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(FE) B URERIMNBREIXRTREEAAABRRY KA ALTLAEMBEAME FEMAE 2 (CC chemokine ligand 2,
CCL2) . # 1t B F % & 2(CC chemokine receptor 2, CCR2) % it % Bt K 4 2 B % 1 B -1 (Caspase—1) B B b p65 (phosphorylated
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The mechanism of Huoxi Decoction for chondrocyte pyroptosis in rats with knee osteoarthritis
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(Abstract] Objective To observe the effects of Huoxi Decoction on the morphological structure of knee joint cartilage and

the expression levels of CC chemokine ligand 2 (CCL2), CC chemokine receptor 2 (CCR2), Caspase—1 and phosphorylated p65
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(p—p65) in knee joint osteoarthritis model rats. Methods A total of 32 SPF rats were randomly divided into normal group (n=9) and
model group (n=23). The model group of rat knee osteoarthritis was established by the modified Hulth method. After modeling, 2
rats were randomly selected from each group to verify the modeling effects. The remaining 21 rats in model group were randomly
divided into three groups: model group, Huoxi Decoction group (1281 ml/kgd) and positive drug group 20 mgkg/d), with 7 rats in each
group. The normal group and model group were given the same volume of distilled water by gavage once a day, the Huoxi
Decoction group was administered the Huoxi Decoction by gavage once a day, the positive drug group received the celecoxib
solution by gavage once a day. After 4 weeks of gavage, the cartilage tissue samples of the rat knee joint were taken. HE staining
and safranin O—fast green staining were taken to observe the pathological changes of chondrocytes in rat knee joint; the expression
of CCL2, CCR2 and Caspase—1 mRNA was detected by RT-PCR; the expression of CCL2, CCR2, Caspase—1 and p—-p65 was
detected by Western blot; the pyroptosis of rat chondrocytes was detected by Tunel-IF (Caspase—1) fluorescence double staining.
Results Compared with the normal group, the cartilage degeneration of model group was significantly aggravated, the level of
cartilage pyrosis was raised, the expression levels of CCL2 mRNA, CCR2 mRNA and Caspase—-1 mRNA were significantly higher
(P<0.01), and the expression levels of CCL2, CCR2, Caspase—1 and p—p65 protein were significantly higher (P<0.01). Compared with
model group, the cartilage degeneration of Huoxi Decoction group and positive drug group was significantly improved, and the level
of chondrocyte apoptosis was reduced. The expression levels of CCL2 mRNA, CCR2 mRNA and Caspase -1 mRNA were
significantly lower (P<0.01), and the expression levels of CCL2, CCR2, Caspase—1 and p—p65 protein were significantly lower (P<0.05,
P<0.01). The expression levels of Caspase-1 mRNA and protein in positive drug group were significantly higher than those in Huoxi
Decoction group (P<0.05, P<0.01). Conclusion Huoxi Decoction can inhibit the pyroptosis of rat chondrocytes and improve the
degeneration of rat articular cartilage by reducing the expression levels of CCL2, CCR2, Caspase-1, and p—p65.

(Keywords) Huoxi Decoction; knee osteoarthritis; chondrocyte; pyroptosis; chemokine ligand 2; chemokine receptor 2
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(nuclear factor-kappa B, NF-«xB){5 5 %4 T4
RAF T L KA T HEAEA], M H.CCL2/CCR2 {7 %5
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T \CCL2/CCR2 \NF—kB {5 5 i #% 57 & s 4R
W T 151 KOA 1955 FHLiil

Dawley KBl (f i 200~220 ¢)32 2, FifF KR
WA 1) e 40 3 v 5 A SIS h A IRA R BARTE S
SCXK (H#1)2019-0004 , 7 5245 K FRU7E M R B2 245K
2% SPF L SE B sy o i 5% =3l 20~25 C L, A X
W RE 55%+5% , 25 S il , - e % B BIKE
JTOCHIRE GRS 12 h S250 3 A% v S A0 W e b s 24
KE2E5— I E B Be sh W (R BEZS 51 S b ifE , L3R € iR
W p rh BR 2 R R — MR B B sl 18 B2 B S it
e L ES . ZYFY 20210115,

1.1.2 SEszh¥ WWBmA 7 (G 15 o, A4
15 o, ZeWr 15 g, M 15 o, BHEEAh 15 g, )14 B
15 g, %70 10 g, K% 10 g, 9 6 ¢, HE 6 9),
DL 254349 F i1 g v 28 K2 B T 1 s e 245 7R
PEAE 2 AR . R T 2 BRI ST T AR KR I
30 min, B 25 250 TP 24 5T, 4R S B A B E
IMAZEWK B 2K 259 4 em 2740, B ER
oK A S O SOk 4k SR 18 BT 30 min, JEH 2
T RO ZE K 52 M 2520 2 em, [A1VE T
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il W U 25 T IR AR, A BE AR o ik 4 =
122 mL(EPRE 1 mL 259 1 g R ZEZ54)  #E il
UEHUH 25T K, B 4 CCUKFPRAT, 2R
JBEHE (200 mg/kr, 2 EMEEGHI 254 AR, #t5 .
$92534)

1.1.3 0 Sk 58 SDS AR whii (5) . 10%
APS . 10% SDS TEMED PBST %% thifi .30% Aci/Bic .
FL UK VR 9% L B R 0 P LT R 2194 W (10) L RIPA
S B W R A0 ) ) Super ECL Plus i
R (KU IR AL YR A IR A B 5 50 5108
AWB0055 AWB0093 AWT0047 AWB0068 AWI0130 .
AWB0020 AWB0083 AWCO0114 AWB0225 AWB0136,
AWHO0650 ,AWBO0005 ) ; £ [ g 41 il 71 (4t 5% 4 48 %
AR A R A A S .583794) ; B2 W E R
W (ARG R A R A A #5450 50 . BW-61
BW-62) ; B g ¥ ( 74 3F 2F BIOWEST A &), 4t 5 .
111860); FAEZE whif (6) .mRNA 306 5% 54k %) & (dt
RN A YA R A ) S 430 . CW0610 |
CW2569); EDTA (K% LA WHAGRA A S .
MB2514) ; Tris ( 3£ [ Sigma 28 7 , #t %5 : V900483 ) ;
K% R Y ok (A6 mt 35 R 3 N R A IR A &L S
PB11141);CCL-2 ¥t/ Caspase—1 i (3£ [F Thermo
)L S 23 Bk PAS-34505 PAS-87536) ; CCR2
il B-actin FLIA HRP 111 2£40 Bl IgG . HRP 111 4
% 1gG (3£ [ Proteintech 23w, b5 53l 4 16153~
1-AP 66009—1-Ig . SA00001-1.SA00001-2) ; p—p65
Piik (FEE Abcam Al it :ab76302) .

1.1.4 SCERYEY  H1650R M &8 % e ol (1
BEMASCA FR 2 7)) s DYY-6C AL ik {X . DYCZ-24DN
RUHL KA DY CZ~40D FU5E AL (b3 — A YRk
H IR ) ;GL-88B AL JE i 1R A % (V1. 75 H AR U JR
A0 il 38 A BR 2N W1 ) 5 JB—13 R4 F1 48 1 4% (LAY
HL B2 A #R B  AT BR A 7] ) s BioPrep—24 HUAE W) i
B BAL (AT M BLBEAY 25 A7 BR 23 7] ) ; ChemiScope 6100
RUAL 22 % 6 B R G (il B R 2 A3 A BR A
A] ) ; PIKOREAL96 %5 5 5 RCP X .SPL0960 #!
¢ PCR M (32 [E Thermo /A 7] ) ; YD-315 &I Y] F#HL
(& AT 5 Y7 I A FRA R ) s BMJ-A B4 3 AL
CH N T L AL AR A BR A |] ) s BA210T Y385
1B  BA410T #99%  fle (rb [ 22 o B il A
HIRAFH),

1.2 LIk

1.2.1 Zhsrdl 32 HAdRE SD KR, i b 1 1 77
1JH, Seti BEHLE T R ILBEVLE IR 9 KR RAE R

TR AL AT AR T RS it Ay 23 HRER b i
RG] AT F AR 3 A5 B ATL DA I 5 20 F 3 A A 4y
SR 2 K BRL B B 56 49 A S X6 L 50 T i AR
T AR T I P B LB R PO R A 21 R
BEML AT 3 20 BV IS A A PRV A B
7H,

1.2.2 sl SRR Hulth 3B 0H] £ K
B KOA BR324 K BT DA K & S 17 i kOB
P BRI T 2 R B o BB 5 IR DG, b i e A/ 4 G
W, N R BR G R AR R A HE B
Mo AR B G P A % S 52 47k 3 P A 22 ) A, B
WA U, A7 R 06, BH P DU 2 s 2 59 TR
&SR AR R K S T i JE B R e A, LR L
BHLFLG 1R T, AR R R I 0 s
1T, AR Lk i, A TC R ERAE . TR A KL
T AR 80 000 U/H iELE 3 d, ARJ5 4 HUKEE
KR (B B A KB #AT R E G, BIK 20 min,
TEH 2 WS 4 8 GRS 3 0 A IE H 4 i LA
W2 HORER, RERARAE 5 B8 UROC 1T FRAS | ISR K
R G T 1 AR L R U G el R B S el s
R THRLRS | P B IR DG A B AT D O i B
TR R

123 42y KREGBRIE, BHES 1k,
AR A < N5 Bl A 2 i AR R A ARG A L
REWE, IEHHSHE A T LL12.81 mL-kg'-d!
WK, WA TLI12.81 mL-kg'-d? G,
FHMEZ5 P24 7 LA20 mg - ke'-d™ ZE2K & A (W B B
T 12.81 mL-kg™'-d™ MUK ) 01T 44
25555 48, B EUOR BRI OGOl AL 4R A | A6 I AH
KARIR

1.2.4  KEBREHCEHLSURBIE S 0E  UIIF
KA T T 569, A R X L A 4% 4 R U 6
AR IR A R RS A O B A R AL B AR
BRULTE 4% 2 R EEHE W, W& 72 h kR K
J& T UL HE B8 I 5 B g G 434K
HHL R KT AR LD O-[B Lk ge o, i i £
AT Gy Uk -3

1.2.5 RT-PCR ki CCL2 ,CCR2.Caspase—1 mR-
NA 3Rik 0 H Trizol a7 $2 U 2H 21 & RNA , %8 5
GG EE T E RNA MR BE 4 B FR BE S v 4
PEAT 155 S5 W 5 L Actin i N S 9047, OB 410 N
95 CHAZEM: 10 min,95 CAEHE: 15 5,60 CiR K 60 s,
EE A0 MEA, £ I R IRKT R 272 Jr kit AT
it ., FrA 51958 F Primer 5 #0F&IT, H 1
WA T ARSI, RNA 5175 L% 1,



228 1R T 25 R 2E 2= hitp://hnzyydxxb.hnuem.edu.cn

2023 55 43 &

# 1 RNASI¥REF

ElkZ 519751 P38 Wy Be K /bp
Actin - Liff ACATCCGTAAAGACCTCTATGCC 223
T TACTCCTGCTTGCTGATCCAC
CASP1 i CTAGACTACAGATGCCAACCAC 128
T GGCTTCTTATTGGCATGATTCCC
CCL2  IJif AAACCAGCCAACTCTCACT 200
N GTAGTTCTCCAGCCGACTC
CCR2 i TGTGAAGCAAATTGGAGCTTGG 184

T GAATGGGAGTGTGAGCAGGAA

1.2.6  Western blot & ll CCL2 ,CCR2,Caspase-1 .
p-p65 LI BYHEY 0025 g AILUWEA, LA 300 pL
(1 RIPA 24 W, 24 Jo BRI (15 B 120 pL &2
IE A 30 wIx5 loading buffer %], #7/K 5 min,
A VK& RS H o UK (75 V,130 min) JEHE
B IxPBST F— 54l i — 7 LB ke I S
—P—BEF , EIRHE 90 min; H 1PBST # B¢
HRP #Ric 09 80, B 56 B 5 1 0 5 B [m) = I
H 90 min;ffH ECLAL2E AW S EME 1 min,
FHUE AR WA, FH S8 B A L 4 5e s e E I
X &R B 5 vk

1.2.7  TUNEL-IF B AGIACE ET15 L 60 C
K6 R/ 12 h, VIR W J5 7% 08 K= Uk, PR 2 R 4T 5
BE GV A MR BT 00 S AR W 75% S RER W
I PR R LR, B S T LA 1 x Equilibration
Buffer 7 6 RERFEA X, M5 5 A 50 pl TdT
I E P, 37 CHFH 60 min,PBS #hijk, ik 24
i & 1) —Pt (Caspase—1),4 CRER ;3% M 50~100 plL
Pi—t-1gG pric 2 bPiA 37 CIFE 90 min; DAPI
TAEW 37 CYA% 10 min, HE H G766 B8 T
U3

ZIN o

1.2.8 Bt A SCs BRI “axes " ROR T
FH SPSS 22.0 e it A AT G it B b 3L, 4% 5
55 2 7] 2 5 1) Bk 3 PR A 9 34 R F Oy 2 43 i R A2 D
TR T 22 5 IR T LSD 1R AT 4L ) 25 S AR,
T ZARFFE R Tamhanes T2 b7 4H 0] 22 5% 1L
B, UL P<0.05 1 22 A geite i X

2 £R

2.1 SRR IR

M AR IS 23 1) DA IE 2 A AR AL A5 R 2 ORI,
PR P AR B i B MU S A AR A, PAL IR LA AT DL I o 4
RS O A 58 % RDEHr , AR DL o
7K RO 3 A5 2 R R 5 T A TR |, B T
IR BCE R R B, O A L BOE B, Gk I T R
Uro PELE 1,

AL

1 KR KOA #EIGIE
T+ ALTE 2R B 510 J8e B T 5 B L 4L R B O 1 1
CLIE AL R B OC 10 M 1T 5 1. 5 A 21 R LR 5G40 T

2.2 TEBEAXNT KOA KEUBOCTT A S0 B2 1 52 10

PRI LA T AT DL I R 2 R BRI G i L 4L 5%
B TR THT W 5 AR TR A AT D BH ) AR SR SRR
T RE A 5 T R A R PP 24 4 2H AT O AR T Y AR
AR (B TG WY . A0 S T LG I I R B TR DL
Kl 2,

2 BAXBBRXTAERERE
U AE B 4L BASCRI AL CI% I 41 DI 25 4

B 4 HE Qe R | 15 2R BRARE 40 i 4k
G EE ST ML A L IR T 4 e i BT B2 ok R UL B
B A R 2 R U RT L ORd CE A LIA AT 20
JRAZ A A T %, RAE AR TR T A I A DT 2
IR R LT A 1 W ARV 5 106 e v A e B 25
W 28 K B R A A A — s R ) A0 M SR B O %
RAEANMLIE I (HBA R W] B ar s, TR 3,

B3 BFAXRHBAEAL HE £ (x400)
AR BRI C.I5 I 2 ;D25 W 4,
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4 BAXBRKRBAREL O-BEIRFE(x100)
T ATER AL B COR VAL D25 4L

PO H /LT O-[E S Y (0 o | 1E 5 4L 4KCR 40
P HE S H 55 B SO R B R R B4 B
H ISR PR TS AR R, T A A
BH 14 245 2 24 A7 A0 00 4 ML SR A8, B R UL W 8 %
ALZVRI B, R 4 B R BB 15 10 e A A A B B G A
55 BH M 2 W 2% B T T 2 AR A0 B A T A
YGRS B A AT TR A, TR 4,
23 B KOA K EU#R - CCL2 CCR2 Cas-
pase—1 mRNA 21k Y51

5 IE A H R, BRI K RO el b CCL2,
CCR2 Caspase—1 mRNA & ik /K-35 B g 14 5 (P<
0.01), SRRV LLHR, 1% A A S BRI 25 41 CCL2 |
CCR2 Caspase—1 mRNA Fik7KFH i B (P<0.01)
S A R, B2 21 CCL2 mRNA £ihK
AR (P<0.05) ,CCR2 Caspase—1 mRNA # ik 7K -
I (P<0.05), TEWL# 2,

*2 EEHM KOA XREE CCL2,CCR2,Caspase-1
mRNA RiXH M (x5 ,n=7)

gl CCL2 CCR2 Caspase—1
WA 1.08+0.19 0.99+0.19 1.19+0.31
HETRI 4] 14.26+2.05%* 6.81+£1.07** 7.65+0.83%*
W 7 7.70+1.25% 2.91£0.43% 3.28+0.51%
PR 2 9 20 5.81£1.55%4 4.47£1.20%4 4.59+1.14%4

S IE R AL AR, *P<0.01 ; SRR L, #P<0.01; 516 R 41 1L
% ,4P<0.05,

24 B KOA KEAECCL2 CCR2 Caspase-1
p—p65 H [ F Ik 1Y 5 M

5 IE A R, B A K RO R R CCL2,
CCR2 Caspase—1,p—p65 & 1 7% ik /K - 35 B & 3 &5
(P<0.01); SRR L3¢, 1 V7 21 K BH Pk 245 ) 2
KR OETT Hd Hh CCL2 .CCR2 Caspase—1 .p—p65
F1 2 38 7K B 5 B A (P<0.01,P<0.05) . 516 74l
Fd, P24 CCL2 2R Rk /K T AL (H 2 5
TGt ¢ 7 X (P>0.05) ; CCR2 ,Caspase—1 ,p—p65 %
IRIKAEHE 5 (P<0.05,P<0.01), TEULIE 5.3 3,

CCR2 e D ssse S 2 (D:

p-p65 e R S— W 65 kDa
cleaved- m— - — S 10kDa
Caspase-1 L R — — | (Da

i > D GEED GEND

B4 BRI WEEGE FREZSA
5 &4 CCL2.CCR2.Caspase—1.p—p65 & H FILE ik

2.5 TR KOA R BUECR 4 0 f T 152 i

SR X, BRI ZH KB Caspase—1 & Tunel
YW I L | Caspase—1 3 1 HCH A0 i fE 72K
Watm o SBIRI N L T 2H S P M 24 W 2H K B
Caspase—1 } Tunel 76 &9 /b | Caspase-1 /i &
Ry 0 T AR T KRR AR, PRI 6,

#£3 FEERHI KOA XREE CCL2,CCR2,Caspase—1.p-p65 & HFRIX K FME (xxs,n=3)

Bl CCL2/B-actin CCR2/B-actin p—p65/B-actin Caspase—1/B-actin
EH 4 0.08+0.02 0.08+0.03 0.08+0.02 0.13+0.04
R4 0.36+0.10%* 0.54+0.05%* 0.48+0.02%* 0.81+0.12%%*
WA 0.24+0.04% 0.24+0.05" 0.30+0.02* 0.38+0.12%
PR 25 9 21 0.14+0.05* 0.39+0.07%44 0.35+0.02%4 0.64+0.02744

TS IE WA R, P<0.01; SR F S | 'P<0.05,7P<0.01 ; 5 15 I8 7 4 He e, AP<0.05 ,44P<0.01 ,
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EIEC

DAPI Tunel Caspase-1

Merge

B 6 EEAXNKOA KRIKE

3 i

2 L A TR — ol SR /MR T I R PR Y
ML AE T 5 =X, RO A0 ) 5 R 1 O S BeAn i
YRR, BRI SRR A & B Caspase—1
TR MR TR A, Y A 32 32 A0 B v
5 J5 Caspase—1 FI A 5 40 OC 2 11 41 348 WL 48 M /M
Caspase—1 FHATERM MARIVEI T 4% Caspase-1,
Caspase—1 WU 5 J8 3 MR — RIVPLH , 45T
AR T PRI 7R OGS E I IR AR P &
LAY R /MR 2 3R 7K S ARy 5 A1, A,
GEN ZEUYE g Z2 05175 3 19 KOA B ALK [ b 2 B i
Caspase—1 15 19 5 20 M A8 T8 B0, Uk W 4CH 4
JIAET R KOA #EERHEE R, ARUTTELER K,
5 IE R X G, SR 2H R B OGO T L AR R 2
AP 0 78 9, 2 S 7™ B 5 A 2L U B L 4 ] LA
TALHANEIRSE , BCF T B 4L, RT-PCR J Western
blot Z5 3 R, BEAYZ FE 41 21 Caspase—1 ik i
FHE 2 s I 2R Y 45 R Al IE WA AL 21 1B 4 41
1 Caspase—1 FRi5 S ACH MR FE BT B 14 i, X IE
U] Caspase-1 MM FHAMEAET RS S THRERE
At A

CCL2 J& CCR2 MY CBERCAA | 15 3 2 FR AL R i
CCL2 #F ABR 3 % 4 ,CCL2 5 1 41 ifd 2% i 19 CCR2
ZRGE AT il CCL2 fE A B 28 48 Hb i e S5 85 5 1
7L K A 92 20 TR T B 28 AR E B 4, 5 I L e 9 A

ez 3t B 25 0t R4

28 L 45 T # 5 W (x400)

T Mt B i v 2 i VR FHU2 - CCL2/CCR2 {55 %l
FEEAWDBRES S LR NRELRE, —J
T, 3R AR G Y 08 P R E BRI CCL2,CCL2 A it 5
CCR2 25 A F 4 K f: 4 328 20 M W o 067 el I
Jon e AR AR AT B ARE S I AR B R AR 5 — T
T, 3R 728 8 43 1 A P T B S R K T R 0 LR T 1Y
CCL2 5B MR Y CCR2 2R 45 4, a3 F il
I AL AR R R R NF—kB {5538 % 2 BF
5% KOA g BLAIL 1 1) 85 250 40, 2 1k p65 (phospho-
rylated p65,p—p65 ) F1 /& NF-kB 15 5 1 F& #0519
FRaEI, NF-—kB {5 5 B 2k 1 8 5 S 2 11 R A il
2 3k DL R4 SR A0 I IR R SEAE AL = 5
KOA 1 Bt F20el B 58 3 B NF-kB {5 5 38 B
T J BB L I 9P /AR AH G R 1 D B A R TN IR
I3k, NI #E Caspase—1 A B4 HLA0 i FE T
WA AR5 o 5 I L H AR 2 R LR
HH 2 CCL2 .CCR2 ,p—p65 Caspse—1 5 H Fik 7K
- E R B R CCL2/CCR2 M NF-«B 15 53 % ]
g i [ Caspase—1 B F A oE FOB i f 1o,
WEBH T CCL2/CCR2 15 5l 2 NF-kB 15 5 38 X K
FLKOA %9 F J A2 EAEH

G IIKOA 5 i T A AR 28 ik, i 72 i 4E
SR SRS O HE I B R S e %090 3% i i
TG SR AF IR R, v R Lk
Wi KL B RN A 2 BUOH RN 25 55 At
B Z IR IR ZARAS 2 S AR AL b
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B2 s ZR 0 A S L (R A A 2 5 )1 A TR il aE
2 G125 Ny, BRI R 25 2, i 25 BCAL, AR
ASeh e F A A5 R BRI O T L 4% 2 I
AR 58 WoR I A AL h A s 0 R A
AP ZE U A AR EE PR B BT R I ROR | H
R AR AoE TR R R ROCR L . A
WEFEEE R s | TG e 1 U R BV 1R A2 1
B & #438 ,CCL2 ,CCR2 Caspase—1 .p—p65 3R ik
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