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Studies on Genetics and Breeding in Rainbow Trout
(Oncorhynchus mykiss)

VI. Fertilization of Fresh Egg with Cryo-Preserved Sperm and
Ultrastructural Changes

Hong-Yang PARK and Jong-Man YOON
Animal Resources Research Center, Department of Animal Science,
Kon-Kuk University, Seoul 133-701, Korea

This study was carried out to develop new techniques useful for cryopreservation,
thawing and artificial insemination, and ultrastructural changes of cryopreserved
spermatozoa in rainbow trout(Oncorhynchus mykiss). Two extenders, such as Tyrode
solution and Whittingham’s Te solution, were used to preserve rainbow trout sperm in
refrigerator(-20, -40 and -70C) or liquid nitrogen(~196C). Hand-stripped semen was
diluted to 1:16 with two extenders, an then the semen were frozen after mixing semen
and each extender containing IM or 1.5M DMSO solution to 1:1. After 60 days
cryopreserved semen was thawed in a 13T water bath, and subsequently centrifugated.
After centrifugation at 1,000 rpm for 5 min thawed semen was washed with extenders,
and then fertilized with fresh eggs.

The results obtained in these experiments were summarized as follows:

After cryopreservation, over 75% of spermatozoa were appeared motile and the survival
rate was high. Following cryopreservation by the addition of cryoprotectant such as DMSO,
methano!l and glycerol, the fertilization rate of the thawed spermatozoa appeared over 99%
compared with the control having 99% of fertilization rate. There was no difference
between the control and experimental groups such as -20C, -40C, -70T and -196C in
fertilization rate.

Following cryopreservation at =196 C by the addition of IM DMSO of cryoprotectant,
each fertilization rate following 24 hours and hatching rate following 24 days showed 96%
and 8% by the addition of BSA, but showed 98% and 10% by no addition of BSA.

Following 2 months of cryopreservation by the addition of 1M DMSO of cryoprotectant,
there were 10% of hatching rate at -196C and 10% and 35%, respectively, at -40C and
-70C. Following 2 months of cryopreservation by the addition of 1M methanol of
cryoprotectant, there were 22% of fertilization rate at 20T, and 28%, at -70C.

Following 2 months of cryopreservation by the addition of 1M glycerol of cryoprotectant,
there were 22% of fertilization rate at -20C, and 33%, at -70C. Following 2 months of
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cryopreservation by the addition of 1.5M DMSO of cryoprotectant, there were 27% of
fertilization rate at -20C, an 36% and 35%, respectively, at -40C and -70C. Following
2 months of cryopreservation by the addition of 1.5M glycerol of cryoprotectant, there
were 34% of fertilization rate at 20T, and 31% and 31%, respectively, at -40C and -70%,

Following 2 months of cryopreservation by the addition of 15M methanol of
cryoprotectant, there were 28% of fertilization rate at -20C, and 29% and 28%,
respectively, at 40T and -70C. From 10 days and 15 days following fertilization at 13T
and 10T, respectively, the mortality rate of fertilized ova was markedly increased.

The middle piece of spermatozoa had two set of central doublets, nine set of outer
coarse fibres, and mitochondrial sheath. Spermatozoa went through morphological changes
during storage, e.g. winding of flagella, detachment of the nuclear envelope and the plasma
membrane from the nucleus of the sperm head. There were 1% abnormal spermatozoa

in fresh sperm and about 15% during storage.
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Table 1. Ingredients of extenders used in present
study for cryopreservation of rainbow trout
(Oncorhynchus mykiss) sperm

COMPONENTS EXTEINDER EXTE%II\IDER
NaCl(g) 8.00 5.719
KCl(g) 0.20 0.106
NaHCOs(g) 1.00 2.101
CaCl(g) 0.20 0.262
MgCl, 0.10 0.096
NaHzPO4 005

Glucose(g) 1.00 1.000
BSA(g) 3.00

NazHP 04 0051 1
Na-Pyruvate(g) 0.052
Na-Lactate(g) 2.791
Streptomycin{(g) 0.050
Phenol red 0.005
mOsmol 300 300
pH 74 74

EXTENDER I: Tyrode’s solution,
EXTENDER II: Whittingham's T

Fig. 13 2 piRE A3& AR BKe BE
#%, BB Tyrode BHE 1252 HBAIGE
KBEHE TN BT EBHHEE AL
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2.1. %E H&

Bie BBk A HEg AHESRE
o, AAHA Hroez Folu MK & RHYH K
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-40C, -70TQ) HRMES HREC BHE Yol B
AFle JEkol L, Fig 3% 4% -196T9} -20T, -40
T, -70To) 242 R BKRS Mk Y BRE
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Collection of semen from sexual rainbow trout male.
v

Dilute semen with media containing cryoprotectant 1M DMSO sol.
v

Semen temperature reduce 5C per minute down to 4C
v

Holding for 5 minutes at 4C.
v

Reduce 1T per minute down to -30C.
v

Reduce 2T per minute down to -60T.
v

Immediately cryopreserve in -196C aqueous nitrogen tank for 2 months.

Fig. 1. Process of cryopreservation of rainbow trout(Oncorhynchus mykiss) semen in -196 C aqueous
nitrogen tank by PLANER BIOMED.
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Collection of semen from sexual rainbow trout male.
v

Dilute semen with media containing cryoprotectant 1M or 1.5M DMSO sol.
v

Slowly shaking for 10 minutes at room temperature.
v

Immediately cryopreserve in -20C, 40T, -70T refrigerator for 2 months.

Fig. 2. Process of cryopreservation of rainbow trout(Oncorhynchus mykiss) semen in -20C, -40T and
-70T refrigerator for 2 months.

After taking from -196C aqueous nitrogen tank.
v

Immediately thawing in 13T water bath for 2 hours.
v

Centrifugate for 5 min. at 1,000 rpm.
v

After decanting supernatant, washing 2—3 round by media.
v

Recentrifugate for 5 min. at 1,000 rpm.
v

After decanting supernatant, washing 2—3 round by media.
v

Dilution to 5 times by media.
v

Fertilization of fresh eggs with cryopreserved sperm.

Fig. 3. Process of thawing of -196 C-cryopreserved semen by 13 T-coldwater in rainbow trout
(Oncorhynchus mykiss).

After taking from -20C, -40C an -70T refrigerator.
v

Immediately thawing in 13¢ water bath for 1 hours.
v

Centrifugate for 20 min. at 1,000 rpm.
v

After decanting supernatant, washing 2—3 round by media.
v

Recentrifugate for 5 min. at 1,000 rpm.
v

After decanting supernatant, washing 2—3 round by media.
v

Dilution to 5 times by media.
v

Fertilization of fresh eggs with cryopreserved sperm.

Fig. 4. Process of thawing of -20C, -40C, -70 -cryopreserved semen by 13 E-coldwater in rainbow
trout(Oncorhynchus mykiss).
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Table 2. Summary of properties of testis, milt and sperm of rainbow trout(Oncorhynchus mykiss)

TESTIS MILT SPERM
DENSITY OSMOLALITY LENGTH OF
GSI  APPEARANCE SHAPE (sperms mi~) (mOsmol kg™Y) HEAD (um) MOTILITY
486 Milky white Long tubular 10— 15X 10° 246~323 18~22 5%

Table 3. Procedures followed in the cryopreservation of milt and insemination of ova of rainbow trout
(Oncorhynchus mykiss) and the results obtained during hatching trials

PREPARATION OF MILT SAMPLE DETAILS ON OVA
CRYO- DILUTION _ FREEZING RATE  STORAGE ~THAWING ~ FERTILIZED HATCHED
EXTENDER ~ PROTECTANT  RATIO PROFILE ST TIME TEMP. EGGS(%)  EGGS(%)
O Fresh milt not cryopreserved Over 99 Over 90
I 1M DMSO 10 Fig 1  -19%C 2 Months 13T Over 96 8
1 1M DMSO 10 Fig 1  -19C 2 Months 13T Over 98 10

Extender I and II are Tyrode and Whitingham’s sol, respectively.

Replications averaged 3.
Number of sperm cells averaged over 10X 108

Intervals thawing-insemination averaged 20 min.

S.T.: Storage temperature
2 Including of BSA(bovine serum albumin)
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Table 4. Procedures followed in the cryopreservation of milt and insemination of ova of rainbow trout
(Oncorhynchus mykiss) and the results obtained during hatching trials

PREPARATION OF MILT SAMPLE

DETAILS ON OVA

CRYO- DILUTION _ FREEZING RATE  STORAGE  THAWING ~ FERTILIZED HATCHED

EXTENDER ~ PROTECTANT ~ RATIO ~ propg st TIME TEMP. EGGS(%)  BGGS(%)

I Fresh milt not cryopreserved Over 99 Over 90
I 1M DMSO Fig. 2 -20C 1 Year Over 99 12
I 1M DMSO 1 Part Fig. 2 -40C 1 Year 13C Over 99 10
1 1M DMSO sperm: Fig. 2 -20C 2 Months  in all Qver 99 25
I 1M Glycerol 1 Part Fig. 2 -20C 2 Months  cases Over 99 22
1 IM Methanol  extender Fig. 2 -20C 2 Months Over 99 22
I 1M DMSO in all Fig. 2 -40C 2 Months Over 99 4
1 1M DMSO cases Fig. 2 ~70C 2 Months Over 9 35
I IM Glycerol Fig 2 -70C 2 Months Over 99 33
I 1M Methanol Fig. 2 -70C 2 Months Over 98 28
I 1.5M DMSO Fig. 2 -20C 2 Months Over 9 27
I 1.5M Glycerol Fig. 2 -40T 2 Months Over 99 31
1 1.5M Methanol Fig. 2 -70t 2 Months Over 99 28

Extender I is Tyrode sol.

Replications averaged .

Number of sperm cells averaged over 10X10°,
Intervals thawing-insemination averaged 20 min.
S.T.: Storage temperature
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Table 5. Procedures followed in the cryopreservation of milt and insemination of ova of rainbow trout
(Oncorhynchus mykiss) and the results obtained during hatching trials

PREPARATION OF MILT SAMPLE
FREEZING RATE  STORAGE  THAWING

' CRYO-
EXTENDER  PROTECTANT

DILUTION

RATIO  pRopILE

I Fresh milt not cryopreserved

I 1.5M DMSO Fig. 2
1 1.5M DMSO 1 Part Fig. 2
I 1.5M DMSO sperm: Fig. 2
I 1.5M Glycerol 1 Part Fig 2
I 1.5M Methanol extender Fig. 2
I 1.5M Glycerol Fig. 2
1 1.5M Methanol Fig. 2
I 1.5M Glycerol Fig. 2
I 15M Methanol Fig, 2

- DETAILS ON OVA

FERTILIZED HATCHED

g1 TIME  TEMP. EGGS(%)  EGGS(%)
Over 99 Over 90
-20C 2 Months Over 99 27
-40C 2 Months 13T Over 9 36
~70C 2 Months in all Over 99 35
-20C 2 Months cases Over 99 U
-20C 2 Months Over 99 28
-40C 2 Months Over 99 31
-40C 2 Months Over 99 29
-70C 2 Months Over 99 31
-70C 2 Months Over 99 28

Extender I is Tyrode sol

Replications averaged 3.

Number of sperm cells averaged over 10X 105
Intervals thawing-insemination averaged 20 min.
S.T.: Storage temperature
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A e FHE FESAY 2 AN 2o
AR o I ddE ] gEe)e Al
Lh=3

o]} ol 2M f 5t BFERFE Uehvde o
7}A] #E{LiAE (ageing process) S THEEEN L KT
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Fig. 5. Light-microscophs of testis of rainbow trout, Oncorhynchus mykiss, Bouin’s fluid-fixed, paraffin-embedded,
and haematoxylin-eosin stained preparations.
A: Testis of male rainbow trout in immature times, November.
T: Testis. X125.
B: Testis of male rainbow trout in mature times, January.
T: Testis. X50.

Fig. 6. Morphological changes in rainbow trout{Oncorhynchus mykiss) spermatozoa. Examination by transmission
electron microscopy(TEM).
A: Fresh spermatozoa. SP: Spermatozoa. X6,900. B: Spermatozoa during 2 months of storage at ~70C. The
arrows showed the spermatozoa damaged during storage at ~70T. SP: Spermatozoa. X6,900.
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Fig. 7. Sections of the freshly collected rainbow trout spermatozoa.
A: The sperm head is smooth. The nuclear envelope and the plasma membrane are slightly wrinkled and
attached to the nucleus. The flagellum is straight and inserted into the sperm head. CP: Connecting pieces
or neck. FG: Flagellum. H: Head. MP: Middle piece. NM: Nuclear materials. PP: Principal piece. X46,000.
B: The two centrioles are separate and 9 sets of filaments envelop around the central doublets. CD: Central
doublet. MS: Mitochondrial sheath. OCF: Quter coarse fibre. X46,000.

Fig. 8. Sections of rainbow trout spermatozoa cryopreserved at ~70C for 2 months in the absence of seminal
plasma.
A: The sperm head is smooth, but the flagellum is cut. CD: Central doublet. FG: Flagellum. X46,000, B: The
sperm head appears rough and flagellum contained central doublet and is coiled around the nucleus. The
nuclear envelope becomes detached from the dense nuclear material and the nuclear materials dispersed from
sperm head. NM: Nuclear materials. X57,500.
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Fig. 8. Sections of rainbow trout spermatozoa cryopreserved at 70T for 2 months in the presence of seminal
plasma.
A: The sperm head is smooth, but the flagellum is cut. NM: Nuclear materials. X57,500. B: The sperm head
appears rough and flagellum is cut. The nuclear envelope becomes detached from the dense nuclear material.
The nuclear materials dispersed from sperm head. NE: Nuclear envelope. NM: Nuclear materials. X 46,000.

Fig. 10. Sections of ovarian follicles containing Stage II or Il ococytes(about 1,000~1,500 i in diameter.)
A: Oocyte shows massive yolk vesicles, yolk granules and oil droplets. X2,300. B: Qocyte surrounded by a
very thick follicular epithelium consisting of flattened granulosa(GCL) and thecal cell layers(TC) which are
separated by a basement membrane(BM). The cortical cytoplasm of the oocyte is electron dense. Clusters
of microprojections from the oocyte are found where adjacent granulosa cells joined by desmosomes. X2,300.
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Fig. 11.

A: Early maturing oocyte: Stage 1ll. This oocyte has acidophilic nucleus, nucleolus and cytoplasm. The major

diameter of this oocyte is about 1,300~1,500on. From this stage, the number of yolk granule begins to
increase. EMO: Early maturing oocyte. NU: Nucleolus, YG: Yolk granule(globule), YV: Yolk vesicle. X 125.
B: Late maturing oocyte(Migratory nucleus oocyte): Stage V. The major diameter of this oocyte is about
1,500~ 1,800 gom. This oocyte has acidophilic nucleus, nucleolus and cytoplasm. Yolk granule begins to adhere
from the stage. Nucleus migrate the pheripheral chorionic membrane. LMO: Late maturing oocyte, MN:
Migratory nucleus. X125. C: Ripe ovum: Stage V. The major diameter of this oocyte is 1,800~2,000 tom. This
oocyte has acidophilic cytoplasm. Cytoplasm in this stage is much compacter than that of any other oocytes.
This Ovum in this stage is fertilized with spermatozoa. CM: Chorionic membrane. DP: Deutoplasm. X125.
D: Over-ripe oocyte: Stage VI. The major diameter of this cocyte is about 1,500 . Yolk granule begins to
degenerate from the stage, an then shrink. X50. E: Follicular membrane of fertilized ovum taken by C. T.
X400. F: Cortical alveoli immediately after fertilization of fresh ovum with cryopreserved sperm. X400.
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