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Abstract: The present study was conducted to evaluate the hypoglycemic effect of Tamarindus indica extract
(T. indica extract) in streptozotocin (STZ)-induced diabetes in male rats. Forty adult male albino rats of Sprague-
Dawley strain weighing 200±5g were divided into five groups of equal number and weight. Group I, normal
control rats; group II, diabetic control rats(positive control group); and groups III, IV and V, diabetic rats given
orally T. indica extract by tube feeding at levels of 100, 200 and 300 mg/kg of body weight, respectively. Oral
administration of T. indica extract at the three different doses caused significant increase in body weight and
serum insulin level parallel with significant reduction in blood glucose level and improvement in lipid profile
as well as liver and kidney functions compared to the positive control group. Histological of that pancreas
tissue section of rats from the positive control group showed hypertrophy and hyperplasia of ß-cells of islets
of Langerhans associated with pyknosis of their nuclei. However, treatment with 100 mg/kg b.wt of Tamarindus
indica extract resulted in vaculations of acinar epithelial lining in pancreas. Slight hypertrophy of islets of
langerhans was demonstrated in pancreas of treated rats with 200 mg/kg b.wt. Apparently normal histological
structure of ß-cells of islets of Langerhans was found in the treated rats with 300 mg/kg b.wt. In conclusion
administration of T. indica extract reduced blood glucose level and the incidence of different diabetic
complications. The antihyperglycemic effect of T. indica could be attributed to the presence of bioactive
compounds with antioxidant properties that exert health promoting effects.
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INTRODUCTION tree species. It is widely cultivated as an ornamental tree

Diabetes is a chronic metabolic disorder characterized popular component of many decoctions that is used as
by hyperglycaemia. It is a complex and multifarious group traditional medicine [5]. All parts of T. indica plant (root,
of disorders leading to micro and macrovascular body, fruit and leaves) are rich in nutritional value and
complications. Diabetes occurs when the pancreas is no broad usage area in medicine but also has industrial and
longer able to synthesize insulin and is  classified  into economic importance. Tamarindus fruit is an ideal source
two major categories, type 1 and type 2. Type 2 diabetes of all essential amino acids except tryptophan (82%) [6].
(T2DM) is the most prevalent form of diabetes, Also, T. indica is contains high carbohydrate content
accounting for 90 to 95 percent of cases [1]. The which provides energy. It is also rich in minerals such as
prevalence of diabetes mellitus has reached epidemic potassium, phosphorus, calcium and magnesium T. indica
proportions and has affected 6.4% of adults worldwide in can also provide smaller amounts of iron and vitamin A
2010 [2]. The global prevalence for all age groups was [6]. According to phytochemical analysis results, T.
estimated to be 4.4% in 2030 [3]. Applying medicinal herbs indica contains phenolic compounds like catenin,
has been popular from ancient times among people and in procyanidin B2, epicatechin, tartaric acid, mucilage,
recent years, a multilateral approach has emerged on pectin, arabinose, xylose, galactose, glucose, uronic acid
using natural medicine and especially herbal one [4]. and triterpen [7]. The fruit pulp extract of T. indica has
Tamarindus [Tamarindus indica L. (T. indica)], belongs been reported for its antioxidant and hypolipidemic
to the family Leguminosae (Fabaceae), is one of the fruit properties  [8].  Therefore, the aim of present study was to

and for its acidic fruits used in making drinks and a
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determine the antihyperglycemic effect of oral induction of diabetes, the non-diabetic rats excluded from
administration of Tamarindus indica extract in the study and diabetes established with non- fasting
streptozotocin-induced diabetes in male rats. blood glucose levels of = 300 mg/dl.

MATERIALS AND METHODS Experimental Design: Forty rats weighing 200±5 were

Material 25°C), with 40-60% humidity, exposed to a 12:12h light-
Tamarindus indica Plant: T. indica was obtained from dark cycle and fed on the basal diet and water was
local herbs and medicinal plants market, Jeddah, KSA.

Chemicals and Kits: Streptozotocin was purchased from
Sigma-Aldrich Chemical Company (St. Louis, MO, USA).
Kits for biochemical analysis of glucose, insulin, serum
triglycerides, total cholesterol, HDL-C, serum aspartate
aminotransferase, alanine aminotransferase, alkaline
phosphatase urea nitrogen, uric acid and creatinin were
purchased from Biodiagnostic Co. USA.

Rats: Forty adult male Sprague Dawley rats weighing
200±5g body weight were used in this study. Animals
were obtained from Faculty of Pharmacy, King Abdul-Aziz
University, Jeddah, Saudi Arabia. Rats were housed in a
well ventilated laboratory room under standard conditions
of 24°C temperature, 50-52% relative humidity and 12 hr
light/12 hr dark cycles. Experiment was carried out
according to the National regulations on animal welfare
and Institutional Animal Ethical Committee (IAEC).

Diets: The basal diet (AIN-93M) was prepared according
to Reeves et al. [9]. Diet was formulated to meet the
recommended nutrients levels for rats. 

Methods
Preparation of Tamarindus indica: The aqueous extracts
of T. indica were prepared using 10g dried material/100ml
distilled water and boiling for 5 min at 100°C. Then the
extract filtrated, concentrated at 50c° under reduced
pressure using a rato vapor and kept at -15°C until it was
used in the experiment [10].

Induction of Diabetes Mellitus: Diabetes was induced by
a single intraperitonial (i.p.) injection of freshly prepared
Streptozotocin (STZ) at a dose level of 65 mg/kg of body
weight dissolved in 0.02 ml of 0.05 M citrate buffer pH 4.5
in fasted rats according to Nafiu et al. [11]. After i.p.
injection, the animals allowed to drink 5 % glucose
solution overnight to overcome the death from
hypoglycemia  shock.   Seventy-two  hrs  later,  the  blood
samples were with drown from orbital plexus vein of each
injected rat by a fine capillary glass tube and the blood
glucose concentration was determined to confirm

housed in healthy condition at temperature rooms (21-

provided ad libitum for one week before starting the
experimental protocol for acclimatization. After
acclimatization period rats were divided into five equal
groups of eight rats each as follows:

Group (1): Served as a negative control group (normal
rats) and fed on basal diet only for 4weeks.
Group (2): Kept as a diabetic control rats (positive
control group) fed on the basal diet only for 4 weeks.
Group (3): Diabetic rats, orally given Tamarindus
indica extract in a dose of 100 ml/kg b.wt for 4 weeks.
Group (4): Diabetic rats, orally given Tamarindus
indica extract in a dose of 200 ml/kg b.wt for 4 weeks.
Group (5): Diabetic rats, orally given Tamarindus
indica extract in a dose of 300 ml/kg b.wt for 4 weeks.

The initial and final body weights of rats were
recorded and body weight gains was calculated. At the
end of the experimental period (4 weeks) diets were
withheld from experimental rats for 12h and then the rats
were sacrificed and blood samples were collected from the
portal vein into dry clean centrifuge tubes for serum
separation. Serum samples were frozen at -20°C until
biochemical analysis. Pancreas of sacrificed rats were kept
in 10% formalin solution till processed for
histopathological examination.

Biochemical Analysis: Glucose and Insulin
Concentration: Blood glucose was measured using a
glucose oxidase kit [12] and insulin level was measured
using ELISA kit according to Clark and Hales [13].

Lipid Profile Parameters: Total cholesterol (TC),
triacylglycerols (TG), high density lipoprotein cholesterol
(HDL-c) were determined according to Richmond [14],
Lopes-Virella et al. [15] and Fossati and Prenpe [16],
respectively. While low density lipoprotein cholesterol
(LDL-c) and very low density lipoprotein cholesterol
(VLDL-c) were calculated according to Fridewald et al.
[17] by using the following equation: 

LDL-C = TC - (HDL-C +V LDL-C). VLDL-C estimated
as triglyceride/5
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Liver and Kidney Functions Assay: Serum aspartate The increase in body weight in the treated groups was
aminotransferase (AST) and alanine aminotransferase dose dependent. Diabetes induced by streptozotocin
(ALT) and alkaline phosphatase (ALP) activities were significantly (P<0.05) increased blood glucose and
determined  using  colorimetric methods as described in decreased serum insulin level in rats when compared to
the kits instruction (Biodiagnostic Company).The the negative control group. Oral administration of T.
absorption of the test samples were read at 505nm for indica extract to diabetic rats at three dosage levels for 4
AST and ALT and at 510 nm for ALP. Kidney function weeks significantly (P <0.05) lowered blood glucose and
was assessed by chemical estimation of blood urea elevated insulin serum level when compared with the
nitrogen [18]; uric acid [19] (and creatinine [20] positive control group as depicted in Table 2. Percentages
concentrations in the serum. of the decrease in blood glucose level were 48.25, 59.27

Histopathological Examination: The fixed Pancreas dosage levels 100,200 and 300 mg/kg b.wt., respectively
specimens were trimmed, washed and dehydrated in and increased insulin serum level when compared with the
ascending grades of alcohol. Specimens were then cleared positive control group were 142.68, 235.37 and 268.29,
in xylol, embedded in paraffin, sectioned at 4-6 microns respectively. Serum concentrations of TG and TC in
thickness and stained with Heamtoxylin and Eosin stain diabetic rats are presented in Table 3. Tabulated results
for examination of the Pancreas as described by Carleton revealed that positive control group showed significant
[21]. (p<0.05) increase in serum levels of TC and TG compared

Statistical Analysis: Results were expressed as a (mean respectively. According to the results, treated rats with
±SD). Data were analyzed statistically by analysis of different doses of T. indica extract (100, 200 and 300
variance, for statistical significance using LSD test, one mg/kg b.wt) showed significant (p<0.05) decrease in
way ANOVA, post hoc multiple comparisons according serum levels of TC compared to the positive control rats
to Snedecor and Cochron [22]. SPSS version 20 was used by17.23, 25.12 and 33.4%, respectively. The same effect
for these calculations. was observed in serum TG of treated groups by 22.96,

RESULTS control group. Treated group with 300mg/kg b. wt

Effect of oral administration of Tamarindus indica were significantly (p<0.05) decreased compared to the
extract at doses of 100, 200,300 mg/kg b.wt on body other treated groups. 
weight in diabetic rats is recorded in Table 1. Results The results revealed that diabetes induced significant
indicated that at the initial body weight of experiment, decrease in high density lipoprotein cholesterol (HDL-c)
there was no significant difference in body weight (g) by 59.54% compared to the negative control group
among all groups (p<0.05). Final body weight of positive accompanied by increase in low (LDL-c) and very low
control group was significantly (p<0.05) reduced density lipoprotein cholesterol (VLDL-c) by 143.4 and
compared to the negative control group. Oral 44.88%, respectively when compared to the negative
administration of T. indica extract at the three different control group,. Oral administration of T. indica extract at
doses caused significant increase in body weight (g) in all three dosage levels given to diabetic rats for 4 weeks
treated groups  compared  to  the  positive  control  group. significantly  (P   <0.05)    increased    serum    HDL-c   and

and 66.32 in rats orally given T. indica extract at three

to the negative control group by 54.96 and 56.29%

29.33 and 35.46%, respectively compared to positive

revealed the lowest levels of serum TC and TG, which

Table 1: Effect of oral administration T. indica extract on body weight (B.wt) and body weight gain percent (BWG) in diabetic rats

Parameters

-------------------------------------------

Groups Initial B. wt (g) at week 0 Final B. wt (g) at week 4 BWG (%)

Group (1) -Ve control 205.23±2.33 255.07±2.82 24.28±1.36a a a

Group (2) + Ve control 204.13±1.25 185.50±4.52 9.1±1.37a d d

Group (3) T. indica 100 ml/kg b.wt 205.11±3.51 233.32±4.66 13.75±1.68a c c

Group (4) T. indica 200 ml/kg b.wt 205.31±2.86 241.43±2.43 17.59±1.52a b b

Group (5) T. indica 300 ml/kg b.wt 205.43±2.35 252.85±6.37 23.08±1.14a a a

Mean with different letters in the same column differ significantly at p < 0.05 using one way ANOVA test. n=8 rats



World Appl. Sci. J., 33 (12): 1940-1948, 2015

1943

Table 2: Effect of oral administration of T. indica extract on blood glucose (BG) and insulin levels in diabetic rats
Parameters
-------------------------------------------------
Groups BG (mg/dl) Insulin (ng/ml) 
Group (1) - Ve control 97.57±2.34d 3.11±0.67a
Group (2) +Ve control 20% CP 310.42±3.53a 0.82±0.43d
Group (3) T. indica 100 ml/kg b.wt 160.63±2.87b 1.99±0.54c
Group (4) T. indica 200 ml/kg b.wt 126.42±2.62c 2.75±0.63b
Group (5) T. indica 300 ml/kg b.wt 104.54±3.73c 3.02±0.85b
Mean with different letters in the same column differ significantly at p < 0.05 using one way ANOVA test. n=8 rats

Table 3: Effect of oral administration of T. indica extract on serum total cholesterol (TC) and triglycerides (TG) in diabetic rats
Parameters
-------------------------------------------------
Groups TC (mg/dl) TG (mg/dl)
Group (1) - Ve control 95.37±2.42 d 79.34±1.47d
Group (2) +Ve control 20% CP 147.79±2.13 a 124.00±3.22a
Group (3) T. indica 100 ml/kg b.wt 122.32±2.21 b 95.53±2.11b
Group (4) T. indica 200 ml/kg b.wt 110.66±3.28c 87.63±2.25c
Group (5) T. indica 300 ml/kg b.wt 98.43±2.54d 80.03±1.03d
Mean with different letters in the same column differ significantly at p < 0.05 using one way ANOVA test. n=8 rats

Table 4: Effect of oral administration of T. indica extract on serum levels of high (HDL-c), low (LDL-c) and very low density lipoprotein cholesterol (VLDL-c)
in diabetic rats

Parameters
------------------------------------------------------
Groups HDL-c (mg/dl) LDL-c (mg/dl) VLDL-c (mg/dl)
Group (1) - Ve control 55.49±2.85a 23.57±1.52d 17.09±0.09d
Group (2) +Ve control 20% CP 22.45±1.89d 57.37±3.05a 24.76±0.06a
Group (3) T. indica 100 ml/kg b.wt 44.36±2.18c 45.56±1.18b 20.43±0.74b
Group (4) T. indica 200 ml/kg b.wt 49.50±2.27b 33.43±0.94c 19.66±0.03c
Group (5) T. indica 300 ml/kg b.wt 52.32±3.26a 24.47±1.03d 18.44±0.32d
Mean with different letters in the same column differ significantly at p < 0.05 using one way ANOVA test. n=8 rats

Table 5: Effect of oral administration of T. indica extract on the activity of serum aspartate aminotransferase (AST), alanine amino-transferase (ALT) and
alkaline phosphatase (ALP) in diabetic rats

Parameters
------------------------------------------------------
Groups AST( U/L) ALT(U/L) ALP(U/L)
Group (1) - Ve control 47.24±1.67d 38.09±.32d 90.19±3.35c
Group (2) +Ve control 20% CP 76.21±2.02a 68.11±1.27a 109.32±3.43a
Group (3) T. indica 100 ml/kg b.wt 62.43±2.66b 57.21±2.35b 99.24±3.76b
Group (4) T. indica 200 ml/kg b.wt 54.23±1.09c 44.65±2.01c 95.21±2.27b
Group (5) T. indica 300 ml/kg b.wt 49.21±2.31d 40.98±1.43d 91.04±3.18c
Mean with different letters in the same column differ significantly at p < 0.05 using one way ANOVA test. n=8 rats

Table 6: Effect of oral administration of T. indica extract on blood urea nitrogen (BUN), uric acid (UA) and creatinine (Cr) levels in diabetic rats
Parameters
------------------------------------------------------
Groups BUN (mg/dl) UA (mg/dl) Cr (mg/dl)
Group (1) - Ve control 3.87±0.04d 33.41±0.32 d 0.87±0.02d
Group (2) +Ve control 20% CP 5.94±0.13 a 58.62±0.65 a 2.36±0.06 a 
Group (3) T. indica 100 ml/kg b.wt 4.94±0.34 b 46.43±0.54 b 1.43±0.04b
Group (4) T. indica 200 ml/kg b.wt 4.36±0.78 c 40.43±0.71 c 1.11±0.01c
Group (5) T. indica 300 ml/kg b.wt 3.92 ± 2.01d 35.32 ± 0.01d 0.93 ± 0.02d 
Mean with different letters in the same column differ significantly at p < 0.05 using one way ANOVA test. n=8 rats
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Fig. 1: Pancreas   of  control  negative  (-ve)  rats Fig. 4: Apparent normal histological structure of
showing no histopathological change (H and E pancreas was showed in treated group with 300
stain x 400). mg/kg b. wt T. indica extract (H and E stain x 400).

Fig. 2: Pancreas  of  diabetic  rats  showing  necrosis  of oral administration of T. indica extract on kidney
-cells of islets of langerhans (H and E stain x functions as indicated by serum concentrations of BUN,

400). UA and Cr. Results revealed that positive control group

Fig. 3: Slight hypertrophy of islets of langerhans was treated rats with 200mg/kg b.wt T. indica extract (Fig. 3).
observed in pancreas of treated rats with Apparent normal histological structure of pancreas tissue
200mg/kg b.wt T. indica extract (H and E stain x section was noticed in treated rats with 300  mg/kg b. wt
400). T. indica extract (Fig. 4).

decreased LDL-c and VLDL-c when compared with the
positive control group as recorded in Table 4. The activity
of AST, ALT and ALP as indicator of liver functions is
recorded in Table 5. Data revealed that positive control
group had significant increase (p<0.05) in the activity of
serum AST, ALT and ALP compared to the negative
control group. Oral administration of T. indica extract
caused significant increase (p<0.05) in serum of AST,
ALT and ALP activity compared to the positive control
group. The reduction of serum of AST, ALT and ALP
activity was more detectable with increasing the dose of
T. indica extract. Data in Table 6 illustrated the effect of

had significant increase in serum levels of BUN, UA and
Cr (p<0.05) compared to the negative control group.
However, oral administration of T. indica extract at the
three different doses caused significant decrease in serum
concentrations of BUN, UA and Cr compared to the
positive control group.

Histopathological examination of the pancreatic
tissue section of negative control group showed no
histopathological changes (Fig. 1). Microscopic
examination of the pancreatic tissue section of diabetic
rats revealed necrosis of -cells of islets of langerhan’s
and cystic dilatation of pancreatic duct and congestion of
pancreatic blood vessels (Fig. 2). Slight hypertrophy of
islets of langerhans showed in pancreas tissue section of
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DISCUSSION diabetic groups treated with T. indica extract as compared

Different parts of T. indica are recognized for their with the results of Bhutkar and Bhise [34], who reported
various medicinal properties. It has been reported that the that this may be due to the hypoglycemic effect of T.
antioxidant-rich T. indica fruit pulp extract was able to indica extract bioactive compounds which may help in
significantly regulate the expression of a sizable number suppressing the free radical in diabetes, this will ultimately
of genes [23]. It has been recently stated that the leaves lead to decreased levels of blood glucose and also it has
of T. indica possessed high phenolic contents with a protective effect on pancreatic -cells and restored
potent  antioxidant  activity  in  scavenging  free  radicals plasma insulin level. In the present study, diabetic rats
in non-cellular based assays [24]. Catechin, epicatechin showed a significant increase in serum TC, TG, LDL-C and
and   quercetin  were  detected  in  the  antioxidant-rich VLDL-C levels accompanied by a significant decrease in
leaf extract of T. indica [24]. The present study aimed to serum HDL-C level when compared with negative control
investigate  the  hypoglycemic  effect  of   T.  indica group. A similar result reported that STZ in a dose of 30
extract in  diabetic  male  rats.  The   study  results mg/kg had a negative effect on lipid profile when
revealed that animals injected with STZ appeared ill- compared with normal rats [27]. In addition, Ramudu et al.
looking with loss of their body weight. Present [35] found significant increase in TC, TG and
observations are in agreement with the findings of phospholipids levels in STZ-induced diabetic rats against
Habibuddin et al. [25] and Lee et al. [26], who reported non-diabetic rats. These effects may be attributed to the
that these effects may be due to injurious effect of STZ affect of diabetes on lipid metabolism. Low insulin levels
which caused alkylation of DNA and produced are associated with high levels of chylomicrons and very-
hyperglycaemia and necrotic lesions. Kota et al. [27] low-density lipoprotein (VLDL-C) and lipoprotein lipase
found that there were an association between deficiency resulting in hypertriglyceridaemia [36, 37, 38].
hyperglycemia and decreased body weight of diabetic Insulin affects many sites of mammalian lipid metabolism;
animals. DM induced reduction in body weight and the it stimulates synthesis of fatty acids in liver, adipose
body’s inability to store or use glucose causes hunger tissues in the intestine. Insulin deficiency has also been
and weight loss. In our study, administration of T. indica reported to increase the cholesterol synthesis and
extract to diabetic rats resulted in increased body weight increase the activity of lipoprotein lipase in white adipose
compared to the positive control group this may be due to [39].
the retained levels of glucose and insulin levels because The present results revealed that the treatment of
of the antioxidant effects of T. indica extract. diabetic rats with T. indica extract caused significant

Our results during experimental period revealed that, decrease in plasma levels of cholesterol, LDL-C, VLDL-C,
blood glucose level in the  diabetic  rats  was  significantly TG and an increase in HDL-C. This may be an indication
high and serum insulin level was significantly low of positive metabolic control of T. indica extract on
compared to the negative control rats. Histopathological mechanisms involved in the elimination of the lipids from
examination of pancreas sections from positive control the body. This effect may be due to antioxidant effect of
rats is agreed with Laxmi et al. [28] and Yaghmoor and T. indica extract or because T. indica extract may change
Khoja [29], who reported that STZ. Induced diabetes in the rate of fatty acids oxidation in the liver and reduced
male rats in a dose of 60 mg/kg and had a negative effect the rate of triglycerides biosynthesis in rats [40]. Liver
on glucose concentration and insulin levels. Diabetes functions tests in the present study included serum AST,
syndromes characterized by increased blood glucose, ALT and ALP activity. The activities of AST and ALT are
altered lipids, carbohydrate and an increased risk of cytosolic marker enzymes reflecting hepatocellular
diabetic complications and oxidative stress [30, 31]. necrosis as they are released into the blood after cell
Moreover, STZ induced destruction of -cells of islets of membrane damage. Therefore, ALT and AST are the
Langerhans and causing degranulation and reduction of specific markers to assess hepatocellular damage leading
insulin secretion as proposed by Zhang and Tan [32] and to liver cell necrosis [41]. Thus lowering of these enzymes
Kavalali et al. [33]. content in serum is a definite indication of

In the current study, it was observed that there was hepatoprotective action of a drug. In the current study
a significant decrease in serum glucose concentrations data revealed that positive control group had a significant
while insulin level demonstrated a significant increase in higher serum AST, ALT and ALP activity compared to

with the diabetic group. These results are in conformity
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that of the negative control group. These results are in and the nephroprotective effects of T. indica extract could
agreement with those obtained by Arkkila et al. [41], who be attributed to its antioxidant activity which possessed
reported that elevated activity of serum AST and ALT is high phenolic contents and had potent antioxidant
a common sign of liver diseases and observed frequently activities in scavenging free radicals in non-cellular based
among people with diabetes than in the general assays [24].
population. Ana Angelica et al. [42] indicated that activity
of AST, ALT was increased in the serum of diabetic CONCLUSION
animals. Hamden et al. [43] demonstrated that increased
generations of free radicals due to oxidative stress In conclusion, all the above complications in diabetic
develop several adverse effects in diabetes mellitus such rats may be related to the oxidative stress resulting from
as hepathology and nephropathy disorders. Therefore, the increased blood glucose level. Oxidative stress may
the oxidative stress is a common pathogenetic mechanism cause oxidative damage of cellular membranes and
contributing to initiation and progression of hepatic changes in the structural and functional integrity of sub-
damage in a variety of liver disorders [44]. Hyperglycemia cellular organelles and may produce effects that result in
increases the generation of free radicals by glucose auto- various complications in diabetes disease. This study
oxidation and the increment of free radicals may lead to demonstrate that T. indica extract significantly
liver cell damage. The increase in oxygen free radicals in ameliorates hyperglycemia, hyperlipidemia due to the
diabetes could be primarily due to the increase in blood antioxidant effect of its phytochemicals.
glucose levels and secondarily due to the effects of the
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