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25 41 L #, AL 2 BIP, PERK , CHOP 28 [ ¢34 i 3 71 5 (P<0.01) ,PERK } CHOP mRNA 234 B I F [ (P<0.05) ; 1fi IRE-1,
ATF6 # %1k, IRE-1,BIP, ATF6 mRNA %3k, & E,,P /K F2EF LG22 L, SHEMA A, HE 22 i 4l CHOP 4 H %
i BEAR (P<0.01) , 1 PERK, IRE-1,BIP, ATF6 % H # ik ,PERK, IRE-1,BIP,ATF6,CHOP mRNA ik X IiLi% E,, P /K F 22 57
TGt 8 S #h B B 42 5 IR 4 20 CHOP 25 11 335 i 3 B IR (P<0.01) , CHOP mRNA % ik /K F- B 8 T} 15 (P<0.05) , 1fif PERK,
IRE-1,BIP,ATF6 2 [ fll mRNA ik K I35 B,, P /K22 55 0G0 1124 78 505 4B Bh 22 05 &5 57 i 4 PERK, BIP, CHOP 2 4 % ik
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Regulation of Bushen Zhuyun Prescription on Ovarian Endoplasmic Reticulum Stress in
Rats with Luteal Phase Defect
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(1. The First Clinical College of Nanjing University of Chinese Medicine, Nanjing 210046, China;
2. Affiliated Hospital of Nanjing University of Chinese Medicine, Jiangsu Province Hospital of
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[ Abstract] Objective: To investigate the regulatory mechanism of Bushen Zhuyun prescription
(BSZYP) on endoplasmic reticulum stress (ERS) in rats with luteal phase defect (LPD) induced by
mifepristone. Method: Fifty SD rats were randomly divided into a blank group, a model group, a positive
control group (dydrogesterone, 0.02 g-kg"'), and low-(0.08 g-kg"')and high-dose (0.24 g-kg"') BSZYP groups.
Western blot and Real-time fluorescence-based quantitative polymerase chain reaction (Real-time PCR) were

used to detect the mRNA and protein expression levels of immunoglobulin binding protein (BIP), protein kinase
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R-like endoplasmic reticulum kinase (PERK) , inositol-requiring enzyme 1 (IRE-1), activating transcription
factor 6 (ATF6), and C/EBP homologous protein (CHOP). The enzyme-linked immunosorbent assay (ELISA)
was used to detect the serum progesterone (P) and estradiol (E,) levels. Result: Compared with the blank
group, the model group showed the elevated protein expression of BIP, PERK, and CHOP (P<0.01) and the
dwindled mRNA expression of PERK and CHOP (P<0.05), while no significant difference was observed in the
protein expression of IRE-1 and ATF6, mRNA expression of IRE-1, BIP, and ATF6, and serum E, and P levels.
Compared with the model group, the positive control group displayed diminished protein expression of CHOP
(P<0.01), while no significant difference was observed in the protein expression of PERK, IRE-1, BIP, and
ATF6, mRNA expression of PERK, IRE-1, BIP, ATF6, and CHOP, and serum levels of E, and P. The protein
expression of CHOP decreased (P<0.01) and the mRNA expression of CHOP increased (P<0.05) in the low-
dose BSZYP group, while no significant difference was observed in the mRNA and protein expression of PERK,
IRE-1, BIP, and ATF6, and serum E, and P levels. In the high-dose BSZYP group, the protein expression of
PERK, BIP, and CHOP was down-regulated (P<0.01), and the mRNA expression of CHOP was up-regulated
(P<0.01) , while no significant difference was observed in the protein expression of IRE-1 and ATF6, mRNA
expression of PERK, IRE-1, BIP, and ATF6, and serum E, and P levels. Conclusion: BSZYP can treat LPD

by relieving ERS.
[ Keywords ]
defect (LPD)

AN S A8 LoV IE AR R R AR
KAEWRE . PG, A E 20 10% 19 7 i 15k
HA T — s 2 ML A BEIRTIREA 42
(LPD) /&= FEOAZIE M EZ KW, I K LA H
3.5%~10% MY RN ZHE , 35% A9 57300 4 Uk 378 7 R 4% 1Y
M &t LPD 38, LPD 2O R E Kk
AL AT AT 2 AR S 2R 9T LPD R 2 MR
£ B AR HEOY , £F A A2 HE B R I AIK AT iR R AN
JE I BE G AER T AN ZRE AT R
# BBy 28 5 2 [ B K0 B 0 T A R, X
B RS J2 e A AR (Y B4 2 e AS 4 B8 R B U0 I
PRYT L o 84 i BT 9 8 0IE S5 4h B B 22 aT LA
2% fif LPD K B O 2 8010 1 380, B IR B0 B2 0 120K O
AT 3 AR T R 41 SRR IS N I 3
(ERS) % V) AH &, 4046 1 3% v] L3 38 3405 ERS 17 %5
[ ol /0 2 A B U O S N B R R
J B PR T, DA B AR T AR K TR
LPD" . o iff — 25 BB 40 B B 22 5 % 8 1R ) E AN
SAERIMLH] o A SCH A R Ah S5 ISR HN B B 22 T
XF LPD K LR HL ERS (5 0, iF — 25 [ 38 40 5 Bl 42
J7IR YT LPD AN A2 4E (19 V8 F ML -

1 ##

1.1 2R s 12 B SPF 4 v KRR 50 H ik
JiT 5 (220~240) g, W4 H R 50T VL T X e 1L s i %
Bt 3%, 1 AT IE S 9 SYXK (757 )2017-0001, 7 52 46 1%

endoplasmic reticulum stress (ERS) ; ovary; Bushen Zhuyun prescription; luteal phase

THE 3l T R 2 K2R s 0 B B it vE S
201805A015,

1.2 254 OKAREIER (bR B 25 4 B2 AL L
¥ 25 mg/ L 45 C019160102) ; Hb i 22 i ( fif 2= i
JB ) 25 BR A | L A% 10 mg/ L, S 347870) 0 Kt
IR 2 B2 Y B BS O A 0 IC R Rk O R R O 1,
0.2 g- L' MTR B #M B B 22 Jr i REff i 10 g, % 24
F 15 g, INZAEBE 10 g, X AT 10 g, HELLZG 15 g, filf 4¢
EH 6 g 5 8 IR 2 AL B, T at v IR 24 K B G
— WK, 2 B 2 R b 2 M BT E X 2 A
Al A B 8 AR L BIAE A 2015 AR R AR N R
FE 25 M)A S EESR . 8 A% /K IR 8 254 30 min,
Ho g f s B2, e ROk B I RE A R, 130k
FIAE 30 min, R A Al 7 bk b 25 R E BN )G
Yk 2L 3k & 30 min, a8 5 55 2 BTN 6 % it K 2Kk
I, S KRR 30 min, 1 U8 5 B S 0 4 4% Bk R
30 min (B 5 ), FROR B O AR o e % 78 L A0H 3
WA 25 4 2 o AE 25 R 0.8,2.4 g-mL! 9 #b
B Bl 282 05 VW, 4 CIRAF 5 L 45 245l B I 22 27 °C
Ao

1.3 R Rk A EAE L A H M (BIP), LEE
Do -1 (IRE-1) , 36 M % 56 N1 6 (ATF6 ) S 2 7 [
Pr ik (9 [E Abcam 28 |, 5 4351y GR3297867-1,
GR3304926-1,GR3299831-1) ; & F 3 il R A% P 5t ™)
W (PERK) fit 2 3¢ B 1 14 ( 3¢ [E Cell Signaling
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Technology 7~ &l , it %5 11) ; C/EBP [ i &
(CHOP) , B-f & & 11 (B-tubulin ) %t £ v [ i 1A (&t
X Proteintech 23 ® , it 5 73 %l Jy 00049764, 10068-1-
AP) ; BUAR 3 S AL ) B (HRP) AR iC L2 BT A % Bk
% H G (1IgG) — ¥t ( % H Affinity 2 & , #it 5
27K4786) ; BCA # 1 & & 1l 1 & ( 3¢ [E Thermo
Scientific 2% ) , #t 5 #RK242682) ; Total RNA
Isolation Kit ZH 21 i RNA #2 B3 57 £ , Master Mix
(M wmMEE AR ARA A, S50 h
RC101-01 50rxn, 7E491E0) ; K R Z2 il (P) i 5K % 58
W BfE W s 9 (ELISA) 3 3 &, K BUME = B (E,)
ELISA B & ( L va B AE R A IRA AL 5
I35 2101261,2004251)

1.4 X% Infinite M200 PRO U fi £L AR AS 0 A% ( Bt
=+ Tecan 2% Al ) ; MM 400 %4 Ji¢ & BR B {3 (1 [E Retsch
/A 1)) s Power Pac Basic %! H, yk 1Y , Trans-blot-SD %Y
2 T8 AL, Chemi-Doc MP BB i i 1% & 4 (35 H
Bio-Rad /3 7 ) ; Quant Studio 7 Flex B SZ i 2¢ Y6 78 &
4 W5 28 S W (Real-time PCR) {¥ ( € [ Thermo
23 W) ) s MB100-4P HUH I 7% 37 1, 5430 B fL Al &
FH & 0 ML, SNAP2.0 B! B 1k WK #F & 4% (18 =

Eppendorf A A] ) o
2 HiE
2.1 sy K SD R BUE M PEMR SR 3 d, 5 T Ak H

09:00,15:00 #17 KRB E Uk B, W58, il ¢, i 22
WEE 2~3 Bl IE A, T R R BN R I R AR Ak, O
BEH 50 s E R I 29 4 d i KRR A BE BL SR
BB R oy R as (AL BRI b i 2 R 2, AR B
28 )5 AR GR) B A Rk Bl 2 Oy R A B A
10 H .

2.2 44Z5 EEH 08:00 X 45 41K Rk FT BB % A,
AN SD K BUE A S B 5 2 h N 5 25 B 2 IR A=
BER /K (0.1 mL-kg") , H i 41 34 45 7 K HE & i
(10 mL-kg" )M ; T F 7 15:00 %5 1 241 5 #5521
M A= B L K, il 2 HE AR AH R 25 9 - b R 2 T
(0.02 g-kg"), #ME Bh 2 7 K551 B 41.(0.08 g-kg™) , %
B B2 7 e R 2H (0.24 g kg )R , T 2 H
19100 45 21 4k 22 E W AR R 259, Hoh as A S AR
BRI DL AEBRER K FES s 1A s A .
52 W — JE LA 3 AW aR L 58 1 H L 1 8:00
BN A Sh 1% R S L 25 4139 R 45 7 oKk 3R F A, LA
A ERER K AR, A 15100 4% 4 7 IR HH N B 25 ) (=5
H 5 AR IR A B ER K ) o S 4y 2 i 4RGN
F 2l Wy 1] R 35 1w FR AT B 09 A5 80 i LA 3R ) 1S
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R N N =) Rl = B o NG N TR L
B4 255 2 R IR B AL 45 25 7 21

2.3 WARBM T FRKRGHERE S K 16:00
AbFE LPD K B, 2 4 K Bl T 10% /K & % B 3w )
3.5 mL- kg™ & B v 58 RR I, IR 3 30 Dk R i s DRy 8 Ak
BY., 5r BIVHCH B 8L, FH Wl R ER 9% vl i (PBS) ¥ TR I
Uk, BT -80 °C UK A & M, 4k B H I B A & 2 h
J& .3 000 remin’, 4 °C, B .0» 15 min( & O E &
13.5 cm) , B , -20 °CUKAfH £

2.4 G AR ENE E (Western blot) K6 I K LB &L
PERK,IRE-1,BIP,ATF6,CHOP # H # ik /K F B
— T AL ZUIM A RIPA %4 figt i 8BRS {h T 5 | I
F vk b 2418 30 min; i ] BCA 25 & 357 &6 il
FBHEAWE WBEAEATEEREERS6g L,
U U HRE AT 4 wL IR AR UK, R B
JRE AR FR 2 BN 5%, 1 JE Ry 80 V, I} 8] 4 30 min; 43
B I P Ol 8%, L R 110V, BiF [E] R 30 min.
FH A % 228 8 11 e B B R A — 9 £ 4 (PVDF) &
b R E N 90 min, 250 mA . FEIELEH S il
F Tris-HC1 22 b 35 3% W (TBST) ¥k I 3 1, 5 K
10 min. ] 5%BSA ¥ W = i £ M 1 h, #50 fi H
TBST LR 3K . 5 4 °C¥8 FEI% & A N — Pt BIP
(1:1000),PERK(1:1000),IRE-1(1:1000),ATF6
(1:500),CHOP(1:500) 1 % , 45 % 5 F TBST % ik
PR 30K, 5 IR T E P (1:5000)1 h, F R fl
FH TBST % W8 Uk 3 WK oI5 Ja B 13 1 2 W Wi 1 5%
W 2 T g R BN IR R R Ge AT RO, U
Image Lab, Photo Shop 25 {4 b BRIK A .

2.5 Real-time PCR KGR B U0 PERK, IRE-1,
BIP, ATF6, CHOP mRNA ik /K F i Jf i 4k %
Total RNA Isolation Kit 21 21 &L RNA £ B ik 57 & 2
HOK BLOP 54 41 5 RNA, I 1 58 4% K o vk B8 % 4l
B 8 c-DNA 33 % 5 a0 &5 3% 5% 5% ¢-DNA L JiX
A =20 °CUKFA - A7 4 . T PubMed % A 2 i KGR
KX B PERK,IRE-1,BIP,ATF6,CHOP mRNA 5| ¥ %
G, AR AR (R ) R A BRA R/l A g
W, O3 1. HrpoH IR 3-8 R I AU (GAPDH)
2, {fi Jil Quant Studio 6 & 7 PCR System # 47 #~
1,95 °CHiA M 5 min, 95 °CAE M 10 5,60 °CiR k %t
30 5,40 MBI . LA 125 B 35 77 A i BE 16 B 15 F
FTHAE , DA 273k A 3 1 1 B4 o

2.6 ELISA Kl K ELIMTE PLE, MR K F-RIE %
KB P, E, ELISA i 5 £ 156 B 45 K B il ¥ A AS K2
SE U 2H 43 2 W F- 4 30 min J5 R 5 1R A1 L OF I
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*1 PCR3I#F%
Table 1 Pirmer sequences of PCR

BIP, PERK, CHOP & F £ ik I & T+ & (P<0.01) ,
IRE-1 5 ATF6 & [ % ik A i Fh i 0 22 53 L4 it 2%

e RELS KIEbD S, AL U 2 B 41 CHOP 28 11 % ik
PERK I #f ATAGAATGCTGCGTTGCGAGGAC 306 ¥ W (T (P<0.01) . BIP.PERK . IRE-1, ATF6 % ] %
T GCCGATAAGGTTACGATGCTGTGG AT BT F 25 5 S 1 A
IRE-1 I TGGACGGACAGAATACACCA 134 = R S OB A S R I 2 7 A
T TGGACACAAAGTGGGACATC il 21 CHOP & [ & 15 I 3 F% Ik (P<0.01) , BIP,
BIP | CGGAGGAGGAGGACAAGAAGGAG 212 PERK, IRE-1,ATF6 & [ £ ik A fir T, H2ZE 7T
Fif CGGGTTGGACGTGAGTTGGTTC F it R 4N B 22 & 7 & 40 PERK, BIP,
CHOP  |'#lf TGCCTTTCGCCTTTGAGACAGTG 220

CHOP % 132 18 I % T B (P<0.01) ,IRE-1 5 ATF6
EARBAM TR HERETRIT¥E X WL
K1,32,

T GGGCTTTGGGAGGTGCTTGTG
ATF6 i AAGTGAAGAACCATTACTTTATATC 157
N TTTCTGCTGGCTATTTGT
% TGCTGAGTATGTCGTGGAG 203
T# GTCTTCTGAGTGGCAGTGAT

GAPDH

PERK e e SIS @S === 110 kDa

VR o B R & SO0 BRI A 96 FLAR L 78 4 TR AT
INAFRIEH) 50 pL, 74 1R AT )5 37 °Cilk & 60 min,
FEMAR I VR S G 1 T oK 4 o A I €003kt S
B 15 min f5 A R 1 H 2 ) e B AR AR SRR
I 5 SR S B4 -

27 Gt % Jr ¥ A WF 5% ¥ R A GraphPad
Prism8.0 3K 7 #F 17 G2 i+ 43 #r o >R 5 R 7 22
(ANOVA) 43 #r , F] i TuKey ¥ 56 gk 47 26 18] 95 4 1
BB x50k ROR L DL P<0.05 BoRER AL

BT T L L
BIP m" 78 kDa
ATF6 ----‘ 75 kDa

p-ubulin W W - - ‘ 55 kDa
A

v . B C D E
NED- B

B1 HAKXRIPEHSRPERK,IRE-1,BIP,ATF6,CHOP E B %k
3 &#R s

pr=: 3

3.1 XK RGP L BIP, PERK, IRE-1, ATF6, CHOP g
W RGBSR 5 AL B ALK B

R2 WEBHRAFWNESAKRIPLEALRBIP,PERK,IRE-1,ATF6, CHOP B B KA M H M (i+s,n=3)
Table 2 Effect of Bushen Zhuyun prescription on protein expression of BIP, PERK, IRE-1,ATF6, CHOP in ovarian tissue of rats in each

Electrophoresis of PERK, IRE-1, BIP, ATF6, CHOP

protein expression in ovarian tissue of rats in each group

group (x£s,n=3)

2 51 /g kg BIP/B-tubulin PERK/B-tubulin IRE-1/B-tubulin ATF6/B-tubulin CHOP/B-tubulin
= 0.88+0.22 0.73+0.04 0.76=0.23 0.88+0.21 0.85+0.13
T 1.30£0.01" 1.010.09" 0.79+0.09 1.02+0.22 1.68+1.44"
b I 2 i 0.02 1.16£0.06 0.98+0.04 0.78+0.32 0.82+0.25 0.88+0.12%
HNE B2 7 0.08 1.12+0.10 0.92+0.13 0.71+0.28 0.790.27 0.68+0.12%

0.24 0.66=0.05% 0.77£0.09” 0.60+0.21 0.81+0.09 0.39+0.15%

V5 A (LB P<0.015 SRR AL Y P<0.01.

3.2 X} KB 8P & PERK, IRE-1, BIP, ATF6, CHOP
mRNA FILAKFHEm 52 04 i, #AAH
PERK K CHOP mRNA # ik 7k F B B F& 1
(P<0.05) , IRE-1, BIP, ATF6 mRNA % ik /K F 2% &7
TGt R L, SRRV L, M 22 i 41 PERK,
IRE-1,BIP,ATF6,CHOP mRNA % ik /K - 25 % L 4%
T2 3 AN B 22 057 KR i 41 CHOP mRNA % ik

K SF W % 55 (P<0.05) , PERK, IRE1, BIP, ATF6
mRNA ik 7KW 22 5 T Ge b T4 38 S0+ B Bh 22 07 v
7 2 41 CHOP mRNA & 3% J} & (P<0.01) , PERK,
IRE1, BIP, ATF6 mRNA £ ik KF 2 5 L4 1T % &
X W3,
3.3 X REUM I HEEE P KX E K2 i P,
E,RIANF  SHZMES TG FE L. R4
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£3 WMEBZ AL AKR IS AL BIP,PERK,IRE-1,ATF6, CHOP mRNA RiX KIS M (¥+s,n=3)
Table 3 Effect of Bushen Zhuyun prescription on mRNA expression of BIP, PERK, IRE-1, ATF6, CHOP in ovarian tissue of rats in each

group (x£s,n=3)

205 /g kg! BIP PERK IRE-1 ATF6 CHOP
S 0.99+0.04 1.0240.02 1.01£0.19 0.94+0.06 1.01£0.01
A 0.82+0.04 0.64=0.02" 1.20£0.10 1.02+0.20 0.55+0.03"
i S 2 T 0.02 0.93+0.18 0.72+0.05 1.2120.05 1.13+0.09 0.74%0.06
A B 2207 0.08 0.930.35 0.96+0.22 1.09+0.12 0.90+0.15 0.98+0.15%

0.24 1.17+0.22 0.91£0.21 1.18+0.05 1.18+0.05 1.26+0.25%

54 [V P<0.05; AU [ Y P<0.05,7 P<0.01,

x4 WEPHR2HANEHAKRRMFPFIE,KFEHIZM (X+s,n=4)
Table 4 Effect of Bushen Zhuyun prescription on serum P and E,

levels of rats in each group (x+s,n=4) ng-L"
21 51 /g kg P E,
2 37.3+0.51 136.3+15.56
A 36.1+1.16 59.8+47.07
b Jixi 242 1] 0.02 38.3+0.93 281.5+148.1
w5 B2 7 0.08 38.2+1.30 166.1+£56.65
0.24 38.6+0.84 179.4+92.51
4 itig

H & 2% JC LPD i 44, AR 48 il R 3% 90 PR L
J& TG RN R lE G BN SR IE
A =LK B, M FIEE RS T %Y
MG, BWRE, &M ad, &+ A %Irie ek,
PR AT, AT BB E B 2 22 Tl I R U B A A
ZAEIG R A5, A LPD 3= 2595 R LR B FH A 2
B REAR, B — B Z L A S R, AR,
DU B 2 VI R SN RE AR A 5 R R A
SR, AT AN WA RS AN AN E B
O AREM R oA AN E B BH DL A ikl
25 KB AT B 22 g R BB AR 1 S A e A AR
SRR, 2 TERWMEN, TR HKEE",
PE G O I ASCHIL DT 9]0 (I ) - - AR B A, DA

LPD 1 % s BLHIATS AN BT aff L 52 A Sy, 1 B -
FEAR-I R -TFEHEE - TR & 33
LPD"™ b o 54 Oy 5 2200 T e B, L i
AT Ay PR R O R R OE B R A
P B S AR A T RE . P T R LR A i
IR OF = s - R Wi e SN DR A A
YEHT o 7E B BE 40 M % 7 2k 7 b o Joe K 22 B Y B
A mRNA B 1% 1 2 i M 9 28 (3 S, HL R 22 R
A T T I 2 A R, BFSY & B, ERS 7E

. 88 .

B O R S WO A S AR R R Y
A BB BLR 95 A 8 T CHOP A S ARAIC,
LA K LR P BT N BT, ERS 43 0 IRE-1,
ATF6, PERK 3 4 {5 5 18 [ , Hvp CHOP %
PERK T Il 84 i 53+ , (B 0 58 & W] ATF6, IRE-1 3 /]
S CHOP #i5™,

BT 5E Western blot 45 5 i/, 45 70 2H K B oD 6
BIP,PERK ,CHOP & [R5 T+ &1 , Hb i Z2 i 21 % b &
Bl 2 7 K B v 790 2 41 0T DA B B AIR CHOP 25 14 3k
K JL b b B Bl 2 O i R a2 JF AT R IR BIP,
PERK 7 [1#ik . Real-time PCR %5 % W75, 4 50 4
PERK, CHOP mRNA # ik [ A%, H o b 5 Bl 22 Oy
i . & %) # 41 CHOP mRNA ik J & , ELISA 52 %
g W B R RN B, P & &SR LR
T 2E 5 T ANE B 2y F b s 42 B AT WS E,, P
SRR FER . HEAS mRNA RIXGRAN
— BT EEENEREENE AR E, 2R
B SR G SRS N T e SRR AR BRI BB S T A
M 45 22 J7 TS ), ik DR 3 38 R 4 5 2R 1 i SRR I
ANGE A AR . R, RN Bh 2y 5 4R AL AT LA
T ¥ CHOP & 1 3% ik , i °] DL F i PERK, BIP % [
Fiko W FANE B 2205 R A b 24 ) i O OE R
NARF 2519 3 4%, B R e 1243 F CHOP & (1 1) %
K5 2GR A T 22 S TR b 2l R e
PERK, BIP 5 1 722 1k 4= ¥ & U/, T8 B il K

HY T35 A B I AN 58 42 52 i B AR 2 B
15 2y, 3 B A B R Gk A T, R xR K
S B TR AR B R BILAAR AR B RS B, R B R
KK 4N E B 2 5 AT DA ik 28 fif B SR P9 5
JOE P, BRI B9 B3 8 T KO, AT GA BRI IR T fg
PNE RSNl

[FlgmhE] ALREEEMTHEF R,
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