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Abstract
In the present study we investigated the possible anti-diabetic potential of Pinus roxburghii Sarg. in alloxan
induced diabetic rat. Diabetes was induced in rats by injecting them with alloxan (120 mg/kg body weight). Control
rats were either healthy untreated, or diabetes induced untreated rats which only received distilled water. The acute
effect of ethanol extract was evaluated by administering 100, 300, 500 mg/kg body weight p.o. to normoglycemic
rats. In the chronic model, the ethanol extract was administered to normal and alloxan-induced-diabetic rats at dose
of 100, 300, 500 mg/kg body weight p.o. per day for 21 days. Blood glucose levels and body weights were monitored
at specific intervals and different biochemical parameters were also carried out. The statistical data indicated the
significant (p<0.01) increase in the body weight and decrease in the blood glucose, glycated hemoglobin levels, total
cholesterol and serum triglycerides. HDL cholesterol level was significantly (p<0.01) increased when treated with the
extract. Quercetin isolated from the bark of plant showed α-amylase inhibitory activity .Hence, it can be concluded
that antihyperglycemic and antihyperlipidemic activities of ethanol extract of Pinus roxburghii Sarg. Bark may be due
to the presence of phytoconstituents like flavanoids.
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Introduction
Diabetes mellitus is one of the most common chronic diseases
across the world and number of diabetic patients is on rise. The World
Health Organization (WHO) estimates that nearly 200 million people
all over the world suffering from diabetes and this number are likely
to be doubled by 2030 [1]. The recently published Indian council for
medical research-India diabetes national study reported that there are
62.4 million people with type 2 diabetes (T2DM) and 77 million people
with pre-diabetes in India [2]. This will be increased to 100 million by
2030 [3]. T2DM predominantly affects older individuals in developed
countries, while in developing nations like India; it is affecting the
younger population in the prime of their working lives and thus poses
an even greater threat to the health of these individuals [2,4]. Many
Indian medicinal plants are being examined for their beneficial use
in diabetes. Bark and roots of many plants alongwith Pinus roxburgii
Sarg. have been used to treat diabetes ethnopharmacologically [5].
Pinus roxburghii Sarg. named after William Roxburgh, is a pine
inhabitant to the Himalaya, the range extends from northern Pakistan
(North-West Frontier Province, Azad Kashmir), across northern
India (Jammu and Kashmir, Punjab, Himachal Pradesh, Uttrakhand,
Sikkim) and Nepal to Bhutan [6]. Pinus roxburghii Sarg. has been
attributed to many pharmacological activities like hepatoprotective
[7], anti-inflammatory, analgesic [8] anticonvulsant [9] antimicrobial
[10], antibacterial [11] and anticancer activities [12]. Bark of Pinus
roxburghii Sarg. has been used to treat diabetes ethnopharmacologically
in India and Africa [13]. Pinus roxburghii Sarg. is known to be a rich
source of terpenoids, flavanoids, thereforeit is of great interest to study
its therapeutic effect. Almost all the parts of the plant (bark, leaves
and root) are found to contain active principles [14-17]. Our recent in
silico studies showed that secoisoresinol from bark of Pinus roxburghii
Sarg. is effective against aldose reductase enzyme [18], which is mainly
responsible for daibetic secondary complications [19]. Moreover our
current in vitro research on bioactivity guided isolation for α-amylase
inhibitor, an active constituent namely quercetin isolated for the first
time from the bark of plant showed α-amylase inhibitory activity [20].
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In the present study, we investigate the possible antidiabetic potential
of ethanol extract of Pinus roxburghii Sarg. bark (PRB) in alloxaninduced diabetic rat.

Materials and Methods
Collection of plant material-The bark of Pinus roxburghii Sarg.
were collected from the hilly region of Morni, District Panchkula,
Haryana, in the month of February 2013 and was authenticated by
FRI, Dehradun, Uttarakhand, India, where a voucher specimen no. 129
FHH was deposited for future reference.
Preparation of extract-Shade dried coarse powdered bark of Pinus
roxburghii Sarg. in a quantity sufficient as per the volume of the extractor
was packed in a thimble (made of filter paper sheet). A sufficient volume
of ethanol was added to the reservoir, and hot continuous extraction
process in a Soxhlet extractor was started. This extraction process
was continued for about 48 hours or until ethanol coming down the
siphoning tube became colorless. The overabundance of ethanol was
distilled under reduced pressure using a rotatory vacuum evaporator.
(Heidolph Laborota 4011, digital). A brown residue was recovered
from flask with 18% yield. Stored at 2-4°C for further analysis.
Animals-Male Sprague-Dawley rats (200-250 gm) were used.
They were kept at 25 ± 2°C in a 12 h light, dark cycle with lights on
at 07:00h and fed the standard pellet rat diet [Ashirwad Industries,
Tirpari, Ropar (Punjab)] and water ad libitum. Institutional Animal
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Ethics Committee, constituted under the guidelines of CPCSEA,
Ministry of Environment, Govt. of India, New Delhi, Approved all the
animal experimental protocols (Registration Number: 562/GO/ 02/a/
CPCSEA).
Acute toxicity study-Toxicity studies conducted as per
internationally accepted protocol drawn under OECD guidelines 425
in Sprague-Dawley rats [21].
Oral glucose tolerance test(OGTT)-Glucose tolerance tests were
performed in treated and control rats, according to the method
described by Kaushik et al. [22] with some modifications. Distilled
water, PRB (100 mg/kg, 300 mg/kg, 500 mg/kg body weight) or
glibenclamide (2.5 mg/kg body weight) was administered orally to five
different groups of overnight fasting rats. Glucose (4 g/kg body weight)
was fed orally 30 min after treatment. Blood was withdrawn from retro
orbital sinus at 0, 30, 60, 90 and 120 min from control and treated
animals. The plasma obtained after centrifugation was used for the
determination of plasma glucose levels by a glucose-oxidase method.
Induction of experimental diabetes-Diabetes mellitus was
induced in 12 h fasted animals by intraperitoneal injection of alloxan
monohydrate (Sigma, St. Louis, Mo., USA) dissolved in sterile normal
saline at a dosage of 120 mg/kg body weight [23]. Since alloxan is
capable of producing fatal hypoglycemia as a result of the massive
pancreatic insulin release, rats were treated with 20% glucose solution
intraperitoneally 6 h after alloxan treatment. Diabetes was confirmed
in alloxan-treated rats by measuring fasting blood glucose levels 72
h after alloxan treatment. Rats with marked hyperglycemia (blood
glucose level above 150 mg/dl were selected and used in the study. This
model has been applied in earlier studies to cause type II diabetes in
rats [24-26]. Gliblenclamide (2.5 mg/kg) was used as standard drug.
Antidiabetic study-Animals were divided into six groups, each
consisting of five rats. Group-I: Normal control+distilled water. GroupII: Diabetic control+distilled water. Group III: Diabetic+glibenclamide
(2.5 mg/kg body weight). Group IV: Diabetic+PRB (100 mg/kg body
weight); Group V: Diabetic PRB (300 mg/kg body weight); Group VI:
Diabetic+PRB (500 mg/kg body weight). The extract and standard drug
solutions were suspended using tween 80 as a suspending agent for oral
administration and administered for 21 days.
Biochemical analysis-Rats were fasted overnight and blood was
withdrawn by retro-orbital sinus using ketamine on 1st, 7th, 14th and 21st
day to determine blood glucose level. The changes in body weight were
observed throughout the treatment period in experimental animals.
At the end of 21 days, animals were deprived of food overnight
and sacrificed by cervical decapitation for biochemical parameters
(i.e., glycated hemoglobin, serum createnin, serum urea, alkaline
phosphatase, SGOT, SGPT and lipid profile) estimation. Serum lipid
profiles and serum createnin, serum urea, alkaline phosphatase,
SGOT, SGPT were measured by commercially available kits using an
autoanalyzer (ERBA automated blood analyser). Glycated hemoglobin
level as described by Nayak and Pattabiraman [27].
Stastical analysis-Data are expressed as mean ± S.E.M. The data
were analyzed by one-way analysis of variance (ANOVA) followed by
Dunett’s “t” test to ascertain the level of significance using GraphPad
InStat version 3.05 for Windows, (GraphPad Software, San Diego
California USA). Values of p<0.05 were considered statistically
significant.
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Results
Acute Toxicity Test of PRB-PRB was found safe up to the dose of
5000 mg/kg body weight according to OECD guidelines 425.
Oral glucose tolerance test (OGTT) Figure 1 depicts the
hypoglycemic effects of single oral administration of the extracts at 100,
300 and 500 mg/kg body weight on OGTT of normal rats. PRB at the
dose of 500 mg/kg body weight produced a maximum fall at 30 min
after glucose administration.
Effect on body weight-Body weight decrease is common feature of
diabetes due to the increased muscle wasting and loss of tissue proteins.
Treatment with PRB, to diabetic rats (group IV to group VI) showed a
significant (p<0.01) dose dependant increase in body weight compared
to the animals of diabetic control group as shown in Table 1.
Effect on blood glucose levels-Table 2 describes the effect of
treatment of the extract on fasting blood glucose levels. Significant
(p<0.01) reduction was observed in the PRB treated rats.
Effect on biochemical parameters-PRB showed a dose-related
significant (p<0.01) decrease in triglycerides compared to pretreatment
levels (Table 3). PRB at the doses of 300 and 500 mg/kg body weight
was more effective than 100 mg/kg body weight in reducing the total
cholesterol levels and increasing HDL level. Administration of PRB
for 21 days significantly (p<0.01) reduced SGOT, SGPT, alkaline
phosphatase in diabetic groups at dose dependant manner. On the
other hand different doses of PRB significantly (p<0.01) reduced serum
creatinine and serum urea level when compared to those of diabetic
control groups.
Effect on glycated hemoglobin level-Significant (p<0.01) difference
was observed in glycated hemoglobin levels when compared to diabetic
control group (Table 4).

Discussion
The present manuscript discusses about the antihyperglycemic and
antihyperlipidemic effects of the PRB on normal and alloxan-induced
diabetic rats. Acute toxicity studies revealed the non-toxic nature of
the PRB. There was no lethality or any toxic reactions found with the
selected dose until the end of the study period. Alloxan causes a massive
reduction in insulin release by the destruction of the β-cells of the
islets of Langerhans, inducing hyperglycemia [28]. Impaired glucose
tolerance is achieved due to deficiency of insulin in alloxan-induced
diabetic rats by destructing the β-cells, which leads to type II diabetes
[29]. Induction of diabetes by alloxan leads to loss of body weight
due to the increased muscle wasting and loss of tissue proteins [30].

*

p<0.05 significant from diabetic control animals
p<0.01 significant from diabetic control animals

**

Figure 1: Effect of PRB on serum glucose level during OGTT. Values are given
as mean ± SEM from five rats in each group.
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Group

Treatment

Body weight (gm)
1 day

7th day

14th day

21st day

st

I

Normal control

258 ± 0.24

260 ± 0.25*

256 ± 0.58

286 ± 0.77**

II

Diabetic control

246 ± 0.1

188 ± 0.83

192 ± 0.60

174 ± 0.09

III

Diabetic+Gliblenclamide (2.5 mg/kg)

228 ± 0.94

238 ± 0.53

240 ± 0.11

290 ± 0.19**

IV

Diabetic+PRB (100 mg/kg)

256 ± 0.41

254 ± 0.27

256 ± 0.91

258 ± 0.09**

V

Diabetic+PRB (300 mg/kg)

254 ± 0.35

240 ± 0.03

240 ± 0.11

256 ± 0.06**

VI

Diabetic+PRB (500 mg/kg)

238 ± 0.53

286 ± 0.93**

244 ± 0.66

309 ± 0.31**

Values are given as mean ± S.E.M. from five rats in each group.
*
p<0.05 significant from diabetic control animals
**
p<0.01 significant from diabetic control animals
Table 1: Effect of PRB on body weight.
Group (n=5)

Treatment

Fasting glucose concentration (mg/dl)
1st day

7th day
94.4 ± 0.03

14th day
98.2 ± 0.94

21st day

I

Normal control

93.4 ± 0.41

II

Diabetic control

312 ± 0.83

290.60 ± 0.58

303 ± 0.19
95.6 ± 0.80

**

**

96.2 ± 0.10**

**

298 ± 0.4
91.6 ± 0.23

III

Diabetic+Gliblenclamide (2.5 mg/kg)

312 ± 0.74

96.2 ± 0.85

IV

Diabetic+PRB (100 mg/kg)

312 ± 0.60

134 ± 0.47**

143 ± 0.51**

141.4 ± 0.19**

V

Diabetic+PRB (300 mg/kg)

298 ± 0.60

137 ± 0.49**

158 ± 0.57**

152.2 ± 0.46**

VI

Diabetic+PRB (500 mg/kg)

318 ± 0.83

102.00 ± 0.13**

104 ± 0.8**

103 ± 0.95**

**

**

Values are given as mean ± SEM. from five rats in each group
* p<0.05 significant from diabetic control animals
**
p<0.01 significant from diabetic control animals
Table 2: Effect of PRB on serum glucose level.
Parameter/Groups

I

II

III

IV

V

VI

HDL (mg/dL)

64.75 ± 1.03**

13.49 ± 0.99

38.52 ± 0.09**

42.13 ± 0.32**

51.96 ± 1.5**

54.09 ± 0.92**

Triglycerides (mg/dL)

12.68 ± 0.48**

54.52 ± 0.55

25.94 ± 1.09**

20.12 ± 0.07**

17.32 ± 2.0**

15.14 ± 1.4**

Total cholesterol (mg/dL)

90.04 ± 0.47**

215.42 ± 0.72

130.22 ± 0.75**

129.86 ± 0.75**

126.84 ± 0.47**

116.92 ± 0.07**

Albumin (mg/dL)

4.54 ± 0.38**

1.42 ± 0.15

2.51 ± 0.49

3.36 ± 0.25**

3.94 ± 0.43**

4.28 ± 0.41**

Serum Creatinine (mg/dL)

0.08 ± 0.04**

4.2 ± 0.23

3.09 ± 1.2

2.8 ± 0.02

0.15 ± 0.03**

0.09 ± 0.06**

Serum urea (mg/dL)

17.32 ± 2.0

66.52 ± 0.08

45.94 ± 1.0

25.14 ± 1.4

**

20.68 ± 0.7**

SGPT (IU/L)

11.52 ± 0.30

44.90 ± 0.44

19.96 ± 0.78

**

18.99 ± 0.14

17.94 ± 1.8

**

14.07 ± 0.38**

SGOT (IU/L)

14.93 ± 2.8

114.96 ± 0.43

66.71 ± 0.21

**

53.96 ± 0.27

18.07 ± 0.89

Alkaline phosphate (IU/L)

120.25 ± 0.9**

228.34 ± 0.30

164.38 ± 0.43**

**
**

**

**

49.92 ± 0.23

**

**

146.19 ± 0.4**

**

123.08 ± 0.37**

19.68 ± 0.80**
119.39 ± 0.22**

Values are given as mean ± SEM from five rats in each group
*p<0.05 significant from diabetic control animals
**
p<0.01 significant from diabetic control animals
Table 3: Effect of PRB on different biochemical parameters.

Group

Treatment

Glycated hemoglobin (%)

I

Normal control

5.17 ± 0.08**

II

Diabetic control

9.5 ± 0.18

III

Gliblenclamide (2.5 mg/kg)

6.07 ± 0.18**

IV

Diabetic+PRB (100 mg/kg)

8.3 ± 0.24

V

Diabetic+PRB (300 mg/kg)

7.9 ± 0.8*

VI

Diabetic+PRB (500 mg/kg)

7.3 ± 0.7**

Values are given as mean ± SEM from five rats in each group
* p<0.05 significant from diabetic control animals
**
p<0.01 significant from diabetic control animals
Table 4: Effect of PRB bark on glycated hemoglobin level.
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In chronic treatment our results indicate that, daily administration of
PRB; significantly improved the body weight in diabetic rats and the
results were comparable with that of the standard drug glibenclamide.
This increase in body weights of diabetic rats might be due to an
enhancement in glycemic control and increased synthesis of structural
proteins [31]. When PRB administered to glucose loaded normal rats
fasted for 24 hrs, reduction in blood glucose was observed after 60 min.
The results of the study have shown a significant (p<0.01) difference
between the initial and final fasting plasma glucose levels of PRB and
glibenclamide treated groups. There was a significant decrease in
blood glucose level at different doses of PRB. The possible mechanism
of hypoglycemic activity of PRB may be through increase in glucose
metabolism [32]. The increased levels of triglycerides and total
cholesterol are the principal factors responsible for the development
of coronary heart disease and atherosclerosis, which are secondary
complication of diabetes [33]. PRB showed significant decrease in
triglycerides, total cholesterol, while an increase in HDL cholesterol has
been observed in PRB treated diabetic rats, which indicate that HDL is
inversely related to the total body cholesterol [34]. The effect of PRB to
decrease triglycerides may be through increase of insulin levels. Insulin
activates the enzyme lipoprotein lipase and hydrolyses triglycerides
and the deﬁciency in insulin, thereby causes hyper triglyceridemia [35].
The elevation of biomarker enzymes such as SGOT, SGPT, and ALP
was observed in diabetic control rats and indicates the hepatocellular
damage [36]. The present study also indicates that injection of alloxan
induces hepatic damage that elevates intracellular enzymes, such as
transaminases and alkaline phosphate. The diabetic complications such
as increased gluconeogenesis and ketogenesis may be due to elevated
transaminase activity [37]. The hepatic damage was restored and the
elevated transaminases were significantly reduced by PRB. Treatment
of diabetic rats with PRB reduced the activity of these enzymes as
compared to the untreated diabetic group. Hence PRB may act as a
hepatoprotective agent. On the other hand, in the present study the
level of renal function markers such as serum creatinine and serum
urea which was increased in diabetic rats indicating the dysfunction
of the kidney [38], were significantly inhibited by the treatment with
PRB. Based on these findings, PRB may enhance the ability of the
kidney to get rid of these waste products from the blood, as indicating
a protective effect on the kidney of diabetic rats. Animals treated with
PRB indicated a significant reduction in the glycalated hemoglobin
level, which could be due to an improvement in insulin secretion,
whereas glycalated hemoglobin level increased significantly in the
untreated diabetic control group, which confirms the antidiabetogenic
action of the PRB [39]. It is worth noting that the findings indicate that
the curative effects could presumably be attributed to the occurrence
of phenolic compounds like quercetin, rutin and chlorgenic acid in
PRB reported previously by HPLC analysis [8]. Phenolics are known to
rejuvenate the damaged beta cells in the alloxan induced diabetic rats
and acts as insulin secretagogues and are reported to be antidiabetic
[40]. It is well known that oxygen free radicals are involved in the
diabetogenic action of alloxan therefore, plants containing flavonoids,
triterpenoids have been proven to be effective in diabetes due their
antioxidant property [41].

Conclusion
Our results suggest that PRB at different doses may provide a
new therapeutic possibility against diabetes and diabetes-related
complications. The possible mechanism by which PRB controls the
diabetic condition may be due to certain biological compounds which
may either induce the pancreas to secrete insulin from the existing
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beta cells or reduce blood glucose by related biochemical mechanisms.
These facts are more strengthened as quercetin was isolated from PRB
inhibiting α-amylase in our recent in vitro studies [20]. This indicates
that the anti-hyperglycemic activity of Pinus roxburghii Sarg. may be
due to the presence of flavanoids in the bark extract which acts on free
radicals and enhance the beta cell regeneration against alloxan induced
free radicals. In conclusion, it can be stated, that the Pinus roxburghii
Sarg. has beneficial effects, in reducing the elevated blood glucose
level and lipid profile of alloxan-induced-diabetic rats, but has no
effect on normal rats. Thus, justifying its use as an anti-diabetic plant
ethnopharmacologically.
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