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Abstract
Background: The aims of the study were to evaluate glycemic, insulinemic, lipidemic and antioxidant properties of 

C. arietinum in neonatal-streptozotocin (nSTZ) rats.

Materials and methods: Seeds were collected from the commercially available sources of Dhaka city, identified
from Bangladesh National Herbarium and absolute ethanol extract was prepared. A single iv injection of STZ were given 
to neonate rats of Long Evans strain and 12 weeks later an OGTT was done and rats with fasting glucose level above 
7.5 mmol/L were selected. The rats were divided into four groups: i) Water control, ii) Glibenclamide (5 mg/kg bw), iii) C. 
arietinum 0.625 g/kg bw (CA Ext 1) and iv) 1.25 g/kg bw (CA Ext 2) treated. Body weight was measured weekly. Blood 
was collected by cutting the tail tip on 0 day and by decapitation on 28 day. Fasting serum glucose, insulin, lipid profiles, 
creatinine, ALT, MDA, GSH, hepatic glycogen were measured. HOMA B% and HOMA S% were calculated. The data 
were analyzed using appropriate tools.

Results: A significant decrease of fasting glucose level was noticed on 28 day with CA Ext 2 compared to baseline 
(p<0.05); 26% and 18% decrease were found in comparison to water and glibenclamide treated groups respectively. 
Blood glucose lowering effect was associated with insulin lowering effect of CA Ext 2. Treatment with CA Ext 2 improved 
HOMAB%, and both treated groups improved HOMA IR of nSTZ diabetic rats. Total cholesterol was significantly 
decreased in comparison to water control on 28 day (p=0.014); triglycerides decreased by 11% and HDL increased 
by 4% respectively in CA Ext 2 group. Serum ALT and creatinine levels were remained unchanged by C. arietinum. A 
significant increase of reduced-GSH level was found in CA Ext 1 treated group (p=0.031). 

Conclusion: CA Ext 2 showed significant hypoglycemic and antilipidemic effects most likely through decreasing 
insulin resistance and improving insulin sensitivity. It also has antioxidant activity that reduces the oxidative changes 
induced by STZ administration. 
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Introduction
Hyperglycemia and hyperlipidemia are two important features 

of diabetes mellitus, an endocrine and metabolic disorder that has 
become the most challenging public health problem of the 21st century. 
In modern medicine, no satisfactory effective therapy is still available 
to cure diabetes mellitus [1]. Diabetes management studies show that 
conventional antidiabetic agents like sulfonylureas are the least durable 
agents followed by metformin and thiazolidinediones. Therefore, 
search for improved antidiabetic drug has been continued. Over the 
last several years the incretin-based therapies have got significant 
importance although they are very much expensive especially for the 
people of the least developing countries. In recent years, there has 

been renewed interest in plant medicine for the treatment against 
different diseases as herbal drugs are generally believed to be less 
toxic as reported in different publications [2-6]. Many indeginous 
plant products, obtained from fruits, leaves, roots, bark etc. have been 
shown to possess multiple therapeutic properties like antidiabetic, 
antihyperlipidemic, antihypertensive, antioxidant, anticancer, 
antimicrobial, anti-inflammatory, analgesic and etc. [7-12]. Therefore, 
scientists are now focusing their attention on natural compounds to 
find, at least a lead, for antidiabetic agents. In this regard, carefully 
planned scientific research to identify the hypoglycemic plants with 
true therapeutic efficacy and safety is utmost needed inorder to develop 
them as new therapeutics. 

Chickpea (Cicerarietinum L.) is an important pulse crop which is 
consumed all over the world, especially in the Afro-Asian countries. It is 
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considered as a good source of not only carbohydrates but also protein, 
and the quality of protein is better than other pulses. Chickpea has 
several potential health benefits and, in combination with other pulses 
and cereals, it could have beneficial effects on some of the important 
human diseases like cardiovascular disease, type 2 diabetes, digestive 
diseases and some cancers [13]. A significant antihyperglycemic 
activity of the chickpea have been reported in STZ induced diabetic rats 
[14,15]. The aims of the study were to evaluate glycemic, insulinemic, 
lipidemic and antioxidant properties of C. arietinum in neonatal-
streptozotocin (nSTZ) diabetic rats.

Place of Study
The study was conducted in the Department of Pharmacology, 

Bangladesh Institute of Research and Rehabilitation in Diabetes, 
Endocrine and Metabolic Disorders (BIRDEM) and in the Department 
of Biochemistry and Molecular Biology, University of Dhaka, 
Bangladesh.

Plant Material
The dried matured seeds of C. arietinum were collected from the 

commercially available sources of Dhaka city. Seeds were identified 
by the taxonomist of Bangladesh National Herbarium, Dhaka (DACB 
Accession no 37757). 

Preparation of Ethanolic Extract of C. arietinum
After collection, the matured dried seeds of C. arietinum were 

washed thoroughly and dried in the laboratory. Then the seeds were 
grinded to make fine powder by a grinding machine. The grinded 
powder was extracted by using absolute (96%) ethanolic solvent. 
Following the completion of extraction, extract prepared from seeds of 
C. arietinum was concentrated under reduced pressure using a rotary 
evaporator (BUCHI R-114, Switzerland) maintained at 55°C. The semi-
dried ethanolic extract was further dried in a freeze drier (HETOSICC, 
Heto Lab Equipment, Denmark) at -55°C and stored in a reagent bottle 
at -8°C in a refregerator. 

Animals
The Long Evans rats bred at Bangladesh Institute of Research 

and Rehabilitation in Diabetes, Endocrine and Metabolic Disorders 
(BIRDEM) animal house, were used in the study. The animals were 
maintained at a constant room temperature of 23°C with humidity of 
40-70% and the natural 12 hours day-night cycle. The rats were fed 
on a standard laboratory pellet diet and water supplied ad libitum. 
The experiments were conducted according to the ethical guidelines 
approved by Bangladesh Association for Laboratory Animal Science.

Preparation of Neonatal STZ (nSTZ) Diabetic Rats
Diabetes was induced by a single intraperitoneal injection of 

streptozotocin (STZ) at a dose of 90 mg/kg body weight to the neonate 
rats (48 hours old) as described by Bonner-Weir et al. [16]. Following 
3 months of STZ injection, rats were examined for their blood glucose 
level by oral glucose tolerance test (OGTT, Glucose 2.5 g/kg bw). 
Diabetic model rats with blood glucose level >7.00 mmol/l, at fasting 
condition was selected for studying the effects of the extracts in chronic 
studies.

The experiment was carried out for duration of 28 days on 30 rats. 
Then STZ diabetic rats were divided into the following four groups:

1. Water Control group (n=7): Treated with deionized water at a 

dose of 10 ml/kg bw.

2. Glibenclamide (positive) control group (n=7): Treated with 
glibenclamide at a dose of 5 mg//kg bw.

3. CA Ext 1 treated group (n=8): Fed with ethanol extract of C. 
arietinum at a dose of 0.625 g/kg bw.

4. CA Ext 2 treated group (n=8): Fed with ethanol extract of C. 
arietinum at a dose of 1.25 g/kg bw. Water, Glibenclamide and CA Ext 
1 & 2 were administered intragastrically through metallic tubes to the 
corresponding group of rats after 12 hrs fast.

Collection of Blood Sample for Biochemical Analysis
Blood samples were collected from rats kept under fasting 

conditions (12 hours) by amputation of the tail tip under diethyl ether 
anesthesia on the 0 day. On the 28th day after 12 hours fast, blood 
was collected from the rats by cardiac puncture also under diethyl 
ether anesthesia. The collected blood samples were centrifuged at 
2,500 rpm for 15 minutes and finally the serums were separated into 
another eppendorf tubes for biochemical analysis. Two mL of blood 
was collected in heparinized tubes and then packed red cells were used 
for estimation of Malondialdehyde (MDA) and reduced Glutathione 
(GSH). 

Biochemical analysis

Serum glucose was measured by Glucose Oxidase (GOD-
PAP) method using micro-plate reader (Bio-Tec, ELISA); total 
cholesteroland Triglyceride (TG) by enzymatic colorimetric 
method (Randox Laboratories Ltd., UK), using autoanalyzer. 
LDL-cholesterol was calculated by Friedewald equation [17]. 
Serum insulin by (ELISA, Crystal Chem Inc., USA). HOMA B% 
(Beta-cell function) and HOMA S% (Insulin Sensitivity) were 
calculated by HOMA SIGMA Software [18]. HOMA IR (Insulin 
Resistance Index) were calculated by International Formula:  
fasting Glucose (mmol/L) × fasting Insulin (mU/L)/22.5. Creatinine 
and Amino Alanine Transferase (ALT) by Auto-analyzer. Hepatic 
glycogen was measured by Anthrone-sulphuric acid method. Reduced 
Glutathione (GSH) and plasma Malondialdehyde (MDA) estimated by 
using Ellman’s and Thiobarbituric Acid Reactive Substances (TBARS) 
method respectively [19,20].

Statistical analysis

Data from the experiments were analyzed using the Statistical 
Package for Social Science (SPSS) software for windows version 
12 (SPSS Inc., Chicago, Illinois, USA). All the data were expressed 
as Mean ± SD as appropriate. Statistical analysis of the results was 
performed by using the student’s t-test (paired and unpaired), ANOVA 
(Analysis of Variance) followed by Bonferroni post hoc test. The limit 
of significance was set at p<0.05.

Results
Effect of Carietinu mextract on the body weight of nSTZ 
diabetic rats

Table 1 shows the effect of C. arietinum seed extract on body weight 
of type 2 diabetic model rats during 28 days of chronic administration. 
Body weight of each rat was taken at seven days interval. As it is seen 
from the Figure 1 a gradualincrease of body weight was observed in CA 
Ext 1 treated group. In all other groups i.e., water control, glibenclamide 
and CA Ext 2 treated groups a nonsignificant fall in body weight was 
noticed in the 1st week of the experimental period and after that an 
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increase was noticed in body weight which was also not significant in 
any group.

Effect on glucose homeostasis

Fasting Serum Glucose (FSG) levels of nSTZ diabetic rats of 4 
experimental groups were almost similar on 0 day (Figure 2). After oral 
administration of respective treatment to the type 2 diabetic model rats 
of different groups for 28 days of experimental period, it was found that 
the FSG level of all the groups of rats decreased however the decrease 
was not significant except for CA Ext 2 group. The nSTZ diabetic rats 
treated with CA Ext 2 (p=0.049) showed a significant decrease while 
comparing within group respectively. As expected, glibenclamide also 
ameliorated the diabetic condition on 28th day. 

Effect on serum insulin level

Table 1 demonstrates the effect of C. arietinum extract on fasting 
serum insulin level of nSTZ diabetic rats. It is seen that serum insulin 
level decreased in all the groups except CA Ext 2 treated group which 
showed 32% increase compared to baseline value. However the increase 
was not significant.

Effect of C. arietinum on HOMA B%, HOMA S% and HOMA 
IR of nSTZ diabetic rats

Table 2 represents the results of 28 days treatment of nSTZ diabetic 
with C. arietinum. CA Ext 1 showed a 30% increase in beta cell function 

(HOMA B%) and 17% decrease in insulin resistance (HOMA IR) when 
compared with the initial day value. HOMA B% remained unchanged 
in CA Ext 1 treated and Glibenclamide treated groups. Insulin 
sensitivity (HOMA S%) was found to be increased by 32% and 11% by 
the treatment of Ext 2 and glibenclamide treated groups respectively. 
Insulin resistance index HOMA IRwas decreased by 30% and 70% in 
CA Ext 2 (p<0.05) and glibenclamide treated groups respectively on 
28th day in comparison to 0 day value. 

Effect of C. arietinum on the serum Lipid profile of nSTZ 
diabetic rats 

Figure 3 depicts the effect of C. arietinum on the serum Lipid 
profile of nSTZ diabetic rats.

Treatment of diabetic model rats for 28 days with CA Ext 2 resulted 
in a significant decrease (p=0.014) in serum cholesterol level when 
compared with water control. A rapid decreased was shown in CA Ext 
1 group on final day in comparison to water control but the level was 
out of significant (p=0.007) and a significant (p=0.033) decrease was 
noticed in glibenclamidetreated group on 28 day in comparison to 
water control value. The triglyceride levels were decreased by 11% in 
CA Ext 1 group on the final day compared to baseline value, however 
the fall in TG level was insignificant. Serum HDL was increased by 
4% in CA Ext 1 treated group. LDL-cholesterol levels were remained 
unchanged among all ofthe groups under study.

Chronic effect of Carietinum on Liver and kidney function

As it is seen from Table 3 serum ALT level was increased by 32% and 
decreased by 30% in CA Ext 1 and CA Ext 2 treated groups respectively 
on final day incomparison to 0 day value, however, the change was not 
statistically significant. Regarding serum creatinine level no significant 
change was noticed in any group of nSTZ rats. 

Effects on hepatic glycogen content 

The chronic effects of Carietinum extract on hepatic glycogen 
content (on fasting condition) of nSTZ diabetic rats after 28 days of 

Groups
Insulin (picomol/l)

0 day 28 day
WC (n=7) 85.37 ± 53.23 (100%) 79.81 ± 71.46 (93%)

Gliben (n=7) 78.87 ± 53.10 (100%) 67.59 ± 41.33 (85%)

CA Ext 1 (n=8) 89.72 ± 68.37 (100%) 118.20 ± 71.51 (132%)
CA Ext 2 (n=8) 77.68 ± 28.92 (100%) 39.13 ± 19.26 (50%)

Table 1: Chronic effect of C. arietinum extract on fasting serum insulin level of 
nSTZ diabetic rats.
Results are expressed as Mean ± SD. Between groups, comparison was done 
using one way ANOVA with post hoc Bonferroni test and within groups, comparison 
was done using paired t test

 
Figure 1: Effect of C. arietinum extract on the body weight of nSTZ diabetic rats. 
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chronic treatment is presented in Figure 4. It is clear from the Figure 
4 that there were no significant changes in hepatic glycogen content 
among glibenclamide and CA Ext 2 treated group; but 51% increased 
(p=ns) was shown in CA Ext 1 group after 28 days of oral administration 
when it was compared with water control. 

Effect of C. arietinum on antioxidative enzymes 

Figure 5 shows the concentration of erythrocyte lipid peroxidation 

products i.e., Malondialdehyde (MDA) and reduced Glutathione 
(GSH) in different groups of rats after 28 days of the study period. 
The levels of erythrocyte MDA were lowerd by 5% in CA Ext 2 in 
comparison to water control group. CA Ext 1 showed a significant 
increase in Reduced-GSH levels when it was compared with water 
control (p=0.031). However, there was an 8% increase in erythrocyte 
MDA level compared to control group.
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Figure 2: Chronic effect of C. arietinum extracts on Fasting Serum Glucose (FSG) level of nSTZ diabetic rats.
Results are expressed as Mean ± SD. Between groups, comparison was done using one way ANOVA with post hoc Bonferroni test and within groups, comparison was 
done using paired t test. A=CA Ext 2, 0 day vs. 28 day 
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Figure 3: Effects of C. arietinum on total serum lipid profiles of nSTZ diabetic rats.
Results are expressed as Mean ± SD. Between groups, comparison was done using one way ANOVA with post hoc Bonferroni test and Within groups, comparison 
was done using paired t test. a=CA Ext 2, 0 day vs. 28 day
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Discussion
Oral hypoglycemic agents and insulin is the mainstay of treatment 

of diabetes and are effective in controlling hyperglycemia, however, 
they have prominent side effects and fail to significantly alter the course 
of diabetic complications [21]. As the knowledge of heterogeneity of 
this disorder increases, it is needed to look for more efficacious agents 

with lesser side effects. Though the development of modern medicine 
results in the advent of modern pharmacotherapeutics (in additions to 
insulin, sulphonylureas and biguanides, hiazolidinediones) like DPPIV 
inhibitors, Glucagon like peptides etcthere is still a need to look for 
new drugs as the existing drugs do not modify the course of diabetic 
complications. Therefore, as the disease is progressing unabated, there 
is an urgent need of identifying indigenous natural resources with 
antidiabetic properties in order to develop them as new therapeutics.

The present study was undertaken to assess the antidiabetic effect 
with underlying mechanism of action of C. arietinum extract on nSTZ 
diabetic model rats. C. arietinum extract with two different doses were 
fed to diabetic rats for 28 consecutive days. It was found that the nSTZ 
diabetic rats from all groups gained in body weight throughout the 
experimental period which was also observed by other investigators 
[14,22-24].

Ethanol extract of C. arietinum lowered serum glucose level 
significantly on 28th day (p=0.049). The possible mechanism underlying 
the hypoglycemic activity of extract may be potentiation of pancreatic 
secretion of insulin from β-cell coupled with extra pancreatic 
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Figure 4: Effect of C. arietinum on hepatic glycogen content of nSTZ diabetic rats.
Results are expressed as Mean ± SD. Between groups, comparison was done using one way ANOVA with post hoc Bonferroni test and within groups, comparison 
was done using paired t test

Groups
HOMA B% HOMA S% HOMA IR

0 day 28 day 0 day 28 day 0 day 28 day
WC 

(n=7)
48.02 ± 21.22

(100%)
49.26 ± 19.10

(102%)
121.09 ± 99.72

(100%)
128.27 ± 118.00

(105%)
4.7 ± 3.5
(100%)

10.9 ± 13.9
(231%)

Gliben
(n=7)

39.98 ± 14.73
(100%)

42.23 ± 22.69
(105%)

92.41 ± 85.59
(100%)

106.05 ± 79.11
(111%)

5.5 ± 3.4
(100%)

3.9 ± 2.8
(70%)

CA Ext 1
 (n=8)

42.03 ± 9.24
(100%)

52.00 ± 16.68
(123%)

65.15 ± 45.16
(100%)

64.90 ± 43.79
(99%)

6.6 ± 4.3
(100%)

5.5 ± 3.6
(83%)

CA Ext 2
 (n=8)

43.15 ± 12.48
(100%)

43.55 ± 43.78
(100%)

74.45 ± 68.36
(100%)

125.18 ± 54.65
(168%)

6.0 ± 4.3
(100%)

1.8 ± 1.3
(30%)

p=0.052a

Table 2: Effect of C. arietinum on HOMA B%, HOMA S% and HOMA IR of nSTZ diabetic rats.
Results are expressed as Mean ± SD. Between groups, comparison was done using one way ANOVA with post hoc Bonferroni test and within groups, comparison was 
done using paired t test. a=CA Ext 2, 0 day vs. 28 day.

Groups
ALT (U/L) S Creatinine (mg/dl)

0 day 28 day 0 day 28 day

WC (n=7) 64 ± 37
(100%)

91 ± 51
(142%) 0.77 ± 0.11 0.79 ± 0.09

Gliben (n=7) 62 ± 22
(100%)

93 ± 26
(147%) 0.73 ± 0.14 0.83 ± 0.18

CA Ext 1 (n=8) 65 ± 15
(100%)

86 ± 8
(132%) 0.73 ± 0.09 0.81 ± 0.13

CA Ext 2 (n=8) 101 ± 84
(100%)

71 ± 18
(70%) 0.80 ± 0.08 0.76 ± 0.05

Table 3: Chronic effect of extract of C. arietinum on liver and kidney function of 
nSTZ diabetic rats.
Results are expressed as Mean ± SD. Between groups, comparison was done 
using one way ANOVA with post hoc Bonferroni test and within groups, comparison 
was done using paired t test
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mechanisms like decreased glycogenolysis and enhanced glycogenesis 
by the liver. When serum insulin level was investigated it was found that 
the obtained results showed that C. arietenum in the low dose (0.625 
mg/kw bw) increased serum insulin level but the higher dose (1.25 g/kg 
bw) did the opposite effect. Interestingly, when B cell secretion (HOMA 
B%), insulin sensitivity (HOMA S%) and Insulin resistance (HOMA 
IR) were determined by using HOMA-SIGMA software it was found 
that C. arietenum at higher dose (CA Ext 2) improve insulin sensitivity 
and insulin resistance. These effects in turn can lower blood glucose 
level and can thereby decrease the requirement for insulin. Therefore, 
it is speculated that the observed improvement in insulin sensitivity 
and insulin resistance was responsible for glucose and insulin lowering 
effect of CA Ext 2 treated group.

Type 2 diabetes is associated with marked imbalance in lipid 
metabolism [25]. The association of hyperglycemia with an alteration of 
lipid parameters presents a major risk for cardiovascular complications 
in diabetes. In the present study, effect of C. arietinum extract on lipid 
profile was evaluated after 28 days of chronic administration and C. 
arietinum at 1.25 g/kg bw caused a significant decrease (p=0.014) in 
serum cholesterol level when compared with water control. Serum 
HDL-cholesterol increased nonsignificantlyin extract treated group in 
comparison to the base line level. The findings are in concordance with 
other investigators [26,27]

Serum alanine amino transferase (ALT) is considered more specific 
for hapatocellular damage. Serum ALT level was decreased by 30% 
(nonsignificantly) in CA Ext 2 treated group on final day in comparison 
to 0 day value. Renal excretory function can be assessed by measuring 
serum creatinine levels. In this study after 28 days consecutive feeding 
of C. arietinumserum creatinine level almost remained unchanged 
which means that C. arietinum has no toxic effect on liver and kidney 
function.

Liver glycogen level may be considered as the best marker 
for assessing hypoglycemic activity of any drug. Increased liver 
glycogen level was observed in extract treated group. Therefore, it 
may be ascertained that the hypoglycemic activity of C. aritenum 

in type 2 model rats is due to increased uptake of glucose for the 
formation of glycogen by enhanced glycogenesis. This may be one 
of the probable mechanisms for the hypoglycemic action. There is a 
clearly documented link between diabetic complications and lipid 
peroxidation. Hypoinsulinemia increases the activity of the enzyme, 
fatty acyl-CoA oxidase that initiates β-oxidation of fatty acids. This 
results in lipid peroxidation, which is determined by thiobarbituric 
acid (TBAR) substances level. In our experiment, the MDA level was 
decreased when treated extract of C. aritenum compared with vehicle 
group [26]. Our result showed a significant increase in the GSH level, 
when treated with extract CA Ext 1. The obtained findings also correlate 
with the findings of other scientists [27-29].

Conclusion
It may be concluded that ethanolic extract C. arietinum at higher 

dose (1.25 g/kg bw) showed significant hypoglycemic and antilipidemic 
effects most likely through decreasing insulin resistance and improving 
insulin sensitivity. It also has antioxidant activity that reduces the 
oxidative changes induced by STZ administration. 
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Figure 5: Effects of C. arietinum on serum Malondialdehyde (MDA) and reduced Glutathione (GSH) of nSTZ diabetic rats.
Results are expressed as Mean ± SD. Between groups, comparison was done using one way ANOVA with post hoc Bonferroni test and within groups, comparison 
was done using paired t test.
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