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Abstract
Smolts of Caspian brown trout were introduced to water with salinity of 12g/l to find hematological and biochemical 

responses in relation to sea-water acclimation. A total of 360 fish(6.2 ± 0.13 g) were randomly distributed into 6 tanks in groups 
of 20 with three replicates (totally 12 tanks). Three groups were included as experimental treatments and one group allocated to 
control. In experimental treatment, fish were acclimated to water with 12 mg/l salinity for 48 h. fish of control group were not 
acclimated to sea water salinity. After acclimation in sea water, the higher values of plasma cortisol and glucose were found in 
fish acclimated to sea water compared to control group (P< 0.05). There were no significant differences between experimental 
groups and control group in terms of plasma levels of potassium and sodium (P>0.05). Also, plasma protein levels were lower 
in fish acclimated to seawater compared to control (P<0.05). The values of RBC, WBC and Hb increased significantly after 
sea water acclimation (P<0.05). Our results showed smolts of Caspian brown trout are able to regulated ions which may be in 
related to some changes in hematological parameters.
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Introduction
Caspian brown trout is one of the most ecologically impor-

tant fish species livingin Caspian Sea as an endangered fish be-
cause overfishing and loss of natural habitats in sea and related 
rivers[1-3]. Natural stocks of Caspian brown trout are preserved in 
many rivers in the parts of Iran. Thus, thousands of Caspian brown 
trout smolts are annually produced by government hatcheries and 
released to sea ranged to restock the decreasing populations [1-3]. 
Adaptation to sea water salinity is the most important stage for 
released smolts of Caspian brown since fish must be able to be 
adapting with increased salinity. Generally, an appropriate under-
standing on physiological bases of this adaptation may help to 
identify the biomarkers of osmoregulation in this species.Changes 

of hematological components are reported as parameters of fish 
health in relation to environment and nutritional conditions [4-7].

In Caspian brown trout, the mechanisms involved in osmo-
regulation are principally like other teleosts. These include changes 
in ability of gillin ion exchangedue to the changes in cortisol lev-
els, chloride cells [8,9]. However, little information is available re-
garding hematological parameters such as the number of red blood 
cells, white blood cells, hemoglobin, proteins and etc. Therefore, 
this study was conducted to evaluate the effects of sea water accli-
mation on hematological and biochemical components of Caspian 
brown trout, with two major objectives: (1) provide data on plasma 
biochemical parameters, and (2) to assay how plasma biochemis-
try is alerted following sea water acclimation.

Materials and Methods
A total of 360 fish (6.2 ± 0.13 g) were prepared from Ka-
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lardasht Salmonids Reproduction Centre (KSRC), Iran. Then, 
fish randomly distributed into 12 tanks in groups of 20 with three 
replicates (totally 12 tanks). Three groups were considered as ex-
perimental treatments and one group considered as control. After 3 
days’ adaptation to tank condition, in experimental treatment, fish 
were exposed to water with 12 mg/l salinity for 48 h. fish of con-
trol group were not introduced to salinity acclimation. Fish were 
not fed throughout the experimental period (48 h). The water salin-
ity (12 mg/l) was provided by addition of sea salt. The aeration

of tanks was carried out to maintain the levels of dissolved 
oxygen at 7.1 ± 0.13 mg/L-1, and also water temperature and pH 
during the experiment were maintained at 17.1 ± 0.11ºC and 7.5 ± 
0.12, respectively. Water was exchanged in order to prevent am-
monia toxicity and other wastes in the tanks every 12 h. 

Fish Sampling and Analytical Methods: The blood samples 
were collected from the caudal vein with syringes in two steps: 
(1) before acclimation to SW (2) 48 h after acclimation to SW. 
Before blood sampling fish were anesthetized with MS222 (200 
mg L−1 for 5–10 min).Then, an aliquot of blood samples was used 
for determination of RBCs, WBCs and Hb.The reminders were 
centrifuged and plasma samples usedto assay cortisol, glucose, po-
tassium (K+), sodium (Na+) and total protein. All biochemical and 
hematological components were assayed according to [10]. In this 
regard, RBC counting was performed by using hemocytometers. 
The concentration of Hb was measured using by spectrometer ac-
cording to cyanmethemoglobin method at wavelength of 550 nm. 
Plasma cortisol was assayed with the method of Radioimmunoas-
say. Plasma glucose was assayed with assayed kit. Plasma K+ and 
Na+ values were measured using a Flamephotometer.

Data Analysis: The data of the present study was analyzed 
by using SPSS software. The data normality was determined with 
Kolmogorov-Smirnov test before analysis of variance. Then, one-
way analysis of variance(ANOVA) was employed to compare the 
means. After determining the F-values, the Tukey test was used to 
determine which groupswere different.

Results
The higher values of plasma cortisol (Fig 3) and glucose (Fig 

2) were observed in fish acclimated to sea water compared to con-
trol group after acclimation to sea water (P<0.05). There were no 
significant differences between experimental groups and control 
group in terms of plasma levels of potassium (Fig 7) and sodium 
(Fig 8) (P>0.05). Also, plasma protein levels were lower in fish 
acclimated to sea water compared to control (Fig 1, P<0.05). The 
values of RBC (Fig 4), WBC (Fig 5) and Hb (Fig 6) increased 
significantly after sea water acclomation (P<0.05). 

Figure 1: Changes of total protein in the serum of Caspian brown trout 
smolts after 48 h acclimation in sea water.

Figure 2: Changes of glucose in the serum of Caspian brown trout smolts 
after 48 h acclimation in sea water.

Figure 3: Changes of cortisol in the serum of Caspian brown trout smolts 
after 48 h acclimation in sea water.

Figure 4: Changes of RBCs in the serum of Caspian brown trout smolts 
after 48 h acclimation in sea water.



Citation: Sorki MP, Sarkheil M, Rafieepour A (2017) Hematological and Biochemical Responses of Endangered Caspian Brown Trout, Salmo Trotta Caspius During 
Acclimation to Seawater Salinity. J Fish Aquac Dev, 2017: JFAD 111.

3 Volume: 2017; Issue: 02

Figure 5: Changes of WBCs in the serum of Caspian brown trout smolts 
after 48 h acclimation in sea water.

Figure 6: Changes of Hb in the serum of Caspian brown trout smolts after 
48 h acclimation in sea water.

Figure 7: Changes of Na+ in the serum of Caspian brown trout smolts 
after 48 h acclimation in sea water.

Figure 8: Changes of K+ in the serum of Caspian brown trout smolts after 
48 h acclimation in sea water.

Discussion
In the present study, plasma cortisol and glucose were higher 

in fish acclimated to sea water salinity compared to those in con-
trol group. The role of cortisol on osmoregulatory components has 
been well identified in teleosts [11]. Also, it is well known that 
stress caused hormonal responses, such as the elevation ofplasma 
cortisol and catecholamines, which this in return these hormones 
regulate the osmoregulation ability of fish in relation to hypotonic 
environments such sea water [12]. In general, cortisolenhances the 
tolerance of fish to high osmotic pressure through its effects on 
the permeability of cell membrane, increasing glycogenolysis in 
liver and further elevations in plasma glucose. Also, this hormone 
increasesthe activity of Na+/K+-ATPase and the number and size 
of chloride cells [11]. Thus, the elevation of cortisol and glucose 
in our study may be in association with the key role of cortisol in 
acclimation to sea-water in Caspian brown trout smolts.

Cortisol provides glucose for energetic costs of osmoregu-
lation in sea water [13,14]. During osmotic acclimation of eu-
ryhaline fish species, the energy demand is usually provided by 
means metabolically glycogen breaking by cortisol action sudden 
increases in glucose [10]. In a previous report on Persian sturgeon 
fingerlings, the plasma cortisol levels increased clearly after 24 h 
acclimation to sea water, probably acknowledging the important 
role of this corticosteroid in promoting the liver glycogenolysis, 
subsequent releasing glucose into the blood and thus preparing the 
energy for hyperosmotic pressure.

In our study, there were no significant differences between 
experimental groups and control group in terms of plasma levels 
of potassium and sodium, indicating the high ability of smolts to 
regulate plasma ionic levels during 48 h acclimation to sea water. 
The lower plasma values of proteins in fish acclimated to sea wa-
ter compared to those in control group may be due to the utiliza-
tion of plasma proteins as energy sources for osmoregulation as 
reported by [15]. Proteins are modulated towards production of 
energy when glucose and lipids are not so enough for providing 
the energetic costs of osmoregulation [16]. In the present study, 
plasma levels of RBC and Hb increased significantly after accli-
mation to sea water. This result may be due to decreases in the 
water content of blood which this decrease in water returns to the 
effects of hyperosmotic [14]. Lose of water results increases in the 
concentrations of blood-cell components.
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