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Abstract

BACKGROUND: Knee osteoarthritis is a common disease in middle-aged and elderly people. It is a kind of disease that seriously affects the quality of life of
patients and even has the risk of disability. Therefore, the pathogenesis and treatment of knee osteoarthritis have become the focus of research. In Chinese
medicine, knee osteoarthritis is often treated as “biness,” which is closely related to “biness” caused by blood stasis and blood vessels blocking collaterals in the
theory of “blood stasis” in traditional Chinese medicine. Iron overload is a kind of pathological state caused by iron metabolism disorder, which highly coincides
with the pathogenic characteristics and clinical manifestations of the “blood stasis” theory of traditional Chinese medicine, and is a risk factor that promotes
the development of knee osteoarthritis.
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OBJECTIVE: Based on the “blood stasis” theory, to summarize the effects of iron overload on cartilage metabolism and subchondral bone reconstruction, to

lay a new theoretical foundation for the treatment of knee osteoarthritis with traditional Chinese medicine, and to explore the therapeutic effect of traditional
Chinese medicine for promoting blood circulation after interfering with bone tissue.

METHODS: CNKI, WanFang database, PubMed and Web of Science databases were searched for relevant literature. The Chinese search terms were “ferroptosis,
iron, iron overload, osteoarthritis, blood stasis” and the English search terms were “ferroptosis, iron, iron overload, osteoarthritis, TCM.” In the end, 76 articles

were included for further review.

RESULTS AND CONCLUSION: First of all, we explored the potential of the “blood stasis” theory in treating knee osteoarthritis, and found that “blood stasis”

is a crucial part in the progress of knee osteoarthritis, indicating that the “blood stasis” theory is the key to the treatment of knee osteoarthritis in traditional
Chinese medicine. Secondly, “blood stasis” and iron overload have a high degree of similarity in pathogenic factors, clinical manifestations, and pathogenic
characteristics, suggesting the possibility of “blood stasis” theory in treating iron overload. This finding reminds us that iron overload may be an important
mechanistic basis for the “blood stasis” theory in the treatment of knee osteoarthritis. The extracts of blood-activating drugs can relieve iron overload and treat
knee osteoarthritis, but the specific mechanism is still unclear. Therefore, we believe that the relationship between “blood stasis” theory and iron overload and
related mechanisms are important research directions for knee osteoarthritis in the future. The related mechanism of “blood stasis” theory to alleviate iron
overload and then treat knee osteoarthritis also provides a theoretical basis for the modernization of traditional Chinese medicine, such as the development of
new drugs and innovative usage, and has certain guiding significance for clinical practice.

Key words: blood stasis; knee osteoarthritis; iron overload; cartilage; subchondral bone; ferroptosis; Chinese medicine treatment; iron metabolism; TCM

syndrome differentiation; reactive oxygen species
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0 5|= Introduction

B AP RAR—ESZE TP HFAMET RITHAR, MEAY
F B RABIOFASEG I E R K, BF AT KR mbERF L
AU, ERIEMRE L, BE AT ARG R RERG . RET
TRE. BERAEATHEAFALY. ElEARE, WEZERNAHXY
ENTIR. BT R L. KRR RE, FEEmASE, PEEL
EhAA A BAT, ME AT KL RIS R, Bk, 0
REFE7FEEARRY, MmEGREFELETHRET (T XYL R
WA B RILREFEE, Rdd Fm” % IREXT L, Eikiiah b,
AT B AT RN CRBRSR” CRRUE” , FATRE oA 8 Ak
Gt s BA, RN R IR R Ke9Hat. AP EREA
¥F, BREEATERHELT FRFHDFARE, BAHE
ELIEY S~ & Sl

ARBRM A AT ELAGRBG T ERA Y, BB EHLKL S 0
KE, BREERT R AL, B, SERT. SHRBFEK
REZAGHEERRA Y, FAFHBTADABENEADTERFR
R b 28 Akt dnii F F A4k E, BB EAR, AKRAH
S%EGES T L, RFEEA Y, B FMR h iR F R, L
A FERIL R EAEE S EAS.

Ak, XFAPATARS bk ah, A “fp” BAKAE B EILHR
AR 6 S B R R e 8k 2, BRMRTES “hps” it
BR, RITT s SR EAHR 6 K I, BT SRR KT K
KRBT AR mle. BE . 18 R T dn e fe s R an ISR 4R 4R 64 4R
RAEILEA, Gt s Mt SR B XA A WSRO R
B He, ARRINAH ERT RT KL midag A0, ARFAY
KAT “pl” e PHESIEAT TR A ak, AP EHIETHALE
B R R TIRIE, SRR B A R st BRFR,
HME K KIE T RAEFT B3,

1 #RFIF5E Data and methods

1.1 BRRRE

111 R AR R R 2023 F 3 A AT HRE &,
1.1.2 ek THATFR #% 1988 4 1 A £ 2023 4 3 Awgta Lk, &
S 2010 4 1 A £ 2023 4F 3 f #hAE K LAk,

113 #kdEE FEFA. B 4. PubMed & Web of Science 4
EE,

114 #&kiE XA EE A R, S, BE, BRT L, R,
& H# &8 4 “ferroptosis, iron, iron overload, osteoarthritis, TCM” .
115 ARXBRER A RF. HiE. ROEIRERZFENN.

116 FIhEHEL &,

1.1.7 #& %% VA PubMed F= ¥ B 4o M 4035 FAb & Kok A4, JLE 1.
118 AERXBKE IR LRIk 681 &, FXLMK421 F, AL

1744 | PERRVTIEHARR | 5528% | 51187 | 2024548

PubMed %4 e 0 ) 4 122
#1ferroptosis [Title/Abstract] #1 ERA0 T #12 #11 AND #9
#2 iron [Title/Abstract] #2 Bk #13 #11 AND #10
#3 iron overload [Title/Abstract] #3 R #14 #1in 544
#4 osteoarthritis [Title/Abstract] HA H TR #15 #2 in 5544
#5 TCM [Title/Abstract] #5 [ #16 #3in 544
#6 #1 OR #2 OR #3 #6 #1in #17 #4in 54
#7 #4 AND #6 #7 #2in HE #18 #5in S 4
#8 #5 AND #6 #8 #H3in #19 #14 OR #15 OR #16
#9 #4 AND #5 AND #6 #O #4 in #20 #19 AND #17
#10 #5 in fH 3 #21 #19 AND #18
#11 #6 OR #7 OR #8

1 | IR R R

K260 %, Y FEENL T 74EEETLRIA 374 5, FEHEL
b 4o SR F 23 B, T 7 4548 JE 24 %, PubMed & Web of Science
B B T IA B MR IR, £ 360 B,

12 NBEtngE

121 e QL EXZRGPTILK, OXRARL “x4id”
Frk; OREMAFRE. EEFEARS (XFTHAETHRS, o

RER, JRF4E, P AT ASHT) ) Gk, @iFTHF LR
e S K,

122 HBRAFE OXBRAF. BB F A Lk, Q2 ELk;
@FF F X AL LK, DR FRFEL K, O BE A RIS
BURHY K.

1.3 NERSIUEREIBIUEEN 475 46 % DLk 681 &, #RIBEAL
AR, AR 76 BT, LE 2,

N R it # Ml £ PubMed. Web of
Science. H [E K1 R 5 5 s ARG R |
1988 41 H %2 2022 4F:10 H AR,
k2 2010 4F 1 FJ%E 2023 43 /]

TPSCR R “BRBEL B, Bk
R, BRI, MR s P
& Z1al A “iron, iron overload,
ferroptosis, osteoarthritis, TCM”

v

RN NICHR 76 < LR R B R 681 . IR 321 5, SEICCHR 360
AT SRR R, AT NAT %

B 2 | XEkiFE Rz E

2 %58 Results

2.1 BRBETENPEINR BEXF XEARFTEZF A SRR
R BB WG, T X, SRR EAUR, FLiEHUR A iR AT,
R HBT R PRI AN A M2 EAPRIE, LS. AR, R
B RS, NSRIAAARGG IR . K 68 58 BB AR )5 R 3 1,
sEFRE, (EF - Fe) B CRERZALE, SwAFRL” , A
AR KL BEZAGIMRRIFREL A GRARE ., FTERE, ®hE &
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AR E AT R X A, iR iR EZ -0 M i, Hl.
AR, BTFAR, SLTFAR, AdR{=, ¥BFE.”AAHRES I
BV, AR E A £8 0, L (RAR - KIEY B: “%
Wi, BToAT oA mE TE, EHE, AR H AL o W) 2 HORAT,
FIR P H e Fo U ZRRAAT. BEA. BB 2R, XPHFL”
F6 ik R QR IEIE G R B ATHPREA K, RdiB AT N 5 A4,
AT EIKR, IURE R REERF KT KA A e, MR
BB, R MRTESE 0 S B A IEATEY A R
ZBRFEGLRTEXETE, BRLE, UFORANRTAT RAEES
R R P K P A RE RGP KBTEERE AT Kl R
VARG W ikaE L, H B A AT A R b

A IEAT ) S 5 BRI 69 AR K. IR A fe A AR . Gedk Ak,
MEEH. NAhAZR. EHREBELH D, i’ Hiimifs,
R FEIRT AT KGR E, MEKBRIGT LT AL RO ELZRE;
RIGRA AR BZ ARG, RIS, HrhhiT, aiFEG AR, 5
FikAnLE, BT HE AT OTEARET A LD, RIREFEED
RI: BABRKSE., it R REARE SR IR AT RS
AT AT EOLERREE, RFENEREFIRE, RdFmAOERLD
e mATF R ECRGFT AT LN EEH R L Y, dUF R ¢k
FRPREHSIERGBTAT LT L RERS P, E—F e mht
BB AT R P EEMHEBE LY. BLFiRA, “hin” RAHFNE
ZRE, BEMRFATRERAEWXA,
22 HBHE MR EEBLUINBKR

221 “hp” QB EA hEARET (EFALZY, (XF R
EY B: “BIEFR&Z TN iz, @zl RE”, (EF - A2%)

B: “h A kI, ARBEL, INGKE, NEA B, (AR - RE) B:
T, SRR, EBWE, nAEE, BIFEN , REIBGTA,
ARG R, SEH R R R FE DG M RATHRE. Rk R (2
Bk ) 4Tk AT RSB R BOE, BE A, BRI RIR,
MR, AT ERM, AR, GAF L PR b AR, R
&7, MG R T Rmamd. m B 5 “hpn” , XH—ZRI,
B BP “RRZ o, FEERBE LR, RARATE TARA, RAEAATHE
BRI R AR B X, 3ReG R LR, &
Fk. RHEEMEESFHOITH A RE, ST RERT R “RHZ
g B e P GAch, R b md” S RIREE EREL
A LR T RR R ERE, AMNAUER R IRIELIT. F R
AT, TR AL A iR 5 A G B AT R A Bt R A — R B iR R
FERE, R R $RIKRA; HRHEEANE, RERE, giF
Frkd g, MAA “Fh”, HE, bR’ £ —XEHERGRIDKE
MINE £ F 50 ol REZREANLT, RASFHALE—F7)
TR B M 6 AR,
BEHSERARELRANHRT, iz T kKAWL RE, &
AR I 4Y T ] Ao LTI A AR AR T M R TR X KL BR
ik, PR RIREE B AR R P mRdFAMK R REAEIE R
AR MRS oR B TR BEAZ G AR AAUEIAL RO H . Rk, #—FIRAFEZH
BmAR B RAGHUE], Al R —F 4T R T o E 2.
222 “hp” SHRBHXE BBELTREAL. ChEF L A%
FRARE, Hh hm” KREZIRAG AT, SEARETFHRER
B, IR PR EZZEMERM, TRk - TG LWk mib
AR, AR N BB RIS, P HZ B AT b A s skiRE T
K, UEEEAEMEMGLEEREMELRRE R nthE. AL
WA K. HREG IR 2 REASKIEE E G SLCA0AL FAR BT o, 4%
R FFF TR, SR, BRF S AEmskeR P msh
B SEAL B oo R R R e BRI A R R AAE. WP AR R, f
LG R 5 G| R I e RIER SR, N 5| A uk & M g4k AB R P,
BARR RS FEL, ST EREN, AMEMA F A AR R, T4
IR AR, Tl R ML T AT, Sk e TR EGY
SReEoEe ), AR “AEHRE ALK . FRREOL SN —
INERAR A AL T Rk, AL R ek B BALIE R E e A At
CI AT, HFR A G EA B, Pl doid it bR 148458

HS LR B P, G s Lm IR A R AB BT, S LAY T AR
EEFHSARE, FIRAMRBITH NI, RFE/BELES M
RERILRE LA A AT X F .

“AngR” RAMKRAIE, AfAe f IR E A R GBI A RIER
A, HBEALERIA TN ALE . SRBBEKT: @HRELE. MUK T4.
BARRARERERFHFESTE “@pie” ol REkig£m ™, =
T A PE AR R RIR, iR R G AR B L B IE T M R A AR,
SEAMRGFTRRM, MG L FHaeRTEER, A AIHin
AT FRT . i - FIRRGEET. F AR REFE T &R
PRI K H 0 T AKRESEL miasg ARk AT ™, Ld, wgALts
AT A AT G IR A B R o R
BT R A AR R 6 L b dg R R b . SR, itk ik
SEARMT LI, ARAGREDSE LA, aRfEam2 b,
SRAEFE Chp KL, S—FEPIET AR A, ATk
TR B 3E 09 £ BA0E, SAEIDNIA 2“4 B sk da AT A, 25 4 £ 3 09 3R IR
M EFE AT T W RN BRI, R I EH E T A2 A B-
WP ER B H LR, BTT D BERETRERERGT
M, RAEHAS, ZHFEA—RERBZH 2, L 2RRWEF
F AR I ) KRS T FAZAE R B F kB 6944 a5t TR AL
THEE @R F——MBRRE T aft @inE 1B, #—FEMRB
M5 F B F E2 48 % B F 2(nuclear factor E2-related factor 2, NRF2) fe4%
HEETF BRSNS BIF AR, 9% B 8E Nrf2 442
IKHLBAY AL ARG A= ] Toll A% 4K 4(Toll-like receptor 4, TLR4)/ 4% 4%
S F kB B BEANF 9 KoE AR RGA, xR OR Sk B B AR A AR A
A WL BN @ R E EE R RS T R EAT 0 R
FRRAB BB A QIR AZE BARKE, KAELNSEO LT ZERA
I, TGP EAREFE AP 2 EHABAN B £
48 W BHF R Z SR A R KB T A R REE, &
o B AFEBH SRR E O L. “Ehik” & ANFERE”
TR A AR A i AR B B, LIIF T RAFH R,
B4R U Ak T ek 0 T AR SRS T AR ED R AL AR
B E PEARSRAL B ) RATIE R 694800 AR, B BT4AA 8- 8 a9 5 i i Ak
ZEIH, BHRTEH DR IS ISR B AR ARNE,

LA, SRERMBREROEERE, EADF ER “hp”

RAEBNGREZ—, “dp” HEEEEA R GAADER LT,
AR AT R R B — A G ER, RTE i Eib
76 TT SR A EAR K IR R 6 T AT
23 HBHAEREXTRARPSESMAL
23.1 BEAD KRR THEAREN LA KRB B IR A A
AT I, FRIRAKSE THFIER, HmFEARRNIER LM
BEAR T 49 mIR A, R S ad i e F Rk E A BAT IS, — I,
L F &G S RN & T 1000 ug/LI, HEHIAA &4 AL AR,
Y AR IOK A SRR ET, ) 5K AR (fenton) KL, 3 RAMRA)IT
FACH . BAR AR TS KRR T #9387 £ K R A & &AR
% dotk ol R AH B F g @miaAE 1, 5, 6, 7TERAMEATNY
g EA. AP, A@NE 1, 6t ETE AR TN A RMNRIAT
skig4Eia Y SR B FEIRE XD KRN G @iehk 6 LB
A, ma @it AF 6 FA TRV T O RE, ifld LAttt
REGWHIER, WE T @Ik AR . Bk, A@iesFEm, 5
RARARAR BT K HF BIE T B 0 AIF L E X FE0),
232 HKREERFT AT KSR P FARGTn RERT PR
A RAARAR G B e SRR K T AR RS A SR A T 04k
AR, B AR AR A AS e E . KR T AR RN T T 4
5.

ARK T R EE R —EAIIFER A G508, LI RH
NARRREEGHAR Y, FRAN, ambiE 1B fo Mkt sk (Ferric
ammonium citrate, FAC) FF4F tafient, AEHTHEFR T @mied &
MR, FERTEMNYG R BRI THELEG KT EH, AskT
A R SR S BCE ta R AL R & B & & BE 13(matrix metalloproteinase
13, MMP13) 8§ £A, 474] 11 & AR o9 &k ¥, miE A b A4
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g ik

Fv6 BCL2 X J% X & ¥ (Bcl2 Associated X , Bax). B #k & 2@ fit% —2(B-cell
lymphoma-2, Bcl-2) % 894k, #mPrmEiaika)iEt, IRKE @I
AT P XL RR T T R F R T KL RF 4G RAT A
MERER, IEZEETEZEHIGERTHOGFROERES THETSF
walAe,
BRTRATDRELFAT PREBE. $LHFh LT RA R
B AAT R R R B SR BB E MR k. HUE
BB BN . 4k 8 AR (transferrin receptor protein 1, TFR1) 4~
TG SRR B B AL B B e A B RE M, X — O 55 S
ALARPFOR MGG R A e i BAL B IE S I E ARy BE R T
1B(peroxisome proliferator-activated receptor-gamma coactivator 18,
Ppargclb) 45 A % ® 4k B F LB EER BN R, FBTHh
RAW264.7 4m it fo g 88 R 14 B v 00 F 094245 K B F kB ZARE(LE T8
4K (receptor activator of nuclear factor-kB ligand, RANKL) %549 258 4a 2
B B, BRIZ L, SRS A A 4KAZHFLET T Runt 48 £ 45K B F
2(Runt related transcription factor 2, Runx2). & 45 & fe s 5 81 B 4 L3,
AR A ) B LR SR T it AR e BT st TR i, i E sk
TR T ARAARFT 400 Runx2 & 3L ¥e ik & B 45 & Ao s SRR B 4G AL
AP AR A AR a0 O R 68, BLARAF- 69 AR E e
M6 AR AR A B S RS AR ARG 3R] R b 4RS00 E G A LKA
fednBh e LS5 . EmT X, AEMAAN, SRETUEL
AL B 40 L6 A0 A A 3 A SR 4 L 6Y T b R BRI, PR
Anig TR XD KT BB RGAR, T IRE X KRk, LR L

F1 | SRBHAREXTRER DN FARNZMARICE

FoEE ORER g/ ELpey By
Ehy SR
YAOQ 2021 WeE4ME MMP13.  A4IHI & 1B A IR kAL T AL 2%
Col 11 fl g A ke T
WANG ™ 2019 #UH4iffs  BAX. Bcl-2 ZBE B ANE MEA T2 fma i
YHARL RT3 1, TS R T
ISHI®™ 2009 f§ 4l Ppargclb  TFRL /15 (RORRAR O HE 40 431k
I WS T
JIA®E 2012 RAW264.7 4 RANKL BB B % S 40 T R
JioN =i
124 W 440
BALOGH"®" 2016 il 7L/ Runx2, BB ) 70 4 R
ik OCN. ALP 434k,

Runx2,  BREST 51 p i A i A o |
OCN. ALP JiHiE T IRAIG . ZHR A3 51k

FyE: MMP13 AT 4R & (8§ 13; Col 11 A T AL R Ppargelb Ayid S AL
PRBGSEIRAT 208 v SASE R T 1-B; TRRL WHEERER 2K 15 RANKL ARZHE R
Tk B ZAIHALE TR Runx2 J9 Runt A SCHE R T- 2; OCN D9 1B 45 3% 5
ALP i P B

ZARJOU™® 2010 Hi4afiE

24 MR BRREBELUASREXTRINEICEM

241 BB ERD R OMGIHERX R DR AT E T ALK
BB, (PR TFERAET R REALRG—KBEY. HRER
xfOCRRT BERIET %A CFENIBZ, BUANZY , m <R A )b,
kAT CEATRdAT, BN B, AT R, Adan ™, B (&
B ARSRIEY WE: CRBRAT CRRNBT B LA ERE
X RGBSR, Rk oh, Bk, eyt s, ait—
PEhpgiEE, CERRE, FHRRA” , AN KT ERE,
FHBFAED RAEARR—F LR, (FELP) B “EREN
A, VA ECAAFH, RAFBAT R AR, 7 B E XGPS TG
AR X R R AP ek, RABAL AR, N EFH A0
BRITiE fuik s, 1 dkmA A, FhifWHm wiFRg R D &
&5 VR G mBRAHIE G T AR RRIRETRT A, FREE K
BHEF AR IRET R A B RE, L2, WHERA
RS RATATAD R BL 4R A0 77, IR T RIFOIBCR. EHT4AY
FH @, MG b RIATIE 27 KR, SR AR S oy $ATIE T
Kz TR EEFHICARR T B/ FHREG @, #miflT L
AKEFBL BHREG AR HREEG 7 690k AMRY L RIKE mfts,

1746 | PEARTIZAR | 5528% | 5118 | 2024548

BEENE X7 Koyt A MTEY, @ mIenE 17 se% ot B Iest,
BEHHEER T B AT, HFamand e su™, dmigiE s m
FREF., AmRNE 6 fed MREE T3 H FRBREN T ER
T BRPIRE AT AR R A TR .

242 “hp BHELRBUARBIMISTIET AT K EKRBNET
FE, WRGKESF TENELYEBFR G, FRASEEK, XFHT
BHORANMERE, BB ERGTEE, PE “hp” #EibEilkist
89 IR B FRABIE T F R, SR BT EARKGKY, FHEER
ERBEIF . M EF T P BEANEE ik B AL A A 7
ES ST IR A T R AT A FF A ot A SR K AR B A 16 R AR AR AR, K
AN dn k5T 488 LAY & @I F 6. G wAAE 10 sHi £ AR
FIGHER, T “hp” B RRILA —F 2R, THEPHINLAP
FUREREY BRI ER TS EHEROANY, RNEHS%ED
4k 4 %% (non-transferrin-bound-iron, NTBI) /& I %42 &, 4695 K 484k
HAENBREAMER., EERNEZELA>FRTHN BB L 0
SRERIE AR K 0K AR [ =4 JE 4515 & @ 1(divalentmetaltransporter 1,
DMT1) 4= TFR1 5 ], 47 4) 2 2 R 71L& & 484 (mitogen-activated pro-
tein kinase, MAPK) VA B AZ 45 e B F kB #947& # M M Z Sk A B -5y
faskat Y, mE K S AR RN AR T amient, aeahdr e KERE
WARER, TREIH FACH-F 44 H 3| R FERIEEZ S (NANOG).
MR kT XY AEE G 2(Sex Determining Region Y, Sox2) A \JFAK4E 4%
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