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Abstract

Background: Diabetes mellitus is a global health problem and constantly increasing day by day. The number of
diabetic people in world is expected to rise to 366 million in 2030. The available drugs for diabetes, insulin or oral
hypoglycemic agents have one or more side effects and search for new antidiabetic drugs with minimal or no side
effects from medicinal plants is a challenging for us. The present study was undertaken to investigate the
antidiabetic and antioxidant activity of Semecarpus anacardium (Linn.) (abbreviated as SF).

Methods: The antidiabetic activity was determined by using alloxan-induced diabetic rats. After 15 days of treatment,
serum biochemical parameters such as TC, TG, LDL, HDL, SGOT and SGPT were estimated. The survival rate, body weight,
organ weight, liver glycogen and blood parameters (RBC and Hb) were also measured. The antioxidant activity was
measured by DPPH free radical scavenging assay. Phytochemical screening, total phenolic and total flavonoid content
were determined by using standard methods.

Results: The results showed that the survival rate was 100% in rats of Group SA 400. The effect of extract on
blood glucose level in Groups SA 100, SA 200 and SA 400 were dose-dependent throughout the treatment
period. No significant changes in organ weight to body weight ratio were observed, liver weights significantly
improved in Groups SA 200 and SA 400. The bark extract exhibited significant (p < 0.05) anti-diabetic activity with
lowering TC, TG, LDL level dose-dependently and protected liver which may be partially explained by attenuation
of SGOT and SGPT levels and increases liver glycogen. The percentage of Hb and RBC counts were negatively
correlated with the doses of extracts. In DPPH scavenging assay, IC50 values of SA extract and ascorbic acid were
found 72.24 μg/ml and 17.81 μg/ml, respectively. Phytochemical screening showed the presence of steroids,
triterpenoids, flavonoids, glycosides, saponins, and tannins that were contribute to biological activity.

Conclusions: These results indicated that stem barks of S. anacardium possess strong anti-diabetic and
antioxidant potentials and support traditional medicinal use for the treatment of diabetes mellitus and good
source for natural antioxidants.
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Background
Diabetes mellitus (DM) is a metabolic syndrome with
multiple etiology, is characterized by chronic hypergly-
cemia together with disturbances in carbohydrate, pro-
tein and fat metabolism results from a decrease in
circulating concentration of insulin (insulin deficiency),
a decrease in the response of peripheral tissues to insulin
(insulin resistance) or both [1]. DM is the commonest
clinical disorder affecting nearly 10% of the population all
over the world [2]. At present, there are an estimated 246
million people with diabetes in the world, of whom about
80% reside in developing countries [3]. In Bangladesh, the
situation is the most vulnerable and it has been estimated
that the number of diabetes will rise from 3.2 million in
2000 to 11.7 million by the year 2030. In 2005, WHO re-
ported that around 1.1 million people were died of dia-
betic complicacy, among which 80% from developing
countries and it has also been suggested that the death
rate will increase up to 50% [4]. Diabetes is a global dis-
ease with a huge adverse impact on the health and mortal-
ity, particularly from cardiovascular disorders [5]. To
avoid the risk of serious complications from diabetes such
as heart and blood vessels diseases, controlling not only
blood glucose levels but also lipid levels are necessary [6].
Patients with diabetes have lipid disorders and an in-

creased risk of coronary heart disease, peripheral vascular
disease and cerebrovascular disease [7,8]. Hyperlipidemia
is a characteristics feature of drug-induced (alloxan or
streptozotocin) diabetes in rats and rabbits as well as in
poorly controlled diabetes in humans. Coronary heart dis-
ease (CHD) is the cause of about 50% of all deaths in the
United States. The incidence of CHD is correlated with
elevated levels of LDL cholesterol (LDL-CH) and triglycer-
ols (TG) and with low levels of HDL cholesterol (HDL-
CH). Hyperlipidemias can also results from genetic defects
in lipoprotein metabolism or by a combination of genetic
and lifestyle factors [9]. Dislipidemia and hyperhomocys-
teinemia are important factors associated with the early
onset of atherosclerosis. Multiple mechanisms contribute
to arterial disease (e.g. atherogenesis) in patients with type
2 diabetes. A high burden of abdominal fat presents the
liver with elevated levels of free fatty acids through the
portal circulation. This excess of free fatty acids will drive
the overproduction of TG-rich lipoprotein particles, in-
cluding VLDL-CH, LDL-CH, A reciprocal decrease in
HDL accompanies hypertriglyceridemia characteristic of
the type 2 diabetic state [10].
In addition to hyperglycemia, systemic or local eleva-

tions in insulin may contribute to aberrant lipid metabol-
ism and vascular wall function. Imperfect normalization of
glucose metabolism by replacement insulin therapy may
alter the concentrations and compositions of potentially
atherogenic lipoproteins [11,12]. Changes in the ratio of
apolipoproteins A-I to A-II in HDL have been observed
[13] possibly interfering with the protective role of these
lipoproteins in vascular disease [14]. At the vascular wall,
insulin may contribute directly to increasing the levels
of cellular cholesterol via its ability to increase cellular
sterol synthesis, induce LDL receptors, and inhibit
HDL-mediated cholesterol removal [15]. It remains to
be established whether the hyperinsulinemia is most
detrimental to vascular health in diabetes. The alterna-
tive possibility is that hyperglycemia is associated with
atherosclerosis.
Semecarpus anacardium (L.) is commonly known as

Beula (Bangla), Bhallataka (Sanskrit), or Marking nut
tree (English), belongs to the family Anacardiaceae [16].
In traditional medicine, it is used in the treatment of
gout, rheumatic pain and cancer [17]. Previous studies
has documented to posses immunomodulatory and anti-
inflammatory [18], anti-arthritic [19] as well as anticancer
activity [20]. Phytochemical studies revealed the presence
of phenolic compounds as carbolic acid derivatives, bhila-
wanols, sterols, glycosides, bhilawanols, anacardic acid,
anacardoside and flavonoids [21-23]. The nut of this plant
has been reported on hypoglycemic and antihyperglycemic
[24], hypocholesterolemic [25], antitumor [26], antioxidant
[27] and hepatoprotective activity [28]. It also possesses
cytotoxic, fungistatic and anti-lipid peroxidative properties
[29-31]. Therefore, we determined the effects of ethanolic
extract of S. anacardium stem barks on glucose, GOT,
GPT, total cholesterol (TC) triglyceride (TG), LDL and
HDL in the blood and glycogen content in liver on alloxan
induced-diabetic rats and antioxidant activity by DPPH
scavenging assay.
Methods
Plant materials
Fresh stem bark of the plant Semecarpus anacardium
(Linn.) was collected from Madhupur forests, Tangail,
April in 2009 and the plant authenticity was confirmed
from the Bangladesh National Herbarium, Dhaka.
Preparation of plant extract
The collected stem barks were washed and sun dried
under shadow for several days. The dried stem barks
were powdered in an electrical grinder after overnight
drying in an oven below 50°C. The powdered plant barks
were extracted with 95% ethanol at room temperature.
The bottle were kept at room temperature and allowed
to stand for several 7–10 days with occasional shaking
and stirring. The extracts thus obtained were filtered
through cotton and then through filter paper (Whatman
Fitter Paper No. 1). The filtrate was defatted with petrol-
eum ether for several times. Then, the defatted liquor
was allowed to evaporate using rotary evaporator at
temperature 40-45°C. Finally, a highly concentrated
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ethanol extract were obtained and kept in desiccators to
dry to give a solid mass (1.67%).

Drugs and chemicals
The standard drug, Metformin hydrochloride was the gen-
erous gift samples from Chemico Laboratories Ltd. Alloxan
monohydrate was purchased from Sisco Research Labora-
tories Pvt. Ltd., Mumbai, India. Blood samples analyzed for
blood glucose content by using BioLand G-423 glucose test
meter (BioLand, Germany). Serum TC and TG concentra-
tions were analyzed by measuring absorbance by UV-
spectrophotometer (Shimadzu UV-1200, Tokyo, Japan),
using wet reagent diagnostic kits (Boehringer Mannheim,
GmbH, Germany). Serum LDL and HDL Cholesterol mea-
sured by blood analyzer (5000, Spain) using wet reagent
diagnostic kits (Centronic GmbH Germany & Crescent
Diagnostic Kits). SGOT and SGPT level were measured by
using Crescent Diagnostic Kits and Human Gesellschaft
fur Biochemical mbH Germany according to manufac-
turer’s protocol. DPPH (2, 2-diphenyl, 1-picrylhydrazyl),
TCA (trichloroacetic acid), ferric chloride, Gallic acid and
Quercetin were obtained from Sigma Chemical Co. USA.
Ascorbic acid was obtained from SD Fine Chem. Ltd.,
Biosar, India. Folin-ciocalteu reagent was purchased from
Merck, Germany. All chemicals and solvents were of re-
agent grade.

Experimental animals
Nine-week-old male Long Evans rats (150-180 g) pur-
chased from ICDDRB, Dhaka, Bangladesh and were
housed in animals cages under standard environmental
conditions (22-25°C, humidity 60-70%, 12 h light: 12 h
dark cycle). The rats were fed with standard pellet diet
obtained from ICDDRB, Dhaka and water ad libitum.
The animals used in this study were cared in accordance
with the guidelines on animal experimentation of our in-
stitute. The experimental procedures involving animals
were conducted in accordance with the guidelines of
Institute of Biological Sciences, University of Rajshahi,
Bangladesh. The study protocol was approved by Institu-
tional Animal, Medical Ethics, Biosafety and Biosecurity
Committee (IAMEBBC) at the Institute of Biological Sci-
ences, University of Rajshahi, Bangladesh.

Induction of diabetes
After fasting 16 h, diabetes was induced into rats by in
intra-peritoneal injection (i. p.) of alloxan monohydrade
(120 mg/kg), dissolved in saline (100 μl/rat, ip.). After
72 h, plasma glucose levels were measured by gluc-
ometer using a blood sample from tail-vein of rat. Rat
with blood sugar level higher than 11.5-13.5 mmol/l are
considered as moderate diabetic. Age-matched normal
healthy rat were used as normal control.
Experimental design
In the experiment, a total of 30 long Evans rats were di-
vided into following six groups for the oral administra-
tion of extracts/drugs or vehicle.

I. Normal Control (Group NC, Vehicle 0.5% methyl
cellulose, op., n = 5)

II. Diabetic Control (Group DC, Vehicle 0.5% MC, op.,
n = 5)

III.Diabetic Standard, (Group DS, Metformin HCl,
150 mg/kg, op. n = 5)

IV.Diabetic + Extract 100 mg/kg (Group SA 100, op.,
n = 5)

V. Diabetic + Extract 200 mg/kg (Group SA 200, op.,
n = 5)

VI.Diabetic + Extract 400 mg/kg (Group SA 400, op.,
n = 5)

Antidiabetic studies of SA extract on alloxan-induced dia-
betic rats
The animals of Group IV, Group V and Group VI re-
ceived bark extract of S. anacardium at doses of 100,
200 and 400 mg/kg body weight once daily, for 15 days
using intrgastric tube. Group III received metformin
(150 mg/kg body weight), while Group II serves as dia-
betic control (received vehicle 0.5% MC). The blood
samples were analyzed for blood glucose content by
Glucometer at 0th, 5th 10th and 15th days of treatment.

Measuring body weight and organ weight (liver,
pancreases, kidney, heart, and lung)
The body weights of rats of each group were measured
on 0, 3, 6, 9, 12 and 15 days during the treatment period.
At the end of experiments, all the rats were anesthetized
with diethyl ether, chest were opened and blood samples
were withdrawn directly by heparinised syringes from
aorta of heart and stored in test tube containing anti-
coagulant (EDTA). Then liver, kidney, pancreases, heart,
and lung were removed and cleaned of the surrounding
tissues. The organ weights (OW) were measured imme-
diately and the ratio of organ weights to body weight ra-
tio (O/B) were calculated and parts of them were stored
in 10% formalin and in a refrigerator at −20°C for histo-
pathology and biochemical estimations respectively.

Collection of blood and serum and determination of
serum total cholesterol (TC), triglycerides (TG), LDL-Ch,
HDL-Ch, SGOT and SGPT
The blood samples were centrifuged at 4000 rpm for
20 minutes to separate serum by using an Ultra-
Centrifuge Machine (Centurion, UK) and the serum
was preserved at −20°C to examine Total Cholesterol
(TC), Triglyceride (TG), LDL-cholesterol (LDL), HDL-
cholesterol (HDL), SGOT and SGPT concentrations by



Table 1 Survival rate of animals after 15 days of
treatment with SA extract

Treatment and
dose

Total
Animals

Survivors Deaths Survival rat
(%)

Normal control
(NC)

5 5 0 100

Diabetic Control
(DC)

5 2 3 40

Diabetic standard
(DS)

5 5 0 100 **

SA 100 (100 mg/kg) 5 3 2 60 *

SA 200 (200 mg/kg) 5 4 1 80 *

SA 400 (400 mg/kg) 5 5 0 100 **

Data expressed in percentages (%). (n = 5). (p < 0.001) Control group received
0.5% methyl cellulose and standard group received 150 mg/kg Metformin.
*p < 0.05, **p < 0.01 compared with diabetic control.
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UV Spectrophotometric method (Shimadzu UV-1200,
Tokyo, Japan) using wet reagent diagnostic kits accord-
ing to manufacturer’s protocol (Centronic GmbH
Germany & Crescent Diagnostic Kits).

Estimation of glycogen content in liver
The liver glycogen content was determined according to
the method described by Tarnoky K. et. al [32]. Briefly,
small portion of liver of all mice were extracted by
treated with o-toluidine-glucose and after extraction;
coupling reaction was done with trichloroacetic acid
(TCA) and precipitation by alcohol and hydrolysis. Fi-
nally, estimation of glycogen was performed by UV
spectrophotometer.

In vitro antioxidant activity of SA extract by DPPH free
radical scavenging assay
The scavenging effects of samples for DPPH (2, 2-diphenyl-
1-picrylhydrazyl) free radical were monitored according to
the method of Yen [33]. Accurately weight 0.004gm of
DPPH and place it into a 100 ml of a volumetric flask. Then
the volume is adjusted by methanol. Then the concentra-
tion of the solution is 0.004% of DPPH. The absorbance of
this solution was taken at 517 nm against methanol as a
blank and recorded as a control solution standard. Accur-
ately weight 0.025gm of ascorbic acid and dissolved it into
5 ml of distilled water. The concentration of the solution is
5 μg/μl of ascorbic acid. This solution is called stock solu-
tion. Take 0.025gm of plant extract and dissolved it into
5 ml of methanol. The concentration of the solution is
5 μg/μl of plant extract. This solution is called stock solu-
tion. 200 μl of plant extract or standard of different concen-
tration solution was taken in a test tube. 2 ml of reagent
solution was added in test tube. Incubate the test tube for
30 mins to complete the reaction. Then the absorbance of
the solution was measured at 517 nm against methanol as a
blank by using UV spectrophotometer. A typical blank so-
lution contained methanol. The mixture was mixed well
and then left to stand in the dark for 30 min at room
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Figure 1 Time course of changes in blood sugar levels in the treatment pe
Control group received 0.5% MC and standard group received 150 mg/kg
temperature, and its absorbance was read at 517 nm with a
spectrophotometer against a blank. Trolox in the same
concentrations was used as the positive control. All mea-
surements were done in triplicate.
The percentage (%) of scavenging of the DPPH free

radical was measured by using the following equation:

A0‐A1ð Þ= A0f g � 100

Where, A0 = absorbance of the control
A1 = absorbance of the extract/ standard
Then the percentage (%) of inhibition was plotted

against log concentration and from the graph IC50 was
calculated.

Phytochemical screening tests
The phytochemical tests have been performed by the
standard methods (Pollock and Stevens, 1965; Trease
and Evans, 1996 and Plummer, 1985) [34-36].

Determination of total phenolic compound content
Total phenol content in extract was determined by Folin-
Ciocalteu reagent [37]. Extract (200 μg/ml) was mixed
10 Days 15 Days
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DSA-400
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riod of 15 days. Data expressed in Mean ± Standard Error. (n = 5).
Metformin, *p < 0.05 compared with diabetic control.



Table 2 Effect of SA extract on body weight changes in normal and diabetic rats

Groups 0 Day 3 Days 6 Days 9 Days 12 Days 15 Days

NC 174.2 ± 6.5 176.5 ± 4.23 178.4 ± 2.25 180.2 ± 4.32 183.8 ± 3.56 186.4 ± 5.78

DC 166.4 ± 3.9 167.4 ± 4.0 168.6 ± 4.2 170.4 ± 3.7 174.8 ± 3.8 175.0 ± 4.4

DS 156.6 ± 4.5 157.6 ± 4.2 157.8 ± 4.4 159.4 ± 5.7 163.1 ± 4.5 157.4 ± 3.2

SA 100 156.6 ± 4.4 152.8 ± 5.3 150.8 ± 7.5 150.4 ± 8.3 147.8 ± 9.4 146.2 ± 9.5

SA 200 153.4 ± 5.6 153.75 ± 4.6 154.51 ± 8.5 156.7 ± 3.3 163.5 ± 5.6 166.6 ± 6.0

SA 400 157.2 ± 6.5 158.2 ± 7.5 159.5 ± 5.3 161.5 ± 6.8 170.6 ± 3.4 172.4 ± 3.7

Data expressed in Mean ± Standard Error. (n = 5). Control group received 0.5% methyl cellulose and standard group received 150 mg/kg Metformin.
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with 400 μl of the Folin-Ciocalteu reagent and 1.5 ml
of20% sodium carbonate. The mixture was shaken thor-
oughly and made up to 10 ml with distilled water. The
mixture was allowed to stand for 2 hrs. Then the absorb-
ance at 765 nm was determined. The concentration of
total phenol content in SA extract was then determined as
mg of gallic acid equivalent by using an equation that was
obtained from standard gallic acid graph.
Determination of total flavonoids content
The total flavonoid content was determined using a
method previously described by Kumaran K [38]. 1 ml
of plant extract in ethanol (200 μg/ml) was mixed with
1 ml aluminium trichloride in ethanol (20 mg/ml) and a
drop of acetic acid, and then diluted with ethanol to
25 ml. The absorption at 415 nm was read after 40 min.
Blank samples were prepared from 1 ml of plant extract
and a drop of acetic acid, and then diluted to 25 ml with
ethanol. The total flavonoid content was determined
using a standard curve of quercetin and expressed as mg
of quercetin equivalent (QE/gm of extract dry materials).
Statistical analysis
Data were expressed as mean ± Standard Error of Mean
(SEM). Statistical comparison were performed by one-
way (ANOVA) followed by Dunnett’s Multiple Compari-
son Test and the values were considered as statistically
significant when p values were less than 0.05 (p < 0.05).
Statistical calculations and the graph were prepared
using GraphPad Prism Software version 5.0 (GraphPad
Software, San Diego, CA, USA).
Table 3 Effect of SA extract on organ weight in alloxan diabe

Group Heart weight Liver weight

NC 0.62 ± 0.05 4.87 ± 0.25

DC 0.51 ± 0.04 3.35 ± 0.4

DS 0.49 ± 0.03 4.32 ± 0.23*

SA 100 0.54 ± 0.08 4.13 ± 0.33

SA 200 0.52 ± 0.03 5.25 ± 0.3*

SA 400 0.55 ± 0.16 5.47 ± 0.08*

Data expressed in Mean ± Standard Error. (n = 5). *p < 0.05 compared with diabetic
Results
Survival rate
The survival rate among the groups of rats with SA ex-
tract were 40%, 60% and 80% of 5 rats each in Group
DC, Group SA 100 and Group SA 200 respectively, after
15 days treatment period. None of the rats died in
Group DS, Group SA 400 and Group NC. The 15 days
survival rate was significantly higher in Group SA 400
compared to Group DC (Table 1).
Effect of SA extract on blood glucose levels in alloxan
induced diabetic rats
The blood glucose levels were significantly higher in
Group DC compared to Group NC rats. The blood
sugar levels in rats of Group SA100, Group SA 200 and
Group SA 400 were lowered after 5, 10, 15 days of treat-
ment. Group SA 200 and Group SA 400 rats showed
significant glucose lowering efficacy between days 10–15
and were comparable to Group DS. However, Group SA
100 had no significant effect on blood glucose levels
when to Group DS. After 15 days of treatment with ex-
tract glucose levels were significantly lowered in Group
SA 100, SA 200 and SA 400 rats. The effect was dose-
dependent and the most significant effect observed in
Group SA 200 and Group SA 400 (p < 0.05) (Figure 1).
Effect of SA extract on body weight changes and organ
weight to body weight ratio
During the course of treatment, the significant changes
in the body weight were not observed among the groups
of rats which were shown in Table 2.
tic rats (gm)

Kidney Weight Lung weight Pancreas wt.

1.1 ± 0.06 0.38 ± 0.02 1.15 ± 0.07

1.08 ± 0.0 0.39 ± 0.1 1.15 ± 0.5

0.98 ± 0 0.47 ± 0.04 1.35 ± 0.13

0.97 ± 0.05 0.41 ± 0.41 1.27 ± 0.12

1.05 ± 0.06 0.52 ± 0.04 1.17 ± 0.2

1.05 ± 0.02 0.53 ± 0.07 1.29 ± 0.22

control.



Table 4 Effect of SA extract on lipid profile in normal and
diabetic rats (mg/dl)

Group Total Cholesterol
(TC)

Triglycerides
(TG)

LDL HDL

NC 168.5 ± 4.8 140 ± 2.1 110 ± 3.7 43 ± 1.4

DC 210 ± 3.4†† 182 ± 3.9†† 132 ±
4.2†

25 ±
3.0†

DS 155.5 ± 4.2** 135 ± 5.3** 105 ±
3.2*

40 ±
2.8*

SA
100

182 ± 4.6* 175 ± 2.6 125 ± 3.1 28 ± 1.7

SA
200

178 ± 3.8* 165 ± 4.3 121 ± 5.3 31 ± 2.1

SA
400

170 ± 5.6** 150 ± 2.8** 115 ±
2.5*

37 ±
1.9*

Data expressed in Mean ± Standard Error. (n = 5). *p < 0.05, and **p < 0.01
compared with diabetic control, †p < 0.05 and †† p < 0.01 compared with
normal control.
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The results revealed that the heart weight, kidney
weight, lung weight and pancreas weight did not signifi-
cant changes after 15 days of treatment. Although the
liver weight significantly decreased in Group DC, after
treatment the values were normalized in Groups SA 200
and SA 400. No significant changes in organ weight to
body weight ratio were observed among the experimen-
tal groups (Table 3).
Effects of SA extract on lipid profile in alloxan diabetic
rats
The effects of different doses of extract on lipid profile
were shown in Table 4. The total cholesterol, triglycerides,
LDL-CH significantly higher and HDL-CH were lowered
in Group DC rats. Total cholesterol, triglycerides and
LDL-CH levels in Group SA 100, Group SA 200 and
Group SA 400 significantly decrease as compared to
Group DC. However, HDL-CH was increased in treatment
groups and all the effects were dose-dependent. Among
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Figure 2 Effect of SA extract on liver glycogen content in normal and diab
compared with diabetic control.
the treatment groups Group SA 400 significantly im-
proved dyslipidemia.
Effect of SA extract on liver glycogen content in normal
and diabetic rats
In this study it was found that the level of glycogen in
liver is reduced in DS, DSA-100, DSA-200 and DSA-400
compared to normal control (NC) group. Treatment of
diabetic rats with metformin and experimental groups
significantly (p < 0.05) improved the level of glycogen
content compared to DC group as shown in Figure 2.
Effect of SA extract on SGOT and SGPT levels in alloxan
diabetic rats
The effects of different doses of extract on SGOT and
SGPT levels were shown in Table 5. Both the levels were
significantly higher in Group DC rats. Oral ingestion of
extracts reduced both the SGOT and SGPT levels in all
treatment Group and was comparable to Group DC and
protected liver which may be partially explained by the
attenuation of SGOT and SGPT levels.
Effects of SA extract on blood parameters in alloxan
diabetic rats
Although no significant differences were observed be-
tween Groups NC, DC and DS, treatment with extracts
reduced Hb % and RBC counts in rats. The effects were
negatively correlated with the doses of extract (Table 6).
In Vitro antioxidant activity DPPH radical scavenging
activity
The free radical scavenging activity of SA extract has
been evaluated by using the DPPH free radical. The anti-
oxidant quality of an extract is determined by the IC50

value. The result of the DPPH scavenging activity of SA
extract is shown in Figure 3. The extract exhibited
DPPH radical scavenging activity with IC50 values of
SA-200 SA-400

NC

DC

DS

SA-100

*

SA-200
SA-400

etic rats. Data expressed in Mean ± Standard Error. (n = 5). *p < 0.05



Table 5 Effect of SA extract on SGOT and SGPT levels in
alloxan diabetic rats

Group SGOT (Unit/ml) SGPT (Unit/ml)

Normal Control (NC) 18 ± 4.02 21.5 ± 0.39

Diabetic Control (DC) 38 ± 2.83† 42.6 ± 0.6†

Standard (DS) 20.5 ± 3.07* 22.2 ± 0.51*

SA 100 (100 mg/kg) 27.0 ± 2.14* 29.3 ± 0.14*

SA 200 (200 mg/kg) 24.7 ± 3.5* 25.8 ± 0.32*

SA 400 (400 mg/kg) 22.4 ± 2.65* 23.1 ± 0.26*

Data expressed in Mean ± Standard Error. (n = 5). *p < 0.05 compared with
diabetic control, †p < 0.05 compared with normal control.

Table 6 Effects of Semecarpus anacardium bark extract on
Hb (%) and RBC

Group Hb % (mg/dl) RBC (millions/mm3)

Normal Control (NC) 13.3 ± 0.8 5.2 ± 0.1

Diabetic Control (DC) 12.6 ± 0.5 5.2 ± 0.1

Standard (DS) 12.5 ± 0.5 5.4 ± 0.04

SA 100 (100 mg/kg) 11.5 ± 0.5 4.8 ± 0.1

SA 200 (200 mg/kg) 10.4 ± 0.3† 4.8 ± 0.1†

SA 400 (400 mg/kg) 9.6 ± 0.6†* 4.7 ± 0.1*

Data expressed in Mean ± Standard Error. (n = 5). *p < 0.05 compared with
diabetic control, †p < 0.05 compared with normal control.
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72.24 μg/ml compared to ascorbic acid with IC50

17.81 μg/ml.

Phytochemical screening
Phytochemical analyses of the crude extract of Semecarpus
anacardium revealed the presence of flavonoid, steroid,
glycoside, saponin, tannins, and triterpinoid (Table 7).

Determination of total phenolic compounds
The Folin-Ciocalteu reagent was used to estimate total
phenols present in the extract and the value was expressed
as Gallic Acid Equivalents (GAE). As shown in Figure 4, it
was found that total phenolic content of the sample and
calculated on the basis of the standard curve for gallic acid
which was 88.47 ± 4.35 μgm gallic acid equivalents per gm
of SA extract.

Determination of total flavonoid content
The amount of total flavonoids determined by spectro-
photometer is shown in Figure 4. The total flavonoid
content was 84.13 ± 3.39 μgm of quercetin equivalent
per gm of SA extract.
Figure 3 DPPH free radical scavenging activity (%) at various concentration
Discussion
Diabetes is becoming the third “killer” of mankind after
cancer and cardiovascular diseases, because of its high
prevalence, morbidity and mortality [39]. The chronic
hyperglycemia of diabetes is associated with long term
damage, dysfunction and failure of various organs [40].
Hyperglycemia is an important factor in the develop-
ment and progression of long-term complications of
DM affecting kidney, retina, heart and nervous system.
Patients with diabetes have lipid disorders (hypercholester-
olemia and hypertriglyceridemia) and an increased risk of
coronary heart disease, peripheral vascular disease and
cerebrovascular disease. The hypoglycemic activity of
many plants has been confirmed in hundreds of studies in
experimental animals and several studies in diabetic pa-
tients. In Bangladesh, although a large number of medi-
cinal plants have been tested for their anti-diabetic and
anti-hyperlipidemic activity, many remain to be scientific-
ally established.
The present investigation revealed that none of the rats

died in Group DS, Group SA 400 and Group NC. The sur-
vival rate was significantly higher in Group SA 400 than
that in Group DC (p < 0.05). The nuts showed no mortality
s (μg/mL) of SA barks extract and ascorbic acid.



Table 7 Phytochemical test results of S. anacardium stem bark extract

Extract Steroid Alkaloid Glycoside Tannin Triterpene Saponin Flavonoid

EE of S. anacardium + - + + + + +

EE: Ethanol-Extract; Sign (+) indicates present and sign (−) indicates absent.
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when given in combinations with Emblica officinalis and
honey as reported by Rajendran et. al [41]. The blood sugar
levels in Group SA100, Group SA 200 and Group SA 400
were significantly (p < 0.05) reduced after 5, 10, 15 days of
treatment. Group SA 200 and Group SA 400 rats showed
significant glucose lowering efficacy between days 10–15
and the effects were dose-dependent and comparable to
the effect of diabetic standard metformin. Our previous re-
port for OGTT investigation of same extract showed that
the ethanolic extract of S. anacardium reduced blood sugar
significantly in glucose loaded hyperglycemic rats and pro-
duced more intense hypoglycemia in alloxan induced dia-
betic rats [42].
No significant changes in the body weight and organ

weight to body weight ratio were observed among the
treatment groups. Although the weight of liver signifi-
cantly decreased, the weight of heart, kidney, lung and
pancreas did not changed after 15 days of treatment.
Treatment with extract improved liver weight signifi-
cantly in Group SA 200 and SA 400. Oral Administra-
tion of extract significantly (p < 0.05) reduced the total
cholesterol, triglycerides and LDL-CH levels and in-
creased HDL-CH in Groups SA 100, SA 200 and SA 400
and all the effects were dose-dependent. Among the treat-
ment groups Group SA400 significantly improved dyslipid-
emia. The ethanol extract of the plant S. anacardium bark
exhibited significant antihyperglycemic and antihyperlipi-
demic activity in alloxan-induced diabetic rats, and the
activity was comparable to that of the standard antidiabetic
drug, Metformin HCl (150 mg/kg b. wt, op.).
A significant elevation of glycogen content was ob-

served in all the treatment groups. However, the effect
was most prominent in Group SA 400 rats. Similar
Figure 4 Total phenol and flavonoid content of SA extract
represented as equivalent of gallic acid and quercetin respectively.
Each values represented as means ± SE (n = 3).
observations were obtained by Sharma et. al with nuts
of the same plant in cholesterol fed rabbits [25]. On the
other hand, extract was reduced both the SGOT and
SGPT levels in all treatment Group. Our observation
showed that the extract at 100, 200 and 400 mg doses
reduced Hb % and RBC. Similarly, it has been reported
that nuts of the plant produced anemia at dose ranges
83.33-750 mg/kg [43]. However, no morphological
disturbances of vital organs were observed at a dose of
500 mg/kg as reported by Rajendran et. al [41]. The
stem barks extract protected liver which may be partially
explained by the attenuation of SGOT and SGPT levels
and increase in liver glycogen content.
The effect of antioxidants on DPPH radicals is thought

to be due to their hydrogen donating ability [44]. Radical
scavenging activities are very important to prevent the
deleterious role of free radical in different diseases in-
cluding diabetes. DPPH free radical scavenging is an ac-
cepted mechanism by which antioxidants act to inhibit
lipid peroxidation. This method has been used exten-
sively to predict antioxidant activities because of the
relatively short time required for analysis. The DPPH
radical scavenging activity of extract increased with in-
crease in concentration (Figure 3). In DPPH assay, the
extract showed a notable radical scavenging activity in a
dose-dependent manner within a certain range and was
significantly different (p < 0.05). The phytochemical
screening of the plant S. anacardium stem bark showed
the presence of steroids, triterpenoids, flavonoids, gly-
cosides, saponins and tannins. Antioxidant activity is
correlated with the total phenolic content and total
flavonoids content in the extract that were likely to
contribute to the radical scavenging activity. It is
known that only flavonoids of a certain structure and
particularly hydroxyl position in the molecule deter-
mine antioxidant properties, in general these properties
depend on the ability to donate hydrogen or electron to
a free radical.
The present investigation established the pharmaco-

logical evidence to support the folklore claim and the plant
barks have antidiabetic and antioxidant activity. However,
further investigations were warranted to isolate bioactive
compounds from stem bark, to observe their antidiabetic
and antioxidant effects and to find out the possible mech-
anism action for their beneficial effects both.

Conclusion
The present study indicated that the stem barks of the
plant S. anacardium possessed highest phenolic and



Ali et al. BMC Complementary and Alternative Medicine  (2015) 15:138 Page 9 of 10
flavonoid compound and exhibuted strong antidiabetic
and antioxidant activities, which were comparable to the
commercial antidibetic drug metformine and antioxidant
ascorbic acid. This seems that the Semecarpus anacar-
dium extract can be used as natural antidiabetic and
antioxidant agent.

Abbreviations
DM: Diabetes mellitus; SA: Semecarpus anacardium; ICDDRB: International
Centre for Diarrhoeal Disease Research, Bangladesh; SGOT: Serum glutamate
oxaloacetate transaminases; SGPT: Serum glutamate pyruvate transaminases;
DPPH: 2, 2-diphenyl-1-picrylhydrazyl; TC: Total cholesterol; TG: Triglycerides;
LDL: Low density lipoprotein; HDL: High density lipoprotein.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MAA: collected the plant materials, prepared the extract, carried out all
experiments and prepared the final manuscript for publication; MIIW:
participated in its design, coordination and drafted the manuscript; BMR:
participated in the design and coordinate the anti-oxidant study; NAK:
helped in experiments and correct the grammatical errors; RKB: participated in
the design and coordinate the anti-diabetic study; MRI: provided assistance
during animal handling; All of the authors have read and approved the final
manuscript.

Acknowledgements
The authors would like to express thanks, to Department of Pharmacy,
University of Rajshahi Bangladesh for providing lab facilities and International
Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR, B) for supplying
rats for the research work.

Author details
1Department of Pharmaceutical Engineering & Drug Delivery Science,
Graduate School of Integrated Pharmaceutical & Nutritional Sciences,
University of Shizuoka, Shizuoka 422-8526, Japan. 2Department of Pharmacy,
University of Rajshahi, Rajshahi 6205, Bangladesh. 3Department of Pharmacy,
Mawlana Bhashani Science and Technology University, Tangail 1902,
Bangladesh. 4Department of Pharmacy, Jessore University of Science and
Technology, Jessore, Bangladesh.

Received: 23 October 2014 Accepted: 22 April 2015

References
1. David MN, James M, Daniel ES. The epidemiology of cardiovascular disease

in type 2 diabetes mellitus, how sweet it is… or is it. Lancet. 1997;350 Suppl
1:S14–9.

2. American Diabetes Association. Adapted from the Report of the American
Diabetes Association (ADA) Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus. Diabetic Care. 2002;25 Suppl 1:S5–20.

3. Luzi L. Pancreas transplantation and diabetic complications. N Engl J Med.
1998;339:115–7.

4. Rajshahi Diabetes Association. 19th Annual General Meeting. 2005.
5. King H, Abubert RE, Herman WH. Global burden of diabetes 1995–2025,

preyalence, numerical estimates and projection. Diabetes Care.
1998;21:1414–31.

6. Markuszewski L, Bodalska J, Kaminski G, Kuberska-Kedzierska M. Usefulness of
measurement of glucose and glycosylated hemoglobin levels in patients with
acute coronary syndrome as number predictors of stenotic coronary arteries
shown in coronary arteriography. Pol Merkur Lekarski. 2006;20:270–3.

7. Brown WV. Lipoprotein disorders in diabetes mellitus. Med Clin North Am.
1994;87:143–61.

8. Stamler I, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk factors
and 12-yrs cardiovascular mortality for men screened in the multiple risk
factor intervention trial. Diabetes Care. 1993;15:434–44.

9. Howland RD, Mycek MJ. Lippincott’s Illustrated Reviews, Pharmacology. 3rd
ed. Philadelphia: Lippincott Williams & Wilkins; 2006. p. 245.
10. Libby P, Plutzky J. Diabetic macrovascular disease the glucose paradox?
Circulation. 2002;106:2760.

11. Bierman EL, Glomset JA. Disorders of lipid metabolism. In: Williams textbook
of endocrinology. 8th ed. Philadelphia: Saunders; 1992.

12. Lyons TJ. Lipoprotein glycation and its metabolic complications. Diabetes.
1992;41 Suppl 2:67–73.

13. Biesbroeck RC, Albers JJ, Wahl PW, Weinberg CR, Basset ML, Bierman EL.
Abnormal composition of high density lipoproteins in non-insulin-dependent
diabetics. Diabetes. 1982;31:126–31.

14. Barbaras R, Puchois P, Fruchart JC, Ailhaud G. Cholesterol efflux from
cultured adipose cells is mediated by Lp AI particles but not LpAI: AII
particles. Biochem Biophys Res Commun. 1987;142:63–9.

15. Oram JF. Can insulin promote atherogenesis by altering cellular cholesterol
metabolism? J Lab Clin Med. 1995;126:229–30.

16. Augusti KT. Studies on the effect of a hypoglycaemic principles from Allium
cepa Linn. Indian J Med Res. 1973;61(6):1066.

17. Grover JK, Yadav S, Vats V. Medicinal plants of India with antidiabetic
potential. J Ethnopharmacol. 2002;81:81.

18. Nadikarni AK. Indian Materia Medica. 3rd ed. Bombay: Popular Book Depot,
Ltd.; 1954.

19. Ramprasath VR, Shanthi P, Sachdanandam P. Immunomodulatory and anti-
inflammatory effects of Semecarpus anacardium Linn. nut milk extract in
experimental inflammatory conditions. Biol Pharm Bull. 2006;29(4):693–700.

20. Hembree JA, Chang CJ, McLaughlin JL, Peck G, Cassady JM. The anticancer
activity of Semecarpus anacardium L. 9 KB active pentadecylcatechols.
Lloydia. 1978;41(5):491–3.

21. Kirtikar KR, Basu BD. Indian Medicinal Plants, vol. I. 2000th ed. Delhi: Sri
Satguru Publications; 2000. p. 667–8.

22. Selvam C, Jachak SM. A cyclooxygenase (COX) inhibitory biflavonoid from the
seeds of Semecarpus anacardium. J Ethnopharmacol. 2004;95(2–3):209–12.

23. Gil RR, Lin LZ, Cordell GA, Kumar MR, Ramesh M, Reddy BM, et al. Anacardoside
from the seeds of Semecarpus anacardium. Phytochemistry. 1995;39(2):405–7.

24. Kothai R, Arul B, Kumar KS, Christina AJ. Hypoglycemic and
antihyperglycemic effects of Semecarpus anacardium linn in normal and
alloxan-induced diabetic rats. J Herb Pharmacother. 2005;5(2):49–56.

25. Sharma A, Mathur R, Dixit VP. Hypocholesterolemic activity of nut shell
extract of Semecarpus anacardium (Bhilawa) in cholesterol fed rabbits.
Indian J Exp Biol. 1955;33(6):444–8.

26. Chitnis MP, Bhatia KG, Phatak MK, Kesava Rao KV. Anti-tumour activity of the
extract of Semecarpus anacardium L. nuts in experimental tumor model.
Indian J Exp Biol. 1980;18(1):6–8.

27. Verma N, Vinayak M. Semecarpus anacardium nut extract promotes the
antioxidant defence system and inhibits anaerobic metabolism during
development of lymphoma. Biosci Rep. 2009;29(3):151–64.

28. Premalatha B, Sachdanandam P. Potency of Semecarpus anacardium Linn. nut
milk extract against aflatoxin B(1)-induced hepatocarcinogenesis: reflection on
microsomal biotransformation enzymes. Pharmacol Res. 2000;42(2):161–6.

29. Phatak MK, Ambaye RY, Indap MA, Bhatia KG. Cytotoxicity of the
acetylated oil of Semecarpus anacardium Linn. Indian J Physiol Pharmacol.
1983;27(2):166–70.

30. Sharma K, Shukla SD, Mehta P, Bhatnagar M. Fungistatic activity of Semecarpus
anacardium Linn. of nut extract. Indian J Exp Biol. 2002;40(3):314–8.

31. Tripathi YB, Singh AV. Effect of Semecarpus anacardium nuts on lipid
peroxidation. Indian J Exp Biol. 2001;39(8):798–801.

32. Tarnoky K, Nagy S. Spectrophotometric determination of glycogen with
O-toludine. Clin Chim Acta. 1963;8:627–8.

33. Yen G-C, Chen H-Y. Antioxidant activity of various tea extracts in relation to
their antimutagenicity. J Agric Food Chem. 1995;43:27–32.

34. Pollock JRA, Stevens R. Dictionary of Organic Compounds, vol. 5. 4th ed.
London: Eyre and Spottishwoode Publishers; 1965.

35. Trease GE, Evans WC. Pharmacognosy. 12th ed. Baillier Tindall, East Bourne:
ELBS Publications; 1996. p. 344–539.

36. Plummer DI. An Introduction to Practical Biochemistry. 2nd ed. New Delhi:
Tata Magraw-Hill Publishing Co. Ltd; 1985. p. 136–43.

37. McDonald S, Prenzler PD, Autolovich M, Robards K. Phenolic content and
antioxidant activity of olive oil extracts. Food Chem. 2001;73:73–84.

38. Kumaran K. Estimation of total flavonoid content in propolis by two
complementary colorimetric methods. J Food Drug Anal. 2007;10(3):178–82.

39. Li WL, Zheng HC, Bukuru J, De Kimpe N. Natural medicines used in the
traditional Chinese medical system for therapy of diabetes mellitus. J
Ethnopharmacol. 2004;92:1–21.



Ali et al. BMC Complementary and Alternative Medicine  (2015) 15:138 Page 10 of 10
40. Lyra R, Oliveira M, Lins D, Cavalcanti N. Prevention of type 2 diabetes
mellitus. Arq Bras Endocrinol Metabo. 2006;50:239–49.

41. Mythilypriya R, Shanthi P, Sachdanandam P. Oral acute and subacute
toxicity studies with Kalpaamrutha, a modified indigenous prepraration on
rats. J Health Science. 2007;53(4):351–8.

42. Ali MA, Sultana MC, Rahman BM, Khatune NA, Wahed MII. Antidiabetic activity
of ethanolic extract of Semecarpus anacardium (linn.) Stem barks in normal and
alloxan induced diabetic rats. Int J Pharm Sci Res. 2012;3(8):2680–5.

43. Choudhari CV, Deshmukh PB. Acute and subchronic toxicity study of
Semecarpus anacardium on Hb % and RBC count of male albino rats. J
Herbal Med and Toxicol. 2007;1:43–5.

44. Choi HY, Jhun EJ, Lim BO. Application of flow injectionchemilumineacence
to the study of radical scavenging activity in plants. Phytother Res.
2000;14:250–3.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Plant materials
	Preparation of plant extract
	Drugs and chemicals
	Experimental animals
	Induction of diabetes
	Experimental design
	Antidiabetic studies of SA extract on alloxan-induced diabetic rats
	Measuring body weight and organ weight (liver, pancreases, kidney, heart, and lung)
	Collection of blood and serum and determination of serum total cholesterol (TC), triglycerides (TG), LDL-Ch, HDL-Ch, SGOT and SGPT
	Estimation of glycogen content in liver
	In vitro antioxidant activity of SA extract by DPPH free radical scavenging assay
	Phytochemical screening tests
	Determination of total phenolic compound content
	Determination of total flavonoids content
	Statistical analysis

	Results
	Survival rate
	Effect of SA extract on blood glucose levels in alloxan induced diabetic rats
	Effect of SA extract on body weight changes and organ weight to body weight ratio
	Effects of SA extract on lipid profile in alloxan diabetic rats
	Effect of SA extract on liver glycogen content in normal and diabetic rats
	Effect of SA extract on SGOT and SGPT levels in alloxan diabetic rats
	Effects of SA extract on blood parameters in alloxan diabetic rats
	In Vitro antioxidant activity DPPH radical scavenging activity
	Phytochemical screening
	Determination of total phenolic compounds
	Determination of total flavonoid content

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

