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Abstract

Background and Objectives : The National Laboratory Animal Center, Mahidol University, aims to preserve the
strains of Wistar rats (Mlac:WR) in the embryo bank. The benefits of embryo banking are genetic resources. To
prevent the loss of laboratory animal strains due to genetic changes, failure of the reproductive system, failure of
the animal husbandry system, infections in the laboratory animal colony, natural disasters, cessation of laboratory
animal breeding, and reduction of laboratory animal breeding costs. Additionally, preserving laboratory animal
strains in the embryo bank is beneficial in preventing a shortage of laboratory animals in Thailand and reducing the
importation of expensive laboratory animals. Therefore, in this study, we attempt to study the superovulation protocol
for the in vivo embryo production of 2-cell stage embryos in Mlac:WR rats to determine the percentage of 2-cell
stage embryos (% 2-cell stage embryos). The 2-cell stage embryos were frozen using the vitrification method. After
that, the vitrified 2-cell stage embryos were thawed to determine the percentage of survival rate (% survival), and
then the surviving 2-cell stage embryos were used for embryo transfer to determine the percentage of newborns
(% newborn).

Methodology : Mlac:WR rats were maintained in the animal room with strict hygienic conventional controlled
temperature at 22+3°C, 30-70% humidity, and 12 hours light conditions (lights on from 6:00 AM to 6:00 PM). Rats
were supplied with a 5-7 ppm choline reverse osmosis water and standard diet (ad libitum). All animal procedures
were conducted at the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)
International. This study was approved by the National Laboratory Animal Center-Animal Care and Use Committee
(NLAC-ACUC, protocol no. RA2023-33). Eight female rats with 9-week-olds were induced to superovulate through
an intraperitoneal (IP) injection of 175 IU/kg BW pregnant mare serum gonadotropin (PMSG) at 9:00-10:00 AM,
followed by 300 IU/kg BW IP of human chorionic gonadotropin (hCG) 50 hours later (11:00-12:00 AM). These
females were then mated with 12-week-old Mlac:WR male rats overnight. 46-47 hours after the hCG injection, female
rats were euthanized by carbon dioxide. The oviducts were collected, and embryos were flushed out from the
oviducts with M2 medium under a stereomicroscope. The 2-cell stage embryos with normal morphology were

counted and washed in 50 pl of M2 medium 3 times. After that, 2-cell stage embryos were cultured in 150 pl of M16
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medium covered with mineral oil in a CO, incubator (37°C, 5% CO,, 95% humidity). For the vitrification, the 2-cell
stage embryos were pretreated with EFS20 solution (20% v/v ethylene glycol, 15% w/v Ficoll® PM 70, 0.25 M
sucrose) for 2 minutes and then frozen by the vitrification method using an EFS40 solution (40% v/v ethylene glycol,
30% wiv Ficoll® PM 70, 0.5 M sucrose) in a 0.25 ml straw tube. After being stored in a liquid nitrogen tank for 7 days,
the vitrified 2-cell stage embryos were thawed using 0.75 M and 0.25 M sucrose (thawing solution), respectively.
The surviving 2-cell embryos were counted and cultured in M16 medium, waiting for embryo transfer. The Mlac:WR
female rats with 8-week-olds were tested for the proestrus by vaginal smear technique after that set mating overnight
with the 12-week-old vasectomized Mlac:WR male rats. Female rats with vaginal plugs or mated with vasectomized
males were used as recipients. The surviving 2-cell stage embryos were used for transfer to the oviducts of
recipients. The recipients were natural-born on days 19-20 after embryo transfer.

Main Results : The in vivo embryo production of 2-cell stage embryos in Mlac:WR female rats at 9-week-old by the
superovulation technique. The results show that the total number of embryos harvested from the superovulation was
202 embryos, divided into 139 of 2-cell stage embryos (17.4+6.4), 18 of 4-cell stage embryos (2.3+0.9), and 45 of
abnormal embryos (5.6+3.5). The percentage of 2-cell stage embryos was 68.8 (139/202). The 139 of 2-cell stage
embryos were divided into 3 groups (47, 47, and 45 embryos) and frozen by vitrification for 3 tubes. After thawing
the first tube, 45 of the 2-cell stage embryos were discovered under a stereomicroscope; after that, 13 of the 2-cell
stage embryos were dead. The 32 of the 2-cell stage embryos were alive after thawing. The percentage of survival
2-cell stage embryos was 68.1 (32/47). The surviving 2-cell stage embryos were used for embryo transfer to 2
recipients (16 of 2-cell stage embryos per recipient). 19-20 days later, the number of newborns was 1 and 3 in
recipients, respectively, with the percentage of newborns being 12.5 (4/32), 1 female, and 3 males.

Conclusions : The 2-cell stage embryos of Mlac:WR rats can be used to establish the embryo bank. Because of
that, the percentage of 2-cell stage embryos obtained from in vivo embryo production and the percentage of survival
2-cell stage embryos after vitrification are relatively high, although the percentage of newborns after embryo transfer
was low. However, this study was the first successful embryo transfer in Mlac:WR rats at the National Laboratory
Animal Center. The knowledge and skills gained from this study will be used to improve the embryo transfer protocol.
To successfully establish a rat embryo bank and promote the National Laboratory Animal Center as a source of
learning on laboratory animal embryo bank techniques in Thailand.

Keywords : rats ; 2-cell stage embryos ; vitrification ; embryo transfer ; embryo bank
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ﬂﬁmfiam@ﬂﬂmﬂﬁu@mmmﬂmfa 1 LEURLNAS @,mﬁflmﬁu@:ma 0.75 M sucrose aulfinvaaaugids datlarevaan
wtudamag sigillum wax (Figure 1) 2suaanuduissisaawmiialalulnsiaumas 1 @ufiumns Wi 3 wii uar9uaan

windasnaauasluluinsaumaniui usnevasaududasnaenldludslulnsaumantlussazingn 7 i

Figure 1 The preparation of a 0.25 ml straw tube, 1 cm of EFS40 (a), 1 cm of air (b), 0.5 ml of EFS40 (c),

1.2 ml of EFS40 with 2-cell stage embryos (d), 0.75 M sucrose (e), and sigillum wax ()
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AOUNNN 37 BNANALTHE WU 20 IUNT KEANADALTLINAQ8NTEANHAINU T A9A MNITinsdnLansnanm i

q a
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M sucrose W11 5 W17 2 A9 waFaaauli 0.25 M sucrose W11 5 W17 2 AS9 a19sinaanlu M2 medium 1U3u104 50
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lulmsans 3 A5 dnesnaeuly wash drop 3 ATS AnlAanFdauszas 2 was nandim lUwnldlu culture drop 284
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6. N9V AE]

YNENAAUNYLIMIWAL LAY 5 dn19T a1uau 2 69 fae ketamine HCI 10% 138n5u 100 mg/kg BW
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19 lARaMTs (subcutaneous injection, SC) teamaae Terramycin™ apanglduaunang iantindesnaeiunnm
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Aomtiasnaiuna IR NaUgungUIUNN 37 a9A@aITad AUNIETINY ATIAGUINTNTDINYLININANITTUITaZIIAN
7 Ju uaznen AutoClip” ludud 10 naIN197uTY uyusmnagniauduudaeny 12 dlanf avgnldduiunng
HaNTugIiewHsainuNFa3L

7. n17engEl N

RINAVNUYUINANE WS MlacWR iwALHe 81 8 Aanif Niatlluszas proestrus AaedE vaginal smear ANt
o o o s./dl o % v d‘d I3 Y o | o A = d‘d .

il naniugiunyuamnagninmsiuudonieny 12 ddanif ludrdusiendniaanuyusminadla i vaginal plug
A VYo o v 1 o o a o o o o % lI) v
wraladunisnaniug W duudsn iy udsananeenaay Inuautsundinasansa 4n0neliueuadn Thanidas
Terramycin™ iauasnaeiunau ddadnllludesiesaunuviesinld 14 mouth pipette Wsgeusses 2 imaansen
Fanuaansutudeauau 15-20 sageu W llnaluwiesn lddaeesagentdinas ampulla (Figure 2) @iutlafinuilasae

I - Aa o v a Y A a a 1 Y o
Tnsifuunaies 3/0 Munanionissaeuniau Waoueuguiiguugil 37 asAngaidus aunseyiaily anduan
tramadol 131104 8 mg/kg BW SC Fimsnugunmaadusisoduiluszaziaan 7 5u fn luuiduuualudui 10 nasnisdne

tnsiagew Aasunisaaengnluiui 19-20 naanistnarndagan
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Figure 2 The embryo transfer of 2-cell stage embryos into the oviduct, ampulla (a),

and mouth pipette with 2-cell stage embryos (b)

8. nsAATIETaya

nsAnuATHldadanssuuINetuedayanliannisnanfageuszes 2 wad nsutuiuazguazans

waznisgnenindagen dnauelugluuresiasazaadfigeuszay 2 19AR J08AI09N1990ATINUALIRLATIBIGN

o
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v aa o o 1 dl aa
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ANUILFIDD LT W

foraza89gnNuINAaen = ANUIUYNUINARRA X 100 (3)
. e A
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Results

@

AMNNITNAAAISBUTTEY 2 LTAS MUUYUINANERUE Mlac:WR a1 9 AUnif faedBnisndnsiaaeuuuy

©

Tusrenia Ansldinatianssfuiinarwulinnuaznisnaniugausssnanfu awnsniiudasanlanamun a1uau
202 Fa881 WUNBANLTW ARE8UTEEY 2 AR A1131 139 AR80U (17.446.4) AR8aUTTE 4 LTAE A1UIU 18 Aaaal
(2.3+0.9) WAAI8AUNNALNG A1UY 45 F288U (5.6+3.5) AMUILFREATUDIAIBAUTTET 2 LIAR LaLYiNTU 68.8

(139/202) Lar2INT9EARFBaulUMRILINAIEWUE Mlac:WR wandAs Table 1 ua Figure 3
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Table 1 The in vivo embryo production in Mlac:WR

Stage of embryos No. of embryos Meantstandard error Percentage
(8 female rats) (embryos/female rats)
2-cell stage embryos 139 17.446.4 68.8
4-cell stage embryos 18 2.310.9 8.9
abnormal embryos 45 5.6+3.5 22.3
- a b

y i) - (o
3 . - e alid
RS, 50 pm 50 pm
c d e
l ‘ q.)
\.
- S X i J
J -—*‘J./
50 ym 50 ym 50 um

Figure 3 Morphology of Mlac:WR embryos after superovulation, embryos before selection (a),

2-cell stage embryos (b), oocytes (c), 4-cell stage embryos (d), and abnormal embryos (e)

FogauIvey 2 [ag Audk 139 Aagen gnuduiefaeds vitrfication A9 3 Na8A NABARY 47, 47 WAL

U uisannsguarattfsauluaent 1 S19u 47 Fadeu anannAuNLFgewTIvNA AU
raeugrymely Anuau 2 Fadau fadeusnsTussndnanisguazas AW 13 fadeu aesdeusvey
2 1IAR NTAATIANAINITHTLTT A1 32 FAR881 ANTUINISFREAZIRINNTTAATIR LALVINAL 68.1 (32/47) HAYBINIT

WTUISLATEUATANLANEY LARAY Table 2
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Table 2 The vitrification and thawing of 2-cell stage embryos in Mlac:WR

0.25 ml No. of frozen No. of embryos No. of dead No. of surviving
straw tube embryos discovered embryos embryos
1 47 45 13 32
2 47 NA NA NA
3 45 NA NA NA

NA=0.25 ml straw tubes no. 2 and 3 were kept in a liquid nitrogen tank for long-term study

'
o |

A1NNN9ENENNFREeNTaY 2 [Ad NIaATIANAINITRT LI IHLFRL A 119 2 Fa faay 16 Aadau wudnu
FOSLNNNLLAT 1 AABAQNAIUIU 1 Fa LAZUNFFUMNNaEAY 2 AnEANATUIY 3 Fd ANWINFRaAYIaIgNUINARDA TS
Winri 12.5 (4/32) wilaendly gnindg aauaw 3 Ao uazgninAlile a1uau 1 69 daresni1sdnadinfaseunania

Table 3 way Figure 4

Table 3 The embryo transfer of 2-cell stage embryos in Mlac:WR

No. of recipients No. of embryos transferred No. of newborns
1 16 1
2 16 3

Figure 4 The newborns of recipient no. 2 after embryo transfer at 7 days (a), 14 days (b), and 21 days of age (c)

Discussion

o o

NNINARFAIBAUIZYY 2 LTAS MUNYLINANURUE MlacWR fagdBn1snansasautuulusaniaiiu dadeu

v
o Y o & o

nennanuan lddnazeluscaznsulasaanuanseiu 1@y fageuszey 2 \ad Aaaeusray 4 [IARLAYAI8aUN
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