Ajisebiola et al. BMC Pharmacology and Toxicology (2024) 25:46 BMC Pharm aco|ogy
https://doi.org/10.1186/540360-024-00776-0 .
and Toxicology

Check for
updates

Echis ocellatus venom-induced sperm
functional deficits, pro-apoptotic
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Abstract

Background FEchis ocellatus envenoming is potentially toxic initiating clinical damages on male reproductive system.
Kaempferol is a therapeutic agent with neutralizing potentials on snake venom toxins. This study investigated the
antagonistic effect of kaempferol on E. ocellatus venom (EoV)-induced reproductive toxicities.

Methods Fifty adult male rats were sorted at random into five groups of ten rats for this study. The control rats were
allotted to group 1, while rats in groups 2-5 were injected with 0.22 mg/kg bw (LDs) of EoV intraperitoneally. Rats in group
2 were not treated while groups 3-5 rats were treated with serum antivenom (0.2 ml), and 4 and 8 mg/kg bw of kaempferol
post envenoming, respectively.

Results EoV actuated reproductive toxicity, significantly decreased sperm parameters, and enhanced inflammatory,
oxidative stress, and apoptotic biomarkers in reproductive organs of untreated envenomed rats. However, treatment with
kaempferol alleviated the venom-induced reproductive disorders with a dose dependent effect. Kaempferol significantly
increased the testicular weight, organo-somatic index, sperm parameters, and normalized the levels of serum luteinizing
hormone, testosterone, and follicle stimulating hormone. Kaempferol ameliorated testicular and epididymal oxidative stress
as evidenced by significant decrease in malondialdehyde (MDA) levels, enhancement of reduced glutathione (GSH) levels,
superoxide dismutase (SOD) and glutathione peroxidase (GPX) activities. The inflammatory biomarkers; nitric oxide (NO)
levels and myeloperoxidase activity (MPO), and apoptotic biomarkers; caspase 3 and caspase 9 activities were substantially
suppressed in the testis and epididymis of envenomed rats treated with kaempferol.

Conclusion Results revealed kaempferol as a potential remedial agent against reproductive toxicity that could manifest
post-viper envenoming.
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Introduction

The reproductive system is a sensitive structure with spe-
cific organ functions that can be altered when exposed
to toxic compounds [1]. Exposure to toxicants affects
reproductive cell functions which have caused signifi-
cantly deterioration most especially in male fertility over
the years, thus becoming a global public health concern.
Infertility associated with reproductive toxicity is on
the rise affecting 15% of couples of reproductive ages
[2]. Several factors that include genetic, environmental,
chemicals, natural toxins and modern lifestyle are known
to cause detrimental effect on male reproductive health
3, 4].

Studies have documented that one of the relevant fac-
tors that could affect reproductive health is exposure
to natural toxins produced by venomous animals [5].
Most victims of snake envenoming are the inhabitants of
tropical rural communities of the world, who are mostly
farmers, agricultural workers and nomads as they are
frequently exposed to contact with snakes due to their
daily activities. This occupational hazard poses signifi-
cant pathophysiology to normal reproductive organs and
affect sperm functional parameters post envenoming.
Furthermore, studies have documented venom induced-
male reproductive pathologies and disorders after venom
injection in rats [5, 6].

Snakebite envenoming is a serious public medical bur-
den resulting to permanent disabilities and mortality,
most especially in deprived communities of Africa, Latin
America and Asia [7]. In Nigeria, incidences of snakebite
envenoming are on the rise particularly in the northern
region and has become a relevant occupational and pub-
lic health hazard [8]. Echis ocellatus (African saw-scaled
viper) is a specie of medical relevance, and its envenom-
ing has been documented to result to deaths and perma-
nent disabilities in Nigeria [9, 10].

E. ocellatus venom (EoV) contains diverse toxins exhib-
iting several clinical manifestation haemorrhages, unco-
agulable blood, shock, and necrosis in viper envenomed
victims [9]. E. ocellatus venom have been implicated in
several damages to organs systems [11, 12]. Also, the
venom has been documented to induced hormonal dis-
order, oxidative stress, inflammation and histomorphol-
ogy in reproductive organs resulting into sperm deficits
and abnormalities [6]. Induction of oxidative stress and
inflammation in reproductive organs may represent a
common mechanism in endocrine disruptor-mediated
dysfunction, especially on testicular cell which can impair
reproductive capacities by altering sperm counts motility,
viability, and their cell membrane integrity [13]. There-
fore, therapeutic strategies aimed at preventing repro-
ductive disorders might be a reasonable choice against
EoV-induced reproductive toxicity.
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Treatment of snakebite envenoming involves the use
of conventional antiserum which is very scarce, costly in
most tropical rural communities of Africa [14]. In addi-
tion, antivenom is impotent in ameliorating local tissue
injury combined with incapability to overturn patho-
physiology caused to organ systems after envenoming
[14]. Consequently, most victims of snakebite envenom-
ing rely on phytotherapy as alternative. Natural bioactive
phytochemicals have been known to exhibits great phar-
macological capability and acknowledged in the treat-
ment of snakebite envenoming [12].

Kaempferol is a flavonoid compound with 4 hydroxy-
groups at —3, —40, —5 and —7 positions in their structure
[15] and abundantly present in several edible plants [16].
Kaempferol is a plant-derived bioactive phytochemi-
cal that has been established as potent antivenom agent
against snakebite toxicities [17]. Studies have docu-
mented the anticarcinogenic, antioxidant, cardioprotec-
tive, neuroprotective, antidiabetic, and antimicrobial
properties of kaempferol and its glycosides [15]. The
amelioration of E. ocellatus venom induced reproduc-
tive organs pathophysiology either by synthetic or natural
active products from plant remain unreported. Thus, this
present investigation explored the therapeutic potential
of kaempferol on reproductive organs toxicities induced
by E. ocellatus venom in male rats.

Materials and methods

Procurement of venom and antiserum

A lyophilized venom sample obtained from an adult male
E. ocellatus was procured from the serpentarium of the
Department of Zoology, University of Ibadan, Nigeria
and preserved at 4°C in the laboratory. The EchiTAb-Plus
ICP polyvalent serum antivenom was the reference drug
for this research.

Procurement of kaempferol

Kaempferol (200 mg, MF: C,;H,,0,, MW: 286.24 g/
mol) was purchased from a standard chemical company,
Sigma-Aldrich®, USA, St Louis, Missouri, USA for this
research.

Ethics consideration

The use of animals for this study was approved by
University of Ibadan-Animal Care and Use Research
Ethics Committee (UI-ACUREC/19/0030). All experi-
mental protocols were in compliance with the current
rules and guidelines established for the care and use
of laboratory animals [18]. Furthermore, the experi-
ment was carried out in compliance with the revised
ARRIVE guidelines 2.0.
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Animals

Fifty male wistar rats with weight ranging between 125
and 155 g were procured from the Central Animal Facil-
ity of Osun State University, Osogbo, Nigeria. The ani-
mals were kept in transparent well-ventilated plastic
cages and acclimatized for two weeks at the Department
of Zoology Laboratory, Osun State University under
the ambient standard conditions (25+2 °C and relative
humidity of 50+15%). The rats were allowed free access
to standard rat feed and clean water under 12 h daylight
and darkness cycle.

Animal groupings

The animals were sorted unbiased into group of five
(n=10). Animals in group 1 served as the control and
injected with saline while groups 2—5 were envenomed
with 0.22 mg/kg™ of EoV. Group 2 animals were left
untreated while groups 3-5 animals were treated with
0.2 ml of polyvalent antivenom, 4 and 8 mg/kg of kaemp-
ferol respectively.

Envenoming and treatment protocols

The animals were injected with 0.2 ml of Lethal Dose
(LD) concentration of EoV (LDj,, 0.22 mg/kg™" dissolved
in 10 ml of saline) as previously determined by Adeyi et
al. [12]. The treatment of the animals commenced 30 min
post envenoming. Group 3 was treated intraperitone-
ally with 0.2 mg of polyvalent antivenom. Kaempferol at
4 and 8 mg/kg was dissolved separately in 1 ml of saline
and injected intraperitoneally into rats in group 4 and
5 respectively, and this dosage were administered once
daily to each respective treatment group for seven days
in a row. However, the animals were euthanized 50 days
post envenoming to complete the required duration of
spermatogenesis in rats [19]. All experimental rats were
observed for any clinical symptoms of envenoming and
death.

Body weight changes

All the experimental animals were measured pre-venom
injection as initial weight and at termination to deter-
mine the body weight changes before been euthanized.
The changes in body weight in each group were deter-
mined using the formula:

Body weight gain
_ Terminal weight of rats — Initial weight of rats

x 100
Initial weight of rats

Blood and organ collection

Retro-orbital sinus punctuation method was used to col-
lect blood samples from each experimental animals into
plain bottles for reproductive hormonal assays. The ani-
mals were then euthanized using cervical dislocation in
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accordance to Rowett [20] guides. The testes and cauda
epididymis were surgically removed and weighed. The
right epididymis was used for analysis of sperm param-
eters while the left epididymis and testes were used for
biochemical assays. The relative organ weight was calcu-
lated using the formula:

eight
Organ weigh % 100

Relative organ weight =
J g Termimal body weight

Assessments of semen functional characteristics

Sperm volume assay

The epididymis was prepared to evaluate the sperm
parameters and the sperm volume was determined by
immersing the epididymis in 5 mL normal saline in a
measuring cylinder and the volume displaced was taken
as the volume of the epididymis [21].

Sperm motility assay

The right cauda epididymis was placed individually in a
petri dish and minced in normal saline (1 ml) to form the
sperm suspension. 10 pl of the suspension was dropped
on a microscopic slide and observed for motility under
the light microscope at a magnification of x400. Sperm
motility was assessed by classifying 200 spermatozoa into
two categories, motile and immotile spermatozoa. Three
sperm classes were categorized as motile spermatozoa:
rapid progressive, slow progressive and non-progressive
spermatozoa [22].

Sperm counts assay

For the sperm count, a further 1:10 serial dilution of the
sperm suspension was prepared out of which 10 pl of the
dilution was counted under a light microscope at a 400x
magnification with the aid of an improved Neubauer
hemocytometer as described in the WHO [22]. Sperm
count values were multiplied by the dilution factor and
recorded as millions per milliliter (10%/ml).

Sperm morphological abnormalities

Exactly 450 pL of the sperm suspension was mixed with
50 pL of 1% aqueous eosin Y for 45 min. The stained
sperm suspension was used to make a thin smear on
a pre-cleaned grease-free microscopic slide. Prepared
slides were allowed to air dry and abnormalities were
observed in 250 spermatozoa with four replicates in each
rat at a magnification of X1000 [23].

Assessment of serum reproductive hormones

Sex hormones levels in sera were analyzed using the
Enzyme-Linked Immunosorbent Assay (ELISA) kits
(CUSABIO, Houston, TX, 77054, USA) to determine
the concentrations of Luteinizing Hormone (Cat no:
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Table 1 Mortality recorded post envenoming

Groups Envenoming Day 1 Day 3 Day 8 Day 12 Day 50 Mortality (%)

1 - - - - - - 0.00

2 - 3 2 - - - 50.00

3 - 2 1 1 - - 40.00

4 - 2 1 - 1 - 40.00

5 - - - - - - 0.00

Number of rats per group (n=10). Group 1: Control (Injected with saline only), Group 2: Venom control (Injected with EoV and not treated), Group 3: Injected
with EoV and treated with antivenom (0.2 ml), Group 4: Injected with EoV and treated with kaempferol (4 mg/kg™), Group 5: Injected with EoV and treated with

kaempferol (8 mg/kg™)

CSB-E12654r), Follicle Stimulating Hormone (Cat no:
CSB-E06869r) and testosterone (Cat no: CSB-E05100r).
The assays were done according to manufactures’
instructions.

Assessments of testicular and epididymal biochemical
analysis

Oxidative stress biomarkers and antioxidant enzymes

The levels of reduced glutathione (GSH) were carried
out following the previous protocol [24]. Glutathione
peroxidase (GPX) and Superoxide Dismutase (SOD)
activities were measured using the previous methods
of Marklund and Marklund, [25] and Rotruck et al.
[26], respectively. The levels of lipid peroxidation end
product; malondialdehyde (MDA), was determined as
described by Ohkawa et al. [27].

Inflammatory biomarkers

The testicular and epididymal nitric oxide (NO) level was
measured as described by Green et al. [28], while myelo-
peroxidase (MPO) activity was assessed by procedures
previously described by Granell et al. [29].

Assessment of pro-apoptotic biomarkers expression
Caspase 3 and caspase 9 activities

Caspase activities in the testis and epididymis were
measured using specific enzyme-linked immunosor-
bent assay (ELISA) kits (CUSABIO, Houston, TX,
77054, USA) for caspase-3 (Cat no: CSB-E08857r) and
caspase-9 (Cat no: CSB-E08863r). The procedure was
done according to the manufacturer’s instructions.

Data analysis

Date obtained from this study were expressed as
mean * Standard Error. Significant differences between
the control and envenomed groups were tested using
one-way Analysis of Variance and Duncan multiple
range test of the treatment groups. Analyzed val-
ues were considered significant at P<0.05. Statistical
Package for Social Sciences (SPSS, version 25) soft-
ware produced by IBM Corp. Ltd. was used for data
analysis.

Table 2 Mean body weight changes and organo-somatic index

Groups Body weight Testicular weight Testiculo-
gain (g) (9) somatic
index (%)
1 9.24+0.10° 162+0.02° 2324022
2 4.01+0.02¢ 12440019 1.80+0.11¢
3 6.22+0.20° 1.33+0.09° 2.09+0.07°
4 6.45+0.12¢ 146 +0.05° 2.19+0.13°
5 7.10+0.18° 155+0.11° 2.28+0.10°

Data are represented as mean*SE (n>5). Values in the same column with
different superscript are considered significant (p<0.05). Group 1: Control
(Injected with saline only), Group 2: Venom control (Injected with EoV and not
treated), Group 3: Injected with EoV and treated with antivenom (0.2 ml), Group
4:Injected with EoV and treated with kaempferol (4 mg/kg™), Group 5: Injected
with EoV and treated with kaempferol (8 mg/kg™")

Results

Clinical signs of toxicity, body and organ weight changes,
and organo-somatic index

The envenomed animals showed symptoms of toxic-
ity post-envenoming such as incoordination, restless-
ness, low food consumption, and local bleeding on site of
venom injection. Mortality was observed on day 1 post
envenoming with 50% recorded in group 2, while 40%
deaths was each recorded in groups 3 and 4 (Table 1).
However, mortality was not recorded in group 1 (con-
trol and group 5 (envenomed and treated with 8 mg/kg
of kaempferol) all through the experimental period. The
EoV caused substantial decrease (p<0.05) in body weight
of envenomed groups most especially in group 2 (enven-
omed untreated rats) compared to the control. However,
there was substantial increase in the mean body weights
of envenomed groups treated with varying doses of
kaempferol (Table 2). Also, the organ and relative organ
weights of envenomed untreated animals substantially
decreased (p<0.05) in contrast with the control and
envenomed treated groups (Table 2). Kaempferol caused
significant improvement in the weight of testis and
organo-somatic index in the envenomed treated groups
(Table 2).

Effect of kaempferol on sperm functional parameters

The percentage of motile sperm and fast progressive of
envenomed untreated animals substantially decreased
(p<0.05) in contrast with the control and envenomed
groups administered with antiserum and kaempferol
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Table 3 Sperm profiles of envenomed rats
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Groups Sperm motility (%) Sperm volume (mL) Sperm count (108/mL)
Immotile Motile Fast progressive Slow progressive

1 21.67 £4.40° 78.33+4.40° 68.33+6.00° 10.00+2.88¢ 10.20+1.20° 13.32+044°

2 78.00+2.88° 2200+1.18¢ 10.33+1.66° 11.67 4409 5.34+0.53¢ 6.71+0.519

3 51.33+6.66° 4867 +6.66° 30.56+6.66 18.11+0.33¢ 6.32+0.24° 7.52+0.34°

4 43.33+4.40° 56.67 +4.40° 34.00+2.88° 2267 +1.66° 6.98+1.32° 8.12+0.54°

5 34,67 +4.40 65.33+4.40° 39.21+1.66° 261243332 8.10+126° 1024+062°

Data are represented as mean+SE (n>5). Mean with different lower-case letter represent significant difference among the groups at p<0.05 using DMRT. Group
1: Control (Injected with saline only), Group 2: Venom control (Injected with EoV and not treated), Group 3: Injected with EoV and treated with antivenom (0.2 ml),

Group 4: Injected with EoV and treated with kaempferol (4 mg/kg™), Group 5: Injected with EoV and treated with kaempferol (8 mg/kg™)

Table 4 Sperm abnormalities

Sperm parameters Group 1 Group 2 Group 3 Group 4 Group 5
Amorphous head 3.66+1.12° 38.23+1.20° 2635+027° 24.41+042° 20.11+0419
Banana shape 348+0.36° 4933+1.33° 4033+034° 3035+1.15¢ 25.22+0.34
Folded sperm 411+0.16° 5442 +0.60° 4432+023° 3830+043¢ 324141219
Short hook 432+033¢ 3466+0.52° 26.11+022° 22.10+0.23¢ 2031+1.31¢
Tailless 321+021¢ 40304042 3408+1.11° 2620+ 142° 213240429
Pin head 220+0.25¢ 32214105° 2733+132° 2460+0.63° 20.10+1.234
No hook 3.66+0.66° 583442347 4842+132° 3933+1.11¢ 33.18+1.46¢
Total abnormal cells 2464+ 145 307.49+2.46° 246.94+3.12° 205.29+2.54° 172.65+2.88¢
Percentage abnormalities 246+0.89° 30.75+1.28° 2469+ 143¢ 2053+ 1.68° 17.27+0.98¢

Data are represented as mean = SE (n>5). Mean with different lower-case letter represent significant difference among the groups at p<0.05 using DMRT. Mean +S.E
are fractions of the 1000 sperm cells assessed. Group 1: Control (Injected with saline only), Group 2: Venom control (Injected with EoV and not treated), Group 3:
Injected with EoV and treated with antivenom (0.2 ml), Group 4: Injected with EoV and treated with kaempferol (4 mg/kg™"), Group 5: Injected with EoV and treated

with kaempferol (8 mg/kg™)

(Table 3). However, group treated with varying doses of
kaempferol recorded significant percentage in motile
sperm and fast progressive which was dose dependent.
EoV caused detrimental effect on sperm cells as evident
in significant (p<0.05) decrease in sperm volume and
counts in envenomed untreated rats. However, kaemp-
ferol countered the effect of the venom and significantly
improved the sperm parameters in envenomed treated
groups (Table 3).

Effect of kaempferol on sperm cell abnormalities

EoV caused significant damaging effect on the sper-
matozoa of envenomed untreated rats as evident with
higher structural deformities of sperm cell without hook,
folded sperm, banana shape and tailless sperm (Table 4).
Treatment with varied concentrations of kaempferol
substantially decreased (p<0.05) the sperm cells abnor-
malities dose dependently, thus decreasing the percent-
age of sperm abnormalities in the envenomed animals
administered with the kaempferol in contrast with anti-
venom treated and envenomed untreated rats.

Effect of kaempferol on levels of serum reproductive
hormones

There was significant elevation of follicle stimulating
hormone (Fig. 1A), testosterone (Fig. 1B), and luteiniz-
ing hormones (Fig. 1C) in sera of envenomed untreated
animals in contrast with the control. However, serum

hormonal levels significantly decrease (p<0.05) in the
envenomed groups treated with antivenom and varying
doses of kaempferol. In comparison, kaempferol at 8 mg/
kg best normalized the sera levels of the reproductive
hormones in the envenomed treated groups.

Effect of kaempferol on oxidative stress biomarkers and
antioxidant enzymes

Malondialdehyde (MDA) levels

The testis and epididymal MDA levels substantially
increased (p<0.05) in envenomed untreated rats in con-
trast with the control and envenomed groups treated
with antivenom and kaempferol (Fig. 2A). Treatment
with varying doses of kaempferol suppressed the MDA
levels in reproductive organs of envenomed treated
groups, with more effectiveness noticed in group treated
8 mg/kg of kaempferol.

Reduced glutathione (GSH) levels

The EoV caused substantial (»<0.05) decline in GSH lev-
els in group envenomed and not treated post envenom-
ing. However, kaempferol dose dependently improved
the GSH levels in testis and epididymis of the envenomed
treated groups (Fig. 2B).

Superoxide dismutase (SOD) activity
The activity of SOD was intense in epididymis and tes-
tis of envenomed untreated animals in comparison with
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Fig. 1 Effect of kaempferol on reproductive hormones concentrations in the blood of envenomed treated rats. Data are represented as mean =+ SE (n>5).
Bar with different lower-case letter represent significant difference among the groups at p < 0.05 using DMRT. FSH Follicle Stimulating Hormone, TEST Tes-
tosterone Hormone, LH Luteinizing Hormone. Group 1: Control (Injected with saline only), Group 2: Venom control (Injected with EoV and not treated),
Group 3:Injected with EoV and treated with antivenom (0.2 ml), Group 4: Injected with EoV and treated with kaempferol (4 mg/kg™"), Group 5: Injected

with EoV and treated with kaempferol (8 mg/kg")

the control and envenomed treated groups (Fig. 2C).
Treatment with kaempferol caused significant decline in
the SOD activity of reproductive organs of envenomed
treated rats.

Glutathione peroxidase (GPX) activity

The EoV repressed the epididymal and testicular GPX
activity in contrast with the control and group enven-
omed and treated (Fig. 2D). However, treatment with
varying doses of kaempferol reinforced the GPX activity
in the envenomed treated groups relative to the antive-
nom treated groups.

Effect of kaempferol on inflammatory biomarkers

Nitric oxide (NO) levels

The testicular and epididymal NO levels were very
intense in group envenomed and not treated in con-
trast with the control and envenomed treated groups
(Fig. 3A). However, treatment of envenomed rats with

varying doses of kaempferol and antivenom substantially
decreased (p<0.05) the levels of NO, with intense effect
in group treated with high dose of kaempferol.

Myeloperoxidase (MPO) activity

EoV enhanced the MPO activity in the epididymis and
testis of envenomed untreated animals relative to the
control and envenomed treated groups. However, kaemp-
ferol suppressed the MPO activities in a dose dependent
effect and high dose of kaempferol (8 mg/kg) was best
effective (Fig. 3B).

Effect of kaempferol on activity of pro-apoptosis
biomarkers

Caspase 3 activity

Casp-3 activity in the testis and epididymis of the enven-
omed untreated group was more prominent in contrast
with the control and envenomed treated rats (Fig. 4A).
However, kaempferol and antivenom suppressed the
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Fig. 2 Effects of kaempferol on oxidative stress biomarkers and antioxidant enzymes in the testis and epididymis of envenomed treated rats. Data are
represented as mean + SE (n > 5). Bar with different lower-case letter represent significant difference in stress profile of testis among the groups at p <0.05
using DMRT. Bar with different upper-case letter represent significant difference in stress profile of epididymis among the groups at p < 0.05 using DMRT.
MDA Malondialdehyde, GSH Glutathione, SOD Superoxide dismutase, GPX Glutathione Peroxidase. Group 1: Control (Injected with saline only), Group
2:Venom control (Injected with EoV and not treated), Group 3: Injected with EoV and treated with antivenom (0.2 ml), Group 4: Injected with EoV and
treated with kaempferol (4 mg/kg™"), Group 5: Injected with EoV and treated with kaempferol (8 mg/kg™)
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Fig. 3 Effect of kaempferol on inflammatory biomarkers in the testis and epididymis of envenomed treated rats. Data are represented as mean +SE
(n=5). Bar with different lower-case letter represent significant difference in inflammatory markers of the testis among the groups at p < 0.05 using DMRT.
Bar with different upper-case letter represent significant difference in inflammatory markers of epididymis among the groups at p < 0.05 using DMRT. NO
Nitric Oxide, MPO Myeloperoxidase. Group 1: Control (Injected with saline only), Group 2: Venom control (Injected with EoV and not treated), Group 3:
Injected with EoV and treated with antivenom (0.2 ml), Group 4: Injected with EoV and treated with kaempferol (4 mg/kg™), Group 5: Injected with EoV

and treated with kaempferol (8 mg/kg”)
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Fig.4 Effect of kaempferol on Caspase 3 and 9 activities in the testis and epididymis of envenomed treated rats. Data are represented as mean +SE (n > 5).
Bar with different lower-case letter represent significant difference in apoptosis markers of the testis among the groups at p <0.05 using DMRT. Bar with
different upper-case letter represent significant difference in apoptosis markers of epididymis among the groups at p <0.05 using DMRT. Casp-3 Caspase
3, Casp-9 Caspase 9. Group 1: Control (Injected with saline only), Group 2: Venom control (Injected with EoV and not treated), Group 3: Injected with
EoV and treated with antivenom (0.2 ml), Group 4: Injected with EoV and treated with kaempferol (4 mg/kg”), Group 5: Injected with EoV and treated

with kaempferol (8 mg/kg™")

activity casp-3 in groups envenomed and treated. The
effect was more prominent in envenomed group admin-
istered with 8 mg/kg of kaempferol.

Caspase 9 activity

The EoV caused significant enhancement of casp-9 activ-
ity in the epididymis and testis of envenomed untreated
rats relative to the control and groups treated after
venom injection (Fig. 4B). Kaempferol showed substan-
tial (p<0.05) dose dependent reduction in casp-9 activity
with best effect noticed in group treated with 8 mg/kg.

Discussion

The damaging effect of chemicals and toxins on male
reproductive functions is of great concern across the
globe over the years. The harmful effects of these toxi-
cants and natural toxins can influence the testicular and
epididymal functions which could lead to infertility [6,
30]. Snake venom is composed of many toxins predomi-
nantly metalloproteinases in viper venoms, exhibiting
both local and systemic effects following envenoming in
humans [31].

In this current study, the overall assessment of health
status of the envenomed animals indicates organ toxic-
ity attributed to EoV toxins. These was evident as clinical
manifestation of toxicity such as local bleeding, substan-
tial decline in body and testicular weights including tes-
ticulo-somatic index were observed in the envenomed
untreated rats which was in tandem with previous studies
using viper venoms [6, 32]. The decrease in the testicu-
lar weight may be attributed to distortion in metabolic

pathways leading to tissue breakdown [33] and/or reduc-
tion in number of germ cells, inhibition of spermatogen-
esis and steroidogenic enzyme activity [13]. However,
these toxic effects were ameliorated by kaempferol with
significant improvement in the body and organ weights
including organo-somatic index of the envenomed
treated rats suggesting kaempferol could interact with
EoV toxins and prevent biological response on the overall
organ system post-envenoming.
Hypothalamic-pituitary-testicular axis and gonado-
tropin-releasing hormone (GnRH) regulates spermato-
genesis in the testes via the secretion of LH and FSH by
the pituitary gland [33]. LH and FSH initiates the physi-
ology of reproduction and co-ordinate the synthesis of
testosterone to initiates spermatogenesis, sperm produc-
tion and production of seminal fluid [34]. In this study,
EoV elevated sera FSH, testosterone, and LH levels in
the envenomed untreated rats suggesting an undesir-
able response from hypothalamus-pituitary-gonadal
axis, which could impair the initiation and completion
of spermatogenesis, and subsequently, testicular mal-
function [33, 34]. Toxicants including natural toxins are
known to influence endocrine parameters resulting in
hormonal imbalances by acting on Leydig cells leading to
reproductive hormones synthesis disorder [5, 35]. Find-
ing from this study is evidence that the venom is capable
of disrupting endocrine functions revealing a pattern of
hormonal disorders similar to previous report in viper
envenomed male rats [6]. The normalized serum sex
hormones levels following treatment of envenomed rats
with kaempferol suggests protective effect of kaempferol
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on venom-induced hormonal disruption to improve
spermatogenesis.

Sperm motility and count are vital functional parame-
ters that facilitate fertilization [36]. Results herein showed
that the venom was toxic on sperms with substantial
decrease in sperm counts, volume, and motility includ-
ing fast progressive cells in envenomed untreated rats.
The observed decrease in the epididymal spermatozoa
counts may suggest that the venom alters the processes
of spermiogenesis, which substantiates the observed
decrease in sperms quantity which was in accordance
with previous studies [6, 13]. Also, the decrease in sperm
mobility could be linked with reduction in steroid-regu-
lated antioxidant defense in the epididymis [33]. In addi-
tion, EoV caused significant detrimental effects on sperm
morphology with consequent increase in sperm struc-
tural defects which aligned with our previous reports in
male rats envenomed with cobra [5] and viper venoms
[6]. The reproductive deficits observed may be linked to
hormonal imbalance, importantly significant elevation of
serum sex hormones which were correlated to decrease
in semen characteristics as reported in other study [37].
However, treatment with kaempferol mitigated the
venom-induced sperm toxicity by normalizing and main-
taining the sperm functional parameters suggesting the
positive influence of the kaempferol on epididymal and
testicular wellbeing.

Lipid peroxidation is an important biomarker for oxi-
dative damage, where reactive oxygen species (ROS)
actuate lipid peroxidation of cellular membrane enhanc-
ing MDA levels as a by-product [38]. Oxidative stress
is another common toxicity pathway that is initiated
by snake venom toxins through rapid production of
ROS [39]. EoV induced oxidative stress with substantial
elevation of MDA levels in reproductive organs of the
envenomed untreated animals which corroborated our
earlier study [6]. The resultant impact of oxidative stress
in the reproductive organs could affects spermatogenesis,
sperm cells and overall reproductive health.

The spermatozoa membranes are susceptible to attack
by ROS and LPO due to their richness in polyunsatu-
rated fatty acids. Consequently, peroxidation of sperm
membrane lipids could alter the membrane fluidity and
firmness resulting to sperm defective structure, immotile,
non-viable, DNA damage, sperm destruction, organelle
breakdown and cell death [38]. Furthermore, studies have
posited that the underlying mechanism of reprotoxicity
could be via induction of ROS in cells to cause alterations
on intracellular antioxidants, thereby resulting in oxida-
tive stress [13].

Antioxidants play a crucial role via continuous inacti-
vation of ROS to maintain the cell functions and only a
small quantity is required for this task [39]. Superoxide
dismutase (SOD) is an antioxidant enzyme responsible
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for direct elimination of ROS through oxygen and hydro-
gen peroxide generation [39]. The elevated testicular and
epididymal SOD activity in untreated envenomed rats
could be a response of cells of the immune system to alle-
viate the venom-actuated oxidative stress, and to main-
tain oxi-redox balance abating lipid peroxidation [38].
Studies have reported elevated SOD levels in reproduc-
tive organs of rats after exposure to toxicants [40].

Glutathione (GSH) is a vital intracellular antioxidant
that spontaneously neutralizes the effects of ROS [13].
In this present study, EoV depleted GSH content in the
testis and epididymis which made spermatogenic cells
more susceptible to attack by free radicals [41]. Gluta-
thione peroxidase (GPx) is known to act against the free
radicals in cells of the tissues [42]. However, EoV caused
GPx reduction in reproductive organs of the envenomed
untreated animals. Therefore, depreciation in GPx activ-
ity and GSH content indicates the venom caused the
impairment of the enzymatic and non-enzymatic antioxi-
dants functions due to failure of the primary antioxidant
system as posited by Ayala et al. [42].

Elevation of myeloperoxidase (MPO) activity and
nitric oxide (NO) levels is evidence of potential inflam-
mation associated to reprotoxicity initiated majorly by
ROS [33]. The venom induced inflammation as evidenced
by enhancement of MPO activity, and NO levels in the
epididymis and testes of envenomed untreated rats.
Inflammation induced via elevation of NO levels has
been implicated in endocrine toxicity [43] as reported in
this study. However, treatment of envenomed rats with
kaempferol downregulated the inflammatory markers
thus, affirming the anti-inflammatory ability of kaemp-
ferol against venom induced inflammation [44, 45].

Apoptosis is considered a programmed cell death that
is regulated by the caspase family of proteins [46]. Cas-
pase 3 and caspase 9 are important biomarkers indicat-
ing apoptosis in organ tissues. Caspase-9 is a known
cysteine-aspartic protease, an initiator of intrinsic apop-
tosis and regulator of physiological cell death includ-
ing pathological tissue degeneration [47]. On the other
hand, caspase 3 is the main effector caspase that is acti-
vated by oxidative stress or inflammation to execute
apoptosis [48]. EoV induced apoptosis as evidence by
enhancement of casp-3 and casp-9 activities in testis and
epididymis of envenomed untreated rats which support
previous reports on pro-apoptotic effect of EoV in vital
organs of envenomed rats [49]. The pro-apoptotic effect
of the venom could be associated directly or indirectly to
upsurge in ROS generation and inflammation [50] lead-
ing to the disruption of spermatogenesis and sperm func-
tional parameters in this study.

The pharmacological attributes of kaempferol against
reprotoxicity is demonstrated in this study through alle-
viation of venom-induced sperm functional deficits,
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the depreciated antioxidants were reinforced, and the
elevated inflammatory markers in testis and epididymis
were countered post-kaempferol intervention in enven-
omed treated rats which substantiated our previous
reports [51]. Similarly, enhancement of apoptotic mark-
ers of casp-3 and casp-9 activities induced by EoV were
suppressed after treatment with kaempferol, thus, sug-
gesting anti-apoptotic effect of kaempferol via down-
regulation of the initiator casp-3. In our previous study,
kaempferol ameliorated male reproductive toxicities
induced by cobra venom [51], while quercetin a similar
flavonoid like kaempferol have been reported to attenu-
ates toxicants-induced reproductive toxicity in other
studies [13, 52]. Studies have reported that the possible
ameliorative mechanism of kaempferol on induced toxic-
ity could be through the activation of hemeoxygenase-1
(HO-1), to suppress nitric oxide expression levels and
via lipid peroxidation inhibition [53, 54]. Furthermore,
kaempferol is known to possess potent antioxidant prop-
erties and can react with hydrogen peroxide (H202),
hypochlorous acid (HOCI), superoxide, nitric oxide with
excellent radical scavenging activity through reinforce-
ment of the endogenous antioxidants [53].

Conclusion

Findings from this study highlighted E. ocellatus venom-
induced reprotoxicity in envenomed male rats. However,
kaempferol antagonized the venom induced-reprotoxic-
ity through enhancement of the sperm parameters, regu-
larization of sex hormone functions, reinforcement of
antioxidant system, anti-inflammatory and anti-apoptotic
properties in reproductive organs of envenomed treated
rats. Thus, establishing the pharmacological potentials
of kaempferol in mitigating clinical reprotoxicity that
could manifest post E. ocellatus envenoming in snakebite
victims.
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