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ABSTRACT

Paraquat (PQ) herbicide (1,1-dimethyl 4,4 -bipiridillium) is the most widely used in
agricultural area on more than 100 crops in about 100 countries. PQ is highly acutely toxic with
an acute oral LDsy for rat of 157 mg/kg. For aims to evaluate the toxic effects of low
concentration of Paraquat on mouse spermatogenesis, mice (5 groups, n =7) were inter-dermal
injected to the scrotal sac with the dose of PQ with four concentration as T1 (10 mg/kg), T2 (15
mg/kg), T3 (20 mg/kg), T4 (25 mg/kg) and a control group with PBS treated. The evaluation of
spermatogenesis were carried out by behavioral changes observation, weight body assessments,
sperm counting and histological testis HE stained. The results indicated that PQ has toxic effects
on spermatogenesis, especially, in the dose of 25 mg/kg, PQ significantly effect on the structure
of testis leads to the failure of sperm producing.
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1. Introduction

In recent year, there is a significant
increase in using Paraquat (PQ), 1,1-dimethyl
4,4’-bipiridillium, which is a chemical
component in herbicide (chemical weed
killer). In agriculture, PQ is used to control a
wide range of agricultural weeds in more than
100 crops including cereals, fruit and
vegetables (Hauck SJ et al, 2002; Ashoka
Deepananda and De Silva, 2013). PQ has wide
spectrum weedicide properties and hence
popular among farmer for variety of weed and
pest control (Odenkirchen and Eisler, 1998;
Ashoka Deepananda and De Silva, 2013). It is
fact that toxic PQ, capable of entering and its
distribution over the body via the food chain
and prolongs contact, is harmful to the human
physiology, for examples, the main target
organ of PQ distribution to the heart, liver,
kidney, etc. (Isenring, 2006; Ashoka
Deepananda and De Silva, 2013; Wesseling et
al, 2001a ). According to WHO, (2006), it is
classified as a solid and with an acute oral
LD50 for rats of 157 mg/kg.

Figure 1. Molecular structure of Paraquat
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Spermatogenesis is a process of germ
cell proliferation and differentiation which
leads to produce spermatozoa from testis. In
addition, the major change spermatozoa are
the reduction of DNA material from diploid to
haploid via a series of mitotic and meiotic
divisions. It is a delicate process and highly
sensitive to toxic damages (Mirhoseini et al,
2012; Ashoka Deepananda and De Silva,
2013). Moreover, the incitrate regulation and
cellular interactions that occur in the testis
provide multiple distinct targets by which
toxicants can  disrupt  spermatogenesis
(Boekelheide et al, 2000). The effects of toxic
chemical exposures on the male reproductive
system have been demonstrated by using in
vivo model testing. A previous study suggested
that free radicals which generated by PQ, are
highly vulnerable to sperm membrane and
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mammalian epididymis, subsequently, leading
to reduce sperm density (Ashoka Deepananda
and De Silva, 2013). Therefore, this study was
designed to investigate the effects of PQ toxic
low concentration on the spermatogenesis
using the laboratory mammals.

2. Materials and methods
Animals and chemicals

In this study, thirty five healthy and male
mice (Mus musculus var. Albino), weight 25 —
30 gram, were purchased from Pasteur
Institute of Ho Chi Minh City. They were
acclimatized in house conditions for further
three weeks before experiments were carried
out. Gramoxone®SL (30.1% Paraquat
dichloride)  (Syngenta), most common
herbicide used in agriculture, was used.

Experiment designed

All experimental animals were divided
into five groups. Five groups were named T1,
T2, T3, T4 for the toxic PQ treatment groups
and C for negative control. Dosing was done
by way of an inter-dermal injection to the
scrotal sac. Animals were administrated with
concentration of PQ/weight body including 10
mg/Kg, 15 mg/Kg, 20 mg/Kg, and 25 mg/Kg
for T1, T2, T3 and T4, respectively. As the
control group, it was given distilled PBS
(Phosphate-Buffered  Saline) only. The
Schedule of PQ administration and several
criteria for evaluation (including the body
weight, behavioral changes, sperm counting,
morphological testicular  features) were
described in Figure 2.

Figure 2. Schedule of experiment designed. In the control group, PBS was administrated in
the first — three days replaces the PQ administrated.
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Behavioral changes

Animals were observed daily at an exact
period time (from 9.30 am to 11.30 am) for
any behavioral changes throughout the
experiment. In the first three days, it was
observed after treatment by PQ or PBS for 6
hours. In addition, any external changes in
major organs such as eyes, ears, testicular sac,
digestive, etc. were also checked (Ashoka
Deepananda and De Silva, 2013).

Sperm counting and morphological
testicular feature

At the day 7 after initial PQ/PBS
treatment, all animals were sacrificed. Testes
and epididymis were surgically removed, then,
it were cleaned and removed blood tissues in
PBS solution. Regions of epididymis were

separated and put it into the PBS solution.
Tissue minced by using a fine pair of scissors
and an aliquot of sperm was centrifuged to
collect the residues, then, resolved in 1 ml
sperm counting solution. Sperm counting was
counted by using Neubeauer Haemocytometer.
Concerning to evaluate morphology of testis,
samples were fixed in 4% PFA, then, using
hematoxylin and eosin (HE) stained section.

Statistical analysis

The data were statistically analyzed
using one way ANOVA followed StatGraphic
Plus 3.0 and results were presented as the
mean = SD. The p value was under 0.05 was
considered significant.

3. Results and discussion
Behavioral changes and weight body
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assessments.

Behavioral changes were observed
during experiments, in control group, there
were no any significant changes. In contract,
in PQ treatment groups, animals’ mobility was
significant decreased, eating disorder leading
to the loss of weight body (Table 1). In
comparison with the control group, weight
body in PQ group was significant reduced
after  seven-day  experiment  (p<0.05).
Moreover, concerning to external change in

testes was considerable modified during period
time for PQ exposure. In the region of PQ
injection, after three days PQ administration,
at day 4, both left and right testis were getting
burnt, inflammatory phenomenon and the skin
of scrotal sac become drier and atrophied than
in the control group (Figure 3A, 3B). At the
end of experiment, both testes were seemed to
be atrophied and necrosis (Figure 3C). Its
phenomena will be confirmed by HE staining
of both testis (Figure 5).

Table 1. Weight body assessments in PQ treatment group and negative group.

DO D3 D7
C (Negative control) 37.05+2.62b 38.29+249b 40.23+214c
T1 (10 mg/kg) 35.65+1.70 b 31.78+1.32a 29.88+1.48a
T2 (15 mg/kg) 38.48+1.59b 36.22+1.61 ab 3242 +1.42ab
T3 (20 mg/kg) 39.62+1.83b 3493+1.71ab 3254 +1.12ab
T4 (25 mg/kg) 43.24£1.03b 39.57+1.32b 36.21 +1.08 bc

Figure 3. The testes status in (A) control
group, (B) day 4 and (C) day 7 after initial
PQ administration (at the dose of 15

mg/kg).
R

Assessment of spermatogenesis

At the day 7, all animals were scarified
to carry out the assay for evaluating
spermatogenesis which based on sperm
counting. The results were showed at figure 4,
total epididymal sperm counting in PQ
treatment groups were significantly different
from the control group (p <0.05). According to
D’Souza (2006), without any drug treatment,
the standard sperm density is 20 - 30 x 10°
cellss/ml. Making the comparison, in the
control group, the sperm density in present
study was 25.7 x 10° cells/ml which indicated
that the process of spermatogenesis was not
effected by PBS treatment. In contract, the
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spermatogenesis of PQ treatment groups were
abnormal, it were proved that the density of
sperm producing were significantly reduced,
subsequently, under the normal criterion.
These results were similar to the study of
D'Souza et al, (2006), Ashoka Deepananda et
al (2013). In addition, the sperm density of T4
group was the lowest than other, it indicated
that the high concentration of PQ was more
harmful to the spermatogenesis. Moreover, the
external morphology of testes in the dose of
T4 (25 mg/kg) (Figure 3C) also supported the
abnormal sperm density. In conclusion, the
Paraquat herbicide was harmful to sperm
density in in vivo mice model testing.

Figure 4. The density of sperm at day 7
after the initial administration
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Morphological testicular feature evaluation

Testicular sections from control animals
and PQ treatments were stained according to
HE staining method. In the control group,
several components of testis were clearly
observed including epididymis,
spermatogonia, sertoli  cells.  Moreover,
histological of seminiferous tubules showed a
spermatozoa forming during a varying stage of
spermatozoa development. In contract, the
histological of testes (T4 group) showed the
disrupted structure including the lumen of
seminiferous tubule and varying degree of
degenerative changes were occurred (indicated
by arrows), leads to loss of spermatid
formation, spermatogonia degraded which lead
to loss of sperm producing. This result was
also support to the low sperm density counted
in  PQ treatment groups (Figure 4).
Additionally, the histological testicular section
structure in another PQ treatment groups (T1,
T2 and T3) was also observed as the disorder
and necrosis status (data not shown).
Therefore, PQ herbicide has a toxic effects on
mouse tissue. Based on these results, it could
be explained that both testes were in the
necrosis status, hence, seminiferous tubules
and epididymis were also necrosis which led
to the disruption of sperm producing.

Figure 5. Light microscopy of cross section of HE stained testis from (A) control group and
(B) T4 PQ treated mice at day 7. SA: Spermatogonium A, SB: Spermatogonium B. Sz:

spermatozoa, Se: Seminiferous epithelium.
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4. Conclusion

The low concentration of Paraquat
herbicide, at the dose of 10 mg/kg, 15 mg/kg,
20 mg/kg and 25 mg/kg, were demonstrated to
be toxic to spermatogenesis using the
laboratory mammals. Additionally, it was
proved that PQ could change the histological
structure of testes and lead to spermatogenesis

mg/kg, both testes were in the necrosis status
leading to the sperm density was significant
reduced. However the mechanism, by which
these abnormalities occur in the epididymis, is
unclear, therefore, in further study, the study
will be continuously carried out to evaluation
of percentage fast moving, slow moving,
twitching and immotile sperm as well as the

understanding of the underlying mechanisms
of PQ effects on spermatogenesis and the
sperm maturation processes.

failure. Moreover, it was found that paraquat
caused some changes in external and
behavioral changes  during paraquat
administration. Especially, at the dose of 25
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