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Abstract

Background and Objectives : The National Laboratory Animal Center, Mahidol University, is a source of laboratory
animal production for research in Thailand. ICR/Mlac-hydro and ICR/Mlac-free hydro mice were developed as an
animal model for hydronephrosis in humans. Additionally, these mouse strains have been preserved in the embryo
bank since 2014. To prevent the loss of mouse strains, ensure the stability of laboratory animals, increase the
diversity of mouse strains, develop the science of laboratory animal, reduce the import of expensive laboratory
animals, and reduce the costs of laboratory animal breeding. However, the production of these mouse strains has
been discontinued as research using these animals has been completed. To ensure that the new colony of
ICR/Mlac-hydro and ICR/Mlac-free hydro mice can be established in the future. Therefore, 11-year frozen 2-cell
stage embryos of ICR/Mlac-hydro and ICR/Mlac-free hydro mice will be tested by the thawing to determine the
percentage of survival 2-cell stage embryos (% survival). The survival 2-cell stage embryos of ICR/Mlac-hydro and
ICR/Mlac-free hydro mice were used for embryo transfer in recipients to determine the percentage of newborns (%
newborn). After that, a pair of newborns in each mouse strain was tested for fertility with natural mating.

Methodology : This study was approved by the National Laboratory Animal Center-Animal Care and Use Committee
(NLAC-ACUC, protocol no. AP2024-02). All animal procedures were conducted at the Association for Assessment
and Accreditation of Laboratory Animal Care (AAALAC) International. All mice were maintained under routine
husbandry procedures in the animal room with strict hygienic conventional, controlled temperature at 22+ 3°C, 30-
70% humidity, 14 hours light conditions (lights on from 6:00 AM to 8:00 PM), 5-7 ppm choline reverse osmosis water,
and a standard mouse diet. Mice had access to diet and water at all times (ad /ibitum) . Mice are kept in plastic
cages and stainless-steel lids. The sterile bedding used consisted of corn cobs and dried water hyacinth. Before
thawing, the culture plate was prepared with M16 medium on a 35 mm sterile plastic dish consisting of a 3 drop of
wash drop (50 pl), and a culture drop (150 ul) covered with mineral oil in a CO, incubator, overnight. The next
morning, the 0.25 ml straw tube was removed from the liquid nitrogen tank, warmed at room temperature for 20
seconds, then warmed in a 37°C water bath for 20 seconds. The 0.25 ml straw tube was cut with sterilized scissors,
and the 2-cell stage embryos, along with 35EG and 0.3 M Trehalose, were released into a 35 mm sterile plastic
dish. 30 seconds later, the embryos were found under a stereomicroscope and thawed using a 50 pl of 37°C 0.3 M
Trehalose for 3 minutes, a 50 ul of 37°C 0.15 M Trehalose for 3 minutes, a 50 ul of 37°C 0.075 M Trehalose for 3
minutes, and a 50 pl of 37°C Holding medium for 5 minutes. Embryos were washed in 50 yl of M2 medium 3 times
and washed in a wash drop 3 times. The survival 2-cell stage embryos were cultured in a 150 pl culture drop in a

CO, incubator, waiting for embryo transfer. The survival 2-cell stage embryos were used for transfer to the oviducts
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of recipients. The recipients were natural-born on days 19-20 after embryo transfer. The newborns were set to mate
at 7 weeks of age.

Main Results : The thawing of 157 embryos in ICR/Mlac-hydro mice. The results show that 142 embryos were
recovered under a stereomicroscope, and then 48 embryos were found dead. Ninety-four of the 2-cell stage
embryos were alive, with the percentage of survival 2-cell stage embryos was 59.9 (94/157). In ICR/Mlac-free hydro
mice, 208 embryos were thawed, and 196 embryos were discovered. After that, 88 embryos were determined to
be dead. 108 of the 2-cell stage embryos were alive, with the percentage of survival 2-cell stage embryos being
51.9 (108/208). The percentage of survival 2-cell stage embryos did not differ significantly between the two mouse
strains (Fisher’s Exact Test, P>0.05). The embryo transfer of survival 2-cell stage embryos. In ICR/Mlac-hydro mice,
the 94 survival embryos were transferred to 8 recipients. 19-20 days later, the number of newborns was 7, 8, 6, and
8 in recipients no. 3, 4, 6, and 8, respectively. The percentage of newborns was 30.9 (29/94), consisting of 19 males
and 10 females. For ICR/Mlac-free hydro mice, 108 of the survival 2-cell stage embryos were transferred to 7
recipients. The number of newborns was 7 and 4 in recipients no. 10 and 13, respectively. The percentage of
newborns was 10.2 (11/108), including 7 males and 4 females. However, the percentage of newborns differed
significantly between the two mouse strains (Fisher’'s Exact Test, P<0.05). After natural mating of each mouse strain,
ICR/Mlac-hydro mice gave birth to 6 offspring, including 3 males and 3 females. In ICR/Mlac-free hydro mice, 7
offspring were born, consisting of 3 males and 4 females.

Conclusions : The embryo bank can preserve the strains of ICR/Mlac-hydro and ICR/Mlac-free hydro mice. The 11-
year-frozen 2-cell stage embryos survive after thawing and will be born after embryo transfer. Mice can give birth
naturally and are sufficient for establishing the new colony.

Keywords : mice ; embryos ; vitrification ; embryo transfer ; embryo bank
*Corresponding author. E-mail : theerapong.bua@mahidol.ac.th
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Tud1u 0.15 M Trehalose 3nmu 50 lulasans Unlu CO, incubator wru 3 w1 drasndanlludly 0.075 M
Trehalose 151104 50 1uTasans 1inlu CO, incubator w1t 3 Wi wazeadadauliugly Holding medium (Bovine
serum albumin; M2 medium) 13110 50 lulAsams Ul CO, incubator 414 5 U7 a1982a1ly M2 medium
Funas 50 lulasans Sa19u 3 A% dredeeily wash drop a1 3 p¥s FaLdendnseuszay 2 wad fsoatanll
ae13T culture drop 189 M16 medium uaztiailu CO, incubator ilesaniatinerngsey

4. nivslunnag

nsfunyindanawiug JekICR AgTang 5 4Ua W Aoanisanaaausag ketamine HCI 10% (Hameln
Pharmaceuticals, Germany) 38104 50 mg/kg BW LA ¥ xylazine HCI 2% (L.B.S. Laboratory CO., LTD, Thailand)
Fn10u 10 mg/kg BW IP Inuantinnmtingiesdouans thanisae Terramycin™ daansliuguinduaumnans ldiaie

sudnnzliidrllludesies iautiriasdoadrdaquuaanaaas 70 wefidus ldnsslnsdaeniadnionils

17



B MIANTIMENANARTYIN TN 31 (1TLT 1) WN9IAN — WEIEW W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

v ! ! ¥

PNV AIFIUAATNLUITINIANFE19 1 b uFNAg neslnslann@asinna N iantnfaagauaNamIN kLD

o o v

8198169 819 1 1 uANAs Tl nAusulaTunRadus N s wdam9aany IR LA N T 97 a9 A UNLVI A1 LT

v
o
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soaiupay liANeUguNgUUYH 35-37 avAmaliea aunsziaWy anauilangtia tramadol™ 153104 8 mg/kg

BW (T.P. Drug Laboratories CO., LTD, Thailand) 411191/ 59319 (subcutaneous injection, SC) AARIHNEUNN

'
val o o ¥

&ninaaeamavidniduszazioan 7 41 waznan AutoClip” Tudui 10 nasniseingn ienyinagnvinniuudaiiany
12 duaf azgnlduaniuginawiantusfasiy

5. ngEneelns e

Juugsidaneiug JetICR A e ld lunsanymagniuduuda ludnsndou 1 sie 1 Tuiean 13.00-15.00
win ludrdusiann Andenuyuidinaflafd vaginal plug 1iluusisasy @naaausan ketamine HCI 10%
131104 50 mg/kg BW waz xylazine HCI 2% 131104 10 mg/kg BW IP InuauiFoundina1sansia ananelimying
uauAd thenisae Terramycin™ iandssaadraguueanages 70 wWefidus Mnsslnsdaendesintioniinsanany

[ o (% a a o v ‘ﬂ” £ v v Aﬂ” ¥ dgl

NRIANNUUINANANFRENT 1 [URINAT LeanRamisaanainnatuilaminfiassanssinsdaanida Tdnssinslanniae
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sanauiad1eansa MMunAudutenladunfadusaldudafsuaueanaindesiad AsamIAILLITae ampulla
nalandesdndn Idsues 30G 1lwizgudnlnaiass ampulla 14 mouth pipette gasiagauseas 2 LIaaNsanTam

o

naan1zutuda ldidn 11y ampulla lddeulssiuuazsaldnaudnld ludesias @ulaRomisse AutoClip® nula
fifanakaniunau fpauanguiiguund 35-37 asAnsaiGes aunsziiaiy aneufiansia tramadol™ UFunmd
8 mg/kg BW imelatianils Aamngunindndnaassvasiifnidussazionn 7 44 meﬁmmmmimmqﬂw‘fuﬁ
19-20 NAINTENFIA

6. N13%ATIzY T8y A

nnsAneAfUldadAEanes0IUN (descriptive statistics) tvaasunadayanliaindunaunisguazaauas

nsfadindaseu Tnatdnaualugluuuaesiesaraain1s9endinuasiouas199gnNuINAAEn LAYIIN193LATIEN

c v

WrILIEUANLANFANTE NN dIe 2 anaiug Aaennsmagad Fisher's Exact Test inulisunsudnidagiinig

2

Al SPSS Statistics (Version 18.0) TnanuunszauiagnAtynieada lin P<0.05
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Results

AMNNIGUATAEFAEaUITEE 2 19a8 209U daneiug ICR/MIac-hydro Mududaivldseusdwnadnang

q

2557 \luszaziaan 111 A1uau 157 fagau aunsnAuNLFA8auRanaASIua 142 fagau Hindaugoymie’lyl
AU 15 Aageu AaeeunelussndenIIguaraItaIuIm 48 Fadeu iidestgeaussay 2 g fisenTimvdaniu
wi4a1u9u 94 Fadau AUINISRAZIRINNIIeATAR LWL 59.9 (94/157) &rufusindaustay 2 [as aaauing
a18ug ICR/MIac-free hydro A711491 208 Fa@81 NAIAINNIIGUATANL AIEDY WU AT AU LS B W aMaA
AU 196 Aagan Ndsaeugyuialilaiuu 12 fadeu fgeumsluszninanisguazaleauay 88 Aasamn Waesa

BAUTLHY 2 AR NIDATIANAINITUTLTIAN1UIY 108 AR89 ANUILSRLATIBINITIRATIA LALWINTL 51.9 (108/208)

o a a I aa Aﬂl = ' % aa £ i’/ o & Y
mum@mmLmﬁwm\mammei_l??ﬂumm_lmwLLmﬂmwmmﬂmmm’]ii@mmmiuuwmz{m 2 ANENUY ABINIT

° o

naaau Fisher's Exact Test wudn ldfmnuuansnariuedaliadnAtynneada (P>0.05) (Table 1)

Table 1 The thawing of 2-cell stage embryos in ICR/Mlac-hydro and ICR/Mlac-free hydro mice

strains No. of frozen No. of embryos No. of dead No. of survival
embryos discovered embryos embryos
ICR/Mlac-hydro 157 142 48 94°
ICR/Mlac-free hydro 208 196 88 108°

®Fisher's Exact Test was used for the analysis. No significant difference was observed between the two mouse

strains (P=0.138)

'
al

annsfednsagauszas 2 1aa NsaatannainisududsaasyndaieWug ICR/Miac-hydro auau
94 sirdau iunFniuauaw 8 v wudulsasuaaangniaunn 4 ul lignusnaasnavisnnn 29 fa AunEREaTLeY

anusnAaan lavindy 30.9 (29/94) utlvaaniily griwAanuIu 19 fiv uazgninAlaaIwaw 10 fa dmiunistnarin

o 1

Fageuses 2 [ad neantinudinisududresnysindansawiug ICRMIac-free hydro a11at 108 sageu liussady

AU 7 Fa WU A FUAReAgNYIaINe 2 ui TAgnuInAaenianaaIwIn 11 fin AuanifenaruegnuInAaen e

o

Wil 10.2 (11/108) wiieaniily gninARAIuI 7 5 uazgninAEaIwI 4 i (Table 2, Figure 1) A1NN193LANAN

o

Wugundanawugas 1 4 wudmyirdanawig ICRMiac-hydro AaBAZNATUAY 6 A3 LLNaanITUMWALRWIY
3

al

A wazuyineliaauau 3 A dusuugdndananwug ICR/Miac-free hydro AREARNATWIU 7 Fia wilvaaniiumyina

HANU9U 3 6 LATMNALREAIWIU 4 A9 atglafimnunanismasieaiinie Saumauauuanstesienas

o o

2039gNuINAAEA MRIAY 2 A18WLE AaennIMAAeU Fisher's Exact Test WugnHAuuAnsinaiued wililzdn Aty

2

N9EDR (P<0.05)
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Table 2 The embryo transfer of 2-cell stage embryos in ICR/Mlac-hydro and ICR/Mlac-free hydro mice

strains recipients No. No. of embryos No. of newborns
transferred Male females

ICR/Mlac-hydro 3 13 4 3

ICR/Mlac-hydro 4 16 5 3

ICR/Mlac-hydro 6 15 4 2

ICR/Mlac-hydro 8 15 6 2
ICR/Mlac-free hydro 10 16 3 4
ICR/Mlac-free hydro 13 15 4

Figure 1 ICR/Mlac-hydro mice, the survival 2-cell stage embryos (a), the newborns of recipient no. 4

after embryo transfer at 8 days (b), and 14 days of age (c)

Discussion

watianisududagniszgnelldineniaiiuinmansiugdndnasedluglunuaessuinisdosen Souududa

' '
ol o a a

widndiaenta vy dinusaiugnesu m_ju,ﬁﬁm‘nawﬁuﬁwm%mmmumnmmamwuﬁmuﬁﬁummwmw

Kl

v
o

UseTamiilunnsdnmnlusunan freauutudamanidanunsaineanusnsalalailudie dAns luaunanls d1vsy

AudARMaaasuietg Ialiudneaawuguging ICRMiac-hydro uaz ICRMIac-free hydro lag5alunnsdnaa

2557 wasannuulagfnisiwizasisiuguaznisiusnsuyuidanaiugainataasitasanldddldusniseting

2

patiles aenglafinulsz@ninmaasniaiuinmaiaiugdninaasslusuiarsmdeudsaniuasfaslss duating
di 919'/ oo -:i [ =3 o o Saa o 1 Yo o

Wuszuuine liiuladnsreeuiududaivliludvlulnsaunanasdalidinseanasnisguazaisuarainnsalddniy

nrslalatinesdninasedlianass laavialdudalss@nininaasnisiivinmaiswug lusuiansagenainis

ﬂa‘uﬁu”lé’mnmmmuﬁmﬁqﬁﬂuiumﬂmmmmm‘f\imi@:mxmmuﬁwmxummim%a (blastocysts) Wazn19eng
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nsivgeunisanddnnasnisuaude Aoaudsdtazaimnsadedauasimunlunngnaasussodule (Whitingham, 1974)

©
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o 1 o 1

gmfunisAneafiniaasuirnsdngeuliinddeusray 2 s 1e9nysindanaiug ICRMlac-hydro uaz
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a o 1
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(15/157) uazsingaurasnysindanaiug ICRMiac-free hydro HFngeugrymelifasas 11.1 (12/208) danaliiidns,
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witlganefesiannnazgnasaaauwaznudnd ampulla feiiudnsuzisdaauniaudniunistedan
FNEaUITEY 2 LIAA WAANNNIANNINETIINaN IRt aziasAaauAnFA1aii a1 lsAnINaINnNTAsZL S e
ANNLANANNIDIFALAZNIARDATUDILNFSUFIEIN1INAZAL Fisher's Exact Test WU T A NuANFA9 T Wae 195
UdATYNNadA (P>0.05) IRABfauntiniseauisaeauszas 2 was sesugindanswug ICR Ngnududssae

as . & o v & Ny aa "o Ny
91 vitrification LL@$LﬂU§‘ﬂE”]1QLﬂu§‘$E$LfJﬂ’W 6 LAY NTREHATVRANNITIBATIMLNINL 93.5 LASHIDEASURIQNLUINANDA

Winfiu 18.0 (Eum et al., 2009) Fasausyas 2 Laa 1aauyidndanawug B uar "B Ngnududeuuy

vitrification AM8IA1IAZANE ethylene glycol ﬁ%’@ﬂ@mm@]mmﬂmmmﬁ’ﬁu 50.0 waz 57.9 AMNAAL (Sa-ardrit et al.,
2011) Fgauszey 2 iaraeuyidndaeWug NMRI outbred ﬁgm,mlf‘ﬁw’hﬁ% vitrification lutienudufeiinasdan
ethylene glycol wae dimethyl sulfoxide \iusnE iduszevinan 14 du 5eaaz1e4n19980T309ANAL 82.1 (Ghandy
& Malekshah, 2017) Fiagausyes 2 IARNTaEAZIBINIITBATIFNTL 48.0 Lardiatazaasniswmu lunaananaaes
NRINIFUTUT9LYINTL 84.0 (Taketsuru et al., 2022) Fagausres 2 Lm@’m@wwﬁm’ﬁqﬂl,vn'LLéﬁQLLuu slow frozen A9t
propandiol #58elax189N1370ATIRINAL 80.0 (Nematollahi Mahani et al., 1999)

dvsuniautuleinsauszziu I mmmyﬁqz{ffuﬁmmmdﬂ@‘i@%m’mmuwﬁﬁmmﬁuﬁ outbred CD1 ﬁqﬂ
utudadaeia vitrification iluszezinan 8-10 5u fiferazaesnissesdinwindu 97.4 wasaniudenazaesnssenian
waslaleladanativae 90.4 ndsanududaiuszezioan 6 thau (Yan et al, 2011) fagauseas 1 LMasaaIusng
aneiug BECBAF1 (C57BLXCBA) fignusgudeuwiy vitrfication faenineugufsiinaudan dimethyl sulfoxide waz
ethylene glycol Wivine I3iuszazingn 2 §Uaf Hfesareedani13sendsniinfy 97.3 wariiesazuaaniswmunlu
NABANARBIWNAL 53.4 (Park et al., 2009) FR80UITHY 4 LT1AA Findauszey 8 11a4a fagausraslngauazAdgen
szzuanalaasesyidanawig NMRI outbred fignusudedanai vitrification luthenududeiinandan ethylene
glycol uaz dimethyl sulfoxide tiufne didussazinan 14 Ju Afeaazee9ani79endanwiniy 83.2, 85.8, 77.0
WA 60.5 ANNANAL (Ghandy & Malekshah, 2017) FBaUIZaY 1 AR FAEAUIZYY 4 LIRS LAY ANBaUIay 8 LTaR
m@wwﬁﬁﬁﬁgmvﬁlﬁmuu slow frozen #atl propandiol HiatazaeIn1390ATIRWINGL 91.0, 82.0 WAz 85.0 ANNAAL
(Nematollahi Mahani et al., 1999)
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Figure 2 The production of ICR/Mlac-hydro mice (a), ICR/Mlac-hydro female mice at 15 weeks of age (b),

kidneys of different sizes (c), hydronephrosis in the left kidney (d)
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