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ABSTRACT 
 
 The purpose of the present study was to determine the relationships between ionic ratios of seminal 
plasma, sperm motility traits (duration of motility, percentage of motile spermatozoa) and sperm production 
characteristics (spermatocrit, sperm density and sperm volume). Sperm of 20 males was collected during 
spawning season. The results suggested that there was a highly significant positive correlation between duration 
of motility and Na+ to K+ ratio in cultured carp. As well as, duration of motility correlated negatively with Na+ 
to Mg+2 ratio in cultured carp. Also, significant negative relationships were found between percentage of 
motile spermatozoa with Na+ to Ca+2 and Ca+2 to Mg+2 ratios in cultured carp respectively. In wild carp 
following results were obtained: percentage of motility correlated positively with Ca+2 to Mg+2 ratios also, 
positive correlation was recorded between duration of motility and Na+ to K+ ratio.  On the other hand, positive 
relationship was observed between sperm volume and Na+ to Ca+2. The results showed that some relationship 
in current research can be useful to evaluation of sperm quality and make media (extender) base on 
physiological relationships obtained with each other. 
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Introduction 
 
 Brood stock management is an important factor that influences gamete quality and success of artificial 
insemination (Billard et al., 1995). Studies on semen characteristics are necessary to understand the basic 
biochemical processes that occur in sperm motility and during fertilization (Ingermann et al., 2002) also, to 
evaluation the reproductive abilities of different fish species (Rurangwa et al., 2004). Evaluation of sperm 
quality provides information allowing aquaculturists to determine the optimal time for sperm collection and to 
devise optimal handling and storage protocols for sperm used in artificial fertilization (Billard et al., 1995). The 
importance of some seminal plasma ions is to maintaining and preserving sperm quality when stored in 
immotile conditions in the genital tract. Additionally, some parameters such as spermatocrit, sperm density, 
fertilization capacity, pH, osmolality and seminal plasma composition are used to evaluation of sperm quality 
(Billard et al., 1995). The seminal plasma analysis includes inorganic constituents (Na+, K+, Ca+2, Mg+2) 
involved in the process of inhibition or activation of sperm motility (Morisawa et al., 1983; Morisawa, M., 
1985). Some other parameters have been used to estimate the viability of sperm, such as mineral content of the 
seminal plasma, especially Na+ to K+ ratio (Hwang and Idler, 1969). Studies suggest that Na+, K+ and Cl- ions 
are predominant in seminal plasma and that the concentration of these ions are lower in sturgeon than teleost 
fishes. However, Na+ to K+ ratio is higher in sturgeon compared to teleost (Alavi and Cosson, 2006). The 
composition of seminal plasma has great influence on the biological quality of the sperm, as expressed by 
sperm viability and motility. The relationships between the ionic ratio of seminal plasma and sperm traits has 
been investigated only in Caspian roach during spawning season (Golpour et al., 2011). Determining of 
seminal plasma characteristics is important to gain knowledge about semen. In this study, we determined 
relationships between ionic ratios of seminal plasma and semen traits in order to understanding design 
requirements for preparing the appropriate artificial seminal plasma solutions for short-term storage or 
cryopreservation. 
 
Material and methods 
 
 The experiment was carried out at the Shahid Rajaee breeding center Sari, Mazandaran, Iran during May – 
June 2009 (water temperature 18–20 °C). Farmed carps used in this study were reared in earthen ponds of 0.5 
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ha of the farm Shahid Rajaee breeding center during two years. The experiments included 20 males of the wild 
carp and cultured carp average body weight 1400–1600  110 and 1500-1700 116 g respectively. Fish 
injected as intraperitoneally with carp pituitary gland (3 mg/ kg body weight) within 12 h. After injection, 
semen was collected. During semen sampling we attempted to collect all the sperm without its contamination 
with urine, mucus or blood. For the evaluation of motility, about 1 µL of semen was placed on a test tube and 
1000 µL of activation solution was added and thoroughly mixed with the tip of a pipette, about 10 µL of semen 
diluted placed on a glass microscope slide and motility was recorded using a camera (Panasonic wv.cp240 
Japan) mounted on phase contrast microscope (Leica USA). Each motility determination was performed in 
triplicate for each semen sample. The duration of motility was measured immediately after initiation of sperm 
activation until 100 % spermatozoa were immotile and expressed as duration of motility. Percentages of motile 
spermatozoa after activation (%) were measured using dark-field microscopy (200× magnification). The 
percentage of motile spermatozoa was defined as the percentage of progressively motile spermatozoa within 
each activated sample. Progressively motile spermatozoa were defined as actively swimming in a forward 
motion. Only forward moving sperm was judged motile and sperm cells that vibrated in place were not 
considered to be motile. Observations were made within two hours. Semen was drawn into glass 
Microhaematocrit capillary tubes (75mm length, 1-1–1-2mm internal diameter) until 60–80% of the tube 
volume was occupied by semen. One end of the tube was then sealed with clay and the tubes were centrifuged 
for 8 min at 3000 rpm (Sigma, 13 USA). Spermatozoa concentration was calculated with haemocytometer by 
placing a droplet of diluted semen with 0.3% NaCl solution on a Thomas haemocytometer slide (depth 0.1mm) 
with a cover slip and counted using light microscopy. After a few minutes (to allow sperm sedimentation), the 
number of spermatozoa was counted at100X magnification and expressed as spermatozoa ×109 per ml. Sperm 
samples were centrifuged at 3000 rpm for 8 min (Eppendorf AG, Hamburg, Germany) and then seminal 
plasma (supernatant) was collected. Plasma was centrifuged twice to avoid possible contamination with 
spermatozoa. The samples were frozen at -20 oC until analysis. Ca+2 and Mg+2 of the seminal plasma were 
measured spectrophotometrically (S2000-UV/VIS, England). The concentration of Na+ and K+ were 
determined with flame photometer (Jenway PFP, England; Standard kits from Parsazmoon, Tehran, Iran). 
 
Statistical analysis: 
 
 The relationships between ionic ratio of the seminal plasma and sperm motility characteristic (duration of 
motility and percentage of motile spermatozoa) and sperm production characteristics (spermatocrit, sperm 
density and sperm volume) were tested using the bivariate correlation coefficients of Pearson. Then, the Linear 
and non-linear regression models were investigated using regression fits. The sperm traits were used as 
dependent and ionic ratio of the seminal plasma as independent variables. Statistical analysis was performed 
with the SPSS software. All mean values represent mean ± standard deviation of mean (SD). 
 
Results and discussion 
 
 The values of ionic ratio of seminal plasma in cultured and wild carp are presented in Table 1. Significant 
positive and negative relationships were detected between duration of motility with Na+ to K+ and Na+ to Mg+2 
ionic ratios in cultured carp (Fig 1and 2), as well as Na+ to Ca+2 in wild carp (Fig 6). Some studies have found 
a relationship between the composition of the seminal plasma and sperm motility. Motility of duration changed 
slightly due to Na+ to K+ ratio in Caspian roach during spawning season, which is disagree with our results 
(Golpour et al., 2011). A correlation between the seminal plasma Na+ to K+ ratio and sperm fertility in the 
Atlantic salmon, Salmo salar was found (Hwang, P.C. and D.R. Idler, 1969). Also, clear differences in Na+ to 
K+ ratios between sturgeons, cyprinids and salmonids could explain why sperm remain motile for longer in 
sturgeons than in the other two groups (Alavi and Cosson, 2006). In addition, Na+ to K+ ratio has been used to 
estimate the viability of sperm in fish (Hwang PC, Idler DR, 1969). Some author believed that ionic contents 
differ among studies, which could be due to stripping time (early, middle or late spawning season), 
environmental conditions (which stimulate regulatory functions of the endocrine system involved in 
spermiation), frequency of stripping and hormonal stimulation of spermiation. In the present study, we found 
that percentage of motile spermatozoa influenced by Ca+2 to Mg+2 ratio (Fig 4 and 5) as positively and 
negatively in cultured and wild carp respectively. In cultured carp observed that with increasing ionic ratio of 
Ca+2 to Mg+2, percentage of motile spermatozoa decreased whereas, this relation was reverse in wild carp. In 
Caspian roach have been shown that increase of  Ca+2 to Mg+2 ionic ratio effected on percentage of motile 
spermatozoa (Golpour et al., 2011),  as trend that observed in wild carp. Research has documented the effect of 
ions on the initiation of motility and the duration of sperm in an effort to determine the biosensitivity of sperm. 
Thus, the longer period of sperm motility in sturgeon compared to teleost fish may be due to higher Na+ to K+ 
and Ca+2to K+ ratios in seminal plasma (Alavi and Cosson, 2006; Alavi et al., 2004). However, this may also 
be attributed to the ATP content in sperm, the number of mitochondria, intracellular ionic osmolality or pH. It 



111 

Res. J. Fish & Hydrobiol., 6(3): 109-112, 2011 

 

 

has also been demonstrated that longer duration of motility in carps compared to salmonids is due to existence 
of higher Ca+2 to K+ ratio in seminal plasma. A negative relationship was detected between Na+ to Ca+2 and 
percentage of motile spermatozoa in cultured carp. As the seen (Fig 3), when Na+ to Ca+2 increased, percentage 
of motile spermatozoa extremely decreased. But in Caspian roach  observed that percentage of motile 
spermatozoa changed with proportion of Na+ to Ca+2 ratio fluctuation (Golpour et al., 2011),  which is disagree 
with our findings. The present study provides the first report about ionic ratios of seminal plasma in cultured 
and wild carp and its sperm characteristics response to ionic ratios of seminal plasma. The correlation between 
ionic ratios and sperm characteristics is an important aspect for future experimentation due to relationship 
between biochemical composition (Ionic ratios) and sperm characteristics can help us to development basic 
knowledge and the strategies during artificial spawning. 

 

        
 
Fig 1 and 2: Positive and negative relationship between Na+ to K+  and Na+ to Mg+2 ionic  ratios with duration 

of motility in cultured carp (independent variable: ionic ratios and dependent variable: duration of 
motility).  

  

     
 

Fig 3 and 4: Negative relationships between percentage of motile spermatozoa with Na+ to Ca+2 and Ca+2 to  
  Mg+2 ratios in cultured carp (ionic ratios as independent variable  and duration of motility as 

dependent variable). 
 

Table 1: Mean of ionic ratios of the seminal plasma in cultured and wild carp.     
Parameter Cultured carp Wild carp 

Na+ to K+ (mmol-1) 1.56 ± 0.46 1.22 ± 0.95 

Na+ to Ca+2 (mmol-1) 28.5 ± 8.84 46.01 ± 3.73 
Na+ to Mg+ 2 (mmol-1) 129.1 ± 8.1 69 ± 27.9 

K+ to Ca+2 (mmol-1) 18.4 ± 2.60 37.8 ± 3.09 

K+ to Mg+ 2  (mmol-1) 43.1 ± 9.7 106.8 ± 5.08 

Ca+2  to Mg+ 2  (mmol-1) 2.4 ± 0.83 2.8 ± 0.17 
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Fig 5,6 and 7:Some relationship between ionic ratio of seminal plasma and sperm traits in wild carp 

(independent variable: ionic ratios and dependent variable: sperm traits). 
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