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ABSTRACT: People living with diabetes mellitus across the world are expected to rise to 592 million by 2035 and
the pandemic disease is worst in the developing countries like Nigeria, where the cost of treating/managing diabetes
mellitus is relatively out of the reach of many diabetic patients. The study investigated the effect of Anogeissus
leiocarpus Guill and Perr ethanolic leaf extract on blood glucose and other biochemical indices in alloxan-induced
diabetic adult male Wistar albino rats. Diabetes mellitus was induced in overnight-fasted rats by a single
intraperitoneal injection of alloxan monohydrate (150 mg/kg body weight). Diabetic rats were then treated with the
extract for 14 days. Blood glucose, lipid profile and liver glycogen levels were determined. After the treatment with
the extract, the fasting blood glucose levels significantly reduced (p < 0.05) in treated diabetic rats (62.2 + 18.4
mg/dl) compared to untreated diabetic rats (73.8+ 8.2 mg/dl). There was also significant (p < 0.05) reduction in the

hyperlipidemic parameters.
hypolipidemic effects in alloxan-induced diabetic rats.

The results revealed that A. leiocarpus ethanolic extract has antidiabetic and
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INTRODUCTION

Diabetes mellitus is a chronic progressive
metabolic disorder characterized by dysfunction in
protein, fat, carbohydrate and insulin metabolism
which result in hyperglycaemia due to either an
absolute deficiency of insulin secretion or reduction
of its biological effectiveness or both. Moreover,
diabetes increases the risks of micro vascular damage
(retinopathy, nephropathy and neuropathy) as well as
macro vascular complications (ischemic heart
disease, stroke and peripheral vascular disease).*?
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People living with diabetes mellitus across the
world are expected to rise to 592 million in 2035 and
the pandemic is worst in developing countries like
Nigeria, where the cost of treating or managing
diabetes mellitus is relatively out of the reach of
many diabetic patients.®

Researchers have found that over 200 pure
phytochemicals are known to possess hypoglycaemic
activity or insulin-potentiating action in vitro and in
vivo.*® Diabetes management devoid of side effects
still poses a big challenge to the medical
professionals. Therefore, the need to develop natural
herbal  products/alternatives ~ with  insulin-like
bioactivity, having little or no side effects is
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imperative. Folkloric cultures around the world
including Africa, and in particular Nigeria, have
successfully and safely utilized medicinal plants for
the management of diabetes mellitus.””

Anogeissus leiocarpus (Guill and Perr) belongs
to the phylum Tracheophyta, order Myrtales and
family Combretaceae (Combretoideae). In Nigeria, it
is referred to as marke (Hausa), kojoli (Fulani),
annum (Kanuri), ayin or orin-odan ainy (Yoruba),
atara (Igbo) and kukunchi (Nupe). It is an evergreen
tree and distributed from tropical West to Central and
East Africa through tropical South East Asia. It
germinates in new soil produced by seasonal
wetlands and grows at the edge of forest in the
savannah and along riverbanks forming gulley forest.
It is a very graceful tropical tree and occurs in the
most of the savannah areas from the driest regions to
the borders of the forest zone. The tree is grown
commercially since 2000 for the production of
cosmetics in the Koro region of Burkina Faso.®® The
bark, leaves and roots of A. leiocarpus are used in
traditional medicine for human and animals. A
decoction of the leaves or leafy twigs is used against
yellow fever, jaundice, hepatitis, common cold,
headache and diabetes by local communities. They
have also antimicrobial and anthelmintic activities
and are usually taken as decoctions or aqueous
extracts.>*? However, not much detailed studies on
the hypoglycaemic and associated dyslipidaemic and
glycogenetic status of diabetic rats have been studied
on this plant species. This study was, therefore,
carried out to examine the effect of ethanolic leaf
extract of A. leiocarcpa on the hyperglycaemic and
the concomitant dyslipidaemic as well as
glycogenetic status in an experimental animal model
of diabetes.

METHODS

Plant materials and extraction. The leaves of
A. leiocarpus Guill and Perr was collected from
Adani in Uzo-Uwani in Enugu state, Nigeria. The
sample was identified by a botanist — Mr. A.O.
Ozioko of the Herbarium unit of the International
Center for Ethnomedicine and Drug Development
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(InterCEDD), Nsukka Nigeria. Voucher specimen
was deposited in the Herbarium of the Department of
Plant Science and Biotechnology, University of
Nigeria, Nsukka, Nigeria. The fresh leaves of A.
leiocarpus were washed in running tap water to
remove dirt and other extraneous materials, drained
and dried under shade for five (5) days. They were
then pulverized into fine powder using sterile
blender. The powdered sample was labeled and
stored in a refrigerator (4°C) until used. Five hundred
gram (500 g) of the powdered leaves of A. leiocarpus
was macerated in 1.5 litres of ethanol for 48 hours at
room temperature. The mixture was filtered with
Whatman No. 4 filter paper, then centrifuged and
decanted to remove any remaining particles. The
filtrate was concentrated to a semi-solid residue using
a rotary vacuum evaporator.

Animals. Forty eight (48) healthy male adult
albino Wistar rats aged 4 months and weighing
between (170-180 gm mean weight: 175 mg) were
used for the antidiabetic study while Swiss albino
mice (21-25 g) of either sex were used for acute
toxicity study. They were purchased from the animal
house unit of the Department of Zoology and
Environmental Biology, University of Nigeria,
Nsukka. The animals were kept in standard
polypropylene cages at room temperature and at 60-
65% relative humidity with 12 hrs day: 12 hrs night
cycle. They were fed with normal laboratory diet and
allowed to drink water ad libitum. Animal
experiments were approved by the ethics committee
of the University of Nigeria  Nigeria
(NHREC/05/01/20088). The experiments were
performed according to the guidelines set for the care
and use of laboratory animals and with the rules
formulated under the Animal Welfare Act by the
United States Department of Agriculture (USDA).

Acute toxicity test. Ten (10) mice were
randomly assigned into two groups (h = 5) to
determine the possible toxic effect of A. leiocarpus
leaf extract. The extract was administered orally by
gavage to the mice at a dose of 1 g/kg and 5 g/kg
body weight, respectively. The mice were observed
for 12 hrs after the administration of the extract to
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check for toxic symptoms. They were then kept
under a closed watch for two weeks.

Induction of diabetes. Diabetes mellitus was
induced in overnight-fasted rats by a single
intraperitoneal injection of alloxan monohydrate
(Sigma, St Louis, MO; 150 mg/kg bodyweight)
dissolved in 0.2 ml of normal saline. Hyperglycemia
was confirmed by the elevated blood glucose levels
determined at 72 hours after injection. The animals
with elevated blood glucose concentration of more
than 200 mg/dl from their baseline average level of
74 = 6.4 mg/dl of normoglycaemic rats were
confirmed diabetic and used for the study. Blood
samples were collected from the tails of the rats for
the determination of baseline (before induction of
diabetes) and initial (after induction of diabetes)
glucose concentrations using electronic glucometer
with glucose test strips (Accucheck and Softclix®,
Roche, Mannheim, Germany).

Experimental design. Forty eight (48) rats were
randomly assigned into six  groups of 8 replicate
each (n=8) according to their body weights as
follows:

Group I - normal control (normoglycaemic)

Groups Il - negative control (untreated diabetic rats)
Group I - positive control (glibenclamide treated,;
5 mg/kg body weight) (glibenclamide sourced from
RBI Research Biochemical International, MA, USA)
Groups 1V — treated with 200 mg/kg body weight of
the extract

Group V - treated with 400 mg/kg body weight of
the extract

Group VI - treated with 600 mg/kg body weight of
the extract.

The route of administration of the extract was
oral gavage with the aid of an oral intubation tube.
The experiment lasted for 14 days; 3 days for
induction, 10 days for treatment and the blood
glucose was assayed on day 14. Subsequently, the
animals were sacrificed and blood collected by
cardiac puncture into a tube containing fluoride
oxalate as anticoagulant. The blood was then used for
lipid profile (triglycerides, cholesterol, high density

lipoprotein, low density lipoprotein) and glycogen
analysis. The body weights of the experimental
animals were recorded prior to the treatment and
sacrifice.

Biochemical analysis. Serum cholesterol,
triglycerides, high density lipoprotein (HDL)
and low density lipoprotein (LDL) were determined
by standard methods as previously described.*®

Total cholesterol. The serum was diluted with
distilled water (1 : 19) while the cholesterol standard
was diluted with glacial acetic acid (1 : 20); they
were put in stoppered test tubes and shaken
vigorously. The tubes were put in boiling water bath
for 90 seconds, cooled in running tap water for 5
minutes and subsequently the absorbance was read
out at 560 nm against the blank.*

High density lipoprotein. One mililiter (1 ml)
of serum was pipetted into a centrifuge tube, added
0.1 ml of PTA (phosphotungstic acid) reagent and
mixed properly. Then 0.05 ml of magnesium chloride
was added and mixed properly. It was centrifuged at
250 rpm or 1500 g for 30 minutes. The clear
supernatant was carefully removed with a Pasteur
pipette, then the HDL-cholesterol level in the
supernatant was estimated as follows: serum HDL-
cholesterol (mg/dl) = absorbance test x 115,

Triglycerides. The tubes were mixed thoroughly
in a vortex mixer for 30 seconds and allowed to stand
at room temperature for 10 minutes for clear
separation of the two layers; the top solvent layer was
then used for further assay. Another set of three
stoppered test tubes were prepared and mixed
properly, incubated at 60°C for 10 minutes and
cooled to room temperature. Then 0.1 ml periodate
reagent was added to each tube and mixed well.
Further, 1.0 ml of acetylacetone reagent was added to
each tube and mixed properly, incubated at 60°C for
10 minutes and cooled to room temperature. The
tubes were centrifuged and the upper phase liquid
transferred to fresh tubes and the absorbance of
sample and standard were read out at 420 nm against
the blank.™
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Low density lipoprotein. This was calculated as
follows: LDL cholesterol (mg/dl) = Total cholesterol
(HDL) cholesterol + 0.46 x triglyceride dI/) *°.

Statistical analysis. Data obtained were
analyzed using Statistical Product for Service
Solution (SPSS, Armonk, NY: IBM Corp., version
21). Analysis of variance (ANOVA) and Duncan’s
New Multiple Range Test (DNMRT) were used to
separate and compare means. Significant difference
was accepted at p < 0.05.

RESULTS AND DISCUSSION

Results of acute toxicity shows that there was no
observed acute toxicity even at the dose of 5000
mg/kg body weight of the plant extract.

Table 1 shows the changes in fasting blood
glucose before and after treatment in all the six
groups of animals. The fasting blood glucose level of
untreated diabetic rats was significantly (p < 0.05)
higher than those in the treated diabetic groups. We
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observed 25.4 £ 1.2 % and 23.2 + 2.3 % decreases in
fasting blood glucose in the glibenclamide treated
and extract (600 mg/kg) treated rats respectively. The
dose of 600 mg/kg appeared to perform slightly
better than other treatment doses of the extract;
however, the difference was not significant (p >
0.05).

Figure 1 depicts the body weight changes and
food intake in normal and diabetic rats administered
with ethanolic leaf extract of A. leiocarpa and
glibenclamide. Decreasing trend in the average food
intake was observed among the diabetic groups. The
diabetic groups ate less food compared to the
normoglycaemic group. The untreated diabetic rats
lost more weight than the treated rats. As a result of
the treatment, there was an increase in the weight of
the treated rats, however, the difference between the
glibenclamide treated rats and that of the extract was
not significant (p > 0.05).

Table 1. Effect of treatment with A. leiocarpus extract for 10 days on blood glucose of normal and diabetic

rats.

Group of rats Dose of extract (mg/kg

Fasting blood glucose

Fasting blood glucose

(n=8) body weight) before treatment (mg/dl)  after treatment (mg/d1)
| Normal rats 7433+4.2 68.32£2.2

I Untreated diabetic rats 22220+ 12.6" 232.42+104

1l GTDR 355.5+18.6 73.8+18.2"

v 200mg 309.8 + 20.12 66.8 +24.4"

\Y 400mg 248.3+16.4 70.2+20.6"

\Y| 600mg 269.2+22.6 66.2 +18.4"

Results are expressed as mean + S.D of 8 determinations, # p = 0.001 compared to the blood glucose level in normal
rats, *p = 0.001 compared to the initial blood glucose level in treated diabetic rats and also final blood glucose level in

untreated diabetic rats

The serum cholesterol, triglyceride, HDL, LDL
and hepatic glycogen levels in all the six groups of
rats are shown in table 2. The cholesterol and
triglyceride levels were significantly (p < 0.05)
higher in the untreated diabetic rats compared to
those in both the glibenclamide and the extract
treated diabetic animals. On the other hand, the HDL
levels of the untreated diabetic rats were lower than
both the glibenclamide and the extract treated rats.
However, the HDL values of glibenclamide and the

extract treated rats were comparable (p > 0.05). The
LDL values of the untreated diabetic rats were
significantly (p < 0.05) higher than in glibenclamide
and extract treated rats (Table 2). The treatment with
A leiocarpus ethanolic leaf extract resulted in
lowering of both the cholesterol and the triglyceride
levels in the extract treated diabetic animals which
compared favourably with that of glibenclamide and
the normoglycaemic rats. The hepatic (liver)
glycogen levels of the untreated diabetic rats were
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significantly (p < 0.05) lower than those in
glibenclamide, the normoglycaemic and extract
treated rats. The results showed that treatment with A.
leiocarpus leaf extract markedly enhanced the liver
glycogen levels significantly (p < 0.05) as observed
in the higher levels of hepatic glycogen of the treated

diabetic groups compared to the untreated diabetic
rats.

Results of toxicity study indicated that the
extract was safe even at high dose of 5000 mg/kg
b.w.. A previous study has also shown the safety of
the plant extract with LDs, of 1400 mg/kg (i.p.).*
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Figure 1. Effect of A. leiocarpus extract on the weight of the rats.
UDR = Untreated, GTDR = glibenclamide treated diabetic rats, 200 mg-600 mg (extract treated diabetic rats).

Table 2. Effect of A. leiocarpus leaf extract on serum cholesterol, triglyceride, high density lipoprotein (HDL), low density

lipoprotein (LDL) and hepatic glycogen level.

Group Dose of extract Cholesterol Triglyceride HDL LDL Hepatic glycogen
ofrats  (mg/kg body weight)  (mg/dl) (mgydl) (mgydl) (mgydl) (mg glucose
(n=8) equivalent per
gram wet tissue)

I Normal rats 42.67+7.6 30.88 +0.66 35.22 +0.34 6.41+0.24 14.24 £0.52

I Untreated diabetic rats ~ 78.28 3.4 12514 +8.24"  28.20+0.52"  1222+042" 7.86+1.52"

I GTDR 63.62+2.8%  24.62+062*  46.75+0.33* 8.89+0.22*  13.42+0.66*

v 200mg 49.17+ 1.6*  40.62+044*  3529+0.26* 575+0.34*  12.94+0.62*

\Y 400mg 41.54+1.8* 4065+052*  33.95+046* 6.11+046* 13.42+056*

Vi 600mg 56.21+1.4*  5037+046*  4567+0.22* 9.21+0.32* 13.62+058*

Results are expressed as Mean + S.D of 3 determinations, HDL — High Density lipoprotein, LDL- Low Density Lipoprotein, GTDR=

glibenclamide-treated diabetic rats, # p =0.001 compared to normal rats, *p = 0.001 compared to untreated diabetic rats.

Administration of A. leocarpus leaf extract
resulted in significant (p < 0.05) lowering of blood
glucose, lipid profile and robust elevated hepatic

glycogen in alloxan-induced diabetic rats. A10-day
treatment regimen with 200, 400 and 600 mg/kg body
weight of the extract caused significant (p < 0.05)
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decreases of the elevated fasting blood glucose levels
of the treated diabetic rats compared to the untreated
diabetic rats. There were significant (p < 0.05) weight
losses in the diabetic animals and the subsequent
treatment with A. leiocarpus leaf extract resulted in
the improvement of their body weights, compared to
the untreated diabetic rats. These results are in line
with the report of other workers that A. leiocarpus
leaves contain high bioactive substances, notably
antioxidants such as ellagic, gallic and gentisic acids,
derivatives of gallic and ellagic acids and several
flavonoids (derivatives of quercetin and kaempferol
which are reported to have hypoglycaemic
action.>®* |t has also been shown that plant
nutrients play protective roles against oxidative stress
in diabetic rats.">*® The ability of the A. leiocarpus
ethanolic leaf extract to protect the rats against
oxidative stress could be attributed to its
hypoglycaemic principles.””? The mechanism of
action that brings about the hypoglycaemic effect
may be by increasing either the pancreatic secretion
of insulin from B-cells of the islet of Langerhans or
its release from pro-insulin form.? It has been shown
that alloxan administration results in the destruction
of p-cells of the pancreas, thereby precipitating

hyperglycaemia or diabetes, perhaps  due to
selectively  inhibiting  glucose-induced  insulin
secretion, by blocking the activity of the p-cells

glucose sensor, glucokinase.**?%® |t seems most

probable that the extract produced the required
hypoglycaemic effect in diabetic rats by a mechanism
other than the stimulation of insulin release from -
cell.* It has been reported that certain flavonoids have
the capability of B-cells regeneration of pancreas'**
and sterols have been reported to reduce blood
glucose in experimental animals. It is perhaps the
synergistic effect of the robust phytochemicals and
micronutrients present in this plant (the result not
shown here) that result in its hypoglycemic effect.
For example, trivalent chromium has been shown to
enhance the ability of insulin to remove fat from the
blood.*?" The treatment with the extract resulted in
improved rate of glycogenesis as depicted by higher
levels of hepatic glycogen in the treated diabetic
animals compared to untreated rats (Table 2). Other
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authors also reported similar observation in diabetic
animals treated with plant products.”?

In the present study, there was significant (p <
0.05) reduction in the total cholesterol and
triglyceride levels of the treated diabetic rats
compared to the untreated rats. Some authors have
observed increased risk of coronary artery disease in
subjects with diabetes mellitus due to lipoprotein
abnormalities associated with diabetes mellitus.’
Hypertriglycerides and low levels of high density
lipoprotein (HDL) are the most common lipid
abnormalities in diabetic patients.” The non-insulin
dependent diabetic (NIDDM) patient with mild
fasting hyperglycaemia commonly has mild
triglyceridaemia due to overproduction  of
triglyceride-rich lipoprotein in the liver associated
with decreased high density lipoprotein cholesterol
level.? It has also been shown that the most typical
lipoprotein pattern in diabetes, known as diabetic
dyslipidaemia or atherogenic dyslipidaemia, consists
of moderate elevation in triglyceride (TAG) levels,
low HDL cholesterol values and elevated low density
lipoprotein ~ (LDL)  cholesterol.?®  Observed
accumulation of lipid may be dependent on a variety
of alterations in metabolic and regulatory
mechanisms, which may be due to insulin deficiency
or due to insulin resistance.?*?®

CONCLUSION

The results from the present study revealed that
ethanolic leaf extract of A. leiocarpus is safe for use
and has beneficial effects on fasting blood glucose
level along with improving hyperlipidaemia
associated with diabetes mellitus. Future studies
should focus on pharmacological and biochemical
investigations to explain possible mechanism of the
antidiabetic action and hypolipidemic effect of the
plant.  Furthermore, the active constituents
responsible for the antidiabetic activities should be
isolated and characterized.
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