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The objective of the present work is to study the antidiabetic and antihyperlipidemic effect of aqueous extract of Alstonia scholaris Linn bark in
streptozotocin (STZ) induced diabetes in rats. The diabetes was induced by single dose of STZ (65 mg/kg) in citrate buffer, while the normal
control group was given the vehicle (citrate buffer) only. After three days of induction of diabetes, the diabetic animals were treated further four
weeks with aqueous extract of Alstonia scholaris bark (150 mg/kg and 300 mg/kg) and glibenclamide (4 mg/kg). Blood glucose estimation was
performed every week of the study. At the end of study period, animals were sacrificed for biochemical studies. STZ-induced diabetic rats
showed marked hyperglycemia, hypertriglyceridemia and hypercholesterolemia at the end of study period. Body weight and liver glycogen
levels were reduced and glycosylated haemoglobin levels were significantly increased in diabetic rats. The four week treatment with aqueous
extract of Alstonia scholaris bark (150 mg/kg and 300 mg/kg) significantly ameliorated the alterations in fasting blood glucose, serum
triglyceride, serum cholesterol, liver glycogen. glycosylated haemoglobin and body weight in diabetic rats. Thus the present study suggested
the potential of Alstonia scholaris bark in diabetes as well as related cardiovascular complications due to its antidiabetic and antihyperlipidemic
properties.
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INTRODUCTION

glucose homeostasis and they are not free from side effects’.

. L . . M high fall hi it is difficul
Diabetes mellitus is a common endocrine disorder caused due oreover due to high cost of allopathic drugs it is difficult to

. . . . . provide modern medical healthcare especially in developing
to either deficiency in insulin production or due to . .
. . . . . countries. It is therefore become necessary to make use of vast
ineffectiveness of the insulin produced. Such a deficiency o . . .
o . . reserves of plant origins for medical purposes which will help
results in impaired metabolism of glucose and other energy- . .
L . o o ] to search effective as well as safer drug remedy for diabetes
yielding fuels like lipids and proteins. The metabolic mellitus
disturbances contributes massively to most neurological,

cardiovascular, retinal and renal diabetic complications’. The Plant Alstonia scholaris (Linn.) belonging to family

estimation that diabetes mellitus will affect more than 300 apocynaceae is commonly known as Saptaparna. The plant is

million people by the year 2025 shows the need for native to India and grows in deciduous and evergreen forests

improvement in the treatment aspect of this chronic disorder’. and also in plains. The bark is useful in malarial fevers,

Currently available pharmotherapy for the treatment of abdominal disorders, dyspepsia and in skin diseases’. The

diabetes mellitus include oral hypoglycemic agents and bark is bitter, astringent, digestive, laxative, anthelmintic,

. . . . . . 6
insulin. However these current drugs do not restore normal antipyretic, stomachic, cardiotonic and tonic. The bark

extract has been reported to posses antiplasmodial,
*Address for Correspondence: immunostimulant , anticancer effect and is also
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hepatoprotective”. In Ayurveda, it is reported that the bark of
the plant when soaked in water overnight, can reduce the

blood glucose level after oral administration’ however no
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much characterization of this activity has been done on
scientific basis. We therefore subjected the aqueous extract of
bark of Alstonia scholaris L. to preliminary phytochemical
investigation which showed presence of alkaloids, tannins,
flavonoids, saponins, glycosides and triterpenoids. The
phytochemicals are indicative of its potential in the treatment
of diabetes mellitus hence we undertook the present work to
study the chronic antidiabetic effect and antihyperlipidemic
effect of the bark extract in healthy and streptozotocin
diabetic rats with the objective to focus on mechanism
underlying the activity.

MATERIALS AND METHODS
Plant material

Dried bark of Alstonia scholaris L. were procured from local
market of Pune and were authenticated by Dr. A. M.
Mujumdar, Agharkar Research Institute, Pune (Auth. 08-
134).

Preparation of extract

The dried bark of Alstonia scholaris L. was subjected to size
reduction to a coarse powder by using dry grinder. The
powdered material was subjected to extraction by maceration
using water as solvent. The extract was concentrated under
vacuum to get residue. The residue was dried in vacuum
desicator and stored in air tight container in refrigerator.
Various concentrations of the bark extracts were prepared
freshly everyday using distilled water for the period of 28
days.

Chemicals

Streptozotocin (STZ) was purchased from Sigma chemicals,
Germany. Glucose, triglycerides, total cholesterol and HDL-
cholesterol kits were purchased from Span Diagnostics,
Gujarat. All other chemicals used in the study were of
analytical grade.

Animals

Male wistar rats (150-200gm) were obtained from Yash
Pharma, Pune. Before and during the experiment rats were fed
with standard diet (Amrut Foods Ltd.). After randomization
into various groups and before initiation of the experiment,
the rats were acclimitised for a period of 7 days under standard
environmental conditions of temperature, relative humidity
and dark/light cycle. Animals stated as fasting were deprived
of food and water for 16 hrs. ad libitum. All the procedures
were performed in accordance to Institutional Animal Ethical
Committee.
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Acute and short term toxicity study

The aqueous extract of Alstonia scholaris L. bark was tested
for its acute and short term toxicity in mice. To determine
acute toxicity of the drug, overnight fasted wistar albino mice
were orally fed with extract in increasing dose levels of 100,
500, 1000, 3000 and 5000 mg/kg body weight. The mortality
and general behavior of the animals were observed
periodically for 48 h. The animals were observed
continuously for the initial period of 4 h, intermittently for the
next 6 h, then again at 24 h and 48 hrs following drug
administration. The parameters observed were grooming,
hyperactivity, sedation, loss of righting reflex and

. 10,11
convulsions .

Determination of test dose

During preliminary toxicity study, no adverse effects or
mortality was observed in experimental animals with oral
administration of bark extract up to a high dose of 5 gm/kg
body weight observed for 24 hrs. Hence submaximal doses of
150 mg/kg and 300 mg/kg were selected as a test dose.

Experimental induction of diabetes

Diabetes was induced by using streptozotocin as diabetogenic
agent. Streptozotocin (65 mg/kg) was dissolved in ice cold
citrate buffer (pH 4.3) immediately before use. The solution
was injected intraperitoneally in the dose of 65 mg/kg inrats'.
5 % glucose solution was administered orally for 24 hrs. to
prevent mortality due to initial hypoglycemia induced by
streptozotocin. After 72 hrs. of STZ injection, fasting blood
glucose levels were tested using glucose oxidase-peroxidase
reactive strips (Accu-chek, Roche Diagnostics, USA). Rats
showing fasting blood glucose more than 200 mg/kg were
considered diabetic and used for further study.

Experimental Groups
Rats were divided in different groups as follows.

Group I: as normal control where rats received citrate buffer
daily.

Group II: as diabetic control where diabetic rats received
citrate buffer daily.

Group I1II: diabetic rats received 150 mg/kg aqueous extract of
bark of Alstonia scholaris

Group IV: diabetic rats received 300 mg/kg aqueous extract of
bark of Alstonia scholaris

Group V: diabetic rats received 4 mg/kg of glibenclamide, an
oral hypoglycemic agent.

115



Deepti Bandawane et al Antidiabetic and antihyperlipidemic effect of Alstonia scholaris Linn bark in streptozotocin induced diabetic rats

Group VI: normal rats received 150 mg/kg aqueous extract of
bark of Alstonia scholaris

Group VII: normal rats received 300 mg/kg aqueous extract
ofbark of Alstonia scholaris

Experimental procedure
Blood glucose estimation

Fasting blood glucose levels were determined in all
experimental rats initially to determine the diabetic status and
thereafter every week during the 28 day study period. Blood
was obtained by snipping tail of rat with the help of sharp
razor and blood glucose levels were determined using
glucometer (Ultra Touch Two, Johnson and Johnson). Each
time the tail of the rat was sterilized with spirit.

Serum lipid profile estimation

At the end of 28 days, blood was collected from inferior vena
cava, serum separated for determination of parameters like
total cholesterol, HDL- cholesterol and triglycerides using
commercially available kits (Span diagnostics). VLDL
cholesterol and LDL-cholesterol were calculated using the
Friedewald's formula".

VLDL="Triglycerides/5
LDL="Total cholesterol — (HDL-CH + VLDL-CH)
Liver glycogen estimation

Liver of individual animal was homogenized in 5% w/v
trichloroacetic acid and its glycogen content were determined
by the method of Carrol .

Glycosylated haemoglobin determination

At the end of 28 days, blood was collected from retro-orbital

plexus and subjected for the determination of glycosylated
haemoglobin.

Statistical analysis

Allresults are expressed as the mean + SEM. The results were
analysed for statistical significance by one way ANOVA
followed by Dunnet's Multiple Test for comparison.

RESULTS

The effect of STZ and plant extracts on blood glucose level is
shown in Table 1. On repeated administration of aqueous
extract of Alstonia scholaris L. for 28 days, a sustained and
significant (p<0.01) decrease in blood glucose level of
diabetic rats was observed in dose dependent manner as
compared to diabetic control group. In diabetic rats blood
glucose level was reduced by 30.3% and 45.79% at 150 and
300 mg/kg doses of the extract respectively. The standard oral
hypoglycemic drug glibenclamide (4 mg/kg) showed more
potent antidiabetic activity by reducing blood glucose level
by 59.25% as compared to diabetic control group. However
there was no significant effect of the extract on the blood
glucose level of normoglycemic rats.

As shown in Table 2, STZ diabetic rats treated with extract
showed significant (p<0.01) reduction in the elevated levels
of total cholesterol and triglycerides in diabetic rats. Chronic
treatment of extract (300 mg/kg) and glibenclamide (4
mg/kg) reduced the LDL-cholesterol by 53.79% and 64.13%
respectively as compared to diabetic control group. Also the
extract significantly (p<0.01) improved the HDL-cholesterol
level at 300 mg/kg. In addition the bark extract in dose of 300
mg/kg showed significant (p<0.01) reduction in atherogenic
index as comparable to glibenclamide (4 mg/kg).

Table No. 1 - Effect of chronic administration (28 days) of aqueous extract of Alstonia scholaris L.

bark on fasting blood glucose in STZ diabetic rats.

Fasting Blood Glucose (mg%)
Experimental Groups
Day 0 Day 7 Day 14 Day 21 Day 28
Normal control 78.16+4.96 | 71.16£3.06 | 74.16+3.11 70.33£3.07 | 73.5£3.47
Diabetic control 297.5+5.68 | 308.66+8.08 | 300.66+7.7 | 292.66+5.9 | 297.83+5.25
Diabetic + 150 mg/kg AEAS | 304.5+8.42 | 267.5+10.11" | 238.5+6.73" | 222.16+7.12" |207.16+7.24"
Diabetic + 300 mg/kg AEAS | 292.5+7.36 | 248.83+5.917 | 223.5£6.21" | 186.33+8.86" | 161.16+8.6"
Diabetic + GL(4mg/kg) 295.16+6.63 | 219.16+6.117 | 195.16+6.96" | 149+7.88" | 121.5+7.51"
Normal + 150 mg/kg AEAS | 75.16+3.82 | 72.5+2.75 76.66+4.2 78.16+4.96 | 74.16+3.11
Normal + 300 mg/kg AEAS | 74.16£3.47 | 76.33+4.43 | 7533+3.66 | 72.33+3.42 | 75.66+4.52

n=6, *p<0.05, **p<0.01. Values are mean + S.E.M., AEAS: Aqueous extract of Alstonia scholaris bark; GL: Glibenclamide, Data

analysed by one way Analysis of Variance (ANOVA) followed by Dunnet ' s Multiple Test for comparison.
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Table No. 2 - Effect of chronic administration (28 days) of aqueous extract of Alstonia scholaris L.

bark on lipid profile in STZ diabetic rats.

Experimental Groups T-CH TG HDL VLDL LDL Atherogenic
index

Normal control 80.242.77 | 66.5£1.91 | 28.8£1.01 | 13.3+0.38 38+2.6 1.79+0.12

Diabetic control 198+2.5 169.2+2.33 | 18.8+0.7 33.8+0.47 | 145.3£2.79 | 9.96+0.45

Diabetic+150 mg/kg AEAS| 143.3+3.427 | 130.842.147| 22.2+1.58" | 26.2+0.43" | 95+2.71" | 5.63+.039"
Diabetic+300 mg/kg AEAS| 110.3£2.36" | 90.6x1.2" | 24.3+0.91" | 18.1£0.29" | 67.8+2.84" | 3.56+0.22"
Diabetic+GL(4mg/kg) 93.3£1.237 | 74.2+1.147 | 2640857 | 14.8£0.27" | 52.442.22" | 2.62+0.18"
Normal+150 mg/kg AEAS | 78.2+1.64 | 70.6+1.45 | 30.3x1.28 | 14.120.3 | 33.7+1.56 | 1.59+0.09

Normal+300 mg/kg AEAS | 82.3+£2.06 65.5£2.17 | 28.242.12 13.1+0.43 41+£1.11 1.97+0.13
n=6, **p<0.01, ns: non-significant. Values are mean + S.E.M., AEAS: Aqueous extract of Alstonia scholaris bark, GL: Glibenclamide, T-CH: Total

cholesterol, TG:Triglycerides, HDL- CH:High density lipoprotein cholesterol, LDL-CH:Low density lipoprotein cholesterol, VLDL- CH:Very low

density lipoprotein cholesterol. Data analysed by one way Analysis of Variance (ANOVA) followed by Dunnet ’ s Multiple Test for comparison.

Table No. 3 - Effect of chronic administration (28 days) of aqueous extract of Alstonia scholaris L. bark on liver

glycogen and glycosylated haemoglobin in STZ diabetic rats.

Experimental Groups Liver glycogen (g/100gm) Glycosylated haemoglobin (%)
Normal control 3.5+0.1 5.38+0.21

Diabetic control 0.83+0.01 8.53+0.2

Diabetic + 150 mg AEAS 1.9+0.07" 7.86+0.117

Diabetic + 300 mg AEAS 2.46+0.117 6.91£0.21"

Diabetic + GL (4 mg/kg) 3.1+0.17 6.13£0.25"

Normal + 150 mg/kg AEAS 3.6+0.14 5.73+0.25

Normal + 300 mg/kg AEAS 3.42+0.12 5.28+0.21

n=6, **p<0.01, ns: nonsignificant. Values are mean + S.E.M., AEAS: Aqueous extract of Alstonia scholaris bark, GL:
Glibenclamide, Data analysed by one way Analysis of Variance (ANOVA) followed by Dunnet’ s Multiple Test for comparison.

Table No. 4 - Effect of chronic administration (28 days) of aqueous extract of Alstonia scholaris L.

bark on body weight in STZ diabetic rats.

Experimental Groups Body Weight (G)
Initial Final

Normal control 197.745.1 243.7+4.72
Diabetic control 203.2+5.24 158.7+4.16
Diabetic + 150 mg AEAS 202.7£3.74 170.8.58 ns
Diabetic + 300 mg AEAS 205.0+5.1 185.16+2.77"
Diabetic + GL (4 mg/kg) 207.7£6.37 210.3+6.88"
Normal + 150 mg/kg AEAS 205.5+4.28 250.7+5.81
Normal + 300 mg/kg AEAS 210.3+6.88 240.7+6.58

n=6, **p<0.01, ns: nonsignificant. Values are mean + S.E.M., AEAS: Aqueous extract of Alstonia scholaris bark, GL:
Glibenclamide, Data analysed by one way Analysis of Variance (ANOVA) followed by Dunnet’ s Multiple Test for comparison.

As shown in Table. 3, there was a significant elevation in the haemoglobin and decreased liver glycogen level in
blood glycosylated haemoglobin and a decrease in liver streptozotocin-diabetic rats as comparable to glibenclamide.

glycogen levels in STZ diabetic rats as compared to normal As shown in Table 4, STZ diabetic rats showed significant
rats. Oral administration of the extract (300 mg/kg) (p<0.01) reduction in body weight from 203.2 g to158.7 g as
significantly (p<0.01) restored the increased glycosylated compared to normal group. Oral administration of aqueous
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Fig. 1: Effect of chronic administration (28 days) of aqueous extract of

Alstonia scholaris L bark on fasting blood glucose levels in STZ
diabetic rats.
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n=6, *p<0.05, **p<0.01. Values are mean + S.E.M., AEAS: Aqueous extract
of Alstonia Scholaris bark. NC: Normal control; DC: Diabetic control; GL:
Glibenclamide. Data analysed by one way Analysis of Variance (ANOVA)
followed by Dunnet's Multiple Test for comparison.
extract of bark of Alstonia scholaris (300 mg/kg) significantly
(p<0.01) and periodically improved the body weight after 28
days as compared to diabetic control.

DISCUSSION

Diabetes mellitus patients in India are increasing day by day
probably due to change in lifestyle, change in food pattern i.e.
from traditional fiber rich diet to sugary fast food diet and also
because of genetic basis. The disorder being chronic in nature
needs long term treatment to prevent the complications
arising due to persistent high blood glucose level”.
Pharmacotherapy available for the treatment of diabetes in
modern healthcare system include insulin and oral
hypoglycemic drugs". However due to economic constraints,
it is not possible for majority of the diabetic patients in
developing countries like India to use these drugs on regular
basis. Moreover these synthetic antidiabetic drugs are
associated with large number of adverse effects. Hence there
is increase in the trend to use traditional indigenous plants
widely available in India for the treatment of diabetes
mellitus. Over 150 plant extract and some of their active
principles including flavonoids, tannins, alkaloids etc are
used for the treatment of diabetes”’. However very few of
these plants have been screened pharmacologically .

Streptozotocin induced diabetes in experimental animals is a
valuable model for induction of diabetes mellitus. Diabetes
mellitus induced by streptozotocin may be due to pancreatic
beta cell destruction”. However the animals survived without
insulin treatment and showed improvement by glibenclamide
which act by stimulating residual beta cells of the pancreas
indicate incomplete destruction of pancreatic beta cells of the
diabetic rats in the present study. The model can be therefore
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be considered as poorly controlled type I diabetic model
showing symptoms like hyperglycemia, glycosuria, polyuria,
loss of body weight inspite of polyphagia.

In the present study streptozotocin-diabetic rats exhibited
significant increase in blood glucose level. Chronic treatment
with aqueous extract of Alstonia scholaris L. bark reduced
blood glucose level throughout the experimental period in
duration dependent manner indicating its antihyperglycemic
activity. However blood glucose levels were not altered in
normoglycemic rats further strengthening the
antidiabetogenic potential of the extract.

In diabetes mellitus, body cells are unable to utilize glucose as
a source of energy due to which proteins are spared as energy
source. This leads to decrease in protein storage which in turn
reduces body weight™. In the present study streptozotocin-
diabetic rats show decrease in body weight throughout the
experimental period. Oral treatment with aqueous extract of
Alstonia scholaris L. bark significantly improved the body
weight loss in diabetic rats as compared to diabetic control
indicating possible role of the extract in restoration of protein
metabolism.

In diabetic mellitus, due to persistent hyperglycemia, the
excess blood glucose reacts with haemoglobin in a non-
enzymatic process to form glycosylated haemoglobin. Since
the glycation rate is directly proportional to blood glucose
concentration, level of glycosylated haemoglobin indicates
glycemic control in the diabetic state”. Estimation of
haemoglobin is a well established parameter useful in the
management and prognosis of the disorder”. In the present
study, administration of aqueous extract of Alstonia scholaris
L. bark significantly reduced the elevated glycosylated
haemoglobin levels in streptozotocin-diabetic rats further
substantiating its potential in long term glycemic control of
diabetes mellitus.

In the present study, decrease in glycogen content in
streptozotocin-diabetic rats support the findings of Grover et
al.". The decrease in glycogen content may result due to
disturbances in glycogen synthetase system. Improvement in
liver glycogen of diabetic rats after chronic treatment with
aqueous extract of Alstonia scholaris L. bark indicates that
possible way of antidiabetic of the extract may be by
improvement of glycogenesis and / or suppression of
glycogenolysis.

It has been reported that 75% of early deaths in diabetes
mellitus are associated with coronary artery disease caused by
abnormal lipid metabolism altering the lipid profile in
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diabetic state”. Metabolic disturbances of carbohydrates,
lipids and proteins during diabetes mellitus causes insulin
deficiency stimulating lipolysis in adipose tissues. Diabetes
mellitus therefore leads to fatty liver, hypercholesterolemia
and hypertriglyceridemia®. Furthermore increased
triglycerides result in increase in free fatty acid level and its
oxidation which disturbs glucose metabolism as well as
utilization and also impairs insulin action leading to

development of hyperglycemia™.

The present study showed increase in plasma triglycerides,
total cholesterol and LDL cholesterol with decrease in HDL
cholesterol supporting the findings of the other
researchers”™ . Potential of the extract to decrease cholesterol
and triglyceride levels could be helpful in improving lipid
metabolism in diabetics which in turn will help to prevent
diabetic complications™. LDL- cholesterol being involved in
the transport of cholesterol from liver to peripheral tissues is
the key factor in atherogenesis. Potential of the extract to
reduce LDL-cholesterol thereby indicates its possible
involvement in prevention of diabetes mellitus induced
cardiovascular complications.

CONCLUSION

The present study showed that aqueous extract of Alstonia
scholaris significantly reduced elevated blood glucose level
in STZ diabetic rats without showing any hypoglycemic
effect in normal rats. Since STZ effectively destroys
pancreatic beta cells and causes persistent hyperglycemia, the
mechanism of action of Alstonia scholaris might involve
actions other than pancreatic beta cells insulin release or
secretion. The antidiabetic effect of the extract could be due to
increased utilization of glucose by peripheral tissues,
improved sensitivity of target tissues for insulin or it may be
due to improved metabolic regulation of glucose.

Our findings that Alstonia schoalris bark significantly
reduced serum triglyceride levels in STZ diabetic rats support
its long term use not only for better control of blood glucose
but also for normalization of disturbances in lipid metabolism
which may prevent further predisposition of the patients to
cardiovascular complications.

Thus the present study showed that bark of Alstonia scholaris
L. possesses antidiabetic and antihyperlipidemic effects in
STZ diabetic rats. The antiatherogenic potential of the bark
extract indicates its usefulness not only in diabetes mellitus
but also in long term complications associated with diabetes
mellitus. However comprehensive research is required to
identify the active constituents responsible for this effect.
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