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lion persons would be diabetic by 2030 
(International Diabetes Federation, 2021). 
Diabetes mellitus refers to hyperglycemia 
that results from deficiency of insulin hor-
mone or impaired effectiveness of its action 
(Magliano et al., 2015). 

ABSTRACT 
There is an increasing prevalence of diabetes mellitus (DM) in Africa. It is estimated that by 2030, 
people living with this condition would increase to 33 million in the African region alone. This study 
evaluated the ameliorative effects of Vernonia amygdalina on alloxan-induced diabetes mellitus in 
male rats. Thirty adult male rats were randomly assigned into five groups (n=6). Diabetes mellitus was 
induced in animals allotted to groups A-D. Groups A and B were treated with 100 and 200 mg/kg of V. 
amygdalina extract while C and D were treated with 5mg/kg glibenclamide and 10 mg/kg propylene 
glycol respectively. Group E (non-diabetic control) was treated with 10 mg/kg propylene glycol. All 
treatments were administered orally once daily for 21 days. Blood samples were obtained from the tail 
of the rats daily on days 1 – 7, days 14 and 21 for determination of fasting blood glucose using a glu-
cometer. On day 21, five milliliters of blood was collected for haematology and serum biochemistry. 
Tissues were harvested for histopathology. There was a significant loss in weight in extract-treated 
groups. Similarly, blood glucose concentration was significantly lower (p≤0.05) in group B than in D. 
Haematology and protein profile values across the groups showed no significant difference (p>0.05). 
Low-density lipoprotein was higher significantly (p≤0.05) in group B than in group C. The cytoarchitec-
ture of pancreatic islets and kidneys was maintained in the extract-treated groups in contrast to group 
C. V. amygdalina leaves extract possess anti-diabetic potential. 
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INTRODUCTION 
Diabetes mellitus (DM) is fast becoming a 
threat to global health because of its in-
creasingly high prevalence. According to 
WHO (2021), persons with DM rose from 
108 million in 1980 to 422 million in 2014. 
In Africa, it is estimated that about 33 mil-
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In Nigeria, the exact prevalence of DM is 
unknown, but estimates put it in the region 
of 8-10% which is an increase of more than 
2.6 folds over the past 25 years (Ogbera and 
Ekpebegh, 2014; Uloko et al., 2018). In Vet-
erinary Medicine, DM is one of the most 
frequently diagnosed endocrinopathies in 
dogs and cats, with a reported hospital 
prevalence rate of 0.4-1.2% in the United 
States of America (Nelson and Reusch, 
2014) and 0.22% in Nigeria (Gani and Ihe-
dioha, 2015). Till date, the management of 
DM involves controlling blood glucose lev-
els through adoption of dietary alterations, 
exercise, and the use of antidiabetic drugs 
such as intravenous insulin injection, sul-
fonylureas - tolbutamide, glibenclamide and 
the biguanides - metformin, phenformin 
(Nelson and Cox, 2005).  
 
There are recommendations for the use of  
alternative therapy such as medicinal plants, 
especially in countries where access to con-
ventional management procedures for DM 
is inadequate. Plant parts such as leaves, 
fruits, seeds, barks, roots and flowers have 
been used to cure various diseases of  hu-
mans and animals (Phyllistin and James, 
2000). It is believed that the consumption 
of  green leafy vegetables (GLVs) plays a 
significant role in the prevention and man-
agement of  certain degenerative health con-
ditions, such as cancer and DM (Montonen 
et al., 2004; Dasgupta and De, 2007). Since 
oxidative stress is known to play a vital role 
in the aetiology and/or progression of  DM 
(Sarma et al., 2010), the rich antioxidant 
components of  GLVs can combat or miti-
gate the disease by reducing the generation 
of  reactive oxygen species (ROS), scaveng-
ing the ROS or interfering with ROS-
induced alterations (Yang et al., 2004; Vas-
sort and Turan, 2010). 
 

Vernonia amygdalina Delile (Bitter leaf) 
(Family: Asteraceae), is a widely grown shrub 
plant in Africa, a GLV consumed in many 
households and has gained wide application 
in the treatment and management of  various 
diseases (Oyeyemi et al., 2017).  Secondary 
metabolites in the plant confers on it some 
pharmacological activities [such as ver-
nodalin (antiplasmodial), vemonioside B1 
(antiplasmodial and antischistosomal) and 
luteolin (powerful antioxidant and anti-
cancer)] (Muraina et al., 2010). Although con-
siderable research has been done to evaluate 
the hypoglycemic and hypolipidemic proper-
ties of  V. amygdalina (Adeoye et al., 2017; 
Okoduwa et al., 2017, Katemo et al., 2018), 
there is still a dearth of  information on the 
ameliorative potential of  the plant. This 
study, therefore seeks to examine the amelio-
rative effects of  V. amygdalina methanolic 
leaf  extract on the haematology, oxidative 
stress markers, serum biochemistry profiles, 
some organ functions and histology of  the 
pancreas, kidney and liver of  alloxan-induced 
diabetic rats.  
 

MATERIALS AND METHODS 
Ethical consideration 
Ethical approval was obtained from the Col-
lege of  Veterinary Medicine Research Ethics 
Committee of  the Federal University of  Ag-
riculture, Abeokuta (FUNAAB), Nigeria. 
Approval number: FUNAAB/COLVET/
CREC/2020/09/01. 
 
Collection of  plant sample 
Fresh leaves of  V. amygdalina were collected 
from the natural habitat in Abeokuta, Ogun 
State. Botanical identification was carried out 
at the Department of  Botany, College of  
Biological Sciences, FUNAAB and voucher 
number FHA-3724 was assigned. 
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Preparation of  plant extract 
Vernonia amygdalina leaves were washed with 
distilled water to remove debris, dust parti-
cles and other contaminants. The leaves 
were thereafter air dried at room tempera-
ture and milled to coarse powder and ex-
tracted with methanol (90%) for 72 hours. 
The filtrate was poured through a muslin 
cloth into a beaker, heated in a water bath at 
40OC to evaporate the methanol, and the 
extract stored at 4oC until use. 
 
Experimental design 
Thirty adult, male Wistar rats were used for 
this study. They were divided into five 
groups (A-E) consisting of  six animals per 
group. Bodyweight and fasting blood glu-
cose levels of  all the rats were determined 
before the start of  the experiment. Groups 
A-D were administered 158 mg/kg alloxan 
(KEM Light A05790B10) by intraperitoneal 
injection. Diabetes mellitus was confirmed 
in the rats by elevation of  fasting blood glu-
cose levels (above 180 mg/dl) 72 hours post
-administration using a glucometer (Accu-
Chek®, Germany). Groups A, B, C and D 
diabetic rats were administered 100 mg/kg 
V. amygdalina, 200 mg/kg V. amygdalina, 5 
mg/kg glibenclamide and 10 mg/kg propyl-
ene glycol respectively, while Group E (Non
-diabetic rats) were administered 10 mg/kg 
propylene glycol (Kao et al., 2021). The ad-
ministration of  test samples was by oral in-
tubation from 9:00 - 11:00 a.m. daily for 21 
days.  
 
Sample analyses 
At the end of  the experimental period, 5 ml 
of  blood was collected from each rat via the 
medial canthus of  the eye into Ethylenedia-
mine tetraacetic acid (EDTA) and plain bot-
tles for hematology and serum biochemistry 
respectively. Thereafter, rats were eu-

thanized via cervical dislocation (Carborne et 
al., 2012) and some tissue samples (pancreas, 
liver and kidney) were harvested for histo-
pathology. 
 
The packed cell volume (PCV), haemoglobin 
concentration (Hb), red blood cell (RBC) 
count, mean corpuscular haemoglobin con-
centration (MCHC), mean corpuscular vol-
ume (MCV), mean corpuscular haemoglobin 
(MCH), white blood cell (WBC) count and 
differential WBC counts were determined as 
described by Jain (1993). 
 
Total protein, albumin, globulin, blood 
urea nitrogen (BUN), creatinine, total and 
conjugated bilirubin, alanine transami-
nase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), su-
peroxide dismutase (SOD) and hydrogen 
peroxide (H2O2) were analyzed using com-
mercial kits (Randox Laboratories Ltd, UK), 
following standard procedures as outlined by 
the manufacturer. Also, total cholesterol, tri-
glycerides, phospholipids, high-density lipo-
proteins (HDL), low-density lipoproteins 
(LDL), very low-density lipoproteins 
(VLDL), were evaluated using standard 
procedures.  
 
The pancreas, liver and kidney tissue samples 
were fixed in 10% buffered formalin for his-
topathology. The fixed tissues were dehydrat-
ed in graded levels of  alcohol (40, 50, 70, 80 
and 100%) and thereafter embedded in par-
affin wax; sectioned with a microtome at 
5µm and stained with Haematoxylin and Eo-
sin stains. The sections were put in a medi-
um to harden and produce a clear binder 
between the slide and cover slip, labeled and 
examined under a light microscope 
(Hawsley®, England) and viewed at ×400 
magnification (Llewellyn, 2009). 
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Data analysis 
Results were presented as Mean ± Standard 
error of  mean (SEM). Data were subjected 
to statistical analyses using the Statistical 
Package for Social Sciences (SPSS) version 
20.0 (IBM Corp, 2011). Mean values were 
compared using a one-way analysis of  vari-
ance (ANOVA). The post Hoc test was 
done using the Tukey HSD test.  P-value 
≤ 0.05 was considered to be statistically sig-
nificant. 

RESULTS 
Effect of  Vernonia amygdalina meth-
anolic leaf  extract on the body weights 
of  alloxan-induced diabetic male Wistar 
rats 
There was no significant difference between 
the means of  the rats’ initial and final 
weights in all the groups. However, the 
weight change for group C was significantly 
higher than that of  the other groups (Table 
1). 
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Table 1: Effect of  Vernonia Amygdalina Methanolic Leaf  Extract on Body Weights 
of  Alloxan-induced Diabetic Male Rats 

Group Initial 
weight 

Final weight Weight Change 

Mean ± SEM (kg) 

A (100 mg/kg Vernonia amygdalina) 0.16±0.00 0.14±0.01 -0.02±0.01b 

B (200 mg/kg Vernonia amygdalina) 0.15±0.00 0.13±0.01 -0.02±0.01b 

C (5 mg/kg Glibenclamide) 0.14±0.00 0.15±0.01 0.01±0.01a 

D (Positive control) 0.18±0.01 0.15±0.01 -0.03±0.02b 

E (Non-diabetic control) 0.16±0.00 0.19±0.02 0.03±0.02a 

3.2 Effect of  Vernonia amygdalina 
methanolic leaf  extract on blood glu-
cose of  alloxan-induced diabetic male 
rats 
Results from the extract treated groups A 
and B showed a decrease in blood glucose 
values on day 7 when compared with group 
D (Figure 1). There was a significant decline 

in the blood glucose of  rats in groups A, B, 
and C in the first seven days of  administra-
tion of  the test samples. On day 21, an in-
crease in blood glucose level was noticed in 
group A while group B rats had a continuous 
decrease. Group C maintained the level of  
blood glucose between day 7 and 14 fol-
lowed with a slight increase by 21 (Figure 1). 

Mean values bearing different superscripts a,b are considered significantly (p<0.05) different 
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Effect of  Vernonia amygdalina meth-
anolic leaf  extract on the haematology, 
serum proteins and oxidative stress 
markers of  alloxan-induced diabetic 
male rats 
The PCV and Hb values of  rats treated 
with 100 mg/kg V. amygdalina (Group A) 
were significantly lower than the other 
groups (Table 2). There was however no 
significant difference in the other haemato-
logical parameters.  
 
Total protein values were significantly high-
er in Group D (8.50±0.28). However, there 
was no difference among the other Groups 
A, B and C (7.10±0.17, 6.77±0.67, and 
6.30±0.26 respectively), while Group E was 
least (5.97±0.35). The differences in albu-
min values in Groups B, D and E were sig-
nificantly different (3.63±0.33, 3.83±0.21 
and 3.85±0.60 respectively). Globulin val-

ues were least in Groups C and E (2.90 
±0.26 and 2.27±0.31 respectively) - Table 3.  
For the serum enzymes (liver injury mark-
ers), the aspartate transaminase (AST) values 
were not statistically different between 
Groups B and D, although Group D had the 
highest value (106.33±5.61) while alanine 
transaminase (ALT) values were lower in 
Groups A, B, C and E but highest in group 
D (58.00 ±3.00). The alkaline phosphatase 
(ALP) value was least in Group C and E, 
although values were not significantly differ-
ent (Table 3). 
 
The blood urea nitrogen (BUN) values were 
higher in Group D (20.54±0.75), similar in 
Groups A and B (17.79±0.81 and 
17.16±0.50 respectively) and between 
Groups C and E (13.24±1.31 and 
13.25±1.21 respectively), total bilirubin val-
ues were higher in Group E (3.42±0.20) 
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Figure 1: The effect of  Vernonia amygdalina methanolic leaf  extract on the blood 
glucose of  alloxan-induced diabetic Wistar rats 
A= 100 mg/kg Vernonia amygdalina methanolic leaf extract; B= 200 mg/kg Vernonia amygda-
lina methanolic leaf extract; C= 5 mg/kg glibenclamide; D= Positive control; E= Non dia-
betic control 
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when compared with values for Groups B 
and C, with Group D being the least 
(0.76±0.16). Values for direct bilirubin dif-
fered slightly, with Group B being higher 
(3.95±0.26). Creatinine values varied signifi-
cantly, with value from Group E being sta-
tistically higher (0.70±0.66) from Group D 
(Table 4). 
 

The Superoxide dismutase (SOD) and H2O2 
values across the groups were not significant 
different. However, the SOD value was least 
from Group C (0.03±0.01) and highest from 
Group A (0.07±0.02). The H2O2 value 
amongst the group was highest from Group 
A (52.80± 3.10) and similar values were ob-
tained from Groups B and C (42.47±3.64 
and 42.10±2.87 respectively) -Table 5. 
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Table 2: Effect of Vernonia amygdalina methanolic leaf extract on the haematology  
               of alloxan-induced diabetic male Wistar rats  

Parameter A B C D E 
  (100mg/kg 

Vernonia 
amygdalina) 

(200mg/kg 
Vernonia 
amygdalina) 

(5mg/kg 
Glibenclami
de) 

(Positive 
control) 

(Non-diabetic 
control) 

  (Mean ± SEM) 
PCV (%) 40.33±2.72b 50.00±2.44a 48.25±1.46a 48.50±1.19a 47.00±0.91a 

Hb. (g/dL) 13.60±0.86b 16.95±0.86a 16.15±0.50a 16.30±0.29a 15.85±0.24a 

R B C  c o u n t 
(×1012/L) 

6.73±0.48 8.40±0.43 8.15±0.27 8.08±0.19 7.95±0.21a 

MCV (fl) 59.93±0.23 59.55±0.25 59.23±0.32 60.05±0.09 59.13±0.42 
MCH(pg) 20.23±0.17 20.18±0.11 19.83±0.16 20.20±0.18 19.98±0.29 
MCHC (g/dL) 33.73±0.17 33.90±0.26 33.48±0.16 33.63±0.27 33.78±0.33 
WBC count 
(×109/L) 

11.47±0.84 11.18±0.53 10.80±0.57 11.43±0.59 10.05±0.15 

Neutrophils 2.99±0.27 2.91±0.15 3.07±0.28 3.11±0.15 3.19±0.21 
Lymphocytes 8.17±0.57 7.96±0.57 7.53±0.64 7.92±0.62 6.54±0.26 
Eosinophils 0.11±0.06 0.11±0.07 0.02±0.02 0.20±0.07 0.13±0.05 
Basophils 0.03±0.03 0.11±0.05 0.13±0.06 0.08±0.03 0.05±0.05 
Monocytes 0.16±0.08 0.11±0.08 0.16±0.08 0.11±0.05 0.15±0.03 

Mean values with different superscripts a, b across the same row are significantly different (p ≤ 
0.05) 
SEM = Standard error of  mean; PCV= Packed cell volume; RBC= Red blood cell; Hb.= He-
moglobin concentration; MCV= Mean corpuscular volume; MCH= Mean corpuscular hemo-
globin; MCHC= Mean corpuscular hemoglobin concentration; WBC= White blood cell 
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Table 3: Effect of  Vernonia Amygdalina Methanolic Leaf  Extract on some Serum  
Proteins and Markers of  Hepatic Injury in Alloxan-induced Diabetic Male Rats 

 A B C D E 

  (100 mg/kg 
Vernonia 
amygdalina) 

(200 mg/kg 
Vernonia 
amygdalina) 

(5 mg/kg 
Glibenclam
ide) 

(Positive 
Control) 

(Non-
diabetic 
control) 

Mean ± SEM 

Total protein (g/dl) 7.10±0.10b 6.77±0.38b 6.30±0.15b 8.50±0.20a 5.97±0.20c 

Albumin (g/dl) 2.70±0.21b 3.63±0.17a 3.37±0.28b 3.83±0.12a 3.85±0.30a 

Globulin (g/dl) 4.40±0.15a 3.73±0.55a 2.90±0.15b 4.20±0.59a 2.27±0.18b 

AST (µ/L) 59.50±12.50c 104.33±7.17a 68.50±5.50b 106.33±5.61a 67.50±3.50b 

ALT (µ/L) 31.50±4.50b 38.67±3.84b 28.00±3.00b 58.00±3.00a 33.33±4.26b 

ALP (µ/L) 44.13±2.77a 42.30±2.44a 38.60±0.00a 42.30±4.60a 37.25±4.15a 

Mean values bearing different superscripts a, b are considered significantly different (p<0.05) 

ALP: Alkaline phosphatase 
ALT: Alanine transaminase 
AST: Aspartate transaminase 

Table 4: The Effect of  Vernonia Amygdalina Methanolic Leaf  Extract on some Kid-
ney Function Parameters of  Alloxan-induced Diabetic Male Rats 

Parameter A B C D E 

  (100 mg/kg 
Vernonia 
amygdalina) 

(200 mg/kg 
Vernonia 
amygdalina) 

(5 mg/kg 
Glibenclamid
e) 

(Positive  
Control) 

(Non-
diabetic con-
trol) 

Mean ± SEM 

BUN (mg/dl) 17.79±0.81b 17.16±0.50b 13.24±1.31c 20.54±0.75a 13.25±1.21c 
Total bilirubin 
(mg/dl) 

1.37±0.14b 2.71±0.40a 1.67±0.37b 0.76±0.16c 3.42±0.20a 

Direct bilirubin 
(mg/dl) 

1.82±0.73b 3.95±0.26a 1.06±0.20b 3.22±0.58a 0.77±0.04b 

Creatinine 
(mg/dl) 

0.30±0.12b 0.30±0.06b 0.50±0.00a 0.67±0.09a 0.70±0.06a 

Mean values bearing different superscripts a, b, c are considered significantly different 
(p<0.05) 
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Effect of  Vernonia amygdalina meth-
anolic leaf  extract on the serum lipids 
of  alloxan-induced diabetic male Wistar 
rats 
Serum triglyceride values were significantly 
higher (p<0.05) in Groups A, B and C 
(70.97±4.27, 66.10±12.30, and 66.10±12.30 
respectively) when compared with Group D 
(23.40±3.50) and E (10.13±1.03). Choles-
terol values were significantly higher in 
Groups B and D (70.55±7.55 and 
65.93±5.12 respectively) while Group E 
was lowest (25.88±2.98). Serum phospho-

lipid level was significantly higher in Group 
B (150.33±0.88) when compared with 
Group C (119.13±2.86) - Table 6. 
 
The high density lipoprotein (HDL) values 
were significantly higher in Group B 
(30.35±0.15) when compared with Group C 
(23.47±1.78), D (18.52±1.50) and E 
(15.30±3.29). However, the VLDL value was 
higher in Group D (20.00±4.30) when com-
pared with Groups A, B, C and E 
(14.17±0.87, 18.47±1.43, 12.30±0.80 and 
2.00±0.21 respectively) - Table 6. 
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Table 5: Effect of  Vernonia amygdalina methanolic leaf  extract on serum oxidative  
             stress markers of  alloxan-induced diabetic male rats 

Parameter A B C D E 

(100 mg/kg 
V e r n o n i a 
amygdalina) 

(200 mg/kg 
V e r n o n i a 
amygdalina) 

( 5  m g / k g 
Glibenclamide) 

(Posit ive 
control) 

(Non-
diabetic 
control) 

Mean ± SEM 

SOD (µ/L) 0.07±0.02 0.04±0.00 0.03±0.01 0.07±0.00 0.06±0.02 

H2O2 (µM) 52.80±3.10 42.47±3.64 42.10±2.87 47.03±1.24 40.28±2.16 

SEM : Standard error of  mean; SOD: Superoxide dismustase; H2O2 :Hydrogen peroxide 

Table 6: Effect of  Vernonia Amygdalina Methanolic Leaf  Extract on some Serum  
              Lipids of  Alloxan-induced Diabetic Male Rats 

Parameter A B C D E 

(100 mg/kg 
Vernonia 
amygdalina) 

(200 mg/kg  
Vernonia 
amygdalina ) 

(5 mg/kg  
Glibenclamid
e) 

(Positive  
control) 

(Non-
diabetic con-
trol) 

Mean ± SEM 
Triglycerides 70.97±4.27a 66.10±12.30a 49.90±11.74a 19.30±0.60b 10.13±1.03b 

Cholesterol 43.80±5.61b 70.55±7.55a 43.33±2.66b 65.93±5.12a 25.88±2.98b 

Phospholipids 125.41±3.87b 150.33±0.88a 119.13±2.86c 134.60±2.12b 108.89±2.18d 

HDL 15.70±4.10b 30.35±0.15a 23.47±1.78a 24.97±1.30a 15.30±3.29b 

LDL 9.97±0.27c 27.47±3.01a 10.19±0.60c 18.52±1.50b 9.47±0.95c 

VLDL 14.19±0.85a 19.81±0.65a 12.28±0.82a 20.00±4.32a 2.03±0.21b 

HDL: High density lipoprotein; LDL: Low density lipoprotein, VLDL= Very low density lipoprotein 
Mean with different superscripts a,b,c,d across the row are statistically significantly different (p<0.05)   
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Effect of  Vernonia amygdalina meth-
anolic leaf  extract on the histopathology 
of  the pancreas, kidney and liver of  
alloxan-induced diabetic male rats 
In rats treated with 100 mg/kg of  V. amyg-
dalina (Group A), there were areas of  mild 
vacuolar degeneration of  the islet of  Lang-
erhans of  the pancreas, though maintaining 
their anatomical architecture (Plate 1). The 
kidneys showed areas with multiple foci of  
tubular dilatation, mild glomerular atrophy 
and mild vacuolar degeneration of  the tub-
ular epithelial cells (Plate 2). In contrast, rats 
in Group B showed areas with diffuse inter-
stitial oedema of  the islets of  Langerhans 
with varying vacuolar degeneration of  the 

cells (Plate 3). Histopathology of  the kidneys 
revealed diffuse areas of  tubular dilatation 
with the presence of  protein cast in the lu-
men (Plate 4). 
 
Kidneys of  the rats in Group C showed are-
as with moderate diffuse vacuolar degenera-
tion and necrosis of  the tubular epithelial 
cell (Plate 5). There was also diffuse tubular 
dilatation with mild protein cast in the lu-
men. In the Group D rats, there were areas 
of  dilated tubular lumen with vacuolar de-
generation and necrosis. Across all groups, 
there were no hepatic pathologies seen mor-
phologically (Plate 6). 
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Plate 1: Histopathology of  the pancreas of  alloxan-induced diabetic male rat treated 
with 100 mg/kg Vernonia amygdalina methanolic leaf  extract (Group A) showing 
very mild vacuolar degeneration (thick arrow) of  the islet of  Langerhans with the 
cells maintaining cellular architecture (thin arrow) (H&E stain ×400) scale bar: 
25µM 
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Plate 2: Histopathology of  the kidney of  alloxan-induced diabetic male rats treated 
with 100mg/kg V. amygdalina extract (Group A) with multiple foci of  tubular dilata-
tion (thin arrows), mild glomerular atrophy (thick arrow) and mild vacuolar degener-
ation of  the tubular epithelial cells (H&E stain ×400) Scale bar: 20µM 

Plate 3: Histopathology of  the pancreas showing areas of  diffuse interstitial oedema 
of  the islets of  Langerhans (thin arrow) with varying vacuolar degeneration of  the 
cells (thick arrow) in alloxan-induced diabetic male rats treated with 200 mg/kg 
Vernonia amygdalina methanolic leaf  extract (Group B) (H&E ×400) Scale bar: 
25µM 
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Plate 4: Histopathology of  the kidney showing diffuse areas of  tubular dilatation 
with protein cast in the lumen of  alloxan-induced diabetic male Wistar rats treated 
with 200 mg/kg Vernonia amygdalina methanolic leaf  extract (Group B) (H&E 
×400) Scale bar: 20µM 

Plate 5: Histopathology of  the kidney of  alloxan-induced diabetic male Wistar rats 
treated with 5 mg/kg glibenclamide (Group C) showing areas with moderate dif-
fuse vacuolar degeneration and necrosis of  the tubular epithelial cell. There was al-
so diffuse tubular dilatation with mild protein cast in the lumen (H&E ×400) Scale 
bar: 20µM 
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DISCUSSION 
Diabetes mellitus is a debilitating health 
condition and is one of  the leading causes 
of  death, especially in medium and low in-
come countries (WHO, 2022).  There is 
global agreed target to halt the rise in diabe-
tes and obesity by 2025 (WHO, 2022). This 
study was aimed at proffering solution to a 
global health disorder in human and pets.  
 
The weight losses were recorded in the V. 
amygdalina extract-treated groups in this 
study. This aligns with the findings of  
Atangwho et al. (2012), demostrated that V. 
amygdalina leaves can induces weight loss, 
thereby suggesting that it may ameliorate 
the potential risk of  glucose intolerance as-
sociated with diabetes mellitus. 

 
Moreso, the hypoglycemic effect of  V. amyg-
dalina methanolic leaf  extract in alloxan-
induced diabetic male rats at dosages of  100 
mg/kg and 200 mg/kg were outlined. At the 
100mg/kg dosage, this extract demonstrated 
a probable biphasic hypoglycemic property. 
Other researchers have documented the hy-
poglycemic effects of  the aqueous extract 
(Michael et al., 2010), ethanolic extract 
(Effiong et al., 2013), and chloroform frac-
tion (Atangwho et al., 2013; 2014) of  V. 
amygdalina streptozotocin-induced diabetic 
rats. This suggests that the active blood sug-
ar lowering principles in the plant may be 
extracted by both polar and non-polar sol-
vents.  
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Plate 6: Photomicrograph of the liver in alloxan-induced diabetic male Wistar rats treat-
ed with 100mg/kg Vernonia amygdalina methanolic leaf extract (Group A) with no visi-
ble lesion observed (H&E stain ×400)  
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Uncontrolled hyperglycemia has been noted 
to affect certain haematological parameters 
such as glycated Hb levels, platelet volume, 
WBC counts (Biadgo et al., 2016). These 
may serve as pointers to certain systemic 
events (markers) occurring in a body as seen 
in cases of  diabetes mellitus. The present 
study showed increased PCV and Hb con-
centration in the 200 mg/kg V. amygdalina 
leaf  extract-treated group when compared 
with the controls. The findings in this study 
agreed with the report of  Asante et al. 
(2016) in Ghana, who observed that a dose-
dependent increase in PCV values of  Spra-
gue Dawley rats treated with lower doses 
(10 and 30 mg/kg) of  ethanolic extract of  
V. amygdalina. The results from this study 
however, differ from the findings of  Chike 
et al. (2018) and Airaodion et al. (2019), 
whose studies revealed significantly lowered 
PCV and Hb concentrations after treatment 
with ethanolic extract of  V. amygdalina 
leaves, and suggested that the extract of V. 
amygdalina had the potential of  adversely 
affecting haematological indices.  
 
Serum enzymes have been used to demon-
strate hepatic and renal injury related to liv-
er disease and hyperglycemia (Zafar and 
Navqi, 2010; Ajiboye et al., 2016). Abnormal 
increases in aminotransferases specifically 
ALT generally reflect liver cell damage 
(hepatotoxicity), while that of  ALP is more 
specific for cholestasis-hepatobiliary dam-
age (Atangwho et al., 2007). In this study, 
ALT values were decreased significantly in 
extract-treated groups, an indication that 
there was no hepatic injury resulting from 
the methanolic extract of  V. amygdalina. 
This result could be due to the anti-
oxidative activities of  sequesterpene lactone 
in V. amygdalina (Arhoghro et al., 2009). A 
review according to Kaur et al. (2019) docu-
ments the hepatoprotective effects of  this 

plant which was demonstrated in this study. 
A study by Ekam and Udosen (2012), using 
the benzene, chloroform, ethyl acetate, buta-
nol, and methanol fractions of  V. amygdalina, 
on acetaminophen-induced hepatotoxicity 
also reported hepatic protection of  this 
plant. Hepatoprotective effect of  some other 
plants in related families such as the aqueous 
extracts of  Rosmarinus officinalis and Moringa 
oleifera has also been reported (Ramadan et 
al., 2013; Abakpa et al., 2017). In addition, 
total bilirubin and creatinine values in the 
extract treated group were not significantly 
different from the non-diabetic control and 
can be inferred that there was no hepato-
biliary damage as well as kidney damage re-
lating to the use of  the extract. Oxidative 
damage in various tissues may be controlled 
or prevented by enzymic and nonenzymic 
antioxidant defense systems such as SOD 
(Aksoy et al., 2003). Studies have shown anti-
oxidant enzymes activities are decreased in 
DM causing an increase in the level of  H2O2 

in serum (Shen et al., 2009). The serious im-
balance between reactive oxygen species 
(ROS) production and the decline of  antioxi-
dative ability leads to the enhancement of  
oxidative stress seen in DM. Several sesquit-
erpene lactones such as vernolide, vernod-
alol, vernolepin, vernodalin and hydroxyver-
nolide; flavonoids such as luteolin, luteolin 7-
О-βglucoroniside and luteolin 7-О-β-
glucoside, and stigmastane-type steroid sapo-
nins isolated from V. amygdalina leaves have 
been observed to possess antioxidant prop-
erties (Ong et al., 2011; Adeoye et al., 2018; 
Bashir et al., 2020; Alara et al., 2020; Zhao et 
al., 2021). These phytochemicals have the 
ability to scavenge for free radicals which are 
increasingly produced in cells of  diabetic 
subjects (Malik et al., 2010). In this study 
however, serum antioxidant marker (SOD) 
was not significantly altered by DM but the 
decrease in H2O2 level in V. amygdalina treat-
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ed group (200 mg/kg) could be due to the 
presence of  radical scavenging compounds 
in leaves. 
 
Dyslipidemia associated with DM is charac-
terized by increase in total cholesterol, 
LDL, VLDL, triglycerides and a fall in 
HDL. In this study, the levels of  total cho-
lesterol and triglycerides were markedly in-
creased in diabetic control following induc-
tion of  DM with alloxan confirming that 
the dyslipidemia associated with DM can 
give useful information on lipid metabolism 
(Oyedemi et al., 2010). There was also an 
increase in the good cholesterol (HDL) and 
bad cholesterol (LDL) in the V. amygdalina 
treated groups. Nwanjo (2005) observed 
that the aqueous extract of  the plant re-
duced triacylglycerol levels and normalized 
cholesterol concentrations in the serum of  
diabetic rats. The ethanolic extracts of  the 
plant have also been reported to keep the 
lipid profile of  rats within the normal range 
(taken as that of  the control rats) when dos-
es of  100-1000 mg/kg body weight were 
administered (Atangwho et al., 2012). The 
methanolic extracts of  V. amygdalina have 
also been shown to have lipid-lowering ef-
fects in rats fed on a high cholesterol diet 
for nine weeks (Adaramoye et al., 2008). 
These reports suggest that the plant may 
play very important roles in the future man-
agement of  chronic diseases. 
 
From the histopathology, V. amygdalina ex-
tract dosed at 100 mg/kg and 200 mg/kg 
caused an architectural maintenance of  the 
pancreatic islets cells as well as in the kid-
neys, hence mitigating the effect of  diabetes 
mellitus on the tissues in these groups. This 
is buttressed by Akinola et al. (2010), with 
the demonstration of  the presence of  via-
ble cells of  the pancreatic islets after treat-
ment using V. amygdalina at 400mg/kg. In 

glibenclamide treatment, there was loss in 
the cellular architecture of  the pancreatic 
islets as well as diffuse areas of  necrotic le-
sions in the tubular epithelial cells and dis-
tention of  the tubular lumen with presence 
of  protein casts. The absence of  morpholog-
ical lesions in the livers of  the rats across the 
groups could be due to the short duration of  
the study. According to Kini et al. (2016), 
steatosis, lobular inflammation, portal in-
flammation, nuclear glycogenation, and fi-
brosis are the characteristic histopathological 
changes seen in the liver due to DM.  
 
In conclusion, this study evaluated the ame-
liorative effect of  V. amygdalina on alloxan-
induced diabetic male rats and showed fa-
vourable protective effect that was more pro-
nounced in the 200 mg/kg treatment group. 
It is believed that the ameliorative signs asso-
ciated with the extract is due to rich presence 
of  flavonoids and polyphenols. Further stud-
ies should be focused on characterizing the 
active principle(s) responsible for this effect 
and the possible mechanism(s) of  action. 
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