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The influences of cryoprotectants on viability of embryos produced in vitro
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#Abstract
Background: The post-thaw embryo survival has been shown to depend on different factors
such as type of cryoprotectant. Ethylene glycol, 1,2 propanediol and glycerol are among the
routine cryoprotectants widely used for embryo cryopreservation in different animals and
human as well.
Objective: To investigate the effects of different cryoprotectants on viability of blastocysts
produced in vitro and also determining a suitable cryoprotectant for embryo cryopreservation.
Methods: A total of 197 porcine blastocysts produced in vitro (at days 6 and 7 post-IVF) were
randomly divided into control and cryoprotectant (CP) groups. The CP groups were exposed
to 10 % CP solutions (Ethylene glycol, 1,2 propanediol and glycerol) in 3 steps for 1 hr at
room temperature (23-25°C). The survival rate was measured as the proportion of recovered
embryos following a 24-hr culture in NCSU-37 media. The survival rate was further compared
with the data obtained from the control group (cultured in 0.3% BSA in PBS with the same
conditions).
Findings: The results showed that the survival rates of blastocysts exposed to PD and GLY
were similar to those exposed to EG (p<0.05). However, there was no significant difference
(p>0.05) in survival rates between the EG and control groups.
Conclusion: The data indicated that the exposure of porcine blastocysts to cryoprotectant causes
a reduction in survival rate and that the ethylene glycol produced the least detrimental effects.
Keywords: Blastocysts, Pig, Fetus
buSs ¥
SIS plsl sl dtnly (Bpae s gy dlon Sl iliee Jalge 4y 093 g 3leadl |y i Lo 03] (00 T Ao
Ol g o> 53 o Lol sl Jgons yob & & sitws glagos (GLY) JpdS 9 (PD) Jousibg YoV (EG)
g oo 00l
In (29 & 008 g8 (slocummgindl oilo 045 olies (595 p sliste Slogas I el pslite & adllls + Sad
i plodl i dlessl (gly conlio Fuds (s g Vitro
9o 4 Bl ysb 4 IV jlan Vg 5 o) 10 5 g IN VIO ) 4 S8 Cmpuogiaodly VAV olass 2 B g9 9 310
PD EG) 20)> 1+ foas Jobro £95 ¥ pope 3 @did 095 (sloCummgiudly Sad ol Godid 5 d0ld 09,8
o g A8 S 18 (515 ol a3 YO B YY) Ul <oylys da gy o glals po dus gy G pd celo S ke 4 (GLY
doee St wlwl p dismmogiods aile 0155 SG5elg8 50 Anlgs NCSU-37 luse 1 siome cutS cel VY

Y Jgme > aals 09 slaga b i) (F alaiS) ) SsSiog Seog il osnlio b Juugudly oy
9 40 pid i g byl 3BT (oylol ygejl b Waodls azsls )8 Lalys gles b fuss o9 5 PBS ;3 BSAus s
L5 b

(P<e-B)s5r 3805 03,5 51 505 (65 s s &2 GLY 3 PD (slaog5 13 lncaupugicsdly (5o 055 e * haidly
il 3955 EGg sals (slaog)S s p3 ol 055 (im0 53 (gl sixe cigles o Jls () b

0505 EGy amo oo pials |y (ile o) liee s bt Sb slagin applye o5 s o LS lis 1 (6 05 Aol
2 1) Cuonw a0

Op2 S gty T B01galS

o5 o sSLol Ry Jroadss sy ol s s S pole ol gt pole 0g)F kil



FIYE ) =¥ s« Jgbo oS olSiiylogl oyt pole 09,8 (S, pole olSuiils (g5 ¢ 45lSa o]

“Email: frajaei@qums.ac.ir

Sl i JolSS Jolye 5l j cold s & g ]
A eslawl Jp w:-)] aalllao L};J)J “595 Oea b
305 50 ol8,kuis” 5l ans jl e Sob slalaess

I8 31,5 o 42,5 70 Sl b Sl il
5 (el i sB8inlojl 4 AlolbM ¢ uis el
L0 e ol (oS leb o8 il 3 Jred Jos
L s rd e Ve Sy SO dliog 4 gyl
rreee £ LY a8 b glaJsSigd 5l VA (jm e
asly Voo ol & & (m-PBS; Fukushima, Japan)
oS iin 1) 5 G iy il o o el
S9— ol 48l ul.o.lﬁ.w wml.nﬁu)m‘ )‘.JL;L.A 2y
L lacuggl jl L 345 (0l 53 a5 1,8
9 wSTte gdaess sl Jobw 5 CEIpSy gl
OhlbSen 5 (295 (5 Uha) gl Esb (ol
dsgoome B+ Dol Ao b 4 ™) 15 oslizl
O peelw Y LY Gae dy (wolgosS _Cumggl
o 4 45 (NCSU)-3T sl cuiS Lo 51 i, San
CJLA Ao AR A_u.@)f )l)_‘i Sy AW rel?u] ) J‘}o
V i Jynisin <17 5 (VV)S 55 JsSd
8+ {(dibutyryl cyclic AMP) dbcAMP Jso Jlio
aslg Vo (Wako, Japan) fiblgsls o =B Jg0g ,Sue
ol (S99 Om9593LS yididee 2 55 Halloy
e o 0 (Mo asls Vo (Tokyo, Japan)
0+ ¢ (Tokyo, Japan) bl JgsS cpmgygals
e garne coalelin ;oo 5 )3 py 5y s

NCSU-37 J?_IDM o e)l_g9.) (.)»9_]9‘9; ,u.a_waa‘
S celw V¥ Gio 4 (y90y50 9 ADCAMP 5

2 93,5 il ax > YAD > euisS plos .6ab ol

S 3eS1isd L5 103 B (g5l gl yo 55l
5 o]

L ohlSer 5 (2955 U9y oolol - IVF

3 o g sl el s plol oty o8

oo ()LSen 5 (29 by bl o S S

slod 1> 4By VO de dy 5 04d Lgd WDy oD

Page (52)

D dodlo #

3 e isle 0255 i i Jlil LK
U el iy Jal oo b Cooggl (5)5laez ol
O 9 e S b ek by il
s 4 (S5 53 593 ol b il Wate oas g
ol JLos s (ol J3b (2 YL slse
o 0855 Wgi liae pl less] 4 s YU Conolus
e M 0351 o8 15555 (sla s, 5 oslizul
> po o St 4 0pd Sl Ly r ole 0
S sl o3l L5 rardlae .ol dly as g5
il b U e & ilise claguas jl sl
a3l (o0 ,8b Joho pleitlo 1d p Wles o wless]
3 xSl sl sobj soguas 1 ot sl
o yo 5 Wy Slos plEin sk J3h gu LS5
JoSelS il g el a0 oozl gy 5SaY I L3
(GLY) Jg)—sl5’ 5 (PD) Jgua—bg ¥3) (EG)
2 o dles! gl 48 s (2oly slagas
(A).MMU’_A oalawl sl 5 56 (sla ylg >
ozl 1 amy ba pogiwdly S o oS Wlodly LS yudies
(o 3 o w9 9 dlezdl Jsb 3 o St Js 4,
315 4 36 5 gl (Ul S 4 laguas (alasd
Sigansl slo)lis o > Uhcanl 35 Hluns o sl
2 By 8 Gy 3 s Sl 5 (o] &g 4,
o)zt Vg s o] sl Canl (San s
el el ons alis pse Jalse 5l Sy Ssans

ARPARFAY

M) la s 5 bacumgsl Jto b Jobe
g slagea (il o) (e 55y 3 lite
Sl cwlio Zas pusd o In Vitro g, 4 o
Dy oy dlessl

: L@buzs) 9 3‘9.9 *
O 3l edlaiwl > 3a g0 slacudgize Jdd 4



2 oMy 4 03y ol oy 2 yglaie &

i oy n L in (58, 5 1, 8y b
M8 gliste fois Jolono £95 1 )3 Incumpgiadly
dy90 suis der (gl oalaiwl 5y50 M 28,5
BSA sy o /Y ol & &S 54 (Gibco)PBS « sué50
Zodd Jopd Ve sl Jole )0 Lo i gy 0uds 48l
Jor—etlS 5 Jsaslign Yol (V/V) 555 (!
Ay slads o dw hgy S 40 (Wako, Japan)
4 .x8)S 18 (01,5 ol 4 YO B YY) Ul o)l
VIV fodd Joloro pd dads O e 4 lanl )0 oS )0
SIS uds Jolome 3 dadd O e 4y (s g Juo )
P el ) i d coly pnasss 8 s
253U Ol an)d 3 ao)d Ve Fas Jolxe
Lacmmgiodly (58,5 5118 5l day 48,57 )18 (S5)0
» Laguad o)lgd s g9 o 5l Ll cdale
4253 )3 Lapgioodly jl lads jo aw (b9, o
O e lal 3 a8 (gysb 4 i )6 sbl oyl
D Sde dy L g Mo FIF uds Jolons 5> aid>
P ol 2 gl wop YIY mas Jolowe o aids
I8 Ul aylys ds > 0 Fuas 9 PBS Jole
WPy 2 (275 095 Slummgodly (B Ai8)S
D2 s il g (Dol (Bl (slo gl
2 s aald 09,3 ladumpmginod Wi S o
Godd i g5 o w5 )8 PBS Jolxe
= pyS e ¥ &S NCSU-37cuiS e o i
049359 5-D Joo Lo /00 BSA, 2 Lo

g oxd L3l ] 4 pleliz 1 e 2 p 59,0
oy S el V¥ Cus dy (Sdxe €9y ) 50

oS, Sl S el YE ] g 3
oyd> oS ol daCungindly ()85Le 0.5
L sy Somse ol o1 alite Ly gl

A8 bl ¥ ol
Uslees ¢l (Propidium Todide) PI (¢l 5,
ok 0 Mt plonl Incumpmgiadl (sl pogiadl

TCM-199 &S Loy ey 3,5 5l dsys YA/D
45 (Gibco, Earle's, NY, USA)zM_sl ol
M s 613455 g 00 madais VIA ,> ol pH
alaiome ;3 84S olapyal ) 5y S )
CitS by ne Sl 5 g S e p3 aSdg 4B )8
A samd)S )l 8090 1) 3)lse sols 45 LA
oroly Al Jomo oo WY ity IS Jgo e
ds—eis—e + 10 i Sl )Sr Jo—o (Lo VO
1B o ol g Jgo oo /D il g
s Ve iy piensd liud oo Lo
oregdl sl e 2S5 oo ¥ i LSV
O08LS Jg—e e 0 (BSA,Sigma) (5ol5 )
ol y i oo oy oS (Hie 0+ 9 (Sigma)
—2 V) Sod > Wl ol o bl
o Lopyl L o]0 bancgugsl a3 mlas 1 o
o A i8,S |y 8 a lhase el wd u o

am J—ate lap il 5 (ot Lo sl
Lo b (Sl g 4y abl ) clacuuwgsl

NCSU-37 i by e 3 5,8 slacy Sj
soisn 1\ BSA ;2 e 1 oS e ¥ o8
0+ 5 wmdwliSY Joo o VIV (i Sl

Bl ol 4 rmlelin 1) oo o 0y 59,50
L) 3l e celo VY L5003 o0l S g 0l

o)5 ciS b oy 4Bl el sl plod
o/60 BSA ) Loy p,5 Ae¥a S NCSU-37
e S 9See 009 So 5D Joo e
WA e g 0 a8l ol s e wwlolis
CiiS 3503 59y ¥ e ay 48l i (sl i
2 bl L clac wwgiody 503 03l
ss—tate a9 Bad QLS gL 5l ey V9 7 o)
L slainia «g)ldymasged )3 65 5 jl ol
3)50 sbwog)yS )3 (Bolal job 4 (goluwe o5l

iz S )3 adlla



A5l s gme o 5l S

: Al *

b L Gl 0as; clac i giad,
Nyl g ang mdly Jwgodls (il (i
odd> Blid 03, )3 (S)l 9 (S35 S
2 el ol ar oV o lod JSb)a s
S d 00 S gy jein S celw VY Gas
S o Lo 5l (3 g Sy o
Bl 00, 286 L Bla od )y O  SwsS
L mwgiwdls ol sls adllas > g 4sdg
JS ol s b edyo clacpis e &
9 22ld 09,5 (slacumwgiodl 5 by pogiwdh,
G —ize gl a5 Fua s 4 Lzt (sl 2oy, S
AYZAg= = VINPR /A g VA P 1 /A = = V1 g IRCRN UV
el Cempmogiod asle 0055 ol  YA/S 1Y
48,5 ), 3GLY §PD (lagis Loyse o 45
WD 03 S Celw Y e dl w9 Mg
) oS (P> D)s o i sy 4
FYE F/5)r9— dal i 095 (sl wwmuogiwd
L (OV/FEVIA S e o YEE/Y YFNVENY
oisle 0055 (e 3 6y gl (L o]
Joiz) el 3925 EG g als (sloog)S oy
() opleds

Jalomo Ly s 51 oy dinpgiosdly ] )3 o8
IS oy doyd /Y (gols wlawd 3l oI
o) VY u il il Jolxe > (PBS/PVA)
¥ oled b S e 4 PBS > (wako, Japan)
L gt | dmy g 505 Cois D1)S 5l sy
oy /Y Jgdoe jd adds ¥e e 4 PBS/PVA
y9—taio 4 (Sigma, Germany) Ve« =X 55,5
Sl s edly ), 8 GBla s 0dy (g dudeds yiul3dl
oo Laccuwsiodly Ladi s don (IS wlis
sk y prS5,Sen 00 L PBS/PVA L gt
448> Y+ G 4 (Sigma, Germany) PI Jgl>e
Lo ogtaodly (it | g 2505 (55201555
oy,lad S j5 Jo o5 ,Lié LPBS/PVA Jsls 4o
antibleaching Js l>s 3l (5 W gySe Ve

5l o 9 80 5LSee oY (69, o (Oregon, USA)
25> LpY (B SY L pY slaad (355 poe 5 1o
3y5— (Olympus,Japan) ciwg)gield oSy Suo
i8S 5158 ()
Cwd do pl3 slaodly Codgase as a g U
o I odlaiwl Aresin a5l ol il
o923l 9 olly T L eas has (sLaesls
Statview 4ol jl edla wl Ly, ind  ude
(Abacus Concepts, Inc, Berkeley, CA)
g+ /+0 maw ) Lacgla Lo s Jdov 5400

sl ) o 4 ille (S Fund (5520 )3 (85 )18 5l g S e i ile 03 (lee - ) Jgsa

Wb SO 20 | e a5 | et S s | el ayse slagms s | g
(o5 sl )
Y +¥/5 v GREI oy EG
YE/N £ NY A (ysie ) ® of PD
vs+a/y \0 (vsieHV/0)? o) GIY
DVE £ V/A vs VESN Y. 1nls

(D<o )it gliie (g5 xe yobo 4 gt G 3 CiliSie Cigy b yolde za-b



Cowd 9 plw Bl 85 3 (51415 B gl dod (] 45 a5 WaLD 89 )5 51 S9d R gVl p g Y JSWS
(312 Yoo 2loics ) 59) 25103,5 JWddl 1, BLLS 831 J3 15 5Lad WolS U yogsiusdly g 8399 835955

2 a5l 0 i bl gyl e gl
EG 5 sali (slrog) S sloacmmogiodly o
A J5) LS lacpugiodly (43, 5 ), 545
(PD s GLY EG) calizee slagui s a o)
e 4 - . . . .
ool cde Mecg ;ae Lapir JolS5 sl
Ol p3 3l )0l aalllas Ly (598 (pudiies ol
3 Solds s s les e Loy i0le 055
ASl Foas glaJode e bale 5 > o
slp i Cowlus iz ()5 3—b
‘oz A2 Ol 29— Db i 4 S5
Mol %05 SoaisS ouiz 5 St
e 5y Slaid slooml 13l )
5 005,55 g i ale 0aSj g j9—ugl
sl gy By a S o 4l o) LSen
any alolBM o>y 4yl 5l a3 5l ey 390
obl) EFS40 Joldoe L (gl dinids slossl 3,k

G S o g Comy #

sla s dgalas a5 0l LS aslas ol
oEalS ) pasle 0a 5 Gl s L S5
) 1) o lime ()55 EG g amd
slacrz 3518 ey ohlSen 5 (pLwlS
Ao Ve sladsdoxe )5 Ghoo sV 99— ad> s
033 Ol3—so sz 9 (V/V) PBS > goa o
anr Lol el Joilty (L)) L Ly e
aS ool il oS b ste 5 Cmwgiwdly
oo > gld i Al 0a S ol
IS Sibne yob am il slagoas
Orxen 9 Sl A2l 09,5 (sl mwglody
Olio TS BEG o aisly Lis 598 (yadione
Ol 153 5IPD g GLY 5,0 |y Coo—ws
S N8 T S s oo

P Lacps sk 005 oliwe yols ddlllas j
PSSl 5k 4 GLY 9 PD (slaog S
Jbo o=l L g ol 09,5 (slacuumwgindls |l



iS la e ay 13959 5 i 093 3l ey
WSledis )5 i 31l jen & plaguas
500 S by e 3y ¢ gl o 1 Al e
S (9,93 oy A ot ]y o) Jols
Ol 23 39290 i (g Syl g S o one
Msgs oy 53 lacual cumw Ulgi o
2 eSSl o )3 48 e g e 1]
oy 3 45 Sob glacpia 0k 01 (e
o UleS o Adg 48 )8 L8 o iz slaguas
b am o g s ol o )51 b
slaaidl 45 (g9 b 4y bl Sgenl slo)lid
b (56, 51,5 aS sl s aallas ol
2 psals 4 walivee glaguis (o > Ses
oS ciS celw VYl e ool 0055 (ol5e
9290 s R TuAS Eg A A9l (y9d (0>

D) 1y Cuows e o30S EG

Pyl Swlow #

i Sl (Sgj5 yomdyy jl diwg (pas
CisS il ool g ol asSlel oSl tedss
oS sl gl ol (—SeSlS o
Ded e SIS St gl liess

: é:»‘ o
1. Brison DR, Schultz RM. Apoptosis during
mouse blastocyst formation: evidence for a
role for  survival  factors including
transforming growth factor alpha. Biol
Reprod 1997; 56: 1088-96
2. Dobrinsky JR. Cryopreservation of pig
embryos. J Reprod Fertil 1997; 52(Suppl):
301-3
3. Niemann H, Lucas-Hahn A, Stoffregen C.
Cryopreservation of bovine oocytes and

Blw g o W LSS op ¥ Jo S
Pole S i o d 50l b A et (Js—ot /D
oo 9 )P @l (gt (sl adaie
b 5o o iS celw Vol e W5 Ggd
YE/Y L cmwogiwdly jasle 0055 e M16
(w).(.mL.;‘s 0955 oy Voo Jolie ) g doyd
G (8 a2 53 (a5 0055 e ) gl
5= ol by 4 Ll e p Sl s 4
oo > plej Caeyd gl oS o9 g
O Jolie p> aids Fr) gois ool 3 (38,5 ), 8
33 45 18l Emgidh CnS 0 SYL 5 (aids

e InVItro yoq, du CnmmoginoNy bl a0
CtsS (Cptizne oyl 5 el 4wl s
4 Invitro gy au o W gl slaccuwmwsiwdl
9 o 9y 2 EiS b ) oj Sl
STl 5l ase i e 0,5 ol by olaad
da oad a1y slacammwgiod coas 1 powl
2 oile 055 e cplpls .cwl Invivo s,
Invitro yo9y 4 oas 3o sl ammguodly
. R N R L S I
9 (295 b Ol ed >l p 5 S
ol bl o sllaels sl s an 56 ()l >
Oile 0055 e il S ccl aslg o Jolw
ARS .
.sgs Jsbo
Slosla wla S e wlodly s cl_absd
oLl 1518 (b Ly olas & il (slagg i
s lwlys o]y ool olsls wlg o pliS ya
a5 Lol ) )i i Gale slac il
&_f)> 4_14;)1 J}l_m ko dl_mu_.ll;a )’l d)\.:_mg
A Ay oS gsiw 9 e (b Lapgjgeg)S
a3 JolSS 5 02555 1 93125 b Wlge o
aS Cwl L aize Uil (Y\)..x_.:sb Aol s g




Mol Reprod Dev 1993 Oct; 36(2): 232-5
recipients, of porcine oocytes matured,
fertilized, and cultured in vitro. Biol Reprod
1999; 60:336-40
13. Yuge M, Otoi T, Nii M, Murakami M,
Karja NW, Rajaei F, Agung B, Wongsrikeao
P, Suzuki T. Effects of cooling ovaries
before oocyte aspiration on meiotic
competence of porcine oocytes and of
exposing in vitro matured oocytes to ambient
temperature on in vitro fertilization and
development of the oocytes. Cryobiology
2003; 47(2): 102-8
14. Brison DR, Schultz RM. Apoptosis
during mouse blastocyst formation: evidence
for a role for survival factors including
transforming growth factor alpha. Biol
Reprod 1997; 56: 1088-96
15. Kasai M. Simple and efficient methods
for vitrification of mammalian embryos.
Anim Reprod Sci 1996; 42: 67-75
16. Takagi M, Sakonju L, Otoi T, Hamana
K, Suzuki T. Post-thaw viability of the inner
cell mass of in vitro-matured/in vitro-
fertilized bovine embryos frozen in various
cryoprotectants. Cryobiology 1994; 31: 398-
405
L 0 eSS g A sled B (2l Y
a0 50 5l 3o s (glaciinds dlazdl 5]
« 53920 5 9l (S dellald Cpugiodly
VESYY ) qomeiy Jlo OYAY i
18. Hardy K. Cell death in the mammalian
blastocyst. Mol Hum Reprod 1997; 3: 919-
92
19. Brison DR, Schultz RM. Increased

incidence of apoptosis in transforming

embryos following microsurgical operations.
4. Friedler S, Giudice LC, Lamb EJ.
Cryopreservation of embryos and ova. Fertil
Steril 1988; 49: 743-64

5. Emiliani S, Van den Bergh M, Vannin
AS, Biramane J, Englert Y. Comparison of

ethylene  glycol, 1,2-propanediol and
glycerol for cryopreservation of slow-cooled
mouse zygotes, 4-cell embryos and
blastocysts. Hum Reprod 2000 Apr; 15(4):
905-10

6. Bernard A, Fuller BJ. Cryopreservation of

human oocytes: a review of current problems
and perspectives. Hum Reprod Update 1996
May-Jun; 2(3): 193-207 (Review)

7. Kasai M. Cryopreservation of mamalion
embryos. Mol Biotechnol. 1997 Apr, 7(2):
173-9

8. Men H, Monson RL, Parrish JJ, Rutledge
JJ. Detection of DNA damage in bovine
metaphase Il oocytes resulting from
cryopreservation. Mol Reprod Dev 2003; 64:
245-50

9. Oda K, Gibbons WE, Leibo SP. Osmotic
shock of fertilized mouse ova. J Reprod
Fertil 1992; 95: 737-47

10. Pedro PB, Zhu SE, Makino N, Sakurai T,
Edashige K, Kasai M. Effects of hypotonic
stress on the survival of mouse oocytes and
embryos at various stages. Cryobiology
1997; 35: 150-8

11. Hochachka PW.Defense strategies
against hypoxia and hypothermia. Science
1986; 231: 234-41

12. Kikuchi K, Kashiwazaki N, Noguchi J,
Shimada A, Takahashi R, Hirabayashi M,
Shino M, Ueda M, Kaneko H.

Developmental competence, after transfer to



20. Kasai M, Ito K, Edashige K.
Morphological appearance of  the
cryopreserved mouse blastocyst as a tool to
22. Bautista JA, Kanagawa H. Current status
of vitrification of embryos and oocytes in
domestic animals: ethylene glycol as an
emerging cryoprotectant of choice. Jpn J Vet

Res 1998; 45(4): 183-91

growth  factor alpha-deficient — mouse
blastocysts. Biol Reprod 1998; 59: 136-44

identify the type of cryoinjury. Hum Reprod
2002 Jul; 17(7): 1863-74
21. Bernard A, Fuller BJ. Cryopreservation

of human oocytes: a review of current
problems and perspectives. Hum Reprod
Update 1996 May-Jun; 2(3): 193-207
(Review)



