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Objectives To evaluate whether Dokhwalgisaeng—tang (DGT) reduces progression of
disease in a monosodium iodoacetate (MIA)-induced osteoarthritis animal model.
Methods Osteoarthritis was induced by intra—articular injection of MIA in rats. DGT
was orally administered for 14 days at low (240 mg/kg) or high (479 mg/kg) doses,
with indomethacin (2 mg/kg) used as a positive control. Outcome measures included
hind limb weight-bearing distribution, oxidative stress markers, inflammatory cyto-
kines, cartilage matrix components, matrix metalloproteinases (MMPs) and tissue in—
hibitors of MMPs (TIMPs), and histopathological changes in joint cartilage.

Results DGT significantly improved hind limb weight-bearing distribution in MIA=in—
duced osteoarthritic rats, suggesting pain relief. It dose—dependently reduced serum
reactive oxygen species and significantly decreased malondialdehyde levels in serum
and joint tissue. DGT also attenuated inflammatory responses by reducing serum tu—
mor necrosis factor—a and interleukin—6 levels. In joint tissues, DGT suppressed in—
ducible nitric oxide synthase, cyclooxygenase-2, tumor necrosis factor-a, and inter-
leukin—18 expression, which was associated with inhibition of nuclear factor-xB and
p38 signaling pathways. In addition, DGT regulated nicotinamide adenine dinucleotide
phosphate oxidase (NOX)-related proteins, including NOX2, p22°"*, and p47°", sup-
porting its antioxidative and anti-inflammatory effects. High—-dose DGT preserved
cartilage matrix components, maintaining aggrecan and glycosaminoglycan levels rel-
ative to controls. It also inhibited cartilage—degrading MMPs, including MMP-1,
MMP-2, MMP-8, and MMP-13, while modulating TIMP-3. Histopathological analysis
showed reduced cartilage erosion and proteoglycan loss in DGT-treated rats.
Conclusions DGT showed protective effects against MIA-induced osteoarthritis by
reducing oxidative stress and inflammation and preserving cartilage integrity. (J
Korean Med Rehabil 2026;36(2):1-21)
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flammatories, Antioxidant
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B oA AR gallic acid, Folin-Ciocalteu's phe-
nol reagent, quercetin, potassium phosphate monobasic,
potassium phosphate dibasic, potassium persulfate, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS), MIA, indomethacin,
phenyl methyl sulfonyl fluoridex== Sigma-Aldrich Co. (St.
Louis, MO, USA)oIA 43t} Sodium carbonate <}
potassium acetate= Daejung chemicals & metals Co., Ltd.
(Siheung, Korea)ollA T3+ 2™, aluminum chloride 2}
L-(+)-ascorbic acid= Alfa Aesar (Ward Hill, MA, USA)
oA FU3FH . Ethylenediaminetetraacetic acid2} pro-
tease inhibitor mixturex= Wako Pure Chemical Industries,
Ltd. (Osaka, Japan)oll A T+3}%3. 2, pierce bicincho-
ninic acid (BCA) protein assay kit¥= Thermo Fisher
Scientific (Waltham, MA, USA)olA T1&te] AR&319ITh
Nitrocellulose membranes®} ECL western blotting de-
tection reagents+= Amersham GE Healthcare (Little Chalfont,
Bucks, UK)ell4 743193, 2',7-dichlorofluorescein di-
acetate (DCF-DA)+ Molecular Probes (Eugene, OR, USA)
oA T3t S, phosphate-buffered saline (PBS)+
Hyclone Laboratories Inc. (Logan, UT, USA)°lA] <151
AH83FAT).  Isoflurane> Troikaa Pharmaceuticals Ltd.
(Ahmedabad, Gujarat, India)ollX] T8I, Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, SC-365062), nic-
otinamide adenine dinucleotide phosphate oxidase 2 (NOX2,
SC-130543), p22°hox (SC-271968), p47Po* (SC-17845),
phosphatidylinositol 3-kinase p85a (PI3K, SC-1637), nu-
clear factor kappa B p65 (NF-xB p65, SC-8008), phospho-
nuclear factor kappa B p65 (p-NF-xB p65, SC-136548),
inhibitor of nuclear factor kappa B-a (IkB-a, SC-1643),
phospho-inhibitor of nuclear factor kappa B-a (p-IkB-a,
SC-8404), tumor necrosis factor-a (TNF-a, SC-133192),
interleukin-1f (IL-1pB, SC-12742), matrix metalloproteinase-1
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(MMP-1, SC-21731), matrix metalloproteinase-2 (MMP-2,
SC-13595), matrix metalloproteinase-8 (MMP-8, SC-514803),
tissue inhibitors of matrix metalloproteinases-1 (TIMP-1,
SC-21734), tissue inhibitors of matrix metalloproteinases-3
(TIMP-3, SC-373839)+ Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA)°lA 13} O9 ™, matrix metal-
loproteinase-13 (MMP-13, ab39012)+= Abcam (Cambridge,
Cambs, UK)oNA e+ TE Phospho-phosphatidylinosi-
tol 3-kinase p85/pS5 (p-PI3K, #4228), Akt (#9272), phos-
pho-Akt (p-Akt, #9275), p38 mitogen-activated protein
kinase (p38, #9212), phospho-p38 mitogen-activated pro-
tein kinase (p-p38, #9211), inducible nitric oxide synthase
(iNOS, #68186), cyclooxygenase-2(COX-2, #12282)+
Cell Signaling Technology, Inc. (Danvers, MA, USA)°l|
A FulskRt) 231 &A= GeneTex, Inc. (Irvine, CA,
USA)ol| A Frafste] AR8-3FS T

2) &

0%

3=
T%(220~240 g) A Sprague-Dawley ratS DBL
Co., Ltd. (Eumseong, Korea)oll A T4+ & IFU7 55
AR B ol ASAIFTE A S-S 2% 2242 °C,
HE 50£5%, MY F7] 124K light:dark cycle) 22 &
A= o, Ay A7R] 1P ALE(Zeigler Bros, Inc.,
Gardners, PA, USA)9} & F83] AlFsidth 55 A
& _0/] %ﬂx—l _T!,]_fﬂ-}ﬂ E].DP/H 7—15 UJ E_.gx-] _1,]—?4*‘ ,r]z;H
gttty EHESE] Y3 (institutional ani-
mal care and use committee)ZF-E] %21(DHU2024-049)
< ol Pt

3) & 717

B A3 ol A HAFAE(CAS Co. Ltd., Yangju, Korea),
& +=7](DWT-1800T; Daewoong Bio, Inc., Hwasung,
Korea), 3|74 749t #=7](N-1100; EYELA, Tokyo,
Japan), §Z27Z7|(FreeZone 1 Liter Benchtop Freeze
Dry System, Labconco Corp., Kansas City, MO, USA),
analog vortex mixer (VXMNAL, OHAUS Corp., Parsippany,
NJ, USA), incapacitance tester (Ser No. 01/45/25; Linton
Instruments, Palgrave, UK), centrifuge (GYROZEN Co.
Ltd., Seoul, Korea), tissue grinder (BioSpec Products,
Inc. Bartlesville, OK, USA), microplate reader (Infinite

M200 pro; Tecan, Ziirich, Switzerland), ELISA kit (TNF-
o: K0331196P, IL-6: K0331229P; Komabiotech, Inc.,
Seoul, Korea), UV-VIS microplate reader (Infinite F200
pro; Tecan), Vilber Fusion Solo X (Vilber Lourmat Sté,
Collégien, France), Evolution Capt software (ver. 18.12;
Vilber Lourmat St¢)E AM&-3}% Tt
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i Grouplr.lg i Normal rats (n=10); Normal
: Body Weight i MIA-treated rats
T Vehicle {n=10); Control
Indomethacin 2 ma/ks BWiday (n=10); INDO
DGT 240 na/ks BW/day (n=10); DGTL
DGT 479 na/ks BW/day (n=10); DGTH
SD rat BN LY (O LR Lo
(7 weeks, 7 )
Adaptation After
iz 7 days
0 days 7 days 14 days
MIA injection (50 1€ 80 mg/m€) t

Sacrifice

Fig. 1. Experimental schedule. MIA: monosodium iodoacetate, DGT: Dokhwalgisaeng-tang. INDO: MIA-induced osteoarthritis,
indomethacin 2 mg/kg body weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced
osteoarthritis, DGT 479 mg/kg body weight, SD: sprague-dawley.

LE& g T S A|RS & 31 G insulin A} ution 20 pL, methanol 300 pLE e-tubeol] E3}sle] @
71(8 mm; Becton Dickinson & Co., Franklin Lakes, NJ, L T AL 233 FEHE 308 BT HESAIFT 9]
USA)ZE AR8-31] 80 mg/mLe] MIAS 50 uL¥ L2 % microplate reader® 415 nmolA FF =S =31,
5 WEA FAsoh X+ F44& 53l mg (quercetin equivalents, QE)/g o=

ZWEE 78 F 1570l Ad Al A Arke A kst
st i A=E IRI% H, THE4
=N st ARESIth 4 2 St
Sb gke] ol Frojw|gt Apol7t gl== 7 DPPH At 2tz &27%5-2 Blois'?9] W& A&
Hoovkey o £2E skeler, thxeyd 243 _—8— alo] ZAstgon, oA URTEOEZ L-(+)-ascorbic
e dAG AlZte] EHHE o838t S/HT &2 °oF= acidE AHE3ISITE 96-well platedl] FE=HZ 343
< AT FAsith DGT T+ L-(+)-ascorblc acid 100 uL2} 60 uM DPPH
£ 100 pLE B3 5, ALoAM 23 e = 308
b HEgAI AT Hhgo] S microplate reader=
% Z9E FFE Folin-Ciocalteu S ©]-8-3] 540 nmolA FFEE SHE A, o AL Sl A
ZHslH o, TFEHZE gallic acidE AMESFITE 9] g7 2A4%5E ALetd 50% 2A5 S el
£ 93, &4 =2 3143 DGT 100 uL$} 7.5% sodium 5%E ICs (half-maximal inhibitory concentration) 42
carbonate 400 pL, Folin-Ciocalteu's phenol reagent 500 2 el
uL% e-tube®] Fal 33 F A-2-0|4 xF HEIE 30

3) DPPH ZtR 2tz 475 53

\l

2) 3 2= 5 22 0|E 5

2 5% HSAIF T vES-o] 255 microplate reader DPPH free radical scavenging activity (%)
2 765 nmoll A FREE SHs, BE JHG o] 83 [ ( OD, 11 e } 100
o = |1 || | x
mg (gallic acid equivalents, GAE)/g2.2 3H:F5}9 T}, ODy e

ZF ZgR ol S aluminum chloride B]AYH®
2 AR831] querceting TFEAZ SASIAULE 4 F ODgymple: absorbance of sample, ODpux: absorbance
E2 343 DGT 100 puLoll 57/ 560 L, 1 M potas- without sample

sium acetate solution 20 pL, 10% aluminum chloride sol-
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ABTS &tz &75& Re 209 W& AM&sto
43 o, S UdEZTSE L-(+)-ascorbic acidE
ARESIATE 2.4 mM potassium persulfate2} 7 mM ABTS
A oFS EFste] A2ollA oF 16413 T 213 =
HES-AIA ABTS'E AJAd3HATE ©]F microplate reader
E ARE31 30 °C, 415 nmollA 357 0.70+£0.027}
H &% ethanol® 23 TE 96-well plated] FEHE
]2 DGT %=+ L-(+)-ascorbic acid 5 uLE 5-3}aL
ABTS £ 95 uLE 3715 #, A2olA 23 JH=
1583 WESAIZ T HHg-o] &5 F 3 microplate reader
=2 30 °C, 415 nmoA TFE=E =H3IA L, of 2L
B3l AuE 2ASE ALt 50% AA%S UERY

T FEE IG5 #o=E FASATH

ABTS radical scavenging activity (%)

_ [1 _ ( ODsample

x 100
ODl)l«mk

ODgampie: absorbance of sample, ODpjank: absorbance

without sample
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£ F7kskaL 1A% &RF 37 °CollA RESAIF . o] %
25 uLB] A AlefkS Wy A2 A 20837 HESAIZ]
2, 250 pL2] 0.4 N NaOHEZ ¥l 2 L0 A 10T7}
T/‘]Zi‘:]‘. HZFH o2 150 pLA 96-well plateol] &
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=439 th S48 32 B Aol tiysie] AST
FAE T3
ALT X5 Z243}7] 93] e-tubeol] 25 uLo] 712 Y

< Q1 587 37 °CollA WX %)
7F8kaL 304 &<QF 37 °ColA WRSAIZTE 1 ¥ 25 uL
o] Al Ajeke W1 2087t Ao A HHEAIZ] T2,
250 uLe] 0.4 N NaOHES ¥ 10837t 2204 Hk&-A]
Ztk 108 3, 150 pL# 96-well plateol] &
croplate readers A3l 505 nmolA FEEE S35}
Atk F8% @2 FF AF tiYgste] ALT A
£ T3k

@ F5 e BHE F

313 mi-

7) 83 LY ASHE AEA HIO|QOMH £X

d2 U reactive oxygen species (ROS)= Tha-3F 2+
& oz ZAHEJTPY, 5 uLe] ¥, 95 uLe 50
mM phosphate buffer, 7231 25 pLe] 1.25 uM DCF-
DAE black 96-well plate®] 211, microplate readers
AR8-31e] ex 480 nm/em 535 nmollA FFEE SHIA
o =49 F3== AT tiPl(fold of normal)Z Al
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5295 °CollA 7HEEHATE O & d5S
74 4712 WHF1L, 500 uL n-butanol S ¥-& I 848
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sk 2/\]7P B A-2olA HH“b‘}%lE} 1% =

_4

P AolA 2A1RE wiFskdTh 1ok
2 AlEsta 1:202.2 31493 100 pL streptavidin-horse-
radish peroxidase conjugateS 231 2204 30&31 uj
At dolle 8AES AAT T AH gHo 7 A
sta ¢ We11°ﬂ 100 pL 3,3',5,5"-tetramethylbenzidine
solut10nE 7<4 3 Ay o] L].E}LL [q] 7;]_;<] 2 goﬂ /\.]
Hj 3k T3 100 uL stop solutionS FAFAt}. 18]aL
microplate readerE AFE-3l 450 nmolA =S A4
stgom, 249 7k 2 HEkdd gdsiy £
T

/H] = ,Q_oﬂ o
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0.1% SDS, 1% NP-40%} protease inhibitorE xS
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F, YA EE(13,572 xg, 4 °C, 2083t ©AS 3
&t Ed-g weletath. @l g2 BCA protein
assay kitE AH8-st] 73ttt

A 2204 GAPDH, NOX2, p22™*, pd7", p-PI3K,
PI3K, p-Akt, Akt, p-p38, p38, p-NF-kB p65, NF-kB p65,
p-IkB-a, IkB-a, iNOS, COX-2, TNF-a, IL-13, MMP-1,

MMP-2, MMP-8, MMP-13, TIMP-1, TIMP-3¢] Tz

HHZFS SR1I5H7] 913l 8~12% SDS-polyacrylamide gel
< AASHATE 10 pge] SE-S 7953t SDS-
polyacrylamide gel®llA] nitrocellulose membrane 2.2 ©]&
A2l %, membrane® 481314} k= 12} SA|(PBS-T
2 1:1,000 32HE A3t 4 °Coll A overnight B %8}k
%t} PBS-TZ 8&vult} 63 Al&sla, 12} &kAllo 2§
3k 22} SHA(PBS-TZE 1:5,000 3]4)E AL8-3}] 29
A 1AIRE 304 REEAIZD §, PBS-TE 8twlth 53] AlH
sttt

ECL solution (GE Healthcare, IL, UK)°ll membraneS-
w=ZA]71 &, Vilber Fusion Solo X (Vilber Lourmat)S
Agte] A 710 g Tl s Elski
W& E band= Evolution Capt Edge software (Vilber
Lourmat) 2221515 o83t AFetqom, Ao
ke 12 A ZF FLo] vz iy 28 AE
HIEE YePAAT

- 22 Y aggrecan (AGC)$} glycosaminoglycans
(GAGs) <X= ELISA kitS AME3te] =A3oh
AGC A& S4317] 3l 96-well plateol] H- =32
A = IFE @ 100 pLE B33} 37 °CollA 90
HiFetATh 71§ &S AASkL 2t wellell 100
AE 8N AE Y1 37 °CollA] 45831 w31l
°o]% & ]7% 0}51 MH gAo g A3 Ty,
100 uLo) A% & Z718ha ThA] 37 °CollA] 45
w1t sk HIZ* J+7é = A% %, 90 uLe] 714
< F7FstaL 37 °CollA A7 Aol Yehd w7l
Hj sttt vRA RS = 50 pLe] stop solutions 2
microplate readerE AHE-3l 450 nmol| A FHFE=E
stuom, 4w ghe EF A7 giYdste 4
T3FA T

GAGs A& &74317] 218l 96-well plate s A& &
dog AAHF & #H 22 AME = FFEED 50 p

L2} biotin-labeled antibody 50 uLE 3L 37 °CollA] 45
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B3 wiFstdnt ol AlH S AA 100 pLe]
streptavidin-biotin complex working solutions 5~7}8}3L
37 °CollA 303 M Fetalth. 1 F Al gHo= A
23k TS, 90 pLo] 71A NS F7}8} 37 °CcollA] AA
g Ajo] vehd wfj7bA] v Fstdtt. WEAIT O 50
L9 stop solutionS 231, microplate readerE AR&-3]
450 nmollA FBF=E SHsINOH, SAE @2 £F
Aol didste] A& T8kt

1) Z2g2] 24

24 & AHES ¥d 222 hematoxylin & eosin
(H&E) 941 ¥ Safranin O B2 918l 10% =229 §
Hof] 7743+ F OBEN (Suwon-si, Korea)oll 2|&]3}o] &
A& It g A2 70% L3S, 95% L
2, 100% L3& A2 g S 714 e E5
3152 o™, ©]F microtome (RM 2255; Leica Biosystems,
Nussloch, Germany)< A3l 4 pm T2 AH31%
o} Ahe AlE-S H&E ¥ Safranin O 348 AARH 3,
PANNORAMIC 250 Flash Il HAE &eto|= 2704
(3DHISTECH Ltd., Budapest, Hungary)E 53| ©|F|X|&
ZYgslgth mR|go =z, #HYHE o|n|X|= CaseViewer
2 JYWGBDHISTECH Ltd.)S ARg-3te] Aaslgg o,
proteoglycan area (%)< Image] 1.52 software (NIH,
Bethesda, MD, USA)E 53l Azl

12) SAXz|

BE FX= i (mean) I EFLAHSEM)E YER]
o™, SPSS (version 29.0; IBM, Armonk, NY, USA)
S 0] 83} one-way analysis of variance testS 43§t
%, least-significant differences testS AAISFATE 7+ T
Zke] gt Apolofl tigk TAH Fo]44-E p<0.05°14 A

SeAT

-
7‘.3_ _L]-» »»

1. & 20z &

OB

E2EL0|E S

DGTY] % ZeslE 2 20.20£0.09 mg GAE/g2.

2, ZgtHolt $HRe 2.43+0.02 mg QE/goE2 =74
3ok

2. DPPH Xt 2tCZ 4715

DGTe| 443t 242 371st7] 913k DPPH At 2
gzt 27% BAolA, A tix &3 L-(+)-ascorbic
acid®] ICsy &2 1.60+0.14 pg/mLZ ¥ 131, DGT
o] ICso #HS 85.18+0.49 pg/mLE == ATHFig. 2).

3. ABTS 2iC|Z AHS
DGTY| &itkst &A4& B71sh7] 913+ ABTS gzt
&A% B ollA, & dl= EF L-(+)-ascorbic acid 9]

IC5() ‘19_‘ 3.54+0.06 ug/mLi —f—@ﬂ‘}if’_, DGTQ/] IC5()
e 160.51+1.20 pg/mLE ZAEJCKFig. 3).

4. SlCte| XIS Sofe| tHa}
=HdHo] F=H rate] 55 W
s 7Rl As ks & =3
ke AF RS 10002 AAIPS w), MIA Fo] &
o ~
=

0 day°ll 25 =84 =l B
Al ZH2=E 0 T2y o Fo 7 daysell

100 -
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Fig. 2. DPPH free radical scavenging activity of DGT. The

DPPH free radical scavenging activity was expressed as ICsg

(ug/mL). Values are mean of three replicate determinations=SEM.

DPPH: 2,2-diphenyl-1-picrylhydrazyl, DGT: Dokhwalgisaeng-tang,
SEM: standard error of the mean.
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(Fig. 4).
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A3 77+ Eok 9] Az Wskg) AT}, AT 47.542.3
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I"F”.
g 75 ',,l’
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__'____.',r”’— -&-DGT
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Congentration (ug/ne)

Fig. 3. ABTS radical scavenging activity of DGT. The ABTS
radical scavenging activity was expressed as ICsy (ug/mL).
Values are mean of three replicate determinationstSEM. ABTS:
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), DGT:
Dokhwalgisaeng-tang, SEM: standard error of the mean.

Table I. Body Weight Change

DGTL4(51.142.3, p<0.01)> FlskAl 202, DGTH
T(55.5%1.5)2 Fadhe S B THTable I).

o] HHHE DGTLw oAtz thH] 6.4% 74~
stRom, o2 & Aol Fog Afol7 e
WA 2 TH Table 1I).
iAo 2 A|F WSk, 2o] JHZFE o838l 2ol
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2 7]
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£ g -+-DGTL
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;% 70 1 ——DGTH
5%

s
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o
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Fig. 4. Effect of DGT on hindpaw weight bearing distribution.
Changes in hindpaw weight bearing distribution were
monitored at weekly intervals following MIA injection. All
values are expressed as meantSEM (n=10/group). DGT:
Dokhwalgisaeng-tang, Normal: normal rats without MIA
injection, Control: MIA-induced osteoarthritis, water administered,
INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body
weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg
body weight, DGTH: MIA-induced osteoarthritis, DGT 479
mg/kg body weight, MIA: monosodium iodoacetate, SEM:
standard error of the mean. “p<0.001 indicates a significant
difference from the normal group, while 7<0.001 indicates a
significant difference from the control group.

Group Initial (g)
Normal 277.5+£3.8
Control 265.5+4.7°
INDO 264.9+3.3
DGTL 262.0+4.7
DGTH 261.843.9

Final (g) Change (g)
325.0+4.4 47.542.3
325.9+5.9 60.4+1.9°
317.9+4.4 53.0+1.9¢
313.1£6.2 51.142.3%
317.343.7 55.5£1.5

Body weight change was calculated by subtracting the initial body weight from the final body weight. All values are expressed

as mean+SEM (n=10/group).

Normal: normal rats without MIA injection, Control: MIA-induced osteoarthritis, water administered, INDO: MIA-induced
osteoarthritis, indomethacin 2 mg/kg body weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH:
MIA-induced osteoarthritis, DGT 479 mg/kg body weight, MIA: monosodium iodoacetate, DGT: Dokhwalgisaeng-tang, SEM:

standard error of the mean.

"p<0.05 and "p<0.001 indicate a significant difference from the normal group, while *p<0.05 and *p<0.01 indicate a significant

difference from the control group.
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7t 7% AES] ASTE] FA|(IUL)E w418 A7, 4
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Al F7F3FATHp<0.001). 121t INDOT- 18.1+0.7, DGTL
T 18.6+£0.7, DGTH 18.140.4 E5 thxT thy] f9

SHAl 7438 TH(p<0.05).

ALT®] FA|(IU/L)IA = Aol 6.4+0.3%1 BHA, of
a2 8240.4% 138 Fo3HAl 5718 THp<0.001).
INDOT 7.1+0.2 (p<0.05)% DGTHT 7.1£0.1 (p<0.05)
&tz thH] FofstAl HAsd ou DGTL 7.6+

032 7rashes 743s B ATHFig. 5).
7. X L MBI AEFA HIO|QO7H £

Aol A 4kslz ~EH 2 nh7Ql ROSS 2A3 4
Kfold of normal), EHEHC| F=H thExrolse 4

Table IL Body Weight Change, Food Intakes, and Feed Efficiency Ratio

Body weight change Food intakes Feed efficiency ratio

Sy (/14 days) (/14 days) (%)

Normal 475423 231.1%1.9 20.6+0.9
Control 60.4+1.9" 226.9+4.2 26.6+0.7"
INDO 53.0+1.9 221.0+1.5 24.0+0.9
DGTL 51.142.3% 212.3+1.6° 24.1+1.0°
DGTH 55.541.5 222.242.9 25.0+0.7

Feed efficiency ratio (%) was calculated by dividing the change in body weight by the amount of food intake. All values are
expressed as meantSEM (n=10/group).

Normal: normal rats without MIA injection, Control: MIA-induced osteoarthritis, water administered, INDO: MIA-induced
osteoarthritis, indomethacin 2 mg/kg body weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH:
MIA-induced osteoarthritis, DGT 479 mg/kg body weight, MIA: monosodium iodoacetate, DGT: Dokhwalgisaeng-tang, SEM:
standard error of the mean.

“p<0.001 indicate a significant difference from the normal group, while "p<0.05, *p<0.01, and ’p<0.001 indicate a significant
difference from the control group.

24 4 10
T _I'_ t

< 18 — o 75 ' ! t
-] =)
= = — 1
i 5
< <
E 12 4 g 5
3 b

] 25

0 0

Normal Control INDO DGTL DGTH Normal Control INDO DGTL DGTH
MIA MIA

Fig. 5. Effect of DGT on serum AST and ALT in MIA-induced osteoarthritis rats. AST and ALT levels were measured in serum
using commercial kits. All values are expressed as meantSEM (n=10/group). DGT: Dokhwalgisaeng-tang, AST: aspartate
transaminase, ALT: alanine transaminase, MIA: monosodium iodoacetate, Normal: normal rats without MIA injection, Control:
MIA-induced osteoarthritis, water administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL:
MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight,
SEM: standard error of the mean. ‘p<0.001 indicates a significant difference from the normal group, while 'p<0.05 indicates
a significant difference from the control group.
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Fig. 6. Effect of DGT on serum ROS in MIA-induced
osteoarthritis rats. The oxidative stress marker ROS was
measured in serum. All values are expressed as mean+SEM
(n=10/group). DGT: Dokhwalgisaeng-tang, ROS: reactive oxygen
species, MIA: monosodium iodoacetate, Normal: normal rats
without MIA injection, Control: MIA-induced osteoarthritis, water
administered, INDO: MIA-induced osteoarthritis, indomethacin
2 mg/kg body weight, DGTL: MIA-induced osteoarthritis,
DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis,
DGT 479 mg/kg body weight, SEM: standard error of the
mean. p<0.001 indicates a significant difference from the
normal group, while "p<0.001 indicates a significant difference
from the control group.
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T4(2.0£0.08), DGTH(1.9+£0.16) =% th= tiv] {9
3 Ak on, £3] DGT AHElTolM s sxo&
o7 ZHAsgth

4 =2 U MDA *|(nmol/mg protein) & £4Jgk
A, QS 11,440,120 0, 272 20.6+1.01
2 1.890 sl S7FsFATHp<0.001). L2+ INDO
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Fig. 7. Effect of DGT on serum MDA and tissue MDA in MIA-induced osteoarthritis rats. The lipid peroxidation marker MDA
was measured in both serum and tissue. All values are expressed as meantSEM (serum, n=10/group; tissue, n=7/group). DGT:
Dokhwalgisaeng-tang, MDA: malondialdehyde, MIA: monosodium iodoacetate, Normal: normal rats without MIA injection,
Control: MIA-induced osteoarthritis, water administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight,
DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body
weight, SEM: standard error of the mean. p<0.001 indicates a significant difference from the normal group, while 'p<0.05,
1p<0.01, and p<0.001 indicate a significant difference from the control group.
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Fig. 8. Effect of DGT on serum TNF-a and IL-6 in MIA-induced osteoarthritis rats. The inflammatory cytokines TNF-a and
IL-6 were measured in serum. All values are expressed as mean+SEM (n=10/group). DGT: Dokhwalgisaeng-tang, TNF: tumor
necrosis factor, IL: interleukin, MIA: monosodium iodoacetate, Normal: normal rats without MIA injection, Control: MIA-induced
osteoarthritis, water administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL: MIA-induced
osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight, SEM: standard
error of the mean. “p<0.001 indicates a significant difference from the normal group, while p<0.01 and *p<0.001 indicate a
significant difference from the control group.
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Fig. 9. Effects of DGT on TNF-a and IL-1p protein expressions. The inflammatory cytokines, such as TNF-a and IL-1f, were
analyzed using Western blot. All values are expressed as meant=SEM (n=7/group). DGT: Dokhwalgisaeng-tang, TNF: tumor necrosis
factor, IL: interleukin, GAPDH: glyceraldehyde-3-phosphate dehydrogenase, Normal: normal rats without MIA injection, Control:
MIA-induced osteoarthritis, water administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL:
MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight,
MIA: monosodium iodoacetate, SEM: standard error of the mean. "p<0.001 indicates a significant difference from the normal
group, while "p<0.05, *p<0.01, and $p<0.001 indicate a significant difference from the control group.
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Fig. 10. Effect of DGT on tissue AGC and GAGs in MIA-induced osteoarthritis rats. AGC and GAGs, which are components
of the cartilage matrix, were measured in tissue. All values are expressed as meantSEM (n=7/group). DGT: Dokhwalgisaeng-tang,
AGC: aggrecan, GAGs: glycosaminoglycans, MIA: monosodium iodoacetate, Normal: normal rats without MIA injection, Control:
MIA-induced osteoarthritis, water administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL:
MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight,
SEM: standard error of the mean. "p<0.01 and 'p<0.001 indicate a significant difference from the normal group, while ¥p<0.05,
$p<0.01, and "p<0.001 indicate a significant difference from the control group.
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Fig. 11. Effects of DGT on NADPH oxidase (NOX2), p22°"*, and p47°™* protein expressions. The protein expressions of
NOX2, p22P'* and p47™*, subunits of NADPH oxidase responsible for ROS production, were examined using western blot.
All values are expressed as mean+SEM (n=7/group). DGT: Dokhwalgisaeng-tang, NADPH: nicotinamide adenine dinucleotide
phosphate, GAPDH: glyceraldehyde-3-phosphate dehydrogenase, Normal: normal rats without MIA injection, Control:
MIA-induced osteoarthritis, water administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL:
MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight,
MIA: monosodium iodoacetate, ROS: reactive oxygen species, SEM: standard error of the mean. “p<0.01 and "p<0.001 indicate
a significant difference from the normal group, while *p<0.05, ¥p<0.01, and ! p<0.001 indicate a significant difference from
the control group.
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Fig. 12. Effects of DGT on p-PI3K and p-Akt protein expressions. The expression of p-PI3K and p-Akt, which are intracellular
signaling factors that regulate cell activation, physiological responses, and inflammation, was evaluated using western blot. All
values are expressed as mean+=SEM (n=7/group). DGT: Dokhwalgisaeng-tang, PI3K: phosphoinositide 3-kinase, Normal: normal
rats without MIA injection, Control: MIA-induced osteoarthritis, water administered, INDO: MIA-induced osteoarthritis,
indomethacin 2 mg/kg body weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced
osteoarthritis, DGT 479 mg/kg body weight, MIA: monosodium iodoacetate, SEM: standard error of the mean. “p<0.001 indicates
a significant difference from the normal group, while "p<0.05, ¥p<0.01, and p<0.001 indicate a significant difference from the
control group.
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Fig. 13. Effects of DGT on p-p38, p-NF-kB p65, and p-IkB-o protein expressions. The p-p38/p-NF-kB p65/p-IxB-a pathway
is a key signaling axis that regulates inflammation by mediating the phosphorylation and activation of molecules in the NF-xB
signaling pathway, and was thus evaluated using western blot. All values are expressed as meantSEM (n=7/group). DGT:
Dokhwalgisaeng-tang, NF-xB: nuclear factor kB, IkB-a: inhibitor of kB-a, Normal: normal rats without MIA injection, Control:
MIA-induced osteoarthritis, water administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL:
MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight,
MIA: monosodium iodoacetate, SEM: standard error of the mean. "p<0.001 indicates a significant difference from the normal
group, while "p<0.05, *p<0.01, and $p<0.001 indicate a significant difference from the control group.
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Fig. 14. Effects of DGT on iNOS and COX-2 protein expressions. To assess the downstream effects of NF-kB p65 signaling,
the protein levels of iNOS and COX-2 were measured by western blot. All values are expressed as meantSEM (n=7/group). DGT:
Dokhwalgisaeng-tang, iNOS: inducible nitric oxide synthase, COX-2: cyclooxygenase-2, GAPDH: glyceraldehyde-3-phosphate
dehydrogenase, Normal: normal rats without MIA injection, Control: MIA-induced osteoarthritis, water administered, INDO:
MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight,
DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight, MIA: monosodium iodoacetate, SEM: standard error of the
mean. 'p<0.001 indicates a significant difference from the normal group, while 'p<0.01 and *p<0.001 indicate a significant
difference from the control group.
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Fig. 15. Effect of DGT on tissue collagenase expression levels. MMP-1, MMP-8, and MMP-13 are mainly classified as collagenases,
enzymes that play a key role in breaking down collagen. Protein expression of MMP-1, 8, and 13 was analyzed using western
blot. All values are expressed as meantSEM (n=7/group). DGT: Dokhwalgisaeng-tang, MMP: matrix metalloproteinase, GAPDH:
glyceraldehyde-3-phosphate dehydrogenase, Normal: normal rats without MIA injection, Control: MIA-induced osteoarthritis, water
administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL: MIA-induced osteoarthritis, DGT
240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight, MIA: monosodium iodoacetate, SEM:
standard error of the mean. ‘p<0.001 indicates significant difference compared with the normal group, 'p<0.01 and *p<0.001
indicate significant difference compared with the control group.
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Fig. 16. Effect of DGT on tissue gelatinase expression level.
MMP-2, which degrades key components of the basement
membrane, is classified under the gelatinase family and was
evaluated by western blot. All values are expressed as
mean+SEM (n=7/group). DGT: Dokhwalgisaeng-tang, MMP:
matrix metalloproteinase, GAPDH: glyceraldehyde-3-phosphate
dehydrogenase, Normal: normal rats without MIA injection,
Control: MIA-induced osteoarthritis, water administered, INDO:
MIA-induced osteoarthritis, indomethacin 2 mg/kg body
weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg
body weight, DGTH: MIA-induced osteoarthritis, DGT 479
mg/kg body weight, MIA: monosodium iodoacetate, SEM:
standard error of the mean. 'p<0.01 indicates significant
difference compared with the normal group, 'p<0.05 indicates
significant difference compared with the control group.
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Fig. 17. Effect of DGT on TIMPs expression levels. TIMPs, such as TIMP-1 and TIMP-3, are proteins that regulate the activity
of matrix metalloproteinases and were analyzed using western blot. All values are expressed as meantSEM (n=7/group). DGT:
Dokhwalgisaeng-tang, TIMPs: tissue inhibitors of matrix metalloproteinases, GAPDH: glyceraldehyde-3-phosphate dehydrogenase,
Normal: normal rats without MIA injection, Control: MIA-induced osteoarthritis, water administered, INDO: MIA-induced
osteoarthritis, indomethacin 2 mg/kg body weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH:
MIA-induced osteoarthritis, DGT 479 mg/kg body weight, MIA: monosodium iodoacetate, SEM: standard error of the mean.
p<0.05 and "p<0.001 indicate significant difference compared with the normal group, ¥p<0.05 and *p<0.01 indicate significant

difference compared with the control group.
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Control

Fig. 18. Histological observation of joints (H&E staining; magnification x100, scale bar 100 um). H&E staining is primarily
used to observe the structural features of tissue in joint specimens. H&E: hematoxylin and eosin, Normal: normal rats without
MIA injection, Control: MIA-induced osteoarthritis, water administered, INDO: MIA-induced osteoarthritis, indomethacin 2 mg/kg
body weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight, DGTH: MIA-induced osteoarthritis, DGT 479
mg/kg body weight, MIA: monosodium iodoacetate, DGT: Dokhwalgisaeng-tang.
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Fig. 19. Histological observation of joints and quantification of proteoglycan-positive area (Safranin O staining; magnification
x50, scale bar 200 um). Safranin O staining is primarily used to assess the condition of cartilage. It strongly binds to
glycosaminoglycans, particularly proteoglycans, which are key components of cartilage. All values are expressed as meantSEM
(n=3/group). Normal: normal rats without MIA injection, Control: MIA-induced osteoarthritis, water administered, INDO:
MIA-induced osteoarthritis, indomethacin 2 mg/kg body weight, DGTL: MIA-induced osteoarthritis, DGT 240 mg/kg body weight,
DGTH: MIA-induced osteoarthritis, DGT 479 mg/kg body weight, MIA: monosodium iodoacetate, DGT: Dokhwalgisaeng-tang,
SEM: standard error of the mean. “p<0.001 indicates significant difference compared with the normal group, "p<0.05 and ¥p<0.001
indicate significant difference compared with the control group.
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Fig. 20. Integrated therapeutic mechanism of Dokhwalgisaeng-
tang in MIA-induced osteoarthritis. MIA: monosodium iodoacetate,
NOX: nicotinamide adenine dinucleotide phosphate oxidase,
ROS: reactive oxygen species, MDA: malondialdehyde, PI3K:
phosphoinositide 3-kinase, NF-kB: nuclear factor-kB, IxB-a:
inhibitor of kB-0, TNF-o: tumor necrosis factor-a, IL: interleukin,
iNOS: inducible nitric oxide synthase, COX: cyclooxygenase,
MMP: matrix metalloproteinase, TIMPs: tissue inhibitors of matrix
metalloproteinases, AGC: aggrecan, GAGs: glycosaminoglycans.



271470 MIA = A SHEC] 1A

a2

fr

3

0.9‘1.'4

4 HAEE S gslete b 7S HoErp®),

0|9} 3 DGT Tl A& iINOSeF COX-2 Tao]
Zrasdar, A=E71d Eafloll B sk MMP-1, MMP-8,
MMP-13 2 MMP-22] FPEHAT A= J{cP+30, vkd
TIMP-3& 3] &%= -2 X, DGTZF MMP/TIMP It
EAES Y ATz AF7d BalE JAES
7FeRE AARIATE®), o]ef gt EAAY &8 Wsle}
A3 AGCS}F GAGse] HEo| Eelxlon, %3]
sHozn A W &Y, A= 7 24, ESAE
&, proteoglycan 4~Ao] 23}E U o= DGT7} &
T3] @55 AAISHE Wl XA ¥ AET|d RED
T2 £ gl = AAT = S HoFE= 47
o|tHFig. 20).

=35, DGTE= MIA 5 32 mdoj A Ak}
2 2EY 29t A5 W8-S T 2HEa, dF7)E
& ¢slei, 1 A3 55 2 75N E NAdske
9= Yeith & DGTe 9= el g5 oA
= X3S 7|do] BIrHo g 283t AR s|d 4 3l
o} ok B ATE 9l FERA AgE Fo 7|3t
2 23S Higto g FEQon, 5 HrE 8 3
o] AlF Fale 43t 5359 g4 S0

Hrkslrlolle SAZE ok =1 NE A oA &
AEHe] 7ox g 28T 7S
AE BEARESHY A2 3w el 2AS Ao
2 RJAAFAG AEHAE ERIs] Halixe= F7F A
Ho] F Q3 Zolt},

ety FE et A mdof A AEAd A
%, 84 48 B A7, A7) A8 g A
T} F712 o] FojXthd DGTE] 34 d A= s
A5 By WEs] WUt 4 S Ao E AzEr

i,

E»»»
T

B Ao A= DGT/F MIAR 58 Z34Y &
Bd HXe G Hristy] s Ao As F
3 2Eg 2 3 QA 95 A A%, dE
22k WelE Ao,

g,
T o

i)
i
mL
r o
by
Pk
B

1. MIA o & =34Y oA Aoy As
el golshA 74 a, DGT A A= 795
FE foug 35S By

2. @7 ROS9} MDA, 183l €% TNF-0 ¥ IL-6&
SWEE izl S7F8FA S, DGT Fool
et frofshAl stk

3. - 23 Ul AGC} GAGs= DGT *{x]¢] u}z}
5 YEHoE FTlEIITh

4. A FAoA NOX2, p22°hx, p47ehox Bk .o
DGT Fofrol|l A A=A om, PI3K/Akt 3! NF-
kB AR &4 =g AT

5. DGT+ iNOS, COX-29} 37 MMP-1, MMP-8,
MMP-13, MMP-22] @S A3 3, TIMP-32]
35S YERiT

6. A e|eH2 A4 DGTE A& 19 &4

proteoglycan A4S 4815}t

o

O

,d
!

olate] A¥E =35, DGTE MIAR 59 Z
BHA TE ZdofA 48 ~Eg 29 dF v
AAsla A5V Bl E sl =y, 55 9 U
A

AsARAS s AR
References»»»

1. The Society of Korean Medicine Rehabilitation. Korean
rehabilitation medicine. 5th ed. Paju:Globooks. 2020:
116-8.

2. The Korean Orthopaedic Association. Orthopaedics. 8th
ed. Seoul:Choisin Publishing Co. 2020:430.

3. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet.
2019;393(10182):1745-59.

4.  Hunter DJ, Schofield D, Callander E. The individual
and socioeconomic impact of osteoarthritis. Nature
Reviews Rheumatology. 2014;10(7):437-41.

5. Prieto-Alhambra D, Judge A, Javaid MK, Cooper C,
Diez-Perez A, Arden NK. Incidence and risk factors for
clinically diagnosed knee, hip and hand osteoarthritis:
influences of age, gender and osteoarthritis affecting
other joints. Annals of the Rheumatic Diseases. 2014;

www.e-jkmr.org 19



p R o U9 9HE

10.

11.

12.

13.
14.

15.

16.

20

73(9):1659-64.

Bannuru RR, Osani MC, Vaysbrot EE, Arden NK,
Bennell K, Bierma-Zeinstra SMA, Kraus VB, Lohmander
LS, Abbott JH, Bhandari M, Blanco FJ, Espinosa R,
Haugen IK, Lin J, Mandl LA, Moilanen E, Nakamura N,
Snyder-Mackler L, Trojian T, Underwood M, McAlindon
TE. OARSI guidelines for the non-surgical management
of knee, hip, and polyarticular osteoarthritis. Osteoarthritis
and Cartilage. 2019;27(11):1578-89.

Hochberg MC, Altman RD, April KT, Benkhalti M,
Guyatt G, McGowan J, Towheed T, Welch V, Wells G,
Tugwell P; American College of Rheumatology. American
College of Rheumatology 2012 recommendations for
the use of nonpharmacologic and pharmacologic thera-
pies in osteoarthritis of the hand, hip, and knee. Arthritis
Care & Research. 2012;64(4):465-74.

Arden NK, Perry TA, Bannuru RR, Bruyére O, Cooper
C, Haugen IK, Hochberg MC, McAlindon TE, Mobasheri
A, Reginster JY. Non-surgical management of knee os-
teoarthritis: comparison of ESCEO and OARSI 2019
guidelines. Nature Reviews Rheumatology. 2021;17(1):
59-66.

Bruyére O, Honvo G, Veronese N, Arden NK, Branco
J, Curtis EM, Al-Daghri NM, Herrero-Beaumont G,
Martel-Pelletier J, Pelletier JP, Rannou F, Rizzoli R,
Roth R, Uebelhart D, Cooper C, Reginster JY. An up-
dated algorithm recommendation for the management of
knee osteoarthritis from the European Society for Clinical
and Economic Aspects of Osteoporosis, Osteoarthritis
and Musculoskeletal Diseases (ESCEO). Seminars in
Arthritis and Rheumatism. 2019;49(3):337-50.
D'Arcy Y, Mantyh P, Yaksh T, Donevan S, Hall J,
Sadrarhami M, Viktrup L. Treating osteoarthritis pain:
mechanisms of action of acetaminophen, nonsteroidal
anti-inflammatory drugs, opioids, and nerve growth fac-
tor antibodies. Postgraduate Medicine. 2021;133(8):879-94.
Ghouri A, Conaghan PG. Prospects for therapies in
osteoarthritis. Calcified Tissue International. 2021;109(3):
339-50.

Sun SM. Emergency formulas worth a thousand in gold.
Seoul:Daeseong Munhwasa. 1992:295.

Heo J. Donguibogam. Seoul:Namsandang. 2003:303.
Park OJ, Yim JH. A clinical study of lumbago patients
on the effect of oriental medicine treatment with
Dokhwalgisaeng-tang Gamibang. The Journal of Korean
Acupuncture & Moxibustion Society. 2011;28(6):177-84.
Ryu SG. A case report on the therapeutic effects of
modified Dokhwalgisaeng-tang Gamibang in knee arthralgia.
The Journal of East-West Medicines. 1980;5(1):49-50.
Choi CH, Kim SJ, Shin JC, Wi TS, Kim JH, Choi JB, Kim
YE, Na CS. Clinical study of Dokhwalkigisaengtanggagambang

J Korean Med Rehabil 2026:36(2):1-21.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

(DGG) and Gamisayuktanggagambang (GSG) for im-
proving lumbago and knee joint pain. The Korea
Journal of Herbology. 2013;28(2):75-82.

Folin O, Ciocalteu V. On tyrosine and tryptophane de-
terminations in proteins. Journal of Biological Chemistry.
1927;73(2):627-50.

Malla MY, Sharma M, Saxena RC, Mir MI, Mir AH,
Bhat SH. Phytochemical screening and spectroscopic
determination of total phenolic and flavonoid contents
of Eclipta alba Linn. Journal of Natural Product and
Plant Resources. 2013;3(2):86-91.

Blois MS. Antioxidant determinations by the use of a
stable free radical. Nature. 1958;181(4617):1199-200.
Re R, Pellegrini N, Proteggente A, Pannala A, Yang
M, Rice-Evans C. Antioxidant activity applying an im-
proved ABTS radical cation decolorization assay. Free
Radical Biology and Medicine. 1999;26(9-10):1231-7.
Ali SF, LeBel CP, Bondy SC. Reactive oxygen species
formation as a biomarker of methylmercury and trime-
thyltin neurotoxicity. Neurotoxicology. 1992;13(3):637-48.
Mihara M, Uchiyama M. Determination of malonalde-
hyde precursor in tissues by thiobarbituric acid test.
Analytical Biochemistry. 1978;86(1):271-8.

Wu G, Chen W, Fan H, Zheng C, Chu J, Lin R, Ye
J, Xu H, Li X, Huang Y, Ye H, Liu X, Wu M. Duhuo
Jisheng Decoction promotes chondrocyte proliferation
through accelerated G1/S transition in osteoarthritis.
International Journal of Molecular Medicine. 2013;
32(5):1001-10.

Chen JS, Li XH, Li HT, Weng XP, Xu HF, Ye HZ,
Liu XX. Effect of water extracts from duhuo jisheng
decoction on expression of chondrocyte G1 phase regu-
lator mRNA. China Journal of Chinese Materia Medica.
2013;38(22):3949-52.

Wu G, Fan H, Huang Y, Zheng C, Ye J, Liu X. Duhuo
Jisheng decoction-containing serum promotes pro-
liferation of interleukin-1p-induced chondrocytes through
the pl6-cyclin D1/CDK4-Rb pathway. Molecular Medicine
Reports. 2014;10(5):2525-34.

Liu F, Liu G, Liang W, Ye H, Weng X, Lin P, Li H,
Chen J, Liu X, Li X. Duhuo Jisheng decoction treatment
inhibits the sodium nitroprussiate-induced apoptosis of
chondrocytes through the mitochondrial-dependent sig-
naling pathway. International Journal of Molecular
Medicine. 2014;34(6):1573-80.

Chen CW, Sun J, Li YM, Shen PA, Chen YQ. Action
mechanisms of du-huo-ji-sheng-tang on cartilage degra-
dation in a rabbit model of osteoarthritis. Evidence-Based
Complementary and Alternative Medicine. 2011;2011:
571479.

Lai JN, Chen HJ, Chen CC, Lin JH, Hwang JS, Wang



271470 MIA = A9 e vAe 9F !

29.

30.

31.

32.

33.

34.

JD. Duhuo jisheng tang for treating osteoarthritis of the
knee: a prospective clinical observation. Chinese Medicine.
2007;2:4.

Liu L, Luo P, Yang M, Wang J, Hou W, Xu P. The
role of oxidative stress in the development of knee os-
teoarthritis: a comprehensive research review. Frontiers
in Molecular Biosciences. 2022;9:1001212.
Sanchez-Lopez E, Coras R, Torres A, Lane NE, Guma
M. Synovial inflammation in osteoarthritis progression.
Nature Reviews Rheumatology. 2022;18(5):258-75.
Han J, Park D, Park JY, Han S. Inhibition of NADPH
oxidases prevents the development of osteoarthritis.
Antioxidants. 2022;11(12):2346.

Tu C, Huang X, Xiao Y, Song M, Ma Y, Yan J, You
H, Wu H. Schisandrin A inhibits the IL-1p-induced in-
flammation and cartilage degradation via suppression of
MAPK and NF-xB signal pathways in rat chondrocytes.
Frontiers in Pharmacology. 2019;10:41.

Batarfi WA, Yunus MHM, Hamid AA, Maarof M,
Abdul Rani R. Breaking down osteoarthritis: exploring
inflammatory and mechanical signaling pathways. Life.
2025;15(8):1238.

Kevorkian L, Young DA, Darrah C, Donell ST, Shepstone

35.

36.

37.

38.

L, Porter S, Brockbank SM, Edwards DR, Parker AE,
Clark IM. Expression profiling of metalloproteinases
and their inhibitors in cartilage. Arthritis and Rheumatism.
2004;50(1):131-41.

Little CB, Barai A, Burkhardt D, Smith SM, Fosang
AJ, Werb Z, Shah M, Thompson EW. Matrix metal-
loproteinase 13-deficient mice are resistant to osteo-
arthritic cartilage erosion but not chondrocyte hypertrophy
or osteophyte development. Arthritis and Rheumatism.
2009;60(12):3723-33.

Fuchs S, Skwara A, Bloch M, Dankbar B. Differential
induction and regulation of matrix metalloproteinases
in osteoarthritic tissue and fluid synovial fibroblasts.
Osteoarthritis and Cartilage. 2004;12(5):409-18.
Brew K, Nagase H. The tissue inhibitors of metal-
loproteinases (TIMPs): an ancient family with structural
and functional diversity. Biochimica et Biophysica Acta.
2010;1803(1):55-71.

Murphy G, Nagase H. Reappraising metalloproteinases
in rheumatoid arthritis and osteoarthritis: destruction or
repair? Nature Clinical Practice Rheumatology. 2008;4(3):
128-35.

www.e-jkmr.org 21



