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Caspian Roach (Rutilus Rutilus Caspicus) During the Reproductive Season
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Abstract: The aim of the present study was to determine the relationships between compositions of 
seminal plasma and blood serum parameters in Caspian roach during spawning season (February, March
and April). Sperm and blood samples of 10 males were collected 3 times during the spawning season.
There were significant positive correlations between Mg+2 ion in seminal plasma and Na+ and Ca+2 ions
in blood during the reproductive season. Also, a significant positive relationship was found between
seminal plasma protein and glucose of blood serum. On the other hand, protein, glucose and pH in
seminal plasma correlated negatively with Na+, Ca+2 and K+   ions of blood serum during spawning season
respectively. Understanding of such correlations could be useful to make media base on chemical
composition of seminal plasma and blood serum. 
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INTRODUCTION

The Caspian roach is widely distributed in the
Caspian Sea and supports important commercial
fisheries[1,8]. This species is present in the southeastern
part of the Caspian Sea, i.e. in the coastal waters of
Iran and Turkmenia. The roach is migratory fish which
enters the Iran border river Atrak and other Iranian
rivers such as Gharesoo and Gorganrood for spawning.
The reproduction migration starts from January-
February, and continues until the spring (April). Most
migration takes place at water temperature of 10-12oC.
After spawning females migrate back to the sea before
males[22]. Better knowledge about sperm biochemistry
and the mechanisms of reproduction are important to
improving artificial fertilization. Sperm consist of
seminal plasma and spermatozoa. Seminal plasma
contains substances that support sperm cell. Some
substances reflect the functioning of the reproductive
system and spermatozoa[6]. The main role of seminal
plasma is to create an optimal environment for
spermatozoa storage. In addition, seminal plasma has
beneficial functions for spermatozoa during external
fertilization by creating favorable micr-oenvironment
for sperm movement[4]. Sperm characteristics also differ
among species especially in terms of seminal plasma
composition[7]. These differences should be considered
for developing artificial fertilization or sperm

cryopreservation[5,15]. This species regarded as one of
the most important commercial species in the Caspian
Sea. Recently, because of overfishing and deterioration
of its spawning ground, this species is considered to be
included in the list of threatened species for the
region[13]. The cryopreservation of semen in this species
is a strategy for developing artificial fertilization. Also
information about composition of the seminal plasma
can be used to make media for use as a diluent or
dilution of semen of this species during the
cryopreservation of semen. Blood chemistry values are
commonly used as direct or inferential indicators of
functional state in fish[17]. Also, fish serum may reflect
status of many biochemical processes in the
metabolism[21]. There are seasonal changes of the
environmental factors that affect the state of the
organism; on the other hand, physiological cycles
related to reproduction and migrations occur in fish. In
the past, very few studies of fish sperm physiology and
biochemistry have focused on seasonal aspects of
sperm characteristics. Inorganic substances are mainly
responsible for osmolality of the blood, biochemical
components, in addition to this, may also supply
energy to the organism. Chloride and sodium jointly
maintain an osmotic balance and are of importance in
the activation of sperm. The development of extenders
for cryopreservation of fish sperm is often based on the
osmolality of the seminal or blood plasma
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osmolality[25]. Typically in fishes the osmotic pressure
of blood plasma and seminal plasma osmotic pressure
are similar. Accordingly, when seminal plasma is not
available the osmotic pressure of blood plasma can be
used as a substitute value for preliminary development
of sperm extenders[25]. Despite the commercial and
conservation importance of the species, information on
seminal plasma and blood serum parameters and its
relationships between them in Rutilus rutilus caspicus
is scarce. Thus, ionic and biochemical composition of
seminal plasma and their relationships with blood
serum parameters include inorganic composition (Na+,
K+, Ca2+, Mg2+ Cl!), organic composition (protein,
glucose and cholesterol) and pH  were investigated
during spawning season in the Caspian roach.

MATERIAL AND METHODS

Male brood stock were caught from Gorganrood
River in golestan province in Iran during spawning
season (February to April). Water temperature was
ranged between 11 - 12 oC during breeding season.
Sperm was collected 30 mature males (total weight =
52.21 ± 12.67 g, total length 17.77 ± 1.19 cm) by
manual abdominal stripping. Semen was stored into
glass tube separately for each fish and held on dry ice
(4oC) until measurement. Sperm was care contaminated
with blood, urine and fasces. Seminal plasma was
collected after centrifugation of semen at 3000 rpm for
10 min (Eppendorf AG, Hamburg, Germany) at room
temperature (20-22oC) and stored in Eppendorf vials.
Seminal plasma was centrifuged twice to avoid possible
contamination with spermatozoa. The supernatants were
frozen and stored in -20 oC until analysis. Blood
samples were collected by cardiac puncture. Samples
were transferred to Eppendorf tubes, and then placed
on ice and transported to the laboratory where they
were immediately for analysis of serum. Blood samples
were centrifuged at 3000 rpm for 7 minutes to separate
blood serum and blood cells (at ambient temperature).
The pH was measured using pH indicator strip (pH
meter 713 Herisau Switzerland). Three minerals (Ca+2,
Mg+2 and Cl-) and three biochemical parameters (total
protein, glucose and cholesterols) of the seminal plasma
and blood serum were measured spectrophotometrically
(S200- UV/VIS England) (standard analysis kits from
Parsazmoon, Tehran, Iran). Sodium and Potassium were
determined with flamephotometer (Jeneway PFP,
England). Correlations between seminal plasma
composition and blood serum parameters (inorganic and
organic composition) were estimated using Pearson
correlation test. Then, the Linear and non-linear
regression models were investigated using regression

fits. Results are presented as mean ± SD. Statistical
analyses were performed with SPSS 16 for windows
statistical package.
 

RESULT AND DISCUSSION

Values for the ionic and biochemical compositions
of the seminal plasma are presented in Table 1. As
seen Table1, the values of Ca+2, Mg+2 and K+

concentrations of seminal plasma were significantly
changed during the spawning period. The ionic and
biochemical composition of blood plasma parameters
are given in Table 2. Similar tendency was recorded
for Na+, Cl- and Protein of blood plasma during
spawning season. Also, significant changes of chemical
composition of the seminal plasma[23] and blood plasma
has already been observed in Lubeo ruddi and Labeo
rosae[24].  In agreement with our results, variation in
Na+, K+, Cl-, Ca+2 and Mg+2 concentrations of serum
plasma of Chalcalburnus tarichi During Spawning, Pre
spawning and Post spawning terms were observed[2].
These fluctuations may are due to adaptation strategies
in some fish during reproduction activity[16]. The
relationships between compositions of seminal plasma
and blood plasma parameters are shown in Table 3. In
Caspian roach, significant positive relationships were
observed between Mg+2  ion of seminal plasma and Na+

and  Ca+2  ions of blood serum during the reproductive
season (Fig. 1, 2). Calcium and magnesium are co-
factors in enzyme reactions and thus occur normally
inside cells[9,18]. These ions may be involved in
metabolism during activation of sperm[3]. Also, a
positive correlation was found between protein of
seminal plasma and glucose existed in blood plasma
during spawning period (Fig. 3). The level of serum
glucose is a clear indicator of stress in fish[26], but
other factors like temperature also play an important
part. Collecting methods, handling of captured fish,
spawning activities, seasonal influences, all play a part
in the blood glucose level[10,12]. Significant variation in
the blood glucose level of fish was reported[11,14] and
large variations in the concentration of glucose in the
blood are thus caused by a variety of factors. In both
Lubeo ruddi and Labeo rosae a significant decrease in
glucose level was recorded during post spawning[24]. 
The blood glucose level can be regarded as an
indicator of fish activity. It is evident that a marked
decrease in activity occurs in the post spawning phase
of the breeding cycle. The demand for energy in roach
may be higher because of increased spawning activity
of this species. If fish are decidedly more active during
the spawning season, it may be expected that the
concentration of  energy  rich  substances  like  blood
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Table 1: Means (± SD) of the seminal plasma composition of Caspian roach during the reproductive season
Parameter February March April
Na+ ( mML-1) 200.05 ± 2.10 200.01 ± 3.01 200.7 ±  3.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K+ ( mML-1) 34.40 ± 4.8 a 23.96 ± 1.5 ab 23.73 ± 3.3 b 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cl-  ( mML-1) 96.2 ± 8.76 102.4 ± 9.74 83.3 ± 4.38
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 ( mML-1)+ Ca+2 10.29 ± 0.56 c 14.13 ± 0.70 a  12.27 ± 0.34 b 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mg+2 ( mML-1) 3.96 ± 0.46 b 4.05 ± 0.38 a 2.47 ± 0.25 c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Protein ( gdL-1  ) 2.48 ± 0.48 2.67 ± 0.79 3.30 ± 0.19
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glucose ( mgdL-1) 4.30 ± 0.71 4.95 ± 0.12 4.95 ± 0.45
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cholesterol ( mgdL-1) 27.6 ± 0.39 62.45 ± 2.37 25.21 ± 0.71
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH 7.45 ± 0.07 7.60 ± 0.14 7.95 ± 0.07 

Table 2: Mean (± SD)  serum concentration of some blood constituents in Caspian roach during spawning season
Parameter February March April
Na+ ( mML-1) 121 ± 8.5 b 129 ± 5.6 a 112 ± 12.02 c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K+ ( mML-1) 29 ± 4.7 38 ± 4.94 31 ± 6.36
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cl-  ( mML-1) 86.26 ± 3.46 c 103 ± 9.05 a 91.16 ± 8.93 b 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 ( mML-1)+ Ca+2 3.8 ± 0.56 4.06 ± 0.77 3.5 ± 0.58
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mg+2 ( mML-1) 1.31 ± 0.47 1.9 ± 0.66 0.96 ± 0.41
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Protein ( gdL-1  ) 3.94 ± 0.62 c 4.96 ± 0.72 b 7.12 ± 1.52 a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glucose ( mgdL-1) 41.12 ± 7.73 30.18 ± 5.71 32.8 ± 0.65
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cholesterol ( mgdL-1) 18.19 ± 1.14 18.4 ± 1.65 15.43 ± 1.10
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH 7.65 ± 0.22 7.33 ± 0.19 7.68 ± 0.24

Table 3: Correlations between seminal plasma Composition and some blood serum parameters in Caspian roach during spawning season
Na+ K+ Ca+2 glucose

Mg+2 0.869* 0.862 *
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH -0.824 *
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
glucose -0.944 **
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Protein -0.939 ** 0.842 *
*P < 0.05; **P < 0.01

 glucose will increase markedly. After spawning
activities have ceased, concentration of these substances
should also decline[24]. In the present study protein,
glucose and pH of seminal plasma correlated negatively
with Na+, Ca+2 and K+ ions of blood serum were
detected during spawning season respectively (Fig. 3,
4, 5). Significant differences in the ionic components
in the seminal and blood plasma in Lubeo ruddi and
Labeo rosae clearly demonstrate the presence of a
blood-testis barrier[24]. It was shown that the barrier acts
as an ion transport mechanism and that it exerts a
definite influence on the K+ and Na+ components of the

semen of Salvelinus fintinafis[19]. Differences in some
ionic concentration of the blood and seminal plasma of
Rutilus rutilus caspicus can also be attributed to the
existence of a blood-testis barrier. It is necessary for
further investigation urgently for clarification of this
event in the Caspian roach. Differences in electrolytic
components of the blood and seminal plasma of
Carassius auratus and Cyprinus carpio were also
reported[20].
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Fig. 1,2: Relationships between Mg+2 concentrations (seminal plasma) with Na+ and Ca+2 ions in blood serum of
Caspian roach during spawning period 

Fig. 3: Correlation between protein (seminal plasma) and glucose (blood serum) in Caspian roach during
spawning season

Fig. 4,5,6: Relationships between protein, glucose and pH of seminal plasma with ionic composition of blood
serum (Na+, Ca+2 and K+) in Caspian roach during spawning season respectively.
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Conclusion: The obtained results indicate that it is
necessary to take into account the changes in ionic
content of seminal plasma and blood serum in this
species during gonadal recrudescence and eventual
spawning. Therefore, with regard to relationships
between seminal plasma and blood plasma parameters
of Caspian roach could be used to formulate the
specific extender solution for dilution of semen of this
species. Development of a repository of cryopreserved
roach sperm would therefore be of benefit to the study
and recovery of threatened and endangered roach
species. But further investigation is necessary. 
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