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MCC950 I8 i H15] NLRP3 28 hE/IMa i 1 5| & 1)
FET BRI R PEIRE *

EVA ERE OB O OEEE X OB OERES oz 4°
Gl R 25 R E R EE S BER 2B, K 410208)

 E HBHM: ARELMME (primary dysmenorrhoea, PDM) F F & #4769 #L# . H i+ MCC950 &
T % MR PDM B9NLA . 5k R AR =W 30 R AR B2t KR h xtiE 4, #A 2 (PDM 41)
A1 MCC950 41, 441 10 R. PDM 4 fn MCC950 28 Bk &% 4t K F BR M — % Ao {7~ % % 7 PDM A BB
Al; MCC950 41 % K BUE & 7 4T NLRP3 3 8 M 40 %] ) MCC950;  xt B8 41 4348 & 7] & 19 0.9% Ak 44
EAR . A A RIARE. HAIT o AR R 1T & PDM B A FJE R ; ELISA 724K B fn 7 o
PGE2 #1 PGF2u AT, 41 FiFH PDM AR FufER; FIAFEMAAEARTEALEHA, TR
WRAGAEFE; Western blot 7=l A BT & 41 41 & NF-«xB p65. B8 1 NF-kB p65. NLRP3 3 JE /MA a4~
% H. GSDMD. GSDMD-N. IL-1B. IL-18 By &k AKF, I TEALETH L THH . ER: 5
BAME, AL RKRMEERAES. HEIFsBEAR; TERERGIFL,EEAE; MF PGF2u KT
#1 PGF20/PGE2 W {E B 2 #&; T B 44 NF-xB p65. phospho-NF-kB p65. NLRP3. ASC. caspase-1.
cleaved caspase-1. GSDMD. GSDMD-N. IL-1B #1 IL-18 & ¥ %k B ¥ £ 7+ (P <0.05). 5 PDM #iAdth,
MCC950 241 K RAAMR L. HAITF o0 BZE B, HAARBRNEZEK, FERERGITL D E KK,
13 PGF2a /KT 1 PGF20/PGE2 th {8 B Z [#fi; T & 414 NF-«B p65. phospho-NF-kB p65. NLRP3.
ASC. caspase-1. cleaved caspase-1. GSDMD. GSDMD-N. IL-1f Fo IL-18 & & 5 ik 3 B & 1K (P < 0.05).
Z5if: MCC950 7 414 PDM A B, F 5 41 40 NLRP3 JE/MAE L fu T, WD A 88545, MELFE R,
T % #% PDM.

kiR FAMEE; BT, NLRP3 KIiE/ME; A8H1M4; KR

MCC950 relieves primary dysmenorrhea via inhibiting NLRP3 inflammasome pathway-
mediated pyroptosis *

WANG Shaohua, PAN Si-an, XUE Xiao, YUAN Hanyu, LI Juan, YUE Zenghui *, LIU Yu *

(College of Acupuncture-Moxibustion, Tui-na and Rehabilitation, Hunan University of Chinese Medicine,
Changsha 410208, China)

Abstract Objective: To investigate the mechanism of uterine injury in primary dysmenorrhoea (PDM) and
explore the mechanism by which MCC950 may treat or relieve PDM. Methods: Thirty rats were divided into
control group, model group (PDM group) and MCC950 group with 10 rats in each group using random num-
ber table. PDM group model was established by combined injection of estradiol benzoate and oxytocin. Rats
in MCC950 group were intraperitoneally injected with NLRP3 selective inhibitor MCC950. PDM model and
symptoms were assessed using rat writhing times, writhing scores, and writhing incubation periods. In addition,
ELISA was used to measure PGE2 and PGF2a levels in rat serum, which was also used to evaluate the degree
of PDM and symptoms. The histomorphology of the rat uterus was observed by optical microscopy to evaluate
damage. The expression levels of NF-kB p65, phosphorylated NF-kB p65, NLRP3 inflammasome compo-
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nent proteins, GSDMD, GSDMD-N, IL-1p, and IL-18 were measured by Western blot analysis to determine

the molecular mechanism of pyroptosis in rat uterine tissue. Results: Compared with the control group, the

writhing times and writhing scores of rats in the PDM group were significantly increased. Pathological injury

score of uterus were significantly increased. Serum PGF2a and PGF2a/PGE2 were significantly increased.
Expressions of NF-kB p65, phospho-NF-kB p65, NLRP3, ASC, caspase-1, cleaved caspase-1, GSDMD,
GsdMD-N, IL-1B, and IL-18 in uterine tissue were significantly increased (P < 0.05). Compared with the
PDM group, writhing times and writhing scores of rats in the MCC950 group were significantly decreased,

while twisting latency was significantly prolonged. The pathological injury score of uterus was significantly

decreased. Serum PGF2a and PGF2a/PGE2 were significantly decreased. Expressions of NF-kB p65,
phospho-NF-«kB p65, NLRP3, ASC, caspase-1, cleaved caspase-1, GSDMD, GsdMD-N, IL-1f, and 1L-18
in uterine tissue were significantly decreased (P < 0.05). Conclusion: MCC950 can inhibit the activation

and pyroptosis of NLRP3 inflammasome in uterine tissue of PDM rats, reduce tissue damage, alleviate pain,

and thus relieve PDM.

Keywords primary dysmenorrhoea; pyroptosis; NLRP3 inflammasome; tissue damage; rat

J5 K PEJE 4 (primary dysmenorrhoea, PDM) #%
& XA T 28 UM AR 1R H 2 PR VR
M LA AR R EEE b AR AE U PDM FE
50%~90% FARE LRI, B ARRRR. £
FTAE, i H 51 RER Y. HATiasr PDM 11—
2909 4E A1 % 2 (non steroidal anti-inflammatory
drugs, NSAIDs), fEfEA& G, MKk, AARIRHL 2
THACTE R A R Y BT, B 288 IiE
P A F NSAIDs #2 B sl Hoze 40 7 BRI,
TR 2 BUR YT B E PDM 250 72 21

}%H 7 -kB (nuclear factor-kB, NF-xB) &R &
YIS RAE B A0 A AR TR s 3, R N R IE
RIEAER ™. NF-«B G A5 1R R — R A,
AET M A p50/p6s i Pl p50/p65 R AR AT E
IHI O 00 e AR R 4 i e ik & NF-B 5 5 0 % s A
F, T T SRE 1A 955 A= 3 A o R SR/ 1O,
FERTAMEYEAE S I B, IkB ) #IE 5 121 3 5L
IxB i1k, FHNF-xB — AR NG0B 305
BRIELR, AT HE— 25 e 9 MY M2, NF-«xB &
I T RORE S () R B

BRERGSHERUSEH B ERSE & HR
1, 25 16 38k B 52 4 5 1 3 (nucleotide-binding oligo-
merization domain-like receptor protein3, NLRP3) %
RE/NMAZ I NLRP3. I R & R e
fiff-1 (cysteinyl aspartate specific proteinase-1, caspase-1)
M A 2 e R 2 Il 57 B 5 R Sl A T AH G BRE RRE 2R
I (apoptosis-associated specklike protein containing a
caspase recruitment domain, ASC) 41 %% ifij 5% i 41 Jfd
JRZEAE AR, PDM 1B NLRP3 & (1 %
%A, NLRP3 & £ 4 #0157 MCC950 it i NF-xB/

COX-2/PG i % #1] PDM K 5 T & 4141 NLRP3 %
i ZINA O FE U 4 RE 1Y NLRP3 1) 3 R AL UK 5h
caspase-1 < i 14 1) 25 11 ¢ i DL S TIL-1B AT IL-18 (1)
R RE U, SO [ caspase-1 4 gasdermin D
(GSDMD) % fi# /% GSDMD-N K ¥ (GSDMD-N),
GSDMD-N # A i i, FEANMIEm R, &G40
BT, R, NLRP3 5 MAEE A 4 0E &N
%y, 257 PDM HIRAKIE, W REZIEIT B
fi#t PDM [HTHE £

PDM " & 4= 7 NLRP3 % 1 /MA I g, =
PDM K 57 2 2H 547 IR AL v AN 58 43 2 « R,
Rt — P PDM KR B A L, AR5
57 FH 24 R I T R4 7 2K M PDM K RRBR A,
PRIT MCC950 7697 B2 f# PDM AL

I~

1. SIS AN 540

{8 ¢ A 2% M 1% SPF 2 Sprague-Dawleg (SD) K
30 K, 6~8 A, AFiE 180~220¢g, MWHIL
HAEBR AR AIRAF, HIRTEWIRE R R
SIS AN L, SER ANV AT IE S SCXK ()
2019-0008. K B W FEAE 20°C ~25°C HiE H iR
FER, BHEUKAEE. 1 8ERHBEIEERZE
30 AKBBENL > 3 4. xR, A (PDM
H) A MCC950 2, &4 10 R. Az
BIAWE P ELGRFZLRNMIOC TR SHE
fEHE (& B 5 LL2021040703) , A&
Fhrite (LR EY-SE RGBS & 4e M ) (GB/T
35892-2018).

W 202379 L indd 655 j‘:

(T

2023/9/14 14:57:45 ’7



| T T —6—

* 656 -

2. MRHRI 7

(1) EEZG A

IR RRME I [ AT (2020) 11025, 0%
R, hE ] R (RS9 P1029, flhiX:
07: 73T CiH o NpOLSy: 70 T &: 1067.2; 4if:
98.52%) F1 MCC950 (%% '5: S7809, #kik: 07;
ﬁj\%ﬁ: C20H23NZOSS. Najs ﬁ}?‘%: 426.46; %E
99.40%) I H 3 H Selleck; K PGE2 ELISA i
AAE (LS. 20211111-12944) A1k 5L PGF2a
ELISA i{5fl & (Ar=#t5: 20211111-J3106) ¥
H e 37 AR VIR A BRA R NF-xB p65S bifk (1%
. GBI2142) , phospho-NF-kB p65 ik (575
GB11142-1) , HRP-IIEH R =9t (T8 5: GB-
23301) A1 HRP- 1L 2EHi R — Pt (H2°5: GB23303)
¥y 5 B B4R AE YR A IR A F]s NLRP3 71
& (155 ab263899) , GSDMD #ifk (%5 ab-
219800) Al N-terminal GSDMD Fi 4k (£%5: ab215-
203) 340 H 9 [F abcam; caspase-1 Lk (955
#2225) , cleaved caspase-1 i f& (1%45: #89332)
AIL-1B Bk (% 5. #12242) ¥y H 3 H Cell
Signaling Technology; ASC Pifk (#%5: bs-6741R)
4 H 3£ [# Bioss Antibodies; IL-18 #i 1k ( 18 5
10663-1-AP) 4[5 £ [# Proteintech; B-actin (%5
AF5001) THH Bl A~ RAEMHAREGRAH .

bR (M5 . RT-6100, Rayto, FEE) ,
S EMEE (M5 BA410E, Motic, H1E) , WML
(M%5: UC7, Leica, fBE) , mlA eyl (B
‘5. Sorvall ST 16R, Thermo Fisher, ZE[E) , H¥k
f# (Bio-rad, ([ , fhEkAAC (BL5: 6300,
CLINX, [ , K% 4 (alphaEaseFC,
Alpha Innotech, E[E) .

(2) PDM K BB AL 4 57

SR 2R R M — B AN P R BB 4R 2 | L KR
PDM FEAY . e 2508 i v T 4R B G o R AR
I I 72 &K 24K (oxytocin receptor, OTR) mRNA
RIERIE S T o BUEME Y, EREAENEST
BUE, Bl T A Em A, 5 Eem .
X BEZH K B VRS 0.9% EALENE SR, ESE
B 10 K, 55 11 REEEE S 0.9% AL 5.
T AN AR B L 9 ISf R R U S S R M
(FJ&E: 21K 2mgkg, #2~9 K 08mgkg,
10 K 2 mgkg) o 2 FH R ME — 2 () 7 AR ] 25 3L
RN ZGIREN 17 P 5 11 K B 9, PDM 4
FTMCC950 205 R R BUE IS4 2 U =R GREE
5mg/ml, AR 04 mD . MCC950 41 5% 11 K 17EE
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S % R M E 30 min Ji5 AR B 9E 5T 10 mg/kg Y
MCC950 (/¥ 5 mg/mlD)

(3) KRR s B2 T 2

KR 2 8 2 % Wei 25 P 4R iE . I8 K
SRAEVESHHE = 25 30 min P AR BRI AR
1o FIAATE AR I MR SR = 2R B058 1 LR B[]
RAHRIN G, 18 2% 0% E 240 R 5
fEEs kR I, VIFEFEHAH. fh, X% RSLit
LR, ATEHEFARBJIEZ 5 mmX5 mmX5 mm
KA FEALNET 4% 2 RFRERPEE. H
RIVHRYCE WA AT G A . HAR
Pk IERIZE). RBAT N DL R A A i
075; MEEBIMBE. SRMRND 1 40 ERME. 5
JE B B 2R SRR AD 2 4 IR AE
Sl E R . SRR E PR 3 45

(4) BB

KAHBENER LA 5 ARR, WEgHK
R AT IR B[R] — 1 B 1 7 2H Sk AT B OB WL
%=, B KR T 54 LE 4% 2 5 H =R e
24 h, K, ZHIZKEW, A, DUERE S um
Uik . A48 ZWHAMCOBERES, 85I H 75
ARG gett . P MMRE R, JeEBas
HRRTEMHLARESEW. KRTEmREB5TE
Iy 57 Wei 5 PY [ s2i6 . WRAE B T T E I’
BEHE, TWRELR T 5N 04y T 5 WIEAR IR
AN 1 s [ ZE KL A 2 4 [ 2 Rk
hiad A 3; RYEMOEIEE A R re N 4 75 1
EWUZERAEPEEN S 7o

(5) IRk S 2 W PR 36 (BLISA) A& K BRI i
PG 21k

WG =6 2h ik (0 I 7E =R R H AR B 10~
20 min, &0 20 min /2 47 (2000~3000 r/min), 1§
YIS EE I ST MRS ELISA 55 & i it B HEAT
3% 4 PGE2 #1 PGE2a I 5E

(6) Western blot £l

KA BENLE R LR s AR, BUR R
[E) ) B 125 44120 30 mg,  F 20 3 B AR TG % .
BN T4 ) RIPA 22 M 22 il 25 11 It 490 1) 551 F
FRALEE A5, BT UK E 30 min. 4°C, 12,000 r/min
B0 10 min, BRESHEAM BIE, AR Z
Wi, FEE KIS TN 10 min, 8 E B 22 .
K BCA £ W 1257 4 W 7 2 1 o2 A 14 1 2%
THHEARKE. £ H¥k. PVDF 5 5 R BH W
Joi, FH Tris 200 557K Tween-20 (TBST) Fi B ks 7 1tk
—Pi. BRS5LLF REHALE 4CHE T : NF-«xB
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p65 (1:2000), phospho-NF-kB p65 (1:3000), NLRP3
(1:1000), caspase-1 (1:3000), cleaved caspase-1
(1:3000), ASC (1:3000), IL-1B (1:3000), IL-18
(1:3000), B-actin (1:2000), GSDMD (1:1000) F1
GSDMD-N (1:1000). #Rj5, H TBST #f#eiE, H5
FiRER) P H 60 min, ECL VABEE.
3. Gt ot
FIT 43 SE 56 #0405 35 K HI IBM SPSS Statistics 26.0
Geit A REAT . BT B B G AR AR
o bRk (X £SD) . a0 R 2 IES
M7 22554, A I SR 3R 5 Z2 0 b A AN 2 AR
AP, # ] Kruskal-Wallis H /556, & 21 KF o =
0.05, P<0.05 NZEFAFGIFEL.
bx

=A

R

1. MCC950 1] & /> PDM K B i FIL 4 8, 4E
KA AR IR A

TEVESE =28 30 min 1, %o HEZH A FHAR OB
X RAI L, PDM 41K RIGHIA S (P <0.001,
JLE 1A FIPESr (P<0.001, WA 1B) B840,
Ut B PDM K BB i i . 5 PDM 2 AH L,
MCC950 ZH AR AL (P <0.05, WK 1A) FIiF
43 (P<0.05, WHE 1B) BEMK. BT LHIAE RN,
X HH TE LRV AR . 5 PDM 4 AH L, MCC950
HARER A EEK (P<0.05, WWE1C) .
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2. MCC950 AJ &% PDM K BT 5 WA 5 41 A 431
i, BEAR+ B R B G VF 4

XK B 75347 HE e 8, W5 MCCI50 X K
BT B N R R E R . e RREE T, XF

IEESE, AR, AR, ORI SRR R
. PDM 415 N I 4i i K 2 S YAk IR aE, £
WRE /N TR, AT R A BEIR . MCC950 4H
T8 RIS EASAR RS, T, f/bEd
PRI MR E LB 2A-C) .« RIS DU M LT
WroREEnt, XFFEPRERTE ST 2RV . SXHE
ZHA L, PDM 4H 1 5 2H 40 3 2 40 405 VF 7 0 25 T ey
(P<001, WK 2D) . 5 PDM ZAHEL, MCC950 41

I B R HK (P<0.05, WE2D) . %4 Bk,
MCC950 %f PDM K 57 B 454 R4 E -

3. MCC950 Tl PDM K R Ui+ PGF2a 5 &
K PGF20/PGE2 EifH

HIFI IR & (prostaglandin, PG) #& PDM [ & Jw AL
il —o BEAh—TAARIRIE R, PGF2a 177Xt
BT PDM A2 ™. Kk, PG Al LA Sk iF4 PDM
SRR S 5. SXTRAMLIL, PDM 4K
iR I 75 PGF200 (P < 0.01, W& 3A) } PGF2a/
PGE2 b (P <0.001, WK 3B) BEFH. 5
PDM 4 L%, MCC950 41K i i ' PGF2a (P <
0.05, WK 3A) K PGF20/PGE2 LLf (P < 0.001,
JLE 3B) BB,

(T
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A B C
60+ 44 600
skekek —
sofosk K okt
©
31 s
@ 40 g ot & 400
£ 8 s
> @ 2 2
k= okt 2 38 soksk
£ < 3
= 20 = < 200
= = 14 o
£
=
=
0 T 0 T 0 T
Control PDM MCC950 Control PDM MCC950 Control PDM MCC950
1 BAKBIESHES K 30 min J5HAAREL HARED FIARIEBRIALLEE (72 = 10, X £SD)

(A) HIAEKEG (B) 30 min W IR0 K BRAARTE D (C) HARIRRIY: VS R 55 1 A BB I []
P SEUR A R RENLRE Beit, Hdl i Kruskal-Wallis H A5 56

P <0.01, *P<0.001, SXHRAAALL; 'P<0.05, 5 PDM 4LLL

Comparison of writhing times, writhing scores and writhing incubation periods 30 min after oxytocin injection in each
group (72=10, X £SD)

(A) Writhing times; (B) Writhing scores in 30 min; (C) Writhing latency, time until the first writhing response after the
injection of oxytocin (s). All experiments were randomized and double-blinded, The data were analysed by the Kruskal-
Wallis H test.

#%P < (.01, ***P < 0.001, compared with group control; *P < 0.05, compared with group PDM.

Fig. 1
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Fig. 2
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Fig. 3
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100 pm

Pathological score of rat uterus

1L

Control DM MCC950

=g Réﬂfl\f“ﬂ%iﬂc&f“ﬂb PvPsy ek (72 =5, X £8D)

FHRRT
(Al,A2) X]Lméﬂ (B1,B2) PDM #1; (Cl, C2) MCC950 #H; (D) %41 HE YL tp BE5G vF o Ll i

KA Kruskal-Wallis H #7555 (A1, B1, C1) 24 40 {5780 (A2, B2, C2) 24 100 £k, 45X =100 pm
W, B LONEOE L MRS JETCAR . 8 AN b R 4 R i

w5p <001, LHxfiEaAitk: P <0.05, 5 PDM AL

Histopathological changes and comparison of pathological damage scores in the uterine tissue of rats in each group (72=5,
X +SD)

(A1, A2) Control group; (B1, B2) PDM group; (C1, C2) MCC950 group; (D) Comparison of pathological damage in each
group by HE staining (the HE score was analyzed by the Kruskal-Wallis H test); (A1, B1, C1) The images were taken at
40 X magnification; (A2, B2, C2) The images were taken at 100 X magnification. Scale bar = 100 pm

The blue, black, red, and orange arrows referred to vacuolar degeneration, dead cells, hyperaemia, and neutrophil
infiltration, respectively.

*%P < 0.01, compared with group control; “P < 0.05, compared with group PDM.

HE £4)

A B
250 0.8+ s
—,’:I Kok £
€ 2004 # 3
o)) 2 0.6+
& 'ﬁ' H#HiHH
S 150 c
3 N 0.4
T 100 O
= =
= N 0.2+
N 50 G
L
G £
o
0 : 0 :

Control PDM MCC950 Control PDM MCC950

FH KBS PGF20 & PGF2o/PGE2 AR I ELE: (72 = 10, X +8D)

(A) KR PGF2a & iE; (B) KRG PGF20/PGE2 HufH Hh#%

ELISA A4 3% ' PGF2 1 PGE2 /KF, Al HRI 2 7 Z2 40 #T (one-way ANOVA)

#P <0.01, ***P<0.001, SXAMEL: P<0.05, “P<0.001, 5 PDM 4AHLL

Comparison of PGF2a and the ratio of PGF20/PGE2 in serum of rats in each group (72 =10, x =SD)

(A) PGF2a content in rat serum; (B) Comparison of PGF2a/PGE2 ratio in rat serum.

ELISA was used to measure PGF2 and PGE2 levels in serum, and the data were analyzed by one-way ANOVA

#¥P < (.01, ***P < 0.001, compared with group control; “P < 0.05 , P < 0.001, compared with group PDM.
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4. MCC950 #111ffi] PDM K FR T = 412 NF«B [0S
K HH Western blot ¥l 5& K Bl 5 4141+ NF-«xB
s, 5 BAMEL, PDM KR 5404 NF-«B
p65 1 8 2 4k NF-xB p65 (phospho-p65) & 1 1] &
KPR ETE (P <0001, WE4) . A, 5
PDM 4 AHEL, MCC950 4 K & 41 21 NF-xB p65

(P <0.01) FIBEERIL NF-xB p65 (P <0.001, M. 4)
KT B S A

5. MCC950 1] NLRP3 % JiE /A &5 [ 1 3R 1A
FIR 7 cleaved caspase-1 FIRETX

N T AIESE MCC950 %if 4 i /M [ F. R ¥ji7 caspase
HIYE RS, 38T Western blot 20 #T T 48 E /M 25 ([ Al

S
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cleaved caspase-1 (MLIE 5A) . SxTHRZIAHIL, PDM
4K BT B 414U NLRP3 (P <0.001, W 5B .
ASC (P<0.001, MW 5C) . caspase-1 (P<0.01,
JLKE 5SD) | cleaved caspase-1 (P <0.01, WK 5E)
RARIBKTEET . 5 PDM 4LLE:, MCC950
4 NLRP3 (P<0.001, WK 5B) . ASC (P<0.01,
JL P 5C)  caspase-1 (P <005, W& 5D) . cleaved
caspase-1 (P<0.05, W& SE) HAFRIEK T B EK.

6. MCC950 Fiﬁ’étﬁmﬂﬁérl%ﬁ’%ﬁ

9 T i€ PDM KB+ 5 2 2R A AR T 1) iR
[Al, it Western blot £l GSDMD. GSDMD-N.
IL-1pB A1 IL- 185@%5%@3&%% (WK 6A) . Xt
A AL, PDM H KR T 5424+ GSDMD (P <
0.001, WK 6B) . IL-1p (P <0.001, WK 6C) .
GSDMD-N (P<001, LK 6D) . IL-18 (P <0.001,
WL 6E) fFFRIA/KTFHESAS. 5 PDM 4L,
MCC950 41 K F ¥ = 44+ GSDMD (P <0.001, UL
K 6B) . IL-1B (P<0.001, WK 6C) . GSDMD-N
(P<0.05, WK 6D) . IL-18 (P<0.001, VLK
6E) TAFRIEKTEERMK.

it
NLRP3 % i /N VAL T 51 #2 1) 28 0E & 1 2 R

T R A P NLRP3 #AE/NMAN T 400E . A4
(R SERS/ R AR S S VAN SE R PRI E A

——
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B 2 A4 BT, NLRP3 40 /M ) 41 2585 2 i
TR 52 A X6 6 665 AH 58 73— 45 A5 B A A D% 70+
P A S B e Y AR T 45 R B R, PDM
KR T 5 4410 NLRP3 & /IMAA M A RE L
Ft, NF-«B A1 B 1k NF-«B ] % 15t _F F+. NLRP3
RRE/MAPEE BRI R —J2& B NLRP3 (1)
RAE/IMAR S (BLF5 NLRP3. ASC #il caspase-1)

FEXF NLRP3 #EAT # 1% f5 1240, SRAFHUE &M =
#& X NLRP3 #0557 19U 5 F1 NLRP3 48 JiE /)N 44 1)
R ¥, £ PDM H1, NLRP3 % it /)N 4 30 7 B
1 toll FEAZ AR AR B 2R 51, T8 NF-«B ¥
TR R 5, Bl Rk A Th g B A 51 P

It PDM i B NLRP3 % JiE /)N 4k Fil NF-«xB 18
S . A4 B R PDM KR F 5 414
GSDMD Al GSDMD-N &2 F+ . NLRP3 #JE/MA
BT 5, caspase-1 # BT ) il 2 AT 15 1 1 cleaved
caspase-1, FE[REFRIZIGIESR TiX— 1 . cleaved
caspase-1 55 1J] GSDMD J i GSDMD-N, GSDMD-N
EYNRRE - pFL, BliesET: ", sk, ASC AT
14 Jin GSDMD K % =, {3 GSDMD i fk . #
S, B A R GSDMID JE K FELIST T 40 A2, T AE
AN GSDMD ik 5, AT 8 S s B,

X520 B GSDMD & & TS T E . BRIk n]
PLHENT, 7 PDM KB ¥ 5 441, NLRP3 % JiE/»
%Ei&ﬂcﬁ%lﬁ?ﬁt IbAh, AT R RIR,

7 PDM K FE A 4d, IL-1B F1IL-18 & AKX

A B C
1.0+ @ 1.0-
o
0 o
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Fig. 4 Comparison of protein expression levels of NF-kB p65 and phosphorylated NF-kB p65 in the uterine tissue of rats in each

group (72=135, X =8D)

(A) Western blot of p65 and phospho-p65 in rat uterine tissue; (B, C) Relative expression levels of p65 and phospho-p65.

The data were analyzed by one-way ANOVA.

##4P < (0.001, compared with group control; P < 0.01, **P < 0.001, compared with group PDM.
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Fig. 5 Comparison of the protein expression levels of the NLRP3 inflammasome components NLRP3, ASC, caspase-1 and
cleaved caspase-1 in the uterine tissue of rats in each group (72 =5, x =SD)
(A) Western blot of NLRP3, ASC, caspase-1 and cleaved caspase-1 in rat uterine tissue; (B-E) Relative expression levels
of NLRP3, ASC, caspase-1 and cleaved caspase-1. The data were analyzed by one-way ANOVA.
*%P < 0.01, ***P < 0.001, compared with group control; "P < 0.05, “*P < 0.001, compared with group PDM.
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(A) Western blot of GSDMD, GSDMD-N, IL-1f and IL-18 in rat uterine tissue; (B-E) Relative expression levels of GSDMD,
IL-1B, GSDMD-N and IL-18. The data were analyzed by one-way ANOVA.
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&R, MCC950 T il 5 NF-«B i@ % fl NLRP3
RRE/NMERA B IR IS T . NLRP3 & [ 2
NLRP3 JE /M £ 3 U, 4 NLRP3 2 A4 )5
ASC A1 caspase-1 [ 1 3£ 68 71 F %, NLRP3 #E /)
PR32 B4, ASBEA R4 cleaved caspase-1, HETM
) IL-1B (143 . MCC950 fE A %4 ) NLRP3 2K
H0E, H MCC950 TPl Wil #1 1] NF-«xB [ 4% ik
AsEaTER . AUEYERY, NLRP3 R 1 IL-1B 7]
BT BERR LA A Ser316. Ser529 Al Ser536 7% NF-kB
555 WY X AT R 5 MCC950 T-1i 414 NF-xB
xR, HT NLRP3 %4 /MAEAFN cleaved caspase-1 #
s, SFHECF W GSDMD [ EUE TG M K, Rtk
MCC950 T4 PDM K F I+ 5 B T2 JEY
HIREL . AHIE T 25 KB, MCC950 #1#] T PGF2a
MRk, T NLRP3 # H 404, PGF2a /=
WIR D . SXF AL, MCC950 4117 A2 FE

S

73 Western blot SfE AR IEEZ R AR ER L, T
EORBEAGE. MLTE PG FIEE 4 Western blot 25
HRBERLGIFE XL, HHET MCCI50
TG, PDM K55I .

AR FRAFAEER RBRME: B, BA MR
RIZKSF F 3Rk, WA 4 B 1 4 M LASRAS SR U
fzgpEdl. ks, PDM H NLRP3 4 5E /IMABOH
R SIHLE B AT ARTE . Bk, KRR ELTR
JIHFT R T QML AR, AHEREEE
il @M s H A 2 2 A oy B A0 5 I 245 4

T, DASRAS HOREER AL 5, @i PDM 1 NF-«xB
L%ﬂl NLRP3 JE /MBS ML o

g LRI, MCC950 FT 4] PDM H NF-xB j#
% F NLRP3 4&RE/IMA P54, T B T FIZH 234547
M 22 % PDM.

Fl B R B AEFRRAILA ZF R

2023/9/14 14:57:48 ’7



| T T

* 662 -

[10]

[11]

[16]

W 2023799 L indd 662

& % x o

ACOG Committee Opinion No. 760 Summary: dys-
menorrhea and Endometriosis in the Adolescent[J]. Ob-
stet Gynecol, 2018,132(6):1517-1518.

Burnett M, Lemyre M. No. 345-primary dysmenorrhea
consensus guideline[J]. J Obstet Gynaecol Can, 2017,
39(7):585-595.

B, BRI . IR L O A 2R AR R L 4
B [0]. R 2 2 4408, 2011, 17(2):104-106.

Kho KA, Shields JK. Diagnosis and management of
primary dysmenorrhea[J]. JAMA, 2020, 323(3):268-
269.

Zahradnik HP, Hanjalic-Beck A, Groth K. Nonsteroidal
anti-inflammatory drugs and hormonal contraceptives
for pain relief from dysmenorrhea: a review[J]. Contra-
ception, 2010, 81(3):185-196.

Marjoribanks J, Proctor ML, Farquhar C. Nonste-
roidal anti-inflammatory drugs for primary dysmen-
orrhoea[J]. Cochrane Database Syst Rev, 2003, (4):
CDO001751.

Marjoribanks J, Ayeleke RO, Farquhar C, et al.
Nonsteroidal anti-inflammatory drugs for dysmenor-
rhoea[J]. Cochrane Database Syst Rev, 2015, 2015(7):
CD001751.

Zhang Q, Lenardo MJ, Baltimore D. 30 years of NF-«kB: a
blossoming of relevance to human pathobiology[J]. Cell,
2017, 168(1-2):37-57.

Hayden MS, Ghosh S. Shared principles in NF-kB sig-
naling[J]. Cell. 2008, 132(3):344-362.

Hayden MS, Ghosh S. NF-«B, the first quarter-cen-
tury: remarkable progress and outstanding ques-
tions[J]. Genes Dev, 2012, 26(3):203-234.

Lawrence T. The nuclear factor NF-kB pathway in in-
flammation[J]. Cold Spring Harb Perspect Biol, 2009,
1(6):a001651.

D'Ignazio L, Bandarra D, Rocha S. NF-kB and HIF
crosstalk in immune responses[J]. FEBS J, 2016,
283(3):413-424.

Broz P, Dixit VM. Inflammasomes: mechanism of as-
sembly, regulation and signalling[J]. Nat Rev Immunol,
2016, 16(7):407-420.

Zamani P, Oskuee RK, Atkin SL, ef al. MicroRNAs
as important regulators of the NLRP3 inflam-
masome[J]. Prog Biophys Mol Biol, 2020, 150:50-61.
Tang B, Liu D, Chen L, ef al. NLRP3 inflammasome
inhibitor MCC950 attenuates primary dysmenorrhea in
mice via the NF-xB/COX-2/PG pathway[J]. J Inflamm
(Lond), 2020, 17:22.

Broz P, von Moltke J, Jones JW, et al. Differential
requirement for Caspase-1 autoproteolysis in patho-
gen-induced cell death and cytokine processing[J]. Cell

——

(T

v [0 B 22 44 & Chinese Journal of Pain Medicine 2023, 29 (9)

[17]

(18]

[19]

(21]

[22]

[26]

[27]

S

Host Microbe, 2010, 8(6):471-483.

Liu D, Zeng X, Li X, ef al. Role of NLRP3 inflam-
masome in the pathogenesis of cardiovascular diseas-
es[J]. Basic Res Cardiol, 2017, 113(1):5.

Liu X, Zhang Z, Ruan J, et al. Inflammasome-activated
gasdermin D causes pyroptosis by forming membrane
pores[J]. Nature, 2016, 535(7610):153-158.

King AE, Critchley HO. Oestrogen and progesterone
regulation of inflammatory processes in the human
endometrium[J]. J Steroid Biochem Mol Biol, 2010,
120(2-3):116-126.

Murata T, Narita K, Ichimaru T. Rat uterine oxytocin
receptor and estrogen receptor o and f mRNA levels
are regulated by estrogen through multiple estrogen re-
ceptors[J]. J Reprod Dev, 2014, 60(1):55-61.

Luca AM, Carvalho JCA, Ramachandran N, et al. The
effect of morbid obesity or advanced maternal age on
oxytocin-induced myometrial contractions: an in vitro
study Effet de I'obésité morbide ou de 1'dge maternel
avancé sur les contractions myométriales induites par
l'oxytocine: une étude in vitro[J]. Can J Anaesth, 2020,
67(7):836-846.

Mannino CA, South SM, Inturrisi CE, et al. Pharma-
cokinetics and effects of 17beta-estradiol and proges-
terone implants in ovariectomized rats[J]. J Pain, 2005,
6(12):809-816.

WeiY, Ma T, Wang H, et al. Extracts of compound Mu-
niziqi granule suppressed uterus contraction and ame-
liorated oxytocin-induced primary dysmenorrhea[J]. J
Ethnopharmacol, 2018, 223:33-40.

Wei A, Feng H, Jia XM, et al. Ozone therapy amelio-
rates inflammation and endometrial injury in rats with
pelvic inflammatory disease[J]. Biomed Pharmacother,
2018, 107:1418-1425.

Bottcher B, Laterza RM, Wildt L, et al. A first-in-
human study of PDC31 (prostaglandin F2a receptor
inhibitor) in primary dysmenorrhea[J]. Hum Reprod,
2014, 29(11):2465-2473.

Zhong Z, Liang S, Sanchez-Lopez E, et al. New mi-
tochondrial DNA synthesis enables NLRP3 inflam-
masome activation[J]. Nature, 2018, 560(7717):198-203.
Yu SY, Li XL. Pyroptosis and inflammasomes in ob-
stetrical and gynecological diseases[J]. Gynecol Endo-
crinol, 2021, 37(5):385-391.

Swanson KV, Deng M, Ting JP. The NLRP3 inflam-
masome: molecular activation and regulation to thera-
peutics[J]. Nat Rev Immunol, 2019, 19(8):477-489.
Bauernfeind FG, Horvath G, Stutz A, et al. Cutting
edge: NF-«B activating pattern recognition and cyto-
kine receptors license NLRP3 inflammasome activation
by regulating NLRP3 expression[J]. J Immunol, 2009,
183(2):787-791.

2023/9/14 14:57:48 ’7




[ 7R BE 2% 44 & Chinese Journal of Pain Medicine 2023, 29 (9)

[30] Shimada K, Crother TR, Karlin J, et al. Oxidized mi-
tochondrial DNA activates the NLRP3 inflammasome
during apoptosis[J]. Immunity, 2012, 36(3):401-414.

[31] Zhou R, Yazdi AS, Menu P, et al. A role for mitochon-
dria in NLRP3 inflammasome activation[J]. Nature,
2011, 469(7329):221-225.

[32] Heneka MT, Kummer MP, Stutz A, et al. NLRP3 is ac-
tivated in Alzheimer's disease and contributes to pathol-
ogy in APP/PS1 mice[J]. Nature, 2013, 493(7434):674-
678.

[33] He WT, Wan H, Hu L, et al. Gasdermin D is an execu-
tor of pyroptosis and required for IL-1P secretion[J]. Cell
Res, 2015, 25(12):1285-1298.

[34] Ding J, Wang K, Liu W, et al. Pore-forming activity and
structural autoinhibition of the gasdermin family[J].
Nature, 2016, 535(7610):111-116.

[35] Lim R, Lappas M. NOD-like receptor pyrin do-
main-containing-3 (NLRP3) regulates inflamma-
tion-induced pro-labor mediators in human myometrial
cells[J]. Am J Reprod Immunol, 2018, 79(4):e12825.

[36] Iacovides S, Avidon I, Baker FC. What we know about
primary dysmenorrhea today: a critical review[J]. Hum
Reprod Update, 2015, 21(6):762-778.

[37] WtFF, JE g, M, & . RAER TR R A
FH S AT 70 FE (0], o I PR 24 B2 SR 97 o
2014, 19(3):346-350.

[38] Galluzzi L, Vitale I, Aaronson SA, et al. Molecular
mechanisms of cell death: recommendations of the
Nomenclature Committee on Cell Death 2018[J]. Cell
Death Differ, 2018, 25(3):486-541.

[39] Bergsbaken T, Fink SL, Cookson BT. Pyroptosis: host
cell death and inflammation[J]. Nat Rev Microbiol,
2009, 7(2):99-1009.

[40] Gajtko A, Bakk E, Hegedtis K, et al. IL-1f induced cy-

| T —6—

[41]

[42]

[44]

[46]

[47]

m - mnssll

* 663 -

tokine expression by spinal astrocytes can play a role in
the maintenance of chronic inflammatory pain[J]. Front
Physiol, 2020, 11:543331.

Pilat D, Piotrowska A, Rojewska E, et al. Blockade
of IL-18 signaling diminished neuropathic pain and
enhanced the efficacy of morphine and buprenor-
phine[J]. Mol Cell Neurosci, 2016, 71:114-124.
Corcoran SE, Halai R, Cooper MA. Pharmacological
inhibition of the nod-like receptor family pyrin domain
containing 3 inflammasome with MCC950[J]. Pharma-
col Rev, 2021, 73(3):968-1000.

Coll RC, Hill JR, Day CIJ, et al. MCC950 directly
targets the NLRP3 ATP-hydrolysis motif for inflam-
masome inhibition[J]. Nat Chem Biol, 2019, 15(6):556-
559.

Andreeva L, David L, Rawson S, et al. NLRP3 cages
revealed by full-length mouse NLRP3 structure control
pathway activation[J]. Cell, 2021, 184(26):6299-6312.
e22.

Hochheiser 1V, Pilsl M, Hagelueken G, et al. Structure
of the NLRP3 decamer bound to the cytokine release
inhibitor CRID3[J]. Nature, 2022, 604(7904):184-189.
Rathinam VA, Fitzgerald KA. Inflammasome com-
plexes: emerging mechanisms and effector func-
tions[J]. Cell, 2016, 165(4):792-800.

Zgorzynska E, Stulczewski D, Dziedzic B, et al. Do-
cosahexaenoic fatty acid reduces the pro-inflammatory
response induced by IL-1p in astrocytes through inhi-
bition of NF-xB and AP-1 transcription factor activa-
tion[J]. BMC Neurosci, 2021, 22(1):4.

Wang B, Wei H, Prabhu L, et al. Role of novel serine
316 phosphorylation of the p65 subunit of NF-xB in
differential gene regulation[J]. J Biol Chem, 2015,
290(33):20336-20347.

CPEEREFREY 4iEH

sk AE TR K ERE 385, LR AFEFH
Bt Z ®iE: 010-82801712; 010-82801705

H T4 painl712@126.com

Z+FEE W http://casp.ijournals.cn 7 &% 7
WEARTE5: PEEREFZE (cjpml712)

W 2023799 L indd 663 $

2023/9/14 14:57:48 ’7




