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X, RER, dan', ARzH
L L PR PR E A 2, L G R FETITRRP X BRI 3265, 0502005 2. TL A T PRIELS & A AR 0147

(WE] BHM HTANFRAZ7 & a6 £ 4l (COS) FHMEAE R 2 64 3 v B2 ¥T 58 A A AL .
Fik 150 R ICR#EME DALY A EFA, EAM, A afib B ALK, 784, #4307, E
W, WR A AR KA AAMBKO.2SmEE, AAFRALFIK,. SN EEA>ANLETANE AL S
25.6. 51.2¢/ (kgd) #B, HHEBHEF 1A, HLEBRAIAMEAH, EFHDRTHEE S 1 RMEEHE
KO0 1 ml, L4428 RAES COSHEA, ph) A L0 EBEAT 1 hiEH A B Rt dpH) 7 4- 2 K T BR0. 2 ml,
BMERBBIEESHEGEIANAY, FARHRARIR, BAPRATEHEIAMEEESELINER &A%
B2 189 A %, KB 8. 004F M, WAARME R LAAFHL Ak, THERFIRTFLT
R, BIERHMETHRRER, WEEREYSFEREEIRI, RAERE, FHERREREZE; Tunel F48 0
IR A THE L, MR T E; IR % REART-qPCR ZF 2 A14m KR A - FAE48 %G 5 S4RY &8 78
(GRP78). C/EBP R R @& (CHOP)., B#EaieiE2 (Bel-2). Bel-248% X & & (Bax). ¥ pLAMR R AR B
E G 83 (Caspase-3) . F R K L R B K G B 12 (Caspase-12) & & & K425 5% & L mRNA & ik
R EFAREBERE, BERFE, AAR); BAAEREAFTHRE, mEVERAN, BhEG,
ARG PR AN ARANERAZ T & KA ZET M S L TR, BEARAN, Briik )y, 5iE
Wk, AR EIEREAK, EARMmA RIS, EBEP GRP78. CHOP, Caspase-12, Caspase-3. Bax
EYEAETRERL mRNA R X5, Bel-2%& G % 455 3% E &L mRNABAL (P<0.01), SEA 4k
B, WHANABANEREZ T & KA AR EERS G, REmeR - R2%EK, £&EF GRP78. CHOP.
Caspase-12., Caspase-3. Bax & & %% X425 58 A L mRNA & i 1K, Bel-2 & G % B4z 5 5% B & L mRNA &
*xHE (P<0.01)., HaphlAlars, 4hBAZ % Z 7 240 GRP78. CHOP. Caspase-12, Bax%& @ & X1z 5
3% R HE mRNA A A&, AFB AL 7 M7 & 4L Caspase-12, Caspase-3, Bax & @ % E12 5 5% & & HE mRNA
FiEAZH (P<0.053 P<0.01). &5 ANFAZ 5 THeBE R E N R M RS, ok & Z 46000 £ R% 5
B EREMEAT, ARERSFHEBTEEWER,

[R$ER] RFue; THAEAEIPERE; e, AR ES; @A T; ANFRES

ARG8T I Lo fE B /0 — ek T35 8, B IVE-ET B G {UCA 29 33. 1%

T HARSRIBGRE 2 T B A5 SRR RIS, & T
TARHE W BEMEAIEZ — o RSP ZRE -G RS A
F AR (invitro fertilization embryo transfer, IVF-ET)
VER T4 B A s H AR I EE AR TRz —,
AR M AN AN B R B IRA, Hlm R/

EE&UIH : [HRK A APHEEEG(82074486)
D4 IRAER : duhuilan@163. com

F 3% 77 24, i DL S AR R O B (repeated
controlled ovarian stimulation, COS) J& IVF-ET 1%
ANEDERTT P ffo COS B A I REAN I . IR
Jift Jot T R T O S 450 00 02 B R I R 4F Bk R0
PSS I

S 2 AE i D TVF-ET Y IR 25 52 P G 1] B 1 A
BHMFRAEFRIT L Y, BITRcs E . ANE
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L0792 AR URFAE R £ sl s, BA
HNEARL BRI ). RS AT SSIERE, AN
P27 A 2 = COS fE5 Y iR o o Bl R A R,
MOE YRS R Y BURHFSE W, 7R U RE 40 i g
PR ARG &K B ki, WM 5402
AT, P18, B, SRMAT &S R T
e 1A B 10t T LA e 3R PN TR A X A i 1 8 1
FEAACTE 53 7 O] PA9 J5 DO 7 95 T A B 4 o 2R
ARG & F 1, R W PN 5T I AR A AT fig
J2 UPRE I AR RIS & AR v i B AL
il o AT IS AN B P8 28 J7 XF COS A7 /) fL 4
JVS 200 B A 5 D 7 38 S R T AR R e, — AT
B IR 2 T B s R R A T REAL . ARSI
Ze At B 2 KA P DL Ak, HEfgn 5
4 DWLL2020032,
1 #R5FHE
1.1 4

1B HU{d HE SPF 2% M ICR /NERL 150 2, 4~5 J
1%, SRR (25+3) o[RS ARMEM/NR 120 1,
8~10 iy, P (28+3) g, KB HIHK
U5 F W D AR A Ry A BRA ], SER s ]
IES A SYXK (3L) 2020-0001, 286/ Tt
oS 2 R 2SI S Wy b BRI N AR 3R, IR
20~26 °C, AHXFEEE 40%~50%, 12 h W% 28 %5
W1, shWrl | A Y SR K .
1.2 %4

HNERFA T HN: P 20g, HLZLTF12g,
LA 10g, IWEK15g, EFFE10g, MILT12g,
MIH9 e, hzh12g, HAT9 e, HMft6 g, BHHET
10g, ZWF9g. TR BRI A AFRET R
S 2 R TR A R . HRUKBIR SR . B0, il
B R R B B A2 2 5. 4 o/ml IR B A 2
2.7 g/ml KA, T4 CEEMRAE
1.3 =EXANE5ME

B E R R (PMSG, 1000 1U/3Z,
fit5: 110204564), HUMZHZa T NGERE
PERRIZE (hCG, 1000 TU/SZ, 165 110251282),
TUH TR 4R TR (4-PBA, 5¢/37, it
. HY-A0281), MedChemExpress/z_\\ﬁj; i 2
P& 178 (GRP78) Pifk (it : ab2168). B
YAk EL I 2 (Bel-2) FLfk (Hb5 . ab196495) ,
Abcam A F); Bel-2 MR X H (Bax) ik (Hlit
5. WL01637) . °F bt 2 iR K 4 & IR £ 1 1§ 3

(Caspase-3) Pifk (5. WLO1992) . C/EBP [A]JA
# (CHOP) Hifk (k%5 : WL00880), LW
PHEA ] PIEEIR KA AR 1 12(Caspase-12)
ik (5. YT0654), Immunowayﬁ\\ﬁj; 4',6-__
JkIL-2-FEFLmE (DAPI, #it5 . S2110), Solarbio
23] 3 38 X-100(Triton X-100, 41t 5 : GC204003) ,
Servicebio AT ; PicoPure RNA 73 257 & (L5 .
KIT0204) , Applied Biosystems 2\ ] ; Tunel ] 7= 5
MERF & (5. KTB1970), WRHH YR A
FRAW iR & (iS5 E047-01A), R
VT A AR R B A R A F] ;. 2XSYBR Green
qPCR Master Mix (Hlt*5: G3321-01), I FEHE/R
YR A BR A F]

Nikon SMZ18 BUIARE i 358, H 4 Nikon 24 ] ;
BX51T-PHD-J11 A5 B 558, H A Olympus A ] ;
7500 Fast %) 5 B 9% 5% 2 5 PCR 4%, 3 [& Thermo
Scientific A ) ; EVOS FL Auto 4> [ 31175 41 i & 5%
WAL M 555, 2 [E Thermo Fisher 227 o
1.4 @R T *x

WEPEICR /N0 7 RIE R ER SR S, T4
H 10: 00 i i< B8 40 g 2% 8 /N B 2l 15 TR0
LML 1 o Bl J5 R BEALE - R K /N R A
ERA ., BRI PRI RNEIR STy
AN 2 AR R, MA30 2. w4, MW
il 55 2 AR A 2 /N BB H 9. 00 LAZRAB /K 0. 25 ml
HE . S G5 N Z B £ S Bt
M), MHANEIES A R4 2 25.6 ¢of
(kg+d), #MEFMA L EAEHALS 512 ¢ (kg-d),
% A B Y TG IR A 250 50 10, 2045
SAHRHREE 1R, R 13 K8 1A,

IEFA/NAFREES 11K 16: 0018 S E
FRER /K 0.1 ml, H 4% 4 4/ &[] B 18] 2 2% Sk
[13] MM AT B . I8 Jis v 4 PMSG 10 U,
48 h 5 MR I 15T hCG 10 TU, 3091500 4 T4 v i 5
PMSG J hCG Hi 1 h {3 55 P9 J5t 9 iz 3841 1l 771 4-PBA
0.2 mlo 22 E KM s ESHES 3R, A
JATIRE 4 K . A4/ TH 3 I IS hCe
Jesr BN S S R MER L2 LAY B S . B2 K
8: 00FKiArPAte, VWARELHTE R A WAS F &L
TR
1.5 MEIGARA T ik
1.5.1 FREEEFNRERELS EIR/NRES
3UME IS ST hCG S5 96 h B Ab Bt , T U 157 K&
B, (1 ml 6 # A A S AR S o U]+
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B, WHCPBS N E R b g IR, EEAE k3
W TEEIE WA N W IR RNR, [RIn 21T i
BRI %, R EIIEES .

1.5.2 ®AEEH SRAMILEC T RIE AT
B0 H/NEL, e BB, SR Gardner PF41 5
g, R IR IR R o 6 1 1
PR N A I = B /I <12 B IRIG Bk
s 2 ER R TS 12 MR B <R 310
WIEFE e Y Ik AR, HLE o8 4 e A IR
By 25 [a] 5 4 30 3 IR 2 4 LR IR R 58 4 4 Bk i) o
K, BIFAAARE; SHIWEM RSS2 AT 6 M
B PR 6 WIEEM R IR R, L5t 4
MBS R o XA T 3~6 1 B BEIRZE A I 41 iR
Al (ICM) FiEFZ4008 (TE) #ETRES%. R
5 ICM/TE & B G 2R AL B C =4
AGFRAMEH 2 450 5% B Rn 4l a4k
H &/ HAM AR BN C s B i b e &
MELIHEN, S5ME R AR, 0 A BB 9 P o
W&, R TR TR B R R = o B I
FEIREX100%

1.5.3 Tunel s:#em & AE2m 8 =KoL RHFAR
NI SRR, AR 6 B T PBS TG
Y, 3%Triton X-100 (PBSEL'E ) i#i% 10 min, PBS
HUEE, VMl E 1 h, PR PBSIHUE,
JHDAPLES F, dl 4 [ 2016 40 M 0 3R 50 b &
GiWigg, FH Image J 29. 0 G040 ik, 15
8 A R R T R = T A R A /2 R A A R
100%

1.5.4  SJ& % AkFAM GRPT8, CHOP, Caspase-12,
Caspase-3. Bel-2. Bax & & K-FH L 1EAE B
e AR A IR 104, B PBS I &R 5 UL,
TH Ve T 5 R H T 49% 2 5 W [ 72 30 min,
FEETE 1% Triton X-100( i1 PBS it &) #3835 15 min,
FHPBSTHBE3 Ko JH 10% 10 E 1 i £ HFEA, T
37 CHFH 10 min, FFAMIER =i, #£4°CF
IEE R, —¥ifedE GRP78 (1 :300). CHOP (1:
100) . Caspase-12 (1 :300) . Caspase-3 (1: 300) .
Bel-2 (1:300), Bax (1:100), &H, EEETF
P71 h R PBSTHUE, SRS =Ht (1 : 300)
1637 CROGAIEFIEE | he TEVE R 40 B T 4%
PR b, A& DAPLIPLZOGTE KB 7 FE Ao 7§
A% YL A58 4 )5, 7EH EVOS FL Auto %1 4> H 3))

T S S PO AR o i R R AT . e,
Image J 29. 0 FAF 53 Hr o A5 Sk B .

1.5.5 RT-qPCR % 4 0 % J= ¥ GRP78. CHOP.
Caspase-12, Caspase-3. Bcl-2, Bax mRNA & ik 4
BRI 40 KL HERR , F4 B8 PicoPure RNA 43 B 5 &
VLI A A R LR RNA, IR 2 RNA 48 . K
FEWi % S eDNA J5 , BIIRAFAE-20 °C, KR
fFHE-80 C. #RHE 2XSYBR Green qPCR Master Mix
RF B U4, Ll GAPDH N2, A PCRY"
MR NRZR, B PCR RN FE Y . RIS H 1y 3t
0 CTEJG AT 501 514 i iRIUFE4E IR AE Rt
HARA BTG, 5P 5 k1.

£1 /AR GRP78, CHOP. Caspase-12, Caspase-3 .

Bel-2. Bax5|4)F5
Table I Primer sequence of GRP78, CHOP, Caspase-12,

Caspase-3, Bcl-2, and Bax in blastocysts of mice

LA 519751 ¥ﬂ]{<
J#/bp
GAPDH F¥i#: CCTCGTCCCGTAGACAAAATG 133
TH#: TGAGGTCAATGAAGGGGTCGT
GRP78  Lii#: TGTGTGTGAGACCAGAACCG 222
Ti#: TAGGTGGTCCCCAAGTCGAT
CHOP FUiF: CCAGGAAACGAAGAGGAAGAAT 206

TiF: CACTGACCACTCTGTTTCCGTTT
Caspase-12 7. ATATTTCTTGGAAGGTAGGCAAGAC 125
TFif: CTCAAATGAGTGTTGAACCTTTCG
Caspase-3  biF: AGCACCTGGTTACTATTCCTGCAG 191
FiF: GGATCTGTTTCTTTGCGTGGA

Bel-2 |#%: TGACTTCTCTCGTCGCTACCGT 112
T¥#: CCTGAAGAGTTCCTCCACCACC
Bax %: GCCTTTTTGCTACAGGGTTTCAT 151

Ti%: TATTGCTGTCCAGTTCATCTCCA

. GRP78, WA FEMTTE A 78; CHOP, C/EBP[AREM ;
Caspase-12, PR KL MRE NG 12; Caspase-3, e K
ZLAREEG3; Bel-2, BHMIMKELIE2; Bax, Bel-2 #HEX

1.6 %tk

K JH SPSS 29. 0 1 GraphPad Prism 10. 0 4k {4 1
TTEAR S BT o T ORI AT & IS A R B {E +
iEZE (xes) HEATHGIR, A7 25F, ZAMLE
KRR T 2208, 418 PR L34 LSD K
¥ 5 22 A 55 B £ Kruskal-Wallis £ 5, 7 95 b
B H Bonferronni 5. THECTECRIB (%) R, £
] LB Ad T PRG3R . P<<0. 05 F6/R 22 5+ HAA 4i it

M/ S Y
ES- 988
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2.1 B ReEIEH A

Bl 17, IEWHARRESHN, BELEL,
e b, BB R TR 2%, WARIEEANR
W, R 3R, Ao g s IR b B 2
I ARF R A AR B R BB, TR,
T 3 b

FEA REE

WNEBZFENE WERBTENE A
e ZLE S TE R NI N ; BEELIER NS TR
B &4/ Eﬂ%&ﬂlﬁj SE (x100)

Figure 1  Morphology of blastocysts in each group of mice (x100)

2.2 B4 H
16823

T2, HIEWA R, BRI LT3R
& (P<0.01); MR LE, #NEFIHE T .
IR 20 S A i A AR B R T (P<<0.01) 5
IR Z TR AR R R R, R R 22
SIXGE 2 E X (P>0.05); S530HI 540 s,
AR Ty R R AL AR R R R AL (P<
0.01),
F2 HUAU/NEREEEEC, RTINS, LRI LR

Table 2  Comparison of of total number of blastocysts, number

of good quality blastocysts and rate of good quality blastocysts

in each group of mice

MAEN AR e T A
415 B £ 31iNY/WGTE 3 i W oTE 31

B]A Bur /%
EHH 10 102 96 94. 12
HEAIZH 10 278 204 73.38"
MBI 287 IR 2 10 235 198 84.26"
AR 2y Rl 10 224 187 83. 48" 9
kR H 10 263 229 87. 07"

W oa) SIEWALE, P<0.01; b) 5B, P<0.01;
¢) SIFIFI4 i, P<0.01,

2.3 B REMEmEA TR
F3n, SIEWHE, BRI BEREIET
FIE (P<0.01); SEAIYHE, #NEFMETT
I ZE RN A S IR AR PR TR B A (P<
0.01); SIHIFIA e, ML TrE . A=
HPERAIP TR T (P<<0.01),
R3S/ BRI AN TR AR

Table 3 Comparison of apoptosis rate of blastocyst cells of

mice in each group (%, x+s)
41 FIREL BRI A TR
I 6 0.67+1.03
FiAIZH 6 7.83%5.91"
AR 28 R 2 6 3.67+4.23" %
AR 28 5 v T 6 3.83x2.32" %
iR 20 6 2.50+2. 81"

TE: a) HIER4IHE, P<0.01; b) SHE4HE, P<0.01;
o) SHEHFA L, P<0.01.
2.4 &) R EMEP GRPT8, CHOP, Caspase-12.,
Caspase-3. Bel-2, Bax%& @ & X455 &R LK

FPETOLRE R, CHOP. Bel-2 8 (KA 1E
MEEN, HARTERE Y RIBTEA TN . %4
R, SIET AL, BN R GRP78 .CHOP,
Caspase-12., Caspase-3. Bax & YR T T,
1M} Bel-2 8 FAOL SRR (P<0.01). SRR
AR, WMEIRST R GRHEAERZ4 GRP78.,
CHOP, Caspase-12, Caspase-3. Bax & o 625
SRIEFEE, Bel-2 EHZOLE SMETHR (P<0.01).
SRR e, ANEIEZ T | R R4 GRPTS,
CHOP, Caspase-12, Caspase-3. Bax T H % G(E 5
SR TE R, Bel-2 8 OGRS AR (P<
0.01), F4/NHHEALH GRPT8, CHOP, Caspase-12,
Caspase-3. Bel-2. Bax 2GR LK 2,
2.5 B4R EMEF GRP7S. CHOP., Caspase-12.,
Caspase-3. Bel-2, Bax mRNA & ik P45

K5, HIEWHIE, #I4 GRP78. CHOP,
Caspase-12, Caspase-3, Bax mRNA ik T+, 1M
Bel-2 mRNA FIAREAR (P<<0.01). SERILLLLEL,
AU 2 07 R L AR A R R 2 GRP7S,
CHOP. Caspase-12, Caspase-3, Bax mRNA 3 ik [%
%, Bel-2 mRNA KL ThE (P<<0.01). S5
IR, AMETHZIT G Caspase-12., Caspase-3
Bel-2, Bax mRNA Rk Thm, #MEFEZ 7 w7
GRP78., CHOP. Caspase-12, Bax mRNA 33k ﬂ‘m
(P<<0.058(P<0.01).
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T4 KA/NFENF GRP78. CHOP, Caspase-12, Caspase-3, Bel-2, BaxfEH PSSR s
Table 4 Comparison of GRP78, CHOP, Caspase-12, Caspase-3, Bcl-2, and Bax protein levels in blastocysts of mice in each group

(x+s)
41 51 HEREL GRP78 CHOP Caspase-12 Caspase-3 Bel-2 Bax
IEH 4 10 1. 000. 25 1. 000. 47 1. 000. 02 1. 00+0. 44 1. 0020. 26 1. 0020. 43
e 10 3.52+0. 45" 1. 90+0. 22" 3. 90+0. 46" 3. 08+0. 70" 0. 33+0. 53" 3.09+0. 31"
PN = LY R (0 b i 10 1.42+0.20" 2 1.24+0.23" 7 1.43+0.33" 7 1.15+0.63" 7  0.81+0.39" 7  1.35+0.21" "
HINEFE 2807 e ) i A 10 1.38+0.43" 2 1.26+0.50" 7 1.41+0. 11”7  1.18+0.28" 7  0.83+0.25" 7  1.25+0.17" "
ElKHBAIEE] 10 1. 00+0. 43" 1. 04+0. 16" 1. 06+0. 17" 1.07+0. 31" 0. 97+0. 30" 1. 00+0. 40"

. GRP78, HWiZFHIA T & H 78; CHOP, C/EBPRIFA; Caspase-12, MR R AR 12; Caspase-3, WA KL ER
EHM3; Bel-2, BANMIMKIIE 2; Bax, Bel2AHEXEH,
a) SIERWAHE, P<0.01; b) SEBA LI, P<0.01; o) S#HlFI4HE, P<0.01.

DAPI GRP78 Merge DAPI  CHOP  Merge DAPI Caspase-12 Merge

C.

DAPI Caspase-3 Merge DAPI  Bcl-2  Merge DAPI Bax

' HHE BEE N
3 [olob 1]

‘A R
d P Eer
g b ]

i
iy
2

. GRP78, 454 6y 8; CHOP, C/EBP[JHZH; Caspase-12, P22 K4

AR NG 12; Caspase-3, AR KL AIRE E3; Bel-2, BAEMKEDE2; Bax, Bel-2 4
KXEHA; A, IEWA; B, BE4]; C, FFHELTEAEL; D, fMNFELT EREd; E,

P72
2 HdlU/PNRAENR

TGRP78. CHOP. Caspase-12, Caspasse-3. Bel-2,
Bax £ [ A El (x400)
Figure 2 Immunofluorescence of GRP78, CHOP, Caspase-12, Caspasse-3, Bcl-2,

and Bax proteins in blastocysts of mice in each group (x400)
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RS SYH/NRBEET GRP78, CHOP., Caspase-12, Caspase-3, Bel-2, Bax mRNA 235 [L#
Table 5 Comparison of GRP78, CHOP, Caspase-12, Caspase-3, Bcl-2, and Bax mRNA expression in blastocysts of mice in each group

(%+s)
25 HEREL GRP78 CHOP Caspase-12 Caspase-3 Bel-2 Bax
R4 40 1.00£0.05 1. 00=0. 01 1. 00=0. 05 1. 00=0. 02 1. 000. 02 1. 000. 02
B 40 4.56x0. 14" 3.62+0. 11° 3.90+0. 07" 3.79+0. 117 0. 16x0. 02 5. 690. 14"
AR 2807 (R 40 1.43+0. 12" 1.26+0. 14" 1.77+0.21” Y 1.6520.09"” V'  2.51x0.42" ¥ 2.03:0.03"” "
IR 25 85 7R e 40 1.700. 12V 1.45+0.01 7 1.47£0.02" " 1.47=0.04" 1. 96x0. 12" 2.1620. 04" ¥
R 2H 40 1. 35+0. 05" 1. 15+0. 02" 1. 18+0. 02" 1. 34+0. 04" 1. 510. 09" 1.24+0. 01"

. GRP78, HANEIMATHE 78; CHOP, C/EBP IR ; Caspase-12, PRI K LA FRE M 125 Caspase-3, P MEFRK L AR E

HAF3; Bel-2, BAMIMKEIE 2; Bax, Bel-2 XM,

a) HIEW4IILE, P<0.01; b) HEFALE, P<0.01; ¢) SipHIFIALE, P<0.05; d) SMilFI4kE:, P<0.01,

3 iFig

AR, IVF-ET N ANZEGE B 4L T A %00
fif 7 58, (R IR B R, IVF-ET i 2
IR 29 30% ), FF LA PR vh 22 3% ] COS 3£45
ZA AR, ARG ) 52 2 R MR AR o TR
FEE RGP RE . R AMIFSE 2 80, 901 COoS
UL, B IR S RO R IS oL, RN
ARINBOID | TEMRTHECR RBEMIE R N R 7
HEHSIN R, 1ECOSd R, i H 259 fil i e
HEONI L B AR, Sl BEHAE RS, NI S ECE
WS EAW 7" AR 8 ol 5
T, ERLOAHA, TG . ST A
i, A A ANV 2830697 2 R 2R AR 2
iE, TERERIRAG G . B A IR R T U
BT ANEF IR 2Ty R R B K . B
WE . Flm k. #haE BB, WE Y. FKIMAE . EE
LWL TIREAMNG, 2RI LA £t
T MR FIEREFEIEE B gy, A ANE
K, BPIEAR, EREZ . A HE . FHERm
WL, o A, SRR g R A
PP AR 2 T

JVJifs o e DA i B A ) SRR ER Y, FE IR
rh R U BV G IS AT RS AT ATt R R A R
AR e PRYRSE S N RS [} NI s VR 2 (f e o8
WFGAMECE |« AT RN 1 SR B R
TEOLAE 2 BRI IR IR B DG IR IG IR 2540,
TG NE (4 sk B, ARYE Gardner PF4) R
g5 TR OLBAG , AERS A T B B s
REAE 98 B 2 UESE, COS ] BEf P -KF 40 i i & R
K, RECZRG GO 2488 58, DIk RN
[ 25 B G 3 22, s B0 09 2R 5ol B ol 2 sk bR 7 5
B2, SR ON RS BT R B2 IR B B R L

i

IR, RIRIE AR B E R ™ AR SR
7, BRI AR IR SBCEOE R A B, (HHE B
PG E TR, BRI IE AR, 5
1o AHE5 T PN 5T R 7] 4-PBA BlCRM B IR 2805 15
R AT T, BRI SRS BB 2 L A 22
FEGIHEEX, BRRERREERR, #I0E
BEATER, HoabERg ) . K5 a0 g
AR T AR AL . AT, COS A RIS 211
P, AHCHOIR G T A0 25 R, et A Joi I iz 38
FANE I 207 TS, 2% 1T COS X IR i 1 1 1Y
AR, HANE 25 B AT REVE FH AL = i i
AP IO PO 7 35 T S B

AL oA — R R PR A S T S, X
JEMIER K BRE 2 CEZEMMEMN = mEmg
ML TA B T BRIRIG TR 32 i s H A A, 4Eds
VR 6 00 JHL R A ) B RSP, H S 0 T
WIS, S SEURIGAE R . & B
ZIRIRIET:, ™ HE a4 B A 5 Y L R AN AT R 4
Jay = BRI, A IR Sy 0 O ) G B A
LA, HCRkAR 5 ARSI A0 A ) 19 S g T R R A
K PO P N A AR IS, Caspase-12 1546 T
PG A0 $5 Caspase-3 75 N B9 38 Caspase 2K RV,
SlEAMMEIET ™. CHOPAE b —Fh e i 75 St A
¥, HRIK BME, s 2 RIS E A g T,
CHOP AJ DL B 4% B2 08 128 H Bax B3R5k, [A] I}
T T E M Bel-2 R, LRI %
PESEIN, diif R C NZORLARRE I B 40 B,
1% Caspase-9, UEMIPLIG Caspase-3, 51&Z0IEHT
GRP78 &N 5t i th 8 273 PR, HERIAKF 50
Rk B VIR ™ TESRT O30 0 R B GRPT8
raeis, ATHUIDRE S TS R 2 IkEE, A B2k
HEMERITS . AR IE, B IEE A BURE A
AT, WHORE F1 SR A0 A R DE RN TR
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Effects of Bushen Tiaojing Formula (#5714 75) on Blastocyst Cell Apoptosis and Endoplasmic Reticulum
Stress in Repeated Controlled Ovarian Stimulation Model Mice

XIONG Wenyan', SHI Beibei', SHEN Lulu', DU Huilan'?

1. School of Integrated Traditional Chinese and Western Medicine, Hebei University of Chinese Medicine, Shijiazhuang, 050200;
2. Collaborative Innovation Center for Reproductive Diseases of Integrated Traditional Chinese and Western Medicine in Hebei Province
ABSTRACT Objective To explore the effects of Bushen Tiaojing Formula (¥h'¥ %75 ) on the quality of early
embryos in repeated controlled ovarian stimulation (COS) and its possible mechanism. Methods A total of 150
ICR female mice were divided into a normal group, a model group, an inhibitor group, a low-dose and a high-dose
Bushen Tiaojing Formula group. Mice in the normal group, inhibitor group and model group were gavaged with dis-
tilled water 0. 25 ml a day, and mice in the low- and high-dose groups were given 25. 6 and 51. 2 g/(kg*d) of Bushen
Tiaojing Formula, respectively. All groups were gavaged once a day for 13 days as a cycle. Mice in the normal group
were injected intraperitoneally with 0. 1 ml normal saline on the 11th day of gavage, while mice in the other four
groups were used to establish COS models. The inhibitor group was injected with the endoplasmic reticulum stress
inhibitor 4-phenylbutyric acid 0. 2 ml one hour before modelling. All groups were injected by gavage and intraperitoneal
injection for 3 consecutive cycles, with an interval of 4 days between cycles. Immediately after the third intraperitoneal
injection, mice were grouped with male mice of the same strain in a ratio of 2 : 1, and at 8AM of the second day,
the mice were examined, and those with spermatozoa or spermatozoa in the vaginal smears were recorded as preg-
nant. The mice were executed in the afternoon of the 4th day of pregnancy, and the blastocysts were obtained under
an inverted microscope. The morphology of the blastocysts was observed, and the total number of blastocysts and the
number of high-quality blastocysts were recorded to calculate the rate of high-quality blastocysts; the apoptosis of blas-
tocyst cells was detected by the Tunel method , and the apoptosis rate was calculated ; the endoplasmic reticulum
molecular chaperone protein glucose-regulated protein 78 (GRP78), C/EBP homologous protein (CHOP) , B-lympho-
blastoma 2 (Bcl-2) , Bel-2-associated X protein (Bax), cystathionin 3 (Caspase-3) and cystathionin 12 (Caspase-12)
protein levels and their mRNA expression were detected by immunofluorescent assay and RT-qPCR assay, respectively.

Results In the normal group, blastocysts had regular morphology, good morphological development and low fragmen-
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tation rate; in the model group, blastocysts were poorly developed, cell morphology was irregular, fragmentation rate
was high, and there was some stagnation; in the inhibitor group and high-dose, low-dose Bushen Tiaojing Formula
groups, cell morphology could be seen to be better developed, with regular morphology and less fragmentation rate.
Compared with the normal group, the rate of high-quality blastocysts in the model group reduced, the rate of apoptosis
of blastocyst cells increased , the levels of GRP78, CHOP, Caspase-12, Caspase-3, Bax protein and its mRNA
expression in blastocysts increased, while the level of Bel-2 protein and its mRNA reduced (P<<0.01). Compared
with the model group, the rate of high-quality blastocysts increased, the rate of apoptosis of blastocysts decreased,
the levels of GRP78, CHOP, Caspase-12, Caspase-3, Bax protein and their mRNA expression decreased, and the levels
of Bel-2 protein and its mRNA expression increased in the blastocysts in the inhibitor group and the high-dose and low-
dose Bushen Tiaojing Formula groups (P<<0.01). Compared with the inhibitor group, GRP78, CHOP, Caspase-12,
Bax protein levels and their mRNA expressions increased in the high-dose Bushen Tiaojing Formula group, and
Caspase-12, Caspase-3, Bax protein levels and their mRNA expressions increased in the low-dose formula group (P<<
0.05 or P<<0.01). Conclusion Bushen Tiaojing Formula can inhibit the apoptosis of blastocyst cells caused by
repeated controlled ovarian stimulation by improving endoplasmic reticulum stress, which plays a role in improving
the quality of early embryos.
Keywords infertility; repetitive controlled ovarian stimulation; blastocysts; endoplasmic reticulum stress; apoptosis;
Bushen Tiaojing Formula (¥ ¥82:77)
(ki H39: 2025 -02 -26; &1 HIB: 2025 -05-31)
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