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Abstract: Problem statement: Because of dramatic declines in stocks of endadg@gespian brown
trout males,Salmo trutta caspius in Caspian Sea, each male brooder is strippedpadsably more
than once during the spawning season in othertifical insemination in hatchery. The aim of the
present study was to assay the changes of indgatbrsemen quality (sperm motility, sperm
production, semen volume and chemical compositibrseaminal fluid) during these sequential
strippings. Approach: The 11 tagged males were stripped four times ed&yi4 days with
beginning of spermiation period (2 December 20@8yatrds its end (10 January 2008). One-way
Analysis Of Variance (ANOVA) was employed to anaydifferences between means of semen
parameters. Also, the relationships between sermsaneters were tested using the bivariate
correlation coefficients of PearsoResults: The semen volume, sperm density, osmolality aed th
concentrations of NaCl', K*, C&*, Mg?* and total protein gradually decreased whereavahees

of glucose and triglyceride had no significant as during sequential strippings. Also, the values
of semen pH, the percentage (5s post-activatiod) daration of motility were statistically stable
until third stripping but a decrease was recordedtiese parameters in the fourth stripping. Ad wel
as, significant positive correlations were found $perm density vs. K CI", Na', C&*, Mg*", total
protein, spermatocrit; the percentage of motilerspgozoa Vs CH, Mg®*, K*, CI, Na, total
protein and also the duration of motility Vs’ ,KCI, total protein and pHConclusion: The semen
quality of Caspian brown trout males decrease iccessive strippings during spawning season.
Also, the knowledge on values and correlations betwthe sperm motility characteristics and the
composition of seminal fluid could be useful torfafation of a species-specific extender solutian fo
cryopreservation of semen of Caspian brown trout.
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INTRODUCTION Few studies have shown that the fish semen
o . ] _ characteristics could be affected by stripping
one of the critical factors necessary to incred® t yytta caspius is a critically endangered anadromous

efficiency of_ artificial fertiliz_ation of fish spéaes._ species that has been considered for a biological
Several studies have described semen characmrlstlgonservation program in the southern part of the

which can influence quality. For example: Sperm . ]
density, sperm motility and the composition of saahi Caspian Sed.
fluid®!. Seminal fluid has a unique composition
regarding the presence of the organic and inorgani

components which support the viability of spermatoz ; .
P bp y P once during the spawning season. In the presedy,stu

For example: Minerals (Potassium, Sodium, L9 . .
Magnesium, Calcium and Chloride), pH, osmolality,the qualitative parameters of semen i.e. chemical

proteins, glucose and triglycerfﬂ?ew’wz:‘"g] As well as ~ composition of seminal fluid (Triglyceride, glucose
the composition of seminal fluid, sperm motilitydan total protein, N& CI, K, C&", Mg*", pH, osmolality),
sperm density determine the fertilization capapitf ~ sperm production (semen volume, sperm density,
spermatozoa and often are used to estimate seme&permatocrit,) and sperm motility were measured ove
quality>*"24 four successive strippings during the spawningseas

In recent years, because of dramatic declinelsan t
Sapture of male brooders and subsequent insufficien
availability of semen, the males are stripped nibem
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The aim of the present investigation was to assagxpressed as the percentage and duration of motilit
the ability of Caspian brown trout to produce ofnem  Only forward-moving sperm were judged motile, those

with desirable quality during the sequential stiijgys. simply vibrating or turning on their axes was
Specific objectives of this study were to (1) considered immotif&.
estimate the number of needed males in the hatadrery The semen volume was measured by scaled vials.

the basis of their ability in the production of sam Also, two different methods were used to deterntiree
during the spawning season and the number of &kaila sperm production. One method was spermatocrit and
mature females; (2) determine the possible semeanother sperm density. Spermatocrit was deterntiyed
components which may be related to sperm motility.centrifuging of semen for 10 min at 5000 rpm in a
This may be useful for formulation of a speciesesfie = haematocrit  centrifuge  (D-78532,  Tuttlingen,
extender solution for cryopreservation of semen ofZentrifugen, Germany) according to Piirof@nand

Caspian brown trout. sperm density by haemocytometer counting chamber
according to Caillet al.™.
MATERIAL AND METHODS To analyze the chemical components in seminal

fluid, the semen was separated from the seminal flu

The experiment was carried out at the Kalardashby centrifugation (Heraeus, Sepatech, Labofuge 200,
Salmonids Reproduction Center (KSRC), Iran, duringGermany, 5000 rpm for 10 min). Magnesium, chloride
the spawning season of Caspian brown trout. Maleand calcium were measured colorimetrically using an
were captured from the Sardabrood and TonekaboAuto-analyser Technican (RA 1000, Technicon-
Rivers during their up stream reproductive mignatio Swords, Dublin, Ireland). Potassium and Sodium were
and then transferred to the broodstock pond at thdetermined with a flamephotometer (CORNING 480,
KSRC. In KSRC, Males were hand-stripped everyCorning, Medfield, MA, USA). Also, glucose,
week to detect the onset of spermiation. The 1gadg triglyceride and total protein of seminal fluid wer
males (TL: 59.3+4.7 cm, TW: 1503.6+£113.3 g) weremeasured spectrophotometrically (Cintra 40 UV-
selected with occurrence of first spermiation andVisible Spectrometer, GBC) (standard analysis Kkits
stripped repeatedly every 12-14 days from 2 Decembdrom Ziestchem, Tehran, Iran).
2008 to 10 January 2008 (altogether four timesnduri
the spawning season). Before stripping, the fishewe Statistical analysis: All parameters were expressed as
anaesthetized in 100 ppm of MS222 (tricaine methaneneans and standard deviations. One-way Analysis Of
sulfonate) and then semen samples were collected byariance (ANOVA) was employed to analyze

massage from the anterior portion towards the genit differences between means. Because percentage data
papllla. Care was taken to avoid contaminationhaf t (the percentage of motile Spermatozoa and

semen with water, mucus, blood cells, faeces ameur —gpermatocrit) did not have a normal distribution,
Immediately after semen collection, the OsmOt'Cproportional data were converted by angular

pressure and pH of semen were measured With &pansformation (arcsinVp) prior to analysis by
osmometer (Melting P0|r_1t Osmometer Nr 961003T'ANOVA. The sperm motility characteristics
ﬁ?cerl())lelz?gctr((:)(()jrgpagﬁ BJQ;Z} Ggmfgg) %r|'_|d anferS"(percentage of motile spermatozoa and duration of
respectively. m.otility) and sperm density were tgsted on cor'@hst
A two-step dilution was used for motility activat with the parameters of the seminal fluid using the
(pivariate correlation coefficients of Pearson. Altas

according to the method suggested by Billard an .
Cosson (1995 for salmonid fish. Firstly, the semen test was used to analyze the correlations betwemes

was prediluted in saline solution (composed of 84 m Volume, sperm density and spermatocrit.
NaCl, 40 mM KC1, | mM CaGCland 20 mM Tris-HCI

’ ’ RESULTS
1 L of distilled water (final pH = 9)) at a ratio of
1/100 and secondly, the prediluted semen was sigldjec

to a second dilution in a physiological saline solu at . . . o
a ratio of 1/20 and immediately 1 pL of solutionswa sperm density continuously declined significantyeo

placed on the microscope stage and motility wadh€ four stripping times (Table 1, p<0.05). The
analyzed by a semi-quantitative metfifid In this Percentages of motile spermatozoa at 5s post-ticiiva
method, the motility was recorded by a videocameravas significantly lower in the fourth stripping than
coupled with the optical lens of a microscope. Thethe first, second and third stripping (Table 1, ©§).
video recordings were reviewed and the motility wasAlso, the percentages of motility decreased witheti
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after activation in each semen sample, reachingifi %
all samples within 45s post-activation. The dumatad
motility was significantly stable until third butt i
decreased in the fourth stripping (Table 1, p<Q.05g
osmolality and the concentrations of N&I", K*, C&",
Mg?" decreased in successive strippings (Table
p<0.05). The values of glucose and triglyceride had
significant changes over four times stripping, b

concentration of total protein decreased continlyous duration of motility Vs CI' K*

. Sci., 4 (3): 65-71, 2009

Also, positive correlations were found for semen
volume Vs sperm density (Bivariate coefficient: 318
p<0.01), spermatocrit Vs sperm density (Bivariate
coefficient: 0.979, p<0.01), semen volume Vs
spermatocrit (Bivariate coefficient: 0.820, p<0,01)
Sperm density vs. K CT', N, ca&*, Mg?, total protein
of seminal fluid (Table 3, p<0.01), the percentagé
motile spermatozoa vs. €aMg**, K*, CI, N&, total
protein of seminal fluid (Table 3, p<0.01),akhe
total protein and pH of

(Table 2, p<0.05). The values of semen pH werelestab semingl fluid (Table 3, p<0.01). As well as, théest
until the third stripping but a sudden decrease wWagossible correlations between the seminal fluid

recorded in the fourth stripping (Table 2, p<0.05).

Table 1: Mean (with standard deviation) for duratémd percentage of

parameters have been shown in Table 4.

motility, spermatocrit, speemsity and semen volume during sequential

stripping from Caspian brown trout during the spangrseason (n = 42 semen samples, 3 males yielwsdmen in fourth stripping)

Stripping data
Traits 2 December (2008) 16 December (2008) 29 DecembéBj2 10 January (2008)
Percentage of motility (5 sec after post-activatior66.8+8.4% 65.9+8.3 60.445.7 52.846.2
Duration of motility (sec) 44.0£1%7 43.0+2.8 42.0+2.2 39.0+4.4
Sperm density (xI8perm mL* semen) 4.4+0% 3.6+0.8 2.0£0.5 1.1+0.5
Spermatocrit (%) 45,6577 37.3+4.2 22.5+6 20.0+3
Semen volume (mL) 19.2+1.8 18.0+1.6 11.7+2.2 6.4+4.2

The values with the same letter above are notfsignily different

Table 2: Mean (with standard deviation) for cherjgarameters of seminal fluid during sequentiappings from Caspian brown trout during
the spawning season (n = 42 semen samples, 3 yidlidsd no semen in fourth stripping)

Stripping data

Traits 2 December (2008) 16 December (2008) 29 imbee (2008) 10 January (2008)
Na" (mM L) 143.20+9.2 131.7+6.8 127.6+4.5° 122.60+3
CI (mM L™ 147.00+8.8 133.7+6 124.3+4.2 120.60+8.4
K* (mM L) 38.50+7.3 36.2+7 28.7+3.8 23.20+3.2
ca*(mM L'lz 1.90+0.2 1.4+0.3 1.3+0.2 0.90+0.3
Mg (mM L™ 1.30+0.2 1.0+0.2 0.9+0.7° 0.90+0.2
Triglyceride (mM L) 0.30+0.2 0.3+0.F 0.3+0.18 0.40+0.1
Glucose (mM [Y) 1.90+0.9 2.0+1.% 1.7+0.3 2.00+0.9
Total protein (mg mr*) 0.60+0.% 0.3+0.7 0.2+0.TF 0.10+0.1
Osmolality (mOsmol Kg) 207.00+14.8 188.2+8.7 180.0+8.8° 172.70+6.8
pH 8.03+0.13 8.0+0.16 8+0.13 7.77+0.3%

The values with the same letter above are notfsignily different

Table 3: The correlations between the chemicakafisal fluid, sperm density, the percentage of la@permatozoa and duration of motility
during sequential strippings from Caspian brownittiduring the spawning season (n = 42 semen san¥tesles yielded no semen in

fourth stripping)

Na" cr K* ca’ Mg** Glucose Triglyceride Total protein  Osmolality pH
Sperm density 0.731**  0.733* 0.750*  0.861** 0.7#9 P 0.857** 0.684** 0.412**
Motility (%) 0.506** 0.593** 0.884**  0.487* 0.440** 0.586**
Duration of motility - 0.380**  0.360** ° . 0.382** 0.351** 0.690**

Statistically significant correlations are indiahis follows: **: p<0.01 and non-significanta®ata: Bivariate coefficient

Table 4: Correlations between the chemical parammeié seminal fluid during sequential strippingsnfr Caspian brown trout during the
spawning season (n = 42 semen samples, 3 maldegisb semen in fourth stripping)

Na" cr K* ca* Mg** Glucose Triglyceride  Total protein ~ Osmolality pH

Na’ - 0.806** 0.624**  0.711** 0.584** B 0.713* 0.843*
CclI *x - 0.672*  0.629** 0.559** 0.727* 0.922**

* *x *x - 0.597* 0.533** 0.567** 0.668** °

* el *x *x - 0.771* 0.820** 0.648** 0.367*

Mg?* *x *x xx *x - 0.690** 0.597* 0.352*
Glucose - . . .
Triglyceride o . P . - o o P
Total protein~ ** *x xx xx xx - 0.694** 0.359*
OSmOla“ty *% *% *% *% *% *% - o
pH * * * _

Statistically significant relationships are indiedtas follows: **: p<0.01, *: p<0.05 and non-sigoéint as: Data: Bivariate coefficient
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DISCUSSION concentration of NaCl ,K*,C&*, Mg®" and sperm
density reveals their regulation during spermiatafn
According to our results, the values of semenCaspian brown trout. Likely, such regulation may be
volume, sperm density and spermatocrit declined byontrolled by pituitary hormones as Sanchez-Rodqu
increasing of stripping frequency as previouslyorégd et al.® have reported the gonadotropin control of the
for Atlantic salmonsalmo salar™, but unlike that seen sodium levels in the seminal fluid of rainbow trout
over weekly stripping f rom landlocked salmon, Lahnsteineret al.”® reported that some proteins of
Salmo salar M. sebago girard® and biweekly seminal fluid were shown to have a key role in the
stripping from rainbow troGt’. motility of spermatozoa. It is possible that in sen
The decrease of spermatocrit during sequentiablemen, more concentrations of these types of potei
strippings may be due to the three possible reasonse required for the stimulation of sperm motilihan
including the decreasing of spermiation rate, highein semen with a low spermatozoa density.
hydration of testis and the higher secretion of isain In the present research, the values of ions atiadl to
fluid. The hydration could be due to the hypototyici protein of seminal fluid showed a decreasing trend
of freshwater environment, possibly causing theduring sequential strippings. This decreasing tneagy
dilution of semen and leading to a higher semerhe 3 reflex of the change of secretary activityhia fish
volume and subsequently lower sperm density andpermatic duct during the spawning season since the
spermatocrit (a negative relationship) as thisstlis  5rmation of the seminal fluid in fish (inorganis avell

i i (28 . ; .
sBupporltEd by tr(;e obrs]ervathns of Molrlngaalt; ' as organic compounds) is a secretion process of the
ut, with regard to the positive correlations D&We = oo atic duct epithelidfi®®?! Several studies have

semen volume, spermatocrit and sperm_densny, It IFecorded the correlations between mineral contént o
likely that the decrease of spermatocit over four

. - : : seminal fluid and osmolali§ as these correlations
successive strippings is more a result of a deer@as . )
the spermiation rate than an increase of semini fl were found_m Cas_plan brown trout. Thu_s, the dexgea
secretion and hydration of testis. Because of theec of osmolality d“”T‘Q sequer_mal strippings  may _be
positive correlation between sperm density and®lated to the declining of mineral content of seahi
spermatocit, it is comprehended that the variations fuid over the four stripping times dl+mng the spamg
the spermatocrit of semen samples is due to thegeisa  S€ason. In this regard, probably the'fdad CT are the
of spermatozoa number not spermatozoa size as thigain electrolytes that play a major role in mainitag
correlation was previously reported by Hagedl. ™ in  the osmolality of the seminal fiil, as the highly
Caspian brown trout. The only report found on seako correlation was recorded between osmolality and the
change in spermatozoa size is by Billaet al.l”,  concentrations of Naand CI of seminal fluid of
referring to unpublished data which suggests tha€Caspian brown trout.
spermatozoa size may vary during the year in ssaba Irrespective of this reasoning, other factors
Dicentrarchus labrax and halibut, including contamination of semen by urine during
Hippoglossus hippoglossus. strippin%?%] and hydration of semen during spermiation
On the whole, the specific pattern of spermperiod® may affect on the semen osmolality of fish.
production during sequential stripping may be résgl In all semen samples of Caspian brown trout,
from the effects of possible physiological andpercentages of motility decreased with time and
environmental variants on spermiation process durinreached 0 % 45s post-activation. This could beltiagu
the spawning season. The assessment of the alfility from the gradual decreasing of energetic resouofes
sperm especially ATP concentration as this prolies
males in the production of semen during the spagvninbeen suggested for other teleost s Also,
season could be useful to estimate the number dfignificant correlations were observed between the
needed males in the hatchery with regard to thebeaum percentage of motile spermatozoa and’,Nal, K,
of available mature females. cd’, Mg, total protein and osmolality of seminal
In present study, significant positive correlation fluid, also between the duration of motility and, kCI,
were found between sperm density and theotal protein and pH of seminal fluid. In agreemeith
concentrations of Na CI, K'Y, C&", Mg®, total our results, similar correlations were found in esth
protein. Similar correlations were reported in lact  fish. for example, the percentage of motile speoxaa
salmon for sperm density Vs N&*,C&#*, Mg?® and Vs Na&, K*, pH, osmolality in rainbow trolif,
sperm density vs. total protein in Siberian sturgeo percentage of motile spermatozoa vs. pH in Chinook
Acipenser baeri®. the close correlations between the salmon,Oncorhynchus tshawytschal*®, percentage of
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motile spermatozoa Vs RNalg®* CI” and the crystallization. But, during the dilution, the mejg of
duration of motility Vs N& in Persian sturgeon, sperm cells lose their motility with time due to
Acipenser  persicus®, percentage of motile simultaneous activation in diluent solution. Be@auo$
spermatozoa Vs NaK”, total protein, pH, osmolality chemical properties of seminal fluid, Fish sperraato
in Alburnus alburnus?”, although the negative are immotile in seminal fluid. Thus, formulation of
relationships were recorded between the percerdfige diluent solution (extender solution) mimic to sgieci
motility and the concentrations of €aMg*, Na', K* properties of seminal fluid is necessary. Thereftie
in European e&H. determination of the values of chemical parametérs
Generally, interactions of ions present in thesemen and their relationships with sperm motility
seminal fluid with the sperm membrane do influencecharacteristics could be useful in order to forrtiata
the membrane potenti#l and represent a mechanism of a species-specific extender solution (diluergy f
of inhibition of spermatozoa in the seminal fluid o cryopreservation of Caspian brown trout semen.
sperm duc¥, allowing the maintenance of the potential
of motility before release to the surrounding CONCLUSION
mediun¥’®l. According to past data, it was revealed that |, present research, the understanding of the
the low K’ levels of surrounding medium IS key factor changes in the sperm production over sequential
for activation of salmonid fish spermato¥dd, a_Iso stripping during the spawning season could be Usefu
the increase of semen pH may be responsible fof  estimation of the number of needed males in the
acquisition of motility of spermatozoa in the rab  patchery with regard to the number of availableuret
trout  Oncorhynchus ~mykiss and chum salman  femgles. Also, the values and correlations betwhen

[7,26,27] H . .. ..
Oncorhynchus  keta _ during  passage  Of gharm motility characteristics and the compositan
spermatozoa from the testis to the spermatic dect i geminal fluid could be useful in order to formutatiof

before sperm ejaculation to spawnig medium (water). 5 gpecies-specific extender solution (diluent) rairai
With regard to this point, the highly significant seminal fluid for cryopreservation of Caspian brown
correlations between percentage of.motlle SpPermatoz ot semen. in this regard, the pH antl &€ seminal
and K" and also the duration of motility and pH SUggesti,iy may be the main indicators of semen qualify o
that these parameters may be the most importaagpian brown trout due to the their close corat

semina_ll_ fluid chara_cteristic influencing on the emﬂ_al with sperm motility characteristics.
of motility of Caspian brown trout spermatozoa le t

seminal fluid. Thus, the Kand pH of semen may be ACKNOWLEDGMENT
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