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ABSTRACT

Introduction: The antidiabetic potentials of Balanites aegyptiaca fruit and seed extracts has been
reported by several scientific studies. While very few data reported anantidiabetic study of the plant
leaf despite it's used by some traditional medicine practitioners in the management of diabetes
mellitus and some ailments. This study, therefore, investigates the effect of Balanites aegyptiaca
leaves extracts in streptozotocin-induced diabetic rats in a bid to ascertain its antidiabetic potential.
Methods: Dried powdered Balanites aegyptiaca leaves was defatted with hexane and then
extracted with ethanol. The ethanol extract was a petition with water and ethyl acetate (1:1 v/v) and
then separated. Ethyl acetate (ELF) and aqueous (ALF) fractions obtained were studied for
antihyperglycemic activity. Diabetes mellitus was induced in male wistar rats by intra-peritoneal
injection of streptozotocin (60 mg/kg body weight).
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Results: The results showed that diabetes-induced in rats was characterized by low serum insulin
and hyperglycemia. Treating diabetic rats with extract-fractions of Balanites aegyptiaca leaves
slightly elevated serum insulin, lowered fasting blood glucose levels and improved serum lipid
profile; total cholesterol, TG, LDL-C and VLDL-C toward normal. The aqueous fraction (ALF) was
the most potent; it lowered fasting blood glucose by 15. 87% compared to the 24. 62 % fasting
blood glucose reduction by metformin. ALF of Balanites aegyptiaca leaves suppressed fructose
1,6-bisphosphatase (from 2.19+0.25 to 1.32+0.06 U/min/umole Pi liberated) and glycogen
phosphorylase (from 3.82+0.21 to 2.76+0.02 U/min/mg protein) but enhanced phosphofructokinase
(from 2.06+0.07 to 2.52+0.03 U/min/mg protein) and glycogen synthase (from 9.41+0.34 x 107 to
14.45+0.16 x 107 U/min/mg protein).

Conclusion: In conclusion, the results of the study showed that Balanites aegyptiaca leaves
ethanol extract-fractions exerted antihyperglycemic, antilipidemic and glucose enzymes regulatory
effects. Further research is needed to explore the leaves bioactive components and their mode of
action so that the plant leaves with the bioactive compounds can be used as an active

pharmaceutical ingredient for drug medication manufacturing.

Keywords: Balanite aegyptiaca; leaves; extract-fractions; antidiabetic; rats.

1. INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic
disorders. Is one of the key health problem,
affecting millions of people worldwide with a
high-frequency rate and is projected to reach
592 million people in the year 2035 [1]. Diabetes
mellitus occurs due to either low plasma insulin
level or insensitivity of target organs to insulin
and is characterized by a chronic hyperglycemia.
There are several types of diabetes, but the two
most common types are type 1 and type 2
diabetes. Type 1 diabetes is caused by an auto-
immune response leading to a breakdown of
insulin-producing cells [2], while type 2 diabetes
mellitus resulted from insulin resistance and
beta-cell failure which resulted from a
progressive insulin secretory defect on the
background of insulin resistance [3].

The search for effective antidiabetic agents
particularly from nature products such as
medicinal plants for the management of
Diabetes mellitus is highly recommended
considering the prevalence and complication of,
and death rate caused by the disease as well as
the side effects of the available synthetic
antidiabetic drugs. Literature surveyed shows
that research on medicinal plants like Galega
officinalis, has vyielded positive results by
identifying metformin as its active antidiabetic
compound [4]. On this note, the emphasis of
research has been on utilizing medicinal plants
that have long and proven history of curing or
treating various ailments [5].

The plant ‘Balanites aegyptiaca Delile’, also
known as ‘desert date’ in English, a member of

Zygophyllaceae family, is a common plant
species of the dry land areas of Africa and Asia
[6,7]. In Nigeria, it is found mostly in the Northern
region. It is known as ‘Aduwa’ in Hausa, ‘Utaz’
in Igbo, and ‘Teji’ in Yoruba. Balanites
aegyptiaca has a long history of traditional uses
for wide range of diseases [8].

Balanites  aegyptiaca extracts have been
reported to exert antihyperglycemic activity in
experimental induced diabetic animals’ mode [9,
10]. The fruit and seed extracts are the most
widely studied and reported to have exhibited
prominent antihyperglycemic activity and also
improved lipid profile toward normal levels in
diabetic-induced animals [11,12,13]. Balanites
aegyptiaca fruit extract was reported to have
stimulated insulin secretion [11,14], inhibited
intestinal a-amylase activity [15], and increased
muscle basal glucose uptake [10] to lowered
blood glucose level while the seed extract was
reported to have exerted antihyperglycemic
effect by ameliorating beta-cell dysfunction [13]
and antioxidant activity as suggested by
Shafik et al. [16]. In a recent study, it was
reported that the leaf extract stimulated
erythrocytes glucose uptake in type Il diabetic
patients [17] while Gawade and Farooqui [18]
reported that it inhibited alpha amylase activity in
vitro.

Literature surveyed showed that there are very
few experimental evidence that carried out
antidiabetic study of Balanites aegyptiaca leaves
despite the reports that the plant leaves is used
by some traditional medicine practitioners in the
management of diabetes mellitus and some
ailments [8,19]. This study therefore aimed at



Mhya et al.; JOCAMR, 6(1): 1-12, 2018; Article no.JOCAMR.41997

investigating effect of Balanites aegyptiaca
leaves extract in streptozotocin-induced diabetic
rats in a bid to ascertain antihyperglycemic
potential.

2. MATERIALS AND METHODS
2.1 Chemicals/Reagents

All chemicals and reagents used were of
analytical grade and obtained from Sigma
Aldrich, USA and BDH Ltd Poole, England.

2.2 Experimental Plant Material

Balanites aegyptiaca leaves were obtained from
Gubi village (latitude 10° 45’ N & longitude 9° 82'
E) in Bauchi LGA, Bauchi State, Nigeria and
identified at the Herbarium Unit, Department of
Biological Science, Ahmadu Bello University
Zaria. A specimen voucher no: 900175 was
deposited.

2.3 Extraction of Plant

Plant leaves was defatted as performed by Jung
et al. [20] and extracted as done by Govorko et
al. [21] with little modification in the choice of the
extraction temperature (60°C). Seven hundred
and fifty gram (750 g) powdered of plant leaves
was defatted for 2 hours with 1200 ml hexane on
a mechanical shaker. The hexane solvent was
discarded, then the defatted sample air-dried.
Exactly 200 g of the defatted plant leaves was
mixed with 2000 ml of 80 % ethanol and heated
to 60°C for 2 hours. The extraction was
continued for an additional 10 hrs at 20°C. The
mixture was filtered through a cheese cloth and
resulting ethanol extract was air-dried. The
procedure was repeated twice with same
amount of defatted plant leaves. The ethanol
leaves extract was dissolved in water (500 ml)
and partitioned with ethyl acetate (500 ml) at
20°C for 2 hours then separated using a
separating funnel (1000 ml). Fractions were
concentrated using a rotary evaporator at 40 °C
and air dried. The dried aqueous (ALF) and ethyl
acetate (ELF) fractions of Balanites aegyptiaca
leaves were stored in air-tight containers and
kept in a refrigerator at 4°C until used.

2.4 Experimental Animals
A total of twenty-five (25) male wistar albino rats

were used for the study. The rats were obtained
from the Animal House, University of Jos,

Plateau State, Nigeria and kept in clean cages
with 12 hours / 12 hours light/dark photoperiod.
Water and feed ‘growers mash’ (Vital feeds, Jos)
were supplied ad libitum. The rats were allow to
grow attaining a weight between 180-230g
before used. All experimental protocol was in
conformity with the institutional guidelines that
are in compliance with national and international
laws and guidelines for care and use of
laboratory animals [22].

2.5 Induction of Diabetes Mellitus

Diabetes mellitus was induced in rats by intra-
peritoneal injection of Streptozotocin (STZ) at a
dose of 60 mg/kg body wt dissolved in 0.1 M
citrate buffer (pH 4.5). Rats were given 10 %
glucose solution in their drinking water for 48
hours after STZ injection in order to prevent
severe hypoglycemia. After 72 hours, blood
glucose levels were checked and subsequent 1-
week intervals to identify the onset and
continued presence of diabetic hyperglycemia;
rats with fasting blood glucose levels 2200 mg/dl
were considered diabetic and selected for the
study [23].

2.6 Experimental Design

Antihyperglycemic effects of ethanolic extract-
fractions of Balanites aegyptiaca leaves were
assessed in the streptozotocin-induced diabetic
rats. Rats were randomly allocated into groups
of 5 rats each as follows;

Group A : Diabetic + Aqueous leaf fraction (ALF)

Group B : Diabetic + Ethyl acetate leaf fraction
(ELF)

Group C : Diabetic + Metformin at 200 mg/kg
body weight (kolawole and Akaniji [24].

Group E : Diabetic control

Group F : Normal control

At the end of the experiment, animals were
sacrificed, blood was collected and serum
separated was used for some biochemical
parameters assessments. Hepatic key glucose
metabolic enzymes like Glucokinase [25],
Phosphofructokinase [26], Fructose-1,6-
bisphosphatase  [27], Phosphoenolpyruvate
carboxylkinase [28], Glucose-6-phosphate
dehydrogenase [29], Glycogen phosphorylase
activity [30], Glucose-6-phosphatase activity [31],
Glycogen synthase activity [32], Pyruvate kinase
(PK) [33] were assayed.
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The extract-fractions were administered orally
using oral gastric tube. Exactly, 400 mg/kg body
weight of plant extracts were administered to
various diabetic rats’ groups for 28 days period.
The extract-dose used was determined following
our previous acute toxicity report on the ALF and
ELF of Balanites aegyptiaca [34].

2.7 Determination of Blood Glucose

Levels

Blood glucose levels were determined by
method described by Beach and Turner, [35].
Principle: Glucose oxidase catalyses the
oxidation of glucose to form glucuronic acid and
H,0.. H,O, reacts with 4—aminoantipyrine and 4-
chlorophenol in the presence of peroxidase to
produce red chromogen.

2.8 Determination of Serum Insulin
Levels
Serum insulin level was measured by an

enzyme-linked immunosorbent assay (ELISA)
method as described by Clark and Hales [36].
This was based on the direct sandwich
technique in which two monoclonal antibodies
are directed against separate antigenic
determinations on the insulin molecule. During
incubation, insulin in the sample reacts with

peroxidase-conjugated anti-insulin  antibodies
and anti-insulin antibodies bound to the
microtitration well. After washing, unbound

enzyme labeled antibody was removed. The
bound conjugated insulin was detected by
reacting with 3°,3’,5’,5’-tetramethylbenzidine and

optical density measured with microplate
autoreader at 450 nm.
29 Determinations of Lipid Profile

Levels

Determination of Serum triglyceride (TG) was
done by the method of Fossati and Prenape [37],
Total Cholesterol [38], High Density Lipoprotein
Cholesterol (HDL-C) [39] while LDL Cholesterol
and VLD L Cholesterol (VLDL-C) were estimated
using the formula described by Marchell [40]:
LDL — Cholesterol conc. (mg/dL) = [TC - (HDL-C
+ Triglycerides /5)]and VLDL-Cholesterol conc.
(mg/dL) = [Triglycerides /5]. All assay were done
using assay kits from Agappe Diagnostics
Switzerland GmbH.

2.10 Liver Function Test

Total Protein was determined by method
described by Bradford [41]. This is based on the

formation of blue colored complex when protein
reacts with commassie dye wunder acidic
condition. The protein is measured
spectrophotometrically at 595 nm. The assay
was done using assay kit from Agappe
Diagnostics Switzerland GmbH. Serum Albumin
was determined by method described by
Doumax and Watson [42]. Principle:  The
measurement of serum albumin is based on its
quantitative binding 3,3’,5,5'-tetrabromom cresol
sulphonephthalein (BCG). The albumin-BCG
complex absorbs maximally at 578 nm.

2.11 Statistical Analysis

Data from the experiments were expressed as
mean t+ standard deviation (SD). Means were
analyzed by one way analysis of variance
(ANOVA) and compared by Duncan’s multiple
range test (DMRT) [43]. Significant difference
was accepted at P < 0.05.

3. RESULTS

3.1 Antidiabetic Effect of ELF and ALF in
STZ-Induced Diabetic Rats

The effect of Balanites aegyptiaca ethyl acetate
leaves fraction (ELF) and aqueous leaves (ALF)
fraction on blood glucose level in STZ diabetic
rats is given in Fig. 1. In the diabetic untreated
rats, levels of fasting blood glucose gradually
raised and continued throughout the
experimental period from 246.80+7.46 mg/dl to
336.69+11.91 mg/dl. A significant (P<0.05)
decreased in fasting blood glucose levels in
diabetic rats treated with the metformin and plant
extract-fractions were recorded. Diabetic rats
treated with metformin had a fall in fasting blood
glucose by 24.62% followed by the group that
received aqueous leaves fraction (ALF) 15.87 %.
Aqueous leaves fraction of the plant was the
most potent.

3.2 Effect of ELF and ALF on Insulin
Level in Diabetic Rats

Increased in serum insulin levels were recorded
following oral administration of ELF and ALF of
Balanites aegyptiaca to diabetic rats (Fig. 2).
Serum insulin levels of diabetic control rats was
0.09+0.02 ng/L which was significantly different
(P<0.05) from diabetic rats groups treated with
ALF (0.27+0.04 ng/L) and ELF (0.22+0.06 ng/L).
However, the diabetic rats treated with ALF
seem to have their serum insulin increased
then ELF.
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Fig. 1. Anti-hyperglycemic Effect of Ethanol-Extract Fractions of Balanites aegyptiaca Leaves
in Streptozotocin-induced Diabetic Rats
ALF = Aqueous Leaves Fraction, ELF = Ethyl Acetate Leaves Fraction, DC = Diabetic Control,
NC = Normal Control
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Fig. 2. Effect of Oral Administration of Ethanol Extract-Fractions/Subfractions of Balanites
aegyptiacalLeaves on Serum Insulin Level of Streptozotocin-Induced Diabetic Rats
ALF = Aqueous Leaves Fraction, ELF = Ethyl Acetate Leaves Fraction

3.3 Effect of ELF and ALF on
Biochemical Parameters in Diabetic
Rats

STZ induced diabetic rats showed significant
increase in cholesterol, TG, VLDL and decrease
in HDL levels compared to normal and diabetic
treated rats. While administration of ethyl acetate
leaves fraction (ELF) and aqueous leaves
fraction (ALF) of Balanites aegyptiaca to various

diabetic rats groups significantly reserves lipid
profile as shown in Table 1. Serum cholesterol
level in diabetic untreated rats was 232.00+2.96
mg/dl which is significantly different (P<0.05)
compared to diabetic rats treated with metformin
(180.62+3.19 mg/dl) and the ALF (172.00+2.96
mg/dl). Similarly, elevated serum triglycerides
levels were significantly (P<0.05) reduced in
diabetic rats treated with ALF (119.91+2.60
mg/dl) whereas HDL-cholesterol was elevated in
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same rats groups compared to diabetic
untreated rats. Ethanol-aqueous fractions of the
plant leaves was the most potent. There was
significant  (P<0.05) decrease in the
concentration of albumin of untreated diabetic
rats (2.21+0.16 g/dl) compared to all the diabetic
treated groups.

3.4 Effect of ELF and ALF on Glucose
Metabolic Enzymes in Diabetic Rats

From the diabetic rats groups that were treated
with the ALF and ELF, there was a significant (P
< 0.05) changes in the enzymes activites (Table
2). Activities of glycolytic enzymes namely;
glucokinase (GK), phosphofructo kinase (PFK),
and pyruvate kinase (PK) determined in liver
tissues of STZ-induced diabetic rats. Activities of
these key enzymes assayed in liver tissues of
diabetic control rats were suppressed but
enhanced in diabetic rats treated groups.

Change in glycogen synthase (GS) and
phosphorylase in liver of diabetic treated rats
were reversed compared to diabetic untreated
rats.  Activities of glucose-6-phosphatase
(GPase), fructose-1,6-bisphosphatase (FBPase),
and phosphoenol pyruvate carboxyl kinase
(PEPCK) in diabetic untreated, diabetic treated
and non-diabetic rats are also shown in Table 2.
The diabetic untreated rats showed increase in
their gluconeogenic enzymes activity. However,
these were significantly (P < 0.05) suppressed in
the diabetic treated animals. Aqueous leaves
fraction (ALF) was the most effective as shown;
glucose-6-phosphatase  (from 1.44+0.05 to
0.14+0.01 U/min/umole P; liberated), fructose-
1,6-bisphosphatase (from 2.19+0.25 to
1.32+0.06 U/min/umole P liberated),
phosphoenol pyruvate carboxylkinase (0.17+0.01
U/min/mg protein).

4. DISCUSSION

Different plants part have various protective and
therapeutic effects which are essential to prevent
diseases and maintain a state of well-being.
Literature surveyed showed Balanites
aegyptiaca fruit and seed extracts widely studied
as antidiabetic agents where some bioactive
compounds and their likely mode of action were
profiled. While, very few experimental evidences
had studied the antidiabetic effect of the plant
leaf despite its used by some traditional
medicine practitioners in the management of
diabetes mellitus and some ailments [8,44] as

well as the presence of some biologically active
compounds in the leaves [45,46,47]. In this
study, the antihyperglycemic effect of ethanol
extract-fractions (ELF and ALF) of Balanites
aegyptiaca leaves were investigated in
streptozotocin induced diabetic rats. This was to
ascertain antidiabetic efficacy of the plant
leaves.

Decreased fasting blood glucose levels from the
diabetic rats groups that received extract-
fractions of Balanites aegyptiaca leaves implies
that it possess antidiabetic property. From our
previous study, we found that ethanol extract-
fractions of Balanites aegyptiaca leaves have the
ability to lowered blood glucose in glucose-
loaded rats which were further substantiated by
their improved glucose tolerance in diabetic-
induced rats suggesting that this plant’s leaves
extract-fractions contain compounds that have
the capacity to correct impaired glucose
tolerance in diabetes mellitus, hence may exhibit
antidiabetes [35]

Type 1 diabetes mellitus is characterized by
severe loss of body weight that resulted from a
relative or absolute deficiency of insulin due to
defective B- cells [48]. A significant decrease in
body weight of untreated STZ-induced diabetic
rats observed may be attributed to low insulin
levels in those rats. The loss of weight in STZ-
induced diabetic rats might be accompanied by
an increased breakdown of muscle proteins (for
provision of gluconeogenic amino acids) in these
rats [48], suggesting degradation of structural
protein as contributing factor towards weight
loss. Continuous treatments of STZ-induced
diabetic rats with the fractions of ethanolic
extract of Balanite  aegyptiaca leaves
significantly prevented body weight loss.

Insulin is a potent inhibitor of lipolysis. During
diabetes mellitus, activity of lipase enzyme
increases lipolysis and release more free fatty
acids in the circulation because of lack of insulin
[49]. Increase in fatty acid concentration in turn
increases the beta-oxidation of fatty acids by
increasing the activity of HMG-CoA reductase for
production of more cholesterol [50,51]. Insulin
also increases the receptor-mediated removal of
LDL-cholesterol and decreased activity of insulin
during diabetes mellitus causes hypercho-
lesterolemia [39] which may explain high serum
cholesterol recorded from the untreated diabetic
rats.
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Table 1. Effect of Ethanol Extract-Fractions of Balanites aegyptiacaLeaves on Biochemical Parameters in Streptozotocin-Induced Diabetic Rats

Animals Grouping

Diabetic + ALF  Diabetic + ELF DC Diabetic + Metformin NC

Cholesterol (mg/dl) 172.00+2.96° 224.61+13.10™ 232.00+ 2.96"°® 180.62+3.19> 76.31£3.19°
Triglyceride (mg/dl) 119.91+2.60° 185.39+5.73° 207.13% 6.05™%  99.91+5.55° 97.82+2.90°
HDL-Cholesterol (mg/dl) 50.00+0.66"° 60.87+1.59% 27.2245.07° 66.35+5.53" 47.78+3.01°
LDL-Cholesterol (mg/dl) 138.02+3.03 175.37+ 12.98°°% 185.13+4.78°% 147.36+4.57°* 47.19+3.56°
VLDL (mg/dl) 23.98+0.52° 37.07+1.15 41.43+1.21°°% 19.98+1.117 19.57+0.587
Fructosamine (mmol/L) x10™ 0.83+0.19” 0.67+0.12° 2.91+0.70° 0.48+0.01° 0.30+0.16°
Albumin(g/dl) 4.00£0.01° 2.4410.01° 2.21+0.16° 3.5940.00° 4.28+0.01™
Total Protein(mg/g liver) 21.58+0.06° 20.85+0.17° 17.35+1.96° 25.01+0.06"° 26.95+0.04°

Values are Mean + SD of 5 determinants. Values with different superscript across the rows are significantly different (P<0.05)
ALF = Aqueous Leaves Fraction, ELF = Ethyl Acetate Leaves Fraction, DC = Diabetic control, NC = Normal Control

Table 2. Effect of Ethanol Extract-Fractions of Balanites aegyptiacaLeaves on Glucose Metabolic Enzymes in STZ-Induced Diabetic Rats

Animals Grouping

Diabetic + ALF Diabetic + ELF DC Diabetic + Metformin NC
Glucokinase 2.75+0.01° 2.23+0.00° 2.22+0.02° 2.72+0.02° 3.53+0.01™
(U/min/mg Protein)
Phosphofructokinase 2.52+0.03% 2.23+0.01° 2.06+0.07° 3.34+0.01°* 4.43+0.08"°
(U/min/mg Protein)
Pyruvate Kinase 0.22+0.03" 0.14+0.02" 0.04+0.017 0.15+0.02" 0.110.01°
(U/min/mg Protein) x10™
Glycogen Phosphorylase 2.76+0.02° 2.75+0.01° 3.82+0.21%° 2.04+0.01° 2.07+0.01°
(U/min/mg Protein)
Glycogen Synthase 14.45+0.16° 12.00+0.22° 9.41+0.34° 15.51+0.42°* 29.25+0.88"**°
(U/min/mg Protein) x107
Glucose-6-Phosphatase 0.14%0.01° 0.150.01° 1.44+0.05>° 0.12+0.02° 0.07+0.01%
(U/min/umole P; liberated)
Fructose-1,6-BisPhosphatase 1.32+0.06° 1.43+0.17" 2.19+0.25" 1.02+0.02° 1.40+0.07"
(U/min/umole P; liberated)
Phosphoenol-pyruvate 0.17+0.01% 0.21+0.01° 0.81+0.15> 0.11+0.04° 0.09+0.01%

Carboxyl kinase (U/min/mg protein)

Values are Mean = SD of 5 determinants. Values with different superscript across the rows are significantly different (P<0.05)
ALF = Aqueous Leaves Fraction, ELF = Ethyl acetate leaves Fraction
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In this study, the high levels of cholesterol in
diabetic rats observed were reversed in STZ
induced diabetic rats treated with the fractions of
ethanolic extract of Balanites aegyptiaca leaves
significantly. It has been reported that plant
extracts exert their cholesterol lowering effect by
decreasing cholesterol absorption from the
intestine via binding with bile acids within the
intestine and increasing bile acids excretion [52].
Significant decrease in serum cholesterol
observed in diabetic rats received plant extract-
fractions in our study might in part agreed with
the above observation. In another dimension,
one could suggest the inhibition of HMG-CoA
reductase activity by the plant extracts since
study has shown an increased HMG-CoA
reductase activity in diabetic rats [51].

It has been reported that, hyper-triglyceridemia
that characterizes the diabetic state is a
consequence of uninhibited actions of pancreatic
lipase [53]. From this study, it may be assumed
that administration of ethanol extract-fractions of
Balanites aegyptiaca leaves to diabetic rats
might have inhibited the pancreatic lipase
activity, which is responsible for the hydrolysis of
non-absorbable  dietary  triglycerides into
absorbable monoglycerides and free fatty acids,
which, in turn, leads to the decrease of plasma
triglycerides level in those rats [54,55]. These
findings agreed with the report by Samir et al.
[11] that aqueous and ethanolic extracts of
Balanites aegyptiaca fruit were able to decrease
serum total cholesterol and triglycerides in STZ-
induced diabetic rats.

Decrease in albumin may be due to albuminuria
which are important clinical markers of diabetic
nephropathy or glycation [56,57] and might also
be due to increased protein catabolism [58].
Treating diabetic rats with the ethanol extract-
fractions of Balanites aegyptiaca leaves has
improved albumin levels. This may be due to the
restoration of blood glucose levels by the plant
extracts thereby reducing the intensity of protein
glycation in the diabetic animals [59].

Activities of glucokinase, phosphofructokinase
and pyruvate kinase has been shown to be
very sensitive signs of the glycolytic pathway
and these are decreased in the liver of diabetic
state [60]. Reduced activities of these enzymes
in this study are consistent with other studies
on glycolytic enzymes [61,62]. Reduced
activities of these enzymes in the diabetic rats
may be due to lack of insulin and the reason for
the diminished utilization of glucose in the

system and increased blood glucose levels
[63]. Insulin influences the intracellular
utilization of glucose by promoting glycolysis by
increasing the activity and amount of glycolytic
enzymes [61,64]. Administration of fractions of
the ethanolic extract of Balanites aegyptiaca
induced significant increase in the activities of
glycolytic enzymes supporting the notion that
part of the therapeutic potential of several
putative antidiabetic plants can involve the
modulation of enzymes in carbohydrate
metabolism [65,66].

Some plants extract have been reported to
regulated glycogen enzymes leading to
increased hepatic glycogen content [67,68].
According to Gutierrez [69], activation of
glycogen synthase by plant suggested
insulinogenic character; going by this statement
one may propose that Balanites aegyptiaca
leaves contains component that exhibit insulin
like effect since the altered activities of
glycogen synthase and phosphorylase were

reversed in diabetic rats treated with the
extract-fractions of Balanites aegyptiaca
leaves.

Gluconeogenesis is a main cause of the
elevated hepatic glucose production
contributing 50-60% of the released glucose
[70]. Insulin decreases gluconeogenesis by
decreasing the activities of enzymes, such as
glucose-6-phosphatase, fructose-1, 6-
diphosphatase, phosphoenolpyruvate
carboxykinase and pyruvate carboxylase [60,
71]. In this study extract-fractions of Balanites
aegyptiaca leaves seem to have suppressed
the activities of these enzymes as reported by
several studies that plants extract were able to
suppressed the activities gluconeogenic
enzymes in diabetic animals [24,59,72]. Shafik
et al. [16] have reported that extract of
Balanites aegyptiaca seed-kernel suppressed
glucose-6-phosphatase activity

Recent study has reported some compounds in
the leaf extract of Balanites aegyptiaca [18]. The
compounds were phenol, 2,4-bis(1,1-
dimethylethyl)-alpha-D-glucopyranoside, methyl,
1-hexene, 3,5,5-trimethyl, neophytadiene, 1-
hexanol, 4-methyl-6-Octen1-ol, 3,7-dimethyl-,
propanoate, 16-heptadecenal, 2-hexadecen-1-ol,
3,7,11,15-tetramethyl-, [R-[R*,R*-(E)I]- (T-
Phytol), 1H-Indene, 1-hexadecyl-2,3-dihydro-, 1-
tridecanol, carbonic acid, neopentylcyclo hexyl
methyl ester and cyclopentane methanol, alpha-
cyclohexyl-2-nitro. The hypoglycemic properties
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of Balanites aegyptiaca has been attributed to
the presence of some of the above mention
compounds like phenolics and flavonoids. Study
by AlI-Malki et al. [73] has reported two
phenolics; vanillic and syringic acids from fruit
extract of the Balanites aegyptiaca while rutin
and isorhamnetin was reported in the fruit extract
by Motaal et al. [10]. In line with the above
reports, Balanies aegyptiaca leaves extract may
have regulated glucose enzymes to improved

glycemic control due to some phenolic
compounds contain by the leaves.

5. CONCLUSION

The study concluded that ethanol extract-

fractions of Balanites aegyptiaca leaves exerted
antihyperglycemic and antihyperlipidemic effects
in STZ-induced diabetic rats. The study
confirmed leaves extract of Balanites aegyptiaca
has potential antidiabetic activity. Further
research is needed to explore the leaves
bioactive component and their mode of action so
that the plant with the bioactive compounds can
be used as active pharmaceutical ingredient for
drug medication manufacturing.
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