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Abstract
Kutum, Rutilus frisii kutum wild broodstocks (970 ± 90 g) were subjected to captivity during their upstream migration
and their physiological responses to the stressful condition was assessed. No changes in cortisol levels by was observed
after captivity (P > 0.05). An increase in glucose levels (1.8 fold) was observed after captivity (P < 0.05), but plasma
lactate concentration was not changed (P > 0.05). Chloride and sodium levels decreased following captivity (P < 0.05),
while no change in calcium levels was obtained in response to stress. Hematological parameters including red blood
cells (RBC), hematocrit (Hct), mean corpuscular volume (MCV), and white blood cells (WBC) were not significantly
affected by captivity (P > 0.05), whereas hemoglobin (Hb), mean corpuscular hemoglobin (MCH) and mean
corpuscular hemoglobin concentration (MCHC) decreased (P < 0.05). In addition, the decrease in the number of
circulating total lymphocytes and the increase in circulating neutrophiles were observed after captivity (P < 0.05).
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Introduction
Under stress conditions, body of animal responds immediately to the stress recognized as primary and secondary
response. The primary responses is the perception of an altered state by central nervous system and the release of
stress hormones, cortisol and catecholamines into the blood circulation by endocrine system (Martinez-Porchas et al.
2009). Primary stress responses trigger the sequential secondary response (e.g. increase in plasma glucose, lactate
and hematocrit and decrease in chloride, sodium and potassium) in teleosts (Mommsen et al. 1999; Barton 2002).
Changes in blood biochemistry and hematology have been studied extensively in different fish species subjected to
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the stressful conditions (Ellsaesser and Clem, 1986; Carragher and Rees, 1994; Cech et al. 1996; Carneiro et al.
2002; Patterson et al. 2004; Barcellos et al. 2004; Gbore et al. 2006; Caipang et al. 2009). The evaluation of blood
cells, blood biochemistry and hormones could be useful for the diagnosis of fish disease and to monitor the
physiological status of fish (Stoskopf 1993). In aquaculture, fish are typically encountered by stress conditions such
as handling, transport and captivity (Bayunova et al. 2002). Kutum, Rutilus frisii kutum aquaculture is aimed at
restocking the natural environment (southern Caspian Sea) and every year up to 200 millions of 1 g juveniles are
released into the natural environment (Abdoli and Naderi 2009). Physiological responses of kutum broodstocks to
captivity condition are not well known. Study on the physiological responses of fish species to stressful conditions
could lead to better understanding of breeders' management. The aim of the present study was to investigate the
physiological response to stress arising from captivity in kutum, Rutilus frisii kutum.

Materials and methods
Experimental fish and captivity
Fish were caught from the mouth of Valiabad River (northern Iran) by cast net with 2 cm mesh size. Fourty-five
gravid females (which had oocytes attached tightly to the body cavity) (Patterson et al. 2004) were used in this study
and divided into three groups of 15 fish each. Fish weight and total length were 970 ± 90 g and 44.4 ± 1.5 cm
respectively. To minimize the effect of handling stress, blood samples from first group (including 15 gravid fish)
were taken using heparinized syringes within 3 minutes of capture from the caudal vein, then kept in ice. The
samples were centrifuged at 4000 g for 10 minutes to obtain plasma which was stored at -20 ºC until assay (Mingist
et al. 2007). Thereafter the remained two groups (each with 15 gravid fish) was held in 1×1×1.3 m wooden cages
(the cages were placed in river water). Each group was placed in one cage. Water temperature was 14.2±1.8 °C;
water flow was 3.5-4 m3/s and the dissolved oxygen content was 7 mg/l. Fish kept in cages for 72 hours and
ovulated fish (captive ripe fish) were removed from the cages and their blood was collected. Their weight (±0.01 g)
and total length (± 0.1 cm) were also estimated.
Laboratory analysis
Plasma cortisol levels were measured by radioimmunoassay (RIA) according to Rottlant et al (2001) and expressed
as ng/ml. Plasma glucose and lactate levels were determined by enzymatic colorimetric method using the
commercial kit (Greiner, Bahlingen, Germany) and expressed as mg/dl and ng/ml, respectively. Plasma sodium
concentration was determined by flame photometry (Fc 180 Clem, Sao Paulo, Brazil). Plasma chloride and calcium
were measured using a colorimetric method using Technicon autoanalyser (Technicon Instruments Corporation,
New York, USA). Number of red blood cells (RBC) was counted by Neubar hemocytometer using Dacie and Lewis
solution as diluting fluid (3 g sodium citrate, 99 ml distilled water and 1ml formalin). The counting was performed
with four corner and the center fields. For hematocrit (Hct) determination, the sample was collected in glass
capillary tubes and centrifuged for 3 min at 4500 × g and expressed as percent packed cell volume (Rehulka 2000).
Hemoglobin (Hb) concentration was determined spectrophotometrically at 540 nm (Cyanmethemoglobin method).
Erythrocyte indices including mean corpuscular hemoglobin (MCH) mean corpuscular hemoglobin concentration
(MCHC) and mean corpuscular volume (MCV) were calculated according to Dacie and Lewis (1984). Differential
leukocyte count was performed with blood smears stained with May-Grunwald/Giemsa solution. The smears (two
slides per fish) were examined by light microscopy (Olympus, Tokyo, Japan) under oil immersion at 100 ×
magnification.
Statistical analysis
Normality and homogeneity of data were checked. Then differences in physiological variables before and after
captivity were compared with unpaired t-test at level of P < 0.05. All procedure was done with using SPSS software
(SPSS version 13, Chicago, IL, USA). Data into the text and tables are presented as mean ± SEM (standard error).
All samples were analyzed in duplicate.
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Results
Cortisol concentrations were not changed after holding the fish in captivity (P > 0.05). The plasma glucose level
increased after captivity (P < 0.05) and showed a 1.8-fold increase, compared to pre captivity values. Plasma lactate
on the other hand increased slightly following captivity but the increase was not significant (P > 0.05) (Table 1).
The levels of plasma ions are shown in Table 1. Levels of chloride and sodium decreased following captivity
(P < 0.05). Moreover plasma levels of calcium showed reduction after captivity compared to the pre captivity values
but this reduction was not significant (P > 0.05).
Following captivity, blood indices (RBC, Hct, and MCV) were not altered (P < 0.05) (Table 2). However values
of Hb, MCH and MCHC were decreased compare to the pre captivity values (P < 0.05) (Table 2). Mean values of
white blood cells were increased slightly after captivity although this increase was not significant (P > 0.05).
Differential white blood cell counts indicated a significant decrease on the number of circulating lymphocytes as
well as the increase in the number of circulating neutrophils (Table 3).
Table 1. Changes in biochemical parameters in kutum subjected to captivity. Values are expressed as mean ± SEM. Different
letters in the same row indicate significant difference at P < 0.05

Variable
Cortisol (ng/ml)
Glucose (ng/ml)
Lactate (mg/dl)
Chloride (mg/dl)
Sodium (mg/dl)
Calcium (mg/dl)

Pre captivity
308 ± 61.2a
126.5 ± 19.5a
60.3 ± 1.5a
109.6 ± 4.0a
146.4 ± 3.0a
13.5 ± 0.6a

Post captivity
378.5 ± 30.3a
230 ± 23.7b
64.3 ± 1.9a
91.0 ± 3.4b
138.6 ± 2.1b
12.7 ± 0.3a

Table 2. Blood cell parameters in kutum subjected to captivity. Values are expressed as mean ± SEM. Different letters in the
same row indicate significant difference at P < 0.05

variable
RBC (×104/mm)
Hct (%)
Hb (g/dl)
MCV (fl)
MCH (pg)
MCHC (%)

Pre captivity
127.0 ± 7.0a
39.7 ± 2.3a
8.0 ± 0.4a
311 ± 17.0a
64.7 ± 5.0a
19.9 ± 0.6a

Post captivity
129.0 ± 12.0a
36.6 ± 2.4a
5.6 ± 0.4b
287.8 ± 12.6a
44.3 ± 1.9b
15.4 ± 0.2b

Table 3. White blood cell and differential counts in kutum subjected to captivity. Values are expressed as mean ± SEM. Different
letters in the same row indicate significant difference at P < 0.05

Variable
WBC (/mm3)
Lymphocyte (%)
Neutrophil (%)

Pre captivity
7277.7 ± 613.0a
88.5 ± 5.1a
8.5 ± 4.0a

Post captivity
7520.0 ± 430.5a
65.0 ± 9.0b
34.6 ± 8.9b

Discussion
In present study cortisol levels increased 1.3 fold after captivity with no significant changes. In striped bass Morone
Saxatilis, 3.5-fold increase in cortisol up to 400 ng/ml was observed after handling stress (Cech et al. 1996). In
Eurasian perch, Perca fluviatilis, 3-fold increase in cortisol levels was observed following stress (Acerete et al.
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2004). Regarding secondary stress response, plasma glucose levels were increased in Caspian Kutum after captivity.
Increase in blood glucose or hyperglycemia after stress results from the release of catecholamines (Anderson et al.
1991) in order to satisfy the increasing demand for energy during active swimming and continuous disturbances
(Umminger 1977). Cortisol and glucose are two of the most common stress indicators but due to their high
variability, they must be complemented with other stress indicators (e.g. lactate) in order to have a more complete
profile about the stress status of any fish (Martinez-Porchas et al. 2009) and its levels are enhanced in under adverse
situations (Grutter and Pankhurst 2000). In this study, plasma lactate slightly increased in fish after captivity, which
was in accordance with other studies (Haux et al. 1985; Carragher and Rees 1994; Cech et al. 1996; Vijayan et al.
1997; Arends et al. 1999). However, the levels of Perca fluviatilis were not significantly changed after stressor
(Acerete et al. 2004).
Decrease in the levels of chloride and sodium are considered as indices of secondary stress response (Barton
2002). This decrease could be due to diffusive loss of small ions across gill membrane associated with the changes
in gill mechanisms (an increase in branchial blood flow and gill permeability) as a consequence of the action of
primary stress response (Wendelaar-Bonga 1997). In our study, chloride and sodium concentrations decreased
following captivity. Moreover plasma levels of calcium were also reduced after captivity compared to the pre
captivity values, but this reduction was not significant (P > 0.05). Decrease in chloride and sodium levels in fish
subjected to stressors was reported in some species such as Smallmouth bass (Carmichael et al. 1983) and Matrinxa
Brycon cephalus (Urbinati et al. 2004; Carneiro and Urbinati 2002). However in some species e.g. Perca fluviatilis
(Haux et al. 1985) Salmo salar (Einarsdottir and Nilssen 1996) and Jundia Rhamdia quelen (Carneiro et al. 2009),
their levels were not affected as a result of stress.
In kutum, hematocrit values did not show significant difference (in spite of slight decrease) after captivity and
similar result was found in Jundia, Rhamdia quelen when subjected to transport stress (Carneiro et al. 2009).
Decrease in hematocrit values after stress was also reported in other species such as Tilapia zilli and Clarias
gariepinus (Gbore et al. 2006). Moreover mean values of MCH and MCHC were declined following captivity and a
similar result was reported in Tilapia zilli (Gbore et al. 2006). However in other species e.g. Eurasian perch, Perca
fluviatilis plasma MCV, MCH and MCHC showed no difference following acute handling (Acerete et al. 2004).
Erythrocyte numbers in Kutum did not change significantly after captivity. This was in agreement with the findings
of Urbinati et al. (2004) on Matrinxa, Brycon cephalus after loading and transport stress. Significant reduction of Hb
in Kutum following captivity was comparable to Clarias gariepinus after handling and transport stress (Gbore et al.
2006).
A non-significant increase in WBC numbers was observed in kutum after captivity. Similar finding was reported
in Limanda limanda (Pulsford et al. 1994) and Rhamdia quelen (Barcellos et al. 2004). Increase in WBC following
stress may be caused by migration of WBC from the spleen to blood circulation (Barcellos et al. 2004). Reduction of
circulating lymphocytes in kutum after captivity was similar to other telesots such as Salmo trutta (Pickering 1984),
Icthalurus punctatus (Ellsaessar and Clem 1987), Oncorhynchus mykiss (Pottinger et al. 1994) and Rhamdia quelen
(Barcellos et al. 2004). It has been reported that lymphopenia after stress may be associated by re-trafficking of cells
to lymphoid tissues (Harris and Bird 2000) and to cortisol-induced apoptosis in B cells and consequent clearance
from the blood following stress (Weyts et al. 1997). Circulating neutrophile which is known to increase in fish
following stress (Ellsaessar and Clem 1987) showed a marked increase in kutum after captivity. Increases in the
numbers of these cells were also reported in Perca fluviatilis (Haux et al. 1985), Oncorhynchus mykiss (Pottinger et
al. 1994) and Rhamdia quelen (Barcellos et al. 2004).
Decrease in plasma chloride, sodium and lymphocyte and increase in the values of glucose and neutrophils
were the main changes observed in kutum following captivity which may indicative of the responsiveness of
broodstocks to stress. Adverse effects of stress on fish endocrine system performance and quality of gametes and
larvae have been recently reviewed by Schreck (2009). Data on the effect of broodstock stress on the subsequent
gamete quality are scare (Bobe and Labbé 2009) and depends primarily on when in the life cycle it is experienced
and the severity and duration of the stress. Elevated plasma cortisol has caused in declines in body size, gonadosomatic index, egg size and gamete quality (Foo and lam 1993; Kime and Nash 1999; Campbell et al. 1992, 1994).
Therefore further study on the effect of captivity and crowding on gamete quality (fertilization and hatching
success) should be carried out.

59

Nikoo et al. / International Aquatic Research 2 (2010) 55-60

Acknowledgments
The authors would like to thank to Mr. Chopani for assisting with fish sampling and to Mr. Maleki for helping in
laboratory assay.

References
Acerete L, Balasch JC, Espinosa E, Josa A, Tort L. 2004. Physiological responses in Eurasian perch (Perca fluviayilis L.)
Subjected to stress by transport and handling. Aquaculture 237: 167-178.
Andersen DE, Reid SD, Moon TW, Perry SF. 1991. Metabolic effects associated with chronically elevated cortisol in rainbow
trout (Oncorhynchus mykiss). Can J Fish Aquat Sci 48: 1811–1817.
Arends RJ, Mancera JM, Munoz JL, Wendelaar-Bonga SE. 1999. The stress response of the gilthead seabream (Sparus aurata
L.) to air exposure and confinement. J Endocrinol163: 149-157.
Andersen DE, Reid SD, Moon TW, Perry SF, 1991. Metabolic effects associated with chronically elevated cortisol in rainbow
trout (Oncorhynchus mykiss). Can J Fish Aquat Sci 48: 1811–1817.
Barcellos LJG, Kreutz LC, Souza C, Rodriguez LB, Fioreze I, Quevedo RM, Cericato L, Soso AB, Fagundes M, Conrad J,
Lacerda LA, Terra S. 2004. Haematological changes in Jundia (Rhamdia quelen) after acute and chronic stress caused by
usual aquacultural management, with emphasis on immunosuppressive effects. Aquaculture 237: 229-236.
Barton BA. 2002. Stress in fishes: a diversity of responses with particular references to changes in circulating corticosteroids.
Integ Comp Biol 42: 517-525.
Carmichael GJ, Wedmeyer GA, McCraen JD, Millard JL. 1983. Physiological effects of handling and hauling stress on
smallmouth bass. Prog Fish Cult 45: 110– 113.
Bobe J, Labbé C. 2009. Egg and sperm quality in fish. Gen Comp Endocrinol (In press).
Caipang CMA, Berg I, Brinchmann MF, Kiron V. 2009. Short-term crowding stress in Atlantic cod, Gadus morhua L. modulates
the humoral immune response.. Aquaculture XX (In press).
Carragher JF, Rees CM. 1994. Primary and secondary stress responses in golden perch, Macquaria ambigua. Comp Biochem
Physiol 107A: 49-56.
Cech JJ, Bartholow SD, Young PS, Hopkins TE. 1996. Striped bass exercise and handling stress in fresh water: physiological
responses to recovery environment. Trans Am Fish Soc 125: 308-320.
Carneiro PCF, Urbinati EC. 2002. Transport stress in matrinxã, Brycon cephalus (Teleostei: Characidae), at different densities.
Aqua Int 10: 221–229.
Carneiro PCF, Kaiseler PHS, Swarofsky E.AC, Baldisserotto B. 2009. Transport of jundiá Rhamdia quelen juveniles at different
loading densities: water quality and blood parameters. Neotropical Ichthyol 7: 283-288.
Campbell PM, Pottinger TG, Sumpter JP. 1992. Stress reduces the quality of gametes produced by rainbow trout. Biol Rep 47:
1140-1150.
Campbell PM, Pottinger TG, Sumpter JP. 1994. Preliminary evidence that chronic confinement stress reduces the quality of
gametes produced by Brown and rainbow trout. Aquaculture 120: 151-160.
Dacie SJV, Lewis SM. 1984. Practical haematology. Churchill Livingstone, UK.
Einarsdottir IE, Nilssen KJ. 1996. Stress responses in Atlantic salmon (Salmo salar L.) elicited by water level reduction in
rearing tanks. Fish Physiol Biochem 15: 395-400.
Ellsaesser CF, Clem LW. 1986. Hematological and immunological changes in channel cat fish stressed by handling and
transport. J Fish Biol 28: 511-521.
Foo JTW, Lam TG. 1993. Serum cortisol response to handling stress and the effect of cortisol implantation on testosterone level
in the tilapia Oreochromis mossambicus. Aquaculture 115: 145-158.
Kime DE, Nash JP. 1999. Gamete quality as an indicator of reproductive endocrine disruption in fish. Sci Total Environ 223:
123-129.
Grutter AS, Pankhurst NW. 2000. The effects of capture, handling and ectoparasites load on plasma levels of cortisol, glucosa
and lactate in the coral ref. fish Hemigymnus melapterus. J Fish Biol 57: 391-401.
Gbore FA, Oginni O, Adewole AM, Aladetan JO. 2006. The effect of transportation and handling stress on haematology and
plasma biochemistry in fingerlings of Clarias gariepinus and Tilapia zilli. World J Agri Sci 2: 208-212.
Harris J, Bird DJ. 2000, Modulation of fish immune system by hormones. Vet Immunol Immunopathol 77: 163-176.
Haux C, Sjobeck ML, Larsson A. 1985. Physiological stress responses in a wild fish population of Perch (Perca fluviatilis) after
capture and during subsequent recovery. Mar Environ Res 15: 77-95.
Martinez-Porchas M, Martinez-Cordova LR, Ramos-Enriquez R. 2009. Cortisol and glucose: Reliable indicators of stress? Pan
Am J Aquat Sci 4: 158-178.
Mommsen TP, Vijayan MM, Moon TW. 1999. Cortisol in teleosts: Dynamics, mechanisms of action, and metabolic regulation.
Rev Fish Biol Fisher 9: 211–268.
Pickering AD. 1984, Cortisol-induced lymphocytopenia in brown trout, Salmo trutta L. Gen Comp Endocrinol 23: 163-175.

Nikoo et al. / International Aquatic Research 2 (2010) 55-60

60

Pottinger TG, Moran TA, Morgan JAW. 1994. Primary and secondary indices of stress in the progeny of rainbow trout
(Oncorhynchus mykiss) selected for high and low responsiveness to stress. J Fish Biol 44: 149-163.
Pulsford AL, Lemaire-Gony S, Tamlinson M, Collingwood N, Glynn PJ. 1994. Effect of acute stress on the immune system of
the dab, Limanda limanda. Comp Biochem Physiol 109C: 129-139.
Patterson DA, Macdonald JS, Hinch SG, Healy MC, Farrell P. 2004. The effect of exercise and captivity on energy partitioning,
reproductive maturation and fertilization success in adult sockeye salmon. J Fish Biol 64: 1039-1059.
Ruane NM, Carballo EC, Komen J. 2002. Increased stocking density influences the acute physiological stress respomcse of
common carp Cyprinus carpio (L.). Aqua Res 33: 777-784.
Rehulka J. 2000. Influence of astaxanthin on growth rate, condition, and some blood indices of rainbow trout, Oncorhynchus
mykiss. Aquaculture 190: 27-47.
Rotllant J, Balm PHM, Pe´rez-Sa´nchez J, Wendelaar-Bonga SE, Tort L. 2001. Pituitary and interregnal function in Gilthead Sea
bream (Sparus aurata L., Teleostei) after handling and confinement stress. Gen Comp Endocrinol 121: 333–342.
Schreck CB. 2009. Stress and fish reproduction: The roles of allostasis and hormesis. Gen Comp Endocrinol, In press.
Stoskopf MK.1993. In: Fish Medicine. pp. 113-131. Edited by M. K. Stoskopf. Saunders, Philadelphia.
Urbinati EC, Abreu JS, Camargo ACS, Parra MAL. 2004. Loading and transport stress of juvenile matrinxa˜ (Brycon cephalus,
Characidae) at various densities. Aquaculture 229: 389-400.
Umminger BL. 1977. Relation of whole blood sugar concentrations in vertebrates to standard metabolic rate. Comp Biochem
Physiol A, Comp Physiol 56: 457–460.
Vijayan MM, Pereira C, Grau EG, Iwama GK. 1997. Metabolic responses associated with confinement stress in tilapia: the role
of cortisol. Comp Biochem Physiol 116: 89-95.
Wendelaar Bonga SE. 1997. The stress response in fish. Physiol Rev 77: 591-625.
Weyts FAA, Verburg-van Kemenade BML, Flik G, Lambert JGD, Wendelaar Bonga SE. 1997. Conservation of apoptosis as an
immune regulatory mechanism: effects of cortisol and cortisone on carp lymphocytes. Brain Behav Immun 11: 95–105

