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ABSTRACT

Pesticide pollution in aquatic ecosystems is an environmental issue throughout the world. Chlorpyrifos
is the most widely used organophosphate pesticide against pests in agricultural farms, orchards of
fruit trees and household purposes. Herein, we investigated the impact of sublethal toxicity of this
organophosphate on some haematological and biochemical parameters of freshwater fish Cirrhinus
mrigala. The acute median lethal concentration (LC,,) value of chlorpyrifos calculated by probit analysis
was found to be 0.44 mg L. On the basis of LC,, value, the fingerlings were exposed to three sublethal
concentrations (1/20™, 1/10%, 1/5%) of chlorpyrifos. During the prolonged treatment, haematological
parameters including RBC, Hb and Hct values were found to decrease, whereas WBC count was
found to increase in pesticide treated fishes. Similarly, indices like MCH and MCHC were significantly
lower and MCV was significantly higher when compared to control. In the biochemical study, values
of plasma glucose showed a gradual increase, whereas plasma protein levels, albumin and globulin
showed a gradual decrease with increase in dose of chlorpyrifos at the end of experimental period.
Results of the study clearly revealed that chlorpyrifos can disrupt the haematological and biochemical
parameters of Cirrhinus mrigala and these can be used as non specific biomarkers in pesticide

contaminated aquatic ecosystems.

INTRODUCTION

Organophosphorus pesticides (OP) have fully replaced the
persistent chlorinated pesticidesin 1970's and in the begin-
ning of 1980's. The main advantage of OP pegticidesistheir
low cumulativeability and short term persistence in the envi-
ronment (Banaeeet al. 2008). Chlorpyrifos (O, O-diethyl O-
3, 5, 6-trichlor-2-pyridyl phosphorthioate) isawide ranging
organophosphate pesticide used to contral the agricultural
and household pests (Gluszak et al. 2006) and is commonly
reported ascontaminant of surfacewatersand groundwater in
many countries. There arevariouswayshby which chlorpyrifos
can be digtributed throughout the aguatic ecosystems. Infact,
runoff from agricultural farms and irrigation waters are the
main cause of entry of these contaminantsinto aquatic envi-
ronment where they worsen the quality of water and alter the
chemical composition of aquati c environment and can affect
the freshwater fauna, particularly fish (Wild 1975). The
chlorpyrifos can be absorbed through gills, skin and diges-
tive system of fish and distributed in blood and different
tissuesviablood. Dueto lipophilic property of thispesticide,
it accumulatesmainly inthefatty tissue. Chlorpyrifosisknown
to inhibit the acetylcholine esterase (AchE) enzyme and &f -
fectsthe nervous system of aquatic organismsthusinfluenc-
ingtheir physology and also interact with the DNA (Banaee

et al. 2013, Gluszak et al. 2006, Snieszko 1960, Svoboda
2001). The exposure of fish to various chemicalsmay induce
changes in these haematological parameters. So, haematol -
ogy has been widely used for detection of physiopathol ogi-
cal dteration following different stressconditions (Harff 1983,
Svoboda et a. 2001).

Various authors have reported toxic effects of various
organophosphate pesticides on growth parameters, bio-
chemical, haematol ogical and physiological achievements
of different fish species. However, the current status of toxi-
cological effectsof chlorpyrifoson Cirrhinusmrigala, one
of the most important cultured fish species with high eco-
nomical value, are meagre to reach any conclusion. Thus,
the purpose of the present study was to investigate the ef-
fect of sub-lethal chlorpyrifos concentration on
haematological and biochemical parameters of Cirrhinus
nmrigala. This study would also supplement the current
knowledge on pesticide toxicity and will help in the effec-
tive management of freshwater systemswith respect to the
input of chlorpyrifosfrom agricultural fields.

MATERIALS AND METHODS

Collection and maintenance of experimental fish: Hedthy
fish Cirrhinusmrigala (weight 15.1+0.3 g and 9.5£0.7 cm)
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were brought from alocal fish farm near Kurukshetra, India
and acclimatized at 28°C in large sized plastic tubs disin-
fected with potass um permanganate and washed thoroughly
to prevent the fungal infection for 20 days prior to experi-
mentation. During | aboratory conditions, fish werefed with
diet containing 40% protein (dietary ingredients (g kg™):
groundnut oil cake: 650 g, rice bran: 42 g, processed
soyabean: 276 g, wheat flour 32 g, mineral mixture: 10 g) @
4% BW intwoinstalmentsaday. Tap water free from chlo-
rine was renewed every day with these physicochemical
characteristics (temperature 32+0.02°C, pH 7.3+0.33, DO
5.5+0.33mg/L).

Pegticide: The pesticide for the study, technical-grade
chlorpyrifos (50% EC), CASNo. 2921-88-2.1 with product
name Classic Super (manufactured by M/s Cheminova, In-
diaLtd., Gujarat) was purchased from the local market and
used for further experimentation.

Preparation of stock solution and deter mination of LC,
value of chlorpyrifos: A stock solution of chlorpyrifoswas
prepared by dissolving 1 mL of chlorpyrifos (50%) in appro-
priate 1 L of normal tap water. Fish were randomly selected
from stock and exposed to different concentrations of
chlorpyrifos (0.10 mg L%, 0.20 mg L* and 0.30 mg L) in
different 50 L plastic tubs. Fifteen fish were introduced into
each aquarium and water was replaced daily with fresh
chlorpyrifos mixed water to maintain a constant level of
chlorpyrifosduring the exposure period. For each concentra-
tion, three replicates were maintained. A control was also
maintained in three different aquaria under identical condi-
tions. Themortality of fishwasrecorded at theend of 24, 48,
72 and 96 h concentration at which 50% mortality wastaken
as a median lethal concentration. The experiment was re-
peated thrice to obtain the LC, - 96 hvalue of thetest chemi-
cal for the fish. The concentration at 96 h causing 50% of
death was calculated by probit analysis (Finney 1952) in
SPSS Software version 11.5. The LC_- 96 h vaue of
chlorpyrifos was determined as 0.44 mg L for Cirrhinus
mrigala.

Chronictoxicity tests: To determinethe prolonged effect of
thispedticide, three sublethal doseswere selectedi.e., 1/20th
of LC_value (0.02mg L"), /10" of LC_value(0.04 mg L)
and 1/5" of LC_ value (0.08 mg L) along with the control
(no pedticide). One hundred eighty fingerlings wererandomly
selected from the stock and dividedinto 4 groups(TC, T1, T2
and T3). The experiment was conducted for 90 days. All the
treatments were maintained at a constant concentration of
toxicant after renewal of the same volume of water. No mor-
tality was observed during the experimenta period.

Collection of blood sample: The experiments and handling
of the test organismswere carried out as per the guidelines
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of the Committeefor the Purpose of Control and Supervision
of Experiments on Animals (CPCSEA). Blood from control
aswell astreated fishwasdrawn from cauda punctureusing
disposable plastic syringe fitted with 26 gauge needle, ear-
lier moi stured with heparin, (beparin, heparin sodium, 1P2000
U mL -1, derived from beef intestinal mucosacontaining 0.15%
WI/V cholesterol | P preservative) an anticoagul ant manufac-
tured by Biological E Limited, Hyderabad, India. Pooled
blood sampleswere transferred in heparinized vialsand placed
onice. Thewholeblood was used to estimatethe RBC, WBC
and Hb. Remaining blood samples were centrifuged for 30
minutes at 10,000 rpm and plasmawas separated for estima-
tion of total glucose and protein.

Heamatological analysis: The haemocytometer
(Neubauer’ s counting chamber) was used for total erythro-
cyte count and total leucocyte count following the method
of Dacie & Lewis(1971). Haemoglobin (Hb) concentration
was estimated by Sahil’s method. Haematocrit (Hct) was
determined by microhaematocrit method. Other erythrocyte
indiceslike MCV, MCH and MCHC were cal culated using
standard formulae.

Mean Corpuscular Volume (MCV)

_ Haematocrit (%) % 10
" RBC count in millions (1)

Mean Corpuscular Haemoglobin (MCH)

_ Haemaglobin (gdL — 1) x 10
h RBC count in millions (2

Mean Corpuscular Haemoglobin Concentration (MCHC)

_ Haemaglobin (gdL — 1) x 10
B Haematocrit(%) ..(3)

Biochemical analysis: Plasma glucose and protein were
analysed following the method of Henry et al. (1974) and
Lowry et al. (1951) respectively. Albumin estimation was
done according to bromocresol method (Gordon et al. 1967)
and globulin content was calculated using standard
formulae:
Globulin = Tota protein - Albumin

Statigtical analysis: Significant differences among treat-
ment groups weretested by analysis of variance (ANOVA)
followed by Duncan’s multiple range tests for the experi-
ments. Statistical significance was settled at a probability
value of P<0.05. All statistics were performed using SPSS
version 11.5 for Windows.

RESULTS
Sublethal Chronic Tests

Vol. 16, No. 4, 2017 e Nature Environment and Pollution Technology



TOXIC EFFECTS OF CHLORPYRIFOSON CIRRHINUSMRIGALA

Effects of chlorpyrifos on haematological parameters:
The calculated LC, value of chlorpyrifos of Cirrhinus
nmrigala fingerlings was 0.44 mg L. The selected sub-
lethal concentrations for toxicity testing of chlorpyrifos
were equival ent to approximately 1/20", /10", 1/5" of 96
h LC,, value. Physico-chemical characterization of the
water was carried out according to the standard methods.
Thevalues of variouswater quality parameterswere as pH
7.5+0.05, alkalinity 43.4+0.77 mg L, hardness 350+1.15
mg L, chloride 37.1+0.7 mg L*and calcium 26.21+0.26
mg L. No mortality was recorded in fish exposed to sub-
lethal concentrations of chlorpyrifos and control group
during the experimental periods. Certain behavioural
changes as lethargy, loss in balance, irregular opercular
movement, 10ss in appetite, increased mucus secretion,
swimming at surface of water and swimming vertically were
observed in fish exposed to higher doses of pesticide. The
changes in the profile of haematological parameters are
presented in Table 1.

During the sublethal treatments, values of RBC/TEC,
Hb and Hct values showed a significant decrease (P<0.05)
from the control (TC) to treatment T3 registering a direct
relation with concentration, whereas significant (P<0.05)
increasein WBC count was observed in fish from treatment
TCto treatment T3. Other haematol ogical indiceslike MCH
and MCHC also showed significant (P<0.05) decrease with
increasein dose of chlorpyrifos, whereas no significant dif-
ferencein value of MCV was observed between treatment
TC, Tland T2, T3; however, valueswere found to increase
but no clear trend was observed.

Effectsof chlor pyrifoson biochemical par ameters Varia-
tions in biochemical parameters such as glucose, total pro-
tein, albumin and globulin levels are given in Table 2. Glu-
cose (mg 100 mL-1) isan important diagnogtic tool of carbo-
hydrate related disorder asit isreliable endocrine and physi-
ological indicator of relative severity of stress. Itisevidently
clear from the data (Table 2) that thereis s gnificant (P<0.05)
concentration dependent response showing maximum value
intreatment T3 (inwhich fisheswereexposedto0.08 mgL*
of chlorpyrifos) and minimum in control TC. Level of total
serum protein content (ug mL ) was a so affected by the pro-
longed exposure to pesticide. The values clearly revealed
significant (P<0.05) decrease in all treated groups (T1, T2
and T3) ascompared to control (TC). Also, the mean values
of total albumin showed s gnificant (P<0.05) decrease asthe
concentration of chlorpyrifosincreased fromtreatment T1to
T3. Similar trend was observed in globulin content.

DISCUSSION

Haematol ogical characteristics have been consdered astools
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for screening pathological stress. These constitute a good
indicator of physiological responses (Blaxhell 1972) be-
causethey provideinformation about internal environment
of organisms(Lazzari et al. 2006). The clinical symptomsin
termsof behavioural responses observed during chlorpyrifos
exposure of Cirrhinus mrigala corresponds to the toxicity
of organophosphate on this fish species. The main break-
down product of chlorpyrifos in the environment and in
organisms is chlorpyrifos-oxon, which disrupts AChE ac-
tivity (Chawanrat 2007, Oruc 2010) and hence the negative
effects on the functioning of locomotory, respiratory and
digestive systems of fish. Similar types of behavioura al-
terations were also studied by various authors on different
fish species exposed to different organophosphates (Dutta
1995, Dutta& Choudhary 1996, Venkata& Nagargju 2014,
Jindal & Kaur 2015). In the present study, exposure of sub-
lethal concentration of chlorpyrifos in fingerlings of
Cirrhinus mrigala showed remarkable alteration in
haematological and biochemical parameters. There was a
significant (P<0.05) decrease in red blood cell count, hae-
moglobin (Hb) content and packed cell volume (PCV) or
the haematocrit (Hct) whereas, asignificant increasing trend
in WBC was observed with each increase in the dose of
pesticide. Other red blood cell indices such as mean corpus-
cular haemoglobin (MCH) and mean corpuscular haemo-
globin concentration (MCHC) also showed appreciable
decrease whereas mean corpuscular volume (MCV) in ex-
posed fish has been observed to show increasing trend when
compared with the control.

The total RBC count, haemoglobin (Hb) and haemat-
ocrit (Hct) showed adecreasing trend with increasing con-
centration and exposure time of chlorpyrifos which might
be attributed to the decreased erythropoietic activity. In
most vertebrates, including fishes, erythropoietic activity
is regulated by erythropoietin produced in the kidney
(Gluszak et al. 2006). Thiserythropoietin further promotes
erythropoiesis by inducing haemopoietic stem cells to dif-
ferentiate into erythroblasts (which form RBCs). Erythro-
poietin also activates pyridoxa phosphate in development
of RBCs, inducing haemoglobin synthesis (Oruc 2010).
Some histopathol ogical observationshave also revealed pro-
gressive dystrophic changes in kidney tubules when ex-
posed to organophosphates. Kidney damages cause a de-
creasein erythropoietin level, which in turn decreasesRBC
production and Hb synthesis under hypoxic condition. The
decrease in all these parameters may be indicator of anae-
miathat might be due to destructive action of organophos-
phate on cell membrane. Also, decline in RBC count, Hb
concentration and haematocrit value presumably reflected
erythrocyte haemolysis and/or irreparable damage of kid-
ney functions. The decrease in Hb concentration might be
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Table 1: Changes in haematological parameters of chlorpyrifos exposed to fishes in comparison to control.

Haematological Parameters

Chlorpyrifos Treatments

TC(control)

T1(0.02 mg L)

T2(0.04 mg LY T3(0.08 mg L)

TEC (RBC) (10° mm3) 1.99+0.014 1.82+0.028 1.52+0.02¢ 1.34+0.01°
Haematocrit value (%) 28.98+0.044 26.58+0.298 25.35+0.19¢ 22.64+0.31°
Haemoglobin value (%) 9.410.147 7.3£0.118 6.0+£0.05¢ 4.86+0.08P
MCV (um?3) 145.15+1.258 145.84+2.62° 166.85+2.85 169.10+£4.347
MCH (pg) 47.40+0.55* 40.03+0.458 38.68+1.15¢ 36.32+0.67°
MCHC (%) 48.40+0.77~ 40.03+0.458 38.67+1.158¢ 36.32+0.67¢
TLC (10° mm) 13.34+0.30° 14.13+0.14¢ 15.55+0.238 18.49+0.22*

All values are mean + S.E of mean; Means with different letters in the same row are significantly (P<0.05) different; (Data were analyzed by
Duncan’s Multiple Range test); TEC- Total Erythrocyte Count, MCV- Mean Corpuscular Volume, MCH- Mean Corpuscular Heamoglobin,
MCHC- Mean Corpuscular Haemoglobin Concentration, TLC- Total Leucocyte Count

Table 2: Changes in plasma glucose level and protein level of chlorpyrifos treated fishes in comparison to the control.

Biochemical Parameters TC(Control)

T1(0.02mg L)

T2(0.04mg L) T3(0.08mg L)

Blood glucose (mg 100 mL %) 74.36+0.32° 82.47+0.30¢ 107.13+1.008 143.38+1.58*
Total protein (ug mL?) 3.28+£0.167 2.98+0.04* 2.40+0.218 1.03+0.04°¢
Albumin (ug mL-) 2.06+0.04* 1.92+0.028 1.19+0.02¢ 0.66+0.02°
Globulin (ug mL™?) 1.30+£0.26* 1.05+£0.054 1.15+£0.194 0.37+0.058

All values are mean = S.E of mean; Means with different letters in the same row are significantly (P<0.05) different; (Data were analyzed by

Duncan’'s Multiple Range test)

dueto an increase in the rate at which Hb is destroyed or a
decreaseintherate of its synthesis(Ural 2013). Further, the
decrease in Hct in fish exposed to pesticide was due to de-
crease in RBC count, which in turn might be due to the
effect of pesticide on blood forming organ as explained
above (Saha& Kaviraj 2009). Similar results were obtained
by some authors showing effects of sub-lethal exposure of
lindane on haematological and biochemical responses of
freshwater teleost Cyprinus carpio resulting in decreasing
trend in RBC, Hb and Hct values (Ural 2013). The present
findingsare sameto earlier reportson freshwater fish Channa
punctatus after acute exposure to diazinon (Anees 1978,
Srinivasan & Radhakrishanamurthy 1988). Erythrocytelevel
was also found to be depressed in fishes subjected to stress-
ful conditions. Inhibition of erythropoiesis and increasein
the rate of erythrocyte destruction in haematopoietic or-
gans are the cause of decrease in RBC count as stated by
Johnson & Larsson (1978).

Further, changesin blood cell indiceslike MCH, MCH,
MCHC and MCV were also observed in the present study.
Thismay be dueto thefact that these are very sensitiveand
can cause reversible changesin the homeostatic system of
fish. Fluctuationsin these indices directly correspond with
the values of RBC count, haemoglobin concentration and
packed cell volume. The present findings are similar to the
earlier reports (Balini et a. 1995, Svobodaet a. 2001, Das
& Mukherjee 2003).

Leucocytes are involved in the control of immunologi-
cal function and the changesin the WBC counts after expo-
sure to various toxicants may indicate a decrease in non
specificimmunity of thefish (Saha& Kavirgj 2009) and the
significant increase in the count may be a protective re-
sponseinfish under stress. Ingeneral, increased WBC count
in fish exposed to the sub-lethal doses indicates|eucocyto-
sissuch as heterophilia and lymphophenia, which are char-
acteristic of leucocytic responsein animals exhibiting stress
(Johnson-gjobeck & Larssob 1978, Ahmad 2011). Stimula-
tion of lymphopoiesis and/or enhanced release of
lymphocytesfrom lymphomyel oid ti ssue under toxic stress
may lead to anincreasein WBC number (Svobodovaet al.
1997). The observed increase suggests that body tried to
enhancethe TL Cs on aprotective mechanism against sress
at lower concentration and tendency of the body to enhance
the defence mechanism against stress.

Among the biochemical profiles, plasma glucose has
been extensively used as a sensitive indicator of environ-
mental stressin fish (Nemcsok et al. 1982), because carbo-
hydrates are the primary and immediate source of energy.
Marked significant increase in glucose concentration with
increase in concentration has been seen in the present study,
thus clearly demarcating the action of chlorpyrifos as the
manifestation of stress to the test fish. Chronic sublethal
treatments of the pegticide have increased the levels of
plasma glucose due to the gluconeogenesis to provide en-
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ergy for the increased metabolic demands imposed by the
pesticide chlorpyrifos. Similar results were given by vari-
ous other authors suggesting that glucose concentration in-
creasesasagenera responseof fishto acute pollutant effects,
including organophosphate (Mishra 1983, Sastry 1998).
Banaee et al. (2011) reported an increase in blood glucose
of fishexposed to the chlorpyrifos may reflect theincreased
need for energy to counteract the effects of stress caused by
chlorpyrifos toxicity.

The protein content, albumin and globulin in fish
showed a significant (p<0.05) reduction on exposure to
toxicant. Reduction of proteins might be due to the block-
ing of protein synthesis, protein denaturation or interrup-
tion in the amino acid synthesis. Also, thelow protein con-
tentsin chlorpyrifos exposed fish may be due to the reduc-
tion in feed intake and further breakdown of these mol-
ecules as energy substrates to cope up with chlorpyrifos
induced stress support (Cheemaet a. 2014). Similar find-
ings have been madein different fish by other workersviz.,
Channa punctatus exposed to quinalphos (Sastry et al.
1998), Cyprinus carpio exposed to deltamethrin (Svoboda
et al. 2001) and Oncorhynchus mykiss exposed to bifethrin
(Velisek et al. 2008). Thedecreasein proteinlevel observed
infreshwater Channa mar ulius exposed to the lattices of E.
royleena and J. gossypifolia has been attributed to the de-
struction or necrosis of cells and subsequent impairment in
protein synthesis (Singh & Singh 2003). Possible reason for
lowered amount of albumin and globulin levels of fish ex-
posed to chlorpyrifos may be due to the depletion in total
protein level in plasma. A significant (P<0.05) low serum
protein albumin and globulin levelsin treated fish exposed
to chlorpyrifosmay also be attributed to the stress mediated
mobilization of these compoundsto fulfil an increased de-
mand for energy by fish to cope up with the detrimental
conditions exposed by the toxicant. Decreased protein lev-
elsmay be seenin garvation and mal absorption and mal nu-
trition.

CONCLUSION

From the present investigation, it can be concluded that
exposure of Cirrhinus nrigala fingerlings to the sublethal
concentrations of 96h-LC_ caused significant alterations
in haematol ogical and biochemical parameters. The altera-
tionsin these parametersmay provide early warning signals
for the determination of acute and sublethal toxic levels of
pesticides used in the field and its deterioration into the
nearby ponds.
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