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Abstract 

     Knowledge of the reproductive physiology of wild sturgeon populations is critical to ensure the survival of this 

unique group of animals. This experiment was designed to explore the physiological relationships between the 

seminal plasma composition (ionic and organic contents as well as osmolality) and sperm motility in the Persian 

sturgeon (Acipenser persicus). In this regard, 17 brood fish were injected intramuscularly by LHRH-A2 (5μgKg 
-1

) 

for spermiation induction. According our results, the seminal plasma contained 59.53±2.56 mM/l sodium, 9.1±1.42 

mM/l chloride, 4.72±0.3 mM/l potassium, 1.45±0.075 mM/l calcium and 0.7±0.072 mM/l magnesium. 0.11±0.02 

g/dl total protein, 22.18±4.16 mg/dl glucose, 6.67±1.04 mg/dl cholesterol and 15.2±0.65 mg/dl triglyceride. The 

total duration of sperm movement was obtained 288.01±14.44 second. The osmolality of seminal plasma ranged 

from 47 to 176 mOsmol kg
1
. Significant positive relationships were determined between sperm motility vs. K

+
 ion 

(r=0.718, p<0.01) and total protein (r=0.670, p<0.01). No significant correlations were found between sperm 

motility and others composition of the seminal plasma. Presented data could be considered as a complementary 

study for developing special extenders and protectant solutions for improving artificial fertilization in this valuable 

species. 
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1- Introduction 

Sturgeons represent one of the most threatened 

fish in the world, with 18 of the 27 recognized species 

of Acipenseriformes listed as endangered or critically 

endangered (IUCN 2010). Because of their life-

history characteristics including slow growth speed 

and high of sexual maturity time, sturgeons are 

particularly sensitive to low levels of exploitation and 

habitat destruction (41, 9). Reliable information on 

the reproductive physiology and biology of wild 

populations of sturgeon is therefore critical to ensure 

the perpetuation of this ancient group of animals (21). 

Persian sturgeon, Acipenser persicus (Borodin 

1897) is an anadromous fish which widely distributed 
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in the southern Part of the Caspian Sea (13). Similar 

to most sturgeons, this species has become an 

endangered species because of overfishing for meat 

and caviar production, habitat degradation and water 

pollution (32). For these reasons, most researches in 

recent years have been focused on the culture of 

Persian sturgeon for restocking and conservation of 

their natural populations (6, 7, 4, 2, 1). 

In aquaculture industry, it is necessary to 

assessment sperm quality in order to determine the 

optimal time for sperm collection and improvement 

of storage producers of sperm and finally increase the 

efficiency of artificial propagation (5). Sperm motility 

is a key factor determining the quality and fertilizing 

ability of sperm which commonly expressed as 

percentage and duration of motile sperm after 

activation (11, 29, 43). Sperm in fish species remain 

immobile in seminal plasma and are activated when 

released into water or extender solutions (3). In this     

regarding, osmolality and seminal plasma component 
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prevent sperm motility in fish sperm duct (10, 46). In 

addition, seminal plasma produced by the sperm duct 

provides a suitable microenvironment that maintains 

the viability of sperm after their release from the 

testes into the sperm duct and subsequently after 

discharge of sperm into the aquatic environment (17).  

The study of correlation between seminal plasma 

composition and sperm motility has been reported in 

some species: Atlantic salmon, Salmo salar (22), 

Common carp, Cyprinus carpio (23), Bleak, Alburnus 

alburnus and Rainbow trout, Oncorhynchus mykiss 

(25, 26), Lake sturgeon, Acipenser fulvescens (47), 

Grass carp, Ctenopharyngodon idella (14), Chinook 

salmon, Oncorhynchus tshawytscha (42), and Salmo 

trutta macrostigma (15). Also, some papers have 

been already published in relation to Persian sturgeon 

(1, 2, 4), but no information is available regarding 

organic composition and their relationships in this 

species. In the completion of previous studies on 

Persian sturgeon semen, this study was conducted to 

determine some parameters of the seminal plasma 

including osmolality, ionic and organic composition 

in A. persicus and their physiological relationships 

with sperm motility. 

 

2- Materials and methods 

 

2-1- Brood fish and sampling 

The experiments were carried out during March- 

April 2011. The fish were obtained from commercial 

fishing for restocking purposes and therefore no fish 

were solely used or sacrificed for this study.  Male 

Persian sturgeon broodstocks were captured using 

gillnets (length 18 m, width 5.4 m, mesh size 15 cm) 

from Caspian Sea (water temperature 10-11.5 °C) 

and transported by boat (6 hr duration) to Sturgeon 

Hatchery Center (Sari, Mazandaran, Iran; Lat 36°37′ 

N, Long 53°05′ E) and kept for 5 days in 3.5 m deep 

1500 m
2
 holding ponds at 12.5–13 °C, with a 

freshwater supply. Water temperature, oxygen 

content and pH were at 17–18 °C, >5.1 mg l
−1

 and 

7.6-7.9, respectively during the experiments. Fish 

were injected with an analogue of releasing hormone 

LHRH-A2 (D-Ala
6
 GnRH Pro

9
-NEt), (34) at a dose 

of 5µg kg
–1

 of body weight (BW). Spermiation  

occurred within 18 h after hormonal stimulation and 

the semen was collected using a syringe with 

attached rigid tubing inserted into the urogenital 

opening (to avoid contamination by urine). Semen 

was stored in glass tubes on ice (+4°C) during 

transportation to a laboratory (up to 3 h).  

 

 

 

2-2- Evaluation of sperm motility 

For the evaluation of motility, 10 µL of semen 

was placed on a microscope slide and 100 µL of 

distill water was added. Total period of motility was 

estimated using a sensitive chronometer and under a 

light microscopy until approximately 90% of the 

sperm stopped their progressive movement (14). 

 

2-3- Determination of seminal plasma composition 

For this purpose, the semen samples were 

centrifuged (Spectrafuge16M, USA) using a Two-

step method, first at 500 rpm for 2 min, and second at 

3000 rpm for 10 min. The supernatants were 

collected and frozen in -20 °C until use for analysis. . 

The concentration of magnesium (Mg
2+

), calcium 

(Ca
2+

) and chloride (Cl
-
) were measured with 

colorimetric procedure using an Auto analyzer (BT 

3500 plus, Italy). Potassium (K
+
) and sodium (Na

+
) 

were determined by flame photometer (Jenway, 

England). The osmolality of seminal plasma was 

measured in duplicates per sample with osmometer 

(Osmomat 030-m, Germany) using a freezing point 

depression. Metabolites (glucose, triglyceride and 

cholesterol and total protein) were determined by 

auto analyzer (Eurolyser vet, Austria) using 

commercial clinical investigation kits (Pars Azmoon 

Kit, Tehran, Iran). All assays were carried out 

according to the protocol established by the 

manufacturer. 

 

2-4- Statistical analysis 

To carry out data analysis we made use of SPSS 

11.5 software (Chicago, IL, USA). Results of sperm 

quality parameters from individual fish were 

analyzed using one-way analysis of variance 

(ANOVA), followed by Duncan’s multiple range test 

(DMRT) at P<0.05. Correlations between sperm 

motility and seminal plasma composition were 

estimated using Pearson’s correlation test. 

 

3- Results 
    Descriptive statistics of sampled sperm in Persian 

sturgeon are shown in Table 1. The total duration of 

sperm motility was estimated to be 288.01±14.44 

second. The seminal plasma osmolality was 

86.90±4.22 mOsmkg
-1

. The ionic content of the 

seminal plasma was found to be rather variable and 

Na
+
, Cl

-
 and K

+
 were ions predominate in Persian 

sturgeon. The mean of glucose, triglyceride and 

cholesterol were obtained 22.18±4.16, 15.2±0.65 and 

6.67±1.04 mg dL
-1

 respectively. Total protein content 

varied from 0.1 to 0.6g dL
-1

. The liner relationships 

between sperm motility and seminal plasma                          
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Composition are shown in Table 2. The K
+
 ion 

correlated positively with sperm motility (r=0.718, 

P<0.01) (Figure 1c). A significant positive 

correlation was also found between the sperm 

motility and the total protein content of the seminal 

plasma (r=0.670, P<0.01) (Figure 2a). No significant                 

correlation was found between sperm motility and 

other parameters of seminal plasma. Significant 

correlations were obtained between some seminal 

plasma indices: K
+
 and. Ca

2+
 (r=0.492, P<0.05), K

+ 

and Na
+
 (r=0.563, P<0.05); Cl

-
 and Na

+
 (r=0.770, 

P<0.01); osmolality and  Na
+
(r=0.544, P<0.05), 

osmolality and Cl
-
  (r=0.696, P<0.01); triglyceride 

and Na
+
 (r=0.506, P<0.05), triglyceride and Cl

-
 

(r=0.676, P<0.01); cholesterol and  Ca
2+ 

(r=0.655, 

P<0.01).

 

Table 1 Descriptive statistics of sampled fish, sperm motility and seminal plasma characteristics in Persian sturgeon. 

(n=17) 

 

Parameters 

 

 

Minimum 

 

Maximum 

 

Mean 

 

SEM 

Biometry of sampled fish     

Fish length (cm) 105.00 175.00 143.38 5.47 

Fish weight (Kg) 12.00 21.00 15.81 0.57 

Total duration of sperm (second) 76.33 456.66 288.01 14.44 

Sodium (mEq L
-1

) 72.40 102.00 59.53 2.56 

Chloride (mEq L
-1

) 0.30 35.00 9.10 1.42 

Potassium (mEq L
-1

) 1.90 10.5.0 4.72 0.31 

Calcium (mg dL
-1

) 0.80 4.00 1.45 0.075 

Magnesium (mEq L
-1

) 0.10 1.90 0.70 0.07 

Osmolality (mOsm Kg
-1

) 47.00 176.00 86.90 4.22 

Glucose (mg dL
-1

) 0.30 111.60 22.18 4.16 

Cholesterol (mg dL
-1

) 0.00 38.90 6.67 1.04 

Triglyceride (mg dL
-1

) 7.30 32.70 15.20 0.65 

Total protein (g dL
-1

) 0.10
 

0.60 0.11 0.02 

 

Table 2 Linear relationships (r) (Pearson’s correlation test) between spermatozoa motility and seminal plasma characteristics of 

Persian sturgeon sperm. 

  

Na+ 
 

Cl- 
 

K+ 
 

Ca2+ 
 

Mg2+ 
 

Sperm 

motility 

 

Osmolality 

 

Protein 

 

Glucose 

 

Triglyceride 

Cl- 0.770**          

K+ 0.563* 0.256         

Ca2+ 0.125 -0.064 0.492*        

Mg2+ 0.250 -0.258 0.391 -0.349       

Sperm motility 0.257 -0.07 0.718** 0.180 0.106      

Osmolality 0.544* 0.696* 0.014 -0.176 -0.371 -0.030     

Protein -0.253 -0.203 -0.031 -0.120 0.388 0.670** -0.413    

Glucose -0.080 0.321 -0.119 -0.309 0.004 -0.044 0.429 -0.011   

Triglyceride 0.506* 0.676** 0.262 -0.242 -0.361 0.059 0.522 -0.342 0.142  

Cholesterol -0.205 -0.296 0.066 0.665** 0.015 0.092 -0.393 0.111 -0.211 -0.324 

*
Significant at P<0.05  

**
 Significant at P<0.01    
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Figure 1 Relationships between spermatozoa motility with ionic composition: (a) Ca
2+

 (y=38.92x+171.5, r
2
=0.03), (b) 

Na
+ 

(y=1.446x+141.9, r
2
=0.07), (c) K

+
 (y=35.98x+56.87, r

2
=0.52), (d) Cl

-
 (y=0.714x+234.5, r

2
=0.004), (e) Mg

2+
 

(y=21.06x+213.1, r
2
=0.01) and (f) osmolality (y=-0.103x+237.0, r

2
= 0.00) of the seminal plasma in Persian sturgeon 

(n= 17, ANOVA). 

 

  a 

 c 

b 

d 

e f 
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Figure 2 Relationships between spermatozoa motility and organic composition: (a) protein (y=749.9x+73.68, 

r
2
=0.45), (b) glucose (y=-0.156x+230.8, r

2
=0.001), (c) triglyceride (y=1.345x+219.0, r

2
=0.01), and (d) cholesterol 

(y=1.947x+198.4, r
2
=0.003)  of the seminal plasma in Persian sturgeon (n=17, ANOVA). 

 
Discussion 

In sturgeon fish the duration of sperm motility is 

higher in comparison with teleost fish. Alavi and 

Cosson (2006) (3) postulated, the clear differences 

such as Na
+
 /K

+
 ratio and structural features of sperm, 

(volume and number of mitochondria is larger in 

sturgeons) could explain why sperm remain motile 

for longer period in sturgeons than in the other 

species. In this study, Na
+
/K

+
 ratio (12.61) was higher 

than the previously obtained value (9.02) by Alavi et 

al. (2004) (1). In comparison to other sturgeon, it was 

higher than Stellate sturgeon, Acipenser stellatus 

(3.70) and Lake sturgeon, Acipenser fulvecsens (4.43) 

(31, 47) and lower than Russian sturgeon, Acipenser 

gueldenstaedtii (15.10) reported by Li et al. (2011) 

(31) and starlet, Acipenser ruthenus (15.96), reported 

by Psenicka et al. (2008) (39). Most studies on 

several sturgeon species have shown that the duration 

of sperm movement is highly variable (12). Similar to 

others sturgeons, the spermatozoa motility of the 

Persian sturgeon is characterized by motility periods 

lasting longer than in teleost fishes. In present study, 

the mean of sperm motility (2 to 7 min) was lower 

than that in the starlet - Acipenser ruthenus (5 to 20 

min) (48), but it was close to that reported by 

Drabkina (1961) (18) in the Russian sturgeon,  A. 

gueldenstaedtii (3 to 6 min). The difference may be 

due to differences in several parameters such as 

feeding condition, age, environmental factors, time of 

spawning, composition of the seminal plasma (ions 

a 

c 

b 

d 
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concentration and osmolality) and dilution ratio (14, 

3).  

Seminal plasma has a unique composition that 

plays an important role in viability of sperm. The 

ionic and organic investigations of seminal plasma 

have generally been aid in evaluation of the 

reproductive ability in broodstocks (23). Our study 

detected that similar to other fish species, Na
+
, K

+
 

and Cl
- 
are predominant ions in the seminal plasma of 

Persian sturgeon but theirs concentrations are lower 

than the concentrations reported in telesot fishes (36, 

23, 19, 28, 47, 16). On the other hand, the mean 

concentrations of sodium, calcium, magnesium, 

chloride in Persian sturgeon were higher in 

comparison with other sturgeons (31, 38). Probably, 

the high monvalent and divalent cations levels could 

be related to high- secretory activity in the Persian 

sturgeon spermatic duct. The seminal plasma 

osmolality in sturgeons is much lower than that of the 

teleost fish (3). In the present study, osmolality of the 

seminal plasma of A. persicus was higher than those 

reported for A ruthenus (38), A. stellatus, and A. 

gueldenstaedtii (31). Similar to the ionic content, the 

osmolality can vary between individuals, which the 

variations in osmolality might be due to hydration of 

sperm (33), and hormonal stimulation of spermiation 

in the time of artificial propagation (40). In addition, 

ionic concentrations as well as osmolality differs 

among results reported by researchers could be 

related to environmental condition, frequency of 

stripping, and hormonal stimulation of spermiation 

(11, 17), and also result from contamination of sperm 

by urine (35). 

Analysis of organic composition of seminal 

plasma is an important criterion for evaluation of 

sperm quality (11). The studies focused on organic 

indices of sperm in sturgeons are scare or limited.  In 

this study, we assessed the metabolites characteristics 

of seminal plasma for generating an information 

database for improvement of storage methods in the 

Persian sturgeon sperm. Seminal plasma of Persian 

sturgeon similar to other sturgeons is characterized 

by much lower protein concentration (38). This study 

again confirmed that protein concentrations in the 

seminal plasma of most fish are much lower than in 

the other vertebrates (17). Low protein concentration 

indicates that low protein amounts are necessary for 

sperm in this species. The importance of glucose in 

fish sperm is not clear. The mean of glucose level in 

our study was 22.18±4.16 mg dL
-1

. Soengas et al. 

(1993) (45) explained that the presence of glucose in 

seminal plasma has been related to the high energy 

demand of the testes during spermatogenesis. 

Triglycerides were provided energy requirements of 

sperm during immotile storage and during the 

renewal phase after motility (24). Published results 

indicate that various lipid classes have been identified 

in seminal plasma and their contents vary among fish 

species (36, 37). The triglyceride level of seminal 

plasma has been reported in some species, such has 

15.2 ± 0.65 mg dL
-1

 for Persian sturgeon (present 

study), 14.58 ± 1.50 mg dL
-1

 for Grass carp (14) and 

8.0 ± 2.84 mg dL
-1

 for Rainbow trout, (44).  In the 

present study, cholesterol has been detected in the 

seminal plasma of Persian sturgeon and its level was 

found to be 6.67±1.04 mg dL
-1

. The role of 

cholesterol in sperm functioning has been 

investigated in numerous studies with the aim to 

improve the sperm deep-freezing technique and 

composition of sperm extenders (8). Generally, 

sperm structure and fertilizing ability depend on lipid 

composition in sperm cell membrane and seminal 

plasma. Lipids and cholesterol probably might have a 

protective function versus environmental changes 

when sperm is released to water or extender 

solutions. 

Investigation and understanding of relationships 

between sperm motility and seminal plasma 

characteristics could be useful in formulating of 

species-specific diluting media (extenders) and 

improve cryopreservation techniques used for long 

term conservation of fish sperm. In Persian sturgeon, 

a significant positive relationship was observed 

between the duration of sperm movement and K
+
 

concentration of the seminal plasma. The close 

correlation between the levels of ionic and sperm 

motility shows a regulatory function for the ionic 

composition (especially K
+
 ion) during spermiation 

of Persian sturgeon. This result was also in agreement 

with results reported by Bozkurt et al. (2008) (14) in 

Grass carp and Hajirezaee et al. (2009) (20) in 

Caspian brown trout, Salmo trutta caspius. We also 

observed a significant relationship between sperm 

motility and total protein concentration. In agreement 

with our result, similar correlation was found by 

Hajirezaee et al. (2009) (20) in the Caspian brown 

trout. Lahnsteiner et al. (2004) (27) reported that 

seminal plasma proteins prolong the viability of 

rainbow trout sperm. Analysis of the seminal plasma 

proteins provides new insights into sperm motility 

and fertilizing abilities, thereby creating possibilities 

for improving propagation programs (e.g. gamete 

conservation technologies) (30).These researches 

shown that some seminal plasma proteins have a key 

role in the motility of sperm cells, but additional 

studies are needed to define the types of proteins 

affecting sperm motility and the mechanism of the 

reactions. 
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Conclusion 

    Study of seminal plasma characteristics and their 

relationships with sperm motility could be useful in 

order to developing a special extenders and protectant 

solution for improvement of artificial fertilization and 

cryopreservation of Persian sturgeon sperm. In this 

regard, K
+
 ion and total protein of seminal plasma 

may be as key indicators of sperm quality of Persian 

sturgeon due to their close relationships with sperm 

motility. 
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