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Abstract

Six factorial experiments were conducted to examine the effects of concentra
tion of tris(hydroxymethyl)aminomethane (Tris) and type and concentration of sugar
in the freezing diluent, and of composition of thawing solution on the survival of
ram spermatozoa following the freeze—thaw procedure.

Spermatozoa tolerated a relatively wide range in concentration of Tris, but
the cell survival varied depending on the type of sugar included in the Tris diluent
and on the composition of the thawing solution. Inclusion of sugar in the freezing
diluent was beneficial with glucose a more suitable component than fructose,
lactose, or raffinose. When the latter sugars were included in the freezing diluent, the
choice of thawing solution was more critical than for the Tris—-glucose diluent.

The best results were obtained using Tris (300 mm)-glucose (2775 mm)—
yolk (156%, v/v)-glycerol (6%, v/v) freezing diluent (dilution 1 : 4, semen : diluent)
and Tris (300 mm )-fructose (555 mm) thawing solution (dilution ratio 1 : 3, pellets :
thawing solution, v/v).

I. INTRODUCTION

Diluents containing tris(hydroxymethyl)aminomethane (Tris) as a main
component have been examined for frozen storage of bull (Davis, Bratton, and Foote
1963; Yassen and Foote 1967; Hahn, Cassou, and Eibl 1969; Foote 1970a, 1970b)
and boar semen (Rohloff 1967; Grove, Bollwahn, and Mahler 1968). The use of
Tris-based diluent for pellet-freezing ram spermatozoa appears to be reported only by
Samouilidis (1970).

The experiments reported here were conducted to examine the effects of Tris
concentration and type and concentration of sugar in the freezing diluent and of
composition of the thawing solution on the survival of ram spermatozoa following the
freeze—thaw procedure.

II. MATERIALS AND METHODS

Semen was collected from mature Merino rams by artificial vagina. In the experiments in
which rams were included as a factor, either one (expt. 6) or two (expts. 1, 2, 5) ejaculates were
collected from each ram. In the latter case, two ejaculates from individual rams were pooled before
dilution. In experiments 3 and 4, ejaculates collected from seven rams were pooled prior to use.
Aliquots of semen were diluted (1 : 4) at 30°C by a single addition of the glycerol-containing
diluent.
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The sugar component of Tris-based diluent was 55-50 mm fructose (Steinbach and Foote
1967) in experiments 1 and 2, 2775 mm glucose in experiment 6, 2775 mum fructose or glucose in
experiment 3, and was varied in experiments 4 and 5. The pH of Tris-based diluent in each
experiment was adjusted to 7-0 with an appropriate amount of citric acid. Each diluent contained
159% (v/v) egg yolk. The glycerol concentration in the diluted semen prior to freezing was 4%,
(v[v), except in experiment 2 where different glycerol concentrations were examined.

The diluted semen was cooled to 5°C in 2 hr and held at this temperature for an additional
1 hr before pelleting (0-06 ml) on dry ice (Nagase and Niwa 1963, 1964). The semen was kept on
dry ice for 3 min, after which the frozen pellets were transferred into liquid nitrogen and stored
for 24-72 hr before thawing for examination.

The pellets were thawed in test tubes containing thawing solution (without egg yolk) and
held in a water-bath at 37°C. Dilution ratio at thawing was 1 : 3 (pellets : thawing solution, v/v)
in all experiments.

The percentage of motile spermatozoa was assessed under coverslip on a warm stage (37°C)
immediately after thawing, and at intervals of 2 hr during subsequent incubation for 6 hr at 37°C.
Freezing point depression (FPD, degC) of diluents (non-glycerolated) used in experiments 1, 2,
and 4 was determined by a Fiske cryoscope. FPD higher than 1-0 could not be measured
accurately.

Data for each experiment, following angular transformation, were examined by analyses of
variance for a split-plot experiment, post-thawing incubation being the sub-plot. Where significant
first-order interaction was revealed between rams and other factors, the interaction mean square
was used to test the relevant main effect.

TaBre 1

EXPERIMENT l: EFFECT OF CONCENTRATION OF TRIS IN THE DILUENT AND IN THE THAWING
SOLUTION ON THE PERCENTAGE OF MOTILE SPERMATOZOA DURING POST-THAWING INCUBATION

'_:[‘I'IS con.cn. Tris conen. in diluent* (mwm) Time of incubation (hr)
in thawing —\ \ o * Moans
solution* 150 250 350 450 ’ 0 9 4 6 N

(mm)  (0-47)F (0-66)F (0-85)F (L-03)f
150 20-1 27-6 23-0 15-7 26-9 22-4 20-3 16-5 21-4
250 31-5 42-5 41-2 34-2 45-7 38-3 34-9 30-6 37-3
350 29-9 35-2 38-6 31-6 41-8 37-4 32-4 24-2 33-8
450 22-1 27-4 24-2 19-9 36-4 29-7 20-6 10-0 23-3

Means 25-7 33-0 31-5 24-9 37-6 31-7 26-8 19-7

* Combined with 555 mwm fructose.
+ Freezing point depression of non-glycerolated portion (degC).

III. EXPERIMENTAL AND RESULTS
(a) Experiment 1

The experiment was of 4 x4 x4 factorial design and examined the following
factors:

(1) Concentration of Tris in freezing diluent: 150 v. 250 v. 350 v. 450 mm.*
(2) Concentration of Tris in thawing solution: 150 ». 250 v. 350 v. 450 mm.*
(3) Rams: two pooled ejaculates from each of four rams.

* Fach concentration combined with 55-5 mm fructose.
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There were significant interactions between concentrations of Tris in the diluent
and thawing solution (P < 0-01), and between Tris concentration in the thawing
solution and duration of incubation (P < 0-001; Table 1). Low (150 mm) and high
(450 mm) concentrations of Tris in either diluent or thawing solution depressed the
survival of spermatozoa. Combination of 250 and 350 mM concentrations of Tris in
both diluent and thawing solution improved the results, the best being achieved when
the thawing medium contained 250 mm Tris. This solution gave the best recovery on
thawing and the best survival of spermatozoa during post-thawing incubation.

The analysis of variance revealed a second-order interaction involving con-
centration of Tris in both diluent and thawing solution and post-thawing incubation
time (P < 0:05). Nevertheless, the best survival rates were observed when the
semen was frozen with 250 and 350 mm Tris diluent, and subsequently thawed in
250 mm Tris solution.

There was a significant difference between rams (P < 0-001).

TABLE 2
EXPERIMENT 2: RELATIONSHIPS BETWEEN GLYCEROL CONCENTRATION, TRIS CONCENTRATION IN
DILUENT, AND TYPE OF THAWING SOLUTION ON THE MEAN PERCENTAGE OF MOTILE SPERMATOZOA
DURING POST-THAWING INCUBATION

Glycerol Tris conen. in diluent* (mwm) Thawing solution
1 A A
diluted somen 250 400 550  Inositol- Fractoss  TTS " Means
(%) (0-66)F (0-94)1 (>1-0)f citrate fructose

0 9-4 15-3 7-2 14-5 12-6 5-2 10-4
2 31-0 36-1 21-4 32-9 27-9 27-1 29-3
4 37-7 39-5 25-1 39-0 35-7 27-3 33-9

Means 24-7 29-6 17-0 28-1 24-7 18-4

* Combined with 555 mm fructose.
T Freezing point depression of non-glycerolated portion (degC).

(b) Experiment 2

The factors included in this experiment (3x3x3x3 factorial) were the
following :

(1) Concentration of Tris in freezing diluent: 250 v. 400 v. 550 mm.*
(2) Glycerol concentration in diluted semen: 0 v. 2 v. 49, (v/v).

(3) Thawing solution: inositol (210 mm)—citrate (40 mm) ». fructose (3885 mm)
v. Tris (250 mM)—fructose (555 mm).

(4) Rams: two pooled ejaculates from each of three rams.

* Each concentration combined with 55+5 mm fructose.
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All factors examined had significant effects (P < 0-001) on the mean percentage
of motile spermatozoa assessed during post-thawing incubation. Glycerol concentra-
tion interacted with Tris concentration in the diluent and with type of thawing
solution (Table 2). In the former case, survival of spermatozoa improved with
increasing concentrations of glycerol in the diluent for all Tris concentrations, but the
effect was less with 550 mm than with 250 and 400 mm Tris diluents (glycerol con-
centration X Tris concentration; P < 0-001).

Few spermatozoa survived when the semen frozen in the absence of glycerol was
subsequently thawed in Tris—fructose solution, which seemed to have no “repairing”
action on the sperm cells protected to a similar degree by 2 and 49, glycerol concentra-
tions during freezing. However, when the semen was frozen without glycerol and
thawed in inositol-citrate or fructose solution, relatively more spermatozoa maintained
their viability, and the beneficial effect of both thawing solutions seemed to be
additive to the protective action of increasing glycerol concentration (glycerol
concentration X thawing solution; P < 0-001).

There was a further significant interaction (P < 0-001) between Tris concentra-
tion and type of thawing solution (Fig. 1). Spermatozoa frozen with 250 mm Tris

40~
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diluent survived better when thawed in inositol-citrate and Tris—fructose than in
fructose solution. Increase in tonicity of the diluent depressed the survival of cells
thawed in Tris—fructose solution, while viability improved for 400 mm and decreased
for 550 mu Tris extender when inositol-citrate and fructose thawing media were used.

The post-thawing viability of spermatozoa was influenced by concentration of
Tris in the diluent (P < 0-01) and type of thawing solution: (P < 0-001) and these
factors were also involved in a second-order interaction (Tris concentration X thawing
solution X time of incubation; P < 0-001), shown in Table 3. Decline in viability
of spermatozoa during post-thawing incubation showed a similar pattern for all three
Tris diluents (250, 400, 550 mm) when the semen was thawed and incubated in
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inositol-citrate or Tris—fructose solution. However, when the frozen pellets were
thawed in fructose solution the percentage of motile spermatozoa decreased more
steeply during incubation for all freezing diluents, and particularly for 250 mm Tris.

TaBLE 3

EXPERIMENT 2: EFFECT OF CONCENTRATION OF TRIS IN DILUENT AND OF TYPE
OF THAWING SOLUTION ON THE PERCENTAGE OF MOTILE SPERMATOZOA DURING
POST-THAWING INCUBATION

. Time of Tris conen. in diluent* (mm)
Thawing . . N
solution incubation ~  Means
(hr) 250 400 550
Inositol-citrate 0 35-7 45-9 27-2 36-1
2 31-3 37-3 23-2 30-4
4 24-2 32-4 18-4 24-8
6 20-0 29-0 16-8 21-7
Means 27-6 36-0 21-3 28-1
Tris—fructose 0 32-4 25-8 15-0 24-0
2 29-3 23-7 11-2 20-8
4 25-2 20-1 5-9 16-1
6 20-0 17-9 4.7 13-3
Means 26-6 21-8 8-8 18-4
Fructose 0 38-5 44-2 32-3 38-3
2 21-1 32-2 22-7 25-2
4 14-3 26-4 19-2 19-7
6 11-0 24-3 17-3 17-2
Means 20-3 31-5 227 24-7
Overall means 24-7 29-6 17-0

* Combined with 55-5 mum fructose.

(¢) Experiment 3

Tris extender containing no sugar or combined with fructose or glucose was
included in this 3 X 3 x4 x 3 factorial experiment with the following factors:

(1) Concentration of Tris in freezing diluent: 200 v. 300 v. 400 mm.
(2) Sugar in diluent: nil v. fructose (27-75 mm) . glucose (2775 mm).

(3) Thawing solution: Tris (250 mm)—fructose (55-5 mm) v. Tris (250 mm)-
glucose (55-5 mMm) v. inositol (210 mm)—citrate (40 mm)
v. fructose (3885 mmm).

(4) Replicate: three replicates from pooled semen of seven rams.
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All factors, except replicate, had significant effects (P < 0-001) on the mean
percentage of motile spermatozoa following thawing. Inclusion of sugar in the diluent
was beneficial and the best mean results were obtained with Tris-glucose extender.
There was a second-order interaction (P < 0-05) involving concentration of Tris and
sugar in the freezing diluent and the type of thawing solution (Table 4). Tris—fructose

TABLE 4
EXPERIMENT 3: EFFECTS OF TRIS CONCENTRATION AND SUGAR IN DILUENT AND OF
THAWING SOLUTION ON THE MEAN PERCENTAGE OF MOTILE SPERMATOZOA DURING POST-
THAWING INCUBATION

Sugar in Thawing Tris conen. in diluent (mm)
diluent solution — e \ Means
200 300 400
Nil Tris—fructose 30-1 34-1 25-0 29-7
Tris—glucose 281 32-9 27-3 29-4
Inositol-citrate 21-1 29-3 33-3 27-7
Fructose 7-1 27-0 23-6 18-2
Means 20-6 30-8 27-2 26-1
Fructose Tris—fructose 32-9 35-4 23-5 305
Tris—glucose 35-4 34-1 277 32-3
Inositol-citrate 32-5 35-4 32-1 33-3
Fructose 11-1 24-9 281 20-8
Means 27-2 32-3 27-8 29-1
Glucose Tris—fructose 35-8 33-7 28-1 325
Tris—glucose 37-1 33-3 30-5 33-6
Inositol-citrate 31-3 38-3 39-2 36-2
Fructose 24-2 32-9 35-8 30-9
Means 32:0 34-5 33-3 33-3
Overall means 26-5 32-5 29-4

and Tris—glucose solutions were more suitable thawing media for spermatozoa frozen
with 200 or 300 mm Tris than with 400 mum Tris, without sugar or combined with either
fructose or glucose. The results for inositol-citrate thawing solution improved with
increasing Tris concentrations when sugar was absent or glucose was present in the
Tris diluent. Fructose solution was a particularly poor thawing medium for
spermatozoa frozen with 200 mm Tris without sugar or in combination with fructose.

Viability of spermatozoa during post-thawing incubation was influenced by
each concentration of Tris and type of sugar in diluent (P < 0-05) and by type of
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thawing solution (P < 0-001). These factors were also involved in second-order
interactions (P < 0-01, P < 0-001).
(d) Experiment 4

The experiment was of 3 x4 x 3 x 3 factorial design and examined the following
factors:

(1) Concentration of Tris in freezing diluent: 150 v. 300 v. 450 mm.
(2) Sugar in diluent: glucose v. fructose v. lactose v. raffinose.

(8) Concentration of sugar in diluent: 27-75 v. 55-50 v. 8325 mm.
(

4) Thawing solution: inositol (210 mm)-citrate (40 mm) v. Tris (250 mm)-
fructose (55-5 mm) v. fructose (388-5 mm).

The mean percentages of motile spermatozoa for the three sugar concentrations
in the diluent were similar (27-0, 269, 27-8), but there was an interaction between
concentrations of sugar and of Tris (P < 0-001; Fig. 2). Increasing sugar concentra-

40—
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tion in 150 mm Tris was beneficial, but it slightly depressed viability of spermatozoa
in 300 and 450 mm Tris diluents. There were also significant interactions between
Tris concentration and type of sugar in the diluent (P < 0-001) and between type of
sugar in the diluent and the composition of thawing solution (P < 0-001), and these
factors were involved in a second-order interaction (P < 0-05). Table 5 shows that
the optimum concentration of Tris in the diluent was 300 mM which, combined with
any of the sugars examined (glucose, fructose, lactose, or raffinose) and with all three
thawing solutions, gave better results than 150 and 450 mm Tris concentrations.
Within the 300 mu Tris combinations, best results were obtained with glucose as the
sugar in the diluent, and with fructose thawing solution.

Each factor—concentration of Tris and type of sugar in the diluent and
composition of the thawing solution—had an influence (P < 0-001) on the viability
of spermatozoa during post-thawing incubation, and there were two second-order
interactions (Table 6).
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First, viability of spermatozoa in all three thaw-incubation solutions was
maintained best when 300 mum Tris diluent was used for freezing. When spermatozoa
were frozen with 150 mm Tris extender, viability during post-thawing incubation was
better in inositol-citrate and Tris-fructose than in fructose solution. Both inositol-
citrate and fructose solutions, however, were more suitable than Tris—fructose as
thaw—incubation media when a diluent of high tonicity (450 mm Tris) was used for
freezing.

TABLE 5
EXPERIMENT 4: EFFECTS OF TRIS CONCENTRATION AND SUGAR TYPE IN DILUENT AND OF

THAWING SOLUTION ON THE MEAN PERCENTAGE OF MOTILE SPERMATOZOA DURING POST-
THAWING INCUBATION

Tris conen. in diluent (mm)

Sugar in Thawing i =
diluent solution 150 300 450 Means
(0-41-0-56)* (0-70-0-87)* (>1-0)*

Glucose Inositol-citrate 26-9 37-1 32-9 32-2
Tris—fructose 28-3 37-9 234 29-7
Fructose 24-7 39-2 37-5 33-6

Means 26-6 38-0 31-1 31-8

Fructose Inositol-citrate 26-9 35-0 26-1 29-3
Tris—fructose 28-1 33:3 16-8 25-7
Fructose 7-6 31-7 26-8 20-8

Means 19-8 33-3 23-0 25-2

Lactose Inositol-citrate 31-3 35-8 22-9 29-8
Tris—fructose 30-9 30-1 15-4 25-0
Fructose 17-8 366 22-8 25-3

Means 26-4 341 20-2 26-7

Raffinose Inositol-citrate 27-3 30-9 21-4 26-4
Tris—fructose 30-9 32-1 13:6 25-0
Fructose 18-1 35-0 22-2 247

Means 25-2 32-6 18-9 25-4

Overall means 24-4 34-5 23-2

* Range in freezing point depression when the Tris concentration was combined
with 27-75, 55-50, and 83-25 mm sugars.

Secondly, the pattern of decline in viability of spermatozoa during post-thawing
incubation was similar for all thawing media when Tris diluent containing glucose
was used for freezing. When fructose, lactose, or raffinose was present in the freezing
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diluent, decrease in survival of spermatozoa during incubation was steeper in fructose
than in inositol-citrate and Tris—fructose thaw-incubation solutions, particularly
following freezing with the diluent containing fructose.

TaBLE 6
EXPERIMENT 4: RELATIONSHIPS BETWEEN COMPOSITION OF THAWING SOLUTION, CONCENTRATION
OF TRIS, AND TYPE OF SUGAR IN THE DILUENT ON THE PERCENTAGE OF MOTILE SPERMATOZOA
DURING POST-THAWING INCUBATION
Interactions: Tris concentration in diluent X thawing solution X time ofincubation (P < 0-001);
sugar in diluent X thawing solution X time of incubation (P < 0-001)

Tris conen. in

. Time of . Sugar in diluent
:‘ill?lv;ﬁ;g incubation dlluenf (xon) E e v~ Means -
r Al
(hr) 150 300 450 Glucose Fructose Lactose Raffinose
Inositol- 0 35-8 42-6 35-8 37-9 38-5 385 37-3 38-0
citrate 2 28-5 34-5 25-2 34-0 28-6 29-1 25-8 29-4
4 25-4 33-3 22-8 31-8 26-5 27-4 22-7 27-0
[§ 23-1 28-5 19-9 25-5 24-0 24-8 20-8 23-8
Means 28-1 34-6 257 32-2 29-3 29-8 26-4 29-4
Tris— 0 35-0 37-9 24-5 35-7 31-8 30-6 31-3 32-3
fructose 2 32-1 35-4 20-1 32-3 27-9 28-4 27-2 29-0
4 27-3 31-3 16-0 28-6 25-3 21-6 22-9 24-5
6 24-1 28-9 9-5 22-7 18-4 20-1 19-1 20-1
Means 29-5 33-3 17-1 29-7 25-7 25-0 25-0 26-3
Fructose 0 31-7 43-5 38-7 39-6 37-9 36-8 37-3 37-9
2 16-0 35-4 26-4 34-5 19-5 24-8 23-8 25-5
4 13-5 33-3 24-0 32-3 17-0 22-4 21-6 23-1
6 8-1 30-5 20-3 28-2 11-7 18-4 17-6 18-6
Means 16-5 35-6 27-1 33-6 20-8 25-3 24-7 26-0
Overall means 24-4 34-5 23-2 31-8 25-2 26-7 25-4

(e) Experiment 5

The 300 mm concentration of Tris in the freezing diluent, found to be optimum
in experiments 3 and 4, was combined with glucose, fructose, or lactose in a 3 X8 x 3
factorial experiment with the following factors:

(1) Sugar in freezing diluent: glucose ». fructose v. lactose (each at 2775 mm).
(2) Thawing solution: eight solutions shown in Table 7.

(3) Rams: two pooled ejaculates from each of three rams.
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TABLE 7
EXPERIMENT 5: EFFECT OF COMPOSITION OF FREEZING DILUENT AND OF THAWING SOLUTION ON
THE PERCENTAGE OF MOTILE SPERMATOZOA DURING POST-THAWING INCUBATION

Time of Freezing diluent
incubation P —\ N Means
(hr) Tris—glucose Tris—fructose Tris-lactose
0 44-5 44-3 44-1 44-3
2 40-5 40-7 38-1 39-7
4 38-5 37-3 35-4 37-1
6 37-1 34-5 32-2 34-6
Means 40-1 39-2 37-4
Thawing solutions:
Inositol
Glucose £55 5 mm) Fructose 155- 5 mm) (210 m) Fructose

i 3885 mm
Tris conen. (mm) Tris conen. (mM) —citrate  ( )
250 300 350 250 300 350  (40mw

0 47-1 44-8 43-0 448 44-2 44-8 44-2 41-9 44-3
2 41-9 39-0 40-7 41-3 41-9 39-6 39-6 34-0 39-7
4 39-0 38-5 36-8 38-5 40-7 37-9 36-8 28-6 37-1
6 36-2 36-2 35-1 36-2 38-5 34-5 35-1 25-2 34-6
Means 41-0 39-6 38-9 40-2 41-3 39-2
[\ v J o\ ~ — 38-9 32:3
39-86 40-24
TABLE 8

EXPERIMENT 6: EFFECT OF FREEZING DILUENT AND OF THAWING SOLUTION ON THE
PERCENTAGE OF SURVIVING SPERMATOZOA

Thawing solution

Freezing Time of A

. . e A}
diluent incubation Inositol- Tris— Means

(hr) . Fructose

citrate fructose

Raffinose— 0 44-0 47-0 44-8 45-3
citrate 2 37-4 41-1 37-4 38-6
4 33-1 40-3 30-3 345
6 30-3 39-6 23-5 31-0
Means 36-1 42-0 33-8 37-3
Tris— 0 50-0 49-2 44-0 47-7
glucose 2 45-5 44-0 41-1 43-5
4 40-3 43-3 38-1 40-6
6 38-1 41-1 34-5 37-9
Means 43-5 44-4 39-4 42-4

Overall means 39-8 43-2 36-6
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Recovery rates on thawing were similar for the three freezing diluents, but the
decline in viability of spermatozoa during subsequent incubation was steeper for
Tris—fructose (P < 0-05) and Tris-lactose (P < 0-01) than for Tris-glucose.

The three Tris concentrations (250, 300, 350 mm) combined with either glucose or
fructose in the thawing solution yielded similar mean results, which were indistinguish-
able from inositol-citrate solution. Fructose thawing solution showed the poorest
mean performance (fructose v. rest, P < 0-001) and proved to be less suitable milieu
for maintenance of cell viability during post-thawing incubation (fructose v. rest X
time of incubation, linear, P < 0:001). The semen of the three rams differed in
resistance to the freeze-thaw procedure (P < 0-001).

(f) Experiment 6

This experiment was of 2 x3 X7 factorial design and examined the following
factors:
(1) Type of freezing diluent: Tris (300 mm)-glucose (27-75 mm) v. raffinose
(166 -5 mm)-citrate (68 mnm).
(2) Thawing solution: inositol (210 mm)-citrate (40 mm) ». Tris (300 mm)-
fructose (55-5 mm) v. fructose (3885 mm).

(3) Rams: ejaculates from seven individual rams.

The results are summarized in Table 8. The mean percentage of motile
spermatozoa following the freeze-thaw procedure was better for Tris—glucose than for
raffinose—citrate diluent (P < 0-001). Tris—fructose thaw—incubation solution was
more effective than inositol-citrate (P < 0-01) and fructose (P < 0-001) solutions.
There was a second-order interaction involving freezing diluent, thawing solution, and
time of incubation (P < 0-01), due to a steeper decline in viability of spermatozoa
during incubation when the semen frozen in raffinose—citrate was subsequently thawed
in fructose solution. The semen of individual rams differed in freezability (P < 0-05),
but there were no interactions with treatments.

IV. DiscussioN

The main points emerging from the present study are:

(1) ram spermatozoa can tolerate a relatively wide range in Tris concentration
in the freezing diluent;

(2) the type of sugar included has an influence on the value of Tris-sugar as a
diluent; and

(3) the performance of Tris-sugar freezing diluent is influenced by the composi-
tion of the solution used for thawing the frozen pellets.

Steinbach and Foote (1967) examined Tris concentrations ranging from 150 to
350 mm for freezing bull spermatozoa by the conventional method and found that
200 mm was the optimum concentration in the Tris—fructose—yolk diluent adjusted to
pH 6-5. Tris at 350 mM concentration in the extender was unsuitable for freezing
bull spermatozoa. In the present experiments the Tris-based diluents used for freez-
ing ram spermatozoa were adjusted to pH 7-0, because in our preliminary investi-
gations Tris media with either lower or higher pH decreased post-thawing cell survival.
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Ram spermatozoa tolerated a relatively wide range in tonicity of Tris freezing medium
but the most acceptable rates of cell survival following the freeze-thaw procedure were
observed with Tris concentrations from 250 to 400 mM in the diluent.

Inclusion of sugar in the Tris diluent was beneficial and, of the sugars examined,
glucose proved to be more suitable component than fructose, lactose, or raffinose. In
the work with semen of the bull (Steinbach and Foote 1967) and ram (Samouilidis
1970) only fructose at one concentration (55-5 mm) was included in the Tris extender.
By examining the effect of sugar concentrations here (Fig. 2) it became evident that
the amount of sugar required in hypertonic Tris extenders was relatively small
(27-75 mm) and higher sugar concentration had a depressing effect on the survival of
spermatozoa following the freeze-thaw process. In hypotonic Tris media (150 mm,
FPD = 0-41-0-56; FPD of ram semen = 0-64) increasing sugar concentrations
improved the cell recovery and concentrations higher than 83-25 mm—the highest
concentration examined—could have given further improvement.

Examination of freezing diluents by the inclusion of a thawing solution was
made in the light of findings that pellet frozen spermatozoa of the ram (Platov 1965;
Salamon 1968), bull (Essich 1966; Bock 1968), jackass and stallion (Krause and
Grove 1967) show poor revival when thawed without a thawing solution, and that
increasing prefreezing dilution of semen could compensate only partly for the benefit
gained by using a thawing medium (Lightfoot and Salamon 1969a). Concomitant
examination of both freezing and thawing media are supported also by the observation
that a relationship exists between their composition (Lightfoot and Salamon 1969b).
Further evidence concerning such a relationship is presented in the present study,
indicating that variation in the constituents of the freezing diluent could require a
change in the composition of the thawing solution in order to obtain maximum cell
recovery. An appropriate thawing solution may offer some kind of “repairing” action,
even to spermatozoa not lethally injured during freezing in the absence of glycerol,
and such effect could be additive to the protection given by a glycerol-containing
diluent (Table 2). Although there are difficulties in measuring the protective (and
other) actions of the freezing diluent and of the thawing solution, the fact that the
effects of the two media are linked in the freeze—thaw events indicates that one should
also take into account the composition of the thawing solution when assessing the
value of diluent(s) used for pellet freezing.

Concerning the sugar component in Tris-based diluents of different tonicity, it
should be mentioned that when glucose was present in the diluting medium the choice
of thawing solution was less critical than when fructose, lactose, or raffinose was
combined with Tris (expt. 4). When, however, the optimum Tris concentration
(300 mm) was combined with glucose, fructose, or lactose in the freezing diluent,
spermatozoa performed equally well in thawing solutions consisting of inositol-citrate
or of 250 to 300 mm Tris combined with either glucose or fructose (expt. 5). The
relatively high recovery of spermatozoa on thawing, but the steep decline in cell
viability during post-thawing incubation when fructose thawing solution was used,
confirms earlier observations (Lightfoot and Salamon 19695; Salamon and Brandon
1971) that a solution which acts beneficially at thawing is not necessarily the optimal
milieu for maintaining the viability of cells.
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In the final experiment, the Tris-glucose freezing diluent containing its
components at the optimal concentration was compared with the raffinose—citrate
diluent elaborated earlier (Lightfoot and Salamon 1969a) and used in a fertility test
(Salamon 1971). The Tris-glucose diluent was the more effective for pellet freezing,
and the Tris (300 mm)—fructose (55-5 mm) solution was a better thawing medium
than the inositol-citrate and fructose solutions developed previously (Salamon and
Brandon 1971). The 300 mm Tris—27-75 mm glucose—159, (v/v) egg yolk shown to be
an efficient extender for pellet freezing ram semen has a degree of hypertonicity
(FPD 0-72) very similar to that of the raffinose—citrate-yolk diluent (FPD 0-75).
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