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Effect of Huodan Biyuan pills in inhibiting inflammatory response in rats with acute sinusitis based
on the high—-mobility group box 1/Toll-like receptor 4/nuclear factor—kappa B pathway
XIONG Jing' , WU Ting',LAN Chao', TIAN Daofa'*’ ,LIN Ting*’,HE Yingchun®’,ZHOU Zhenfeng'

(1. Yueyang Hospital of Traditional Chinese Medicine, Yueyang 414000, Hunan , China;

2. Key Laboratory of Traditional Chinese Medicine for Prevention and Treatment of Eye,Ear,Nose and Throat
Diseases in Hunan Province ,Hunan University of Chinese Medicine , Changsha 410208, Hunan , China
3. Engineering and Technical Research Center of Traditional Chinese Medicine for Prevention and

Treatment of Eye,Ear,Nose and Throat Diseases and Protection of Optical Function in

Hunan Province , Changsha 410208 , Hunan , China)

[ Abstract] Objective: To investigate the effect of Huodan Biyuan pills on inflammation in rats with acute sinusitis
and its molecular mechanism. Methods; A total of 36 Sprague—Dawley rats were divided into normal group,model group,
positive drug group ,and low—, middle—, high—dose Huodan Biyuan pills groups using a random number table ,with 6 rats in
each group. Nasal cavity occlusion combined with nasal dripping of lipopolysaccharide were performed to establish a rat
model of acute sinusitis. After modeling, the rats in the positive drug group were given the dry suspension of amoxicillin and
clavulanate potassium (4:1) at a dose of 98.4375 g/kg by gavage;the rats in the low—, middle—, high—dose Huodan
Biyuan pills groups were given Huodan Biyuan pills by gavage at a dose of 1. 26 g/kg,2. 52 g/kg,and 5. 04 g/kg,respec-
tively ; the rats in the normal group and the model group were given 0. 9% sodium chloride by gavage at a volume of 3 mL
each time ,twice a day for 21 consecutive days. HE staining was used to observe the inflammatory changes of sinus mucosa;
ELISA was used to measure the serum levels of interleukin—18 (IL-1) ,interleukin—-6 (IL-6) ,and tumor necrosis fac-
tor—a (TNF-a) ,and immunohistochemistry and Western blotting were used to measure the protein expression levels of
IL-1B,IL-6,TNF-o; Western blotting was used to measure the protein expression levels of high—mobility group box 1
(HMGBL1) ,Toll-like receptor 4 (TLR4) ,nuclear factor—kappa B p65 ( NF-kB p65) ,and phosphorylated NF-«kB p65
(p—NF-kB p65) . Results ; Compared with the normal group,the model group had significant inflammatory cell infiltration
in sinus mucosa, while the positive drug group and the Huodan Biyuan pills groups had a reduction in inflammatory cell in-
filtration. Compared with the normal group,the model group had significant increases in the serum levels and protein ex-
pression levels of IL-1f,IL.—6,and TNF-a (P<0.05) ,as well as significant increases in the protein expression levels of
HMGB1,TLR4 ,NF—kB p65,and p—NF-kB p65 in sinus mucosa ( P<0.05). Compared with the model group,the positive
drug group and the Huodan Biyuan pills groups had significant reductions in the serum levels and protein expression levels
of IL-1B,IL-6,and TNF-a (P<0.05),as well as significant reductions in the protein expression levels of HMGBI1,
TLR4 ,NF-kB p65,and p—NF-kB p65 in sinus mucosa ( P<0.05). Compared with the positive drug group, the high—
dose Huodan Biyuan pills group had significant reductions in the serum levels and protein expression levels of IL-18,
IL.-6,and TNF-a (P<0.05),as well as significant reductions in the protein expression levels of HMGB1, TLR4,
NF-kB p65,and p—-NF-kB p65 (P <0.05). Conclusion: Huodan Biyuan pills can effectively inhibit inflammatory
response in rats with acute sinusitis, possibly by downregulating HMGB1 , inhibiting the TLR4/NF-kB signaling pathway,
and reducing the release of IL-18,IL-6,and TNF-a.

[ Keywords] acute sinusitis; Huodan Biyuan pills ; high—mobility group box 1/Toll-like receptor 4/nuclear factor—
kappa B
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WERHY I 2Y I R IG YT Sk Bl v 5 3 R AR
FU L FEMRGIH IR YT Sk S R G VE L
W ANBA B, SOAS I 90 R ) B s S B B s T T g
ZH (LPS) 1) 7 B g 7 S 5 55 R K RS | L o
TP T R E R AN (40 1) T IR B by P X 8
2l W5 8 IR S5 UK L X 48 RE R 1 Al A 2 - 1B
(IL-1B) H ZH i /r & -6 (IL-6) 1 fif 53 3K 4E [H
F—oa( TNF-a) B S 0E LL K 820N i i B8 SR iR 26
B1/ToLL ¥: 5z 1k 4 B4 & H/ 5 FH T - B
(HMGB1/TLR4/NF-«B ) {555 P& OCHE 1 1 8 1
FEIR, R A IE B PR AUX 2k 858 & R RS IE 1Y
VEFH B HCHL, SR 7 FE 5 R LA I R T B2 07 FH 4
P Z ) Sl
1 KA
1.1 24 36 H SPF 2% SD MK, 8 ik, /&
U (200+20) g, W) F I e 0735 v 5238 sh A BR 2
] (SCXK # 2019-0004 ) . {8 JH i ¥ 5 Hs K T 119 7K
FIbR GR35 111 B v S 25 K2 SPF KBt i R
GER/INELE Y TR (254 1) °C A AR BE 40% ~
60% , AU Bl 256 341 AR TS SN 16 B A TR U
2R B 25 K2R S S AR S S oE (A5 . LL-
BH202210310002)

L2 S5 aRA RIS R G JeE 7E

T PR U GHF SRR I BT B B
il 5 A 7 B .60 o/ i, 41k :220701) , BT BEPY
MRGERIAEFRER (4 :1) TIRE N (E 2% @A ik 2
WA FRA ] BIAG .2 g:0.3125 g, 41t5:2220701) Ity
HEMTHEERZS 5, LPS( 3 H sigma, #{t 5.
1.2880) ,BCA # 1 & 1 | & RIPA 2L, SDS
PAGE BERHECH 100 & (e 22 AR Uy R BB A
FRZN &, 415 40 3 5 CW0014S - 500T , CW2333s
CW0022S) , # 1 Marker ( 3£ [E Thermo 23 #], It
26616) , TNF-a IL-1B IL-6 ELISA &7 & (a3t
St R A PR e A A7 BR A | 5 40 3h . E-EL-
R2856¢ . E - EL - M0037¢ , E - EL - R0015¢ ) , — ¥
HMGB1( 3£ [H abcam A ], #it 5 : ah79823) | TLR4 ( 52
abcam A H], #t45 ; ab13556) #% 4% Sk A F—kB p65
(NF-kB p65) (F[H abcam 22 H], {5 ab141588) f
%4k NF-«kB p65( p-NF—«B p65) (3£ [E CST /A, it
5:3033S) . IL — 1B ( Sigma Aldrich 2\ &, 7 5.
SAB5700678) IL—6 (&% A4, #it5 . EM1701-45) |
TNF-« (1% W), 185 . ER65189 ), i IRDye
680RD Goat anti—Rabbit IgG (H+L) ,IRDye 680RD
Goat anti—Mouse IgG (H+L) (3 [E Licor 2~ H], it
435124 : D30110-05 . D00115-03 ) , i 1 — 45 i 5
(P2 eN, #15:2125D1214) ; DAB B (A5 &
("PAEAHT L5 . 224031124)
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A AU E BEARTHRIKIE A RAR) ,, 608 R E
OHL(LS35R Y, ) me WAL S 3 = AN I R A BR A
Al) 2 A 3475 A HL( Lecia HistoC Y £ [ 3
NED 4 B 34 A HL ( HistoCore Arcadia C/H
R TEESERAE) , 4 H YA L (ST5010 Y, fE
ESERAR) 4 A sh 3 B KL ( PEARL B, 7[5
FRAFE),IEEVOLR T (DM4 B B fEE S
NCIDIN

2 EWHE
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T SRR KRR, K4 SD KUK i
TS 8% 1 L L 22 8RR K B, 88 L 2 emx
1 emX0. 5 em K/ S 1 1965 407 8 A K Bl — 0] &5
Jis N, B I [0 2 1 P93 A 1 mg/ L () LPS 200 pu,
TEH 2H R UL S N T 0. 9% AL AN T S 200wl
WA 3 R AT 25 T

2.3 HHlE& EMEIALEET 0. 9% AL
FESHRC , HE AT S B 1. 26 ¢/kg (G |
2.52 g/kg("PHIE) 5. 04 o/kg(EFIE) ; LIBTEEPY
MTERIAERRER (4. 1) TIREFIE Jy B X BE 2y, Bi]
LYY AR e 7 2 R A VA % T 0. 9% AL AN T SR
T il B E 98. 4375 g/kg,

2.4 %Ik RIBHARTFSE B3 W 5 ROR
EE AR, A 24 41 LA BT B P AR
PLAERR PR (4:1) TIRAE M H (98. 4375 g/kg) , 4
B S IR ALAR (1. 26 g/kg) (11 (2.52 g/kg) i fl &
ZH(5.04 g/kg) 43l HE ', IE B 4RI AR R 2H T L
0. 9% FALMESTRE S , 7 HR REE BR8N
3ml/R,2 /A, ST 21 d, RIRG 2 24 h )5
Wbt

2.5 MR

2.5.1 FHAM-FL(HE) £ ENEEZELRXAR
ERBERETN RIRGZH 24 h 5, UK 55
Bl 42 RH B EEHN, 2 LBEH(T10% ~
100% ) K, —H 2R & W] 20 A, i 4 A b
IR ALY R, B S B U0 1 0L o ==K, 95 R &
5 min, FIEK YL 10 min, 28 B0 L 3 s, BRkR
PR 2 min(IR#E) ,PHE0 25 s 2 1 min J5 AR
Kbk, SRR MR LA S BE(T75% ~
100% ) Wik , B KB B, b e 3t o i
IR,

2.5.2  THEEARRE W L (ELISA ) I 22 45 2H K BRI
W IL- 1B IL-6 F1 TNF-a BY&H2L  KIR%A
2524 h J5, UK B2 AR A 3 T % 1§ & 2 h,
12000 r/min B> 10 min ( B02FER 7 em) | WdE |
W, %M IL-1B8 . IL-6 Fll TNF-« fJ ELISA X7 &
VB AR BRI A S8 50 S0 ATt A Al 1 o
fL BES AL, IR TARW, 37°C THIRA M E 1 h, ¥k
M, IR, 37°C TR AE I B 15 min, 210, B
FRACREIN 450 nm I8 K Ah 14 IR ' B 223 i s 1 il 4%
A LR AR

2.5.3  ARBEL AL (THC ) K 4% 20 K Bl 2 58 3
AL IL-1B.IL-6 TNF-a EHEHEIE KKLHZ
24 h 5 BUK BN SE R 49 2 WP EE B e 14, 4
LB (T70% ~100% ) K 5 SR 5 B SE Rh 4 41 —
2R =i A, Yl e, 4 a0k
R EHATHAE , B R 5, &8 T e BT, Bl

Yt FAMRS ] Image J BXPFSEET 20T

2.5.4  HEFIBTENETE (WB ) A6 I 25 20 K B G 32 2 I
41 IL-1B . IL-6 TNF-a \HMGB1  TLR4 NF-kB p65
Fl p-NF-kB p65 FFFRE  RIRGZ 24 h )5, UK
Bl 3 A BT VA 1Y PBS T BEALLL, A 150 pl
RIPA ZfEK TR B I BB AN HEE
AW vk b Z8#% 10 min;4°C , 12000 r/min 55
0 15 min (BOFAE 7 em) B EOFE FIE-RE
F 1.5 ml LS BCA BRI &NlE SEAS
., I 1095 B 4. 8% 46 i , i # F] PVDF
B b, 5% Bilg 4 wh M, S F —$mE .
IL-1B(1:1000) IL-6(1:1000) ,TNF-a( 1:1000) .
HMGBI1(1:1000) . TLR4 (1:1000) .NF-kB p65(1:
1000) #1 p—NF-«B p65 (1:1000) ; i FI LA F — 47t .
HRP goat anti—-mouse IgG,HRP goat anti—rabbit IgG,
YRR IS HCA Odyssey CLX i 22 Ty RE ¢ ' i1 A 5.
2, AT A B LA IR AH O K FE(EL

2.5.5 SRiteFUrik SR SPSS 22. 0 B4R X
WATGEIT 0T . SEI B T AR 22 (es) R
NG ERE 2 OR ORI R
O 22550 i O 25551k, 2 5 HL ) LSD AR5
ZE 57 Dunnet T3 #5565, FTAT 19 25 5 404 (&1 48
GraphPad Prism 8. 0 # {4 VE 52 1Y,

3 XWER

3.1 BARKAFELREBELE TN ERLWILA
I 1) £ 20 0 B 2 0 20 249 T el s K R S R IR R
T 0, Hev, BH A 249 20 R 7 R S I L ) 4
KBS FEFRAEA MR E D, SIEF4L
A BT 2 B 55 6 IS 4 20 P T DL A A 2 4K v
A R ST AN i SR A s SR A LA, A I S UK
FUAS ) ) 6 2 5 B 24 A 5 5 R I A U B A
SERE A ML SR A 5 5 APk 25 4 20 L A, 7 B S DR AL 125
i 4 KBRS 5% 20 M A% 0 AN f SR AR
(WE 1)
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1 %zﬁézﬁ;?ﬁﬂﬁ?\irﬂ“mm x40 &)
3.2 Ak IL-1B IL-6 TNF-o 4 H:ix 5
IE A g BRI IL-18  1L- 6%[1 TNF-a &1
B T8 (P<0.05) ; SRR 4] e, BH fi?ﬂ‘%éﬂ\
FENH BN ALAN R R4 IL-18 . IL-6 F1 TNF-a 7%

Ea Bl

B2 BRAEEFEAL
3.4 AWABEHAEMEIL-1B.IL-6 TNF-a &9
FoAvi HIER AR A S F AL R
IL-1BIL-6 il TNF-o & 1R AH B I 5 (P<
0.05) ; SR A, BHPEZG 9 2 250 B R ALR
[ 57 e S B R AL 2 Y TL—-1B8 . TL—-6 il TNF-«
FEHFBEFRE(P<0.05) ; S 24l i, =
FlHE 2 S B ZH 24U Y IL- 18 . IL—6 F1 TNF-a &
Rk TR (P<0.05), (WK 3 3£2)
3.5 AA$% % ABE202% HMGB1  TLR4 NF—kB p65.

B 254 2

IL-1B8.IL-6,TNF-a EERIX

YRR (P<0.05) ; 5 FHPE LGP 4 LA, i R0 i

I IL-1B . IL-6 F1 TNF-o & 8 &K (P<
0.05), (W#E1)

K1 |AMEIL-1B.IL-6 . TNF-a EELLE

(x+s,pg/ml)

ikl REC 1-1p IL-6 TNF-a
EwA 6 29.00£2.34  36.93x2.86  53.65%3.57
Al 6 37.55:1.51°  73.91#3.13"  94.65:4.03"
M4 6 27.08+2.26™  37.59+2.87"  51.24s3.42"
i 6 30.18+2.25"  56.912.91"  66.43+3.89"
b et 6 26.63£1.73"  41.1423.08"  47.98+3.71"
A 6 16.32+1.64™ 28, 18+3.21" 32,0443, 87"

E 5 B AR "P<0.05; HAEA A k45 "P<0.05;
5ra gk, P<0.05,
3.3 B FEFEMAL IL-1B.IL-6.TNF-a & &
Rk HIEFA R, BRI B FE R4 A
IL-1B . IL-6 Fl TNF-o & 335 52 50 BH % 5 S5 A Y
L LA, PR 2459 20 AN I S5 IR AUAS ] 51 o 2 59 5
FHIELH T IL-18 . IL-6 Al TNF-« 5 1850855
S YA i, mfl a4 IL- 18, 1IL-6
TNF-o 8 [ARIE YW R RER(P<0.05) . (LI 2)
ﬂi&?‘J t4] Hh 52 e B

3
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S

s

K (THC, x40 &)

p-NF—kB p65 & & & ik ik HIEH 4 i, i
4 B 55 B I 41 20 i) HMGB1  TLR4  NF-«B p65
Mp-NF-«xB p65 HH KXY B Fm(P<
0.05) ; SR [ #52, I3E1 @”’i%fﬂ FE RS IR ALAS
M) 7] i 2H 5 5% & B 40 20 b Y HMGB1, TLR4 |
NF-kB p65 Fil p—NF—KB p65 EHRBHYTRE(P<
0.05) ; SFHME 25 4l e g, w7 = 41 9 HMGBL |
TLR4 NF-kB p65 #l p-NF-kB p65 & [173k T [
(P<0.05), (WK 4 %3)
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1 2 3 4 5 6
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L6 o D w— G — —

E Ll —EFA AR 3Ttk 4—{K A
W 5— PR EE 6—FHAFTUH,

B3 JBEBEFEALAIL-1B.1L-6,TNF-a

EARIEEKE
R2 BRAEEFEAHRLIL-1B.1L-6 TNF-a
EHRIELLR (xxs)
21 51 HE 1-1p IL-6 TNF-a
EH4H 6 0.09+0.01 0. 08+0. 01 0. 1020. 01
T4 6 1.12+0.03" 1. 1420. 02 1.19+0.01*
PHYEZMIE 6 0.47+0.02"  0.62+0.02"  0.61+0.02"
iwnlEses:l 6 0.94+0.03"  0.86+0.01"  0.88+0.01"
bk 6 0.69£0.02"  0.73+0.01™  0.56=0.02"
e A 6 0.36£0.01™  0.51£0.01™  0.490.01"

E. 5 EFabig P<0.05; 5 A A k45 P P<0.05;
5 a2 A 4 AR ©P<0. 05,
1 2 3 4 5 6
HMGBI —--ﬁﬁ-
TLRG e R — i — —

e s |
PP e i ————

GAPDH e - S S S —

E—EE 4 2—BEAILE 3—TEtk A4 4—AK ]
B 5—FH B 6—H AT,
4 FESEFIRALR HMGB1,TLR4,
NF-kB p65,.p-NF-«B p65 & H ik B ik E

X3 BEABEFEALR HMGBI TLR4 NF-«B p65.

p—NF-kB p65 EHFRIELLEE (x+s)

ikl R HMGBI TLR4 NF-kBp65  p-NF-kB p6s
EE4 6 0.23:0.00  0.218:0.00  0.23:0.01  0.2820.02
B 6 1.14£0.03"  1.00£0.02°  0.98:0.01"  1.030.03"
ML 6 0.70£0.02"  0.53£0.02"  0.60£0.02"  0.70:0.02"
MRS 6 0.92:0.03™  0.92:0.01"  0.8240.01°  0.8420.01"
FREA 6 0.83:0.02  0.78:0.01  0.71x0.02"  0.78£0.02""
FAEA 6 0.63:0.00™  0.41:0.01™  0.52£0.01™  0.5420.01"

E. 5 B AIER CP<0.05; 5 A Mk "P<0.05;
L5 rakk 25 4 2 AR P<0. 05,

4 W ig

SRS SRR B IGER E W 2 RN
P NBER AT s, U HOR L3 AR NSy )
BARE A T AR G TT LUAEF ARG A £,
AT I ] 2 f R BIR J3E H K A 5% s 5 | 0 D 2 i I
AR, VBRI AR 2 B P RIBYT R
FIRIT MRS ST B IR T AR T 5, HLAE
53| L ER A B A TR T B2 T A 0 A s T 2 1k
SO0 B S R BRI 41 B i R — 2 IR, 2 e LA B
FERYIE R TIRE'S P R IR YT S5 UK LA T35 [ ok o vk
W) 5 DL fid 75 HERE A 32, 24 )5 583 R
SR, HOG 55 B s AR BT RESZ /)N

FENH DRI H EIH R 2 A F R G H
T R AR TSR AL, A S R R
138 75 P RE, G RTRYT S ER MR B E Y #
REFAWTFEER, Sl e 2% 4 FRA
B S BT PR, 0 X 4 o (R 4 BR B E R
ili 9 ERRCR 5 DR AR T UE S, 22
SR AL T 4 75 Bk S — S 55 R OR S By R T 805 AT
DU s el S B AT B i i Th s, A Bh TR A
SR AEBITIRES AR R 5 52 4 K AR E A
U2 E B UK AL IR AT F 5, 205 38 e B, 268 IR 5 L
AT DL dnb A3 B 5 9 K BR AR IE g B AR Ak, 2 I
DK LA A 1) 96 i 200 B 8 2502 5 7E 9 5 R 1 (R A
WrF 505 5 AR Eb A5 R0 41 R B35 P4 48 40
T IL-1B IL—6 Fl TNF-o 155 5B B Th 5 % 4%
BHUR,IL-1B IL-6 Fl TNF-a 35 T At B5 R
MR it i, SRR A, 22 AR B I IUAS TR
FlE A R F IL-1B IL-6 F1 TNF-a 7 &
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