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FEGIH « [FH 5 E m R THRITE (2021YFC1712800) 5 1L A BHE RIS 130 (A AR 54 -0 FITH ) (2025-MSLH-482) ;
1L e R 2R 2 R SURHF I H P BA RS B I H (2024-JYTCB-053)

DOI: 10.3724/SP.J.1329.2026.01008

WE B# AT Piezol/ROS/SERCATafz 5 43R 334 4] 374 B % 7 K (KOA) A K Rk w9 3k UL 2
RO T RLE] . ik 4 SPER Wistar K R 36 R, R AMALK F A% o AR T RA EAA ErE5H4a
LS4t , B9 R, AW K RkH A AL 4R 8RR K B Hulth 3348 R F RAR T X 7 )G 44
BEBRFAE BAAL T SmL AL KEE , ERFHAAL TS5 mLKREA 1.8 mg/100 gty ERFH %
R H AR TA R T TR R, BB FRIK, &4 FM14d, WM KIREZ KWk
MR E i HREHRFREAIRERR T WAL R A HE $ &5 MR L2 % W 5k LB & ; K A TUNEL & 4]
BB MR v Sk UAL 28 FL 8 = 5 SRR o JE A R & vk AR ) IR v Sk UL 2 AL A P RG(ROS) &Rk KT 2 &
Piezol &5 SERCAla & & X ¥ JU ; 5K Bl Western blot 3% # M) & 20 Piezol.SERCAla B /8 = 48 % & & Bcl-2.
BCL-XL.Bax,Cyt C,Caspase—3 & @ 4aif Lk &, R LHEFRA &K, EAH KRR EE D (P<
0.05), & 9 sk LB F 4542 (P<0.05) , 12 & 44 5 BO% TR S IA Y BAK(P<0.05); 5REA A big , £k
B A 2l Aot R 4L KRR B B3 B K (P<0.05), w9 Sk LR £3 4 & (P<0.05), B & fLHERRB ERR A
¥4 5 (P<0.05) ;5 K k& A 4 &, AR 20 KRR B E 8 K (P<0.05) , R w9 Sk L2 F4 % (P<0.05),2 %
HHFELRERR A EZH (P<0.05), HEF KA ki, A 200 w9k ML fe B = F 45 (P<
0.05); 5 AEA 28 pb % | K sk B A 40 Fo 4 k) 20 1% v Sk UL 20 BB 1 B K (P<0.05) 3 5 ok B A 200k 4% 41
A28 v Sk UL 20 e 8 1= K (P<0.05) . BARF R4 k4k, B2 AL 40 1% vg Sk UL 20 i ) R OS ik K -F 4%
2 (P<<0.05); 5 AL A 20 pb s | 38 ok 3 A 40 A4t ) 40 % v Sk ILAL 4 i 19 ROS & ik K- 3 84K (P<0.05); 5 &
kB0 YA AT R) 40 IR v9 Sk UL 28 R P9 ROS & A K P 54k (P<0.05) . 518 F KA b4, 457 28 Piezol .
SERCAla % & & ik K5 A& (P<0.05) ; 5 AR 28 pb 45 | & 5k & A 28 Ao 4t k) 28 Piezol .SERCAla & & & ik /K
T34 5 (P<0.05); 5 B k& 414, 4F R 20 Piezol .SERCAla & & R A K P H K 5 (P<0.05), 5HEF
AU, B 20 Piezol \SERCAla & & A3t A A FHAK(P<0.05) 5 5 B A 20 v 4 | 8 ok & A7 40 A= 4 R 41

SIAME R, F R, MR R % JE T Piezol /ROS/SERCA La {5 S5 Rl 4] B J410  Jk  OC 5 SRR BUBE T Sk JUUNLAR A 8 T i HLARI I 52 [0 ). RS 241, 2026,
36(1):56-65.
ZHENG Q,DONG B Q, LIN X X, et al. Mechanism of acupuncture inhibiting apoptosis of quadriceps femoris muscle cells in a rat model of knee osteoarthritis
based on the Piezol/ROS/SERCA la signaling axis [J]. Rehabil Med,2026,36(1):56-65.
DOI:10.3724/SP.J.1329.2026.01008
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Piezol .SERCAla % & A0 4F £ 5 2 345 % (P<<0.05) 5 55 5 R 5 A 20 )L 4%, 41 R 20 Piezol \SERCAla & & A8 4
RiEFEFH(P<0.05), H5EF R, A M BCL-XL & & 483 & & B 44&(P<0.05),Cyt C.Caspase—3
E AT A FEZH (P<0.05),Bax/Bel-2 JA84 % (P<0.05) ; 5 AL A 20 14k, B ok 5 A 40 Fe 4t ] 2 BCL—-
XL & & A3t &k #3485 (P<0.05), Cyt C.Caspase—3 & & 83 % ik &3 24K (P<<0.05) , Bax/Bcl—2 Y f&
BHBEA(P<0.05) ;5 Bk H A 04, 44 4L BCL-XL & @ A8 xR ik 423 (P<0.05), Cyt C.Caspase—3 &
& A8 5t & A T EAK(P<0.05), Bax/Bel-2 JAA AR (P<0.05) . £&#  4FR] 7T 494 KOA B A X R w9 3k AL
Wz B A = , B ALH) T 48 5 98 3 Piezol/ROS/SERCAlafE 5 4 A %

FEER BB R K v kMU Piezol/ROS/SER CAlads 5 4y & AR = i LA 4R

JBE 5 15 %% (knee osteoarthritis, KOA ) J&—F &
SRIRATVESN , A DG B, ik v AR
TE LB BEE Ak H 2 ik
IR , KOA 1Y & R R BUR R AE LT, s
B M TR e JH ST B i A2 BR A TR X il
73 KOA J8R 1 25 iy AR A i A e A e ) 48 P e
i Z— PP B O R R IR Y TR 9 (2023 i) )
T Y KOA A5 G719 J] [ L) 1 e o R G
H UL TR 32, BB ISk L. RS B2 2
R WO A FILIA Y ) & 5k 0y Ko 2
YRR T 12 P S T RE Ry G s . PR, Bt Sk AL
L) T BE & KOA & 1Y B 2 P 22— L J2:
I T R A EEER 22— 2Rk JLEEAL
LR Ky Sl ) s BB A R AN, 52 T
JEe 4% iz Bl ik A v I E OGS A, (2 R AE S
M AN KOA R BEHERE . ZFP R SIGYT ik,
FHREEYT TR KOA PR 255G 1 I RE T Tl B Ay
—EMLH o WEFERI A0 AT 3 5 e ) S il W0
2N I QI DS e S A S S I =1 S
TP T 1 98 B 0 Sk LA WURE A8 D REIR 2 , AT S
KOA /1 A2 A48 BRI —Fh ] 47 (0 4l B T B L (HLRA
Ir R TR B

B B8 /% M 25 3 1 B [ Piezol (Piezo type
mechanosensitive ion channel component 1, Piezol ) J&
—FiRFER BT 4% FH B 3 T8, nREUBROR
R AL A5 AEJE AT AL AT 10 20 A 2
A7 007 R AR AR, HRIB TR S LA DI g
BB 25 DI AH OG0 Piezol W] AEH 1k 52 0 20 i P4 355 1
4 (reactive oxygen species , ROS) 7K ¥ & JJLH %/
J5t % 45 25 ATP [if§ 1a (Sarco/endoplasmic reticulum
Ca~ATPase la,SERCAla) BTGV, JETIHE Sh Lk 14
MHPE A T 38 5, 5200 B 4TI EL R -2 (B—cell lym-
phoma-2, Bel-2) FIGEE A, TR T E A Bel-2

AR X 5 F (Bel-2-associated X protein , Bax) 541
T-#E 1 Bel-2 . B 21 itk CUJ8 -4 K5 (B—cell lympho-
ma—extra large , BCL—XL) {1 , I e 2845 T Ui 7
THAT A 3 2 I =R 1Y K A R £ 11 K A -3
(cysteinyl aspartate specific proteinase—3, Caspase—3)
WAL, BEMTA G U8 Tk Az o BT ASHR AR T R
B« &1 il 7T R 38 13 4% Piezol/ROS/SERCAla {5
B, 520 T U Bel-2  Bax 41 fifd {4 % C (eytochrome C,
Cyt C) . Caspase—3 45 i T-4H OC 2 1 A9 R 35 , 4 4l
KOA AR BB DY Sk UNLAR I A9 S R T 3
TR AR, AR5 DL KOA BRI K B x4, DAAT il
b TFBE, 5 AE M Piezol /ROS/SERCA 1a {5 5 il
B R, RS IR R4 B DY Sk UL AR iR L s UL I
el Be L, LA B RITE KOA R IR
JO7 R B S AR .
1 MRS
L1 S5

PERETCRR IR IR (SPF) 24031 Wistar K5 36 H,
WEIE A2 M 3O T AR AR W EOR JB A A7 BR 2
[ 52 56 2 ) 42 77 VF Al UE 5 : SCXK (11)2019-0001
T 35 T AL o BE 24 R Bl ) S v [ 9256 B ) fi
FHFATIES . SYXK (11 )2023-0001] . YA E] ;6.
00-18: 00, HIXH IR 40%~70% , £ 26 °C, 4T
FRARDRLS U ZE 8K, B H BB IR 5 3R
H1 U BH S 8 AR R BAT IR A AR AL . AR 420
TR R S ) SR AR P B S E (AL S
21000042023118)
12 BRSNS

Pt WAMBE (5 . BXS3) I 1 H A& OLYMPUS
23wl 5 22 D) e AR 2 A A (AL - MB-530) Il H A
T IEAS BB R AT BR 2 7] 5 oo i (B
DM500) Wy F 78 [ Leica 23wl 5 L PR AX (B4°5 . EPS-
600) . HL YK f (75 : VE-180) | 5% BRAX (H1 5 : VE-
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186) ¥y [ 11 K e A= aw Bt 4 A7 BR S w5 250 Bl
(BY5 . SLO2) W [ 1 F 0 S S 3 2 AN A I A BR
Nl
1.3 2

TUNEL {5 & (575 : C1056) W [ [ g3 2 K
W F AR A BRA T 5 Piezol HLA (575 1 ah259949) |
SERCAla Hifk (#25 :ab120276) #4J0 [ ¥ [F] Abcam
28] 5 Bel-2 ik (585 . 26593-1-AP) . BCL-XL 1T
A (455 . 26967-1-AP) . Bax Hi 14 ($2 5 . 505992~
Ig) .Cyt CHilR (585 :12245-1-AP) . Caspase—3 Hifk
245 :v68773-1-1g) ¥4I F 20 = A= W) H AR A7 [R
N
14 A S TRk
141 SRS H R BOEN TR S
Yyid iR 3R 7 d e SR AL R IR T
R ARG FERE AU SE AL, 49 H .
1.4.2 KOAWER L BRI FER B A 20 5 5l
ZH R el K Hulth 325 1 KOA BEHS7 S 3% 1%
Ll Z2 AR 3 S0 R R AT JRR TR , JRR IR J 10 BT K B
A W0 S A R B0l DI 5G4 i, B9 W T S 38 S
s, R O A, SR 5 EAT 4 a0, KRR
] 52 4 i e (+) S5 48 A o R F ARG T
i BERME AT S . RIES 1~3 KR 4HBHS T
KI5 20 7 USE T 0.9% A= B £R /K b i s v 5.
S ARIFG A H TN DAL T 5 R
iz gl B R T S m A% L G BE 4 3 3 KOA (1)
KANR . MESEG 0¥ 20 em, 553 .6 r/min,
BEUR 30 min, ELLIN k6 i o 6 A5, 2 4LIF s+
AT IR S5 .
143 THWHE
1431 BFRASGHEAY W4T S5 mLERER
KHEE B H 1R RS 14 d,
1.4.3.2 FORE M WISAREBYTE, 475 mL
WEEH 1.8 mg/100 g (W FEAR B IFWHE S , B H 13K,
FRe 714 d.
1433 il 4 ratilayy . 2% ChE AL
S GEEE T VB IO MR IR AT R . S5
(I Fo 2 ) i oK R 0 2 B M AR AT A A0
BT CRBUBES , B8 &) ST (R BRUBEER
BeE 2% v vk (O BB P36 , R BRI 9 4% L
54 LAE AAL  BIAE DT WLS BT Sk ALASTEAR ) .
BN VB TOTIR 50 v R 2 R S B, R A
BORGE , BT 20 min, B H 1R FREET 114 do

58

144 s B KRR TG, 4455 8K
12 h, 3% ()18 B Lb 22 B I s SRR IR , JRR IR I i1
TR, PO MR USLHL, —FE T2
R P AR BT 50 mL EPAE T, -80 °C
UKFEVR 2 FH o

1.5 WEHbs

1.5.1 0 R R L A Dl Sk LR o 3 o 4
FpoR SR AT LG SIS AR & A R U
ke, R R T A R BURIE S
P EM [ T 905 £, U R O BB B . B s
F0 3 8 WU J5 e, 56 8 0 5 BB H BUA) A sk
WU, 43 AR BB B o PR 0 0 2 445 SR 15900 o 4 4

B LI NG a8
U0 T 20 5 5 EL A = FR AR Y Sk LY 2/ e 0 A D S
AR X 100%

VBT L = AR D Sk VLI 7 /4 55 ik X 100%
1.5.2 HE Qs Bk JUES B4k
VU Sk L, B I A W IR Y) . U0 g R ORI
W BB B K AT HE Yot SRACRE Ye i gt
5 min, FK WYL, 1% LR L B3R 10 s, F K vh
Y 1% /KR W 30 s, T /K gk , R Jeik 4 €6, 3 min,
e J5 K Uk 60 s, KUK L6 BE K R
B PRI L B SR DMS00 627 5 i
pUE S ISP
1.5.3 B VU Sk WUNLAN A IR TR0 SR IR A A
it 5% 7% W AR 10 52 5 (terminal deoxynucleotidyl trans-
ferase—mediated dUTP nick end labeling, TUNEL) £
N5 2 1 Y Sk UL 208 B 0 T 00 o K P Sk LA
W) 2 ORI B R SRR OK S L T
it K(20 wg/mL) 5 0.1% Triton X—100 #7471 75 40 B
(3,20 min) . PBS MESS T8I0 & WA bR ic 2
IO 2% WP EE R ST 10 mine HoJE BEAT B AL B, F
M 50 L TUNEL Sz 7 1 A [ 7 A v ot A% 17 i
A% WG (TdT) B 5 2¢ 6 & bn ic B R 7 = B R
(dUTP) ], F 37 ‘CHEJEIFF 60 min, 5 LLIH A B
JE B —$0, 4 CEF o, R HIB M2t — 40, % i
WECIEE 90 min. I I DAPT YL A L% , H i &t
L T WU T W8 I Bl B 3E B 3 S B 4T
{0 = R e
1.54 DUk AUULAEAE N ROS kK F-LL K Piezol
5 SERCAla M ZRIRRM R s o8 b e ik
45 41 ROS 235 7K L K Piezol 55 SERCAla 3155
KIEBL

1541 ROSERAKVAGI 85 AP Eh



B AT FET Piezol/ROS/SERCA 1a {5 S FR 2T 4000 1) 81 5615 S A A0 FRUE DY Sk ULATLA it 0 T A L Hh A 42

2 P (pH 6.0) HEAT LI VB & (5 2k, 8 min X
20 IFEHE, TG A TR N 12 100 6 B 1Y
ROSHLIK ., 4 CHFRE K . W H H PBSIEE, RS 7E
WECAEAE T RIS PR A0 A% Gk DAPL, #EY
JEE 1 h T, AP IGN , e s R

1.5.4.2 Piezol 5 SERCAla 3L AK M Piezol 31T
PR €85 vk [R] ROS Rk A I, Yo 658 1 L K V) R
BT e U B i 30 min,
SR SERCA La il , i1 . 20 BT T W%
FEHAER , REK ) A BEHC 3 LT, i Image) #R4 Xt
DGR HAT T

1.5.5 Piezol \SERCA la S i T HISCH (AT ik &
Kl % Western blot #6145 41 Piezol .SERCAla.
Bel-2 . BCL-XL,Bax.Cyt C.Caspase—3 75 [ A% 15
o K 4 Z TSk LA SUBTRE I, AR AR
AT WFEE I AE VK L 20 B0 TR AR K B
10 min, R HI & H . U4 30 weg FEAREA i &
i SDS-PAGE BERZ ) LUK R G HATHIK, 702 B s
A% 2 PVDF B L il 5% RS Wk 7 W F
4] PVDF i 2 h, B J5 FH TBST ¥E % , B PVDF i & T
1:2 000 # B —PT AN 1:3 000 F BE 1) B—actin—PL
L fE4 CTFMEE 12 ho TBSTUER PVDF 55 , K H:

BT 12 000 B —dih , fE4 CRIEFE 2 h,
b2 KGR R G AT MO R BRI L R A
Image] B 53 B 45 8 1 55 I K FEAAL .
1.6 Hiil*EJiik

K H SPSS 25.0 e it #4478 43 Al o 1o
FERHIR A IE 2520 A5 B0 LA (s ) #6718, 4L 18] F AR
U BT 2250 M, 5 7 2555 W SR T LSD—1 4
B 5T 2255 K ] Games—Howell 3. P<<0.05 4
ERF G EE L

2 & R
2.1 A4LRKRRDE . e Du LT o | 0 o e 3 B
CRINTATEAE

S AR AL b A, RS A KR R N (P<
0.05) , B DU 3k Ui H 452 (P<<0.05) , 1 HE 4R 5748 [
T A H M IR (P<<0.05) 5 SRR 4 et
FER AT AR i 4 KRR PRl B IR (P<<0.05) , i
DU Sk LG B 485 H (P<<0.05) , 1 1 4455 5 0 1 T R
o B B (P<<0.05) ;5 985k B A 4 L 8%
BT ] 2H AR BB P AR (P<<0.05) |, DY Sk LG F 4
(P<<0.05) , i 51 4k +5 48 [ 8 84K it & b E 244
& (P<0.05), W#1,

®1 AAKRBEE BROLIEEEEEFERBERRE LA (v25)

Table 1 Comparison of thigh circumference, quadriceps wet weight, wet weight maintenance rate,

and wet weight to body weight ratio in four groups (x+s)

25 n KM B /mm PSR E /g WEAERR/ % AT U E/ %
FARA 9 161.4142.63 4.84+0.70 96.1641.61 4.834+0.59
PRI 2 9 100.89+5.10" 2.6740.61" 79.9941.00" 2.03+0.22"
B 9 112.1949.10? 3.2940.36” 83.99+3.37% 2.93+0.42?
20 9 121.57£4.55% 3.91£0.59%% 89.96+£2.29% 4.13+0.587%

T S ERTFARALE, 1) P<0.05; SR A, 2) P<0.05; 5T AH LI, 3) P<0.05.
Note: compared with the sham—operated group, 1) P<0.05; compared with the model group, 2) P<0.05; compared with the celecoxib

group, 3) P<0.05.

2.2 44l INUE AL

8 T A ZE 1 DY S LA A e 2 4 B A T | HE 51 4
Fr EASERE . T AT ULEE Y 1) 41 B A% S5 48, 40 it
%5 8 A IRE | WLAN A 2 T n] U 3 15 F A i
S S0 T o S A P A 8

TR 21 JE DU Sk ULV A HE 37 Z5 L L 8 40 L4
o IR R AR AL, LIS 32 461, 1w AN 6T HLA il
AR WLAN R RA T, WILAN B 22 (8] 77 76 B S [R] B, 3 F
A EBA WLAR MR Fr RN B R Y R EL A £

FEK E AT 2 e Y Sk UL AR A R o AR 5 T 5%
F AR AT | WA () 56 S M A e, ml UL A=

JULAH AL, AEATS A7 AE 0 23 L2 300 2 A 3 I A I 42
A AR R DL R AR

S 00 2 e 0 Sk ILIVL AR B TR 285 S A R TR, L
B 11 S0 e P A g, AT BT AR LA B, A L UL 44 i i
GNTH T, AR WA AR DA SR MR . UL 1,
23 44 PUSDUILANRR IR T R

ST ARG e, AR AR ZH B U Sk UALAH A 9 T
T E (P<0.05) ; SR H g, 208 & A 4 A
S e O Sk AILILAR I 0 T R I AR (P<<0.05) 5 5 %E
B AT 2 LA, A 20 I S UL AL 200 1 o0 T R A1
(P<<0.05). WL#%2 K2,
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PR T
fir FARLH FiAIZ
7 !H.lﬂ!&‘ mma'
F
FERATATH el

B 4HRMELAHE R ELLE (X 400)
Figure 1 Comparison of HE staining images of quadri-

ceps femoris in four groups (x400)

2 4ZERRMSCRALALZA AR A T 2R BE A () %

Table 2 Comparison of apoptosis index of quadriceps

muscle in four groups (x+s) %
5 n T
FARA 9 0.94-40.03
FEERIZY 9 1.8440.62"
FER B A 9 1.3440.30?
EIEE 9 1.1240.16%%

A HRBRFARALE, 1) P<0.05; SHARIY LE,2) P<
0.05; SR F AL LA, 3) P<0.05.
Note: compared with the sham—operated group, 1) P<0.05; com-
pared with the model group, 2) P<0.05; compared with
the celecoxib group, 3) P<0.05.

DAPI TUNEL Merge

N el

E2 44 TUNEL$EE(X400)
Figure 2 TUNEL staining images in four groups (x400)

60

2.4 AHIBEPYSIUILLNAL N ROS kK T-Heke

S5BF AR g, #5028 pd Sk LU 4 Bt Y
ROS F ik /K 55 (P<0.05) ; SHIHI4H [ i, 225k
A 2 AR 30 28 % P sk LATL 4 AR P ROS 283k 7K
BIAIR (P<<0.05) ; 5 ZEk 1 A 2 L, ) 41 8
SLALALAR I Y ROS IR KR (P<0.05) . L%
3.F 3,

=3 4BRRMLANAAE A ROS FRik K F LLE (v+s)
Table 3 Comparison of intracellular ROS levels in quadri-

ceps myocytes in four groups (¥+s)

20 5 n ROS
BFAR4 9 2.03+0.34
HEFY 2] 9 13.77£3.75"
FER A 2] 9 11.0743.20”
B4 9 6.1741.432%

WG RFARALLE, 1) P<0.05; SRR LE,2) P<
0.05; IR FMLLLLEL,3) P<0.05,
Note: compared with the sham—operated group, 1) P<0.05; com-
pared with the model group, 2) P<0.05; compared with
the Celecoxib group, 3) P<0.05.

DAPI ROS Merge

B3 4A8RMLALALZEAE R ROS RiEE (X 400)

Figure 3 ROS fluorescence images of quadriceps

BFAAL

FEmig

FEAA AT

!

myocytes in four groups (x400)

2.5 4% Piezol 5 SERCAla sk (1 #eik K F- Lk
ST AR 5, R4 Piezol SERCAla 2
FRKTFEAR(P<0.05) ; SH R Hod, 2ok H A
ZH 540 Piezol .SERCAla 2E 13k K48 m
(P<<0.05) ; 5ZERE A4l Lb s, £1 il 2H Piezol \SER-
CAlafi HRIBKFE = (P<0.05), W34 F4,



HB HhEE BT Piezo l/ROS/SERCA 1a {55 Bl E L 10 1 A1 58745 R AT SRR DU Sk UVLAN B 08 T A ML BfF 52

F4 AHRMLAAL Piezol 5 SERCAla BB RE KT LB (v2s)
Table 4 Comparison of relative expression levels of Piezol and SERCA1la proteins

in quadriceps femoris tissue among the four groups (x+s)

21 5] n Piezol SERCA1la
BFAR4 9 9.66+1.61 10.37+2.34
LR 2 9 1.0440.23" 4.34+0.78"
e SR 9 4.164-1.02% 6.78+1.347
aplE 9 8.2041.477% 9.1241.34%%

SR TARLIE, 1) P<0.05; SHAA A, 2) P<0.05; 53R FEAAHE,3) P<0.05.
Note: compared with the sham—operated group, 1) P<0.05; compared with the model group, 2) P<0.05; compared with the celecoxib
group, 3) P<0.05.

DAPI Piezol SERCAla Merge

BT ARL

B

4 4/ Piezol 5SERCAla EHHERIAE(X400)
Figure 4 Expression images of Piezol and SERCA 1a proteins in four groups (x400)

2.6 4% Piezol .SERCAla’& F1AHR} #eik R bbis R (P<<0.05) 5 5 280k B A 4 LA, 1 2
SRFARA L BRI Piezol SERCAlafil1  Piezol .SERCA la & FIAHN Fe ik 45 (P<<0.05) .
AR 3R B AR (P<<0.05) s SAEHUZE [LAL, JE0k nges K5,
AT LR ER R 4 Piezol . SERCAla 25 H AH XJ 3 35
R5 4HRRMLALEAL Piezol SERCAla E B X RIAZ LR (x+s)

Table 5 Comparison of Piezol and SERCA 1a protein expression in quadriceps femoris tissue in four groups (x+s)

205 n Piezol SERCAla
FARA 9 0.934+0.04 0.88+0.11
R 21 9 0.3040.06" 0.2640.07"
e SV 9 0.5240.10% 0.60+0.18 ¥
aREE 9 0.81£0.172% 0.8340.147%

- SEFPARARE. 1) P<0.05; SHAIL AL, 2) P<0.05; 5K AL HE.3) P<0.05.
Note: compared with the sham—operated group, 1) P<0.05; compared with the model group, 2) P<0.05; compared with the celecoxib
group, 3) P<0.05.
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feeFARLL B4l SEREAAL AL

-+ T ™
o -

5 4/ARMKAAL SERCAla % PLB & B RikHikE
Figure 5 Electrophoretogram of SERCA1la and PLB
protein expression in quadriceps femoris

tissue in four groups

2.7 ARG I ks e bb AR

SR TR A, BRI 2H BCL-XL 2K (A X %
KB AR (P<<0.05) , Cyt C ., Caspase—3 £5 H A X} %
ik B (P<<0.05) , Bax/Bel-2 H B %5 &5 (P<
0.05) ; SHTALA LK, ZEK A 2 A Il 2H BCL-XL
A X R E R ER (P<0.05), Cyt C ., Caspase—3
B FAXT s T AR (P<<0.05) , Bax/Bel-2 HU(H
PIRAR(P<0.05) ; 5ERE i 4l Lh# , £ 4 BCL-
XL 2 [ AH X 2R 35 i 4 (P<<0.05) , Cyt C. Cas-
pase—3 F [ AH X ik AL (P<<0.05) , Bax/Bel-
2 FLERAR(P<<0.05)., W36 &6,

#*6 44HBCL-XL.Cyt C,Caspase-3 & H 8%} KX E 50 Bax/Bel-2 b B EL 5 (x+5)
Table 6 Comparison of relative expression levels of BCL-XL,Cyt C,and Caspase-3

proteins and the Bax/Bcl-2 ratio in four groups (¥+s)

20 51 n BCL-XL Cyt C Caspase—3 Bax/Bcl-2 L&
RFARA 9 0.90+0.10 0.1240.02 0.3140.12 0.40+0.18
PRI 2 9 0.1240.03" 0.9440.13" 0.904-0.10" 4.354-0.82"
FER A A 9 0.64+0.17% 0.784+0.16% 0.7240.22% 1.324+0.28?
anEE 9 0.8940.112% 0.524-0.207¥ 0.2740.09”% 0.3340.207%

HSEFARARE. 1) P<0.05; 5B, 2) P<0.05; 5K A HLE,3) P<0.05.
Note: compared with the sham—operated group, 1) P<0.05; compared with the model group, 2) P<0.05; compared with the celecoxib

group, 3) P<0.05.
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Figure 6 Western blot bands of Bax.BCL-XL.Bcl-2.
Cyt C.Caspase—3 proteins in quadriceps

femoris tissue among the four groups
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Mechanism of Acupuncture Inhibiting Apoptosis of Quadriceps Femoris Muscle Cells in a
Rat Model of Knee Osteoarthritis Based on the Piezol/ROS/SERCA 1a Signaling Axis

ZHENG Qu"*’, DONG Baogiang'®, LIN Xingxing"’, ZHANG Yu', GUAN Xuefeng!, HAN Yiyan"*

" Liaoning University of Traditional Chinese Medicine, Shenyang, Liaoning 110847, China;

? Liaoning Provincial Key Laboratory of Acupuncture Biology, Shenyang, Liaoning 110847, China;

? Liaoning Provincial Key Laboratory of Acupuncture and Moxibustion Health and Rehabilitation, Shenyang, Liaoning 110847, China;
* Shenyang Pharmaceutical University, Shenyang, Liaoning 110016, China

*Correspondence: HAN Yiyan, E-mail: hyy-zjtn@Inutcm.edu.cn

ABSTRACT Objective To explore the mechanism by which acupuncture inhibits quadriceps femoris myocyte apoptosis in a rat
model of knee osteoarthritis (KOA) based on the Piezol/ROS/SERCA1a signaling axis. Methods A total of thirty-six SPF-grade
Wistar rats were randomly divided into sham-operated group, model group, celecoxib group, and acupuncture group, with nine rats
in each group. The KOA model was established in the model, celecoxib, and acupuncture groups using the modified Hulth method,
while the sham-operated group only underwent arthrotomy followed by suture. After modeling, the sham-operated and model groups
received 5 mL of normal saline by gavage, the celecoxib group received 1.8 mg/mL celecoxib solution 5 mL by gavage, and the acu-
puncture group received acupuncture at the infra-patellar, Hedingci, and Xuehaici acpoints. Interventions were performed once daily
for 14 consecutive days. Thigh circumference and quadriceps wet weight were measured, and the wet weight maintenance rate and
wet weight to body weight ratio were calculated. HE staining was used to observe quadriceps morphology; TUNEL assay was
applied to detect quadriceps myocyte apoptosis rate; immunofluorescence staining was employed to assess intracellular ROS expres-
sion and co-expression of Piezol and SERCAla in quadriceps myocytes; and Western blot was performed to measure the relative
expression levels of Piezol, SERCAla, and apoptosis-related proteins (Bcl-2, BCL-XL, Bax, Cyt C, Caspase-3). Results Com-
pared with the sham-operated group, the model group showed a smaller thigh circumference (P<0.05), lighter wet weight of the
quadriceps femoris (P<0.05), and lower wet weight maintenance rate and wet weight to body weight ratio (P<0.05). Compared with
the model group, the thigh circumference was greater (P<0.05), quadriceps wet weight was heavier (P<0.05); and both the wet
weight maintenance rate and the wet weight to body weight ratio were higher in the celecoxib and acupuncture groups (P<0.05).
Compared with the celecoxib group, the thigh circumference was larger (P<0.05), quadriceps wet weight was heavier (P<0.05), and
both the wet weight maintenance rate and the wet weight to body weight ratio were higher in the acupuncture group (P<0.05). Com-
pared with the sham-operated group, the apoptosis rate of quadriceps myocytes was higher in the model group (P<0.05); compared
with the model group, the apoptosis rate of quadriceps myocytes was lower in both the celecoxib group and the acupuncture group
(P<0.05); and compared with the celecoxib group, the apoptosis rate of quadriceps myocytes was lower in acupuncture group (P<
0.05). Compared with the sham-operated group, intracellular ROS expression level in quadriceps myocytes was higher in the model
group (P<0.05); compared with the model group, intracellular ROS expression levels in quadriceps myocytes were lower in the cele-
coxib group and the acupuncture group (P<0.05); and compared with the celecoxib group, intracellular ROS expression level in
quadriceps myocytes was lower in the acupuncture group (P<0.05). Compared with the sham-operated group, the protein expression
levels of Piezol and SERCAla were lower in the model group (£<0.05); compared with the model group, the protein expression lev-
els of Piezol and SERCA 1a were higher in the celecoxib group and the acupuncture group (P<0.05); and compared with the celecox-
ib group, the protein expression levels of Piezol and SERCAla were higher in the acupuncture group (P<0.05). Compared with the
sham-operated group, the relative expression levels of Piezol and SERCA1a proteins in the model group were lower (P<0.05); com-
pared with the model group, the relative expression levels of Piezol and SERCA1a proteins were higher in the celecoxib group and
the acupuncture group (P<0.05); compared with the celecoxib group, the relative expression levels of Piezol and SERCA la proteins
were higher in the acupuncture group (P<0.05). Compared with the sham-operated group, the relative expression level of BCL-XL
protein in the model group was lower (P<0.05), the relative expression levels of Cyt C and Caspase-3 proteins were higher (P<0.05),
and the Bax/Bcl-2 ratio was higher (P<0.05). Compared with the model group, the relative expression of BCL-XL protein was higher,
the relative expression of Cyt C and Caspase3 proteins were lower, and the Bax/Bcl-2 ratio was lower in the celecoxib group and
acupuncture group (P<0.05). Compared with the celecoxib group, the relative expression of BCL-XL protein was higher, Cyt C and
Caspase-3 proteins were lower, and the Bax/Bcl-2 ratio was lower in the acupuncture group (P<0.05). Conclusion Acupuncture
can inhibit quadriceps myocyte apoptosis in KOA model rats, and its mechanism may be related to the regulation of the Piezol/ROS/
SERCA1a signaling axis.

KEY WORDS knee osteoarthritis; quadriceps femoris; Piezol/ROS/SERCA la signaling axis; mitochondrial apoptosis; reactive
oxygen species; acupuncture
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