Iranian Journal of Fisheries Sciences 7(1)111-128 2007

The effects of extender type, freezing and
thawing rates on fertility of the cryopreserved
semen of the Caspian brown trout
(Salmo trutta caspius)

K. Sarvi Moghanloo '*; H. Niksirat *; B. Mojazi Amiri *
and S.M. Mirtorabi *

k_sarvi@yahoo.ca

1- Department of Fisheries, Faculty of Natural Resources and Marine Sciences,
Tarbiat Modares University, P.O. Box: 46414-356 Noor, Iran

2- Department of Fisheries and Environmental Science, Faculty of Natural
Resources, University of Tehran, P.O. Box: 31585-4314 Karaj, Iran

3- Department of Animal Reproduction, Animal Breeding Center, P.O. Box:
31585-963 Karaj, Iran

Received: November 2005 Accepted: Feburary 2007

Abstract: Cryopreservation of semen from the Caspian brown trout (Salmo trutta
caspius) and effects of extender type, freezing and thawing rates on fertilization
ability were studied. After assessment of semen quality, one part of semen was
diluted with three parts of different extender and decanted into 0.5ml straws.
Freezing was carried out at two freezing levels, 1.5cm and 2cm above surface of
liquid nitrogen. The semen was thawed at 5°C for 90s, 15°C for 45s or 25°C for 30s
in water baths and used for fertilization. Using the extender : 0.3 M glucose +10%
methanol +10% egg yolk, and 0.6 M sucrose 10% DMSO + 10% egg yolk, yielded
the highest post-thaw fertilization rates, with 67.05%+8.76 and 59.78%+5.08 eyeing
rates, respectively. No significant differences were found in the fertilization rates
with two freezing levels (P>0.05), however eyeing and hatching rates were higher
for 2cm above the surface of the liquid nitrogen than for 1.5cm. Thawing of
cryopreserved semen was best using the 25°C water bath for 30s and significant
differences were seen in the eyeing rates between 25°C and 5°C or 15°C (P<0.05).
Significant interactions (P<0.05) were found between effects of extender type and
thawing rates and extender type and freezing rates.
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Introduction

Cryopreservation is considered as a method in an effective strategy to save
endangered species by facilitating the storage of their gametes in a gene bank
(Gausen, 1993). Cryopreservation offers several benefits. Stocks can be protected
from being totally eliminated due to sudden disease outbreak, natural utilization in
hatcheries production and laboratory experiments can be ensured. Stocks can be
maintained more economically and experimental materials for advanced studies,
such as gene transfer, can be made more accessible (Chao & Liao, 2001).

The Caspian brown trout (Salmo trutta caspius) is distributed in southern basin
of the Caspian Sea and natural stocks of this fish are critically endangered (Kiabi et
al., 1999). Cultivated stocks have been reared for enhancement and protection of
wild populations.

Sperm cryopreservation in salmonids has been intensively investigated
(Alderson & Macneil, 1984; Baynes & Scott, 1987; Holtz, 1993; Piironen, 1993;
Lahnsteiner ef al., 1995, 1997, Babiak et al., 2001; Cabrita et al., 2001). Different
extenders ranging from complex physiological saline solutions that mimic seminal
plasma (Buyukhatipoglu & Holtz, 1978; Stoss & Holtz, 1981; Babiak et al., 1995;
Lahnsteiner et al., 1995) to simple sugar solutions (0.3 M glucose , 0.6 M sucrose:
Stoss & Holtz, 1983a; McNiven et al., 1993; Piironen, 1993; Babiak et al., 2001;
Cabrita ef al., 2001) have been used. Mostly dimethylsulphoxide (DMSO) is used
as the permeating cryoprotective agent for cryopreservation of salmonid fishes
sperm, but other cryoprotectants like dimethyl acetamide (DMA, McNiven ef al.,
1993) methanol (Lahnsteiner et al., 1997) and DMSO+glycerol mixture
(Lahnsteiner et al., 1995) were also efficient. Usually, the semen diluted with
extender, are frozen in pellets on dry ice (Holtz, 1993, Piironen, 1993, Babiak et
al., 2001) or in straws with different freezing levels in the vapor of liquid nitrogen
(Lahnsteiner, 2000, Cabrita et al., 2001) and after storage in liquid nitrogen for
short or long periods of time are thawed and used for fertilization. Water bath with
4°C (Richardson er al.,, 2000), 5°C (Wheeler & Thorgaard, 1991), 15-25°C
(Lahnsteiner er al., 1995), 25°C (Cabrita ef al., 2001) and 37°C (Stoss & Holtz,
1983b) successfully used for thawing of cryopreserved semen of salmonids.
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Despite the progress with respect to milt cryopreservation during recent decades,
the results generally are highly variable and adaptation of specific techniques for
each species is necessary. Although a simultaneous analysis of the effects of more
than one factor help us to avoid applying semen with different qualities in a
successive experiments for a separate assessment of them, few studies have
investigated the cumulative effects of procedural factors on cryopreservation
success in fish semen (Baynes & Scott, 1987; Babiak et al., 2001).

Therefore, the main purpose of this study was to investigate the effects of
different extenders, freezing and thawing conditions and their interactions on the
fertility of cryopreserved semen and development of a cryopreservation protocol

for semen of this commercially valuable species.

Materials and methods

Mature wild Caspian brown trout (Salmo trutta caspius) were obtained from the
Bahonar Salmonids Breeding and Cultivation Center (Kelardasht, Iran) at the
beginning of spawning season. The fish were anesthetized (MS222, 100ppm) and
their abdomens were dried before stripping. Semen was collected into 10ml syringe
to prevent contamination with feces, urine, blood or water and poured into separate
sterilized plastic petridishes and stored on crushed ice (0-2°C) until beginning of
experiments. Sperm motility was estimated using a microscope (x400) after 1000-
fold dilution and expressed as a percentage of motile spermatozoa. An activating
solution, 125mM NaCl, 20Mm Tris-HCI, 30mM Glycine, pH 9 (Billard, 1992),
was used for activation and estimation of motility. Samples below 70% motility
were omitted and the remaining were pooled in equal volume and used for
experiments. Sperm concentration was determined under a microscope (x400)
using Thoma haemocytometer.

In this study, 30 experimental variants were tested to determine the effects of
extenders composition, freezing conditions and thawing rates on the efficiency of
the Caspian brown trout cryopreserved semen. The variants composed of 5
extenders (Table 1), 2 freezing rates and 3 thawing rates. For freezing, semen of 6

males were pooled (average semen concentrations was 7.5% 10°ml") and diluted
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with 4°C cold different extenders in a ratio of 1:3 (semen: extenders), filled into
0.5ml straws, then frozen with vapor of liquid nitrogen at 1.5cm (freezing rate ~
35°C min™") and 2cm (freezing rate ~ 30°C min™) above surface of liquid nitrogen
(N;). After 10 min, straws were placed in liquid nitrogen and stored for 4 weeks.
After this period, straws were immersed in water bath with different thawing rates:
5°C for 90s, 15°C for 45s and 25°C for 30s. Then straws were taken immediately
from water bath and thawed semen was poured onto the eggs.

Pooled eggs from 4 females were used for fertilizations assays. The ovarian
fluid poured off before the fertilization. Batches of eggs (10g eggs for each
replicate: 3 replicates per each treatment) were placed in plastic bowls and
fertilization solution 125mM NaCl, 20Mm Tris-HCIl, 30mM Glycine, pH = 9
(Billard, 1992), added in a ratio of 1:2 (fertilization solution: eggs, Lahnsteiner et
al., 1995). Semen was thawed and mixed immediately with eggs (one straw for
each replicate, spz/egg ratio was approximately 6.2x10° spz per egg), and the
mixture of eggs and thawed sperm stirred gently for 20-30s. After 2-3 min about
30 ml hatchery water (8-9°C) was added and then eggs were rinsed several times
and left for 45-60 min under droplets of hatchery water until completing swelling.
The eggs were transferred gently into plastic baskets numbered for each treatment
and placed into incubator with cold running water. The eggs reached the eyed-egg
stage after 30-35th days at 8-9°C. Embryos started to hatch on 60-65th days after
fertilization. All percentage of eyeing and hatching were calculated based on the
initial number of eggs. Control fertilization was performed in the same way as
fertilization experiments with frozen semen. 10g eggs were transferred into the
fertilization solution and fertilized with the same amount of semen as applied for
the cryopreservation experiments.

Proportional data were converted by angular transformation (arc sin \p) prior to
analysis by ANOVA. A three-way ANOVA with subsequent Tukey's test were
used for comparison of mean values resulting from the various treatments at a
significance level of P<0.05










































