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A B S T R A C T   

The experiment was conducted to clarify sumithion induced hematoxicity in silver barb (Barbonymus gonionotus) 
through in vivo exposures (25 % and 50 % of LC50 of sumithion) and subsequent recovery patterns using normal 
and probiotic treated feed were also assessed. Three treatments each incorporating three replications were used 
in the experiment for different days (1, 7, 14, 21, and 28). Treatment T1 was control (0 mg/L), and two con
centrations, such as 2.61 mg/L (25 % of 96 h LC50), 5.21 mg/L (50 % of 96 h LC50) were used as Treatment T2 
and T3, respectively. After 28 days of exposure to pesticide half of the fishes of T2 and T3 were reared in 
sumithion free water with normal (T2N, T3N) and probiotic treated feed (T2P, T3P). The median lethal con
centration (50 %) for 96 h was 10.42 mg/L. In pesticide-treated groups, values of each hematological parameter 
(blood glucose, red blood cell, hematocrit, and hemoglobin) decreased but prevalence and severity of micro
nucleus and white blood cells increased significantly (p< 0.05) with concentration and time duration. Other 
blood indices including mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean 
corpuscular hemoglobin concentration (MCHC) were correspondingly changed in comparison to the control. In 
the recovery experiment, the silver barb recovered spontaneously, but the recovery rate was significantly higher 
in probiotic treated groups than normally treated groups in time and duration reliant fashion. In conclusion, 
persistent sublethal dosages of sumithion caused hematological abnormalities in silver barb. Probiotic supple
ment can recover the damage but only 28 days of recovery is not enough to recover the total alterations.   

1. Introduction 

Pesticides are chemical components used to destroy or control pest to 
meet the growing demand for foods [1]. It was estimated that nearly 
one-third of the products in agriculture are produced by using pesticides 
[2]. In 2013, Greenpeace reported that plants did not absorb 70 % of 
pesticide used in China, but instead seeped into the soil and ground
water [3]. However, indiscriminate overdose and overtime use of pes
ticides have polluted the environment [4–6]. Among the different types 
of pesticides, organophosphates (sumithion) have become one of the 
widely used classes of pesticides in the agricultural region worldwide [7, 
8]. These pesticides introduced into aquatic environments through 

surface runoff may cause severe hampers to fish health [9,10]. There
fore, monitoring the impact of these pesticides is essential. 

Hematological indices indicate what is happening in the body of fish 
exposed to pesticide. In some cases, intensity of damage due to exposure 
to pesticides can be recognize by abnormality levels in some biochem
ical parameters in the blood [11]. Therefore, hematology is a widely 
used diagnostic tool to investigate physiological alterations caused by 
disease or other factors [12]. Besides, understanding recovery pattern 
after exposure to pesticides are also important in risk assessment. In
formation on time required to recover completely can help improve and 
maintain fish health and indirectly human health [13]. 

Changes in structure and irregularities in erythrocyte are thought to 
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be key indicators of oxidative stress [14,15]. Micronuclei, or additional 
nuclear bodies of chromosomal fragments, also reveal pesticide-induced 
physical and chemical changes. As a result, micronuclei are thought to 
be the best indicator for DNA damage or genetic changes [16–18]. 

Dietary probiotic supplementation in fish improves growth perfor
mance, immune response and the disease resistance [19,20]. Recent 
studies have shown that probiotic prevents systemic toxin absorption 
[21] and breakdown pesticides through bioremediation process in 
environmentally contaminated soil and water [22,23]. However, there 
is little information on effect of probiotic bacteria in reducing negative 
consequences of chronic pesticide exposure in fish in vivo. Therefore, the 
experiment was outlined to know the toxicological effect of organo
phosphorus pesticides (sumithion) on hematological parameters and its 
recovery rate using the regular and probiotic treated feed. Silver barb 
B. gonionotus was selected because it is ecologically and commercially 
important and similar to local barb species. 

2. Materials and methods 

2.1. Experiment 1: toxicity assay 

The acute toxicity test on Silver barb (B. gonionotus) was done with 
selected organophosphorus pesticide sumithion 50EC (Bangladesh, 
Shetu Agro Industries Limited) collected from an authorized dealer of 
the pesticide. Healthy and homogenous size B. gonionotus were trans
ported from a commercial fish farm and housed in a plastic tank. Fishes 
with an average weight of 5.9 ± 3.61 g and standard length of 8.11 ±
1.44 cm were allowed to acclimatize for two weeks in the laboratory 
conditions to remove the unhealthy fishes. Then total 480 individuals 
were assigned randomly. The fishes were given commercial dry pellets 
(38 % protein) twice a day. The tank’s water was changed in every 
alternative two days. The fishes were deemed to be well suited to lab
oratory environment during acclimatization phase of 14 days when 
mortality less than 1% was recorded. Fish of both sexes were used. 

2.2. Preparation of test solution 

The stock solution of sumithion was quantified by a micropipette 
(Model E-MILB5700, England) according to the EC% component. The 
desired pesticide concentrations were carefully poured into 30 L of de- 
chlorinated tap water. To ensure complete mixing, the water was 
gently stirred. The fish were treated with sumithion 50EC to observe the 
LC50, sub-lethal dose, mortality and symptoms of intoxication. 

2.3. Static bioassays 

All the glass aquaria used for the study were rinsed and filled up with 
de-chlorinated tap water before to the commencement of the experi
ment. For range finding, ten fish were exposed in a fish tank containing 
30 L of water to a range of sequential concentrations (2, 3.5, 4.5, 20 mg/ 
L) of sumithion. Mortalities were recorded (24, 48, 72 and 96 h) and 
dead fishes were removed as quickly as possible. 

To estimate the lethal concentrations of sumithion, a static bioassay 
was accomplished using the standard approach. There were nine groups 
in the study including one control group with replicates. Each group was 
treated to various measures of pesticide like 4.5, 6.5, 7.5, 9.5, 11.5, 12, 
15 and 17 mg/L for 4 days. Pesticide-free medium was maintained in 
case of control group. To achieve a homogenous concentration of the 
toxic chemical, the aquarium was aerated for 2 h. Then 10 fish were 
chosen at random and transferred to each test aquarium without being 
stressed. The fish were not fed for 24 h before to the toxicity test. Fish 
were considered dead when there was no visible movement. Dead fishes 
were immediately removed and mortality was recorded. Results up to 
three and six hours after the start of the test are important. Probit 
analysis was undertaken to determine the LC10, LC50, and LC100 values 
for corresponding time period. 

2.4. Experiment 2: Sub-lethal test of sumithion 50EC compounds on 
experimental fishes 

According to the findings of the 96 h LC50 of sumithion pesticide, 350 
silver barb were subjected to a dosage of 25 % and 50 % value of the 
LC50 of the sumithion for 28 days. Each treatment incorporated double 
replication along with a control group. The toxicant was applied to each 
aquarium in the proper levels, except the control tank. The fish were fed 
a pelleted meal with a crude protein content of 38 % at a rate of 3% body 
weight. To maintain homogeneity of toxicant, level of dissolved oxygen 
and to minimize ammonia level, both sumithion and water were 
exchanged every two days’ interlude. Six fishes from each group were 
sampled at 7 days’ intervals until the end of the study period of 28 days. 
No mortalities occurred in any group during the experimental period. 

2.5. Estimation of micronucleus 

The fish collected from the aquaria were mopped with tissue paper to 
remove slime from the external surface. Blood samples collected with a 
disposable syringe from the tail portion of the body were spread onto a 
glass slides and dried for 10 min at room temperature. The slide was then 
placed into methanol for 10 min, stained with 5% Giemsa stain and 
finally cleaned with tap water. The dried and mounted glass slides with 
DPX were then observed under a microscope (MICROS, MCX100) using 
the x1000 magnification. For each individual fish, a minimum of three 
glass slides were put up, with 2000 cells counted from each glass slide. 
No less than five fishes were examined in each group. Coding and blind 
scoring were performed on the best cell with unblemished cellular and 
nuclear films. 

2.6. Experiment 3: Effect of sumithion compounds on blood biochemical 
parameters 

For haematology studies a week after the fishes were exposed to 
sumithion compounds, three fishes from each test aquarium were 
sacrificed for the hematological assessment. Fish were caught with a 
hand net and by covering the head with a towel blood samples were 
obtained from the caudal vein using a micropipette without the use of 
anesthetics. To eliminate stress effects and reduce an inaccuracy in 
normal blood values, the complete blood collection operation took less 
than 1 min/fish. The blood was gently poured into sterilized eppendorf 
tubes containing anticoagulant (ethylene diamine tetra-acetic acid, 
EDTA) until a final concentration of 5 mg EDTA per cm3 blood was 
achieved. 

Blood glucose, Hematocrit (Hct, %), hemoglobin (Hb, g dl-1), white 
blood cells (WBC), and red blood cells (RBC) were determined by using 
the method of Blaxhall and Daisley [24]. Mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC) were calculated by using the 
following formula:  

MCHC = (Hb ÷ PCV) x 100;                                                                  

MCV = (PCV ÷ RBC) x 10;                                                                   

MCH (pg) = (Hb x 10) ÷ RBC                                                                

2.7. Experiment 4: Determination of the recovery pattern of sumithion 
toxicity in blood biochemical parameters 

2.7.1. Experimental feed preparation 
A commercial probiotic (PROCID) containing mainly Bacillus and 

Lactobacillus sp. (22 × 109 CFU/g) was collected from a well-recognized 
pharmaceutical company (Eon group, Bangladesh). Advantage of these 
probiotic is that they are able to survive in the pelletization process. 
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Probiotic mixed feed was prepared by grinding commercial fish feed 
(Mega Fish Feed Ltd.) containing 38 % protein. Then 1% probiotics were 
mixed with that grinded feed and homogenous doughy matter was 
prepared by adding water. The dough was processed through a meat 
chopper (Brand-Filizola) to produce 2 mm diameter pellets, which were 
then sun-dried for two days. Then they were stored in plastic containers 
at refrigerator for further use. Feeding was done twice a day with 3% 
body weight. 

2.7.2. Recovery pattern 
After exposure to 25 % and 50 % of LC50 sumithion for 28 days, 

treated fish were transmitted in separate freshwater aquaria (without 
sumithion) for another 28 days to observe recovery pattern. Sampling 
were done at 7 days interval (i.e. 7, 14, 21 and 28 d) with daily renewal 
of water and feeding. During the experimentation, feeding of fish were 
done after changing water on alternate day. Each treatment (T2 and T3) 
were subdivided into two groups (i.e. T2N and T2P) according to feed 
supplied. In treatment T2N and T3N normal feeding was done but in 
treatment T2P and T3P 1% probiotic treated feed was used to observe the 
recovery rate. At least 6 fishes were sampled from each aquarium for 
recovery assessment. Continuous aeration system was applied for suf
ficient dissolved oxygen. 

2.8. Water quality parameters 

Water temperature and water chemistry characteristics of dissolved 
oxygen and pH were monitored according to APHA (1995) in all test 
aquaria every day. The temperature, dissolved oxygen and pH were 
measured by DO meter (Model 2020, UK) and pH meter (Model YSI 58, 
USA), respectively. 

2.9. Statistical analysis 

Statistical analysis was carried out using the one-way ANOVA to find 
out dissimilarities between treatments means at significance rate of P <
0.05. The standard errors of treatment means were also determined. All 
statistics were performed using SPSS 16.0 version. 

3. Results 

3.1. Static bioassay - study of lethal concentration 

Based on the range finding test, the median lethal concentration 
(LC50) of B. gonionotus was to be between 4.5 mg/L and 20 mg/L of 
sumithion. A median lethal toxicity investigation was conducted with 
sumithion concentrations ranging from 4.5–17 mg/L. The study showed 
that practically there was no mortality noticed up to a concentration of 
4.5 mg/L. The subjection of fish to 96 h of sumithion at a dose of 6.5 mg/ 
L resulted in 10 % death, while at a quantity of 17 mg/L, 100 % death 

was recorded. According to the probit study, the fatal concentration for 
50 percent fish mortality at 96 h was 10.42 mg/L (Table 1 and Fig. 1). 

3.2. Water quality parameters 

The water quality parameters (temperature, dissolved oxygen and 
pH) were monitored during the recovery and exposure period of sumi
thion 50EC at various concentrations as well as with control (Table 2). 
Temperature values were almost uniform in all the treatments 
throughout the experiment. pH values increased with increasing con
centrations of sumithion. Dissolved oxygen values tended to decrease 
with increasing the level of the test chemicals. During recovery period 
pH values and dissolved oxygen values were also almost uniform. 
However, values between treatments were not significantly different (P 
> 0.05) in recovery and exposure period. Continuous aeration system 
was applied during recovery assessment. Again, normal and probiotic 
feeds were supplied. 

3.3. Effects of sumithion on micronucleus (MN) formation 

In pesticide free waters, rate of micronuclei was nearly zero (0.42 ±
0.21), but a significant rise (p < 0.05) in occurrence of MN was recorded 
in a concentration and duration dependent manner in fishes that have 
been subjected to sublethal doses 25 % and 50 % of LC50 of sumithion 
compared to the control group. The occurrence of MN was 1.27 ± 0.76, 
2.46 ± 1.21, 3.11 ± 1.23, 3.34 ± 1.47, 4.17 ± 1.41 for 1, 7, 14, 21 and 
28 days, respectively at 25 % concentration. Similarly, at 50 % con
centrations, micronuclei abnormality was 1.61 ± 1.13, 3.27 ± 1.12, 4.54 
± 1.37, 4.87 ± 2.33, 5.38 ± 1.47 for 1, 7, 14, 21 and 28 days of exposure, 
respectively. At higher concentrations, there was a three to five-fold 
increase in the frequency of MN, indicating pesticide genotoxicity 
(Fig. 2). 

Table 1 
Lethal toxicity value of sumithion at 96 h in B. gonionotus.  

Probability 
95 % Confidence Limits for concentration 95 % Confidence Limits for log(concentration)a 

Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound 

PROBIT 

0.01 4.437 2.226 5.841 0.647 0.347 0.767 
0.1 6.511 4.396 7.740 0.814 0.643 1.889 
0.2 7.653 5.795 8.806 0.884 0.763 0.945 
0.3 8.598 6.993 9.772 0.934 0.845 0.990 
0.4 9.497 8.092 10.839 0.978 0.908 1.035 
0.5 10.422 9.109 12.159 1.018 0.959 1.085 
0.6 11.438 10.069 13.891 1.058 1.003 1.143 
0.7 12.635 11.043 16.256 1.102 1.043 1.211 
0.8 14.195 12.165 19.762 1.152 1.085 1.296 
0.9 16.682 13.775 26.169 1.222 1.139 1.418 
0.99 24.480 18.192 51.862 1.389 1.260 1.715  

a Logarithm base = 10. 

Fig. 1. Graph showing linear transformation and the relationship of probit of 
log concentration of sumithion used to determine LC50. 
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3.4. Effects of sumithion on hematological parameters 

Different hematological parameters were measured at 1, 7, 14, 21 
and 28 days later of the subjection of different sub-lethal concentration 
of sumithion (Table 3). The blood glucose level significantly reduced at 
7, 14, 21 and 28 days of exposure in treatment T2 and T3 (Fig. 3). 

In the present study, the Hb, Hct (%)/PCV, RBC were also signifi
cantly decreased (P < 0.05) at 7, 14, 21 and 28 days of exposure time in 
two concentrations (T2 and T3) compared to control group (T1). The 
WBC significantly increased (P < 0.05) during toxicity of sumithion in a 
time dependent manner in both T2 and T3 treatments compared to T1 
(Control). Other hematological indices including MCV and MCH 
increased significantly (P < 0.05) from 1, 7, 14, 21, 28 days of exposure 
in T2 and T3. MCHC values decreased initially but at 14, 21, and 28 days 
MCHC values was increased in T2 and T3 during experimental period of 
28 days. 

3.5. Recovery response of MN induced by sumithion 

The data of the recovery responses of MN are presented in Fig. 4. The 
value of MN content reduced at a time dependent manner in all the 
treatments during the recovery period. The recovery rate at different 
concentration of sumithion varied significantly (p < 0.05). The results 
showed that the recovery rate is higher at 25 % concentration level of 
sumithion than 50 % concentration. Again the recovery rate is higher at 
probiotic treated feed compared to normal feed. The treatment T2P has a 
higher healing rate than the 50 % concentration. Fishes recovered 
partially and the recovery rate is highest at 28 days at a concentration of 
25 %, according to the results (Fig. 4). 

3.6. Hematological parameter after recovery assessment 

After 28 days of treatment, fishes were released in pesticide free 

environment. Hematological parameters like blood glucose, haemoglo
bin, hematocrit, RBC, WBC were observed (Table 4). Those were grad
ually changed due to the removal of pesticides. Blood glucose were 
increased but not reach to normal condition (Fig. 5). Hemoglobin, He
matocrit and RBC shown the similar changes like blood glucose. But in 
contrast, WBC was reduced from high level to normal level. Again the 
fishes which treated with probiotics were recover more than fishes 
which were treated with normal feeds. The highest recovery rate of 
glucose was 23.32 % (4.60 ± 0.09) at 28 days’ recovery period in T2P 
and the lowest recovery rate was observed 0.89 % (3.40 ± 0.09) after 7 
days of recovery period in T3N. Probiotic reduce the bioaccumulation of 
pesticide in vivo. 

4. Discussion 

The LC50 of the organophosphorus pesticide, sumithion was found 
10.42 mg/L for B. gonionotus. Acute toxicity effects of another organo
phosphorus pesticide, Diazinon on Swordtail (Xiphophorus helleri) was 
found 2.87 mg/L [25]. The determined half lethal concentration (LC50) 
of diazinon for Clarias gariepinus was 5.98 mg/L at 96 h [26]. The 96 h 
LC50 values of sumithion on Heteropneustes fossilis larvae was estimated 
to be 6.782 mg/L [10]. Sumithion’s median fatal concentration (96 -h 
LC50) for striped catfish fingerlings was 5.886 mg/l [27]. These results 
suggest that the difference in LC50 of pesticide is a function of size and 
species of the fish. Insecticides can alter a fish’s hematological profile, 
which can be utilized as a biomarker for pollution monitoring [28]. 
Present findings showed that sumithion had some effects on the hema
tological parameters of Silver barb. Although the LC50 dose of sumithion 
was 10.42 mg/L, it is shown that the 25 % and 50 % of the LC50 dose 
examined in this study also causes essential changes in the hematolog
ical properties of the Silver barb. 

The development of micronuclei is a marker for chromosomal 
instability and cytotoxic/genotoxic events. The micronuclei of fish have 
been shown to be a useful tool for evaluating the genotoxic properties of 
pesticides found in the aquatic environment [16–18]. The current 
findings revealed a concentration and time-dependent increase in the 
occurrence of micronuclei in silver barb’s erythrocytes that is in line 
with the findings of Ahmed [29]. In mice, for example, coexistence of 
cypermethrin and quinalphos can increase genotoxicity, and even qui
nalphos alone has been proven to cause considerable chromosome 
damage [30]. Rupa [31] demonstrated that quinalphos could induce 
chromosome breaks/fragments in mice and human lymphocytes. 
Therefore, in the current experiment MN demonstrated that excessive 
use of pesticide can result genetic damage in the silver barb. 

In this study, recovery pattern showed the greatest drop in micro
nuclei creation and the strongest recovery response in T2P, which could 
imply DNA repair, loss of damaged cells, or both, as conferred by Grover 

Table 2 
Water quality parameters (Mean ± SD) during exposure period of malathion.  

Treatments Temperature (◦C) pH Dissolved oxygen (mg/l) 

Exposure Period 
T1 (0 mg/L) 25.58 ± 0.67 7.50 ± 0.06 5.18 ± 0.09 
T2 (2.61 mg/L) 25.55 ± 0.65 7.68 ± 0.12 4.90 ± 0.13 
T3 (5.21 mg/L) 25.6 ± 0.69 7.86 ± 0.09 4.70 ± 0.17  

Recovery Period 
T1 (0 mg/L) 25.60 ± 0.50 7.51 ± 0.05 5.15 ± 0.19 
T2N (2.61 mg/L) 25.63 ± 0.33 7.58 ± 0.06 5.03 ± 0.19 
T2P (2.61 mg/L) 25.57 ± 0.31 7.55 ± 0.03 5.04 ± 0.11 
T3N (5.21 mg/L) 25.81 ± 0.70 7.56 ± 0.04 5.08 ± 0.24 
T3P (5.21 mg/L) 25.77 ± 0.64 7.51 ± 0.02 5.01 ± 0.17  

Fig. 2. Micronuclei (MN) of silver barb exposed to different sublethal concentrations of sumithion. Values with different numeric superscripts differ significantly (p <
0.05) between concentrations within duration in MN. Values with different alphabet superscripts differ significantly (p < 0.05) between duration within concen
tration in MN. All values expressed as mean ± SD. Photograph in the inset is showing MN (arrow). 
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[32]. This inverse relationship between application time and DNA 
damage could be due to the risk of xenobiotics irritating enzymatic 
operations involved in DNA damage activity [33]. The role of probiotic 
in micronucleus denegation is still unknown. The micronucleus fre
quency was substantially lower in probiotic-treated feed than in control 
feed in B. gonionotus, and it recovered significantly. This indicated that 
addition of probiotic could significantly reduce (p < 0.05) the 
genotoxicity. 

In the present study, blood glucose level increased initially and then 
decreased significantly with the progressive increase of sumithion 

concentrations explains the stressful state of the fish when exposed to 
pesticides. This increase could be related to stressed fish’s higher 
gluconeogenesis response in order to meet their higher energy needs 
[34]. Increased blood glucose levels represent a higher level of glucose 
transit maybe from the liver to muscle where high energy requirement 
was fulfilled due to rapid and irregular moves. The reduction in blood 
glucose level was perhaps due to the energy demanded to cope with 
energetic expenditures caused by pesticide [35,36]. 

The amount of hemoglobin in the blood of fish exposed to various 
sumithion concentrations reduced considerably. When common carp 
was exposed to sumithion [37] and malathion [38] it showed a com
parable drop in Hb levels. In the present study the observed reduction in 
Hb levels in B. gonionotus could be attributed to pesticides disrupting the 
erythropoietic tissue which might be affected the viability of the cells 
which is corroborated by Mostakim et al. [39]. 

The decrease in packed cell volume PCV (%) or Hct (%) indicated 
that the fish was suffering from anaemia. Similar to the present findings, 
Chindah [40] discovered that different sub-lethal amounts of cyper
methrin and chlorpyrifos reduced the value of Hct in Tilapia guineensis 
juveniles. Koprucu [41], Jayaprakash and Shettu [42] also reported 
similar observations. 

Similar to Hb and Hct, the number of RBC was shown to be reduced 
in fish exposed to varied doses of sumithion, possibly due to hemato
poietic system failure. A drop in RBC count is caused by erythropoiesis 
inhibition and a rise in the rate of erythrocyte degradation in the he
matopoietic organs [43]. Development of hypoxic condition during the 
treatment can also be responsible for decreased RBC which intern leads 
to the destruction of RBC or due to unavailability of Hb content in 
cellular medium [44]. 

During the exposure period to sumithion, enhanced WBC count in
dicates that fish can overcome toxic stress by developing a defensive 
mechanism. In the presence of foreign substances, leucocytosis in fish 
stimulates immunological defense [45]. High WBC counts suggest 
damage to body tissues from infection, extreme physical stress, or even 
leukemia [46]. Increased WBC counts are linked to increased antibody 
synthesis, which aids in the recovery and survival of pesticide-exposed 
fish [37,38,43]. Other hematological indices including MCV, MCH and 
MCHC significantly increased in the experimental fish after 28 days of 
subjection to pesticide compared to the control group. Perturbations in 
these indices correspond with RBC, Hb, and Hct levels. Increase in MCV 
and MCH values indicate the symptoms of anaemia in animals [47]. 

Probiotics helped the fishes to recover rapidly than others because 
probiotic enhances the digestive process [48]. Recovery in T2P was 
higher than T3P, which might be due to the treatment T2 (25 % of LC50) 
had a lower dose of exposure than T3 (50 % of LC50). It was not possible 
to reach normal conditions. Because severe physiological alterations 
occurred due to pesticidal effects. But probiotics can metabolize 
organophosphate pesticides via phosphatase enzymes; again, it has 
organophosphate pesticide degrading ability [49]. Pesticides frequently 
enter the gastrointestinal tract and probiotics enhance gastrointestinal 
barrier function. Through bioremediation process probiotic bacteria can 
breakdown pesticides [22,23]. The gastrointestinal microbiota plays an 
important role in preventing systemic toxin absorption [21]. The 
adaptability of fish to toxic stress may have contributed to the moderate 

Table 3 
Effects of sub− lethal exposure of sumithion on hematology (Means ± SD) at 
different time intervals in Silver barb. Different superscript alphabets are 
significantly different at P<0.05.  

Parameter Treatments 
Exposure time (days) 

1 7 14 21 28 

Hemoglobin 

T1 
11.67 
±

0.45a 

12.10 
± 0.24 
a 

11.93 
± 0.23 
a 

11.97 ±
0.29 a 

11.73 ±
0.19 a 

T2 
11.53 
± 0.60 
ab 

11.33 
± 0.31 
b 

10.83 
± 0.29 
b 

10.13 ±
0.19 b 

9.30 ±
0.15 b 

T3 
10.90 
± 0.24 
b 

10.23 
± 0.52 
c 

10.03 
± 0.34 
c 

9.07 ±
0.14 c 

7.97 ±
0.27 c 

Hematocrit/ 
PCV 

T1 
46.67 
± 0.85 
a 

43.05 
± 0.21 
a 

45.14 
± 0.25 
a 

44.44 ±
2.46 a 

44.31 ±
3.56 a 

T2 
46.52 
± 1.15 
a 

42.47 
± 0.73 
a 

38.76 
± 0.90 
b 

35.58 ±
0.92 b 

31.00 ±
1.31 b 

T3 
44.33 
± 1.38 
c 

33.91 
± 1.37 
c 

27.37 
± 1.79 
c 

24.88 ±
1.75 c 

22.19 ±
2.19 c 

RBCs (x 106/ 
mm3) 

T1 
5.68 ±
0.22 a 

5.50 ±
0.45 a 

5.46 ±
0.46 a 

5.71 ±
0.08 a 

5.66 ±
0.10 a 

T2 
5.27 ±
0.30 ab 

4.84 ±
0.49 b 

4.53 ±
0.24 b 

3.96 ±
0.57 b 

3.27 ±
0.41 b 

T3 5.14 ±
0.34 b 

4.11 ±
0.11 c 

3.23 ±
0.10 c 

2.34 ±
0.06 c 

2.07 ±
0.04 c 

WBCs 
(×104/ 
mm3) 

T1 
3.01 ±
0.16 a 

2.96 ±
0.24 c 

3.00 ±
0.14 c 

2.92 ±
0.24 a 

2.94 ±
0.06 c 

T2 
3.08 ±
0.14 a 

3.62 ±
0.19 b 

3.80 ±
0.61 b 

4.31 ±
0.21 b 

4.42 ±
0.25 b 

T3 
3.03 ±
0.15 a 

4.37 ±
0.25 a 

4.44 ±
0.18 a 

5.16 ±
0.24 a 

5.67 ±
0.11 a 

MCV (μm3) 

T1 
82.27 
± 4.71 
a 

78.69 
± 6.94 
b 

83.19 
± 7.51 
a 

77.75 ±
3.36 c 

78.34 ±
6.80 b 

T2 
88.55 
± 6.24 
a 

88.45 
± 8.45 
b 

85.66 
± 3.76 
a 

91.04 ±
9.89 b 

96.44 ±
14.86 a 

T3 
86.57 
± 5.59 
a 

82.50 
± 2.36 
a 

84.87 
± 7.16 
a 

106.33 
± 7.17 a 

107.47 
± 12.40 
a 

MCH (pg) 

T1 
20.54 
± 0.74 
a 

22.13 
± 2.18 
a 

21.96 
± 1.53 
b 

20.95 ±
0.51 c 

20.74 ±
0.66 c 

T2 
21.99 
± 2.32 
a 

23.62 
± 2.51 
a 

23.94 
± 1.09 
b 

25.99 ±
3.42 b 

28.83 ±
3.53 b 

T3 
21.30 
± 1.55 
a 

24.89 
± 0.90 
a 

31.09 
± 1.53 
a 

38.76 ±
0.79 a 

38.55 ±
2.10 a 

MCHC (%) 

T1 
25.01 
± 1.28 
a 

28.11 
± 0.42 
b 

26.44 
± 0.53 
b 

26.97 ±
1.10 b 

26.59 ±
1.72 c 

T2 
24.79 
± 1.19 
a 

26.68 
± 0.35 
c 

27.96 
± 1.12 
b 

28.49 ±
0.83 b 

30.04 ±
1.29 b 

T3 
24.60 
± 0.41 
a 

30.17 
± 0.32 
a 

36.72 
± 1.26 
a 

36.61 ±
2.93 a 

36.09 ±
2.40 a  

Fig. 3. Blood glucose level in different exposure periods.  
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recovery of some hematological parameters during the recovery phase. 
However, in order to handle the stress and maintain normal physiology, 
a longer recovery period was required. 

5. Conclusion 

The findings indicated that the sumithion is moderately toxic to 
Silver barb at sub-lethal levels. The present study also suggests that 
probiotics help sumithion exposure fishes to recover their abnormalities. 
However, the fish’s recuperation period (28 days) is insufficient to re
turn the parameters to their normal state. The improvement in blood 
parameters of the test fish after being transplanted to pesticide-free 
freshwater implies that pesticides are gradually removed from the sys
tem. Probiotics work as a potential tool in contaminants remediation. As 
a result, the use of sumithion in agriculture and aquaculture must be 
carefully examined from an eco-physiological standpoint. 

Data availability 

Data will be made available on request. 

Fig. 4. Recovery responses of MN induced by sumithion (Means ± SD) at different time intervals in B. gonionotus. Data label showing recovery rates (%) at different 
time intervals. Photograph in the inset is showing normal nuclei (black arrow) and micronuclei (red arrow) (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article). 

Table 4 
Recovery pattern of Silver barb (Means ± SD) at different time intervals (T2: 25 % of LC50; T3: 50 % of LC50). Different superscript alphabets are significantly different 
at P<0.05.  

Parameter Treatments 
After 28 days 
exposure 

Exposure time to pesticide free water in days (Percentage Recovery rate) 

7 14 21 28    

Normal 
Feed 

Probiotic 
Feed 

Normal 
Feed 

Probiotic 
Feed 

Normal 
Feed 

Probiotic 
Feed 

Normal 
Feed 

Probiotic 
Feed 

Hemoglobin T2 9.30 ± 0.15a 9.70 ±
0.09b 

9.80 ±
0.09b 

9.95 ±
0.21b 

10.20 ±
0.09c 

10.27 ±
0.14b 

10.50 ±
0.09c 

10.60 ±
0.09b 

10.83 ±
0.05c    

(4.13 %) (5.38 %) (6.99 %) (9.68 %) (10.43 %) (12.9 %) (13.98 %) (16.45 %)  
T3 7.97 ± 0.27x 8.20 ±

0.09y 
8.33 ± 0.05z 8.35 ±

0.10y 
8.50 ± 0.09z 8.65 ±

0.10y 
8.83 ±
0.22y 

8.90 ±
0.18y 

9.07 ±
0.14y    

(2.89 %) (4.52 %) (4.77 %) (6.65 %) (8.53 %) (10.79 %) (11.67 %) (13.8 %) 
Hematocrit/ 

PCV 
T2 31.00 ± 1.31a 33.17 ±

0.75b 
34.17 ±
0.68c 

34.83 ±
0.92b 

36.74 ±
1.05c 

35.99 ±
0.88b 

38.34 ±
0.77c 

37.36 ±
1.07b 

40.19 ±
1.26c    

(7.00 %) (10.23 %) (12.35 %) (18.52 %) (16.1 %) (23.68 %) (20.52 %) (29.65 %)  
T3 22.19 ± 2.19x 23.28 ±

0.95xy 
23.63 ±
1.00y 

24.31 ±
0.55y 

25.26 ±
0.80z 

25.39 ±
0.63y 

26.59 ±
0.86z 

26.12 ±
1.05y 

27.45 ±
0.81z    

(4.91 %) (6.49 %) (9.55 %) (13.84 %) (14.42 %) (19.83 %) (17.71 %) (23.7 %) 
RBCs (x 106/ 

mm3) 
T2 3.27 ± 0.41a 3.44 ±

0.05b 
3.57 ± 0.09c 3.56 ±

0.07b 
3.75 ± 0.09c 3.70 ±

0.05b 
4.02 ± 0.04c 3.94 ±

0.07b 
4.28 ± 0.06c    

(5.21 %) (9.17 %) (8.87 %) (14.685) (13.15 %) (22.94 %) (20.49 %) (30.89 %)  
T3 2.07 ± 0.04x 2.13 ±

0.04y 
2.19 ±
0.06y 

2.21 ±
0.02y 

2.27 ± 0.03z 2.29 ±
0.05y 

2.44 ± 0.02z 2.44 ±
0.05y 

2.59 ± 0.04z    

(2.91 %) (5.81 %) (6.76 %) (9.66 %) (10.63 %) (17.87 %) (17.87 %) (25.12 %) 
WBCs (×104/ 

mm3) 
T2 4.42 ± 0.25a 4.28 ±

0.03b 
4.21 ±
0.08b 

4.13 ±
0.07b 

3.92 ± 0.16c 3.96 ±
0.17b 

3.73 ± 0.04c 3.73 ±
0.08b 

3.63 ± 0.09c    

(-3.17 %) (-4.75 %) (-6.56 %) (-11.31 %) (-10.41 %) (-15.61 %) (-15.61 %) (-17.87 %)  
T3 5.67 ± 0.11x 5.60 ±

0.07xy 
5.54 ±
0.12y 

5.49 ±
0.08y 

5.41 ± 0.05z 5.33 ±
0.04y 

5.22 ± 0.03z 5.13 ±
0.13y 

5.01 ±
0.15y    

(-1.23 %) (-2.29 %) (-3.17 %) (-4.59 %) (-6.01 %) (-7.94 %) (-7.94 %) (-11.64 %) 

Values are mean ± SD. Different superscript alphabets show significant difference (p< 0.05). 

Fig. 5. Blood Glucose level in recovery period. NF = Normal Feed, PF = Pro
biotic treated Feed. Data label showing recovery rates (%) at different 
time intervals. 
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