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Summary

This experiment was carried out to investigate the optimal cooling rate and the plunging
temperature into liquid nitrogen of the 8-cell hamster embryos. The female hamsters were induced
to superovulate by intraperitoneal injections of 30 iu. PMSG. Embryos were flushed from oviduct
and uterine horn. Embryos were frozen and incubated with a modified Dulbecco’s phosphate
buffered saline, and equilibrated with 1.5M-dimethyl sulfoxide by a 3-step procedure. The cooling
rate of samples was 1°C/min from room temperature to —5°C and the samples were seeded at
—~5°C. The plunging temperatures into liquid nitrogen were —20, —25, —30, —35, —40, —45, —50
and —55°C at 0.3°C/min, O.5°C/min and 1°C/min cooling rates, respectively.

This mean numbers of ovulation points and recovered embryos were 59.4 and 48.4 appearing
81.6% recovery rate. The percentage of 8-cell embryos in recovered embryos was 68.2.

The survival rates of embryos plunged at —45°C were 78.5% at 0.3°C/min, 44.8% at 0.5°C/
min and 30.3% at 1°C/min cooling rates, respectively, The survival rates at 0.3°C/min were signifi-
cantly high,

Under the condition of 0.3°C/min cooling rate, the survival rates of embryos according to
the plunging temperature were 70.0% and 73.5% at —40 and —45°C, and those were higher than
other plunging temperatures. Under the condition of 0.5°C/min and 1°C/min cooling rates,
the survival rates according to the plunging temperatures were lower than the cooling rate of
0.3°C/min, showing the similar tendency at all the plunging temperatures.

In conclusion, 8-cell hamster embryos showed the best survival rates at 0.3°C/min cooling

rate and —45°C plunging temperature.

I. # 3ha gl o|obzhe FARRALIE

TR RS

A FarstezA A WHY 4 Utk =

Kol e MM o G RS 4] kA,

XGOS BESERATC] A WPt RS Bt

7l fd FRo A ZHEN BRfio]l RK&HH )
Brol ko Btz HEEREl S oleh ek SEREID
o] Bifols BEORG3 ZO049) B2 FIME A
7iof shar, wloll whebae ZHHONS A #HX
slejof she F MERstolo & B MIEEE WY

A fEfTEl L e EiFolth
SEEDN O] HAEIRTE-S Mazur (1963) o 2)sle] #

Kool HifsRE Mol == @Ee Mkl sz

W EAHoz Hi7Es 7] Al Ftsidch 22, #
KiBHel sRAGERATol S BRamel i, A H g

- 161 -



HEE, re]al piREsle]l i ol wmm ¥ Rk
FHH 5 ode7kx] EHe] aA HHES vixe A
o7 oelx gledl, Bank(1974) % ol & #NF 4
ool g L sb EEStola @i shalch
Whittingham % (1972) & Wilmut (1972) &= 0.2~1.9
C/min @] BASEE S} 215~450C /min @] [udiskgg
ofl A= /Ngabel A frshadehar #iished ., hrd/k
78 B3koli 0.2~0.8C/min o itz 4 ~
25C /min o} f% Ul 7L LA ol 2t 5}l o, Whi-
ttingham (1975) 2 2312} SHMAWIN S 0.6~ 1T/
min 22 —80C 74z Ay Ak S K e cf
& 5C/mino. 2 #Eduhfgsld S wl 68~73%2) ¥
2 4SBT, 450C /min g AR ol =
2% EEstd ot @eredch w3 Willadsen
519772 o] ZHINS RIS HhelA 0.3C/
min 9] #AHEE S} 12°C /min o @il A sk
T HERE ooy &9, Wilmut &k Rowson
(1973) = [M—3 Hikoz 85.7%9) =2 RS
Aol Hshol ol Parkening%(l‘)ﬂ)% R
o] ZhiNo 2 PrhRSH R WOKMEHEE 75T}
2 e —3F MER A ¥ 450 w55
CT7HA+= 0.33C/min o] #IEE M Astn, 138 H¥
—75C 72 1C/min ) #I¥e HAstalS o g4
2L 5% viEplvba o] —45T ~75C Afe] €]
MRk o] FH5IN) bl RaisbAl (EHIgelaL
etk ol whe Wil EMs AE
3ole Wl Sdaife e T RS odF % N
o @eta odled ol ek oh2Al Uk
AR E F2 RE ddohy mive fils g
%, Wilmut5 (1973) & 49 SIS 0.2C/ming
EEZ #ikEsled 350C/min @) MR Judidhag o}
Ae ol = AfFdhe Mol =3 HME 120
C/min o] A @Az ob3 240FH K& K%
85. 7% FHELE Aok @Eiskelon, WA
48 (1976) = AFHAKE 0.33C/min 9] #ES AHH
A7 —10~—=79C Abolo] RN wHEERA i
o] {RAEE ohg 500C/min2) EEE AisFssl
< o] —50C~—79C Abele] &l HiEE
glol 44~47%2) AR ES At #Esdd
Bilton (1980) & 4.9 M R o2 Hiffisted —30
T} —48C o} JiEANA B FE st A7
o} 12C/min &) #HE 2 EHaEsgS e
25 dEmstd et 360C/mine EEE ZuEsi#R

stdg wie 77 50% W 72.7%9 EHES el
Wk shed oo, Whittingham%"r(1979)£ R A
B 8 Ry wux E —35C, —40TCoNA #
i o o) 18} % 275C ~ 50()C/mm4 EEz &

olrt n?_

gk
,@g:g@omv‘;‘;« af 77t 72% o 88% ) EAFES
otz #iersledoh. =3, Maria Czlonkowska
(1985) 2 S #£4 (0.3C/min) &2 —35C % —

40C A Al # s FE kst oot 360T/
min &) W2 ighfEsled S wl —35ToolA ik

gt ZH el ok7k £ LS YeEldry B n
Fodch Kassi$(1981) % 0.33C/min e #2&4H
7} 360C /min &) Gt e w8 EfFERE A
il 3lglevd, Farrand 5 (1985) % 49 HE 0.3C
/min &) fE# o7 —19~-—57C 7R BHH% e
Foll L3 oh& 25C o Kol A FarAE sl -
uf —33C, —38TC, —43C9 w@ElElA 3 %
wglo]l ¥ AfrHKE dolcty #ishAdch
Holl 4 3= upebztel, SHREIRS mifSRAA B
& R o BiRelAl EiTEle] fkot oft
2 WiRE S EES Niike]l ML Aot e B 4 gtk
ubebA, HAESERAEE TR A HES
a7k oked Al wkiTEE R e Zha sk w2 A |
Rifkiishe Jikg Botllw BHE7E HASHA W
g Frffiolch ololl E &+ hamster Mo HIASARTT
B AR S Y 4 e 7hd B0 B ALRE o
W Kol thifishe WIS RWiskZl Hsted kK
THES Firstde v 2 #5HE ®EShe vlolrh

FolaL, Al

0. ## A&
1. WEEY X BAEHE

BREH-T R KBRE BRKE REEWME K
ol A AT dE 120~150H s (B8 H [ 80~120
g AH#E golden hamster 5 {FHSIACE M
B N.R.C. i £ o] wio] E{TE Pellet &
FIE Al zies, 52 #FKE ABRMHBKA
ek MEEY BHS BE 19~22C, BE 50~
55%, HiERsfE 14B8E 0.2 @3l

2. ByEERS| A

MBEIRE FEet] Y8k R 1085 BHRE
rsho] iFHRC EE Tt 4% 6K 30
IU ] PMSG (Folligon. Intervet Co., Holland) & /i

- 162 -



Aol (E4tshn T2BEHI O] MRS 122 &84
70 %, O TR 8ol BolA Kot BEE E
e R Aoz By, 2 9 ALk
HRAA oA ZH ok

3. ZHHRe| B

SZHEIRY kT ZTRRERD S4BER] ol MR sho
TEAT PES TRYEY % %52 3E) wa-
tch glass ol #fidled Histodch oo fﬁﬁﬁﬂ #
W #-~ m- PBS (Whittingham, 1974) 0. (&
Aifoll 0. 2um 2] millipore filter 2 38 0}04 A EE 2}
RY< s mid FREI8L m-PBS 2 3
[l pedEel ohS (TAHEEEMEEC 2 S MRS B
RIS R shed Aol ptA sk

4. IR HEERTF

RERSZE Yol Zibd m-PBS & A 519
ov, PIHEERZA dimethyl sulfoxide (DMSO) &
0.5M, 1.0M % 1.5M #hngh #pels wAwe
105, 105 % 30504 RIS &Y o4& 05
ml o] plastic strawol] &7 straw powder & 3}
At

ZH el HAH strawt & ub3 [ BRI
B (R-204 Cell Freezer, Planer Products, England)
o &7 e ERistded H5ERS —5C 7R
A 1T/min 2] HEZ TEAS ffksled 55k
BEY b AAEERZ plagEd GEsle &
WmE7A] SHeted &Sk oldl  AHEEE
0.3C/min, 0.5C/min 2212 1T /min 9 3 EHo|
o, BREEE —20Col4 —55C 7t=] 5C7HA L
2 8l mEEk#ES Tk mHERd mEd
SRS RERERFTER) 10H RS RAFS %o}

5. MRS A I ARENS| R

YGRS AfEE 25C o) KA straw & =4
2 A Aeold odF gdhol Aet Atz Bt
ou] FRERFRATS 408 BEAT. MMy Sriie
Zut2 DMSO & B3tz 93k 1.5Migs e D-
MSOE &% m-PBS oA 104, 1.25Mol4] 10
¥+, LOMolA 104y, 0.5Moll4 105, 0.25M oil4
1047, 33 DMSO7} 8H A %L FHY m-
PBS ##ol 4 305 $5#%&3slsich. DMSO Bk
® RIS BRI M EE-S FEE s

6. SHSR2| 47FM HE

ZHEORS AT AT FiRERY BREERS
AR ZRERol A ERRQ ZROIEHS 39 shed
A oy 2RI BHES S WPt AFR
T s

&S WA MMEEA plastic petridish
o 8ml 2 #%# paraffine @ =1 50l 2] m-PBS
NS petridish K@ ol Hi&A 7] ohS /g &
3~5MEe] RIS Yol vl 37C Y CO, ke
(5% CO, 95% air)oll &4 EhestA o

A O] FB- ASHEH] Btk SIS EEE
BB Tl &4 2EF =& yiMgis o) B¢
WA 2 Hg) skl o}

l

M. 8 % %

1. 5piel RHE

30IU 2] PMSG & 33| hamstero]| j:#fs}d
< o vhebd JIKEe) KHES Table 10 #Rd v}
o zo] AN B RE BIMIE HEINELL 1960MH 2
nhef e 59. 4%l om [mlE KOS K 1,599
2 ul2| gt 48, 4{E7} @l s o] 81.6%9] [aldKS
ook B 08 fo MR SRS RsEreIp
20.3%, 4 AR 2.2%, 8 MR 62.8%, 1641
W UAElA 9.3%% vheby ol

[l x] ZHEIRS] 5 #ie Table 2o #azngh ups}
Zho] 81.8%7F FEOIA, 18.2%7 BHEgolA [l
"oz Aulgo Fygdio] JiENO HEDS ¥
it} Table 39} Table 4o velyl nps} 7bo] 4
Kafipl el IR o TEe] 4R 2RE Q)
A, KRERFIE Tl L} Pl o) HKol
k2t (43.3% >15.1%), 16ffkal L ko=
FEZ w4 velei(11.1% >1%).

ol 972 fEE = Dukelow 9} Mizoguchi (1981) 7}
hamster ol 251U 2] PMSG & 1E541 8k 8wl bk
IRE7L 57. 8 A e MEAART e Kk
2w, Greenwald(1976) 7} 301U & PMSG £ ham-
ster ol {E4f3te] 45. 5] PIF5 fE4R 3 B Ao,
54.8fES] T 4HR 2 BAlol QAohe REAA
o Az sk e v

U A WER ElRe B (1983) 9 53.1%1 )
e (1984) ol 72% 8.0} & gkl ek 22, 4

-163 -



Table 1.

hamster

Cell stage and recovery rate of recovered embryos from 33 heads of superovulated

Ovulation point

Cell stage of recovered embryos

Unfort B 9 Recovery
Item nfert. eyon
. 4 Cell 8 Cell Total rate
Left Right Total

¢ e S O B O B O S ) B )

Total 976 984 1960 324 35 1091 148 1599 81.6
(20. 3) (2.2) (68.2) (9.3) (100) —

Mean 29.6 29.8 59.4 9.8 1.1 33.1 4.5 48.5 81.6

Table 2. Distribution of recovered embryos

Ttem Oviduct Uterine Total
(%) horn (%) (%)
Total 291(18.2) 1308(81.8) 1599(100)
Mean 8.8 39.7 48.5
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Table 3. Cell stage of collected embryos from oviduct

Ltem Unfert. 4-cell 8-cell Devond Total
e %) %) s %)
Right Total 66(44.7) 7(4.6) 76 (50. 0) 1(0.7) 152(100)
mean 2.1 2.3 2.3 0 4.6
Left Total 58(41.7) 3(2.2) 76 (54.7) 2(1.4) 139(100)
mean 1.8 0.1 2.3 0.1 4.2
Right + Left Total 126 (43.3) 10(3.4) 152(52.2) 3(1.0) 291 (100)
mean 3.8 0.3 4.6 0.1 8.8
Table 4, Cell stage of collected embryos from uterus horn
e Unfert. 4-cel 8-cell Bevond Total
o (%) %) s (%)
Right Total 105 (16. 0) 11Q.7) 464(70.7) 76 (11.6) 656 (100)
mean 3.2 0.3 14.0 2.3 19.9
Left Total 94 (14. 4) 14(2.1) 475(72.9) 69(10.6) 652 (100)
mean 2.8 0.4 14.4 2.1 19.8
Total 199(15.1) 25(1.9) 939(71.8) 145(11. 1) 1308 (100)
Right+Left
mean 6 0.7 28.4 4.4 39.7
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Table 5. Effect of cooling rate on survival of hamster embryos plunged at-45T

Cooling No. of No. of embryos after No. of embryos Survival
rate embryos removal of DMSO (%) after incubation rate

(C/min) frozen. Recovered Normal Incubated  Developed (%)
0.3 40 38(95.0) 36(94.7) » 34 25 73.5®
0.5 38 34(89. 5) 30(88.2) b 29 13 44.8b
1 49 40(81.6) 21(52.5) 20 6 30.0°

8, b, ¢. Valyes within columns that do not have a common superscript differ{P<.01)

901 x—x Cooled at 0.3€ /min
80 0-0 Cooled at 0.5C /min
o —o Cooled at 1T /min
70 x=
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10 X /
0 —20-25 —30 —35 —40 —45 —50 —55

Plunging temperature (T)

Fig. 1. Percentages of embryos developed to

morula or early blastocyst.
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Table 6. Effect of plunging temperature on survival of hamster embryos cooled at 0.3C/min
cooling rate

. No. of No. of embryos after No. of embryos Survival
Zumngl%g embryo removal of DMSO (%) after incubation. rate
P frozen Recovered Normal Incubated Developed (%)
—20 24 21(87.5) 13(61.9)° 13 1 7.72
—25 24 18(75.0) 12(66.7)° 12 1 8.32

—30 30 25(86.7) 20(76.3)"° 20 10 50. Obe

—35 35 35(100. 0) 28(80.0)°¢ 28 15 53.6bc
—40 48 46 (95. 8) 41(89.1)°¢ 40 28 70.0¢
—45 40 38(95.0) 36(94.7)9 34 25 73.5¢

—50 30 27(90. 0) 15(55.6)® 14 4 28. 6ab
—55 24 21(87.5) 12(57.1)" 12 2 16.72

a, b, ¢ Values within columns that do not have a common superscript differ (P<C.05).

Table 7. Effect of plunging temperature on survival of hamster embryos cooled at 0.5C/min

cooling rate

. No. of No. of embryos after No. of embryos Survival
Plunging embryos removal of DMSO (%) after Incubation. rate
temp. T frozen Recovered Normal Incubated Developed (%)

—20 22 19(68.4) 13(68.4) 2b 13 1 7.782
—25 30 26(84.6) 22(84.6) cd 22 6 27.3be
—30 39 35(89.7) 27(77.1) be 27 10 37.0¢d
—35 40 32(80.0) 30(93.8) d 29 13 44.84
—40 40 34(85.0) 30(88.2) cd 30 14 46.74
—45 38 34(89.5) 30(88. 2) cd 29 13 44. 84
—50 24 18(75.0) 13(72.2) @b 13 5 38.5¢d
—55 20 19(95.0) 12(63.2) @ 12 2 16.78b

a,b, ¢, d Values within columns that do not have a common superscript differ (P<.05);

Table 8. Effect of plunging temperature on survival of hamster embryos cooled at 17 /min

cooling rate

No. of No. of embryos after No. of embryos Survival
Plunging embryos removal of DMSO (%) after incubation. rate
temp. T frozen Recovered Normal Incubated Developed ( (%)
—20 30 24(80.0) 3(12.5)® 3 — 0 =
—25 28 25(89.3) 10(40.0) b 10 3 30.0b
—30 44 33(75.0) 17(51.5)® 17 3 17.62b
—35 49 37(75.5) 20(54.1) b 20 3 15.0ab
—40 45 39(86.7) 16{41.0) b 15 4 26.72b
—45 49 40(81. 6) 21(52.5) b 20 6 30. 0P
—50 28 22(78.6) 10(45.5)® 9 - 0 @
—55 23 18(76.3) 7(38.9) b 7 1 14. 32b

a,b Values within columns that do not have a common superscript differ (P<.05)
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