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Advances in targeting mitochondrial quality control against osteoporosis and its
herbal medicine therapy
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Abstract: Osteoporosis (OP) is a very prevalent disease characterized by a decrease in bone mass per unit volume, which increases
the risk of fracture in patients, dramatically reduces their quality of life, and imposes a huge economic burden on society. Mitochondria
are the energetic core of eukaryotic cells and are involved in numerous critical biological processes, and abnormalities in their function
can lead to abnormal cellular function, which in turn induces various diseases. Recent studies have revealed that imbalances in
mitochondrial quality control (MQC), including abnormalities in mitochondrial oxidative stress, kinetics, autophagy and biogenesis,
have an important role in osteoporosis. This study reviews the research progress of MQC in OP, and summarizes the traditional Chinese
medicines (including single compound and combinations) targeting MQC for OP treatment, with view to providing reference and
reference for researching new strategies for OP treatment.
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BRI AR K, (HIR T 5 R A A 22 AR /N2
HMECTEIRIT TR S, HEEANA & RbfAE R
BZITHARS, BT ITEMN 24 IRRIT 8
Eh . BUWEREDSE, KR “ ETHARRE”
W, TR, Bk, Ry R, HREIRIT T
VRIZ T E R SO AR R, AR L TP PR 2 AR R 5
BRAASEVR YT AT 0, AR 2 R i PR 56 AT
RSN, 75 2 1l R BIE FU R I E H R 2406
ITHT RO 2 Ak, AN B 2GRS T B BB A R
AE FIVLRDEAE R, X ATAF H B2 25 97 RO 3L
B> MECLRM, T B 259097 B B AARE SR = 4 — 1
BITARAE,  TOMAHIE AT BER FH AN [R] ) b 245 245 05 AG
ST 715, MELUHEAT LU ER & 40 # 0L, ek, 5T
RIR,  ZeRiiA D) R FERS 7L B 5B A 11 A R F v )
PHEE R OREZE M ME, HIpReR A 7 R
Do FECEAIMACEN ZEEL,  BE T B 22 S
MIyRE, 2 U2 k4K BT & % 4] ( mitochondrial
quality control, MQC )X} ZZ il B KL AA 451 £ sk 5% OP
MR EBAEEME. FI, %05 B E45548 MQC
1E OP SURMBFFLdEfE, FFAE SR X MQC ¥R
ST OP b2y (LGSR ST, DU NIT
KA AL R T RS i — Ee 22 22 06 A % .
1 MQC

BRI — A LB A XU A 25, & A B
FE HE 5 — BRI (adenosine triphosphate,
ATP) RIE, 0F T3 /& FLAZ 40 M 1) g i 75 SR 4R %
B, FEORFFITA A DR IR 1B AT T, bRy
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HBI, MOC Z1Rd N — RFIPLHIAERE, H T4
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ZANTTI, BAEGRARIE AT 4E 4T . AL 1l
HE Zkifk DNA FI4Ed . Bla Mo, Jraiips
UL R R A, Il IR e, 40 nT AR £
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Fig. 1 Regulatory targets of mitochondrial quality control system to osteoporosis
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W PRy 7 =252 3 B B EBGE, #Em 3 E
LRI, ML RAR A LFT T, T8k
HLAA JE H1 £ ( mitochondrial membrane potential ,

MMP) ik, {EIX—Id R, 2Rk A 5 ) i s 1 1
I, A 2 A JEE ] B ) B T R AL R ¢
(cytochrome ¢, CytC) BRI A 5T, B2 4
HIBTHH ) CytC 22 58 P BRI R & 2R B K
it -9 (cysteinyl aspartate specific proteinase-9 ,

caspase-9) AHEAf HIFIIE caspase-9, [ caspase-9
R WAER TR AR 1) FEYNEA IR, WUE N caspase-9
SRS T RN e 2 R 1 R A& 2R B K
fift 1§ ( cysteinyl aspartate specific proteinase, caspase),
W R PR R 1 R & 2 IR B K@ BE-3 (cysteinyl
aspartate specific proteinase-3, caspase-3) &M
PR 1) R 4 2 B2t H /K i B -7 (cysteinyl aspartate
specific proteinase-7, caspase-7) 25l H 4l i
FOT.. BEAk, caspase IS B0 52 245 A T
Rl RIS B =g R0, o, BRI E AR
P AARM B WMEARRE-2 FKE (B-cell
lymphoma-2, Bel-2) SR i 572 78 1 i 4 M A £ I3 T2
IR R A RN, ENRE T EARA
%%, Bel-2 #9¢ X Z5H (BCL2-associated X, Bax)

(VAR RES A N L P G B O Hvi 5% WA S i B ek 2 1
HI 55 2R S M LT B B D) e R 15T Cyt C BRI

AR PURT- A A Bel-2 0T 2 R5 28K 443 7 14 Al
JIEE 7 B e DAt 500 2 BRI RE B R DG L
I, (RETAPTE T Bel-2 FRE A 2 [ -T2
75 F U caspase ZIDE B P sE PER 2%, T caspase
IR S B A PN TE RS 4 B T 38 B B s ke T
RIZRI0, Cai S22 g-AT WA Fida . fE R
INFEA F-o (tumor necrosis factor-o,, TNF-a) 3
FIRE TR, MOHTAE R B /INHR 70 H P BB 4 ML A

ROS AN ZEERI 4, NADPH Afbl (reduced
nicotinamide adenine dinucleotide phosphate oxidase)
(RO PRI I, ZRREAAR Y ROS #ii: S 40 nka %, MMP
1 ATP & RN IR . o, Prafely CBLdEE
FAC AL BRI E AL Sl RS ], AT
TR T RE A T AR SZ I  He 8 SUR I B Y
Jo MG63 2 it g T S L 8 3 I 1 4 i Ak
M, BEAK T B PE B ER RS (alkaline phosphatase,

ALP) JHTEAIGIARYE 71, Sl E AT, —Jf
Hh, ARG TR ) AL, $2FF T Cyt C
S caspase-3 (17K, PR T Bel-2 mRNA A8 H i

IAR, 980 7 Runt-FHRHEE -2 (runt-related
transcription factor-2, Runx-2) mRNA Fl& (i )
i1 o X He g R IR A KA ROS fE F AR AT fg
e R AN 12 g 4 L 7 T ) SR B F
2.2 HRAENFE

LRRLARE]) )2 5 BORL AR 2 RN R 5 S 2 T )
— P B A P, AR R, e TR
FHCAHERR SRR IRTAR . K/ B AR PR T RE,
AR RLRIE R 4] DNA. 85 A G i S g B 4
A (R 2 e 75 B N AP ) b S AN SRR EE , DAZERRZR
RARI SR DI RE . ZRRIARER& I I &
3AKET, Sl R&RAMMES 1 M 2
(Mitofusinl/2, MFN1/2) PLRMMAEZE4EN 1
(Optic atrophy 1, OPA1)., MFN1/2 F @ A7 T2 ki
A, ) OPAL NALFELRIAR N B . MFN1/2 %}
TERARSME RS 2 OCEZL, 1 OPAL X T A I
R & A2 2 7 1Y, B A L MENT AT MEN2 1)
FRN, WInERERAARERAE—E, /IR
A, JEZNHH OPAL S8 AN IR & . SRR &
MR & 2 ANMET, ARAREEA ]
(mitochondrial fission protein 1, FIS1) &) JjHx%
#H 1 (dynamin-related protein 1, DRP1) 43 7E 4k
B AR Hb LR 40 B 5T . FIST . 2R R Ak 34 A8 [ 1
(mitochondrial fission factor, MFF) DL & Z& kA4 {4
¥ 1/2 (mitochondrial elongation factor 1/2,
MIEF1/2), 3:[FE{EF] DRP1 AT UM 4 57 528 512
FifRRH, ERR AR mERAE G
F kR, B =R % ( guanosine
triphosphate, GTP) B i P/ 3 28K A 7y Zd0a-161, 2§
WK ) 175 25 L AHEE IR AN L T e P g I
A ) S R BRZ AR R RS Rk, LR e 2 R A
Difg, S ROS ARt 2 . LRiAABRE S 45
TS24 ATP AR R/ LUK 20 i R A A A A
FEAR. Cai Z57H0, (2 BERL B 4L+ L-OPAT HRIE
AHH) S-OPAL, FEELSIETE L-OPAT 62K, hnJl
LR AT SRR 5 %) B R A0 B T2, F OPATSiRNA
B gL N R E AN 2 N EE 2R AR T 28 8 AN D e F
5, EERIALERIA ROS 7 A 552 39 in DL K 2%
RLRE AL . EAh, ] OPAL siRNA #ee/ly
SR A 2 B PRI R R AR I BE AN BE 2 . Gan
LGSR AL EA NEERE T, Drpl IBERR 10 /KT
FR AT E G0 . I 2530 ) B2 ] ok B
Wr Drpl, 7] BHSLARY 40 552 HaO, 15 1 i 2
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i Ty RE R R S e, ELAAR R I A v 4 M 0 38
ALP WE A0 FEH i A S e RAR D Re &2 . FELIT
Drpl X HaOo 1753 [ 1 4 it Dy e Rt 11 R 44 H
R NPT RE G 38 F] ROS A2 B - X 4
48 R IR KR D) S AN SRR D) R g A
R 4 B T T DR B E
2.3 ZRIRBERE

ARIAR E R A R AE T e R E e, TERR
SARER I ERRIAR, 30 T AR 2R R 1) B A
FIRIThRE B RHEE . S0 T ERLAR I R 5 1) R A
fizky, vICLET 2 FhEE VAL — MR R
2% (ubiquitin, Ub) 25, 53 —HMITEH1 Ub B
AISER. & Ub B4k 3 k%1%, B PTEN 5
S¥ 03 1 (PTEN-induced kinase 1, PINK1) I E3 iz
-5 A IEBB (E3 ubiquitin-protein ligase ,
PARKIN) =il . fE1X—HL|H, MMP Z i),
PINKI1 HENZA A Py iR 3842 52 BH, 535 PINK1 7E
AR ARSI M BT i B AR AR, HAEIBUE
PARKIN, PARKIN & F B 1) 75 [ R RO 0%,
WRTEAT B3 2 RN, ARGz RmhEhifk b
M F, PINKI 5 PARKIN AHEAEA, JLEIAEEL
Rtk B B DL Rr bR & . tbAh, BR T
PINK1-PARKIN il #% 2 4, i&474F PARKIN it
13z 25 M 8 %, PINK 1 38 7] LB IS 72 R IR L
HEHFAWZAEA WM BCL2 fHE/EHEA 3
(BCL2 interacting protein 3, BNIP3). H [& 4
NIP3 #£EE [ (NIP3-like protein X, NIX). FUN14
ghf3 & H 1 (FUN14 domain-containing protein 1,
FUNDC1)) F|Zkifk, 24k H 54 BT E
MAEMRER 1 2% 3 (microtubule-associated
protein light chain-3, LC3), IXffif§HMEARGEH
MR Rtk . Rz mUH IR, SRRIMNE EHVFZ
f8 LC3 MHEAEHMKEE M EE ¥ (long
inverted repea, LIR) XIHHE H, EAi1e H WGP
k. EATAT AL Z ZRIUEEYS LC3 44, M
JE B E KA F k. AR LB, X2 AR A
& NIX 32k, BNIP3 52fk. FUNDCI 32 fAl19-20],
ARAR H R 2 —MOEH B AEBE S, R AR T
RAET DAERF A B AR o SR, 755 3 BURE E 1
AT, BCRERZ PR, B LRk
W E - 200 0 A R B AR 25 L R S B
Li 52U 5T & I PINK1/PARKIN 41 528 Rk B
W ] DL R if 2R & 9 A A B ) Cadvanced

oxidative protein product, AOPP)) J&F£:4Mi] AOPP
753 RCE 4R T, AT AOPP AR 2 AH R 1Y
BB, B WOU S AL B A B 1) 5 402K
Lee S 22001 50 % 1 4 0 1) 73 A6 AE Pink1 1 I
RG], AEE 2R AT Z 8 (H Pinkl siRNA
ReBL G, A7 i R rh LSS 21 i H- 4R i DRPT A
FIS1 L9, 1 MENT R s i 2 i 78 43
i #E ROS i FE /= AR A S U 8, R 74y
A FE A B 4l R PINK 3R 3G 0 Xu 2523
W FT R B 1A AR 5< 8 ) HIF-1a AT BNIP3 ££
SRR B LA, 2 R R TR R BRI AT
ZRIE T 7oh, BEEERE T, HIF-1o #3d
JEFIE T LA RS B SR 7 A I L AE T, X
UESE T HIF-lo B0 FRIA B 8 T8 1 3 F i B AR
Y1 BNIP3 KR B ot 3k o sl S 75 K A Zebi A
Sl EN 7R =R DB & S STk s gt Vi IR =ali|
T o XS5 IR R ZRLR B R 7 3 GobL A4 D e R
T R a2 RSB 200 B O 17 T PR SR B
24 ZREEMAE

LR )AL R PT A R SRR BRI R A,
T B R AR E ARG AR G TS 32k v FREOE R
F-la. (peroxisome proliferator-activated receptor y
coactivator-la, PGC-la) 5 2 Pt 3K +/8 F i AH
BAE R SRV SRR (R AR A i R, A5 A
F-1+ PPN R F--2 (nuclear respiratory factor
1/2NRF-1/2)\ ZHiAH 5T A (mito chondrial
transcription factor A, TFAM ) . fi# {5 Bt & A
(Uncoupling protein, UCP). i ALY 1A 3 FEY) %
1 % &-a. (peroxisome proliferator activated receptor-
o, PPAR-a). HURBRECER . MER R H K24
(estrogen-related receptors, ERRs) %5, NRF-1. NRF-
2 @I TFAM ik, A5 1 S LR AR BE ) %
SKME KA DNA (&l R 1 IX s R 14h,
A 2 o L (A AU A TR T R AR ) A AR
YRS, BENRRERRIEE DB (adenosine
monophosphate-activated protein kinase, AMPK) #l
UUERZE BRI T 1 Csirtuinl, SIRT1), FEREEGR
ZIRAR, AMPK 1 SIRT1 4 B i B ER (L AN 2% 2,
e 15 PGC-1al2], Peng S54RI 58 J B i 1K A
BRI IR TTEE 1 K BB s A A A g 5L
VIBRAR GG B BRI, Rt 1 ReE A AR SRR A
FEAARE A I (PGC-100) [FRIE, X lH 4l
JEAHR mRNA Fk A RSER S W EA S 10
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HIER, deAk, iEshfiEsh-HBO BAARITHIm 1
I A LR (superoxide dismutase, SOD)
AR AL 2R B Rk, W] g 5 A A0 A B A I 5
PGC-la LA K. BT IL PGC-1o 7EF AL
REEAER], ABTFRY], PGCla ALXT K i E
B /NGEALZIRN i i BE e AR SR e, S EUR A
BS80S, Sanchez SRS FT A A RAR 2 B 1)
B9 IN-S BT M RCE 0 P ) B Al e AR T AR ROS
ARG, e SR NI AR R, e
 NF-E2 #H5¢ Al ¥ 2(nuclear factor erythroid2-related
factor 2, NRF2) 1R AL Bt #2 h ois , FF
BRSO — e R AR A R, AR5
FEJFE A 1 (dental matrix protein 1, DMP1). &
g1 P 4b BE BR B B2 1 ( matrix extracellular
phosphoglycoprotein, Mepe) 5. b4k, B A0 AL
PCE AR B = NRE2 /N B& & B 1, H
NRF2 &7 — R FEZ  (dimethylformamide,
DMP) JRI7 VIBRON S/, ATIRE HA PR R &
B IR R 2R JE 1A L B T T B AC R If E K T
O FEUME R, B EURR IS A S
PUIRMIERE 2, fEE RN IEI T, Shes
AU AR DR SE AL AR DG 1) 3£ K] PGC-1a A1 ERRa. 1]
BRI N, SEURNTE BRI AR 2R3,
HRE U R R R 5 1 i R
Sy B BT REAN B 3T RS N7, ax s gt RUBIOR
LR LYK AEAE S T EORLAR Dl e B g A i R
21 R T T ) SRR
3 LAMQC A SH OP FEARGIE

T MQC HIBTG & AT fE2 V8 OP HYE 5
0. RZWTOEER, HRPE R Tl
B W) B A= i 9 A m e 4 R R A B Ak
AU, BRI B B8 A M DI RE, MITTIEZE OP 1
RIE. PR MQC Biif OP B 7L LI
1.
3.1 ETFERNASHRH A OP

BIF 5T R I ORAP 18 20 i 5 52 FE K P 55
SR ML AR AT B> ROS 774, 32 iR MMP
KPS ARk R A R (B A A4, RIS E R
filé & 40 W 47 /) Kl ¥ Costeoclastogenesis inhibitory
factor, OPG) 551l & 41 ffd 7314 [Kl F (receptor activator
of nuclear factor-«kB ligand, RANKL) HJAHX}EUAE,
AR CE AR A G b T R PRI R
IS A A P AR IR BT ILA R

B THRlE (epigallocatechin gallate, EGCG) 7EAK
H YIS AR N T R AR ERIA, R
BAARC AT N AN 2Rk i ROS TR, BEMK T MMP LA &
AKT 1 p38MAPK IR, BhAL, FEA% 4 A 55
il fEr, EGCG S8 ATP /=40, o 7%
RERARIIRE, F0H] 7R E 40 ) R0, 5T R
AR Ry RE TSRS A e 4
farh ALP R IAKF TP, BEWE T MMP, X
BT RRifR ROS W24, FEHIn ATP 177 42 DA K
LR kit DNA &, ttrh, =-H24F R BT
INK B4k, ARG 7 HoO, 53 1) INK (55
WoE, R\=CLR2H ROELHE INK 5 585K
FIET A RIS F I ZRAR I, WK R 4t
P RCE AR BT R ILE AN . LAy ATk
BRE . RBELZR . EAM. HE R R E b
HE A BN MMP 8. ATP £, B4
YITVRIE . AR TH A R C Bk, B3
BB R A BTG b, EREE S
P& A 0% PI3BK. Akt #1 CREB [IiE4k,
PIBK/AKT/CREB 15 Z# % [ i 2 5ix e 251 T
AR R . BT W SC R B e AT v s D 3
R R AR T RERRAS , R U1 R A E R
(1) J5 4 M 452 43 13100 i ik i — 2 gk R B
1,2,3,4,6- 1% & 1 BE % & HE (1,2,3,4,6-pentyl-O-
galloyl-B-D-glucose, PGG). 7K K#I 2. flF . J&
HIER K&k FO. B¥EET. 2K, LT,
FFSEA BRLAEER . o T FLEERE S /D 41 i P
LRARE ROS 7242, Tk MMP /K, H4h0 ATP 7=
A, HCERGRATIRE, KE Bel-2 EEMRIA
W, BEMIK Bax BRERIRIE, #IH CytC B R4
JFi, RIS FRAIG caspase-9+ caspase-3, MM R $% H.
AU AL T @A B8
3.2 ETEhAsh A OP

B 78 R ILAE A B Al A3 A R, 8N EGCG
Al LAY/ DRP1 A FIST ) mRNA Rk, #if] T
BB 4R 23 A6 1290 BIE R BN 3 B IR YT AT DA
SRS 71 Ao U0 ) %) B S ) 7 R 4 L PR S 3 A
s, WERMEEE] DRP1 Ml CytC & A AL [
LMK EE % DL FIST Al MFN2 R IE#E 10 A1 50
umol/L FI#XFREk#: (ferric ammonium citrate, FAC)
AFRJEERE, TRE 100 pmol/L FAC AbFE )5 i 2 411
fil, M0 1 pmol/L [ 27 1 K I IL RERS L ik
FIS1 A1 MFN2 ik, Ff38/1 DRP1 A1 CytC HH M
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*1 FEALEFRERENHFERERFIE OP

Table 1 Research on Chinese medicine targeting regulation of mitochondrial kinetics quality control against OP

il PARBRES 4N fEms B kil i Wik

0T F % ROS|. MMPt RANKL/RANK/OPG f5 55 KB 4 28

FRERTILEERET  ROS|. MMP|, ATPt AKT-P3SMAPK 5 518% gl 29

BT

=hEHR =t ROS|. MMP{, ATPf. mtDNA g%t INK 5385 MC3T3-El 30

AN FE A ROS|. MMP1. SODf. 5&#IV?t PI3K/CERE {5 5 8 MC3T3-El 31

liES % ROS|. MMP1, SOD1. E&MIVI PI3K/AKT/CREB {5 5 % MC3T3-El k)

PRS- 43 ROS|. MMP1, SOD1, ATPY. H&MIVI PI3K/AKT/CREB {5 535 MC3T3-El 33

KEEZ 475 ROS|. MMP1, SOD1. ATPt. E4MI. IVt PI3K/AKT/CREB {5 535 MC3T3-El 34

FWR JHEE - ROS|. MMP1, SODt, EAHIV? - MC3T3-El 35

HER % ROS|. MMP{. SOD{. ATPf. H&#IVT PI3K/CERE {5 5 MC3T3-El 36

12346-1 % & THA] ROS|. MMP?, ATPt Nif2/HO-1 {5 5 1@ BMSCs 37
B BAX/BCL-2}

KKEZ K¥E  ROST. MMP|. ATPt AGEs-RAGE {5 5@ MC3T3-El 38
BAX/BCL-2|

4 W%  ROS|. MMP} - RE U YR 4t 39

Casp3. 9], cyt-c|

[i§yi% HEK  ROS|. MMP1, SODT, EAHIV? P53 {5518k MC3T3-El 40
BAX/BCL-2|. Casp3|. cyt-c|
Kk K#  ROS|. MMP1, SODt, EAHIV? PI3K/AKT, CREB/ERK i MC3T3-El 41
BAX/BCL-2|. Casp3|. cyt-c|
FO #95  ROS|. MMPt Nrf2/HO-1 {55 1@ MC3T3-El )
BAX/BCL-2|. Casp3,9|cyt-c|
BAE E¥E  ROS|. MMP PI3K/AKT/mTOR. MAPK f5 5 8 BMSC 4
BAX/BCL-2}. Casp3|. cyt-c|
EHZ ##%  ROS|. MMP{. SOD1. H&MIN AKT-GSK3p {5 5185 Saos-2 4
BAX/BCL-2]. Casp3|. cyt-c|
B4T %47 ROS|. MMPt - MC3T3-El 45
BAX/BCL-2|. Casp3, 9]. cyt-c|
AZE % ROS{. MMPt - MC3T3-El 46
BAX/BCL-2}. Casp3,9|. cyt-c|
RALE BAK ROS|. MMPt - MC3T3-El 4
BAX/BCL-2]. Casp3. 9]. cytc|
RAA S%IE  ROS|. MMPt - MC3T3-El 48
BAX/BCL-2|. Casp3|
g% RRETFIAZERM FISI. DPRI) AKT-P3SMAPK {55185 g 29
BTHE
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Fig.2 Mechanism of action of Chinese medicine in regulating mitochondrial quality control against osteoporosis
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