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ABSTRACT

Gasca D herbal formulation is an herbal anti-diabetic medication developed from the
combination of Adansonia digitata, Gum Acacia and organic cellulose. Thus, the aim of this
study is to evaluate the hypoglycemic potential and to determine hematological indices and
biochemical parameters of Gasca D herbal formulation in normal and Alloxan induced diabetic
rats. Diabetes was induced by interperitoneal injection of Alloxan monohydrate 150 mg/kg bw
followed by a booster dose of 70 mg/kg bw 48 hours after first induction. Both normal positive
control (group 2) and diabetic treated (group 4) rats received Gasca D herbal formulation at
a dose of 1,000 mg/kg bw for 28 days. Acute toxicity study of Gasca D herbal formulation did
not cause any mortality or abnormalities even after 14 days post treatment in rats up to a dose
of 5,000 mg/kg bw. The result showed a progressive decrease in both weight and glucose
concentration from 1% through the 4™ week of the study, with significant decrease in both
weight and glucose concentration in the 3 and 4% week of normal positive control. There is
a significant (p<0.001) and progressive reduction in blood glucose concentration in diabetic
treated with Gasca D herbal formulation. There was significant increase in PCV, Hb, RBC and
WBC in diabetic rats treated with Gasca D herbal formulation. The mean value of Tchol, HDL,
LDL and Trig for the lipid parameters and AST and ALT for liver function and Electrolyte, urea
and creatinine for kidney function in normal positive and diabetic treated groups was not
found to be significantly (p<0.001) different from normal and diabetic control except for urea
and potassium in normal positive control group treated with Gasca D herbal formulation.
Thus Gasca D herbal formulation can be said to be practically non-toxic herbal formulation
category and can therefore be used in the management of diabetes mellitus.

Introduction

In 2013, the World Health Organization
(WHO) launched the WHO Traditional
Medicine Strategy 2014-2023 [1] prioritizing
that traditional medicine (TM) should be
further developed based on research and
innovation in line with the “Global Strategy and
Plan of Action on Public Health, Innovation
and Intellectual Property” adopted at the 61*
World Health Assembly in 2008. The main aim
is to harness the potential contribution of TM
to health, wellness and people-centered health

care” and “promote the safe and effective use of
TM by regulating, researching and integrating
TM products, practitioners and practice into
health systems, where appropriate [1]”. The
development of a particular TM is a step-by-step
process that usually followed the development
of new herbal medicine, to validate its safety
and efficacy. Herbal medicines are naturally
occurring; with
minimal or no industrial processing that have

plant-derived  substances

been used to treat illness within local or regional
healing practices [2]. The use of herbal medicinal
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products and supplements has received a
tremendous interest and is getting significant
attention in global health care. China, India,
Nigeria, the United States of America (USA)
and WHO have all made substantial research
investments in traditional herbal medicines

m biochemical parameters [3]. Many times herbal medicines and related

m toxicity

86

products are introduced into the market without
any mandatory safety or toxicological evaluation.
These herbal products are continuously made
available to consumers without prescription in
most cases and the potential hazards in an inferior
product are hardly recognized [4]. Despite usage
of herbal medicines by approximately 40% of
all healthcare services delivered in China and
usage of herbal medicine by atleast once by 48%,
70%, 42%, 38%, and 75%, percentage of the
populace in Australia, Canada, USA, Belgium,
and France respectively [5,6], the problem of
safety of herbal remedies continues to remain a
major issue of concern. Therefore it is essential
to identify the risks associated with the use of
herbal medicines, and in this regard, the safety
of these products has become an issue of great
public health importance [1,7]. The aim of the
present study is to determine the safety and
efficacy of Gasca D herbal formulation as an
alternative medication for the management
of diabetes mellitus in wistar albino rats. The
research focuses on determining the acute
and sub-acute toxicity and effect of the herbal
formulation on hematological and biochemical
parameters in order to validate its safety in the
pre-clinical trial. Given the continued rise in the
prevalence of diabetes mellitus worldwide and the
attributable obesity burden is likely to continue
to increase in the coming years. The estimate
given by the International Diabetic Federation
(IDF) that 425 million people presently have
diabetes worldwide with expected increase to
693 million by the year 2045 [8]. This shows
that the disease still remains a serious cause
of morbidity and mortality. Diabetes can be
defined as a disturbances in glucose and insulin
homeostasis, characterized by a deterioration of
glucose control, involving impairment in insulin
stimulation, secretion and action, resulting
in post prandial hyperglycemic rise, which if
not properly controlled can put patients at
increased risk of developing macrovascular and
microvascular complications. Research in the
treatment of diabetes has centered on attempts to
normalize fasting and postprandial blood glucose
levels by aggressively controlling hyperglycemia.
Several studies have demonstrated that, the
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short-term and long-term benefit of improving
glycemic control is crucial in delaying the onset
of diabetes-related complications [9,10]. Because
of the progressive nature of the disease treatment
with two or three agents with different modes
of action can be required as diabetes advances.
However, intensive glycaemic control is not
without risks, such as hypoglycaemia, weight gain
and possible cardiovascular events and mortality
in high-risk individuals. This constitutes the
major force for finding alternatives, mainly from
plant kingdom that are of less severe or even no
side effects.

Herbal remedies and alternative medicines are
used throughout the world and in the past herbs
often represented the original sources of most
drugs [11,12].Herbal-derived substances remain
the basis for a large proportion of the commercial
medications used today for the treatment of
heart disease, high blood pressure, pain, asthma
and other illnesses [13]. For example Biguanides
were derived from the guanidine-rich herb
Galega officinalis (French lilac), which was used
in traditional medicine in Europe [14,15]. Thus
medicinal plants are a big reservoir of useful
chemical compounds not only as drugs, but also
as templates for synthetic analogues.

Gasca D is a 100% organic herbal antidiabetic
drug, produced the
combination of Adansonia Digitata, Gum Acacia
and Starch derived from Hyphaenae Thebaica.
Adansonia digitata (L.) called the baobab tree,
is widespread throughout the hot and drier

exclusively from

regions of tropical Africa [16]. Baobab tree has
multi-purpose uses and every part of the plant
is reported to be useful [17,18]. Baobab leaves,
bark, pulp and seeds are used as food and for
multiple medicinal purposes in many parts
of Africa [19]. Gum Arabic is a dried exudate
obtained from the stem and branches of Acacia
trees [20], mainly Acacia senegal and Acacia
seyal. In modern times, they are used in foods,
pharmaceutical, and many other industries [21-
23]. Supplementation of GA in different forms
to the normal or diabetic or fed-high fat diet
rat/mice significantly reduced blood glucose
levels [24,25]. Ingestion of GA was revealed to
decrease body mass index (BMI) and percentage
of body fat in healthy adult human females [26].
Hyphaene thebaica has an antioxidant activity
due to the substantial amount of water-soluble
phenolic contents of flavonoids within it. These
contents represent conjugates of o-glycosides,
which include quercetin, chrysoeriol, luteolin,
and isorhamnetin H [27,28]. The plant is
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known to possess phytochemical constituents
with antidiabetic capacities [28]. The fruit
shows antimicrobial, anti-inflammatory, and
antihypertensive activity with these activities
attributed for the presence of flavonoids [29-31].

Materials and methods
m Chemicals

Biological kits for estimation of biochemical
parameters  (liver enzymes, lipid profile,
electrolytes, urea and creatinine) were purchased
from roche (germany). Alloxan monohydrate
was purchased from sigma chemicals (St. Louis,
USA). All other chemicals used for this study

were of analytical grade.
= Plant collection

The leaves, pulp and bark of Adansonia digitata
were collected in Kadage community of Ringim
local government area (Jigawa state) Nigeria in

April 2017.
m Extraction procedure

The freshly collected leaves, pulp and bark of
Adansonia digitata were shade dried and then
coarsely grinded to powder. The coarse powdered
leaves and bark were extracted with methanol by
cold maceration for 3 days. After decantation and
filtering the solvent was removed by distillation
over boiling water bath and remaining under
reduced pressure. The extracts so obtained were
further dried in vacuum desiccators.

= Preparation of gasca D

The leaf and bark extract and fruit pulp with gum
arabic were mixed together at room temperature
to form final formulation called gasca D.

m Acute toxicity study

The acute toxicity study for gasca D herbal
formulation was performed in wistar albino
rats using OECD (Organization of Economic
Cooperation and Development) guidelines 423
(Acute toxic class method. In the first phase
of acute toxicity study initial dose of (10, 100
and 1,000 mg/kg bw) was orally administered,
followed by second phase where dose of
(1,900, 2,600 and 5,000 mg/kg bw) was orally
administered to 3 rats per group. 3 rats were
kept as control. Gasca D herbal formulation
was found safe up to a dose of 5,000 mg/kg bw
and no mortality was recorded after 72 hours of
observation.

m Experimental animals

Healthy male wistar albino rats, weighing 180-
230 grams were obtained from the central animal
house, Faculty of Pharmacy, Ahmadu Bello

University, Zaria. The animals were fed standard
pelleted diet, water ad libitum and kept in 12 hrs
light/dark cycle. Twenty rats were divided into
four groups of five animals each: group I (control
group); group II (control+Gasca D) rats given
Gasca D (1,000 mg/kg body wt., orally) for 4
weeks; group III (Diabetic control) rats; group
IV (Diabetic + Gasca D) rats given Gasca D only
(1,000 mg/kg body wt., orally) for 4 weeks.

= Induction of diabetes in rats

Diabetes mellitus was induced according to
the method of Venugopal et al. [32] with some
modification by single intraperitoneal injection
of freshly prepared alloxan monohydrate (150
mg/kg/ body weight) followed by a booster dose
of 70mg/kg bw after 48 hours. The development
of hyperglycemia in rats was confirmed by
fasting blood glucose estimation after 4 days of
initial injection. The animals that maintained
fasting blood glucose higher than 250 mg/dl
were considered diabetic and selected for studies.

= Blood collection

Blood samples were collected from the animals
using orbital techniques for biochemical and
haematological analyses. Blood samples for
clinical chemistry determination were collected
from the retrobulbar plexus of the median canthus
of the eye of the rats [33]. A microcapillary tube
was carefully inserted into the medial canthus of
the eye to puncture the retrobulbar plexus and
thus enable outflow of about 2 ml of blood into
a clean glass tube. The blood was kept at room
temperature for 30 min to clot. Afterwards, the
test tubes containing the clotted blood sample
were centrifuged at 3,000 rev per min using a
table centrifuge. The clear serum supernatant
was then carefully aspirated with syringe and
needle and stored in a clean sample bottle for the
clinical chemistry determinations.

= Hematological assay

Blood samples were collected from rats into
heparinized tubes under light ether anesthesia.
White blood cells (WBC), red blood cells (RBC),
hematocrit (Hct), hemoglobin (Hb), mean cell
volume (MCV), mean cell hemoglobin (MCH),
and mean cell hemoglobin concentration
(MCHC), were measured on Hematology
Analyzer (Abacus, Austria).

m Biochemical analysis

Serum samples were analyzed for the activities
of aspartate aminotransferase (AST), alanine
aminotransferase  (ALT), cholesterol, total
Triglycerides, Bicarbonate, urea and creatinine
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using a commercially available diagnostic kit
from Roche, Germany.

m Statistical analysis

Data were analyzed by one-way analysis of
variance (ANOVA) followed by Students
t-tests using a commercially available statistics
software package (SPSS for Windows, V. 20.0)
program. Results were presented as means =
SD. p values<0.05 were regarded as statistically
significant.

Results

The result indicated that Gasca D was practically
non-toxic herbal drug category, which is safe up
to a dose of 5,000 mg/kg b.w. when tested in
wistar rats. The results showed no clinical signs

and mortality in rats (TABLE 1).

Untreated control group showed a successive
increase in body weight from 1% to 4" week. A
reverse is the case for (treated control) group
that received Gasca D (1,000 mg/kg b.w.) for 4
weeks, the group showed a successive decrease in
body weight from Ist to 4th week of treatment,
the reduction was significant (p<0.05) from 2"
to 3" week and the reduction was significant
(p<0.05) between (treated control) group in 3"
and 4" week when compared with untreated
control (FIGURE 1). Diabetic control group
also showed a successive decrease in body weight
from 1% to 4™ week with a significant (p<0.05)
reduction in body weight from 2™ to 3 week.
However, diabetic rats that received 1,000 mg/
kg b.w dose of Gasca D also showed a significant

Table 1: General appearance and behavioral observations after oral administration Gasca D at

1,000 mg/kg/ bw for 14 days

Observation 6h 12h 24h 48h 72h
Behavioral patterns Normal Normal Normal Normal Normal
Condition of fur Normal Normal Normal Normal Normal
Subcutaneous swelling or lumps Normal Normal Normal Normal Normal
Nasal bleeding Normal Normal Normal Normal Normal
paralysis Normal Normal Normal Normal Normal
Wetness and / or soiling of perineum Normal Normal Normal Normal Normal
Breathing abnormalities Normal Normal Normal Normal Normal
Diarrhea Not Not Not Not Not
observed | observed | observed | observed | observed
Tremors/Corner Not Not Not Not Not
sitting observed | observed | observed | observed | observed
Mortality None None None None None
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Figure 1: Effect of oral administration of Gasca D at 1,000 mg/kg/ bw on Body weight (g) over a
period of 28 days *p<0.05 vs week, “p<0.05 vs group.
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Figure 2: Effect oral administration of Gasca D at 1,000 mg/kg/ bw D on Blood Glucose level (mg/
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Figure 3: Effect of oral administration of Gasca D at 1,000 mg/kg/ bw on Hematological Parame-
ters over a period of 28 days *P<0.01 vs diabetic control, “P<0.01 vs normal control

(p<0.05) reduction in body weight from 2™ to
3" week, but the body weight increased by the 4*
week. Moreover, the results showed that Gasca
D treated diabetic rats have significant (p<0.01)
increased body weight in 3 and 4™ week when
compared with diabetic control (FIGURE 1).

Figure 2

Changes in blood glucose concentration was
significant (p<0.01) in treated control group at
the 4" week when compared with 1* and 2"
week of treatment. Reduction in blood glucose
concentration was also significant (p<0.01) in
treated control group at 3" and 4™ week when
compared with untreated control (FIGURE
2). Diabetic group that received Gasca D at
1,000 mg/kg bw showed a significant (p<0.01)
reduction in blood glucose concentration at 3*
and 4" week respectively. A significant (p<0.01)
reduction was observed in Gasca D treated
group when compared with diabetic control
group (FIGURE 2).Gasca D treated diabetic

group exhibited significant (p<0.01) increase in
PCV, Hb, RBC and WBC compared to Diabetic
control (FIGURE 3). The data showed that
diabetes treatment in rats with Gasca D caused a
significant increase in PCV, Hb, RBC and WBC
counts as compared to diabetic control group.
The hematological parameters in normal+Gasca
D treated group were similar to untreated control

(FIGURE 3).

It can be noticed that the changes observed in
the two enzyme activities, AST and ALT, are
not consistent to indicate hepatic damage,
except perhaps for the elevated AST levels in
rats, no significant increase was observed in and/
or across the groups (FIGURE 4). Urea was
found to be significantly increased (p<0.01) in
treated control compared to normal. In the same
vein total cholesterol and glucose were found
to significantly (p<0.01) decreased in treated
control compared to normal. Blood glucose level
was found to decrease significantly (p<0.01)
compared to diabetic control (FIGURE 4).
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Figure 4: Effect of oral administration of Gasca D at 1,000 mg/kg/ bw on Biochemical Parameters
over a period of 28 days *P<0.01 vs diabetic control ,“P<0.01 vs normal

Table 2: Effect oral administration Gasca D at 1,000 mg/kg/ bw on Electrolytes Levels over a

period of 28 days
Na+ K* cl
(mmol/L) (mmol/L) (mmol/L)
UNTREATED CONTROL 141+1.2 5+0.1 104.8+2.5
TREATED CONTROL 141.3+0.5 3.3+0.2 * 105.7+1.7
DIABETIC CONTROL 138+ 2 5.89+0.9 98+ 6
GASCA D TREATED 135+2.9 6+0.0 96.7+0.9
*P<0.01 vs normal

Electrolytes level did not cause any significant
(p<0.01) change in Gasca D treated compared
to diabetic control (TABLE 2). Potassium level
decreased significantly (p<0.01) in treated control
compared to untreated control (TABLE 2).

Discussion

The reduction in body weight observed in the
present study in both normal and diabetic rats
that received Gasca D herbal formulation is a
good indication of the formulation’s ability to
manage diabetic condition. Many studies have
reported weight reduction as an essential factor
in lifestyle modification strategies for the
management of diabetic condition. The weight
reduction potential of Gasca D  herbal
formulation in normal rats that received Gasca D
may not come as surprise considering the fact
that one of the ingredients has been reported in
several studies to lower blood cholesterol levels.
Gum acacia (GA) a dried exudate obtained from
the stems of A. senegal [34], assumed to be an
“inert” substance, has been reported to reduce
total serum cholesterol by 6% and 10.4%,
respectively when subjects received 25 g/day and
30 g/day of GA for periods of 21 and 30 days
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[35,36]. It has also been reported that regular
intake of 30 gm /day GA for six weeks resulted in
significant reduction in BMI and body fat
percentage (P<0.0001) [37]. Gum Arabic
consumption seems to be an effective dietary
strategy to prevent or treat overweight with its
several biological mechanisms [38]. There is a
significant  (p<0.01) improvement in body
weights of diabetic rats that received Gasca D
herbal formulation in 3" and 4% week of
treatment, indicating a positive response towards
good outcome. GA may also play a role in
glucose lowering potential of Gasca D herbal
formulation. It has been reported that
supplementation of GA in different forms to the
normal or diabetic or fed-high fat diet rat/mice
significantly reduced blood glucose levels
[24,25]. The present study showed a significant
(p<0.05) blood  glucose
concentration in both normal and diabetic rats
at 3" and 4™ week of treatment with 1,000 mg/
kg bw Gasca D herbal formulation for 28 days,
when compared with normal and diabetic

reduction  in

control. There is also a progressive decrease in
glucose concentration in Gasca D treated groups
from 1% through the 4" week of treatment

(FIGURE 2). Another study has shown that GA
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inhibits intestinal glucose absorption via
interaction with membrane abundance of
SGLT1 in mice [38]. Adansonia digitata another
ingredient for Gasca D herbal formulation has
been reported to lower blood glucose
concentration in Streptozocin-Induced Diabetic
Wistar Rats [39]. Methanolic fruit pulp extract
of Adansonia digitata has been found to reduce
blood glucose level at a dose of 300 mg/kg in
Alloxan induced diabetic rats [40]. The glucose
lowering potential of Gasca D herbal formulation
seen in the present study might be the sum of all
the effects of the aforementioned ingredients
used in the formulation. Administration of
Gasca D herbal formulation was associated with
changes in both the hematological and
biochemical parameters. The results obtained in
this study showed significant increase (P<0.05)
in PCV, Hb, RBC and WBC in diabetic rats
treated with Gasca D herbal formulation at
1,000 mg/kg bw for 28 days. Diabetes mellitus
(DM) is a part of metabolic syndrome that
comprises  dyslipidemia, hypertension, and
impaired hematological indices [41]. Several
hematological changes affecting the red blood
cells (RBCs), white blood cells (WBCs), and the
coagulation factors are shown to be directly
associated with diabetes mellitus [42]. RBCs,
WBCs, and platelet dysfunctions have also been
reported to occur in diabetic patients [42,43]. It
has been reported that, many patients with
diabetes present with reduced hemoglobin (Hb)
levels [44]. Another study from National
Evaluation of the Frequency of Renal impairment
co-existing with Non-insulin dependent diabetes
mellitus  (NEFRON), showed that the
hemoglobin levels of one in seven (14%) patients
in general practice were found to be below the
normal range [45]. The present study is in
support of the previous studies that showed Hb
level were found to be lower in diabetic patients.
FIGURE 3 showed the Hb level in the present
study to be significantly (p<0.01) lower in
diabetic control group when compared with
untreated control. Several studies have shown
that anemia is a common finding in people with
diabetes. Thomas [44] found anemia to be more
prevalent and earlier in patients with diabetes
than in those with kidney disease from other
causes. It is also a common accompaniment to
diabetes, particularly in patients with albuminuria
or reduced renal function [46]. Third National
Health and Nutrition Examination Survey
(NHANES-III) showed that diabetic individuals
in the general population are nearly twice as
likely to have anemia as people without diabetes,

but with a similar degree of kidney function
impairment [47]. The present study showed the
level of PCV to be significantly (p<0.01) low in
diabetic control group when compared with
untreated control, confirming previous studies.
Anemia has been associated with so many
complications in diabetes such as increased risk
of background and proliferative retinopathy
[48,49], and also a potent risk factor for lower
extremity amputation [50]. Treatment of diabetic
rats with Gasca D herbal formulation was found
to significantly (p<0.01) increased the level of
both PCV and Hb level, showing improved
treatment outcome of the formulation.
Hematological indices are important indicators
for the evaluation of variations in size, number,
and maturity of different blood cells. Research
evidences suggest that hematological indices are
altered in patients with T2DM [51]. They are
important for the assessment and management
of patients with diabetes, especially when it
comes to the measurement of glycated
hemoglobin (HbA1c). It has been reported that
variations in RBC lifespan of this magnitude are
sufficient to cause considerable alterations in
HbAlc [52]. A study of 40 healthy volunteers
reported a mean RBC survival of 123 days, with
a standard deviation of 23 days [53]. Diabetes
mellitus and  hyperglycemia have several
additional effects on RBCs [54], besides
formation of HbAlc. DM is associated with
reduced deformability and changes in mechanical
properties of the RBCs [54,55], increased
adhesion [56] and increased osmotic fragility
[57]. In patients with DM, persistent
hyperglycemia exposes RBCs to elevated glucose
concentrations, thus resulting in glycation of
hemoglobin, prothrombin, fibrinogen, and other
proteins involved in clotting mechanisms [58].
Furthermore, some studies have reported that
the average lifespan of RBCs is reduced in
individuals with DM [59,60]. The present study
showed a significant (p<0.01) reduction in the
level of RBC in diabetic control group when
compared with untreated control (FIGURE 3)
clearly confirming the findings of the previous
studies. But diabetic group treated with Gasca D
herbal formulation showed a significant (p<0.01)
increase in RBC levels, showing a RBC formation
enhancing effect of the formulation suggesting a
good improvement of RBC values. The present
study showed WBC level increased significantly
in the diabetic group treated with Gasca D herbal
formulation when compared with the diabetic
control group. The reason for this variation
might be due to the fact that the high WBC
count in the diabetes treated group is in keeping
with the increased oxidative stress triggered by
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the high levels of hyperglycemia. Thus,
polymorphonuclear and mononuclear WBCs
can be activated by AGEs and cytokines in a state
of hyperglycemia [61]. Hyperlipidemia is a
relatively common problem in patients with
poorly controlled diabetes mellitus. In the
present study an attempt has been made to study
the effect of Gasca D herbal formulation on lipid
profile in Alloxan induced diabetic rats. It can be
seen that total serum cholesterol level in normal
positive control rats that received Gasca D herbal
formulation was significantly lower than
untreated control. However, serum triglyceride,
HDL and LDL level did not show any significant
in both the normal positive control and Gasca D
treated group following Gasca D  herbal
treatment. The study also investigated the effect
of Gasca D herbal formulation on AST and ALT
levels. There is no significant change in AST and
ALT levels in serum of both normal positive and
diabetic rats that received Gasca D herbal
formulation when compared with normal and
diabetic control, indicating non- hepatotoxic
effects of Gasca D herbal formulation. It is
interesting to note that no significant change was
observed in the level of kidney function
parameters (urea, creatinine, bicarbonate and
electrolytes) of normal positive and diabetic rats
that received Gasca D herbal formulation when
compared with normal and diabetic control.
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This is a good indication that the formulation
does not pose significant danger to kidney. A
significant increase in urea and potassium level
was observed in normal positive control rats that
received Gasca D herbal formulation when
compared to untreated control.

Conclusion

The results of the present study showed that
Gasca D herbal formulation is practically non-
toxic herbal drug category and can thus be used
to manage weight, hypoglycemia, anemia and
antibody function. The study also demonstrated
that Gasca D herbal formulation did not pose
significant health risk to liver, kidney and
electrolyte. The beneficial effect of Gasca D
herbal formulation is attributed to the ingredients
used in the formulation which has hypoglycemic
and weight reduction potential. Further studies
are obviously needed to isolate, characterise and
elucidate the active components in principle in
the formulation responsible for its hypoglycemic,
weight reduction and improvement of some
hematological parameters.
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