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ABSTRACT

Background: Diabetic nephropathy is a leading cause of end-stage renal failure worldwide.
Purpose: The methanol leaf extract of Vernonia amygdalina (MLVA) was thus investigated for its
nephroprotective effects in diabetes.

Materials and Methods: Diabetes was induced in male Wistar rats by a single intraperitoneal (1.P)
injection of a freshly prepared solution of Alloxan monohydrate (100 mg/kg). Forty-eight hours after

*Corresponding author: E-mail: adedapo2a@gmail.com;
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alloxan administration, rats with fasting blood glucose levels of 200 mg/dl and above were used for
the study. Animals were grouped into five (A-E) of nine animals each. Group A was non-diabetic non
treated control; Group B animals were the diabetic untreated control rats while groups C, D and E
animals were diabetic and treated with glibenclamide, MLVA 200 mg/kg and MVLA 400 mg/kg
respectively. Biochemical changes were evaluated by measuring the serum markers of kidney
damage (creatinine and blood urea nitrogen). Markers of oxidative stress and antioxidant activities
were measured in renal tissues. Histopathological and immunohistochemical changes were also
evaluated.

Results: Four-week administration of MLVA produced significant (p<0.05) decrease in serum
creatinine, urea, and oxidative markers but it caused a significant increase in enzymic and
nonenzymic antioxidant as well as downregulation of Nuclear Factor kappa-light-chain-enhancer of
activated B cells (NF-kB) and upregulation of B-cell lymphoma 2 (Bcl-2).

Conclusion: MLVA ameliorates diabetic nephropathy through its antioxidant, anti-inflammatory and
antiapoptotic effects.
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1. INTRODUCTION is the leading cause of end-stage renal
disease (ESRD) and is a major contributor

Diabetes mellitus (DM) is one of the most
frequent chronic diseases worldwide, being
among the top five main causes of death in
developed countries. This endocrine disease is
also becoming an epidemic in developing
countries [1]. The greatest increase in
prevalence in the near future, however, is
expected to occur in Asia, the Middle East, and
Africa, where it is likely that there will be an
~50% increase in diabetes in these parts of the
world by 2030 [2].

Diabetic nephropathy (DN) defined as a
progressive  kidney disease caused by
angiopathy of capillaries in the kidney glomeruli,

to the morbidity and mortality of diabetic
patients’ worldwide accounting for 42% of all
patients on renal replacement therapy (RRT) in
the USA [3]. Nephropathy is a common
consequence of both type 1 diabetes
mellitus and type 2 diabetes mellitus (T2DM);
occurring in 15% to 25% [4], and 30% to 40% of
patients, respectively [5]. The blood glucose
levels of a diabetic can be controlled within the
normal range using insulin and other oral
hypoglycemic agents, but DN develops in 30—
40% of the patients [6]. With the rapidly rising
number of DM worldwide, DN is becoming one of
the leading causes of end-stage renal disease
(ESRD).
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Hyperglycemia-induced metabolic and
hemodynamic derangements, including
enhanced production of reactive oxygen species
(ROS), elevated levels of inflammatory cytokines,
and activation of the renin-angiotensin system
(RAS), are considered to be involved in the
development and progression of diabetic
nephropathy [7,8]. This has initiated increased
efforts to reduce or prevent the cumulative
damage of ROS/Nitrogen species (NS)-induced
injury. Although DN has not been traditionally
considered an inflammatory disease, recent
studies have shown that kidney inflammation
is crucial in promoting the development
and progression of DN [9,10]. Nuclear
factor (NF)-kB, (which regulates genes
encoding pro-inflammatory mediators involved
in the inflammatory processes) activation
and the transcription of certain
proinflammatory chemokines have also been
demonstrated as the marker of progressive DN in
patients [11].

Despite significant advances in the
understanding of the cellular mechanisms that
are responsible for the initiation and progression
of DN, it remains therapeutically elusive. It is
clear that blood glucose and blood pressure
control are insufficient to prevent its progression,
and that new, more effective treatment options
are urgently needed [12].

Medicinal plants possessing antioxidant activity
may reduce oxidative stress and improve the
functions of various organs affected by
hyperglycemia [13]. Vernonia amygdalina
contain natural antioxidants which have the
potential to act as antioxidants against aqueous
radicals and reactive species ions [14]. This
study is therefore aimed at investigating the
effects of Vernonia amygdalina in alloxan-
induced diabetic nephrotoxicity.

2. MATERIALS AND METHODS

2.1 Plant Collections and Preparation of
the Extract

Fresh leaves of Vernonia amygdalina were
collected from the community around the
University of Ibadan, Ibadan, Nigeria. The leaves
were identified and authenticated at the
Department of Botany University of Ibadan and a
voucher specimen deposited in the herbarium
with voucher number UIH-22640. The leaves
were dried under shade for about 14 days after
which they were ground to powder. 600g of the

powdered material was soaked in 2.5 litres of
methanol and shaken vigorously. The sample
was then left for 72 hours with
intermittent shaking after which it was filtered
and concentrated using a rotary evaporator.
The weight of the resulting extract was 32.4
grams.

2.2 Experimental Design

In this study, seventy male Wistar rats with the
weight range between 150 and 220 g were used.
The rats were housed in rats’ cages and were
fed with standard rat diet and allowed access to
clean water ad libitum. After a period of
acclimatization of 14 days fasting blood glucose
(pre-induction) was measured before induction of
diabetes. All experimental procedures were in
conformity with the University of Ibadan Ethics
Committee on Research in Animals as well as
internationally accepted principles for Laboratory
animal upkeep and use.

2.3 Induction of Diabetes

Diabetes was induced in rats by a single
intraperitoneal (I.P) injection of freshly prepared
solution of Alloxan monohydrate (100 mg/kg).
Forty eight hours after measuring their blood
glucose concentrations in blood samples
assessed induction fasting blood glucose level
obtained from the tails using ACCUCHEK active
blood glucometer and a total of thirty six animals
with blood glucose of 200 mg/dl and above were
selected for the study.

2.4 Animal Grouping

Rats were randomly allotted to five groups of
nine animals each. Group A animals were not
diabetic and received vehicle+ normal saline and
served as normal control, group B animals were
diabetic rats that did not receive any treatment,
groups C were diabetic rats that received
glibenclamide at 4 mg/kg, group D and E
received the methanol leaf extract of Vernonia
amygdalina at 200 mg/kg and 400 mg/kg
respectively. All treatments were done daily via
the oral route and lasted 28 days. Blood was
collected for serum biochemical assays on days
14 and 28 post-treatment.

2.5 Tissue Preparation

After collection of blood from each of the
animals, all rats were sacrificed by cervical
dislocation on the 28th day of the treatment and
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the kidneys (left and right) were harvested. A
portion was then cut into 10% formalin for
histological evaluation and the remaining was
placed on ice, rinsed and homogenized in
aqueous potassium buffer (0.1 M, pH 7.4) and
the homogenate was centrifuged at 10,000 rpm
(4°C) for 10 min to obtain the post mitochondrial
fraction (PMF). The PMF obtained was then
subsequently stored at —20 °C until the time of
use.

2.6 Biochemical Assays

2.6.1 Serum chemistry profile

Serum markers of kidney damage (creatinine
and blood urea nitrogen (BUN)) were determined
using commercial kits (Randox laboratories, Ltd.
UK) and following standard procedures as
outlined by the producer.

2.6.2 Renal antioxidant studies

Superoxide dismutase (SOD) was determined as
described by Misra and Fridovich [15] with a little
modification from our laboratory [16]. The
amount of SOD necessary to cause 50%
inhibition of the oxidation of adrenaline to
adrenochrome during 1 minute was given as one
unit of SOD. Reduced glutathione (GSH) was
determined by the method of Jollow et al., [17].
The renal glutathione peroxidase (GPx) activity
was measured according to the method
described by Beutler et al., [18]. Glutathione-S-
transferase activity was estimated by the method
of Habig et al., [19]. Thiobarbituric acid reactive
substance was quantified as malondialdehyde
(MDA) in the renal PMF and was determined
according to the method of Varshney and Kale
[20]. Lipid peroxidation in units/mg protein was
computed with a molar extinction coefficient of
1.56 x 10° M/Cm. Hydrogen peroxide generation
was determined according to Woff [21]. The
hydrogen peroxide (H,O,) generated was
extrapolated from the hydrogen peroxide
standard curve. Protein concentrations were
determined as described by Gornall et al., [22].
The final value for total protein was extrapolated
from the total protein standard curve. Non-
protein thiol was quantified as described
by Ellman [23]. Protein thiol was measured
by adding 50 pL of sample to 980 pL of
potassium phosphate buffer followed by
addition of 30 yL of DTNB and the mixture was
incubated for 30 minutes. The absorbance of
mixture was read at 412 nm using distilled water
as blank [24].

2.7 Histopathology

Small pieces of the kidneys were collected in
10 % formalin for proper fixation. These tissues
were processed and embedded in paraffin wax.
Sections of 5-6 ym in thickness were made and
stained with haematoxylin and eosin for
histopathological examination [25].

2.8 Immunohistochemistry

The tissues were processed for
immunohistochemistry based on the methods
described by Todorich et al, [26]. The
immunoreactive positive expression of NF-kB
and Bcl-2 regions was viewed starting from low
magnification on each slide then with 400x
magnifications using a photo microscope
(Olympus) and a digital camera.

2.9 Statistical Analysis

Results were expressed as mean * SD.
Statistical analysis was performed by one-way
analysis of variance (ANOVA), using GraphPad
Prism version 6. The level of statistical
significance was considered as p<0.05.
Student’s t-test at 95% level of significance was
used to assess significant difference between
controls and treated group.

3. RESULTS

3.1 Effect of MLVA on Markers of Kidney
Function

BUN and creatinine were significantly increased
in diabetic rats when compared with
normal control. However MLVA was able to
reduce the values significantly in the diabetic
treated rats.

3.2Effect of MLVA on Markers of
Oxidative Stress

Diabetic rats exhibited an increase in tissue H,O,
level (Fig. 1) and MDA content (Fig. 2) when

compared with normal control animals.
Treatment with MLVA resulted in a dose
dependent reduction in H,O, levels when

compared with the diabetic control. MLVA at a
lower dose also showed significant (p<0.05)
lowering of lipid peroxidation when compared
with the diabetic control, while a higher dose did
not produce such effect. Glibenclamide also
lowered H,O, levels (Fig. 1) and lipid
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peroxidation (Fig. 2) in the diabetic rats
significantly when compared to the diabetic
control.

3.3 Effects of MLVA on Non Enzymic
Antioxidant Systems

A significant (p<0.05) reduction of GSH (Fig. 3),
protein thiol (Fig. 4) and non protein thiol (Fig. 5)
content was seen in diabetic control rats when
compared with normal control while treatment
with MLVA at all doses (200 mg/kg and 400
mg/kg) led to a significant increase (p<0.05) in
the GSH, protein thiol and non protein thiol
contents in the renal homogenate of diabetic rats
when compared with the diabetic control rats
(Figs. 3,4,5).

3.4 Effects of MLVA on the Enzymic
Antioxidant Systems

Results showed a statistically non-significant
decrease in SOD activity in diabetic control
when compared with the normal control
(Fig. 6), while the glibenclamide treated
group and MLVA treated groups showed
significant (p<0.05) increase in SOD activity
(Fig. 6). Glutathione peroxidase (GPx) activity
was significantly reduced in diabetic control
in comparison with normal control. Treatment
with extract caused a significant increase in
the activity of the enzyme in the diabetic rats
(Fig. 7). Diabetic control rats showed a
statistically insignificant decrease in glutathione-

S-transferase activity when compared with
normal control; however treatment with MLVA
was able to increase enzyme activity significantly
when compared with both diabetic and normal
controls (Fig. 8).

3.5 Histopathology

Histopathology results showed congestion of
glomeruli and hypercellularity of mesangium in
diabetic control rats (Fig. 9). Treatment with
glibenclamide and MLVA at 200 mg/kg
attenuated the pathology to congestion of the
glomeruli while treatment with MLVA at 400
mg/kg showed mild hypercellularity of
mesangium and congestion of glomeruli (Fig. 9).

3.6 Imnmunohistochemistry

Immunohistochemistry of the kidney diabetic
rats showed higher Nuclear Factor (NF) kB
(NF-kB) and a lower expression of Bcl-2
respectively when compared to the control.
Treatment with MLVA however resulted in a
downregulation of the expression of NF-kB and
upregulation of Bcl-2 in the treated rats (Figs. 10
and 11).

4. DISCUSSION

Alloxan (ALX)-induced diabetes model in rodents
is very often used to investigate potential drug
candidates for DM and its related complications.
By producing selective beta cell toxicity, ALX

E

=

2

o

=@ 401

E

E a,c,de

g 30 -

- b i

=

- 20

=

(=}

(5]

o 101

(5]

=

2 o

£ & &

o~ & &

o &
& &

b.d,e
%I a,b,c a,b.c
> 2
& o ®
& &8 &
.
\a \a
& 3

Fig. 1. Effect of MLVA on hydrogen peroxide levels in renal tissue of alloxan induced
diabetic rats
Values are mean + SD, n =9, , a p<0.05 compared with control, b p<0.05 compared with diabetic control, ¢
p<0.05 compared with glibenclamide, d p<0.05 compared with MLVA, 200 mg/kg, e p<0.05 compared with
MLVA, 400 mg/kg
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Malonaldehyde
(umel/mg protein)

Fig. 2. Effect of MLVA on malonaldehyde content in renal tissue of alloxan induced diabetic
rats
Values are mean + SD, n =9, , a p<0.05 compared with control, b p<0.05 compared with diabetic control, ¢
p<0.05 compared with glibenclamide, d p<0.05 compared with MLVA, 200 mg/kg, e p<0.05 compared with
MLVA, 400 mg/kg
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Fig. 3. Effect of MLVA on reduced glutathione (GSH) levels in renal tissue of alloxan
induced diabetic rats
Values are mean + SD, n =9, , a p<0.05 compared with control, b p<0.05 compared with diabetic control, ¢
p<0.05 compared with glibenclamide, d p<0.05 compared with MLVA, 200 mg/kg, e p<0.05 compared with
MLVA, 400 mg/kg

exerts its diabetogenic  action when
intraperitoneally administered to rodents [27, 28].
Studies revealed that progression of diabetes
nephropathy is multi-factorial and involves
complex biochemical, metabolic and
inflammatory processes [29].

The kidneys eliminate metabolic wastes such as
urea nitrogen, uric acid, creatinine and ions and
thus optimum chemical composition of body
fluids is maintained [30]. Hyperglycemia causes
renal dysfunction such as acute
glomerulonephritis, nephrosclerosis and even
tubular  necrosis resulting in  abnormal
excretion of urea and creatinine thereby

elevating serum urea nitrogen and creatinine [31,
32, 33]. An elevation in the serum levels of BUN
and creatinine in clinical analyses presupposes
renal dysfunction [34, 35]. In this study, blood
urea nitrogen and creatinine levels were
increased following the induction of diabetes
indicating renal dysfunction. However, treatment
with the methanol leaf extract of Vernonia
amygdalina resulted in a significant (p<0.05)
reduction in the values of creatinine and blood
urea nitrogen in the rats. This indicates the ability
of the extract to protect the kidney from
progressive damage in diabetes; this is also in
agreement with the report of Atangwho et al.
[36].
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Fig. 4. Effect of MLVA on protein thiol (PT) levels in renal tissue of alloxan induced diabetic

rats

Values are mean + SD, n =9, , a p<0.05 compared with control,
b p<0.05 compared with diabetic control, ¢ p<0.05 compared with glibenclamide,
d p<0.05 compared with MLVA, 200 mg/kg,
e p<0.05 compared with MLVA, 400 mg/kg
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Fig. 5. Effect of MLVA on non-protein thiol (NPT) levels in renal tissue of alloxan induced
diabetic rats
Values are mean + SD, n =9, a p<0.05 compared with control,
b p<0.05 compared with diabetic control, ¢ p<0.05 compared with glibenclamide,
d p<0.05 compared with MLVA, 200 mg/kg,
e p<0.05 compared with MLVA, 400 mg/kg

Diabetic nephropathy progresses in stages,
starting with the thickening of the glomerular
basement membrane, mesangial cell expansion,
and then gradually progressing into
glomerulosclerosis and interstitial  fibrosis
eventually resulting in renal failure [37]. In this
study histopathological examination showed
hypercellularity of mesangium and congestion of
glomeruli in diabetic rats. This is one of the first
observations in the diabetic kidney; however

treatment with MLVA ameliorated the mesangial
hypercellularity.

The pathogenesis of DN is complex, and an
increasing body of evidence shows that oxidative
stress has a pivotal role in the development and
progression of DN [38]. In this study it was
observed that H,0, was significantly increased in
diabetic control when compared with the normal
control this is because hyperglycaemia induces
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the over production of O which is dismutated
by the enzyme Superoxide dismutase (SOD)
to form H,O, [39]. Treatment with MLVA
reduced the production of H,O, in diabetic
rats when compared with the diabetic control
and normal  control. This  observation
suggests the free radical scavenging capacity
of the extract. Atangwho et al. [40] reported

that Vernonia amygdalina leaves possess
strong electron /hydrogen -donating
bioactive compounds, which can serve as
effective antioxidants. Several earlier studies
have also demonstrated potent antioxidant

activities with compounds isolated from this
vegetable [41,42].
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Fig. 6. Effect of MLVA on superoxide dismutase (SOD) activity in renal tissue of alloxan
induced diabetic rats
Values are mean + SD, n =9, a p<0.05 compared with control, b p<0.05 compared with diabetic control, ¢ p<0.05
compared with glibenclamide, d p<0.05 compared with MLVA, 200 mg/kg, e p<0.05 compared with MLVA, 400

mg/kg
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Fig. 7. Effect of MLVA on glutathione peroxidase (GPx) activity in renal tissue of alloxan
induced diabetic rats
Values are mean + SD, n =9, a p<0.05 compared with control, b p<0.05 compared with diabetic
control, ¢ p<0.05 compared with glibenclamide, d p<0.05 compared with MLVA, 200 mg/kg, e
p<0.05 compared with MLVA, 400 mg/kg
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Fig. 8. Effect of MLVA on glutathione-S-transferase activity in renal tissue of alloxan induced
diabetic rats
Values are mean + SD, n =9, a p<0.05 compared with control, b p<0.05 compared with diabetic control, ¢ p<0.05

compared with glibenclamide, d p<0.05 compared with MLVA, 200 mg/kg,

e p<0.05 compared with MLVA, 400

mg/kg

ke

Fig. 9. Photomicrograph showing effects of MLVA on kidneys of alloxan induced diabetic
rats
Rat in control group show congestion of the glomeruli (A) whereas the diabetic control rats showed
hypercellularity of the messangium as well as congestion of the glomeruli (B). Treatment with glibenclamide
and MLVA at 200 mg/kg attenuated the pathology to congestion of the glomeruli (C and D). Treatment with
MLVA at 400 mg/kg showed mild hypercellularity of mesangium and congestion of glomeruli (E). The tissues
are stained with H & E (X400 objectives)

Malondialdehyde, an end product of lipid
peroxidation and a marker of oxidative stress
was found to increase in diabetes mellitus as a
result of increased production of free radicals
[43] and a reflection of enhanced oxidative

damage to lipids. This was also observed in this
study in the diabetic control. However treatment
with MLVA caused a significant reduction in MDA
at the lower dose used in this study, which was
comparable with the MDA content of normal
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control, and the glibenclamide treated group. The = mean that further studies need to be done on the
inability of the extract to reduce the MDA content inhibition of lipid peroxidation in diabetic kidney
of diabetic rats administered a higher dose could by the extract at that dose.

Fig. 10. Immunohistochemistry of nuclear factor (NF) kB (NF-kB) in the kidney of rats
Group A (normal control) shows low expression of NF-kB; Group B (Diabetic control) shows a higher
expression of NF-«kB than control; Group C (Glibenclamide treated diabetic group) shows a lower expression
of NF-kB when compared to diabetic control (B), and higher expression when compared with normal control
(A); Group D (200 mg/kg of MLVA) and Group E (400 mg/kg of MLVA) shows a lower expression of NF-kB
when compared with diabetic control and glibenclamide treated group similar to normal control. The slides
were counterstained with high definition haematoxylin and viewed 400x objectives

Fig. 11. Immunohistochemistry of Bcl-2 (anti-apoptotic protein) in the kidney of rats
A (normal control) shows positive and high expression of Bcl-2 ; B (Diabetic control) shows low and almost
no expression of Bcl-2 when compared with the control; C (Glibenclamide treated diabetic group) shows a
higher expression of Bcl-2 when compared to diabetic control (B), similar to the normal control (A); D (200
mg/kg of MLVA) and E (400 mg/kg of MLVA) shows a higher expression of Bcl-2 when compared with
diabetic control and similar to normal control. The slides were counterstained with high definition
haematoxylin and viewed 400x objectives.
Bcl-2 — B-cell lymphoma 2
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Table 1. Effects of methanol leaf extract of Vernonia amygdalina blood urea nitrogen and
creatinine levels of alloxan induced diabetic rats

Parameter Groups Pre-induction 14 days post 28 days post
induction induction

Blood urea nitrogen A 16.50+1.29 15.75+0.50 16.00+0.00
(bun) B 16.20+0.45 16.75+0.45% 18.25+0.50°°%
(mgy/dl) c 16.25+0.96 16.80+0.45% 15.33+1.15°

D 16.00+0.89 15.80+0.45"° 15.42+0.53°

E 17.25+0.96 16.50+0.58 15.33+0.52°
Creatinine A 0.66+0.05 0.58+0.08 0.48+0.05
(mg/dl) B 0.60+0.07 1.17+0.15%% 1.45+0.17%°%

c 0.58+0.09 0.850.10° 0.57+0.06"

D 0.56+0.05 0.76+0.05° 0.52+0.08°

E 0.68+0.05 0.78+0.05° 0.53+0.08"

Values are mean + SD, n =9, a p<0.05 compared with control, b p<0.05 compared with diabetic control, ¢ p<0.05
compared with glibenclamide, d p<0.05 compared with MLVA, 200mg/kg, e p<0.05 compared with MLVA,
400mg/kg

Oxidative stress acts on signal transduction and
affects gene expression of antioxidant enzymes
thereby reducing the expression of antioxidant
enzymes or hyperglycemia can simply inactivate
existing enzymes by glycating these proteins
[44].

In this study a decrease in antioxidant enzymes
(SOD, GPx and GST) was observed in diabetic
rats group when compared with the normal
control although the decrease in SOD and GST
were not significant this could be as a result of
adaptive mechanism by the animals to cope with
the hyperglycaemia induced free radical
generation. Also in literature with regards to the
effect of oxidative stress on antioxidant enzyme
activities a lot of variations have been reported
from no changes [45] decrease [46,47] and
increase [48] depending on the duration of the
experiments and the age of animals. MLVA
administration in this study resulted in an
increase in the activity of SOD and GST to levels
that were significantly higher than the diabetic
control and also the normal control. In
experimental mouse models of types 1 and 2
diabetes, overexpression of SOD-1 suppressed
increases in urinary albumin  excretion,
glomerular volume, glomerular content of
collagen IV, TGF-B and mesangial matrix volume
compared with the corresponding values in
diabetic ~ wild-type  mice. = Overexpression
of SOD-1 in the diabetic mice was associated
with decreases in renal cortical accumulation
of MDA and/or higher GSH levels which
are indices of reduced renal oxidative stress
[49,50].

11

Glutathione peroxidase (GPx), a selenium
containing enzyme, catalyses the reduction of
hydrogen peroxide into water using glutathione
as substrate, thereby preventing cells against
oxidative stress. Results showed significant
decrease in GPx activity in diabetic controls as
compared to normal controls. This is in
agreement with results reported by Singh and
Singh, [43]. GSH is an efficient antioxidant
present in almost all living cells and is also
considered as a biomarker of redox imbalance at
cellular level [51]. GSH level was reduced in
diabetic rats in this study similar to reports by
[52, 53]. Decreased GSH level may be one of the
factors in the oxidative DNA damage in type 2
diabetics [54]. Treatment with MLVA restored the
GSH levels to near normal values indicating the
ability of the plant to restore GSH synthesis and
lower oxidative stress and oxidant damage in the
face of persistent hyperglycemia [55].

The transcription factor NF-kB is induced by
various cell stress-associated stimuli including
growth factors, vasoactive agents, cytokines, and
oxidative stress. NF-kB in turn controls the
regulation of numerous genes activated during
inflammation, such as cytokines, chemokines,
growth factors, cellular ligands, and adhesion
molecules [56]. The activation and nuclear
translocation of NF-kB has been demonstrated in
diabetic kidneys from human and rodents [11,
57]. NF-kB has been recognized as an important
inflammatory cytokine in DN and the inhibition of
NF- kB expression enhances DN treatment [58].
Therefore, NF-kB has been proposed as an
intervention target for DN treatment.
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In diabetic nephropathy, high-glucose is one of
the major contributors to free radical- and ROS-
induced cell death in these cells [59] and
pathogenic lesions are characterized by initial
hypertrophy followed by a gradual loss of renal
mass, sclerosis, and fibrosis. Apoptosis is known
to contribute to the later process in both humans
and animals [60,61] and it includes the
upregulation of cell surface markers which
encourages phagocytosis (removal) by resident
and circulating immune cells and changes in
internal pro-apoptotic proteins such as BASP1,
Bcl-2 family proteins, and p53 [61]. The Bcl-2
family of proteins is highly conserved in diabetic
nephropathy, and is involved in the regulation of
both pro-survival and pro-apoptotic signaling.
The numerous family members interact
downstream of p53 and NF-kB to regulate cell
survival. The anti-apoptotic protein Bcl-2 has
been shown to play an important role in diabetic
nephropathy [62] as it antagonizes the pro-
apoptotic Bax and Bak proteins that together
control mitochondrial cell death.

Cipollone et al., [62] reported that Bcl-2 down-
regulation in diabetic patients with poor glycemic
control results in the activation of the NF-kB
pathway leading to the development of
nephropathy. This is similar to what was
observed in this study where the expression of
Bcl-2 was seen to be downregulated and NF-kB
expression was upregulated in the diabetic
control group.

Treatment of experimental diabetic nephropathy
using Vernonia amygdalina leaf extract, in this
study downregulated the expression of the NF-
kB and upregulated the expression of Bcl-2 (anti
apoptotic protein). Vernonia amygdalina might
provide a novel form of therapy for prevention of
nephropathy in diabetic patients in which an
acceptable glycemic control is difficult to achieve
despite insulin therapy.

Put together the findings from this study
establishes that  hyperglycaemia  causes
oxidative injury resulting into activation of
transcription factor NF-kB and apoptotic cell
death in the renal tissue of alloxan induced
diabetic rats. Treatment with the leaf extract of
Vernonia amygdalina mitigated these effects by
increasing the synthesis of antioxidant GSH,
increasing the activity of antioxidant enzymes
(SOD, GPx and GST), down regulating the
activation of NF-kB and up regulating the
expression of the anti apoptotic protein Bcl-2 in
renal tissues of diabetic rats.
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5. CONCLUSION

In conclusion this study shows that Vernonia
amygdalina a household plant in Nigeria could
serve as an effective protection against the
progression of diabetic nephropathy via its
antioxidant, antinflammatory and anti apoptotic
effects.
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