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ABSTRACT

Aims: This study was undertaken in order to evaluate the effects of paraquat (pesticide) on some
reproductive parameters in male guinea pig.

Methodology: Forty adult male guinea pigs averagely weighing 370.31 + 39.43 g were distributed
into 4 groups of 10 animals each, comparable in terms of body weight. During 42 days, each group
of guinea pigs received by force-feeding either distilled water (control) or one of the following three
doses of paraquat: 1.33, 2, 4 mg/kg of body weight. The effects of this pesticide were evaluted on
some reproductive parameters (total cholesterol, libido, serum concentration of testosterone, weight
of genital organs and characteristics of epididymal spermatozoa) and oxidative stress makers
(testicular levels of MDA, SOD, CAT and GSH).

*Corresponding author: E-mail: boufackjudith@gmail.com;
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Results: Results showed that the total cholesterol increased significantly (P<.05) in guinea pigs
exposed to paraquat relatively to the control. Animals forced-fed with the pesticide showed a
significant (P<.05) decrease in the serum concentration of testosterone and an increase in the
reaction time. A significant (P<.05) rise in abnormal spermatozoa as well as a significant (P<.05)
drop in sperm mobility (65.00 + 19.58) and spermatozoa plasma membrane integrity (52.88 + 8.22)
was observed in pesticide-treated animals compared to control. The testicular level of MDA (5.35 +
1.89) and the activities of SOD (10.13 £ 2.03) and CAT (15.26 + 4.28) increased significantly
(P<.05) in paraquat treated guinea pigs compared to control animals. The reverse was observed
concerning the testicular concentration of GSH (126.11 + 48.94).

Conclusion: Paraquat has been shown to be toxic to male guinea pig, from 2 mg /kg bw through
the induction of oxidative stress, thus imparing reproductive parameters.

Keywords: Male guinea pig; oxidative stress; paraquat; reproduction; toxicity.

1. INTRODUCTION

Paraquat is a contact herbicide, particularly
effective for weed control [1]. It is one of the most
widely used herbicides in the world [2], sold in
more than 120 countries [1,3]. It is used mainly in
the tropics, where weed growth is extremely fast
and makes manual weeding techniques very
inefficient, or even the use of a large number of
other phytosanitary products [4]. It is used in
floriculture and in certain woodlots to weed or
prepare the soil for a hundred crops of cereals
(corn, wheat, barley, rye, rice, etc.), soybeans,
potatoes, fruits (apple, orange, banana), plants
intended for the manufacture of beverages
(coffee, tea, cocoa) and crops such as those of
cotton, oil palm, sugar cane and rubber [5,6]. It
helps protect seedlings against competition from
a wide variety of perennial plants, weeds, which
reduce yield and crop quality by competing for
space, water, nutrients and light [7,8].

Paraquat is however extremely toxic to those
who use it [9-13]. In fact, [9] showed the toxicity
of this herbicide on human kidneys, liver and
lungs [14-16,8,17]. In aqueous solution, this
herbicide has an irritant action on the skin,
pancreas, mucous membranes and conjunctiva
[18-21]. It is absorbed through the skin, as well
as through the Ilungs where it tends to
accumulate [22-25].

In reproduction it has been shown that paraquat
caused the diminution of the female fertility by
impairing the nuclear and cytoplasmic maturation
of oocytes in mice. [26]. Sperm count, viability
and motility were negatively affected in adult
male rat exposed to paraquat [27]. The negative
effects of this pesticide were observed in the
reproduction of many other animal species [28-
30]. However, to the best of our knowledge, no
such study has yet been carried out in guinea pig
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reproduction, despite the high probability that it
has to consume the fodder contaminated by this
pesticide, thus the aim of the present study.

2. MATERIALS AND METHODS

2.1 Animals and Lodging

Forty adult male guinea pigs (Cavia porcellus)
aged 4 months and averagely weighing 370.31 £
39.43 g were used. The lodges were equipped
with feeders and drinkers. Their floors were
covered with white woodchip litter, replaced
every 7 days.

2.2 Feeding and Pesticide

During the whole trial, animals received drinking
water, fresh pre-wilted forage (Pennisetum
purpureum) and provender ad libitum.

The studied pesticide  was paraquat,
commercially named almoxone super. It is a dark
green solution containing 276 g of paraquat and
200 g of paraquat ions per liter produced by Agro
one. In guinea pigs, the oral LD50 is 20-40 mg /
kg bw.

2.3 Experimental Trial

The 40 adult male guinea pigs were weighed,
identified using earrings and divided into 4
groups of 10 animals each, comparable in terms
of body weight. Animals of the control group daily
ingested and by gavage 1 ml / kg bw of distilled
water, while those of the other groups received in
1 ml of solution, 1.33; 2 or 4 mg / kg bw of
paraquat. The animals were weighed individually
each week and the volume of distilled water or
paraquat solution to be administered was
readjusted accordingly. After 42 days of
treatment, all the animals were sacrificed.
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2.4 Studied
Collection

Parameters and Data

2.4.1 Serum testosterone concentration and
serum total cholesterol

Blood was collected by cardiac puncture and put
into test tubes without anticoagulant. 8 hours
later, serum was collected and distributed in
labeled microtubes, then stored at -20° C for the
dosage. The serum concentrations of cholesterol
and testosterone were determined according to
the guide in CHRONOLAB kits (Barcelona,
Spain) and the Omega Diagnostic ELISA Kit
(Scotland, Ingland) respectively.

2.4.2 Reaction time and percentage of males
reacting in the presence of a female

Prior to sacrifice, a female was presented to
each of the experimental males. The stopwatch
was started as soon as the male and female
were placed together and stopped when a
reaction from the male was observed. The time
recorded was considered as the reaction time.
The maximum waiting time was 5 minutes. The
proportion of males that reacted in the presence
of a female was then calculated in each lot, using
the following formula:

Number of males having reacted
X100

% of males =
? Total number of males presented to females

2.4.3 Sexual organs weight
characteristics

and s X100

Animals were weighed using a scale of capacity
160 g and precision 10 g. At the end of the
treatment they were anesthetised using ether
vapour and then dissected. The testes,
epididymides, vas deferens, and sex accessory
glands were removed, freed from fat and
weighed.

The cauda epididymides were minced in 5 ml of
0.9% NaCl solution (at 37°C) for sperm count,
mobility, plasma membrane integrity and
morphology evaluation.

A drop of the obtained solution was placed on a
slide and observed under the microscope and a
mobility score was attributed according to [31],
using a scale from 0 to 5. The sperm count was
done using the Thoma haemocytometer, while
sperm morphological abnormalities (small and
big heads, coiled tails) and the integrity of the
plasma membrane were evaluated using an
eosin-nigrosin solution and the hypo-osmotic test
[32] respectively.
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2.5 Concentration of MDA, SOD, CAT and
GSH

One of the testes was ground in a 0.9% NaCl
solution so as to obtain 15% homogenates. This
latter was centrifuged at 3000 rpm for 30
minutes, and the supernatant removed and
stored at -20° C, and later used to determine the
concentration of malondialdehyde (MDA),
superoxide dismutase (SOD), catalase (Cat) and
total glutathion (GHS). These concentrations
were respectively determined according to
[33-36].

2.6 Statistical Analysis

One-way analysis of variance was performed to
test the effect of the dose of paraquat on the
studied characteristics. Duncan's test was used
to separate means when there was a significant
difference. Results were expressed as the mean
+ standard deviation. The significance limit was
5%.

3. RESULTS

3.1 Serum Total Cholesterol

The concentration serum total cholesterol
significantly increased with the dose of paraquat

(Fig. 1).

3.2 Reaction Time and Percentage of
Males Reacting in the Presence of a
Male

The reaction time was higher in paraquat fed
animals compared to the control. However, it was
significantly (P<.05) longer in guinea pigs given 2
or 4 mg/kg bw of the pesticide compared to the
control (Fig. 2).

In contrast, all the males reacted in all groups
(Fig. 3).

3.3 Blood Testosterone Concentration

The serum testosterone concentration
diminished continuously with increasing dose of
the herbicide. Yet, no significant difference
(P>.05) was recorded among treatments (Fig. 4).

3.4 Reproductive Organs Weight

The weight of the genitals organs reduced with
the augmentation of the dose of paraquat.
However, this decrease was significant (P<.05)
only for the weight of the epididymis (Table 1).



Laure et al.; AURAVS, 7(2): 15-24, 2021; Article no.AJRAVS.65383

3.5 Epididymal Sperm Characteristics

The sperm mobility and percentage of
spermatozoa with intact plasma membrane were
significantly (P<.05) lower in pesticide-treated
guinea pigs compared to controls. The sperm
count, be it per cauda epididymis or per gram of
cauda epidimdymis did not significantly (P> .05)
changed no matter the dose of paraquat
ingested. The percentages of micro- and
macrocephalic and coiled-tailed spermatozoa
increased in paraquat treated animals with
reference to controls, although the significant
difference was only observed in males submitted
to the highest dose (4 mg / kg bw) for tail
windings (Table 2).

3.6 Concentrations of MDA, SOD, CAT
and GSH

The testis level of MDA and the activity of SOD
were significantly (p<0.05) higher in pesticide-
treated guinea pigs compared to controls. The
reverse was observed for the concentration of
GSH. Catalase activity increased with an
increasing dose of the pesticide. However, only
guinea pigs exposed to the highest dose of
paraquat showed a significant (p<0.05) increase
compared to the controls (Table 3).

4. DISCUSSION

The increase in reaction time in guinea pigs
given paraquat in the present study is in
coherence with the result reported by [37] in rats
exposed to lambda cyhalothrin. This result might
explain the inhibition of sexual desire by
paraquat in male guinea pigs. This anti-libido
effect of paraquat could be due to the diminution
in serum testosterone concentration probably
linked to the decrease in the level of cholesterol
in the testis [38]. On the other hand, paraquat
through its neurotoxic action [39] could directly

inhibit the sex center in the hypothalamus [40]
and reduce libido. The relation between the
increase of the reaction time with the dose of the
pesticide and the decrease in blood testosterone
concentration is similar to the result of [41] in
male guinea pig treated with cypermethrin.

The decrease in the weights of sexual organs
could be explained by the drop of testosterone
concentration in the blood. Indeed testosterone is
an androgen responsible for the development of
reproductive organs [42]. This results is in
agreement to those of [43] in rats submitted to
carbaryl, [44] in rats exposed to lindane, [45] in
rats treated with propoxur and [46] in male
guinea pigs treated with acetamiprid. However, is
in contrast with the findings of [47] in rats
receiving chlorpiryphos-ethyl. Paraquat could
also have direct effects on the structure of the
epididymis.

The diminution of sperm mobility, count and the
increase in the percentage of micro- and
macrocephalie and coiled-tailed sperm cells were
observed in paraquat-treated animals. These
observations are similar to those reported by
[47,48,45] while exposing rats respectively to
pirimiphos-methyl, acephate and chlorpiryphos-
ethyl.

The decrease in sperm mobility observed in
paraquat-treated guinea pigs could be due to the
change in the properties of the plasma
membrane of the spermatozoa following the
induction of reactive oxygen species [49,50,18].
In fact, pesticides might have induced the
production of reactive oxygen species which
could have detrimental effects on the viability,
mobility and morphology of spermatozoa [51-53].
The negative effects of this herbicide on the
characteristics of epididymal sperm could also be
due to reduced testosterone levels [54,55].

Table 1. Variation in the weight of the genital organs with the dose of paraquat in male guinea

pigs
Weigth of sexual Dose of paraquat (mg/kg bw) P
organs (g/100g 0 1.33 2 4
bw) (n=8) (n=8) (n=8) (n=8)
Testes 0.48+0.11 0.47+0.10 0.46+0.10 0.45+0.13 93
Epididymis 0.11+0.07° 0.07+0.01° 0.07+0.02° 0.07+0.03° .03
Vas deferens 0.05+0.02 0.04+0.01 0.04+0.01 0.04+0.01 45
Accessory glands  0.35+0.06 0.26+0.11 0.31+0.12 0.31+0.14 54

n: number of animals; (a, b) on the same line, the values assigned to the same letter do not differ significantly (P>
.05); P: probability; bw: body weight
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Table 2. Variation in sperm characteristics with the dose of paraquat in male guinea pigs

Characteristics of cauda epididymal Dose of paraquat (mg/kg bw) P
sperm 0 1.33 2 4
(n=8) (n=8) (n=8) (n=8)

Mobility (%) ‘ 87.00+4.83° 68.00+13.98° 75.00+12.69% 65.00+19.58" .01
Number/cauda epididymis (x 10°) 28.75+7.75 30.50+8.18 22.08+8.43 21.00+11.40 40
Number /g of cauda (x 10°) 164.12+48.60 203.75+38.41 148.33+99.32 132.51+84.78 .55
IPMS (%) 74.33+10.31° 58.29+11.46" 60.67+16.22" 52.88+8.22° .02
Micro- and macrocéphalies (%) 7.38+1.60° 11.50+£2.67° 10.67+3.50° 9.33+2.94° .04
Coiled tail (%) 0.88+0.64° 1.33+0.52%° 1.17+0.75%° 1.83+0.75° .05

n: number of animals; (a, b) on the same line, the values assigned to the same letter do not differ significantly (p>.05); p: probability; bw: body weight; IPMS: Integrated
Plasma Membrane Spermatozoa

Table 3. Variation of testicular levels of some oxidative stress biomarkers with the dose of paraquat in male guinea pigs

Oxidatives stress Dose of paraquat (mg/kg bw) P
biomarkers 0 1.33 2 4

(n=38) (n=8) (n=8) (n=8)
CAT (nM/g) 8.70+3.40° 9.80+3.83" 13.04+4.15% 15.26+4.28° .03
SOD(nM/g) 3.13+1.00° 11.64+2.84° 9.82+1.83° 10.13%2.03° .00
GSH(nM/qg) 187.83+36.25° 125.74+32.11° 126.19+48.94° 151.054£31.31% .04
MDA (nM/g) 314+0.42° 4.62+1.00° 4.92+1.21° 5.35+1.89° .00

n: number of animals; (a, b) on the same line, the values assigned to the same letter do not differ significantly (P> .05); p:probability; bw: body weight; CAT: Catalase; SOD:
Superoxyde-dismutase; GSH: Glutathion; MDA: Malondialdehyde
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Fig. 1. Variation of serum total cholesterol concentration according to the dose of paraquat in
male guinea pigs
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Fig. 4. Variation of serum testosterone concentration according to the dose of paraquat in
male guinea pigs

The testicular activities of CAT and SOD and the
level of MDA increased in guinea pigs exposed
to paraquat. The increase in the concentration of
MDA is believed to be due to a strong lipid
peroxidation caused by the pesticide, since MDA
is a product of lipid peroxidation [56,8]. This
could probably be the cause of the increase in
the number of abnormal sperm cells, and the
decrease in the number of sperm cells with intact
plasma membrane. SOD and CAT are
considered as antioxidant enzymes and their
increase might be a response to that of free
radicals [28,57,58]. The decrease in testis GSH
level in treated guinea pigs is similar to that
observed by [59] in male Wistar rats gavaged
with 25 mg/kg bw of carbendazim for 48 days
and [60] in rats orally exposed to 2.5 mg/kg bw of
DDVP for 28 days. This result could therefore
prove the existence of oxidative stress, with the
consumption of antioxidants in guinea pigs
exposed to the pesticide.

5. CONCLUSION

Paraquat has been shown to be toxic to the
reproduction of male guinea pig since it
negatively affected the reproductive
characteristics.

ETHICAL APPROVAL

Experimental protocols used in this study were
strictly conformed with the internationally
accepted standard ethical guidelines for
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