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Abstract

The ameliorative potentials of Ageratum conyzoides against crude oil-induced
testicular oxidative stress were investigated. Forty male wistar rats (119-128 g
body weight) were divided into eight groups of five rats each. The rats in group
| served as the control and were oral gavaged 3 mL/kg of normal saline; groups
II-IV gavaged 374.17 mg/kg, 748.33 mg/kg and 1122.50 mg/kg body weight of
the extract of A. conyzoides respectively, which were calculated as 10%, 20% and
30% of the LD, (3741.66 mg/kg) respectively. Group V was gavaged 3 mL/kg body
weight of Nigerian Bonnylight crude oil (NBLCO) being 20% of the lethal dose of
14.14 ml/kg. Groups VI-VIII animals were administered the aforementioned doses
of the extract of A. conyzoides, and 3 mL/kg body weight of NBLCO respectively
for 31 days according to animal’s most recent body weight. The results showed
that NBLCO significantly reduce super oxide dismutase (SOD) with respect to
groups I-IV (P<0.05), but co-administration of A. conyzoides extract to groups VI-
VIII significantly raise SOD level (p<0.05). On the other hand, NBLCO significantly
increase catalase and malondialdehyde levels with respect to groups I-1V (p<0.05);
the co-administration of A. conyzoides with NBLCO significantly reduced the
aforementioned parameters dose-dependently when compared with NBLCO
group (p<0.05). It is concluded that NBLCO administration precipitated testicular
oxidative stress which co-administration of Ageratum conyzoides has confirmed
in this study to show some therapeutic potentials to ameliorate this pathology.
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Introduction

Human environment has been inundated with many kinds of
environmental insults with the tendency of causing injuries to
the body by induction of oxidative stress, in most cases resulting
in pathologies. Exposures to environmental pollutants affect
reproductive function of the male fertility and reproductive
health [1]. The high sensitivity of the male reproductive system
to high pollutant chemicals and physical agents which are
commonly generated and readily present in the environment in
diverse forms makes it highly susceptible. Suffice it to state here
that infertility, one of the problems of human society is defined
to be the inability of a sexually active, non contracepting couple
to achieve spontaneous pregnancy in one year [2].

The available data in literature have proposed oxidative stress
and lipid peroxidation as the mechanism mediating the hazardous
effects of toxicants in the body. Oxidative stress results from the
imbalance between the pro-oxidant radicals in excess of the
antioxidant capacity of the stressed tissue. Testicular oxidative
stress can lead to sperm DNA damage, sperm damage, abnormal
sperm morphology, sperm function, and may ultimately results
in male infertility. It is also important to note that oxidation of
lipids is a critical factor in the pathogenesis of several disease
conditions. Excessive generation of ROS can be instigated by
uncontrollable exposure to environmental toxicants as well as
the physical conditions to affect male fertility. The peroxidation
and oxidation of many cell organic molecules including lipids,
proteins, carbohydrates, and nucleic acids remained the primary
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sources of oxidative stress in the body. This is even alarming
where there is unnecessary exposure to lipophilic toxicants.
Most environmental toxicants like crude petroleum are highly
lipophilic in nature and readily accumulate in fatty tissue and
such accumulation particularly around the scrotum and testes
might disrupt the normal reproductive hormone profile involved
in spermatogenesis where they act as endocrine disruptors [3].

ROS in the body in physiological condition is reasonably produced
by macrophages, neutrophils and spermatozoa [4] and other cell
types under pathologic conditions. Superoxide anions are largely
generated as a result of redox reactions within the mitochondria,
but in most situations superoxide is quickly converted to
hydrogen peroxide by the enzyme superoxide dismutase (SOD)
[5,6]. Hydrogen peroxide so produced can be damaging inside
the cell because they can cause the covalent cross-linking of a
variety of biological molecules as well as the propagation of other
free radicals through more complex reactions. The hydrogen
peroxide is therefore rendered harmless by reduction reaction
involving the enzyme catalase to yield oxygen and water [5,7].
The presence of free radicals and ROS including the superoxide
anion and hydrogen peroxide within physiological limit can
induce positive changes in sperm function like hyperactivation,
capacitation and acrosome reaction. However, excessive
production of ROS can be detrimental to sperm and may lead to
male infertility because sperm plasma membrane is particularly
susceptible to peroxidative damage. The lipid peroxidation
destroys the structure of lipid matrix in the membranes of
spermatozoa, which most often result in loss of motility and
defective membrane integrity [8]. In an experiment such as this,
evaluation of the level of malondialdehyde (MDA) generated
will suffice the assessment of lipid peroxidation. Testicular
oxidative stress can therefore instigate germinal cell death and
ultimately hypospermatogenesis. Thus, testicular oxidative
stress appears to be a major underlying male factor in infertility.
Therefore, a search for botanical source with strong antioxidant
bioavailability with tendency to reduce testicular oxidative stress
and lipid peroxidation could offer better antioxidant therapies for
hypospermatogenesis [9-12].

Increasing evidence indicates that crude oil causes cellularinjuries
by induction of oxidative stress through the formation of ROS
and inhibiting the efficiency of the antioxidant defense system.
Studies have shown that ROS-mediated damage to sperm has
contributed considerably to the pathology in unselected infertile
patients from about 30% to 80% [13]. In the light of this, the
ameliorative potentials of Ageratum conyzoides against crude
oil-induced testicular oxidative stress and lipid peroxidation in
male wistar rats were investigated.

Materials and Methods

The crude petroleum used in this study was obtained from the
Exxon Mobil laboratory, Ibeno, Nigeria.

The whole plant was obtained from the Botanical farm of the
Department of Pharmacognosy and Natural Medicine, University
of Uyo, Nigeria. Specimen of the leaves was authenticated by
an expert in the Department of Botany and Ecological Studies,
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University of Uyo. A voucher specimen (UUH 3517) was deposited
at the Herbarium.

Preparation of leave extract

The leaves of A. conyzoides were rinsed with distilled water and
dried under shade. The dried leaves were ground into powder
with an electric blender. Four hundred grams of the blended
leaves sample was macerated in 700 mL 70% ethanol agitated
for 10 minutes with an electric blender and left overnight in a
refrigerator at 4°C. The mixture was filtered with a cheese cloth
and the filtrate obtained concentrated under reduced pressure
using a rotary evaporator (at 37°C) to about 10% of its original
volume. The concentrate was then allowed in a water bath at
37°C for complete evaporation to dryness yielding 40.64 g
(10.16%) of the extract.

Acute toxicity test

Acute toxicity study (LD, ) was estimated using Lorke’s method
[14]. A total of 25 mice weighing between 15 and 22 g were
divided into five groups with five mice per group. Mice in the
five groups were respectively administered 3000 mg/kg, 3500
mg/kg, 4000 mg/kg, 4500 mg/kg and 5000 mg/kg of body weight
intraperitoneally. All experimental animals were observed for
physical signs of toxicity such as gasping, palpitation, writhing,
decreased respiratory rate, body limb and death after 24 hours.

The median lethal dose of Ageratum conyzoides was calculated
as geometrical means of the maximum (most tolerable) dose
producing 0% mortality (a) and the minimum (least tolerable)
dose producing 100% mortality (b) using the formula:

LD, =vab
LD,,=V3500 x 4000
=3741.66 mg/kg.

The acute toxicity test for the NBLCO also involved 25 mice
weighing between 15 and 22 g were divided into five groups with
five mice per group. Mice in the five groups were administered
intraperitoneally 10 mL/kg, 15 mL/kg, 20 mL/kg, 25 mL/kg and 30
mL/kg of body weight respectively.

LD,,=v10 x 20
=14.14 mL/kg.

Experimental animals

Forty male wistar rats (119-128 g body weight) were obtained
from the Animal House of the Faculty of Basic Medical Sciences
University of Uyo, Nigeria and were kept in a well-ventilated
section of the Animal House. They were allowed access to
feed (Chow: vital feeds, Grand Cereals Ltd, Jos) and water ad
libitum. The animals were kept in separate experimental room
and allowed to acclimatize for a period of one week before
commencement of studies.

Experimental design and treatment of animals

A total of forty male wistar rats (119-128 g body weight) were
randomly divided into eight groups (I-VIII) of five rats each. The
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rats in group | served as the control and were oral gavaged 3
mL/kg of normal saline; groups II-IV gavaged 374.17 mg/kg,
748.33 mg/kg and 1122.50 mg/kg body weight of the extract
of A. conyzoides as low, medium and high doses, respectively,
which were calculated as 10%, 20% and 30% of the LD, (3741.66
mg/kg) respectively. Group V was gavaged 3 mL/kg body weight
of NBLCO; this dose was calculated as 20% of the lethal dose
of 14.14 mL/kg. Groups VI-VIIl animals were administered the
aforementioned doses of the extract of A. conyzoides and 3 mL/
kg body weight of NBLCO respectively. In all cases, doses were
applied daily for 31 days according to animal’s most recent body
weight. The experimental procedures involving the animals and
their care were conducted in conformity with the approved
guidelines by the Research and Ethical Committee of the Faculty
of Basic Medical Sciences, University of Uyo, Nigeria.

Collection of blood sample for analysis

After the thirty one (31) days of administration, the rats were
anaesthetized with chloroform soaked in swap of cotton wool in a
killing chamber. Blood was collected by cardiac puncture witha 5
mL sterile syringe and needle. The total volume of blood collected
was 3.5 mL, which was transferred into plain sample bottles. This
was allowed to stand for 2 hours to clot after which the serum
was separated by centrifugation (RM-12 micro centrifuge, REMI,
England) at 3000 rpm for 10 minutes at 25°C. The serum obtained
was stored at -20°C until required for analysis.

Super oxidase dismutase assay (SOD)

Serum superoxide dismutase (SOD), catalase (CAT), and
malondialdehyde (MDA) were assayed using standard laboratory
methods [15,16].

Statistical analysis

Data were expressed as the mean * standard error of the mean.
Statistical analysis was carried out using window SPSS package
(SPSS 22.00 version). Data were analyzed using one way analysis
of variance (ANOVA), results obtained were further subjected to
test for least significant difference (LSD). Values of P<0.05 were
considered significant.

Results

The results of superoxide dismutase (SOD) activity obtained
following the administration of Nigerian Bonny light crude oil
(NBLCO) and or administration of leaf extracts of Ageratum
conyzoides for groups |, I, lll, IVand V are 4.36 £ 0.07,5.66 £ 0.11,
5.74+0.12,6.44 £ 0.26 and 2.73 £ 0.11 (mg/dL), respectively.

The results showed that administration of ethanolic leaf extracts
of Ageratum conyzoides significantly increased SOD activity
with respect to the control group (p<0.05) in a dose-dependent
fashion. But administration of NBLCO to group V rats significantly
reduced SOD with respect to the control and A. conyzoides
treated groups (p<0.05) as shown in Figure 1.

The results of catalase (CAT) activity obtained following the
administration of Nigerian Bonny light crude oil (NBLCO) and co-
administration of leaf extracts of Ageratum conyzoides for groups
[, I, I, IV and V are 1.96 + 0.02, 1.89 + 0.06, 1.91 + 0.05, 1.46 +

© Under License of Creative Commons Attribution 3.0 License

ISSN 2476-2008 Vol.3 No.1:26

0.04 and 4.68 * 0.27 (mg/dL), respectively. The administration
of low and medium doses of ethanolic leaf extracts of Ageratum
conyzoides did not alter catalase activity significantly with respect
to the control group but the high dose caused a significant
reduction (p<0.05), while administration of NBLCO significantly
increased CAT activity higher than the control A. conyzoides
groups (p<0.05) as shown in Figure 1.

The mean values of SOD activity obtained for groups V, VI, VII,
and VIl are 2.73 £ 0.11, 3.70 £ 0.19, 3.79 £ 0.05 and 4.73 £ 0.26
respectively. The results as presented in Figure 2 showed that
co-administration of ethanolic leaf extracts of A. conyzoides
to groups VI-VIII significantly increased SOD activity in a dose-
dependent fashion with respect to group V rats that were
administered only NBLCO (p<0.05).

The results of CAT activity obtained for groups V, VI, Vlland Vil are
4.68 +£0.27,4.52 £0.22,3.86 + 0.21 and 3.56 + 0.29 respectively.
The results showed that co-administration of ethanolic leaf
extracts of A. conyzoides to groups VI-VIII increased CAT activity
in a dose-dependent fashion with medium and high dose groups
differing from group V significantly (p<0.05) as presented in
Figure 2.
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Figure 1 Comparing SOd and CAT levels between the control,
low, medium and high doses of ethanol leave extract
of A. conyzoides and NBLCO. a=versus group |, b=versus
group I, c=versus group lll, d=versus group IV at p<0.05.
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Figure 2 Comparing SOD and CAT levels in NBLCO group with
groups co-administered varied doses of ethanol leave
extract of A. conyzoides. e=versus group V, f=versus
group VI, g versus group VIl at p<0.05.




2018

Journal of Reproductive Endocrinology & Infertility

The results of male (MDA) level obtained following the
administration of Nigerian Bonny light crude oil (NBLCO) and or
administration of leaf extracts of Ageratum conyzoides for groups
[, 11, 11, IV and V are 0.06 + 0.004, 0.08 + 0.007, 0.10 + 0.004, 0.10
+0.002 and 0.13 + 0.002 (mg/dL), respectively.

The results showed that administration of ethanolic leaf extracts
of Ageratum conyzoides significantly increased MDA level activity
with respect to the control group (p<0.05). And administration of
NBLCO to group V rats significantly increased MDA with respect
to the control and A. conyzoides treated groups (p<0.05) as
shown in Figure 3.

The results of MDA level obtained for groups V, VI, VI, and VIII
are 0.13 + 0.002, 0.09 + 0.002, 0.08 + 0.001 and 0.08 + 0.003
respectively. The results as presented in Figure 4 showed that
co-administration of ethanolic leaf extracts of A. conyzoides to
groups VI-VIII significantly reduced MDA level with respect to
group V rats that were administered only NBLCO (p<0.05) as
shown in Figure 4.
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Figure 3 Comparing MDA levels between the control, low,
medium and high doses of ethanol leave extract of A.
conyzoides and NBLCO. a=versus group |, b=versus group
I, c=versus group Ill, d=versus group IV at p<0.05.
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Figure 4 Comparing MDA level in NBLCO group
with groups co-administered varied doses
of ethanol leave extract of A. conyzoides.
e=versus group V, f=versus group VI, g=versus
group VIl at p<0.05.
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Discussion

The ameliorative potentials of Ageratum conyzoides against crude
oil-induced testicular oxidative stress and lipid peroxidation were
investigated. Oxidative stress is consequence upon the imbalance
between reactive oxygen species (ROS) and antioxidants in
the body and has been identified as an important factor that
influences male fertility status [17-19].

Increasing evidence indicates that crude oil could induce oxidative
stress as well as apoptosis by inducing the formation of ROS and
inhibiting the efficiency of the endogenous antioxidant defense
systems, this then result in pathology. ROS though essential in
physiological limit for sperm capacitation, unrestricted ROS
generation can be pathologic affecting particularly the male
reproductive health as it play a major role in oxidative stress and
its complications, including male infertility. The administration of
NBLCO could significantly induce oxidative stress in the testis by
decreasing the levels of SOD as reported in the present study. This
allows the super-oxidant generation to flourish unabated, this
especially in sperm, is harmful because it damages sperm DNA
and causes apoptosis in sperm. The hazardous effect of crude
petroleum in reducing the number of spermatogenic cells, the
diameter of the seminiferous tubules, induction of cell apoptosis
and atrophy in the seminiferous tubules, which are indicators for
the failure of spermatogenesis is well documented in a literature
[20, 21].

Administrationofcrude petroleumandsomeofitsrefined products
induces oxidative stress in the testis by increasing the formation
of free radicals while suppressing the activities of endogenous
antioxidant systems particularly the antioxidant enzymes. It has
been postulated that increase production of ROS could cause
mitochondrial injury to trigger apoptotic process leading to
the death of sperm cells and lipid peroxidation in both, germ
and leydig cells and subsequently a defect in sperm production
[22]. This study has revealed that NBLCO significantly instigated
lipid peroxidation as demonstrated with the significantly high
MDA level recorded and associated testicular cellular injuries to
impaired normal processes of spermatogenesis, in agreement
with other studies, where increased levels of MDA is reported to
be associated with decreased sperm motility [23,24].

It was also observed that the activity of testicular SOD was
significantly inhibited by the NBLCO suggestive of an induced-
oxidative stress orchestrated by reduced activities of testicular
antioxidant enzymes. In some other studies, the association
between low testicular testosterone production and conditions
such as aging and cryptorchidism is reported to be associated
with substantial ROS production and oxidative stress in the
testis [25,26]. It is also true that during steroidogenesis ROS is
largely produce from mitochondrial respiration and the catalytic
reactions of the steroidogenic cytochrome P450 enzymes [27-29].
The NBLCO by inducing lipid peroxidation and ROS generation,
if unchecked by the seemingly overwhelmed endogenous
antioxidant systems can also damage mitochondrial membranes
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to escalate apoptotic process and this contribute significantly to
sperm death and the inhibition of subsequent steroidogenesis
[30]. An ultimately inhibiting spermatogenesis and spermatozoa
functions, an inhibited or complete absence of spermatogenesis
is indicative of male infertility.

In contrast, the co-administration of the extract of A. conyzoides
significantly reversed this trend by restoring the activity of SOD
and reducing the level of lipid peroxidation. These observations
indicate the spermatogenic cell-protective potentials of A.
conyzoides in biological systems and could play a fundamental
role in sperm maturation, which could be credited to the rich
antioxidant content of the A. conyzoides. The findings of this
study are very important as ROS is known to be an independent
marker for male factor infertility as it can lead to DNA damage,
spermatozoa deformity and damage of plasma membrane
integrity in sperm [13]. Antioxidants are very important as they
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