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Method and the Presence of High Molecular
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T HE effects of two concentrations of Aquacide I,
Aquacide II, dextran (2.5 KDa), dextran {15-20KDa), glycogin,
hydroxyethyl starch, and polyvinylpyrrolidone and warm or
cold dilution on ram spermatozoa preserved in the absence of
glycerol were studied. Dextran (2.5KDa) at 5-10% {v/v) and
hydroxyethyl starch at 5-10% (v/v) had better cryoprotecting
abilities to unfrozen and frozen-thawed ram spermatozoa in the
absence of glycerol as compared with the ether compounds or
the control. Cold dilution was significantly (P < 0.03) superior
to warm dilution and maintained a higher percentage of motile
cells post-thawing.
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Some high molecular weight compounds have proved 1o be beneficial to cryosurvi-
val of several cell types (Doebbler, 1966; Ashwood ¢t al., 1972a, b; Pribor and Pri-
bor, 1973; Damjanovic and Thomas, 1974; Lionetti et. al., 1976; McGann, 1978).
Nonpenetrating cryoprotectants such as dextran and polyvinylpyrrolidone (PVP) act
as external shields for the cell membranes (Karow and Webh, 1965) or may enable
the cell membranes to leak reversibly with osmotic stress (Meryman, 1971). These
agents function more effectively at high cooling rates (Rowe, 1966; Rapatz and
Luyet, 1968). Combinations of a peuetrating cryoprotective ageni (glycerol) with
nonpenetrating cryoprotective sugars, dextran and hydroxyethyl starch (HES) have
“been used to cryopreserve spermatozoa from many species including the ram (Fiser
eral., 1982., Graham ¢t al, Schmehl er al., 1986). It has been shown that dilution
method, osmotic pressure, egg voik level, type of sugar and rates of freezing and
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thawing affects the cryopreservation of ram spermatozoa in the absence of glycerol
(Abdelhakeam, 1988; Abdelhakeam ef al., 1988a,b) However, there are o reports on
the effect of polymeric compounds on the preservation of cold diluted ram spermato-
zoa in the absence of glycerol,

The objectives of this study were to test the effects of dilution method and non-
penctrating high molecular weight compounds on the survival of unfrozen and fro-
Zen ram spermatozoa in the absence of glycerol.

Material and Methods
Extenders Preparations:

Stock solutions of seven polymeric compounds were prepared in TEST (Tes ti-
trated with Tris) extender, at 375 mOsm osmotic pressure (OP), pH 7.0 and 10% (v/
V) of maltose monohydrate solution at 375 mOsm (Abdelhakeam, et al., 1988h),
Measured amounts of each compound were added to 100 ml of TEST-Maitose as
follows: 4 gm glycogen (GLG), 4 gm dexiran 15-20 KDa (DX15), 4 gm dextran 2.5
KDa (DX2.5), 4 gm hydroxyethyl starch (HES), 4 gm polyvinylpyrrolidone (PVP),
0.5 gm Aquacide I (AQI) or 0.25 gm Aquacide IT (AQII). The final extenders con-
sisted of 30% (v/v) yolk, 10% (v/v) maltose monohydrate solution, and either 5%
or 10% (v/v) of each stock solution, with the remaining percentage composed of
TEST solution. The final extenders had an OF of 375 mOsm and 7.0 pH. The ex-
tenders were centrifuged at 10, 000 & for 10 min and the supernatants were decanted
for use. TEST-yolk-maltose buffer without additives was used as the control,

Semen Collection

Semen was collected from 4 to 5 mature rams using an artificial vagina and
pooled directly in the same collecting tube. One to three ejeulates were collected
from each ram (9-11 ejaculates/one day of collection).

Semen Processing

Semen was mixed thouroughly before dilution 1:4 (v/v) semen to extender. Two
dilution methods (DM), according to: Time (hr) at 5°C after collection and hefore
dilution + Time (hr) at 5°C after dilution and before freezing, were used either
warm dilution at 30 - 37°C soon after collection (O+4) or cold dilution at 5°C after
3 hr(3+1) (Abdelhakeam et al., 1988a, b). All treatments were represented in each
semen collection, The semen was cooled slowly to 5°C over 2 hr. After 4 hr total
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cooling time semen was packaged into 0.5¢c French straws and frozen horizontally
at 7 cm above liquid nitrogen (LN3) level for 10 min, then plunged directly into
LNp. All semen treatments were represented in each freezing batch and stored for 24

hr before analysis.
Thawing and Semen Assay

Percentages of motile spermatozoa were estimated for unfrozen samples just prior
to freezing (4 hr at 5°C) and after 24 hr storage at 5°C. Two straws from coded
samples were thawed in a water bath at 37-39°C for 30 sec. The percentages of mo-
tile spermatozea were estimated and mean values determined. Semen samples were
analyzed immediately after thawing { O hr), and 4 hr at 22 - 24°C (room tempera-
ture}. All motility estimates were taken at 20 power with a closed circuit black and
white television camera attached to the microscope. A homogenized sample of semen
was placed on a warm (37°C) glass slide covered with cover ski p. The study was re-
peated six times (different days of collection),

Statistical Analysis

All extenders and dilution methods were analyzed statistically as a factorial de-
sign: 6 (replicates) X 15 (extenders) X 2 (dilution methods) using general linear
madel (GLM, Goodnight, (1979); a least-squares procedure). Mean differences were
determined by Duncan's multiple range test (Sall, 1 979).

Results and Discussion

The analysis of variance for percentage of motile unfrozen ram spermatozoa at 4
hr (pre-freezing ) and 24 hr storage at 5°C showed highly significant differences (P
< 0.01) between extenders. There was no significant difference between dilution
methods on percentage of motile cells at 4 hr storage at 5°C (pre-freezing) ram sper-
matozoa (Tables 1, 3 and Fig. 1). However, after 24 hr storage at 5°C, the difference
was signiticant (P < 0.05). The warm dilution method at 37°C maintained a higher
motility (57.2%; P < 0.05) compared to the cold dilution method at 5°C (54.3%).
Extenders containing 5 and 10% HES (# 12, # 13} or 5% of cither dextran (#6 and
#5) maintained higher percentages of motile ram spermatozoa pre-freezing (81.0,
80.6% for HES; 79.4, and 80.2% tor dextran extenders, respectively) compared with
the control (#1: 79.0%). HES extenders maintained the highest perceniage of molile
unfrozen ram spermatozea stored for 24 hr at 5°C (#12; 65.0 and #13; 64.4%) com-
pared to the dextran extenders (#6; 60.2 and #8; 63.5%) and the control extender
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TABLE 1. Effect of High Molecular Weight (HMWM) Compounds and Dilution
Methods {DM) on Percentage of Motile Unfrozen (4 hr and 24 hr at 5°C)
Ram Spermatozoa in Absence of Glycerol.

Unfrozen

4 hr after dilution **

24 hr after dilution *%*

HMWM
* Warm Cold Warm Cold
Dilution Dilution Dilution Dilution

1- control T83 =29 a-f 796=+30 a-d 62.1+29 a-d 63.8=3.1 ub
2- 59 AQI 76.7+19 c¢-h 76.7+£20 c-h 567= 1.7 c-g 442 +30 ij
3-10% AQI 767 +£2.6 c-h 72.5=21 hi 554=23 d-g 41.7+ 17 ij
4- 5% AQII 788 = 2.6 a-f 783x27 a-f S550=29 fg 48.3 = 2.8 hi
3- 10% AQII 750 =40 d-h 746=x=33 e-i 450=3.4 i 383 = 1.1

6- 5% Dx15 796=+24 a-d 792=21 a-¢ 608=3.0 a-¢ 596+26 a-f
7-10% Dx1s 77.9+25 b-g 771 %22 c-h-533=31 f-h 51.7=33 gh
8- 5% Dx2.5 79.2=3.1 a-c 81.3+26 a-c 629+ 1.9 a-c 642 =14 ab
9-10% Dx2.5 754 =25 d-h 796 +27 a-d 57.5=29 b- 629 = 1.7 a-c
10- 5% GLG 775 %29 b-g 742 = 3,5. f-i 596 £33 a-f 525=21 gh
I1-10% GLG 746 = 2.1 ¢-i T46=21 e-i 558=28 d-g 473 =28 hi
12-5% HES 792+ 14 a-e 829=+20 a 638 « 23 ab 663 =13 a
13- 10% HES 79.2 = 2.0 a-e.  82.1 =20 ab 629+ 3.0 a-c 658=x15 a
14-5% PVP 758229 d-h 792+25 a-¢ 596=25 a-f 600=25 a-{
15- 10% PVP 704 = 4.6 1 73-.3 =28 g-i 47.5=3.1 hi 475+ 2.5 hi

* (1) control TEST - yolk - maltose without additives; (2) 5% (v/v) Aquacide I; (3) 10%
(viv) Aquacide I; (4) 5% (v/v) Aquacide I1;(5) 10% (v/v) Aquacide II; (6) 5% (v/v)
dextran 15-20 KDa; (7) 109 (v/v) dextran 15-20 KDa; (8) 5% (v/v) dextran 2.5
KDa; (9) 10% (v/v)dextran 2.5 K Da; (10) 5% (v/v) glycogen; (11) 10% (viv) glyco-
gen; (12) 5% (v/v) hydroxyethyl starch; (13) 10% (v/v) hydroxyethyl starch; (14)
5% (vfv) polyvinylpyrrolidone; (15) 10% (v/v) polyvinylpyrrolidone.

**  a-i Means followed by the S&I‘l‘;t: letter vertically or horizontally are not significantly

different (P > 0.05).

*®% a-) Means followed by the same leiter vertically or horizontaly are not significantly

different (P > 0.05).
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TABLE 2. Effect of Different High Molecular Weight (HMWM) Com-
pounds and Dilution Methods (DM) on Percentage of Motile
Frozen-Thawed (Ohr and 4hr post-thawing) Ram Spermato-
zoa in Absence of Glycerol

Frozen
; @ hr post-thawing ** 4 hr post-thawing **
HMWM s g F -
* Warm Cold Warm Cold
Dilution Dilution Dilution Dilution

1- control 223 =22 i-1 394 =26 a-c 152220 g-i 340z23 a

2- 5% AQI 192+ 19 km 302x25 e-g 112221 h-m 23031 ef
3-10% AQ1 144+15 mn 265+24 g-i 8417 k-n 163=x29 gh
4-5% AQI 14224 mn 298=x30 fg 92x13 j-n 212=37 ef
5-10% AQU 74=x=1.0 Op 213+21 i-1 43205 no 105z19 i-m
6-5%Dx15 17.5+23 Im 355=27 od 100=17 i-m 244x26 de
7-10% Dx15 11.9+ 12 no 281=+19 f-h 70+1L1 m-o 188=z=24 fg
8-5%Dx25 204=21 j-1 413+30 ab 129+20 h-1 329+235 ab
9-10% Dx2.5 23.6 = 1.4 h-k 423=16 a 14013 g-j 332=+15 a
10- 5% GLG 232+ 16 h-k 350=19 c-¢ 148=13 g-i 257212 c-¢
11- 10% GLG 22.1 = 1.7 i-1 3L9=26 d-f 120x16 h-m 238=x 18 de
12- 5% HES 248 %14 h-j 402=x14 a-c 140+18 g-j 284x12 b-d
13- 109% HES 21.3 2 1.7 i-1 394%1.7 a-¢ 135215 h-k 294=x14 a-c
14-5%PVP 177+ 12 Im 369=x16 bc 79x08 l-n 24420 de
15-10% PVP 58=+1.1 P 17330 Im 3.1 = 050 B6x19 k-n

* (1) control TEST - yolk - maltose without additives; (2} 3% (v/v) Aquacide I, (3) 10%
(viv) Aquacide I; (4) 5% (v/v) Aquacide 1L(5) 10% (v/v) Aquacide IL (6) 5% (v/v)
dextran 15-20 KDa; (7) 10% (v/v)} dexiran 15-20 KDa; (8) 5% (v/v) dextran 2.5
KDa; (9) 10% (v/v) glycogen; (12) 5% (v/v) hydroxyethy! starch; (13) 10% (v/v) by-
droxyethyl starch; (14) 5% (v/v) polyvinylpyrrolidone; (15) 10% (v/v) rolyvinyl-
pyrrolidone. : *

**  a-p Means followed by the same letter vertically or horizontaliy are not significant-
ly ditferent (P > 0.05). B

**% a-0 Means followed by the same letter vertically or horizontaly are not significant-
ly different (P > 0.05).
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(#1; 62.9%), however these differences were not significant. Lowest motility of un-
frozen ram spermatozoa was obtained with extenders #3 (10% Agquacide 1), #3 (10%
Aquacide IT), #10 (5% glycogen), #11 (10% glycogen) and #15 (PVP), (Fig. 2).

The results revealed that the addition of certain types or concentrations of high
molecular weight compounds to the extender could improve the preservation of ram
spermatozoa in the absence of glycerol. Unfrozen ram spermatozoa maintained high
pt-rccntage of motility for 4 hr (prefreezing) and 24 hr storage at 5°C with the addi-
tion of 5 to 10% (v/v)HES or dextran 2.5 KDa compared with the control and the
other compounds tested. schmehl et al, (1986) feported that all pelymeric com-
pounds studied (17 compounds including dextrans) except HES significantly re-
duced percentage of motile spermatozoa in fresh semen. However, in our study, dex-
tran 2.5 KDa also maintained the motility of unfrozen ram spermatozoa. This
difference could be due to different experimental conditions, the extender used, dilu-
tion method and rate, absence of glycerol, the type and concentiation of the com-

pounds.

The analysis of variance for the post-thawing percentage of motile spermatozoa
at 0 hr and 4 hr showed highly significant differences (P < 0.01) between extenders,
and also, between DM (Table 3). Also, there was a highly significant (P < (.01) in-
teraction between extenders and DM. Table (3) showed that, although the highest
post-thaw motilities were obtained with extenders containing 10% dextran 2.5 KDa
(#9; 33%), 5% HES (#12; 32.5), 5% dextran 2.5 KDa (#8; 30.9%) and 10% HES
(#13; 30.4%) compared with 30.9% for the control (#1), the differences were not
significant. The same extenders and the control maintained the highest percentages
of motile spermatozoa at 4 hr post-thawing compared to the rest of extenders used in
this study (Tables 2, 3 and Fig. 2). The contro] extender yielded the highest motili-
ty (24.6%), and extenders containing dextran 2.5 KDa (#8, #9) maintained slightly
higher percentages of motile spermatozoa (23.0, 23.6%, respectively) than HES ex-
tenders (#12, 21.2% and #13, 21.5%; (Table 3). Cold dilution method at 5°C sig-

----ui\t\“{sanfly (P < 0.05) improved post-thaw motility at 0 hr (33.0%) or 4 hr (23.6%)
with tt-extenders tested in this study (Table 3and Fig. 1) compared with warm di-
lution (17.7, 10.5% for 0 and 4 hr respectively). In our study, concentrations of 5%
or 10% (v/v) of both HES and dextran maintain higher motility of unfrozen and fro-
zenthawed ram Spermatozoa compared with the same concentrations of the other so-
lutions. Dextran and HES with glycerol have been used to increase the cryosurvival
of ram spermatozoa (Fiser er al., 1982). Schmehi ¢t al., (1986) have shown that

Egype. 1. Anim. Prod, 29, No. I (1992)
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TABLE 3. Overall Effects of High Molecular Weight (HMWM) Compounds and Di-
lution Methods on Percentage of Motile Unfrozen and Frozen Ram Sper-
matozoa in Absence of Glycerol.

Unfrozen ** : Frozen *%*

High Molecular® Weight Cumpounds: e after dilution Time after thawing
4 hr 24 hr 0 hr 4 hr

at 5°C at 24°C
1- controel 79.0 abe 62.9 ab 30.9 abc 24.6 a
2- 5% AQI T76.7 -  cde 504 ef 24.7 fig 17.1  cd
3- 109 AQI 74.6 ef 48.5 eof 20,4 h 12.4 ¢
4- 5% AQII 78.5 abed 51.7  def 22.0 gh 15.2  de
5- 10% AQII 74.8 ef 41.7 g 14.3 i 7.4 f
6- 59% Dx15 79.4 abc 60.2  bc 26.5 ef 17.2  cd
7- 10% Dx15 77.5 bede 52.5  de 20,0 h 129 e
8- 5% Dx2.5 80.2 ab 63.5 ab 30.9  abc 23.0 ab
9- 10% Dx2.5 77.5 bede 60.2 be 33.0 a 23.6  ab
10- 5% GIG 75.8 de 56.0 cod 29.1  bede 20.2  be
11- 10% GLG 74.6 ef 51.7  def 27.0  def 17.9 cd
12- 5% HES 81.0 a 65.0 a 32.5 ab 21.2 ab
13- 10% HES 80.6 ab 64.4  ab 30.4  abed 21.5 ab
14- 5% PVP Fi.5 bede 59.8  be 27.3 cdef 163 d
15-10% PVP- 719 ¢ 475 1.6 i 5.8 f
Dilution Methods***
Warm (0+4) 769 a 572 4 177 b 10.5 b
Cold (3 + 1) 77.7 a 543 b 33.0 a 236 a

* (1) control TEST - yolk - maltose without additives; (2) 5% (v/v) Aquacide [; (3) 10%
(v/v) Aquacide [; (4) 5% (v/v) Aquacide TI;(5) 10% (v/v) Aquacide II; (6) 5% (v/v)
dextran 15-20 KDa; (7) 10% (v/v) dextran 15-20 KDa: (8) 5% (v/v) dextran 2.5
KDa; (9) 10% {v/viglycogen; (12} 5% (v/v) hydroxyethyl starch; (13) 10% (v/v) hy-
droxyethl starch; (14) 5% (v/v) polyvinylpyrrolidone; (15) 10% (v/v) polyvinyl-
pyrrolidone,

**  Means followed by the same letter vertically are not significantly different (P >
0.05).

*** Means followed by the same letter vertically are not significantly different (P >
0.05).

4% Warm dilution method at 37°C soon after collection; Cold dilution method at 5°C
3 hr after collection. (Ohr or 3hr at 5°C after collection and before dilution + 4hr or
Lhr at 5°C after dilution and before freezing).

Egype. J. Anim. Prod., 29, No. I (1992)
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dextran and HES provided good post-thaw recovery of motile ram spermatozoa pre-
served in the presence of glycerol. They stated that the hydrolyzed dextran with
lowest molecular weight (0.8 - 1.6 KDa) provided more protection than higher mo-
lecular weight dextran (15-20, 70, 200 - 300 KDa) when used for cryopreservation
of ram spermatozoa in the presence of glycerol. Same finding was found in our
study, lower molecular weight dextran (2.5 KDa) improved the percentage of motile
spennatozoa compared o the high molecular weight dextran (15 - 20 KDa).

Aguacide 1, Aquacide {1, glycogen, dextran 15 - 20 KDa and polyvinylpyrroli-
done (PVP) gave little protection to ram spermatozoa in the absence of glycerol.
However, Salamon et al., (1973) suggested that these compounds, used in cohjunc—
tion with other cryoprotective agents, may provide additional protection. Aquacide I
is a sodium salt of carboxy-methyl cellulose 70 KDa, and Aquacide II is a sodium
salt of carboxy-methyl cellulose, 500 KDa. both of these salts provided little protec-
tion to ram spermatozoa preserved in the absence of glycerol as compared with the
control (Table 3}. It has been suggested that, neither the basic chemical structure nor
the molecular weight alone determine the protective properties of polymeric materi-
als but possibly a combination of the two factors (Schmehl et al.,(1986) in addition
to the type or concentration of the polymeric material present in the media.

The interactions between DM and extenders indicated that the percentage of mo-
tile ram spermatozoa preserved in the absence of glycerol may be affected by the
type of extender and by the method of dilution. Cold dilution of ram spermatozoa at
5°C provided higher post-thaw protection to ram spermat0ozoa cryopreserved in the
absence of glycerol compared to the warm dilution at 30 - 37°C regardless of the
presence or absence of polymeric compounds. These results are in agreement with
our previous studies on freezing ram semen in absence of glycerol (Abdelhakeam,
1988; Abdelhakeam et al, 19884, b).
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