0.98 17.29±0.96aa 158.73±3.92aa aa 

Values are expressed as mean±SEM, n= 6 in each group, *p<0.05;**p<0.01;p***<0.001-Comparison made between normal control to diabetic control 
and drug treated groups, ap<0.05, aa p<0.01-Comparison made between diabetic control and drug treated groups; ns-not significant 
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Table 4: Effect of stem (BNS) and leaf extracts (BNL) of Bacolepis nervosa on the serum lipid profile of normal, diabetic induced and drug 
treated rats 

Group TC (mg/dl) TG(mg/dl) HDL-C (mg/dl) VLDL (mg/dl) LDL (mg/dl) PL (mg/dl) 
I 131.65±2.84 123.54±1.69 38.17±1.16 24.70±0.34 68.78±1.46 185.16±2.67 
II 192.11±4.36 179.56±5.64** 24.16±5.84** 35.91±0.57* 132.04±2.78* 238.97±3.95** 
III 

*** 
139.15±2.16 107.22±1.04a 30.16±1.27aa 21.44±0.13ns 87.55±1.13a 191.84±2.86a 

IV 
ns 

133.18±1.93 118.16±1.63a 36.93±1.16aa 23.63±0.49a 72.62±1.66a 186.53±3.16aa 
V 

a 
158.28±4.04 139.26±3.16ns 28.16±3.16a 27.85±1.13ns 102.27±1.58ns 208.87±4.16ns 

VI 
ns 

143.54±3.81 128.67±1.93a 31.65±1.84a 25.73±0.88ns 86.16±1.26ns 195.75±3.13a 
VII 

ns 
126.63±2.56 132.66±1.46aa 39.23±1.04aa 26.53±0.74a 60.87±1.68a 180.70±2.65aa a 

Values are expressed as mean±SEM, n= 6 in each group, *p<0.05 **p<0.01;*** p<0.001 Comparison made between normal control to diabetic control 
and drug-treated groups, ap<0.05;aa

 

 p<0.01 Comparison made between diabetic control to drug treated groups; ns not significant 

Table 5: Effect of stem (BNS) and leaf extracts (BNL) of Bacolepis nervosa on serum LPO, GPX

Groups 

, GSH, SOD and CAT in the normal, diabetic 
and drug treated rats 

Parameters 
LPO (nanomol/mg protein) GPX GSH (u/mg protein) (u/mg protein) SOD (u/mg protein) CAT (u/mg protein) 

I 2.16±0.031 694.16±7.51 36.84±0.91 492.16±11.15 96.39±2.16 
II 4.63±0.024 312.18±4.86** 9.16±0.11*** 263.81±7.91*** 42.63±1.84*** 
III 

** 
2.43±0.018 483.15±6.18a 20.22±1.53 *a 401.22±5.16 89.29±1.27aa 

IV 
a 

2.21±0.054 506.84±3.62a 24.62±1.84a 426.13±5.62a 94.67±2.05a 
V 

a 
2.96±0.012 481.13±3.84ns 17.16±1.15*ns 373.15±6.15a 73.16±1.25**a 

VI 
a 

2.69±0.073 496.16±5.41ns 19.22±1.26*a ns 398.65±6.84  86.54±1.36*a 
VII 

a 
1.64±0.051 721.56±8.42aa 31.62±1.86aa 489.26±6.92aa 101.16±2.16aa aa 

Values are expressed as mean±SEM, n= 6 in each group, *p<0.05;**p<0.01, ***p<0.001 comparisons made between normal control to diabetic control 
and drug-treated groups, ap<0.05;aa

 

 p<0.01 comparison made between diabetic rats and drug treated; ns: not significant 

Table 6: Effect of stem (BNS) and leaf extracts (BNL) of Bacolepis nervosa on Liver LPO, GPX

Group 

, GSH, SOD and CAT in the normal, diabetic and 
drug treated rats 

Parameters 
LPO (nanomol/mg protein) GPX GSH (u/mg protein) (u/mg protein) SOD (u/mg protein) CAT (u/mg protein) 

I 0.108±0.024 58.16±1.84 38.84±1.26 21.65±0.88 14.92±0.92 
II 0.438±0.067 24.86±1.52*** 20.19±0.98*** 9.29±0.69* 3.84±0.13** 
III 

*** 
0.268±0.027 40.16±1.22*a 30.18±1.04ns 16.18±0.77ns 9.36±0.13ns 

IV 
a 

0.184±0.062 49.83±1.81a 36.18±1.08aa 19.86±0.98a 10.13±0.18a 
V 

aa 
0.268±0.046 37.16±1.23** 26.13±0.75ns 11.34±0.78 ns 7.26±0.18

VI 
ns 

0.204±0.051 43.92±1.84nsa 31.26±1.21a 15.81±0.82ns 9.16±0.26ns 
VII 

a 
0.113±0.056 61.84±1.64aa 36.89±1.92aa 23.92±1.05a 12.46±0.21aa aa 

Values are expressed as mean±SEM, n= 6 in each group, *p<0.05;** p<0.01;*** p<0.001 comparisons made between normal control to diabetic control 
and drug-treated groups, ap<0.05;aa

 

 p<0.01 comparison made between diabetic rats and drug treated; ns: not significant 

Table 7: Effect of stem (BNS) and leaf extracts (BNL) of Bacolepis nervosa on Kidney LPO, GPX

Group 

, GSH, SOD and CAT in the  
normal, diabetic and drug treated rats 

Parameters 
LPO (nanomol/mg protein) GPX GSH (u/mg protein) (u/mg protein) SOD (u/mg protein) CAT (u/mg protein) 

I 0.059±0.026 8.14±0.74 34.28±1.34 18.34±1.13 40.84±1.36 
II 0.192±0.012 4.13±0.54*** 11.93±1.16** 7.86±0.93* 16.93±0.94* 
III 

** 
0.112±0.034 7.04±0.18*a 22.16±0.93ns 10.91±0.17 * 31.15±1.16 

IV 0.094±0.014 7.39±0.17a 28.63±1.54a 14.92±0.13aa 36.23±1.18a 
V 

a 
0.123±0.021 5.13±0.14** 20.16±0.93ns 10.23±0.11 * 24.16±0.78

VI 
* 

0.102±0.013 6.94±0.13 ns 24.93±1.65 13.64±0.15nsa 30.55±1.30ns 
VII 

a 
0.068±0.019 7.96±0.021aa 29.33±1.16a 21.63±0.87aa 39.13±1.64aa aa 

Values are expressed as mean±SEM, n= 6 in each group, *p<0.05;** p<0.01;*** p<0.001 comparisons made between normal control to diabetic control 
and drug-treated groups, ap<0.05;aa

 

 p<0.01 comparison made between diabetic rats and drug treated; ns: not significant 

DISCUSSION 

Diabetes mellitus is a heterogeneous metabolic disorder that has 
affected substantial population regardless of sex, age and socio-
economic status [31]. The primary complications of diabetes include 
damage to the eyes, kidneys, and nerves. Damage to the eyes, known 
as diabetic retinopathy, is caused by damage to the blood vessels in 
the retina of the eye and can result in gradual vision loss and potentially 
blindness. Damage to the kidneys, known as diabetic nephropathy, can 

lead to tissue scarring, urine protein loss and eventually chronic kidney 
disease, sometimes requiring dialysis or kidney transplant.

Damage to the nerves of the body, known as

  

 diabetic neuropathy, is 
the most common complication of diabetes. The prevention of 
diabetes is an urgent worldwide health concern. Medicinal plants 
could be considered as a potential source for providing a reasonable 
amount of the required elements other than diet to the patients of 
diabetes mellitus [32]. 
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In the present study, there was a weight loss in the alloxan induced 
diabetic rats, whereas treatment with ethanol extracts of stem and 
leaf of B. nervosa at both the doses showed improvement in their 
body weight indicating that the plant extracts had beneficial effects 
in preventing loss of body weight of diabetic rats. The probable 
mechanism of this benefit is due to its effects in controlling muscle 
wasting (i.e.) by reversal antagonism [33]. 

In this present investigation, the effect of stem and leaf ethanol 
extracts of B. nervosa has been evaluated for its antidiabetic and anti-
hyperlipidemic potential. Alloxan is a potent diabetogen that is 
reduced to dialuric acid which is then auto-oxidized back to alloxan 
resulting in the production of H2O2, O2, O2-

Glycosylated haemoglobin has been found to be increased over a long 
period of time in diabetes. During diabetes, the excess of glucose 
present in the blood reacts with hemoglobin to form glycosylated 
haemoglobin [35]. The rate of glycation is proportional to the 
concentration of blood glucose [36]. In the present study, the diabetic 
rats had shown higher levels of HbA1c compared to those in normal 
rats. Treatments with stem and leaf ethanol extracts of B. nervosa and 
glibenclamide showed a significant decrease in HbA1c levels in 
diabetic rats that could be due to an improvement in glycemic status. 

and hydroxyl radicals and 
causes damages to the beta cells of islets of langerhans [34]. This 
causes a profound decrease in insulin level and consequent increase in 
fasting blood glucose level in diabetic control animals (Group II). 
Administration of test drug for 14 d (Group III, IV, V and VI) was found 
to regenerate the pancreatic beta-cells which results in the normal 
secretion of insulin. Insulin, the potent hypoglycemic hormone thereby 
reduces the blood glucose level significantly (p<0.05).  

A significant (p<0.01) elevation in serum constituents, urea and 
creatinine were observed in alloxan induced diabetic rats (Group II) 
when compared to control rats. The ethanol extracts of stem and leaf 
of B. nervosa were administered orally to rats for fourteen days, and 
these extracts reversed the levels of urea and creatinine to near 
normal. Administration with glibenclamide also decreased the levels 
of urea and creatinine to some extent. It confirms the protection of 
vital tissues (Kidney and liver) including the pancreas, thereby 
reducing the causation of diabetes in the experimental animals.  

The hypoglycemic activity of ethanol extract of Butea monosperma 
leaves was found to induce insulin release from pancreatic cells of 
diabetic rats [37]. Ahmed et al. [38] reported the ethyl acetate 
soluble fraction of an absolute ethanol extract of Pterocarpus 
marsupium, which significantly lowered blood sugar level with a 
corresponding increase in insulin level in alloxan-induced diabetic 
rats. It is evident from this study that there is an increase in insulin 
level in diabetic rats treated with stem and leaf extracts of B. 
nervosa. Many plants have showed their hypoglycemic and insulin 
release stimulatory effects [39-43]. Grover et al. [44] have reported 
45 medicinal plants and their products that have been used in the 
Indian traditional system of medicine and shown experimental or 
clinical antidiabetic activity. The most effective and commonly used 
antidiabetic plants are Allium cepa, A. sativum, Aloe vera, Gymnema 
sylvestre, Syzygium cumini, Ficus benghalensis, Rubia cordifolia and 
Tinospora cordifolia [44-46]. 

It is very clear from the results presented in table-3, a significant 
(p<0.05) reduction in serum protein, albumin and globulin were 
observed in alloxan induced diabetic control rats (Group-II), when 
compared to normal control (Group-I) and glibenclamide-treated 
rats (Group-VII). Protein, albumin, and globulin levels were found to 
be restored to normal with the administration of stem and leaf 
ethanol extracts of B. nervosa to the diabetic rats. These results were 
in accordance with the effect of Eugenia singampattiana and 
Polygala rosmarinifolia in diabetic [47-48]. The increased levels of 
serum protein, albumin and globulin in alloxan induced diabetic rats 
are presumed to be due to increased protein catabolism and 
gluconeogenesis during diabetes [49]. 

Elevation of serum biomarker enzymes such as SGOT, SGPT and ALP 
was observed in alloxan induced diabetic rats indicating impaired 
liver function, which is obviously due to hepatocellular necrosis. 
Treatment with ethanol extracts of B. nervosa and glibenclamide 
resulted in a decrease of transaminase activities in alloxan-treated 

animals. In this study, it was observed that levels of ALP, SGPT and 
SGOT in alloxan induced diabetic rats were elevated. It may be due 
to leaking out of enzymes from the tissues and migrating into the 
circulation by the adverse effect of alloxan [50]. Diabetic 
complications such as increased gluconeogenesis and ketogenesis 
may be due to elevated transaminase activities. SGOT and SGPT 
levels are indicators of liver function. Hence restoration of normal 
levels indicates the normal function of liver [51]. 

The levels of serum lipid profiles, total cholesterol (TC), triglycerides 
(TG), HDL-C, LDL-C, VLDL-C, PL and LDL/HDL in control and 
experimental rats were investigated in the present study. When 
compared to normal rats, the alloxan-induced diabetic rats showed a 
significant (p<0.01) increase in serum lipid profiles except HDL-C, 
which was in decreased level in the diabetic rats than normal rats. 
The diabetic rats treated with ethanol extracts of stem and leaf of B. 
nervosa and glibenclamide showed a significant (p<0.05;p<0.01) 
decrease in the content of lipid profiles comparing to diabetic 
control rats. Similarly, HDL-C level increased in plant extract treated 
rats when compared to diabetic rats. The impairment of insulin 
secretion results in the enhanced metabolism of lipids from the 
adipose tissue to the plasma. A variety of derangements in metabolic 
and regulatory mechanisms due to insulin deficiency are responsible 
for the observed accumulation of lipids [52]. Further, it has been 
reported that diabetic rats treated with insulin showed normalized 
lipid levels [53]. Diabetic rats treated with B. nervosa stem and leaf 
extracts and glibenclamide also showed normalized lipid levels. 
Thus, the results indicate that stem and leaf extracts of B. nervosa 
may also possess insulin-like action by virtue of the ability to lower 
the lipid levels. These results are similar to earlier reports observed 
with the other plants [48, 54]. The present study reveals that the 
levels of serum lipid profiles are usually raised in diabetic rats, and 
such an elevation represents a risk factor for coronary heart 
diseases [55]. Lowering the serum lipid level through dietary or 
drug therapy seems to be associated with a decrease in the risk of 
cardiovascular disease [56]. 

During diabetes, there is an enhanced activity of the enzyme 
resulting in an increased lipolysis releasing more fatty acids into the 
circulation [57]. The increased fatty acid concentration also 
increases the β-oxidation of fatty acids, producing more acetyl Co-A 
and cholesterol during diabetes. In normal condition, insulin 
increases receptor-mediator removal of LDL-cholesterol and 
decreased the activity of insulin, during diabetes, causes 
hypercholesterolemia. Hypercholesterolemia and hyperglycemia 
have been reported to occur in diabetic rats [55]. The increased 
concentration of free fatty acid may be due to lipid breakdown, and 
this may cause increased generation of NADPH-dependent 
microsomal lipid peroxidation. Phospholipids are increased in 
alloxan induced diabetic rats. Phospholipids are present in cell 
membrane and make up the vast majority of the surface lipoprotein 
forming a lipid bilayer that acts as an interface with both polar 
plasma environment and non-polar lipoprotein of lipoprotein core 
[58]. Increased phospholipids level in tissues was reported by 
Venkateswaran et al. [59] and Pari and Satheesh [60] in 
streptozotocin-induced diabetic rats. Administration with the stem 
and leaf ethanol extracts of B. nervosa and glibenclamide decreased 
the level of phospholipids. 

The results of the present study showed increased lipid peroxidation 
(LPO) on serum, liver and kidney of alloxan-induced diabetic rats. 
Earlier studies have confirmed that there is an increased lipid 
peroxidation in liver, kidney, and brain of diabetic rats [61-62]. Lipid 
peroxidation is a normal phenomenon involved in a peroxidative 
loss in unsaturated lipids, thus bringing about lipid degradation and 
membrane disorganization. Peroxidized lipid has been considered to 
play a significant role in the pathogenesis of several diseases and 
may be taken as a molecular mechanism of cell injury under 
pathological conditions. 

In the present study, an increase in the levels of LPO was found, and 
these levels were significantly (p<0.05;p<0.01) reduced after the 
supplementation with the ethanol extracts of stem and leaf of B. 
nervosa and glibenclamide. This indicates that stem and leaf extracts 
of B. nervosa inhibit oxidative damage due to the antiperoxidative 
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effect of ingredients present in them. This could be correlated with 
the previous studies of Pari and Latha [63] on Cassia auriculata 
flower, Prince and Menon [64] and Prince et al. [65] on Syzigium 
cuminii, Prince et al. [66] on Tinospora cordifolia and Latha and Pari 
[67] on Scoparia dulcis indicating antiperoxidative and anti-
hyperlipidemic effects in diabetic animals. Apart from the regulation 
of carbohydrate metabolism, insulin also plays an important role in 
the lipid metabolism. Insulin is a potent inhibitor of lipolysis since it 
inhibits the activity of hormone-sensitive lipase in adipose tissue 
and suppresses the release of free fatty acids [68]. 

The levels of superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxide (GPx) and reduced glutathione (GSH) in the 
serum, liver and kidney of the control and experimental rats were 
studied. A highly significant reduction in the activity of scavenging 
mitochondrial enzymes is observed in alloxan induced rats. These 
adverse changes could be reversed to near normal with the 
treatment of stem and leaf ethanol extracts of B. nervosa and 
glibenclamide. The results were in accordance with the effect of 
Polygala rosmarinifolia [69]. 

The antioxidant enzymes SOD and CAT play an important role in 
reducing cellular stress, SOD scavenges the superoxide radical by 
converting it to hydrogen peroxide and molecular oxygen [70] while CAT 
brings about the reduction of hydrogen peroxides and protects higher 
tissues from the highly reactive hydroxyl radicals [71]. In the present 
investigation both these enzymes registered low levels of activity in 
diabetic controls indicating diabetes induces stress. Such a decline in 
these enzyme activities has been reported earlier [72]. When stem and 
leaf extracts of B. nervosa are administrated to the diabetic rats, it 
improved both SOD and CAT activities, reflecting the antioxidant potency 
of plant extract. The present study indicates the reduction in the ability 
of SOD, CAT, GPx and GSH in alloxan induced diabetic rats (Group II). 
These results reveal the protective role of this plant extracts in 
decreasing lipid peroxidation by the normalizing antioxidant system. 

CONCLUSION 

The present study revealed that B. nervosa stem and leaf extracts 
had an antihyperglycemic, hypolipidemic and antioxidant agent. The 
bioactive components responsible for the observed activities are not 
precisely known, but it may be one or more of the phytochemical 
constituents established to be present in the stem and leaf extracts. 
In the present study, phytochemical screening reported that the 
presence of flavonoid in the stem and leaf extracts might be the 
constituents responsible for these activities. 
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