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ABSTRACT 
This study was conducted the effect of stress on blood glucose and cortisol levels in cultured great 
sturgeon. Blood sampling was done and then water level decreased to the half in experimental tanks. The 
fish were exposed in that situation and second blood sampling was taken after 6 hours. Glucose and 
cortisol concentrations were measured by glucose oxidase method and Radioimmunoassay (RIA), 
respectively. The results showed that average of cortisol concentration reached from 10.8 ± 3.3 to 14.6 ± 9.0 
ng ml-1 (P<0.05).  Indeed, average of glucose concentration was 56.4 ± 12.0 pre-stress exposures and 
reached to 111.6 ± 17.5 mg dl-1 post-stress (P<0.05). Stress is most often associated with a negative 
perspective. We recommend for increasing efficiency in rearing, should avoid of stressors possibly that it 
needs to right management on rearing practice and this action causes to increase in production, fish 
welfare, restoration and economic efficiency. 
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INTRODUCTION 
Sturgeon fish have been distributing over 

of northern hemisphere, north and east in 
Asia, Northern America and Europe. Caspian 
Sea is the biggest closed lake in the world 
which with Lake Basin is the most suitable 
habitat for sturgeon fish around the world 
(Keyvan, 2003). Resources of sturgeon fish is 
declining in the Caspian Sea and for this 
matter have stated different reasons (Kozlov, 
1993). Among of this fish, farmers have 
noticed to some of them because of quick 
growth, resistance to less water quality and 
well-being for aquaculture in rearing systems 
(Williot et al., 1993).Great sturgeon is one of 
the biggest fish in fresh water that their 
resources have declined because of human 
activity and their caviar have high-grade 
quality. Some researchers believe that their 
survival related to artificial propagation and 
rearing, also releasing to the sea completely. 
Thus, sturgeon fish have cultured in confined 
spaces in developed and developing 
countries because of the best quality of meat 
and caviar, extreme reduction in natural 

resources and also, being important in side 
economic (Keyvan, 2003). 

Concerning this, rearing great sturgeon 
have a particular situation among of other 
sturgeons because of their quick growth 
(Keyvan, 2003) and in recent years, have been 
noticed to rear this fish a lot in artificial 
spaces. Whereas, the situation in farms are 
different and fluctuant. A farm is an 
unnatural and stressful space. Stress is a sort 
of menace for balance or body's homeostasis 
and response to stress have related to quality, 
magnitude and duration in the effect of 
stimuli, constructor and situation of 
organism. Stress has negative affects on body 
systems. Schreck (1981), Wedemeyer and 
McLeay, (1981), Wedemeyer et al., (1990) 
demonstrated that the most suitable indices 
in variety of stress in fish is studying jointly 
plasma cortisol and glucose for hype- 
rglycemia property result of gluconeogenesis 
and glycogenolysis by cortisol (Barton et al., 
1985; Pickering et al., 1987). Therefore, the 
objective of this study was conducted to 
determine the biochemical factors in blood  
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including serum cortisol (as primary 
response) and glucose (as secondary 
response) levels in fish subjected to stressors.  

 
MATERIALS AND METHODS 
Fish 

Sub-yearling great sturgeons with 268 ± 71 
g body weight were obtained from Inter- 
national. Sturgeon Research Institute in 
Guilan province, Iran. 3 tanks were 
considered which each one containing 30 
fish. 

 
Sampling and analysis 

Three fish per tank were randomly 
selected for cortisol and glucose conce- 
ntration measurements. Blood sampling were 
taken immediately after fish going out. The 
blood samples were taken from the caudal 
vein using a non-heparinized syringe. Then 
the fish marked by the tag. After taking the 
blood, water levels were decreased to the half 
in experimental tanks.  

The fish were exposed to this situation 
about 6 hours. Second blood Samplings were 
taken. Blood samples were kept in room 
temperature about 3-4 h. Serum was 
separated from other component by 
centrifugation 4500 g for 10 min. Blood serum 
was then separated and stored in 1.5 ml 
eppendorf tubes at -20°C until cortisol and 
glucose analysis was performed. Serum 
glucose was determined by glucose oxidase 
method. The serum cortisol concentration 
was quantified using a radioimmunoassay 
(RIA) (Bayunova et al., 2002). 

Water temperature was kept at 13ºC and 
the dissolved oxygen content was 9.85 mg l-1, 
nitrite 0.06 mg l-1, nitrate 1.25 mg l-1, and pH 
7.52 was carried out using a portable water 
multichecker probe (WTW, Germany) and 
experimental kits (Machery-Nagel GmbH, 
Düren, Germany.  
 

Data analysis 
Cortisol and glucose data were subjected 

to two-way analyses of variance (ANOVA) to 
test for differences among treatments and 
among tanks for each treatment. Data for the 
three tanks were analyzed by Student’s t-test 
to determine differences between pre-stress 
and post-stress group means for each feature 
(P< 0.05). 
 

RESULTS 
In this study, minimum serum cortisol 

level was 8.0 ng ml-1 pre-stress exposures and 
maximum was 19.0 ng ml-1. Minimum and 
maximum levels of serum cortisol were 7.0 
and 56.0 ng ml-1 post-stress exposure, 
respectively (Table 1).Minimum and ma- 
ximum of glucose levels were also shown in 
table 2. 

Average of serum cortisol level reached 
from 10.8 ± 3.3 to 14.6 ± 9.0 ng ml-1 and 
glucose level was 56.4 ± 12.0 to 111.6 ± 17.5  
 mg dl-1 pre and post stress, respectively 
(table 3). 

The results of analysis showed that 
statistical difference for average cortisol 
levels were observed significantly between 
pre and post stress (P<0.05). However 
significant difference was observed for 
glucose pre-stress and post-stress exposure to 
stressor (P<0.05). 

 
Table 1. Minimum, maximum, and average (Ave ± SD) 
of serum cortisol and glucose levels before and after 
stress (n=9). 

Cortisol(ng ml 1) Glucose(mg dl 1) 
Post-
stress 

Pre-
stress 

Post-stress 
Pre-
stress 

 

7 8 79 33 Min 
56 19 150 84 Max 

14.6±9.0* 10.8±3.3 111.6±17.5* 56.4±12.0 
Ave±
SD 

 
Table 2. Minimum and maximum glucose level (n=9). 

Glucose level before 
exposure to stress 
(mg dl  ¹) 

Glucose level after 
exposure to stress  
(mg dl  ¹) 

Min Max Min Max 

33 84 79 150 

 
Table 3. Average (average ± SD) of serum cortisol and 
glucose levels before and after stress (n=9). 

Average of serum cortisol 
(ng ml −¹) 

Average of serum glucose 
(mg dl −¹) 

Pre-stress Post-stress Pre-stress Post-stress 

10.8 ± 3.3 14.6 ± 9.0 56.4 ± 12.0 111.6 ±17.5 

 
DISCUSSION 

Results of this study showed that average 
of serum cortisol level reached from 10.8 ± 
3.3 to 14.6 ± 9.0 ng ml −1 with significantly 
differences (P<0.05). Plasma cortisol in Pallid 
(Scaphirhynchus albus) and hybrid sturgeon  
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(Pallid × Shovelnose, S. albus × Platorynchus) 
yearling reached from 3 to 13-14 ng ml −¹ 
during 6 hours in extreme confinement. In 
addition, Plasma cortisol level increased 0.22 
ng ml min −¹ in 2 years fish (Barton et al., 
1999). Floodmark et al., (2002), He observed 
an increase in plasma cortisol level in brown 
trout (Salmo trutta) that exposed to decline in 
water current. Effect of acute stress showed 
an increase in plasma cortisol level in 
Russian and Stellate sturgeon (Bukovskaya et 
al., 1997).  

It's dramatically that the cortisol response 
may be influenced not only by the nature of 
the stress, but also by other factors such as 
the age, sex and state of maturity of the fish 
(Sumpter, 1997), the environmental 
temperature (Sumpter et al., 1986), the species 
and strain of fish (Pickering and Pottinger, 
1989) and even, under certain circumstances, 
by the chemical composition of the water 
(Pickering and Pottinger, 1987). A common 
problem in comparing stress responses in 
fish is the determination of basal cortisol 
levels, as factors such as the method of 
capture, the stage of sexual maturity, season, 
time of day and sex can all influence plasma 
cortisol levels (Barton and Iwama, 1991; 
Pankhurst and Sharples, 1992; Sumpter, 
1997). Even, blood sampling procedures and 
chasing cause increases in blood levels of the 
hormone that is not showing basal blood 
cortisol levels markedly. Schreck (1981), 
Wedemeyer and McLeay (1981) believe that 
the most suitable indicators of stress varieties 
in fish is studying blood plasma cortisol and 
glucose together (Barton et al., 1985). 
Measuring blood plasma glucose after 
exposure to stress is similar to cortisol that it 
is suitable factor for estimating intensity of 
neuroendocrine responses in fish (Pottinger 
and Carrick, 1999). In this study, the average 
of serum glucose level reached from 56.4 ± 
12.0 to 111.6 ± 17.5 mg dl ¹.  

Analysis of data showed a significant 
differences (P<0.05). Barton et al., (1999) 
performed an experiment on Pallid and 
hybrid sturgeon that results of it showed that 
plasma glucose increased 20 % in hybrid 
sturgeon that kept in extreme confinement. 
They stated that glucose concentration 
changed a bit in yearling Pallid sturgeon, too. 
Raising glucose level was reported in 
Tropical labrids from 2 to 4 mmol L-1 by 
Grutter and Pankhurst (2000). Plasma 

glucose level was elevated in common carp 
(Cyprinus carpio) during confinement (Ruane 
et al., 2001). Pottinger (1998) demonstrated 
that glucose levels increased in common carp 
after handling plus confinement stressor. 

Stress is an unavoidable component in 
intensive aquaculture. Fish culture in 
intensive systems and artificial farms cause 
the fish expose to different stressful factors 
that there are not similar of this situation in 
natural position (Donaldson, 1981; Faulkner 
and Moberg, 1997; Fevolden et al., 2002). 
Therefore, intensive aquacultural practice 
requires the careful management of the 
rearing environment and is assisted by a 
thorough understanding of the physiology of 
fish to minimize the deleterious effects of 
stress.  

Stress is imposed to fish via water, food, 
microorganisms and other factors that cause 
to changes in osmoregulation, ability of 
blood in transferring oxygen, digestion and 
absorption, hormonal and neural systems 
which finally, cause to reduce resistance in 
fish against infectious factors and mortality. 
Generally, stress can affect on growth, 
behavior, reproduction, mortality rates 
(disease resistance and defense systems) and 
product quality.  

Continual appraisal and improvement of 
current farming practices is the most 
important way forward some approaches 
 for preservation of fish against stressor  
such as reducing the time-course of netting, 
grading or hauling, handling and so on, 
performing practice at lower water temp- 
eratures, avoiding of repeated stresses, the 
withdrawal of food 24-36 h prior to any 
operation, distinguishing optimum of natural 
environment for fish, and rearing selective 
breeding of fish that are less sensitive to 
stressors. Reducing sturgeon resources in 
their original habitat and improving 
knowledge in their artificial reproduction 
have made necessity and development 
possibility of rearing in many countries. 
Great sturgeon rearing was noticed by 
farmers because of high growth coefficient 
compare to other sturgeon fish. We 
recommend for increasing efficiency in 
rearing, should avoid of stressor possibly 
that it needs to right management on rearing 
practice and this action cause to increase in 
production, fish welfare, restoration and 
economic efficiency. 
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