
ORIGINAL ARTICLE

Hematological and biochemical indices of kutum Rutilus frisii
kutum, associated with capture methods

Mohammad Hossein Gharache &

Seyed Yousef Paighambary & Amin Golpour

Received: 19 July 2012 /Accepted: 12 March 2013
# Springer-Verlag London 2013

Abstract The aim of current research was to determine
hematological and biochemical parameters of captured
kutum with gill net and beach seine. A total of 16 matured
kutums were used for blood sampling from each device. The
result showed significant differences in white blood cells,
red blood cell, mean corpuscle volume, Ca2+, Cl−, and
cholesterol between gill net and beach seine methods, but
there were no significant differences in other parameters.
Based on obtained results during our experiment, we con-
cluded that the stress due to capture can influence the blood
parameters, and different capture methods lead to different
reactions in blood parameters.
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Introduction

Kutum is a migratory anadromous fish which spawns on
aquatic weeds, graveled and sandy substrates in rivers and
lagoons between March to April (Azari Takami 1990). This
is an important commercial species in the southern part of the
Caspian Sea and has a great demand, due to its good taste and
culinary customs of the local people. Their stocks mainly

declined due to over fishing, illegal catch, pollution, and
deterioration of habitats and natural spawning grounds in
most of its spawning habitats. The main capture method for
kutum in the southern part of the Caspian Sea is beach seine,
but other devices such as gill net have illegally been used.
The catch rate was over 17,000 tons in 2008 (Abdolmaleki
and Ghaninezhad 2008). Environmental disturbances are
generally regarded as a potential source of stress, and this
can theoretically be detected by changes in hormone or
substrate concentrations in plasma or by changes in erythro-
cytes parameters (Donaldson 1981; Barton 1997). To inves-
tigate the fish blood parameters and their changes, the
normal rate of these factors must be initially measured in
healthy fish. Indices such as hemoglobin, hematocrit, red and
white cell counts, erythrocyte sedimentation rates, and dif-
ferential blood smears have all been used as indicators of
disease and stress (Blaxhall and Daisley 1973; Wedemeyer
and Yasutake 1977). The problems associated with capture
are among the least studied aspects of fish physiological
research. Between capture and the final release into a labo-
ratory aquarium, it is very likely that a fish could be
subjected to a variety of different stresses. Several workers
have documented some side effects of capture on fish. Bouck
and Ball (1966) investigated the influence of capture
methods on rainbow trout (Salmo gairdneri) and reported a
perturbation of blood parameters. Distinct differences in
behavior were noted in the post-captive fish, which lead to
extensive several workers have investigated various aspects
of the physiological and biochemical changes that occur at
the time of capture (Hattingh and Van Pletzen 1974; Swift
1983). With regard to capture stress, some studies were
investigated effects of capture gear and duration on different
species (Wells et al. 1986; Chopin et al. 1996; Frick et al.
2010). The objective of the present study was to investigate
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whether blood parameters influenced by capture stress and
whether different capture methods lead to different reactions
in blood parameters.

Materials and methods

Fish capture and sampling

Blood samples were taken from captured fish in southeastern
region of the Caspian Sea (Miankale) in February–March
2010. Sixteen matured Rutilus frisii kutum (average weight,
471.18 g; average length, 42.4 cm) were caught using beach
seine and gill net. Maximum capture times were 2 and 4 h for
beach seine and gill net, respectively. Blood samples were
taken using syringes containing EDTA (10 %). Then, sam-
ples were placed on ice and transferred to laboratory until
analysis. Whole blood analyses were made within 2–3 h.
Serum was separated by centrifugation at 10,000 rpm for
10 min (Frick et al. 2010) and stored in −20 °C until analysis.

Hematological parameters

Hemoglobin was measured with a spectrophotometer at
540 nm absorbance using the cyanmethemoglobin method
(Dacie and Lewis 1975). Hematocrit was determined using
microhematocrit capillaries filled with blood, centrifuged at
3,000 rpm for 5 min and expressed as percentage of total
blood volume. Hemoglobin was measured with a spectropho-
tometer at 540 nm absorbance using the cyanmethemoglobin
procedure. Determination of red blood cells (RBC) and white
blood cells (WBC) counts were performed with Neubauer
chambers, using Rees diluting solution (1 g brilliant cresyl
blue, 31.3 g sodium citrate, 10 ml formalin (37 %) and
1,000 ml distilled water). Differential leukocyte count was
performed with blood smears stained with Giemsa solution.
The smears were examined by light microscopy (Olympus,
Tokyo, Japan) under oil immersion at×100 magnification.
Erythrocyte indices including mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), and mean
corpuscular hemoglobin concentration (MCHC) were calcu-
lated according to Stoskopf (1993).

Biochemical parameters

Serum cortisol levels were measured by ELISA reader (SCO
Elisa Reader, type MPR 01, Germany) according to the man-
ufacturer's instructions (Monobind, Inc., USA). Plasma indi-
ces (glucose, lactate, triglyceride, cholesterol, total bilirubin,
creatinine, total protein, albumin, Cl−, Na+, K+, Mg2+, and
Ca2+) were measured spectrophotometrically (Biochrom,
Libra S12, England) using standard kits (Pars Azmoon
Company, Iran).

Statistical analysis

The data were statistically analyzed using independent sam-
ples t test at 5 % significant level. All statistical analyses
were carried out using the Statistical Package for the Social
Sciences program for Windows (v. 16.0).

Results

Post-capture alterations to the hematological and biochemical
parameters are shown in Tables 1 and 2, respectively, where
differences between the data from the two catch devices are

Table 1 Hematological parameters in R. frisii kutum [mean ± standard
error of the mean (SEM)]

Blood parameters Beach seine Gill net

Erythrocytes (×106/mm) 1.92±0.157a 1.62±0.34b

Hematocrit (%) 47.66±1.14 50.26±1.1

Hemoglobin (g/dl) 10.86±1.54 9.83±1.24

MCV (fl) 250.21±33.29a 324.37±83.73b

MCH (pg) 56.7±9.69 61.81±8.49

MCHC (g/dl) 22.92±4.16 19.62±2.91

Leucocytes (/mm3) 22,660±6,202a 34,070±11,452b

Lymphocyte (%) 80.8±1.3 81.75±2.98

Monocyte (%) 2.6±1.14 2.25±0.957

Heterophile (%) 14±1.87 14.75±2.5

Eosinophile (%) 2.6±1.14 2±0.816

Values with the different alphabetic letters are significantly different (p<0.05)

Table 2 Biochemical parameters in R. frisii kutum (mean±SEM)

Blood parameters Beach seine Gill net

Cortisol (ng/ml) 667.83±355.59 750.50±354.40

Glucose (mg/dl) 113.31±58.73 140.56±31.52

Lactate (mg/dl) 77.94±1.74 109.32±0.20

Cholesterol (mmol/l) 15.64±6.31a 5.97±4.63b

Triglyceride (mmol/l) 4.68±0.86 5.11±1.36

Total bilirubin (mg/dl) 64.25±30.30 30.50±23.46

Creatinine (mg/dl) 34.11±2.24 24.48±1.04

Total protein (mg/dl) 56.20±7.75 45.07±21.90

Albumin (mg/dl) 8.42±1.63 7.34±3.34

Globulin (mg/dl) 47.77±6.76 37.73±20.11

Albumin/globulin ratio (mg/dl) 0.17±0.02 0.32±0.29

Ca2+ (mmol/l) 9.99±5.58a 17.81±4.80b

Mg2+ (mmol/l) 10.93±2.24 14.72±2.08

Cl− (mmol/l) 72.27±1.49a 133.35±1.27b

Na+ (mmol/l) 52.47±12.68 55.36±14.14

K+ (mmol/l) 23.55±12.63 19.16±17.36

Values with the different alphabetic letters are significantly different (p<0.05)
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apparent. In Table 1, data show that change in values ofWBC,
RBC, and MCV between two capture methods, as their levels
were significantly higher in beach seine than in gill net. Also,
some metabolite of serum such as cholesterol, calcium, and
chloride concentrations changed due to capture methods
(Table 2), as calcium and chloride concentrations considerably
changed in gill net compared to beach seine, but cholesterol
level was higher in beach seine method.

Discussion

The influence of capture upon teleost hematological param-
eters has been investigated (Swift 1983). However, these
have mainly been short-term studies on the effects of cap-
ture, and there is little available information regarding he-
matological alteration and effects of captivity on freshwater
fish. The results of the present study revealed changes in
hematological and biochemical parameters of captured
kutum between gill net and beach seine. Hematological
measurements are important to evaluate environmental con-
ditions, diagnosis of diseases, and any change in physiolog-
ical status of fish (Tavares-Dias et al. 2003). Hematological
profiles have also been used as stress indicators. Bouck and
Ball (1966) reported short-term effects of capture on various
blood parameters (60–300 min after capture). Our experi-
ment demonstrated that captured fish by gill net and beach
seine were subjected to short-term stress. RBC count was
significantly altered between two capture methods. Increase
in RBC after stress was reported in other species (Nikoo et
al. 2010; Svobodova et al. 2006; Doubek et al. 2003).
Aceret et al. (2004) reported high hematocrit levels during
acute handling experiments and an increase in the red blood
cell numbers at 0.5 and 4 h after capture. This might be due
to direct effect of the higher metabolic demands during
stress which is driven by an increase in oxygen transport
efficiency by elevation of the hematocrit and red blood cell
numbers. Results of our experiment showed significant dif-
ference (p<0.05) in WBC between gill net and beach seine
(Table 1). Similar results were reported in Limanda limanda
(Pulsford et al. 1994) and Rhamdia quelen (Barcellos et al.
2004). An increase in WBC following stress may be caused
by migration of WBC from the spleen to blood circulation
(Barcellos et al. 2004). Also in our experiment, capture
provoked change in MCV (Table 1). This difference may
be interpreted by erythrocyte swelling and increase of the
corpuscle volume. Alteration of the blood cells, metabolites,
hormones, and electrolytes might be indicative of unsuitable
environmental conditions. There was no significant change
in hematocrit level after carp capture (Rappa et al. 2012). It
is a common indicator to reflect physiological adaptations to
increased oxygen demand through increased numbers of
circulating erythrocytes or erythrocyte swelling (Rappa et

al. 2012). Bourne and Cossins (1982) have shown that on
rainbow trout (Saho gairdneri), increased levels of circulat-
ing catecholamines will induce fish red blood cells to swell.
Gbore et al. (2006) found that erythrocyte and hematocrit
values are reduced in tilapia fingerlings due to handling and
transportation stress. Decrease in chloride and sodium con-
centrations have been considered as indices of secondary
stress response (Barton 2002). Present study indicates that
stress due to capture changed chloride concentration. Increases
in plasma Na+ and Cl− following the capture of plaice (Bourne
1986) are comparable with those values obtained for the
stressed winter flounder, Pseudopleuronectes americanus
(Fletcher 1975). Decrease in chloride and sodium levels due
to stressors was reported in some species such as smallmouth
bass, Micropterus dolomieu (Carmichael et al. 1983), and
matrinxã, Brycon cephalus (Urbinati et al. 2004; Carneiro
and Urbinati 2002). This decrease presumably due to diffusive
loss of small ions across gill membrane associated with the
changes in gill mechanisms (an increase in bronchial blood
stream and gill permeability) as a consequence of the action of
primary stress response (Wendelaar Bonga 1997). Nikoo et al.
(2010) observed that calcium concentration declined after cap-
tivity compared to the pre-captivity values, but this reduction
was not significantly different (p>0.05). In current research,
we found that calcium level in beach seine reduced but in-
creased in gill net. Also, cholesterol concentration was signif-
icantly changed in beach seine compared with gill net. Lohner
et al. (2001) reported that chronic stress decreases the choles-
terol levels of sunfish to less than the normal value. No
significant difference was reported in plasma cholesterol due
to acute handling (Biswas et al. 2006). Based on obtained
results during our experiment, we concluded that capture stress
can influences on blood parameters, and different capture
methods lead to different reactions in blood parameters.
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