Available online at www.sciencedirect.com

scmncs@nlnsc'ﬂ @ Journal of

ETHNO-
PHARMACOLOGY

ELSEVIER Journal of Ethnopharmacology 99 (2005) 75-81

www.elsevier.com/locate/jethpharm

Hypoglycemic and antidiabetic effect of ethanolic extract of leaves of
Annona squamoda. in experimental animals

Rajesh Kumar Gupfa Achyut Narayan Kesafj
P.S. Murthy’, R. Chandrd, V. Tandorf, Geeta Watat *
a Alternative Therapeutics Unit, Drug Development Division, Medicinal Research Laboratary, Department of Chemistry,

University of Allahabad, Allahabad-211002, U.P.,India
b Dr. B.R. Ambedkar Center for Biomedical Research, University of Delhi, Delhi-110007, India

Received 27 February 2004; received in revised form 16 January 2005; accepted 28 January 2005
Available online 11 March 2005

Abstract

The ethanolic extract oAnnona squamosa. (Annonaceae) leaves was administered orally at different doses to normal as well as
streptozotocin (STZ)-induced diabetic rats and alloxan-induced diabetic rabbits. The dose of 350 mg/kg body weight (bw) reduced the
fasting blood glucose (FBG) level by 6.0% within 1 h, whereas, the peak blood glucose at 1 h during glucose tolerance test (GTT) was reduced
by 17.1% in normal rats. The same dose of ethanolic extract reduced FBG by 26.8% and improved glucose tolerance by 38.5 and 40.6% at
1 and 2 h, respectively, during GTT in alloxan-induced diabetic rabbits. In STZ-diabetic rats, a fall of 13.0% in FBG and an improvement in
glucose tolerance by 37.2 and 60.6% at 1 and 2 h, respectively, was observed during GTT. The dose of 350 mg/kg bw of ethanolic extract in
10-day treatment of a group of STZ-diabetic rats produced 73.3% fall in FBG level and no sugar was observed in fasting urine. Treatment of
severely-diabetic rabbits for 15 days with a dose of 350 mg/kg of extract reduce FBG by 52.7% and urine sugar by 75%. It brought about fall
in the level of total cholesterol (TC) by 49.3% with increase of 30.3% in high-density lipoprotein (HDL) and decrease of 71.9 and 28.7% in
low-density lipoprotein (LDL) and triglycerides (TG) levels, respectively.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction can produce serious side effects, and in addition, they are not
suitable for use during pregnandyafner, 1985; Rao et al.,
Diabetes is a metabolic disorder characterised by fast ele-1997; Valiathan, 1998 Therefore, search for safe and more
vation of blood sugar level. The incidence of diabetes mellitus effective agents has continued to be an important area of ac-
is onrise all over the world, especially in Asia. Many oral hy- tive research. Since ancient times, diabetes has been treated
poglycemic agents, such as biguanides and sulfonylurea areorally with several medicinal plants or their extracts based
available along with insulin for the treatment of diabetes mel- on folklore medicine. These herbal remedies are apparently
litus (Holman and Turner, 199;1but these synthetic agents effective, produce minimal or no side effects in clinical ex-
perience and are of relatively low costs as compared to oral
Abbreviations:BGL, blood glucose level; bw, body weight; FBG, fasting ~ SYNthetic hypoglycemic agents. Furthermore, after the rec-
blood glucose; GTT, glucose tolerance test; HDL, high density lipoprotein; ommendation made by WHO on diabetes mellitus, investi-
LDL, low density lipoprotein; PPG, postprandial glucose; S.D., standard gations on hypoglycemic agents from medicinal plants have
deviation; STZ, streptozotocin; TC, total cholesterol; TG, triglyceride; US, hacome more important\(HO, 1980Q.

urinary sugar; VLDL, very low density lipoprotein
* Corresponding author. Tel.: +91 532 2641157; fax: +91 532 2641508, #\NNONa squamosa (Annonaceae), commonly known as
E-mail addressesachyutnarayan@rediffmail.com (A.N. Kesari), custard apple, is a native of West Indies and is now cultivated

geetawatal@rediffmail.com (G. Watal). throughout India, mainly for its edible fruit. This plant is re-
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puted to possess several medicinal properfaslkar et al., Delhi, India and used in the experiments. Animals were kept
1992. Various phytochemical and biological activity stud- in our animal house at room temperature of 2523Gand

ies have been carried out with the plaviblora et al., 1975;  at 45-55% relative humidity for 12 h, each of dark and light
Nonfon et al., 1990 From the leaves oAnnona squamosa  cycle. Animals were fed on pellet diet of Golden feed, Delhi,
several flavonoidsSeetharaman, 1986énd a tetrahydroiso-  India and water ad libitum. The study was approved by the

quinoline alkaloid with cardiotonic activitW{agner et al., Animal Ethical Committee of the Institute.

1980 have been isolated. Many workers have reported its use

as an insecticidal agentbeema et al., 1985Partially puri- 2.3. Preparation of the plant extract

fied flavonoids of aqueousnnona squamosiaaves extract

possess antimicrobial and insecticidal activiptkar et al., Leaves ofAnnona squamosaere collected in the month

20032. Methanolic leaves extract was tested for mosquitocidal of April and May from the gardens of Indian Agriculture Re-
effect againsCulex quinquefasciatyaswanthetal., 2002  search Institute, New Delhi, India and was identified by Prof.
and the ethanolic leaves and stem extract are reported to have.R. Babu, Taxonomist, Department of Botany, University of
an anti-cancerous activitygbiakuni et al., 196p Ayurvedic Delhi, Delhi, India. A voucher specimen has been kept at the
practitioners use stem and leaves extract as an indigenouserbarium of the University. The leaves were washed with
uterotonic drugMishra et al., 1965 The aqueous extract of  water and shade-dried. About 500 g of crushed leaves were
Annona squamosseeds do not interfere with the reproduc- extracted twice with 51 of boiling ethanol for 6 h. The result-
tive performance of pregnant ra@gmasceno et al., 2002  ing extract was cooled and filtered. The filtrate was evapo-

Post-coital anti-fertility activity fishra et al., 197pis re- rated in vaccum to give a residue (yield: 8.2% w/w).
ported in the seed extract éfnnona squamosavhile the
aerial parts are inactive. 2.4. Biochemical parameters
The agueous leaves extract has also been reported to ame-
liorate hyperthyroidismunanda and Anand, 2003vhich Blood glucose, total cholesterol, HDL-cholesterol and
is often considered as a causative factor of diab®#84ms,  triglyceride levels in serum were measured spectrophotomet-

1997). The tribals and villagers of Aligarh districh{ique et rically by methods prescribed by the manufacturefain et
al., 1989 and Chotanagpur divisof¢pno, 1997 in India al., 1974; Buccolo and David, 19¥3Urine sugar was de-

extensively use the young leavesfofnona squamosalong  tected by reagent-based uristrix from Bayer.
with seeds oPiper nigrumfor the management of diabetes.

The hot water extract oAnnona squamoskeaves possess
hypoglycemic and antidiabetic activity (patent fil€andon
etal., 2003. Antidiabetic activity of cold aqueous extract has A freshly prepared solution of STZ (50 mg/kg) in 0.1 M
also been reported in STZ-nicotinamide type 2 diabetic rats jyrate huffer, pH 4.5 was intraperitoneal injected to overnight
(Shirwaikar et al., 2004 The objective of this investigation  ¢5steq rats Brosky and Logothelopoulos, 196Similarly,

was to ascertain the scientific basis for its use in the treatmentiniravenous injection of alloxan (80 mg/kg) was used for in-
of diabetes. The present paper reports the hypoglycemic andy,cing diabetes in rabbits. FBG level was estimated at the

antihyperglycemic activity of the ethanolic extrackainona  ime of induction of diabetes and postprandial blood glucose
squamosdeaves on which there are no previous studies. (PPG) was checked regularly up to stable hyperglycemia,
usually after one week with STZ and two weeks with al-
loxan. Depending on their glucose levels, the animals were
allotted in three groups:

2.5. Induction of experimental diabetes

2. Material and methods

2.1. Chemicals (i) Sub-diabetic animals with nearly normal FBG of 80—
120 mg/dl but showing abnormal glucose tolerance.

Alloxan and streptozotocin (STZ) were purchased from (i) Mild-diabetic animals with FBG of 120-250 mg/dl.

Sigma—Aldrich Co., USA. Glucose, total cholesterol (TC), (iii) Severely-diabetic animals showing FBG above

high-density lipoprotein (HDL) and triglyceride (TG) were 250 mgydl.

assayed using standard kits from Ranbaxy Diagnostics, New

Delhi, India. One-touch gluco-meter (Accu-chek sensor) of 2.6. Experimental design

Roche Diagnostics, Germany, and Uristix of Bayer Diagnos-

tics India Ltd. were used in the experiment. Initial screening of the extract for the hypoglycemic ac-
tivity was done in normal healthy rats by conducting glucose
2.2. Animals tolerance test (GTT). The antidiabetic effect was assessed in

diabetic animals by two methods: (i) by studying the effect
Wistar strain of rats, weighing about 150-200g and al- of different doses of the ethanolic extract on blood glucose
bino rabbits, weighing about 1-1.25 kg, were obtained from levels of sub-diabetic and mild-diabetic rabbits during GTT.
the National Institute of Communicable Diseases (NICD), The most effective dose was again tested on STZ-induced
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sub-diabetic rats for glucose tolerance, and (ii) by giving the and end of the experiment, FBG and urine sugar (US) were

extract (350 mg/kg) daily for 10 days to STZ-diabetic rats and estimated. Postprandial blood glucose (PPG) was estimated
for 15 days to severely-diabetic rabbits and studying their ef- daily during the treatment period.

fects on FBG, postprandial blood glucose (PPG) level and

urine sugar. Total lipid profile was estimated to assess the2.6.4. Treatment of severely-diabetic rabbits

effect of ethanolic extract on abnormal lipid profile seen in Three groups of six rabbits each were used in the exper-

severely-diabetic rabbits. An attempt was made to determineiment. Group 1 served as normal healthy control group and

the LDsg. group 2 as diabetic-untreated control. Group 3 was treated
daily with a dose of 350 mg/kg extract for 15 days. At the

2.6.1. Assessment of hypoglycemic activity in normal beginning and end of the experiment, blood and urine were

healthy rats collected from fasted animals. FBG, PPG, TC, HDL choles-

Five groups of six rats in each were used in the experiment. terol and TG were estimated, and LDL and VLDL cholesterol
Group 1 served as untreated control and animals of groups 2 were calculated. Urine sugar was also assessed.
3, 4 and 5 received different doses of plant extract (200, 300,
350 and 400 mg/kg, respectively). In overnight fasted rats, 2.7. LDsg experiment
initial fasting blood samples were taken and then different
doses (200, 300, 350, 400 mg/kg) of the ethanol extract were  Four groups of rats of both sex (6 animals per group, 3
given orally to different groups of animals and their effect females and 3 males), weighing about 150-180 g were orally
on FBG was studied hourly up to 2 h. The animals were then administered by a single dose of 875 mg/kg, 1.750, 3.5 and
orally administered 3 g/kg of glucose solution and glucose 5.250 g/kg of ethanolic extract @énhnona squamosieaves.
tolerance was studied at 1 h intervals for another 3 h. Thus, Then rats were observed for gross behavioural, neurologic,

the total period of blood collection was up to 5 h. autonomic, and toxic effects continuously. Food consump-
tion, faeces and urine were also examined at 2 h and then at
2.6.2. Assessment of antidiabetic activity by GTT in 6 h intervals for 24 h.

diabetic rabbits and rats

Different doses (200, 300, 350 and 400 mg/kg) of extract 2.8. Statistical calculations
and the standard drug tolbutamide (350 mg/kg) were assessed
to find out the effective dose. GTT-based activity testingwas  Data were expressed as mela8. D. for all experiments
carried out on sub-diabetic and mild-diabetic rablialfu et and significant differences between groups were calculated
al., 19889 and STZ-diabetic rats, in which the same animals according to Student’s two-tailed t-test. Values corresponding
served as their own control. Five groups of six rabbits each to p<0.05 were considered statistically significant.
were used in the experiment. In overnight-fasted diabetic rab-
bits, the initial fasting blood samples were drawn from ear
vein (for FBG) and then water was orally given. After 90 min, 3. Results
blood was drawn again that gives the ‘O h’ value for blank
GTT. The animals were then given a glucose solution (2 g/kg) 3.1. Effectin normal healthy rats
orally and blood samples were drawn at 1, 2 and 3 h after glu-
cose administration to get the GTT pattern of the untreated-  In order to know the optimum effective dose of the ethano-
diabetic rabbits (control). After a week, same animals were lic extract of Annona squamosan FBG and glucose toler-
again fasted overnight. Fasting blood samples were drawnance, different doses of the ethanolic extract were given to
and different graded doses (200, 300, 350 and 400 mg/kg) ofovernight-fasted healthy rats. The extract at doses of 200 and
plant extract and tolbutamide were administered to different 300 mg/kg did not had any appreciable effect on the FBG, but
groups. After 90 min, blood samples were drawn again. This there was a slight improvement in glucose tolerance of about
serves as ‘0 h’ sample of the treated-diabetic rabbits. The an-10.6 and 13.8% at 1 h peak value (3 hTiable 1), respec-
imals were given glucose solution (2 g/kg) orally and blood tively. A dose of 350 mg/kg ethanol extract brought about a
samples were drawn at 1, 2 and 3 h after glucose adminis-slight fall (6.0%) in FBG after 1 h of the extract adminis-
tration to get the GTT pattern of the treated-diabetic rabbits tration, and improved glucose tolerance by 17.1% at the 1 h
(same animals). Glucose tolerance studies were also carriegpeak value (3 h iffable ) when compared to control rats
out with a dose of 350 mg/kg of the extract in STZ-induced which received equal volume of water instead of extract. The

diabetic rats. higher dose of 400 mg/kg had more or less the same effect
as that of 350 mg/kg. It therefore appears that 350 mg/kg of
2.6.3. Treatment of diabetic rats the ethanol extract oAnnona squamoskeaves is the most

Three groups of five rats each were used in the experiment.effective dose on FBG and GTT of healthy rats. One of the
Group 1 served as normal healthy control group and group 2reasons why even with the optimal dose of 350 mg/kg, the
as diabetic-untreated control. Group 3 was treated daily with fall was only 17.1% could be that normal regulatory mech-
a dose of 350 mg/kg extract for 10 days. At the beginning anisms operate to prevent hypoglycemia in normal animals.
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Table 1

Effect of different doses oAinnona squamodaaves ethanol extract on the fasting blood glucose and glucose tolerance in normal healthy rats$riean
Group fi=6) Treatment (mg/kg) Blood glucose level (mg/dl)

Oh 1h 2R 3h 4h 5h

1 Normal control 780+9.6 745+7.6 770+7.4 1080+6.7 96.0£7.1 77.0£5.9
2 200 770+7.9 755+7.8 780+7.9 965+ 6.5 870+6.9 750+6.3
3 300 770+7.5 730+7.1 780+ 6.3 93.0+6.1 84.0+6.7 710+6.8
4 350 765+8.9 700+ 6.6 725+5.4 895+6.3 810+6.9 69.0+5.9
5 400 750+9.3 695+8.0 740+ 7.8 915+6.8 820+6.4 68.0+6.8

a 3 g/kg of glucose solution given orally.
* p<0.01 when compared with control group.

The maximum fall in FBG was after 1 h and maintained up 400 -
to 2 h during fasting. So in further experiments, effect of the

extract on FBG was observed after 90 min of the extract ad-
ministration considering that it takes a minimum of 1 h to act

and then GTT was performed by giving glucose solution.

300 A
3.2. Effect on diabetic rabbits and rats during GTT -
=
=
In order to choose the optimum dose for the diabetic an- § 250 A
imals, different doses of ethanolic extract (200, 300, 350 £
and 400 mg/kg) were evaluated on glucose tolerance in di- % i |
abetic rabbits along with the standard drug tolbutamide 2
(350 mg/kg). The rabbits were treated with the extract and < *
improvement in GTT was assessed by comparing the blood § 150 1

glucose level (BGL) before and after the treatment. A dose

of 200 and 300 mg/kg of ethanolic extract reduced FBG by

9.8 and 18.2% Table 4 within 90 min of the extract ad- 100 1
ministration (0 h of GTT), while after 1 h of glucose admin-

istration (1 h of GTT), the BGL was reduced by 14.5 and

31.2%, respectively. A reduction of 16.4% was observed in

2 h of GTT with 200 mg/kg, while this fall increased further

to 28.3% with 300 mg/kg of extract. A dose of 350 mg/kg 0 . v .

significantly <0.001) reduced FBG by 26.8% at O h and FBG 0 I 2 3

38.5 and 40.6% at 1 and 2h, respectiveTalfle 4. The Time(h)

higher dose of 400 mg/kg had about the same effect as that of ‘ —a—Treated with 350mg/kg of extract —e— Untreated control

350 mg/kg. It therefore appears that 350 mg/kg of the ethanol

extract ofAnnona squamosi the effective dose on FBG  Fig. 1. Effect of a single oral dose oknnona squamosdeaves ex-
and GTT of alloxan-induced diabetic rabbits. Therefore, this tract (350 mg/kg) on blood glucose levels during glucose tolerance test in
dose was assessed by GTT in STZ-induced diabetic rats. Astreptozotocin—diabetic rat§p<0.01 when compared with control group.
significant £<0.001) reduction of 37.2% and 60.6% during

1 and 2h of GTT was observed with the dose of 350 mg/kg 3.3. Effect on BGL and urine sugar of diabetic rats

(Fig. 1). A dose of 350 mg/kg of tolbutamide reduced FBG

by 22.8, 38.2 and 33.8% at 0, 1 and 2 h respectively, during  After 10-day treatment of diabetic rats with extract, there
GTT. was a 73.3% fall in FBG. The animals returned to normal

Table 2
Effect of 10-day treatment with ethanol extract&rinona squamosiaaves on the fasting blood glucose (FBG), postprandial glucose (PPG) and urine sugar
(US) of streptozotocin-diabetic rats

Groups Initial Final % change

FBG PPG us FBG PPG us FBG PPG us
Normal control 78.0:6.8 108.0+7.8 0 77.0+5.9 105.0+7.6 0 0 0 0
Diabetic control 238.&5.6 437.0:5.2 ++ 298.0+5.4 515.0+ 6.2 ++ 0 0 0
Diabetic treated 25545.8 440.0+5.6 ++ 68.0:9.6' 255.0+ 7.8 0 73.3 42.0 50.0

n=>5 in each group.
* p<0.001 when compared with initial (before treatment) values.
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Table 3
Effect of 15-day treatment with ethanol extract®sfnona squamodaaves on the fasting blood glucose (FBG), postprandial glucose (PPG), urine sugar (US)
and lipid profile of alloxan induced severely-diabetic rabbits

Parameters Normal control Diabetic control Diabetic treated % change
Initial Final Initial Final Initial Final
FBG (mg/dl) 724+5.2 76.2+-4.4 2774+5.8 3058+6.2 3645+ 6.0 1720+5.2 527
PPG (mg/dl) 102+8.0 106.5-8.5 5124+5.6 4367+5.4 5480+ 6.2 2570+5.8 531
us (g/l) 0 0 +4 +4 +4 +1 16
TC (mg/dl) 420+5.2 46.0+ 4.6 1760+ 4.6 1740+5.2 2210+6.2 1120+ 5.8 493
HDL (mg/dl) 170+4.9 19.0+ 4.6 400+4.8 210+5.4 324+6.2 465+ 5.4 30.3
LDL (mg/dl) 82+5.2 11.0+4.8 1084+ 4.6 1226+4.2 1594+5.2 447+4.8 719
VLDL(mg/dl) 16.8+4.8 16.0+£4.4 276+4.4 304+5.0 292+5.9 208+5.7 287
TG (mg/dl) 840+5.4 80.0£5.1 1380+5.2 1520+5.5 1460+ 6.4 1040+ 7.8 287

n=6 in each group; values are presented as rearmD.
* p<0.001 when compared with initial (before treatment) values.

Table 4
Effect of the ethanolic extract gfnnona squamosiaaves (200-400 mg/kg) and tolbutamide (350 mg/kg) on the glucose tolerance in sub-diabetic and mild-
diabetic rabbits

Group Extract dose (mg/kg) Blood glucose level (mg/dl)
FBG Oh 1h 2h 3h

Control 0 93.0-5.8 90.0+6.1 220.0+:6.8 181.0+6.3 119.0£6.9
Treated 200 91.84.6 82.0+5.4 188.0+ 6.6 168.0+ 5.8 112.0+£7.5
Control 0 128.0£5.2 132.0+6.6 314.0:7.4 212.0£5.2 144.0+ 6.4
Treated 300 132.6:4.8 108.0+ 4.2 216.0£5.8" 152.0+4.7" 129.0+6.8
Control 0 132.0£5.9 141.0+ 3.8 306.0+ 6.9 192.0+ 4.8 104.0+5.6
Treated 350 1388 3.7 101.0+ 4.2 188.0+5.4 114.0+5.8 96.0+4.8
Control 0 118.0:4.8 122.0+4.1 298.0+ 5.4 191.0+5.6 138.0+5.8
Treated 400 1248 4.6 105.0+ 5.2 194.0+ 6.2" 152.0+ 4.8 114.0+ 4.7
Control 0 108.0£5.2 104.0+6.1 252.0£6.7 148.0+5.1 112.0+5.9
Treated 350 (Tolbutamide) 116404.5 91.0+5.3 158.0+ 6.4 112.0+ 4.7 96.0+3.6

Values are presented as meia8.D. FBG: Fasting blood glucose.
* p<0.001 compared with their control.
** p<0. 01 compared with their control.

blood sugar level (from 25% 5.8 mg/dl to 68+ 9.6 mg/dl). riod. A 49.3% fallin TC, 71.9% decrease in LDL cholesterol
To check the effect of extract on the postprandial glucose and 28.7% fall in TG was observed in treated-diabetic rab-
(PPG) level of diabetic rats, PPG was estimated regularly bits. There was also an increase of 30.3% in HDL cholesterol
during the treatment period. A 42% fall in PPG was observed in the treated-diabetic rabbit§gble 3. At the end of the
after the treatment and also no urine sugar was observedgxperiment, food intake and body weight were normal.
while initially, it was 1.5 g/l Table 2.
3.5. LDso
3.4. Effect on FBG, lipid profile and urine sugar of
severely-diabetic rabbits Experiment was carried out on normal healthy rats. The
behaviour of the treated rats appeared normal. No toxic effect

It was intended to assess the effect of long-term treatmentwas reported at doses up to 10 and 15 times of effective dose
on BGL, urine sugar and associated abnormal lipid profile of the ethanol extract and there was no death in any of these
in alloxan-induced severely-diabetic rabbits. Rabbits were groups. The consumption of food was increased by 20% in
treated with 350 mg /kg of ethanol extract once a day in the 10 and 15 times doses treatment within 2h and it became
morning for 15 days. At the end of the treatment, the animals normal afterwards; body weight was also normal.
were compared with their own initial values and significant
reduction p<0.001) of 52.7,53.1 and 75% in FBG, PPG and
urine sugar (US), respectivelfigble 3 was observed. The 4. Discussion
various parameters of blood lipid profile of severely-diabetic
rabbits were tested before and after the treatment. The en- The present study for the first time reports the hypo-
hanced levels of TC, LDL, VLDL cholesterol and TG were glycemic and antidiabetic effects of an ethanolic extract of
brought down significantly< 0.001) after the treatment pe- Annona squamodaaves. Antidiabetic effect of hot aqueous
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extract of its leaves was observed by our research group forfirst author (RKG) and second author (ANK) are thankful to
the first time in 2002 and got the patent filed in 200&r{don Indian Council of Medical Research, New Delhi, India for
et al., 2003. Subsequently, antidiabetic effect was also ob- providing senior research fellowship.
served in its cold aqueous extract (Shriwaikar, 2004).
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