Journal of Chemical Health Risks
Journal of Chemical Health Risks (2015) 5(3), 209–220

ORIGINAL ARTICLE

Effects of Malathion Acute Toxicity on Behavioral and
Haematological Parameters in Capoeta damascina
(Cypriniformes: Cyprinidae)
Saeed Shahbazi1, Fateh Moëzzi*1, Hadi Poorbagher1, Narges Rostamian2
1

Department of Fisheries, University of Tehran, Karaj, Iran

2

Department of Fisheries, University of Environment, Karaj, Iran
(Received: 28 March 2015

Accepted: 30 May 2015)

ABSTRACT: The present study investigated the effects of acute toxicity of malathion on
KEYWORDS

behavioral and haematological parameters in the cyprinid Capoeta damascina. The specimens
were collected from the Kordan River, Karaj, Iran in August, 2014 and were exposed to different
concentrations of malathion at the laboratory (24, 48, 72 mg L-1) based on 96h-LC (10; 30; 50; 90) which

Malathion;
LC50;

was 6.08 (5.22-7.18) mg L-1. The animals were then exposed to 0.76, 1.00 and 1.52 mg L -1 of

Capoeta damascina;

malathion for 10 days. Blood samples were collected in days 1, 5 and 10. Red blood cell (RBC),

Haematological

white blood cell (WBC), hemoglobin (Hb), hematocrit (PVC), mean corpuscular volume (MCV),

parameters

mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC)

Behavioral changes;

were measured. Behavioral abnormalities were observed in fishes exposed to high levels of
malathion. The specimens exposed to malathion had significantly lower RBC, WBC, Hb, PVC but
higher MCV and MCH than those of the control group. No significant difference was detected in
MCHC the exposed and control specimens. Hematological parameters (except MCHC) were
significantly correlated with exposure time. In conclusion, malathion showed extensive
haematological effects on C. damascina that might be used as bioindicator of this pesticide in
flowing waters.

INTRODUCTION
Pesticides are an important group of chemical aquatic

through different ways [4] influencing aquatics,

pollutants that are used widely in agricultural activities

including fishes, and finally human health [5]. Pesticides

around the world [1-3]. They enter into aquatic systems

also have ecological effects changing aquatic biota
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communities’ structure [6]. Their impacts on fishes have

plastic tanks for a week to get adapted to the

been investigated using behavioral, physiological and

experimental condition. Temperature, pH, dissolved

biochemical methods [7-19]. Haematological parameters

oxygen and alkalinity of water were T: 21 ± 1 °C, pH:

are a group of biomarkers, which are extensively used in

7.5 ± 0.24, DO: 7.5 ± 0.5 mg L-1, alkalinity: 220 ± 4 mg

order to assessing toxicity effects, health status of

CaCO3 L-1, photoperiod: 8:16 (L: D).

Immune system, and histological damages in live

Static acute toxicity bioassay was performed according

organisms [20-23]. Haematological parameters are

to the APHA (1985) [31] to find 24, 48, 72 and 96-h

sensitive to alterations in environment factors, which

lethal

have made them reliable and easy-to-measure indices in

concentrations (1, 2, 4, 8, 16 and 32 mg L-1) of

biomonitoring [24]. In addition, haematological profile

malathion with three replicates were used in the test

provides appropriate information about physiological

series.

condition of the organism [25-27].

concentrations were selected in order to fish exposure,

Malathion is an organophosphate pesticide considered

includes:

hazardless for mammals, and thus has been used more

(0.166×LC50); 1.52 ppm (0.250×LC50). Animals were

frequently than other pesticides [28]. It is highly toxic

exposed to malathion for 10 days, where water was

for aquatic biota [2, 29]. With respect to the undesirable

exchanged every 48 h. The specimens were allocated to

effects of this pesticide on aquatic organisms, especially

three treatment and one control groups with three

fishes as economically important organisms, studying

replicates for each treatment and 15 fish in each

toxic effects of such chemicals on fish species of inland

replicate. Most observed behavioral changes (i.e., less

water bodies is very important.

activity, loss of equilibrium, abnormal swimming, rapid

Capoeta damascina, belongs to the family Cyprinidae,

gill movement and staying motionless on the aquarium

is an important fish in Iranian waters that has

bottom) were recorded during the experiment. Fishes

widespread distribution, even in Asian countries [30].

were sampled in days 1, 5 and 10, when a 1-mL blood

Since habitats of this species are rivers adjacent to the

samples were collected using caudal peduncle into

agricultural lands and orchards, which receive high

heparinized syringes and test tubes.

loads of malathion, the assessment of toxicity levels of

The following blood parameters were measured: number

malathion and its impacts on this species is very

of erythrocytes (RBC, ×106 mm-3), number of leukocytes

important. Therefore, this study was conducted to

(WBC, ×103 mm-3), hemoglobin (Hb, g dL-1), hematocrit

investigate the acute toxicity levels of malathion, and

(PCV: packed cell volume, %), the mean corpuscular

the effects of sublethal concentrations (or chronic

volume (MCV, fL), the mean corpuscular hemoglobin

exposure) on behavioral changes and haematological

(MCH, pg) and the mean corpuscular hemoglobin

indices

concentration (MCHC, %). The last three parameters

in

C.

damascina

as

an

endemic

and

economically valuable species.

concentration

(LC10-90).

After finding LC5096
0.76

ppm

Six

h,

different

three sublethal

(0.125×LC50);

1.00

ppm

were calculated according to previous studies [32, 33]:

MATERIALS AND METHODS

[

]

[

]

Specimens (length: 12 ± 1 cm; weight: 125 ± 5 g [mean
± SD]) were collected in August, 2014 using
electrocution from the Kordan River (Karaj, Iran),
transferred to the laboratory, allocated randomly to
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2

S. Shahbazi et al / Journal of Chemical Health Risks 5(3) (2015) 209–220

[

analyses were performed using SPSS version 20.00

]

(Chicago, IL, USA).
LC50 was calculated using the probit analysis [28].
Significant

differences

between

RESULTS

haematological

parameters were examined using a one-way ANOVA

There was no mortality in the control group. The LC 10-

and the Duncan’s multiple range test (α = 0.05).

90 calculated for C. damascina are presented in Table 1.

Relationships between exposure time/concentration and

LC50 96 h value for malathion in fish was determined as

haematological parameters were examined using the

6.08 (5.22-7.18) mg L-1. LC50 values decreased with

Pearson’s correlation coefficient. All results are

increase of exposure time and for a given exposure time,

presented as mean ± standard deviation. All statistical

lethal concentration increased from LC10 to LC90.

Table 1. Lethal concentrations of malathion in Capoeta damascina during different exposure times.
Concentration (ppm) (Lower Bound- Upper Bound)
Point
24h

48h

72h

96h

LC10

4.58 (2.72 - 5.66)

3.84 (2.17 – 4.90)

3.73 (2.16 – 4.72)

3.20 (1.80 – 4.12)

LC30

6.45 (5.32 – 7.64)

5.86 (4.78 – 7.00)

5.53 (4.51 – 6.52)

4.90 (3.96 – 5.79)

LC50

7.74 (6.69 – 9.44)

7.25 (6.21 – 8.84)

6.77 (5.83 – 8.08)

6.08 (5.22 – 7.18)

LC90

10.90 (9.26 – 14.61)

10.66 (9.01 – 14.00)

9.81 (8.42 – 12.52)

8.95 (7.72 – 11.16)

In control group and 1 and 2 mg L-1 exposed treatments,

of the experiment, but no significant change was

have the same behavioral characteristics, includes active

detected in the control group and those exposed to 0.76

swimming,

stable

mg L-1 concentration. In the first day of exposure,

equilibrium. Behavioral changes such as irregular

MCHC values of fishes belong to the highest exposure

movement and abnormal swimming, increase in the

concentration was significantly lower than other

number of opercle movements, and swimming near the

treatments and control group, but in days 5 and 10, the

water surface were observed 4 hours after exposure in 4

values of this indice at all exposure treatments were

regular

gill

movement

and

-1

and 8 mg l , and 1 hour after exposure in 16 and 32 mg

lower than controls.

-1

l exposure concentrations.

The correlation coefficients and levels of significance

Changes in RBC, Hb, PCV and WBC of the specimens

between haematological parameters and exposure

exposed to different concentrations of malathion are

times/concentrations of malathion are presented in Table

shown in Figure 1. All parameters were significantly

2. There was negative correlation between RBC, Hb,

lower than those of the control group. RBC, Hb, PCV

PCV and WBC and exposure time, and positive

and WBC in specimens exposed to malathion decreased

correlations between MCV and MCH with exposure

over time at a rate higher than those of the control

time. No significant correlation was found between

group.

MCHC and exposure time. There was no significant

Changes of MCV, MCH, and MCHC are shown in

correlation between haematological parameters and

Figure 2. MCV and MCH increased in the specimens

concentration of malathion.

-1

exposed to 1.00 and 1.52 mg L over the entire period
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3

S. Shahbazi et al / Journal of Chemical Health Risks 5(3) (2015) 209–220

RBC (×106 mm3)

0.76

control

2
a

1.6

1.0

b
c

1.52

(mg l-1)

ab
c

d

d

e

1.2

f
g

h

0.8

i

0.4

0

20

16
a

Hb (g/dl)

12

a

a
b

bc

8

bcd cde

cde

cde cde

de

e

4

0

50
40

a

PVC (%)

b
30

b
c

a

a
b
e

c
d

d
f

e
f

20
10
0

Figure 1. Main haematological parameters: red blood cells (RBC); hematoglobin (Hb), hematocrit (PVC), white blood cells (WBC)
. (Error bars represents standard deviation).
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Figure 1. Continued.
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Figure 2. Secondary haematological parameters: mean corpuscular volume (MCV); mean corpuscular hemoglobin (MCH);
mean corpuscular hemoglobin concentration (MCHC). (Error bars represents standard deviation).
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Figure 2. Continued.

Table 2. The correlation coefficients and levels of difference between levels of blood parameters and exposure times of malathion.
Blood Parameter

Exposure time
p < 0.01

r = - 0.492

p > 0.05

*

p < 0.05

r = - 0.570

p > 0.05

PCV

r = - 0.863

**

p < 0.01

r = - 0.490

p > 0.05

WBC

r = - 0.910**

p < 0.01

r = - 0.325

p > 0.05

*

p < 0.05

r = 0.513

p > 0.05

MCH

*

r = 0.761

p < 0.05

r = 0.472

p > 0.05

MCHC

r = 0.249

p > 0.05

r = - 0.178

p > 0.05

r = - 0.839

RBC

r = - 0.743

Hb

r = 0.770

MCV

**

Exposure concentration

**

*

P < 0.01; P < 0.05

DISCUSSION
In the present study, 96h-LC50 of malathion was
obtained

6.08

(5.22-7.18)

mg

-1

L

for

concentrations of pesticide is caused 50% mortality in

Capoeta

studied fish population. This situation had been

damascina. It has been mentioned in prior studies [36,

observed in most studies [28, 39, 41, 46], but it has been

37, 40, 43] that malathion has moderate level of toxicity

reported that the duration of exposure period has no

in fishes, where its 96h-LC50 values is ranged from 0.1

effect on LC50 values [34]. Differences in lethal

-1

to 15 mg l (Table 2). Our results showed that LC50

concentrations of pesticides in fishes are dependent on

values is decreased with increase in exposure duration;

several factors includes fish size and weight, and

in other words in longer periods of exposure, lower

environmental factors, such as temperature, pH, total
alkalinity and dissolved oxygen [28, 35].

2144
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Table 2. Malathion LC50 values that have been reported for some of other fish species.
Species

LC50 (ppm)

Exposure time

Reference

Colisa fasciatus

2.12

96h

[36]

Ictalurus puntatus

9.65

96h

[37]

Labeo rohita

9

96h

[38]

Oreochromis niloticus

2

96h

[39]

Oryzias latipes

1.8

48h

[40]

Channa punctatus

6.61

96h

[28]

Channa punctatus

1.738

96h

[41]

Primephales prmelas

12.5

96h

[42]

Oncorhynchus mykiss

0.1

96h

[42]

Cyprinus carpio

2.1

96h

[43]

Behavior is an appropriate indice in toxicological

pollutants and their metabolites on erythropoiesis,

studies [44]; because behavioral changes in fishes are

disturbance in osmotic regulation performance, and

good indexes of organism response toward aquatic

increase in destruction of erythrocytes in hematopoietic

pollutants [45]. Fishes showed behavioral abnormalities

organs [52-55]. This decrease can also be the result of a

in exposure to chemical pollutants [28]. In the present

compensatory response that may be resulted in

study, exposed fish to malathion at high concentrations

improving oxygen carrying capacity in order to

showed behavioral abnormalities, where such changes

maintaining gas exchange in gill lamellae [56]. Another

have been reported by prior studies conducted on other

factor that can cause decrease in RBC is the aggregation

fish species (i.e., Channa punctatus; Labeo rohita;

of them in fish gills in response to pollutants [57]. On

Ctenopharyngodon idella) [28, 36, 46]. Absorption of

the other hand, hematocrit decrease may be due to

pesticides in gills, with respect to the lipophilic nature of

decrease in RBC or their contraction [58]. Generally,

them can cause respiratory limitations [47] that

factors resulted in RBC decrease; subsequently reduce

consequently can be resulted in abnormal behavior, such

hematocrit and Hb content [57, 59].

as fish swimming at the water surface and air

Our results showed that WBC number in fish was

swallowing by it [36].

decreased in exposure treatments compared to control

Haematological

parameters

in

fish

are

changed

group, and this decrease were higher in higher pesticide

significantly in response to the exposure to chemical

concentrations and longer exposure periods. The

stressors in the environment, although these changes are

findings of prior studies (such as: Cyprinus carpio in

not specific for the wide range of pollutant chemicals

exposure to malathion [49]; Clarias gariepinus in

[48]. The results of the present study indicated that

exposure to malathion [50]; and Silurus glanis in

RBC, hemoglobin, hematocrit and WBC were decreased

exposure to diazinon [53]) is in line with the present

in fishes exposed to high concentrations of malathion

results. This decrease in WBC is may be due to the

compared to controls. This decreasing pattern has also

long-term destructive effects of pesticides on tissues that

been observed in prior studies [49-51]. Decrease in

produces white blood cells or releases them into blood

erythrocyte number, as well as, hemoglobin and

current. However, exposure of fish to cypermethrin can

hematocrit indicates anemia due to inhibitory effects of

be resulted in increase in WBC number [47, 60]. This
215
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increase may be due to the short-term pathological

significant

changes

in

fish

behavior

and

its

responses of defensive system of the organism and

haematological parameters. Besides, the ranges of

releasing leukocytes from spleen into the blood

change in these parameters are significantly correlated

circulation [39, 47, 60]. Higher MCV and MCH values

to the duration of exposure period (except MCHC). No

in exposed fishes compared to controls, indicate the

correlation is existing between considered parameters

erythrocyte swelling or high density of immature red

and exposure concentrations of malathion. Totally, it

blood cells with lower hemoglobin in blood due to the

can be said that very low concentrations of this pesticide

hyperplasia of erythropoietic tissues [61]. Therefore,

in natural water can reduce populations of this species

changes in these parameters as a compensatory response

due to its harmful effects, and accordingly, releasing of

to the anoxic stress can be resulted in higher gas

this chemical to the aquatic ecosystems must be

exchange in gills, because oxygen carrying capacity of

controlled.

blood is decreased with decrease in RBC and Hb in fish
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