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[ E] B RIEET ZXFIEZHE (lipopolysaccharide , LPS ) 5 BRI AZ 4 = #§H2 (adenosine triphosphate , ATP ) B 515 5
A/ BVINEE B I BV2 NOD #7425 11 3 (nucleotide-binding oligomerization domain-like receptor protein 3, NLRP3) e /IMATK
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A7 % e R — S AL A (nitric oxide, NO) BERUK T 5 foii A 2% 0 FLR B S0 (lactate dehydrogenase , LDH )% JJ ; ELISA
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Inhibitory effects of proanthocyanidin on LPS/ATP induced activation of NLRP3

inflammasome and phosphorylation of NF-kBp65
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University , Nanjing 210009 , China

[Abstract] Objective: To observe the inhibitory effects of proanthocyanidin on activation of nucleotide - binding oligomerization
domain - like receptor protein 3 (NLRP3) inflammasome and phosphorylation of nuclear factor (NF) - kBp65 induced by
lipopolysaccharide (LPS) and adenine nucleoside triphosphate (ATP)in mouse microglia(BV2). Methods: BV2 cells were stimulated
with 1.0 pg/mL LPS and 2.5 wmol/L. ATP, and treated with different concentrations of proanthocyanidin (0.1, 1.0, 2.5, 5.0 pg/mL).
Cell viability was determined by thiazolyl blue tetrazolium bromide (MTT)assay. Nitric oxide (NO)release was detected by colorimetry.
The activity of lactate dehydrogenase (LDH)was measured by microenzyme labeling method. The secretion of interleukin (IL)-1 and
IL-18 were determined by ELISA. Expression of NLRP3, apoptosis-associated speck-like protein containing a CARD (ASC) , caspase-
1, pro-caspase- 1, p-NF - kBp65, NF - kBp65 were detected by Western blot. Results: The effect of different concentrations of

proanthocyanidin on the survival rate of BV2 cells was not statistically significant compared with the control group (P > 0.05).
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Compared with the control group, LPS/ATP increased the secretions of NO, IL- 1B, IL- 18 and LDH activity (P < 0.05) , and the
expressions of NLRP3, ASC, pro-caspase-1, caspase-1,p-NF-kBp65 (P < 0.05). Compared with the LPS/ATP group , proanthocyanidin
reduced the secretions of NO, [L-18,IL.-18 and LDH activity of BV2 cells(P < 0.05). In addition, proanthocyanidin(1.0,2.5,5.0 pg/
mL) decreased the expressions of NLRP3, ASC, pro-caspase-1 and caspase-1(P < 0.05). Similarly, NF-kB inhibitor BAY11-7082(5.0
pmol/L)reduced NF-kBp635 phosphorylation and the expressions of NLRP3, ASC, pro-caspase-1,and caspase-1(P < 0.05). Conclusion :

Proanthocyanidin can inhibit secretion of inflammatory factor and activation of NLRP3 inflammasome induced by LPS/ATP, which is

closely related to the inhibition of phosphorylation of NF-kBp65 by proanthocyanidin in LPS/ATP induced status.

[Key words] proanthocyanidin ; inflammatory factors ; NLRP3 inflammasome ; lipopolysaccharide ; adenine nucleoside triphosphate
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Z— o BAE/IMATRE /NI 5T A LR P 1 — b 2 4R
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NOD #£ 32 & % H 3 (nucleotide - binding oligomeriza-
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JUFESE H (apoptosis-associated speck-like protein con-
taining a CARD, ASC) 2 bt & R K A& & R 4 il
(caspase)-1 BUARLL AL o AT PRI 405 4H 5 43 T 15X
(damage - associated molecular pattern molecules,
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BV2 4l bk (b ] B2 2Rl e Bl 1=~ T 5 fe
A L) 5 AT 3R (LEE=95% ) (LRI T A=
TERHE B A BR2S B ) 3 LPS (ATP  BEWE 5 (thiazolyl
blue tetrazolium bromide , MTT) . — F FL P ( dimeth-
ylsulphoxide , DMSO) (Sigma 23 H] , 2¢ [ ) ; DMEM %
74 (HyClone 23 7], € [ ) ; B 2F 1ML (Clarkbio 23
A, ) ; —E AL A (nitric oxide, NO) K7 &
FLIR B A i (lactate dehydrogenase , LDH ) a3 5]
& (s AR W) AR ST i ) 5 — sk R (bicin-
choninic acid, BCA) 8 ¥ FE R & (L3 < KA
P ARATBRA D) 5 TL-18 . 1L-18 ELISA iK1 & (L1
il 3K A= W) Bk 4 A BR 2\ F] ) 5 NLRP3 | pro-caspase- 1,
caspase-1 LK (Abcam A F], 92 [ ) ; ASC . B-actin PT
PR — 41 (Santa Cruz A Al , 2 ) .
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HA) ; Esco SRS 240 (Esco 23 8], #m) ;
RT-6000 fif b5 23 M A% (Rayto 237l , F5 [ ) ; 5417R
M U O ML (Eppendorf 28 7], 75 [ ) ; Mini-Protein
3 /NI 1 HL Pk (Bio-Rad 23 ], 35 ) ; DYCZ-40D
L ENHL YK (JE 5 7S —AXES ) ) s Tanon 5200 fh22 %
Forifg 250 (L REERHEABR A )
12 Fik
121 sk

BV2 4 Jifd 1% 3% T DMEM @5 Bl 52 2 1 55 35 (&
10% 54 135 . 100 U/mL 75 5 £ 5 100 pg/mL 555
), BT 37 C.COMBUTECH 5% AL Fe46
Bt BRI, R 1R, FranfssFs 200
BRI T8
122 & Em NO B KT

BV2 il LA 1x10°4~/mL )% BE 20T 24 £LAR,
B L 500 wlo 13 40 05 B ), 8% 57 xF B4 L LPS
(0.1.1.0,10.0 F120.0 pg/mL)4H , &40 3 ™ F174L .
10124 hjE WA L, #050 E ul B B AE,
I 5E 550 nm AL Y65 (optical density, OD){H ., 22l
FRERIZ , B LT A4S 4L 40 35 NO & it
1.2.3 MTT &M aafini& A

BV2 40 g L) 5x10°4~/mL (1) % & 32 Fh T 96 £L

M, FEFL 100 wlo 7540 M 26 5004 KR T S0 56
WA Z A N B4 LPS (1.0 weg/mL)/ ATP (0.1,
1.0.2.5.5.0.10.0.15.0 #120.0 wmol/L)#H A~ [] ¥k i
JRAEHE K (0.1.1.0.2.5.5.0 pg/mL) 41 | LPS/ATP+A
e FE IR AE T 2% (0.1,1.0.2.5.5.0 pg/mL) 4, JFAE T
E WS 1 h A, LPS 115 24 h, ATP -1 30 min, &:4H
S5 FATL . TISE R, BAL A MTT (5.0 mg/mL)
10 pl, AREEH5FR 4 h, SRR IS . BN 150 plL
DMSO W , % % 5 min, {fi 1 55 (025 720 W it .
BRI 7 490 nm ARG BEAE , T A TR % 2
WIAETE R (% )= (5256020 OD (- ZE 4 OD {8/ (K} iR
2H OD {H-#E 4] OD1H)x100% .
1.2.4 ##ZBAR %M LDH & A

BV2 40 il LA 1x10°~/mL (1) %5 & 43 Ff T 24 fL
M, L 500 wLo T 40 I BE J5 , 1057 %) BRAT \LPS/
ATP # LPS/ATP+ A [rl kB2 7 A6 3 (0.1.1.0.2.5 .
5.0 pg/mL) 4, B 3T, FAET RS h
HA, LPS F 51 12 h, ATP 115 30 min, W8 40 o 8%
FRU, B0 JE B ET , FH LDH 3850 Sk . ik
S ULPHEAE , BEAR {0 E 450 nm ZL OD{H. LDH {
J3=C5E 20 OD B -l 5 25 141 OD i)/ (A4 OD
{E-PRIEZS F12H OD ) xAr i i BE X1 000,

1.2.5 ELISA &4 IL-18 . IL-18 &K -F

YRR IA] 1.2.4, WAEANAEES SR, 3 000 r/min
50 20 min 5 BUEIH W, 4% 18 ELISA 50 & Uil 45
HEAT , B4R 50 58 J5 T AR G 72 450 nm 4k OD{H .
MR AR v i 2 2 o e At P TL-18 L IL-18 7K
1.2.6  Western blot =4 48 % & & & ik K -F

BV2 AL L 1X10° 420 T 6 em B3R ML, 43
M 1.2.4, TG, sedadsss g, AR, T
UK -2 R T R AR B0 L4 C
12 000 r/min #:L> 5 min, B3, FH BCA 25 FIVKREE
PR SR A T . BGE R A T
IS HL K R BT, —$T4 CHFB R, TBST YA
8K, BFIK 5 min, “HUEIRIFFE 2 h, TBST FR-R PEAE
8K, BFK S mine SRJF A G EN TR fb 25 & SR T
W5 SER I Image JERAFXS UGS 70T
1.3 %it$rik

K HH SPSS 22.0 BAFEATGE 250 BT, S 2
DAMIE ARIEZE (3 £ 5) 3R, 24 LR 2555 1
K40 R0 5L R 2 224381 (one-way ANOVA) , 2H [A] 9§
WA LLER I, 4507 2555 , R LSD K48 5 45 7 26485F
K Dunnett’s T3K: 56, #6560 7K HEa=0.05,

2 &% R

2.1 LPS*FBV2 % fe#83 NO 69 %

5 Bt 3, AN W) v J% LPS (0.1, 1.0, 10.0,
20.0 pg/mL) HJ AT BV2 4l il NO ZKE- T, 22 5+ 2
AT (P <0.05, & 1), HFf LPS ¥ 514
Hahn . ARYE LIS, Fr o 5 2L S0 LPSAE TR B
1.0 pg/ml.

22 JRiLHEFLPS/ATP 3 BV2 ta e i-i% Rt %

550 MR LA, AN Ak B R AR 75 % (0.1, 1.0,
2.5.5.0 pg/mL) X 40 MIAAE 2R TCH] 52 | 25 55 o 48

NO(pmol/L)
I N R =N
c & & & & &
*
H o«

AL 0.0 1.0 100 200
LPS(jug/mL)
5xt R4l HEE, P < 0.05(n=3),
1 LPSX{BV2 4RI NO B0
Figure 1 Effect of LPS on NO release in BV2 cells
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TR (P> 0.05,E12A) . S5XTIEZ A, B LPS
(1.0 pg/mL)/ATP (0.1 wmol/L) Y40 , Hi Ay 4 4H 21
MAETE 2RI R, 2 R G EE (P < 0.05, &
2B) ARSI 45 A ATPAE MR M 2.5 pumol/L,

5 LPS/ATP 20 H 48, LPS/ATP+JRAE T & (5.0 pg/mL)
HANMAETE T, 2 R BEARIEE (P <0.05,
K 2C) , i R AL 2 0] LU & LPS/ATP 75 5 1)
BV2 471 %

A 20 B 120 € 10
%100 s 100 L s 100 A
M 80 b 80 * b 80
E 60 E 60 s E 60
T 40 Z 40 5 40
5 20 F 20 = 20
O 0 L 0 Al
YA 0.1 1.0 2.5 5.0 IPS - + + + + + + +(1.0ugmL) LPS - + + + + +(1.0pg/mL)
JFAETF R (pg/mL) ATP - 0.1 1.0 2.5 5.010.015.0 20.0( wmol/L) ATP - + + + + +(2.5umol/L)
FAHFE - - 01 1.0 25 50(pg/mL)

L%t BE4T LS, P < 0.05; 5 LPS/ATP 41 b4, *P < 0.05(n=5)
E2 E#BEZERLPS/ATP Y BV2 TSR
Figure 2 Effects of proanthocyanidin and LPS/ATP on the cell viability of BV2 cells

23 RitHFEXSLDHE AR

Z5F LPS(1.0 pg/mL)/ATP(2.5 wmol/L) il BV2
N, AN TR BE JFAE TR % (0.1,1.0.2.5.5.0 pg/mL) Fil
A 3 N, FH B s 1A DO 2 5 5 L D
LDHIG f1o S5 oR, 5% B2 g, LPS/ATP 4141
Jfd_E 3% LDH 3% J1 B A, 22 R B A Geit 22 5 X
(P <0.05, % 3), 311 LPS/ATP ] L4 i 725 4 it Ji& ¢
Bk, SRR, 5 LPS/ATP 20 FeAs , A [a) e i
JEAEE 2 (0.1,1.0.2.5.5.0 wg/mL) Fi b B 15 A [
BV2 i}l LDH 1% ), 2R WA G #E L (P <
0.05,&3). MU, JFAETE 2 AT LAXT LPS/ATP 75
T BV2 i e i 2 — @ A R

350 7
300 1 A
250
—
= 200 1
I 150 4
= 150
—
100 A wf
*# *#
)] IhE
S
PS - + + + + +(1.0pgmL)
ATP -  + + + +  +(2.5 umol/L)
JFHEZ - - 01 10 25 50(pgml)

SR HAE P < 0.05; 5 LPS/ATP 4 HLAZ,"P < 0.05(n=3)
B3 JREiEEESTBV2 45 LDH & N A0
Figure 3 Effect of proanthocyanidin on LDH activity in

BV2 cells

2.4 JRibLHEXBV2 4 NO B AT 8%k

K FH FE B2 ] 4246 00 BV2 40 015 37 135 NO B
K, 5 B s, 5% BRAL L #R, LPS/ATP 41 NO B
HOKFI T, 22 R B G (P < 0.05,

4), 5 LPS/ATP 2H b #s , AN[a) vk B IR AL 7 K (0.1,
1.0.2.5.5.0 pg/mL) T4 AT BEAR BV2 21 il NO Bk
K, R EAG T FE L (P<0.05,F4), vl
AEHZE A L —E R FAH BV2 40 NO Bk,
45+
40 "
351 ]
= 307 o

EZS' T
220

S 15+
10
5-

0 '-_-l

LPS - + + +

ATP - +  +  +  +(2.5pmol/L)
FHEFEEZ - - 01 10 25 50(pg/mL)
XFHRZH LEH P < 0.05; 5 LPS/ATP #H 1445, 'P < 0.05(n=3) .,

B4 FEH#SEIBV2HAENO BEHMK TR

Figure 4 Effect of proanthocyanidin on NO release level
in BV2 cells

2.5 RIEHFEABV2aL X ERFIL-1B.IL-18 &
Fah%

ELISA 7A 0 BV2 L35 3% B b 1L-1B . 1L-
18 /K, 45 3 B 7 , 5 % B4 Hedss , LPS/ATP 2H 41 it
RAE - IL-18 IL- 18 BEHUKF- I W iy, 25 7 BoAY
Git#E X (P<0.05,K5), 5LPS/ATP 4 b4z,
ASTa)He B AR & (0.1.1.0.2.5.5.0 wg/ml) Fikb B
AR, B0 BV2 4 it A E K IL- 18\ IL-18 /K
K, BB AL R B R mmiFEIL, 2R A%
B (P<0.05,K5), 45520, 7 Z ]
PAAII LPS/ATP 5 S BV2 41 il 92 5 I 1L- 18 . 1L-
18 13 Wh o

+(1.0 pg/mlL)

+ +
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2.6 Rt #H # *F BV2 4@ fe NLRP3 ., ASC. pro-cas-
pase-1.caspase-1 & & F A 89 % f)
Y5F LPS(1.0 pg/mL)/ATP(2.5 wmol/L) Jili BV2

A 140+ .
120 ] *#  #
4
35100- H
= 801
=
@ 601
= 401
20
0 e
IPS - + + + +  +(1.0pgmlL)
ATP -  + + + 4+ +(2.5 pmol/L)
FHEZ - - 01 10 25 50(pg/ml)
B 1201 N
E *
100 . »
80 1 i

IL-18(pg/mL.)
o
3

40
20
O T T T T T T
LS -  + 4+ +  +  +(1.0 pg/mlL)
ATP -+  + + +  +(2.5 pmol/L)
FHEZE - - 01 10 25 50(pgml)
XL HLE, P < 0.05; 5 LPS/ATP £ L4, "P < 0.05(n=3) ,
E5 FEHSFSHEXBV2HMRHERFIL-18(A) . IL-18(B)
7K 20

Figure 5 Effects of proanthocyanidin on the secretion of
IL-1B(A) and IL-18(B) in BV2 cells

YA, RN R AR % (0.1,1.0.2.5.5.0 pg/mL)
AL FE AN . Western blot 52 56 4% 7 & ol L,
LPS/ATP 4 NLRP3 ,ASC . pro-caspase-1 . caspase-1 2
PR, A [ 4 B2 JRAE 7 % (0.1,1.0,.2.5.,
5.0 pg/mL) FUALBEAT DLAE Bk 8 R as il (F
6A) . H Image) A X} Western blot 5256 577 K wE
FEIRBEAE ST, 45 R 7 , 50 B LU AL, 437 LPS/
ATP J|3#J5 NLRP3 ,ASC . pro-caspase-1 . caspase-1 JK
JEAH UM T, 225 BT GETH 2738 L (P < 0.05, 5]
6B~E) , Ui W] LPS/ATP i T NLRP3 4 it /MA 1 1k .
55 LPS/ATP 41 Fe B, ARk B IR AE 7 % (1.0.2.5,
5.0 pg/mL) fil &b B J5 NLRP3 , ASC . pro-caspase-1
caspase-1 JKJEAA IWAH T B, 22 % A it X
(P <0.05);0.1 pg/mL JF AL H F AL pro-caspase-1 5
FR B K BEH LR R, 2R A git v E X
(P<0.05), EARFREZHIFALT R THMH LPs/
ATP 5§ 25 F NLRP3 . ASC . pro-caspase- 1 , cas-
pase-1 2 4 38 KF, X NLRP3 245 /IMAS I B A
M
27 JRALH & il id NF-kB 13 5 il % 47 %) LPS/ATP
#5489 BV2 29 i NLRP3 K e MR &

K HINF-kB 3 #4651 BAY11-7082(5.0 pwmol/
L) &% 5 AT 2 (5.0 wg/mL) TiAb B LPS/ATP k&
T BV24Iil. Western blot L4 4k71 [ /R , LPS/
ATP+BAY11-7082 41 Fll LPS/ATP+J5 4675 2 411 A
FEAIG p-NF-kBp65 85 FH #235 7K -, [A] B 0] ARFAIK NL-

A LPS - + + + + +(1.0 pg/mlL) B 1.0 *
ATP - +  + + +  +(2.5 pmol/L) £08 T
FHBFEZ - - 01 10 25 50(pg/mL) g 06 #oa
T 0. M
NLRP3 === s s s w114 kDa %’*04
&~ 0.
AS(C — e — — . 24 kDa Dj 02 ’l‘
z L.
Pro-caspase- | " ————— 45 kDa 0.0 e Lo It S T S
IPS - + + + + +(1.0pugmL)
caspase-1 R E—— 20 kDa ATP = + + + + +(2.5pmol/L)
Bactin e s —— — - 42 kDa JFAEEHE - - 01 1.0 25 5.0(pg/mL)
¢ 1o D2 . E 1o
- 08 * s 1.0 # E 0.8 *
g 2908 # 7 #
506 # = Q06 #
@ oy % 06 # o4 ” #
S 04 =04 1 0.4
<02 ﬂ g 02 z02
0.0—1L AL 200111 AL 00 L I
ILPS - + + + + +(1.0pgmlL) LPS - + + + + +(1.0 pgmL) IPS - + + + + +(1.0pugmL)
ATP = + + + + +(2.5umol/L) ATP - + + + + +(2.5pumol/L) ATP - + + + + +(2.5pmol/L)
FAEHEZE - - 01 1.0 25 5.0(pg/mL) FAEHEZE - - 01 1.0 25 5.0(pg/ml) FHEZE - - 01 1.0 25 50(pg/mlL)

A:Western blot SCHGEE R B~E : 8 A FAE M. SXHRL LR, P < 0.05; 5 LPS/ATP 4L L3, 'P < 0.05(n=3),

E6

FEHEEX BV2 45 NLRP3,ASC . pro-caspase-1. caspase-1 % B & 1% HI 220

Figure 6 Effects of proanthocyanidin on expression of NLRP3,ASC, pro-caspase-1, caspase-1 in BV2 cells
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RP3 . ASC ., pro-caspase- 1 , caspase- 1 8 H ik /K
(I 7A) o H Image] BA4%F Western blot 5256 257 5]
PEAT IR BEAA AT, A 4 R UL TB~F . SRS IR LY
B, LPS/ATP B 4175 541 NLRP3 , ASC . pro-caspase-
1 . caspase-1.,p-NF-kBp65 K FE{E LE T, 2255 B
AL L(P <0.05), B LPS/ATP i T NF-
kB {55 I NLRP3 S E/MA . 5 LPS/ATP 2 1

B, LPS/ATP+BAY 11-7082 41 L) J LPS/ATP+JF AL
% 4 NLRP3.,ASC . pro-caspase- 1 , caspase-1,p-NF-
kBp65 K AH LLAEFEL, 25 HA G4 3 (P <
0.05) , F WA AL T 2 v] LI LPS/ATP %55 () BV2
2 il NLRP3 A E /IMA LTS B2 NF-«Bp65 5 12 1k 7K
- UL IZ A T JRAE TS Bl At NF-kB {5 538 58
BUXF NLRP3 Ak /IMAEE B4 4 FH

A LPS - - + + +(1.0 pg/ml) B 1.0 ¢ 1.0 ‘
ATP = -+ o+ +(25pmoll) g g * 0.8 T
BAYI1-7082 - + - + —(50pmol/L) & " 5
FAHEE - - - - +(5.0pgml) é_ 0.6 # # £ 0.6 gt
[sg] = #
NLRP3 # o o s e = |14 kDa & 04 g 04 #
— <
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Figure 7 Proanthocyanidin inhibited LPS / ATP-induced activation of NLRP3 inflammasome through the NF-kB signaling
pathway in BV2 cells
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