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Wogonin alleviates atherosclerosis and NF-xkB-mediated inflammatory response
in ApoE”" mice fed with high fat diet

WEI Lei', WANG Xuan',CHEN Xiong’ ,ZHAN Wen', HAN Wang'*

' Department of Pharmacy , Children’s Hospital Affiliated to Nanjing Medical University ,Nanjing 210008 , China;
*Department of Endocrinology ,the First Affiliated Hospital ,Wenzhou Medical University , Wenzhou 325006 , China

Abstract: In order to investigate the effect of wogonin on atherosclerosis and arterial inflammation in ApoE”" mice fed with
high fat diet, ApoE”" mice were divided into normal diet group (ND) , high-fat diet group ( HFD) ,high-fat diet + wogonin
(10 mg/kg) group (HFD + wogonin 10 mg/kg) and high-fat diet + wogonin (20 mg/kg) group (HFD + wogonin 20
mg/kg) . Mice were given high-fat diet and wogonin for 12 weeks and then the arterial tissues were collected. RT-qPCR was
used to detect the mRNA expression of IL-6, TNF-a,ICAM-1 and VCAM-1. Immunofluorescence staining was used to detect
the expression of Moma-2 and VCAM-1 in the aortic root. Oil red O staining and HE staining were used to detect the changes
of the lipid deposition and pathological changes in the aortic root. Biochemical kits were used to detect the serum lipid levels.
Western blot was used to detect the phosphorylation of NF-kB and the expression of IkB-a. The results showed that compared
with HFD group, the area of atherosclerotic plaque in HFD + wogonin group was decreased (P <0.05) ,but the serum lipid
levels do not change; moreover, monocyte/monocyte macrophage infiltration, the protein expression of VCAM-1,the mRNA
expression level of TNF-a,1L-6,ICAM-1 and VCAM-1 and the activation of NF-«B signal pathway in HFD + wogonin group
were significantly reduced (P <0.05). These findings indicated that wogonin could effectively alleviate arterial atherosclero-
sis and inhibit NF-xB-mediated arterial inflammation in ApoE” mice induced by high-fat diet.
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SFEBELR . LT AR 5 IR SEAL Y Z 0T, BE 4
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FRRSOY B R] 18 2 75 35 BE TR A B S il 54
i3], S8 R T X 35 A R R g i) (R 4
BELRRHLTRLE AR FEE M , LI IR B = 3697 7% .
LB 3R (wogonin ) g P BT % AR rp i Y — i A 24
B3, B R Z R AR TG AR Bk
PUB O LA R R 2R R 2O ST B
FEMGED S R AT E RIE M RS EIR RS
(Lo ER 2 5 BRI E A R A TR VL 1 ML
AN TE M, (H 40 f 4% I F kB & 11 ( nuclear factor-
kB, NF-xB) 3K 3 ) 48 i W] fig /2 H bt & 19 1F H 4
TR 9 I A 3 B bk ks R R Ak ) ]
REVEFH S ML, AT H UM E 35 R+ HUA T &
BE k& (high-fat diet, HFD) M2 ApoE™ /N 12 J& 5
Sl PR AE A0 B0 B & SR R, Bl Bk R RE LA S NF-«B
F T RO TS
1 #MRt5A*%
1.1 Y 5iXH

DUE AR (45 :632-859, g i HRKAEY) T 72
ARRAF]) il O e ol & (6 [ sigma 23] it
47 :MKCG9293) ; HE #e i 71] & (#it+5 : G1005-500,
RPCELE R A= YR A BRA R 5 8 % B2 R &5 A E
[& % ( high-density lipoprotein , HDL ) & 37 &5 (4t
+5:20190809 , g 5t EE A Y TRRBFFERE ) 5 1IK% B A
T HH[E B (low-density lipoprotein, LDL) #&; il 32 5]
& (b :20190813 , /g 5t i 2B ) TARRIFFEBE ) 5 A
I [# B (total cholesterol , TCH ) £& 57 & (5.
20190814, mq 5t a2 B AE W) T REWF SR BE ) 5 H il — e
(triglyceride, TG ) #5177 € (41t 5 : 20190813, 7 5
HAUEY TR B ) 7% S0 & (5
H6906340, |-#F Yeasen 2\ &) ; 320} E B PCR 5
& (5. H7825250, |- ¥ Yeasen /N ] ) ; Trizol (Hit
5. AI61056 A , )i Takara 23 H]) o
1.2 7k
1.2.1 %%

Wbt 8 JEIR A HEME ApoE” /INERL (I 1 B2 A6 24

WA R R A7 T E 5 SCXK () 2018-
0008 ), 18 ~ 22 g, SPF %%, 1 AW 5%, 48 H
C57BL/6] T 5tHY ApoE” /INRZESL B = Wik 2 JA )5
TFR LSS,
1.2.2 ik sh A s 5

¥ ApoE " /INERBEHLA M 3 41: (1) AR (g
D L :40% JE 17, 40% B K AL &9, 20% 5 (A )
MEFE ApoE” /IR, [ AR FfE Skt E 18 4h T
XK (LA 1% CMC-Na 75 1 C Bk b ik, ok 30 2
mg/mL) ,F| &~ 10 mg/kg/ K, Fr4E 12 & (HFD +
wogonin 10 mg/ke 2H,n =12); (2) EIBIAE W%
ApoE” /N, RIS AR SClik' 1 E B A T I A R
(LA 1% CMC-Na i W C & BB MO, WREE A 4 mg/
mL) , 75N 20 me/ke/ K, 42 12 J& (HFD + wogo-
nin 20 mg/kg 20 ,n =12) ; (3) FIBIAEMEFE ApoE™”
/NEL(CHFD 4,0 =12) , [RIHE B 45T 54 25 551K
Y 1% CMC-Na 5 ; (4) 1EH IXE (normal diet,
ND) (BER AL L : 10% BT , 70% TRk AL A4 ,20% &
1T I ApoE” /NEL(ND 40, n = 12) | [FI 3 S
BT 525 254 ERFUY 1% CMC-Na J K ; 4 SE R 57
12 J&,

NP B HZ AR N R AbAE . /N RAE T
Ji RIS KO RE B sh Bk ZH 218 T A s e
R, AT BRI AR (BT R3R 0 e R/ B 4% 2 5%
H R T EA TG BT o AR FEFE TR, & PR
TSSO RAE M
1.2.3 A fuFg4rml 2

SHYITE S B Z AR T, W/ BRI, AR
JO7 P37 B AR A U0 I A3 4 7R A5 TR R AT S0 56, A6
VT 2 R i AR 1 IR B (HDL) {128 2 B 2 1 IR
[EIE(LDL) | GUIHERE(TCH) A =15 (TG) /K-
1.2.4 HaO#%é

AbBE/INBRUR BRI EE 6 L ApoE™ /N FRU# F2 3
ik, %F 2 3= 3h ik sh kR AR AL BEBR A 43T, G
JIE T Bk = 228 B Sh Bk i B A~ 3= sh ik, 4 ) B
FETH DR LT E T 4% 2 B R e i
Wo WH e FLKTIEYE S min J5, 5 %6 H RN EE
BLHE 0.5% MINMEL O Jei, LAglizK: 0. 5% ML O Y
WK 20 30y LI B AT O TAE W, 60% S5 7 s i
AEFEZ K 1 min, FIHAL O TAEM YA 15 min, FT
60% SENEER L 1 min, 47K e B AL O Y
WER AR, WA 32 3 ik v sl ik ok R B Ak BE B 20, R
Image J 43 A7 BEBR AR, BEBRTATAR = ( BREH T AL/ Bl
sk ETEFL) x 100%
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1.2.5 HE #6,

AbFE/N BRUG BELL U AE 6 3 ApoE™ /)N Bl I A1l
i sk, T 4% 25 b E e S, i H
20% FEFERG K 12 h J5 F T vk R 2 35 50 1) 4 0 J0E vk
FRYI R REAS Y1) 28 3 3h KR 5B 1 WS B = 3l bk — 4
YIA (8 pm) o BRUCE E S BAR Y 8 pum JEEE YA
HUIR FORAR Y 5 min J5, & 1% HCL [y JCK
LB R 1 min, F5F 1% 2K 2EKIR ¥ 1 min, 4
JKIEVE 5 min, F 80% JC/K L BEFN 90% TiK £ BN
KIG B T et 5 min J5, A% 5 4L K 7L e,
100% JE/K £ P8 2 ¥R, BER 5 min, i Jm T RKIE Y
2 K, AR5 min J5EE R LS S0 H 2R AR 1R, R
Image J AT BB 448 Xof 1o R 5500 Xof T AR, A X T AR
B AN B A = (e AL/ 3h kA s A i AR
x100% .

1.2.6 SLuF2 25 4 B4k X B M (real-time quanti-
tative polymerase chain reaction, RT-qPCR)

T 6 L ApoE” /N BIK4141H Trizol 2
HURNA o AR50 5 S il ) G 45 B R 2 x Su-
perMix ¥ RNA DL 25 °C,5 min;42 °C ,30 min;85 °C,
5 min YRR % B, ¢cDNA, i#iid SYBR Green 1)
I uL cDNA +2 pl 10 uM BI4 30 + 5 wl SYBR
Green + 2 plL. RNase free ddH,0 & & F1 95 °C,3
min;95 °C,10 s;60 °C,30 s, x40 G ; 7 fiE i <19
TR KM cDNA /Y H A2 -6 (interleukin-6 ,1L-6) . fif
JEE IR AL A F--a (tumor necrosis factor-a, TNF-o¢) 21 Jifg
[E] B BF 4371 (intercellular cell adhesion molecule-1,
ICAM-1 ) 01 I %8 21 B K B 43 T+-1 ( vascular cell adhe-
sion molecule -1, VCAM -1) 1y mRNA 7K, 3| ¥ 7%
W1,

*1 INEERSEHEXREHSIYFT
Table 1  Primer sequence of real-time quantitative PCR
2| il EmGIY B
Gene Species Forward primer Reverse primer
TNF-« VB TGATCCGCGACGTGGAA ACCGCCTGGAGTTCTGGAA
IL-6 VB GAGGATACCACTCCCAACAGACC AAGTGCATCATCGTTGTTCATACA
B-actin N CCGTGAAAAGATGACCCAGA TACGACCAGAGGCATACAG
ICAM-1 /N GCCTTGGTAGAGGTGACTGAG GACCGGAGCTGAAAAGTTGTA
VCAM-1 JNER GCCGAGCTAAATTACACATTG CCTTGTGGAGGGATGTACAGA

1.2.7 % & %.9% ¥p it ( Western blot)
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P HIRA %2 PVDF I (0.2 pm FLERAYEH] TN
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F) o %35 90 min J5458 1ESR 5 FH 5% WA 4 15 v
A2 hRHEMAEM, & 45 5 TBST Peik, M5
IA—$T (HT p-NF-«B G 5e BEHUAR, $T NF-«B 4
BTEREDUA DT IxB-a B SEREHUA TN B-actin H
BATCRERTAR, LA 5% BG4 WhEY TBST kiR 1 000
) E, THAREIREE 2 h 5 R 4 Ca kb,
5% H TBST 5, Hl HRP 45509 5t (k115
000 FiFE) BFE 1 h, —PUBFE S5 AUS FH TBST P 3 X,
FIH ECL AGR(A W B W =1:1) 5 AOGRUR A s
KHETTH Tmagel 47 IKEES3T
1.2.8 ZAZRERRAEE

A 6 H ApoE” /NGO JIE AL i 3 3 ik

[F1°1.2.57 )7 145 8 pm J5EBE AR vk U0 A P LA S siE
PG HT . B 5% B G 1 8 1 3 ) A
45 min, BESE K OKEROI RS —PT (P VCAM-1 R 5
SEREDUA BT Moma-2 KR sEBEHTAAR, 294 1: 200
W) fE4 CTHFRER. ZJ5,PBS Ut =k, &
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MR TE=E T E 1 ho SRJ5, FIH DAPT e 5
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pUK 2Si 81 e SESEE
1.2.9 %itzsam
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Administration of wogonin significantly alleviated the development of atherosclerosis in ApoE”™ mice fed with high-fat diet

WA (10 mg/ke 20 mg/ke) AHLG £ F KD
43 LAk 3 Ik 6 % B 55 75 TR
HE 3 630 5 85 S U R 7 TR ApoE ™ /N F:3)

b B,

HitH

BFNESRREZEMBRRAMRTE ApoE MNENFBREELH KR

WA FFIKT 5B ~ D EFIKRFRA LY A 1Y HE Gt /8] 55 55047 ,50 x 5 E ~ F B FFIRIGILL O et GE 40T, a: IEWIRELH;b:
FIBRIK AL ;o FARIA LY + IS 10 me/kg 415 d: FIBRIKE + I # 20 mg/kg 41, F [l 5541 n =6, 5IEH AL, " P < 0.001;
SENEREHEHLE, * P <0.01,***P < 0.001, Not: A: Representative pictures of the aortic arch; B-D: Representative pictures of H&E stai-

ning of aortic root and oil red O staining area analysis of aortic root,50 X . a: ND group; b: HFD group; ¢: HFD + wogonin 10 mg/kg group; d: HFD

+ wogonin 20 mg/kg group , the same below; n =6 in each group; Compared with ND group, ™ P < 0.001; Compared with HFD group,

**P <0.01,"""P < 0.001.
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JKAR TR BES A B, 28 T DU % 3R e 3l kAR
(R BRE SR e Xof T FR 55 R 6 T BRI A W SRR (P <
0.05,K 1B ~ D), & EFknyimer g 45 1] PR
5 HFD 4 e, HFD + wogonin 41 ApoE”" /N % 32
B DK 0 BESR AR X TG AR AR (P < 0. 05, [&] 1E-
F) o DL EGERER] TS IR Ik & R IR 75T sh kows i
ALY ApoE™ /N AL T 4 R RE A 2 i 3h
ok ks RERE A Y A o

2.2 NEERFHIMSEEIREMES Apok  /NRAMAR
BEJETRA T S X IR IR IR TR ApoE™ /)N
SBER A 2 E A5 5 IR A G 7/ BARAERTIR
£ T MM LRI LG K P 4k 2 firz, HED 45
HFD + wogonin 21 ApoE” /Iy i 1 1fi i 7K °F- ( TG/TC/
LDL/HDL) {22 57 Jege it L, RIDUGE S R X sl ik
SRR ) G2 P AN B 2 A K-

=2 ApoE” INRIMASKTE (x £5,n = 12)
Table 2 Serum lipid levels in ApoE™™ mice (; ts,n = 12)

20 51) HDL TCH TG
Grou, (mmol/L) (mmol/L) (mmol/L) (mmol/L)
P

a 1.70 £0.20 9.30 +0.84 9.50 £1.56 2.51 £0.30
b 2.76 £0.60 23.33 +1.05% 24.66 +1.98%# 5.22 +0.73%
¢ 2.77 £0.42™ 21.01 £2.62™ 24.05 £1.83™ 4.41 £0.71™
d 2.93 £0.25™ 21.37 £1.62™ 22.87 £1.37™ 4.40 £0.65™
P 0.250 3 0.000 9 0.000 1 0.049 4

FE:HIEHIREARE, P < 0.05,"P < 0.001; 5 IRIKEA L, " LR EHER
Note: Compared with ND group,*P < 0.05," P < 0.001; Compared with HFD group,™no significant difference.

2.3 NEZBREMSRREARE ApoE /NRHF

Fik 5 i

RAE SV B T B BRI RERE A e A 5 R e F) R
AR FRATTHE— A B IR L O v M Tk
BMEFE ApoE ™ /INER Bl ik A M S . = Bl kAR 6

Moma-2 DAPI

(BT Moma-2 28 e Yo (0 S B 45 5 R | =i IR IR
L] 5 S Bl ok ok B A Ak BE bl P B A/ AR
20 A 5 5 TR, 8 T B AL PR, B P
K%/ PR I W 2 i A ¥R e /b (P < 0,05, 81 2)

5340, RT-qPCR ¥ 7 , 5 HED A L, U A &R
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Fig.2  Anti-Moma-2 immunofluorescence staining of aortic root in ApoE”" mice (50 x )
0B n =6, 5IEHIREHIE, P < 0.001; 5E I8k EHLE, *** P < 0.001, Note: n=6 in each group; Compared with ND
group, ™ P < 0.001; Compared with HFD group, * * * P < 0.001.
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LN IS R E B F (TNF-o F1IL-6) F1 K5 B 43 F
(ICAM-1 F1 VCAM-1) 7E 8 ik H ) mRNA %35 g 3%
FEIR(P <0.05,% 3) ., SULFEAT, Ht VCAM-1 fuig
YNG008RI AR B FR ) ApoE /)N
A BN BKAR TS VCAM-1 2K B 3 22 e 5 5%

AbFE ,VCAM-1 Rk A P> (P <0.05, 8 3),
Db g S 3R B #2523 o v IR IR B R R
ApoE” /INERA B ik 4 i , L3 v il 55 ot 3h ke ¢
Ak VR A G

F3  ApoE  /NRBNBKKFEE FH mRNA KK (x £5,n = 6)
Table 3 mRNA levels of arteries in ApoE”" mice (; +s,n = 6)

ZH51] Group ICAM-1 VCAM-1 IL-6 TNF-a
a 1.00 0. 14 1.00 +0.31 1.00 +0. 13 1.00 +0.21
b 2.74 +0.22% 4.08 +0.57* 5.49 +0.83% 2.88 +0.60"
c 1.10£0.19* * * 2.20+0.33" 2.20£0.44** 1.15£0.29*
d 0.52+0.03*** 1.14 £0.04* * 1.37 £0.38** 0.75+0.06**
P 0.000 1 0.000 1 0.000 1 0.001 0

T 5IEHREHIE,#P < 0.01; 5EIRIREHILE, *P < 0.05,*"P < 0.01,***P < 0.001, Note: Compared with ND group, P <

0.01; Compared with HFD,* P < 0.05,"*P < 0.01," "

VCAM-1 DAPI

“P < 0.001.
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Fig. 3 Anti-VCAM-1 immunofluorescence staining of aortic root in ApoE”" mice (50 x )

T n =6, SIEHIREHILE, ™ P < 0.001; SRk ILi, P < 0.01,7
with ND group,** P < 0.001; Compared with HFD group, * * P < 0.01, *

2.4 NEBMHEEREEE ApoE” /INR BN
i NF-«B 1% B8 B 00 30E

S HE A BT I 5 2 VR R, TR AT TR
T REEM 5 e NF-B {5 5 10 BE (9 0% . &l 4
Ji7R, 5 HFD ZHAH L, 085 3 A 30T 3] s AR ik

“*P < 0.001, Note: n=6 in each group; Compared
“*P < 0.001.

IS ApoE” /N FE Bk i NF-xB (18 2 1k A
NF-«B il 1 o (1kB-a) BYFES#E (P <0.05, /K 4)
FTUIHBTR A T BE S 8 a3 7] NF-xB {553 %
8T T SR o
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Fig. 4 The effect of wogonin on the phosphorylation of NF-xB and expression

of IkB-a in arterial tissues of ApoE”" mice induced by high-fat diet
W 0 =6, 5IEH KA, ™ P < 0.001; 5EEKEHLE, " P < 0.01,***P < 0.001, Note: n=6 in each group; Compared
with ND group, ™ P < 0.001; Compared with HFD group, * * P < 0.01,***P < 0.001.
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X S KR RE AL AT T LR T .

VoA M 1k, 1 2 R %5 3 K RERE A B K A
S, ISP AL AR LG SRR B BRI 55 I
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ST Y BN SR 1) VA= 0 (B
Sy AR B K G R T A By P K A TR R 4R 5 AR
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LIS N K AR SR TR BN TR, G
S A, I s 2 P B A TR T A %5 Bl
B NS R TR ML 1 e 5 40
JR R AR (SRR RERE AL % 2E & R — MRS
KI5 — R ) 02 2R 9 98 A SR IBEE flh 2 , DA T A 32 0 Jik
B RE TR AR 1 % B | Fi 2K S BB e il 24 R HLA 6
o I A S 2k AT T S X 6 R T T 4 1
PRS2 88 58 7% 00 L5 XU B8 5 1 00 1T 5 285 ) 0 3 g
382, HE—2BAIE B 48 0 75 30 IOk AL A P 100585 95
g PR S T 02 DRI B ) S VAT T SR W
KR 2 — R A T 6036 T S bk R AR T 1k i 5
WS SRR R RIS Y, B A B
FHIH A HINERT, BT 25 B TR £ I 55 ApoE ™
7N B Bl A R TR S8 0 5 5 20 30 bk ol o £ 41 5%
W BIFSE s B B 5 2% T A Ak i v B R W 5

ApoE /N Bk 5 MR BRI 3 3h bk b A Bl Bk
FEREALEES AT B, $ 78 T 5 3 AT B — PSS T
BT B AL AR 25 . TS i — 20 R e
NEIR B MEFE AT 5 | S B A% LW 4 M A 35 5 R
HEHN, B ik 46 hE T~ ( TNF-o Fi1 1L-6 ) FUKG B PR -
(ICAM-1 F1 VCAM-1) i mRNA 7K S Fil 3= 3 ik b &5
VCAM-1 Z /KT8, T 45 T 10825 3 AT AT 3808
DL EARE . NF-kB {5530 B S 248 B RAE (R 538
B AEMEBIETE b, 5 IR AR IR SR W] 3G NF-«B (1
FRAL N TkB-a IREAFE T I8 5 R AL PR 5 NF-«B 1)
WEIR AL AN 1kB-o YRR AF B BRI . X segh SR B
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