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Abstract:

Introduction: An important aspect of the therapeutic use of medicinal
plants is their chemical components, which work synergistically in the
same or different plants.

Aims: The capacity of an ethanol leaf extract from Vernonia amygdalina
(VAMG) and Croton zambesicus (CZMG) to reduce blood sugar and
cholesterol levels were examined in rats.

Materials and Methods: The ethanol extracts of the selected plants were
screened for secondary metabolites, and the median lethal dose (LDso) of
the combined extracts was determined using acute toxicity tests. The anti-
diabetic study used albino rats with at least fasting blood glucose of 250
mg/dL after alloxan monohydrate induction of diabetics. The blood sugar
concentration, body weights, and the effects on certain hepatic indices of
the diabetic rats were studied following the administration of the different
extracts and the combined extracts for 28 days.

Results: The extracts contained tannins, flavonoids, saponins, phenolics,
and glycosides. Furthermore, in alloxan-induced diabetic rats, the
combined plant extract (VACZ) significantly (P<0.05) reduced fasting
blood sugar concentration, serum ALT, ALP, AST, total cholesterol,
triglycerides, LDL cholesterol, and VLDL cholesterol while increasing body
weight, total protein, and HDL cholesterol. The activity of the combined
extract was similar to that of glibenclamide's.

Conclusion: The plant extracts could be used as a supplement and a
potential source of antidiabetic candidates. This further confirmed the
scientific basis of the use of these medicinal plants as an antidiabetic
remedy.
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1. INTRODUCTION

Diabetes mellitus (DM) is a common hormonal disorder
that affects both young and old, of any sex, race, or
socioeconomic status worldwide. It is distinguished by
an unusual rise in blood glucose levels caused by an
insulin deficiency or disorder, resulting in changes in fat
and protein metabolism. Although diabetes mellitus was
initially considered a disorder of developed countries,
recent developments indicate that the condition is now
a global problem [1,2]. The causes of DM include
environmental and hereditary factors, obesity, poor
diets, and use of certain drugs, and may result in kidney
damage, impaired vision, impotence, hardening and
obstruction of blood vessels, and infections [3].
Symptoms of DM include increased urine production,
increased thirst and sugar in the blood, loss of water,
undue eating, and loss of memory [4, 5].

Several therapeutic paths are drifting towards the use
of medicinal plants, either singly or as a combination,
which is believed to have more therapeutic advantages
than orthodox medicines due to low cost, easy
accessibility, and ease of preparation with little or no
side effects [6]. Vernonia amygdalina and Croton
zambesicus are two common African plants known for
their medicinal properties. V. amygdalina known as
"ewuro" in Southwestern Nigeria, is a common
household plant where its leaves are used as
vegetables in local stews and soups [7]. The stem is
also used locally as a chewing stick for its antimicrobial
properties [8]. Its antihepatotoxic, antimalarial,
antibacterial, anti-diabetic, and anticancer activities
have been well documented [9,10]. Similarly, C.
zambesicus, known as "aje kobale" in the Southwestern
part of Nigeria [8,9], is a common medicinal plant used
traditionally in the treatment and management of
several diseases. Some of the traditionally known uses,
such as antidiabetic, antioxidant, anticancer,
immunomodulatory, cytotoxic, and antileishmanial
activities, have been reported [13, 2]. Akpaso et al. [14]
investigated the effect of combined V. amygdalina and
Gongronema latifolium leaf extracts on the pancreatic
cells of streptozotocin-induced diabetic rats. In this
study, we investigated the synergistic antidiabetic,
antilipidemic, and anti-hepatotoxic effects of the ethanol
leaf extracts of V. amygdalina and C. zambesicus in
alloxan-induced diabetic albino rats.

2. MATERIAL AND METHODS
2.1. Chemicals

Alloxan monohydrate reagents and ethanol were
obtained from Sigma Aldrich, "Accu-Chek" glucometer
was used for the monitoring of the glucose levels. All
other chemicals used were of analytical grades.

2.2 Sources of animals

Male Sprague-Dawley rats weighing between 160 - 200
g and Swiss mice (18- 22 g) were purchased from the
Animal House of the Department of Physiology,
University of Lagos, Idi-Araba, Lagos, Nigeria. These

animals were allowed to acclimatize for two weeks and
took water and Grower feed mash from Animal Care,
Nigeria Limited ad libitum. The practice of animal ethic
committee rules and the recommendations of National
Institutes of Health (NIH) guidelines for the care and use
of laboratory animals (NIH, 1985) were observed. Also,
all experimental works involving animals were
examined and approved by the Lagos State Polytechnic
ethical committee on laboratory animal studies.

2.3 Collection of plant materials

Fresh leaves of V. amgdalina and C. zambesicus were
obtained in a garden in Badagry, Lagos State. The two
plant materials were authenticated at the University of
Lagos Herbarium with the following voucher numbers:
LUH 6920 and LUH 8206, respectively. The samples
were taken to the laboratory and air-dried at room
temperature for about two weeks. Thereafter, plants
were milled into powder and stored in airtight plastic
containers until future use.

2.4 Extraction of plant samples

Leaves of V. amgdalina and C. zambesicus (100 g
each) were extracted separately in 80% ethanol in a
ratio of 1:6 (w/v) by maceration for 72 h. The plants were
stirred continuously throughout the period of extraction
using a magnetic stirrer. The mixtures were filtered
using filter paper and the filtrates were centrifuged at
1000 rpm for 5 min to obtain pure and clear
supernatants, which were separately concentrated
using a rotary evaporator at 40 °C to yield the V.
amygdalina ethanol extract (VAMG; 9.95%) and C.
zambesicus ethanol extract (CZMG; 9.26%),
respectively. The concentrated extracts were kept in a
refrigerator at -20 °C for preservation.

2.5 Preparation of Combined Extract

The combined extract (VACZ) was prepared by
measuring 1 g each of the VAMG and CZMG dissolved
in a normal saline solution to make 10 mL of solution.

2.6 Phytochemical analysis

A sample of each plant extract was screened for the
presence of the following phytochemicals: tannins,
flavonoids, saponins, phenolic and glycosides using the
standard laboratory procedures of Harbone [15] and
Sofowora [16].

2.7 Acute toxicity test

The protocol of Lorke [17] was adopted for the two-
phase study. In the first stage, three groups of three
mice each were subjected to oral administration of the
combined extract of V. amgdalina and C. zambesicus at
doses of 1500, 3000 and 5000 mg/kg body weight and
observed for signs of toxicity and death within 24 h. In
the second phase, three groups of three mice each
were treated with three lower doses (100, 500, and
1000 mg/kg body weight) of the extract following the
results of phase 1. The LDso value was resolved by
calculating the geometric mean of the lowest dose that
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caused death and the highest dose for which the
animals survived.

2.8 Induction of diabetes mellitus

The induction of DM was achieved according to the
modified method of Ndip et al. [18]. Animals were fasted
for about 16 h and blood samples were drawn using tail
vein puncture. The fasting blood sugar was determined
by means of the "Accu-Chek" glucometer. DM was
induced by a single intraperitoneal injection of newly
constituted alloxan monohydrate (alloxan) in cold
normal saline at a dose of 150 mg/kg body weight. The
animals were offered a 5% dextrose solution to drink
after induction to get over drug-induced hypoglycemia.
The normal control rats received normal saline at 2
mL/kg body weight via the intraperitoneal route. The
animals were carefully monitored for behavioral
changes, and the fasting blood glucose level was
established after 48 h of alloxan injection. The animals
showing hyperglycemia (fasting blood glucose of 250
mg/dL and above) were judged to be diabetic and used
for the study.

2.8.1 Animal classification and treatment

The animals were arbitrarily divided into five groups of
five rats each. Groups 1 (normal control) and 2 (diabetic
control rats) received distilled water. Group 3 (control)
received 10 mg/kg body weight glibenclamide, while
groups 4 (VAMG) and 5 (CZAM) received 500 mg/kg
b.w ethanol extracts of V. amgdalina and C.
zambesicus, respectively, and group 6 (VACZ) received
500 mg/kg b.w of the combined extract (1:1).Blood
samples of rats were collected by tail vein puncture after
12 h of overnight fasting and used for the determination
of fasting blood glucose during the experiment. Animals
were sacrificed by cervical dislocation after 24 h of the
last treatment (Day 28). Blood samples were collected
using cardiac puncture and sera were separated by
centrifugation of the blood specimen at 5000 rev/min for
15 min and stored at 4 °C for biochemical analysis.

2.8.2 Determination of Serum Biochemical
Parameters

Aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
total proteins, cholesterol, triglycerides, and high-
density lipoprotein cholesterol (HDLC) concentrations
were determined by colorimetric methods as described
by Randox diagnostic kit procedures. The concentration
of low-density lipoprotein cholesterol (LDLC) in each
serum sample was calculated from the formula of
Friedewald et al. [19].

2.9 Statistical Analysis
The data was presented as mean standard error of

mean (SEM). Statistical difference was evaluated by
means of one-way analysis of variance (ANOVA) where

all data were considered statistically significant at p<
0.05.
RESULTS AND DISCUSSION

Table 1: Phytochemical composition of C. zambesicus
and V. amygdalina extracts

Extract Tan Flavo Sapo Pheno Glyco
nins noids nins lics sides

CZAM + + + + +

VAMG + + + + +

Table 2: Effect of administration of combined extracts of
V. amygdalina and C. zambesicus on body weight and
blood glucose level of alloxan-induced diabetic rats

Treat B. Blood glucose conc. (mg/dL)

ment Wit.

(Group) chan  Prior Day Day Day
ge inducti O 14 28
(@) on

Normal 496 8360 96.80 97.00 94.40
+ + + + +

025" 053  0.24% 096% 0.97"

200 7999 325.0 389.8 467.6

DM + + 0+ 0+ 0%
0.05° 250 1.86° 3.16% 1.34%
#
DM+ 472 87.00 3304 2544 68.00
Glib | + + (053 (053 +
wencla 6570 103 267 122" 076"
mide
488 8419 3332 278.1 104.0
\[;X'MG oy + 2+ 4+ 0%
0.15° 023 1.19° 247" 0.76"
500 89.19 303.3 2653 100.0
DM 4+ + 1+ 2+ 0O+
CZAM

077" 041 223 198" 076"

471 9560 294.1 260.8 95.40

vacz | E % %° % e

003" 090 118" 1.37" 045"

Data are represented as mean + SEM (n=5). Where ()
represents significant difference at P<.05 compared to
normal rats, (") represents significant different at p< 0.05
compared to diabetic rats and (¥) represents significant
different at P<.05 compared to glibenclamide treated
rats. DM: Diabetic animals
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Table 3: Effect of administration of combined extracts
of V. Amygdalina and C. Zambesicus on liver function
indices in alloxan-induced diabetic rats

Groups ALT AST ALP (UL~ TP
(uL?) (UL 1) (Mg/

dL)
NORMA 112.15+ 61.26+. 140.95+ 12.43+
L 0.11™ 0.44" 1.19% 0.28"
DIABET 176.27+ 96.30+ 191.18+ 6.10+
IC 1.34% 1.94*% 1.18% 0.20"*
DM+ 134.78+ 65.67+ 163.44+3 11.74+
Glibencl 1.14" 0.25" 72" 0.21"
amide

DM + 129.24+ 67.00+ 152.39+ 11.68%
VAMG 1.95"% 8.72"%  0.99™% 0.30"

DM + 149.96+x 72.73+ 163.14+ 12.96%
CZAM 1.95"% 0.45™  1.09"% 0.68"#

DM + 127.43 69.65+ 150.11+1 11.93%
VACZ +252 6.80"%  2.01"% 0.65"#

Data are represented as Mean + SEM (n=5). Where (")
represents significant difference at P<.05 compared to
normal rats, (") represents significant different at p< 0.05
compared to diabetic rats and (¥) represents significant
different at P<.05 compared to glibenclamide treated
rats. AST: alanine aminotransferase, Ast. aspartate
aminotransferase, ALP: alkaline phosphatase, DM:
diabetes mellitus.

Table 4: Effect of administration combined extracts of V.
amygdalina and C. zambesicus on lipid profile in
alloxan-induced diabetic rats
Groups Chol Trigs HDLC LDLC
(mg/dL) (mg/dL) (mg/dL (mg/dL
) )

Normal 130.30 108.50+ 42.02+ 50.14+
+1.18%  1.32™ 0.21% 0.85™

Diabetic 154.02 13491+ 28.23+ 67.12+
+1.31%  0.98% 0.02"#  0.32*%

DM+Glibe 136.27 120.90+ 35.46+ 54.71+
nclamide +0.60"  0.08" 0.62"" 0.67"

DM+ 138.14 128.00+ 33.74+ 56.75%
VAMG +1.59"  0.41% 0.47" 0.01"#
DM+ 140.39 128.07+ 32.72+ 57.87+
CZAM +0.21"  0.95"% 0.63"  0.11"%
DM+ 134.82 123.71+ 3596+ 53.66+
VACZ +1.46" 0.54" 0.01™" 0.06™

Data are represented as mean + SEM (n=5). Where (")
represents significant difference at p< 0.05 compared to
normal rats, (") represents significant different at p< 0.05
compared to diabetic rats and (¥) represents significant
different at p< 0.05 compared to glibenclamide treated
rats. HDLC: High-density lipoprotein cholesterol, LDLC:

Low-density lipoprotein cholesterol, DM: DM.

DM is a metabolic disorder that features hyperglycemia,
glycosuria, and hyperlipidemia [20]. It is one of the
major causes of illness, death, and economic loss
worldwide. The available drugs used for the
management of the disease have a myriad of side
effects [21]. Efficacy of medicinal plants and their
phytochemicals in the treatment of DM has been
reported [22,23,24]. Table 1 shows the phytochemical
composition of the ethanol extracts of C. zambesicus
and V. amygdalina. The result revealed that both
extracts contained tannins, flavonoids, saponins,
phenolics and glycosides. These substances are
implicated in the treatment of different diseases and
may be responsible for the observed antidiabetic activity
during the study. It is also possible that these
compounds might act singly or in synergy and caused
the biological activity buttressed by the work reported by
Okokon et al. [25]. This report is in agreement with the
report of Ndip et al. [18], where the root extract of V.
amgdalina and C. zambensicus was reported to contain
useful phytochemicals. Also, this result is consistent
with that obtained by Akoro et al. [2] for the leaf extracts
of C. zambensicus.

All the animals used in this research were healthy as
they were more active in the daytime than at night. They
were allowed to eat food and drink water freely. The
body weight of the animal was rising throughout the
period of acclimatization, and there was no sign of fur
loss. The combination of V. amgdalina and C.
zambesicus leaf extract did not produce any form of
toxicity to the mice at the tested doses. The mice in all
the treatment groups were healthy throughout the
period of the study, and mortality was not observed in
any of the groups of mice. Their behaviour also
appeared normal. Therefore, the LDso for the oral
administration of combined ethanol extracts of V.
amgdalina and C. zambesicus leaves was more than
5000 mg/kg body weight [26]. Thus, the determination
of LDso was taken as the initial step in the assessment
and evaluation of the toxicity testing of the extracts,
which was used to regard the extracts as non-toxic and
provided the basis for the evaluation of the investigated
biological activity [27].

In this study, the synergistic activity of the extracts of V.
amygdalina and C. zambensicus was verified against
alloxan-induced diabetic rats. Alloxan administration
caused a significant (P<.05) loss of body weight in
diabetic animals when compared to the control and
treated groups, as well as an increase in fasting blood
glucose levels in experimental rats when compared to
control rats 48 hours after alloxan monohydrate
induction (Table 2).However, glibenclamide and single
and V. amgdalina combined extracts of and C.
zambensicus given to diabetic rats resulted in a
significant (P<.05) reduction in blood glucose level as
early as the fourth day of treatment when compared to
diabetic rats until the final treatment, when normalcy
was restored. Alloxan is generally known to destroy the
beta cells of the pancreas, thereby hindering the
secretion of insulin, liberating glucose phosphorylation
by glucokinase and causing oxidation or the formation
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of reactive oxygen species by Fenton reaction [28,29].
Thus, these reactions caused an increase in the blood
glucose concentration in our experimental animal
species in accordance with the observations made in
the laboratory mouse and rat in the reports of other
researchers [30,31]. Drugs such as sulfonylurea are
used to treat this nutritional disorder by enhancing the
release of insulin from pancreatic beta cells [32]. At the
end of the 28-day experiment, fasting blood glucose
levels in diabetic rats were considerably higher (P< .05)
than in all the treatment groups These results were in
accordance to previous scientific reports 25,33].
Conversely, the single or synergistic administration of
V. amgdalina and C. zambensicus lowered the glucose
level in the animals as they raise the secretion of insulin
from the cells of the islets of langerhans in the pancreas,
liberate the bound insulin, inhibit hepatic glucose
synthesis, or correct insulin resistance; thereby
mimicking sulfonylurea metabolic pathways [34]. The
sulfonylurea used in this treatment also caused a
significant reduction in the blood glucose concentration
beyond normal to ensure hypoglycaemia and a
substantial decline in body weight. These are common
challenges associated with the antidiabetic drug [35].
Reduced body weight is a common occurrence in
diabetic conditions and may be caused by unnecessary
degradation of tissue proteins as well as muscle
wasting.

The results of the effect of glibenclamide, single and
combined extracts of V. amgdalina and C. zambensicus
on liver indices are presented in Table 3. In diabetic
animals, there was a significant (P<.05) increase in
serum ALT, AST, and ALP and a decrease in total
proteins, whereas these enzymes were significantly
reduced as the total proteins were appreciated by the
administration of the combined extracts. Furthermore,
after administration of the standard drug and various
forms of V. amgdalina and C. zambensicus extracts,
combined extracts of V. amgdalina and C. zambensicus
significantly (P<.05) reduced the serum ALT activity of
diabetic rats to normal. After induction of diabetes
mellitus, administration of glibenclamide, single and
combined extracts of V. amygdalina and C.
zambensicus significantly (P<.05) reduced serum
cholesterol, triglyceride, and low-density lipoprotein
cholesterol in diabetic rats, while high-density
lipoprotein cholesterol increased (Table 4).Hepatic
damage is characterized by increased levels of
enzymes as the liver cells' membranes become
damaged and release the cytosolic enzyme into the
blood. The most commonly used enzymes for
investigation of hepatic injury are ALT and AST. ALPs
are specific for the diagnosis of hepatobilliary or
cholestatic obstruction [36]. The damage caused by
alloxan monohydrate was revealed as the elevated
levels of AST, ALT and ALP in diabetic rats, and this
increase might be due to leakage of the enzymes from
the cytosol or alteration in the permeability of the
membrane of the hepatocyte. Nevertheless, treatment
for 7 days with glibenclamide, single and synergistic
extracts of V. amygdalina and C. zambensicus lowered
the activity of these enzymes within the respective
treatment groups compared to the diabetic control,

thereby enhancing hepatic functions.  Similar
observations of hepatoprotection in diabetic rats were
reported by Koyaguru et al. [37] and Asante et al. [38].

On the final day of treatment, the change in lipid
parameters was statistically significant (P<.05) when
compared to the normal and diabetic rats. Moreover, the
administration of combined extract enhanced a non-
substantial (P>.05) reduction of cholesterol levels of
diabetic rats in comparison to normal and glibenclamide
groups. Apart from hyperglycemia, hyperlipidemia is a
well-known complication associated with diabetes
mellitus. An increased concentration of cholesterol,
triglycerides, low-density lipoprotein cholesterol (LDLC)
and decreased high-density lipoprotein cholesterol
(HDLC) observed in alloxan-induced diabetic rats
indicates that there is hyperlipidemia such that there is
excess mobilization of fats from adipose tissues
(lipolysis) when the glucose in the blood is underutilized
[39]. Moreover, the administration of V. amgdalina and
C. zambensicus caused a substantial reversal of these
parameters in ways that the lipid metabolism is partially
regulated [40]. Similarly, a combination of V. amgdalina
and C. zambensicus showed similar potency to
glibenclamide in lowering the serum lipid profiles in
diabetic rats. As explained by Shah and Khan [41], high-
density lipoprotein transports cholesterol from
peripheral tissues to the liver, protects membrane
damage and diminishes the tendency to develop
coronary heart disease.

4. CONCLUSION

The leaf extract of V. amygdalina and C. zambesicus
could be used as supplements and potential source for
the  development of antidiabetic candidate.
Furthermore, the research results confirmed the
scientific basis of the traditional application of these
medicinal plants as an antidiabetic remedy.
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