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[ Abstract] Objective: To investigate the regulatory effect of Shoutaiwan on oxidative stress and
pyroptosis in lipopolysaccharide (LPS) -induced human extravillous trophoblast (HTR-8/SVneo) cells and
provide a new direction for deciphering the mechanism of action of Shoutaiwan. Method: LPS (100 pg-L™")

was used to induce the injury of HTR-8/SVneo cells (modeling). Five groups were designed in this study,
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including a blank group, a model group, a Shoutaiwan (10% Shoutaiwan-containing serum) group, an
antioxidant (1 mmol-L" NAC) group, and NOD like receptor thermoprotein domain 3 (NLRP3) inhibitor
(50 pwmol-L" MCC950) group. Cell viability was detected by cell counting kit-8 (CCK-8) kit. Hochest 33342/P1
double fluorescence staining and flow cytometry were employed to observe cell death. The levels of interleukin-
18 (IL-18) , interleukin-18 (IL-18) , malondialdehyde (MDA) , and superoxide dismutase (SOD) in cell
supernatant was determined by enzyme-linked immunosorbent assay (ELISA). DCFH-DA probe was used to
measure the level of intracellular reactive oxygen species (ROS). Western blot was employed to determine the
protein levels of NLRP3, Caspase-1, gastermin D (GSDMD), and IL-18 in cells, and Real-time fluorescence
quantitative polymerase chain reaction ( Real-time PCR) to measure the mRNA levels of NLRP3 and Caspase-1
in cells. Result: Compared with the blank group, the modeling decreased the cell viability (P<0.01), elevated
the levels of IL-18, IL-18, ROS, and MDA, and weakened the activity of SOD (P<0.01). Furthermore, it up-
regulated the protein levels of NLRP3, Caspase-1, GSDMD, and IL-18 and the mRNA levels of NLRP3 and
Caspase-1 (P<0.01). Compared with the model group, Shoutaiwan, NAC, and MCC950 increased the cell
viability (P<0.01). Further, Shoutaiwan and NAC lowered the levels of MDA and ROS and increased the
activity of SOD (P<0.01). Shoutaiwan and MCC950 reduced the IL-18 and IL-18 in cell supernatant ( P<0.01),
and down-regulated the protein levels of NLRP3, Caspase-1, GSDMD, and IL-18 and the mRNA levels of
NLRP3, Caspase-1, and IL-18 (P<0.05, P<0.01). Conclusion: Shoutaiwan can regulate oxidative stress and
pyroptosis to attenuate the LPS-induced damage of HTR-8/SVneo cells, which may be the mechanism of
Shoutaiwan in preventing recurrent spontaneous abortion.

[Keywords] Shoutaiwan; cell damage; oxidative stress; pyroptosis; recurrent spontaneous abortion
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5 PH632) 5 1 PE 48 (ROS) 6 I 3= 7] & (FF 50 22
AW TR W58 BT, 41t 5 S0033S) ; Hoechst 33342/P1
WA & (IR REERFHARAA S
CA1120) ; N-L Bt -L-E R &R (NAC, BigH =K
W AR A R TS S0077) ; NLRP3 . GSDMD
P& ( 3€ E Affinity Biosciences 22 @ , it 5 43 51 M
DF7438 . AF4012) ; Caspase-1.8-JJl 3l #£ H (B-actin)
PR EPU R sk H (Ig) G MAEHT/N R 1gG (36
Proteintech 24w , 41t 5 43 %l & 22915-1-AP . 66009-
1-Ig. SA00001-1, SA00001-2) ; IL-18 $i & ( I [
Abcam /A 7], 41t 5 ab200478 ) ; TRIzol i RNA il $2i
MEETEY TR(EE) BRGAERAR,#S
B511321].
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(Real-time PCR){Y (% [& Bio-Rad A #] ) .

2 Fik

2.1 NI AEAL S32H K HTR-8/SVneo 2 Jifd fif
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R 6 LA L N 10% fif 2R 1% 1) DMEM
WM, TR 346 12 he WO H 85 F W40 JoIk
A, 0K 80%~90%, B HL 4>l 54 . Hihzs
FHZ,10% 25 (LG ; BERL 4], 100 g L' LPS+10%
25 PR 5 75 16 ALZH L 100 pg - L' LPS+10% 7 i AL
25T B A AL NAC 4, 100 pg - L' LPS+
1 mmol-L" NAC; NLRP3 4 il #] MCC950 41 ,
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JE TR AP R IR 24 h, 4T F — 48 An K . 40
M 3N E AL, LR EE 3K,
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T HIA 65%, B T 4 °CUKAH 24 h 5, BEWUE i, UE R
Ml 21, 28 J0 st A 5 F-0 U8 TR 5 0E Ak I 1 Bl i TR
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HZEMKHE S o BEE W)y 1-7F 8:00 A 'F 4 800,
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JRR A B, DA = B0 JCR B MV o I VA = R T
B 2hJ5, L3000 min' B0 15 min (02 4E
Scem, FIAD), W 5, B A 56 °CoK I i v KA
30 min, £ 3f 0.22 wm JG R 1 U8 A% o € 5 A AT
F-80°CHH .
2.4 Hochest33342/PT %%/t Ye (o 6 I 41 fid i 2 452 15
B KR P A0 M 28 W R 2% vl (PBS) Uk R 57
o A6 2% b 1 mL  Hoechst 33342 5 pL fll
PIJ A 5 plo 1RSS4 °C#JEIFH 30 min, 28
1 500 rmin™, %5 #& B0 5 min, % £ PBS YRS,
R S SN AR R ox = RY N o 211D 106
TR E/IC L, U T 40 i R AR () 4T
I T A R /R A
2.5 U gH MR K I 20 M N ROS IE PE 8 59K
e H# A 2 R (DCFH-DA ) 1:1 000 JH JC IfiL 7 15 97
TR B, A TR I A0 i rp B R, 37 °C okt b R
H 20 min, JC LI H FRHEGEE 29K, 1 500 remin' &
MBS min, 7 W, PBS R, FH I 2 40 i AG 4%
o 5 5 5 B
2.6 ELISA £ W if % IL-18.1L-18.SOD . MDA &
OB W, 4% IR ELTSA 357 & vl B 48 R A
I IL-18.1L-18 . SOD . MDA & &, I B A5 AL &
450 nm P K 1 FE T OGB4 AR i 22 B TR
R A R
2.7 3B R B3 (Western  blot) 46 I 24 i 14
NLRP3 . Caspase-1, GSDMD . IL-18 % H 3 ik /K F

SEURE DU ) 40 B, DAYER A R 11 Tl 400 1 7] 149 RIPA 24
W ZL# L4 °C 12 500 r-min™ 8.0 15 min, B F 3 .
BCA I 25 F Ve i, OS2 1) B, & L ic 25
50 we, A B TR R gL a5 IR, B VR AR
Fiii B¢ — Pt (NLRP3 , Caspase-1.GSDMD & 1:1 000,
IL-18 1:2 000,B-actin 1:5 000) J5 M5 ,4 °C7Z ¥ it
o BB Hi(1:5000) 5,37 °C K #& #% 90 min.
M ECL 985G Wy .t , MO IR R AE M o ]
Image-Lab UL H 198 H 5 N 2 8 H B-actin K {H 1Y
FEfE , 7T 5 NLRP3 . Caspase-1,GSDMD ,IL-13 #H %}
HEHARILE,
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2.8 Real-time PCR £ Il Zf Jfl N NLRP3 . Caspase-1 2.9 GitE st SR SPSS 26.0 B4 X B s R AT
mRNA % ik R TRIzol & RNA il #2328 77 & 14 Biibab B RO L X £ s Ron L A M L
A T B RNA, $2 HUJS 19 RNA WU A, Ay, T 5 K F B K & )5 22 70 BT (One-way ANOVA) , L P<0.05
RNA % & . DNase [ &b P & RNA, 17 Real-time h2EFAGITFE X

PCR, H I H 5 NS K H B-actin 4P 3 . W 3 #R

S5 M 94 °C T S ¥4 5 min, FAJE FF 94 °CAE 4 30 s, 3.1 X HTR-8/SVneo #5115 #% A4 40}y 3% 1 A9 &2 W
60 °Ci K 30 s,72 °CHEAH 30 s, I FF 30 YK, AR A ffi K FH CCK-8 3o 391 & K 0 41 i % g, 910 1 HH 10%
72 °CAR:- i 10 min, LA B-actin 235 AFE N N S5 R, FIR I 2513 .1 mmol-L' NAC 2 50 wmol-L"
IHEABMERMEXREE, £ WHETEY MCCO50 1F J T vk B . 55 25 P14 b e, 55 780 2 44

TR L) Ry A RAF &AL P FI 3R 1. Ji 3% P R R AR (P<0.01) ; 5B HL &, iR AL

£1 31WE5 ZH NAC 4 \MCC950 20 4i Jfg 3% ¥ 3 12 3 Tt & (P<

Table 1 Primer sequences 0.01). Hochest33342/P17¢ et R B /R, 555 H

314 175 K J¥ /bp 2H P, AT 2 44T it S a2 61 491 S S 4 0 (P<0.01) 5

B-actin U 5-CGTAAAGACCTCTATGCCAACA-3' 163 SRR e, AR LEH (NACH . MCC950 41 21 Ay

T i 5'-AGCCACCAATCCACACAGAG-3' B A7 5% L ) 4 2 R 0 (P<0.01) o =40 B AR A %

NLRP3  Liif 5“AGTGGATAGGTTTGCTGGGATA-3' 164 W, 5 as 4] b, 55 8 20 PTPH Ik 4 i A8 n n

T 5-CTGGGTGTAGCGTCTGTTGAG-3' (P<0.01) ; 558 % 20 [k %5, %5 B4 AL 41 . NAC 4 .

Caspase-1 I {i# 5-CGGGCAAGCCAGATGTTTA-3' 172 MCC950 41 PI FH ¥ 40 I8 %% W] 5 0 4> (P<0.05. P<
F¥# 5'-CGCCACCTTCTTTGTTCAGTT-3' 0.01). WE 2.1,

®2 FHAAI LPSH S H HTR-8/SVneo 4 AR5 #EEE N E I (X+s,n=3)
Table 2 Effect of Shoutaiwan on viability of LPS-induced HTR-8/SVneo cell injury model (x+s,n=3)

215 /g kg A PI/Hochest33342/% PI PHPE 41 /%
25 H4 1.00+0.00 3.06£1.22 2.63+1.17
EEE 0.49+0.05" 88.40+2.20" 33.47+3.11"
e 42 0.71+0.48 41.44+4 48> 18.24+1.88%
NAC# ¥ 0.62+0.06" 67.30+4.60% 27.15+2.43%
MCC950 41 5%x10729 0.69::0.08% 56.08+6.60° 22.82+2.60%
W 52 4L VP<0.01; SH82H Y P<0.05,VP<0.01 ;%375 #k i 847 5 mmol- L7 (35 3-3 6 [d])

o - - - -

PI----
Mcrg.:----
C D

T A2 UL BRI C F AL D.NAC UL EMCCIS0 41 (¥ 2 [f])
BEl1 FRAX LPS % S8 HTR-8/SVneo 48 i 157 7 £ B4 i1 5% 38 15 1% B9 22 08 (Hochest 33342/P15EEH (1, x100)
Fig. 1 Effect of Shoutaiwan on membrane permeability of LPS-induced HTR-8/SVneo cell injury model (Hochest 33342/PI fluorescent

staining, x100)
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3.2 X%} HTR-8/SVneo #fi fifd I % ¥ 1 IL-18.IL-18 &%
WIS 528 AL R R A0 M L P R
ik A IL-1B8 IL-18 % &t i 3 F 5 (P<0.01) 5 15 155 Al
H L, FF B LA . MCC950 4H IL-18 . IL-18 & &
1 FEREAK (P<0.01) , 117 NAC 4 IL-18.1L-18 & &t 2%
SEG R, W3,
3.3 X} HTR-8/SVneo 41 fitd % 1k 1 3 451 105 14 52
525 U4l b g, A T 4 41 B N SOD I M FE I
MDA ROS & &1 /i1 (P<0.01) ; SHAI L A8, 5 1R
JL4L  NAC 41 40 ig 5 SOD 3 1 g 35 14 Jin , MDA |
ROS & & & & F& I (P<0.01) , i MCC950 41 SOD .

K4 FRATLPSESA HTR-8/SVneo 4 fifl & X M 335 {5 B &

*3 FBRRAII HTR-8/SVneo #5157 40 i L & & & IL-18.IL-18 K
B2 0 (x+s,n=3)

Table 3 Effect of Shoutaiwan on levels of IL-18 and IL-18 in
supernatant of HTR-8/SVneo injured cells (x+s,n=3) ng-L’
4151 Mit/g ke IL-18 IL-18
sk 23.2+4.5 47.0£4.2
BRI 47.8+4.5V  67.9+5.3"
H3 e LA 4.2 3514337 55.4+4.27
NAC 41 1 45.443.2 63.746.2
MCC950 4 5%x1029 39.4+5.0% 56.8+4.6%

MDA .ROS/KFEZEF TG IR L., k4,

Sl (X+s5,n=3)

Table 4 Effect of Shoutaiwan on LPS-induced oxidative stress injury in HTR-8/SVneo cells (x+s,n=3)

2151 il /g kg SOD/U-mg" MDA/pmol- g’ ROS/(x10°) wmol-L"
skl 14.07+2.04 5.14+0.87 0.91+0.02
H AR 21 5.23+0.86" 10.24+0.76" 2.28+0.33"
7 IR Ll 4.2 11.21+1.42% 5.37+0.70% 1.31+0.11
NAC 41 IS 13.78+1.13% 5.26+0.81% 0.91+0.08%
MCC950 4 5x10%Y 7.08+0.69 9.04+0.72 1.90+0.22

3.4 X HTR-8/SVneo 4 fif /1 NLRP3, Caspase-1.
GSDMD . IL-18 & I RBE MM 525 14 i,
55 25 41 itS N NLRP3 . Caspase-1 .GSDMD . IL-18%&
122 1k 7K 8 35 TH i (P<0.01) ; SR 4]t 4, 75 i
AL 40 . MCC950 4 NLRP3, Caspase-1, GSDMD
IL-18 # [ 3 ik ¥ B & % {I% (P<0.05, P<0.01) , ifii
NACH] FiRfE T8 R IAKF 22 55 LG it L
L2 s,

3.5 X} HTR-8/SVneo 4f ffY ¥ NLRP3. Caspase-1
mRNA £k WM 5 0E 5 41 s, AR 2 20 i
NLRP3 , Caspase-1 mRNA % ik i # 7 & (P<0.01) ;
LR 4t 8K, 5 iR L4l MCC950 41 NLRP3,
Caspase-1 mRNA [ & ik 34 i 2 [ ik (P<0.01) ;1M
NAC 41 NLRP3, Caspase-1 mRNA ik 2 5 L5 1T
FR L. W6,

#x5 FHANLPSFESA HTR-8/SVneo 17 1% 4 i £ 8! i NLRP3.Caspase-1.GSDMD . IL-18 & H &£

NLRP3 118 kDa

Caspase-1 45 kDa

GSDMD 53 kDa

30 kDa

42 kDa

A B C D E
B 2 HTR-8/SVneo 4 ffl 1 NLRP3. Caspase-1. GSDMD #0 IL-18
EBRRIERBIK
Fig. 2 Electrophoresis of Caspase-1, GSDMD and IL-18 protein

expression in HTR-8/SVneo cells

2 (x+s,n=3)

Table 5 Effect of Shoutaiwan on expression of NLRP3, Caspase-1, GSDMD and IL-18 in LPS-induced HTR-8/SVneo injury cell model

(x£s,n=3)
20 5 F 4 /g kg NLRP3/B-actin Caspase-1/B-actin GSDMD/B-actin IL-1B/B-actin
S 4l 0.20+0.04 0.30+0.05 0.30+0.05 0.32+0.04
R 2] 0.49+0.05" 0.55+0.04" 0.57+0.04" 0.54+0.03"
A4l 4.2 0.35+0.06> 0.37+0.05> 0.33+0.05 0.37+0.05
NAC 41 & 0.44+0.04 0.53+0.06 0.55+0.03 0.51+0.04
MCC950 41 5x102% 0.22+0.05> 0.31+0.03” 0.29+0.03% 0.34+0.03%
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® 6 FHB A LPS 55 8 HTR-8/SVneo # {5 4 A 4% B
NLRP3.Caspase-1 mRNA RiZH M (¥+s,n=3)

Table 6 Effect of Shoutaiwan on NLRP3 and Caspase-1 mRNA
expression in LPS-induced HTR-8/SVneo injury cell model (x+s,
n=3)

25 51 Fl /g kg NLRP3 Caspase-1
sk 1.03+0.09 0.99+0.05
HL IR 241 3.50£0.05"  2.56+0.52"
7 i L4l 42 2.28+0.36%  1.92+0.50%
NAC# ¥ 3.89+0.57 2.43+0.31
MCC950 4 5%x10729 2.08+0.46%  1.75+0.39%

4 Tt

SR PO 48 ROS AE B S P AL B 8 R 42 2
[ (A S IR AT L e DR A TR (e it | deke
RAESE) , BT ROS A i £, skt &4 ) It & 2 s
A0 (B T P AT, LA P 48 Ak /A 48 Ak 7 IR A 22
PR, % 5 5] AR . B iR &6 R 3h
Yot 5% 35 B RSA 5 Ak B % VI AH 56, 4
JiL A TR — R R AR AT T O 2, 2R Bk AN i K
R T2 I A 2, 5 S04 L DN A ) R B T T
S ZU) JNE SV o IEF IS OLR A AR T R LA 32
Bl E Y — T R R LR g B AR A
FH o AR 20 M3 R T & S A i ) KR E T M —
RGN 9 E IV o A58 45 R WoR  LPS i T 1Y
HTR-8/SVneo 2 fd 4 14 451 73 155 B vy | A7 76 481k 0 93
AT,
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