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Abstract

This study evaluated the hypoglycaemic effects of
fractionated neem leaf extract (IRC) on alloxan induced
diabetic wistar rats. IRC dissolved in phosphate buffered
saline (PBS) PH 7.2 was administered as 50 mg/kg, 500
mg/kg, 1000 mg/kg, 2000 mg/kg single doses and 5 mg/
kg, 50 mg/kg, 250 mg/kg and 500 mg/kg repeated doses
in the diabetic rats while in the normoglycaemic rats 100
mg/kg and 250 mg/kg were used respectively. The positive
control groups received single and repeated doses of
glibenclamide (5 mg/kg) while the negative control groups
were left untreated in each case. Single doses of the extract
in diabetic wistar rats produced maximal dose dependent
percentage reduction after 4 hours of administration with
percentage reductions of 13.10% (500 mg/kg), 14.40%
(1000 mg/kg) and 17.50% (2000 mg/kg) respectively. The
result shows that 500 mg/kg repeated doses gave the
highest percentage reduction in fasting blood glucose in
alloxan induced diabetic rats after 7, 14 and 21 days as
follows 55%, 31.7% and 29.3% while 250 mg/kg repeated
doses produced the highest percentage reduction of fasting
blood glucose in non-diabetic rats at 7, 14 and 21 days and
are 21.4%, 26.6%, 25.16% respectively. In conclusion, IRC
lowered fasting blood glucose levels in non-diabetic and
alloxan induced diabetic rats when given orally.
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Introduction

Nigeria has one of the oldest, richest and diverse
cultural traditions associated with the use of herbs in
the treatment of human diseases. Traditional medicine

is an act of using plant leaves, barks, roots or any other
part in the crude form for the treatment of various di-
seases [1]. A vast ethnobotanical knowledge exists in
Nigeria from ancient times and medicinal plants conti-
nue to be an important therapeutic aid for alleviating
ailments of humankind. Over the last 2500 years, there
have been very strong traditional systems of medicine
such as Chinese, Ayurvedic, and the Unani, born and
practiced, more in the eastern continent. These tradi-
tions are still flourishing, since; approximately 80% of
the people in the developing countries rely on these sy-
stems of medicine for their primary health care needs
[2]. These plants contain substances that can be used
for therapeutic purposes, of which are precursors for
the synthesis of drugs [3].

Of interest is Azadirachta indica known as neem in
many countries of the world. It is a large evergreen tree
that belongs to the family Meliaceae. It is believed to
have originated from Assam and Burma in south Asia
[4] and grow well in tropical and sub-tropical regions
around the world [5] with ability to withstand many
adverse environmental conditions such as drought,
infertile soil, stony, shallow or acidic soil [5].

However, The chemical constituents contain many
biologically active compounds that can be extracted
from neem, including alkaloids, lavonoids, triterpe-
noids, phenolic compounds, carotenoids, steroids and
ketones, biologically most active compound is azadi-
rachtin, it is actually a mixture of seven isomeric com-
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pounds labelled as azadirachtin A-G and azadirachtin E
is more effective [6]. Also, biologically active principles
isolated from other parts of the plant include: meliacin,
gedunin, nimbidin, nimbolides, salanin, nimbin, valas-
sin. Meliacin forms the bitter principles of Neem oil, the
seed contain tignic acid responsible for the distinctive
odour of the oil [7]. Neem kernels contain 30-50% of oil
mainly used by the soap, pesticide and pharmaceutical
industries and contain many active ingredients which
are together called triterpene or limnoids [8]. The four
best limnoids compounds are: Azadirachtin Salannin,
Meliantriol, and Nimbin. Limonoids contain insecticidal
and pesticidal activity [9].

Moreover, Azadirachta indica is used for a wide ran-
ge of purposes. The oil extracted from the seed (Neem
oil) has insecticidal properties [5,10]. Neem cake, the
residue of neem seed after oil extraction is used as fer-
tilizer [5,10] and also nematicide used to lower soil ni-
trogen. Neem can treat many skin disorders, including
scabies and lice; in a paste combination with Curcuma
longa (turmeric), neem was used to treat scabies in 814
people-97% of them were cured within 3 to 15 days of
application, and no adverse reactions were observed
[11]. It is used Pharmacologically as abortifacient, anal-
gesic, antihelminthic, antibacterial, antiyeast, antiulcer,
antifertility, antifilarial, antifungal, antihyperglycemic,
anti-inflammatory, antiviral, antimalarial, diuretic, an-
tinematodal, antipyretic, antispasmodic, insecticidal,
antispermatogenic, antitumor, hypercholesteremic,
hypoglycaemic, immunomodulator [12,13]. Recent
studies on hypoglycemic action of Azadirachta indica
was carried out in diabetic rats. After treatment for 24
hrs, Azadirachta indica 250 mg/kg (single dose study)
reduced glucose (18%), cholesterol (15%), triglycerides
(32%), urea (13%), creatinine (23%), and lipids (15%)
[14]. Multiple dose study for 15 days also reduced cre-
atinine, urea, lipids, triglycerides and glucose. In a glu-
cose tolerance test in diabetic rats with neem extract
250 mg/kg demonstrated glucose levels that were signi-
ficantly less compared to the control group. Azadirachta
indica significantly reduced glucose levels after 15 days
oral administration in diabetic rats [14]. In HIV/AIDS pa-
tients, a 12-week oral administration of acetone water
neem leaf extract called IRAB had a significant influen-
ce in vivo on CD4 cells (which HIV reduces) without any
adverse effects on the patients. IRAB is 50:50 acetone
water neem leaf fractionated extract [15]. Of the 60 pa-
tients who completed treatment, 50 were completely
laboratory-test compliant. The mean levels of CD4 cells
increased by 159% in 50 patients, which is a major in-
crease; the number of HIV/AIDS pathologies decreased
from the 120 baseline to 5; and significant increases
were experienced in body weight (12%), hemoglobin
concentration (24%), and lymphocyte differential count
(24%). IRAB is recommended as part of an HIV/AIDS
drug treatment program [16]. Even though not much
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is known of IRC, its antimalarial properties has been
suggested [15]. This study evaluates the effect of IRC a
fractionated neem leaf extract on blood glucose levels
in alloxan induced diabetic wistar rats.

Materials and Methods
Area of study

The study was carried out in the Department of Phar-
macology/Therapeutics and Animal house of the Colle-
ge of Medicine, University of Nigeria Enugu Campus.

Sources of drugs

Fractionated acetone-water neem leaf extract (IRC)
was a kind donation from Prof. Udeinya J.I of Rocitus
Institute of Research, Enugu Nigeria. Glibenclamide was
obtained from a reputable pharmaceutical retail outlet
(Annox pharmacy Ltd) Enugu. However the extraction
procedure for the preparation of IRC is according to
[15].

Aims/Specific objectives of the study

The aim of this study is to investigate the hypoglyca-
emic effect of IRC on alloxan induced diabetic wistar
rats with specific objectives to find the effect of single
dose administration of the extract on blood glucose
levels as well as the effect of repeated and prolonged
administration of the extract on blood glucose levels in
alloxan induced diabetic wistar rats using glibenclamide
as a standard hypoglycaemic agent.

Animals used for the study

Adult male wistar rats of 8-10 weeks old with
weighing range 125 g - 165 g and mice of either sex
weighing between 25-35 g were used in this study.
The animals were obtained from the animal house of
the college of Medicine, University of Nigeria Enugu
Campus. They were grouped in cages under controlled
environmental conditions with the provision of 12
hours light and dark cycles. Commercial rat feed (Top
feeds Itd Enugu) was given to the animals throughout
the experimental period while water was provided ad-
libitum. The animals were weighed using an animal
balance and separated into groups of six animals each.

Drug preparation

An electronic weighing balance (mettler toledo
GMBH, CH - 8606) was used to weigh out the extract
(IRC) and glibenclamide used in this study. The drugs
(IRC and glibenclamide) were dissolved in phosphate
buffered saline (PBS) pH 7.2 before being administered
to the test animals based on their weights.

Induction of diabetes in adult wistar rats

Adult wistar rats with body weight between 125 g
- 165 g were made diabetic by a single intraperitoneal
administration of 150 mg/kg body weight alloxan
monohydrate (Qualikem) dissolved in normal saline
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[17]. The animals were left for 7 days within which
blood glucose concentrations were determined in
their orbital plexus blood samples using a one touch
Accuchek active Glucometer (Roche, USA). Animals with
consistent fasting blood glucose greater than 180 mg/d|
were selected for the study. The animals were described
“fasted” after 10-12 hours of overnight fast.

Collection of blood and determination of blood
glucose

Blood samples from the adult wistar rats were
collected from the retro-orbital plexus of the median
canthus vein of the eye using heparinized capillary
tubes. Blood glucose was determined by Trinder [18]
glucose oxidase method using one Touch® glucometer
(Accu-chek active, Roche USA). In this test, glucose
oxidase calalyzes the oxidation of glucose to give
hydrogen peroxide and gluconic acid. In the presence
of the enzyme peroxidase, the hydrogen peroxide is
broken down and the oxygen released reacts with
4-aminophenazone and phenol to give a pink colour.
The absorbance of the colour produced was measured
in a spectrophotometer at 515 nanometer wavelength.

Effect of single oral dose administration of IRC

Six groups of fasted alloxan induced diabetic adult
wistar rats were used. Four groups of six diabetic rats
each (A1, A2, A3, A4,) were given orally 50 mg/kg, 500
mg/kg, 1000 mg/kg and 2000 mg/kg body weight of
IRC dissolved in 1.5 ml phosphate buffered saline once
using a stomach tube. The fifth group (A5; Positive
control) was given orally 5 mg/kg of glibenclamide in
1.5 ml phosphate buffered saline as in groups 1-4. The
sixth group (A6; Negative control) was given 1.5 ml
phosphate buffered saline only. Blood glucose level
were determined at 0 hr, (before extract administration)
and then after 2 hrs, 4 hrs, 6 hrs; 8 hrs and 24 hrs of
administering the extract.

Effect of repeated oral dose administration of IRC

The effect of repeated oral dose administration
of IRC on blood glucose level was carried out in
normoglycemic as well as diabetic rats. Four groups of
fasted normoglycemic rats were used (B1, B2, B3, B4)
with six rats in each group. Groups B1 and B2 were given
orally 250 mg/kg and 100 mg/kg extract dissolved in
0.7 ml phosphate buffered saline respectively per day
for 21 days. Group 3 received 5 mg/kg body weight of
glibenclamide orally per day for 21 days while group B4
was given 0.7 ml of phosphate buffered saline (PBS) per
day for 21 days to serve as negative control.

In adult diabetic wistar rats, six groups (C1, C2, C3,
C4, C5, C6) containing six diabetic rats each were used.
Groups C1 to C4 were given orally 5 mg/kg, 50 mg/kg,
250 mg/kg and 500 mg/kg IRC dissolved in 0.7 ml PBS
per day for 21 days while C5 took 5 mg/kg body weight
of glibenclamide per day for 21 (positive control). Group
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Table 1: Effect of IRC on Fasting Blood Glucose Level in Diabetic Rats after Single Oral Dose Administration.
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Each value represent mean + SEM (n = 6 rats per group).

0 hr = 48 hours after alloxan.
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C6 (negative control group) was administered 0.7 ml
phosphate buffered saline (PBS; PH 7.2) orally per day
for 21 days. Oral administration in each case was done
using stomach tube and was continued daily for three
weeks. Fasting blood glucose level were determined
daily for 7 days and then weekly for two weeks.

Statistical analysis

The computer software package used was GraphPad
prisms. Data were presented as mean plus or minus
standard error of mean (SEM). Student t-test and one-
way analysis of variance (ANOVA) were used and P <
0.05 was considered significant.

Results

Effect of single oral dose administration of IRC
on fasting blood glucose levels in diabetic adult
wistar rats

The mean fasting blood glucose levels at various

time intervals after a single oral administration of IRC
in diabetic adult wistar rats are shown in Table 1. One-
way analysis of variance showed statistical significant
differences in fasting blood glucose levels with duration
of exposure in groups Il (P = 0.0003), IV (P = 0.0401),
V (P = 0.0248) and group VI (p < 0.0001). There was a
statistical significant change (P < 0.0001) in fasting blood
glucose levels in the glibenclamide treated group at all
time intervals when compared to the negative control.

After a single oral administration of varying doses
of the extract, a dose dependent significant change in
fasting blood glucose levels were observed at 2 hours (P
= 0.0032), 4 hours (P = 0.0077), 6 hours (P = 0.0044), 8
hours (P =0.0214) and 24 hours (P = 0.0018).

The percentage reduction in fasting blood glucose
levels after single oral administration of varying doses
of IRC in adult diabetic wistar rats is shown in Figure 1. A
dose dependent percentage reduction in fasting blood
glucose level was observed with 500 mg/kg, 1000 mg/
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Figure 1: Effect of IRC on FBG level in diabetic rats after single oral dose administration.
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kg and 2000 mg/kg single doses of IRC administered
to the diabetic rat. Highest percentage reduction in
fasting blood glucose occurred 4 hours after extract
administration in most doses with reduction of 10.3%
(50 mg/kg IRC) 12.78% (500 mg/kg IRC), 14.40% (1000
mg/kg IRC) and 17.50% (2000 mg/kg IRC) compared to
53.40% of glibenclamide at the same time (Figure 1).
Percentage reduction in fasting blood glucose levels
were more significantly (P < 0.001 for each) in the
glibenclamide treated group at all time intervals when
compared to the test groups.

Effect of repeated (multiple) dose administration
of IRC on fasting blood glucose levels in non-
diabetic (normoglycaemic) adult wistar rats

The mean fasting blood glucose levels at various time
intervals after repeated (multiple) oral administration
of 100 mg/kg and 250 mg/kg of IRC daily for 21 days
in different groups of normoglycaemic adult wistar rats
are shown in Table 2.

One-way analysis of variance showed a statistical
significant difference in fasting blood glucose levels with
duration of exposure in groups Il (P = 0.0032), lll (P =
0.0020) and group IV (P = 0.0001) (Table 2). There was
a statistical significant difference (P < 0.0001) in fasting
blood glucose levels in the glibenclamide treated groups
at all time intervals when compared to the negative
control.

There was dose dependent significant difference in
fasting blood glucose levels observed after repeated
administration of 100 mg/kg and 250 mg/kg extract daily
for 21 days on day 1 (P = 0.0405), day 3 (P = 0.0018), day
5 (P = 0.0004), day 7 (P = 0.0005), day 14 (P < 0.0001)
and on day 21 (P = 0.0464).

The percentage reduction in fasting blood glucose
level after daily oral administration of varying doses
of IRC in adult normoglycaemic wistar rats are shown
in Figure 2. There were dose dependent percentage
reductions in fasting blood glucose level observed after
administering 100 mg/kg and 250 mg/kg IRC daily for
21 days in the normoglycaemic rats (Figure 2). The
percentage reduction in fasting blood glucose level after
daily treatment for 7 days were 16.80% (100 mg/kg IRC)
and 21.40% (250 mg/kg IRC) compared to 34.10% of
glibenclamide 5 mg/kg at the same time. Percentage
reductions in fasting blood glucose levels were more
significant (P < 0.000 1 for each) in the glibenclamide
treated group at all time intervals when compared to
the test groups.

Effect of repeated (multiple) dose administration
of IRC on fasting blood glucose levels in diabetic
adult wistar rats

The mean fasting blood glucose levels at various time
intervals after repeated (multiple) oral administration of
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Table 2: Effect of IRC on Fasting Blood Glucose Level in Non-Diabetic (Normoglycemic) Rats after Repeated (Multiple) Dose Administration.
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Each value represents mean + SEM (n = 6 rats per group).
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IRC daily for 21 days in different groups of diabetic adult
wistar rats are presented in Table 3. One way analysis of
variance showed a significant difference in fasting blood
glucose levels with duration of exposure in groups Il (p
< 0.0001), IV (P < 0.0001), V (P < 0.0001) and group VI
(P <0.0001).

A statistical significant dose dependent decrease in
fasting blood glucose levels were observed on day 1 (P
=0.0184), day 3 (P =0.0006) day 5 (P < 0.0001), day 7 (P
<0.0001), day 14 (P < 0.0001) and day 21 (P < 0.0001).

The percentage reduction in fasting blood glucose
level after daily oral administration of varying doses
of the extract in diabetic adult wistar rats is shown in
Figure 3. The dose dependent Percentage reductions in
fasting blood glucose level were observed with 50 mg/
kg, 250 mg/kg and 500 mg/kg IRC administered daily for
21 days in the diabetic adult wistar rats.

Maximal percentage reduction in fasting blood
glucose after daily treatment for seven days with the
varying IRC doses are 33.20% (50 mg/kg), 49.00% (250
mg/kg), 55.10% (500 mg/kg) compared to 58.20%
produced by 5 mg/kg daily doses of glibenclamide at
the same time interval. Percentage reduction in fasting
blood glucose levels for the glibenclamide treated group
were 49.0% (day 3), 53.0% (day 5) 58.2% (day 7), 38.4%
(day14) and 33.0% (day 21) and were higher compared
to the reductions produced by the various doses of the
test groups.

There was a drop in fasting blood glucose levels
observed after treatment for 14 to 21 days with the
various doses of IRC and glibenclamide (Figure 3).

Discussion

This study was carried out to investigate the
hypoglycaemic effects of fractionated neem leaf extract
IRC when given orally to alloxan-induced diabetic
adult wistar rats. Diabetes mellitus was experimentally
induced by intraperitoneal injection of alloxan at a single
dose of 150 mg/kg body weight which is in line with the
study of Ragavan and Krishnakumari [17]. It had been
observed in this study that the intraperitoneal injection
of alloxan monohydrate at a single dose of 150 mg/
kg of body weight elevated fasting blood glucose level
more than one hundred percent compared to normal
fasting blood glucose level in adult wistar rats. This is in
accordance with previous report of adult rats treated
with alloxan which exhibited increased fasting blood
glucose two to five days after administration [19-21].
This rise in blood glucose level might be due to partial
or complete destruction of the B-cells of the pancreatic
islet cells of the adult rats. Alloxan is a beta cell cytotoxin
mediating its action by generating reactive oxygen
species that cause rapid destruction of B-Cells resulting
in a hyperglycaemic state [22].

In this study the evaluation of the hypoglycaemic
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Figure 3: Effect of IRC on FBG level in diabetic rats after repeated dose administration.

activity of IRC in normal and alloxan- induced diabetic
wistar rats gave significant results. Single doses of
the extract (500 mg/kg, 1000 mg/kg and 2000 mg/
kg) in diabetic wistar rats produced dose dependent
percentage reduction in fasting blood glucose level.
The percentage reduction was maximal after 4 hours of
administration and were 13.10% (500 mg/kg), 14.40%
(1000 mg/kg) and 17.50% (2000 mg/kg) respectively.
Glibenclamide (5 mg/kg) single dose produced a
percentage reduction in fasting blood glucose level of
53.40% at the same hour. Results from previous studies
indicated a 22.4 and 36.91 percentage reductions
in blood glucose levels at 6 hours after single dose
administration of 250 mg/kg and 1000 mg/kg body
weight of aqueous neem leaf extract in alloxan induced
diabetic rats [14,23] and an 18 percent reduction after
24 hrs treatment with 250 mg/kg single dose [14]. These
results are higher than those obtained from this study.

A dose dependent percentage reduction in fasting
blood glucose levels in the diabetic and non-diabetic
wistar rats was observed with IRC in the repeated dose
effect study. The percentage reduction in fasting blood
glucose level on diabetic induced wister rats after daily
treatmentfor7 dayswere(3.4%) 5 mg/kg, (33.2%) 50 mg/
kg, (49.0%) 250 mg/kg, (55.1%) 500 mg/kg and (58.1%)
5 mg/kg of Glibenclamide. Also, the daily treatments
percentage reduction for 14 days were (2.0%) 5 mg/
kg, (21.0%) 50 mg/kg, (25.4%) 250 mg/kg, (31.7%) 500
mg/kg and (38.4%) 5 mg/kg for Glibenclamide while
the daily treatments percentage reduction for 21 days
were (2.2.0%) 5 mg/kg, (22.0%) 50 mg/kg, (25.04%)
250 mg/kg, (29.3%) 500 mg/kg and (33.0%) 5 mg/kg of
Glibenclamide. These findings were also comparable
with earlier works reported by Murty, et al. [24] in dogs
and Khosla, et al. [25] in diabetic rabbits which indicated
a 13.53% (500 mg/kg) reduction in fasting blood glucose
levels after one week of treatment. Also, Shravan, et
al. [14] in diabetic rats reported a 56.54% (250 mg/kg)
reduction within the same time interval.

In addition, a dose dependent Percentage reductions
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in fasting blood glucose level were observed in non-
diabetic (normoglycaemic) rats with IRC repeated doses
as follows: 100 mg/kg (16.8%), 250 mg/kg (21.4%)
and for glibenclamide 5 mg/kg (34.1%) after 7days of
treatment, and (14.5%) 100 mg/kg, (26.6%) 250 mg/kg
IRCand (31.72%) 5 mg/kg glibenclamide after treatment
for 14 days. Also, the daily treatments percentage
reduction for 21 days were (14.5%) 100 mg/kg, (24.16%)
250 mg/kg IRC and (29.6%) 5 mg/kg glibenclamide. A
higher percentage reduction in fasting blood glucose
level was observed in the diabetic rats compared to
the non-diabetic (normoglycaemic) rats. In both groups
the percentage reduction in blood glucose was less in
the treatment groups compared to the glibenclamide
treated groups. There was a drop in fasting blood
glucose levels observed after treatment for 14 to 21
days with the various doses of IRC and glibenclamide. In
general, this may be as a result of the diminishing effect
of alloxan with time.

Alloxan-induced diabetic state may result in a
complete or partial loss of pancreatic B-cell activity
producing severe or moderate diabetes [26]. The
severe diabetes produced by alloxan results in blood
glucose levels equivalent to a total pancreatomy while
the moderate diabetes may mimick the type Il diabetic
model in which there is a partial destruction of the
B-cells. In this study where there may be a complete or
partial loss of pancreatic B-cell activity due to alloxan
effect, IRC caused a significant reductionin blood glucose
level in both normoglycaemic and diabetic adult rats.
This indicates that the extract may contain bioactive
compounds which probably act by increasing insulin
release or by enhancing the uptake and utilization of
glucose peripherally.

Previous studies on the neem medicinal plant
showed that its crude leaf extract contain bioactive
compounds like azadirachtin, meliacin, nimbidin and
other glycoside constituents which may be responsible
for its hypoglycaemic activity [27,28]. Nimbidin was
reported [29] to significantly delay the peak rise in
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blood glucose level in diabetic rats lacking insulin. Other
possible mechanisms in improving glucose homeostasis
by IRC which may be involved here include the inhibition
of intestinal glucose absorption and the reduction of
the effect of glutathione. In diabetes mellitus, there is a
deficiency or insufficiency of insulin secretion or insulin
resistance which usually cause a decrease in body
weight and increase in food and water intake [30].

The results of this study showed that IRC reduced
blood glucose levels in normal and alloxan-induced
diabetic wistar rats when given orally. Its hypoglycaemic
effect was more pronounced in the diabetic rats than
the non-diabetic (normoglycaemic) adult rats.
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