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Mechanism of acupotomy in regulating oxidative stress injury of cartilage in rabbits with

knee osteoarthritis via the Sirtl/Nrf2/NQO1 signaling pathway

Wang Min"?, Zhang Zhaoqing'”, Cao Yuwei’, Li Kai', Zhang Zhe’, An Kang*, Luo Xiaojuan' ('Department of Pain and
Rehabilitation, Wuhan Third Hospital, Wuhan 430060, China; 2School of Acupuncture-Moxibustion &. Orthopedics,
Hubei University of Chinese Medicine, Wuhan 430000; ‘Bengbu Third People’ s Hospital, Bengbu 233000, Anhui
Province; ‘Department of Orthopedics, Songyuan Hospital of Integrated Traditional Chinese and Western Medicine,
Songyuan 138000, Jilin Province)

[ABSTRACT] Objective To observe the effect of acupotomy on the sirtuin 1 (Sirt1)/ nuclear factor erythroid 2-
related factor 2 (Nrf2)/ NAD (P) H: quinone oxidoreductase 1 (NQO1) signaling pathway of oxidative stress in the
cartilage tissue of rabbits with knee osteoarthritis (KOA) , so as to explore its underlying mechanism in ameliorating
cartilage injury. Methods Twenty-four male New Zealand rabbits were randomly divided into normal control, model,
acupotomy, and acupotomy+inhibitor (EX-527, an inhibitor of Sirt1) groups, with 6 rabbits in each group. The KOA
model was established by using the modified Videman method. After successful modeling, the acupotomy group
received acupotomy releasing at the medial collateral ligament, lateral collateral ligament, medial patellar retinaculum,
lateral patellar retinaculum , patellar ligament, and cord-like nodular points of the left lower limb, once weekly for
4 weeks. The acupotomy + inhibitor group received intraperitoneal injection of the Sirt1 inhibitor EX-527 30 min before
every session of acupotomy intervention, once weekly for 4 weeks. Before intervention and one week after the final
intervention, the Lequesne MG disability index score (Lequesne MG score) assessment and passive range of motion
(PROM) measurement were performed. The cartilage tissue was collected for observing histopathological changes after
H. E. and Safranin O-Fast Green staining, detecting the level of reactive oxygen species (ROS) with
immunofluorescence stain, detecting the activity of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px)
with colorimetric assay and enzymatic reaction combined with DTNB colorimetric method respectively, and for
measuring the contents of total antioxidant capacity (T-AOC) with ABTS method, and MDA with TBA method. The
contents of IL-1B and TNF-a in the synovial fluid were measured using ELISA. The expression levels of Sirt1, Nrf2,
NQO1, recombinant A disintegrin and metalloproteinase with thrombospondin 5 (ADAMTS5) and matrix
metalloproteinase-3 (MMP-3) proteins, and Sirt1, Nrf2 and NQO1 mRNAs in the cartilage tissue were detected using
Western blot and real-time fluorescence quantitative PCR, separately. Results Compared with the normal control
group, the model group showed a significant increase in the Lequesne MG score, contents of IL-1B, TNF-a and MDA,
immunofluorescence intensity of ROS, and expression levels of Nrf2, MMP3 and ADAMTS5 proteins, and Nrf2 mRNA
(P<0.01, P<0.05), and a significant decease in the PROM, contents of SOD, GSH-Px and T-AOC, and expression
levels of Sirt1 protein and mRNA (P<0.01). In contrast to those of the model group, both the increase and decrease of
the indexes mentioned above in the acupotomy group were all reversed (P<0.01). Compared with the model group, the
Lequesne MG score, contents of TNF-a, MDA, and immunofluorescence intensity of ROS were obviously decreased
(P<0.01, P<0.05), while the PROM, expression levels of Nrf2, Sirt1 and NQO1 mRNAs strikingly increased in the
acupotomy+inhibitor group (P<0.01). The effects of acupotomy were significantly superior to those of acupotomy+
inhibitor in lowering the Lequesne score, contents of TNF-a, IL-13, MDA, ROS immunofluorescence intensity,
expression levels of MMP3 and ADAMTS-5 proteins (P<0.01, P<0.05), and in increasing the PROM, contents of
SOD, GSH-Px and T-AOC, expressions of Sirt1, Nrf2 and NQO1 proteins and mRNAs (P<0.01, P<0.05), suggesting
a strikingly weakened efficacy of acupotomy after administration of inhibitor EX-527 and an involvement of Sirt1 in
acupotomy effect. Morphological observation revealed that in the model group, the cartilage surface of the knee joint
became thinner, and the number of chondrocytes was decreased, with disordered arrangement, and Safranin and Fast
Green staining showed that the protein polysaccharides were lost. Compared with the model group, the number of
chondrocytes was increased, with regular arrangement, clear nuclear and cytoplasmic structures, and the protein
polysaccharides was increased in the acupotomy group; but in the acupotomy+inhibitor group, the damage of the
cartilage surface was more severe compared to the acupotomy group. Conclusion Acupotomy therapy can ameliorate
joint function and cartilage pathological damage in KOA rabbits, which may be related to its functions in mitigating
oxidative stress and inflammatory responses by activating the Sirt1/Nrf2/NQO1 signaling pathway.
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Fig. 1
knee joint in rabbits of the 4 groups (r+s, 6 rabbits/group)

SOL@ N B Rad, ig2sa, 55
ZHAH FE A5 A 2H R A R D L BN KRR R
HAEMEIR (RETK)  EAZHEERH T4
SRR G AR W R TR TSN ASEA $ A
2 2 TE R I A AR S5 A, A U JHE At WY 2 9 3
A5 &I g BT T I AR Az S
JnE . WHE 2,

2.3 HHFRRKETWAEMENF TNF-o IL-18 7 &
L #5

5 OE R A B, B 2 K A T R AR R

IL-18 . TNF-a & &8 FF 75 (P<<0.01) . SR g,

L™

HE ‘Elond b

SO

!

2

A

BF T4 T W TL-18, TNF-o 75 i F K (P<<0.01)
BT 44 5 2 TNF -o 5 B FF AL (P<<0.05) ,1L-1B
TRBANBMAERESEIT*E . 54814
LA, &t T A 4 i 0 2H € 1 W 1L-18 . TNF-a & & FF
f (P<<0.01), WL 3,
2.4 FHFARAG UL SOD .GSH-Px, T-AOC i
J1 B MDA £ Ho A

5 IE R A A SRV K A s T SOD .GSH-
Px Fl T-AOC i J1 B (P<<0.01) , 1fif MDA % &
F (P<<0.01) . 5B AL4] tb 4, 41 J] 41 SOD, T-
AOC il GSH-Px i /1 7+ 5 (P<C0.01) , MDA 7 & %
iR (P<<0.01) s £ 77+ #0571 4 MDA & 2t FE A% (P<<
0.01) , KR LG %E X, A5 IIHHE,
BF T+ 400 7] 26 SOD .GSH-Px . T-AOC 1 77 B I
(P<<0.01) ,MDA & & J+#& (P<<0.01) . VL& 4,
2.5 HUARRH AL ROS Rk KT LI

5IEE A B A R G e 44U ROS &
KK OF T R (P<<0.01) . SRR 4] Lt de, &1 T 4
ROS 7K B AIK (P<<0.01) 5 &1 JJ + 9 il 57 41 *f ROS
AKOE AR TR A 2 (P<<0.05) , B & T4 JJ 41 (P<<
0.01), WK 5,
2.6 & H KR AEHH P Sirtl, Nrf2, NQO1,
ADAMTS-5 MMP-3 % |14 # ik K F 8

5EH A LA, R 2 AR R L Sirdd A
# ik K F B K (P<<0.01) , Nrf2, MMP-3,
ADAMTS-5 & 1 & ik K F F+ /5 (P<<0.05, P<<
0.01) ,NQO1 HE H £ LKA I F+ & H2E 5 L5
T2 . 5B A, £ J) 41 Sirtl Nri2,
NQO1 # 1 £ ik /K F It & (P<<0.01) , MMP-3,
ADAMTS-5 ik /K F BEAR (P<<0.01) , 11 £ 77 + 1
IR 2R G %E . ST i, &)+
0441 770 4 Sirtl L Nrf2 \NQO1 & [ 2 ik /K F B fiK
(P<<0.05, P<<0.01) , ADAMTS-5 . MMP-3 % 1 %

EAWARE IF i BalEs: Lkl

0 HE N ARG - e 5, #5 R =50 pm ;SO N F/EL-H G4 4, 3R =50 pm
BREARBRBALANKERSEER

Fig. 2 Comparison of pathological morphology of cartilage tissue of rabbits in the 4 groups



B 52 - 1477 -
2004 TNF-a 2000 1B IEHA BRI
£
_ 150 _ 1500+ .
E E -
2100 21000
]]m AN ]]]m AN
&1 50 T -+

D B D B I O

‘}V'“// ﬁ‘\\ 2 §\/ 2 #,. '/ Y AR % /
X X
YQ\ «25\

1 s TNF-a M SR FE R F-a, TL-18 0 4B - 180
HIEH A, P<<0.01; SHEIRIAL KL, ©P<<0.05,%7P<
0.01; 5% JJ4H ek, ¥ P<<0.01,

B3 BARRXTRKEETF TNF-o.IL-1p S E LK
(r+s,6 L5/4H)

Fig.3 Comparison of TNF-a and IL-1f levels in synovial
fluid of rabbits in the 4 groups (Z+s, 6 rabbits/group)

250 4 SOD 204MDA
20 B3 4
£ 150 L8
2 i g 1.0+
_ﬁlOO— oo mﬁ AA
wa 0.5 T
50+ &1
SR B B B R B R B
;}V/ ?e\/ §\/ 22 ?%(\/ s?\’ \\/ /
FF FPFF
A A
\826\ \'426\
80+ GSH-Px 0.20 - T.AOC
~ 604 = 0.15 4
2 v oo 2 as
% 40 s H% 0.10 B "
204 = 0.05
R B B B CTR L
W) D) W) Q) W W W W
;y/ g&/ 4)\\/ 2 ?V'/ 6‘8\/ 4)\\/ 2
/ggo )%Lygg\\ Vszé\ /gfo )(%&”gg\\ szé\
A A
%26\ \323\

I :SOD i AL Y B AL G , MDA 7 ¥ , GSH-Px A 4+
JOETH IR AL W, T-AOC b B fi i fLie 1. SiER A
HLH, "P<<0.01; G RAL L, ~ P<<0.01; 5 5 JT A LU L,
#P<<0.01,

4 BHRKRKESOD.GSH-Px.T-AOCiE /1 MDA &
2B (7+s,6 R /4A)

Fig.4 Comparison of SOD, GSH-Px, T-AOC activities
and MDA contents in the cartilage tissue of rabbits in the 4

groups (z+s, 6 rabbits/group)

KK T (P<<0.01,P<<0.05) . WIE 6.
2.7 % 41 F Ol 4l 40 Sirtl, Nrf2, NQO1
mRNA kK R

50 H 4 b g, MR A R A s AL 4L Sirtd

- TI+3FeR LAWK
0.3
F
2 0.2 4
|
XK AN
M 0.1 4 =
TR B B
& B B B
PO NN
X
%X

A

11 :ROS ATEMER . PR =50 pm. FIEFHA L, "P<

0.01; HEER A 4, © P<<0.05,°P<C0.01; 54 T4l L4,
#pP<0.01,

ES5 BHARRZHBHALAROSKIEKTLILR
(z+s,3 R%/4H)
Fig.5 Comparison of ROS expression level in the
cartilage tissue of rabbits in the 4 groups

(z+s, 3 rabbits/group)

mRNA % 35 7K - FE A (P<<0.01) , Nrf2 mRNA F} &
(P<<0.01) ,NQO1 mRNA % ik K E4 Fr Fh i , {2 2
SHG 2 S SR HeE & T T
740 Sirt] Nrf2 NQO1 mRNA F kKT8 (P<<
0.01) o S5 T e, & T+l 57 4 Sirtl [Nrf2,
NQO1 mRNA Fik KRR (P<<0.01), WL 7,

3 itig

KOA M — P ACE B AT PR A, LA A R R
C7/ PN I R R S Sl S W R R = 8
P W O LA T A e A R AR A
RPN KRG B L) F M S 2 A 22 0 it
G\ R A e P BOC Y Bh A IR R L T
Tk i 2 AR g DRLIAL R o ) 1 — 20 45 1 il 2 JE A, 4
LI AR, L DA O R T A
JRBERG”, W R 1 WAL B IR AR AR S &R

ST 8 A B0 e o AT IR ) A%
L5 KR I BLBE 7 4 AT S B2 2 B



- 1478 - Acupuncture Research

1.5 Sirtl 15 5 N2
1 1.0 - Ea
%) . "
ADAMTS-5 ﬁé
Z 0.5
0 -
\& »$§> B B g \&> AN
&g & &g &
N N
v%é\ @5\
L5 4 ADAMTS-5 L5 5 MMmP-3
AN Hk
18 1.0 1% 1.0 - # g 1.0 "
#® # #® ®
® oy AN =Y
Z0s5 4 Z 05+ E0.5 AN
0 & & B T oS % > T S
;i* AN ;%*
wzé\ \’426\ \325\

T - Sirt] R PUBRAE BB T F 1, Nrf2 5 e+ E2 M OCH F 2,NQO1 3 NADPH i & fL i J5 -1, MMP-3 g 1 i 43 Jg 2
FIfiE 3, ADAMTS-5 2 35 /MRS B2 F 2R I A RS REAR S, 5IEW A, P<L0.05,"P<<0.01; 5 EM4 L4,
AAP<C0.01; 54 J14l %, "P<C0.05,"P<C0.01,

6 BAFRRKBALSP Sirtl Nri2, NQO1.ADAMTS-5.MMP-3 & B R ik 7k FLb i (25,3 RR/4)

Fig. 6 Comparison of protein expression levels of Sirtl, Nrf2, NQO1, ADAMTS-5, and MMP-3 in the cartilage tissue of
rabbits in the 4 groups (Z+s, 3 rabbits/group)

L59sirt1 39Nef2 3NQO1
AN AN
AN
% 1.0- f_ﬂg 2 ## ]@ 2 Y
Z 0.5 21 Z 1
0-. 0- 0-
\& @\& %\\»’»% R (5, u‘k @g& \& %&% Xﬁg& ’%:\& \%&% X&%
%26\ \’426\ vsz«‘\

T 5 IER AL, "P<0.01; 5B L4, ~ P<<0.01; 54 14l 1big ,#P<<0.01.
7 SHERRHEBHELP Sirtl Nrf2 NQOImRNA 33 R ik 2 b5 (r+s,3 Rf/4H)
Fig. 7 Comparison of the relative mRNA expression levels of Sirtl, Nrf2, and NQO1 in the cartilage tissue of rabbits in the
4 groups (x+s, 3 rabbits/group)

L5 ORGSR O A AS T, SRR AL T A B AR E A AR 5 5 TR P A S
A5 BV AR B L BE WA Y RN R RL R R0 SRR R R E AL B G
T UM BB FOIRZS o BEUT LRSS . I BR AR AR K ) 2 S IR BN ) 4R P B AR
ﬁ%ﬂ@g”jﬂﬁ‘bm WA T2 MR ERWIR R ELMA BRI . Ehxh LR A 45 A7 8

AT, SBONM B K I, TR, AT ORI TR ) B AL SRR KO



Bt BT 5

- 1479 -

T2 A, SR A A 45 T 20, L ek
I A TIF 512 7 e 3 % e IR R - 15 2 ) B

A OSCHEPI RGP T & 16T KOA [ MLl
W5, & BLEF ) 0l 38 5 0 4 E R S KR B R L
T RE 08 5% 1 48 1k SN L EE SRR T R R 4 0
P 55 2 R UM R T 10 KOA 9 B E AR . (E %A 5% [
45 B 5 R R T R — 4] SR A R
e = Z 20 230 IR 1R K4y F T U HIL D A TR A B
W, G H B = MG I 8 B A R BB AT T AR
R4 Ve ML 5 o ARBF ST IE 2 5L T, M
Sirtl/Nrf2/NQO1 15 5 it /1 B 48 3 £ J1 B i KOA
B o FALH o A58 R H B R Videman fiff B 7 &
AL ST K R KOA BE R, 3 B 5 K e Lequesne
MG #8 %7t & PROM BEAIR , #2875 OC 19 1R 48 5 Ty e e
T3 AF o 0 B 25 5L 0 7 BB S5 A R, 201 40 it ok
A THRRE B B 2 0 R R A B A
B J1 T 14 F )G, Lequesne MG F 43 2 3 % 1% .
PROM & 3& TH 55, 808 B0 005 1 Wb ol 3%, SR WA 41
JINI AT R AE 2 KOA HE & | o038 37 T fig .

KRB RN NESZIHMWZ O, FE
H KR 4 B 5 40 PR A B (ECMD R . L 45 1R
T 48 AR I I S A5, 24 ROS 7 8 8 1 SOD . GSH-
Px S PR M P4 AR R S 109 T R ARl i i ROS
— 5 T B T IR T S AL 4 MDA &L
—J5 T F # SOD .GSH-Px . T-AOC % Jy , I I8 0 St
I 4 J& & H i MMP-3, ADAMTS-5 & 2 ik i @
ECM [ i , [a) Bsf B TL-18 . TNF-o il Bl 58 1 17,
M TE 1 SR Ak - R PR RN - B i 1 S P A BR
KOA H 3 N M4 ROS W% M B 32 8 ™, i o
AR | K= o T =R A R = B = A VR 9 W
R, SOD ¥ O, 8 k4 H.0, 5 O,, GSH-Px #f
— BB HLOL 3 5K HLO |, DT A5 %0080 5% 484k 7 3 4
B, MPTEALRE 1 T-AOC 1 I HLIA BT S AL fif 7%
M 25 A5 FR A, R AR T ML A 38 2 S04k 468 05 1) XU
S I E =R (AR EN R ST IR AR B
5857 ROS T 41 fE 5 22 AS 16 Fn i 0 1 fioh 2% ik =X
JIg o A I 1Y, MDA 1B 2 i 72 ) G B 2 7= 4
FOK Tt i 1T ik B b S Ak I 9 0 B O 5 B R
AR B 5O AH S, ARHIE oY 45 S oK L &) AT i
8 SOD .GSH-Px }2 T-AOC 1% J1 , Bk MDA .
RN F IL-18. TNF-o & 1 5 ROS K, Hak i 5
FEWT 5 g AR SR T A & 0 AT kB AR R
IBIT KOA 25 5 — 50, (B A 5% il — 25 48 78 1% 880 hE
S s Ry | K I E | e R Ry R SR e 1

Jig it A Ak

Sirt] /£ NAD R (14 25 2 B ALl L )32 43 A
TN B O R A A A S L, 2
[ R ARG N O 13 U B =R AR & !
AP, N2 2 410 xSk I R SR A Y G A
J, VR 22 BT SR R i B Y Gk . AR BDIRES
T, Sirt] 38 1 2 20 BE AL B0 Nrf2 19 K588 i i {2 itk
HAZ A, I 3h B A Ak I R AR B 1 19 NQO1  HO-1
K SOD By 5%, LIS BR ROS, 4 £ 240 M 8 4k i J5OF
MY, B BT IE S, W0 Sirtl 7] 3 5 Nr2 4% 1
S, Mt B [ G T AR AN 4 PR A5 I AR R, Sirt]
i I TE P AL AR A 32 00 AR B A R
% 38 15 8 15 Sirtl/FoxO1 38 % , W 25 KR 5 &
KRS AR B R . SR, G T AT T BE A R )
Sirt]/Nrf2 i TCiEE o ARBF5E P, IE% 4 b, Sirtl )
1 M mRNA £ K P, Nrf2 NQO1 R ik 5
fi%, M KOA F 5 R 21 Sirtl 2 1 & mRNA ik K
R N2 NQOL Rk @ FIEH 4. HIEIER
ARASEF Nrf2 530618 11 Keapl 254G T M 40 T
e R A o AR T 2L Sire] B3 T, E AT A
b Keapl i ¢ Nrf2 i 8§ A%, 5 3 NQO1 % 5% |, il
Nrf2 NQO1 & FIE#H 4. Nri2 = X LB fugi,
LA ST M A FARBOIR A (IR 3 NQO 1 2 82 T
R, WA ] TS, Sirtl Nrf2 \NQO1 3 g 3%
2 R T RS BT ) BB O EE R Sired,
B Sirtl 3l 1t & 2 B Ak Nrf2 M Keapl & #5855
J& B Nrf2 B2 g V3 n 5% A0k AR A% , 5 ARE ¥
A R R NQOT 523 Bl LA R E ]
IR YT AT 3 o S Sirt] ¥ 5E Nri2 #5535 0, i R
PUAALEE NQO LB #0E , 1y o T 40 it i e ek g

AR Sirt1/Nrf2/NQO1 18 #1755+ J1 % % iy
W BEVE AR B 5E E — 20 2R ] EX-527 4§ 5 PR 4 A
Sirtl i M. 25 R Won TN BT AL PR K
BCH AR BRI Y B 4y i i BRSO MDA &%
5 ROS K[ T}, SOD . T-AOC 1 GSH-Px i
A, Rl IL-18  TNF - & it ,MMP-3 ADAMTS-5
FEHFRAHET . XRS5 E L
1 RE B WF ST P VLB BN 19 Sirt] 4 R — 2. KB
Sirtl 25 ] & 28R 1 B S i 22—,
R 46 H EX-527 [R] B4 i Sirt] % 2 b i 4 04 9
P, R, A 0 O A 3 G 22 HE T T DR K, 1 T
Sirt] 3R Ry 5 P R AR i — 25 I IE

L LTIk, BF 0 R G A Ao UL - A B v 8L g
SR ST N T A TR B S Sirtl/Nrf2/NQO1



1480

Acupuncture Research

55 5, 42 T 0 IR BT AL RE ) L R R R
N A ECM [ fife , 328 1101 % fifk 201 S04k L 482 403
FEZE KOA #EJE . SR, AR FRANAAAE —LL R R, B
%8, NQO1 fi# & NADH & 1k 2k st NAD ™", AT gk 38
1 b 78 Sirt] 5§ P B E BB BB, A BIE 58 R TR
AT ok EX-527 S 4 B Sirt] i 71, K B 5¢
G HEBR A AL 21 Sire] 90 i 6T 515 JR 58 04 1] 422 52 )
AR B Sirt] R 5Pk Bk sh Wy i il , 25 &
21 L P B A it A B 0 6 A AN TR AN i A 22
SAC TR ML, SR TSR TR T R R AR

) 25 i 28

JIAT A A W AT A R i o

S 2% 3k

(1]

[10]

Zhu S Y, Qu W C, He C Q. Evaluation and management of
knee osteoarthritis[J]. J Evidence Based Medicine, 2024, 17
(3): 675-687.

Prieto-Alhambra D, Judge A, Javaid M K, et al. Incidence
and risk factors for clinically diagnosed knee, hip and hand
osteoarthritis: influences of age, gender and osteoarthritis
affecting other joints[J]. Ann Rheumatic Dis, 2014, 73(9) :
1659-1664.

Giorgino R, Albano D, Fusco S, et al. Knee osteoarthritis:
epidemiology, pathogenesis, and mesenchymal stem cells:
what else is new? an update[J]. Int J Mol Sci, 2023, 24(7):
6405.

Cross M, Smith E, Hoy D, et al. The global burden of hip
and knee osteoarthritis: estimates from the Global Burden of
Disease 2010 study [J]. Ann Rheumatic Dis, 2014, 73(7) :
1323-1330.

Ve HE 3%, 90 4K AU P IO W5 o D R K A < A PIL R %
RIS [T]. P 7, 2025, 38 (4) :434-440.
Tao Y L, Fan J B. Oxidative stress and chondrocytes in
in  mechanisms of action and

osteoarthritis:  advances

therapeutic strategies (in Chinese) [J]. China Journal of
Orthopaedics and Traumatology, 2025, 38(4): 434-440.
Lepetsos P, Papavassiliou A G. ROS/oxidative stress
signaling in osteoarthritis [J]. Biochim Biophys Acta, 2016,
1862(4): 576-591.

Liu L, Luo P, Yang M, et al. The role of oxidative stress in
the development of knee osteoarthritis:
research review[J]. Front Mol Biosci, 2022, 9: 1001212.
Zhang Y, Kong F, Li N, et al. Potential role of SIRT1 in cell
ferroptosis [J]. Frontiers in Cell and Developmental Biology,
2025, 13(13):1525294.

Khan N M, Ahmad I, Haqqi M T, et al. Nrf2/ARE pathway

attenuates

a comprehensive

oxidative and apoptotic response in human
osteoarthritis chondrocytes by activating ERK1/2/ELKI1-
P70S6K-P90RSK signaling axis [J]. Free Radic Biol Med,
2018, 116: 159-171.

Gureev A P, Krutskikh E P. Regulation of the NRF2
transcription factor activity by SIRT 1-induced deacetylation: a

possible SIRT1-NRF2 feedback loop [J]. Russ J Genet,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2025, 61(2): 133-139.

Riegger J, Schoppa A, Ruths L, et al. Oxidative stress as a
key modulator of cell fate decision in osteoarthritis and
osteoporosis: a narrative review [J]. Cell Mol Biol Lett,
2023, 28(1): 76.

Jang S, Lee K, Ju J H. Recent updates of diagnosis,
pathophysiology, and treatment on osteoarthritis of the knee
[1]. Int I Mol Sci, 2021, 22(5): 2619.

X, R, PRITEE, AL BT A O T R A T
R SR SRR B R E LT ]. BRI S, 2022,
47(12): 1080-1087.

LiuJ, Zeng W Q, Lin Q X, et al. Acupotomy relieves pain
and improves motor function by regulating autophagy and
apoptosis of cartilage in rabbits with knee osteoarthritis
apoptosis (in Chinese) [J]. Acupuncture Research, 2022, 47
(12): 1080-1087.

JEBE, P, R, A5 EFJTAAMIRIR A Mulligan FEEIRIT D
H A O R AR [T ]. it S B2 24, 2024, 19(1): 47-51.
Tang Z Y, Xiao J, Li W W, et al. Clinical observation of the
treatment of intermediate stage knee osteoarthritis with
acupotomology combined with mulligan manipulation (in
Chinese)[J]. World Chinese Medicine, 2024, 19(1): 47-51.
FEUT, BRANAE, Do re, A5 B JI X ROCT B OCT R AR ERE
Ml B AR AR B LT ] #FRIBTSE, 2025, 50(4): 402-410.
Qi X, Chen Y N, Ma Y X, et al. Effect of acupotomy on lipid
peroxidation of chondrocytes in rabbits with knee osteoarthritis
(in Chinese) [J]. Acupuncture Research, 2025, 50 (4) :
402-410.

X, MRIGEE, SO, AF L R Videman 3 A i G BB G
TR TE[T]. HE 4R, 2020, 30(3): 212-219.

Liu J, Lin Q X, Lu L M, et al. Experimental study of
modified videman method to replicate knee osteoarthritis in
rabbits (in Chinese) [J]. Rehabilitation Medicine, 2020, 30
(3): 212-219.

SR B ARTT A B R R R = LR R R R AR
i BF K B SIRT1/FOXOL A 5l 5 4 5% it (1], &1 1 BF ¢
2025, 50(2):150-158.

HuXY, LuoY, ZuF, et al. Effects of electroacupuncture at
“Fenglong” (ST40) and “Zusanli” (ST36) on the SIRT1/
FOXOL1 signaling pathway in rats with non-alcoholic fatty liver
disease [J]. Acupuncture Research, 2025, 50(2): 150-158.
Glasson S S, Chambers M G, Van Den Berg W B, et al. The
OARSI  histopathology  initiative-recommendations  for
histological assessments of osteoarthritis in the mouse [J].
Osteoarthr Cartil, 2010, 18: S17-S23.

X . T A S B Y R DL 28 A ek ) A
R IR SELT]. AT 2, 2021, 41(8): : 892-896..
Liu J. Ultrasound anatomy and needle-knife insertion approach
of common tendon lesions in knee osteoarthritis based on
meridian sinew theory (in Chinese)[J]. Chinese Acupuncture
&. Moxibustion, 2021, 41(8): : 892-896..

VEZ W . FE T A0 5 AT RSB0 6T I B 565 48 Y R I SR mg
[T]. hferh R 2 2%, 2020, 35(7): : 3293-3296..

Xu Y T. Discussion on differentiation and treatment of knee

osteoarthritis based on meridian tendon and myofascial theory



Bt BT 5

1481

[22]

[23]

[24]

[25]

[27]

(in Chinese) [J]. China Journal of Traditional Chinese
Medicine and Pharmacy, 2020, 35(7): : 3293-3296..
WS, BB ER . AN JT S SR I AT R A e
R AOGIIR R WL [T]. B R ek, 2021, 37(1): 73-75.
Xie N N, Luo S Y. Clinical observation on the treatment of 40
cases of knee osteoarthritis in early and middle stage with
small needle knife and joint cavity injection (in Chinese) [J].
Hunan Journal of Traditional Chinese Medicine, 2021, 37
(1): 73-75.

WG, S AR, A BT A IR R A OE s g
JIXF B ST S A SR I RERYsE e [T ], A v s 24 2%
&, 2024, 39(11): 6275-6280.

Meng D H, Lu M, Shang X, et al. Effects of acupotomy for
relieving tendon and setting bone based on meridian tendon
theory on knee joint function in patients with knee
osteoarthritis (in Chinese) [J]. China Journal of Traditional
Chinese Medicine and Pharmacy, 2024, 39(11): 6275-6280.
VRSP, Widh, TWA, % 6l I 45 AR5 Ca®" /NFATc1
ol R UM (7], s B B ARk AR, 2025, 33
(11):997-1002, 1008.

Chen P, Chen L., Wang H D, et al. Research progress of the
effect of acupotomy on bone metabolisms based on Ca®’/
NFATcl signaling pathway in osteoarthritis (in Chinese) [J].
Orthopedic Journal of China, 2025, 33(11): 997-1002, 1008.
ARICHE, X, Kk, A B JT IR OC T O R Y AL
BRI S HE L], oh 2, 2025, 45(6) : 867-874.

Yu W Y, LiuJ, Liu H, et al. Research progress of effect
mechanism of acupotomy for knee osteoarthritis (in Chinese)
[J]. Chinese Acupuncture & Moxibustion, 2025, 45 (6) :
867-874.

FIREZE, WO, WA, S5 R - A B0 A AR TG R
TE B G A i g R [T]. SC R A 2% AR, 2025, 41
(10): 1590-1596.

Ke G Z, Huang Y, Fu L P, et al. Research progress on
matrix-chondrocyte interactions in osteoarthritis (in Chinese)
[J]. The Journal of Practical Medicine, 2025, 41(10): 1590-1596.
Averill-Bates D. Reactive oxygen species and cell signaling.
Review[J]. Biochim Biophys Acta BBA Mol Cell Res, 2024,
1871(2) : 119573.

Zhou Q, Wang W, Wu J, et al. Ubiquitin-specific protease 3
attenuates interleukin-13-mediated chondrocyte senescence by
deacetylating forkhead box O-3 via sirtuin-3[ J]. Bioengineered,
2022, 13(2): 2017-2027.

Ostalowska A, Birkner E, Wiecha M, et al. Lipid
peroxidation and antioxidant enzymes in synovial fluid of
patients with primary and secondary osteoarthritis of the knee
joint[ J]. Osteoarthritis Cartilage, 2006, 14(2): 139-145.
Bouviere J, Fortunato R S, Dupuy C, et al. Exercise-
stimulated ROS sensitive signaling pathways in skeletal muscle
[J]. Antioxidants (Basel), 2021, 10(4): 537.

Drevet S, Gavazzi G, Grange L, et al. Reactive oxygen
species and NADPH oxidase 4 involvement in osteoarthritis
[J]. Exp Gerontol, 2018, 111: 107-117.

Jomova K, Alomar S Y, Alwasel S H, et al. Several lines of
antioxidant defense oxidative antioxidant

against stress:

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

enzymes, nanomaterials with multiple enzyme-mimicking
activities, and low-molecular-weight antioxidants [J]. Arch
Toxicol, 2024, 98(5): 1323-1367.

Jez . Mg 8-OHAG MDA ,SOD Il T-AOC Xl A
LW ELT]. e LA R 2 AR, 2020, 6(4): 233-238.
Long Y X. Diagnostic value of serum 8-OHdG, MDA, SOD
and T-AOC in patients with stroke (in Chinese) [J]. Chinese
Journal Hygiene Rescue, 2020, 6(4): 233-238.
Cordiano R, Di Gioacchino M, Mangifesta R, et al.
Malondialdehyde as a potential oxidative stress marker for
allergy-oriented diseases: an update[J]. Molecules, 2023, 28
(16): 5979.

[ i S I A A DO S P U G e [
BB [T ], b [ v R SR, 2022, 31(10) : 1708-1712.
Zhang Q, Zhang D, Xu Y, et al. Effect of acupotomy on
oxidative stress of chondrocytes in KOA rabbit (in Chinese)
[J]. Journal of Emergency in Traditional Chinese Medicine,
2022, 31(10): 1708-1712.

Yang Y S, Liu Y, Wang Y W, et al. Regulation of SIRT1
and its roles in inflammation[J]. Front Immunol, 2022, 13:
831168.

Singh V, Ubaid S. Role of silent information regulator 1
(SIRT1) in regulating oxidative stress and inflammation [J].
Inflammation, 2020, 43(5): 1589-1598.

Zhao M C, Qiu D, Miao X, et al. Melatonin delays arthritis
inflammation and reduces cartilage matrix degradation through
the SIRT1-mediated NF- kB/Nrf2/TGF- B/BMPs pathway
[J]. Int J Mol Sci, 2024, 25(11) : 6202.

Liu Y, Wang Y, Cheng S, et al. Pantothenic acid alleviates
osteoarthritis progression by inhibiting inflammatory response
and ferroptosis through the SIRT1/Nrf2 signaling pathway
[J]. Chem Biol Interact, 2025, 391: 111494.

ROKTF , KBV, kB, AN Sirtl /FoxO138
60 A R O T 48 T R L S Ak RSB s s [T ] %
RBFSE L 2025, 50(7): 808-814.

Wu Y J, Zhang H T, Zhang X H, et al. Heat-reinforcing
needling inhibits oxidative stress injury via modulating the
Sirtl/FoxO1 pathway in rheumatoid arthritis rats with cold
syndrome (in Chinese) [J]. Acupuncture Research, 2025, 50
(7): 808-814.

ZETG, GRS, MBbAR, B 0BT B SIRTL 40 N K ]
J5 2 Al A 18 O g o 0 R R0 LT 4 A 1 Y R L )
[T]. 253725 S5 R Z5 38, 2026, 37(2): 199-207.

Li Q, Chu Q M, Ye T C, et al. Effect and mechanism of
Xinyin Tablets in ameliorating myocardial fibrosis in rats with
chronic heart failure by activating SIRT 1 to inhibit endothelial-
mesenchymal transition (in Chinese) [J]. Traditional Chinese
Drug Research and Clinical Pharmacology, 2026, 37 (2) :
199-207.

Tsvetkov P, Adler J, Strobelt R, et al. NQO1 binds and
supports SIRT1 function [J]. Front Pharmacol, 2021, 12:
671929.

WS B3 . 2025-11-25 & [F H 4 :2026-03-14



