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Abstract
Background and Objective: Developing countries, particularly in Africa are affected by the ageing population's challenges because of
the expensive health care provision. An inexpensive  and  safe  medicinal plant could be an option. This present study investigated the
anti-ageing effects of Methanolic Extract of Vernonia amygdalina (MEVA) leaves on the testis of D-galactose induced ageing male Albino
rats. Materials and Methods: Four groups  containing eight rats each were randomly selected. Group I (control) rats were given 1 mL of
normal saline, group II rats were treated with D-galactose of 300 mg kgG1 b.wt., only, group III rats were treated with 300 mg kgG1 b.wt.,
of D-galactose and 200 mg kgG1 b.wt., of MEVA while group IV received 300 mg kgG1 b.wt., of D-galactose and 300 mg kgG1 b.wt., of MEVA
for  28 days orally. Quantitative analysis of phytochemicals and antioxidant constituents of the leaves were carried out. Catalase,
superoxide dismutase, reduced glutathione and malondialdehyde were assayed in the testis homogenate using spectrophotometry.
Testosterone, luteinizing hormone and follicle-stimulating hormone were measured in plasma using enzyme-linked immunoassay
methods (ELISA). Semen analysis was carried out on the caudal epididymis and histology of the testis was done by the H and E staining
method. Results: The results showed a significant reduction (p<0.05) in antioxidants and hormonal levels in the D-galactose group
compared to the control. In contrast, treatment with 300 mg kgG1 of MEVA significantly (p<0.05) improved sperm properties, testosterone
level and testicular redox state compared with the D-galactose group. Conclusion: This study suggests that methanolic extract of Vernonia
amygdalina  at a dose of 300 mg kgG1 may reduce the possibilities of male infertility associated with ageing via oxidative stress
mechanism.
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INTRODUCTION

Several consequences accompany ageing in males and
one significant effect is the decline of testicular function1,2. The
decline in Leydig cell number and the reduction in the
activities of enzymes required for testosterone's secretion
results in a reduced level of testosterone3. This decline in
testosterone level can reduce sexual function and fertility4. 
Reactive Oxygen Species (ROS) plays a significant role in the
ageing process5-8. In the biological function of ageing,
increasing evidence is suggesting that a central role is being
performed by oxidative stress in this process9,10. Ageing can be
induced in an animal model by the chronic administration of
D-galactose11-13. The high concentration of D-galactose in the
body leads to its conversion to D-galactose-hexodialdose and
hydrogen peroxide by galactose oxidase. The transformation
of D-galactose-hexodialdose to galactitol by aldose reductase
enzyme will occur11. The accumulation of the obtained
products in the cells may result in osmotic damage and
oxidative stress that accelerates ageing14. D-galactose can also
be used to induce senescence due to its high tendency to
increase the generation of oxidants, alteration in antioxidant
enzymes actions and accumulation of oxidative damage12,15.
An increase in MDA production and altered antioxidant
capacity as observed in studies related to D-galactose induced
ageing might be due to these processes16-18. 

Antioxidants' ability to donate an electron neutralizes the
damaging effect of free radicals, reducing oxidative stress and
slowing down the process of ageing19. Food and medicinal
plant are good sources of antioxidants20. The aqueous extract
of Vernonia amygdalina  has anti-oxidative stress properties21.
Vernonia amygdalina, a member of the Asteraceae family, is a
valuable medicinal plant that is common in West Africa, with
a characteristic bitter taste which is due to its anti-nutritional
contents such as alkaloids, saponins, tannins and glycosides22.
It is a vegetable consumed in various West and Central Africa
communities23. Vernonia amygdalina has multiple health
benefits such as anticancer24, antitumor25,26, anti-diabetic27-29,
antiviral30,  antioxidant31-33,  anti-malarial34,35  and anti-
trypanosomal36. Previous studies reveal that the extracts of
Vernonia amygdalina has an analgesic effect and can reduce
fever, with its infusion taken in Nigeria as an anti-helminthic
for the treatment of enteritis control rheumatism37.

The previous study by Oyedeji et al.38, reported the
positive effect of methanolic extract of Vernonia amygdalina
on reproductive parameters. There is an established
relationship  between   male   infertility   and   oxidative 
stress39-41. A proxy measure of male fertility is semen quality.
After  exposure  to  agents  which  are  toxic or to host factors

such as age, notable changes in semen quality is observed42,43.
Therefore, ageing is an essential physiological factor to
consider in the treatment of male infertility. This is
corroborated by continued age-related infertility that has
continued to be an issue because of the quest for better life
expectancy and the need for an alternative therapy that is
cheap and safe.  

This study thus investigated the anti-ageing potentials of
methanolic extract of Vernonia amygdalina leaves on the
testicular function of D-galactose induced ageing male Albino
rats.

MATERIALS AND METHODS

Study area: The study was performed at the Department of
Animal Holdings Physiology, Ladoke Akintola University of
Technology, Ogbomoso, Nigeria, from October, 2020-July,
2021.

Experimental animals: Thirty-two adult male Albino rats
weighing between 140-160g from the Animal House of
Physiology Department, Basic Medical Sciences Faculty,
Ladoke Akintola University of Technology (LAUTECH),
Ogbomoso, were used for this study. The rats were subjected
to standard laboratory conditions such as ambient
temperature with a 12 hrs daylight cycle and had free access
to feed  and water ad libitum. The acclimatization of the rats
to the laboratory conditions took 15 days before the start of
the experiments. The rats received care according to the
guidelines for the use and maintenance of the animal in
research by the Helsinki declaration44. The Research Ethics
Committee, Faculty of Basic Medical Sciences, Ladoke Akintola
University of Technology, Ogbomoso, Nigeria, gave the ethical
research approval. All chemicals used in this experiment were
of analytical grade and from Sigma-Aldrich Corporation (USA).

Plant collection and authentication: The samples were fresh
leaves of Vernonia amygdalina  from the LAUTECH school
farm. The plant's identification and authentication were made
by Professor A.T.J. Ogunkunle, A Professor of Plant Taxonomy
in the Environmental  Biology  Unit  of  the  Department of
Pure and Applied Biology, Ladoke Akintola University of
Technology, Ogbomoso. Nigeria. The plant sample was then
deposited in the University Herbarium with Voucher Number:
LHO 537.

Methanolic extraction of Vernonia amygdalina : Methanolic
Extract of Vernonia amygdalina (MEVA) preparation was
according   to   the   method   previously   described  by
Oyedeji  et  al.38   fresh   specimens  of  the  plant  V. amygdala,
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which was collected, were  washed  thoroughly  to ensure
they are free of soil and debris and then air-dried for 4 weeks.
The dried samples were pulverized into a dry powder by the
use of mortar and pestle. A total of 556 g of the pulverized
specimen was macerated in 70% of methanol (1:2 wt./vol.) for
72 hrs  at  room  temperature  and  the  solution  produced
was  filtered  using Whatman No 1 filter paper, with the
residue rinsed several times to obtain a bright phase. The
filtrate's  evaporation  took  place  in  a  rotary evaporator set
at 60  to get the crude extract. The evaporated sample yielded
10.24% of the starting material. A total of 10 g of the MEVA
was dissolved in 100 mL of  distilled  water  to  prepare  a
concentration of 0.1 g mLG1. The extract dosages administered
to the animals in this study  were  according  to  that  of 
Adefisayo et al.45.

Qualitative and quantitative analysis of phytochemicals of
Vernonia amygdalina
Test for tannins: A total of 50 mg of MEVA was weighed,
boiled in 20 mL of distilled water and then filtered. Drops of
0.1% FeCl3 were added to the filtrate and colour change was
observed, a blue-black or brownish-green or colour indicates
tannins' presence46.

Test for saponins: This screening utilizes saponins ability to
generate emulsion with oil46. A total of 20 mg of MEVA was
boiled in 20 mL of distilled water in a water bath for 5 min and
then filtered. Subsequently, 10 mL of the filtrate was added to
5 mL of distilled water and mixed vigorously to form froth.
Three drops of olive oil were then added to the froth, which
was shaken vigorously and examined for the formation of an
emulsion.

Determination of total polyphenols: Phenolics that were
bound, free  and  accessible  biologically  were   determined 
by  making   use  of  Folin-Ciocalteu's   reagent  with   the  aid
of a microplate    reader    according    to   the   method  of
Rocchetti et al.47. Plant sample of 25 µL in quantity was mixed
with 125 µL 0.2 M Folin-Ciocalteu reagent in a 96-well
microplate  covered  with  aluminium  foil.  This was incubated
for 10 min at 37. At the end of the incubation, 125 µL of 7.5%
sodium carbonate solution was added to each well. The
microplate  was  shaken  for  40  sec  and  then incubated for
40 min at 37   before  reading  the  absorbance  at 765 nm
using a multimode microplate reader (Tecan SPARK 10M,
V1.2.20, Austria).  The   standard   curve   plotted   against 
gallic acid  was  used  to  evaluate  the  concentration of
polyphenols.

Test for alkaloids: MEVA (0.4 g) was mixed with 8 mL of 1%
HCl and the resultant mixture was warmed and filtered48. Total
2 mL of the filtrate was treated separately with (a) With few
drops  of  potassium  mercuric  iodide (Mayer’s reagent) and
(b) Potassium bismuth (Dragendorff’s reagent). Turbidity or
precipitation with any of (a) and (b) indicates the presence of
alkaloids.

Test for terpenoids: The presence of terpenoids in MEVA was
detected by measuring 5 mL (1 mg mLG1) of MEVA and mixing
it with  2  mL  of  chloroform,  then  mixed  with  3 mL of
concentrated H2SO4. Change in the interface's colorations to
reddish-brown indicted the terpenoids presence49.

Test for flavonoid and determination of total flavonoid
content: Total 50 mg of MEVA was mixed with 100 mL of
distilled water and then filtrated. About 5 mL of dilute
ammonia solution was added to 10 mL of the filtrate, then a
few  drops  of concentrated H2SO4. Yellow coloration
confirmed flavonoids presence49. Total flavonoid was
determined  using  quercetin  as the standard calibration
curve. The method described by Marinova et al.50 was
followed. The absorbance  of   the   reaction   mixtures  was
measured against blank at 420 nm wavelength with a varian
UV-Vis spectrophotometer. All the measurements were carried
out in triplicate.

Determination of total phenolic content, β-carotenoid and
antioxidant DPPH assays
Total phenolic content: The total phenolics of MEVA was
determined using the Folin-Ciocalteu's reagent (Sigma Aldrich,
St. Louis, MO, USA), according to the procedure described by
the previous researchers51. Sample and standard readings
were made using a spectrophotometer (Cary 50 Bio UV-Vis
spectrophotometer, varian) at 765 nm against the reagent
blank.

2  $-carotene assay: The $-carotene assay was carried out by
procedure described by Mohamad52. MEVA was applied on
Thin Layer Chromatography (TLC) plate silica gel 60 F254 plate
(20×20 cm). The plate emerged from hexane: Acetone (1:1).
The blot was scraped and diluted back to the extraction
solvent. The absorbance was taken at 451 nm. $-carotene
content was assayed as mg of $-carotene equivalent using an
equation derived from the standard curve of $-carotene.

2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay:  The method
described  by  Cheng  et  al.53  was  employed   for   this  assay.

3



J. Pharmacol. Toxicol., 17 (1): 1-13, 2022

Summarily 100 µL of 500 µg mLG1 of extract and 100 µL of
prepared stock of DPPH (200   M) were mixed and incubated
for 30 min at 37. The absorbance was taken at 515 nm with
gallic acid as a positive control. Percent radical scavenging
activity was equal to:

{1-(sample!blank) (control!blank)}×100

Determination of vitamin contents 
Vitamin e assay: Vitamin E assayed making use of the method
described previously54. About 1 g of the plant sample was
soaked in 20 mL of ethanol and subsequently filtered. Then
0.2%   ferric    chloride    in    ethanol    with    1   mL   of   0.5%
"-"-dipyridine was added to 1 mL of the filtrate. The resultant
solution was diluted with 5 mL of distilled water. Absorbance
reading was taken at 520 nm. The same procedure was used
in preparing the standard solutions and the concentration of
vitamin E was extrapolated from the standard curve.

Vitamins B1 and B2 assay: Thiamine (vitamin B1) and
Riboflavin (vitamin B2) were estimated using the method of
Okwu and Josiah55.

 Vitamin B1 assay: Ethanol sodium hydroxide (50 mL) together
with plant extract (5 g) were homogenized and filtered into a
flask, after which 10 mL of potassium dichromate was added
to 10 mL of the filtrate. The absorbance of the solution was
taken at 360 nm.

Determination of vitamin B2: About 5 g of the plant sample
and 100 mL of 50% ethanol were extracted. This solution was
shaken  for  60  min  and  this was followed by filtration in a
100 mL flask. About 10 mL of the extract was pipetted out into
a 50 mL of volumetric flask. To this, 10 mL of 5% potassium
permanganate and 10 mL of 30% hydrogen peroxide were
added. This was allowed to stand for 30 min on a hot water
bath. Then  2  mL  of  40%  sodium  sulphate was added and
the solution was made up to 50 mL in a standard flask,
aliquots  were  prepared.  The  absorbance was measured at
510 nm using a spectrophotometer (Cary 50 Bio UV-Vis
spectrophotometer, varian).

Estimation of ascorbic acid (vitamin C): Ascorbic acid was
assayed using the method of Lalitha and Vijayalakshmi56. A
test tube made up of 0.5 mL of the plant sample, 0.2 mL of
distilled water and 0.5 mL of N-(Dithiocarboxy) sarcosine
(DTCS) reagent were taken. The tubes were incubated at room
temperature for 3 hrs. Then, 1.5 mL of ice-cold 65% Sulphuric

acid was added.  The contents of the tube were mixed well
and incubated at 37EC for 30 min. The colour developed was
measured as absorbance at 520 nm.

Experimental design: Thirty-two adult male Albino rats were
randomly separated into 4 groups of 8 animals each received
the following treatment:

C Group I known as control animals, received 1 mL of normal
saline as a placebo

C Group II animals received 300 mg kgG1 b.wt., of D-galactose
only

C Group   III    animals    received    300    mg    kgG1   b.wt., of
D-galactose with 200 mg kgG1 b.wt., of MEVA

C Group  IV    animals    received    300    mg    kgG1    b.wt.,   of
D-galactose with 300 mg kgG1 b.wt., of MEVA

All treatments mentioned above lasted for 28 days.

Sample collection: All the animals have sacrificed 24 hrs after
the last dosing. Blood samples were collected through the
cardiac puncture into the heparinized bottle and centrifuged
at 3000 rpm for 15 min to obtain plasma used for hormones
assay. The  testes  and epididymis were excised and trimmed
of fat.

Epididymal sperm collection followed the previous
method57. The epididymis was separated from the left testis
and used for epididymal sperm analysis. The epididymis'
caudal part was that blotted with filter papers and lacerated
to collect the sperm in a petri-dish to determine the sperm
motility, viability, count and morphology. The right testis
hereafter preserved in Bouin’s solution for histological studies. 

Hormonal assay: The plasma, testosterone, Follicle-
Stimulating Hormone (FSH) and Luteinizing Hormone (LH)
concentration measurement followed the Enzyme-Linked
Immunosorbent Assay (ELISA) technique with ELISA kit
purchased from Monobind Inc. the USA, following the
manufacturer’s guide.

Semen analysis
Sperm count: The caudal epididymis of the right testes was
removed and blotted with filter paper. It was then immersed
in 5 mL of formal-saline in a graduated test tube, while the
volume of displaced fluid was equal to the amount of the
epididymis. The caudal part of the epididymis was blended in
the normal saline to form a solution used to measure sperm
count by the  improved Neubauer Chamber method (LAB ART,
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Germany). The sperm count was examined under the light
microscope58 at a magnification of ×40 while evaluating
different fields. The expression of sperm count was in a million
per µL of suspension.

Sperm motility: Two drops of warm 2.9% sodium citrate were
added to sperms milked on a pre-warmed microscope slide
from incised caudal epididymis and then covered with
coverslip before observing it under the microscope at ×400
magnification. Ten sperms from 10 fields of the lens were
randomly assessed for different categories of motility
according to the previous method59.

Sperm viability: Sperm viability was carried out using the
Eosin/Nigrosin stain method to differentiate between the
living and dead sperms. The count and percentages of the
stained and unstained sperm were calculated according to the
Laing60 technique described by Ajayi and Akhigbe57.

Sperm morphology:  The  sperm  morphology  evaluation 
was done with the aid of a light microscope at ×400
magnification. Two drops of moderately hot Walls and Ewas
stain was added to the epididymal fluid on a pre-warmed slide
and a uniform smear made from it and air-dried. The stained
slide was then examined under the microscope60. Five fields of
the lens randomly selected were considered for the types and
number of abnormal spermatozoa. Documentation of the
number of sperms with normal morphology defected head,
middle piece and tail took place.

Preparation of tissues homogenates: The already separated
testes  were  rinsed  in  Potassium Chloride (KCl) washing
buffer and homogenized with an appropriate volume of
chilled Tris-HCl buffer with pH 7.4 using a mortar and pestle.

Assay for oxidative stress indices
Determination of superoxide dismutase (SOD) activity:
Determination of SOD activity applied methods previously
described61,62. Briefly, a ratio of 1:10 dilutions was made from
1 mL of the sample and 9 mL of distilled water. An aliquot of
the diluted sample was added to 2.5 mL of 0.05 M carbonate
buffer pH 10.2 and the required reaction was started by
adding 0.3 mL of adrenaline. The change in absorbance was
monitored with a spectrophotometer (Cary 50 Bio UV-Vis
spectrophotometer, varian) at 480 nm for 5 min.

Assessment of lipid peroxidation (MDA): This was carried out
based  on   the   method   described   in   previous   studies63,64.

Estimation of oxidative degradation of lipid as a result of the
reaction of Malondialdehyde (MDA) with 2-Thiobarbituric Acid
(TBA) forming an MDA-TBAR adduct that absorbs strongly at
532 nm occurred. About 0.4 mL of the reaction mixture, i.e.,
sample already quenched with 0.5 mL of 30% TCA was added
to 1.6 mL of Tris HCl pH 7.4. The addition of 0.5 mL of 8% TBA
and incubation for 45 min at 800 produced pink coloured
reaction mixtures centrifuged at 14000 rpm for 15 min. The
absorbance of clear pink supernatant gave the TBARS
measurement of lipid peroxidation readings at 532 nm.

Determination of catalase (CAT) activity: CAT activity
determination followed the method described in earlier
studies64,65. About 0.1 mL of the sample was pipetted into a
cuvette containing 1.9 mL of 50 mM Phosphate buffer, pH 7.0.
Then the reaction was launched by the addition of 1.0 mL of
freshly prepared 30% (w/v) hydrogen peroxide (H2O2). The
amount of decomposition of H2O2 was measured using a
spectrophotometer with a change in absorbance at 240 nm.
The enzyme activity expression was in µmol minG1.

Determination of reduced glutathione (GSH): GSH
concentration applied previous methods66,67. Total 10% tissue
homogenate was mixed with 4% Sulphur-salicylic acid (w/v)
in a 1:1 ratio (w/v). The specimens were incubated at 4EC for
1 hr and then centrifuged at 1200×g for 20 min at 4EC. The
assay mixture contained 0.1 mL of supernatant, 1.0 mM DTNB
and 0.8 µL phosphate buffer. The developed yellow colour was
read promptly at 412 nm in a spectrophotometer. The GSH
absorbance was extrapolated from the GSH standard curve
and expressed in µg mLG1.

Testicular histology
Tissue processing: The histology assessment of the testes
used the methods previously described57,68. Testicular tissues
were fixed in Bouin's fluid for 6 hrs and afterwards transferred
into 10% formalin and then dehydrated with varying
percentages of ethanol. Sections were after that cleared in
xylene and embedded in molten wax. Sections of 5 µm were
cut and stained with hematoxylin and eosin. Observation of
the stained slides followed under the microscope for
morphological changes.

Statistical analysis: Statistical tests were performed using
GraphPad  prism  5.  Application  of  One-way  analysis of
variance (ANOVA) with Turkey’s HSD posthoc comparisons.
Expression of values was in Mean±SEM and the significance
of values was set at p<0.05.
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RESULTS
 
Phytochemicals, antioxidant and vitamin assays: In Table 1
the phytochemical screening of the leaves of Vernonia
amygdalina  showed  the  following:  Tannins, saponin,
polyphenols,  alkaloids, terpenoids and flavonoids.
Polyphenols had the highest quantity, followed by alkaloids
and flavonoids. The total phenolic content, $-carotenoid and
antioxidant DPPH assays of Vernonia amygdalina leaves are
shown in Table 2. At the same time, in Table 3 the quantity of
some vitamins found in Vernonia amygdalina leaves such as
vitamin B1 (0.55±0.01 mg/100 g), vitamin B2 (0.88±0.01
mg/100g), vitamin C (42.44±0.02 mg/100 g), vitamin E
(6.35±0.03 mg/100 g) were displayed.

Effect  of  methanolic  extract  of Vernonia amygdalina
leaves on  D-galactose  induced  oxidative  stress:  The result
in Table 4 below shows the effect of methanolic extract of
Vernonia amygdalina  leaves on D-galactose induced oxidative
stress on oxidative stress indices in the testes of male Albino
rats. The result indicates that MDA was significantly (p<0.05)
higher in the D-galactose induced group when compared with
the control group. Treatment with 300 mg kgG1 of the extract
significantly (p<0.05) reduced MDA concentration when
compared  with  the  D-galactose  induced  group  and a non-
significant difference in the value when compared with the
control group. Also noted is a dose-related difference between
the assayed values of the groups administered with 200 and
300 mg kgG1 b.wt., which was also statistically significant. The
concentration of GSH decreased significantly (p<0.05) in the
D-galactose  induced  group  compared with the control
group. SOD and CAT were significantly (p<0.05) lower in the
D-galactose induced group when compared with the control
group and treatment with 300 mg kgG1 of Vernonia
amygdalina  extract significantly (p<0.05) increased the
activity of SOD  when  compared  with  both  the control and 
D-galactose   induced   group.    The    group    treated   with
200 mg kgG1 of the extract demonstrated a non-significant
increase in SOD concentration.

Effect of  methanolic  extract  of Vernonia amygdalina
leaves on semen analysis of D-galactose induced ageing
male Albino rats: In Table 5, treatment with D-galactose
significantly reduced sperm count when compared to control. 
The group of rats treated with 200 mg kgG1 of the extract had
a significant (p<0.05) decrease in sperm count compared to
control, while the group of rats treated with 300 mg kgG1 had
a significant (p<0.05) increase in sperm count compared to
the D-galactose group. D-galactose treatment led to a
significant (p<0.05) decline in both rapid and slow progressive
motility in comparison with control. In contrast, administration
of 300 mg kgG1 of the extract led to a significant (p<0.05)
increase in slow progressive motility. A significant (p<0.05)
increase in non-motile sperm cells in the D-galactose group
compared to the control ensued. Treatment with 300 mg kgG1

led to a significant (p<0.05) decrease in the number of non-
motile sperm cells when compared with the D-galactose
group.

Table 1: Qualitative and quantitative analysis of phytochemicals of Vernonia
amygdalina leaves

Qualitative analysis Quantitative analysis of
of phytochemicals phytochemicals (mg gG1)
Tannins + + 0.03±0.00
Saponin + + + 1.43±0.01
Polyphenols + + + 6.77±0.02
Alkaloids+ + + 6.67±0.01
Terpenoids + + 0.04±0.00
Flavonoids + + 3.88±0.01
+++: Indicates the presence of phytochemicals

Table 2: Total phenolic content, $-carotenoid and antioxidant DPPH assays of
Vernonia amygdalina leaves

Assay Content
Total phenolic content (mg GAE gG1 dry weight) 15.55±0.01
$-Carotenoid (mg gG1) 0.68±0.00
DPPH (µmol trolox gG1) 14.45±0.02

Table 3: Quantitative analysis of some vitamins of Vernonia amygdalina leaves
Vitamins Quantity (mg/100 g)
Vitamin B1 0.55±0.01
Vitamin B2 0.88±0.01
Vitamin C 42.44±0.02
Vitamin E 6.35±0.03

Table 4: Oxidative stress indices in the testis of D-galactose induced ageing male rats treated with MEVA
Groups
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Variables I (control) II (D-Gal only) III (D-Gal+E-200 mg) IV (D-parameters Gal+E-300 mg)
MDA (nmol gG1 tissue) 8.26±0.79 21.93±0.61a 17.38±1.32 9.66±0.47b

GSH (µg mLG1) 42.90±1.09 27.00±1.88a 34.18±0.74 41.10±2.56
SOD (µmol minG1) 50.00±1.76 31.74±1.17a 36.85±1.15a,b 43.22±2.05a,b

CAT (µmol minG1) 34.03±3.26 13.68±0.78a 16.03±0.78 21.08±0.93
aRepresent  a  significant  difference  at  p<0.05 when compared with group I (control), bRepresents a significant difference at p<0.05 when compared with group II
(D-galactose only)
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Fig. 1(a-h): Histology  of  the  testis  D-galactose  induced  ageing male  rats  treated  with  MEVA,   (a)   Photomicrograph   of
group I rat  testes  stained  with  H  and  E.  ×100,  (b)  Photomicrograph  of  group  I  rat  testes  stained with H and
E. ×400, (c) Photomicrograph of group II rat testes stained with H and E. ×100, (d) Photomicrograph of group II rat
testes   stained   with  H  and  E.  ×400,  (e)  Photomicrograph  of  group  III  rat  testes  stained with H and E. ×100,
(f) Photomicrograph of group III rat testes stained with H and E. ×400, (g) Photomicrograph of group IV rat testes
stained with H and E. ×100, (h) Photomicrograph of group IV rat testes stained with H and E. ×400
Blue arrow: Seminiferous tubules with spermatogonia cells, Red arrow: Sertoli cells, spanned arrow: Germ cell layer, White arrow: Lumen showing the
presence of spermatozoa, Slender arrow: Interstitial spaces and leydig cells, Black arrow: Vascular congestion noted involving the tunica albuginea

Table 5:  Semen analysis of d-galactose induced ageing male rats treated with MEVA
Variables Group I (control) Group II (D-Gal only) Group III (D-Gal+E-200 mg) Group IV (D-Gal+E-300 mg)
Microscopic sperm count (×106  cells LG1) 51.90±7.097 18.64±3.759a 19.12±2.140a 38.54 ±4.961b

Rapid progressive motility 30.00±3.162 14.00±2.449a 18.00±2.000 20.00±4.472
Slow progressive motility 24.00±4.472 12.00±2.000a 16.00±2.449 22.00±2.449b

Non-motile sperms cells 24.00±2.449 38.00±2.000a 32.00±2.000 28.00±3.742b

Dead sperm cells (sperm viability) 18.00±3.742 36.00±2.449a 26.00±2.449 22.00±2.000a

Normal morphology 50.00±4.472 32.00±2.000a 34.00±2.449a 34.00±2.449a

Sperm with defect of the head 38.00±3.741 53.00±2.000a 46.00±2.449 35.00±3.742a

Sperm with middle piece defect 14.00±9.000 7.000±1.225 6.000±1.000 6.000±1.000
Sperm with tail defect 5.000±0.000 5.000±0.000 5.000±0.000 6.000±1.000
aRepresent a significant  difference  at  p<0.05  when  compared with Group I (control), bRepresents a significant difference at p<0.05 when compared with group II
(D-Galactose only)

This Table 5 also displayed that there was a significant
(p<0.05) increase  in  the  number  of  dead sperm cells in the
D-galactose group compared with the control values.
However, this was reversed significantly in the group treated
with 300 mg kgG1 of bitter leaf extract compared to the
control. The group of rats treated with D-galactose had a
significant (p<0.05) decrease in the number of sperms with
normal morphology and a significant (p<0.05) increase in the
value of sperms with the defected head when compared with
the control group values. Treatment with 300 mg kgG1

significantly  (p<0.05)   increased   the  normal morphology
and decreased sperm with  the  defected head when
compared with the D-galactose groups. Sperm with the
middle piece and tail defects were only comparable among
the groups.

The effect of methanolic extract of Vernonia amygdalina
leaves on reproductive hormones of D-galactose induced
ageing male Albino rats.

In Table 6 there is a significant decrease (p<0.05) in
testosterone and luteinizing hormone levels in all the groups
compared  with  control.   The   group   of   rats   treated  with
D-galactose had a significant (p<0.05) decrease in FSH level
but treatment with 200 and 300 mg kgG1 did not produce any
significant difference in FSH level compared to the control.
Nevertheless, testosterone and luteinizing hormone levels
significantly increased with 300 mg kgG1 of extract compared
to the D-galactose group.

Histology  of  the  testis  D-galactose  induced ageing male
rats  treated  with  MEVA:  The  result  of Fig. 1a-h shows the
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Table 6:  Reproductive hormones concentration of D-galactose induced ageing male rats treated with MEVA
Variables Group I (control) Group II (D-Gal only) Group III (D-Gal+E-200 mg) Group IV (D-Gal+E-300 mg)
Testosterone (ng mLG1) 4.7±0.13 1.20±0.26a 2.15±0.16ab 3.29±0.40ab

Luteinizing hormone (Mlu mLG1) 2.79±0.31 1.07±0.19a 1.69±0.08ab 1.86±0.13ab

Follicle stimulating hormone (Mlu mLG1) 4.02±0.12 2.97±0.32a 4.18±0.09b 3.42±0.30
Values  in  this  study  are  expressed  as  the  Mean±SEM  (Standard   error   of   the   mean)   using   the   student   t-test,   D-Gal   only:   D-Galactose   induced   only,
D-Gal+E-200 mg: D-Galactose+200 mg kgG1 b.wt., of extract, D-Gal+E-300 mg: D-Galactose+300 mg kgG1 b.wt., of extract, aRepresent a significant difference at p<0.05
when compared with group I (control), bRepresents a significant difference at p<0.05 when compared with group II (D-Galactose only)

photomicrograph of testicular sections stained by
haematoxylin and eosin. In Fig. 1a-b, the tunica albuginea
appears normal without vascular congestion in the control
group. Figure 1c-d, vascular congestion involving the tunica
albuginea was observed in the D-galactose group. Figure 1e-f,
Treatment with 200 mg kgG1 b.wt., of Vernonia amygdalina
reduced the vascular congestion in tunica albuginea, while in
(Fig. 1g-h) the vascular congestion were absent as the tunica
albuginea appeared normal following the administration of
300 mg kgG1 of the extract.

DISCUSSION

Administration of D-galactose in this study induced
ageing which is demonstrated by the increased oxidative
stress parameters and reduced antioxidant enzymes. The
results showed a significant increase in MDA concentration in
the D-gal group compared to the control. D-galactose
administration is a reliable and stable model for the induction
of ageing in rats and resembles natural ageing in man, which
is characterized by reduced life span, cognitive function and
neuronal function69,70. There is usually accompanied by a
marked increase in oxidative stress, the generation of the
advanced glycation end product with changes in gene
transcription which affects normal body physiology15,71.
However, administration of 300 mg kgG1 of methanolic extract
of V. amygdalina (MEVA) resulted in a significant reduction in
MDA concentration compared to the control. The result,
therefore, indicates that MEVA contains anti-oxidative and
anti-ageing properties, particularly at a specific level.  Lolodi
and Eriyanremu72  documented a similar report. A biomarker
of oxidative stress  is  Malondialdehyde (MDA), a by-product
of lipid peroxidation induced  by  free radicals and a biomarker
of oxidative stress73,  Chen  et  al.74  reported   D-galactose's
peroxidative effect in mice. An increase in total lipid
peroxidation may be due to polyunsaturated fatty acids
present in testis75.

Results from this study also revealed that D-galactose
treatment led to a significant decrease in antioxidant enzyme
levels of GSH, CAT and SOD. However, the activities of CAT and
GSH were improved significantly after treatment with MEVA in

the group treated with 300 mg kgG1 b.wt., of the extract than
the group that received 200 mg kgG1 b.wt., of the extract when
juxtaposing with the control. One of the cells’ measures to
counter the deleterious effects of oxidative degradation of
lipid is by increasing the activity of endogenous antioxidant
enzymes  such as CAT, peroxidases and SOD76. An earlier
report on V. amygdalina showed its unique nutritional and
phytochemical properties with several biochemical,
physiological and morphological benefits77. Therefore, the
results indicated that V. amygdalina has anti-oxidative
properties that conform to the work of Farombi and Owoeye21. 
The presence of polyphenols, alkaloids and flavonoids from
the phytochemical screening in this study points to
compounds that could be responsible for this plant's anti-
oxidative stress potential. These compounds are essential in
the regulation of oxidative stress, inflammation and advance
glycation end-product formation. They are non-enzymatic
antioxidants that augment antioxidant enzymes' activities in
living cells72. The presence of these metabolites in methanol
extract of Vernonia amygdalina could be responsible for the
amelioration of oxidative stress induced by D-gal. These
findings agree with several earlier studies72,78,79. Therefore, this
vegetable's constant consumption is important for healthy
living due to the anti-oxidative characteristics inherent in it77,80.
The antioxidant properties of the plant were further confirmed
by the results obtained for the free radical scavenging
activities of the plant by the DPPH activities, the phenolic
content $-carotenoid  and vitamin C assay, which all
suggested that the plant is a good antioxidant candidate
commonly used as an anti-ageing agent and also has
potentials to promote reproductive functions51. 

A  significant decrease in sperm function was caused by
D-gal, which is evident in the significant decline in sperm
motility, sperm count, normal morphology and sperm viability,
even though the number of sperms with the middle piece and
the tail defect was not significantly different from the control.
The result agrees with the work of  Dunson et al.81 which
found a decrease  in  semen  quality  with advancing age and
subsequent  infertility.  The  treatment  of rats with 200 and
300 mg kgG1 b.wt., of MEVA in  this  study  significantly
improved sperm qualities as reflected by  an increase in sperm
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count, sperm motility and sperm viability which is significant
and observed  in  MEVA  treated   groups   when   compared 
with D-gal induced group. A significant improvement in sperm
parameters has been previously reported by Temitope et al.82,
Oyeyemi et al.83 and Saalu et al.77 in rats treated with MEVA.
Sperm count is essential in assessing the effects of chemicals
on spermatogenesis84. Increasing glucose metabolism, thereby
producing pyruvate, which is necessary for basic activities and
survival of sperm cells, might be the mechanism through
which this extract improves the quality of sperm85. 

Furthermore, D-gal caused a significant decrease in the
levels of testosterone LH and FSH. Whereas treatment with
200 and 300  mg kgG1 b.wt., of the extract significantly
increased  testosterone,  LH  and FSH levels compared to the
D-gal group. The reduction in the hormonal levels in the D-gal
group  may   be   because   semen   quality   and  reproductive
hormones decrease with advancing age which may be due to
a higher level of ROS and low level of total antioxidative
capacity in old age42,81. In support of this present study, reports
had shown that bitter leaf extract activates the secretion of
hormones of the hypothalamus, which may be responsible for
the improved process of sperm formation seen. It does this by
stimulating the process of sperm formation in the tubules of
the testis, functions of epididymis or activities of testosterone
on the nervous system releasing factors and anterior pituitary
secretion of LH and FSH, which may result in improved sperm
formation86,87. As  antioxidants,  these extracts also enhance
the formation of steroids by enhancing the endocrine function
of Leydig cells, which increased  the production and
circulation of testosterone and resulted in stimulation of
spermatogenesis88. Therefore, Vernonia amygdalina extract
could reverse the reduced sperm and testicular production of
testosterone associated with ageing,

Analysis of the testis' histology revealed the presence of
vascular  congestion  involving  the  tunica  albuginea  in the
D-gal group compared to the control group. Treatment with
200 mg kgG1 b.wt., of Vernonia amygdalina reduced the
congestion that disappeared following 300 mg kgG1 of the
extract. Structural deformities occurred with several vessels
appearing dilated and moderately congested in the D-gal
group and showing disrupted Leydig cells that spread all over
the intercellular spaces.

Nevertheless, the administration of Vernonia amygdalina
extract reversed all the abnormalities in the germ cell layer.
The result obtained in the D-gal group may be due to arrested
germ cell differentiation associated with regressed
reproductive organs functions during ageing89. This result is
consistent with previous studies on D-galactose83,89,90.

The observed effect on the testis showed that Vernonia
amygdalina  extract reverses D-galactose's impact on the testis

by increasing the Leydig cell and improving the endocrine
functions of the testis through the increased secretion of
testosterone which usually decreases with age91. This
mechanism is via the hypothalamic-pituitary-testicular axis in
which the testosterone level has an inverse relationship with
luteinizing hormone during ageing and oxidative stress plays
an important role90,92. This implies that administration of
Vernonia amygdalina extract prevents decline in testicular
functions associated with ageing and this plant extract is
recommended as a supplement in preventing reproductive
dysfunction in adult males, further studies to identify the
bioactive component responsible for this potential is also
required.

 CONCLUSION

Findings from this study show that induction of ageing
with D-gal caused oxidative stress damages and affected the
testis' integrity and functions. However, the methanolic extract
of Vernonia amygdalina leaves prevents this damage via an
oxidative stress-dependent mechanism in which the
antioxidant properties of the metabolites such as polyphenol
and alkaloids, flavonoids, $-carotenoid and vitamin C found in
the plant may be responsible. This study suggests that MEVA
at a 300 mg kgG1 dose may reduce the possibilities of male
infertility associated with ageing. 

SIGNIFICANCE STATEMENT

This study discovers the possible role of methanolic
extract of Vernonia amygdalina  leaves in preventing testicular
damage caused  by oxidative stress this can be beneficial for
D-galactose induced ageing in male Albino rats. This study will
help the researcher to uncover the critical area of preventing
a decline in reproductive function associated with ageing that
many researchers were not able to explore. Thus, a new theory
on antioxidant properties of the metabolites of the plant such
as polyphenol and alkaloids, flavonoids, $-carotenoid and
vitamin C in reproductive function, may be arrived at.

REFERENCES

1. Brawer, M.K., 2004. Testosterone replacement in men with
andropause: An overview. Rev. Urol. 6: S9-S15.

2. Camacho,  E.M.,  I.T.  Huhtaniemi,  T.W. O'Neill, J.D. Finn and
S.R. Pye et al., 2013. Age-associated changes in hypothalamic-
pituitary-testicular function in middle-aged and older men
are modified by weight change and lifestyle factors:
Longitudinal results from the European male ageing study.
Eur. J. Endocrinol., 168: 445-455.

9



J. Pharmacol. Toxicol., 17 (1): 1-13, 2022

3. Yeap,  B.B.,  2009.  Are declining testosterone levels a major
risk factor for ill-health in aging men?. Int. J. Impotence Res.,
21: 24-36.

4. Yang, H., Q. Chen, N. Zhou, L. Sun and H. Bao et al., 2015.
Lifestyles associated with human semen quality: Results from
MARHCS cohort study in Chongqing, China. Medicine, Vol. 94.
10.1097/md.0000000000001166.

5. Chang, K.H. and C.M. Chen, 2020. The role of oxidative stress
in parkinson’s disease. Antioxidants, Vol. 9. 10.3390/antiox9
070597.

6. Balaban, R.S., S. Nemoto and T. Finkel, 2005. Mitochondria,
oxidants, aging. Cell, 120: 483-495.

7. Park,    S.H.,      O.      Ozden,      H.     Jiang,     Y.I.     Cha    and 
J.D. Pennington et al., 2011.  Sirt3, mitochondrial ROS, ageing
and carcinogenesis. Int. J. Mol. Sci., 12: 6226-6239.

8. Ayer, A., C.W. Gourlay and I.W. Dawes, 2014. Cellular redox
homeostasis, reactive oxygen species and replicative ageing
in Saccharomyces cerevisiae. FEMS Yeast Res., 14: 60-72.

9. Gemma, C., J. Vila, A. Bachstetter and P.C. Bickford, 2007.
Oxidative Stress and the Ageing Brain: From Theory to
Prevention. In: Brain Aging Models, Methods and Mechanisms
Riddle, D.R. (Ed.)., CRC Press/Taylor and Francis, United States,
ISBN-13: 9781138627109 pp: 353-374.

10. Xue,  J.,  S.A.  Schoenrock,  W.  Valdar,  L.M.   Tarantino   and
F.Y. Ideraabdullah, 2016. Maternal vitamin D depletion alters
DNA methylation at imprinted loci in multiple generations.
Clin. Epigenet., Vol. 8. 10.1186/s13148-016-0276-4.

11. Ho, S.C., J.H. Liu and R.Y. Wu, 2003. Establishment of the
mimetic aging effect in mice caused by D-galactose.
Biogerontology, 4: 15-18.

12. Zhang, X., C. Jin, Y. Li, S. Guan, F. Han and S. Zhang, 2013.
Catalpol improves cholinergic function and reduces
inflammatory  cytokines  in  the  senescent mice induced by
D-galactose. Food Chem. Toxicol., 58: 50-55.

13. Lei, L., L. Ou and X. Yu, 2016. The antioxidant effect of
Asparagus cochinchinensis (Lour.) Merr. shoot in D-galactose
induced mice aging model and in vitro. J. Chin. Med. Assoc.,
79: 205-211.

14. Kumar, A., A. Prakash and S. Dogra, 2011. Centella asiatica
attenuates  D-galactose-induced  cognitive  impairment,
oxidative  and  mitochondrial  dysfunction in mice. Int. J.
Alzheimers Dis., Vol. 2011. 10.4061/2011/347569.

15. Wei, H., L. Li, Q. Song, H. Ai, J. Chu and W. Li, 2005. 
Behavioural study of the D-galactose induced aging model in
C57BL/6J mice. Behav. Brain Res., 157: 245-251.

16. Anand, K.V., M.S.M. Jaabir, P.A. Thomas and P. Geraldine, 2012.
Protective role of chrysin against oxidative stress in D
galactose induced aging in an experimental rat model.
Geriatr. Gerontol. Int., 12: 741-750.

17. Banji, D., O.J.F. Banji, S. Dasaroju and A.R. Annamalai, 2013.
Piperine  and  curcumin  exhibit  synergism   in  attenuating
D-galactose induced senescence in rats. Eur. J. Pharmacol.,
703: 91-99.

18. Liu, Y.Y., B.V. Nagpure, P.T.H. Wong and J.S. Bian, 2013.
Hydrogen  sulfide  protects  SH-SY5Y  neuronal cells against
D-galactose induced cell injury by suppression of advanced
glycation end products formation and oxidative stress.
Neurochem. Int., 62: 603-609.

19. Oroian, M. and I. Escriche, 2015. Antioxidants:
Characterization, natural sources, extraction and analysis.
Food Res. Int., 74: 10-36.

20. Xu, D.P., Y. Li, X. Meng, T. Zhou and Y. Zhou et al., 2017.
Natural antioxidants in foods and medicinal plants: Extraction,
assessment and resources. Int. J. Mol. Sci., Vol. 18. 10.3390/
ijms18010096.

21. Farombi, E.O. and O. Owoeye, 2011. Antioxidative and
chemopreventive properties of Vernonia amygdalina and
Garcinia  biflavonoid.   Int.   J.   Environ.   Res.   Public  Health,
8: 2533-2555.

22. Oyeyemi, I.T., A.A. Akinlabi, A. Adewumi, A.O. Aleshinloye and
O.T. Oyeyemi, 2018. Vernonia amygdalina: A folkloric herb
with anthelminthic properties. Beni-Suef Uni. J. Basic Appl.
Sci., 7: 43-49.

23. Hamzah, R.U., A.A. Jigam, H.A. Makun and E.C. Egwim, 2013.
Antioxidant Properties of Selected African Vegetables, Fruits
and Mushrooms: A Review. In: Mycotoxin and Food Safety in
Developing Countries, Makun, H.A. (Ed.). Chapter 9, InTech
Publ., Croatia, ISBN: 978-953-51-1096-5, pp: 203-250.

24. Sweeney,  C.J.,  S.  Mehrotra,  M.R.  Sadaria,  S.   Kumar  and
N.H. Shortle et al., 2005. The sesquiterpene lactone
parthenolide in combination with docetaxel reduces
metastasis and improves survival in a xenograft model of
breast cancer. Mol. Cancer Ther., 4: 1004-1012.

25. Howard, C., W. Johnson, S. Pervin and E. Izevbigie, 2015.
Recent perspectives on the anticancer properties of aqueous
extracts of Nigerian Vernonia amygdalina. Botanics: Targets
Ther., 5: 65-76.

26. Oyugi, D.A., X. Luo, K.S. Lee, B. Hill and E.B. Izevbigie, 2009.
Activity markers of the anti-breast carcinoma cell growth
fractions of Vernonia amygdalina extracts. Exp. Biol. Med.,
234: 410-417.

27. Nwanjo, H.U., 2005. Efficacy of aqueous leaf extract of
Vernonia amygdalina on plasma lipoprotein and oxidative
status in diabetic rat models. Nig. J. Physiol. Sci., 20: 39-42.

28. Ekpo, K.E. and A.O. Onigbinde, 2007. Characterization of lipids
in winged reproductives of the termite Macrotermis
bellicosus. Pak. J. Nutr., 6: 247-251.

29. Okolie, U.V., C.E. Okeke, J.M. Oli, I.O. Ehiemere, 2008.
Hypoglycemic  indices  of  Vernonia  amygdalina on
postprandial blood glucose concentration of healthy humans.
Afr. J. Biotechnol., 7: 4581-4585.

30. Ogbulie, J.N., C.C. Ogueke and F.C. Nwanebu, 2007.
Antibacterial properties of Uvaria chamae, Congronema
latifolium,  Garcinia  kola,  Vernonia  amygdalina and
Aframomium melegueta. Afr. J. Biotechnol., 6: 1549-1553.

10



J. Pharmacol. Toxicol., 17 (1): 1-13, 2022

31. Ijeh, I.I. and C.E.C.C. Ejike, 2011. Current perspectives on the
medicinal potentials of Vernonia amygdalina Del. J. Med.
Plant Res., 5: 1051-1061.

32. Erasto, P., D.S. Grierson and A.J. Afolayan, 2007. Evaluation of
antioxidant activity and the fatty acid profile of the leaves of
Vernonia amygdalina growing in South Africa. Food Chem.,
104: 636-642.

33. Adaramoye, O.A., O. Akintayo, J. Achem and M.A. Fafunso,
2008. Lipid-lowering effects of methanolic extract of vernonia
amygdalina leaves in rats fed on high cholesterol diet. Vasc.
Health Risk Manage., 4: 235-241.

34. Tona,   L.,    R.K.    Cimanga,    K.    Mesia,   C.T.   Musamba  and
T. de Bruyne et al., 2004. In vitro antiplasmodial activity of
extracts and fractions from seven medicinal plants used in the
democratic republic of Congo. J. Ethnopharm., 93: 27-32.

35. Iwalokun, B.A., 2008. Enhanced antimalarial effects of
chloroquine by aqueous Vernonia amygdalina leaf extract in
mice infected with chloroquine resistant and sensitive
Plasmodium berghei strains. Afr. Health Sci., 8: 25-35.

36. Wurochekke, A.U. and A.J. Nok, 2004. In vitro anti
trypanosomal activity of some medicinal plants used in the
treatment of trypanosomosis in Northern Nigeria. Afr. J.
Biotechnol., 3: 481-483.

37. Begum, Z., I. Younus and H. Khan, 2018. Analgesic and anti-
inflammatory activities of the ethanol extract of Hibiscus rosa
sinensis Linn (roots). Pak. J. Pharm. Sci., 31: 1927-1933.

38. Oyedeji, K.O., A.F. Bolarinwa and A.A. Azeez, 2013. Effect of
methanolic extract of Vernonia amygdalina on reproductive
parameters in male albino rats. Res. J. Pharmacol., 7: 7-11.

39. Eskenazi,  B.,  S.A.  Kidd,  A.R.  Marks,  E.  Sloter,  G. Block and
A.J. Wyrobek, 2005. Antioxidant intake is associated with
semen quality in healthy men. Hum. Reprod., 20: 1006-1012.

40. Agarwal, A., R.K. Sharma, K.P. Nallella, A.J. Thomas, J.G. Alvarez
and S.C. Sikka, 2006. Reactive oxygen species as an
independent marker of male factor infertility. Fertil. Sterility,
86: 878- 885.

41. Pasqualotto,  F.F.,  A.  Sundaram,   R.K.   Sharma,   E.  Borges,
E.B. Pasqualotto and A. Agarwal, 2008. Semen quality and
oxidative stress scores in fertile and infertile patients with
varicocele. Fertil. Sterility, 89: 602-607.

42. Eskenazi,  B.,  A.J.  Wyrobek,  E.  Sloter,  S.A.   Kidd,   L.  Moore,
S. Young and D. Moore, 2003. The association of age and
semen quality in healthy men. Hum. Reprod., 18: 447-454.

43. Brahem, S., M. Mehdi, H. Elghezal and A. Saad, 2011. The
effects of male aging on semen quality, sperm DNA
fragmentation and chromosomal abnormalities in an infertile
population. J. Assisted Reprod. Genet., 28: 425-432.

44. World Medical Association and American Physiological
Society, 2002. Guiding principles for research involving
animals and human beings. Am. J. Physiol.: Regul. Integr.
Comp. Physiol., 283: R281-R283.

45. Adefisayo,   M.A.,    R.O.   Akomolafe,   O.S.   Akinsomisoye, 
Q.K. Alabi, L. Ogundipe, J.G. Omole and K.P. Olamilosoye,
2018. Protective effects of methanol extract of Vernonia
amygdalina (Del.) leaf on aspirin-induced gastric ulceration
and oxidative mucosal damage in a rat model of gastric
injury. Dose-Response, Vol. 16. 10.1177/1559325818785087.

46. Ukoha, P.O., E.A.C. Cemaluk, O.L. Nnamdi and E.P. Madus,
2011. Tannins and other phytochemical of the Samanaea
saman pods and their antimicrobial activities. Afr. J. Pure
Appl. Chem., 5: 237-244.

47. Rocchetti,  G.,  L.  Lucini,  G.  Chiodelli,  G.  Giuberti,  A. Gallo,
F. Masoero and M. Trevisan, 2017. Phenolic profile and
fermentation patterns of different commercial gluten-free
pasta during in vitro large intestine fermentation. Food Res.
Int., 97: 78-86.

48. Auwal, M.S., S. Saka, I.A. Mairiga, K.A. Sanda,  A.  Shuaibu and
A. Ibrahim, 2014. Preliminary phytochemical and elemental
analysis of aqueous and fractionated pod extracts of Acacia
nilotica (Thorn mimosa). Vet. Res. Forum, 5: 95-100.

49. Das, B.K., M.M. Al-Amin, S.M. Russel, S. Kabir, R. Bhattacherjee
and J.M.A. Hannan, 2014. Phytochemical screening and
evaluation of analgesic activity of Oroxylum indicum. Indian
J. Pharm. Sci., 76: 571-575.

50. Marinova, D., F. Ribarova and M. Atanassova, 2005. Total
phenolics and total flavonoids in Bulgarian fruits and
vegetables. J. Univ. Chem. Technol. Metall., 40: 255-260.

51. Chandra, S., S. Khan, B. Avula, H. Lata, M.H. Yang, M.A. ElSohly
and I.A. Khan, 2014. Assessment of total phenolic and
flavonoid content, antioxidant properties and yield of
aeroponically  and  conventionally  grown leafy vegetables
and fruit crops: A comparative study. Evidence-Based
Complementary Altern. Med., Vol. 2014. 10.1155/2014/
253875.

52. Norhaiza, M., M. Maziah and M. Hakiman, 2009. Antioxidative
properties of leaf extracts of a popular Malaysian herb, Labisia
pumila. J. Med. Plant Res., 3: 217-223.

53. Cheng, Z.,  J.  Moore  and L. Yu, 2006. High-throughput
relative DPPH radical scavenging capacity assay. J. Agric. Food
Chem., 54: 7429-7436.

54. Asemi, Z., M. Taghizadeh, S. Sarahroodi, S. Jazayeri, Z. Tabasi
and F. Seyyedi, 2010. Assessment of the relationship of
vitamin D with serum antioxidant vitamins E and A and their
deficiencies  in  Iranian  pregnant  women.   Saudi  Med.   J.,
31: 1119-1123.

55. Okwu, D.E. and C. Josiah, 2006. Evaluation of the chemical
composition of two Nigerian medicinal plants. Afr. J.
Biotechnol., 5: 357-361.

56. Sree. T.L. and K. Vijayalakshmi, 2018. Evaluation of vitamins
and antinutrients in the leaves of traditional medicinal plant
Alternanthera  Sessilis  (L.) R.Br.Ex  DC.  Int. J. Health Sci. Res.,
8: 244-253.

11



J. Pharmacol. Toxicol., 17 (1): 1-13, 2022

57. Ajayi, A.F. and R.E. Akhigbe, 2012. Antifertility activity of
Cryptolepis sanguinolenta leaf ethanolic extract in male rats.
J. Hum. Reprod. Sci., 5: 43-47.

58. Ajayi, A.F. and R.E. Akhigbe, 2020. Codeine-induced sperm
DNA damage is mediated predominantly by oxidative stress
rather than apoptosis. Redox Rep., 25: 33-40.

59. Mohammad-Reza, P., T.K. Farzaneh, P. Taherch and P. Zoherb,
2005. The effects of hydroalcoholic extract of Actinidia
chinensis on sperm count and motility and blood levels of
estradiol  and  testosterone  in  male  rats.   Ach.   Iran.  Med.,
8: 211-216.

60. Adeniji, D.A., M.O. Oyeyemi and J.B. Olugbemi, 2010. Sperm
morphological characteristic and mating behaviour of
proviron® treated West African dwarf bucks with testicular
degeneration. Int. J. Morphol., 28: 623-626.

61. Gupta, I., A. Shetti, V. Keluskar and A. Bagewadi, 2014.
Assessment of serum enzymatic antioxidant levels in patients
with recurrent aphthous stomatitis: A case control study.
Enzyme Res., Vol. 2014. 10.1155/2014/340819.

62. Akintola, A.O., B.D. Kehinde, J.O. Fakunle and A.F. Ajayi, 2018.
Synergistic and ameliorative effect of honey and coconut
water on crude oil induced toxicity in rats. Res. J. Environ.
Toxicol., 12: 24-33.

63. Ajayi, A.F. and B.S. Olaleye, 2020. Age-related changes in
haematological parameters and biochemical markers of
healing in the stomach of rats with acetic acid induced injury.
Toxicol. Rep., 7: 1272-1281.

64. Folorunsho,   A.A.,    A.B.    Oluwafunke,    K.B.    David   and 
A.A. Olayemi, 2018. Age-related changes in the expression of
heat shock protein 70 and 90 on the gastric mucosa during
gastric ulcer healing. UK J. Pharm. Biosci., Vol. 6. 10.20510/ukj
pb/6/i5/177340.

65. Johnmark, N. and H.W. Kinyi, 2021. Amaranth leaf extract
protects against hydrogen peroxide induced oxidative stress
in Drosophila melanogaster. BMC Res. Notes, Vol. 14. 10.1186/
s13104-021-05603-x.

66. Salehi,  B.,  M.  Gültekin-Özgüven, C. Kirkin, B. Özçelik and
M.F.B. Morais-Braga et al., 2020. Antioxidant, antimicrobial
and anticancer  effects  of  anacardium  plants: An
ethnopharmacological perspective. Front. Endocrinol., Vol. 11.
10.3389/fendo.2020.00295.

67. Saeed, N., M.R. Khan and M. Shabbir, 2012. Antioxidant
activity, total phenolic and total flavonoid contents of whole
plant extracts Torilis leptophylla L. BMC Complementary
Altern. Med., Vol. 12. 10.1186/1472-6882-12-221.

68. Ajayi, A.F., A.B. Folawiyo and T.A. Salami, 2016. Ulcer healing
mechanism of ethanolic extract of Talinium triangulare in
male wistar rats. UK J. Pharm. Biosci., 4: 41-50.

69. Cui, X., L. Wang, P. Zuo, Z. Han, Z. Fang, W. Li and J. Liu, 2004.
D-galactose-caused life shortening in Drosophila
melanogaster and Musca domestica is associated with
oxidative stress. Biogerontology, 5: 317-325.

70. Liao,   C.H.,    B.H.    Chen,    H.S.   Chiang,   C.W.   Chen   and
M.F.  Chen  et  al.,  2016.  Optimizing  a male reproductive
aging mouse model by D-galactose injection. Int. J. Mol. Sci.,
Vol. 17. 10.3390/ijms17010098.

71. Tian, J., K. Ishibashi, K. Ishibashi, K. Reiser and R. Grebe et al.,
2005. Advanced  glycation  endproduct-induced  aging of the
retinal pigment epithelium and choroid: A comprehensive
transcriptional    response.      Proc.       Nat.       Acad.     Sci.,
102: 11846-11851.

72. Lolodi, O. and G.E. Eriyamremu, 2013. Effect of methanolic
extract of Vernonia amygdalina (common bitter leaf) on lipid
peroxidation and antioxidant enzymes in rats exposed to
cycasin. Pak. J. Biol. Sci., 16: 642-646.

73. Chowdhury, P. and M. Soulsby, 2002. Lipid peroxidation in rat
brain is increased by simulated weightlessness and decreased
by a soy-protein diet. Ann. Clin. Lab. Sci., 32: 188-192.

74. Chen, P., F. Chen and B. Zhou, 2018. Antioxidative, anti-
inflammatory and anti-apoptotic effects of ellagic acid in liver
and brain of rats treated by D-galactose. Sci. Rep., Vol. 8. 10.10
38/s41598-018-19732-0.

75. Azgomi, R.N.D., A. Zomorrodi, H. Nazemyieh, S.M.B. Fazljou
and H.S. Bazargani et al., 2018. Effects of Withania somnifera
on reproductive system: A systematic review of the available
evidence. BioMed Res. Int., Vol. 2018. 10.1155/2018/4076430.

76. Bhor, V.M., N. Raghuram and S. Sivakami, 2004. Oxidative
damage and altered antioxidant enzyme activities in the
small intestine of streptozotocin-induced diabetic rats. Int. J.
Biochem. Cell. Biol., 36: 89-97.

77. Saalu, L.C., G.G. Akunna and J.O. Ajayi, 2013. Modulating role
of bitter leaf on spermatogenic and steroidogenesis functions
of the rat testis. Am. J. Biochem. Mol. Biol., 3: 314-321.

78. Adegboye,  A.A.,  G.O.  Aadunmo,  M. Bolaji, A.A. Jimoh and
M.I. Dan, 2017. Hepatoprotective effect of methanolic leaf
extract of Vernonia amygdalina against acetaminophen-
induced hepatotoxicity in wistar albino rats. Texila Int. J.
Public Health, Vol. 5. 10.21522/tijph.2013.05.04.art041.

79. Adesanoye, O.A. and E.O. Farombi, 2010. Hepatoprotective
effects of Vernonia amygdalina (Astereaceae) in rats treated
with carbon tetrachloride. Exp. Toxicol. Pathol., 62: 197-206.

80. Slavin, J.L. and B. Lloyd, 2012. Health benefits of fruits and
vegetables. Adv. Nutr., 3: 506-516.

81. Tingen, C., J.B. Stanford and D.B. Dunson, 2004. Methodologic
and   statistical   approaches   to   studying   human  fertility
and environmental   exposure.   Environ.   Health  Perspect.,
112: 87-93.

82. Temitope, O.R., O.O. Olugbenga, A.J. Erasmus, I. Jamilu and
M.Y. Shehu, 2020. Comparative study of the physicochemical
properties of male and female flutted pumpkin (Telfairia
occidentalis). J. Med. Res., 6: 55-61.

83. Emmanuel, O.Y., K.K. Obasi and I. Lawal, 2018. Spermatogenic
and spermatotoxic effects of Telfairia occidentalis (Ugu)
aqueous leaves extract in adult male wistar rats (Rattus
novergicus). Toxicol. Rep., 5: 954-958.

12



J. Pharmacol. Toxicol., 17 (1): 1-13, 2022

84. Bajaj, V.K. and R.S. Gupta, 2013. Review on research of
suppression male fertility and male contraceptive drug
development  by  natural  products.  Nat.  Prod. Commun.,
Vol. 8. 10.1177/1934578x1300800840.

85. Odet,  F.,  C.  Duan,  W.D.  Willis,   E.H.   Goulding,   A.  Kung,
F.M. Eddy and E. Goldberg, 2008. Expression of the gene for
mouse lactate dehydrogenase C (Ldhc) is required for male
fertility. Biol. Reprod., 79: 26-34.

86. Recinella,  L.,  A.  Chiavaroli,  G.  Orlando,   C.   Ferrante  and
G.D. Marconi et al., 2020. Antinflammatory, antioxidant and
behavioral effects induced by administration of growth
hormone-releasing  hormone  analogs  in  mice.  Sci.  Rep.,
Vol. 10. 10.1038/s41598-019-57292-z.

87. Boujbiha,  M.A.,   K.   Hamden,   F.   Guermazi,   A.  Bouslama,
A. Omezzine, A. Kammoun and A. El-Feki, 2009. Testicular
toxicity in mercuric chloride treated rats: Association with
oxidative stress. Reprod. Toxicol., 28: 81-89.

88. Moustafa, A., 2020. Effect of light-dark cycle misalignment on
the hypothalamic-pituitary-gonadal axis, testicular oxidative
stress and expression of clock genes in adult male rats. Int. J.
Endocrinol., Vol. 2020. 10.1155/2020/1426846.

89. Hasibuan, P.A.Z., U. Harahap, P. Sitorus and D. Satria, 2020.
The anticancer  activities of Vernonia amygdalina Delile.
leaves on 4T1 breast cancer cells through phosphoinositide
3-kinase (PI3K) pathway. Heliyon, Vol. 6. 10.1016/j.heliyon.
2020.e04449.

90. Sharma, R., A. Agarwal, V.K. Rohra, M. Assidi, M. Abu-Elmagd
and  R.F.  Turki,  2015.  Effects of increased paternal age on
sperm  quality,  reproductive outcome  and  associated
epigenetic   risks   to   offspring.   Reprod.   Biol.  Endocrinol.,
Vol. 13. 10.1186/s12958-015-0028-x.

91. Bustos-Obregón, E. and P. Esponda, 2004. Ageing induces
apoptosis and increases HSP70 stress protein in the
epididymis of Octodon degus. Int. J. Morphol., 22: 29-34.

92. Ahangarpour,  A.,  A.A.  Oroojan  and  H.  Heidari,  2014.
Effects  of  exendin-4  on  male  reproductive  parameters of
D-galactose induced aging mouse model. World J. Mens
Health, 32: 176-183.

13


	jpt.pdf
	Page 1




