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Abstract Crude oil is one of the dangerous pollutants within
water ecosystems. The purpose of current research was to
determine the controlled effects of LC50–96h dose (22.4±
0.03 ppm) of crude oil for 0, 24, 48, and 96 h on hematological
and biochemical indices of juvenile common carp. Results
showed significant elevation in the white blood cell (WBC)
and red blood cell (RBC; P<0.01). Exposure to crude oil
significantly increased hemoglobin and hematocrite (P<
0.01). Among RBC indices, only mean corpuscular hemoglo-
bin concentration was not significantly different and both
mean corpuscular volume and mean cell hemoglobin showed
significant elevation after exposure (P<0.01). Just neutrophil
and lymphocyte were found within WBC indices and both of
them significantly changed (P<0.01). Among biochemical
indices, in contrast to glucose, cortisol significantly elevated.
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Introduction

Blood indices are considered pathophysiological parameters of
the whole body and therefore are important in diagnosing the
structural and functional status of fish exposed to xenobiotics

(Sancho et al. 2000). Although fish blood indices have been
increasingly examined in marine environment and monitored
as valuable parameters of physiological changes in the pres-
ence of pollutants, the lack of basic knowledge about the
hematological responses to the main stressors of endangered
species is the most important leakage to using these indices in
environmental monitoring programs (Affonso et al. 2002).

Little attention has been paid to the effects of pollution
connected with oil shale mining, combustion, thermal pro-
cessing, and waste management on fish. Exposure to crude
oil and derivatives can induce a variety of toxic symptoms
in aquatic animals. Petroleum hydrocarbons can act as a
mediator in free radical generation in some aquatic animals
(Achuba and Osakwe 2003).

Studies with the goldfish Carassius auratus has shown an
elevation in antioxidant defenses in animals after exposure to
different concentrations of crude oil for different times (Zang
et al. 2004). Other studies have also indicated that the expo-
sure to a water-soluble fraction of petroleum derivatives
causes different effects in plasma metabolite concentrations
in fish (Alkindi et al. 1996; Pacheco and Santos 2001a ;
Pacheco and Santos 2001b), suggesting that these contami-
nants might interfere in the fish stress response. Some authors
have shown a relationship between exposure to petroleum
hydrocarbons and hemolysis and/or hemorrhage (Alkindi et
al. 1996), while others have observed an increase in hemato-
crit of fish exposed to fuel oil (Davison et al. 1992). Despite
these, previous investigations carried out on petroleum deriv-
atives effects on fish, some toxicological response levels in
fish remain poorly understood, revealing the lack of data
regarding the stress mechanism, as well as biotransformation
and genotoxic responses (Pacheco and Santos 2001a).

Because the study on hematotoxicity and serum toxicity
of crude oil is not well established, evaluation of their
potential toxicity in a popular freshwater fish species is very
important, so the objectives of current study were to deter-
mine the acute effects of direct crude oil on hematological

A. Jahanbakhshi :A. Hedayati (*)
Department of Fishery, Faculty of Fisheries and Environment,
Gorgan University of Agricultural Science and Natural Resources,
Gorgan, Iran
e-mail: Hedayati@gau.ac.ir

M. Harsij
Department of Fishery, Faculty of Agricultural Science
and Natural Resources, Gonbad University, Golestan, Iran

M. Barkhordar
Department of Animal Sciences, Faculty of Agriculture, Ferdowsi
University of Mashhad-International Branch, Mashhad, Iran

Comp Clin Pathol
DOI 10.1007/s00580-013-1691-y

Author's personal copy



and biochemical indices of common carp with the aim of
revealing toxicity of oil pollution in this valuable fish.

Materials and methods

Fish

Common carp with an average weight of 25 g were supplied
by fisheries research laboratory, Gorgan, Iran. Only healthy
fish, as indicated by their activity and external appearance,
were maintained alive on board in a fiberglass tank. Before
toxicological tests, fish were acclimated to laboratory con-
ditions (T, ∼21.2 °C; pH, ∼7.41; DO, ∼7.87 mgO2L

−1) for a
minimum of 1 week in a 300-L tank with urban tap water.
During acclimation, fish were fed with commercial pellet
twice a day.

Toxicity test

Crude oil was purchased from commercial oil station, Gor-
gan, Iran. During previous study by authors (Hedayati et al.
2012), LC50 of crude oil in some freshwater fishes were
calculated and according to the results, experimental fish
were exposed to LC50–96h dose (22.4±0.03 ppm) for 96 h. A
total of 84 fishes were exposed to LC50–96h dose of crude oil
for 0, 24, 48, and 96 h of static toxicity tests. The experi-
ments performed in tank of 200 L, each containing seven
fishes. One control group, consisting of seven fishes ex-
posed only to water (the same as that used for acclima-
tion) and sampled at each sampling point along with the
experimental groups exposed to infused water with crude
oil. Three replicates were carried out for each sampling
points. During the tests, water was continuously moni-
tored for temperature, dissolved oxygen, pH, and conduc-
tivity (Hedayati et al. 2010). Evaporation process was
estimated for all treatments.

Sampling

Immediately upon removing the fish from the tank, they
were anesthetized with clove powder (200 ppm , 20 min),
and blood samples were taken from the caudal vein by
means of heparinized plastic syringes. Subsequently, fish
were killed by decapitation (Hedayati and Safahieh 2011).

Hematological analyses

Determinations of the number of white blood cell and red
blood cell tests were performed immediately upon blood sam-
pling. Counting the blood leukocytes and erythrocytes was
performed by diluting heparinized blood with Giemsa stain at
1:30 dilution and cells were counted using a hemocytometer

Neubauer under the light microscope (Stevens 1997). The
leukocyte differential count was done in peripheral blood
smears stained by Merck Giemsa (Beutler et al. 2001), giving
neutrophils value of differential neutrophils and the mononu-
clear value of differential lymphocytes plus monocyte and
eosinophile. Hematocrit (Ht) values (in percent) were imme-
diately determined after sampling by placing fresh blood in
glass capillary tubes and centrifuged for 5 min at 10,000 rpm in
a microhematocrit centrifuge (Hettich, Germany) then measur-
ing the packed cell volume (Goldenfarb et al. 1971). Hemato-
crit readings were performed with the aid of a microhematocrit
reader. Hemoglobin (Hb) levels (in milligrams per liter) were
determined colorimetrically by measuring the formation of
cyanomethemoglobin according to Lee et al. (1998). Erythro-
cytes indices (mean corpuscular hemoglobin concentration
(MCHC), mean corpuscular volume (MCV), and mean cell
hemoglobin (MCH)) were calculated from red blood cell
(RBC), Ht, and Hb according to Lee et al. (1998).

Biochemical analyses

Serum samples were assayed in duplicate. Ultrapure water
was used for all serum dilutions and standard preparations
and duplicate readings were recorded for standards and
serum samples. The quantitative determination of serum
glucose was carried out using commercially available diag-
nostic Experimental Protocols kits Pars Azmoon, Iran at
546 nm and 37 °C by the glucose oxidase method (Hedayati
and Safahieh 2011). Serum cortisol was measured by
ELISA method using Darman Kav kit in Taleghani clinical
laboratory.

Statistical analysis

For each index, the data were tested for normality and
homogeneity. One-way analysis of variance with Duncan’s
post hoc was used to determine significant differences to
evaluate the effect of oil on parameters. The differences
between means were analyzed at the 5 % probability level.

Data are reported as means±standard deviation (X � SD).
The software SPSS, version 11.5 (SPSS, Richmond, VA,
USA) was used as described by Dytham (1999).

Results

Fish exposed to crude oil for 96 h showed a significant
change in the white blood cell (WBC; P<0.01) and RBC
(P<0.05). Both blood cell indices showed increase with
distinctive process during exposure to crude oil (Table 1).

Results of hematological and immunological activities
analysis of common carp exposed to crude oil are presented
in Figs. 1, 2, and 3, respectively. Both hematological indices
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(Hb and Ht) showed highly significant increase within ex-
posure to crude oil (P<0.01; Fig. 1). Among RBC indices,
only MCHC had no significant difference and both MCV
and MCH showed highly significant change within expo-
sure to crude oil (P<0.01) whereas among indices MCVand
MCH had been decreased and neutrophil had increased
(Fig. 2). Just neutrophil and lymphocyte were found within
WBC indices that both showed significant change during
exposure to crude oil (P<0.01; Fig. 3).

Crude oil exposure to common carp showed significant
change in both biochemical indices (P<0.01), that cortisol
had apparent elevation in contrast to glucose that have no
distinctive progress during exposure (Fig. 4).

During the 96-h exposure, the correlation between crude
oil with all parameters was statistically tested by analyzing
the data obtained during the crude oil exposure. Only corti-
sol, WBC, RBC, Hb, Ht, MCV, and MCH levels showed
significant correlation (P<0.05) with crude oil exposure that
MCV and MCH correlation were negative and other param-
eters confirmed positive correlation.

Curve estimation regressions data were used to deter-
mine the relationship between crude oil concentration with
hematological and immunological activity. All correlated
parameters showed significant linear regression (P<0.05)
Y=a±bX with crude oil.

Discussion

Fish exposed to crude oil showed elevation in RBC and
WBC indices. WBC abundance provides an indication of
fish health and a high WBC count may indicate a subclinical
infection (reference). Increased numbers of blood cells
known as polycythemia. The most common cause of relative
polycythemia is simple dehydration, which causes systemic
hypoxia and trigger erythropoietin production. A similar

mechanism occurs with systemic alkalosis. By increasing
the affinity of hemoglobin for oxygen, alkalosis causes the
renal tissue sensors to detect hypoxia, triggering erythropoietin
production (Gad 2007).

Increased numbers of blood cellular elements may occur
for a number of reasons, depending on the cell line involved.
Increased tissue requirements for one or more of the blood
cellular elements (e.g., following hemolysis, hemorrhage, or
tissue inflammation) stimulate an increase in kidney produc-
tion of specific cell lines that have been lost or utilized. Oil
pollutants can cause RBCs to be released from the kidney.
Proportionate increases in red cell numbers, hemoglobin, or
hematocrit generally reflect hemoconcentration and dehy-
dration (Haschek et al. 2010).

The exposure of common carp caused elevation in he-
matocrit and hemoglobin contents. Similar effects were
found for the Antarctic fish Pagothenia borchgrevinki
which showed an increase in hematocrit and hemoglobin
content after exposure to fuel oil (Davison et al. 1992). On
the other hand, different results were reported for flounder
(Pleuronectes flesus) after 24 and 48 h exposure to a water-
soluble fraction of crude oil, that is, a decrease in hematocrit
and hemoglobin accompanied by an increase in plasma
potassium concentration (Alkindi et al. 1996). Thus, it is
clear that acute exposure to the same chemical agent can
induce different alterations (increase or decrease) in hema-
tological parameters (Ranzani-Paiva et al. 2004), which can
indicate adaptive responses to a stress agent or the direct
effects of these pollutants on erythrocyte indices.

The chemicals that stimulate blood cell/hemoglobin pro-
duction generally induce a hypoxic condition in fish that
stimulated the spleen to produce the blood cells in fish, to
contract and release stored erythrocytes into the circulation
(Savari et al. 2011).

Significant increase in the values of hematocrit after
subchronic exposure indicates the importance of the route

Fig 1 Hematological indices of common carp after 48-h exposure to
crude oil

Fig 2 Red blood cell indices of common carp after 48-h exposure to
crude oil

Table 1 Blood cell indices of
common carp after exposure to
different doses of crude oil

*P<0.05

Exposure time 0 24 h 48 h 96 h

RBC (mil/μl) 1.18±0.06* 1.53±0.29* 2.30±0.08* 2.32±0.07*

WBC (μl−1) 9,993±180* 10,620±668* 12,700±1276* 18,946±313*
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of contamination. The observed results is in accordance with
those of Chowdhury et al. (2004), who noted an increase of
blood hematocrit and hemoglobin during environmental
hypoxia and acute exposure to waterborne metals to in-
crease blood oxygen-carrying capacity when impairment
of gas exchange occurs. These results indicate that this
may be due to hypoxia, which also accounted for the in-
crease in hematocrit and hemoglobin content. Therefore,
acute exposure to hydrocarbons seems to have induced
hypoxia in common carp.

The MCHC can be used to determine if the cells are
hyperchromic (increased hemoglobin) or hypochromic (re-
duced; Gad 2007). Oliveira Ribeiro et al. (2006) found no
significant effects in MCHC for all tested metals in fish
Hoplias malabaricus. Also, no significant effects in MCHC
fish Prochilodus scrofa on cooper toxicity was found (Gad
2007), which are similar to the present results for MCHC.
Erythropoiesis will be evident from changes in RBC param-
eters, including decreased MCH and MCV. These parame-
ters reflect increased production and release of reticulocytes
that are larger in size and have decreased hemoglobin con-
tent compared to mature RBCs (Haschek et al. 2010).

In the current study, neutrophil increase and lymphocyte
decrease percentages, which represent the activity of the first
and second lines of defense against the cellular damage, has
been found after crude oil exposure. The monocytes and
neutrophils increased and lymphocyte decreased during dif-
ferent stressors in cultured fish Oreochromis aureus has been
confirmed (Silveira-Coffignya et al. 2004). It is believed that
neutrophils have phagocytic activity which might explain
their percentage increase during infectious situations. Hlavek
and Bulkley (1980) found a transient neutrophilia in rainbow

trout 24 h after treatment with malachite green, but this
decreased after 4 days. Darwish et al. (2001) also found an
increase in neutrophil counts in channel catfish exposed to
high doses of potassium permanganate. Brandão et al.
(2009) found a reduction in some immunological parame-
ters (platelet, leukocyte, and lymphocyte counts) and the
increase in neutrophil and monocyte percentages were dem-
onstrated in HgCl2 exposure. Oliveira Ribeiro et al. (2006)
confirmed significant decrease in mononuclear (differential
lymphocytes plus monocytes) and significant increased in
differential neutrophil after exposure to methyl mercury and
inorganic lead. It can be stated that the white cells changes
in the common carp exposed to crude oil are the result of a
stress syndrome or due to leucocytotoxic effects of this
chemical compound in the fish.

Normally, after exposure to stressor agents, a significant
increase in glycemia occurs. In the present study, common
carp showed a hyperglycemic response after exposure to
crude oil, indicating the provision of energy reserves for
immediate utilization. Similarly, Alkindi et al. (1996) also
observed in flounder (P. flesus) significantly elevated serum
glucose concentrations after acute exposure to crude oil.
However, Pacheco and Santos (2001b) did not find signifi-
cant differences in glucose values in eel (Anguilla anguilla)
exposed to oil, in relation to the control groups.

In suboptimum or stressful conditions (internal or exter-
nal), the chromaffin cells release catecholamine hormones,
adrenaline, and noradrenaline toward blood circulation
(Reid et al. 1998). Those stress hormones in conjunction
with cortisol mobilize and elevate glucose production in fish
through glucogenesis and glycogenolysis pathways to cope
with the energy demand produced by the stressor for the
“fight of flight” reaction (Wendelaar-Bonga 1997). Glucose
is then released (from liver and muscle) toward blood cir-
culation and enters into cells through the insulin action
(Nelson and Cox 2005).

Studies have also indicated that the exposure of fish to
crude oil causes different effects in serum cortisol concentra-
tions (Alkindi et al. 1996; Pacheco and Santos 2001a, b),
suggesting that these contaminants might interfere in the fish
stress response. In advanced fish, increase of cortisol, pro-
duced in the inter-renal cells of the anterior kidney, is known
as one of the first hormonal response to stress (Wendelaar-
Bonga 1997) and measurement of levels of this hormone is
often used as a biomarker. In flounder (P. flesus) exposed to
crude oil for 3, 24, and 48 h. Alkindi et al. (1996) demonstrat-
ed an increase in serum cortisol level.

Endocrine control of cortisol secretion in advanced fish is
very complicated (Wendelaar-Bonga 1997), so different types
of acute stressors can cause distinct responses. In the current
study since until 24 h, the release of cortisol appears to have
been blocked, the increase in plasma glucose at 24–96 h must
have occurred through the catecholamine pathway, and the

Fig 3 Immunological indices of common carp after 48-h exposure to
crude oil

Fig 4 Biochemical indices of common carp after 48-h exposure to
crude oil
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hyperglycemic state was maintained with acute exposure due
to the cortisol response.

The present results showed that crude oil can cause
serious hematological and biochemical alterations in com-
mon carp at the physiological level. Finally, the results
obtained in this work exactly showed under experimental
conditions, blood parameters were sensitive to different
aspects of oil exposure. Hematological and biochemical
properties of fish exposed to halogenated hydrocarbons are
poorly understood and there is no adequate knowledge
concerning the metabolism of reference toxicants. More
knowledge of these activities in fish is necessary before they
can be employed as biochemical indicators of oil pollutions.
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