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ABSTRACT
Introduction: In the present study, the hypoglycemic potentials of Azadirachta indica (AI) were studied 
in rabbits.The animals were divided randomly into four groups: Normal control, diabetic control, and two 
diabetic treated with AI groups. Method: An aqueous extract of AI fresh leaves was administered daily 
(200 and 400 mg/kg, orally) for a period of 25 days to alloxan-induced diabetic rabbits. Fasting blood serum 
was analyzed for blood glucose, in the day 5, 10, 15, 20, and 25 (every 5 days), cholesterol, high-density 
lipo protein, low-density lipoprotein, and triacylglycerides levels in the day 25 (the past day of experiment). 
The alloxan-injected rabbits exhibited hyperglycemia, indicating their diabetic condition. Result: At a dose 
of 200 and 400 mg/kg, extract of AI was significantly effective in lowering serum glucose, and lipid profile 
levels in the AI-treated diabetic rabbits compared with the control diabetic rabbits. The present results 
indicate that AI possesses hypoglycemic and hypolipidemic potential. Conclusion: Thus, AI may be of 
great value in managing the hyperglycemia and some diabetic complications in human subjects.
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INTRODUCTION

Diabetes mellitus (DM) is a group of heterogeneous 
metabolic disorders characterized by hyperglycemia 
resulting from defective insulin secretion, resistance 
to insulin action or both.[1] Plants have been the 
major source of drugs for the treatment of DM 
in traditional medicine and other ancient systems 
in the world, and for a long time DM has been 
treated orally with herbal medicines or their 
extracts,[1,2] because plant products are frequently 
considered to be less toxic and more free from 
side effects than synthetic ones.[2] Furthermore, 
after the recommendations made by the WHO 
on DM, investigations on hypoglycemic agents 
from medicinal plants have become more 
important, and the search for more effective and 
safer hypoglycemic agents has continued to 
be an important area of active research. World 
ethnobotanical information about medicinal plants 
reports that almost 800 plants could be used to 
control DM.[1] Many herbs and plants have been 
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described as possessing hypoglycemic activity 
when taken orally.[3] Some of these plants have 
also been pharmacologically tested and shown to 
be of some value in human diabetes treatment. 
Azadirachta indica (AI) is also known as neem, 
and its leaves have long been used in the traditional 
medicine as a treatment for DM and peptic ulcers. 
In the past two decades research on AI, has been 
intensified, and many agricultural and medical 
properties of the tree were rediscovered.[4]

There has been a tremendous interest in this plant 
as can be evidenced by the voluminous work on 
its different parts have been carried out by various 
groups, leading to the isolation and structure 
elucidation of more than 135 compounds.[5] AI 
belongs to the family of Meliaceae.[6] It is one of 
the most useful medicinal plants.[7] Blood glucose 
lowering activity of AI seed oil and leaf extracts 
have been reported in various models of diabetic 
animals.[5-9] Ethanol extracts of neem leaves 
have also been shown to demonstrate anti-lipid 
peroxidative, antihyperglycemic, and anti-
hypercholesterolemia activities as well as reduce 
serum triglyceride (TG) level in a diabetic rat 
model.[10] Chloroform extract produced attenuation 
of antiglycation non-enzymatic, increase level 
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antioxidant enzymes, glucose-6-phosphatase, 
glucokinase (GK), hepatic glycogen, and insulin 
plasma levels.[11] In another study, aqueous extract of 
this plant increased body weight gain and decreased 
blood glucose in rats[12] whereas supplementation 
with leaf powder (1 g daily) in diabetic reduced 
symptoms of polydipsia, polyphagia, and 
headache.[13] Oral administration of nimbidin 
demonstrated the significant hypoglycemic effect 
in fasting rabbits.[14] Azadirachtolide possesses 
α-amylase and α-glucosidase inhibition, anti-
hyperglycemic, and antilipidemic effect at 
dose of 50 and 100 mg/kg.[15] In fact, these 
two tetranortriterpenoids are known as active 
ingredients in AI that are in part responsible for the 
decrease the blood glucose in animal models.[15]

The possible mechanisms underlying the 
hypoglycemic activity of the aqueous leaf extract 
have also been discussed indicated that AI leaf 
extract, in itself, was found to have no action on 
the peripheral utilization of glucose or on hepatic 
glycogen, however, increase insulin release in rat 
pancreas.[16]

In the present study, we evaluated the 
antihyperglycemic and hypolipidemic effect of AI 
leaves aqueous extract in alloxan-induced diabetic 
rabbits.

MATERIALS AND METHODS

Plant material

Fresh and matured AI leaves were collected from 
Habilen city-Radfan, Lahij Governorate. The 
leaves were dried in the shade and grounded into 
fine powder. The powder (1 kg) was extracted thrice 
with double distilled water for 8 h in a percolator 
at room temperature, and then the solution filtered. 
Two concentrations were prepared allowing the 
following doses in terms of mg fresh material/kg 
body weight: 200 and 400 mg/kg.

Experimental animals

Forty male rabbits local strain (1300–1500 g), 
were used in this experiments, the animals were 
maintained in standard environmental conditions, 
and kept on a standard commercial diet with water 
ad libitum. All animal experiments were carried 
out in accordance with the Guide for the Care 
and Use of Laboratory Animals published by 

the National Institute of Health, 1978 and were 
approved by the Animal Experiments Local Ethics 
Committee at the Zoo, Sana’a, Yemen.
Animals were acclimatized to laboratory conditions 
for 10 days before the starting the experiment, 
after the acclimatization period the animals were 
randomly divided into 4 groups as follows:
• Group 1: (n = 10) normal control animals, 

they orally received 10 ml normal saline once 
a day period of 25 days.

• Group 2: (n = 10) diabetic control, animals 
in this group were intraperitoneally (i.p.) 
injected with alloxan in dose 150 mg/kg to 
induce diabetes mellitus, and not treated with 
any type of treatment.

• Group 3: (n = 10) animals in this group were 
intraperitoneally (i.p.) injected with alloxan in 
dose 150 mg/kg to induce diabetes mellitus, 
and orally treated with 200 mg/kg of AI leaves 
aqueous extract once a day period of 25 days.

• Group 4: (n = 10) animals in this group 
were intraperitoneally (i.p.) injected with 
alloxan in dose 200 mg/kg to induce diabetes 
mellitus, and orally treated with 400 mg/kg of 
AI leaves aqueous extract once a day period 
of 25 days.

Inducing the DM

The animals were made artificially diabetic by 
intraperitoneally (i.p.) injection 150 mg/kg 10% 
solution of alloxan monohydrate in distilled water. 
Animals with a glucose level above 200 mg/dl 
were considered as diabetic. Alloxan was obtained 
from Avra synthesis private limited, India.

Blood glucose assay

Blood glucose was estimated using Blood Glucose 
test strips (Accu-Chek, Active, Roche-Swiss) after 
overnight fasting. Results are expressed as mg/dl.

Serum lipid profile assay

Serum total cholesterol, TG, low-density 
lipoprotein (LDL)-cholesterol, and high-density 
lipoprotein (HDL)-cholesterol were estimated 
using biochemical assay kits obtained from Avra 
synthesis private limited, India, according to 
manufacturer’s instructions.
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Statistical analysis

Mean of blood glucose level and lipid profile of 
10 animals were expressed as mg/dl ± standard 
deviation, Student’s t-test was used to check the 
significance P < 0.05.

RESULTS

Table 1 show that the decrease in the level of 
blood glucose was dose and time-dependent, 
the percent of decrease in 5th day in the animals 
that received AI in dose 200 mg/kg, was 11%, 
in compare to diabetic control, whereas in the 
animals that received AI in dose 400 mg/kg, was 
16%, in compare to diabetic control. In the day 
15, the decrease in blood glucose was significantly 
high P < 0.05, the percent of decrease in the 
animals that received AI in dose 200 mg/kg, was 
25%, and the percent of decrease in the animals 
that received AI in dose 400 mg/kg, was 26%, in 
compare to diabetic control.
In the day 25, the decrease in blood glucose of 
treated groups was significantly high P < 0.05 
in compare to diabetic control, the percent of 
decrease in the animals that received AI in dose 
200 mg/kg and 400 mg/kg, was 36% and 41%, 
respectively, in compare to diabetic control.
Table 2 shows the lipid profile in the animals 
after 25 days of treatment by AI leaves aqueous 
extract, we noticed a significant decrease P < 0.05 
in the level of cholesterol in the serum of animals 
treated by 200 mg/kg of extract, the percent of 
decrease was 14% in compare to diabetic control, 
while the percent of decrease in animals treated 
by 400 mg/kg of extract was 21% in compare to 
diabetic control.
We also noticed a significant increase P < 0.05 
in the level of HDL (good cholesterol) in the 
serum of animals treated by 200 mg/kg of extract, 
the percent of increase was 2.4% in compare to 
diabetic control, while the percent of increase in 
animals treated by 400 mg/kg of extract was 31% 
in compare to diabetic control.
Our results clearly showed a significant decrease 
P < 0.05 in the level of LDL in the serum of animals 
treated by 200 mg/kg of extract, the percent of 
decrease was 23% in compare to diabetic control, 
while the percent of decrease in animals treated 
by 400 mg/kg of extract was 39% in compare to 
diabetic control.

TG level significantly decreased P < 0.05, in the 
serum of animals treated by 200 and 400 mg/kg, the 
percent of decrease was 8% and 12%, respectively, 
in compare to diabetic control.

DISCUSSION

The results of the present study indicated that 
AI leaves aqueous extract was an effective 
agent against alloxan-induced diabetes and 
also in preventing the gain of food and drink 
intake induced as a consequence of diabetes. 
A deficiency or insufficiency of insulin secretion 
or insulin resistance in the diabetic state usually 
causes a decrease in body weight gain[17,18] and 
increases in food intake, water intake,[19-21] in 
our experimental condition; the alloxan-induced 
diabetic animals also showed the same symptoms. 
However, administration of AI leaves aqueous 
extract slightly improved these physico-metabolic 
abnormalities. AI leaves aqueous extract, and its 
effective compounds could reduce blood glucose 
through increasing insulin secretion,[22,23] by 
modulating the pancreatic secretion. The results of 
the present study strongly suggest that AI leaves 
aqueous extract reduces blood glucose levels. This 
hypoglycemic effect of AI leaves aqueous extract 
could be also due to its ability to facilitate or 
enhance clearance of postprandial blood glucose 
in animals.[24] Interestingly, there was a decrease 
in the concentration of serum TG, cholesterol, and 
LDL, and an increase in HDL in treated rabbits. 
The mechanism by which AI leaves aqueous 
extract to induce a reduction in lipid concentration 
could be explained by stimulation of lipolysis[25] 
and fatty acid utilization[26,27] and/or suppression of 
hepatic fatty acid synthesis in rabbits.[28] It is well 
known that insulin activates lipoprotein lipase that 
hydrolyzes TG under normal conditions.[29]

Destruction of β-cells leads to depletion of plasma 
insulin, which results in hyperlipidemia[30] and 
hypercholesterolemia caused by derangement of 
metabolic abnormalities.[31]

We proved that repeated administration of AI leaves 
aqueous extract has a beneficial effect lowering 
hyperlipidemia associated with hyperglycemia.
Many studies showed that AI leaves aqueous 
extract caused a marked increase of hepatic 
glycogen content in experimental diabetic 
animals,[32,33] which indicates that rabbits cloud 
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decrease hepatic glucose production (HGP) 
by increasing glycogen content.[34] In addition, 
AI leaves aqueous extract decreased G6Pase 
activity and increased GK activity in liver,[35-39] 
which indicates that there, could be an increase 
in hepatic glucose uptake and decrease in 
hepatic glucose release. The increased activity of 
hexokinase can promote glycolysis and increase 
utilization of glucose for energy production.[40] 
The administration of AI leaves aqueous extract 
to the diabetic increased the activity of hepatic 
hexokinase causing an increase in glycolysis and 
so decrease in blood glucose. Therefore, this study 
strongly suggests that AI leaves aqueous extract 
enhances hypoglycemic activity probably by 
reducing HGP through decreasing G6Pase activity 
and increasing GK activity.

REFERENCES

1. Patel DK, Kumar R, Laloo D, Hemalatha S. Diabetes 
mellitus: An overview on its pharmacological aspects 
and reported medicinal plants having antidiabetic 
activity. Asian Pac J Trop Biomed 2012;2:411-20.

2. Luo XD, Wu SH, Ma YB, Wu DG. A new triterpenoid 
from Azadirachta indica. Fitoterapia 2000;71:668-72.

3. Yanpallewar SU, Sen S, Tapas S, Kumar M, Raju SS, 
Acharya SB, Effect of Azadirachta indica on 
paracetamol-induced hepatic damage in albino rats. 
Phytomedicine 2003;10:391-6.

4. Kausik BI, Ranajet KB. Biological activities and medicinal 
properties of neem plant. Curr Sci 2002;82:1336-45.

5. Dixit VP, Sinha R, Tank R. Effect of Neem seed oil on 

the blood glucose concentration of normal and alloxan 
diabetic rats. J Ethnopharmacol 1986;17:95-8.

6. Khosla P, Bhanwra S, Singh J, Seth S, Srivastava RK. 
A study of hypoglycaemic effects of Azadirachta indica 
(neem) in normal and alloxan diabetic rabbits. Indian J 
Physiol Pharmacol 2008;44:69-74.

7. Halim EM. Lowering of blood sugar by water extract 
of Azadirachta indica and Abroma augusta in diabetes 
rats. Indian J Exp Biol 2001;41:636-40.

8. Gupta S, Kataria M, Gupta PK, Murganandan S, 
Yashroy RC. Protective role of extracts of neem 
seeds in diabetes caused by streptozotocin in rats. 
J Ethnopharmacol 2004;90:185-9.

9. Ebong PE, Atangwho IJ, Eyong EU, Egbung GE. 
The antidiabetic efficacy of combined extracts from 
two continental plants: Azadirachta indica (A. JUSS) 
(Neem) and Vernonia amygdalina (Del.) (African bitter 
leaf). Am J Biochem Biotech 2008;4:239-44.

10. Ekaidem IS, Akpan HD, Usoh IF, Etim OE, Ebong PE. 
Effects of ethanolic extract of Azadirachta indica 
leaves on lipid peroxidation and serum lipids of diabetic 
Wistar rats. Acta Biol Szegedensis 2007;51:17-20.

11. Perez GR, Gomez YG, Guzman MD. Attenuation 
of antiglycation non-enzimatic, hypoglycemia and 
hypolipidemia in streptozotocin induced diabetic rats 
by chloroform extract of leaves of Azadirachta indica. 
Pharm Mag 2011;7:254-9.

12. Mostafa M, Choudhury ME, Hossain MA, Islam MZ, 
Sunon MH. Antidiabetic effects of Catharanthus roseus, 
Azadirachta indica, Allium sativum and Glimepride in 
experimentally diabetic induced rat. Bangladesh J Vet 
Med 2007;5:99-102.

13. Kochhar A, Sharma N, Sachdeva R. Effect of 
supplementation of tulsi (Ocímum sanctum) and neem 
(Azadirachta indica) leaf powder on diabetic symptoms, 
anthropometric parameters and blood pressure of non-
insulin dependent male diabetics. Ethno Med 2009;3:5-9.

14. Pillai NR, Santhakumari G. Hypoglycemic activity 

Table 1: The level of blood glucose in mg/dl, in the various days of treatment by AI extract
Time interval Treatments
Days Control Diabetic control (AI) 200 mg/kg (AI) 400 mg/kg
0 96.20 ± 5.67 96.20 ± 4.44 97.20 ± 5.07 95.40 ± 6.31

5 93.60 ± 8.91 389.20 ± 11.17 344.20 ± 29.69 335.60 ± 18.15

10 98.60 ± 3.97 406 ± 10.77 322.40 ± 25.38 310.20 ± 19.16

15 94 ± 11.66 424 ± 26.71 318.40 ± 9.61 310.20 ± 10.06

20 96.2 ± 7.89 461.60 ± 10.97 310.20 ± 29.69 300.60 ± 18.15

25 98 ± 8.60 476.60 ± 14.47 301.80 ± 25.28 290 ± 17.00
Values are the mean of 10 animals’±SD, AI: Azadirachta indica. SD: Standard deviation

Table 2: Lipid profile after 25 days of treatment by AI extract
Type of lipids Treatments
(Mg/dl) Control Diabetic control (AI) 200 mg/kg (AI) 400 mg/kg
Cholesterol 45.91 ± 3.60 69.13 ± 2.58 59.45 ± 0.87 53.72 ± 4.00

HDL 17.31 ± 0.75 11.98 ± 0.44 12.27 ± 0.37 15.76 ± 0.92

LDL 18.77 ± 3.95 46.17 ± 3.09 35.06 ± 1.29 27.54 ± 3.99

TG 50.93 ± 0.61 58.22 ± 3.47 53.18 ± 0.48 51.52 ± 0.97
Values are the mean of 10 animals’±SD, AI: Azadirachta indica, HDL: High-density lipoproteins, LDL: Low-density lipoproteins, TG: Triglycerides. SD: Standard deviation



Al-Awar, et al.: Antihyperglycemic and hypolipidemic effect of Azadirachta indica leaves

IJPBA/Jan-Mar-2018/Vol 9/Issue 1 51

of Azadirachta.indica leaves extract. J Med Res 
1981;74:931-3.

15. Kumar DB, Miltra A, Manjunatha M. Azadirachtolide: 
Anti-diabetic and hypolidemic effects from Azadirachta 
indica leaves. Pharm Commun 2011;1:78-84.

16. Chattopadhyay RR. Possible mechanism of 
antihyperglycemic effect of Azadirachta indica leaf 
extract: Part V. J Ethnopharmacol 1999;67:373-6.

17. Tahara A, Matsuyama-Yokono A, Nakano R, Someya Y, 
Shibasaki M. Hypoglycaemic effects of antidiabetic 
drugs in streptozotocin-nicotinamide-induced mildly 
diabetic and streptozotocin-induced severely diabetic 
rats. Basic Clin Pharmacol Toxicol 2008;103:560-8.

18. Scott LJ, Spencer CM. Miglitol: A review of its 
therapeutic potential in type 2 diabetes mellitus. Drugs 
2000;59:521-49.

19. Eichler HG, Korn A, Gasic S, Pirson W, Businger J. 
The effect of a new specific α-amylase inhibitor on 
post-prandial glucose and insulin excursions in normal 
subjects and Type 2 (non-insulindependent) diabetic 
patients. Diabetologia 1984;26:278-81.

20. Punitha IS, Shirwaikar A, Shirwaikar A. Antidiabetic 
activity of benzyl tetra isoquinoline alkaloid berberine 
in streptozotocin-nicotinamide induced type 2 diabetic 
rats. Diabetol Croat 2005;34:117-28.

21. Pepato MT, Baviera AM, Vendramini RC, Perez MP, 
Ketelhut IC, Brunetti IL. Cissus sicyoides and A.indica 
leaves aqueous extract (princess vine) in the longterm 
treatment of streptozotocin-diabetic rats. Biotechnol 
Appl Biochem 2003;37:15-20.

22. Fraga CG, Leibovitz BE, Tappel AL. Anti-lipid 
peroxidation and antidiabetic effect of A.indica leaves 
aqueous extract. Free Radic Biol Med 1988;4:155-61.

23. La Pier TL, Rodnick KJ. Effects of A.indica leaves 
aqueous extract on energy metabolism in the 
hyperglycemic rat heart. Phys Ther 2001;81:1006-17.

24. Davis SN, Granner DK. Insulin oral hypoglycaemic 
and A.indica leaves agents in the pharmacology of the 
endocrine pancreas. In: Hardman JG, Limbird LG, 
editors. The Pharmacological Basis of Therapeutica. 
10th ed. New York: Mc-Millan; 1996. p. 1701-4.

25. Baginiski ES, Foa PP, Zak B. Antidiabetic effect 
of A.indica leaves aqueous extract. Bergmeyer HU 
2006;22:158-61.

26. Bradford MM. A rapid and sensitive method for the 
quantitation of microgram quantities of protein utilizing 
the principle of protein-dye binding. Anal Biochem 
1976;72:248-54.

27. Panserat S, Capilla E, Gutierrez J, Frappart PO, 
Vachot C, Plagnes-Juan E, et al. Glucokinase is highly 
induced and glucose-6-phosphatase poorly repressed 
in liver of rainbow trout (Oncorhynchus mykiss) by a 
single meal with glucose. Comp Biochem Physiol B 

Biochem Mol Biol 2001;128:275-83.
28. Tranulis MA, Christophersen B, Blom AK, 

Borrebaek B. Glucose dehydrogenase, glucose-6-
phosphate dehydrogenase and hexokinase in liver of 
rainbow trout (Salmo gairdneri). Effects of starvation 
and temperature variations. Comp Biochem Physiol B 
1991;99:687-91.

29. Hissin PJ, Foley JE, Wardzala LJ, Karnieli E, 
Simpson IA, Salans LB, et al. Mechanism of insulin-
resistant glucose transport activity in the enlarged 
adipose cell of the aged, obese rat. J Clin Invest 
1982;70:780-90.

30. Hansawasdi C, Kawabata J, Kasai T. α-Amylase 
inhibitors from roselle (Hibiscus sabdariffa LINN.) tea. 
Biosci Biotechnol Biochem 2000;64:1041-3.

31. Matsui T, Yoshimoto C, Osajima K, Oki T, Osajima Y. 
In vitro survey of α-glucosidase inhibitory food components. 
Biosci Biotechnol Biochem 1996;60:2019-22.

32. Lavie D, Levy EC, Jain MK. Limonoids of biogenetic 
interest from Melia azdiracta L. Tetrahdedron 
1971;27:3927-9.

33. Siddiqui S, Siddiqui BS, Faiza S. Tetracyclic 
triterpenoids of the fruit coats of Azadirachta indica. 
J Nat Prod 1991;54:408-15.

34. Kraus W, Cramer R, Sawitzki G. Tetranotriterpenoids 
from the seeds of Azadirachta indica. Phytochemistry 
1981;20:117-20.

35. Goh SY, Cooper ME. Clinical review: The role of 
A.indica leaves aqueous extract in advanced glycation 
end products in progression and complications of 
diabetes. J Clin Endocrinol Metab 2008;93:1143-52.

36. Pushparaj PN, Low HK, Manikandan J, Tan BK, Tan CH. 
Antidiabetic effects of Cichorium intybus in combination 
with Azadirachta indica in streptozotocin-induced 
diabetic rats. J Ethnopharmacol 2001;111:430-4.

37. Gohil T, Pathak N, Jivani N, Devmurari Y, Atel J. 
Treatment with extract of Eugenia jambolana seed and 
Azadirachta indica leaf extracts prevents hyperglycemia 
and hyperlipidemia in alloxan induced diabetic. Afr J 
Pharm Pharmacol 2010;4:270-5.

38. Quine SD, Raghu PS. Effects of (−)-epicatechin, a 
flavonoid on lipid peroxidation and antioxidants in 
streptozotocin-induced diabetic liver, kidney and heart. 
Pharmacol Rep 2005;57;610-5.

39. Matkovies B, Kotorman M, Varga IS, Quyhai DQ, 
Varga C. Oxidative stress in experimental diabetes 
induced by streptozotocin. Acta Physiol Hung 
1998;85:29-38.

40. Franco OL, Rigden DJ, Melo FR, Bloch C Jr, Silva CP, 
Grossi de Sá MF. Activity of wheat α-amylase 
inhibitors towards bruchid α-amylases and structural 
explanation of observed specificities. Eur J Biochem 
2000;267:2166-73.


