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ARTICLE INFO ABSTRACT

Edited by Dr. A.M Tsatsaka The experiment was explicated to investigate the fenitrothion persuaded genotoxicity in the peripheral eryth-

rocytes of zebrafish (Danio rerio) through in vivo exposures (10 %, 20 % and 40 % of LCs of fenitrothion, i.e., 0.8,

Keywords: 1.6, and 3.2 mg/L, respectively) for variable periods (1, 3, and 7 days) and its subsequent post-exposure recu-
A_““te toxicity peration array in pesticide-free water for similar intervals was also evaluated. With the exception of the control
Blomarker, . group (0% of fenitrothion), the obtained results pointed out that with the promotion of time and concentrations,
Erythrocytic abnormalities . L. s . . .

Fenitrothion fenitrothion induced significantly (p < 0.05) higher prevalence and severity of erythrocytic nuclear abnormal-
Genotoxicity ities (ENA) such as- notched, micronucleus, nuclear bridges, blebbed, binucleated, nuclear bud and also eryth-
Organophosphate rocytic cellular abnormalities (ECA) such as - echinocytic, elongated, tear-drop, crescentic, twin, fusion, and
Recuperation spindle-shaped cells. Recuperation data stated that zebrafish cured spontaneously and aberrated erythrocytic
Zebrafish anomalies in all treatments were renormalized according to the concentration and duration dependence. Hence,

we concluded that fenitrothion has a dangerous effect on the zebrafish, and this technology can be used to

anticipate the sensitivity of aquatic animals to environmental pollution.

1. Introduction

The use of pesticides in agricultural areas to protects crops from
harmful organisms, which may expand the aquatic environment and
adversely affect aquatic organisms. Increased urbanization, industrial
enterprise and technological expansion have prompted the heavy use of
synthetic chemicals as pesticides, inflicting pollution and wastage in
many ecosystems [1,2]. The aquatic habitat is the final meeting point of
various chemical substances and water can be used as a medium for
contact with various toxic substances [3]. When most rural farming
areas are located near water bodies, these synthetic compounds pene-
trate the soil into lakes, waterways and streams and other aquatic sys-
tems, causing catastrophic effects on aquatic organisms. In addition to
target pests, chemicals also significantly affect the presence of
non-target organisms in aquatic environments such as invertebrates and
fish. Even if direct contacts with chemicals in contaminated water are
short, it will produce abnormalities in the fish blood [4,5].

Blood parameters have promoted toxicology research assessment
tools as biomarkers, because fish blood components shrink due to any
type of environmental change, and because they are directly connected

through the gill surface, they respond quickly to any changes in water
quality [6]. Water contaminated with toxic metals and pesticides can
affect fish by changing normal behavior [7,8], histo-morphological al-
terations in intestine, kidney, liver, etc. and physiological function
(modifications in blood parameters) ([9-14]) and depletion of RNA,
DNA and protein contents [15].

Fenitrothion (O, O Dimethyl O-3- methyl-4-nitrophenyl; a 94.2 %
solution of fenitrothion is known as sumithion) is an insecticide, which is
mainly used for crop protection and repelling of aquatic insects (espe-
cially tiger worms) before release of larvae in aquaculture ponds [16].
Fenitrothion is known to be somewhat harmful to fish [17], moderately
toxic to warm and cold-water fish. Indiscriminate application of such a
kind of pesticide may significantly distress the normal physiology,
biology and early development of aquatic organisms [18,19].

For monitoring environment quality blood parameter analysis serves
as an early warning tool and red blood cell irregularity test (nuclear and
structural changes of red blood cells) is one of the relevant diagnostic
tools to assess oxidative stress and genotoxicity caused by toxic sub-
stances present in aquatic ecosystems [15]. The red blood cells (eryth-
rocytes) of fish are different from the red blood cells of mammals
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because they have cell nuclei, and they are interpreted in the form of
morphological changes as important biological indicators of pollution.
Red blood cell micronucleus analysis has made outstanding achieve-
ments in assessing the stress syndrome of pollutants and the genotoxicity
and mutagenic effects of various environmental contaminants (Cavas
and Konen [20]; Anbumani and Mohankumar [6,15,18],). In genotox-
icity, the examination of the nuclear abnormalities of erythrocytic
(ENA), an alternative of the common micronuclei analysis, a suitable
indicator for detecting the health status of fish and environment, and is
also extensively used in the toxicity test [15,21].

The recuperation of erythrocytes of aquatic animals especially in fish
relies on the periods of duration [6,18] and understandings on the
duration of full recovery after exposure to pesticide helps to ensure the
compatible welfare of fish [22], henceforth the transition and recovery
data may be a prognostic tool for environmental risk assessment [23,
24]. So, this study aims to evaluate the possibility and pattern of red
blood cell abnormalities (nuclear and cellular abnormalities) and the
recovery of these biomarkers after exposure to fenitrothion in zebrafish
(Danio rerio).

2. Materials and methods
2.1. Collection and rearing of experimental fish

Three hundred and sixty wild type adult zebrafish (Danio rerio) (body
weight 0.9 + 0.2 g; standard length 4 + 0.7 cm) of both sexes were
collected from the field laboratory complex of Bangladesh Agricultural
University in a plastic bag filled with 1/3 water and 2/3 oxygen. Then
they were acclimatized in aerated tap water for 15 days in a cemented
tank prior to the experimentation under 12 h light and 14 h dark con-
dition and tank water was renewed every alternative two day. These fish
were given 33 % protein containing commercial fish feed (Spectra Feeds
Ltd.) twice a day. Suctioning was performed daily for the removal of
fecal and feed residues. Studied fish were managed and guided as re-
ported by the ACP (Animal Care panel), Bangladesh Agricultural Uni-
versity, Bangladesh. Physico-chemical parameters of the water such as
temperature, pH, and dissolved oxygen were observed. Fish were
accepted as well adapted to laboratory conditions when less than 1%
mortality was recorded during acclimatization period of 15 days period.
The feeding supplement was abolished 24 h prior to the initiation of the
experiment. The commercial-grade fenitrothion was procured from the
authorized pesticide dealer from Dhaka, Bangladesh. The end date of
pesticide has been verified before the start of the experiment.

2.2. Exposure of fish to fenitrothion

For the acute toxicity tests of fenitrothion on zebrafish, each exper-
imental tank (36 x 10 x 12 inch®) was filled with 20 L of de-chlorinated
tap water after cleaning with KMnO4 and sun-drying properly. The 96 h
LCsp value of fenitrothion for zebrafish is 7.89 mg/L (Ahmed et al.,
2011). Thirty healthy fish were introduced into each tank with 10 % (0.8
mg/L), 20 % (1.6 mg/L) and 40 % (3.2 mg/L) of the LCs of fenitrothion
for 7 days while the fourth group treated as control (0% of fenitrothion).
During the experiment, the fish were fed twice a day, and a new dose of
fenitrothion was used after changing the water on another day. Five fish
were sampled from each group at the definite gaps (e.g., 1, 3, and 7 days)
until the termination of the experiment.

2.3. Recuperation assessment

The pesticide exposure experiment was conducted for 1, 3 and 7 days
and the recovery rate was evaluated at similar intervals in pesticide-free
water. After 7 days of exposure to 10 %, 20 %, and 40 % of LCs of
fenitrothion, the fish were shifted to fenitrothion-free water tank for
recuperation assessment. Renew the water every day and feed the fish
every day. At the end of days 1, 3, and 7 after exposures, five individuals
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were collected from each tank and evaluated for their recuperation.

2.4. Estimation of erythrocytic abnormalities

Fish were caught gently from the tank on specific sampling day and
anesthetized instantly with clove oil (5 mg/L). Blotting paper was used
to clean the water and slime of the fish body. Peripheral blood samples
of 5 fish from each group were obtained from the tail region using a
surgical syringe. Immediate after sampling, blood sample was sprayed
on pre-cleaned glass slides and then the slides were dried at room
temperature for 15 min. After fixing the slides in 70 % methanol, place
them at room temperature for 10 min, then stain the slides with 4%
Giemsa for 7 min, and finally clean with tap water After air-drying
overnight, the glass slides were mounted with DPX, and ENA
including micronuclei (MN) and cellular abnormalities of erythrocytic
(ECA) cells were scored under the Micros microscope (CX100, Austria)
using a 40X objective lens. Scoring 2000 cells from each slide, 5 slides
were prepared for each fish, and blindly scoring MN, ENA and ECA was
performed on the randomly coded slides to reduce technical differences.
For the score of MN, the following standard of Fenech et al. [25] was
used: as long as the nuclear boundary can be clearly identified, the MN
should be separated from the main nucleus or slightly overlapped with
the main nucleus; the staining of the MN should be similar to the main
nucleus. Abnormalities of nucleus other than MN in red blood cells were
classified in the opinion of Sadiqul et al. [15]. In short, a cell with two
nuclei is considered to be binuclear. A small tubular outgrowth of the
nuclear membrane and contained euchromatin is known as blebbed. A
nucleus with a tiny cavity and a considerable depth into a nucleus that
does not contain nuclear material is called a notched. Nuclei with tube
like out-growth are labeled as nuclear buds and nuclear bridges, which
are thin lines that connect individual nuclei.

The identification standard for ECA should be different from struc-
tured red blood cells, which are elliptical structures with concentrated
nuclei. Red blood cell abnormalities are categorized as echinocytic cells,
which have jagged edges on the entire cell surface and have a more
uniform shape; an elongated cell whose length is significantly greater
than its width; fusion is the connection of two or more cells to form a
larger cell volume; the main axis widens in the middle and then tapers at
the ends termed as spindle; two cells are connected by the cell surface
called as twin and a erythrocyte that is pulled to the nipple at one end,
called tear-drop.

2.5. Statistical analysis

Before performing statistical analysis on all data sets (ENA and ECA),
first complete the normality and homogeneity of the variance test. The
data from ECA and ENA analyses were executed using ANOVA (one-way
analysis of variance) followed by the post-hoc test. Statistical analysis
was done with the SPSS Version 20.0 for Windows. All data are
expressed as mean + SD. The level of statistical significance was set at p
< 0.05.

3. Results
3.1. Effects on ENA at different exposure days

Mean ENA at individual exposure lengths including control are
shown in Table 1. In the control group, the erythrocytes were oval and
the nuclei arranged neatly, while in the fenitrothion treatment group, a
number of nuclear irregularities were observed, such as bi-nuclei,
blebbed nuclei, nuclear bud, nuclear bridge and notched nuclei
(Fig. 1). After two consecutive days of exposure, the average erythrocyte
nucleus abnormality increased significantly, and the change in ENA
frequency (Table 1) was significantly different (p < 0.05).
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Mean number of erythrocytic nuclear abnormalities (ENA) in zebrafish exposed to three sub-lethal concentrations (0.8, 1.6 and, 3.2 mg/L, i.e., 10 %, 20 %, and 40 % of
LCso, respectively) of fenitrothion and the respective controls at each period of exposure (1, 3 and 7 days) and recovery for similar intervals.

- Dose (% Exposure period Rec-overy Recovery Exp‘osure Rec.overy Recovery Explosure Rec.overy Recovery
Abnormalities period period period period period
of LCsp) rate (%) rate (%) rate (%)
Control 1 day 1 day 3 day 3 day 7 day 7 day
0.48 + 0.40 + 1.50 + 1.12 + 4.18 + 1.68 +
10 0.02% 0.01% 16.66 0.11° 0.30Y 2533 0.22¢ 0.13* 5980
X . 0.33 + 0.68 + 0.60 = 0.01 1.714+0.13  1.40+0.18 4.84+013 212+
Micronuclei 20 0.10 ™ 0037 X 11.76 b y 18.12 A 0,05 56.19
0.87 + 0.74 £0.11 1.80+0.20 1.50+£0.17 5.79+0.21  3.21+0.20
40 0122 x 14.94 b y 16.66 c 2 44.55
0.51 + 0.45+0.11 0.33+£0.13 0.25+ 0.84+£0.02 0.55+0.11
10 0.14% M 11.76 a 0.09 24..24 b X 34.52
Binucleated 20 85?3; gggai 9.64 +0.19 12.32 S.69i0.21 )(().57i 0.15 17.39 3.15i0.13 S.78i0.09 32.17
.48 + .44 £ 0. .62 +0.1 .50 £0.21 1.18+0.1 .82 £0.
40 gi&;a 844 0.05 8.33 86 0.16 950 0. 19.35 ! 8+0.14 88 0.05 30.50
10 gz';ai )(()‘65i0.14 15.58 3.20i0.05 9.86i0.07 28.33 Cl.95i0‘12 Z1.12i0.09 42,56
Blebbed 0.35 + 0.96 + 0.84+£0.13 1.57+0.05 1.00+0.06 210£0.23 1.30£0.11
uclei 20 011 ™ 0.16 2 . 12.50 b v 26.75 : v 38.09
40 (1)(1)‘123: 3‘0010.11 11.50 &.5510.06 i.25j:0.10 19.35 C2.55:{:0.25 3.60j:0.20 37.95
10 gﬁj;& )(().25:&0.08 13.79 8.9310.12 ;).78:&0.20 16.12 176 4+ 0.3¢ )(,).8910.18 49.43
Notched 0.15 + 0.56 + 0.49 £ 0.09 1.03+0.12 0.85+0.13 2,69+£042 1.59+0.10
nuclei 20 0.05 = 0.06 2 x 12.50 b y 17.47 ¢ 2 40.08
0.70 + 0.62+0.16 1.40+0.12 1.18 £0.36 3.96 +1.09 2.60+0.10
40 0,032 x 11.42 b y 15.71 ¢ 2 34.34
10 gi; ai )(()‘22 +0.08 18.51 3.57 +0.08 3.98 +0.27 3757 C1.90 +0.07 }(3.90 +0.02 52,63
Nuclear 0.18 + 0.25 + 0.21 £ 0.08 1.25+0.12  1.00+0.08 246+0.27 1.50+0.17
bridge 20 0.02 0,02 X 16.00 b y 20.00 ¢ 2 39.02
40 g;’;'i?:‘t )(().33:&0.06 10.81 g.40:EO.14 3.06:&0.11 24.28 3.3310.19 Z2.21:&0.15 33.63
0.13 + 0.11 £ 0.06 0.40 + 0.29 £ 0.06 0.75+0.04  0.44+0.05
10 0072 x 15.38 0.04% x 27.50 b y 41.33
0.10 £ 0. 0.20 + 0.18 + 0.06 0.50 + 0.37 £ 0.14 0.94+0.05 0.68 +0.08
Nuclear bud 20 L 017 0.05? X 10.00 0.09% X 26.00 b y 27.65
0.30 + 0.26 £ 0.01 0.68+0.25 0.52 + 1.00+0.04 0.74+0.05
40 0112 x 13.33 b 0.13% 23.52 ¢ y 26.00

Values with different alphabet superscripts in the same row differ significantly (p < 0.05) between exposure and recovery periods, respectively in ENA cells. All values

are expressed as mean=+SD.

3.2. Effects on ECA at different exposure days

Significant changes in mean ECA frequency were observed within
days of exposure (p < 0.05) (Table 2). The fish of the control treatment
exhibited a normal red blood cell structure with regular cell walls.
Compared with the control group, the frequency of ECA gradually
increased after the treatment with fenitrothion (Table 2). The various
patterns of ECA detected in this experiment, like - spindle-shaped,
echinocytic cells, crescentic-shaped, elongated-shaped, fusion, twin-
shaped, tear-drop shaped, and demembranated cells (Fig. 2).

3.3. Recuperation responses of ENA induced by fenitrothion

The data of the recovery responses of individual ENA and all ENA are
presented in Tables 1 and 3, respectively. The ENA content of the fish in
the recovery period is low, and its value has a statistically significant
change (p < 0.05). Almost all anomalous nuclei are normalized, and the
recovery rate of the 10 % concentration of the fenitrothion shows a
higher recovery rate than that of the fenitrothion concentration of 20 %
and 40 %. The experimental results show that the recovery rate of
micronucleus formation is the highest at 7 days at a concentration of 10
% (Table 1).

3.4. Recovery responses of ECA induced by fenitrothion

Table 2 shows the statistically significant differences in the recovery
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response of each ECA relative to the control group, and also shows the
recovery responses of all ECAs between recovery days in Table 4. Re-
covery responses of ECA for the blood of zebrafish were duration and
concentration-dependent. Increasing recovery time led to decreasing the
frequency of ECA. All abnormal cells at a concentration of 10 % showed
a higher recovery than fenitrothion at 20 % and 40 % (Tables 2 and 4).

4. Discussion

The genotoxicity of fenitrothion on erythrocyte and its recuperation
patterns in zebrafish was explicated in this study using nuclear abnor-
malities of erythrocyte (ENA) including micronuclei (MN) and cellular
abnormalities of erythrocyte (ECA). The purpose of this study was to use
zebrafish as a model organism to evaluate the applicability of these
procedures and learn more about the prospective use of this fish as a
biological monitor. The results showed that fenitrothion increased the
frequency of ENA and ECA in zebrafish blood in a concentration and
time-dependent manner. Blood is a reflection of pathophysiology and
the frequency of erythrocyte aberrations (cellular and nuclear) is an
indicator of the presence of pesticides in water, because erythrocytes
have the ability to respond to certain environmental problems [26].
Different abnormalities of red blood cells are considered to be the
leading biomarkers to evaluate the harmful effects associated with
pollution and exhibit the relationship between chronic health effects
and mutagenicity [20].

In this study, several erythrocyte nuclear abnormalities were
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Fig. 1. Blood smears of zebrafish exposed to sub-lethal concentrations of fenitrothion showing several ENA such as (A) control (an ovoid-shaped erythrocyte with a
regular oval-shaped nucleus at the middle of the cell), (B) micronucleus (MN), (C) notched nucleus (D) blebbed, (E) bi-nucleus, (F) nuclear bridge and (G) nuclear bud

(Giemsa stain: 40X).

perceived in zebrafish blood smears, including notched nuclei, binu-
clear, blebbed, nuclear bridges, nuclear buds, and micronuclei. The
pattern of ENA frequency enhancement depends on the time and dose-
dependent manner. Indistinguishable inspections were made by some
other researchers [15,21]. In this study, the frequency of ENA reached
its maximum after 7 days of exposure, and the rate of occurrence of each
irregularity in all treatments were in the order: micronuclei > notched >
nuclear bridge > blebbed > bi-nucleus > nuclear bud. The rate of
occurrence of erythrocyte irregularities in a cell is depending on the
kinetics of cell proliferation [27]. A sort of toxic substances, which in-
fluence chromosomal irregularities, can regulate to these nuclear mal-
formations [28]. In addition, due to toxic effects, notched,
concentration, fragmentation and erythrocyte with blebbed nucleus
may also be linked to the collapse of tubulin polymerization [29,30].
The increased frequency of ENA indicates that there are genotoxic and
mutagenic effects in this experiment, which may be owing to the
expanded production of caspase-activated DNase, leading to the cleav-
age of nuclear and cytoskeletal proteins and aneuploidy [1].

Fish’s MN proved to be a convenient technique for assessing geno-
toxic pollutants present in the aquatic environment and reported origi-
nating owing to either clastogenicity or aneugenicity (mitotic spindle
dysfunction) during anaphase from lagging acentric chromosome or
symmetrical and asymmetrical chromatid fragments caused by unre-
paired DNA breaks or miss-repair of DNA breaks from exposure to a
genotoxic contaminant [6,15,18,20,31]. In this study, authors specu-
lated that, MN prevalence and severity increased after 7 days of feni-
trothion exposure. Micronucleated red blood cells found in fish 1-5 days
after exposure to pollutants [32]. Therefore, the maximum number of
MNs observed after 7 days. It is envisaged that micronucleus provides
indirect evidence for chromosomal instability, DNA damage and
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genotoxic events, thereby increasing the risk of fish development and
degenerative diseases.

The study results of ENA in zebrafish treated to fenitrothion
exhibited that binucleated cells and notched nuclei increased signifi-
cantly at different exposure days, where the exposure concentration was
high, and the highest value was observed at 7 days of exposure. Ventura
et al. [29] suggested that mitotic fusions caused by the aneugenic effects
of poisons can lead to the formation of binucleated cells and notched
nuclei. On the first day of fenitrothion exposure, the appearance of
nuclear buds can be almost controlled but with the increase of exposure
days, the appearance of nuclear buds gradually increased. Perhaps,
fenitrothion generated reactive free radicals in the fish’s body and
Hussain et al. [1] said that the generated free radicals can react with
DNA molecules in the interphase stage and form nuclear buds.

Moreover, in the current study, it can be seen that the highest
recuperation array is exhibited during the 7-day recovery period, and
the reduced MN formation may indicate the reconstruction of damaged
cells, DNA, or both, as suggested by Banu et al. [33]. This reverse cor-
relation between exposure time and DNA damage may be owing to the
toxicity of xenobiotics. This biotin may distract the enzymatic process in
the generation of DNA destruction [34]. An additional speculated
mechanism may be the gene activation of metabolic enzymes (such as
cytochrome P450) in diverse tissues, thus providing a defense mecha-
nism against hazardous chemicals [35]. In isolated human lymphocytes
and fish, similar repair mechanisms have been observed for pesticides
such as malathion and monocrotophos [33,36]. In addition, other fac-
tors, including DNA repair efficiency and cell removal kinetics, can
eliminate those damaged cells, which may be related to spontaneous MN
and nuclear abnormalities frequency interspecies changes [20]. More-
over, increased erythropoiesis may dilute or obscure the amount of MN,
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Mean number of erythrocytic cellular abnormalities (ECA) in zebrafish exposed to three sub-lethal concentrations (0.8, 1.6 and 3.2 mg/L, i.e., 10 %, 20 %, and 40 % of
LCso, respectively) of fenitrothion and the respective controls at each period of exposure (1, 3 and, 7 days) and recovery for similar intervals.

- Dose (% Exposure period Reclovery Recovery Exposure Rec.overy Recovery Exposure Reciovery Recovery
Abnormalities of LCey) period Rate (%) period period Rate (%) period period Rate (%)
50 Control 1 day 1 day > 3 day 3 day ° 7 day 7 day °
2.30 + 1.89 + 3.97 + 3.50 + 2.29 + 0.95 +
10 1.90% 0.41* 17.82 1.60° 0.38 11.83 0.73% 0.18* 58.51
Tear-drop 0.30 + 5.29 + 3.80 + 1.52 + 1.29 + 2.38 + 0.80 +
shaped 20 0.10% 3.117 0.60* 28.16 0.68° 0.23¥ 15.13 0.70¢ 0.16” 60.08
7.45 + 3.96 + 571 + 3.70 + . 152+
40 5.91° 1.02* 46.84 2.6 0.75% 35.20 2.77 £1.0 010" 45.12
10 g'ggai g';gxi 8.75 (2).;;:{: ﬁ';gyi 13.66 2.314.33¢ (l)'(l);xi 51.94
. . 0.30 + 1.20 + 1.06 + 2.09 + 1.74 + 1.63 + 0.72 £
Echinocytic 20 0.107 0.35° 0.44% 11.66 0.96° 0.75" 16.74 0.03 0.07% 55.82
1.44 + 1.34 + 2.51 + 1.87 + 2.60 + 1.49 +
40 0.71° 0.70" 6.94 0.97° 0.30 25.49 0.66" 0.04% 42.69
1.03+ 087+ 1.34 + 0.95 + 1.53 + 0.73 £+
10 0.66% 0.16* 1553 0.77¢ 0.37% 2.10 0.07° 0.49* 5228
Elongated 0.20 + 3.03 + 2.80 + 1.20 + 0.92 + 0.87 + 0.44 +
shaped 20 0.09% 0.78% 0.11% 7:59 0.37° 0.25Y 23.33 0.22¢ 0.03* 49.42
0.47 £  0.40 = 1.96 + 1.57 + 0.48 + 0.27 +
40 0.14% 0.15* 14.89 0.24° 0.240 19.89 0.04° 0.11% 4375
1.35+ 1.16 = 2.20 £ 1.75 = 3.86 + 1.55+
10 0.37% 0.58* 14.07 0.93° 0.19" 2044 1.46° 0.14% 5984
. 0.18 + 3.50 + 3.30 + 1.92 + 1.45 + 2.62 + 1.30 +
Fusion 20 0.07° 1477 1.07 571 0.55 0.96Y 24.47 0.56° 0.12 5038
2.90 + X 1.62 + 1.39 + 1.90 + 0.80 +
40 0.13° 2.80 + .87 3.44 0.41° 0.63" 14.19 0.20° 0127 57.89
o ORI A ST SR S
0.23 + 081+ 075+ 3.01 + 2.43 + 0.82 + 0.42 +
Demembranated 20 0.12% 0.14? 014" 12.34 1.375 0.15" 19.26 0.02° 0.08" 48.78
247 + 2.30 £ 2.70 £ 1.97 + 1.89 + 0.95 +
40 0.83% 0.20* 6.88 0.76" 1.24 27.03 0.79¢ 0.16” 4973
10 S S S P
. 0.30 + 292 + 2.41 + 1.56 + 1.10 + 2.40 + 0.99 +
Spindle shaped 20 0.14% 1.54° 0.43% 17.46 0.63° 018" 29.48 071 0.88" 58.75
2.68 + 232+ 2.88 + 1.95 + 1.79 £ 0.90 +
40 2.06% 0.97* 13.43 0.66% 0.69Y 32.29 0.69° 0.51% 49.72
1.20 + 1.00 + 2.77 £ 2.07 + 4.33 £ 1.99 +
1 16. 25.2 X
0 0.24° 0.56* 6.66 0.41° 1.05Y 527 1.84¢ 0.16* 54.04
. 0.15 + 2.70 + 2.35 + 4.57 + 3.51 + 3.71 + 1.82 +
Twin 20 0.06% 0.81°  0.65" 12:96 2.83° 0.86Y 23.17 0.72¢ 0.17" 50.94
2.89 + 2.50 + 4.40 + 3.20 + 2.56 + 2
40 1.95% 0.63" 13.49 1.57° 0.90Y 27.27 0.50° 1.60 + .08 37.56
1.30 + 1.21 + 2.82 + 2.32 + 1.23 + 0.53 +
10 0.38% 0.64* 6.92 0.39° 0.89¥ 17.73 0.14° 0.43% 5691
Crescentic 0.03 + 1.10 £ 0.96 + 2.20 + 1.82 + 0.95 + 0.55 +
shaped 20 0.01% 0.31% 0.54* 1272 0.25° 0.36Y 17.27 0.16% 0.02% 42.10
1.50 + 1.35 + b 157+ 0.23 + 0.10 +
10. 1.80 £ 0.2 12. .52
40 0.35% 0.67% 0.00 800 0.91* 77 0.03% 0.01 565

Values with different alphabet superscripts in the same row differ significantly (p < 0.05) between exposure and recovery periods, respectively in ENA cells. All values

are expressed as mean+SD.

and cell cycle and maturation time should be considered [32].

The assay also specifically evaluates the deformities of erythrocytes
such as twin cells, tear-drop shaped cells, echinocytic cells, de-
membranated cells, elongated cells, crescentic shaped cells and fusion
cells that might be owing to concentration-dependent increase of lipid
per-oxidation products in erythrocytes of fish treated to pesticides. It is
generally accepted that many poisons with oxidative stress potential can
attack DNA, leading to molecular, clastogenic and morphological injury
[37]. Many toxic substances can affect the order of cell modification and
cause hypoxia, which leads to the isolation of ATP, and various de-
formations of red blood cells proposed by Ateeq et al. [38]. Because the
toxic substances destroy the membrane structure of red blood cells, cell
metabolism, and iron permeability resulting in the atypical configura-
tion of red blood cells [39]. Most of the RBCs transformed either elon-
gated shaped, fusion shaped, spindle shaped, tear-drop shaped or twin
shaped was studied by Arutjunov et al. [40] in mammals caused by
exposures to occupational toxic agents.

419

In this study, the maximum commonness of elongated and tear-drop
shaped cells was detected instantly after the first day of exposure, and
then slowed down, and the highest recuperation array was seen on the
7th day of recovery. Das and Nanda [41] also reported a time-dependent
decrease in the ECA in peripheral blood of stinging catfish. In contrast,
spindle-shaped cells and twin-shaped cells were found to be the largest
at 7 days of exposure, and the largest recovery response was found at the
7 day recovery period. The literature reveals that spindle-shaped and
twin-shaped cells peaked between the 1st and 5th days of treatment [27,
42].

In the results of this study, the number of echinocytic cells on day 7
was more than that on day 1 and day 3. Brecher and Bessis [43] reported
that the appearance of echinocytic cells is due to the distortion of the
membrane lipid microenvironment, which expands the lipid peroxida-
tion, thereby improving the membrane porosity and fluidity. It takes
some time to form holes in the plasma membrane. As the number of
holes increased, abnormalities also increased [44].
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Fig. 2. Blood smears of zebrafish exposed to sub-lethal concentrations of fenitrothion showing several ECA like- (A) control (regular cells), (B) elongated (C) spindle-
shaped, (D) tear-drop shaped, (E) fusion, (F) echinocytic cell, (G) demembranated, (H) twin-shaped and (I) crescentic shaped (Giemsa stain: 40X).

Table 3

Frequency of all ENA in the blood of zebrafish after exposure and after recovery of fenitrothion.

Exposure time (days)

Recovery time (days)

Dose (% of LCsp) Control
1 3 7 1 3 7
10 0.70 + 0.02? 1.10 + 0.09% 1.52 + 0.10" 0.62 + 0.06* 0.80 + 0.07* 0.88 + 0.0*
Abnorm alities (%) 20 0.57 + 0.05% 0.90 + 0.03* 1.40 + 0.03" 2.02 + 0.07> 0.79 + 0.09% 1.12 4+ 0.06™ 1.37 £ 0.1Y
40 1.12 + 0.06% 1.80 + 0.10° 2.92 + 0.14° 1.00 £ 0.08* 1.52 £ 0.12Y 2.12 +£0.2*

Different superscripts of letters showed significant differences among exposure and recovered days (p < 0.05). Values are means+SD.

Table 4

Frequency of all ECA in the blood of zebrafish after exposure and after recovery of fenitrothion.

Exposure time (days)

Recovery time (days)

Dose (% of LCso) Control
1 3 7 1 3 7
10 1.23 + 0.02° 1.82 + 0.16* 2.34 +0.13° 1.04 + 0.04* 1.35 + 0.09% 1.30 + 0.07*
Abnorm alities (%) 20 0.95 + 0.09% 1.42 £ 0.06% 2.19 + 0.21° 2.75 4+ 0.13¢ 1.22 £ 0.09* 1.75 £ 0.08Y 1.70 £ 0.05Y
40 1.93 + 0.12%° 2.89 + 0.20°¢ 4.35 + 0.25¢ 1.70 + 0.13Y 2.42 + 0.23* 2.99 +0.12*

Different superscripts of letters showed significant differences among exposure and recovered days (p < 0.05). Values are means+SD.

Exposure to fenitrothion-free freshwater causes a concentration and
duration-dependent decrease in almost all ENA and ECA of zebrafish.
After exposure to pesticides, the nucleus and cell abnormalities of red
blood cells gradually returned to normal over time and the measurement
was recovered [6]. The recovery of erythrocyte after exposure indicates
that fenitrothion entering the system cannot be concentrated in the body
and is steadily abolished, leading to recuperation. Nearly all relevant
observations have been described in previous studies conducted by [22],
which involved the toxicity of carbofuran and cypermethrin on blood
parameters and recuperation of a bony fish.
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5. Conclusion

The results indicated that sub-lethal concentrations of fenitrothion
induced genotoxicity with the especial reference to ECA as well as ENA,
MN induction in the erythrocytes of zebrafish portraying a direct rela-
tionship with an increase in the pesticide concentration and exposure
period. The ENA and ECA of the fish blood can be used as an early
biomarker of toxicity of fenitrothion as well as ecological disruption. So
far, little is known about the recuperation array or duration of time
needed for the recuperation of erythrocytes in fish. The findings of this
research indicate that the recovery rates of ENA and ECA are time and
dose-dependent, as the parameters are gradually standardized after
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exposure to pesticide-free water. The information on decontamination
helps to suggest remedial measures to deal with fish affected by poisons
that are farmed near the area exposed to pesticides. However, more
investigations are needed to better understand the mechanisms involved
in recovery. The results of the study will help control the indiscriminate
use of pesticides and suggest the development of sustainable technology
to solve environmental problems.
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