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Abstract

Background: The organophosphorus (OPP) pesticide malathion (MAL) is ubiquitous in our
environment causing multiorgan dysfunction including reproductive impairments. Objectives:
To investigate the possible protective effect of coenzyme-Q10 (CoQ10) on malathion induced
testicular toxicity. Materials and methods: This study employed four experimental groups (n =
8) each that underwent 30 days of treatment as follows: the control, CoQ10 group (10
mg/kg/day, orally), MAL group (27 mg/kg/day, orally), and CoQ10+MAL group. At the end of
the experiment, rats were sacrificed, dissected, and testis tissue samples were obtained and
sperm motility and antioxidant parameters were examined. Tissue samples were also
histopathologicaly and immunohistochemically assessed. Samples of blood were collected for
assessing the levels of serum hormones, namely follicle-stimulating hormone (FSH), luteinizing
hormone (LH) and testosterone. Results: MAL exposure affects sperm parameters (motility,
count), testes and body weight. Moreover, MAL caused a decrease in serum testosterone and
LH levels and increase FSH level. Additionally, exposure to MAL resulted in significant
oxidative damage to the testes tissues. MAL raised the levels of pro-oxidant MDA and reduced
the amount of antioxidant enzymes (SOD and GSH). Further, MAL treatment induced
apoptosis in the testicular cells, as indicated by an increase in Bax and caspase 3 expressions.
Conclusion: It was concluded that CoQ10 represents a potential protective option to protect the
testicular tissue from the reproductive impairments associated with exposure to MAL.
Keywords: Malathion, Testicular Toxicity, Coenzyme-Q10, Oxidative stress, Apoptosis.

1. Introduction.

The environment is increasingly being influenced by the presence of waste and
sub products of natural and anthropogenic origin. Anthropogenic pollution is
evidenced in a large number of chemicals, such as drugs, food additives or
pesticides, which would be largely responsible for damage and alterations at
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morphological and genetic levels in several species'?. Although these
chemicals are useful in some aspects (industrial and agricultural), their
inappropriate application can induce health problems which includes
carcinogenicity, reproductive toxicity, neurodegenerative diseases and
disruption of endocrine system. In this respect, efficient strategies should be
applied to reduce pesticide residue in food stuff®®.

Exposure to harmful environmental agents affects human reproductive
capacity”. Many chemical and physical agents that were designed for industrial
and agricultural purposes have led to a rise in male reproductive problems, such
as infertility, sexual dysfunction, cryptorchidism, hypospadias, and testicular
cancer'®”. Testicular dysfunction is a chronic disorder of unclear etiology,
characterized by the destruction of the germ cells of seminiferous tubules in
addition to other supplementary cells such as Sertoli cells and Leydig cells®.

Organophosphorus pesticide (OPPs) is a class of pesticides has a toxic
effect which considered a major global health problem. Malathion (MAL) is a
widely used OPP is of relatively low acute toxicity compared to other OPPs,
which makes it widely used in agricultural pest control” However, widespread
of its use may lead to excessive exposure from multiple sources including air,
water, or food that leads to MAL toxicity. Exposure to MAL has been
associated with different toxicities that nearly affect every single organ in our
bodies as liver, kidney, testes, ovaries, lung, pancreas, and blood"?. Moreover,
MAL has adverse effects on testicular functions, thereby reducing male
reproductive fitness, interfering with male fertility and sexual development, and
impairing the quality of life'". Several studies reported that MAL induced
testicular damage through several mechanisms: first, because of its lipophilic
feature which in turn facilitates its diffusion with subsequent accumulation of
acetylcholine in the target organ''?. Bayrami et al. 2012 reported oxidative
stress damage in different tissues with the generation of reactive oxygen species
(ROS) is another way of organ damage by MAL"®. Moreover, degenerative
changes, necrosis, apoptosis and edema in the interstitial tissues and
seminiferous tubules were reported as a result of MAL toxicity'*'?.

Oxidative stress might be relieved by using antioxidant therapy.
Recently, there is a major inclination toward the utilization of natural products
as antioxidant agents. Coenzyme Q10 (CoQ10), also known as ubiquinone, is a
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naturally occurring endogenous energy promoting antioxidant concentrated in
the mitochondria of eukaryotic cells, where it functions as a key element in the
electron transport chain and thus an important factor in energy production with
documented antioxidant and anti-inflammatory characters'®'”. In addition,
CoQI10 is able to prevent lipid peroxidation and adjust cytoplasmic redox
potentials'®, so it has been used as an attractive intervention approach in both
treatment and prevention of a wide-range of pathological diseases or disorders
in the last decade. Moreover CoQ10 is present endogenously in seminal fluid;
improving sperm function''” enhancing several key features of semen on the
other hand, impaired sperm parameters were recorded as a result of deficiency
in CoQ10 level 2D,

The aim of the present study was to investigate the possible protective
effects of CoQ10 against MAL-induced testicular damage and the induced
reproductive toxicity in male rats.

2- Materials and Methods

2.1. Drugs and chemicals:

a) Malathion: High technical grade (98% purity), was purchased from the
branch of the Ministry of Agriculture, Egypt.

b) CoQ10 was sourced from Sigma-Aldrich (St. Louis, MO, USA). CoQI10
powder was dissolved in saline solution (0.9% NaCl) containing 1% Tween 80
(v : v) by stirring overnight at 25°C.

c) Kits for assaying MDA, malondialdehyde; SOD, superoxide dismutase;
GSH, glutathione; LH, luteinizing hormone; and FSH, follicle-stimulating
hormone; and testosterone were purchased from Sigma Chemical Company (St.
Luis, MO, USA). All the utilized solvents in this research were of high grade
and were purchased from Sigma Chemical Company (St. Luis, MO, USA).

d) Primary antibodies for caspase 3 (cat # PA1-29157) and Bax (cat # PAS-
11378) were got from Thermo Fisher Scientific Company Fremont, USA
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2.2. Animals and Experimental Design

Thirty two Adult male Wistar rats of 170-220 g weight were obtained from the
Nile Co. for Pharmaceuticals and Chemical Industries, Cairo, Egypt. Rats were
10-12 weeks old, which is equivalent to young adult age in humans®®?.

The rats were maintained under controlled temperature and 12 hours
light/12 hours dark conditions for one week before the start of the experiments.
They were allowed ad libitum access to standard laboratory feed and tap water.
The study was conducted in the Laboratory of Animals Research Center in the
Faculty of Medicine, Ain Shams University. Before the start of experiments,
animals were left to acclimatize for one week ,then, were divided into four
groups: (1) control (n=8) received corn oil (0.5 ml/kg via gastric gavage) daily
as vehicle for malathion, and saline (10 ml/kg via gastric gavage) daily as
vehicle for CoQ10, (2) CoQ10-treated group (n=8) : receiving single daily oral
dose of 10 mg/kg/day CoQ10 via gastric gavage™ (3) MAL-treated group
(n=8): receiving 27 mg/kg in corn oil 0.5 ml/kg via gastric gavage) daily*?; (4)
MAL/CoQ10-treated group (n = 8) receiving both MAL and CoQI10 at
previously indicated dosage and time. Throughout the experiment (30 days), all
animals were observed at least once a day, which is in line with euthanasia
guidelines for clinical signs of toxicity related to MAL exposure

2.3. Physiological assessment
Body weights of rats were recorded weekly during the study. After the animals

were sacrificed; after 30 days, both testes were collected and weighed.

2.4. Sampling and Tissue Preparations
At 24 hours after the last dose, Blood samples were collected, left for 60 min to
clot and then centrifuged for 10 min at 2430xg. The obtained clear sera were
stored at -80 °C, then rats were sacrificed by cervical dislocation

Both testes were rapidly excised and weighed. Right testis was
processed for histopathology and immunohistochemistry studies (Samples in
10% Formaldhyde). The left testes was snap-frozen in liquid nitrogen and kept
at —80°C. For biochemical analysis, testes were homogenized and a 20% (w/v)
homogenate was prepared in ice-cold phosphate buffer (0.01 M, pH 7.4). The
homogenate was spinned at 3000 rpm for 20 min and homogenate supernatant
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was then divided over several containers to avoid sample thawing and
refreezing, and was kept at —80°C till used.

2.5. Sperm collection and evaluation

Sperm were obtained by mincing epididymidis and the caudal epididymis in 5
mL of warm (37°C) phosphate buffered saline PBS pH 7.4, then tissue
homogenates were performed at 100 rpm for 30 seconds. Sperm counts and
motility was measured in terms of the percentage of motile spermatozoa in total
spermatozoa using a hemocytometer under a light microscope and expressed as
million/m1.%”.

2.6 Biochemical analysis of testicular tissue homogenate

Assessment of testicular antioxidant defense mechanisms was done in tissue
homogenates, evaluating GSH concentration, lipid peroxide content, and SOD
activity. For GSH, a spectrophotometric kit was used. In Brief, the method is
based on the basis that the sulthydrylcomponent of GSH reacts with 5,5 -
dithio-bis-2-nitrobenzoic acid (Ellman’s reagent) producing 5-thio-2-
nitrobenzoic acid having a yellow color, that was measured colorimetrically at
405 nm (Beckman DU-64 UV/VIS spectrophotometer). SOD determination
method is based on the production of superoxide anions by pyrogallol
autoxidation to produce nitro blue tetrazolium (NBT) formazan color; the
amount of produced superoxide anions scavenged by SOD was measured
colorimetrically using spectrophotometer at 560 nm. The testicular content of
lipid peroxides was determined by biochemical assessment of thiobarbituric
acid reacting substance through spectrophotometric measurement of color at
535 nm, usingl,1,3,3-tetramethoxypropane as standard.

2.7. Histopathological and immunohistochemical examination

Testes were fixed in 10% formalin then embedded in paraffin were sectioned by
a microtome at 5 pum thickness and stained with hematoxylin and eosin for
routine histopathological assessment. Immunohistochemical staining was
performed according to Coté A.et al®®. For quantitative analysis of
immunohistochemical staining of caspase3 and BAX, Immunostaining reaction
was quantified using Leica Qwin 500 image analyzer computer system
(London, UK) and their percentage of total number of cells is calculated in five
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fields/section of each of three slides from each animal group®”, using light
microscopy (Olympus CX41).

2.8. Statistical analysis:

Data were analyzed using a one-way ANOVA followed by Tukey (Prism 8,
GraphPad). All results are presented as the means £ SD. The differences were
considered significant when the calculated P value was less than 0.05 (P <
0.05).

3. Results

3.1. Effect of CoQ10 on total body weight, testes weight and Sperm
Parameters in MAL-treated rats

Rats treated with MAL at a dose of 27 mg/kg for 30 days showed clinical signs
of toxicity expressed as decreased both testes and body weights. There was no
significant difference in body weight between the different groups at the
beginning of the experiment, However, on day 30, the absolute testicular
weight of the MAL-group decreased significantly compared to the control
group (P<0.05) (Table 1). Compared with the MAL-group, CoQ10
administration for 30 days significantly increased the absolute testicular weight
(P<0.05).

MAL-treated rats revealed decreased sperm motility and count compared to the
control group. There was no significant difference between CoQ10 - treated rats
and the control group where the sperm motility and count of MAL-treated rats
were significantly lower than that in the CoQ10/MAL-treated group. (Table 1)
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Table (1): Effect of CoQ10 on total body and testes weight and sperm
motility and count in rats exposed to MAL-treated rats at day 30.

Parameters Control CoQ 10 MAL MAL+CoQ 10

Body Weight | 3.034 % 0.117 3113+0.155 | 2.280+0.128" | 2.750 +0.129"

Testes Weight | 187.0 £ 9.055 190.8 + 5.560 169.3 +2.986" 184.3 +3.862™"

Sperm motility | 87.25 +4.573 87.20 + 5.357 48.50 +1.291" 77.50 + 4.796*"

Sperm count 69.50 + 4.203 68.00 £ 2.160 29.50 +2.646 ™" | 52.50 +3.873*"

e Values are represented as means + SD. (n=6).
e * Denotes significance of different groups vs. Control group: P < 0.05.
e " Denotes significance of different groups vs Lead intoxicated group: P < 0.05

3.2. Effect of CoQ10 on Serum Levels of Testosterone, LH and FSH in
MAL-treated rats at day 30

Rats received MAL only without coenzyme Q10 treatment showed a significant
reduction in serum testosterone and LH levels as compared to the control group
and the serum FSH levels were significantly increased. However Co-
administration of CoQ10 with MAL in group 4 improves the serum levels of
these hormones and regains them to near control group levels (p < 0.05). Non-
significant difference was found in all the parameters between the control group
and CoQ10 group (p > 0.05).
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Fig.1: Effect of coenzyme (CoQ10, 10 mg/kg) administration on the plasma levels of
testosterone (A), FSH (B), and LH (C) in rats exposed to Malathion (MAL 27 mg/kg)
induced toxicity. Values are represented as means = SD. (n=6). Significant difference is
reported when P < 0.05." Significant difference compared to control, " significant
difference compared to MAL.

3.3. Effects of CoQ10 on testicular oxidative stress markers in MAL-
treated rats at day 30

MAL impaired the balance between pro- and antioxidants in the testicular
tissues as demonstrated by increased glutathione depletion (p < 0:05) observed
in MAL-treated rats. Moreover, we were able to demonstrate a significant
decrease in the activity and expression of the antioxidant enzyme SOD with
increase in MDA tissue concentation in MAL treated rats when compared to
the control group. As expected, Concomitant treatment with CoQ10 and MAL
significantly restored testicular GSH concentration and SOD activity whereas
the levels of MDA were decreased compared to MAL-treated group.
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Fig.2: Effect of coenzyme (CoQ10, 10 mg/kg) administration on the testes activity of
malondialdehyde (MDA) (A), reduced glutathione (GSH)(B) and superoxide dismutase
(SOD) (C) in rats exposed to Malathion (MAL 27 mg/kg) induced toxicity. Values are
represented as means = SD. (n=6). Significant difference is reported when P < 0.05."
Significant difference compared to control, "significant difference compared to MAL.

3.4. Effect of CoQ10 on testicular apoptosis in MAL-treated rats at day 30.
To evaluate cell death and the apoptotic cascade in the testicular tissue, the
apoptotic markers (Bax and caspase 3) were evaluated in each of the various
groups. Rats treated with MAL exhibited testicular cell loss as evidenced by the
increased expression of Bax (p < 0.05) and Caspase 3 (p < 0.05) when
compared to the control group, while concomitant treatment with CoQ10 was

found to protect the testicular tissues by decreasing Bax and Casp3 expression
(Figure 3&4).
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Fig.3: Effect of coenzyme (C0oQ10, 10 mg/kg) administration on the testes the caspase-3
expression in rats exposed to Malathion (MAL 27 mg/kg) induced toxicity. Values are
represented as means = SD. (n=6). Significant difference is reported when P < 0.05."

Significant difference compared to control, " significant difference compared to MAL.
Data was analyzed by one-way ANOV A using Tuckey’s post hoc test

Fig.4: Effect of coenzyme (CoQ10, 10 mg/kg) administration on the testes the BAX
expression in rats exposed to Malathion (MAL 27 mg/kg) induced toxicity. Values are
represented as means means + SD. (n=6). Significant difference is reported when P <
0.05."Significant difference compared to control, "significant difference compared to
MAL. Data was analyzed by one-way ANOVA using Tuckey’s post hoc test
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3.5. Effect of CoQ10 on testicular histopathology in MAL-treated rats
Histological examination of the testes revealed that both control and CoQ10-
treated rat testes have normal structure, with ordinary seminiferous tubules,
regular spermatogenesis and orderly maturation of germ cells (Fig. 4A and B,
respectively). In both groups, from the periphery to the center of the lumen,
spermatogonia, primary and secondary spermatocytes, spermatids, and
spermatozoa appear normal with, plenty of sperms and were supported with
cluster of peritubular myoid cells and Leydig cells. In contrast, MAL-treated
group showed distortion of normal testicular architecture as evidenced by
hypospermatogenesis, spermatogenic and Leydig cells degeneration,
seminiferous tubules atrophy and widened interstitial space with severe
vacuolization in interstitial tissues (Fig. 4 C). Co-treatment with CoQ10
resulted in amelioration of the toxic effects of MAL as revealed by the
improvement in the morphology of the seminiferous tubules, abundance of
normal spermatogenic cells and sperms and decreased necrotic cells in tubular
lumens (Fig. 4 D)

4. Discussion

Pesticides are known to induce reproductive toxicity in animals and humans
and many studies have documented the role of pesticides in mediating
infertility'*®*”. Previous researches have reported that the male reproductive
system have been affected by some OP insecticides including MAL which
causes serious harmful effects on male reproductive system, and reduces male
infertility®%12.

Sperm quality is an important indicator for fertilizing ability. It is a
sensitive index to study the effect of a variety of physical and chemical factors
to reproductive cells®®. In this study, malathion induced testicular toxicity that
was evident in terms of reduced testicular weight, sperm count and motility.
The same finding was demonstrated in many researches®*>>~%3",

The weight of testes is largely dependent on the mass of differentiated
spermatogenic cells. The reduced tubule size, decreased number of germ cells
and elongated spermatids may lead to the reduction in the weight of testes as

observed in this study®®.
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We further confirmed these toxic effects by histological studies which
revealed that malathion caused testicular lesions characterized by markedly
severe widening of interstitial spaces and hypospermatogenesis. We also
observed atrophic seminiferous tubules, disordered and decreased
spermatogenic cells, increased degeneration, and sloughing of spermatogenic
cells. This could indicate that malathion affect the testicular function seriously
in rats in accordance with earlier reports®®*".

LH and FSH activities depend on both the quantity of these hormones
and availability of their specific receptors in the testes. It was clarified that there
is an adverse effect on testicular function on exposure to environmental
pollutants mediated by lowering LH secretion by pituitary and steroidogenesis
by Leydig cell*'***). By the end of the month of this study, the levels of LH
and testosterone in the MAL treated group were significantly lower than their
levels in control groups and the FSH is higher in the malathion-treated group.
This is in line with the finding of Mahgoub and El-Medany and Ali and
Ibrahim***. This may be made clear by the supposed antagonism of malathion
to androgen receptor which subsequently change the glycosylation of
gonadotrophins, and this leads to the inhibition of their levels*. On the other
hand it was reported that production of gonadotropins was affected by
malathion may be due to the interruption of the hypothalamic—pituitary—
testicular axis*”.

It is probable gonadotrophins and testosterones are key hormones,
which regulate spermatogenesis. LH is secreted by the pituitary gland then
induces Leydig cells to secrete testosterone. In consistence, malathion was
described as an endocrine disruptor that decreased the reproductive
performance that was confirmed by the resulting reduction of LH and the
increased FSH level.

The ratio between endogenous oxidative and antioxidant molecules is,
thus considered a critical determinant of cell fate. The present study confirmed
that MAL increased the peroxidation product, MDA, while decreasing the mean
levels of the protective antioxidant enzymes glutathione, GSH and superoxide
dismutase, SOD in testicular tissue which considered as a critical part of
homeostatic machinery in male gonads“®. However, the major underlying
mechanism of MAL and other OPs toxicity is oxidative stress that results from
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the generation of many free radicals, besides their ability to cross the blood—
testes barrier™, after which they induce oxidative stress, lipid peroxidation,
correspondent depletion of antioxidant enzymes and disruption of the oxidant—
antioxidant scale favoring the oxidant limb with subsequent damage in the
biological membranes in the testes. This in turn may cause the degeneration of
the spermatogenic and Leydig cells, which disrupts spermatogenesis and
reduces sperm counts®*" probably due to the unique structure of the male
germ cell membrane, which is rich in polyunsaturated fatty acids highly
predisposed to lipid peroxidation®?.

Through free radical accumulation, MAL induces cellular stress,
initiating a cascade of events, leading eventually to apoptosis>>?. Initially,
proteolytic enzymes, called caspases, expressed as pro-enzymes are activated
into mature caspases””. In the present study, MAL significantly increased
caspase 3 expression levels in rat testes, as a marker of apoptosis. Caspase 3 is
pivotally situated in both intrinsic and extrinsic receptor-mediated apoptotic
pathways, as it is considered an effector or executioner caspase that regulates
downstream caspase cascade system®®. MAL can increase the rate of apoptosis
in spermatogenic cells through increasing apoptosis-related proteins Bax that
promotes apoptosis by depleting the growth factors®”. This coincides with our
results that clearly indicated the apoptotic effect of malathion by upregulation
of Bax and caspase 3

MAL oxidative tendency logically suggested antioxidants as one of the
therapeutic options to protect the testes. Consequently, previous studies with
several compounds possessing antioxidant properties have been found to be
effective in ameliorating MAL-induced testicular damage, including
curcumin®®?, vitamin E and selenium®”. Current study demonstrates that the
antioxidant CoQ10, administered concomitantly with MAL, reversed oxidative
stress and apoptosis, as well as improved the gross and microscopic pictures of
the testes. One of the advantages of CoQ10 over other antioxidants is that it is a
naturally occurring endogenous antioxidant that has long been used as food
supplementation®”. Other advantage of CoQ10 is possessing favorable effects
specific to testes, where it is present in measurable concentrations that correlate
with testicular functionality®. This effect was proved that in this study as the
absolute and relative testicular weight was restored following CoQ10
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supplementation, while the testosterone, LH, and FSH levels were improved,
signs of oxidative stress were decreased as evidenced by the reduction in MDA.
In addition, CoQ10 enhanced expression and level of glutathione and the
antioxidant enzymes SOD. Fouad et al. revealed that CoQ10 could suppress
oxidative stress in the testes by inhibiting lipid peroxidation and enhancing
antioxidant enzyme activity®®. This in turn can counteract oxidative damage
and sustain the function of Leydig cells protecting testosterone secretion®.
The key application of CoQ10 in the testes is to increase the levels of CoQ10
and its reduced form, ubiquinol, in the semen®”. Ubiquinol is a potent fat-
soluble antioxidant that can regenerate other antioxidants including vitamins E
and C®. It also eliminates peroxyl radicals resulting from the lipid
peroxidation process®”. The antiapoptotic effect of CoQ10 has been described
by several studies®®, and it was confirmed in this study when CoQ10
treatment downregulated the expression proapoptotic genes Casp3 and Bax.
Papucci et al. attributed the antiapoptotic effect of CoQ10 to the inhibition of
DNA fragmentation and mitochondrial depolarization as well as increasing
ATP levels®. Additionally, CoQ10 inhibits nuclear translocation of apoptosis-
inducing factors and prevents cell death via the inhibition of mitochondrial

complex I activity!"".

5. Conclusion

The antioxidant and anti-apoptotic activities of coenzyme Q10 can be
considered the main factors responsible for the testicular protective effect of
coenzyme Q10 against MAL-induced acute testicular toxicity in rats. Therefore,
coenzyme QI0 represents a potential protective candidate to ameliorate
testicular injury and dysfunction induced by malathion exposure.
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