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bstract

ntroduction: In Sri Lanka, Spondias pinnata (Linn. f.) Kurz (Family: Anacardiaceae) is popular in traditional Ayurvedic medicine for the treatment
f diabetes mellitus. This study investigated the effect of aqueous bark extract of S. pinnata on antihyperglycaemic, antihyperlipidaemic activities
nd �-cell regenerative potential in streptozotocin induced diabetic rats. Dose, long term effects and acute toxicity were also investigated.
ethodology: A series of experimental studies were conducted using S. pinnata. Diabetes was induced in rats by injecting them with streptozotocin

65 mg/kg, ip). Control rats were either healthy untreated, or diabetes induced untreated rats which only received distilled water. Diabetic rats were
reated with different dose to identify the optimum effective dose of S. pinnata. having identified the optimum dose (1.00 g/kg) and glibenclamide
0.50 mg/kg) was given daily for 30 days. The assessment of biochemical parameters, histopathology and immunohistochemistry of the pancreas
ccurred at 30 days.
esults: The percentage of glycosylated hemoglobin decreased together with a concomitant increase in the concentration of serum insulin and
-peptide in S. pinnata treated diabetic rats (p < 0.05). Serum lipid parameters improved for S. pinnata treated diabetic rats (p < 0.05). Islet cell

egeneration in S. pinnata treated diabetic rats was noted by the percentage increase in insulin secreting �-cells and increase in islet profile diameter
n the pancreas. A significant (p < 0.05) dose dependent improvement in glucose tolerance with optimum effectiveness at 1.00 g/kg was shown for
he S. pinnata treated diabetic rats. No toxicity was observed.
onclusions: Results revealed that aqueous bark extract of S. pinnata exerted antihypelipidaemic and insulinotropic effects through increased

iosynthesis of insulin in streptozotocin induced diabetic rats. Histopathology and immunohistochemistry confirmed that S. pinnata extract was
ble to induce �-cell regeneration in the pancreas of diabetic rats.

2014 Elsevier GmbH. All rights reserved.
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ntroduction
Investigation of antidiabetic mechanisms of medicinal plant
xtracts has been considered as one of the most promising
esearch avenues in search of novel drug candidates for the
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reatment of diabetes mellitus. A number of plants are cur-
ently used for their antidiabetic properties together with their
ctive bio-molecules based on scientific investigations. How-
ver, despite the recent advances made in medicinal plant
esearch, gaining more insight into the antidiabetic mechanisms
epresents a challenge in current ethnopharmacological research
1].

The pharmacological treatment of diabetes includes oral

ypoglycaemic agents such as insulin releasers, insulin sensiti-
ers and �-glucosidase inhibitors that have modest efficacy and
imited mode of action. In addition, current antidiabetic drugs

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eujim.2014.03.010&domain=pdf
http://www.sciencedirect.com/science/journal/18763820
dx.doi.org/10.1016/j.eujim.2014.03.010
mailto:anoja715@yahoo.com
mailto:anojaattanayake@yahoo.com
dx.doi.org/10.1016/j.eujim.2014.03.010
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s (glyburide, glimepiride, glipizide) usually have adverse side
ffects, decreased efficacy over time, hypoglycaemia, gastroin-
estinal disturbances and ineffectiveness against long term use
2]. In contrast, plant products are generally considered to be
ess toxic with fewer side effects than synthetic drugs and low
ost [3]. Consequently, plant derived materials have received
ttention as active agents in the therapy of diabetes mellitus.

Spondias pinnata (Linn. f.) Kurz (Family: Anacardiaceae)
s a deciduous tree distributed in Sri Lanka, India and other
outh-East Asian countries. The bark of the tree is used for treat-

ng dysentery, muscular rheumatism and diabetes mellitus in
raditional Ayurvedic medicine [4]. Hypoglycaemic activity of
hloroform, methanol and water extracts of S. pinnata in normo-
lycaemic and alloxan induced diabetic rats has been reported
5]. The isolation of 24-methylene cycloartanone, stigma-4en-
one, lignoceric acid, �-sitosterol and its �-d-glucoside from S.
innata have described previously [6]. In addition, the in vitro
ntioxidant activities of 70% methanol extract of S. pinnata have
een described [7]. However, effect of the S. pinnata on antihy-
erglycaemic mechanisms and antihyperlipidaemic activity has
ot been tested on diabetic rats. Therefore, this study was aimed
t investigating antidiabetic effects of bark extract of S. pin-
ata to investigate the potency of the extract to induce �-cell
egeneration in the pancreas of streptozotocin induced diabetic
ats.

aterials and methods

hemicals

d-Glucose, glibenclamide and streptozotocin were purchased
rom Sigma–Aldrich Company (St. Louis, MO, USA).

lant material

Stem bark parts of S. pinnata were collected during
ay–June 2013 from the Southern region of Sri Lanka. Botan-

cal identity was determined by the descriptions given by
ayaweera [2] and confirmed by comparing authentic samples at
he National Herbarium, Royal Botanical Gardens, Peradeniya,
ri Lanka. A voucher specimen was preserved at the Department
f Biochemistry, Faculty of Medicine, University of Ruhuna, Sri
anka (Attanayake/2011/01).

reparation of the aqueous plant extract

The bark parts of S. pinnata were cut into small pieces,
ried at 40 ◦C until a constant weight was reached and coarsely
round. Powdered plant material (50.00 g) was dissolved in
00.0 mL of distilled water and refluxed for 4 h. The mixture
as strained and the final volume was adjusted to 50.0 mL. The

oncentrated S. pinnata extract was prepared. A single dose of
.25, 0.50, 0.75, 1.00, 1.25 and 2.00 g/kg was administered orally

o streptozotocin induced diabetic rats to evaluate the efficacy of
nducing antihyperglycaemic activity. Acute toxicity screening
as also carried out in healthy Wistar rats.

S

r

ntegrative Medicine 6 (2014) 588–596 589

nimals

Healthy adult male rats of Wistar strain (200 ± 25 g, body
eight) were purchased from Medical Research Institute (MRI),
ri Lanka and used to carry out the experiments. They were
oused in standard environmental conditions at the animal house
f Faculty of Medicine, University of Ruhuna, Sri Lanka (Tem
5 ± 2 ◦C, relative humidity 55–65% and 12 ± 1 h light/dark
ycle). Rats were fed with standard diet (MRI rat formulae, Sri
anka) with free access to water before and during the experi-
ent. The rats were randomized into various groups and allowed

o acclimatize for a period of seven days under standard envi-
onmental conditions before commencing the experiments. The
nimals described as fasting were deprived of food and water for
2 h ad libitum. All protocols used in this study were approved
y the Ethics Committee of Faculty of Medicine, University of
uhuna, Sri Lanka guided by the Council for International Orga-
ization of Medical Sciences (CIOMS) international guiding
rinciples of biomedical research involving animals.

evelopment of diabetes mellitus in Wistar rats

Streptozotocin dissolved in citrate buffer (0.1 M, pH 4.4) at
dose of 65 mg/kg was administered intraperitonially to rats

asted for 12 h. Thereafter, rats were maintained on 5% d-
lucose solution for the next 24 h. Rats were allowed to stabilize
or three days thereafter and on the 4th day, blood samples were
rawn from tail vein to determine the blood glucose concentra-
ion in order to confirm the development of diabetes mellitus.
ats with fasting blood glucose concentration of 12.0 mmol/L
r above were considered as hyperglycaemic and used for the
xperiments [8].

Three experimental studies were conducted.

tudy 1 – The efficacy of antihyperglycaemic activity in
iabetic rats

The first and second groups were untreated healthy and
ntreated diabetic rats (n = 6/group). Group three to eight
onsisted of six sub groups (n = 6/subgroup); streptozotocin
nduced diabetic rats which received different doses (0.25, 0.50,
.75, 1.00, 1.25 and 2.00 g/kg) of the extract of S. pinnata orally.
he ninth group was administered glibenclamide (0.50 mg/kg)
hich served as the positive control. The rats were given an oral
ose of glucose (3.00 g/kg) 30 min after the administration of the
. pinnata extract and glibenclamide. Blood samples were col-
ected in fasting (0) and at 1, 2, 3 and 4 h after the administration
f the extract/drug subsequently. Blood glucose concentration
as measured immediately by the glucose-oxidase method using
glucose assay kit based on the Trinder reaction [9]. The acute
ffect was evaluated over a 4 h period using area under the oral
lucose tolerance curve [10]. The optimum effective antihyper-
lycaemic dose in diabetic rats was determined.
tudy 2 – Acute toxicity study in healthy rats
Six groups containing healthy male Wistar rats (n = 6/group)

eceived aqueous bark extract of S. pinnata at doses of 0.25,
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.50, 0.75, 1.00, 1.25 and 2.00 g/kg, orally while the untreated
ealthy control group received distilled water.

Animals were observed individually after dosing once dur-
ng the first 30 min, periodically during the first 24 h and daily
or a total of 14 days. Observations included changes in skin,
ur, eyes and behavior pattern. Special attention was directed
o the observations of tremors, convulsions, salivation, diarrhea,
ethargy, sleep and coma.

tudy 3 – Experimental group design- long term treatment
Group one and two served as the healthy untreated, strepto-

otocin induced diabetic control rats initially received distilled
ater respectively (n = 6/group). Group three and four were

treptozotocin induced diabetic rats, received the optimum effec-
ive dose of the extract S. pinnata (1.00 g/kg) and glibenclamide
0.50 mg/kg) daily for 30 days (n = 6/group).

At the end of the study (on the 30th day), animals were
naesthetized by diethyl ether and blood was collected by car-
iac puncture. Serum was separated from blood of all fasted
ats for the estimation of biochemical parameters. The pancre-
tic tissue was excised for the assessment of histopathology and
mmunohistochemistry.

lood/serum glycaemic parameters in diabetic rats

Oral glucose tolerance test was performed for all groups on
he 1st, 7th, 14th, 21st, 28th and 30th day. Blood glucose concen-
ration was determined by using a spectrophotometric enzyme
ssay kit [9]. The antihyperglycaemic effect was evaluated over
4 h period using area under the oral glucose tolerance curve

10]. The percentage of glycosylated hemoglobin (HbA1C) and
erum concentration of fructosamine were estimated in all rats
sing spectrophotometric enzyme assay kits [11,12]. Further-
ore, the concentration of serum insulin and C-peptide in all

ats were estimated using enzyme linked immune-sorbent assay
ethods [13,14].

erum lipid parameters in diabetic rats

The concentration of serum total cholesterol (TC) high den-
ity lipoprotein cholesterol (HDL-C), triglyceride (TG) were
stimated in all rats using spectrophotometric enzyme assay kits
15–17]. The concentrations of serum low density lipoprotein
holesterol (LDL-C), very low density lipoprotein cholesterol
VLDL-C) were calculated using the Friedewald formulae [18].

istology of the pancreas through histopathology and
mmunohistochemistry in diabetic rats

Paraffin embedded tissue blocks of the pancreas were used
or detailed assessment of histopathology and immunohisto-
hemistry. The sections of the pancreatic tissues were stained
ith hematoxylin and eosin for the light microscopic exami-

ation of histopathology changes of the pancreatic tissue in all
ats. Histopathology score was developed for the assessment of
elected histological parameters of destruction of islet cells and
egeneration of islet cells [19]. The criteria for scoring the islet

p
a
l

ntegrative Medicine 6 (2014) 588–596

ell destruction are as follows. Score 0 (normal): normal num-
er of islet cells, score 1 (mild): loss of 1/3 of islet cells, score
(moderate): loss of 1/3 to 2/3 of islet cells, score 3 (severe):

oss of more than 2/3 of islet cells. The criteria for scoring the
egeneration are as follows. Score 0 (none): no regeneration,
core 1 (mild): regeneration of 1/3 of islet cells, score 2 (moder-
te): regeneration of 1/3 to 2/3 of islet cells, score 3 (prominent):
egeneration of more than 2/3 of islet cells. Immunohistochemi-
al staining was done to confirm the presence of insulin secreting
ells in the islets of pancreas in all rats. Dako polyclonal guinea
ig anti-insulin and Dako REALTM En VisisonTM/HRP, Rab-
it/Mouse were used for immunohistochemical staining. Islets
ere observed on light microscopy (high power field).
Islets were defined as small, average and large with an islet

iameter of ≤125 �m, 126–149 �m and ≥150 �m respectively
20]. Four islets of each size in each rat (72 islets for each group)
ere chosen randomly [21]. The percentage of insulin secreting
-cells in islets and islet profile diameter were estimated [21,22].

tatistical analysis

Results are expressed as mean ± SEM for biochemi-
al estimations. The quantitative data were analyzed by
NOVA followed by Dunnett’s multiple comparison tests. The
ruskal–Wallis test was used for the semi quantitative analysis
f histopathology score values. Results were considered to be
ignificant at p < 0.05.

esults

tudy 1 – Efficacy of antihyperglycaemic activity in diabetic
ats

The mean total area under the curve values of S. pinnata
xtract treated diabetic rats for the six doses ranging from
.25 to 2.00 g/kg are shown in Table 1. The S. pinnata extract
howed a dose dependent improvement on glucose tolerance
n diabetic rats. The total area under the curve during the 4 h
eriod was significantly increased (p < 0.05) in streptozotocin
nduced diabetic rats as compared to healthy rats (70.96 ± 3.98
s. 25.88 ± 0.25 mmol/L h). The S. pinnata treated diabetic rats
howed a statistically significant percentage improvement at the
oses 1.00, 1.25 and 2.00 g/kg (p < 0.05). The extract of S. pin-
ata showed the optimum effectiveness at the dose of 1.00 g/kg
n diabetic rats (50.39 ± 2.45 mmol/L h, improvement of 29%).
libenclamide treated diabetic rats demonstrated an improve-
ent of 41% on glucose tolerance in diabetic rats.

tudy 2 – Acute toxicity study in healthy rats

There was no mortality or morbidity observed in the rats
hrough the 14 day period following single oral administration
f all selected doses of the extract of S. pinnata. The animals did
ot show any changes in general appearance during the three day

eriod. Morphological characteristics (fur, skin, eyes and nose)
ppeared normal. No tremors, convulsion, salivation, diarrhea,
ethargy and unusual behavior were observed.
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Table 1
Total area under the glucose tolerance curve values in diabetic rats.

Treatment Total area under glucose tolerance curve value (mmol/L. h)

Dose of administration of plant extracts (g/kg)

0.25 0.50 0.75 1.00 1.25 2.00

Healthy untreated 25.88 ± 0.25
Diabetic untreated 70.96 ± 3.98
Spondias pinnata 68.30 ± 1.34 67.66 ± 1.01 67.36 ± 2.12 50.39 ± 2.45* 48.34 ± 0.12* 46.48 ± 2.34*

Glibenclamide (0.50 mg/kg) 41.67 ± 0.76*

T
p < 0.0

S
s

B

o
i
t
t
o
r
i

i
r
S
n
E
t
i
t
c

F
e

F
e

he values are expressed as mean ± SEM (n = 6/group).
* Statistically significant from streptozotocin induced diabetic control rats at

tudy 3 – Experimental group design – Long term treatment
tudy

lood/serum glycaemic parameters
The long term effect of the extract of S. pinnata (1.00 g/kg)

n fasting blood glucose concentration in diabetic rats is shown
n Fig. 1. The healthy animals were normoglycaemic throughout
he experimental period. The fasting blood glucose concentra-
ion of S. pinnata treated diabetic rats was reduced significantly

n the 7th day onwards for the period of 30 days (p < 0.05). The
eduction in fasting blood glucose concentration with the admin-
stration of S. pinnata and glibenclamide was 37% and 42%

H
w
c

ig. 1. Effect of aqueous bark extract of Spondis pinnata on fasting blood glucose co
xpressed as mean ± SEM (n = 6/group).

ig. 2. Effect of aqueous bark extract of Spondias pinnata on total area under the cur
xpressed as mean ± SEM (n = 6/group).
5 (ANOVA followed by Dunnett’s test).

n streptozotocin induced diabetic rats at the end of the study
espectively (p < 0.05). The total area under the curve values of
. pinnata extract treated diabetic rats showed a statistically sig-
ificant improvement of 38% on the 30th day (p < 0.05, Fig. 2).
ffect of S. pinnata extract on the percentage of HbA1C, concen-

ration of fructosamine, insulin and C-peptide in streptozotocin
nduced diabetic rats are shown in Table 2. The diabetic rats
reated with the S. pinnata extract exhibited a remarkable gly-
aemic control as evident by a reduction in the percentage of

bA1C. The reduction in the percentage of HbA1C, fructosamine
as 25% and 26% in diabetic rats respectively. However, gliben-

lamide treated diabetic rats demonstrated a fall of 40% and

ncentration (FBG) in streptozotocin induced diabetic rats for 30 days. Data are

ve (TAUC) values in streptozotocin induced diabetic rats for 30 days. Data are
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Table 2
Blood/serum glycaemic parameters in diabetic rats after 30 days of treatment.

Treatment Glycosylated hemoglobin (%) Fructosamine (�mol/L) Insulin (�IU/mL) C-peptide (ng/mL)

Healthy untreated 4.86 ± 0.10 221.88 ± 3.10 14.23 ± 0.44 9.53 ± 0.80
Diabetic untretaed 9.00 ± 0.09 405.39 ± 2.78 6.23 ± 0.09 5.75 ± 0.80
Spondias pinnata (1.00 g/kg) 6.75 ± 0.04* 303.51 ± 2.00* 8.81 ± 0.04* 6.78 ± 0.02*

Glibenclamide (0.50 mg/kg) 5.38 ± 0.06* 230.08 ± 0.99* 11.75 ± 0.02* 8.80 ± 0.01*

The values are expressed as mean ± SEM (n = 6/group).
* Statistically significant from streptozotocin induced diabetic control rats at p < 0.05 (ANOVA followed by Dunnett’s test).

Table 3
Effect of Spondias pinnata on serum lipid parameters in streptozotocin induced diabetic rats after 30 days of treatment.

Treatment TC (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) VLDL-C (mmol/L) TG (mmol/L)

Healthy untreated 3.70 ± 0.08 1.25 ± 0.03 2.21 ± 0.02 0.22 ± 0.01 1.10 ± 0.09
Diabetic untreated 5.80 ± 0.05 1.10 ± 0.01 4.27 ± 0.18 0.43 ± 0.00 2.14 ± 0.05
Spondias pinnata (1.00 g/kg) 4.67 ± 0.01* 1.17 ± 0.02* 3.18 ± 0.04* 0.32 ± 0.01* 1.62 ± 0.20*

Glibenclamide (0.50 mg/kg) 3.95 ± 0.06* 1.10 ± 0.09 2.63 ± 0.01* 0.22 ± 0.03* 1.12 ± 0.04*

T l, HD
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he values are expressed as mean ± SEM (n = 6/group). TC: Total cholestero
holesterol, VLDL-C: Very low density lipoprotein cholesterol, TG: Triglycerid
* Statistically significant from streptozotocin induced diabetic control rats at

3% in the above parameters in diabetic rats. The concentration
f serum insulin and C-peptide were increased significantly by
1%, 18% in S. pinnata extract treated diabetic rats respectively
p < 0.05). The concentration of serum TC, HDL-C, LDL-C,
LDL-C and TG in streptozotocin induced diabetic rats fol-

owed by the S. pinnata and glibenclamide treatments is shown
n Table 3. The streptozotocin induced diabetic control rats had
significant elevation in the concentration of serum TC (57%),
DL-C (93%) VLDL-C (95%), TG (94%) and a reduction in
DL-C (12%) as compared with the untreated healthy control

ats. The extract of S. pinnata treated streptozotocin induced
iabetic rats showed a significant reduction in the concentration
f serum TC (19%), LDL-C (26%), VLDL-C (26%), TG (26%)
nd an elevation in HDL-C (6%) on the 30th day of the study
p < 0.05). The concentration of serum TC, LDL-C, VLDL-C,
G were reduced by 32%, 38%, 49% and 48% in glibenclamide

reated diabetic rats. In contrast, there was no significant change
n the concentration of serum HDL-C with the glibenclamide
reatment in diabetic rats (p > 0.05) (Table 4).
istopathology and immunohistochemistry of the pancreas
Histopathological evaluation of the pancreas of streptozo-

ocin induced diabetic rats showed an extensive destruction of

able 4
emi-quantitative analysis of pancreatic tissue on selected parameters in strepto-
otocin induced diabetic rats after 30 days of Spondias pinnata extract treatment.

reatment Destruction of
islet cells

Regeneration
of islet cells

ealthy untreated 0 N/A
iabetic untreated 3 0
pondias pinnata (1.00 g/kg) 0* 2*

libenclamide (0.50 mg/kg) 1* 1*

– none, 1 – mild, 2 – moderate, 3 – severe/prominent.
* Statistically different from streptozotocin induced diabetic control rats at
< 0.05 (Kruskal–Wallis test).
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L-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein

5 (ANOVA followed by Dunnett’s test).

slets (Fig. 3B, score = 3). The healthy control rats had islets
ith no evidence of destruction (Fig. 3A, score = 0). There was
definite reduction of number of islets in diabetic rats com-

ared to the number of islets in healthy rats. Although there was
significant destruction of islets by streptozotocin, there was no
vidence that it caused any destruction of acinar tissue in dia-
etic rats compared to the healthy rats (Fig. 3B). A restoration
f pancreatic islet cells with prominent islets were observed in
. pinnata treated diabetic rats (Fig. 3C, score = 2)

Immunohistochemical staining with anti-insulin antibody
onfirmed a marked reduction (more than 90% reduction) in
nsulin secreting cells in small, average and large size islets in
iabetic control rats (Table 5 and Fig. 4B). The mean diameter of
slets was also reduced in small (63%), average (8%) and large
13%) islets in diabetic control rats as compared with the normal
ontrol rats reflecting the significant reduction in the islet cell
ass induced by streptozotocin.
Immunohistochemical staining of sections from S. pinnata

xtract treated diabetic rats with anti-insulin antibody, confirmed
hat there was a significant increase in the percentage of insulin
ecreting cells in the islets of all three sizes (small, average and
arge) compared to the diabetic controls (Fig. 4C). This increase
as statistically significant (Table 5, p < 0.05). The number of

slets was also increased in S. pinnata extract treated diabetic rats
ompared to diabetic control rats. Further the S. pinnata extract
roduced a significant increase in the mean profile diameter in
arge islets (6%) as compared to streptozotocin induced diabetic
ontrol rats (p < 0.05). Although the increase in the percentage
f insulin secreting cells in islets and the increase in insulin
ecreting cell mass do not reach the insulin secreting cell mass
n healthy normal rats, there is a significant increase in the insulin
ecreting cell mass reflecting a significant regeneration of insulin
ecreting cells induced by S. pinnata extract.
There was an improvement in the percentage of �-cells in
libenclamide treated diabetic rats (Table 5 and Fig. 4D). How-
ver, the increment was less than that of S. pinnata extract treated
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Fig. 3. Photomicrographs of histopathology of the pancreatic tissues, stained with hematoxylin and eosin (400×). (A) Healthy control rats, islets of Langerhans with
normal islet cell population. (B) Diabetic control rats, an islet with few preserved islet cells, fibrosis and infiltration by inflammatory cells. (C) Spondias pinnata
treated (1.00 g/kg) diabetic rats, restoration of pancreatic islet cells with prominent islets. (D) Glibenclamide treated (0.50 mg/kg) diabetic rats, reduced number of
islet cells.

Fig. 4. Photomicrographs of insulin immunoreactivity in pancreatic islets with anti-insulin antibody (400×). (A) Healthy control rats, a normal islet composed
predominantly of insulin secreting cells. (B) Diabetic control rats, marked reduction in the number of insulin secreting �-cells due to the destruction of islet cells by
streptozotocin. (C) Spondis pinnata treated (1.00 g/kg) rats, an islet with a marked increase in insulin secreting �-cells. (D) Glibenclamide treated (0.50 mg/kg) rats,
mild increase in insulin secreting �-cells.
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Table 5
Effect of Spondias pinnata extract on percentage of insulin secreting �-cells and diameter of islets in the pancreas of streptozotocin induced diabetic rats after 30
days of treatment.

Treatment Percentage area of insulin secreting Diameter of islets (�m) cells in islets (%)

Small Average Large Small Average Large

Healthy untreated 86.17 ± 3.54 72.00 ± 3.90 78.33 ± 7.53 86.80 ± 1.32 138.50 ± 5.57 173.16 ± 8.97
Diabetic untreated 9.17 ± 0.91 7.50 ± 1.23 6.83 ± 0.87 32.34 ± 1.55 127.43 ± 2.70 153.05 ± 0.37
Spondias pinnata (1.00 g/kg) 40.12 ± 3.23* 36.89 ± 5.34* 43.23 ± 3.12* 34.34 ± 2.4 126.89 ± 9.00 160.89 ± 2.78*

Glibenclamide (0.50 mg/kg) 33.33 ± 2.34* 10.00 ± 0.15* 7.17 ± 1.42* 36.10 ± 3.31 128.38 ± 1.99 154.08 ± 5.88

T
p < 0.0
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he values are expressed as mean ± SEM (n = 6/group).
* Statistically significant from streptozotocin induced diabetic control rats at

iabetic rats. There was a no change in the islet profile diame-
er of glibenclamide treated streptozotocin induced diabetic rats
Table 5, p > 0.05).

iscussion

The present study investigates the effect of aqueous bark
xtract of S. pinnata (1.00 g/kg) on serum/blood glycaemic
arameters, serum lipid parameters and regenerative potential
f islet cells in streptozotocin induced diabetic rats. The overall
im of this study was to investigate the possibility that S. pinnata
xtract might induce islet cell regeneration and biosynthesis of
nsulin in diabetic rats.

Refluxed aqueous extract was used in this study with the
onsideration that it may be more relevant nutritionally and
edicinally to humans. This method of preparation is generally

sed by traditional Ayurvedic practitioners in Sri Lanka since
ntiquity.

Streptozotocin induced diabetes mellitus in rats is a well-
ecognized model for the screening of claimed antidiabetic
gents [23]. Indeed, selection of a non-insulin dependent model
s more suitable in assessing the efficacy of antidiabetic plants
nd the mechanism of action in vivo [24]. Diabetogenic action of
treptozotocin occurs due to synergistic actions of DNA alkyl-
tion followed by fragmentation of DNA (deoxyribonucleic
cid), activation of poly ADP (adenosine diphosphate)-ribose
olymerase result in the inhibition of synthesis and secretion of
nsulin [25]. The blood glucose concentration in streptozotocin
nduced diabetic rats at the particular dose was in agreement
ith previously published reports [26]. Accordingly there was
significant difference in associated glycaemic parameters as
bA1C, serum fructosamine, insulin, C-peptide and lipid param-

ters compared to healthy untreated rats. This is in congruence
ith other reports mentioning that streptozotocin induced dia-
etic rats are well recognized in representing distinct elevation
n the above biochemical parameters [27,28].

Glibenclamide was used as the standard drug in the present
tudy. It has been proposed that sulphonylureas produce
ntihyperglycaemic effects through secretion of insulin [29].
libenclamide has been widely accepted as a standard drug in

iabetic animal experiments associated with mild or moderate
yperglycaemia [30].

The selection of a graded dose range (0.25–2.00 g/kg) was
ased on the extrapolated value of human therapeutic dose of

c
e

t

5 (ANOVA followed by Dunnett’s test).

he S. pinnata extract [31]. The extent of reduction in blood
lucose concentration/improvement on glucose tolerance with
he S. pinnata treatment over a period of four hours was evalu-
ted using the total area under oral glucose tolerance curve as
escribed previously [32]. In the present study, S. pinnata extract
howed dose dependent percentage improvement on oral glu-
ose tolerance and a reduction in blood glucose concentration
n diabetic rats. The dose of S. pinnata extract at which showed
he optimum improvement on glucose tolerance was selected for
he investigation of antidiabetic mechanisms in diabetic rats.

There was a significant reduction in the percentage of HbA1C
n S. pinnata treated diabetic rats. This may further confirm the
otential long term antihyperglycaemic effect of the extract of S.
innata. However, the reduction in the percentage of HbA1C in
libenclamide treated diabetic rats was superior to the reduction
n S. pinnata extract treated diabetic rats at the end of the study
eriod (30th day). The antihyperglycaemic effect of gliben-
lamide at the same dose in streptozotocin induced diabetic rats
s similarly reported [33].

Diabetes mellitus is usually associated with prominent levels
f serum lipids and such an increase causes a risk factor for coro-
ary heart diseases [34]. A variety of alterations in metabolic and
egulatory mechanisms, due to insulin deficiency may responsi-
le for the observed accumulation of lipids [35]. Streptozotocin
nduced diabetic rats also developed hyperlipidaemia which is
n agreement with previous observations [36,37]. In the present
tudy, the S. pinnata extract significantly reduced the concentra-
ions of TC, TG, LDL-C and VLDL-C together with an increase
f HDL-C concentration in S. pinnata extract treated diabetic
ats. This may be due to the indirect antihyperglycaemic potency
nd insulinotropic effects of the S. pinnata extract in diabetic
ats.

The estimation of serum fructosamine is important in the
creening of a claimed antidiabetic agent intervened for a
ub-chronic period as it indicates the average blood glucose
oncentration over a one/two weeks [38]. The concentration
f serum fructosamine directly depends on the concentration
f serum glucose. A statistically significant reduction in serum
ructosamine was noted in the S. pinnata extract treated diabetic
ats in the present study (p < 0.05). This could be due to low con-

entration of serum glucose as a result of antihyperglycaemic
ffect of the S. pinnata extract in diabetic rats.

Several studies have provided evidence that loss of func-
ional �-cell mass through apoptosis, impaired proliferation
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onsequent to hyperglycaemia is central to the development of
oth type 1 and type 2 diabetes mellitus [39,40]. Indeed, it has
een considered as a hallmark of both types of diabetes mellitus.
egulation of functional �-cell mass has been considered as a
ritical therapeutic challenge in patients with the disease [41,42].
he most promising approaches for the replenishment of the
-cell mass in diabetes mellitus include ecto-pancreatic trans-
lantation, islet transplantation and/or implantation, triggering
f in vivo islet cell regeneration and preserving the existing
ass of �-cells [43,44]. However, islet cell regeneration has

ained much interest and been considered as a strategy to restore
he loss of �-cell mass in diabetes mellitus [45]. The detailed
istopathology and immunohistochemistry of the pancreas in
he present study revealed that the S. pinnata extract showed
ifferent degrees of islet cell regeneration in different sizes of
slets in streptozotocin induced diabetic rats. The pancreatic tis-
ue is able to regenerate in order to maintain or increase its
-cell mass in response to metabolic demands [46]. In addition,

ncrease in the number of islets in S. pinnata extract treated
iabetic rats demonstrated that neogenesis has also occurred
part from �-cell regeneration. The distinct increase in the per-
entage of insulin secreting �-cells and the diameter of large
slets contributed to the regenerative potency which may be
esponsible for the increased concentrations of serum insulin
nd C-peptide in S. pinnata treated rats. Regeneration of �-
ells is a contributing factor for increase in �-cell mass [47,48],
nd it could be suggested that the treatment with the S. pinnata
xtract increased the �-cell mass in diabetic rats. We suggest
hat the islet cell regeneration in diabetic rats with the S. pin-
ata extract could be due to replication of existing islet cells
nd/or differentiation (or neogenesis) from ductal or intra-islet
ancreatic precursor cells [48]. However, this fact merits fur-
her investigation. Similarly, signs of regeneration of islets have
een reported with the administration of other crude medici-
al plant extracts such as leaf extract of Carica papaya and
ruit extract of Terminalia catappa in diabetic animal models
49,50]. The assessment of histopathology and immunohisto-
hemistry showed that S. pinnata extract has a better effect on
slet cell regeneration as compared to the glibenclamide. This
ay be due to the direct regenerative potency of phytochemi-

als such as polyphenol compounds, flavonoids present in the S.
innata extract [2]. Indeed, these phytochemicals are well doc-
mented for islet cell regeneration and enhancement of �-cell
unction in vivo [51,52]. In contrast, the other serum glycaemic
nd lipid parameters did not express the similar effect. It has been
ell established that glibenclamide produce antihyperglycaemic

ffects through secretion of insulin from the existing pancre-
tic �-cells and enhancement of insulin action on target tissues
s the predominant antihyperglycaemic mechanisms [29] rather
han through �-cell regeneration in the pancreas. However, the
etailed �-cell regenerative mechanism of glibenclamide has not
et been reported.
onclusions

The results revealed that the aqueous bark extract of
. pinnata exerted insulinotropic effects through increased

[

ntegrative Medicine 6 (2014) 588–596 595

iosynthesis of insulin in the pancreas of streptozotocin induced
iabetic rats. In addition, the S. pinnata extract exerted potent
ntihyperlipidaemic activities in diabetic rats. The quantitative
ata of histopathology and immunohistochemistry confirmed
hat S. pinnata extract was able to induce �-cell regeneration
n the pancreas of streptozotocin induced diabetic rats. The �-
ell regeneration potency of S. pinnata extract may be useful in
he development of novel antidiabetic agents especially for the
herapy of type 1 diabetes mellitus.
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