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Numerous fishery researchers have attempted to preserve

viable fish sperm, but only three investigations were successful in

the fertilization of fresh eggs with frozen and thawed sperm: Blaxter

(1953); Hoyle and Idler (1968); and Graybill and Horton (1969).

Significant advances reported in this thesis were: the development of

suitable life extenders for semen of steelbead trout (Salmo gairdneri),

and coho (Oncorhynchus kisutch) and Chinook (0. tshawytscha) salmon;

the selection of a life protector composed of 8. 0% dimethyl. sulfoxide;

the verification that the best rate of freezing semen was -30 C/mm,

arid that the best method of thawing frozen sperm was in a 4 C water

bath; and the determination that no equilibration time was necessary

when fresh semen was diluted with extenders and protectors.

Application of the above techniques led to the successful cryo-

preservation of male gametes of steelhead trout and Chinook and coho

salmon in liquid nitrogen (-196 C). Frozen and thawed sperm was
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mixed with fresh eggs and resulted in maximum fertilizations of 59. 1%

for steelhead trout, 38. 4% for spring Chinook salmon, and 79. 2% for

coho salmon,

Details of the chemical constituents of the extenders and pro-

tectors tested are appended.
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FERTILIZATION OF SALMONID EGGS
WITH CRYO- PRESERVED SPERM

INTRODUCTION

In this thesis the results of research to improve methodology for

the cryo-preservation of viable salmonid sperm, and to increase the

fertilization capabilities of the thawed semen are reported. The

i.nvestigation was conducted on steelhead and fall-spawning rainbow

trout (Salmo gairdneri), coho salmon (Oncorhynchus kisutch), and

spring Chinook salmon (0. tshawytscha) at various state and federal

hatcheries in Oregon during fiscal 1967 and 1968.

In the past, numerous fishery researchers have attempted to

preserve viable fish sperm (Ellis and Jones, 1939; Blaxter, 1953;

Sneed and Clemens, 1956; Mitchum, 1963; Hodgins and Ridgway,

1964; Truscottetal., 1968; Hoyle and Idler, 1968; Graybill and

Horton, 1969). Of these, Blaxter's (1953) work with herring (Clupea

harrengus) must be considered most successful. He achieved 80 to

85% fertilization of fresh eggs with thawed sperm which was frozen

six months at -79 C.

Limited success was achieved by Hoyle and Idler (1968) with

Atlantic salmon (Salmo salar), and by Graybill and Horton (1969)

with steelhead trout. Fertilization percentages reported by these

investigators were 12 and 18 respectfully for fresh eggs inseminated

with cryo-preserved sperm. Their generalized procedure involved
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mixing fresh semen with extenders' derived from the Cortland salt

solution (Wolf, 1963). Protectors2 added to the extenders were

ethylene glycol or dimethyl sulfoxide (DMSO) respectively, One-

milliliter aliquots of extended and protected semen in glass ampoules

were frozen in liquid nitrogen (-196 C) or liquid carbon dioxide (-79

C) After varying intervals of time, the ampoules of semen were

thawed in a 4 C water bath, and mixed with fresh eggs. Percent

fertilization was determined by treating eggs with CarnoyTs solution

(one volume glacial acetic acid to three volumes 100% ethanol) after

7 to 21 days incubation and examining for cell division.

Development of the techniques of cryo-preservation of viable

salmonid sperm to yield acceptable fertilization percentages will pro-.

vide the following advantages to fishery biologists:

(1) A reduction in costs or an increase in production of

artificially propagated fish, because each hatchery will not

need to maintain a male brood stock.

(2) Disease control may be facilitated by freezing semen from

disease resistant stocks for subsequent crossing with

disease susceptible stocks.

'Extender: A solution of salts, sometimes including organic
pounds, which maintain the viability of cells during refrigeration.

2Protector An organic compound which protects the viability of
cells during the processes of freezing and thawing.
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(3) Selective breeding will be aided as sperm from chosen

males could be frozen and used later to inseminate the eggs

of selected females,

(4) Genetic variability of fish used for research purposes could

be decreased. Sperm from a selected male could be frozen

and used at yearly intervals to fertilize the eggs of related

females,

(5) Crossbreeding of fish which mature at different seasons or

spawn in separate geographical regions will be made

possible.



METHODS AND PROCEDURES

Approach to the Problem

The broad objective of my research was to improve the methods

for preserving fish sperm developed by Graybill (1968), in order to

increase the percent fertility of fresh eggs inseminated with cryo-

preserved gametes. New methods were developed by subjecting sperm

to experimental variables, and subsequently selecting the techniques

in which the criteria of success were highest. Criteria employed in

selection of the preferred techniques were percent motility3 and

percent fertilization.

Experimental Animals

Experiments were conducted utilizing the sperm of four

salmonids. Spring Chinook salmon were collected at the Eagle Creek

National Fish Hatchery (ECNFH) during September and October. Coho

salmon were obtained at the Alsea River Salmon Hatchery and the

ECNFH from October through December. Fall-spawning rainbow trout

were collected at the Roaring River Trout Hatchery during December

and January. Steelhead trout were collected at the ECNFH and the

Alsea Trout Hatchery from January to June.

3Percent Moti1ity An estimate of the percent of cells observed in a
sample of semen that were capable of movement.
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Collection of Semen

To obtain samples of semen, mature salmonids were anesthe-

tized with triçaine methanesulfonate (MS-222), rinsed with fresh

water, and dried around the genital region with absorbent paper.

Manual pressure was applied to the abdominal region of the fish to

express semen into four-ounce glass receptacles. Ratio of air to

semen by volume in the receptacles was approximately 16:1. Jars of

collected semen were placed in a styrofoam cooler containing hatchery

water, After the samples were collected, ice was added to the water

and the sperm were held in the ice water for 30 mm, and then

subjected to experimental variables.

Estimates of Semen Viabilit

Viability of sperm cells was estimated before and after the cells

were frozen. To obtain these data, a thin smear of semen was placed

on a glass slide, viewed under a microscope, and estimates of percent

motility were made before and after the rapid addition of water main

tamed at 4 C. Details of this technique were presented by Graybill

Extending and Protecting Semen

Fish sperm extenders and life protectors were added to sperm

samples in a common solution. Various dilution ratios (by volume) of



sperm to extender were tested. All dilution ratios expressed in this

research represent volume of sperm in ml to the volume of extender

in ml, The time interval at which a specific volume of diluent was

added to a sample of semen was dependent upon the equilibration

time selected.

Freezing of Semen

Prior to the freezing process, treated sperm (extended and

protected) was pipetted into 1. 0-ml ampoules. Unsealed ampoul.es of

semen were frozen at two rates of temperature decrease; 1 C 1mm and

30 C/mm. A freezing rate of 1 C/mm was accomplished by placing

the ampoules in a freezing chamber. The temperature in the chamber

was decreased by a controller, and the decline in temperature traced

on a strip chart recorder. Ampoules of semen placed in the vapor

above the surface of the liquid nitrogen (LN2) froze at a rate of -30

C 1mm. Frozen sperm samples were stored in a LN refrigerator.

Equipment used was described by Graybill and Horton (1969).

Thawing of Semen

Ampoules of frozen semen were removed from the LN2

refrigerator and thawed in three environments; (1) an ice water bath,

4Equilibration Time: The time interval allowed for the establishment
of equilibrium between the extender and sperm.
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(2) air at room temperature, and (3) a water bath with temperature

equal to that of the hatchery water. Representative samples of

thawed sperm were observed for cellular activity; most others were

used immediately in fertilization experiments.

Fertilization Procedures

In the fertilization experiments, fresh eggs were fertilized with:

(1) fresh, undiluted sperm (control); (2) extended and protected

sperm, non frozen; and (3) extended and protected sperm, frozen and

thawed. All fertilization experiments were conducted at the ECNFH,

Two procedures were employed to estimate percent fertilization: (1)

eggs were incubated to the eyed stage when developing embryos were

visible to the unaided eye, or (2) eggs were incubated 7 to 21 days and

then placed in Carnoy's solution to reveal embryonic development.

If a developing embryo was visible in the egg, it was considered

successfully fertilized. Unfertilized eggs were also incubated to

serve as controls against possible contamination from sperm

introduced through the hatchery water supply or parthenogenic

development.



RESULTS AND DISCUSSION

Viability of Undiluted Semen

One of the factors considered in the cryo-preservation of viable

fish sperm was the quality of the sperm sample collected. Based on

results of preliminary tests, vigor of male gametes appeared to be

related to the time the sperm was collected within the spawning season.

For this reason, the objective of my first experiment was to determine

when sperm viability was highest during the reproductive season of the

species.

Two-milliliter aliquots of fresh semen from spring Chinook

salmon were placed into 2-oz glass receptables and held in a 4 C water

bath. Percent motility estimates were made periodically for 12 days

(Table 1). Subsamples of this semen (0. 01-ml aliquots) were mixed

with fresh eggs to determine their fertilization capabilities (Table 2).

Sperm samples collected early in the spawning season remained

viable longer than samples collected at a later date (Table 1). Average

percent fertilization also was highest for eggs inseminated with sperm

collected at the beginning of the reproductive season (Table 2).

Data obtained were comparable to those reported by Rucker (1949).

He achieved 93. 2% fertilization with sockeye salmon (Oncorhynchus

nerka) sperm held 14 days in a covered dish in a refrigerator. I

recorded an average fertility of 92. 4% with spring Chinook salmon
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Table 1. Percent motility of undiluted spring Chinook salmon sperm
stored at 4 C in relation to collection date.

Days after collectionCollection
0 2 3 4 5 6 8 10date Percent motility

9/12/68 100 90 90 65 65 55 55 65 60 70

9/17/68 100 100 65 65 50 40 50 60 40 30

9/19/68 100 40 60 60 50 40 50 50 0 -

9/23/68 100 40 50 60 50 40 30 0 - -

10/1/68 100 50 30 0 - - - -

10/8/68 100 0 - - - - - - - -

Table 2. Percent fertilization of fresh eggs inseminated with spring
Chinook salmon sperm stored from 0 to 11 days at 4 C.

Collection Fertilization Total Percent Mean percent
date date eggs fertilized fertilized

9/12/68 9/23/68 287 93.0 924
9/12/68 9/23/68 281 91.8

9/17/68 9/23/68 212 84.9 81.6
9/17/68 9/23/68 236 78.4

9/19/68 9/23/68 230 90.6 74.2
9/19/68 9/23/68 214 57.8

9/23/68 9/23/68 240 86.7 86.9
9/23/68 9/23/68 225 87. 1
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sperm stored ii days at 4 C. Truscottetal, (1968) held sperm of

Atlantic salmon in a modified Cortland medium containing 5. 0% DMSO

for 28 days at -4. 5 C (unfrozen) with 81% fertilization resulting when

the sperm was added to fresh eggs.

Alternative Methods of Freezing Semen

In general, researchers have approached the problem of pre-

serving viable fish sperm by the development of extenders used in

combination with a life protector to dilute sperm prior to freezing.

My objective in the following experiments was to determine if an

alternative method of preserving fish sperm could be developed.

Three substitute methods tested for freezing fish sperm were: (1)

freezing undiluted sperm, (2) freezing sperm containing the life

protector DMSO, and (3) freezing sperm extended with the seminal

plasma of spring Chinook salmon and protected with DMSO.

Freezing_UndilLprm

Undiluted, 1. 0-mI aliquots of spring Chinook salmon sperm

were frozen at temperature decreases of 1 C/mm and 30 C/mm.

After two days, aliquots of sperm were thawed and mixed with fresh

eggs. Activation of thawed male gametes was attempted by the

addition of spring Chinook ovarian fluid and an equal volume of

modified Cortiand salt solution (1. 0-ml volumes). Eggs were
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incubated two weeks and then placed in Carnoy's solution. Percent

fertilization was zero in eggs treated with thawed, undiluted semen;

whereas, controls (fresh semen mixed with fresh eggs) averaged 98%.

I concluded that undiluted spring Chinook salmon sperm was incapable

of surviving the freeze-thaw process tested.

Freezing Sperm Containing Dimethyl Sulfoxide

Fresh coho salmon and steelhead trout sperm were subjected to

a gradual introduction of DMSO to a final concentration of 10%. The

life protector was added in four equal steps over a 2-hr period. Ten

1. 0-ml aliquots of sperm from each species were frozen at -30 C/

mm. Subsamples were thawed in a 4 C water bath and observed for

visible signs of motility. Estimates of motility were zero, and for

this reason further experimentation (fertilization) was not attempted.

Freezing Semen Extended with Seminal Plasma

Spring Chinook salmon sperm was collected and transported to

the Fairplay laboratory near Corvallis. Samples were centrifuged and

the plasma portion of the semen was decanted into a test tube. The

life protector (DMSO) was added to a final concentration of 12. 5% in

the plasma.

Ten 1. 0-mI aliquots of fresh undiluted sperm were diluted with

the seminal plasma which contained 12. 5% DMSO. Samples were
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diluted 1:4 (one part sperm:four parts extending medium) and frozen at

a temperature decrease of 30 C/mm. The final concentration of

DMSO in the extended semen was 10%.

The percent motility of spermatozoa in thawed samples ranged

from 5 to 15, Duplicate samples of thawed semen were mixed with

fresh Chinook salmon eggs. Percent fertilization of incubated eggs

ranged from 0. 0 to 2. 6 and were considered unsatisfactory (Table 3).

I concluded that seminal plasma was not a suitable extending medium

for the successful cryo-preservation of viable Chinook salmon sperm.

Table 3, Percent fertilization of spring Chinook salmon eggs insem-
mated with cryo.-preserved sperm diluted with seminal
plasma.

Rate ofDays frozen Dilution Percent Total Percent
at -196 C

freeze ratio DMSO eggs fertilized(C/mm)
3 1 1:3 7.5 116 2.6
3 1 1:3 7.5 103 0.0
3 1 1:3 7.5 160 0.0
3 1 1:3 7. 5 145 0. 0

1 -30 1:4 12.8 92 0.0
1 -30 1:4 12.8 109 0. 0
1 -30 1:4 12.8 70 0.0
1 -30 1:4 12.8 70 0.0
Control (fresh sperm. mixed with fresh eggs) 100. 00

Tests of Mammalian Semen Diluents

The development of a fish sperm extender involved experiments

designed to test diluents used in the low temperature storage of semen
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from mammalian species. Buffered solutions containing egg yolk or

milk had been found suitable for extending mammalian semen (MauLe,

1962).

Diluents were prepared in which various combinations and con-

centrations of the following chemicals were added to a salt solution:

amino acids (glycine, serine, alanine), sugars (dextrose, galactose,

fructose), sodium bicarbonate, egg yolk, and milk (Appendix,

Extenders 55-123).

Coho salmon sperm was diluted with these extenders and frozen

at -1 C/mm and -.30 C/mm. Thawed samples of treated sperm were

observed for motility, but no motile cells were observed.

Modification of Fish Sperm Extender 48

The first successful fertilization of steelhead trout eggs (to 18%)

with cryo-preserved sperm was accomplished by Graybill and Horton

(1969). In their experiments, steelhead trout semen was diluted with

extender 48 (Ext 48) at a ratio of 1:4. Samples were protected with

DMSO (5. 0 or 12. 5%), equilibrated one hour, and frozen in LN2 at a

temperatire decrease of 1 C/mm or 30 C/mm. Frozen samples were

thawed in a 4 C water bath.

Establishment of the fact that egg yolk and milk diluents were

unsatisfactory fish sperm extenders (at least for coho salmon)

enabled me to concentrate further research on modification of Ext 48.
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My objective, in the following experiments, was to systematically test

and determine the preferred concentration of chemical constituents in

an extender. In order to accomplish this goal, all other variables were

held constant: (1) Ratio of semen to extender was 1:4; (2) DMSO was

the life protector at a concentration of 12. 8% in the extended sample;

(3) equilibration time was 2-hr; (4) rate of freeze was -30 C/mm; (5)

samples of semen were held in LN2 for a minimum of three days prior

to analysis; and (6) thawing of samples was accomplished in a 4 C water

bath.

Sperm samples from two or three males were divided into 1. 0-

ml aliquots and diluted with experimental solutions (Appendix,

Extenders 128-153). All solutions were prepared within one day of the

time they were tested. Thawed sperm samples were evaluated for

viability by estimates of motility and by their fertilization capabilities.

Listed below are the chemicals that were tested, and the experiments

with each follow: (1) sodium bicarbonate; (2) lecithin; (3) fructose;

(4) mannitol; (5) potassium chloride; and (6) glycine.

Sodium Bicarbonate

The hydrogen ion concentration is one of the most important

variables that influence the motility and metabolism of spermatozoa in

species from sea urchin to man (Mann, 1954). Sodium bicarbonate was

the first chemical tested because its concentration directly affected
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the pH of the extender.

Sperm from spring Chinook salmon was diluted with extenders

containing 100 (Ext 48), 200 (Ext 128), 500 (Ext 129), 1000 (Ext 130),

and 2500 (Ext 131) mg of sodium bicarbonate per 100 ml total solution

(mg/100 ml), Of the five concentrations of sodium bicarbonate tested,

the highest percent (mean) of motile cells was observed in the semen

diluted with Ext 129 (Table 4).

A fertilization experiment was conducted to test further this

extender. Eggs of a spring Chinook salmon were divided into 10

experimental units (106 to 288 eggs per unit). Individual groups of

eggs were inseminated with frozen and non frozen sperm diluted with

Ext 48 and 129. The highest average fertility in both cases was

obtained with sperm diluted with Ext 129 (Table 5). To the best of my

knowledge this was the first successful fertilization of spring Chinook

salmon eggs with cryo-preserved sperm. These results supported my

initial conclusion which was based on estimates of percent motility.

Lecithin

Ext 129 served as the control solution to test for the most

effective minimal concentration of lecithin. Graybill (1968) found

lecithin was an essential component of Ext 48. In test solutions the

concentration of lecithin was 100 (Ext 132), 300 (Ext 133), 500 (Ext

129), 750 (Ext 134), 1000 (Ext 135), 1500 (Ext 136), and 2500 (Ext 137)
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Table 4. The effect of sodium bicarbonate on the percent motility of
frozen and thawed spring Chinook salmon sperm.

Sodium Percent PercentExtenderbicarbonate motility motilitynumbergjl00l.) (range) (mean)
100 48 25-35 30

200 128 25 - 35 30

500 129 30 - 40 35

1000 130 15 - 25 20

2500 131 0- 0 0

Table 5. Fertilization of spring Chinook salmon eggs with frozen and
non frozen sperm diluted with Ext 48 (100 mg/lOU ml sodium
bicarbonate) and 129 (500 mg/lOU ml sodium bicarbonate).

Male Extender Milliliters
number number sperm

Extended andExtended and protected spermprotected sperm, frozen 6 hr atnot frozen
-196 C

Total Percent Total Percent
eggs fertilized eggs fertilized

285 48 0. 200 133 66, 2 148 3,4
285 48 0. 125 150 12.7 104 0.9
285 48 0. 100 149 43. 0 169 0.0
285 48 0. 100 189 22.7 155 0.6
285 48 0. 050 164 4. 9 106 0. 9

Mean 29.9 Mean 1,2
285 129 0.200 226 56.2 144 13.9
285 129 0. 125 240 41.3 144 4.2
285 129 0. 100 228 57. 9 115 4.3
285 129 0. 100 201 50.2 173 3,5
285 129 0.050 228 7.5 138 5.8

Mean 42.6 Mean 6.3
Control (fresh sperm mixed with fresh eggs) fertilization equaled 98%.



17

r-ig/i00 ml. Sperm samples were diluted with these extenders. Based

on the percent motility of sperm. cells, the most effective concentration

of lecithin was 750 mg/lOU ml (Table 6).

A fertilization experiment was conducted with thawed sperm

diluted with Ext 134. Highest fertility obtained was 38.4% with an

average of 20.8% (Table 7). This was an increase in percent fertiliza-

tion over the previous experiment (Table 5). The increase in percent

fertilization was attributed to the development of Ext 134. The control

unit, fresh sperm mixed with fresh eggs, in both experiments averaged

98% fertilization; and the semen from males 285, 295, and 296 analyzed

prior to experimentation was equal in quality.

Fructose

Fructose, the naturally occurring sugar in the seminal plasma

of cutthroat (Salmo clarki) and brook (Salvelinus fontinalis) trout

(Gregory, 1968), was the next chemical tested. Spring Chinook sal-

mon sperm was diluted with mediums containing 100 (Ext 134), 500 (Ext

138), 1000 (Ext 139), and 2500 (Ext 140) mg/100 ml fructose. Thawed

sperm samples were analyzed for percent motility and the lowest,

most effective concentration of fructose tested was 100 mg /100 ml

(Table 8).

Mannitol

Mannitol, an osmotic antagonist of DMSO (Barner, 1965), was
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Table 6. The effect of lecithin on the percent motility of frozen and
thawed spring Chinook salmon sperm.

Percent PercentLecithin Extender
(mg/lOU ml) number motility motility

(range) (mean)

100 132 10 - 20 15

300 133 20 - 30 25

500 129 20 - 30 25

750 134 20 40 30

1000 135 10 - 20 15

1500 136 10 - 10 10

2500 137 10 - 20 15

Table 7. Percent fertilization of spring Chinook salmon eggs insem-
inated with cryo-preserved sperm diluted with Ext 134, and
frozen for seven days in LN2.

Male Percent Mean percent
number fertilized fertilized

295 38.4
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Table 8. The effect of fructose on the percent motility of frozen and
thawed spring Chinook salmon sperm.

Percent PercentFructose Extender
motili4,r motility(mg/lOU ml) number (range) (mean)

100 134 40 - 50 45

500 138 40 - 50 45

1000 139 40 - 50 45

2500 140 0 - 20 10

Table 9. The effect of mannitol on the percent motility of frozen and
thawed spring Chinook salmon sperm.

Mannitol Extender Percent Percent
motility motility(mg/lOU ml) number (range) (mean)

0 134 40 - 50 45

100 141 50-60 55

500 142 10 20 15

1000 143 10 - 20 15

2500 144 10 - 20 15
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tested as a possible constituent of fish sperm extenders in which

DMSO was used as the life protector. Mannitol was tested at concen

trations of 0 (Ext 134; the control), 100 (Ext 141), 500 (Ext 142), 1000

(Ext 143), and 2500 (Ext 144) mg/lOO ml, Spring Chinook salmon

sperm was treated with these extenders, and the percent motility of

the thawed spermatozoa indicated the best concentration of mannitol

tested was 100 mg/lOU ml (Table 9).

Potassium Chloride

Potassium chloride was tested at concentrations of 0 (Ext 149),

38 (Ext 141), 100 (Ext 150), 250 (Ext 151), 500 (Ext 152), and 1000

(Ext 153) mg/iOU ml. Sperm samples of coho salmon were diluted

with solutions containing the various potassium chloride concentra-

tions, Percent motility estimates of thawed spermatozoa indicated

that potassium chloride was both an essential component of the diluting

medium and that the most effective concentration tested was 38 mg /

100 ml (Table 10).

ne

Glycine, an amino acid, decreased the motility of steelhead

trout sperm in samples extended prior to the addition of water (Gray-

bill, 1968). Inhibition was thought to be beneficial because once the

sperm cell is activated its life expectancy is but a few seconds.
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Table 10. The effect of potassium chloride on the percent motility of
frozen and thawed coho salmon sperm.

Potassium Percent PercentExtenderchloride motdlty nt lty
g00ml) flU r (range) (mean)

0 149 10 - 20 15

38 141 20-30 25

100 150 10 - 20 15

250 151 10 - 20 15

500 152 10 - 20 15

1000 153 0- 0 0

Table 11. The effect of glycine on the percent motility of frozen and
thawed coho salmon sperm.

Glycine Extender Percent Percent
(mg/lOU ml) number motility motility'

(range) (mean)

0 141 20-60 40

100 145 10 - 40 25

250 146 10 - 40 20

500 147 10 - 40 20

1000 148 10 - 10 10
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In addition, harmful effects of excessLve dilution can be counteracted

by the addition of an amino acid to the extender (Mann, 1954).

Glycine at concentrations of 0 (Ext 141; the control), 100 (Ext 145),

250 (Ext 146), 500 (Ext 147), and 1000 (Ext 149) mg/100 ml was tested.

Based on data presented in TabLe 11, I surmised that glycine was not

an essential constituent of the diluting medium for coho salmon sperm.

This conclusion was tested in a fertilization experiment in which

sperm samples were diluted with Ext 141, Ext 145, and Ext 146. If

my estimates of sperm viability were accurate and meaningful, the

highest fertility should be obtained with those samples diluted with

Ext 141. Average fertilization was 24.4% (Ext 141), 17.9% (Ext 145),

and 0. 9% (Ext 146) (Table 12), which confirmed my beliefs. This was

the first successful cryo-preservation of coho salmon sperm. I

concluded that estimates of sperm motility were usable indices of

fertilization capacity of the thawed spermatozoa.

Table 12. Percent fertilization of coho salmon eggs inseminated with
cryo-preserved
Ext 146.

sperm diluted with Ext 141, Ext 145, and

Male Extender Glycine Days Total Percent Mean percent
number number (mg/lOU ml) frozen eggs fertilized fertilized

308 141 0 21 42 23,8 24.4
308 141 0 21 48 25.0

308 145 100 21 55 12.7 17.9
308 145 100 21 39 23. 1

308 146 250 21 53 0.0 0.9
308 146 250 21 54 1.8

Control (fresh 3perm mixed with fresh eggs) fertilization was 95%.
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Development of Cryo- Preservation Techniques

Ext 48 was progressively modified to the more suitable Ext 141.

Durin.g these experiments, variables in the techniques of cryo-

preserva Lion were held constant. My next objectives were to experi-

ment with various rates of freeze, life protectors, equilibration times,

and dilution ratios. I believed further development of these techniques

would enhance survival of frozen and thawed sperm.

Rate of Freeze

The best rate of temperature decrease for steelhead trout sperm

tested by Graybill (1968) was -30 C/mm. To verify his findings, a

fertilization experiment was conducted with steelhead trout sperm

diluted with Ext 48 and frozen at -1 C/mm (Table 13) and -30 C/mm

(Table 14). Control groups (fresh sperm mixed with fresh eggs)

resulted in an average fertilization of 95%. Sperm frozen in LN2

vapor (-30 C/mm) fertilized up to 59. 1% of fresh eggs; whereas, no

eggs were fertilized with sperm frozen at -1 C/mm. My results

(Tables 13 and 14) corroborated the work of Graybill (1968) and

Grayhill and Horton (1969) in that higher percent fertility can be

expected from sperm frozen at -30 C/mm, as compared to sperm

frozen at I 0/mm,
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Table 13. Attempted fertilization of steelhead trout eggs with sperm
diluted with Ext 48, protected with DMSO at a concentration
of 12. 8%, and frozen in LN2 at a temperature decrease of
-1 C/mm for seven days.

Male Female Total Percent
number number ggs fertilized

230 03 185 0.0
232 03 142 0.0
237 03 150 0. 0
230 03 138 0.0
230 03 162 0.0
230 03 145 0.0
230 03 164 00
230 03 152 0.0
232 03 148 00
232 03 132 0.0
237 03 157 0. 0
237 03 182 0.0
235 03 122 0.0

Control (fresh sperm mixed with fresh eggs) fertilization was 100%

Table 14, Fertilization of steelhead trout eggs with sperm diluted
with Ext 48, protected with DMSO at a concentration of
12. 8%, and frozen in LN2 at a temperature decrease of
-30 C/mm for seven days.

Male Female Total Percent
number number eggs fertilized

259 05 102 7.8
259 05 105 9.5
259 05 100 45.0
259 05 154 10.4
262 05 173 16.8
262 05 154 10.4
262 05 120 10.8
263 05 152 8. 6
264 05 116 30.2
264 05 110 59.1
268 05 116 9.5
268 05 170 29.4
268 05 149 2.7

Control (fresh sperm mixed with fresh eggs) fertilization was 100%
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A Suitable Life Protector

In my previous experiments, sperm samples were protected with

DMS Graybiil (1968) reported DMSO superior to glycerol and poly-

vinyl pyi-rolidone (MW equal to 40, 000) for cryo-preservation of

steelhead trout sperm. In the following experiment I tested several

life protectors which had been used successfully in the protection of

various biological materials subjected to low temperatures. Chemicals

tested were glycerol, DMSO, polyvinyl pyrrolidone (PVP), sucrose,

ethylene glycol, and ethanol. Six 1,0-mi aliquots of coho salmon

semen were collected, diluted with 4.0 ml of Ext 141 containing the

various life protectors at a concentration of 8. 0%, and frozen in LN2

at -30 C/mm for three days. The highest percent motility of sperm

cells was recorded in frozen and thawed samples treated with DMSO

(Table 15). In samples treated with PVP and ethanol, motilities prior

to freezing were greater than the motility estimates of samples con-

tai.ning DMSO (Table 15). Because the survival of frozen and thawed

sperm was highest in samples treated with DMSO, I concluded that

the mode of action of DMSO occurred during the freeze-thaw process.

My next objective was to determine the desired concentration of

DMSO in the diluting medium. A preliminary experiment involved the

fertilization of steeihead trout eggs with non frozen sperm. Sperm

was diluted 1:4 with Ext 48 and protected with DMSO at concentrations

of 4. 8, 9. 6, and 14.4% in the final solution. Percent fertilization
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Table 15. The effect of various life protectors on the percent motility
of coho salmon sperm diluted with Ext 141.

Male
number

317
318

317
318

317
318

317
318

317
318

317
318

Life protector
(8% by volume)

glycerol
glycerol

ethylene glycol
ethylene glycol

DMSO
DMSO

PvP
PvP
sucrose
sucrose
ethanol
ethanol

Percent motility
before freeze

10
10

20
25

55
60

55
65

00
00

65
55

Percent motility
after freeze

00
00

10
15

35
35

00
00

00
00

00
00

decreased when the concentration of DMSO was increased to 14. 4%

(Table 16).

An experiment was designed to test the effect of various con-

centrations of DMSO on fresh eggs fertilized with cryo-preserved

sperm. Sperm from coho salmon was diluted with Ext 141 (14), pro-

tected with DM50 (4.0, 8. 0, and 12. 0%) and frozen at -30 C/mm. The

sperm was subsequently thawed in a water bath (5 C) and mixed with

fresh eggs. The highest average fertilization of 20. 4% was obtained

with samples protected with 8.0% DMSO (Table 17). The variance in

percent fertilization within sample groups weakened any possible

conclusions regarding a best concentration of DMSO.
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Table 16. Fertilization of steelhead trout eggs with sperm diluted with
Ext 48 containing various concentrations of DMSO.

Male Percent Sperm sample Total Percent
number DMSO (milliliters) eggs fertilized

270 4.8 0.5000 120 99.2
270 4.8 0.2500 163 98.8
270 4,8 0.1250 112 99. 1
270 4. 8 0.0250 136 98.5
270 4.8 0. 0025 160 90.0
270 9.6 0.5000 84 100.0
270 9. 6 0.2500 105 99. 0
270 9, 6 0. 1250 84 100.0
270 9. 6 0. 0250 98 96. 9
270 9.6 0,0025 112 93.7
270 14.4 0.5000 175 88.6
270 14.4 0.2500 210 84.8
270 14.4 0. 1250 121 91.7
270 14.4 0.0250 231 62.8
270 14.4 0. 0025 133 24. 1

Control (fresh sperm mixed with fresh eggs) fertilization was 100. 0%

Table 17. Fertilization of coho salmon eggs with cryo-preserved
sperm diluted with Ext 141 and protected with different
concentrations of DMSO.

Male Percent Total Percent
number DMSO eggs fertilized

322 4.0 68 19.1
322 4.0 56 10.7

Mean = 14. 9

322 8.0 56 12.5
322 8.0 46 28.3

Mean = 20. 4

322 12,0 42 16.7
322 12.0 40 12,5

Mean = 14. 6

Control (fresh sperm mixed with fresh eggs) fertilization was 99%



Equilibration and Dilution

Equilibration and dilution of semen were tested simultaneously

because I believed these two variables were interrelated. From

exploratory work, it appeared that as the dilution ratio was increased,

survival of frozen-thawed sperm cells increased when time allowed

for equilibration was reduced. A preliminary experiment was con-

ducted, and results indicated that a dilution ratio of 1:4 was preferable

to a ratio of 1: 1, and survival of cells was highest when equilibration

time was minimal.

A further experiment was designed to determine the preferred

dilution ratio and equilibration time. Sperm was collected from coho

salmon, diluted 1:4, 1:9, and l;l9 with Ext 141, protected with 8.0%

DMSO, equilibrated 0 and 2 hours, and frozen at -30 C/mm. Sperm

samples were thawed in a water bath (5 C) and mixed with fresh eggs.

The highest fertility was obtained with sperm samples which had not

been equilibrated (Table 18). The dilution ratio appeared to influence

fertility when two hours were allowed for equilibration, because as

the dilution ratio was increased the percent fertility decreased (Table

18).

This fertilization experiment was the culmination of two years of

research, and the result was an average fertilization of coho salmon

eggs of over 70% with cryo-preserved sperm (not equilibrated) frozen

in LN2 for seven days.



Table 18. Fertilization of coho salmon eggs with cryo-preserved
sperm diluted with Ext 141 at various ratios and equili-
brated for zero and two hours.

Male Dilution Zero equilibration Two hour equilibration
number ratio Total Percent Total Percent

eggs fertilized eggs fertilized
323 1:4 41 75.6 37 75.7
323 1:4 48 79.2 35 60. 0

Mean = 77.4 Mean= 67.8

323 1:9 42 69.0 40 00.0
323 1:9 50 68.0 40 27.5
323 1:9 46 76.1 33 63.6
323 1:9 47 72.3 45 35.6

Mean= 71.4 Mean= 31.7

323 1:19 43 72. 1 37 37.8
323 1:19 43 53.5 48 29.2
323 1:19 37 75.7 39 35.9
323 1:19 42 78.6 41 34.1
323 1:19 35 62.9 40 32.5
323 1:19 38 68.4 37 29.7
323 1:19 38 71.0 30 16.7
323 1:19 34 67.6 40 20.0

Mean = 68. 7 Mean = 29. 5

Control (fresh sperm mixed with fresh eggs) fertilization was 92. 0%
The volume of spermatozoa added to each experimental unit was equal
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SUMMARY AND CONCLUSIONS

In this thesis, I reported on experiments with cryo-preserved

sperm which resulted in the following highest percent fertilization:

spring Chinook salmon, 38.4%; coho salmon, 79. 2%; and steelhead

trout, 59. 1%. Prior to this research, only three attempts to

fertilize fresh eggs with frozen and thawed fish sperm were success-

ful: Blaxter (1953); Hoyle and Idler (1968); and Graybill and Horton

(1969). Of the many problems encountered by these investigators, I

will discuss rates of freezing and life protectors.

Slow rates of freezing (-1 C/mm to -5 C/mm) have been found

optimal for most biological materials. However, Blaxter (1953) and

Graybill and Horton (1969) successfully froze fish sperm at rapid

rates of temperature decrease, My results confirm the latter find-

ings, because in comparing a -1 C/mm with a -30 C/mm freezing

rate, I achieved higher fertilization with sperm frozen at the faster

rate,

Glycerol, the life protector used in the cryo-preservation of

bovine semen, was used successfully by Blaxter (1953) in the freezing

of herring sperm. In the successful cryo-preservation of Atlantic

salmon sperm the life protector used was ethylene glycol (Hoyle and

Idler, 1968), while Graybill and Horton (1969) used DMSO in the

freezing of steelhead trout sperm. In a comparison of several life

protectors, I concluded that DMSO was superior to glycerol and
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ethylene glycol in its ability to protect coho salmon sperm from freeze-

thaw damage.

Listed below are general conclusions based on th results of

my experiments.

1. Undiluted spring Chinook salmon sperm may be held as long as

11 days at 4 C and achieve 92. 4% fertilization when mixed with

fresh eggs.

2. Spring Chinook salmon sperm collected early in the spawning season

remained viable longer than samples collected at a later date

under storage conditions of 4 C.

3. Undiluted spring Chinook salmon sperm did not survive the freeze-

thaw process tested.

4. Undiluted coho salmon and steelhead trout sperm containing 10%

DMSO did not survive the freeze-thaw process.

5. Seminal plasma was not a suitable extending medium for spring

Chinook salmon sperm.

6. Mammalian semen diluents were unsatisfactory extenders for

coho salmon sperm.

7. Of the five concentrations of sodium bicarbonate tested, the

highest percent of motile cells was observed in semen containing

500 mg/lUG ml. This result was supported by a fertilization

ex p e r tm en t.

8. Based on the percent motility of thawed sperm cells of spring
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Chinook salmon, the minimal effective concentration of lecithin

was 750 mg/lOU ml.

9 In the modification of Ext 48, the concentration of fructose and

potassium chloride was tested and left unchanged.

10. Mannitol, at a concentration of 100 mg/l00 ml of extender,

increased the percent motility of thawed sperm cells of spring

Chinook salmon.

11. Glycine was found not to be an essential component of extenders

for coho salmon sperm.

12. The best rate of freezing tested was -30 C/mm.

13. The best life protector tested was DMSO, and an effective concen-

tration of this chemical was 8. 0% in the final solution.

14. Equilibration of sperm to extenders and protectors was not

necessary when using the life protector DMSO.

15. The dilution ratios tested appeared to have little effect on the

percent fertilization when no time for equilibration was allowed.
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Constituents of extenders tested, Organic compounds listed by chemical name and inorganic compounds
by formula, Concentration of all chemicals presented is in milligrams of solute per 100 milliliters
total solution (mg/iOU ml),

Chemical Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext
constituents 48 49 50 51 55 56 58 59 60 6162 63 64

NaCi 730 730 730 730 1000 730 1000 1000 1000 1000 1000 1000 1000

KCI 38 38 38 38 50 38 50 50 50 50 50 50 50

CaCl2 2H20 23 23 23 23 40 23 40 40 40 40 40 40 40

NaHCO3 100 100 100 100 400 100 400 400 400 400 400 400 400
NaH2PO4'H20 41 41 41 41 - 41 - - - - - -

KH2PO4H2O - - - 20 - 40 40 40 40 40 40 40

MgSO4 7H20 23 23 23 23 20 23 40 40 40 40 40 40 40
Fructose 100 100 100 100 200 - - - - - -

Glycine - 50 200 500 - 200 200 200 200 200 - -

Lecithin 500 500 500 500 300 - - - - - -

Alanine - - - - 200 - - - - - - 200 200

Milk - - - - - 20000 - - - - - -

Egg Yolk - - - - - 20000 100 300 500 300 500 100 300

Galactose - - - - - - 200 2.00 200 400 400 200 200

(Continued on next page)



Chemical Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext
constituents 65 6667 68 69 70 717Z 73 74 75 76

NaCI 1000 1000 1000 1000 1000 1000 1000 1000 1300 000 1000 1000

KC1 50 50 50 50 50 50 50 50 50 50 50 50

CaC1ZH2O 40 40 40 40 40 40 40 40 40 40 40 40

NaHCO3 400 400 400 400 600 600 600 600 600 600 600 600

KHzPO4.HO 40 40 40 40 40 40 40 40 40 40 40 40

MgSO47H2O 40 40 40 40 40 40 40 40 40 40 40 40
Galactose 200 400 400 400 - - - - - - 200 400
Glucose - - - - ZOO 200 200 400 400 400 - -

Alanine 200 200 200 200 - - - - - - - -

Serine - - - - 200 100 100 100 100 100 - -

Glycine - - - - - - - - - - 200 200

Egg Yolk 500 100 300 500 100 300 500 100 300 500 1000 1000

(Continued on next page)

0'



Chemical
constituents

Ext
77

Ext
78

Ext
79

Ext
80

Ext
81

Ext
82

Ext
83

Ext
91

Ext
92

Ext
93

Ext
94

Ext
95

NaCI 1000 1000 1000 1000 1000 1000 1000 1000 2174 2143 1429 714
KC1 50 50 50 50 50 50 50 50 109 107 71 36

CaCI 2HO
2

40 40 40 40 40 40 40 40 87 86 57 29
NaHCO3 600 600 600 600 600 600 600 400 870 857 571 286

KH2PO4H2O 40 40 40 40 40 40 40 40 87 86 57 29

MgSO47H2O 40 40 40 40 40 40 40 40 87 86 57 29
Galactose 200 400 - - 400 400 - 400 - - -

Glucose - 200 400 - - 400 - - - -

Alanine 200 200 - - 200 - 200 - -

Serine - - 100 100 - - 100 - - - -

Glycine - 200 - - - -

Egg Yolk 1000 1000 1000 1000 5000 5000 5000 - - - -

Milk - - - - - - - - 5000 25000 50000 75000
Lecithin - - - - - - - 500 - -

(Continued on next page)



Chemical Ext Ext Ext Ext Ext Ext
-

Ext Ext Ext Ext Ext Extconstituents 96 97 98 99 100 101 102 103 104 105 106 107

Milk 100000 - 500 1000 200 500 1000 2000 500 1000 2000 1000

NaG]. - 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 2286

KG]. - 50 50 50 50 50 50 50 50 50 50 114

CaCL22H2O - 40 40 40 40 40 40 40 40 40 40 91

NaHCO3
- 400 400 400 400 400 400 400 400 400 400 914

KH2PO4H20 - 40 40 40 40 40 40 40 40 40 40 91

MgSO47H2O - 40 40 40 40 40 40 40 40 40 40 91

Alanine - 200 - - - - - - - -

EggYolk - 500 - - - - - - - - -

Fructose - - 100 100 100 300 300 300 500 500 500 1000

(Continued on next page)



Chemical Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext Ext
constituents 108 109 110 111 112 113 114 115 116 117 118 119

NaCI 2286 2286 2000 2000 2000 2000 800 1067 800 640 533 800

KC1 114 114 100 100 100 100 40 53 40 32 27 40

CaCI22H20 91 91 80 80 80 80 20 27 20 16 13 20

NaHCO3 914 914 800 800 800 800 1000 1334 1000 800 667 100

KH2PO4H2O 91 91 80 80 80 80 40 - - - 27 -

NaH2PO4H2Q
- - - - - - - 53 40 32 - 40

MgSO47H20 91 91 80 80 80 80 20 27 20 16 13 20

Milk 2000 2000 1000 2000 3000 - - - - - - -

Fructose - 2000 2000 1000 - 3000 1000 1334 1000 800 667 100

(Continued on next page)



Chemical
constituents

Ext
120

Ext
121

Ext
122

Ext
123

Ext
128

Ext
129

Ext
130

Ext
131

Ext
12

Ext
133

Ext
134

NaCI 2319 1739 1391 1159 730 730

-

730 730 730 730 730

KC1 116 87 69 58 38 38 38 38 38 38 38

CaCL2 2H20 58 43 35 29 23 23 23 23 23 23 23

NaHCO3 290 217 174 145 200 500 1000 2500 500 500 500

NaH2PO4H2O 116 87 69 58 41 41 41 41 41 41 41

MgSO47H2O 58 43 35 29 23 23 23 23 23 23 23

Fructose 290 217 174 145 100 100 100 100 100 100 100

Lecithin - - - - 500 500 500 500 100 300 750

(Continued on next page)



Chemical
constituents

Ext
135

Ext
136

Ext
137

Ext
138

Ext
139

Ext
140

Ext
141

Ext
142

Ext
143

Ext
144

Ext
145

Ext
146

NaC1 730 730 730 730 730 730 730 730 730 730 730 730

KCI 38 38 38 38 38 38 38 38 38 38 38 38

CaCl2 2H20 23 23 23 23 23 23 23 23 23 23 23 23

NaHCO3 500 500 500 500 500 500 500 500 500 500 500 500

NaH2pQ4H2O 41 41 41 41 41 41 41 41 41 41 41 41

MgSO47H2O 23 23 23 23 23 23 23 23 23 23 23 23

Fructose 100 100 100 500 1000 2500 iao 100 100 100 100 100

Lecithin 1000 1500 2500 750 750 750 750 750 750 750 750 750

Mannitol - - - - - - iao 500 1000 2500 100 100

Glycine - - - - - - - - - - 100 250

(Continued on next page)



Chemical
constituents

Ext
147

Ext
148

Ext
149

Ext
150

Ext
151

Ext
152

Ext
153

NaCI 730 730 73O 730 730 730 730

KCL 38 38 - 100 250 500 1000

CaC12ZH2Q 23 23 23 23 23 23 23

NaHCO3 500 500 500 500 500 500 500

NaH2PQ4H20 41 41 41 41 41 41 41

MgSO47H20 23 23 23 23 23 23 23

Fructose 100 100 100 100 100 100 100

Lecithin 750 750 750 750 750 750 750

Mannitol 100 100 100 100 100 100 100

Glycine 500 1000 - - - - -

N)




