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Abstract

Organophosphate pesticides are extravagantly used in worldwide context to get rid of insects. Due to their relevance and
edges in agriculture, organophosphate pesticide can effortlessly stretch to the aquatic ecological units and, correspondingly,
cause threats to aquatic animals, like fish. Profenofos could be a diligent and cytotoxic organophosphate pesticide. Animals
become liable to profenofos by means of water and food. Present experiment determines toxicological impacts of profenofos
through the in vivo presentation of silver barb (Barbonymus gonionotus) to 1/10th and 1/2 of the median lethal concentra-
tion (LCs,) of profenofos as sublethal exposures for variable periods (7, 15, and 30 days). Succeeding recuperation arrays
were additionally appraised yielding the exposed fish in tap water (without profenofos) for the identical time as they had
been treated with profenofos. The study findings showed that, with the advancement of time and concentrations, treated
fish demonstrated significantly (p <0.05) bigger intensity of nuclear anomalies (nuclear aberrations of erythrocyte-NAE),
for instance, micronucleus, swollen nucleus, terminal nucleus, extended nucleus, and karyopyknosis and, furthermore, cell
variations from the standard structure of erythrocyte (cellular abnormalities of erythrocyte—CAE), for example, demem-
branated, crescentic, spindle-shaped, almond-formed, and twin-molded cells. Recuperation data showed that B. Gonionotus
recovered spontaneously and the abnormal erythrocytic parameters were normalized with a concentration and duration-
dependent fashion. Thus, supported these knowledge, we tend to convert that erythrocytic variations (NAE and CAE) from
the standard structure could fill in as an evaluation of the hazard caused by organophosphate pesticides on non-target living
beings, notably fish.
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Introduction

Organophosphorus pesticides are widely utilized in exten-
sive crop farming along with aquaculture to get rid of insects
(Sharbidre et al. 2011). These pesticides can enter the
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aquatic ecosystems either through surface runoff of rain or
via leakage of toxicant from the soil (Hoffman et al. 1995).
Chemical affects a colossal magnitude of non-target enti-
ties, for instance, invertebrates and fish species living in the
aquatic environment besides the targeted pests (Peter et al.
2013; Saravanan et al. 2011). Application of organophos-
phorus chemicals are found to be increasing day by day since
they are recyclable and consequently stay in the environment
for a minimum period. As a results of their low persistence,
once more and once more applications of those endocrine-
disrupting chemicals are being executed for the management
of insects in agrarian lands and after they enter the aquatic
environments (Jyothi and Narayan 1999).

Among the organophosphates, profenofos is widely
utilized in different countries for agricultural applications
(Wilson and Tisdell 2001). It enters the aquatic system by
permeating the soil as most rural plot is placed close to a
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body of water. If artificial compounds enter water bodies
like lakes, waterways, and streams, this will be fatal to off-
target aquatic life forms notably fish (Palmer et al. 2007).
Additionally, profenofos eradicates helpful microorganisms
and algae in the body of water, therefore devastating the
photosynthesis process, and eliminating production of O,,
and nourishment. As these are the fundamental elements
sustaining aquatic life, several fish are killed as a result of a
scarcity of oxygen in the contaminated water by the produc-
tion of an abundance of ammonia through decay vegetation
that eventually destroy the aquatic organic network (Miller
2004). Additionally, through direct contact with chemicals in
polluted water, fish could pass away and even once solely a
brief period of exposure irregularities from the standard can
be produced in the blood cells of fish (Grisolia and Starling
2001).

Use of blood parameters as biomarkers of stress provides
important information regarding the physiological reaction
of fish in a changing environment and provides a wonder-
ful tool for toxicological studies. The compositions of blood
of fish fluctuate with changing conditions of the environment
and respond quickly to any change in water quality as result
of their close contact through gill surface. The danger of pes-
ticides to aquatic life forms can be investigated by assessing
adjustments within the enzymological, hematological, and
biochemical parameters (Saravanan et al. 2011). Organo-
phosphorus chemical causes many harmful consequences for
fish erythrocytes at the nuclear and cellular levels (Sadiqul
et al. 2016). A few examinations are accessible for group-
ings of pesticides in the bodies of fish (James and Sampath
1996) that cause numerous alterations in blood parameters
and changes to the erythrocytic nuclear and cellular struc-
tures (Sadiqul et al. 2016; Svoboda et al. 2001).

The analysis of blood parameters could be a biomarker
for distinctive identification of the outcomes of toxic con-
tamination. The alteration of blood parameters can be used
as health indicators of the aquatic environment and also pro-
vide early warning tools for monitoring environment quality
(Pimpao et al. 2007). Additionally, a perception of change
and recovery could be a basic instrument in the environment
of risk examination (Du et al. 2009; Wu et al. 2005). Infor-
mation on the duration of full recuperation of endocrine-
disrupting-chemical-exposed fish helps the proper well-
being of fish, henceforth secondarily human (Adhikari et al.
2004). The studies of the recuperation of endocrine-disrupt-
ing-chemical-exposed fish on specific parameters are very
scanty. Consequently, the current investigation was aimed
at evaluating the erythrocytic variations from the standard
structure (nuclear and cellular), and studying the plausibil-
ity and examples of recuperation of those biomarkers in a
very characteristic setting victimization in vivo method on
a model fish of rice-field systems, silver barb (Barbonymus
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gonionotus) exposed to profenofos. Succeeding recuperation
patterns were to boot calculable admitting the exposed fish
to the profenofos liberated water for the equivalent time (7,
15 and 30 days) so that they were exposed to profenofos.

Materials and methods

Robust and disease-free silver barbs (Barbonymus goniono-
tus) were gathered from fish ranches in the instructional
neighborhood, each having a length of 11.13+1.44 cm and a
body weight of 6.5+2.52 g. The fish were permitted to accli-
mate to the exploration facility environments for 2 weeks to
get rid of the assumed annoying subjects at a temperature
starting from 24.0 to 25.0 °C. Two hundred individual fish
were arbitrarily nominated and moved into a solidified tank
containing tap water furnished with an air circulation sys-
tem. The fish were nurtured with food consistently on two
occasions each day with zooplankton containing protein
and a basic supplement (pelleted feed, Mega Fish Feed Co.
Ltd.). Starvation of fish was inaugurated 24 h before the
trial run and throughout the investigation, and also the tank
water was adjusted on each alternative two days. The trial
approaches were completed following the principles of the
Animal Welfare and Experimental Ethical Committee of
Bangladesh Agricultural University, Bangladesh [Approval
Ref. No. AWEEC/BAU/2019 (10)]. An endocrine-disrupting
chemical, profenofos 98% [O-(4-bromo-2-chlorophenyl)
O-ethyl S-propyl phosphorothioate], an organophosphate,
was obtained from a regional supplier in original sealed
container.

Exposure assessment of fish to profenofos

The exploratory tests (range detection test) were performed
to explicate the imprecise operational concentration range
of profenofos on the test fish, as declared by OECD (1992).
The check medium was developed over a vast range of con-
centrations. These experiments were conducted in glass
aquarium (72 x 43 cm?) by exposing 10 specimens of silver
barb in 25 L freshwater containing numerous concentrations
of profenofos. The dead fish were recorded and separated
promptly. The nominal dose was chosen where no death was
documented in 24 h and also the highest fatal concentration
was where 100% death was acknowledged in 24 h. Static
bioassay methodology (APHA 1985) was followed to check
the toxicity of profenofos. For acute toxicity test, 10 fish
were unveiled to a serially diluted profenofos (0.2, 0.1, 0.05,
0.06, 0.07, and 0.08 ppm). Stock solutions (1.0 ppm) were
prepared by dissolving profenofos in distilled water. For the
trial and control test, dechlorinated tap water was assigned
in the examination. The experiments were conducted in two
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replicates along with a control at room temperature. Feed-
ing was fully in remission throughout the experimentation.
Probit analysis was employed to verify the concentration that
caused 50% death response of silver barb.

The median lethal concentration (LCs;,) for profenofos
was noted at 0.1 ppm. To check the biomarker reactions, 180
sound fish were brought into the aquaria (72 x 43 cm?) with
1/10th (0.01 ppm) and one half (1/2) (0.05 ppm) of LCs, of
profenofos as sublethal concentrations for 7, 15 and 30 days,
while a third gathering was regarded as a control (0% pro-
fenofos) and each having 3 replications. Air circulation was
connected to the water tank for 2 h to urge a same grouping
of the fatal compound and 30 haphazardly chosen fish were
changed to each study tank (aquarium).

After exposure to 1/10th (0.01 ppm) and one half (1/2)
(0.05 ppm) of LCs, of profenofos for 30 days, recupera-
tion of the toxicity of profenofos was evaluated in isolated
aquaria containing profenofos-free freshwater for three
comparison periods (7, 15 and 30 days) with daily reestab-
lishment of water. Throughout the experiment, feeding and
new measurements of profenofos levels were done follow-
ing the changing of the water on interchange day. The fish
were checked twice daily for death response and different
behavioral changes. At the termination of day 7, 15 and
30 post-exposures, at the minimum 7 fish from each test
tank (aquarium) were captured and their recuperation was
evaluated.

Assessment of erythrocyte deformities

The fish were aloof from the aquaria on every examination
day and later asleep with oil of cloves (5 mg/l); slime and
wet shown on the external surface of the fish were wiped
with tissue paper. Blood samples were collected with dis-
posable syringes from the posterior part of the body, spread
onto medical glass slides and dried at room temperature for
10 min. The spread was settled with methanol for 10 min
and dyed with 5% Giemsa stain and consequently cleansed
with tap water. The glass slides were dehydrated at room
temperature and after that mounted with DPX and viewed
beneath a microscope (MICROS, MCX100) using the 100X
lens. A minimum of three glass slides were set up for every
individual fish, and 2,000 cells were counted from each glass
slide with no less than five fish investigated in every gather-
ing. At the best cell with untarnished cellular and nuclear
films, coding and blind scoring were done. The micronuclei
evaluation indicators were acknowledged from Fenech et al.
(2003): the micronuclei (MN) need to be isolated from or
possibly covered by a fundamental nucleus to that degree
as there is clear characteristic proof of the nuclear limit,
and micronuclei ought to have stain alike to the principal
nucleus. Nuclear irregularities of the erythrocyte (NAE)
totally different from MN were ordered by Carrasco et al.

(1990). Architectural variations from the standard recogniz-
able proof criteria of erythrocytes ought to be conflicting
than the general erythrocyte cells structure which has an
ovoid outline with a midway dense nucleus (Sadiqul et al.
2016).

Statistical inference

The ordinariness (Shapiro—Wilk test) and homogeneity
(Levene’s test) of difference trial have been executed prior to
the factual examinations. Erythrocyte (cellular and nuclear)
anomalies were tried by utilizing one-way ANOVA (analysis
of variance). Post hoc test was done utilizing Duncan’s dif-
ferent examination techniques. Importance was set at 95%.
All the factual investigation was accomplished using SPSS
16.0. All qualities were communicated as mean + SD.

Results and discussion
Results
Acute toxicity test

Acute toxicity test was performed to investigate the impact
of profenofos on silver within brief period of exposure. A
time-dependent decrease as well as a dose-reliant increase
was perceived in death rate; since the exposure period
enhanced from 12 to 120 h, the LCs, decreased. No mortal-
ity was documented for control group; 10% mortality was
recorded in 0.06 ppm; at identical time 80% death response
was ascertained in the highest concentration of 0.20 ppm.
The profenofos pesticide for silver barb persisted a median
lethal concentration (LCs, with 95% confidence limits) of
0.10 ppm (Table 1).

Irregularities of erythrocytes at different sublethal
concentrations of profenofos

The nuclear abnormalities of erythrocyte (NAE) ascertained
at numerous introduction terms in two sublethal concen-
trations (1/10th and 1/2 of LCj) of profenofos incorporat-
ing control are represented in Table 2. An ovoid-shaped
erythrocyte with a regular oval-shaped nucleus at the mid-
dle of the cell was found in the control fish, whereas in the
profenofos-exposed fish, variations from the standard struc-
ture (e.g., micronuclei, swollen nucleus, terminal nucleus,
extended/elongated nucleus, and karyopyknosis) were seen
(Fig. 1). In this study, aberrations in the erythrocyte cells
of silver barb treated with various concentrations of pro-
fenofos were considerably diverse from those ascertained
in control fish (p <0.05). In the control cluster, the com-
mon variety of NAEs was concerning zero; but, the amount
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Table 1 LCjs, value of silver

Number responding at different exposure times
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. Concentration (ppm) Number
barb exposed to different
. exposed
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0.00 (Control) 10
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increased sharply at a fixated and span-dependent mildew
once introducing profenofos (Table 2, Fig. 2). The mean
qualities of the cellular irregularities of erythrocytes (CAE)
at distinctive presentation lengths are presented in Table 3
and Fig. 3. A comparative design of the return of CAE was
found in the uncovered gatherings because it was in the
NAE. The distinctive varieties of CAE seen in the studied
fish were demembranated, crescentic, spindle-shaped, twin,
and almond-fashioned cells (Fig. 4).

Recuperation responses of NAE and CAE

The recuperation reactions of NAE are displayed in Table 2.
The recuperation reactions of the fish treated with different
concentrations of profenofos differed significantly (p <0.05).
All irregular nuclei in Fig. 1 (micronuclei, swollen nucleus,
terminal nucleus, elongated nucleus, and karyopyknosis) and
recuperation rate at 1/10th concentration of profenofos dem-
onstrated relatively higher recuperation than the 1/2 concen-
tration of profenofos (Figs. 2 and 5a). In the two focuses, a
significant (p < 0.05) distinction between recuperation rates
was seen in the 15-day recuperation groups than in the oppo-
site two (7-day and 30-day) recuperation groups.

Remarkable dissimilarities in the recuperation reactions
of CAE in reference to the control gatherings and among
recuperation days are shown in Table 3. Every aberrant
cell (demembranated, crescentic, spindle-shaped, almond-
molded and twin-molded cells) at 1/10th concentration
showed a higher recuperation rate like NAE than at the 1/2
concentration of profenofos (Figs. 3 and 5b).

Discussion

The present investigation inspected the cytotoxicity of pro-
fenofos on erythrocytes and its recuperation arrangements
and recovery outlines in B. Gonionotus through two investi-
gations: an easy and solid nuclear variation from the stand-
ard structure of erythrocytes (NAE) and a cytotoxic test of
cellular anomalies of erythrocytes (CAE). Our principal
objectives were to assess the appropriateness of those two

* @ Springer

criteria as bio-indicator of pesticide prevalence, employing
a freshwater teleost, silver barb (B. Gonionotus), as a model
organism. Here, it had been seen that profenofos causes
numerous deformations in erythrocytes when absorbed into
the fish body. Blood profile has been recognized a patho-
physiological indicator of the health status of fish, and thus,
hematological features like erythrocytes are imperative tool
to detect the physiology and biochemistry of fish exposed
to different endocrine-disrupting chemicals. Erythrocyte are
capable to respond to a few environmental obsess and modi-
fications of erythrocyte (cellular and nuclear) represent the
most common reflection towards pesticide present in water
bodies (Sawhney and Johal 2000).

Micronuclei and different nuclear variations from the
standard are biomarkers of chromosomal variability and
cytotoxic occurrences. Micronuclei (chromosome harm
events) might increase the danger of formative and dete-
riorating conditions in fish. The development of micronu-
clei may be a marker of genomic harm. The micronuclei
of fish are useful exploratory framework for evaluating the
genotoxic attributes of chemicals prevailing in the aquatic
ecosystem (Khan et al. 2018; Sadiqul et al. 2016; Bolognesi
and Hayashi, 2011). Micronuclei were likewise answered
to start out amid anaphase from slacking acentric chromo-
somes or chromatid sections produced through unrepaired
DNA breakdowns or the misrepair of DNA breaks (Fenech
et al. 2011). Outcomes of the present examination demon-
strated fixation and term reliant escalation in the recurrence
of micronuclei and a few different nuclear anomalies in sil-
ver barb’s erythrocytes that backs the discoveries of Ahmed
et al. (2011).

In a snakehead, the recurrence of micronuclei was
observed to be basically larger extent attributable to arse-
nic introduction although it had been brought down in the
control gathering of the fish (Patowary et al. 2012). In the
present examination, micronuclei expanded following seven
days of pesticide exposure. Micronucleated erythrocytes in
fish appeared from one to five days resulting from intro-
duction to genotoxic and, in addition, cytotoxic specialists
(Udroiu 2006). A 7-day recuperation period demonstrated
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Fig. 1 Diverse nuclear modifications of erythrocyte cell of silver barb
exposed to the sublethal groupings of profenofos, for example a con-
trol (consistent cell), b terminal nucleus, ¢ swollen nucleus, d micro-
nucleus, e Karyopyknosis, and f elongated nucleus. Two gatherings
of fish were bestowed to 1/10th and 1/2 of LCs, of profenofos for 7,

m7 ml5 30

Average No. of NAE/1000 erythrocytes

Expo | Recov | Expo | Recov

Fig.2 Alterations of the average total of all NAEs in the test fish
treated with sublethal concentrations (1/10th and 1/2 of LCsy) of
profenofos and the corresponding controls at each time of exposure
(7, 15 and 30 days) and recuperation in pesticide-free freshwater for
comparable interims. Data represent mean+SD (n =7). Cont—con-
trol, Expo—exposure, Recov—recovery

the foremost astounding recuperation reaction, and also the
decreasing micronuclei arrangement could show overhaul
of harmed DNA, damage of intensely injured cells, or both
as conferred by Grover et al. (2001). This reverse connec-
tion between the time of application and DNA harm could
be attributable to the danger of xenobiotics that might irri-
tate enzymatic procedures in the arrangement of DNA harm
(Rank and Jensen 2003).

Every erythrocyte seems oval accompanied by an elon-
gated nucleus under the microscope. The intense assault
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15, and 30 days; at the same time, the third gathering was regarded as
control (0% profenofos). Three glass slides were set up for each fish,
and 2000 cells were counted from each slide and no less than 5 fish
were examined in each gathering. Giemsa stain: 100X

of the chemical profenofos prompts erythrocytic layer dis-
turbances and nuclear retrogressions in the experimental
fish, specifically, micronuclei, binucleus, declined nucleus,
notched nuclei, nuclear scaffold, and nuclear bud. Various
investigations delineate the introduction of genotoxic sub-
stances and also the distance of varied NAE (Khan et al.
2018; Sadiqul et al. 2016; Ergene et al. 2007; Bar"siene et al.
2006; Cavas and Ergene-Gozukara 2005; Kammann et al.
2004). Pesticides delivered deeply responsive free radicals
inside the fish body. These free radicals respond with DNA
and generate nuclear budding in the interphase section of
cell division in this manner; as a result, blabbed, lobed, binu-
cleated, declined, notched, nuclear bridges, and nuclear buds
are formed (Hussain et al. 2012). Levin et al. (2004) likewise
conjectured that variations from the norm emerge because
harm occurred to the hereditary substance due to free radi-
cals delivered during oxidative stress of the endocrine dis-
ruptive chemicals. Lobed, notched, vacuolated, dense, and
divided erythrocytes with blabbed nucleus might likewise be
known with the frustration of tubulin polymerization attrib-
utable to fatal impacts (Walia et al. 2013; Campos-Pereira
et al. 2012). Most astounding, in the present examination
binucleated declined nuclei, notched nuclei, nuclear bud,
and nuclear scaffold were seen each at 7-day and 15-day
periods of treatment.

As found in some other examinations, here we observed
that the NAE number was conditional on duration and
profenofos concentration (e.g., Khan et al. 2018; Sadiqul
et al. 2016; Osman 2014; Ergene et al. 2007). In the pre-
sent examination, we found that the frequencies of every
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Average No. of CAE/1000 erythrocytes
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Fig.3 Varieties of the average total of all CAEs in the test fish pre-
sented to sublethal concentrations (1/10th and 1/2 of LCj) of profen-
ofos and the corresponding controls at every time of exposure (7, 15
and 30 days) and recuperation in freshwater for comparable interims.
Data represent mean=+SD (n =7). Cont—control, Expo—introduc-
tion, Recov—recovery

irregularity in each investigation were in the following trend:
micronuclei < terminal nucleus < swollen nucleus < elon-
gated nucleus < karyopyknosis. Moreover, we saw the most
astounding recuperation for the 15-day time frame. At the
30-day exposure and recuperation periods, the two concen-
trations demonstrated the strength of variations from the
standard structure. Nepomuceno et al. (1997) recommended
that the excessive poison fixation may restrain typical cell
division, harm erythrocyte chromosomes, and intrude on
DNA duplication, making nuclear variations decay from
the standard. The NAE has a tendency to try and out, and

(a)

Pe,

_—

Fig.4 Diverse cellular modifications of erythrocyte cell of silver barb
exposed to the sublethal groupings of profenofos for example a con-
trol, b demembranated, ¢ spindle shaped, d almond formed, e twin
formed, and f crescentic molded. Two gatherings of fish were pre-
sented to 1/10th and one half (1/2) of LCjs, of profenofos for 7, 15,

* @ Springer

fish may elevate some protective component to lessen a por-
tion of the pesticide deposits in the body with a specific
end goal to balance out the poisonous quality (Nepomuceno
et al. 1997).

The erythrocyte layer is by all accounts most influenced
by profenofos and expanded porosity. These modifications
of the erythrocyte membrane could be the disorganization
of lipid microenvironment of the membrane and, moreo-
ver, because of expand of lipid per oxidation affected by
profenofos, ensuing increase in the permeability and flu-
idity of membrane (Brecher and Bessis 1972). The incre-
ment in the grouping of pesticide for the present time
frame enlisted an expansion in the quantity of CAE. CAE
incorporates demembranated, crescentic, spindle-shaped,
almond-molded, and twin-molded cells. These morphologi-
cal changes occur because of adjustments in the plasma layer
influencing surface twisting and making erythrocytes a lot
of defenseless to blasts once crossing little vessels (Brecher
and Bessis, 1972). Jha (2008) declared that varied endocrine
troubled chemicals having oxidative pressure probably could
attack DNA, bringing about clastogenic, morphological, and
subnuclear harm. Additionally, Ateeq et al. (2002) explained
the grouping of cell debasement under the impact of pesti-
cides and proposed that pesticides might originate hypoxic
status, which lead to the ill-being of ATP that prompts an
unusual state of erythrocytes.

Our investigation uncovered that the most extreme
frequencies of extended and combined cells discovered
promptly once exposure for seven days are lowered. In
addition, the most noteworthy recuperation reaction was

(©

PP

|

~

and 30 days; at the identical time, the third gathering was regarded as
control (0% profenofos). Three glass slides were set up for each fish
and 2000 cells were counted from each glass slide and no less than 5
fish were investigated in each gathering. Giemsa stain: 100X
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Fig.5 Alterations of the of the average recuperation amount of all
NAEs (a) and CAEs (b) in the test fish treated with two sublethal
concentrations (1/10th and 1/2 of LCs) of profenofos at each period
of exposure (7, 15 and 30 days). Data represent mean+SD (n=7)

ascertained at a 15-day time span before moderating downs.
Comparable investigations were made by Das and Nanda
(1986) in a period-conditional decline of CAE in the blood
of stinging catfish. In their study, twin- and spindle-shaped
erythrocytes were incontestable maxima during a 15-day
period.

Conclusion

Alterations in the shape and size of erythrocyte parameters
are generally vulnerable to a couple of stereotypic reactions
to an assortment of natural fixates, which are considered as
the major bioindicators of ecological contamination. The
results of the current examination indicate that profenofos
is altogether harmful to the nourishment of fish contin-
gent upon the fixation and exposure periods. Accordingly,
changes to erythrocytes could be considered as biomarkers
in the poisonous quality appraisal of profenofos in fish and
other aquatic life. Not long ago, little was thought about
recuperation examples or periods of duration essential for

the recuperation of erythrocytes of aquatic animals par-
ticularly in fish. Our findings showed that recuperation of
the NAE and CAE is time and measurement dependent, as
the parameters steadily normalized after exposure to pes-
ticide-free water. In any case, more research is required to
grasp the instruments associated with the harmfulness of
organophosphate and with recuperation both in the short
and long terms at various levels of the natural organization.
Finally, any analysis can facilitate people to become cog-
nizant concerning the impact of pesticides used for yield
generation on the physiological health of fish and differ-
ent aquatic life. Such studies could likewise discover a much
better way of using this organophosphate in the field. From
the eco-physiological perspective, the use of profenofos in
the agriculture and aquaculture should be exactly assessed.
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