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ABSTRACT

The progression of diabetic complications is marked by abnormal values of some
haematological and biochemical parameters and the toxic effects of some drugs use for
the management of diabetes has also contributed in the derangements of these
parameters. Plant-based natural medicines are popularly acclaimed to be safe, cheaper
than allopathic drugs, available and affordable. The present study was designed to
evaluate the efficacy of ethanol leaf extract of Adansonia digitata in diabetic-induced
experimental rats. Forty five male rats were allotted into five groups: (1) normal control,
(2) diabetic rats untreated, (3) diabetic rats administered 2.5 mg Kg'b.wt of
glibenclamid (4) and (5) received 200 and 400 mg Kg’b.wt leaf extract of A. digitata
respectively. After treatments, biochemical and heamatological parameters were
determined. Significant reduction (p<0.05) of blood g/ucose and increased body weight
among text groups were recorded as against Group 2. MDA decreased significantly
(p<0.05) in Group 5 and not significant (p>0.05) in experimental group administered
200 mgkg’b.wt of the extract compared with Groups 1 and 2. Total protein level
increased in the test groups and decreased in Group 2 against Group 3. Heamatological
parameters (PVC, RBC and WBC) significantly (p<0.05) increased in groups 4 and 5 in
comparison with positive control (Group 2). Similar results were obtained when
compared with normal control group. The result suggests that the leaf extracts of A.
digitata are safe and capable of ameliorating haematological and some biochemical
abnormalities associated with diabetes mellitus, thus, could be recommended as adjunct
to dietary therapy.
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INTRODUCTION

Diabetes mellitus (DM) is a disease
characterized by excessive increase in blood
glucose levels (Shaw et al, 2010). Diabetic
patients has reached 451 million adults
worldwide as at 2017, with a projected increase
of up to 693 million by the year 2045 (IDF,
2019). Diabetes contributes to huge amount of
the global health expenditure in the world. In
Africa, it is estimated that more than 25 million
people were affected by diabetes, with about
69.2 % diabetic cases undiagnosed and the
number is projected to be more than 40 million
by the year 2045 (WHO, 2017). The progression
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of diabetic complications is marked by abnormal
values of some haematological and biochemical
parameters (Abou-Seif and Youssef, 2004;
Alsaad and Herzenberg, 2007; Zadhoush et al,
2015; Milosevic and Panin, 2019; Arkew et al.,
2021) and the toxic side effects of drugs used in
the treatment of diabetes has also contributed
to the derangements of biochemical and
haematological indices associated with the
progression of diabetic complications followed
with the generation of free radicals in the
pathophysiology of the disease (Oyedemi et al.,
2011).

Continuous use of some therapeutic
drugs such as sulphonylureas and biguanides
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can induce severe damage with hypoglycemia
being the first line of attack in diabetic patients
(Kalra et al., 2013; Haq et al., 2021). Changes
in biochemical and hematological indices of
diabetic subjects on oral antidiabetic agents
have been reported (Wadkar et a/., 2008; Rena
et al., 2017). This information has created new
insights to the development of more effective
drugs and has led to the exponential increase in
the use of herbs as alternative therapy due to
their efficacy, safety, easy accessibility and
reduced or complete absence of cytotoxic side
effect. Many researchers have recommended
the use of herbs as alternative therapy to
synthetic drugs and a great number of modern
medicines that are plant-based are considered
as important sources of medicinal agents to
treat different diseases (Njoku and Obi, 2009).
For drug development, bioactive compounds like
flavonoids, tannins, phenols and alkaloids in
medicinal plants play a vital role (Khan et al.,
2019). In recent years, the use of herbs has
received considerable attention as an alternative
way to compensate for perceived deficiencies in
orthodox pharmacotherapy worldwide (Ekor,
2014). Plant-based natural medicines are
generally acclaimed to be safe, though scientists
advocate for proper toxicological studies (Asif,
2015) in other to ensure safety in the use of
natural medicines.

Medicinal plants are used in several
countries to manage different metabolic
diseases and are available and affordable than
allopathic drugs to many, especially in
developing countries such as Nigeria (Sofowora
et al, 2013). More than 400 local plants have
been reported to have medicinal values and
Adansonia digitata L. (Malvales: Malvaceae) is
one of such plants (Sharma et al, 2015).

A. digitata commonly called Baobab is
an important African tree because of its
medicinal and nutritional values (Kamatou et al.,
2011). Baobab is an emblematic, culturally
important and physically majestic sub-tropical
tree (Kamatou et al., 2011; Sa’'id et al, 2020;
Sodimu et al, 2020). The tree has attracted
the interest of some pharmaceutical companies
and researchers due to its various traditional
uses (medicinal, nutritional and cosmetic).
European Commission has authorized the
importation of A. digitata fruit pulps as a novel
food (Buchmann et a/, 2010) and in 2009, the
US Food and Drug Administration approved the
use of A. digitata fruit pulps as ingredient in
drink and food in the United State of America
(Addy, 2009). The plant has been shown to
contain  excellent antioxidant and anti-
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inflammatory properties. Various parts of the
tree are used to treat different kinds of ailments
(De Caluwé et al, 2010; Kamatou et al., 2011).
Different parts of the plant (e.g. leaves, bark,
fruit pulp) possess analgesic, immune stimulant,
anti-inflammatory, antihelmintic, hypoglycaemic,
insect repellent and pesticidal properties (Tanko
et al., 2008; De Caluwé et al., 2010; Kamatou et
al, 2011; Ogunleye et al, 2019). The leaf
extract has shown more potent antioxidative
capacity than vitamin C (Ayele et a/, 2013). The
methanol extract of the stem bark has been
reported to possess hypoglycaemic activity in
streptozotocin-induced diabetic rats (Tanko et
al., 2008). Further, studies by some researchers
have demonstrated that the methanol extract of
the leaf and pulp of the A. dligitata possess
hypolipidaemic effect (Geidam et al, 2004;
Bako et al, 2014) making it relevant in the
management of some metabolic disorders.

This study was set up to evaluate the
potency of the leaf extract on induced diabetic
rats. Specifically, the study sort: to determine
the effect of the leaf extract on glucose level of
the diabetic rats, determine the changes in
heamatological parameters (PVC, RBC and
WBC) in induced diabetic rats and investigate
the effect of the extract on the total protein and
oxidative stress parameter (MDA) of the
experimental rats.

This work is significantly important as
biochemical and haematological changes are
major observable clinical and pathological
features common with diabetes. Development of
complications is certain in diabetes with increased
risk of biochemical and haematological
derangement of the markers, hence the
relevance of this investigation.

MATERIALS AND METHODS

Apparatus/Equipment: AccuCheck Machine,
UV-Visible Spectrophotometer (W572 China),
Electronic Balance, Cyanmethaemoglobin and
Microhaematocrit Centrifuge (SH120 China).

Chemicals/Reagents: All the used chemicals
were of the highest analytical grades
commercially available. These include; ethanol,
acetic acid, alloxan, picric acid, thiobarbituric
acid, total protein test kit (Randox United
Kingdom).

Collection and Preparation of Plant
Material: A. digitata leaves were obtained from
a farm in Kaduna State, Northern part of Nigeria
where it is dominantly grown. The plant was
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identified and authenticated by the a plant
taxonomist in the Department of Plant Biology
and Biotechnology Herbarium Unit, Faculty of
Life Sciences, University of Benin, Benin City,
Edo State in collaboration with Department of
Plant Science and Biotechnology, Michael
Okpara University of Agriculture, Umudike,
where voucher specimen (UBH-A473) was kept
for referral purposes in the departmental
herbarium. The leaves were milled into a
powdered form using manual blender. 470 g of
the milled material was extracted with analytical
grade ethanol 1.5 litres (v/v) using maceration
method for a period of 48 hours, filtered with
Whatmann No. 4 filter paper and concentrated
using rotary evaporator at a controlled
temperature of 45 °C.

Acute Toxicity and Phytochemical Assay of
A. digitata Leaf Ethanolic Extract: Twelve
rats were used for oral LDsy determination, and
were grouped into four groups of three rats
each. The first three groups were administered
with 10, 100 and 1000 mg/kg body weight of
the extract respectively and mortality
monitored, while the last group was subdivided
into three groups of one rat each and were
administered with 2500, 3500 and 5000 mg/kg
body weight of the extract respectively and
mortality monitored. LDs, was calculated as:
LDsy = [Mo + M;] + 2, where My = highest dose
of test substance that gave no mortality and M,
= lowest dose of test substance that gave
mortality (Lorke, 1983).

Phytochemical screening of A. digitata
leaf ethanolic extract for the presence of
secondary metabolites such as alkaloids,
flavanoids, phenols, tannins, saponins and
steroids was adopted from the study of Bharti et
al (2016).

Experimental Design: Forty five male albino
rats (110 £ 5 g) were used for the study. The
animals were purchased from Animal Genetics
and Breeding Laboratory, Department of
Zoology and Environmental Biology, University
of Nigeria, Nsukka. The rats were acclimatized
for seven days in the Animal House, Department
of Biochemistry, Michael Okpara University of
Agriculture, Umudike in accordance with the
procedure approved by MOUAU Animal
Research Ethics Committee. Furthermore, the
animals were cared for according to prescribed
international guiding principles for biochemical
research involving the use of animals (CIOMS,
1985). The rats were fasted for 24 hours and
induced with 150 mgkg™ of alloxan to establish
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diabetes. The diabetes was confirmed after 72
hours post-induction using Accu-Check machine.
The experiment was laid down using a complete
randomized design (CRD) of five treatments
replicated thrice with each replicate having
three rats as follows: Group 1 normal rats
(positive control), Group 2 diabetic rats’
untreated (negative control), Group 3 diabetic
rats given 2.5 mg of Glibenclamide (standard
control), Group 4 diabetic rats + 200 mg of
baobab leaf extract and Group 5 diabetic rats +
400 mg of baobab leaf extract. The test
concentrations used were obtained by dividing
the LDsy (3500 mg/kg) by a factor (17.5) to get
the initial dose (200 mg/kg) that was
subsequently doubled (400 mg/kg). The rats
were fed pelleted feed (Vital Feeds, Grand
Cereals Limited, Nigeria: 16 % crude protein
and 2800 Kcal/kg metabolizable energy) and
portable drinking water ad /ibitum. The animals
were treated for twenty one days, after which it
was bled and blood samples obtained and used
for parameters analysis.

Determination of Haematological Parameters:
Blood samples were collected through cardiac
puncture under anesthesia into EDTA bottle.
Pooled blood sample (1 ml per rat, 9 ml per
treatment) was used. Haematological
parameters were analysed using a haematology
analyzer (Mindray Auto Hematology Analyzer,
BC-5200, USA.) following the methods of
Chhabra (2018). The parameters assayed were
as follows: white blood cell count (WBC), red
blood cell count (RBC), haemoglobin (Hb), and
packed cell volume (PCV).

Determination of Biochemical Parameter:

Determination of blood glucose: Glucose
was determined using Accu-Check machine.

Determination of total protein: Total protein
determination followed the method of Lowry
(1951) using RANDOX test kit for total protein.
The principle lies on the fact that at pH 7.0,
proteins form a stable complex with Cu?*, which
can be photometrically measured. Total protein
test was as follows: three test tubes, blank,
standard and sample were labeled and to the
sample tubes were added 0.02 ml of serum, to
the standard test tube, a volume, 0.02 ml of
protein standard was added and 0.02 ml water
to the blank test tube. One mililitre of the
protein reagent was added to the test tubes
each. This was mixed and left to stand for 25
minutes at room temperature (20 — 25°C). The
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absorbance was read at 540 nm. Total serum
proteins (g/dL) = Absorbance of sample +
Absorbance of standard x 5.

Determination of malondialdehyde: The
product of the reaction between malondialdehyde
(MDA) and thiobarbituric reactive substances
(TBARS) were measured by a modified direct
determination of malondialdehyde by HPLC
method (Li and Chow, 1994).

Statistical Analysis: Statistical analysis was
performed using IBM SPSS version 25 statistical
package. The data were subjected to one way
analysis of variance (ANOVA) followed by Tukey
post-hoc test. All the results were expressed as
mean + SEM and were considered statistically
significant when p<0.05.

RESULTS AND DISCUSSION

Acute toxicity study of A. digitata leaf ethanolic
extract showed that the extract was relatively safe
up to 3500 mg/kg body weight of rat. Maazu et ai.
(2021) in an earlier study reported the LDs, of A.
digitata leaf n-hexane fraction, chloroform, ethyl
acetate and methanol extracts to be above 5000
mg/kg body weight of rat indicating that the
extract was non-toxic.

Phytochemical composition of A. digitata
leaf ethanolic extract revealed the presence of
numerous bioactive compounds which include:
alkaloids, amino acids, amines and carboxylic acid
derivatives, anthranoids, carbohydrates,
glycosides, flavanoids, minerals, vitamins and
inorganic compounds, peptidoglycans, polyphenol
and its derivatives, saponins (Bharti et al, 2016).

The assessment of haematological and
biochemical parameters in diabetic rats treated
with ethanol leaf extract of A. digitata indicated
that the WBC, HB, RBC, PCV, blood sugar, body
weight, malondialdehyde and total protein of rats
treated with 400 mgkg™ b.wt of ethanol A. digitata
leaf extract were able to bring nearer to normal all
the values for analyzed parameters when
compared to the positive control (Group 1). These
values differ significantly (p<0.05) with the
untreated positive control (Group 2) and not
significantly different (p>0.05) with the diabetic
rats administered with 2.5 mg/Kg® b.wt. of
glibenclamide (negative control). The results were
in agreement with the existing literatures strongly
suggesting appreciable medicinal potentials of A.
digitata in treatment of diabetes and other
different ailments (De Caluwé et a/,, 2010; Abiona
et al, 2015; Ebaid et al, 2019; Yakubu et al,
2020).
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Administration of leaf extracts resulted to
a dose-dependent significant reduction (p<0.05)
in the blood glucose concentration. The glucose
concentration of the untreated diabetic rats
(Group 2) increased significantly (p<0.05)
compared to positive control (Group 1) (Table 1).
Glucose level of the test group treated with 400
mg/Kg' body weight of the extracts decreased
significantly against the untreated diabetic rats
(Group 2), and non-significant difference was
recorded in the glucose levels of the positive
control (Group 1) as against rats in groups 3 and
5. This result suggests that A. digitata possesses
antidiabetic potential which may be attributed to
the chemical constituents of the extracts. Abiona
et al (2015) had reported the presence of
polyphenols, flavonoids, terpenoids and other
constituents in A. digitata leaf. However, the
actual mechanism by which the plant extract
brings about its antidiabetic effect is still
investigated but can be suggested to be due to its
antioxidant  properties exhibited by some
phytochemicals present (Salehi et al, 2019). The
plant extract may have exerted its action on the
beta cells of the Islet of Langerhans in the
pancrease of the animals since alloxan induces
diabetes in experimental animals by destroying the
beta cells of the Islet of Langerhans. Olayiwola et
al (2004) had reported that the high
concentration of phytonutrients may be
responsible for the therapeutic values of the plants
in the management of diabetes mellitus.

The results also revealed a progressive
body weight loss in the negative control (Group
2) as compared to the positive control (Table 2).
This may be attributed to the excessive
breakdown of tissue protein and fatty acids
occasioned by decrease in plasma insulin level.
Lack of insulin may lead to inhibition of protein
synthesis and increased degradation of the
metabolites leading to increases amino acid
levels in the blood which is subsequently used for
gluconeogenesis (Qian et a/, 2015). Body weight
increased following administration of 400 mgkg™
of the extract compared to Group 2. Similar trend
was reported in STZ-induced diabetic rats treated
with Punica granatum Linn. (Myrtales: Lythraceae)
leaves extract (Mestry et al, 2017). It can be
suggested that the extract has the ability to
minimize muscle loss and rate of protein
degradation.

The haematological indices of diabetic
rats treated with A. digitata leaf ethanol extract to
assess its effects on the anaemic status indicated
that the Hb and RBC levels in Group 2 rats
contrasted with that of Group 1 rats in a reduced
proportion (Table 3).
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Table 1: Glucose level of alloxan-induced diabetic rats treated with ethanol leaf extract of
Adansonia digitata

Groups Treatments Glucose level
(mg/L)
Group 1 Normal non-diabetic healthy rats (positive control) 105.00 + 21.26°
Group 2 Diabetic rats untreated (negative control) 456.68 + 76.69°
Group 3 Diabetic rats treated with 2.5 mg/Kg of glibenclamid (standard control) 228.00 + 9.90¢
Group 4 Diabetic rats treated with 200 mg/Kg of Adansonia digitata leaf extract 203.25 + 21.56¢
Group 5 Diabetic rats treated with 400 mg/Kg™ of Adansonia digitata leaf extract 160.00 + 8.80°

®Means on the same column with different letter superscript are significantly different (p<0.05)

Table 2: Body weights of alloxan-induced diabetic rats treated with ethanol leaf extract
of Adansonia digitata

Groups Treatments Body weight
(9)
Group 1 Normal non-diabetic healthy rats (positive control) 160.10 + 2.81°¢
Group 2  Diabetic rats untreated (negative control) 80.90 + 13.54°
Group 3  Diabetic rats treated with 2.5 mg/Kg of glibenclamid (standard control) 116.28 + 6.49°
Group 4 Diabetic rats treated with 200 mg/Kg of Adansonia digitata leaf extract 120.30 £+ 5.72°
Group 5 Diabetic rats treated with 400 mg/Kg™ of Adansonia digitata leaf extract 130.00 % 3.63¢

?®Means on the same column with different letter superscript are significantly different (p<0.05)

Table 3: Haematological indices and Total protein of alloxan-induced diabetic rats treated
with ethanol leaf extract of Adansonia digitata

Groups Treatment Hb RBC PCV WBC Total
(g/dI) (g/dI) (g/dI) (g/dI) protein
(g/dl)

1 Normal non-diabetic healthy rats 13.50 £ 172.67 + 54.50 + 79.50 + 6.25 £
(positive control) 1.74 21.21¢ 5.29¢ 3.42¢ 0.42¢

2 Diabetic rats untreated (negative 7.50 = 130.00 43.00 49.00 % 4.50 £
control) 0.00° 14.14° 0.71° 4,37° 0.70°

3 Diabetic rats treated with 2.5 11.30 £ 161.25 % 50.00 + 71.25 4.08
mg/Kg of glibenclamid (standard 0.34° 8.54° 0.71° 7.36° 0.65?
control)

4 Diabetic rats treated with 200 12.20 £+ 168.20 % 51.00 75.00 490
mg/Kg of Adansonia digitata leaf 1.43¢ 0.00%¢ 2.21¢ 0.00¢ 0.00¢
extract

5 Diabetic rats treated with 400 13.00 + 170.67 % 54.20 79.30 5.60 £
mg/Kg™ of Adansonia digitata leaf 0.304 9.57¢ 3.00¢ 0.83¢ 0.08¢
extract

“€Means on the same column with different letter superscript are significantly different (p<0.05)

In the same way, WBC, Hb and RBC
significantly increased (p<0.05) in all test
groups compared with the untreated diabetic

decrease (p>0.05) in PCV, WBC, Hb and RBC
levels recorded in the diabetic rats was
drastically increased to near normal level

rats and the positive control rats (Group 1).
Various haematological indices and the immune
system have been reported to be altered during
diabetes (Mansi and Lahham, 2008). Ajagbonna
et al. (1999) reported the alteration of normal
haematological and biochemical values of rats
treated with extract of Calotropis proceraW. T.
Aiton (Gentianales: Apocynaceae). However, the
results of this suggest that leaf extract of A
digitata are safe and capable of normalizing
haematological abnormalities associated with
diabetes mellitus thus could be prescribed as
adjunct to dietary therapy and main therapy for
management of diabetes mellitus. The significant

following administration of the leaf extract
across the test groups. The decrease in WBC,
Hb, RBC and PCV values, observed after
administration of alloxan may be due to
abnormal haemoglobin synthesis, failure in
blood osmoregulation and plasma osmolarity
(Stookey et al., 2007). The level of RBCs and its
related indices were appreciably improved as
the extract was given. This gives credence to
the ability of the leaf extract to stimulate the
formation/secretion of erythropoietin, which
triggers stem cells in the bone marrow to
produce red blood cells (Lodish et al., 2010).
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It is an evidence based fact that plasma
protein level suffers changes during disease
(Suzuki, 2006). In the current study total
protein level was found markedly decrease in
untreated diabetic groups in comparison with
the positive control group (Table 3). The
variation in plasma total protein concentration
can be due to any of the following three
changes: in the rate of their catabolism, in the
rate of their anabolism and in the volume of
distribution (Marshall et a/., 2004). Furthermore,
each protein has characteristic half-life in
circulation, for example the half-life of albumin
in normal healthy adult is approximately 20 days
and under diseases conditions, the half-life of
protein may be markedly altered (Levittn and
Levitt, 2016). The observed decreased protein
concentration may be attributed to this.
Generally, protein turnover decreases in disease
conditions. In line with this study, the sample
was able to avert this abnormality as increase
was observed in all tested rats that received the
extract against positive control (Group 2).

Malondialdehyde  (MDA,) is lipid
peroxidation end product and the most often
used oxidative stress marker. Increased MDA
level was recorded in diabetic rats compared to
normal control indicated the overproduction of
free radicals. MDA level non-significantly
decreased (p>0.05) in group treated with 400
mgkg! body weight of the extracts when
compared with the group that received 200
mgkg’ body weight proved the antioxidant
potential of the sample extracts (Table 4).

Table 4: Malondialdehyde of alloxan-
induced diabetic rats treated with ethanol
leaf extract of Adansonia digitata

Groups MDA(mg/dl)
1 16.93 + 0.43°
2 110.21 + 91.08°
3 30.09 + 2.82°
4 49.50 + 6.97¢
5 35.99 + 1.99°

“Means on the same column with different letter
superscript are significantly different (p<0.05)

The antioxidant a property of A. digitata is due
to phytochemicals with their chelating ability
offers protection against free radical attacks.
Studies have also shown that leaf extract of A.
digitata has ten times more potent antioxidative
capacity than vitamin C (Ayele et al.,, 2013).

Conclusion: Results have shown that
administration of 200 and 400 mg/Kg' body
weight of A. digitata leaf extract has antidiabetic
and antioxidant properties. These antioxidant
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properties could be attributed to the high density
of phytonutrients which may be responsible for the
reversal of the effect of diabetes on the
hematological and some biochemical parameters
in this research. It can, therefore, be
ascertained that the leaf extracts of A. digitata
are safe and capable of normalizing
haematological abnormalities associated with
diabetes mellitus thus could be recommended
as adjunct to dietary therapy for diabetes.
Characterization of the solvent fraction to unveil the
bioactive component/compound responsible for
this activity is highly recommended for further
study.
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