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Effects of Kinds of Cryoprotectants on the Characteristics of Frozen Fowl Semen

Jin Seok Choi', Dan-Bi Shin', Yeoung-Gyu Ko', Yoon-Jung Do', Mijeong Byun', Soo-Bong Park,
Hwan-Hoo Seong', Hyun Kim', Il-Keun Kong’, Sung Woo Kim'"
!Animal Genetic Resources Station, National Institute of Animal Science, RDA, Namwon 590-832, Korea

“Department of Animal Science, Division of Applied Life Science, Institute of Agriculture and Life Science, Graduate School of Gyeongsang
National University, Jinju 660-701, Korea

ABSTRACT The purpose of this study was to evaluate the sperm viability, normal acrosome and mitochondrial activity
in the frozen-thawed fowl semen by different cryoprotectants. The experiment was carried out on 10 sexually adult roosters
of Ogye. The semen was collected twice a week and pooled semen was diluted 1:1 EK extender containing no cryoprotectant
at 5C. After equilibration for 30 minutes, diluted chicken semen was diluted 1:1 extender containing either 7% dimethyl-
acetamide (DMA), 7% dimethylformamide (DMF) or 7.5% methylacetamide (MA) at final concentration and was put in 0.5
mL plastic straws and frozen for 30 minutes by exposure to liquid nitrogen vapor 4 cm above the surface of liquid nitrogen,
followed by plunging into liquid nitrogen. Frozen semen was thawed in water bath at 5C for 2 minutes. For cytometric
analysis, the frozen-thawed semen was diluted with EK extender to a final concentration of 90 million spermatozoa per mL.
Sperm membrane integrity was evaluated as SYBR-14 and propidium iodide (PI). Acrosome integrity was assessed with
fluorescein isothiocyanate-labeled PSA and PI. The percentage of mitochondrial function was estimated by using Rhodamine123
(R123) and PI. In conclusion, freezing rooster semen by using 7% DMF as cryoprotectant was significantly highest in rates
of survival and mitochondrial function while its rate of damage of acrosome was significantly lowest. As a result, DMF is
the cryoprotectant that has the lowest influences on sperm membranes and acrosome integrity. Therefore it could be used
for freezing method of animal genetic conservation method for poultry diversity.
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=
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13 = vhARA] 213 (Burrows and Quinn, 1935)<]
2 # W (side collection) o2 = 23] A|FH3lH o, &
15 mL FE(Becton Dickinson, USA)E ©]-&3}<]
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Aom, 11 242 Table 137 2t} 2vkd A&
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34 F 3083 HPARES 7Hth SlE Fae 11 §Y
H&2 54 B3aA9 HFF5=7 DMA, DMFE 7%, MA
T 75%7t H=E sAEch sME FAe 05 mL
straws(FHK, Japan)& AFg-3ld FH3td 1, F2AwWHoe=z
A AL A 4 cmell A 3087 B2 T -196TC 44 2
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4. MRle| MEZo| HAHSYBR-14/Pl Staining)
AFFH AEE HAME SYBR-149} Pl(Live/Dead sperm
viability Kit, Invitrogen, USA)°|53 % ProbeE ©]-&3}o]
EK &Aool ZE%5 % 90x109/mLE 3]A%E 400 uL 3 Ho
DMSO%E ©]-&3}9t} 20 M T =2 23 ¥ SYBR-14 5 uL
& st Aol dAoA sEE vsla, 24 mM B

Table 1. Composition of EK extender

Components Amount(g)
Sodium glutamate 1.4
Potassium citrate 0.14
Glucose 0.7
D-Fructose 0.2
Inositol 0.7
Polyvinylpyrrolidone 0.1
Protamine sulfate 0.02
Anhydrous sodium hydrogen phosphate 0.98
Anhydrous sodium dihydrogen phosphate 0.21
Distilled water Up to 100 mL

o] PI 5 uLS #H7lste] g 587 et ol Al B4
71(BD FACS Ariall, USA)Z &% ZdxE X351t

5. AXtel Mat A2 AAHFITC-PSA/PI Staining)

A £ A= Fluorescein isothiocyanate-labeled PSA
(FITC-PSA; Lectin from Pisum sativum, Sigma, USA)<} PI
&gAMNG 0] 23 o= MBS o] &3l FACSE 3
F s B389t EK 4902 90x10%mLE )4
500 pL el 0.1 mg/mL == FITC-PSA 20 pL/PBS
H7kete] Ago] Do 57 wekste] B ko] A
AS sl A" FAb= 500 goll 323t A4 £
slo] 3]<8l9laL, EK 34 500 uLE FH7lskaL, PI 94S
2 Aletan, FACSE #4313
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nEFcglo} B % ZHA= Rhodaminel23(R123, Sigma,
USA)S} PI 833 GA1S o] 43t o] Zd Al H S o] g3l
FACSZ ¥34<] IdxE 4318tk EK 4o & 90x10°
/mLZ 3]4% 500 uL g Yol methanolE ©]-8-3}] 1 mg/mL
2 3]X " RI123 stock solutionS FFFE o831t 0.1
mg/mLE 343 R123 5 uLE Hrlste] Ao dalox
20571 wljokslar, 500 gol] 387 Y4l Halse] A=l S A
Ag F EK 349 500 uLE HA sk A FHatsivh o171
o PI GA-& AAIsta, thA] 5E7F vl ofgt Fof] FACSZ #

cojo} EME HAHRhodamine 123/
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A3 2 13(SPSS version 18.0)< ©]
£-3t] APELHEA(ANOVA) F p<0.05 =24 Duncan’s
multiple range test WH-S o] &3l A5}

Z 1}

1. 52 E5Xof w2 MR} MEE Tot

A o] YZES SYBR-149} PI @33 G4 T FACSE ©|
83to] F3dd T2 AV THFig. 1). SYBR-14 W) PI
o] g e 2394 dot plotsO.2 HHHY O, 4714
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o] HX] ¢ A& YehlH, DNAS X §5HA] %+ debris
2 2+ F 9tk PI-SYBR+ population2 PI &4 &3go]
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Fig. 1. FACS analysis on sperm membrane integrity of chicken
spermatozoa stained with SYBR-14 and PI. PI-SYBR-
quadrant contains debris, PI-SYBR+ quadrant contains
live spermatozoa, PI+SYBR- quadrant contains dead sper-
matozoa and PI+SYBR+ quadrant contains dying sper-
matozoa.

(A) fresh semen, (B) frozen-thawed with dimethylaceta-
mide (DMA), (C) frozen-thawed with dimethylformamide
(DMF), (D) frozen-thawed with methylacetamide (MA)

dFAno] £4EA 55 JERNTE PI+SYBR- pOpu-
lation 440 Fg9h WA 1 S0P WA R =

< cells= YEFY ©H, PI+SYBR+ populatione P19} SYBR
o] Mol & t} o] Fojzl AR Forle AETor
ettt B4 BaAdl e Pak &L A= Table
29} Al 2 HSAE DMFE AHEst 54 gale &
AFe]l AYEE&(PI-SYBR+ population) 52.1+5.52%% 713
=3kon, DMAE 46.94+5.06%, MAE 36.56+4.66% =
o= {FARI Aol E BATHp<0.05). & FAke] B]&(PI+
SYBR- population)> DMF 45.43 +5.72%% DMA 49.27 +

B A7} A gdel vixle 9

4.98%% 22 2ol 7) glolod, MA A vE 54
HoAe vlal] el oz gokth(p<0.05). Fol7ks H Ak
H]&(PI+SYBR+ population) DMASt MAE #97 z}o]

7} Yo, DMFE folA o2 Wgkth(p<0.05).
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2), 21 Z¥}+= Table 32} 2t}
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Fig. 2. FACS cytometric detection of chicken spermatozoa stained
with FITC-PSA and PI. PI-PSA-quadrant contains live
cells with intact acrosome; PI-PSA-+quadrant contains
live cells with damaged acrosome; PI+PSA-quadrant
contains dead cell with intact acrosome, and PI+PSA+
quadrant contains dead cells with damaged acrosome.
(A) fresh semen, (B) frozen-thawed with DMA, (C) fro-
zen-thawed with DMF, (D) frozen-thawed with MA.

Table 2. Effects of cryoprotectants on sperm viability of frozen-thawed chicken spermatozoa

Kinds of semen Live(PI-SYBR+) Dying(PI+SYBR+) Dead(PI+SYBR-)
Fresh 95.04+1.1 0.57+0.23 3.53+0.71
Frozen with DMA 46.94 +5.06" 32 +£0.72° 4927 +4.98°
Frozen with DMF 52.1 +5.52° 1.43+0.39° 4543 £5.72°
Frozen with MA 36.56 + 4.66° 3.73+0.85° 58.71 £4.25

Values are expressed as mean + SD.

"¢ Means with different superscripts in the same column differ significantly, p<0.05 (n=5).
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Table 3. The normal acrosome of chicken spermatozoa in frozen-thawed chicken spermatozoa

. PI-PSA-
Kinds of semen

PI-PSA+

PI+PSA- PI+PSA+

(Live with intact acrosome) (Live with ruptured acrosome) (Dead with intact acrosome) (Dead with ruptured acrosome)

Fresh 93.86+1.53
Frozen with DMA 45.14 £2.60*
Frozen with DMF 53.84+£1.72
Frozen with MA 31.74+£2.22°

438 +1.51
4,66+ 1.34
3.76+0.78
5.10£0.85

0.56 4+ 0.89
2.70 £0.35°
5.86+0.65
2.00£0.19°

1.22+0.11
4748+19°

36.56 + 1.42°
61.16+ 1.86°

Values are expressed as mean + SD.

*7¢ Means with different superscripts in the same column differ significantly, p<0.05 (n=5).

1.72%2A 71 =353, DMA 45.14+2.6%, MA 31.74 +
222 £o 2 foH o2 Al th(p<0.05). HAe] 3EH
& A 21e] v &(PSA-PI+ population) S 23T 7+ 24
zto| 7} glodch HAho] 23 2 A x}e] H|&(PSA+PI-
population)= DMF& ©]-8-3lc] 23 HAf|A] 5.86 +0.65%,
DMAE 2.7+0.35%, MAE 2.0+ 0.19% =082 2] on
frolA el zlo]E Hthp<0.05). Aol sdE 1 =& 3
Z}2] H]&(PSA+PI+ population)2 ©] 9= HHIZ MAE ©]
g3lo] A3 H Aol 61.16+ 1.86%=A] 7 =9k31, DMA
4748 +1.9% DMF 36.56 + 1.42% O 2§24 2jo]& K
AThp<0.05).

3. ¥Xle| n|EEE=2|o} EME HWIt

A nEZ=gole] % = R1239 PIL §4 4
Al & FACSE ©]-&3t A3l thFig. 3). A=A &2
PI-SYBR- population A| 3 Zkod E(debris) 2 1 3+
PI-R123+ population 2o} 9lom, nEFZEz]o} G4 %7}
S Fo 7 753 o, PI+R1239}F PI+R123+ population
< 2 YR nEZEF o] ST} gAY HolA]=
Ao w BASIITHFig. 4). FAke] vEZ=e] ol 24
7F FAEHA Aol HAb= DMFE o] 83t FA3%
Al A 52.68 + 1.07%= 71 =7 UEFSEIL, DMA 44.46
+1.04%, MA 3836+ 1.88% 2.2 9% zlo]& Yeh

THp<0.05).
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Fig. 3. FACS cytometric detection of chicken spermatozoa stained
with Rhodaminel23 and PI. PI-R123-quadrant contains
events without fluorescence; PI-R123+quadrant contain
spermatozoa with functional mitochondria, PI+R123- and
PI+R123+quadrants contain dead spermatozoa.
(A) fresh semen, (B) frozen-thawed with DMA, (C) fro-
zen-thawed with DMF, (D) frozen-thawed with MA.
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Fig. 4. The relative activity of mitochondrial activity in frozen-
thawed chicken spermatozoa.
¢ Means with different superscripts in the same column
differ significantly, p<0.05 (n=5).
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