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TE: BR WEREPIZEE R R M I R AN IR T 0 P 5T N 30 R, 5 R P S A AR R
RETHERILE . F73E 60 2 SD K EA A ME4L AN E AL R E P a4l TSR ah 4l , 1 wi e ik
M, EH 12 Ko SRAHEHE MU TR, B 28 d; X A ML T4 T4 H S IRBUEBEKRES 1
B3R 4 0 AT h i IR ET 2.4 o/ke, BTG BERRSN 0.007 g/kg, B HE PR 0.26 o/kg HEH .
FrL 252y 4 JHJE AL FE KB, TUNEL 32460 41 M8 121 0 s Western blot 12546 I 47 45 15 7 15 2 11 78 (GRP78 ) FlIZk
BARE G 2(MFN2) 31K, RT-PCR Il Western blot A6 4521 21 i 1380 RS P4 98 ( PER KO, LS A<
PEBEE 1a(IRELe) G LE; SR T 6(ATF6) K C/EBP [AlEEE H (CHOP) (3L I H £k, 53R TUNEL 58 &
ANASTADLR B AR 200 B R TR R RS, SR BB 2 v 0 AR T Sk IR R B LA K F 4 PERK
PR 3 B 3 (P<0.05) , 5 BT 7Y BBl 2k T4 PERK JEPH # 3k 1 FFE(P<0.05) 5 50 B 4H Heo A, B4t 4%
A1 GRP78 . PERK .CHOP Fll ATF6 2K 1% & W] WL 5 (P<0.05 ) , MEN2 25 132K AR (P<0.05) , 3 P2 B 41 48
BUR T4 GRP78 . PERK .CHOP 1 ATF6 2 [ & I B FEIR(P<0.05) , MFN2 Rkt i, it mEdiET
AL DA kAR A0 T R R AR T, SE A R A 2PN T I RSO G R GRP78 \PERK (ATF6 I CHOP, i
MFN2 ik, Nl R A T s Rk
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Effects of Qiang Gu Kang Wei Extraction on Bone Apoptosis Under Simulated Weightlessness
by Modulation of MFN2 and Inhabition of Endoplasmic Reticulum Stress

SHI Changhua', TIAN Leiyu', FENG Jing', LI Shuyu', LIU Junlian?,
LIU Yumeng', LIU Jiapeng', WANG Qian'
(1. Beijing University of Chinese Medicine, Beijing 100029, China;
2. China Astronaut Research and Training Center, Beijing 100094, China)

ABSTRACT: Objective To observe the effects of the Qiang Gu Kang Wei Extraction on bone apoptosis and
endoplasmic reticulum stress in tail suspension rats, and to explore the mechanism of the extraction in preventing bone loss
in simulated weightlessness. Methods 60 SD rats were randomly divided into control group, simulated weightlessness group,
Qiang Gu Kang Wei Extraction group, alendronate sodium group and Gushukang granule group, with 12 rats in each group.
The tail suspension was used to simulate weightlessness for 28 days. The control group and the simulated weightlessness
group were given equal volume of normal saline, while the other three groups were tail suspended and given 2.4 g/kg Qiang
Gu Kang Wei Extraction, 0.007 g/kg alendronate sodium, and 0.26 g/kg Gushukang granule by gavage, respectively. After 4
weeks of intragastric administration, rats were sacrificed, and the apoptosis of bone cells was detected by TUNEL. RT-PCR

detected transcription levels of protein kinase R-like endoplasmic reticulum kinase (PERK), inositol requiring enzyme 1
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alpha(IREla), activating transcription factor 6 (ATF6), C/EBP homologous protein (CHOP) in bone tissue. Western blot was
used to detect the protein expression of glucose-regulated protein 78 (GRP78), PERK, IREla, ATF6, CHOP and mitofusin 2
(MFN2). Results TUNEL results showed that Qiang Gu Kang Wei Extraction inhibited apoptosis. RT—-PCR results showed

that, compared with the control group, the content of PERK were significantly higher in the simulated weightlessness rgoup

(P<0.05), while the PERK in the Qiang Gu Kang Wei Extraction group were significantly lower (P<0.05). Western blot results

showed that, compared with the control group, the content of GRP78, PERK, CHOP and ATF6 were significantly higher and
MFEFN2 was decreased in the simulated weightlessness rgoup (P<0.05), while the GRP78, PERK, CHOP and ATF6 were
significantly lower and MFN2 was increased in the Qiang Gu Kang Wei Extraction group(P<0.05). Conclusion The Qiang Gu

Kang Wei Extraction can reduce bone cells apoptosis of simulated weightlessness rats through inhibiting GRP78, PERK,

ATF6 and CHOP, as well as upregulating MFN2 expression in bone tissue, thereby reducing bone loss under weightlessness

condition.

KEY WORDS: weightlessness; bone loss; endoplasmic reticulum stress; MFN2; Qiang Gu Kang Wei Extraction
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SRR S5 o 1) s R R A R T PR R R SR A O
# 1 GRP78,PERK . IREla \ATF6 il MEN2 35 A1
FH R 8 BB 22 7 0)  EBCE AR A e S AT g
W aFALE, b 250 PRI 6 2% 8 5 i 25 R SR L S s
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1.2 EZXFFPE
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A5 FIRR G 25 A BR 28 7], it ifE 305 H20061303) 5 i
B FREAURL (1L 7 B JR 250 A BR A |, it S
720060270), BCA & I 55 & 2 Marker 5
ECL &R &0 F ol i8R ) TR BRA A
GRP78 I CHOP HLog BEHLARIN Fl Abcam 235, fdi
KBl PERK . IREla ATF6 F1 MFN2 £ 5 B BT I [
Cell Signaling 23wl 3 KL 5e ST A GAPDH Hil HRP
PRGN FEHT 5 1gG 1 H 2 [ proteintech 24 7] ; HiFiS-
cript gDNA Removal TM RT Master Mix il 5| & &
UltraSYBR Mixture 18 [ 7T.55 5 A 28 4= Y BHEE B4y
FHBR AT,

122 {L#Fri%k 4% Synergy Il BIFEHRIY (3EH Bio-
Tek 23 A ) ; %6 E 5 PCR 4L (CFX96) . Bio—Rad T
HIK R4 Bio—Rad MBI HFLEN RS (AR R
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SR PUEE R AL BT R R A A BB R AURL A 5 KRR
KR 400 g o4y, BF4 12 H. B d 4 . 4 IR
Morey—Holton ) B35 iy 28 KA FIO, f5 B R
T 5 LR L R 3009 £y, KRR AT 8RR e T S A
TREE, GRS I (] 4% 12 ho N PEZH R 4D 2k TR 40
RIEF R E RS, g H R AE K, HE 34
e bk g AR TRl A H A4S T R P
B 2.4 g/kg; BTCBERREN 0.007 g/kg FlH B kL
0.26 g/kg.
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O3 B SR e LB WG BT 4% 2 B P R
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23 RT-PCR # @l X & & 4 & ¥ PERK.CHOP,
IREla % ATF6 mRNA #9 & 5 K-F 43R4 HUS 4
KECVHHLUS RNA, W% 5kl cDNA 128 RT-PCR
MIREAR . bR T 3T Jf A B PERK.CHOP,
IREla, J ATF6 B5¥))F51 (3% 1), L GAPDH fEH
WS E ST 2725 3 e A A1 R BB 41 20 mRNA 11
ERO NS

x1 3519F5
Gene Forward Primer (5'-3") Reverse Primer (5'-3")
PERK CGCCTACCAATGCCACATCTGAG CCTTCCACCAGAACCACAACGA
IREla CCAGCACCAGCAGTTCCAGAAG CCGTCCTGAGCCGTGTCTCC
CHOP CTCAGGAGGAAGAGGAGGAAGACC TTCCTGCTTGAGCCGTTCGTTC
ATF6 GAGGCACAGGACACATCAGATGG GCTGACAAGGAGGTGGAGGAATG
GAPDH GGAGATTACTGCCCTGGCTCCTA GACTCATCGTACTCCTGCTTGCTG

2.4  Western blot ¥ X & A 2842 F GRP78.PERK.
IREla ATF6.CHOP % MFN2 & & ¢4 % i K+ 3
BUEHAE AP T E I E . Western blot A5 45 21
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1765 o
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3.2 Western blot 4 &-20 K R B 4022 M it M B %
4-F GRP78 & & #9 & ik  Western blot )45 i
7, GRP78 5 [ 3 i i B 4D R F 20 W] Wb v X6 R 2
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FRIR W TR IR (P<0.01) , s E P B 41 Pl ik
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CHOP & & %9 & ik Western blot [ 45 5 i /R , PERK
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0.05), SR EFPT 22 20 Bl -0 JRl 2 M 2 0 g B AU 2
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3.6  Western blot # M| &40 K R B 20 4% MFN2 & 9

# & ik Western blot 45 5% 78, MFN2 &5 4 £ ik &
ML B2 I A5 IR (P<0.01), SRE Pz
A
MEND  S————
GAPDH " S S S—
PR T - + + + +
MEET - + > =
PR - & -
CERNE 2 R . - i

21 P JRAE R B 4L B AL BRI, 2 SR G T 2 W
R (P<0.01), VLT 6,

o
MFN2/GAPDH
5 & B

e
T

0.0-
BER T
SR E DT
BeT-© JRtE PR
B ROk -

1
1 + 1 +
+ v+

A:MFN2 (45 AR IK &, B: MFN2 25 Ik,
W SRR M HE, "P<0.05, 7 P<0.01 ; 5L F 241 A EE L *P<0.05, #P<0.01 .

Elo &HHKXREY

4 IFig

BRI EE7, E R UE S O A G,
WU 2T E B IETR , T v B 25 248 J R K
HH R AR SCHTTE N AS PRSI I A7 2 5 i 28
BRI AN BB 720 s PR
RS A L NN TN Y B = W S g U Ao R
I3 KB BB AR A TR AR R, T2 R
WG . DIFERM], B A R B e fe it
A R 2 I PR S BN 23, SR i A

1 MFN2 EEHIRIZE

B SRR IE MR, B RN SR AR i TL-18 A%
1) 39 PR 98 24 PR 1% 185 9 4000 o) 4 L g 1051, A S g v
BB ZET HBAR EA BR A T e A R T, U
WIS B PLET A — R Lol R RERES T
FRMERE

GRP78 j& ERS i — A E M F1E18, gk
J& ERS tr A Z —. 7EREH A SR 58 1) ERS
SN, UPR WA 3 43 PERK.IRE1 L) ATF6
5 GRP78 4 &5, ¥Hn[iE S CHOP G sk £k .

97



2023 4F

=R P EA R R

i 46 %

CHOP J& ERS A AL J# T A 5 5 7 Sk 4319, AR 5K
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