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Abstract: 20 pieces of all-female (produces by using Gynogenesis process via gamma irradiation) Caspian 

salmon (Salmo trutta caspius) with dosage of 450, 600, 750, 900 and 1050 Gy by gamma irradiation (Co60) 

with average weight of 2.31 ± 0.22 in a randomized design was transferred to 300 liters tanks (n =3). For 6 

months, growth indices including weight gain, feed conversion ratio, specific growth rate were examined. At 

the end of the period, 3 pieces from each experimental unit were caught and after anesthesia were used 

using clove oil (100 ppm)  and blood sampling and sera  isolation, immunological indices (lysozyme activity, 

complement activity and total immunoglobulin) were measured in fish of different groups. The results showed 

that the growth rate in the gynogen groups were higher than the control group (p<0.05). The feed conversion 

ratio in the control treatment was significantly increased compared to experimental groups. The specific 

growth indices including of final weight 47.2%, FCR 13.46% and SGR 10.9% were improved significantly in 

the experimental groups in comparison with the control group (p<0.05). Immunological indices (lysozyme, 

complement activity and, immunoglobulin) in different groups weren’t show significant changes (p>0.05). 

Therefore, the use of gynogenesis by using gamma irradiation concluded in Caspian Sea salmon, due to the 

lack of immunological indices and growth improvement. 

Keywords: Caspian salmon (Salmo trutta caspius); gynogenesis; gamma irradiation; growth; innate 

immunity. 

 

 

HIGHLIGHTS 
 

 Gynogenesis didn’t have significant effect on Caspian salmon immunological indices. 

 Gynogenesis weren’t have any effect on Caspian salmon blood chemical indices. 

 Hematological indices didn’t show any changes by Caspian salmon gynogenesis. 

 Growth characteristics were improved by gynogenesis in Caspian salmon fish. 
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INTRODUCTION 

Caspian Salmon (Salmo trutta caspius) is one of the native species of the Caspian Sea [1]. This species 

is in extinction, associated with pollution increasing in Caspian Sea and watershed around it [2]. Due to high 

prices, It’s considered as a suitable industrial species fisheries [3]. Male Early sexual maturity will be reduce 

growth efficiency in a salmon fish population [4]. Therefore, all-female population producing is a great 

importance in the species. Gynogenesis via Sperm irradiation and maternal genome inheritance is an All-

female producing technique [5-9]. Gamma radiation results from nuclear decomposition reactions and have 

a basis effect on sperm genetic inactivation in gynogenesis process [16,17]. The technique divided to two 

kinds of meiotic and mitotic process. while in normal state, second polar body will comes out after fertilization, 

In meiotic process by using of early thermal, pressure or chemical shocks its exodus, will be prevented; and 

its genome content will use [10-12]. The radiation divided into two groups of high energy ionizing beams and 

low energy non-ionizing beams [13-15]. The fish farming environment is exposed to many primary and 

secondary pathogens. The immune system is very important to deal with these factors and before using any 

method, including chromosomal manipulations, it is very important to study its effect on the immune system 

([18,19]. Therefore, the aim of this study were the investigation of growth, biochemical and innate 

immunological indices of All- female Caspian salmon fish induced by gamma irradiation. 

MATERIAL AND METHODS  

At the first, three pieces of male and female mature Caspian salmon bloodstocks were prepared for 

semen and ovum collection. 7000 eggs and 50 mL semen (collected in plastic tube) were extracted by using 

a small pressure to the fish abdominal region, to the end of the body.  

Sperm extracted from the male breeders mixed (8.7×109 spermatozoa/ml). To ensure its quality 

(duration and type of sperm movement), an optimal microscope was used. Then, for genetic inactivation, its 

diluted with cohort solution (20 mM Tris, 50 mM glycine, 6% NaCl, 2% kCl pH = 9) in a ratio of 1 to 4 [20] and 

then them Divided into 15 ml containers. Then, they were irradiated at 5 ° C using Gamma cell PX-30-ISSIE, 

Russia using cobalt 60 at a speed of 0.137 Gy / s and with doses of 0, 450, 600, 750, 900 and 1050 g 

separately. In the next stage, fertilization was done by mixing the ovum and different irradiated spermatozoa, 

in separately groups (n=3). Then, 10 minutes post-fertilization (mpf) during of 20 minutes thermal shock bath 

(26±2 °C) was used to eggs ploidy induction, [21,22]. Also, in control group (n=3), normal ovum with irradiated 

spermatozoa was fertilized, without any thermal shock.  To investigation of thermal shock (triploid group, 

n=3), normal ovum and spermatozoa along with thermal shock was used. Control group was fertilized by 

normal ovum and spermatozoa (n=2). The different groups were transferred to 100 liter (1 gram) tanks and 

then 30 grams fish were transferred to 300 liter tanks (20 repetitions per fish, n=3). All of the groups were fed 

(3% of body mass weight) by an artificial feed (Table 1) twice per day.   

Table 1. Analysis of feed chemical composition used in Caspian salmon feeding (percentage based on dry matter) 

The chemical composition % 

Dry matter 91 

Crude protein  58 

Crude lipid 15 

Carbohydrate  6.6 

Nitrogen-free extracts (NFE) 0.1 

Ash 11.3 

Growth indicators  

At the end of the experiment the growth indicators containing of (Final weight, FCR and SGR) calculated 

in the groups at the following formula [23, 24]: 

(SGR, %/day) =100×(LnW2-LnW1)/T  

Feed conversion ratio (FCR)= feed intake (g)/weight gain (g) 

W1, W2 and T initial weight (g), final weight (g), number of days in the feeding period.  

Sampling and blood sampling 

At the end of breeding period, after 24 hours of starvation, three fishes from each experimental unit to 

biochemical parameters (red blood cell, white blood cell, hemoglobin, hematocrit, white blood cell count, 
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MCH and MCV, TG, protein, cholesterol and albumin) and innate immune Indices (lysozyme complement 

activity, and immunoglobulin) were measured. For this purpose, fish were first anesthetized using clove oil 

(100 ppm) [25]. Blood sampling was performed using a heparin syringe of caudal vein. Then, for sera 

isolation, blood samples were centrifuged at 5000 rpm for 10 minutes and then separated sera was kept at -

80 ºC until the parameter’s measurement. Sera biochemical and immunological parameters were measured 

by using Pars Azmoon Company's Test kits and by Auto-analyzer (ReflotronPlus, Roche, Mannheim, 

Germany).  

Statistical analysis 

The normality of data was evaluated using the colommograph-Smirnov test. Percentage data were 

converted to (Arc) sinus analysis before analysis. One-way analysis of variance (ONE-WAY-ANOVA) was 

used to compare the mean of data and the level of significance between the treatments by Tukey test at 5% 

probability level was done. Statistical analysis was performed by SPSS 17 software in Windows 10 

environment and for drawing graphs Excel 2007 software in Windows 10 environment was used. 

RESULTS 

Growing indicators 

The result showed that between the groups Control group had lowest Final weight and SGR (p<0.05). 

Also the highest FCR was related to control group (p<0.05). Between the gynogenic treatments didn’t shown 

any differentiation along with growing indicators (p>0.05) (Table 2).  

Table 2. Comparison of growth performance (mean ± SD) and survival rate in Caspian salmon fed by experimental 
diet during rearing period (n =3). 

 Control Triploid 450 600 750 900 1050 

Initial weight 
(g) 

1.02±0.12 1.02±0.12 1.02±0.12 1.02±0.12 1.02±0.12 1.02±0.12 1.02±0.12 

Final weight 
(g) 

110.6±0.12a 152.40±4.42b 164.6±5.55b 163.6±3.99b 169.3±6.01b 165.2±5.45b 160.6±4.51b 

SGR (% day 
- 1) 

3.97±0.44b 3.56±0.28a 3.47±0.61a 3.70±0.55ab 3.54±0.41a 3.54±0.22a 3.42±0.32a 

FCR 0.96±0.11a 1.03±0.51b 1.06±0.42b 1.08±0.44b 1.07±0.28b 1.05±0.31b 1.07±0.22b 

Blood indices 

Biochemical indices 

The results of this study showed that the total protein content in the triploid treatment was significantly 

lower than other treatments (P<0.05) (Figure 1), while this index wasn’t showing any significant change 

among other treatments. Also, the results showed that biochemical parameters including of triglyceride, 

cholesterol, and albumin weren’t showed significantly difference between the other groups (Figure 1). 
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Figure 1. A) Triglyceride, B) cholesterol, C) total protein, and D) albumin in different treatments, lowercase letters 

represent a significant difference between the treatments. 

Hematological indices 

The results showed that white blood cells, red blood cells, hematocrit, and hemoglobin in the triploid 

group compared to the control group and the gynogenic treatments (450, 600, 750, 900, 1050 Gry) 

significantly decreased, while these indices had no relation between the treatments and the control group 

(Figure 2). MCV and MCH increased significantly in the triploid treatment compared to other treatments, and 

these indices did not show any significant difference in the treatments and control groups (Figure 2). 
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Figure 2. A) Red blood cell, B) white blood cell, C) Hemoglobin, D)% hematocrit, E) MCV and F) MCH in different 

treatments, lowercase letters represent a significant difference between the treatments. 

White blood cell differential count 

The differential counting of white blood cells (monocyte, lymphocyte, and neutrophil) showed that there 

was no significant difference between the whole groups in terms of white blood cell type (Figure 3). 
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Figure 3. White blood cell differential count containing of A) Lymphocyte, B) neutrophil, and C) monocyte in different 
treatments, lowercase letters represent a significant difference between the treatments. 

Immunological Indicators 

Immunological indices (lysozyme, immunoglobulin, and complementarity activity) were show no 

significant difference between the treatments (p>0.05). These indices in triploid treatment have decreased 

compared to other groups (Figure 4) (p<0.05). The text continues here. 

 

Figure 4. A) Lysozyme, B) complement activity and C) Total immunoglobulin in different treatments, lowercase letters 

represent a significant difference between the treatments. 
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DISCUSSION 

Meiosis Gynogenesis of salmon or successful crossbreeding with second polar globules and optimization 

of triploid function in this species depends on the time of onset of heat shock, which is basically about 10-15 

minutes after fertilization in which triploid conditions can be created. By creating optimized conditions, meiotic 

gynogenesis can be produced [10-12]. Due to lower efficiency of mitotic gynogenesis [29,30]. In this study, 

the meiotic form was used to produce a population of all females. In previous studies, high yields of meiosis 

and heat shock were observed as a factor in ploidy manipulation in Atlantic salmon [29].  

The results of this study indicate White and red blood cells, hematocrit, hemoglobin were decreased in 

the triploid treatment compared to the control and other treatments (P <0.05). Meanwhile, these indices did 

not show any significant difference in other treatments compared to the control group. MCV and MCH indices 

increased significantly in the triploid treatment (P <0.05). This increase could be due to an increase in the 

amount of hereditary material in the core cell of the triploid treatment, which, according to these results, does 

not require cytogenetic studies. Meanwhile, MCV and MCH indices did not show any significant difference 

between the control and the treated groups. The differential count of white blood cells including neutrophils, 

monocytes and lymphocytes did not show a significant difference among all groups. The physico-chemical 

conditions of the water and the number of bacteria present in the water indicate that the breeding conditions 

are optimal throughout the breeding period, which greatly reduces the mistakes caused by not considering 

the environmental factors of breeding. Sera immune parameters such as lysozyme, complementary activity 

and immunoglobulin significantly decreased in the triploid (P> 0.05), but these indices did not show any 

significant difference among other treatments considering that with any chromosomal manipulation, 

physiological parameters may change, and the lack of changes in biochemical and immunological indices 

indicates that fish produced by this method do not differ from normal fish and can withstand pathogens. 

Regarding the above results, we conclude that the substance is well done and the substrate treatment does 

not differ from the control treatment for hematologic and immunological status. This is due to the importance 

of these indices in aquaculture. Chromosomal manipulation in fish is done with the main purpose of increasing 

the product. However, this increase may be accompanied by changes in the characteristics of immunology, 

hematology, physiology and etc [26]. Due to the fact that fish have a more basic immune system than other 

vertebrates and on the other hand, the water environment is a suitable environment for transmitting 

pathogens. In the chromosomal manipulation of this group, vertebrates have two important safety indicators 

[27-30]. The results of this study showed that different doses used in the production of single-sex fish by 

gamma radiation on biochemical parameters (albumin, triglyceride and cholesterol), hematocrit (hematocrit, 

hemoglobin, red blood cell volume, MCH and MCHC) and immunity (Total protein, complement activity, total 

globulin and lysozyme) has no negative effect on experimental treatments. Also, the results of this study 

indicate that in the triploid group, hematocrit, hemoglobin, red blood cell volume, MCH and MCHC indices 

were significantly different from other groups, which indicates that the thermal shock is appropriate and 

performed Successful triploid is in this group, which is consistent with other results [31-33].  One of the 

methods for increasing yield in a breeding season is the use of triploids [34]. But in this group of fish, the 

effects of this chromosomal change should be studied on immunological and hematological indicators [35]. 

In this research, the Caspian trout group was changed to other experimental biochemical parameters 

(albumin, triglyceride and cholesterol) and immunology (total protein, globulin and lysozyme), hematocrit, 

hemoglobin and red blood cells in this group, it has decreased compared to other groups.  This can reduce 

the resistance to oxygen deficiency and the subsequent problems caused by environmental changes. The 

need for oxygen in fish, and in particular, in fishponds, is very important and due to the reduction in the 

carrying capacity of this group of fish, ultra-compact breeding methods cannot be used for breeding triploid 

fish, as compared to other ploidy groups of this group More problems are the lack of oxygen [27, 36-38]. The 

results of this study show that this method does not negatively affect chromosomal manipulation (induction 

of induction) on hematologic and immunological indices, so this method can be used to manipulate 

chromosomes without alteration in immunological and hematological indices. In recent years, a high level of 

aquatic disease has been introduced, such as VHS, IPN and IHN, along with imported eggs from other 

countries, which has led to much paralysis of this industry [39]. Therefore, it is necessary to use appropriate 

methods for self-sufficiency and production of eyed – egg, single-sex and native fish in the country. The 

results of this study indicate that the use of this method is applicable to the emergence of Caspian Sea 

salmon, while 900 doses were an appropriate dose for this method and this method did not affect the 

immunological and biochemical parameters of the sera. 
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CONCLUSION 

In recent years, a large number of aquatic diseases such as VHS, IPN and IHN have entered the country 

along with eggs imported from other countries, which has paralyzed a large part of the industry. Because fish 

have a more basic immune system than other vertebrates, and on the other hand, the aquatic environment 

as an aquatic habitat is a suitable environment for the transmission of pathogens. In chromosomal 

manipulations of this group of vertebrates, measuring safety indicators is doubly important. The results of the 

present study showed that different doses used in the production of single female fish using gamma rays on 

biochemical indicators (albumin, triglycerides and cholesterol), hematology (hematocrit, hemoglobin, 

erythrocyte volume, MCH and MCHC) and immunological indices of different experimental treatments has 

no negative effect. According to the results, the use of this method for female’s population producing of this 

species due to the high growth and on the other hand, due to the lack of change in blood and immunology 

characteristics, was concluded. 
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