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Chlorpyrifos is an organophosphorous insecticide widely used
in agriculture and domestic activities. However, little is known
about the effect of this pesticide on the immune system of fish and
other alterations of its physiological system. The aims of the present
study were the evaluation of the LC50 (lethal concentration50) and
the potential toxicity of this substance on Nile tilapia (Oreochromis
nilotucus), as well as its effect on some hematological values and
phagocytic functions of this fish. Results obtained showed that
chlorpyrifos does not have any effect on the following parameters:
number of red blood cells, hemoglobin, hematocrit, mean corpus-
cular volume (MCV), mean corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concentration (MCHC). However,
the phagocytic index and the percentage of phagocytic active cells
were significantly affected, which could indicate that phagocytic
parameters from Nile tilapia are more sensitive than hematological
ones to assess the effect of acute intoxication with chlorpyrifos.

Keywords Chlorpyrifos, Hematology, Nile Tilapia, Phagocytic
Function

Received 1 March 2006; accepted 1 August 2006.
This research work was supported in part by the Multidisciplinary

Center of Scientific Investigation from Nayarit University Mexico
(CEMIC-UAN). We gratefully acknowledge SAGARPA Nayarit Dele-
gation, particularly Serafı́n Paz Garibay, Julio Alfonso Gómez Gurrola,
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INTRODUCTION
Chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-2-pyrinidyl)-

phosphorothioate] is a broad-spectrum chlorinated organophos-
phorous insecticide used in agriculture and more recently in
residential areas (Barrett et al. 2000). By nature, fish are in
intimate contact with their environment, which could contain
high concentrations of polluting agents. These substances
provoke stressful conditions to fish, and hence their defense
mechanisms could be easily compromised (Sarders et al. 2000).
Little information exists about chlorpyrifos toxicity in aquatic
organisms, and more specifically about its effects on the Nile
tilapia (Oreochromis niloticus), an economically very important
species around the world.

The hematological parameters of fish provide a suitable tool,
that can be a good indicator of stress and health disturbances
induced by biotic and abiotic agents of the environment. In
addition, they have proven useful for the detection and diagnosis
of metabolic alterations and disease processes due to pesticides
(Luskova 1997).

The immune response of the fish is divided in two types:
the innate and the adaptative. The cellular components of the
innate immune system are phagocytic leukocytes, the reticu-
loendothelial system, and nonspecific cytotoxic cells (Bols et al.
2001; Buchmann 1999). The phagocytosis is a fundamen-
tal, rudimentary, and primitive defense mechanism of the
host. Phagocytes, such as macrophages, monocytes, and neu-
trophils, provide a continuous surveillance of foreign invaders,
playing an important role in limiting the dissemination of
infectious agents, and are eventually responsible for the
destruction of pathogens (Verburg-Van et al. 1994; Esteban
and Mesenguer 1997; Neumann et al. 2001). However,

495



496 M. I. GIRÓN-PÉREZ ET AL.

the polluting agents can often debilitate the immune
system.

Thus, in order to evaluate the effect of chlorpyrifos on
the hematology and the immune response of Nile tilapia,
hematological (erythrocyte count, hemoglobin, hematocrit,
MCV, MCH, and MCHC) and phagocytic parameters were
measured.

MATERIAL AND METHODS
The juvenile Nile tilapia (Oreochromis niloticus) were

grown and maintained in an aquaculture farm of SAGARPA
(Secretarı́a de Agricultura, Ganaderı́a, Desarrollo Rural, Pesca
y Alimentación), Nayarit, Mexico. The fish were kept in outdoor
tanks until needed; afterwards they were transferred and placed
in heated (28 ± 2◦C) and an aerated 40-L glass aquarium for
a 10-days adaptation period before initiating the experiment.
Their daily food consisted of commercial dry food pellet for
fish. Finally, 10 male animals, 2 months old and weighting
approximately 80 g, were used.

To determine the LC50 (lethal concentration50) and potential
toxicity of chlorpyrifos, the parametric probit method was used;
a commercial pesticide frequently utilized in the Northwestern
area of Mexico was used in all the experiments. During ranking,
fish (n = 10) were exposed to increasing doses of chlorpyrifos—
0.422, 0.845, 1.69, and 3.38 mg/L—for a 96-h period; the lethal
concentration 50 (LC50) was determined and fish behavior was
scored. The experiments were done in triplicate and the potential
toxicity (pT) was calculated with the following formula:

pT = − log(T),

where T = LC50expressed in grams/Chlorpyrifos molecular

weight

After the 96-h exposition period to increasing doses of chlor-
pyrifos (0.422 mg/L, 0.845 mg/L, 1.69 mg/L, and 3.38 mg/L),
the fish were rapidly anesthetized with methanesulfonate (MS-
222, Sigma Chemical Co.), and 1 mL of blood (10 fish per
concentration of pesticide) was obtained from the heart and
placed in glass tubes with EDTA. The red blood cell (RBC)
count, hemoglobin, and hematocrit were determined. The blood
was diluted 1:200 with “Growers” liquid mixed for 1 min
and placed in a hemacytometer; the total RBC number was
determined manually, using the standard formula:

Erythrocytes/mm3 = (counted cell) (dilution factor)/

(0.04 mm3) (counted squares) (0.1 mm)

The cyanomethemoglobin method was utilized. Blood was
diluted 1:25 in “Drabkin” solution. The mixture was maintained
for 3 min at room temperature and light absorption was deter-
mined at 540 nm. Data were extrapolated in a calibration curve
obtained previously. Blood was placed in EDTA-containing
tubes and transferred to drawn-in micro-hematocrit tubes.
Hematocrit value was determined after centrifugation for 5 min

(Hermle Z 383K) at 10,000 × g. The MCV, MCH, and MCHC
were calculated with the following formula:

MVC = (Hematocrit)(10)/erythrocytes per µL

MCH = (Hemoglobin)(10)/erythrocytes per µL

MCHC = (Hemoglobin)(100)/hematocrit

The hematological values obtained from intoxicated
fish at different concentrations of chlorpyrifos (0.422 mg/L,
0.845 mg/L, 1.69 mg/L, and 3.38 mg/L) were compared against
obtained values of nonintoxicated fish.

Phagocyte functional assays were performed in vitro, using
the method of Cunningham, modified by Smith and Romme
et al. (1997), with little modifications of the incubation times;
200 µL of blood was placed on the coverglass, incubated in a wet
chamber at 28◦C for 20 min, and washed with Hanks buffered
salt solution (HBSS, Sigma) supplemented with 0.002% human
albumin (HA, Sigma). A mixture of 20% autologous serum
and 80% of Candida albicans cells (equivalent to 1 × 106)
in HBSS-AH was added to the coverglass; then, the glass was
incubated (28◦C, 40 min, in wet chamber), washed (as described
earlier), incubated again with HBSS-AH (28◦C, 20 min), and
washed. Staining was realized with Wrights solution (Sigma)
for 1 min, rinsed, and dried. A Zeiss microscope (100×) was
used to determine the ability of 100 to 200 phagocytic cells from
blood to phagocyte C. albicans.

The phagocytic index (PI) was expressed as the average
number of yeast engulfed per cell, and calculated by dividing
the total number of yeast engulfed by the cell count, which
in this case was 100 to 200 phagocytic and nonphagocytic
cells. The percentage of active cells (% AC) was measured
by counting the combined total of 100 to 200 phagocytic and
nonphagocytic cells and expressing the result as the percentage
of positive phagocytic cells (Watanuki et al. 1999; Ainsworth
et al. 1991).

The phagocytic parameters of organisms intoxicated with
chlorpyrifos (0.422 mg/L and 0.211 mg/L) were compared
with values from nonintoxicated fish. Data were analyzed using
ANOVA and tukey test with 95% of confidence with the Sigma
Stat 2.03 software.

TABLE 1
Fish mortality at different concentrations of chlorpyrifos

Concentration
of chlorpyrifos
(mg/L)

Intoxicated
organisms

Number of
dead

organisms
Percentage of

mortality

3.380 30 30 100
1.690 30 24 80
0.845 30 9 30
0.422 30 3 10

After of 96 h, the probit method was used to calculate the LC50

value.



CHLORPYRIFOS ON HEMATOLOGY AND PHAGOCYTOSIS FROM TILAPIA 497

TABLE 2
Hematological values obtained from Nile tilapia (n = 10 per group) after intoxication with chlorpyrifos

Hematological
parameters

Concentration of chlorpyrifos (mg/L)

3.38 1.69 0.845 0.422 Control p

RBC (X106/µL) 1.65 ± 0.24 1.62 ± 0.27 1.62 ± 0.37 1.46 ± 0.32 1.46 ± 0.32 p > 0.05
Hemoglobin (g/dL) 7.12 ± 0.89 7.12 ± 1.2 7.12 ± 1.4 7.30 ± 0.97 6.44 ± 0.81 p > 0.05
Hematocrit (%) 25.59 ± 3.09 25.25 ± 3.71 25.61 ± 4.79 26.66 ± 3.64 22.67 ± 3.8 p > 0.05
MCV (fL) 157.6 ± 24.5 157.6 ± 23.0 161.4 ± 17.7 162.6 ± 19.4 159.4 ± 30.6 p > 0.05
MCH (pg) 43.3 ± 6.92 44.54 ± 7.95 45.25 ± 10.64 44.38 ± 3.78 45.0 ± 8.49 p > 0.05
MCHC (g/dL) 27.99 ± 24.5 28.08 ± 23.01 29.53 ± 17.78 27.44 ± 19.46 28.68 ± 30.61 p > 0.05

Data were analyzed with ANOVA.

RESULTS
To determine the LC50, an exploratory ranking test was

realized with four concentrations of chlorpyrifos. Ten organ-
isms were exposed to different concentrations and duplicated
bioassays were performed (Table 1). During the 96-h exposition
period, the number of dead organisms was observed and the
probit test was applied. The results indicated that the LC50

of chlorpyrifos for Nile tilapia was 1.023 mg/L (correlation
coefficient was 0.959), and the potential toxicity was 5.

The blood from intoxicated and control fish was obtained for
hematological parameters analysis. Results (Table 2) showed
that chlorpyrifos does not affect the hematological parameters

(RBC, hemoglobin, hematocrit value, MCV, MCH, and MCHC)
at any of the four doses, compared with control group
(p > 0.05).

The phagocytic activity was evaluated in fish intoxicated
with sublethal concentration (0.422 mg/L and 0.211 mg/L).
In order to determine the phagocytic activity, two parameters
were used: phagocytic index and percentage of active cells.
Results showed a decrease in the two measured parameters,
with both pesticide concentrations, compared with control group
(p < 0.05). However, the negative effect was dose-independent
because fishes exposed to 0.422 mg/L were less affected than
fishes exposed to 0.211 mg/L of pesticide (Figs. 1 and 2).

FIG. 1. Determination of phagocytic index (PI) of blood cells from Nile tilapia exposed to chlorpyrifos, during 96 h. Results are expressed as mean ± S.D.,
one-way ANOVA and tukey test were applied.
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FIG. 2. Determination of Percentage of Active Cells (%AC) of blood cells from Nile tilapia exposed to chlorpyrifos, during 96 h. Results are expressed as mean
± S.D., one-way ANOVA and tukey test were applied.

DISCUSSION
Chlorpyrifos is a organophosphorous pesticide with a high

spectrum of application; the acute and sublethal effects of
this substance were evaluated in Nile tilapia, a fish with high
distribution worldwide, with high economical importance, and
commonly exposed to this type of pollutant.

The LC50 is well correlated with other reports of the
chlorpyrifos effect on tilapia. For example, a recent study made
in Nile tilapia in larvae state indicated a value of 1.57 mg/L
(Gul 2005). The present study was done with juvenile Nile
tilapia (O. niloticus) and indicated an LC50 of 1.023 mg/L. This
could indicate that this organism, in larvae and juvenile states,
presents a similar resistance to acute exposition of chlorpyrifos.

The potential toxicity is a logarithmical value defined by the
chemical properties of the substance. The results presented here
indicate that chlorpyrifos has a potential toxicity of 5 in Nile
tilapia (O. niloticus), while Orme and Kegley (2003) showed
that chlorpyrifos had a toxicity potential of 6 and 7 in juvenile
O. aureus and O. mossambicus, respectively. This could indicate
that O. niloticus has a higher resistance (10 to100 times more)
to intoxication by chlorpyrifos.

The comparative analysis of hematological values in intox-
icated and control fish did not show any differences between
groups. This indicates that chlorpyrifos does not induce changes
in those parameters and that Nile tilapia counts with hemostatic
mechanisms, which could contribute to the high resistance of
this species to intoxication by pesticides.

Few reports exist of the effect of chlorpyrifos on the
immune response. Studies made in humans chronically exposed
to chlorpyrifos revealed that the cell response to mitogenic
stimulus decreased, but that the concentrations of antibodies
increased (Thrasher et al. 2002). Studies made in rats showed
that chlorpyrifos impaired T-lymphocyte blastogenesis, but
did not affect phagocytosis (Blakley et al. 1999). However,
phagocytic index and percentage of active cells obtained here
indicate that chlorpyrifos has a negative independent dose
effect. Our results showed a higher negative effect in fish
intoxicated with 0.211 mg/L than in fish intoxicated with
0.422 mg/L.

Data presented here indicate that chlorpyrifos has a negative
effect on a very important mechanism of the innate immune
response—the phagocytic function—which could reduce its
capacity to tolerate biotic stresses (e.g., infections). As a
consequence, this could indicate that Nile tilapia exposed to
chlorpyrifos will present a higher susceptibility to infection
agents.
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