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The invention of persistent organic pesticides proved to be a great boon for
human civilization by controlling harmful disease vectors and increasing
agricultural yield many folds. However, in recent years, scientists have
become increasingly worried about the way these harmful chemicals have
affected the environment posing great threats to millions of non-target
animals, plants and even humans. Amongst these chemicals the
organophosphorus pesticides have made the ecotoxicologists more anxious
because of their persistent nature and fast rate of absorption in tissues of
living organisms. In this study, one such non-target organism — Nile tilapia
(Oreochromis niloticus) was used to assess the reproductive toxicity of one
the most extensively used organophosphate pesticides — Monocrotophos.
This study focuses on the impact of Monocrotophos exposure on two of the
most important sperm quality parameters — sperm viability and sperm
membrane integrity. Results of these biochemical analyses were confirmed
with sperm motility assessment data obtained from kinematic study using
Computer Aided Semen Analysis (CASA). Statistical analysis of the result
obtained from the biochemical study indicates a strong positive linear
correlation (r = 0.968) between these two sperm parameters (viability and
membrane integrity), moreover significant deviations were also observed in
the mean values of percent viability (P < 0.001), as well as percent
membrane integrity (P < 0.001) following exposure to sub lethal dose
(4mg/l) of Monocrotophos for a fixed duration (15 mins.), when compared
with the control set. Among all the parameters considered in CASA results,
only curvilinear velocity (VCL) exhibited a significant decline (P < 0.001) in
the mean values of Monocrotophos - exposed group when compared with the
unexposed group. The other parameters did not show significant changes in
either group. Viability, overall membrane integrity and motility are some of
the most important sperm parameters required for the sperm to successfully
fertilize the egg. Monocrotophos exposure not only seemed to affect viability
and sperm membrane-integrity but sperm motility parameters were also
shown to be affected as analyzed by sperm motion Kinetics.
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Water pollution monitoring authorities have long identified certain types of chemicals that are known to be
very toxic to fish; among them, ammonia, phenols, cyanide and the salts of some metals were considered to
be most hazardous to fisheries. Before 1940, compounds as lead arsenate, copper sulphate, sodium arsenite,
sodium cyanide and phenolic mixtures were some of the toxic group of chemicals most extensively used as
pesticides. The invention of next generation synthetic organic pesticides in the 1940s was marked as a
milestone in the history of pest control, but the basic nature of these chemicals and the derivatives produced
in the following few decades proved to be a matter of great concern as they continue to pose never
anticipated threats to the environment. Very few of these modern pesticides can be considered as specific for
certain pest and as a result a variety of non-target life forms become severely affected by their action. Fish
are particularly more susceptible to a multitude of these pesticides and toxicity can be resulted not only from
spillage, deliberate discharge into water bodies or agricultural runoffs but even from fair agricultural practice,
due to indiscriminate use. Nonagricultural use of these pesticides, such as sylviculture, horticulture or public
health can also prove to be fatal to fish populations. The extent of effect on fish can be varied, ranging from
death due to direct exposure or by starvation due to destruction of food organisms, to affected growth rate,
reproduction and behavior along with manifestation of tissue damage (1). Monocrotophos is one such
synthetic organophosphate, which is used as contact and systemic insecticide and acaricide. It can control a
variety of sucking, chewing, boring insects and spider mites mainly on sugarcane, cotton, peanuts, tobacco
and some ornamental plants (2) (3). Due to being extremely toxic to birds and mammals (4) the EPA
classifies monocrotophos as Class | toxicity — highly toxic and monocrotophos products are labelled ‘Danger’
(5). It is commercially available mainly as soluble concentrate or an ultra-low volume spray (3). It is
moderately toxic to rainbow trout (LC50, 48 hrs. — 7 mg/l) and bluegill sunfish (LC50, 48 hrs. — 23mg/l) (6).
Monocrotophos is known to cause severe histopathological damage to gill, kidney and intestine tissues of
Cirrhinus mrigala (7). Endocrine disrupting effects of monocrotophos have also been confirmed on male
guppies in which it led to reproductive abnormalities as well (8). In case of Nile tilapia fish (Oreochromis
niloticus) (LC50, 96hrs — 4.9mg/l) it can cause neurotxicity by inhibiting acetylcholinesterase (AChE)
activity (9).

So far very little work has been done on reproductive toxicity of monocrotophos on Nile tilapia fish. This
study aimed to analyze the effects of direct exposure of Nile tilapia sperms to sub-lethal dose (4 mg/l) of
monocrotophos pesticide. Biochemical assays and sperm motion kinetics were the routes followed to assess
the effect of pesticide exposure on three most important sperm parameters — sperm membrane integrity,
viability and curvilinear velocity (VCL).

2. Research Method

a) Specimen:
The Nile Tilapia (Oreochromis niloticus) is cultured in water bodies around agricultural fields all over India.
These non-target fish are exposed to high dose of agricultural pesticides. Males reproduce through mass
spawning and attain sexual maturity within a few months after its birth. The relative young age of sexual
maturity may lead to high birth and turnover rates and being very adaptable, it can be cultured easily in
laboratory where It can survive for a long time with temperature tolerance range of 8°C - 42°C. Male Nile
Tilapia weighing 200-250 gm (approx.) supplied by fishermen from local ponds were used for this study.
Fish were kept in 5ft X 3ft X 1.5ft tank, filled with tap water. Water quality was recorded at regular intervals.
The fish were reared under a daily photoperiod of 12L:12D (approx.), fed twice daily (1-5% body weight per
day) with commercial pelleted feed (Tetrabit) and tubifex in alternate days.

b) Pesticide:
Monocrotophos [dimethyl (E)-1-methyl-2(methyl carbamoyl) vinyl phosphate, MCP], commonly known as
Azodrin, is an important broad spectrum systemic organophosphate pesticide, extensively used in agriculture
for protection of variety of crops, such as cotton, rice, and sugarcane. Commercially available form of this
pesticide was procured from local shop as Hilcron 36% SL. which contained 36% w/w aqueous solution of
Monocrotophos.

c) Collection of spermatozoa:

1. Stripping was done during spawning seasons. Fish were netted and their abdomens were dried with
a soft cloth to avoid contamination of sperm with water or urine. Seminal fluid was collected into
capillary tube by pressing the fish abdomen gently using the thumb and forefinger from the direction
of the head to tail, then aliquoted to pre-cooled clean 1.5 ml microcentrifuge tubes, and immediately
held on crushed ice.

2. Alternately during non-spawning seasons, testes were dissected out and teased on a clean dry watch
glass to get testicular sperm which was also kept in similar fashion.
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Both stripped and testicular semen samples were analyzed for sperm concentration and after desired
dilution achieved through standardization, semen samples were aliquoted for control and treatment
sets.

Determination of standard dose and duration of pesticide:

Fish were not exposed directly to pesticide treatment rather monocrotophos was applied on diluted
sperm samples, therefore, sub-lethal dose of 4 mg/l monocrotophos was chosen, based on LC50
study of monocrotophos on Nile Tilapia spermatozoa (LC50, 96 hrs. — 4.9 mg/l), conducted by
Thangnipon and his colleagues under similar test conditions, (1).

Cichlid sperm remains active for up to 15 minutes in ambient water (2), therefore standard exposure
duration was chosen to be 15 minutes for this study.

Assessment of sperm viability using Eosin-nigrosin protocol:

Semen samples collected from 25 different male Nile tilapia fish were subjected to viability
analysis using eosin-nigrosin staining (3) (4). Briefly, semen samples stained with 1% Eosin
followed by 10 % Nigrosin, smeared on microscope slides, air dried and observed under the 400x
magnification using Olympus phase contrast microscope fitted with 40x planar objective. Image was
captured using digital imaging system. Approximately 200 sperms were counted randomly from
captured images. Numbers of stained and unstained sperms were recorded for each image. Semen
samples from both control and treated sets were analyzed following the above mentioned protocol.

Assessment of sperm membrane integrity using Hypo Osmotic Swelling Test (HOST):

For assessment of functional membrane integrity the hypo osmotic swelling test was performed (5),
briefly diluted semen samples from both control and treated sets were mixed with 100 mosM/kg
solution of Tris buffered—NaCl, pH 7.4, for 30 sec., then observed under the 400x magnification
using Olympus phase contrast microscope fitted with 40x planar objective. Image was captured
using digital imaging system. Approximately 200 sperms were counted randomly from captured
images. Numbers of spermatozoa with coiled and uncoiled tails were recorded for each image.
Assessment of sperm motility using Computer Aided Semen Analysis (CASA):

Sperm motility parameters of semen samples from both control and exposed sets were analyzed using
Computer Aided Semen Analysis (CASA) (6), briefly, semen samples from both control and treated sets
were activated with tank water up to standard dilution, 10 pl of such diluted semen was then directly
deposited on microscope slides and observed under the 100x magnification using Olympus phase
contrast microscope fitted with 10x planar objective. Video clips were recorded using digital imaging
system, analyzed using CASA plugin and image J software, freely available from NIH website.

h)

Statistical Analysis of the obtained data:

Data obtained from the above mentioned experiments was subjected to statistical analysis using IBM
SPSS Statistics version 25 for MAC.

3. Results and Analysis

a)

Correlation study between sperm viability and sperm membrane integrity:

Figure -1(a) and 1(b) show results of Pearson correlation analyses between sperm viability and sperm
membrane integrity in both control (r = 0.968) and treated (r=0.930) conditions respectively.

Fig.—

1. Fit line showing Pearson correlation between sperm viability and sperm membrane integrity in

control (a) and treated (b) condition.
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b) Sperm viability analysis using Eosin — nigrosin staining:
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The multiple line graph in fig. 2 (a) shows difference between percent viability in control and treated sets
for each observation and the bar chart in fig 2 (b) shows the difference between means of percent viability
from control and treated semen samples in paired t analysis [t (24) = 12.986, P < 0.001].
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Fig.— 2. (a) Multiple line graph of percent viability in both control and treated sets, (b) Bar chart showing
results of paired-t analysis of percent viability data.

¢) Sperm membrane integrity analysis using Hypo Osmotic Swelling Test (HOST):

Multiple line graph in fig. 3(a) depicts the changes in percent membrane integrity in both control and
exposed groups for each observation and the bar chart in 3(b) shows the difference in means of percent
membrane integrity in both control and treated sets following paired-t analysis [t (24) = 6.887, P < 0.001].
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Fig.— 3. (a) Multiple line graph of percent membrane integrity in both control and treated sets, (b) Bar chart
showing results of paired-t analysis of percent membrane integrity data.
d) Sperm kinematic study using Computer Aided Semen Analysis (CASA):

Among all the motility parameters only the curvilinear velocity (VCL) showed significant deviation
between control and exposed groups, thus motility results were based on VCL data only. Fig. 4 (a) shows
before-after curve for curvilinear velocity (VCL) in both control and exposed sets for each observation and
4(b) shows the bar chart for paired-t anlysis [t (14) = 26.148, P>.001] of the VCL results, depicting the
difference between means of control and treated groups.
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Fig.— 4. (a) Multiple line graph’] of Curvilinear velocity (VCL) in both control and treated sets, (b) Bar
chart showing results of paired-t analysis of VCL data.
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The present study indicated that monocrotophos adversely affected sperm viability, membrane integrity and
motility in Nile tilapia fish.

Monocrotophos was previously been tested to have reproductive toxicity in bobwhite quail (15), and male
(16) and female (17) rats, but sufficient literatures on reproductive toxicity of monocrotophos on Nile tilapia
fish could not be found.

Both sperm viability and sperm membrane integrity were found to be in strong positive linear correlation in
both control (r = 0.968) and treated (r = 0.930) conditions. Similar studies on ram (18) , human (19), equine
(20) semen and fresh goat spermatozoa (21) (22) yielded similar conclusions. These findings indicate that
intact cell membrane is a pre-requisite for proper functioning of spermatozoa.

Result of eosin-nigrosin viability assay showed significant deviation (p<0.001) in means of percent viability
scores of control and exposed groups of spermatozoa. Eosin-nigrosin staining is popularly used for semen
evaluation in both mammals and birds (23) (24) (25). The method is suitable for the analysis of sperm
viability and study of its morphological structures as it is easy to perform and allows detection of
morphological abnormalities and determination of cellular membrane integrity. Vitality staining protocols
like eosin-nigrosin is based on dye exclusion principle, therefore alive sperms with intact and functioning
plasma membrane will be able to exclude extracellular dyes and will remain unstained whereas dead
spermatozoa with damaged membrane will take up eosin and being unable to exclude it will be stained pink.
Therefore, a significant deviation between means of control and pesticide exposed groups indicated that
monocrotophos adversely affected the sperm plasma membrane by inhibiting its proper functioning and
ultimately reduced viability of sperm cells.

Findings of Hypo Osmotic Swelling Test (HOST) indicated significant deviation (p<0.001) between means
of control and treated sets which was suggestive of the fact that monocrotophos has negative impact on
membrane integrity of Nile tilapia spermatozoa. The functional integrity of sperm plasma membrane can be
evaluated by HOST. When subjected to hypo osmotic solution, sperms with intact membrane balloon or
“swell” resulting in coiling of its tail, whereas sperms with damaged membrane will fail to swell and will
continue to have an elongated tail (26). Monocrotophos exposure effectively decreased the percentage of
sperms with coiled tail. This indicates that monocrotophos has damaging effect on functional integrity of
sperm plasma membrane.

Computer Aided Semen Analysis (CASA) was used to evaluate various sperm motility parameters, among
which only the mean scores of curvilinear velocity (VCL) showed significant deviation (p<0.001) between
control and pesticide treated sets. The motion of an object moving in a curved path is
called curvilinear motion. In case of sperm kinematics curvilinear velocity (VCL) is the average velocity of
the sperm head through its real path. Spermatozoa with high VCL scores are usually classified as high
mobility sperm sub-population and they swim faster than those classified as lower mobility (27) sub-
population. Therefore, reduction in VCL values due to pesticide exposure eventually decreased sperm
mobility which in turn rendered spermatozoa to be less suitable for successful fertilization.

Statistically significant correlation between sperm membrane integrity with viability and motility has
already been reported previously (18) (21), these findings are also supportive of the fact that spermatozoon
motility partly depends on transports of compounds across membrane of spermatozoa (19). Therefore, any
damage to the sperm plasma membrane damage causes a rapid leakage of intracellular adenosine
triphosphate (ATP), which is required to maintain sperm motility (28) (29). Furthermore the ATP content
was found to be highly correlated with progressive motility of spermatozoa of fresh and cryopreserved bull
semen (30). Therefore, it’s evident that monocrotophos exposure caused detrimental changes to sperm
plasma membrane, which may in turn resulted in the reduction of sperm motility.

4. Inference:

In view of the results of this present study and considering the previous findings it can be inferred that the
pesticide monocrotophos has a damaging effect on the sperm plasma membrane of Nile tilapia fish
(Oreochromis niloticus). A functional membrane is requisite for the fertilizing ability of spermatozoa, as it
plays an integral role in sperm capacitation, acrosome reaction, and binding of the spermatozoon to the egg
surface (26). Moreover, the pesticide is found to affect sperm motility in an adverse manner. Therefore,
spillage or leakage of monocrotophos in the water bodies due to indiscriminate agricultural use can be
considered to cause reproductive toxicity to fish like Nile tilapia. Although the mechanism of membrane
damage and motility reduction by monocrotophos were beyond the scope of this study. Furthermore, the
effect of this pesticide on other sperm motility parameters also need detailed investigation.
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