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Objective: The aim of this study was to investigate the effect of laser assisted
hatching on the development and quality of vitrified-warmed 4-cell stage mouse
embryos.

Materials and Methods: The vitrified-warmed 4-cell mouse embryos were divided
into two groups: control group (without laser assisted hatching) and experiment group
(with laser assisted hatching). All embryos in both groups were cultured in sequential
media containing G1TMver3 and G2TMver3. Afterward, all expanded blastocysts
were randomly selected and stained with differential (for cellularity) and TUNEL (for
cell death) methods.

Results: On day 1(24hrs) of culture, the difference between the control and the
experimental groups was insignificant in the rate of blastocyst formation. But on
day 2(48hrs) of culture, 87.61% of embryos in the experimental group reached the
blastocyst stage. This rate did not increase significantly as compared to the control
group (78.14%). Finally on day 3 (72 hrs), the rate of blastocyst formation reached
94.40% and 81.75%, respectively, in both the experimental and control groups.
The difference between these two groups were significant (p<0.05). The number
of blastomeres and apoptotic cells were similar in the experimental and control
groups.

Conclusion: The laser assisted hatching has no decreasing effect on cellularity, but
it has increasing effect on incidence of cell death. In addition, the assisted hatching
significantly increases the blastocyst formation rate of intact vitrified-warmed 4-cell
stage mouse embryos.

Keywords: Vitrification, Laser Assisted Hatching, Development, Mouse Embryos

Yakhteh Medical Journal, Vol 10, No 2, Summer 2008, Pages: 121-128

Yakhteh Medical Journal, Vol 10, No 2, Summer 2008

121



20 adaawg 43 Bg) w3 Ehgw Jl (g (slaukub
"Ph.D. a3 5,338 Ssgs #' "Ph.D. (58 2 919 00l jLdy siae 'M.ScC. 236 &l g,

T e pgle 0948 (Sl ja p gle ouSlBIY (g yue s 43 oISl
el (i 038 GAELIS Slen (o glos p gle AT 38 o Gl 255835 Y

i pshe 03,5 (S p ke a8y e S 3 oK AFNNO-NNY ¢y G5 Ol 1 S s K.
Email: mr_valojerdi@yahoo.com : 5 Ul ey

o39a

AV/P/1:allin ybpag AV/1/PP allin cialja

3 ol in sk Sler b i CakS 5 205 05 s 4 Us5 035 Elise S s p i B0
Slains el

Doy A laded sl Jls ey e Jadw sl loa ua tlAGlgy 9 Wlg—o
Osk) IS 05,8 53 4 GaSew 5 JSUE L5l 5l eslina L) Closed Pulled Straw (CPS)
B A)Jf 93 A 6\# u:.a- L (.._....:6' (Lj_) QJ; 'C‘)}..n LS‘}I )kj )\ aJu.“.w‘) QJAJT E) (L}) ‘5)&.2«3
Copgeo 4 03 i s g dl o 3 5 0ks 228 G,Mver3 5 G ™Mver3 Lols Jise oS -
sl e 61) TUNEL 5 (Usho slaws ams 61) (31381 65T 55 slain) b T oaS slas
o gD J:g.:i Ol 53 ol gme M) (5 51 g el YF) S Jl ol YF s Lé‘t:\sl:t &
AJCMu(M)JI\V/‘;\)u}A)Te};w}:—»%J:g.:JM)JLCJLﬂF/\)‘m .Cﬂil‘v\ibﬁjajjfjéw
05,5 35 G 52Dy S o3 (bl VY 1 g s il Sls smal 21531 (o3 VANE) J 87 o5 S
Oljee (P</20) 5,8 1y Hls gae M| (Ao ;s AV/VO) J 28 U;@C,.:...Jqf.l._.mr) Loys AF/Fe 4 OgesT
.J}{OL‘&O}AJT}JF{G};‘SLG\R)JAJ}A‘SLAJJLMJ‘M}&)YJLN

Aeosd des & latd slaast 51 Juol g @Il Jshoo lear (sl (5055 05,57 (1) s 3G paSdaada
Ji&olﬂu:i\;lw}“pkcauc,..:‘l.,\..u}ad\.a‘_]}l.ﬂ:lijaJ.il;l,?llijhy&)Y}bu\#ja.,\..alf

Jaol ddas

Slezmil I Juols yhige Hghuw i S i S 9 (12955 W)

ok gl sl S ol e (Jsbe Dler ol Sla s 53 o i (5,5

G&fﬁcdﬁc@)gcélwxglzgls‘jbgs

IPI-IPA rnlxius AY Gl F 0 lash (o3 Jlw Aidl b 3y dolibiad

O Sl 6y sl Q) Conl o i sy BUT (sles
Jsldie (glaied slazsl 39y 55 (635 Ol uis ba i Glile ol
ol 5 o,,» (Conventional Straw: CS)
Gl (S UK 53 R A Ol e LT dex
b ekiS 5 has S 5 iy e oyl
T .Lles S gl 1 (Straw Pulled Opened: SPO)
slezil Sl ol geSiss Kbl fuily 557 3,15
i iy Jaldie 5L amslie 55 b odisST 5 s 4 sladed
() el
Gy oSS S Ry LG 5 e A S
S egs 43 5 L1, (Closed Pulled Straw: CPS)
Sboslest iy opl s (0Y) W S gl & o5 e 0ol
l{(.?&wwu):uyt.wwézuqdld}bubj@
S cslomil G OSST w55 i, 13 gl O35
2l 3l e b 0Lk ok Ol CPS i3, 5o Col ods
o9y el (S epl 35 s LAY A) Cnlong s g,
oo 52 6 o i Ay 2lS (B g5 e e 1 (s5Lee
93 3 m Lo st ples b (S 55 5580 sy e
Sl o b WS SO ) e by ot JB
IS 4 golemil gy ¢ C(WF=10) slessl (gl s i ad
S gt 4 «d) IS & Dpsn g b 5 (19IA) os 43 S

122

[LVRY-7Y
1) plSisly Lo s isn i Gosn Sleal ) Ol
i 53 Obylblny Calibes glaai 8 53 um slesul Anl
)K&‘éﬁj&\ﬁ%)&ﬁ‘y&))ﬁa‘}h@j%.b
S slel dul 3 Gl S wep e ol odd 43 S
et 5 (K3 (i S Sl Dlak Cel
sy Slagper sbml Jold Sk ol 5d o i
(0) <l DNA pu 8155 5 ol g el SesnnS
5okl i Salg 3 5 st 5 ek e SR i

- /. - - & & B

O LS b gl 5 oleal Sl e ol slaab s
uu:w(\u‘Jizﬁatg},é\x.wtujquﬂgo,,g
el 4Bl S a5 ST Ll 5 b sl Sla S5 S S50 2
slazeil G gy 35 4t 53 (630L 5 Olalllas 12538 ans 33
o 2SS Ol 2 T 56 5 (V) (golemil lga 655 55 5 ()
e & G (gt slasul day oo i 4 5 Sl 48 Sy g
j(/\)jddjiw: DL (ij dﬁ}dﬂ CMT b\.w‘) Lbuf&})
G5 Joke ol 5 JIs Gl S5 O 5 Cl Sesle
slezsl GYL sy s o 2T 1 Jsha e o7 Jus
,wﬁsuidum.@t&:;is;ﬁi;)péug}_,;tws,
)34{@‘ @M osle Jlﬂ)ﬁ#td‘% ALQ.?J‘ Ct.‘js}n ab

AV el ¥ o jlach aas Jlos 3L (Saiys wolilas | PP



(i 9o sako (uia 53 Shaaa L) il

oslizul L 1wl (IMV Technologies; L,Aigel, France)
VL;@.,\.::“SW)(,(HOtPlate)¢fwé§i¢)lj>)|
QQT@)_,.:: Q.»l’z.é}j.asl:.a o /A ;)Tglébjlaé«f&.b-l?
ujU\ 6LAJ DL ‘_54' C)u }J_.w ).‘ Bt .v\:«-ﬂ) Jld&sl.:é VA"
gl:féf)’k_;dﬂqQT@L@ﬂwﬁgd:.UQ
dsbes b ods &S558 5 5 ok, (Cotton Plaque)
il K Gy 1) T 5 ol s (sslen]
JUs & 5 @olerl Jghon e o i S L 5 Juae
ﬂ&#YW.maw@J}bqlﬁjxéﬁYbT
C-L?,Jb...ﬁbnjzasl:»\' (e sde # ol en 4 (o3lezil J gloes
Sl e i eniST S s 4 (eoleseil Jgle e e ¥
oJJ&J.LU.:M J.AKCPS Jﬁ‘ﬁ}aw\_ﬁdo.\_&«:w\_‘:-}a

A8 mle 0555 2,05 by

©93 Uiy g ladslae

T O35 S s 51 olensl G cain oKl A
S o3 e b e 238 15 BUI glos L me 53 5 b
J515 4 0T Sl gmes 5 A 93 MalS Jlous (012N Lams g5
s 94 g8 G S s 2 2 dsm 010 gome) 55 sl glone
YD 5 /YD /0 g3 lad dore 55 > e 4 A e la oo
0313 g 5 Lo I gloen p2 53 4835 Y ke s 55,8 g ) 2 s
Ja?ugb‘)laﬁ);;.g_gsj‘ﬂev\.ATC,.wJA{rJLuélAO:Z?.M
0dds Cad I s 855 5 s THA dsy5 Ve (51 G, ™ver3
Y

dadllas slas 9,8

S35 2 Mol Us5 03,5 Flosm Sl (oip o5k 4
(e ki Csimdene S Ll g N
Gl A 8 15 0se5T 5 JaS Jool 055 55 55 T
i8S laee 53 0dd A dezls Sla i Olgs 4 J a);
035 Olye 433038 slazr Lds ol 515 G™ ver3d
25 s 4 Us5 055 Flhsw Jos Cow ol g e
Lass 3,1y e 53 S 415 (Laser Assisted Hatching)
Sl a0 U e}f}: Al Ll G1TM verd c.is
by Jize G,™ Ver3 cuis” buses 4y o 5 i) i (Johe
Sl Sl Soblb Ld S e 03 28 e 2yl o
SN (2 b s o sSnn Sy Soo oy 4 0 g3
233 31 et Dol o Dl g 0352 e 5 s e Bl (sl
A5 el

oy sy da Ligh 0 oS ¢logm

G,™ Vver3 Jgow 55 Sl & odd sd glawa
Ol LT O3 3 VJL.,J Ll 1L aous esls cisS
b 55 LWl V'HM R T ¥ -y WP
Slis 3L s> Ham's F10 (Gibco, USA)
s & U3 03,5 Floyw Joo a8 1,5 HEPES
oA e & e TE 300 0555 i S0 S
(Zona Infrared Laser Optical System; Hamilton-
A ol (Thorne Research, Beverly, MA

Sli sl Loy e S VA plad o 5 andd
Pl bs) Ga5 p v ol 4 b SSUE b e /0
Elosw 3 o o A bl 2es Sea WY B Y o5l w
AT 53 5k cpkir 5 Jize G,™ ver3 Low 4 0lisly) ods

1pw

U3 Okd Cduw ods s il BL5,1 s (Y0 1) (18 eSKass
33K 36 S By K85 Ol 3 il 5 0 szl 1 53
Sl 5 o T Y Ol O Jlis 4y 5 ST Jies |y i LS
ol A0l gl a8 Syl 51 LSS LYY das il 550,
&;«ﬂ‘ L}) (:‘.5 )‘ )‘_).9 )}kM A.’ L;)KC».«#} ok o..«\._,&iub\ \_,:..»:T
Y Ol 1y Kioma U3 oo 36 53 5 Ol |5
Lo b3 anlla (YY) Wlos S 3,18 el il 331 5 0Ll i
S ol sla i (555 Kaoen Uy s Sl eslizal b sls olis
e 314 les 55 o SV 5 Kol 0l cazaaT sles!
.\.p)n"\/\‘}w//\@%::j@‘x;;aguzwlam@)}:léu
WA 5 F/Y 55 4) U5 03 8 4 o Oljpn 1 4 oy
YY) sl OLasly gyl smae 2ol 531 (dep s

oy 4 G55 038 Flosm Sl o p (ool G I s
Jol e ol Jolo Dler o 255 5 iS55
el a3l 35 CPS i) 4 (glasnd sleasil

L g, 9 Slge
SO PR IERICEIECIEIEC

sl Gl aa A LS 7 sl L Sy o
4. 3o ;| (Institute Research Medical National: NMRI)
Oz (IU) Ml dols VO Gy5 L bis g 551,
(Pregnant Mare's Serum Gonadotropin: PMSG)
4ok L (Human Corionic Gonadotropin: HCG) ,
3 oM s el G ez K s el FA
e o I S oI5 Oles i e basle fse 8 Gosy
23 Ik (S Sy ediaa0lis Sils S s cdm s,
glu flsd sy 4 bise HCG Gy 5l g ole FA L FF
Jolos s & ige (Joho 35 Glagr 5 L3 @S s S
éij (:_)_m u—:—‘}—'—” v\_@)b\' e‘J_a_A A_sTe
(Serum Bovin Albumin: BSA) s (Fraction V, Sigma)
o3ls jemis e o allb bLlsd iy PR
X Q_H}_:_n CoisS Ja_:_,ha d}‘ d)—l;hﬁ BE QRN
oda oy G™ wverd (Vitrolife, Sweden)
(Recombinant Human Albumin; rHA, Vitrolife, Sweden)
Loy iy i Johe slgm dlo o U laoim cpl s osls 13

bl Gl 9 Lad s

L) CPS sy b ialeiT 05,8 ko Llezr laour
il s sled e e she oalad Ld dazie ,oiS oS
A2 5o VD Jald slas Jhy Jslome ikt 4 Ty Jglone )
(Ethylene Glycol: EG, Sigma, USA) J,SU8 L1
olen 4 JSUE L1 2 5 Jge /0 Juls (galensl Jglons
.4 (Sucrose; Sigma, USA) ;555 2 5 Jse )
los 5> 4dds F/0 S 4 Hles iy Jloes s il ba o
S losleT sl 4 oilasT laome Ll o )3 5 Jame
4 BU Gl H3 e Lkd 03l HI 3 (golazsl Jgloms b ules
W..UJJL»‘;\{QTJJ@:\ Qdﬁ@}@é:wld)&a
93 &S (G w0l oslal G3lexsl g 4ol Lsﬁia.'\' Slo i
RV v P S R 31 - R

S YO el il 5 oS gl

Yakhteh Medical Journal, Vol 10, No 2, Summer 2008 123



OC 5D JK8) (YF) s w & s

Sylel 3allsT

ol 355 b s g S el G 4 s
Sl le s dhans 4 ST Glad e 5 b e gmedly Sl
la e u‘lﬁgj g}.iJL:‘ BEIRUO L INTR SRR WES PR ol
6LAJA_}L~)L slday O oM | E) JJ,:..{_; Q}A‘)T 6‘.}“)‘}? BE
M)} u:i;l;w DL g})&b‘ﬁ}TE 9 ICM 6\1&;4}2»'% ng
s Jlo i Sl ey &S5 50 T Glad s 51in 5 s 52l
S 5 St 0 g0 3T ahows 4 Cosi ol 33 8l S o L
SPSS (Software Program, Version 13; ,i5le
L4 6T (SPSS Inc., Chicago, IL, USA

Sl slagma uile ouiy Glyae p sl alaadl il
hige gl

238 ey b Jshe Hlem de e 53 ige o OYS Sl
3 s S i dezeie i o)Lal OT 4 ba sy 5 5lse e
Pl o smdl o pa) e i (Ao 387/YY) 048 sl g
35555 o5 Sler B eSS Sl edd Copd o e dzils
s Codo 2la3T 515 (UesyaF/VA) izl

99 Cansaten giadls (6 paSJSdi ) ja0 dllo g Lagaia (p3 9SS
08231 9 s slasg

):&SQAAJ:QJTJJML}LA&:;?J_)QQU:A@B
oiS za demin 03 8 )3 ¢yt YVO sldad ol oaT Vs sl
:)}A(Q}AJT)oMGAWU;):&:@-YOY;\M}(J,ﬂf)
255 Aoy 80le das e Ol b B 8 15 L5
Voo s Jhe Sta b oler oo 55 IS 05 8 slagr
03037 05,5 53 polie ) ol Ao )3 8VIYA 5 V00 L5
Sl J S 05 8 a0 e S 3 Ao AV/BY 5V L
oo 52y (6,8 IS o3 Kk piomas i)l ls gne
5 Ao, MVO SAV/EY s 5 J 58 05 8 5305 28 5 adsl
o})f):‘af:ﬁwﬁ‘\f/f~}‘\f/ﬁgﬁjjn\{o}ajTa)f);
& o 4 38 2y (6,8 S s (Kl <0 g05T
o (P</00) Sl osls OLES (gyls gme il J xS 0s S
0535 Slam 3598 33 Ly e (IS Ol s OLL
@ by je 0555 e Sl o i oS ()b 4 Sl ol 1SS
0/82) 5303 055 4 o & 5 3.5 (Ao )3 YD) J 28 05 §
AP<e/00) Sl Hls gme (Ao s

Jas [l oss31

Voo o a
.
A
3
1]
% 004
i
7]
v 4
- i
o & 3 ¥ ¥ 3
¥ 2 Ed 4 o3
; S
Es K]
JaS slao 9,8 ju la (i (33 955 wus j3 (aSilae dewslio ) Hla gad
092309

(P<e/0) ol yla sare 9037 9 S slao 9,8 Gle SHEAS 2

124

(ol Cln dl o 4 Oy Sl ey LS 03ls g3 5 Cod
A o B L oy il JUisl G, ver3 s Lo 4 by
Sy s 4y A o ol 53 5 0kd bl 03 28 2L
5 ooV Ol Bl 5 5 4 TUNEL 5 3151 (650

A o) ST

_ _ L0 (985 (i g3
gs'a“iL‘)" e)_)_{ Sla s C)J_fu B o3
it anglie JS 05 8 b o Bl 4 Oy Ol )
s S 5 00 sl Bl 5l L S
e iy (Olympus, Japan)  .,S$a
b Lds Obsl Solad Sy 4 03 28 (Glalam gudly
Sl Joloos 5 gl o 2D ¢ ST o s slaas i oled (ol
ng_—_f\}_;}ﬁ' s (Inner Cell Mass: ICM)
(ke & 50 Olse vy 55 5 (Trophoectoderm: TE)

S50 (530180

B Y Do & ol 03208 o 2Bl Ao (sla
Lo Jals o7 Wi onls )13 Jsl Jloea 5 2y S 00r o
o33\ ol an 4 g U3 (Human Tubal Fluid: HTF)
535 Vv 5 (Triton; Sigma, USA)X100 o 5
Propidium lodide; P, Sigma,) 44 wdas Sl s
sl 31 2y Ko 000 @ b (il Y 1 e 35 (USA
Aol iy e Al kn 53 0,55, YO 4T s iz g
(Bies Benzamid; Hoechst 33258; Calbiochem, USA)
e @ ol ma (gla .:ﬁoﬁ‘}&ﬁw):\w Jsbl s
Jglses H3 Cela VY UAQM@oM@&L&&?}Q&bYF
dns 5y 3 i 5SS o F Bl 3 B gles 53 5 G
S slosks 4 s ol a3 Jgle 5l 03,28 (oo sl
Y &K 5 » & (Glycerol; Sigma; USA) Jj oS
SN S oT Gy U 9 RS e g edd esls IS
Syl o sSns Sn 25 55 b jo Bl slad ol oilliyy
(Florescent Microscope; Olympus BX51, Japan)
S, @l o5 e sLFY B YA o oz e Jsb L
SICM Gladshe Kb T K, 68 <3 8 Spg 05 5 ST
OA B JK8) () 55 TE Gladshe Kilis 05 &K,

TUNEL (s jue7 3,
CS L 03,28 o o Gla i Sl (g3lias
TUNF(In Situ Cell Death Detection System; Roche,
0315 O o guades SSSG opl Likd (6 5155, (Germany
Lo (S35 5 Comd DL s Sl g ol S 2 5T Sk
Wl Jloes 53 WSG Jes (PBS) wlis 5L o
48> ¥ Sde 4 PBS s J s (Sigma, USA) ws s ¥
O 2l Jes g by Ao yat /Y 65l PBS 55 la i s gl
4 5 odd aals 4 5 Sl Ll is (PVP; Sigma, USA)
j(uﬁ..\.::éf)(}é'@‘_g})jw):'/\ O 5 )>4ads 93 O
Ll 0315 58 5 e PBS/PVP Jglous )5 5L aw c ke
R Augjl TUNEL J4owe 55 cslo S S 4 )
2305 B Sras 4 ek 65T Slage sdalia 1 e
Sl 5Ty iy dole Canys iy g oSy S
53 S5 T sk Olgie 4 5 65,5 805 4 slad sl 2!

AV liaasli ¥ o jlach aao Jlo idls Sdijy aslibas | PIE



(i ge sanko (uia 53 Shaaa L) il

IS dsys oKl oiS Slele S 4 Y sy
FAYF b 0gaiT 5 IS 058 53 55 1y S s2adl (5,5
S Jl Celu Y s ida oo Ol (ST Sl ey Sl VY
03 5 eV VAL J S a)‘)? 29 s g2 J:g;i RWSL
LI sl LT Llod 1 a8 ol Ao 5N 0505T 05 8
s gDy S5 el i 2S5 ol FA C3 38 1 g
03 8 4 o Jy 8L I (Ao s AV/EN) 0a3T 05 8 s
23 Blg .l 03 S5 iy Hls e (sl (Ao ys VANE) U 28
ISt s (80le 2S4S 350 0 stalin ST 5T S,
S 035 (o s AVVD) I8 05 8 4 b gy o S 5oy (6,8
ol 42313 Sl gme 28 (Ao ys AF/F4) 0505T 05 5 4 o
(p<+/+0)

Jasl o5 O
Voo a
o
-
j,
14), Ve
iw._
1]
i N
E
v
v
7 sl YF CuliS O Gslew YA sl VY -

YA XY o Crruncn $30ds (6 1SSl s jo (a800o dewslBotY Hla gads
0851 9 S slao g 8 ya 093 ) g cacdis usla VY
AP /- 0) el lasine (903l § JaiS (slas g S Glas SNGAl A

(ICM) ks Hobeu 0083 (JS (5La 3o gicudls whand Blad 3 (59037 g J,0S 5La 09 )8 jo clige (S (ia Cudas dwslia t) Jgua

(TE) p 3558158955 9
ICM index  slagsba cpSiles  sladsbo cpSilis Lo gl JS pSilas slaas 093
+SE TE+SE ICM+SE +SE
EYE/Y Y4/A £F/¥ \W/AY £Y OV/VY £0/¥ . J s
YF £ Y4/A £1/0 \F/PO £ /4 BF/Fs Y/¥ vs 0803

aylailicul (gUsA (pKilis :SE @3 5iS) g8 g 43 ‘TE (Jals Jolws ougs :ICM

(PS/+0) Caal Jlasine (9037 9 JAiS (sLac g8 (s SNGAN A

9 Loy sleu wluas Blad 5 Q\,..a",i'j JS sLao g 8 49 e ge SlA(I Cudss dulie Y Jgaa
Apoptotic index =ui gis gaf (slaciw gicdl ws ju

Apoptotic index+SE slad gles (1S5kse LAt giandl ws y3 (Silie alaas 09,8
SE+.sui gy 5a1 SEx s g3y 500

MM VAN UAREAL Y¥ (o 3 AM/AAEY/+v) Yv Jas

Y AvEY YO(3 9 AY/+ v ¥4 ) v 3903

3 lilicel sUsd (aS3le :SE

Caeuss o e LAC,‘,L.quASJJQyﬂjJJﬁs Lo 69,8 (s AWEAS -

s 09,8 (C) TUNEL S5 g (19051 09,8 (B) 9 J 5338 09,8 (A) (15581 (5330185 3 cvian ;o188 g S glasi 3) JSu
ouias (Ll (30 8) ()90 S, 9 (ICM) (ol gl 09 95 ouias GLLS (31 S5, B g A .l 9o Couusnn g3t (9031 09,5 (D) 9
Joles ouias GLis 3l 9y b 9 S g Sh J gl ouias GLbs 3y 508 BRI :D 9 C .ol (TE) p 993815895 slad sl

PO

e gSas Vo Bar . cuwl S gy g

Yakhteh Medical Journal, Vol 10, No 2, Summer 2008 125



4 e (S ST 58 gladlie ST sl (VL
.(YV)M:L;:@:J"IJ‘_;J.:?JQSW}JQT@%;L»

358 op Jeaml i 4 slassil 153 a8 Il sleawT )l
5 0h o 2% (5,8 IS Do 5 i b ) L
s &3 5 S35 gl 5315 55 25 90 (Sdie 3l g0 Ll 5 gad ier
SlS Ll i shU s (S8 05 S Flogw &S 3Ly
ART (o] 5 st & S 055 (8 Ty o Sl 1
Llos g 335eL IVF 55 Cugi 93 51 i &8 SLS” asle (sl
oo b OB5 ((YA) b CdST L slacmr ol Olle «(YA)
-\TuL(TY)aM u‘,b—w\.w ‘_;Laﬁﬂ}(\‘-)dl.w\‘\/ )‘jyb
Ltssos S 'ij.w (¥Y) 59 bl 31 eslatul cakes 1l
S 5l eslizal by (YY) 530 axdl b 5 (i b sl (sl205 5
Sl eslizul SV 31 g ke s (YY) Pizo CU 4 bl gy
ASTE eSS il 4 o LS S s, &S Ol 4 5
(P YY) ol ol

s c_;_..\.,é J‘}_ﬁ C}J;- 50 cl_;})' BE) Cb)_..u J\:r.i‘
LC»J.SJ:.:’:A 54&5 .>|_,.a ué}c).:} ok e 3 eJ}Laél.i
b, o 08 e sl s Sl s e S e
Lsy by gmdly mhow RIS (e Sl o S0 o &
r\>;.§\ o S Dbyl 5 K,8 e e Sl 3 oole
‘5:.;.#JAKC&L__A{Li\})jja'c\)yéﬁbl:‘..ﬂw.:ﬁdn
Sy S slad S 255 0T g pdylllnl ool 130
Us5 51 b e smadl s 5 et S o0 ol ba e 2Bl A2
(YY) -bla_@ ﬁ\}\ wasu‘ﬁ 9 CJJ? .UA|}>' S j¢>|)
Ao s @85 5l b sd s 2 4 S8 L Ul e
Pl S KIS 550 55 5 (Y9) Sl 0l Cdmn slazsll
o 9o okl U}A—M ‘_gl.hﬁ 23 o )‘}A le{ C}},
lae sy o e BLLI LI E 0 6l eY Ll 5 b s s
oS ey s b AT (.Ab'ejz.a,.,\;t S ol sldshe 5 oo
Bk Sose fll,

CiS 5 oS Db o e SICPS ) 4 glatnd sl

03 Gl o) Olge a4 Olg e 5305 b 5 ST Olsee
R R PSRRI .C‘))M 23S eslizal OT o o
el Sl aly 5 Ay 4 gland sl 1 ol la

Kima il dlo e plnil 5 s pls 1 o 13 1
Olen Slasime il o sn Sl 5 osdle bgj 035 s
c:ﬁ@a&gji—w‘5u&;—J>WP)&‘5;J§J
Lim Jpd J6 a3 1y Sk &8 e £ 5 Olin 5 (25 Vshe

Al i b ST g S e

References

1. Whittingham DG, Wood M, Farrant J, Lee H, Halsey
JA. Survival of frozen mouse embryos after rapid
thawing from -196 degrees C. J Reprod Fertil 1979;
56(1): 11-21

2. Balakier H, Cabaca O, Bouman D, Shewchuk AB,

126

Olylsan g 38

TE §ICM (s (sLa yo giwudls uluasi

234 J S 05 8 (slann gy 3 IS (sl o 2B sl
o 52 33 S (6la a5y 51as 13 50 OV/VIHO/F+ Las g2
Olgee ol 5 59 OFFEY/Ys Lo gte j5b 4 0503 058 (sl
Sldas s s Ol ol g sl J S 0‘5; a
Lo e Lol i o e);‘gbﬁ)Jdﬁ_guﬁj:}TE EYy-n'e
& s (VF/90E/80) 0 503T 05 5 53 ICM (sl o 52t slts
53 (P<e/00) 15 OlEs Hls gae 2alS (W/AYEY) J 28 0y §
O Jsder) 350 5l gma W 55 ICM STyl Ol jas

@ﬂxigmwﬁaﬂemﬂj.\lm

JJL.{ ojj__? BE GS.,_:_’?_,_‘.J_}_:_T LgLAJ_A_,_L«:)L: sldas
C))L&'})&‘&ﬁjbﬁ'//\'i'/\'Q}A}Ta};):jc'/'*i/'r
Sy a skl & ol O odias ol el A edus Hls s
slazsil 5l g 05 a4 Bs5 05,5 Flhgm momen 5 G
u\..p)) Q‘j.:ﬁ BE Sl a&@})b w')):..v_ﬁT u,&..l"jﬁ‘ s
‘)‘J&s'a.n Q}UE °}J?}5j°)3‘}:3‘5—<::‘}:ﬂﬁjt5uw‘}:“y{
Y Jgdr) s oss

o b5 03,8 Flosm S gy p ol anlllas 51 o
Pl Jobe Slexr Glagsar iS5 255 1 o3 dews
2 S 4 ar g Ll laid sl G fols e
Llgon U3 038 Flogm ool oaT Calisms sl i3S
T TP SO PRCENEH PRt
S5 Oldlae SN, bl iasy s (YF YD) 5 lu 6 5
IS8 Ol 15 g0 B35 03,57 Flogm o5 ol 0l S ok
4 cplle ods Cpd-damie (lagi 53 1) S 2ty (5
AF/Fr 105057 o )3 AVVO 1 2ST) s 2l 581 (g4l sme 5 b
oY sl Ol 53 a8 Conl Jlo 55 2530 (P /0 0) (Ao 55
0503 T OVVYEO/Fr 1d 28) Sl 0l sdalie L2alS U oy
G 53 Joke <5 e o855 Ols Cpimmen (OF/FEY/F
350 My Sl S 0 8 oy oile a0 a3T 05 S
EQVZE VARRRIVSI TV SV SR K9]

G dg Ay Olje 5 g CodS 5o bl OO
wiéugwféhui)(ijbw&ﬁwijm
350 Olgm 315 calllan (1 b o ol dler Sl eilie Jle L
4 mb Gb sl ofKnlT Ll sy slemil sy 2bsT
ooy NMRI 515 51 eslizal Yleost canllas ol 53 odeT S
ol ot el oy LT Csllae Ll 3 55 5 eslesnil ol
3 oV ske Bl 1 gl stamid 31 Jole Il (sla gy oS
S S5l s 5 sl Sb Jsd b6 a5 Jsbe 8 e Ol
Y-+

L CR{ RN PO B SPR WO JH [ P GO PR -
Oble oy SUls 5 5 (0) 3,57 5925 a4y w5 atul U oS
cgbomil iy f 5 4 At 350K 30 o Ll s s e sl
Sld (93 g slezil a0l b 5 (B e T > 50

Laskin C, Squire JA. Spontaneous blastomere fusion
after freezing and thawing of early human embryos
leads to polyploidy and chromosomal mosaicism.
Hum Reprod 2000; 15(11): 2404-2410

3. Pfaff RT, Agca Y, Liu J, Woods EJ, Peter AT, Critser

AV (Ll ¥ o jlack caas Jlw AL (Sibje aslibas PG



i 9o o (aia 53 Shuaa L) il

JK. Cryobiology of rat embryos |: determination of
zygote membrane permeability coefficients for water
and cryoprotectants, their activation energies, and the
development of improved cryopreservation methods.
Biol Reprod 2000; 63(5): 1294-1302

4. Saunders KM, Parks JE. Effects of cryopreservation
procedures on the cytology and fertilization rate of
in vitro-matured bovine oocytes. Biol Reprod 1999;
61(1): 178-187

5. Ahn HJ, Sohn IP, Kwon HC, Jo DH, Park YD, Min
CK. Characteristics of the cell membrane fluidity,
actin fibers, and mitochondrial dysfunctions of frozen-
thawed two-cell mouse embryos. Mol Reprod Dev
2002; 61(4): 466-476

6. Testart J, Lassalle B, Belaisch-Allart J, Forman R,
Hazout A, Volante M, et al. Human embryo viability
related to freezing and thawing procedures. AM |
Obstet Gynecol 1987; 157: 168-171

7. Camus M, Van den Abbeel E, Van Waesberghe L,
Wisnto A, Devroey P, Van Steirteghem AC. Human
embryo viability after freezing with dimethylsulfoxide
as a cryoprotectant. Fertil Steril 1989; 51: 460-465

8. Ramezani M, Rezazadeh Valojerdi M, and Parivar
K. Effect of three vitrification methods on development
of two-cell mouse embryos. Cryoletter 2005; 26(2):
85-92

9. Liebermann J, Nawroth F, Isachenko V, Isachenko
E, Rahimi G, Tucker MJ. Potential importance of
vitrification in reproductive medicine. Biol Reprod
2002; 67(6):1671-80 Review

10. Vajta G, Holm p, Kuwayame M, Booth PJ,
Jacobsen H, Greve T, et al. Open Pulled Straw (OPS)
vitrification: a new way to reduce cryoinjuries of bovine
ova and embryos. Mol Reprod Devel 1998; 51, 3-58
11. Chen SU, lien YR, Cheng YY, Chen HF, HO HN,
Yang YS. Vitrification of mouse oocytes using closed
pulled straws (CPS) achieves a high survival and
preserves good patterns of meiotic spindles, compared
with conventional straws, open pulled straws (OPS)
and grids. Hum Reprod 2001; 16: 2350-2356

12. Rienzi L, Nagy ZP, Ubaldi F. Laser-assisted
removal of necrotic blastomers frome cryopreserved
embryos that were partially damaged. Fertil Steril
2002; 77: 145-151

13. Lane M, Schoolcraft WB, Gardner DK. Vitrification
of mouse and human blastocycst using a novel
cryoloop container-less technique. Fertil Steril 1999;
72 :1073-1078

14. Hartshorne GM, Wick K, Elder K, Dyson H. Effect
of cell number at freezing upon survival and viability
of cleaving embryos generated from stimulated IVF
cycles. Hum Reprod 1990; 7: 857-861

15. Camus M, Van den Abbeel E, Van Waesberghe
L, Wisnto A, Devroey P, Van Steirteghem AC. Human
embryo viability after freezing with dimethylsulfoxide
as a cryoprotectant. Fertil Steril 1989; 51: 460-465
16. Testart J, Lassalle B, Belaisch-Allart J, Forman R,

1PV

Hazout A, Volante M, et al. Human embryo viability
related to freezing and thawing procedures. AM |
Obstet Gynecol 1987; 157: 168-171

17. Testart J, Lassalle B, Forman R, Gazengel A,
Belaisch-Allart J, Hazout A, et al. Factors influencing
the success rate of human embryo freezing in an in
vitro fertilization and embryo transfer program. Fertil
Steril 1987; 48: 107-112

18. Van den Abbeel E, Camus M, Van Waesberghe
L, Devroey P, Van Steirteghem AC. A randomized
comparison of Cryopreservation of one-cell human
embryos with a slow controlled-rate cooling procedure
or a rapid cooling procedure by direct plunging in to
liquid nitrogen. Hum Reprod 1997; 12: 1554-1560

19. Van der Auwera |, Meuleman C, Koninckx PR.
Human menopausal gonadotropin increase pregnancy
rate in comparison with clomiphen citrate during
replacement cycle of frozen / thawed per nucleate
ova. Hum Reprod 1994; 9: 1556-1560

20. Van der Elst J, Van den Abbeel E, Camus M,
Smitz J, Van Waesberghe L, Devroey P. Long-term
evaluation of implantation of fresh and cryopreserved
human embryos following ovarian stimulation with
buserelin acetate-human menopausal gonadotropin
(HMG) or clomiphen citrate-HMG. Hum Reprod 1996;
11: 2097-2106

21. Van den Abbeel E, Camus M, Van Waesberghe L,
Devroey P, Van Steirteghem AC. Viability of partially
damaged human embryos after cryopreservation.
Hum Reprod 1997; 12: 2006-2010

22. Valojerdi MR, Eftekhari-Yazdi P, Karimian L,
Ashtiani SK. Effect of laser zona pellucida opening on
clinical outcome of assisted reproduction technology
in patients with advanced female age, recurrent
implantation failure, or frozen-thawed embryos. Fertil
Steril 2007; 21; [Epub ahead of print]

23. Thouas GA, Korfiatis NA, French AJ, Jones GM,
Trounson AO. Simplified technique for differential
staining of inner cell mass and trophectoderm cells
of mouse and bovine blastocysts. Reprod Biomed
Online 2001; 3(1): 25-29

24. Brison DR, Schultz RM. Increased incidence of
apoptosis in transforming growth factor alpha-deficient
mouse blastocysts. Biol Reprod 1998 Jul; 59(1): 136-
144

25. Rienzi L, Ubaldi F, Lacobelli M. Developmental
potential of fully intact and partially damaged
cryopreserved embryos after laser-assisted removal
of necrotic blastomers and post-thaw culture selection.
Fertul Steril 2005; 84(4): 888-894

26.Nagy Z, Taylor T, Elliott T, Massey J, Kort H, Shapiro
D. Removal of lysed blastomeres from frozen-thawed
embryos improves implantation and pregnancy rates
in frozen embryo transfer cycles. Fertil Steril 2005;
(84)6: 1605-1612

27.Kasai M. Cryopreservation of mammalian embryos.
Mol Biotechnol 1997; 7(2): 173-179

Yakhteh Medical Journal, Vol 10, No 2, Summer 2008 127



28. Petersen CG, Mauri AL, Baruffi RL, Pontes A,
Franco Junior JG. Zona thinning with a noncontact
diode laser in ICSI embryos from women of advanced
age. J Assist Reprod Genet 2002; 19: 206-512

29. Tucker MJ, Luecke NM, Wiker SR, Wright
G. Chemical removal of the outside of the zona
pellucida on day 3 human embryos has no impact on
implantation. J Assist Reprod Genet 1993; 10: 187-
191

30. Makrakis E, Angeli |, Agapitou K, Pappas K,
Dafereras A, Pantos K. Laser versus mechanical
assisted hatching: a prospective study of clinical
outcomes. Fertil Steril 2006;86:1596-1600

31. Cohen J, Alikani M, Trowbridge J, Rosenwaks
Z. Implantation enhancement by selective assisted
hatching using zona drilling of human embryos with

128

Olylsan o 38

poor prognosis. Hum Reprod 1992; 7: 685-691

32. Nakayama T, Fujiwara H, Tastumi K, Fujita K,
Higuchi T, Mori T. A new assisted hatching technique
using a piezo-micromanipulator. Fertil Steril 1998; 69:
784-788

33. Germond M, Nocera D, Senn A, Rink K, Delacretaz
G, Fakan S. Microdissection of mouse and human
zona pellucida using a 1.48 mm diode laser beam:
efficacy and safety of the procedure. Fertil Steril 1995;
64: 604-611

34. Antinori S, Selman HA, Caffa B, Panci C, Dani GL,
Versaci C. Zona opening of human embryos using a
non-contact UV laser for assisted hatching in patients
with poor prognosis of pregnancy. Hum Reprod 1996;
11: 2488-2492

AY lieasls ¥ o jlach aas Jlw @idls Subjs aslilias  |PA



