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WE. B0 ARBTIRI TR EAE A F 24t ox — LDL 5 589 %P i MLam e is A i A A S A KRR
Tey¥ra, Fik CSTBL/6) A5 B M £ Ikb & FF M f, 6 ~8 J&# SD(Sprague Dawley) X R # § 425, £3)
BRI A ) 4425 fn % . DMEM 3% & 3 % ox — LDL: 100 pg/mL ox — LDL # %, Atorvastatin; ox — LDL + I 46X #77 (0. 4
uM) 425 f 3% JPHTF - L/M/H :ox - LDL +JPHTF B3 d ik (5% ,10% 15% ). S35 98 ke & o — SMA #/h 2 &,
VSMCs, CCK -8 A&l 4w L 7& 71, Transwell 52 36 M 3K 4@ i iF 4% 5 L, Western Blot 4 ] 28 i # o — SMA . Calponin
SM22a ,PCNA ,OPN ,ASC ,NLRP3 cleaved Caspase — 1 & iz ,ELISA #-4m g £ & IL - 1B, IL — 18 \TNF — o #= IL - 6 #%
4%, %R JPHTF #74) ox - LDL # §-#9 VSMCs 3§ 5 fo & A 45 3% JPHTF 4 22 5T %4 NLRP3 ASC #= cleaved Caspase — 1
B8 kA KT ELISA 48 R 4% = JPHTF & 22t 2 HFBALIL - 1B A2 IL-18 48 , /K TNF —a o IL -6 X 52 B 749 7J<+O
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Jianpi Huatan Formula( {gtfgi{k 75 77 ) Alleviates Atherosclerosis via Inhibiting Inflammasome in vitro

TIAN Miao'*, JIA Lianqun®* ,SONG Nan® ,MIN Dongyu' , WANG Yang' ,GUAN Le',JU Yetao' ,WANG Fengrong'
(1. The Affiliated Hospital of Liaoning University of Traditional Chinese Medicine ,Shenyang 110032, Liaoning, China;
2. Liaoning University of Traditional Chinese Medicine,Shenyang 110847 , Liaoning, China)

Abstract: Objective This study observed the effects of Jianpi Huatan Formula( 51k )5 ,JPHTF) on oxidized low — den-
sity lipoprotein( ox — LDL) induced vascular smooth muscle cell viability, proliferation , phenotype transformation and inflammatory
factors in vitro. Methods Smooth muscle cells were isolated from the thoracic aorta of C57BL/6J mice. The 6 —8 week old Spra-
gue Dawley rats were orally administered ,and the blood samples were collected from the abdominal aorta to prepare the drug con-
taining serum. The DMEM medium culture was the control group. The ox — LDL induction (100 wg/mL) was the ox — LDL
group. The atorvastatin group were the serum containing ox — LDL and atorvastatin(0.4 wM). JPHTF low,middle and high dose
groups were the serum containing ox — LDL and JPHTF (5% ,10% ,15% ). The identification of the first generation vascular
smooth muscle cells? (VSMCs) was carried out by using immunofluorescence staining with o — smooth muscle actin( o — SMA)
antibody. The cell counting kit —8( CCK —8) method was used to detect the cell viability. Transwell assay was used to observe
the cell migration. Western Blot was used to detect the expressions of a — SMA , Calponin,SM22q, proliferating cell nuclear anti-
gen( PCNA) , osteopontin( OPN) , ASC,NOD - like receptor family pyrin domain containing 3 ( NLRP3) and cleaved caspase — 1
in cells,and enzyme — linked immunosorbent assay (ELISA) was used to detect the levels of interleukin — 18 (IL - 1) ,interleu-
kin — 18 (IL - 18) , tumor necrosis factor — a( TNF — a) and interleukin —=6 (IL —=6) in cell supernatant. Results JPHTF inhibi-
ted ox — LDL induced VSMCs proliferation and phenotype transition. JPHTF reduced the protein expression levels of NLRP3 , ASC
and cleaved caspase — 1. ELISA results showed that JPHTF significantly reduced the levels of IL — 18 and IL — 18 ,as well as the
levels of TNF — « and IL —6. Conclusion The effect of JPHTF in vitro can inhibit the conversion of VSMCs induced by ox — LDL

from contractile phenotype to synthetic phenotype, reduce the ability of cell proliferation and migration, lower the levels of NL-
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RP3,ASC and cleaved caspase — 1 ,and inhibit the activation of inflammasome , thereby inhibiting the development of atherosclero-

sis.

Keywords : Jianpi Huatan Formula ({88 {k )% 75 ) ; atherosclerosis ; vascular smooth muscle cell ; phenotype transformation ;

NLRP3

SBKHFEAE AL ( Atherosclerosis, AS) g IfiL 5 PN K N €3 25 4%
2L B R F 2 U N B BSOS S A B e —
T fa s R A A8 M A8 R IE . S Ik sk A A A BE L2 i
ML A A R S A I AL S 2 2 2 0 R A AS T S
RAE S AL CAEARIN A S 5256 P AT BT Z B0, M5
AL ( Vascular Smooth Muscle Cell, VSMC) 3@ i1 7 A= As [A] )
AMLIH T, AN IL - 18 \IL - 6, RIS FP R 70 72 5 AS 85
i, VSMC A S5 R ] LUBNE AS iR B .
L, i) AS B9 RAEFR , 0] VSMC F R B 6 1% 58 AT
BT ARG AS, ST JIE S a Kk FEREfL Z 0] 1 5C 2, A
A AR BENR ST S IR AR B8 AL T BE 1A — b A R4t Sl ook A+ 1l
fery g

fE AL J7 (JianPiHuaTan Formula, JPHTF) 52 [E 5% 973 Iji
HOFFERCR , AIPOHE T8 307, 456 N5 2 Zia e, A
PR TE N AR £ 2 DR, TR AL A3 S2 30 i 52 UE W] JPHTE
XN U JBZK S e B 2 DA Bl sl K s Ao i A1 398 J Dy T A B
IPRC AT B TEE I ARSI I8 NS AE £ BE R 1) JPHTE J11 ]
/NERB KR AL & e iy A B o
1 #REHE
L1 iAol
L1 gashdy  EIRARTT (JPHTF) G SRR th VLR K7L
2Pl A BRAF (VLR A2 77, 37 o B2 25 R B s B2 g v
i IeEy A B EHURL 10 g, 58S 0K 10 g, 2E AR BURL 10
g, PREEIIURL 10 g, 1FRIAL 6 g, INEEFIAL 10 ¢, PES WAL 10
g, K HHWRL3 ¢
1.1.2 %34 6 ~8 JAlk SD KR & C57BL/6 /)Nl T
Wil g (dbss) LB ERE BRA A, 7 7T IE 5. SCXK (5%)
2019 -0010, 5E %5 30 4 16 3L 5 A 4L 4 5 : 2020CS (DW) -
002 -01,

1.1.3 EZAEZXHA Triton X — 100 ( 3 [E Amresco, F7 5
1596 —026) ;o — SMA 4 (R Proteintech, 55 14395 — 1 —
AP) 5 EHi % 1G $Hik (2 Invitrogen , 555 A10520) . RIPA %!
i ( B3R =K, 515 R0010) (NLRP3 $ip {4 (3£ € Abcam, 5%
5 ab263899) (ASC FiiA (I EZ A 7, F2 5 A1170) | cleaved
Caspase — 1 Hi{& , OPN #i{& . PCNA 1Ak ( 3% [E Proteintech,
22915 -1 = AP 22952 —1 — AP 10205 -2 — AP) ; ELISA X &
( B A W HOR A W], 5245 S100) 5 9806 A ( H A O-
LYMPUS) ; Transwell /)N % (| ¥ 4% B 90 4= 9 B £, B 5
655641) ;18] & .18 (JE ] Motic, KI5 AE31) ; HEHE 5 AL #R
ARG (FECHE B iBright CL1500) ,

1.2 77k

1.2.1 ey slg  $ 6 ~8 kA SD K 30 H,i& N
PR 1,30 HOREBAPLI Axd FRAL a2 20 b 2540, fg: 41
10 R, 5840, ¥ JPHTE BfgAE 40 CzEfKkth . 2% N 530
Z M2 HRSE G S AN o, H R/ AR R E A L) k{6 9.1 45
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2y, VU220 BT FE AR A 7T 45 2. 29 mg - kg™, 2541 JPH-
TF5.9 g - kg™ X RAL6H FH A B2 IKE S, HAZY 1R,
N9 do KRIRE 2 2 h gl E3h Pk, 4 C 4T
3000 r/min g0 LI ,56 C oK 30 min K, i 8 i (I8
0.22 pm) 43 2R 2 L5 %5 o

1.2.2 o4 FHMmie 45544 CSTBL/G6 /INER (HEME,
6 ~8 JHIR) K G AL B, ZE B P I M ik, B T EHHR
(100 w/L) $E#ER (100 w/L) Tow DMEM R84, 7640 i
BREfEE b, PBS [ h ik i, (7 A IRBL 35 23 BR A IR
W FBBKET RN (1.0 mm x 1.0 mm) B A S A7 R G -
EDTA {46 H,37 C 5% CO, ¥i3748 M4k 20 ~ 30 min J5,
JIA 10% FBS f#) DMEM $557 B2 1Ak . K50 A5 A 4t i B
W g B0 3F BE, VSMCs B T 10% JIG 4 L i) DMEM 1
FRFLRE TR, R 37 C RV 5% CO, 25 1% 37 46 b Bs
FL 3 ~5 AT e R LR Tk A CSTBL/6 MR
Bhiik 438 i A 1 LA (VSMGs ) o

1.2.3 #E#XREE o - SMA K2 44& VSMCs  VSMCs 7E
4% B H [ 52 15 min, PBS ¥E7% 3 K. FH 3% [ Triton X - 100
AEFHAHAR 10 min, 13 M35 75 208 T 3P 40HE 20 min, A« -
SMA $7i{k 4 CHEH TR, MA cy3 - FHi% 16 40 (1 : 500
FiE)37 CHERE 60 min, R DAPT #EATAZ UL 8, 2t WA
BEMEE o — SMA FHEZHAE .

1.2.4 4405 42 Control:10% Jifi 24F I 3% 1Y) DMEM 1%
FrHE iR, ox — LDL: 100 pg/mL 48 A6 AR % B2 i 45 F1 (ox -
LDL) #2240 W B [A] Zb B, Atorvastatin: ox — LDL + 5 25 2H & 24 1fi.
#5(0.4 pM), JPHTF — L/M/H 4 :0x — LDL + Fr 2540 & 25 IfiL 35
(5% 10% 20% ),

1.2.5 3§ sk 4wl SR CCK - 8 B I 40 ff 3 7 .
¥ VSMCs (FE4L 1 x 10* 44 ffs) e Fh T 96 fLBL T, &F 37 C |
5% CO, TIFH 0.24 .48.72.96 h, Jin A CCK -8 %k 37 C
A 1 hy RABFFRLT 450 nm 0 E 5 FLIRSEEE

1.2.6 it %% A0 Transwell 2571 %5 T 24 FLK
FLIET A EA 20% 6 48 155 135 58 800 pL. 4 il 7E
37 CHI5% CO, ZF N E59% 24 h, I PBS Bki%k. =iRT A 10%
Z R EEE E 20 min, JRARKESAA 5 min, {1 200 f5 AE31 {5
S RTAG GRS PR s A TR 2

1.2.7 &8 %92 ¥ i % ( Western Blot) 4 ) 2w fe, F o — SMA |
Calponin ,SM22a ., PCNA , OPN  ASC,NLRP3 | cleaved Caspase — 1
&ik  VSMCs FEAS N A RIPA ZLA# M ZE4f% , Rl BCA & Ak
D) & o 2 VR . 4% 85 B2 43 S AE 10% |y SDS -
PAGE #AT8 A HUk , 4% % 5| PVDF J& I, R 5% Wil 5
WrE R 60 min, —Hi 4 CIHF LR, —$Hi5 510 : NLRP3
(1:1000) ,ASC(1:1000) cleaved Caspase —1(1:1000) .o —
SMA(1:1000) ,Calponin(1 :2000) .SM22«(1 :1000) ,OPN(1 :
1000) F1 PCNA(1 : 1000) , WM 5 ] HRP {HEE2E 404 oG —
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137 CHFH 45 min, ECL JKYACWEIRMFE 2 min J5,R

FHEEI MG AL B G2 43-H F AR 45 1 K BE 1L

1.2.8 ELISA #&m IL — 18, IL — 18 \TNF — o F= IL — 6 #§ 4~
fft F ELISA 32070 &0 2 40 i b3 v b TNF - o IL -6 1L -

18 I IL - 18 (% ik, & BRI P 2OR AT

1.2.9 %t (i GraphPad 7. 0 /R #E47 8ot 04, 45

RUSF5 = b 2E30R . ZALEBCRAIRIR R 7 225007, W

HZ A FE R ) Tukey K3, P <0.05 5 X0 22 5 F 53T

TR

2 R

2.1 JPHTF #{ 4| ox — LDL % % # VSMCs 74

PG 98 61k S 8 CSTBL/6 /N IR MG 3 3l ik 43 5 s 1
VSMCs, 5k 1] DAPT B 3 €4, 48] 1 5 56 i 1w 5 WL 4¢ (4 00 XX &
1A), A 100 wg/mL ox — LDL 43 VSMCs 24 h J5 , 3813 CCK -
8 G 4 i 184 555 5L, 5 RH JPHTE % VSMCs 3858 (952 .
XA 1B ffi7R 76 ox — LDLAEH]T, VSMCs Y345 RE ) il
Z3a5R i JPHTF — L JPHTF — M JPHTF — H J% Atorvastatin |
T ANH] T ox — LDL X VSMCs B985 52N o DA B[] 3 1)
P EORE JPHTF - H LR B T i dF MR (96 h: P <
0.01 vs. ox —LDL,P <0.001 vs. Atorvastatin) ,

2.2 JPHTF #1#| ox - LDL % % By VSMCs 3 78 # = & A £ &

Western Blot SZ8G2E 8 g 7, ox — LDL ¥4 /i1 T OPN I PC-
NA 1 3R5KKF-, il JPHTE FFTFEHARTT B OPN i1 PCNA
HHEFRBACE (G XA 2) .

2.3 JPHTF #i#| ox — LDL ¥ % t VSMCs if £

Transwell £ 45 H 7R (48 GUXXI I 3) , ox — LDL /E ] 24
h Ji&,VSMCs iF# it 77 i #3458 (P < 0. 001 vs. control ) , Tfij Bif
FEAL A 7700 22 B 3 %) ox — LDL A ] 2 3 3 ] i 808 (P <
0.001 vs. ox —LDL), #HLLZ T, JPHTF AL i 57 5 4 R B
T BTG At 7T A 30 34 T (P < 0. 001 vs. ox — LDL, P <
0. 001 vs Atorvastatin) , [fij H A W 2 AF =KL R
2.4 JPHTF 41%] ox — LDL ¥ & &7 VSMCs % % 5 4%

Western Blot S 45 B 75, ox — LDL 2 & FF 5 o — SMA |
Calponin I SM22« 2 135KV, HBTHEH AT TAEA LR ok
FILL X LA AR WY n 3RV E T, JPHTE AN [ 551 2 J0) 3R 900 1
AN A A P (A UKV 4) o ARG 8 35 AR T o« - SMA
Fb, P R A B BACR 53 AR calponin Fik M
YEFHARAL, X5 SM22.0 JUJ 2 B 4 B S 1) 55 12 RO ICR o
2.5 JPHTF ##| ox - LDL % % #) VSMCs % J£ 1t 2

AWFFEIRV] T JPHTFE XF ox — LDL 353 B 48 AE S0 3 F2 Y
i, F Western Blot #:46:10] NLRP3 | ASC #l cleaved Caspase —
1 (R RIEKT, 45 R BN, ox — LDL 7] i 3 42 & NLRP3 |
ASC #l cleaved Caspase — 1 7K, 1ij JPHTF A 34 AL VT 69T
PPy REAR L AR R K /K Gl 5T XXV IE] 5 ) , & W] JPHTF 4]
T NLRP3 RAE/IMA BT o

K 1 ELISA {5 Rl 4t b 35 408 1 & i, 25 3 iR
ox — LDL B[ VSMCs %4 J% i 13 , 29020 1L — 18 1L —
18 IL -6 1 TNF — o 433 198, 11 JPHTE sy € At 77 b 21
AE 2 25 PRI 2 AT DA 17K (4 5T XXV 6) o JPHTE o 5 571
TR LU BTG A T S SRR AR TNF — o 43 WA RCR (P <

0.001 vs. Atorvastatin) . %7 F iR, (RAMS2EG 25 R B 7R, JPHTF
A ox — LDL 7551 VSMCs 4 E I o
3 itig

VSMCs FRUFLIAEALHG AS 76 P I — FR 90 145 1A ZE M 9
TR St A0 R R R 2 SR AR T L VSMCs AT A% i K
AS FRRRET o VSMCs M MAC 45 3 T 1) 4 B 750 1) % o P B 25
W WL 6 B 1 R R B R KO T, A TR AS A
BB o — SMA . Calponin 1 SM22a 42 VSMCs It 45 25 B4 23
¥y, Vimentin & VSMCs 4 R ZEE b5 ", OPN FI PC-
NA B g 20 M 5 1) T B R 72 L ARBRSE, iRAh s
BSHESE JPHTF M4 ox — LDL 355 VSMCs MU 45 22 2 u] 5
AR R, ARG 7 A RS, R AN g . &5
IR ox - LDL 531 VSMCs Y4 & RIAR IO IR PRI, 32
/RTE AS JUI[A] VSMCs MM 45 2 5 i) 5 AR 5 40, JPHTF 55 24
MLTEAH T R X AT REAT B F I R LS K EE AL AR

O S Bl KK B R AL BB R A SR Bl R 2R 2 3 ko
WAL SRR ERR P SRR R LB i i () L T
LAE NLRP3 e i /A . NLRP3 48 i /M oy 25 K i 52
{RREE 1 NLRP3 & Bl 2K 11 ASC il R AE 2K 1§ Caspase — 1 41
AL BOEOE S NLRP3 5 ASC JB i 48 5 /IMA R &4, 531
procaspase — 1 ¥4k} active Caspase — 1, JjfiJ5 5|3 IL - 18 Al
IL-18 fy4p " . TEARBIFEH, F M1 & B ox - LDL i G 11
VSMCs Ht NLRP3 FH 20 fin, i JPHTF & 2% i3 41 NLRP3
IKFFEAG, $2 77 NLRP3 4 A /N A (1 3005 32 B 90 il b A1,
CD68 7 HUAZ 240 i A1 L i 2 i v e 5k, H 835 B AT 5] & AS
WA S T o BRI ST 4 FAESE , HED H4in T CD68
FHESH A A A, T JPHTE 0 o g /0> CD68 FHPE4N M, 32/~ JPH-
TF ] T SR AEGARAIRTE o [FRE, AF 5845 RaR R JPHTF 4
I BRI T RAEAN P 7 IL - 18 IL - 18 'TNF — o A IL -6
H 7K o

SEH ) NLRP3 S35 AS 181 900 & A FR R %O, 3
G R AE IL - 18 A1 IL - 18 BRI, 25 AS BN B 3105 .70
VRN ORAE T L T AS R M S A M L L )
NLRP3 #E/MA Ay AS 4R 48 T — Bl 9 36 77 S ms o 4 x
NLRP3 4/ MAR 2590 58 AR 2 IEFE R 4T, H AT %A 12
WBI7 AS 9 ETEG o ARSERFSE & B, BB T i 1 o
NLRP3 48HE /M S F06F 2t 0 LR B8 5 8 2 B 0 LA 37 £
RV AT BEFS W, Z2 b 245 23 RE A% 1 4] NLRP3, % 45 1)
IJIE RN BOVE R ) rp S B o 0 S8 RE O BIF 5T WA 2 4R vh
TEFR I AN Sk (5 M 2 JPHTE 259 20 5%, LA DU 3B 737 Jo Ak 95
e v SIS 2 e 1 1 AR I, S ) & 4 M AL g <AL R 1 2
Ao ML 2GR T A M AS S g I K BT
PERY Bl AR5 I S DR Ty Al M AD /B
NLRP3 ik,

TR AR 1) S R 2 BRI T P T AR I RS AR E
FEPBRATR I, 45 T AR i JPHTE 55 25 3% 5 , 4 ox —
LDL if5 5 i 3B iy ] . SM22« 2R (4 %35 \NLRP3 25 [ %3k,
IL - 1B Zr A5 LA bR A W 2 R K e & (E7E HoAh 35
PRREEAT . 58— RS AR AR PR
J5  JPHTF o352 2% 4T HE SR 22 , A WA 174 790 A0 G
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FRUTBERIX —Fr MR I, TRA i 25 LKA fE e B, 5

Je, JPHTF 7E4 i VSMCs 152 7 3L 4% Fp R B 1 W] f) 591) Jt

WA, 36— s 0 25 W e R I A48 5 8
w2l A YRR A R B B IR AL R AL 24 0 P 2 i

PR3 O B IBORI 4S5 7T BB 2 AR W 04T 55 32 8 T i ) PR AR

WFFERI IS PES NS S R 2 3 Bk A

WA BATGRTVE RT3k Sevh 2550 3l IR A AR RE AL 1) 25 B4 1

K ARSI RS AT T B R BT

FATAIVRSMIFFTUESS JPHTFE X AS A5 R4 A 3l 4 A , 1t

M NLRP3 45 /MA R fig 5 JPHTF X Flt AS AO1E A %o

TERIE , TRATHF BE— A JPHTE X AS (1482 ) 45 1, 1 B

FIYEE 25035 PR ALY, T A 4] NLRP3 5 AE/IMAST AS H 3T

2y, R S KRR AL B 16 T R BERT T 1%
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