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ABSTRACT

Aims: The study examines effect of aqueous-fraction of ethanolic extract of Balanites aegyptiaca
Stem-bark on enzymes of glucose metabolism in streptozotocin (STZ) diabetic rats in a bid to
understand its antihyperglycemic mechanism of action.

Methodology: Diabetes was induced in male rats by intra-peritoneal injection of 60 mg/kg body
weight of STZ. Balanites aegyptiaca stem-bark was extracted using ethanol followed by solvent-
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solvent fractionation with ethyl acetate and water. The aqueous fraction obtained was subjected to
acute toxicity on wistar rats using a gradient dosage, 1/10" of lethal dose was calculated and used
for the study. It was orally administered at a dose of 400 mg/kg body wt to diabetic rats, metformin
(200 mg/kg body wt) serve as reference drug and diabetic/normal controls received 10% dimethyl
sulfurdioxide (DMSO) for the 28 days treatment period. On day 29" rats were sacrificed; blood and
liver samples were collected. Liver tissues were homogenized, centrifuged and the supernatants
were used for assay of glucose metabolic enzymes while serum was used for biochemical markers
estimations.

Results: Results obtained showed no death or lethal effect in the acute toxicity study up to a dose
of 4000 mg/kg bwt therefore, the LDsg value was considered to be more than 4000 mg/kg body wt.
When the streptozotocin induced diabetic rats were treated with aqueous-fraction of the stem-bark
ethanolic extract a significant (P<0.05) regulation in glucose metabolic enzymes were noticed;
glucokinase activity increased (3.04+0.004 U/min/mg protein) against diabetic control (2.22+0.016
U/min/mg protein) as well as glycogen synthase (0.13+0.001 U/min/mg protein) against diabetic
control (0.09+£0.003 U/min/mg protein). Glucose-6-phosphatase activity decreased (0.26+0.028
U/min/mg protein) against untreated diabetes (1.44+0.0.054 U/min/mg protein). Glycogen content
increased to 13.77+0.32 mg/g liver compared to diabetic control (10.69+0.32 mg/g liver). A
significant effect on fasting blood glucose was observed; treated diabetes (290.4+18.4 mg/dL)
compared to diabetic control (336.0+11.9 mg/dL).

Conclusion:

These results indicated that Balanites aegyptiaca stem-bark contained compound(s)

that regulates glucose metabolic enzymes to achieved its antihyperglycemic effect.

Keywords: Balanite aegyptiaca; stem-bark; aqueous-fraction; metabolic-enzymes.

1. INTRODUCTION

Diabetes is a key health problem worldwide with
an increase frequency rate [1]. It is a metabolic
disorder of multiple etiologies, which is
characterized by hyperglycemia caused by
defects or alterations in either secretion or action
of insulin. Diabetes causes derangement of
several metabolisms including carbohydrate
metabolism which has significant influences on
glucose homeostasis [2,3]. Diabetes has been
shown to depress the activities of glycolytic
enzymes while  promoting  gluconeogenic
enzymes activities [4].

In this study, we used streptozotocin for our
experiment in induction of experimental diabetes
mellitus. The diabetogenic agent streptozotocin
inhibits insulin secretion and caused a state of
insulin-dependent diabetes mellitus through its
ability to induce a selection of necrosis of the
pancreatic beta cell [5]. Common options for
medical hyperglycemic control is the used of oral
antidiabetic drugs, the effect of these drugs is
aimed to lower the level of blood glucose [6].
However, this drug may be effective for glycemic
control, but has side effects such as liver
disorders, flatulence, abdominal pain, and
diarrhea [7]. In addition, most of hypoglycemic
agents or drugs are not effective to decrease
blood glucose levels in chronic diabetic patients
[6]. As a result many patients resort to herbal

products as alternative medicine. The World
Health Organization has recommended that
treatments for diabetes mellitus, using plants
warrant greater attention [8].

The underlying goal of all diabetes treatments or
management is to maintain normal glycemia.
Maintenance of a normal plasma glucose
concentration requires precise matching of
glucose utilization and endogenous production.
This could be achieved by the regulation of two
major metabolic pathways, gluconeogenesis and
glycogenolysis, which produce glucose in the
liver [9]. In addition, the key enzymes in
opposing metabolic pathways such as glycolysis
and glycogenesis must also be regulated in
order for net flux in the appropriate direction

to be achieved. Agius [10] have shown
that inhibition of enzymes involved in
gluconeogenesis and/ or glycolgenolysis

suppresses hepatic glucose production and
lower fasting plasma glucose. Several plants like
Plumbago zeylanica and Citrus unshiu have
showed significant impact on the activities of
glucose metabolizing enzymes in diabetes
[11,12]. Farsi et al. [13] have reported that
Ficus deltoidea Jack. (Moraceae) retards
phosphoenolpyruvate carboxykinase (PEPCK)
and G6Pase activities. Similar finding have been
reported on Newbouldia leavis extract by
Kolawole et al. [14].




Research on medicinal plants has led to the
isolation and identification of a number of
bioactive compounds like polyphenolics [15].
Polyphenolics from plant origin have been used
to treat human and animal diseases due to their
effectiveness, safety and lesser side effects
[16]. For instance, plI'nts' compounds
such as; tannic acid, quercetin, catechin,
epicatechin, and ferulic acid and coumarin” and
“quercetin  derivatives”,  respectively  were
reported to have significantly regulation on
glucokinase and glycogen synthesis in diabetic
rats [17,18]. Also, eugenol isolated from Cloves
and fisetin (a bioflavonoid found in fruit and
vegetable) were reported to increased hepatic
glucokinase activity and glycogen content
as well as decreased the activity of glucose
-6-phosphatase  and phosphoenolpyruvate
carboxykinase in the liver of diabetic rats [19,20].

The plant ‘Balanites aegyptiaca Del.’, 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
[21,22]. In Nigeria, it is found in abundant in the
Northern region. It is known as ‘Aduwa’ in Hausa,
‘Utazi’ in Igbo, and ‘Teji’ in Yoruba. Literature
survey revealed that Balanites aegyptiaca has a
long history of traditional uses for wide ranges of
disease including diabetes [23]. Anti-diabetic
activities of B. aegyptiaca fruit have been
reported in both diabetic mice and rats [24,25].
Mansour and Newairy [26] have also reported
antidiabetic effect of aqueous extract of Balanites
aegyptiaca on streptozotocin-induced diabetic
mice. Phytochemical investigation of Balanites
aegyptiaca parts revealed the presence of
various polyphenolics; coumarins and quercetins
were found in the leaves, alkaloids and
coumarins were seen in the stem-bark while
rutins was found in the fruit among others
[27,28]. It was reported that hypoglycemic activity
of Balanites aegyptiaca may be via enhancement
of peripheral glucose metabolism and an
increase in insulin release [29]. Other study
suggested antioxidant potential to combat
diabetes [30]. However, there is no data
reporting the effect of Balanites aegyptiaca on
glucose enzymatic modulation and investigation
on antidiabetic activity of the plant’'s stem-bark
is scanty. Hence, the need to examine effect of
the plant (Balanites aegyptiaca) stem-
bark on glucose metabolic enzymes in
streptozotocin (STZ)-induced diabetic rats in a
bid to understand its antihyperglycemic activity.
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2. MATERIALS AND METHODS
2.1 Plant Collection

Balanites aegyptiaca stem-bark was collected
from Gubi village in Bauchi, Bauchi state. It was
identified and assigned a voucher number
900175 at the Herbarium Unit of the Department
of Biological Science, Ahmadu Bello University
Zaria.

2.2 Extraction

Extraction: Extract was prepared as done by
Jung et al. [31] and Govorko et al. [32]. Plant
sample powdered (50 g) was defatted twice for 2
hrs with 80 mL hexane on a mechanical shaker.
The hexane solvent was discarded, the defatted
sample powder was air-dried and then, 10 g of
the defatted powdered sample of the Balanite
aegyptiaca was heated to 80C with 100 ml of
80% ethanol for 2 hrs. The extraction was
continued for an additional 10 hrs at 20C. The
extract was filtered through a cheese cloth and
concentrated by evaporation to 10 ml using a
rotary evaporator. The ethanolic extract was
partitioned with 10 ml of water and 10 ml of ethyl
acetate in a separating funnel, the aqueous
phase was carefully collected and concentrated
using a rotary evaporator and finally air dried.
The dried aqueous fraction was then used for the
study.

2.3 Chemicals/Reagents

All chemicals/reagents used were of analytical
grade and were obtained from Sigma Aldrich,
USA. Reagent kits were purchased from Randox
Laboratory, UK.

2.4 Animals

Twenty (20) male wistar albino rats,
approximately of the same age weighing
between 200-230 g purchased from the

Department of Biochemistry, University of Jos,
Plateau state were used for the study. They were
allowed free access to water and animal feed
(Vital feeds, Jos).

2.5 Animals’ Grouping

Animals grouping: Rats were allocated into four
(4) groups of 5 rats each as follows:

Group A: Diabetic rats received aqueous fraction
of B. aegyptica Stem-bark (400 mg/kg body wt).



Group B: Diabetic rats received Metformin, (200
mg/kg body wt).

Group C: Diabetic control rats (received 10%
DMSO).

Group D:
DMSO).

Normal control rats (received 10%

2.6 Experimental Design

The aqueous fraction of ethanolic extract of
Balanite aegyptiaca stem-bark was assessed for
acute toxicity, phenolics and flavonoids content
was quantified. Thereafter, antihyperglycemic
effects of aqueos fraction of ethanolic extract of
Balanites aegyptiaca stem-bark was investigated
in Streptozotocin-induced diabetic rats for 28
days. On day 29" At the end of the experiment,
rats were sacrificed by humane decapitation and
blood was collected and allow to cloth at 25C
thereafter serum was collected and used for
biochemical markers estimations. Liver were
excised, homogenized and centrifuged using
refrigerated centrifuge 10,000 x g at 4C, the
supernatant was used for assaying the activities
of hepatic key enzymes of glucose metabolism.

2.7 Phytochemical Analysis

Qualitative phytochemical analysis of plant
extract was carried out by using standard
procedures to identify the constituents as done
by Edeoga et al. [33].

2.8 Determination of Total Flavonoids
(TFC) and Phenolics Contents (TPC)

The TFC of the extract-fraction of Balanites
aegyptiaca stem-bark was determined using the
aluminium  trichloride [34]. Folin-Ciocalteu
method was used to determine the total
phenolics content of the aqueous fraction of
ethanolic extract of Balanites aegyptiaca stem-
bark Singleton et al. [35].

2.9 Acute Toxicity Study

The acute toxicity study was performed
according to OECD 425 guidelines: up-and-down
acute toxicity test [36]. The extracts were
administered in a single dose by using oral
gastric tube. Animals were deprived of food 3
hours prior to dosing, after each extract
administration animal was observed 30 minutes
interval for 4 hours then after 24 hours for
behavioral change or death. The Following
dosage (5, 50, 500, 1000, 2000, 4000 mg/kg
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body wt) were determined and used according to
the OECD 425 guidelines with limit at 2000-5000
mg/kg body wt. Bruce's [37] up and down
procedure for oral acute toxicity study was used
to investigate acute toxicity of the plant extract on
wistar albino rats. Lethal Median Dose (LDsp)
was calculated using the formula below: LDsg =
(the apparent least dose lethal to animals — [(a x
b)/NY)).

Where, N = number of animal used, a = dose
difference, and b = mean mortality.

NB: For the study, 1/10"™ of LDs, was used.
2.10 Induction of Diabetes Mellitus

Type | diabetes was induced in rats by intra-
peritoneal injection of Streptozotocin (STZ) at a
dose of 60 mg/kg body wt in 0.1 M citrate buffer
(pH 4.5). Rats were supplied with 5% 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.

2.11 Estimation of Biochemical Markers

The following biochemical makers were
determined following a standard procedures:
Blood glucose [38], Hepatic glycogen Content
[39], Fructosamine [40], Total Protein) [41],
Plasma triglyceride (TG): [42], Total Cholesterol:
[43], High Density Lipoprotein Cholesterol (HDL-
C) [44], Low Density Lipoprotein Cholesterol
(LDL-C) and Very Low Density Lipoprotein
Cholesterol (VLDL-C) [45]. Hepatic key glucose
metabolic enzymes like Glucokinase activity [46],
Phosphofructokinase (PFKinase) activity [47],
Fructose-1,6-bisphosphatase activity [48],
Phosphoenolpyruvate carboxylkinase activity
[49], Glycogen phosphorylase activity [50],
Glucose-6-phosphatase (G6Pase) activity [51],
Glycogen synthase activity [52], Lactate
Dehydrogenase (LDH) [53], Pyruvate kinase
(PK) [54].

2.12 Data Analysis

The results of the experiments were pooled and
expressed as mean * standard deviation (SD).
Means were analyzed by one way analysis of
variance (ANOVA) and compared by Duncan’'s



multiple range test (DMRT) [55].
difference was accepted at P<0.05.

3. RESULTS AND DISCUSSION

Significant

The anti-diabetic effect of Balanites aegyptiaca, a
known medicinal plant has been reported by
several studies, particularly in Africa [22,23].
However, it remains yet to be known with
certainty the effective agent responsible for the
anti-diabetes and the mechanism of action. In
our study, anti-diabetic activity of extract
prepared from the stem-bark of the plant was
studied on the activities of key enzymes of
glucose metabolism in liver of streptozotocin
(STZ) diabetic rats in order to understand in part

the glucose lowering mechanism of this
medicinal plant.
3.1 Phytochemical Constituent of

Aqueous Fraction of Ethanolic Extract
of Balanites aegpytiaca Stem-bark

The chemical constituents of aqueous fractions
of ethanolic extract of Balanites aegyptiaca stem
bark shows the presence of tannins, flavonoids,
phenolics, and saponins. The medicinal value of
plants lies in some chemical substances known
as phytochemicals that have a definite
physiological action on the human body. The
most important of these bioactive constituents of
plants are alkaloids, tannins, saponins,
terpenoids, steroids, glycosides, flavanoids and
phenolics [56]. Phytochemical screening of
Balanites aegyptiaca stem-bark revealed the
presence of some of these important chemicals
confirming its usefulness in disease intervention.
Phytochemical investigation of Balanites
aegyptiaca parts showed the presence of various
polyphenolics; coumarins and quercetins were
found in the leaves, alkaloids and coumarins
were seen in the stem-bark while rutins was
found in the fruit among others [27,28].

3.2 Acute Toxicity Study of Aqueous
Fraction of Ethanolic Extract of
Balanites aegpytiaca Stem-bark

From the experiment performed as per the
OECD Guidelines 425 for up-and-down acute
toxicity test, the results reveal that aqueous
fractions of ethanolic extract of Balanites
aegyptiaca stem-bark was safe up to a dose of
4000 mg/kg body wt. Observation made 4 hours
and later 24 hours after administration shows; no
treatment-related mortality at all the tested
doses, no significant changes in behavior such
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as apathy, hyperactivity, morbidity, etc. recorded
in the treated animals. The aqueous fractions
derived from ethanolic extract of Balanites
aegyptiaca stem-bark was safe up to a dose of
4000 mg/kg body wt and therefore, the LDsq
value for oral toxicity is considered to be greater
than 4000 mg/kg body wt.

3.3 Phenolics and Flavonoids Content of
Agueous Fraction of Ethanolic Extract
of Balanites aegyptiaca Stem-bark

Total phenolics content was (0.52+0.0416 mg
g'Garlic acid Equivalent) and total flavonoids
was (0.04+0.0001 mg g'Quercetin Equivalent) in
the aqueous fraction of ethanolic extract of
Balanites aegyptiaca Stem-Bark. Results
indicated that phenolics compounds are high in
aqueous fraction of the extract. It was noted that
water enhances interaction of hydroxyl and or
carboxylic groups, hence promote dissolution of
phenolics in the solvent [57]. On the other hand,
flavonoids have low solubility in water and this
suggest its low quantity in the aqueous fraction.

3.4 Antihyperglycemic Effect of
Oral Administration of Aqueous
Fraction of Ethanolic Extract of

Balanites aegyptiaca  Stem-bark in
Streptozotocin-induced Diabetic Rats

The effect of aqueous fractions of ethanolic
extract of Balanites aegyptiaca stem-bark on
blood glucose in STZ diabetic rats is given in
Table 1. In the diabetic control rats, there was a
peak increase in fasting blood glucose level
which continues throughout the experimental
period. However, fall in fasting blood glucose
level in diabetic rats treated with metformin and
aqueous fractions of ethanolic extract of
Balanites aegyptiaca stem-bark were observed
and are significant (P<0.05) when compared to
diabetic control. The glucose lowering effect of
aqueous fractions of ethanolic extract of
Balanites aegyptiaca stem-bark might be time-
dependent suggesting that better effect may be
achieved with prolong treatment period.

3.5 Effect of Aqueous Fraction of
Ethanolic Extract  of Balanites
aegpytiaca Stem-bark on
Some  Biochemical Markers in

Streptozotocin Diabetic Rats

The result of hepatic glycogen content, serum
albumin, fructosamine, total protein and lipid



profile following treatment of STZ diabetic rats
with Balanites aegyptiaca stem-bark is presented
in Table 2. There was a significant reduction
(P<0.05) in glycogen content of untreated
diabetic rats (10.69+0.32 mg/g Liver) in
comparison to the diabetic treated rats
(13.77+0.32 mg/g Liver) and metformin-treated
diabetic rats (17.77+0.32 mg/g Liver) were
observed. It was stated that glycogen levels in
liver tissues decreases as the influx of glucose in
liver is inhibited in the absence of insulin and
recovers on insulin treatment [58,59]. From the
present study, there was a significant reduction
of glycogen content in liver of untreated diabetic
animals; the decreased glycogen content may
result from insulin deficiency in diabetic state that
leads to low activity of glycogen synthase in the
liver. A significant increased in glycogen content
of rats received Balanites aegyptiaca stem-bark
extract is probably due to activation of glycogen
synthase activity. Similar activities by plants
extract on the enzyme (glycogen synthase) and
hepatic glycogen content in diabetic treated rats
have been reported [60,61].

STZ induced diabetic rats showed significant
increase in cholesterol, TG, VLDL and decrease
in HDL compared to normal and diabetic treated
rats. Administration of extract of Balanites
aegyptiaca stem-bark significantly restored their
levels. Serum cholesterol level in diabetic rats
that received metformin (180.61+3.19 mg/dL)
and aqueous fraction of ethanolic extract of the
Plant stem-bark (172.00+2.96 mg/dL) were
lowered compared to diabetic control value
(232.00+2.96 mg/dL). Similarly, elevated serum
triglycerides levels were significantly (P<0.05)
reduced in the diabetic rats received stem-bark
extract (129.83+3.32 mg/dL) against diabetic
control (207.13+6.05 mg/dL). Regulation in the
lipids profile could suggest ability of the plant
extract to reduce complications accompany
diabetes. The findings is consisted to the report
by Samir et al. [23] that showed a decrease of
serum total cholesterol and triglycerides in STZ
diabetic rats treated with aqueous and ethanolic
extracts of Balanites aegyptiaca fruit.

It has been reported that plants extract exert their
cholesterol lowering effect by decreasing in
cholesterol absorption from the intestine, by
binding with bile acids within the intestine and
increasing bile acids excretion [62]. A significant
decrease in serum cholesterol observed in
diabetic rats received plant extract in our
experiment might in part agreed with the above
statement. In another dimension, one could
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suggest inhibition of Hydroxyl Methyl Glutaryl A
Co-enzyme reductase (HMG-CoA reductase)
activity by the plant, since study has shown an
increased HMG-CoA reductase activity in
diabetic rats [63]. It have also been reported that,
hyper-triglyceridemia characterizes the diabetic
state may therefore be regarded as a
consequence of the uninhibited actions of
pancreatic lipase [64]. Diabetes mellitus results
in failure to deactivate this enzyme thereby
casing hyper-triglyceridemia. From our study, it is
assumed that the administration of Balanites
aegyptiaca extract 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 [65,66].

It was shown that glycogen levels in liver tissues
decreases as the influx of glucose in liver is
inhibited in the absence of insulin and recovers
on insulin treatment [58]. In this study, there was
a significant reduction of glycogen content in liver
of untreated diabetic animals; the decreased
glycogen content may result from insulin
deficiency in diabetic state that leads to low
activity of glycogen synthase in the liver. A
significant increased in glycogen content in rats
that received Balanites aegyptiaca extract was
observed and this is probably due to activation of
glycogen synthase activity. Increased in hepatic
glycogen content as a result activation of
glycogen synthase by plant extract in diabetic
rats has been reported by Jang et al. [59] and
Ramachadran and Saravanan [60]. Low level of
fructosamine in diabetic treated rats in this study
suggests glycation inhibitory effect of aqueous
fraction of the ethanolic extract of Balanites
aegyptiaca stem-bark.

3.6 Effect of Aqueous Fraction of
Ethanolic  Extract  of Balanites
aegpytiaca Stem-bark on Glucose

Metabolic Enzymes in Streptozotocin
Diabetic Rats

Activities of key glucose metabolic enzymes were
determined in liver tissues of STZ-induced
diabetic rats following intervention with aqueous
fraction of Balanites aegyptiaca stem-bark, and
the standard metformin (Table 3). Significant
changes were observed in the activities of
glycolytic enzymes like glucokinase (3.04+0.004
U/min/mg protein) against untreated diabetic
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(2.22+0.016 U/min/mg protein), gluconeogenic
enzymes like Glucose-6-phosphatase (0.26+0.028
U/min/mg protein) against untreated diabetic
(1.44+0.0.054 U/min/mg protein), and glycogen
synthase (0.13+0.001 U/min/mg protein) against
untreated diabetic (0.09+0.003 U/min/mg protein)
etc.

Liver functions as a “glucostat”. Its plays a vital
role in the maintenance of blood glucose level
and hence it is of interest to examine the
possible role of Balanites aegyptiaca stem-bark
extract on hepatic key enzymes of carbohydrate
metabolism. Results of our studies indicate low
activities of hepatic glycolytic enzymes in STZ
diabetic animals. Impairment of glycolytic

Table 1. Antihyperglycemic effect of oral administr

enzymes activity suggests impaired oxidation of
glucose via glycolysis leading to its accumulation
resulting in hyperglycemia. Activities of glucolytic
enzymes are very sensitive signs of glycolytic
pathway and these are decreased in the liver of
diabetic state [67]. The decrease of the activities
of glycolytic enzymes in STZ-induced diabetic
rats in our study was consistent with other
studies on glycolytic enzymes [4,68]. However,
administration of aqueous fraction of ethanolic
extract of Balanites aegyptiaca stem-bark to
diabetic rats stimulate these enzymes supporting
the notion that part of the therapeutic potential
of several anti-diabetic plants involves
modulation of glucose metabolic enzymes
activities [69].

ation of aqueous fraction of ethanolic

extract of Balanites aegyptiaca stem-bark in streptozotocin-induced diabetic rats

Fasting blood glucose levels (mg/dL)

Day 0 Day 7 Day 14 Day 21 Day 28
Diabetic + AFS 247.0+13.8% 272.6+18.5° 305.6+22.1°" 300.0+22.1°°7 290.4+18.4™
Diabetic + 242.8+10.0° 274.2+15.7°° 269.8+19.6°°  243.0+16.2°  182.6+1.12°
Metformin
Diabetic control 248.8+07.5% 282.6+09.8° 301.4+10.9°° 317.6+08.7°° 336.0+11.9"
Normal control 67.6+02.0° 77.2+10.8% 93.6+11.5° 94.4+08.7° 96.0+02.8°

Values are Mean * Std of 5 determinants, values with different superscript in the same row are significantly

different (P<0.

05)

Values designated (a) shows significant decrease, (b) shows significant increase, (bc) shows significant moderate
increase, (bcd) shows significant high increase when compared among the groups

AFS = Aqueous Fraction of Ethanolic extract of B. aegyptiacia Stem-bark

Table 2. Effect of aqueous fraction of ethanolic e
on some biochemical markers of streptozotocin diabet

xtract of Balanites aegyptiaca stem-bark

Diabetic + AFS

Diabetic control

Diabetic + Metformin

Normal control

b
Glycogen 13.7740.322 10.6940.320°
(mg/g liver)
Fructosamine 0.09+0.013" 0.50+0.159"
(mmol/L)

. b a
Albumin 2.57+0.005 2.21+0.159
(gidn) X .
Total protein 122.30.843 97.3+0.436
(mg/g liver)

Cholesterol 212.31+2.34°  232.00+2.96"*
(mg/dL) X .
Triglyceride 129.83+3.32" 207.13%6.05
(mg/dL)

HDL-Cholesterol ~ 39.51+0.87" 26.9145.97%
(mg/dL) X "
LDL-Cholesterol ~ 152.44+2.48™  172.39+4.69"
(mg/dL)

VLDL (mg/dL)

45.97+0.66"°

41.43+1.21°

be
17.77+0.320

b
0.08+0.004

be
3.59+0.004

bc
148.0+0.272
180.61+3.19°

99.91+5.54%
66.3545.52"°
147.36+4.57"

19.98+1.11°

bc
15.85+0.320
0.05+0.028"
bcd
4.28+0.005

cd

159.540.230
76.31+3.19%

97.82+2.90%
47.78+3.01°
47.19+3.56%

19.57+0.58°

Values are Mean * Std of 5 determinants, values with different superscript in the same row are significantly
different (P<0.05) Values designated (a) shows significant decrease, (b) shows significant increase, (bc) shows
significant moderate increase, (bcd) shows significant high increase when compared among the groups

AFS = Aqueous Fraction of Ethanolic extract of B. aegyptiacia stem-bark



Insulin decreases gluconeogenesis by
decreasing the activites of key enzymes,
such as glucose- 6-phosphatase, fructose
-1, 6-diphosphatase, phosphoenolpyruvate
carboxykinase and pyruvate carboxylase [70].
Gluconeogenesis is the major metabolic pathway
through which the liver produces glucose from
precursors such as amino acids, lactate, glycerol,
and pyruvate. The hepatic gluconeogenic
enzymes studied were elevated significantly in
diabetic rats. This may be due to the increased
synthesis of the enzymes contributing to the rise
in glucose production during diabetes by the liver
[71,72]. The administration of Balanites
aegyptiaca stem-bark extract retards the
activities of these enzymes similar to what have
been reported by some studies on several plants
extract [13,73,74].

Glycogen synthase (GS) catalyzes the rate
limiting step of glycogenogenesis and is thus

Mhya et al.; IJBCRR, 13(3): 1-12, 2016; Article no.lJBCRR.27598

responsible for the storage of glucose in the liver.

Balanites  aegyptiaca  stem-bark  extract
effectively increased the activity of glycogen
synthase, while phosphorylase activity

was decreased in the treated diabetic rats
when compared to the untreated diabetes.
This is supported by the relatively higher
glycogen content observed in the diabetic
-treated rats. Similar activities of other plants
extract on the selected glycogen enzymes
and hepatic glycogen content in diabetic
rats have been reported [54,62]. The observed
activation of glycogen synthase along
with inhibition of phosphorylase, an enzyme
that catalyzes glycogenolysis further supports
insulinogenic activity of the plant. Gutierrez [75]
has also reported this insulinogenic character of
Prosthechea michuacana in  STZ-induced
diabetic rats.

Table 3. Effect of aqueous fraction of
on glucose metabolic enzymes activities in liver o

Balanites aegyptiaca stem-bark ethanolic extract
f streptozotocin diabetic rats

Diabetic + Diabetic Diabetic + Normal

AFS control metformin control
Glucokinase 3.04+0.004°° 2.22+0.016° 2.72+0.015" 3.53+0.006™
(U/min/mg protein)
Phosphofructokinase 3.49+0.011"° 2.06+0.074% 3.34+0.014" 4.05+0.075"

(U/min/mg protein)
Pyruvate kinase
(U/min/mg protein)
LDH 0.06+0.016"
U/min/mg protein
Glycogen
phosphorylase
(U/min/mg protein)
Glycogen
synthase
(U/min/mg protein)
Glucose-6-
Phosphatase
(U/min/umole P; liberated)
Fructose-1,6-Bis-
Phosphatase
(U/min/umole P; liberated)
Phosphoenol-pyruvate
Carboxylase
(U/min/mg protein)
Pyruvate carboxylase
(U/min/mg protein)
Values are Mean * Std of 5 determinants, values with different superscript in the same row are
significantly different (P<0.05)
Values designated (a) shows significant decrease, (b) shows significant increase, (bc) shows significant moderate
increase, (bcd) shows significant high increase when compared among the groups
AFS = Aqueous Fraction of Ethanolic extract of B. aegyptiacia Stem-bark

0.01+0.001° 0.004+0.0022 0.02+0.002" 0.01+0.001°

0.04+0.028? 0.06+0.016" 0.07+0.22"

3.14+0.070° 3.82+0.210™ 2.04+0.010? 2.07+0.660?

0.13+0.001° 0.09+0.003? 0.16+0.004" 0.29+0.009"¢

0.26+0.028" 1.4440.0.054°  0.12+0.017° 0.07+0.012°

1.42+0.088"° 2.14+0.247"° 1.02+0.021° 1.39+0.074°

0.25+0.114"° 0.72+0.031°°  0.14+0.028" 0.08+0.0412

0.02+0.003* 0.12+0.001" 0.03+0.002° 0.02+0.006*




4. CONCLUSION

It is concluded that aqueous fraction of ethanolic
extract of Balanites aegyptiaca stem-bark at a
dose of 400 mg/kg body wt exhibit anti-
hypergylcemic effects in STZ diabetic rats
perhaps via its influence on the impaired activity
of enzymes in carbohydrate metabolism.

ETHICAL APPROVAL

All authors hereby declare that ‘principle of
laboratory animal care’ was followed. The
experiment have been examined and approved
by the ethics committee for animals use in
Ahmadu Bello Univiersity Zaria, Nigeria.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Guariguata L, Whiting DR, Hambleton I,
Beagley J, Linnenkamp U, Shaw JE.
Global estimates of diabetes prevalence
for 2013 and projections for
2035. Diabetes Research and Clinical
Practice. 2014;103:137-149.

2. Atefi M, Ghazanfari S, Ostad SN,
Ghahremani MH, Abdollahi M. Alteration of
glucose homeostasis by rolipram and
milrinone but not sildenafil in rat primary
hepatocytes culture. Prog Med Res. 2005;
2(13):1-12.

3. Abdollahi M, Donyavi M,
Pournourmohammadi S, Saadat M.
Hyperglycemia associated with increased
hepatic glycogen phosphorylase and
phosphoenolpyruvate carboxykinase in
rats following subchronic exposure to
malathion. Comp Biochem Physiol C
Toxicol Pharmacol. 2004;137:343-347.

4, Soliman MM, Ahmed MM, El-Shazly SM.
Cinnamon  extract regulates gene
expression of lipid and carbohydrate
metabolism in streptozotocin induced
diabetic wistar rats. American Journal of
Biochemistry and Biotechnology. 2013;
9(2):172-182.

5. Rakieten N, Rakieten ML, Nadkarni V.
Studies on the diabetogenic action of
streptozotocin (NSc-37917). Cancer
Chemotherapy Reports. 1963;29:91-98.

10.

11.

12.

13.

14.

15.

16.

Mhya et al.; IJBCRR, 13(3): 1-12, 2016; Article no.lJBCRR.27598

Cheng AYY, Fantus IG. Oral
antihyperglycemic therapy for type 2
diabetes mellitus. Can. Med. Assoc.

Journal. 2005;172:213-226.

El-Kaissi S, Sherbeeni S. Pharmacological
management of type 2 diabetes mellitus:
An update. Curr Diabetes Rev. 2011;7(6):
392-405.

World  Health  Organization  expert
committee on diabetes mellitus, second
report. Technical report series 646. World
Health Organization, Geneva. 1980;66.
Hers HG. Mechanisms of blood glucose
homeostasis. J Inherit Metab Dis. 1999;
13:395-410.

Agius L. New hepatic targets for glycemic
control in diabetes. Best. Pract. Res. Clin.
Endocrinol. Method. 2007;4:587-605.
Zarmouh KS, Muftah M, Viswanathan S,
Kumar PG. Cause and effect of Plumbago
zeylanica root extract on blood glucose
and hepatic enzymes in experimental
diabetic  rats.  African  Journal  of
Microbiology Research. 2010;4(24):2674-
2677.

Parka H, Junga UJ, Choa S, Junga H,
Shimd S, Choi M. Citrus unshiu peel
extract ameliorates hyperglycemia and
hepatic steatosis by altering inflammation
and hepatic glucose-and lipid-regulating
enzymes in db/db mice. Journal of Nutr
Biochemistry. 2013;24:419-427.

Farsi E, Ahmad M, Hor SY, Ahamed MBK,
Yam MF, Asmawi ZM. Standardized
extract of Ficus deltoidea stimulates insulin
secretion and blocks hepatic glucose
production by regulating the expression
of glucose-metabolic genes in
streptozitocin- induced diabetic rats. BMC
Complementary and Alternative Medicine.
2014;14:220.

Kolawale OT, Akanji MA. Effects of extract
of leaves of Newbouldia laevis on the
activities of some enzymes of hepatic
glucose metabolism in diabetic rats.
African Journal of Biotechnology. 2014;
13(22):2273-2280.

Perola de Oliveira M, Michele de Sales P,
monteiro de Souza P, Simeon LA, Sil
Veira D. Alpha amylase inhibitors: A
review of raw materials and isolated
compounds from plant source. Journal of
Pharmaceutical Sci. 2011;15(1):141-183.
Bahadoran Z, Mirmiran P, Azizi F. Dietary
polyphenols as potential nutraceuticals in
management of diabetes: A review. J of



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Diabetes and Metabolic Disorders. 2013;
12:43.

Waltner-Law ME, Wang XL, Law BK, Hall
RK, Nawano M, Granner DK.
Epigallocatechin gallate, a constituent of
green tea, represses hepatic glucose
production. J Biol Chem. 2002;277:
34933-34940.

Jung EH, Kim SR, Hwang IK, Ha TY.
Hypoglycemic effects of a phenolic acid
fraction of rice bran and ferulic acid in
C57BL/KsJ-db/db mice. J Agric Food
Chem. 2007;9800-9804.

Prasath GS, Subramanian SP. Modulatory
effects of fisetin, a bioflavonoid, on
hyperglycemia by attenuating the key
enzymes of carbohydrate metabolism in
hepatic and renal tissues in streptozotocin-
induced diabetic rats. Euro. Journal of
Pharmacol. 2011;668(3):492-496.

Srinivasan S, Sathish G, Jayanthi M,
Jayanthi M, Muthukumaran J,
Muruganathan J, et al. Ameliorating effect
of eugenol on hyperglycemia by

attenuating the key enzymes of glucose
metabolism in  streptozotocin-induced
diabetic rats. Molecular and Cellular
Biochemistry. 2014;385(1-2):159-168.

Hall JB, Waljer DH. School of agricultural
and forest science. Banger: University of
Wales. Balanites aegyptiaca Del. A
Monograph. 1991;1-12.

Hall JB. Ecology of a key African
multipurpose tree  species Balanites
aegyptiaca Del. The state of knowledge.
Forest Ecol Manag. 1992;50:1-30.

Daya LC, Vaghasiya HU. A review on
Balanites aegyptiaca Del (desert date):
Phytochemical constituents, traditional
uses, and pharmacological activity.
Pharmacogen Rev. 2011;5(9):55-62.

Samir AM, Zaahkouk S, Rashid ZA, Mattar
AF. Anti — diabetic properties of water and
ethanolic extract of Balanites aegyptiaca
fruits flesh in senile diabetic rats. Egyptian
Journal of Hospital Medicine. 2003;10:90-
108.

Motaal AA, Shaker S, Haddad PS.
Antidiabetic activity of standardized extract
of Balanites aegyptiaca fruits using cell-
based bioassays. Parmacognosy Journal.
2012;4(30):20-24.

Mansour HA, Newairy AA. Amelioration of
impaired renal function associated with
diabetes by Balanites aegyptiaca fruits in
streptozotocin-induced diabetic rats. J Med
Res Inst. 2000;21:115-125.

Mhya et al.; IJBCRR, 13(3): 1-12, 2016; Article no.lJBCRR.27598

10

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Salwa AM, ElI Hadidi MN. Flavonoids
of Balanites aegyptiaca (Balanitaceae)
from Egypt. Plant Syst Evol. 1988;
160:153-158.

Sarker SD, Bartholomew B, Nash
RJ. Alkaloids from Balanite

aegyptiaca. Fitoterapia. 2000;71:328-330.
Skim F, Lazrek HB, Kaaya A, El-amri H,
Jana M. Pharmacological studies of two
antidiabetic plants: Globulria alypun and
Zypophyllum gaetulumm. Therapie. 1999;
54(6):711-715.

Al-Malki AL, Barbour EK, Abullnaja KO,

Moselhy SS. Management of
hyperglycemia by ethyl acetate extract of
Balanites aegyptiaca (Desert Date).

Molecules. 2015;20:14425-14434.

Jung MY, Jeon BS, Bock JY. Free,
esterified and insoluble bound phenolic
acids in white and red ginsengs (Panax
ginseng C.A. Meyer). Food Chem. 2002;
79:105-111.

Govorko D, Logendra S, Wang Y, Esposito
D, Komarnytsky S, David R, et al.
Polyphenolic compounds from Artemisia
dracunculus L. inhibit PEPCK gene
expression and gluconeogenesis in an
H4lIE hepatoma cell line. Am J Physiol
Endocrinol Metab. 2007;293:1503-1510.
Edeoga HO, Okwu DE, Mbaebie BO.
Phytochemical constituents of some
Nigerian  medicinal plants. Afr J
Biotechnol. 2005;4:685-688.

Meda A, Lamien CE, Romito M, Millogo J,
Nacoulma OG. Determination of the total
phenolic, flavonoid and praline contents in
Burkina Fason honey, as well as
their radical scavenging activity. Food
Chemistry. 1999;91:571-577.

Singleton VL, Orthofor R, Lamuel-
Ranevtos RM. Analysis of total phenol and
other oxidation substrates and antioxidants
by means of Folin-ciocalteauls reagent.
Met. Enzymology. 2002;299:152-157.
OECD guidelines for testing chemicals
425. Acute oral toxicity; up-and-down
procedure. Organization of Economic
Company and Development (OECD);
1998a. Paris.

Bruce RD. An up-and-down procedure for
acute toxicity testing. Fundamental Applied
Toxicology. 1985;5:151-152.

Beach EF, Turner JJ. An enzymatic
methods for glucose determination in body
fluids. Clin. Chem. 1958;4:462-465.
Plummer DT. Isolation and assay of
glycogen from liver and skeletal muscles of



40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

rats: In Goel RK, Mahajan MP, Kulkarni
SK. Evaluation of antihyperglycemic
activity of some novel monocyclic beta
lactams. Journal of Pharm Pharmaceut
Sci. 2004;7(1):80-83.

Amruster AD. Fructosamine;
analysis and clinical usefulness.
Chem. 1987;33(12):2153-2163.
Bradford MM. A rapid and sensitive
method for quantitation of microgram
guantities of protein utilizing the principle
of protein-dye binding. Analytical
Biochemistry. 1976;72:248-254.

Fossati P, Prenape L. Serum triglycerides
determined colorimeterically with enzyme

structure,
Clin.

that produce hydrogen peroxide. Clin.
Chem. 1982;28:2077-2080.

Roeschlau P, Bernt E, Gruber W.
Enzymatic determination of total

cholesterol in serum, Z. Kin. Chem. Klin.
Biochem. 1974;12(5):226-227.

Lopes-Virella MF, Stone S, Ellis S, Collwell
JA. Cholesterol determination in high-
density lipoproteins separated by three
different methods. Clin. Chem. 1977;23:

882-886.

Marchell WJ.  Estimation of the
concentration of low-density lipoprotein
cholesterol in plasma. In Clinical

Chemistray, 1992; 2" ed., Gower Medical
Publishing, UK. 1992;222-236.

Goward CR, et al. Enzymatic assay of
glucokinase. Sigma Quality Control Test
Procedure. 1986;1-4.

Deutsch J, Glucose-6-phosphate
dehydrogenase In: Bergmeyers Methods in
Enzymatic Anal., 3 Edition Beach, FL:
Verlag Chemie. 1989;190.

Majumder AL, Eisenberg F Jr. In: Biswas
T, Lahiri Majumder A, Guha G, Thakurt A,
Mukherjee KL, (1982). Fructose-1, 6-
bisphosphatase in human fetal brain and
liver during development. J. Biosci. 1977;
4(2):167-173.

Chang HC, Lane MD. The enzymatic
carboxylation of phosphoenolpyruvate.
II.  Purification and properties of
liver mitochondrial phosphoenolpyruvate
carbooxykinase. Journal of Biochemistry.
1966;241:2413-2420.

Bergmeyer HU, Bernt E. Lactate-
dehydrogenase, UV-assay with pyruvate
and NADH. In: Bergmeyer HU, (ed.).
Methods of enzymatic analysis. Academic
Press, New York. 1974;2:574-579.
Baginski ES, Foa PP, Zak B. Glucose-6-
phosphatase. In: Methods of enzymatic

Mhya et al.; IJBCRR, 13(3): 1-12, 2016; Article no.lJBCRR.27598

11

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

analysis. (Ed. Bergmeyer HU). New York:
Verlag Chemie Weinheim. Acad. Press
Inc.1974;737-764.

Danforth WH. Glycogen synthase assay.
Journal of Biological Chemistry. 1965;240:
588.

Pesce AJ. Lactate dehydrogenase. In:
Kaplan LA, Pesce AJ, eds. Clinical
chemistry: Theory, Analysis, and

Correlation. St. Louis: CV Mosby. 1989;
924-928.

Pogson CI, Denton RM. Effect of alloxan
diabetes, starvation and refeeding on
glycolytic kinase activities in rat epididymal
adipose tissue. Nature. 1967;216:156-157.
Duncan BD. Multiple range test for
correlated and heteroscedastic means.
Biometrics. 1957;13:359-364.

Chand GS, Sumanth S, Mitac K.
pharmacogstical and phytochemical
evaluation of Balanites aegyptiaca Delile
stem bark. Int Res Jour of Pharmacy.
2012;3(7):169-173.

Mota FL, Queimada AJ, Pinho SP, Macedo
EA. Aqueous solubility of some natural
phenolic compounds. Indust Eng Chem
Res. 2008;47:518-5189.

Vats V, Yadav SP, Grover JK. Ethanolic
extract of Ocimum sanctum leaves
partially attenuates streptozotocin-induced
alterations in glycogen content and
carbohydrate metabolism in rats. J.
Ethnopharmacol. 2004;90:155-160.

Jang SM, Kim MJ, Choi MS, Kwon EY, Lee
MK. Inhibitory effects of ursolic acid on
hepatic polyol pathway and glucose
production in streptozotocin-induced
diabetic mice. Metab. Clin. Exp. 2010;
59(16):512-519.

Ramachandran V, Saravanan R. Efficacy
of asiatic acid, a pentacyclic triterpene on
attenuating the key enzymes activities of
carbohydrate metabolism in streptozotocin-

induced diabetic rats. Phytomedicine.
2013;20:230-236.

Murphy ED, Anderson JW. Tissue
glycolytic and gluconeogenic enzyme
activities in mildly and moderately
diabetic rats: Influence of Tolbutamide

Administration Endocrinology. 1974;94(1):
27-34.

Aderibagbe AD, Adeghate E, Sharm AK,
Pallot DJ, Singh J. Antihyperglycemic
effect of Mangifera indica in rats. Phytother
Res. 1999;13(6):504-507.

Rydgren T, Sandler S. The protective
effect of simvastatin against low dose



64.

65.

66.

67.

68.

69.

streptozotocin induced type 1 diabetes
in mice is independent of inhibition of
HMG-CoA reductase. Biochemical and
Biophysical Research Communications.
2009;379(4):1076-1079.

Gopalakrishnan G, Dhanapal CK.
Evaluation of anti-diabetic activity of
methanolic extract of Coleus vettiveroides
Jacob in streptozotocin-induced diabetic
rats. J. Pharm. Sci. & Res. 2014;6(2):97-
103.

Unno T, Tago M, Suzuki Y. Effect of tea
catechins on postprandial plasma lipid
responses in human subjects. British
Journal of Nutrition. 2005;93(4):543-547.
Sugiyama H, Akazome Y, Shoji T.
Oligomeric ~ procyanidins in  apple
polyphenol are main active components
for inhibition of pancreatic lipase and
triglyceride  absorption.  Journal  of
Agricultural and Food Chemistry. 2007,
55(11):4604-46009.

Latha M, Pari L. Antihyperglycemic effect
of Cassia auriculata in experimental
diabetes and its effects on key metabolic
enzymes involved in  carbohydrate
metabolism. Clinical Exp. Pharmacol.
Physiol. 2003;30:38-43.

Deepak KGK, Nageswara RR Neelapu,
Surekha C. Role of antidiabetic
compounds on glucose metabolism — a
special focus on medicinal plant: Salacia
sps. Med chem. 2014;4(3):373-381.
Farombi EO, Owoeye O. Antioxidative and
chemopreventive properties of Vernonia
amygdalina and Garcinia biflavoniod. Int J
Environ Res Public Health. 2011;8:2533-
2555.

Mhya et al.; IJBCRR, 13(3): 1-12, 2016; Article no.lJBCRR.27598

70.

71.

72.

73.

74.

75.

Reaven GM. Role of insulin resistance in
human disease. Diabetes. 1988;37(12):
1595-1607.

Pari L, Satheesh MA. Effects of
pterostilbene on hepatic key enzymes of
glucose metabolism in streptozotocin and
nicotinamide induced diabetic rats. Life
Sci. 2006;79(7):641-645.

Kazeem MI, Akanji MA, Yakubu MT,
Ashafa AOT. Protective effect of free and
bound polyphenol extract from ginger
(Zingiber officinale Roscoe) on the hepatic
antioxidant and some carbohydrate
metabolizing enzymes of streptozotocin-
induced diabetic rats. Evidence-Based
Complementary and Alternative Medicine.
2013;1-7.

Srinivasan S, Sathish G, Jayanthi M,
Jayanthi M, Muthukumaran J,
Muruganathan J, et al. Ameliorating effect
of eugenol on hyperglycemia by

attenuating the key enzymes of glucose
metabolism in  streptozotocin-induced

diabetic rats. Molecular and Cellular
Biochemistry. 2014;385(1-2):159-168.
Birudu RB, Naik MJ, Janardhan M.

Ethanolic extract of Passiflora foetida and
silver nanoparticles on carbohydrate
metabolic enzymes of dextrose induced

diabetic rats. J. Biochem Biopharm
Biomed. Sci. 2015;1:12-19.
Gutierrez  RMP.  Evaluation of the

hypoglycemic and hypolipidemic effects
of  triterpenoids  from Prosthechea
michuacana in STZ-induced type 2
diabetes in mice. Pharmacologia. 2013;4,
170-179.

© 2016 Mhya et al.; This is an Open Access atrticle distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/16170

12



