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(P<<0.05); [ 4 W82 440 8 Ak ofe & TNF-a, 1L-18. HIF-la, HIF-2a K -F Aot % HIF-1a. HIF-2a % &
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B R F AN GE  (osteoporosis, OP) FlE &7 R
(osteoarthritis, OA) JEPAFIH LA BSBG, N
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R L BRI [RDR AL AT AR 2 S [ YA SR i
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IRIFRCHYI, e SO IETS A . B . PR
MESFIG R IR, HoT4 s g% s R sE it —
A% BZ 5 AT e AN AT R, AR AR AN Sy
fb, HEsRE B S,

RABETZHET (HIFs) J&—Z R0 5
WEET, E RO E AL AT 32, A28 1M
Az, BE AN A R O E A AE
7 HIFs 2l SRIERHE T o (HIF-a) FHR
BN TR (HIF-B) W4 R H 5 — RIKE N,
HIF-o AN [ 76 5L A [R] (8 D B8 RN 45 ) 5305
P, BEESR T la (HIF-1a) . BYEE ST 20
(HIF-2a) B FIRER R ARSI 4L 5, BLXE
2. AN RN AEES T ATFRIE
52, OPFIOA HRAS N AR S, HIF-1a,
HIF-2a {5 il 2 A TR 6] 56 R FE 5%, IE
D7 A TR - R R R, BB -E S A
HHRPE (OPG) . BT B 32 B R 7 Bl ik
(RANKL) 1943 A7k V-0 52 2] HIFs 520 . R,
AHIE R LG R 2% 1k 5 OP AT OA He g A5 Y
KB T BRSO -5 R & HIFs/OPG/
RANKL {5 5 38 6 M B0 H T BB AE ML . A< B
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1 #R5H%
1.1 4%

SPF 4 SD KEL35 H, IAiE (180+20) ¢,
7~8 JEY T Y R A S S R A BR A
A, LY ARIES . SCXK (&) 2021-0011,
W FE TR R h EZ R =R s Y ol AR E
24~26 °C, MM 50% A4, WIREAZ #4512 he
SRS, BE4~S H, AmEEYOK, &E

INREAC BB WP G
1.2 %4

W B TN E 1S5 g, M A8 g,
IWIKT6g, EFEEI0g, MIE10g, FiH10g, H
Aj15g, INBER 10 g, HHFEN30g, ME10g, &
Bf15¢, AR 10g, HM¥3 g, KiR6g, K HH
6 go ZJYIHILINE T EBCEARBLX, A 1044
KEREAE 2K, AR R B AW E R
2.95 g/ml,

B R ANl (BUH BV AR 25 A IR A WD
70 mg/ ) , 245 ORI AZE /K 4 0. 63 mg/ml,
1.3 &2 A 5%

AHBERE (Wil ARAR, #ts
H34020379); 4% ZRWEE (it G1101) . HE 4%
@G (5 G1103) . FLFELSYR (5 G1053),
Servicebio A Al 3 MJEIRFEIN F o (TNF-o) . F4HAE
% 1 (IL-18) . HIF-la, HIF-2a, OPG, RANKL
ELISA & (M@ A YRHEARA R,
539 i LA166601H, LA167616H., LA166672H .
LA166101H, LA166688H. LA166689H) ; Runt
K T (RUNX2) ik . T KRR o2 5
(COL1A2) #ifAk. IR ol 58 (COL2AL1) . FE
[ 4R E 13 (MMP13) Buik. #K 7 B Zik
HAERF (RANKL) $if& (Proteintech A H), b5
I3 5 A 20700-1-AP.  14695-1-AP.  28459-1-AP
18165-1-AP, 23408-1-AP) ; & i 4 J& &5 1§ 9
(MMP9) $i & (Abways 2 @, #t 5 CY5205) ;
OPGHLIA (B LAYRHEAMR AR, fit'5 R1608-4);
HIF-la & (Immunoway 28 &, it 5 YT2133) ;
HIF-2a ik . Egl JURREH (EGLN) $ifk (SAB
SN, S 49814 27397-1) 3 ECL W52
(Biosharp 23 7], IS5 BL520A) ; FHifl —Ht (4t
5 A0216) . FEPiRTPL (it A0208), HE A KA
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INE)IEAR Micro CT (Skyscan-1276 1), {8 [%
Bruker A7) ; A HE KL (221BR ) . ChemiDoc
fb2f R GREIR % 248 (12003153 1), 35 [F Bio-
Rad 4 Al IEE 2GR M (CX334)), HA
OLYMPUS /A,
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BIPEF AR 2
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I R A28 o BT Ml A 2 R BRI R SR
6.3 mgke M, B 1K, BFRHGHAIL
BILL10 ml/ (kg-d) ABRERKAER, B H 1K, %
TR & 45 o5 2 TR i1, FRse 10
Ji, FARREGZ 2 h J5 A B K RIS il i S I 5%
THLLRAE
1.5 WRIRIFE 7 %
1.5.1 KEBEFRREL MHRER, FIIHFR
BUBECT, FH ST AR ML R C 5% K BB R 2% 1T
IR, FERT RN BRI O KA Bl BTy
W BEWAPES Collins BE4r 1 REVESr. 043 %
W SER, BOIER; 150 Xy SRR 2
Oy RTTEREIR, FETEYN/NARR; 30y KT T
W, a3 RN E; 49 T
N, HEBRGTRERE T, e B R,
1.5.2  Micro-CT #& | M % 0 B % BB M4 H)

K F BB LT 2 75 A A B B S K RRURE 22 0 ¢
BTN 4% Z KW B E 2 72 h )5, ##47
Micro-CTFH#, 43HER 9 pm, FHEIZ S A CTVOX
3.0 T e = e A U AR K
MRl A 5 R 1000~4500 pm X35 . DU BF G 4055
T Ay b PR AR B S i A K ARCR T BR A 5 i X
PSSR DI, A R B g 28 B AR B
EHCE FEBEEBSE (BV/ITV) , H/NES B
(Th. Sp)s
1.5.3 HE$ & fo BB 4G4 e 0m e £ 3 38 Fo
BETRBENLS  BLIE Micro-CT HH 5 M
TR A EDTA BAGR IS 30 K5, S #edlk
KB ASRCR, BKIRES, a3, WA YRl
ATIARR PG A SR F LY R, J5ToK S

B, WGBS, PR E . #ET
BRgAr, BUECRSESHr. BkY) A 38 3 AN R
BF, MRHE Mankin 55 FCH 9% BLPE 4 ARl EAT
Mankin 747 -
1.5.4 ELISA &k 0 % & i X 5 B F & HIFs/OPG/
RANKLAZ 5@ A48 X B FK-F  KEEE3hIKCR
MAREMNE , -80 CORAFE& I, MR ELISA 7] &
FLAARARAE AL TR A I 1 7 R AE T (TNF-a, 1L-18)
K HIF-1ao, HIF-2ae, OPG. RANKL 7K. fifi F fifi
PRSI 5 450 nm A fe R WOSCEAC A, I8 OPG/
RANKL FCAEPEAS B W 500
1.5.5 A ERMNBEETRERLT TR P
HIF-la. HIF-2a &35 K-F SR REALECFE R 155
LIS H R BRI 5 A 4% 22 5 R st vip [
ET2hJ5, A EDTABESE e, 30 K, HES
ARSI AT RCR , WK, B, YA, R
FHARE DG M R A HIF-1ae . HIF-200 85 [ 347 0%
B, WML HMERE N, i H Image J
1. 54 ZG00 W 4% LA XS Do
1.5.6 Western Blot i&# M B £ 3 B -3 B 4K 34t Ao
HIFs/OPG/RANKL & & & i& R L RIE 4
I3 HRR, RIRKRBEFEHREHS R
AR AR DL E SR T AR, T b
SLA R - SR TR AR TR R BB IS FELTK 3 BS AR 1B, PVDF
JEG G, TBERE Wk B 0AT , A F RRTE R 3 LU 5 7 B
BB A E 4> F RUNX2 . COL1A2 (R B L343
P12 1000, 1:2000), R HE A RS R AR A
X3 COL2A1, MMP13 (FiskeELB43 500 1 = 2000,
1:1000), B WICAHSC5rF MMP9 (& B L 44 hy
1 :1000), HIFs i 455> F HIF-la . HIF-2a,
OPG. RANKL. EGLN —#Thiihk (58 il 53 51k
1:1000, 1:1000, 1:1000, 1:3500, 1:1000),
4 CIFBE R, JIMAMBFE —PrEiR OB
1:1000) ZEEME, BHEECLEMRK, BKAIEZ
ARG 0%, [ Image J 1. 54 RGHr45 5 KA.
1.6 %tk

K HI SPSS 26. 0 AT AT et 2700, T B
BHATFEIES A, HEerEZ (vxs) FRoR,
J7 2% 5% W 4 8] b A SR FH B DR 38 7 25 43 A FILSD £
5. P<0.05 k2S5 HAGIEE X,
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BARYZH R RO RN, R FOPeivt, s
R T SR 7 & s A B, A A

B, BT R ARSI, RS E A R
R B 2 OGRS, ek B A 2% 1 e
HRTHERIIOESS, AAH/NR, ToaiE
G, ShCERMABEBREML . 1R,
HRFARA LR, BAAHKEREICTT Collins PF43 T+
fm (P<0.05); SRR, 54254 KK
KT Collins PEAF I FEAL (P<<0.05), HA %A
Z[8] Collins P4 22 F ¥ G124 L (P>0.05).

R AHREMBEIT Collins PEAF HLAL

Table 1  Comparison of knee joint Collins scores among rats
in each group (JF, X+s)

2151 B Collins P43

BFARL 7 0.29+0. 49

BRI 7 3.4320. 53"

e E IRy e 7 2.43+0. 53"

388 45 L s k2 7 2. 00+0. 58"

Bil-C e RR B 2H 7 1. 86+0. 69"
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2.2 %ﬁkﬁﬂ B EERIBETFERET
,m,,m, ZE M b
%2m,5@$*ﬁwﬁ,ﬁﬂﬁkﬁ%a

J& . BV/TV B3 R, Th. Sp & It (P<0.05);
SRR ZH PR, IR 2 LR (R S 2 R T 2
SIGtiTFE L (P>0.05), BV/TV 22 EFt, Th. Sp
WETHE (P<0.05); MREEZ ARl Ed ., BT
CIRERRNA % . BV/TV B3 FJF, Th. Sp B R
F% (P<0.05). &4izhdldlml b, H%E . BV/
TV. Th. SpZEFHTGI2=E XL (P>0.05).
BN, BRTF AL R OB S fift 51 285 4 15 Bl ]
W, BETERRE, JE N EE /N S
JEREEA), RWEESER, W RmCE,; B
ﬁﬁﬁﬁﬁ&%ﬁﬁ,ﬁﬁT%ﬁEEKﬁ,%¢
REERIMIR . HEP R B . [ BRAR K, A BB A
B, ORI E ;. AR, 5 4%k
AT A BN 2 )R, ek vsas, R
ﬂﬁﬂﬂ RATRMATH, (B JRHE; H

HPTH

T a) SRR, P<0.05; b) SHUELIE, P<O0.05. WL T R AL /NS T R, O
T2 SRR T % B B S- 5 FCE T i B s i g
Table 2 Comparison of bone mineral density at the distal femur and subchondral bone microstructure of the tibial plateau
among rats in each group (x+s)
411 U P g om” R
BV/TV/% Th. Sp/wm
TR 5 0. 53+0. 05 66. 63x1. 10 222.80+10. 42
HIRIZH 5 0. 30+0. 02" 61.86=1. 86" 279. 00+2. 26"
T 2% 1R I 5 0. 350. 01 70.91=3. 12" 243.70+5. 52"
T T 2% 1R v ] 5 0.39+0. 01" 68. 60=1. 90" 229.20+1. 23"
Bl IR #9125 5 0. 38+0. 02" 67.03+2. 51" 266. 90+4. 91"

e BV/TV, BEFUMEG Th. Sp, B/NRIES S
a) HEFARALE, P<0.05; b) SEAIA K, P<0.05,

REARH
TE: NSRRI
B K Micro-CT &Y bR T ElM5 1 3D B 22 &

Coronal plane images and 3D reconstructions of rat knee joints detected by Micro-CT in each group

Figure 1

R A B R = Wk (il b=

B, WO ARR N S R AL

WE AL e A



- 2582 - "‘P B AE205412H %5 66 55 24 M Journal of Traditional Chinese Medicine, 2025, Vol. 66, No. 24

HEZE (1

[Ea L )

iV A7 AR 2 iR il

S 3+
T ‘7‘ i . 3
N o SR g
< gy . 73 v

y
P A
P vt
i -

o B 2L

TE: HE Q6 RS AT 3R, 5 AT ERE A/, BOFARR W R AW RIR A58 /NRE R eiAb 5

FLL [ S e (B 2R AR SRR R ST R BbAL

B2 SRR HE Qe R LL F Sk g G B (x40)

Figure 2 Pathological images of rat knee joints with HE and Safranin O-Fast Green Stainings in each group (x40)

B, O REBEE RS O E T
G 5 s RSB E LT SR A 1R
D T s AR
2.3 BAXFAMRTREFEMB T ILE
Kl27~, HEQ @A EI, BFRAHE)Z
PUZEERHES R . AY, PR A HES R S,
Lo HESL, BN EE/NERELZ HREE T,
HAVA Y, B/NRZ R R BRI R r 3k
A3 2400, DR Z5HBE IR, 4 20 B AR
WL, W, OB E /N B R
JEARE H LT, RIS K e R BRI A5 i AH
BRI, REES IR L. AT
HIEE, B/NRECE N, JEERE . BN L,
T 3 % 1 IR S 2 AR R A R A e
T B A IR T m R R AR R TR BT
TR SN A B R BT B S AR BBt , JZIRSS
WA RS, B/NEEGEZ | ELER
Fa By RN, BFRAKRBET
WERITE, KBRS, a5y, W
UG B R R RIATRE, B4y
MEAL, ARGFES LR, MR
2, B A Ak AR L 2 AR R R
H OWREEFIRI , LY BT R B A R
FEAN XS D, AN HES ) S ALRR B D
23N, HSEFARA S, HAIL R BRBOCT
Mankin ¥F43 i THE (P<0.05); S L,
BARPTH K RN Mankin P40 835 TR (P<
0.05), #4254 A1IRNBE T Mankin 1143 22 53 L 5E
I E L (P>0.05).

Fz3 KA KRIBERT Mankin W5 LA

Table 3 Comparison of knee joint Mankin scores among rats

in each group (Jy, xts)
41 Ak Mankin 43
TRFARA 5 1. 670. 58
TR 5 12. 001. 00"
TR 3 265 19 IR 5 7. 67+0. 58"
T 3 265 19 e R 5 5.33+1. 00"
B JRte R 2 5 6. 00+0. 58"

) SETARAN, P<0.05; b) SHEEAIE, P<0.05,

2.4 &K R oA iF K& BT Fo HIFs/OPG/RANKL
1% 5 B B AR £ B F K i

Fam, HSEFAR R, BRI K R
TNF-a. IL-18. RANKL. HIF-la. HIF-2a 7K F 5
EFHE, OPG. OPG/RANKL KR (P<<0.05).
SRR R, BRI 45 1k 7 KGR i 4 OPG
Hh, 84 2540 K BRI TE TNF-ao, IL-18. RANKL,
HIF-la, HIF-2a 7KV W2 R#K, OPG. OPG/RANKL
KT (P<0.05) . 538 45 1k 98 5 IR0 &=
b, i B 2% 1k e ) K BRI HIF- 1o
HIF-20 /K FFEAK, OPGI/KFEF+E (P<0.05), B
TR SN TNF-o, IL-1B. HIF-lae, HIF-20 7K
FEAIK, OPG/KF LJF (P<<0.05),
2.5 BKAMEY HIF-la, HIF-20 % & %97 5%
Jesm) 25 R ki

&2 R U T HIF-1a, HIF-200 592 98 ' Y
BELE 3, R5R, SETFARALE, BRAK
BRI DG 15 HIF-1o 2 11 359 B 928 9 Ol 3 B PR AR
HIF-20 85 [1°F ¥ S 8 58Ot i B & (P<<0.05) .
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T4 AHREUMLTE T JAE K 7 HIFs/OPG/RANKL {5 53 B AH G 17K LAk
Table 4 Comparison of serum levels of inflammatory factors and factors related to the HIFs/OPG/RANKL signaling pathway

among rats in each group (x%s)
20531 F%  TNF-a/pg-ml™"  IL-1B/pg-ml’ OPG/pg-ml™"  RANKL/pg-ml™ ore HIF'I? HIF-2a/pg+ml™
/RANKL /ng-ml™
RF R4l 7 45.72%17.93 74.03+8.68  232.00+51.22 96.85+6.93  2.43x0.69  0.21x0.04 51.69+9. 43
BRI 7 169.80+28.09" 317.00£29.37"  60.90+21.34%  316.00£83.79” 0.21x0.11" 1.060.11Y  161.2011.75"
WEES s 7 97.48+11.96"  145.20+35.05"  94.30+13.55 100. 70+16. 68" 0.97+0.25" 0.87+0.03"  136. 30+8. 78"
SRR
HEEA I 7 100.80+2.86"  103.70+11.01"  161.80+10. 08" 156.40+9.48"  1.04+0. 13" 0.53+0.07"” 104.40+7.05" "
J5 el bl
B EmRANZE 7 57.88+15.65" 7 78.00+10.94" ) 138.60+9. 46" 121.60+36.43" 1.24+0.41" 0.35+0.06"°  79.93+8. 75"

HE: TNF-o, MEIRSER T o; IL-18, FAIHIANZER 1B; OPG, HHRI'E; RANKL, #HE T «BZMHIGMLE T HIF-lo, BEHESHT la;

HIF-2a, $EIESHT 20,

a) SEFARLE, P<0.05; b) SHEMAHE, P<0.05; ¢) 5

BRFARA

R H

I O AR ek 2

T e ek 2

BorC IR R S 41

DAPI HIF-2a

25 1R TGN R A, P<<0. 05,

HIF-1a Merge

M HIF-la, $UEESHETF la; HIF-2a, SEEETHE T 2a; #5600 DAPL, 40 HIF-2a £

ik, 2L N HIF-1a ik,

B3 AR BEMET HIF-1a, HIF-20 GRS EY A (X5)

Figure 3  Immunofluorescence staining images of HIF-1a and HIF-2« in rat knee joints of each group (x5)

SRR AR, 4545 254K R C T HIF-1a 2K
S A4 G P TR EE T, HIF-2a0 3 P2 g ¢
J65E JE AL (P<0.05) . 57 H 8 2% 195 7 K5
AR, R A 4 1k R U e R R 4 HIF-200 B
- $5 G B G BE A, BT C R AN A HIF-1a 2R
F . HIF-20 88 FPPI e EE IR (P<<0.05).
2.6 ALK FMRY BB R R E G KT iR

RKom, SHFRLK, BAIA KRBT
COL2A1, COLIA2EH/KTF-FEME, MMP9, MMP13,
RUNX2 E /K FETHE (P<0.05), SHOBIZH HLE,
%259 T i 4l COL2A1. COL1A2 % (/K °F 7,

MMP13, MMP9, RUNX2 & [I/KE FIE (P<0.05),
TR I 2% 1k O ARGR R A, TR R 4% LR T
FIH4 COL2A1, MMP9 4 47K F F %, COL1A2,
RUNX2 8 (& ik B3 LT (P<0.05), FCHERR
B4 COL1IA2 17K R FE . RUNX2 & 1 KF -
Tt (P<0.05). #5241 K BB ST B —F0CE AR ¢
H UK E LA 4,
2.7 &K AW £ HIFs/OPG/RANKL i % & &
K ph g

7w, SERFRALE, ALK EHET
1 RANKL, HIF-20..EGLN % (1 7K °F | 7}, HIF-la.
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K5 HHAKRBRBEET P HIF-la, HIF-20EH
SEIIDEN TR E L

Table 5 Comparison of average fluorescence intensities of

HIF-1a and HIF-2a proteins in the knee joint among rats

in each group (x+s)
ZH 5 FUEL HIF-1a HIF-2a
TR 5 24.350.56 25.55+0. 49
T2 5 12.87+0.53”  45.4320.53"
I E L R TIRRIEA 5 20.450.44"  36.43+0. 63"
T E L R R 5 21.88+0.58"  24.80+0. 58" ¢
Bl T 1R 1 £ 5 16.86+0. 69" ) 27.45+0.69" ¢

e HIF-la, $EIEFHTF la; HIF2a, SUEESHT 20

a) SEFAWLE, P<0.05; b) S HE, P<0.05;
) 55k £ kIR O IR R LR, P<<0. 05,
OPG/RANKL /K- FfE (P<0.05)., SHRIZH H s,
TR 38 2% 19RO (R A 4 HIF-1a . OPG/RANKLZEE
MK F FTF, OPG. RANKL. HIF-2a., EGLN & [
TKAFTF R I AR 2% 1 E R 7 R i 4 OPG/RANKL,
HIF-1a 7K°F 7}, RANKL. HIF-2a. EGLNZE 7K
SR M B 4 BB R 44 41 OPG/RANKL /K 3F- | Tt
RANKL, HIF-la. EGLNZE /KT FFE (P<0.05),
SRS E L E R ORI AL g, IR m Ak
A4 OPG . OPG/RANKL, EGLNKETHe, b
CIRERRENZH OPG. OPG/RANKL., HIF-2a, EGLN 7K
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Figure 4 Electrophoresis images of osteo-cartilage metabolism-

related proteins in rat knee joints of each group

S FFF, RANKL, HIF-1a KR (P<0.05). &
ZH K UG HIFs/OPG/RANKL 38 % AH 56 8% 11 HEL Uk
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Table 6 Comparison of protein levels of COL2A1, COL1A2, MMP13, MMP-9, and RUNX2 in the knee joint among rats in each group

(/GAPDH, x+s)

415 FUAKL COL2A1 COL1A2 MMP13 MMP-9 RUNX2

BFAR4 3 0. 63+0. 05 1. 15+0. 01 0. 62+0. 03 0. 52+0. 01 0.22+0. 01

R 2 3 0. 31+0. 04" 0. 43+0. 01" 1. 070. 03" 1. 000. 06 0.91+0. 01"

T 3 255 1R () 3 1.07+0. 10" 0. 67+0. 01" 0. 69+0. 01" 0.79+0. 01" 0.25+0.01"

T 3 255 1R s ) 3 0. 85+0. 05" 0. 90+0. 03" 0. 96+0. 04" 0. 54+0. 01" 0. 49+0. 02" ©

Wiy R 1 2H 3 0. 72+0. 20" 0.510. 06" 0. 740. 02" 0.57+0. 01" 0. 52+0. 03"

e COL2AT, N RVJKJF ol 4%; COLIA2, 1 RURIF o24; MMPI3, JEF4AJEE AR 13; MMPY, JEF4BEMRE9; RUNX2, RuntAfix
BN

a) SEFARILE, P<0.05; b) SEEIALE, P<0.05; ¢) FikEmes -y A e, P<0.05,

xR

A HKBRIEET OPG. RANKL., HIF-la. HIF-2a. EGLN & [H/KF 4%

Table 7 Comparison of protein levels of OPG, RANKL, HIF-la, HIF-2a, and EGLN in the knee joint among rats in each group

(/Actin, x+s)

215 FRABL 0oPG RANKL OPG/RANKL HIF-1la HIF-2a EGLN
BFARU 3 0. 65+0. 04 0. 37£0. 02 1.77+0. 18 1.11+0. 05 0. 64+0. 01 0.91+0. 01
L RIEE| 3 0. 85+0. 16 0. 95+0. 07" 0.91+0. 21" 1.030. 129 0.94+0. 02" 1.24+0.01"
Tk B 3 2% 119 IR ek 3 0. 60+0. 04"  0.55+0.07" 1. 11+0. 20" 1.37+0. 07" 0.6320. 05" 0.66+0. 01"
Tk B 3 2% 1198 7 e ) ek 3 0.97+0.09”  0.5620. 02" 1.7120. 14" 1.20+0. 08" 0.6620. 05" 0.75+0.01" ¢
] Jpk 7R 1 2 3 0.94+0. 06"  0.42+0.04" ©  2.22+0.23"” ©  0.67+0.19” < 1.00+0.21°  0.99+0.01" ©

. OPG, BPE; RANKL, BT BZAEEILH T HIF-1a, S4EEFHT la; HIF-2a, BEESHT 20; EGLN, Egl JLRITEE.
a) SHTFARMANE, P<0.05; b) SEMALE, P<0.05; ) SIREFEL IR ERELE, P<0.05,
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Figure 5 Electrophoresis images of proteins in the HIFs/

OPG/RANKL pathway in rat knee joints of each group
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The Effect of the Wenshen Tongluo Zhitong Formula (5% 11-7%77) on Knee Joint Osteo-Cartilage Metabolism
and HIFs/OPG/RANKL Pathway in a Rat Model of Osteoporosis Complicated with Osteoarthritis
FU Jingyue'’, MA Yong'’, ZHOU Qinfeng', SUN Jie', PAN Yalan', WANG Lining"’, LI Muzhe',
HUANG Xiangyang', GUO Yang'
1. New Technology Laboratory of Bone Injury Repair and Reconstruction, Nanjing University of Chinese Medicine, 210023;
2. Yancheng Affiliated Hospital of Nanjing University of Chinese Medicine; 3. School of Integrated Chinese and Western Medicine,
Nanjing University of Chinese Medicine
ABSTRACT Objective To explore the potential mechanism of Wenshen Tongluo Zhitong Formula (&' @% 119
Ji, WTZF) in treating comorbidity of osteoporosis (OP) and osteoarthritis (OA) from the perspectives of osteo-
cartilage metabolism and the hypoxia-inducible factors (HIFs)/osteoprotegerin (OPG)/receptor activator of nuclear
factor-kB ligand (RANKL) pathway. Methods Thirty-five Sprague-Dawley (SD) rats were randomly divided into 5
groups, sham operation group, model group, alendronate sodium group, low- and high-dose WTZF group, 7 rats in each
group. Except for the sham operation group, rats were subjected to bilateral ovariectomy combined with modified Hulth
surgery to establish a rat model of comorbidity of OP and OA. Interventions were initiated 2 weeks after model estab-
lishment. The low- and high-dose WTZF groups were given WTZF by gavage at doses of 14. 76 ¢/(kg-d) and 29. 52 g/
(kg*d), respectively, once a day; the alendronate sodium group was given alendronate sodium by gavage at 6. 3 mg/kg
once a week ; the sham operation group and the model group were given normal saline by gavage at 10 ml/(kg*d) once
a day. After 10 weeks of intervention, the gross morphology of the rat knee joint was observed and scored using the
Collins scoring system; micro-computed tomography (Micro-CT) was used to detect the bone mineral density of the
distal femur and the subchondral bone microstructure of the tibial plateau including bone volume fraction (BV/TV)
and trabecular separation (Th. Sp) ; HE staining and safranin O-fast green staining were performed to observe the
pathological changes of the knee joint, and the Mankin scoring system was used for evaluation; enzyme-linked immu-
nosorbent assay (ELISA) was used to determine the serum levels of inflammatory factors such as tumor necrosis factor-a
(TNF-a), interleukin-18 (IL-1B), and factors related to the HIFs/OPG/RANKL signaling pathway including hypoxia-
inducible factor-lae (HIF-1ax) , hypoxia-inducible factor-2a (HIF-2a) , OPG, and RANKL, and the OPG/RANKL
ratio was calculated. Immunofluorescence was used to detect the protein expression of HIF-1la and HIF-2a in the knee
joint; Western Blotting was used to determine the levels of proteins related to knee joint osteo-cartilage metabolism,
including collagen type Il «l chain (COL2A1), collagen type | a2 chain (COL1A2), matrix metalloproteinase 13
(MMP13) , matrix metalloproteinase 9 (MMP9) , and Runt-related transcription factor 2 (RUNX2), and also the
HIFs/OPG/RANKL pathway including OPG, RANKL, HIF-la, HIF-2a, Egl nine homolog (EGLN) was determined.
Results Compared with the sham operation group, the model group showed significantly increased Collins score and
Mankin score of the knee joint, significantly decreased BMD and BV/TV, significantly increased Th. Sp, increased
serum levels of TNF-a, IL-18, RANKL, HIF-1a, and HIF-2a, decreased serum OPG/RANKL ratio, average immu-
nofluorescence intensity of HIF-1a protein, increased average immunofluorescence intensity of HIF-2a protein, de-
creased levels of COL2A1, COL1A2, HIF-1la, and OPG/RANKL in the knee joint, and increased protein levels of
MMP9, MMP13, RUNX2, RANKL, HIF-2a, and EGLN (all P<<0.05). Compared with the model group, the high-
dose WTZF group and the alendronate sodium group showed improvements in all the above indicators (all P<<0. 05).
The high-dose WTZF group was superior to the low-dose WTZF group in improving serum levels of HIF-1a, HIF-2at,
and OPG, the average immunofluorescence intensity of HIF-2a protein, and the levels of COL2A1, MMP9, RUNX2,
COL1A2, OPG, OPG/RANKL, and EGLN (all P<<0.05) ; the alendronate sodium group was superior to the low-
dose WTZF group in reducing serum levels of TNF-a, IL-18, HIF-1a, and HIF-2a, and the average immunofluores-
cence intensity of HIF-1a and HIF-2a proteins in the knee joint (all P<<0.05). Conclusion The Wenshen
Tongluo Zhitong Formula may regulate the HIFs/OPG/RANKL pathway in the knee joint, balance bone metabolism,
and improve cartilage degeneration, thereby alleviating the progression of comorbid osteoporosis and osteoarthritis.
Keywords osteoporosis; osteoarthritis; hypoxia-inducible factors; osteoprotegerin; receptor activator of nuclear
factor-kB ligand ; bone metabolism ; Wenshen Tongluo Zhitong Formula (3538 %5 1196 77)
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