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ABSTRACT

Indian carp (Cirrhinus mrigald exposed to two sub-lethal concentrations (0.815 mg/L and 1.63 mg/L) of diazinon for 30
days showed a significant decrease in erythrocyte count, hemoglobin concentration, hematocrit, mean corpuscular
volume, mean corpuscular hemoglobin, plasma levels of total protein, albumin, globulin, activity of enzyme
acetylcholinesterase and a significant increase in plasma glucose levels when compared with controlled fish (P<0.05).
Compared to the controlled fish, leukocyte count decreased significantly in fish exposed to both sub-lethal concentrations
and the plasma activities of enzyme asparate aminotransferase and alanine aminotransferase increased significantly after
20 and 30 days in fish exposed to 0.815 mg/L of diazinon, while the activities of these enzymes in fish exposed to 1.63
mg/L of diazinon increased significantly at all sampling periods (P<0.05). On the other hand, the plasma activity of the
enzyme lactate dehydrogenase decreased significantly in both diazinon treated fish groups after 10 days of exposure
(P<0.05) and returned to the normal value after 20 and 30 days of exposure. In conclusion, long-term exposure to
diazinon at sub-lethal concentrations induces severe physiological alterations in C. mrigalathat may potentially disrupt
their survival in their natural habitat.
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INTRODUCTION widely used in agriculture to protect many crops
from a wide range of Hymenopterans and
Pesticides contribute to a dramatic increase ip crocHemipteran insects (Abass et &011). After
yields; on the other hand the contamination ofpplication in agriculture, diazinon easily washes
water bodies through spray drift and leaching froninto surface water and ultimately reaches to ponds,
the soil may induce undesirable ecological angivers and lakes. Previous studies have evidenced
hazardous health effects on a variety of non-targehpid degradation of diazinon but its continual
organisms including fish. The pollution of surfaceinput makes its presence persistent in aquatic
water caused by pesticides used in agriculture anghdies for a long time and causes stress to aquatic
their effects on non-target organisms are problerr‘@rganisms (Li et al. 2002). Like other
of  global  importance  (Hill ~ 1985). organophosphate pesticides, diazinon produces its
Organophosphate pesticides are extensively beingxic effects by inhibiting a series of enzymes,
used in agriculture and account for approximatelyncluding acetylcholinesterase that can severely
50% of the global pesticide use (John 2007)affect growth, survival, reproduction and feeding
Diazinon is an organophosphate pesticide, it ipehaviors of fish (Chons et al. 2005). Depending
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upon the differences in absorption, detoxificatioracclimation, a commercial fish food was offered to
and acetylcholinesterase inhibition, the 96 hd_C fish twice a day, but the fish were deprived ofdoo
values of diazinon vary in different fish speciesfor 24 h prior to the experiment and throughout the
The 96 h LG, value of diazinon for zebra fish acute toxicity test. Whereas, fish were fed once a
(Brachydanio rerio) has been reported as 8 mg/Lday during sub-lethal toxicity test and feeding was
and for Guppy fish Roecillia reticulate) as 0.8 stopped 24 h before blood sampling.

mg/L (Keizer et al. 1991). Hematological andAfter two weeks of acclimation, a static acute
biochemical parameters can be detected rapidlpxicity test was carried out following the
and found to be sensitive to sub-lethalguidelines of OECD (1992). Basudin 60 EC, with
concentration of different toxic agents. Thereforeactive ingredient diazinon [0,0-diethyl-0-(2-
the variations of these parameters can be used fiesopropyl-6-methyl-4-pyrimidyl)

prediction and diagnosis of pesticide toxicityphosphorothioate], purity 60% dissolved in 40%
(Burkepile et al. 2000). Hematological andacetone was purchased from Syngenta Ltd.
biochemical changes induced by sub-lethaPakistan and used to prepare test solutions of
concentrations of different organophosphateliazinon. Fish were exposed to six different
pesticides have previously been investigated inoncentrations (5, 10, 15, 20, 25, and 30 mg/L) of
several fish species. Such as, dichlorvo€larias  diazinon to determine 1, 24, 48, 72 and 96 hoLC
batrachus (Benarji and Rajendranath 1990),values for the test fish. Five aquaria were used fo
formothion in Heteropneustes fossilis (Singh and each concentration and each aquarium contained
Srivastava 1994), malathion @larias gariepinus  ten fish in 250 L dechlorinated tap water. Prior to
(Ahmad 2012), diazinon inSlurus glanis the introduction of fish in the aquaria, diazinon
(Koprucu et al. 2006) andCyprinus carpio was added and water was aerated for an hour for
(Ahmad 2011). Diazinon is commonly used inhomogenous distribution of diazinon in the water.
agriculture and previous studies have reportedwo control sets containing the same number of
contamination of fresh water reservoirs in Pakistafish and the same volume of water, but without
with diazinon and its derivatives (Mastoi et al.diazinon were also run. The water quality
2008; Iram et al. 2009). However, there is garameters of experimental water used were: pH
paucity of data regarding the effects of diazinan 07.5 + 0.3, temperature 22 + 2 °C, dissolved oxygen
local fish faunalndian carp Cirrhinus mrigala) is 6.9 + 0.5 mg/L, total hardness 118.5 + 1.4 mg/L as
an important freshwater fish with considerableCaCQ and these were determined according to the
economic importance in Pakistan. Therefore, thprocedures described in standard methods (APHA
present study was conducted to investigate th#985). Fish status, behavior and water quality
effects of sub-lethal concentrations of diazinon omparameters were monitored throughout the test and
hematological and biochemical parameterghef water in the aquaria was changed datigh were

C. nrigala. Ultimately, this study would considered dead if their gill opercular movement
supplement current knowledge on pesticideeased and they failed to respond to the stimulus
toxicity and management of fresh water reservoirprovided by a glass rod. Fish mortalities were
regarding diazinon input from agricultural fields. recorded after 1, 24, 48, 72 and 96 h of exposure;
dead fish were immediately removed from the
aquaria and Probit Analysis test was used to
MATERIALSAND METHODS calculate LG, values (Finney 1971).

A group of immature Indian carpC. mrigala A Sub-lethal toxicity test was performed at the end

weighing 65.80 + 10.20 g and total length of 12.28f 96 h acute toxicity test. Fish were exposed to
+ 2.41 cm were purchased from Jokhio fish farmiwo sub-lethal concentrations of diazinon i.e.
(24° 16' 5" North, 67° 35' 55" East) Thatta, locate 0-815 mg/L and 1.63 mg/L (10% and 20% of 96 h
Northeast of Karachi, Pakistan. Fish werd-Cso respectively) for 30 days. Sub-lethal toxicity
transported in aerated plastic containers to th@St was performed in nine 250 L glass aquaria and
laboratory and kept in two 1000 L fiberglass tank&ach aquarium contained ten fish. Three control
for two weeks to acclimatize to the laboratory2duaria without diazinon and three aquaria were
conditions. The water in the tanks was aeratedsed for each sub-lethal concentration. The water
continuously, changed daily and its temperaturgua“ty parameters were maintained the same as

was maintained at 22 + 2 °C. During the period ofveré used for the acute toxicity test. Fresh test
media were provided daily to minimize the
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accumulation of metabolic wastes and to ensuréme to diazinon increased. 96 h 44ds the basic
the presence of diazinon near to the nominal levelalue in the acute toxicity test and it was fouod t
The behavioral changes of fish were recorded aftdre 8.15 mg/L of diazinon foC. mrigala. Fish
every 12 h, whereas hematological andnortalities were not recorded during sub-lethal
biochemical examinations were carried out in 10toxicity experiment as the diazinon concentrations
20 and 30 days of exposure. After each exposuresed were 1% and 206 of 96 h LG, However,
period, six fish from each exposure concentratiofish exposed to diazinon showed some behavioral
and six control fish were caught randomly using &hanges. These changes include, accelerated gill
small dip net with minimum disturbance in themovement; loss of coordinated body movement;
aquaria. Fish were wrapped and cleaned with fish lying on their side or hanging vertically inet
common filter paper. Blood was collected bywater; seizures and convulsions. Compared to the
cardiac puncture using 18 G needle attached tocantrolled group, the fish exposed to diazinon
plastic syringe. Blood was transferred intoshowed a significant decrease in RBCs, Hb, Hct,
heparanized glass vials (50 IU Sodium heparin/ mMICV and MCH after 10 days of exposure
of blood) and was immediately used for(P<0.05). These parameters also showed a
hematological examinations. The hematologicasubstantial reduction during further exposure
parameters investigated were erythrocyte coumgeriods. The total WBC count of exposed fish
(RBC), hemoglobin  concentration (Hb), showed a delayed decrease. The WBC count of
hematocrit (Hct), mean corpuscular volumecontrolled and exposed fish were not significantly
(MCV), mean corpuscular hemoglobin (MCH), different from each other after 10 days of exposure
mean corpuscular hemoglobin concentratioto diazinon, but after 20 days and 30 days of
(MCHC), leukocyte count (WBC) and these wereexposure, a significant decrease in WBC count of
determined according to the unified methods foboth exposed fish groups was observed when
hematological examination of fish (Svobodova etompared to controlled fish group. Whereas
al. 1991). For biochemical analyses, blood waMCHC values of controlled and exposed fish
centrifuged at 400 rpm for 15 minutes at 4 °Cgroups were not significantly different from each
Plasma was separated and was used to determiiber during all exposure periods (Table 2).

plasma Glucose (GLU), Total proteins (TP), _ o
Albumins (ALB), Globulins (GLOB), activities of Table 1 - Mean lethal concentrations of diazinon to

; Indian carpC. nrigala
enzyme acetylcholinesterase (AChE), Asparate Duration of exposure () L Ceo (Mg/L)

aminotransferase (AST), Alanine aminotransferase 1 17.32 (15.91-18.32)

(ALT) and Lactate dehydrogenase (LDH). The 24 13.39 (14.32-16.22)
biochemical analyses of plasma were carried out 48 12.64 (11.32-13.44)
using UANTI B1000 Fully  Automatic Z,é 13?2 81411%133)2)
Biochemistry - Analyzer (Aurora Biomed Inc. LCso were calculated by the probit analysis test aed¢isults are
Canada). expressed as mean + SD.

Data for hematological and biochemical

parameters  were tested for normalityResults of plasma biochemical profile indicated a
(Kolmogorov-Smirnov test) and were analyzed bysignificant increase in plasma glucose levels
one way analysis of variance (ANOVA) to test(P<0.05) and a significant decrease in plasma
significant differences among measured variablelevels of total protein, albumin, globulin and

of the control and experimental fish groups. Thelasma activity of AChE in diazinon exposed fish
results were presented as mean * SD. Alat all sampling periods (P<0.05). The AST and
statistical analyses were carried out using SPS&LT activities in plasma of fish exposed to 0.815
17.0 computer software (SPSS Inc. Chicago, USAhg/L were not significantly different from

and P<0.05 was considered significant. controlled group after 10 days exposure, but
increased significantly after 20 days and 30 days
RESULTS exposure (P<0.05). On the other hand, the plasma

activities of these enzymes increased significantly
The mean LG, values of diazinon recorded for in fish exposed to 1.63 mg/L diazinon at all
Indian carp,C. nrigala at 1, 24, 48, 72 and 96 h sampling intervals. Therefore, a significant dose-
are given in Table 1. The data clearly indicated dependent difference was observed in the activities
significant decrease in Lg values as exposure of ALT and AST between 0.815 mg/L and 1.63
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mg/L of diazinon treatments in exposed fishfish groups only after 10 days of exposure and
Compared to the controlled fish group, LDHreturned to the normal values after 20 and 30 days
activity decreased significantly in both exposeddf exposure (Table 3)

Table 2 - Alterations in the hematological parameters ofdndtarpC. nrigala after 30 days exposure to 0.815 mg/L and
1.63 mg/L of diazinon.

Exposuretime Controlled group Experimental groups

Parameters (days) 0.815 mg/L 1.63 mg/L
RBC (1¢/mnr) 10 1.56 +0.01 1.14+0.18 1.02 +0.08
20 1.55 +0.12 1.04 +0.02 0.99 +0.04
30 1.55 +0.1% 0.98 +0.08 0.97+0.18
Hb (g/dL) 10 5.18 + 0.1% 4.10 +0.08 4.03+0.18
20 5.15+0.21 4.01+0.18 3.92+0.2%
30 5.16 +0.11 3.90 +0.08 3.04+0.31
Hct (%) 10 31.46 +0.71 28.21+1.18 26.34 +0.17
20 30.32 +0.42 27.30 £1.02 24.86 + 0.4
30 30.14 +0.30 25.14 +0.98 23.02 +0.63
MCV (fL) 10 238.41+3.21 221.33+4.32 219.55 + 3.85
20 237.39+2.1%4 215.48 + 5.44 212.71 + 4.4%
30 232.71+2.74 211.52 + 4.69 209.25 + 4.6%
MCH (pg) 10 3524 +1.71 32.64 +1.48 31.13+1.01
20 36.04+0.28 30.32+1.18 24.46 + 0.91
30 35.84 +0.41 29.18 +1.98 24.26 +0.31
MCHC (%) 10 17.04 +1.%6 16.32 +1.02 16.28 +1.33
20 17.06 + 1.1% 16.16 +1.21 15.36 + 0.45
30 17.02 +0.9% 16.21 +1.09 15.11 +1.29
WBC (16/mn?) 10 35.08 +0.28 34.32+0.98 32.35+1.1%
20 36.21+0.14 26.54 +0.47 24.42 +0.9%
30 35.39 + 0.45 27.42 +1.32 24.56 + 0.68

RBC=erythrocyte count; Hb=hemoglobin concentratiéfct=hematocrit; MCV=mean corpuscular volume; MCHsm corpuscular hemoglobin;
MCHC= mean corpuscular hemoglobin concentration;G&Beukocyte count. Different superscript lettersows indicate significant difference (P<0.05)
in groups.

Table 3 - Alterations in the biochemical parameters of Indiarp,C. mrigala after 30 days exposure to 0.815 mg/L and
1.63 mg/L of diazinon.

Exposure Controlled group Experimental groups
Parameters time (days) 0.815 mg/L 1.63 mg/L
GLU (mg/dL) 10 120 +2 130 + 4 138+ 5%
20 122+ 2 139+ 5 140 + 4
30 124+58 133+ 5 142+ 6
TP (g/dL) 10 5.32 +0.04 3.44 +0.1% 3.62+0.12
20 5.10+0.18 3.38+0.2% 3.51+0.04
30 5.12 +0.23 3.41+0.14 3.24 +0.2%
ALB (g/dL) 10 2.54 +0.03 1.98 +0.2% 2.00 +0.3%
20 2.39+0.16 1.87 +0.27 1.70+ 0.4
30 2.43+0.22 1.94 +0.08 1.72+0.18
GLOB (g/dL) 10 2.64 +0.18 1.98 +0.18 1.97 +0.24
20 2.48 +0.05 1.85+0.22 1.87 +0.08
30 2.35+0.09 1.96 +0.29 1.91+0.18
AChE (U/L) 10 7686 + 105 3942 + 188 2896 + 162
20 7513 + 121 3684 + 139 2532 + 159
30 7662 + 118 3274 + 144 2148 +172
AST (IU/L) 10 433 £22 452 + 26 568 + 48
20 451 + 18 657 + 32 591 + 56
30 448 + 28 646 + 29 794 + 69
ALT (IU/L) 10 152 +3.8 17.8+3.9 205+6.9
20 17.3+2.2 19.3+6.3 38.9+8.2
30 16.4 £ 3.7 408+4.8 56.7+7.6
LDH (1U/L) 10 197 + 14 166 + 18 160 + 22
20 202 + 18 187 + 23 178 + 18
30 196 + 21 195 + 14 192 + 2%

GLU=Plasma glucose; TP=Total proteins; ALB=AlbuminSLOB= Globulins; AChE=activities of enzyme acetyblinesterase; AST=Asparate
aminotransferase; ALT=Alanine aminotransferase; ED&ttate dehydrogenase (LDH). Different superscigiters in rows indicate significant
differences (P<0.05) in groups.
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DISCUSSION pesticides. It regards, changes in hematological
indices after exposure to malathion @larias
In the present study, 1 and 96 hsh@alues of gariepinus (Ahmad 2012), phosalone in
diazinon forC. nrigala were found to be 17.32 Oreochromis mossambicus (Ali and Rani 2009)
mg/L and 8.15 mg/L respectively. In view of this,and trichlorfon inC. carpio (Al-Ghanim et al.
diazinon can be considered moderately toxi2008). Similar to the present findings, decreased
substance for the fistDiazinon toxicity for C. RBC count, WBC count, hemoglobin and
mrigala increased with increasing concentratiorhematocrit levels have been reported in male
and exposure time. Only 22% fish died when theyrood stock,Rutilus frisii kutum (Soltani et al.
were exposed to 5 mg/L of diazinon for 96 h,2012) and grass cargitenopharyngodon idella
whereas 10B fish died after 24 h when fish were (Pourgholam et al. 2006) after long-term exposure
exposed to 25 mg/L of diazinon. The acute toxicitfo ~ sub-lethal  concentrations of diazinon.
values of diazinon vary in different fish speciesKhoshbavar-Rostami et al. (2004) and Adedeiji et
and range in tenths to several tens of mg/L o#l. (2009) also reported decreased Hb, RBC and
diazinon. Keizer et al. (1991) reported 96 hsy C WBC count and increased values of MCV and
values of diazinon for zebra fisiBriachydanio MCH after diazinon exposure in giant sturgeon
rerio) as 8 mg/L and for guppy P¢ecilia (Huso huso) and African catfish,C. gariepinus
reticulate) as 0.8 mg/L. Office of pesticide respectively.
programme (2000) reported 96 h dyGralues of Compared to the controlled fish group, the
diazinon for sheep head minnovCyprinodon biochemical response df. nrigala exposed to
variegates) as 1.47 mg/land for fathead minnow 0.815 mg/L and 1.63 mg/L of diazinon for 30 days
(Pimephales minnow) as 7.80 mg/L. Ahmed was a significant increase in the plasma glucose
(2011) estimated 9.76 mg/for common carp level, activities of AST and ALT; and a significant
(Cyprinus carpio) and Soltani et al. (2012) decrease in the plasma levels of TP, ALB, GLOB,
reported 0.4 mg/L of diazinon as 96 hg®alues activities of AChE and LDH. Glucose is the
for male brood stockRutilus frisii kutum. The primary source of energy and its increased plasma
difference in diazinon toxicity among different level is a secondary indicator of stress respomse i
fish species can be attributed to the difference ianimals. In our results, the elevated level of
their age, size, duration of exposure, suscefibili glucose in diazinon exposed fish indicates
and tolerance regarding absorptiondiazinon induced stress in the test fish. Increased
biotransformation and excretion of diazinon. Theédlood glucose levels have also been reported. in
degree of diazinon sensitivity also varies evemarpio and in Oncorhynchus mykiss after long-
among the fish of the same family and genugerm exposure to sub-lethal concentrations of
(Ramesh and Saravanan 2008). In the preseditazinon (Ahmad 2011; Banaee et al. 2011). The
study, the 96 h Lg values of diazinon recorded reactive oxygen species produced during diazinon
for immatureC. nmrigala are slightly higher than metabolism in fish liver, can lead to increasehia t
reported for other fish species, indicating tiat permeability of hepatocytes, kidney, gills, spleen
mrigala are more resistant to diazinon and theiand heart cells that results in leakage of AST, ALT
mortality requires higher dosage and longefnd other enzymes into the plasma (Srivastava et
exposure time. al. 2004). In the present study, the increased
Compared to the controlled fish group, theactivities of AST and ALT in the plasma @.
hematological response @f nrigala exposed to nrigala indicate that long-term exposure to
0.815 mg/L and 1.63 mg/L of diazinon for 30 daysdiazinon caused tissue damage in fish. Increase in
was a significant decrease in RBC, Hb, HCTthe plasma activities of AST and ALT has also
MCV, MCH and WBC count. The decrease inbeen reported i®. mykiss and Channa punctatus,
RBC, WBC counts and values of otherexposed to diazinon and monocrotophos
hematological parameters i@. nrigala can be respectively (Banaee et al. 2011; Agrahari et al.
attributed to the failure or suppression 0f2006). Albumin and globulin make up most of the
hematopoietic system of the fish, caused by longotal protein part of the body and their tests are
term exposure to diazinon. These results aresed to monitor disorders of the immune system,
consistent with the findings of other studiesrenal and hepatic dysfunctions (Giron-Pirez et al.
investigating hematological response of differen007). The decrease in total protein, albumin and
fish species exposed to other organophosphagtobulin levels in diazinon exposed. nrigala
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may be attributed to malnutrition and destructiormay potentially disturb their survivability in the
of hepatocytes caused by diazinon toxicity. Othenatural environment. Therefore, controlling
studies have also reported pesticide inducecheasures should be taken to prevent the possible
hepatic impairment and decreased levels of tot@lontamination of the aquatic environment by such
protein, albumin, globulin inC. idella and O.  toxic pesticides.

mykiss exposed to diazinon (Pourgholam et al.

2006; Banaee et al. 2011) a@dcarpio, exposed

to cypermethrin (DobSikova et al. 2006). EnzyméQEFERENCES
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