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Abstract
Background: Vernonia amygdalina (VA) is used in the traditional management of diabetes in Nigeria. Previous scientific verification of VA
is on Type‑1 diabetes model, in spite of the continuous increase in Type‑2 diabetes (T2D) among adults. This study aimed to validate the
antidiabetic effects of VA leaf fraction (VALF) in a unique T2D rat model. Materials and Methods: Methanol crude extract of VA leaf was
fractionated with solvents of increasing order of polarity (n‑hexane, chloroform, ethyl‑acetate, n‑butanol and water). The antidiabetic activities
of the fractions were evaluated in vivo in T2D model rats. Albino Wistar rats were induced with T2D and treated with the VALF. Several
T2D‑related parameters were measured. Results: T2D rats showed significant increase in serum levels of fasting blood glucose (FBG), liver
and kidney biomarkers. At 28‑day post‑oral treatment with the VALF, FBG levels were significantly (P < 0.05) reduced (n‑hexane [29.3%],
chloroform [66.7%], ethyl acetate [36.2%], n‑butanol [45.59%] and aqueous [39.3%]). The glucose tolerance ability was significantly improved
in the chloroform fraction (Vernonia amygdalina chloroform fraction [VAc])‑treated groups compared to the other fractions‑treated group and
diabetic control group. Furthermore, the VAc was found to be most effective as it ameliorates most of the alterations caused in the studied
parameters in diabetic rats when compared with n‑hexane, ethyl acetate, n‑butanol and aqueous fractions. Conclusion: The study validates the
anti-diabetic effects of VALF in fortified diet-fed streptozotocin-treated rat model of T2D, and suggests that the VAc is a potential candidate
for development of a more effective drug for the management of T2D.
Keywords: Anti‑hyperglycaemia, hyperlipidaemia, rats, type‑2 diabetes, Vernonia amygdalina

Introduction
Diabetes mellitus is a group of chronic metabolic disorders
characterised by hyperglycaemia as a result of defects in
insulin secretion, action or both. [1] The ever‑increasing
incidence of diabetes mellitus worldwide among all age
groups,[2,3] irrespective of gender, race, socioeconomic status[4]
or ethnicity, constitutes a global public health burden.[1,2] The
global report on diabetes by the World Health Organization
affirmed that, with a prevalence rate of 8.5%, the number
of adults living with diabetes has increased by almost four
times since 1980 – 422 million adults in 2015.[1,2] Moreover,
the International Diabetes Federation reported that, on an
average, a person dies from diabetes every 6 s.[1] In Nigeria,
about 5 million people are still living with diabetes, while
1.56 million cases were recorded in 2015 with 105,091 deaths
documented as of 2014.[1] This dramatic rise is largely due to
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increase in Type‑2 diabetes (T2D), which accounts for 95%
of all reported cases.[1,2]
Notwithstanding the high incidence of T2D which has become
a serious threat all over the world and the advancement
made thus far on basic and clinical investigations into
diabetes, (particularly in this region where healthcare
resources are scarce), an ultimate therapy does not exist. The
existing therapeutic strategies are limited and involve insulin
and four main classes of oral antihyperglycaemic agents
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such as glucosidase inhibitors, biguanide, sulfonylurea and
troglitazone.[5] Each of these agents suffers from generally
inadequate efficacy and a number of serious adverse effects
such as liver problems, diarrhoea and lactic acidosis.[5,6] This
has necessitated the scientific search for relatively less toxic
natural resources from medicinal plants with therapeutic values
as substitute.

model. However, Okolie et al.[13] used non‑diabetic human
subjects in Nsukka. In the study, they administered the leaves
of VA by ‘squeeze‑wash‑drink’ and ‘chew‑raw’ options to
normoglycaemic humans and found that VA had significant
antihyperglycaemic effects (post‑prandial) at 30‑min intervals
for 2 h. The question of if the same outcome could be replicated
or mimic in T2D is yet to be studied.

Medicinal plants have been shown with substantial scientific
documentation to attest for their effectiveness, relatively
non‑toxic and efficacy in diabetes management. [7‑9] In
Nigeria, numerous plants have been screened and found to
lower glycaemia in chemical‑induced diabetes.[6] Out of 185
plant species from 75 families that have been investigated
for antidiabetic potential in Africa, Vernonia amygdalina
Delile (VA) is one of the most studied plants.[10,11]

T2D is the major problem of diabetes mellitus in the world today
and it deteriorates the quality of human life, yet greater part
of antidiabetic research is on T1D.[10,19] A classical procedure
towards the development of reliable therapeutic strategy for the
likely cure of a disease is the study of the pathophysiology of
the disease in an apt animal model.[26‑28] This study, therefore,
seeks to validate the antidiabetic (antihyperglycaemic,
antihyperlipidaemic, pancreatic, nephroprotective and
hepatoprotective) effects of VA leaf fractions (VALFs) in a
unique rat model of T2D.

VA is commonly known as bitter leaf in English due to its bitter
taste. African familiar names for VA include chusar‑doki (Hausa),
onugbu (Igbo), etidot (Efik, Ijaw and Ibibio), ewuro (Yoruba),
oriwo (Edo) and ndoleh (Cameroon).[10‑14] It belongs to the
family Asteraceae (Compositae) and genus Vernonia. VA
grows as a small shrub of above 3 to 5 m high and found
abundantly in African countries such as Nigeria, Cameroon
and Zimbabwe.[11,15] Traditional medical practitioners use VA
leaf extract to treat diabetes mellitus[6,7,16,17] and as anti‑malarial,
anti‑helminth, digestive tonic, appetiser and for the treatment of
wounds.[18] The stems of VA are used in some parts of Nigeria,
as chew sticks, for the management of dental problems and
oral hygiene.[18]
Recently, it was reported that 96 out of the 115 plants
reviewed to have been investigated in various in vivo animal
models of diabetes within the last few decades, alloxan
and/or streptozotocin (STZ), were the repeatedly used animal
models of diabetes worldwide.[6,19] These chemical agents at
high doses are cytotoxic to the pancreatic β‑cells, producing a
form of insulin deficiency, akin to type‑1 diabetes (T1D), with
resultant hyperglycaemia.[19,20] Regrettably, there is a paucity
of information documented on the antidiabetic effects of VA
leaf on T2D.
Although a series of researches by various investigators have
affirmed to the efficacy of VA leaf in the management of
diabetes, it is, however, unfortunate that greater parts of those
studies were conducted using either normoglycaemia or animal
models of T1D.[21,22] For instance, induction of diabetes using
either >100 mg/kg bodyweight (b.w.) of alloxan or >40 mg/kg
of STZ results in insulin deficiency typical for T1D. These
methods were used by previous investigators like Ojieh
et al.,[23] in Delta State, Abdulazeez et al.,[24] in Zaria, Atangwho
et al.,[21,25] in Calabar and Osinubi[14] in Lagos. In another
study conducted in Owerri by Iwuji et al.,[22] normoglycaemic
rabbits were used. Asante et al.[17] used multiple i.p. daily
doses of 40 mg/kg b.w. STZ, a condition that also results
in T1D. All these observations are in conformity with the
recent review reported by Chikezie et al.[19] and Mohammed
et al.[10] that none of the studies on VA were conducted on T2D

Materials and Methods
Plant materials

Fresh leaves of VA plant were harvested in the month of May,
2015, from a local farm in Samaru, Zaria, Kaduna state, Nigeria.
Samples of the leaves were identified and authenticated at the
herbarium unit of the Department of Biological Sciences,
Ahmadu Bello University, Zaria, Nigeria, and a voucher
specimen number 1166 was deposited.

Experimental animals

Wistar Albino rats weighing 150–200 g were used for the
research. They were acquired from the animal house of the
Department of Pharmacology, Ahmadu Bello University,
Zaria, Nigeria. The rats were kept in well‑aerated cages where
bedding was replaced each day, at a room temperature of
about 27°C and 12 h light/dark cycle. They were allowed to
acclimatise for 2 weeks prior to experimentation. During this
period, they were all provided with the same commercially
available rat pellets and tap water ad libitum. The Institutional
Animal Research Ethics Committee reviewed and certified
the experimental protocol in conformity with guidelines that
are in compliance with the National and International Laws
and Guidelines for Care and Use of Laboratory Animals
in Biomedical Research. Strict adherence to the Ethical
Committee’s directive was observed. Efforts were made to
reduce suffering by the animals. The criterion of anaesthesia
was the lack of body or limb movement in reaction to a
standardised tail clamping stimulus.

Chemical and reagents

Strepozotocin (STZ) was procured from Adooq Bioscience,
LLC, USA., and fructose (Kem Light Laboratories
PVT Ltd, India), Mission Cholesterol Meter (ACON Lab.
Inc., USA), Simas Margarine (PT Salim Ivomas Pratama
Tbk, Indonesia), On‑call plus glucometer, normal diet
feed (NDF) (Grand Cereals Limited, Nigeria), liver enzyme
kits (Biovision, Milpitas USA), rat insulin enzyme‑linked
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immunosorbent assay (ELISA) kit (Mercodia AB, Uppsala,
Sweden), rat C‑peptide ELISA kit (WKEA Med supplies,
China) and all other reagents were of existing analytical grade
and procured from appropriate manufacturing companies.

Extraction of the plant crude extracts

The leaves of VA were sorted out to obtain only fresh samples
and washed with distilled water without squeezing to remove
debris. Samples of the VA leaves were dried for 7 days in
the shade at room temperature to invariable weight. Using a
laboratory milling machine (Thomas‑Wiley Laboratory mill
Model 4, USA), the dried samples were crushed into fine
particles. The powdered samples were collected together and
extracted using cold maceration method described by Okoduwa
et al.[29] In brief, 1250 g of the powdered leaves of VA was
soaked in 80% methanol solvent (3 × 4.5 L) for 72 h, and then
filtered. After extraction, the methanol solvent was evaporated
completely to concentrate it in vacuum using rotary evaporator
(Senco Rotary Evaporator, Model RE 801) at 40°C in reduced
pressure. The solvent‑free methanol crude extract was kept at
4°C in a refrigerator until required.

Fractionation of the plant crude extracts

The solvent‑free methanol crude extract (100 g) was
suspended in 500 ml distilled water and then fractionated
using organic solvents in an increasing order of polarity
(n‑hexane, chloroform, ethyl acetate, n‑butanol and water).
In brief, the crude extract was first soaked in n‑hexane in
a separating funnel, shaken and allowed to stand for phase
separation into two fractions. The n‑hexane portion was
cautiously decanted after separation and extra n‑hexane
solvent was added and the procedure was repeated until no
more colour change was observed in the extra n‑hexane.
The n‑hexane‑soluble portion was obtained and allowed to
dry at room temperature to obtain the n‑hexane fraction. The
same process was repeated for chloroform, ethyl‑acetate and
n‑butanol to obtain the appropriate solvent fractions. The
resultant insoluble residue was dissolved in water to get an
aqueous fraction. Each fraction obtained was concentrated
using a rotary evaporator, the residual solvent in the extract
was allowed to evaporate at room temperature to an invariable
weight. Each of the fractions obtained was screened in vivo
for antidiabetic activities using T2D rat model.

Phytochemical analysis of the fractions

The VA leaf extract was screened for the presence or absence
of various secondary metabolites using standard phytochemical
screening protocols described by Trease and Evans.[30] The
extract was tested for flavonoids, saponins, glycosides,
carbohydrates and steroids.

Oral acute toxicity studies

The lethal dose (LD50) of the extracts in Wistar Albino
rats was determined using method described by Lorke.[31]
The procedure for determining the lethal dose involves the
increment of the concentration of each extract administered
to the rats (per kg b.w.) in each group consisting of six rats
76

per group. The concentrations used ranged from 10 mg/kg up
to 5000 mg/kg. The animals were monitored constantly for
changes in respiration, palpitations, behaviour, toxicity and
other signs of morbidity and/or mortality starting at 24 h for
up to 7 days.

Determination of minimum therapeutic dose

The hypoglycaemic activity of VA leaf extract was evaluated to
determine the minimum dosage of extract to be administered.
Diabetic rats were divided into several groups (V100, V150, V200.,
diabetic control [DC]) of three rats each. The animals of
group DC served as untreated control whereas the other groups
were administered with the methanol crude extract of VA at a
single dose of 100, 150, 200 mg/kg, etc. Blood glucose was
estimated at 0, 1, 2, 3 and 4 h calculated for each group using
the following formula:
% Variation in glycaemia =

Go − Gt
Go

×100

Where Go and Gt were the values of initial blood glucose (0 h)
and blood glucose at time 1, 2, 3 and 4 h, respectively. The
blood glucose levels at different time intervals of different
groups were compared. The extract dose that lowered the
glucose level by 25% at 4 h was considered the minimum
hypoglycaemic dosage.[9]

Induction of type‑2 diabetes

Our previously described method was adopted from the study
of Okoduwa et al.[26] In brief, commercially available NDF
was fortified with margarine at a ratio of 10 g NDF per gram
of margarine. This was administered along with 20% fructose
solution as drinking water to the rats ad libitum for 6 weeks
to induce insulin resistance, after which they were fasted
overnight and injected (i.p.) with STZ (dissolved in a citrate
buffer pH 4.5) at a single low dose of 35 mg/kg b.w. In the
first 24 h after STZ induction, the rats were provided with 5%
glucose solution as drinking water.

Confirmation and verification of diabetes

Confirmation was done 3 days after STZ induction, with
On‑call plus glucometer using blood samples which were
obtained via tail puncture of the rats. Verification of diabetes
was done 10 days after STZ induction.[26] Blood sample was
obtained by single prick on the tail tip of each rat (allowing only
one drop to come off) using a glucometer to ensure stable
hyperglycaemia. Animals with fasting blood glucose (FBG)
≥300 mg/dl were verified as diabetic and incorporated in the
study as diabetic animals.[32]

Grouping of experimental animals

The rats were divided into eight groups of six rats each.
• Group NC: Normal control (NC): Normoglycaemic rats
given distilled water
• Group DC: Diabetic rats treated with vehicle alone
• Group VAh: Diabetic rats treated with VA hexane fraction
• Group VAc: Diabetic rats treated with VA chloroform
fraction
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•
•
•
•

Group VAe: Diabetic rats treated with VA ethyl acetate
fraction
Group VAb: Diabetic rats treated with VA n‑butanol
fraction
Group VAa: Diabetic rats treated with VA aqueous fraction
Group positive control (PC): Diabetic rats treated with
metformin (500 mg/kg b.w.).

Treatment of animals with plant fractions

The plant fractions were administered at a dose of 250 mg/kg b.w.
by oral intubation to the diabetic rats daily for 4 weeks. This
dose used in the treatment was derived from the minimum oral
therapeutic study described above.

Observation of animals after treatment

Daily feed/fluid intake and weekly body weight changes were
measured during the entire experimental period.

Oral glucose tolerance test

Three hours subsequent to the last dose of treatment, oral
glucose tolerance test (OGTT) was carried out to assess
the treatment. Rats were orally dosed with a D‑glucose
solution (2.0 g/kg b.w.) and blood glucose levels were
afterwards measured at 0 (just prior to oral glucose dosing),
30, 60, 90 and 120 min after the oral dosing of glucose using
blood samples obtained from tail puncture of the rats.

Sample collection

At the end of the experimental phase, all animals were fasted
overnight and thereafter euthanised by halothane anaesthesia.
Blood was collected in plain bottles through cardiac puncture
and placed immediately on ice for 3 h, and then centrifuged
at 3000 rpm for 15 min to obtain serum which was separated
and stored at −30°C until further investigations. The
pancreatic tissues from each rat were collected, washed with
normal saline, wiped, weighed and preserved in buffered
formalin (10% formaldehyde in phosphate‑buffered saline)
for histopathological study.

Biochemical parameters

The serum insulin levels were measured by an ELISA method
using an ultrasensitive rat insulin ELISA kit (Mercodia
AB, Uppsala, Sweden) and Rat C‑peptide ELISA
kit (WKEA Med supplies, China) in a multiplate ELISA
reader (Biorad‑680, BIORAD Ltd., Japan). The serum
lipid proﬁles were determined using Mission Cholesterol
Meter (ACON Lab. Inc., USA). Serum urea, uric acid and
creatinine levels, as well as liver function enzymes, aspartate
and alanine transaminases (AST and ALT) and alkaline
phosphatase (ALP), were measured using an automated
chemistry analyser (Labmax Plenno, Labtest Co. Ltd., Lagoa
Santa, Brazil) with commercial assay kits. Homeostatic
model assessment‑insulin resistance (HOMA‑IR and
HOMA‑β) scores were calculated using fasting serum
insulin and FBG concentrations measured at the end of the
experimental period according to the formula of Matthew
et al. as given below[33]

HOMA-IR =

HOMA- β =

Insulin (U / l) × Blood glucose (mmol / l)
22.5
20 × Insulin (U / l)

Blood glucose (mmol / l)

-3.5

Histopathological examination of pancreatic tissue

The formalin‑preserved pancreatic tissues were treated
according to a standard laboratory protocol for parafﬁn
embedding. Sections were cut at a size of 4 mm. Then, slides
were deparafﬁnised in p‑xylene and rehydrated in changes of
ethanol concentrations (100%, 80%, 70% and 50%) and rinsed
with water. Slides were stained in haematoxylin for 5 min
and rinsed with water and counterstained in eosin, mounted
on slides with cover‑slips and viewed under a Leica scanner
at ×100 magnification.

Statistical analysis

All statistical analyses were conducted using the computer
software, Statistical Package for the Social Sciences
(SPSS Cary, NC, USA) version 20.0. The results were
expressed as mean ± standard deviation. The data were
analysed by one‑way analysis of variance and post hoc
test. Differences between fractions and animal groups were
compared using Duncan Multiple Range Test. P < 0.05 was
considered statistically significant.

Results
Percentage yield and phytochemical screening of the
plant fractions

The results of the percentage yield and the colour characteristics
of the various fractions of the plant leaf extracts are presented in
Table 1. It was observed that chloroform and n‑hexane fractions
of the methanol crude extract had the highest percentage
recovery yield of 28.09% and 18.06%, respectively, when
compared to ethyl acetate, n‑butanol and aqueous fractions.
The VAe leaf had the least percentage recovery yield of 1.73%.
The presence of tannin and saponin was detected in VAc and
VAb but they were absent in VAh, VAe and VAa. Flavonoids
were not detected in VAh. Anthraquinone was not detected in
all the fractions. VAc and VAb had higher concentrations of
the majority of phytochemicals tested [Table 2].
Table 1: Percentage yield of Vernonia amygdalina leaf
extract and fractions
Extract/fraction

Colour

Crude extract
n‑hexane fraction
Chloroform fraction
Ethyl acetate fraction
n‑butanol fraction
Aqueous fraction

Dark green
Blackish
Light green
Brownish
Golden
Golden brown
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Weight of
yield (g)

Recovery
yield (%)

179.40±3.20
32.40±1.60
50.40±0.95
3.10±1.75
4.30±2.10
24.90±0.85

14.35
18.06
28.09
1.73
2.39
13.88
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The minimum therapeutic dose as defined by the amount of
extract capable of reducing the glucose level of diabetic rats by
at least 25% within 4 h of oral administration was examined.
It was observed that a VA leaf extract dose of 200 mg/kg b.w.
decreased the blood glucose of diabetic rats by 18.42%, after
4 h. However, a 250 mg/kg b.w. was able to decrease the blood
glucose of diabetic rats by 21.08 and 33.23% after 2 and 4 h,
respectively. The observed decrease in blood glucose of the
treated diabetic rats was highly significant (P < 0.05) when
compared with the untreated DC group. Hence, the dose of
250 mg/kg b.w. was considered as the minimum therapeutic
dose for this study [Table 3].

Mean feed and fluid intake

The mean feed and fluid intake of each experimental animal on
a daily basis throughout the experimental duration is depicted
in Figures 1 and 2, respectively. Few days after diabetic
induction with STZ, a significant decrease in feed intake was
observed among the STZ‑induced groups when compared
with the NC group which were not induced. A few days after
the confirmation of diabetes, however, it was observed that
the feed intake had significantly increased among the diabetic
Table 2: Qualitative phytochemicals of Vernonia amygdalina
leaf fractions
Phytochemicals

Leaf fraction
n‑hexane Chloroform Ethyl n‑butanol Aqueous
acetate

Alkaloids
++
++
+
+
‑
Carbohydrates
‑
++
++
+
Anthraquinones
‑
‑
‑
‑
Glycosides
++
++
++
++
‑
Flavonoids
‑
+++
++
++
++
Polyphenols
+
+
+
++
+
Saponins
‑
++
‑
+
‑
Steroids
+
++
‑
‑
‑
Tannins
‑
++
‑
++
‑
Tritapene
‑
+
+
++
‑
+++: Highly present, ++: Moderately present, +: Present, ‑: Absent/not
detected

groups when compared with the NC group. From 2 weeks of
treatment till the end of the experiment, it was observed that
the feed intake among the diabetic rats treated with VALF
was significantly (P < 0.05) lower when compared with the
untreated diabetic group (DC), but higher than the NC group.
There were no significant (P > 0.05) differences in the feed
intake among the various fractions‑treated groups [Figure 1].
The fluid intake was observed to be significantly (P < 0.05)
increased among the STZ‑induced groups when compared
with the NC group. All through the duration of the experiment,
it was observed that the fluid intake among the diabetic rats
treated with VALF was significantly (P < 0.05) higher than
that of the NC but lower than the DC group. The fluid intake
was almost comparable between the PC group and the VAc
fraction‑treated group at 4 weeks of treatment when compared
with the NC group [Figure 2].

Effect of treatment on total body weight

Two weeks after STZ induction, a slight decrease in b.w. was
observed among the diabetic group when compared with the
20
18
Feed Intake (g/rat/day)

Determination of minimum oral therapeutic dose of
Vernonia amygdalina leaf extracts

NC

16

DC

14

VAh
VAc

12

VAe

10

VAb

8

VAa

Induction
of diabetes
10 days post
confirmation of diabetes

6
4

PC

2
0
-2

-1

0

1
2
3
Post-Treatment Period (Week)

4

Figure 1: Effect of treatment with Vernonia amygdalina leaf fractions
on feed intake throughout the experimental duration. Data are presented
as mean of six animals per group. NC: Normal control; DC: Diabetic
control; PC: Positive control; VAh: Vernonia amygdalina n‑hexane fraction;
VAc: Vernonia amygdalina chloroform fraction; VAe: Vernonia amygdalina
ethyl‑acetate fraction; VAb: Vernonia amygdalina n‑butanol fraction;
VAa: Vernonia amygdalina aqueous fraction

Table 3: Determination of minimum oral therapeutic dose of Vernonia amygdalina leaf extract in rat model of type 2
diabetes
VA extract

Blood glucose level (mg/dl)
0h

1h

2h

4h

Dose (mg/kg b.w.)
V100
290.50±12.83
277.90±15.26 (4.34)
272.30±12.93 (6.27)
267.80±11.06 (7.81)
V150
273.90±11.23
256.10±4.89 (6.50)
247.30±4.21 (9.71)
235.20±9.03 (14.13)
V200
302.60±11.13
285.40±10.94 (5.68)
269.10±10.92 (11.07)
246.90±10.22 (18.42)
V250
280.80±13.47
250.10±11.24 (10.93)
221.60±10.13 (21.08)
187.50±11.26 (33.23)
DC
286.90±15.48
282.30±15.07 (1.60)
277.70±12.22 (3.21)
274.20±12.31 (4.43)
Figures in bracket are percentage reduction in blood glucose as compared to values obtained at 0 h. Data are presented as mean±SD of five animals per group.
DC: Diabetic rats without treatment as control, VA: Vernonia amygdalina, SD: Standard deviation
78
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Fluid intake (ml/rat/day)
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VAe
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270

DC

-2

-1

0

3
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diabetes confirmation
of diabetes

-2
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Figure 2: Effect of treatment with Vernonia amygdalina leaf fractions
on fluid intake throughout the experimental duration. Data are presented
as mean of six animals per group. NC: Normal control; DC: Diabetic
control; PC: Positive control; VAh: Vernonia amygdalina hexane fraction;
VAc: Vernonia amygdalina chloroform fraction; VAe: Vernonia amygdalina
ethyl‑acetate fraction; VAb: Vernonia amygdalina n‑butanol fraction;
VAa: Vernonia amygdalina aqueous fraction

NC group and their initial b.w. just before commencement of
the experiment. A significant difference (P < 0.05) in growth
rate and weight increase was observed among the diabetic
rats treated with VALF and PC groups when compared with
the NC group. A decrease in b.w. was observed in the DC
group. With respect to all the diabetic‑treated groups, the VAc
fraction‑treated group and the PC group had increased b.w.
significantly (P < 0.05) in a comparable manner to the NC
group [Figure 3].

Effect of post‑treatment on blood glucose levels

The blood glucose levels (mg/dl) of rats after 28 days of
administration of leaf fractions of VA are presented in
Figure 4. There was a significant (P < 0.05) increase in blood
glucose after diabetic induction before the commencement
of treatment. After commencement of treatment, gradual
decrease in blood glucose was observed among the
VALF‑treated group and the PC group when compared with
the NC and DC groups. The blood glucose level of the DC
group was significantly (P < 0.05) high than those of all
the treated groups. The percentage change in blood glucose
was compared weekly in all the groups with respect to their
initial blood glucose level recorded after confirmation of
diabetes, before commencement of treatment. The results
showed a significant difference (P < 0.05) in the percentage
change in blood glucose level among and within the treated
groups [Table 4]. From the results, between and 1 and 2 weeks
of treatment, there were no significant (P < 0.05) percentage
change in blood glucose among the VAc, VAe, VAb and the
PC group, except for the VAh‑treated group with a negative
decrease in blood glucose at 1‑week post‑treatment. At
3‑ and 4‑week post‑treatment, it was observed that the VAc

VAa

1

2

3

4

Post-Treatment Period (Week)

4

Post-Treatment Period (Week)

VAb

210

PC

2

VAc

240

220

VAa

1

VAh

250

200

15

PC

260

230

VAb

Induction of

25 diabetes
20

Body weight (g)

NC

40

Figure 3: Effect of treatment with Vernonia amygdalina leaf fractions
on body weight. Data are presented as mean of six animals per
group. NC: Normal control; DC: Diabetic control; PC: Positive control;
VAh: Vernonia amygdalina n‑hexane fraction; VAc: Vernonia amygdalina
chloroform fraction; VAe: Vernonia amygdalina ethyl‑acetate fraction;
VAb: Vernonia amygdalina n‑butanol fraction; VAa: Vernonia amygdalina
aqueous fraction

Table 4: Percentage decrease in fasting blood glucose of
diabetic rats, after treatment with Vernonia amygdalina
leaf fractions
Groups

Percentage decrease after treatment
Day 7

Day 14

Day 21

Day 28

NC
2.40±6.11b,c
1.60±6.96b
−0.90±5.57b
0.61±5.55b
a
a
a
DC
−22.30±6.96 −40.60±7.99 −44.60±13.03 −50.50±11.46a
VAh
−5.40±22.09b 11.02±24.77b,c 21.50±21.48c 29.30±16.12c
VAc
11.50±3.47c
27.10±5.27d
40.30±3.33d,e
66.70±6.50e
VAe
7.70±4.10c
20.70±2.60c,d 29.40±3.13c,d 36.20±3.88c,d
VAb
10.10±4.57c 18.90±5.61c,d
25.40±5.31c
42.90±11.53d
VAa
9.30±8.16c
21.10±8.43c,d
27.00±8.60c
39.30±9.41c,d
c
d
e
PC
10.10±11.46 26.70±14.14
49.10±7.78
71.70±2.23e
Data are presented as mean of six animals per group. Values with
different superscripts down the column indicate significant difference
(P<0.05). Negative sign (‑ve) before a figure means increase in fasting
blood glucose. NC: Normal control, DC: Diabetic control, PC: Positive
control, VAh: Vernonia amygdalina n‑hexane fraction, VAc: Vernonia
amygdalina chloroform fraction, VAe: Vernonia amygdalina ethyl
acetate fraction, VAb: Vernonia amygdalina n‑butanol fraction,
VAa: Vernonia amygdalina aqueous fraction

fraction and the PC groups recorded a comparable percentage
change in blood glucose without significant (P > 0.05)
difference [Table 4].

Effect of Vernonia amygdalina leaf fractions on oral
glucose tolerance test and area under the curve

The blood glucose levels of rats in the NC, DC and diabetic
groups treated for 28 days with VALF demonstrated a
significant change after oral loading, with 2 g/kg b.w. glucose
solution [Figure 5]. The rats in the diabetic groups (DC) had
significant elevation in blood glucose level throughout the total
measurement period (120 min) with respect to the NC group
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Figure 4: Effect of weekly post‑treatment with Vernonia amygdalina leaf
fractions on blood glucose. Data are presented as mean of six animals
per group. NC: Normal control; DC: Diabetic control; PC: Positive control;
VAh: Vernonia amygdalina n‑hexane fraction; VAc: Vernonia amygdalina
chloroform fraction; VAe: Vernonia amygdalina ethyl‑acetate fraction;
VAb: Vernonia amygdalina n‑butanol fraction; VAa: Vernonia amygdalina
aqueous fraction

and VALF‑treated groups. Moreover, the glucose level did not
return to the initial values (at 0 min), even at the end of the
2‑h period. Treatment of diabetic rats with metformin or VALF
resulted in significant reduction in area under the curve (AUC)
for glucose when compared to the DC group. Although the
various VALFs had antihyperglycaemic effects, the VAc
was observed to have the highest antihyperglycaemic effect
with 49.01% while the VAh had the least antihyperglycaemic
activity of 31.69% [Table 5].

0.0

The levels of serum liver marker enzymes (AST, ALT and ALP)
and biomarkers of kidney function (serum urea, uric acid
and creatinine) were significantly elevated in the diabetic
DC group as compared to the NC, PC and VALF‑treated
groups [Table 6]. When VALF was administered to diabetic rats
for 28 days, the serum urea, uric acid and creatinine contents
decreased and the VAc shows better significant (P < 0.05)
modification. Similarly, oral administration of VALF for
28 days restored the enzyme levels significantly (P < 0.05)
to near normal.
Table 7 summarizes the effect of the various VALFs on serum
lipid profile levels in diabetic rats. Our results indicated that
serum total cholesterol (Tc), serum triacylglycerol (TG),
serum low‑density lipoprotein cholesterol (LDLc) and
Tc/high‑density lipoprotein cholesterol ratio (Tc/HDLc) were
significantly increased (P < 0.05) in the diabetic DC group
as compared to the NC group and the VALF‑treated groups.
However, HDLc levels were significantly lower in the DC
group when compared to the NC group and the VALF‑treated
group [Table 7].
The HOMA‑IR, β‑cell function (HOMA‑β‑cell), serum
C‑peptide, serum insulin and insulin sensitivity for the
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Figure 5: Changes in blood glucose concentration during oral glucose
tolerance test in diabetic rats treated with Vernonia amygdalina leaf
fractions. Data are presented as mean of six animals per group.
NC: Normal control; DC: Diabetic control; PC: Positive control;
VAh: Vernonia amygdalina n‑hexane fraction; VAc: Vernonia amygdalina
chloroform fraction; VAe: Vernonia amygdalina ethyl‑acetate fraction;
VAb: Vernonia amygdalina n‑butanol fraction; VAa: Vernonia amygdalina
aqueous fraction

Table 5: Total area under the curve induced after glucose
loading (2 g/kg b.w.) in diabetic rats pre‑treated with
Vernonia amygdalina leaf fractions (250 mg/kg/day) for
28 days
Groups

Effect of treatment on biochemical parameters

80

NC

Total AUC (mg/dl min)

Reduction (%)

NC
16,538±429.23
‑
DC
74,922±1045.17
0
VAh
51,176±1358.06
31.69
VAc
38,206±744.11
49.01
VAe
44,208±511.37
40.99
VAb
40,439±1002.62
46.03
VAa
41,282±410.18
44.9
PC
47,418±113.52
36.71
Values are mean±SD of six rats. NC: Normal control, DC: Diabetic
control, PC: Positive control (metformin), VAh: Vernonia amygdalina
n‑hexane fraction, VAc: Vernonia amygdalina chloroform fraction, VAe:
Vernonia amygdalina ethyl acetate fraction, VAb: Vernonia amygdalina
n‑butanol fraction, VAa: Vernonia amygdalina aqueous fraction, AUC:
Area under the curve, SD: Standard deviation

diabetic‑treated and untreated rats are shown in Table 8.
The results of our findings indicate that HOMA‑IR index
was significantly (P < 0.05) higher in the DC group when
compared to the NC, PC and VALF‑treated groups. There
was no significant (P > 0.05) difference in the HOMA‑IR
index between the various VALFs. The insulin sensitivity and
HOMA‑β cell functioning index were significantly lower in the
DC group when compared to the NC, PC and the VALF‑treated
groups [Table 8].
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Table 6: Liver and kidney function biomarkers in diabetic rats treated with Vernonia amygdalina leaf fractions
(250 mg/kg/day) for 28 days
Groups

AST (U/I)

ALT (U/I)

ALP (U/I)

Urea (mg/dl)

Creatinine (mg/dl)

Uric acid (mg/dl)

NC
27.69±2.93a
23.40±4.86a
32.65±7.41a
25.80±2.41a
0.88±0.13a
2.46±0.34a
DC
69.65±6.40e
62.44±8.41e
97.80±13.70e
40.69±2.50c
2.21±0.21e
4.81±0.65e
VAh
40.62±3.04c,d
32.49±3.78b,c
53.18±6.56b
31.91±2.45b
1.56±0.22c,d
3.33±0.27b,c,d
a
a,b
a,b
a,b
a,b
VAc
28.17±2.85
26.53±0.32
43.51±6.58
28.84±2.38
1.09±0.36
2.92±0.29b
c,d
c,d
d
b
d
VAe
40.10±4.21
35.62±6.50
72.36±6.14
31.83±2.42
1.74±0.24
3.38±0.26c,d
b,c
c,d
b,c
b
a,b
VAb
35.48±3.58
33.78±1.18
55.20±8.16
30.91±2.49
1.18±0.42
3.21±0.29b,c,d
d
d
c,d
b
d
VAa
43.67±6.70
39.71±6.02
65.09±7.69
31.88±2.22
1.85±0.13
3.49±0.26d
PC
31.95±1.41a,b
37.78±3.53c,d
49.53+14.92b
29.71±2.17a,b
1.40±0.21b,c
3.01±0.27b,c
Data are presented as mean±SD of six animals per group. NC: Normal control, DC: Diabetic control, PC: Positive control, VAh: Vernonia amygdalina
n‑hexane fraction, VAc: Vernonia amygdalina chloroform fraction, VAe: Vernonia amygdalina ethyl acetate fraction, VAb: Vernonia amygdalina n‑butanol
fraction, VAa: Vernonia amygdalina aqueous fraction, AST: Aspartate aminotransferase, ALT: Alanine transaminase, ALP: Alkaline phosphatase,
SD: Standard deviation. a,b,c,d,eSignificant difference (P < 0.05).

Table 7: Effects of treatment with Vernonia amygdalina leaf fractions for 28 days on serum lipid profile of diabetic rats
Groups

TC (mg/dl)

HDL‑C (mg/dl)

TG (mg/dl)

LDL‑C (mg/dl)

TC/HDL‑C

NC
78.00±7.61
58.60±5.82
73.60±7.99
4.70±9.21
1.34±0.15a
DC
176.70±11.82d
17.80±2.63a
448.70±11.35e
69.10±10.26c
10.07±1.33e
VAh
114.50±14.92b
31.20±4.51b,c
125.30±7.71d
58.20±12.64b,c
3.69±0.31c
VAc
102.70±16.37b
44.70±6.80e
82.20±7.09b
41.60±17.40b
2.34±0.49b
VAe
109.60±15.34b
36.90±4.22c,d
121.50±3.51d
48.40±15.22b
3.00±0.51b,c
b
b
c
b,c
VAb
105.80±21.07
28.20±4.51
97.30±6.28
58.20±23.27
3.85±1.03c
b
d
d
b
VAa
107.90±10.54
37.60±4.56
118.50±5.82
46.60±6.40
2.88±0.17b,c
c
b
c
d
PC
137.50±12.81
29.60±5.93
105.20±6.33
86.9±17.69
4.83±1.16d
Data are presented as mean±SD of six animals per group. Values with different superscripts down the column indicate significant difference (P<0.05).
NC: Normal control, DC: Diabetic control, PC: Positive control, VAh: Vernonia amygdalina n‑hexane fraction, VAc: Vernonia amygdalina chloroform fraction,
VAe: Vernonia amygdalina ethyl acetate fraction, VAb: Vernonia amygdalina n‑butanol fraction, VAa: Vernonia amygdalina aqueous fraction, SD: Standard
deviation, TC: Total cholesterol, HDL‑C: High‑density lipoprotein‑cholesterol, TG: Triacylglycerol, LDL‑C: Low‑density lipoprotein‑cholesterol
a

f

Table 8: Quantification of insulin sensitivity, resistance
and β‑cell function in diabetic rats treated with Vernonia
amygdalina leaf fractions (250 mg/kg b.w.) for 28 days
Groups

FBS (mg/dl)

HOMA‑IR

HOMA‑β

Insulin
sensitivity

NC
83.10±6.38a
2.65±0.43a
52.33±5.62e
1.36±0.07d
DC
489.60±53.80e
12.44±2.79c
4.04±0.91a
0.70±0.05a
VAh
265.32±66.16d
7.38±2.43b
12.17±3.17b
0.87±0.10b
VAc
198.90±17.29c
5.73±1.13b
17.7±3.87c
0.87±0.03b
c,d
b
b,c
VAe
235.80±21.08
6.45±0.98
13.75±3.91
0.86±0.04b
c
b
b,c
VAb
218.40±30.67
5.77±1.05
14.39±2.94
0.87±0.06b
c,d
b
b,c
VAa
231.90±18.44
6.13±1.23
13.08±2.66
0.86±0.03b
b
a
d
PC
134.10±12.92
3.86±0.54
28.16±5.55
1.09±0.07c
Data are presented as mean±SD of six animals per group. Values with
different superscripts down the column indicate significant difference
(P<0.05). Conversion factor: Insulin (1U/l=7.174 ρmol/l). NC: Normal
control, DC: Diabetic control, PC: Positive control, VAh: Vernonia
amygdalina n‑hexane fraction, VAc: Vernonia amygdalina chloroform
fraction, VAe: Vernonia amygdalina ethyl acetate fraction, VAb: Vernonia
amygdalina n‑butanol fraction, VAa: Vernonia amygdalina aqueous
fraction, SD: Standard deviation, FBS: Fasting blood sugar,
HOMA‑IR: Homeostasis model assessment of insulin resistance

Histopathological examination of the pancreatic tissues

Figure 6 shows the photomicrographs of pancreas of the
rats in all the experimental groups. The photomicrographs

a

a

revealed pancreatic islets with partial destruction of the
β‑cells in the DC when compared with the NC and PC groups
with apparently healthy pancreatic β‑cells. Treatment with
250 mg/kg b.w./day for 28 days improves the damaged pancreatic
islet cells. A considerable number of healthy pancreatic β‑cells
were observed in the group treated with VAc. However, the islet
cells were significantly smaller compared to the NC and PC
groups [Figure 6].

Discussion
Due to the high prevalence of type 2 diabetes (T2D) worldwide,
extensive research is still being performed to develop new
antidiabetic agents.[8] This work evaluated the antidiabetic effect
of VALF in fortified diet‑fed (FDF) STZ‑treated rat (FDF‑STZ)
model of T2D. Recently, we demonstrated that the FDF‑STZ
Albino Wistar rat model is a suitable model of T2D for
screening antidiabetic plants.[26] This FDF‑STZ model exhibited
frank hyperglycaemia without severe insulin deficiency.[26]
The normoglycaemia state presented by the normal diet‑fed
STZ‑treated rat group explained the characteristic feature of
the FDF‑STZ experimental model of T2D used in this present
study to evaluate the antidiabetic activities of VALF.
Water is used generally by most traditional healers to make
herbal decoctions of VA, but sometimes alcohol is also
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young leaves of VA ethanol extract. In this study, single oral
acute toxicity study of VA leaf extracts at 5 g/kg b.w. did not
show any apparent toxic symptom or mortality even 7 days
after oral administration. This indicated that LD50 of VA
was >5 g/kg b.w. Our observations were in agreement with that
of Nwanjo[12] and Adiukwu et al.,[36] who reported that VA leaf
extract had no clinical symptoms of toxicity effect or adverse
toxicological potentials at doses of 500–2000 mg/kg/day for
14 successive days. Several other investigators have also
reported the non‑toxic nature of the leaf extract either to the
kidney or the liver.[15,24,25]

Figure 6: Photomicrographs of liver tissues of diabetic/non‑diabetic rats,
pre‑treated with Vernonia amygdalina leaf fractions (250 mg/kg b.w.) for
28 days (H and E, stain, ×100). (a) NC: Normal control (non‑diabetic
group): Section shows normal histology of pancreas with high number
of ß‑cells. (b) DC: Diabetic control: Islets show highly dispersed and
morphologically deformed ß‑cells. (c) PC: Positive control: It has normal
arrangement of islet cells and their ß‑cells are likened to that of the NC
group. (d) VAh: Vernonia amygdalina n‑hexane fraction; (e) VAc: Vernonia
amygdalina chloroform fraction; (f) VAe: Vernonia amygdalina ethyl
acetate fraction; (g) VAb: Vernonia amygdalina n‑butanol fraction;
(h) VAa: Vernonia amygdalina aqueous fraction. The VAh, VAc, VAe, VAb
and VAa groups had better structural architecture compared to the DC
group but morphologically distorted ß‑cells. The VAe and VAb show sign
of regeneration but cellularity is less pronounced as compared to VAc

used.[15] In this study, a sequential method of extraction
using different solvents in the order of increasing polarity
(n‑hexane, chloroform, ethyl‑acetate, n‑butanol and water) was
employed to obtain VALF from the crude extract. This was
done to extract both polar and non‑polar components from the
leaf extract. The method was chosen primarily since the nature,
polarity and solubility of the antidiabetic bioactive constituents
in the leaf of VA were unknown. In general, n‑hexane is used
to extract compounds of low polarity such as fatty acids,
waxes, some alkaloids and terpenoids.[34] Chloroform and
ethyl‑acetate are known to extract both medium polarities
and some polar compounds such as flavonoids, tannins and
some terpenoids.[34] On the other hand, n‑butanol and water are
known to extract hydropolar compounds such as carbohydrates,
amino acids and their derivatives.[34] The presence of medicinal
active constituents was revealed in various fractions of the
leaf extract. This observation is in agreement with the reports
presented by previous investigators.[15,35]
Although plants used in ethno medicine are considered to
be relatively safe, there is still the need to formally examine
the safety level of such plants when used in scientific
investigation.[7] This is especially imperative if the preparation
procedure differs from that of the traditional method, such as
using organic versus aqueous solvent.[11] Second, the age of
plant, geographical location and season and time of harvest
affect the phytochemical compositions of the plant[17] and
ultimately affect its toxicity. For instance, Asante et al.[17]
reported that flavonoids were present in the old and not the
82

In this study, the effective minimum oral therapeutic dose
of VA leaf extract was found to be 250 mg/kg b.w. The dose
was observed to have reduced the hyperglycaemia of diabetic
rats by 33.5% at 4 h post‑oral administration. This finding
was consistent with the report of the 25% reduction criteria
suggested by Oguanobi et al.[9] Different doses of VA leaf
extracts ranging from 100 to 500 mg/kg b.w. have been reported
by several investigators without clear‑cut criteria on how the
doses were derived.[12,16,22,23] The antihyperglycaemic efficacy
of VA leaf extract at different dosages could be due to the
different amounts of phytoconstituents present in the plant. This
hypoglycaemic potency of VA leaf extract has been attributed
to the basic phytochemical constituents of the plant which
include saponins, tannins, flavonoids, phenol, glycosides and
steroid glucosides.[29]
One week after confirmation of diabetes, before the
commencement of treatment, a significant (P < 0.05) increase
in fluid intake and decrease in feed intake were noted. This may
probably be due to the obligatory renal water loss combined
with hyperosmolarity in diabetes which tends to deplete
intracellular water, triggering the osmoreceptor of the thirst
centre of the brain and polydipsia occurrence, which leads
to water intake. At this stage, there is decreased appetite and
hence catabolic effect prevails resulting in weight loss which
was evident in the DC group in this study. This observation
corroborates with what was reported by Ekam et al.[35] and Goje
et al.[37] in their studies 3 days post‑induction of diabetes with
alloxan. They observed a decrease in b.w. in all the groups
administered with alloxan though not significant (P > 0.05),
but that was not the case with their NC group which did not
show any reduction in b.w. This was also consistent with that of
Russell et al.[38] that there is decreased appetite in diabetes. The
maintenance of near b.w. in diabetic rats administered VALF
for 28 days may be related to the preservation of feed intake
or the protection against catabolism through increased insulin
availability to promote the anabolic processes.[39] Increased
muscle degradation could be the reason for loss of b.w. in
diabetes.[40] Insulin reverses b.w. loss through stimulating
protein and lipid synthesis together with glycogen storage.[39]
The relatively improved b.w. gain in the VALF‑treated groups
as compared to the DC group suggests its antidiabetic efficacy
for T2D. In particular, the observed improved ameliorating
effect of VAc leaf fraction may be due to the presence of
saponins. Saponins possess insulin‑like properties, which
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stimulate glucose uptake enhancing Glut4 expression and
contributing to storage of glucose as glycogen in adipocytes.[41]
The data from this study show that VALFs produced a
significant (P < 0.05) reduction in blood glucose level in
T2D rat model; hexane (29.3%), chloroform (66.7%), ethyl
acetate (36.2%), butanol (42.9%) and aqueous (39.3%). This
observation agrees with those of Ojieh et al.,[23] who reported
that different VALFs produced a fall in the FBG level in
T1D rats; chloroform (65.85%), ethyl acetate (69.65%),
benzene (45.59%) and butanol (37.31%). The highest
reduction in blood glucose (71.7%) was observed in the PC
group (treated with metformin), followed by treated rats
that received 250 mg/kg VAc (66.7%). The least reduction
rate (29.3%) was observed in the group treated with the VAh.
However, the DC group manifested continuous increase in
glucose levels from day 0 to day 28. This study confirms an
earlier report by other investigators on the antihyperglycaemic
effect of the leaf extract of VA in rats. STZ is a diabetogenic
agent which induces diabetes by damaging the pancreatic
β‑cells of the islets leading to hyperglycaemia. [20] These
observations correlate with previous research reports,[17,23,37]
where antidiabetic medicinal plants significantly reduced the
high blood glucose level in STZ‑induced diabetic rats.
The DC rats in this study demonstrated significant increase in
AUC of the glucose concentration after oral glucose loading.
This observation from this study corroborates with a similar
previous investigation by Elberry et al.[42] This could be due to
the reduction of glucose tissue utilisation and increased hepatic
glucose production as a result of decreased insulin production.
Treatment with VALF for 28 days resulted in a significant
reduction in the AUC of diabetic rats. The implication is that
VALF stimulates increased glucose utilisation and glucose
tolerance through body tissues of the diabetic rats. Among all
the VALFs administered, VAc was noticed to have the most
significant effect in most of the parameters measured.
Hyperglycaemia in diabetic condition is linked with changes
in the metabolism of glucose and lipid as well as modification
in liver enzymic activities.[43] One of the most common severe
complications of diabetes is renal disease. Serum creatinine,
uric acid and urea are used as biomarkers for prediction of
renal dysfunction, because they increase significantly in
diabetic conditions.[44,45] In this study, high levels of these
biomarkers were observed in the DC group as compared to the
NC group. This finding is in agreement with that of previous
investigators.[16,43,44] The significant high levels of serum urea
and creatinine is an indication of diminished ability of the
kidney to filter these waste products from the blood and excrete
them in urine. However, treatment with VALF for 28 days was
able to significantly (P < 0.05) reduce the serum concentration
of urea and creatinine in diabetic rats. Among the various
fractions administered, it was observed that the VAc fraction
was able to significantly reduce the serum levels of urea and
creatinine in a similar manner more comparable with the
normal drug metformin. Data from this study suggest that the

VAc may have enhanced the ability of the kidneys to get rid of
these waste products from the blood. It could also be explained
that the VAc has the ability to confer protective effect on the
kidney or might be able to directly improve the structural and
functional integrities of cells of the blood, kidney and liver.
Hepatocyte injury caused impairment in the liver cell
membrane permeability. Consequently, cytoplasmic enzymic
activities such as transaminase enzymes (AST and ALT)
escape into the circulatory system and their activities in
serum increase. Alteration of membrane‑bound ALP affects
membrane permeability and produces derangement in the
transport of metabolites.[8] In this study, the serum levels of
liver biomarkers (AST, ALT and ALP) were considerably
increased in the DC group when compared to the NC group,
indicating impaired liver function, which is evidently due
to hepatocellular necrosis. Treatment of diabetic rat model
with VALF caused a reduction in the activity of the enzymes
(AST, ALT and ALP). This observation is consistent with an
earlier report that elevated activities of serum transferases
are common signs of liver diseases which are observed more
often in diabetic condition.[8,16] The increase in serum levels of
these enzymes indicated that STZ‑induced diabetes produced
alteration in hepatic function, which consequently results in
leakage of these hepatic enzymes from the liver cytosol into
the blood stream. Ghosh and Suryawansi[46] explained that
diabetic complications such as elevated gluconeogenesis
and ketogenesis may be the result of increased transaminase
activities. Hence, restoration of these biomarker enzymes
towards normal level signifies decreased diabetic complications
as observed in the VALF‑treated groups. Among the various
fractions tested, the VAc was the most active in reducing the
activities of the liver enzymes.
Dyslipidaemia is a known complication associated with
diabetes.[47] The abnormally high concentration of serum TG,
TC, LDLc and low HDLc observed in diabetic rats compared
to control rats is in consonant with reports from previous
studies,[8,42,24,47] indicating that an increase in glucose level
on induction of diabetes results in an equivalent rise in blood
lipids. The live is an insulin‑dependent tissue that plays a
significant role in glucose and lipid homeostasis and is severely
affected in diabetes.[48] Hyperlipidaemia is a complication of
diabetes which is characterised by raised levels of cholesterol,
phospholipids, triglycerides and other lipoproteins.[47] High
serum lipids in diabetes have been reported on one hand to be
the effect of increased mobilisation of free fatty acids from
peripheral fat depots due to inhibition of the hormone‑sensitive
lipase by insulin, [49] and conversely, could be due to
catecholamines, glucagon and other hormones which enhance
lipolysis. The excess fatty acids produced are converted into
cholesterol and phospholipids which, together with excess
triacylglycerols produced at the same time in the liver, are
released into the blood stream in the form of lipoproteins.
Hence, the significant hyperlipidaemia observed in diabetic
rats may be regarded as a consequence of uninhibited actions
of lipolytic hormones in fat depots.[50] Elevated levels of TC,
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prominently LDLc, is one of the most important coronary risk
factors, which is the major cause of morbidity and deaths in
diabetic patients. Treatment of diabetic rats with VALF caused
alleviations of all the lipid profile parameters, indicating its
hypolipidaemic potency. This effect may be ascribed to the
presence of phytoconstituents present in the fractions which
inhibited cholesterol and/or bile acid absorption.
The hypertriglyceridaemia observed among the T2D rats
may be because of increased absorption and production
of triglycerides in the form of chylomicrons subsequent
to exogenous consumption of FDF or through increased
endogenous production of TG‑enriched hepatic very low
density lipoprotein and decreased TG uptake in peripheral
tissues. Hypercholesterolaemia may be attributed to the
increased dietary cholesterol absorption from the small
intestine following the intake of FDF in a diabetic condition.[26]
However, the levels of serum TG and TC were significantly
reduced in the VAc‑treated T2D rats.

clinical investigation since it is a promising drug candidate
for the management of T2D.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

References
1.
2.
3.
4.

Histopathological results showed normal pancreatic islet
β‑cells in the NC group, with the NC group showing
evidence of deformation and cytoplasmic changes in the
cells of the islets, specifically within the middle portion
of the islets where there was an architectural deformation
of β‑cells. The NC and PC had large islet cells with high
number of β‑cells whereas the DC had morphologically
deformed islet cells with disperse β‑cells. The VA fraction
treated groups had higher (but morphologically smaller)
number of β-cells compared to DC, but fewer numbers
compared to NC. The VALF‑treated groups showed
rejuvenation of the β‑cells of the pancreas, and this
observation was evidently supported by the significant
reduction in hyperglycaemia. These changes were observed
consistently in all the animals within the groups. However,
VAc manifested the greatest pancreas‑regenerative ability
compared to the other groups. This study affirms the work
done by previous investigators.[15,35,37,42,25]

5.

Conclusion

14.

This study showed that the daily administration of hexane,
chloroform, ethyl acetate, butanol and aqueous fractions
of VA resulted in reduction in blood glucose levels in
FDF‑STZ‑induced T2D rats. The results suggest that the
FDF‑STZ‑treated rat model is a suitable model of T2D for
pharmacological screening. The findings and data from
this study give credence to the existing reports that VA is
useful in the ethno‑therapeutic management of diabetes
mellitus.[10,13,15,23] Regardless of the fact that all the five
fractions proved to be effective, the VAc was most effective,
in that it had the satisfactory capacity to restore diabetic
alterations to near normal. Although the intervention
duration in our study was relatively short for just 28 days, it
is promising that the effects of VAc could be enhanced in a
long‑term study. Work is in progress to isolate the bioactive
component(s) present in the VAc for structural elucidation and

15.

84

6.
7.
8.
9.
10.
11.
12.
13.

16.
17.

18.
19.
20.
21.

IDF, International Diabetes Federation. IDF Diabetes Atlas. 7th ed.
Brussels, Belgium; 2015. Available from: http://www.idf.org/
diabetesatlas. [Last accessed on 2016 Dec 13].
World Health Organisation. Global Report on Diabetes. Geneva: WHO;
2016.
Okoduwa SI, Umar IA, Ibrahim S, Bello F, Habila N. Age‑dependent
alteration of antioxidant defense system in hypertensive and type‑2
diabetes patients. J Diabetes Metab Disord 2015;14:32.
Okoduwa SI, Umar IA, Ibrahim S, Bello F, Ndidi US. Socio‑economic
status of patients with type 2 diabetes and hypertension attending the
Ahmadu Bello University Teaching Hospital, Zaria, North‑West Nigeria.
Glob J Health Sci 2014;7:280‑7.
Mane PB, Antre RV, Oswal RJ. Antidiabetic drugs: An overview. Int J
Pharm Chem Sci 2012;1:301‑6.
Ezuruike UF, Prieto JM. The use of plants in the traditional management
of diabetes in Nigeria: Pharmacological and toxicological considerations.
J Ethnopharmacol 2014;155:857‑924.
Asase A, Yohonu DT. Ethnobotanical study of herbal medicines
for management of diabetes mellitus in Dangme west district of
Southern Ghana. J Herbal Med 2016;6:204‑9.
Soliman AM. Potential impact of Paracentrotus lividus extract on
diabetic rat models induced by high fat/streptozotocin. J Basic Appl
Zool 2016;77:8‑20.
Oguanobi NI, Chijioke CP, Ghasi S. Anti‑diabetic effect of crude leaf
extracts of Ocimum gratissimum in neonatal streptozotocin‑induced
type‑2 model diabetic rats. Int J Pharm Pharma Sci 2012;4:77‑83.
Mohammed A, Ibrahim MA, Islam MS. African medicinal plants with
antidiabetic potentials: A review. Planta Med 2014;80:354‑77.
Toyang NJ, Verpoorte R. A review of the medicinal potentials of plants of
the genus vernonia (Asteraceae). J Ethnopharmacol 2013;146:681‑723.
Nwanjo HU. Efficacy of aqueous leaf extract of Vernonia amygdalina
on plasma lipoprotein and oxidative status in diabetic rat models. Niger
J Physiol Sci 2005;20:39‑42.
Okolie UV, Okeke CE, Oli JM, Ehiemere IJ. Hypoglycemic indices of
Vernonia amygdalina on postprandial blood glucose concentration of
healthy humans. Afr J Biotechnol 2008;7:4581‑85.
Osinubi AA. Effects of Vernonia amygdalina and chlorpropamide on
blood glucose. Med J Islam World Acad Sci 2007;16:115‑9.
Zakaria Y, Azlan NZ, Fakhuruddin N, Hassan N, Muhammad H.
Phytochemicals and acute oral toxicity studies of the aqueous extract
of Vernonia amygdalina from state of Malaysia. J Med Plants Stud
2016;4:1‑5.
Akah PA, Alemji JA, Salawu OA, Okoye TC, Offiah NV. Effects of
Vernonia amygdalina on biochemical and hematological parameters in
diabetic rats. Asian J Med Sci 2009;1:108‑13.
Asante DB, Effah‑Yeboah E, Barnes P, Abban HA, Ameyaw EO,
Boampong JN, et al. Antidiabetic effect of young and old ethanolic leaf
extracts of Vernonia amygdalina: A Comparative study. J Diabetes Res
2016;2016:8252741.
Ijeh II, Ejike CE. Current perspective on the medicinal potentials of
Vernonia amygdalina Del. J Med Plants Res 2011;5:1051‑61.
Chikezie PC, Ojiako OA, Nwufo K. Overview of antidiabetic
medicinal plants: The Nigerian research experience. Diabetes Metab
2015;6:1000546.
Szkudelski T. The mechanism of alloxan and streptozotocin action in B
cells of the rat pancreas. Physiol Res 2001;50:537‑46.
Atangwho IJ, Ebong PE, Eyong EU, Asmawi MZ, Ahmad M. Synergistic
antidiabetic activity of Vernonia amygdalina and Azadirachta indica:

Journal of Diabetology ¦ Volume 8 ¦ Issue 3 ¦ September-December 2017

[Downloaded free from http://www.journalofdiabetology.org on Friday, December 29, 2017, IP: 41.190.14.189]
Okoduwa, et al.: Antidiabetic effects of Vernonia amygdalina in rat model of Type-2 diabetes

22.

23.
24.

25.
26.
27.
28.
29.
30.
31.
32.
33.

34.
35.
36.

37.

Biochemical effects and possible mechanism. J Ethnopharmacol
2012;141:878‑87.
Iwuji SC, Nwafor A, Adienbo OM, Egwurugwu J, Iwuji NG,
Oodo OM. Hypoglycaemic potential of aqueous leaf extract of Vernonia
amygdalina: An animal model. Afr J Med Physiol Biomed Eng Sci
2010;2:9‑13.
Ojieh AE, Okolo AC, Ewhre LO, Njoku IP, Igweh JC, Aloamaka PC.
Glucose enzymatic modulation by Vernonia amygdalina in
streptozotocin‑diabetic Wistar rats. Br J Med Med Res 2016;15:1‑14.
Abdulazeez MA, Ibrahim K, Bulus K, Babvoshia HB, Abdullahi Y.
Effect of combined use of Ocimum gratissimum and Vernonia
amygdalina extract on the activity of angiotensin converting enzyme,
hypolipidemic and antioxidant parameters in streptozotocin‑induced
diabetic rats. Afri J Biochem Res 2013;7:165‑73.
Atangwho IJ, Ebong PE, Eyong EU, Eteng MU, Obi AU. Effects of
Vernonia amygdalina Del: Leaf on kidney function of diabetic rats. Int J
Pharm 2007;3:143‑8.
Okoduwa SI, Umar IA, James DB, Inuwa HM. Appropriate insulin level
in selecting fortified diet‑fed, streptozotocin‑treated rat model of type 2
diabetes for anti‑diabetic studies. PLoS One 2017;12:e0170971.
Srinivasan K, Ramarao P. Animal models in type 2 diabetes research: An
overview. Indian J Med Res 2007;125:451‑72.
Zarfeshani A, Mutalib MS, Khaza’ai H. Evaluating of high fructose diet
to induce hyperglycemia and its inflammatory complications in rats. Pak
J Nutr 2012;11:21‑6.
Okoduwa SI, Umar IA, James DB, Inuwa HM, Habila JD. Evaluation
of extraction protocols of anti‑diabetic phytochemical substances from
medicinal plants. World J Diabetes 2016;7:605‑14.
Trease GE, Evans WC. Textbook of Pharmacognosy. 12th ed. London:
Bailliere Tindall; 1986. p. 343‑83.
Lorke D. A new approach to practical acute toxicity testing. Arch
Toxicol 1983;54:275‑87.
Islam MS. Fasting blood glucose and diagnosis of type 2 diabetes.
Diabetes Res Clin Pract 2011;91:e26.
Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC, et al. Homeostasis model assessment: Insulin resistance
and beta‑cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985;28:412‑9.
Azwanida NN. A review on the extraction methods use in medicinal
plants, principle, strength and limitation. Med Aromat Plants 2015;4:196.
Ekam VS, Ebong PE, Johnson JT, Dasofunjo K. Effect of activity
directed fractions of Vernonia on total body weight and blood glucose
levels of diabetic Wistar albino rats. Int J Sci Technol 2013;2:153‑7.
Adiukwu PC, Amon A, Nambatya G, Adzu B, Imanirampa L,
Twinomujuni S, et al. Acute toxicity, antipyretic and antinociceptive
study of the crude saponin from an edible vegetable: Vernonia
amygdalina leaf. Int J Biol Chem Sci 2012;6:1019‑28.
Goje LJ, Maisamari CA, Maigari FU, Ghamba PE, Goji AD, Mshellia P.
The hypoglycemic and hypolipidemic effects of the aqueous extract of

38.
39.

40.
41.

42.

43.

44.
45.
46.
47.

48.

49.

50.

Journal of Diabetology ¦ Volume 8 ¦ Issue 3 ¦ September-December 2017

Vernonia amygdalina leaves on alloxan induced diabetic albino rats. Int
J Sci 2014;3:5-11.
Russell AW, Horowitz M, Ritz M, MacIntosh C, Fraser R, Chapman IM,
et al. The effect of acute hyperglycaemia on appetite and food intake in
type 1 diabetes mellitus. Diabet Med 2001;18:718‑25.
Timmerman KL, Lee JL, Dreyer HC, Dhanani S, Glynn EL, Fry CS,
et al. Insulin stimulates human skeletal muscle protein synthesis via an
indirect mechanism involving endothelial‑dependent vasodilation and
mammalian target of rapamycin complex1 signaling. J Clin Endocrinol
Metab 2010;95:3848‑57.
Hu Z, Lee IH, Wang X, Sheng H, Zhang L, Du J, et al. Pten expression
contributes to the regulation of muscle protein degradation in diabetes.
Diabetes 2007;56:2449‑56.
Elekofehinti OO, Omotuyi IO, Kamdem JP, Ejelonu OC, Alves GV,
Adanlawo IG, et al. Saponin as regulator of biofuel: Implication
for ethnobotanical management of diabetes. J Physiol Biochem
2014;70:555‑67.
Elberry AA, Harraz FM, Ghareib SA, Gabr SA, Nagy AA,
Abdel‑Sattar E. Methanolic extract of Marrubium vulgare ameloriates
hyperglycemia in streptozotocin‑induced diabetic rats. Int J Diabets
Mellit 2015;3:37-44.
Jensen T, Stender S, Deckert T. Abnormalities in plasmas concentrations
of lipoproteins and fibrinogen in type 1 (insulin‑dependent) diabetic
patients with increased urinary albumin excretion. Diabetologia
1988;31:142‑5.
Almdal TP, Vilstrup H. Effects of streptozotocin‑induced diabetes and
diet on nitrogen loss from organs and on the capacity of urea synthesis
in rats. Diabetologia 1987;30:952‑6.
Tierney LM, Mcphee SJ, Papadakis MA. Current Medical Diagnosis
and Treatment. International edition. New York: Lange Medical
Books/McGraw‑Hill; 2002. p. 1203‑15.
Ghosh S, Suryawanshi SA. Effect of Vinca rosea extracts in
treatment of alloxan diabetes in male albino rats. Indian J Exp Biol
2001;39:748‑59.
Ayinla MT, Dada SO, Shittu ST, Olayaki LA, Akiode AO, Ojulari SL.
Anti‑hyperlipidemic effect of aqueous leaf extract of Ocimum
gratissimum in alloxan induced diabetic rats. Int J Med Med Sci
2011;3:360‑3.
Ozkurk SA, Aytekin I, Ozsoy HO, Ozkurk AN, Ytlmaz N. Effects of
caffeic acid phenethyl ester on oxidative stress, histopathology and
some biochemical parameters in streptozotocin‑induced diabetic rats.
Turk J Biochem 2015;40(2): 149-56. [Doi: 10.5505/tjb. 2015.02259].
Sharma SB, Gupta S, Ac R, Singh UR, Rajpoot R, Shukla SK,
et al. Antidiabetogenic action of Morus rubra L. Leaf extract
in streptozotocin‑induced diabetic rats. J Pharm Pharmacol
2010;62:247‑55.
Tavasoli AA, Sadeghi M, Pourghaddas M, Roohafza HR. Lipid
profile in uncomplicated non‑diabetic hypertensive. Iran Heart J
2005;6:64‑9.

85

