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HARAE R (30 mg/kg) +rHMGBI1 (8 pgkg) 4, B4 18 R RAMMNAES 0.5 pL RIEREME ICH B, &5 3d 42
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FEMNAA RO s G e W 22 i 2 23 /N e B 4R VG A 175 450 s TUNEL G B i 2 2L 4m A 8 T2 Western blotting A4l v
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Abstract: Objective To explore the effect of usnic acid on inflammatory injury in mice with intracerebral hemorrhage (ICH) based
on high mobility group box 1 (HMGB1)/receptor for advanced glycation end products (RAGE) pathway. Methods C57BL/6 mice
were randomly divided into sham group, model group, HMGBI1 inhibitor ethyl pyruvate (40 mg/kg) group, usnic acid low-, high-dose
(20, 30 mg/kg) groups and usnic acid (30 mg/kg) + rHMGBI1 (8 pg/kg) group, with 18 mice in each group. The ICH model was
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constructed by intracranial injection of 0.5 pL collagenase. After continuous administration for 3 d, the modified neurological severity
score (mNSS) and left turn rate of mice in each group were evaluated. The water rate of brain tissue in mice was determined. ELISA
was used to measure the levels of interleukin-6 (IL-6), IL-1p and IL-18 in brain tissue. Hematoxylin-eosin (HE) staining was used to
observe pathological changes in brain tissue. Immunofluorescence was used to observe microglia activation in brain tissue. TUNEL
staining was used to detect cell apoptosis of brain tissue. Western blotting was used to detect the expressions of HMGB1/RAGE
pathway related proteins in brain tissue. Results Compared with sham group, the striatum tissue of mice in model group was severely
damaged, mNSS, left cerebral hemisphere water rate, ionized calcium-binding adapter molecule 1 (Ibal) positive cells number,
inflammatory factors levels, cell apoptosis rate, HMGB1, RAGE, phosphorylated nuclear factor-kB p65 (p-NF-kB p65)/NF-kB p65
and TNF-a protein expression levels were significantly increased (P < 0.05), and the left turn rate was significantly decreased (P <
0.05). Compared with model group, the damage degree of striatum tissue in usnic acid low-, high-dose group and ethyl pyruvate group
was alleviated (P < 0.05), mNSS, left cerebral hemisphere water rate, Ibal positive cells number, inflammatory factors levels, cell
apoptosis rate and HMGB1/RAGE pathway related proteins expression levels were significantly decreased (P < 0.05), and the left turn
rate was significantly increased (P < 0.05). tHMGBI significantly reversed the inhibitory effect of usnic acid on inflammatory injury
in ICH mice (P < 0.05). Conclusion Usnic acid may alleviate inflammatory injury in ICH mice by inhibiting HMGB1/RAGE
pathway.
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inflammatory injury
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126 2 C57BL/6 /IR, 6~8 J##, M5 & 20~
25 g, WEIMFA LR O, VERTIES SCXK
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HMGB!1 #ii]77 N B % 2.1 (tHMGB1, 7508
98.00%, fit5 HY-Y1362) 4 H 3EE MCE A#]; &
HEH rHMGB1 (fIb'5 ab255799). Cy3 Fridff) —
PL(HS ab6939) \HRP Fric i) % —Hr(Hk5 ab6721)
5 5 < E Abcam A ; BRJEEE (5 C4-BIOC) W
H 3 [# Sigma-Aldrich /A & ; TUNEL 8 -7 & (it
5 C1088) WWH FiBE A RAEMEARARAF]; H
2 i/ 2% -6 Cinterleukin-6, IL-6) . IL-1BIL-18 ELISA
Rl (5258 SEKM-0007. SEKM-0002.
SEKM-0019) W B R KR RHEAR A MK
JFFRICH) A 45 & 16 Bt /0 F 1 (ionized calcium-
binding adapter molecule 1, Ibal) Pk (#t5 019-
19741) WHHA Wako A 7l; #&iE HMGBI Fiff
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kB p65 (nuclear factor-kB p65, NF-kB p65) HiifAk (it
5 8242). p-NF-kB p65 fif& (iit'5 3033). JHyggiR
HEIAF-a (tumor necrosis-o, TNF-a) P& (5
11948 HiliE-3-BE MR I A (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH)HTIA(HL5 2118)
JE 3 E CST A7 .

1.3 &%

BS224S R 7RV (FEEZEZ AT AF]D;
Multifuge 7! # & 0HL (5 F Heraeus A @] );
Multiskan FC UFgFRX (SEEZEBRKAT); DMil
T E e TCS SP8 BYILIRMAE WAE: (8 E Bk
A 7]); FoverPac Basic & K {% . ChemiDoc XRS+
BB 8 748 (3 Bio-Rad AF]).

2 Tk
2.1 ICH /)BERBEHWE. 2ES5%Y

M 126 L C57BL/6 /N HBEHLIEHL 18 HAEH
TRFARM, HA 108 /N B8 P 3 S SR g )
# ICH FA00, BARERAEM R /N B RRIE I [8]
TR ENACE ,  BART X1 9 28 i 5 A Ae N SUIRAR
(AT 1.0 mm. 7£ 2.2 mm. ¥ 2.7 mm), 7EA 0.5 uL
Ji2 )5 (0.25 uL/min) . &G 24 h, SR MATIRE
B PF 4> (modified neurological severity score,
mNSS) =4 4r HIFARZR-H4 (hematoxylin-eosin,
HE) Heta 2 BB IR M A7 T JR T X AR =,
RUER Y, AT EhRAER N RN SLERI, i
L RE R 10 R/NRERHAZET: (ORJ5 24 h D
BeabE, 8 WALl N o 2= 4 S B, e 90 R/
RAIAGETT AT, BRI AN 83.33%. #5 90 K
PR IE AN SR BE L 7 AR . AR 1 (40
mgkg) UV LFAERRAC, SiflE (20, 30 mgkg)
HAAREETR (30 mg/kg) +rHMGB1 (8 ug/kg) 13
H, FH 18 R BFEARHALAETTESEFAER
b, EESSEERAREK. ERKH, S5 44Hp
R Z5%) (10 mL/kg), BFARHEMBREMA ip 44
AR AERER K, 1 d, L4253 d.

2.2 mNSS 5#/AXE
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2.6 TUNEL &0 k4R LR 4mAaE T

B “2.57 BUR R AED R, VIR &5
5 TUNEL [0 & » DAPI 8 445 fd 5 6 21
Mg, i FEHIER 2 M LEF, TH4 TUNEL FHE
Y15 DAPI FHYESf S8, IFH S T,

HHEIE TR =TUNEL [ 5U/DAPI &%
2.7 BIBRAZEEN AL Ibal FTik

B “2.57 TR ZAREY) v, U1 4 s
PUEBE LEH MG, A IBAL —Ht, T4 C
1 H I, PBSVEVEE S Cy3 bnic i 9t T & iRkt
JEWFE 1h, & DAPI § %, HAEF—BNSHTT
T WA BE SN ST Ay E A, KA Tmage
T BAESGET Toal FHEZRHOEL
2.8 Western blotting #5144} HMGB1/RAGE
HEEEXERRIE
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H, A LR ST 100 Chngk S min 5 H
AR o B R e T b S PR A 5 TN A IO At
Mk, % PVDF [, #HMJE, A TBST B
[f)—$i (HMGB1. RAGE. NF-kB p65. p-NF-kB p65.
TNF-a. GAPDH), 4 CHFE IR AP, =ik
i E 5, A ECL AL KGRI, (/] Image
I A 53 B 25T IR AL
29 GItESR

i SPSS BT GLit o0, LA X £ 5K
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N, ZHAIEAT R R T Z 08, Mt
1T SNK-¢ K3
3 #R
3.1 RLA/PNER mNSS MR RELE

mE 1 Pin, SHEFARALE, BEHHNR
mNSS EZTHE (P<0.05), AFEREZERK (P<
0.05); SRR LE, MBI, &7 E AP
% R4 mNSS BERL (P<0.05), AL
T (P<0.05); HaBBMRAEA i, MER
mEFE AR AR L0 mNSS &3 R (P<
0.05), IR EETLLG 257 SR
B LR, AR +rHMGBI 4. mNSS &# T
(P<0.05), AiEHEEERFIL (P<0.05),
32 FHENDRIRBLEKELR

Wk 2 fior, SEFRALLE, BREA/NRA
MR BR E KRR ZEH S (P<0.05); S

Eeds, MABRRIC. w7 R4 A ERER L B2 22 Mok
il Bk KR B K (P<<0.05); SHAE B
AL PR, WA IR v 7 R LR D TR R 2.6 4 A K
i 2 BR K R E PR (P<0.05); SIaSiRR e
AL, FABER +rHMGBI1 ZH 75 K il 2 2R K
KiETE (P<0.05).
33 FHPNRIKLAL IL-6 IL-1p F0 IL-18 7KF
Wk 3 P, SEFARALE, HEAH /N
4 TL-6 IL-1P AT IL-18 /K V-5 2 TH i (P<<0.05);
ERRA R, BRI iR AR N LB
H/NFIGHL TL-6 TL-1p A1 TL-18 7KF-{2 2 FR1IK
(P<<0.05); SIAERACTIELLE, B eETE
AN ER R £ B2 /N BRI ZH 2R TL-6 1L-1B 1 IL-18
K RZFZ L (P<0.05); SR &I,
FAZE R +rHMGBI1 4/ R ZHZA IL-6. IL-1B A1 IL-
18 /K-FRZET A (P<0.05).

#*1 FLH/NR mNSS AR (Xts,n=18)
Table 1 Comparison of mNSS and left-turn rate of mice in each group (X £ s, n=18)
Y e mNSS/4} FEHE %
e Fiilhes o pon o= p pe
EPS F2R EXPN F1R F2R F3IR
BFEAR — 0.65£0.07 0.57£0.06 0.50%0.05 36.21£3.62 32.76+£2.86 34.74+3.73
TR — 10.45+1.24% 13.25+£1.68 12.03+1.54* 18.12+2.31% 14.28+2.65% 1643+2.71%
B 20 mg-kg™! 6.231+0.82" 9.61+131" 8.96+0.43" 2434+1.52" 21.82+1.27" 2231+133"
30 mg-kg! 5.914+0.46™ 7.3440.57" 5.45+0.31™ 26.56+1.21" 24.01+1.83" 24.62+1.65"
PIHARR 2.1 40 mg-kg™! 5.784+0.59"™ 7.144+0.62"™ 5.05+0.22" 27.83+2.01" 2524+1.68" 2582+1.71"
FAS R +rHMGBI1 30 mg-kg'+8 ug-kg! 9.83+1.02412.67+1.214 1044+0.734 19.26+1.424 16.46+1.744 17.84+2.014

SEFARMALLE: *P<0.05; SHEAALLE: "P<0.05; SAERIGHEL L.

"P<0.05; SMEREFEALE: AP<0.05, FTEMH.

#P < 0.05 vs sham group; “P < 0.05 vs model group; "P < 0.05 vs usnic acid low-dose group; 4P < 0.05 vs usnic acid high-dose group, same as below tables.

F2 BHENBMEALREZKELER (X+s,n=6)
Table 2 Comparison of brain tissue water rate of mice in each group (Xt s,n=26)
el A 27
gﬂ%u 7;?”% _ Elil Zﬂé/q Elik$/% _
PN RS A5 MK i 35k /N
BRFER — 75.69+0.69 75.21+0.47 75.5240.57
FETY — 82.95+1.10" 76.514+0.49 75.8140.65
FA S5 R 20 mg-kg™! 78.74+1.19 75.6910.63 76.23+0.71
30 mg-kg™! 76.434+0.68"" 76.24+0.52 75.3540.57
R 2,158 40 mg-kg™! 76.16+1.52" 75.78+0.61 76.42+0.53
AR R +rHMGBI 30 mg-kg'48 pg-kg™! 80.611+0.694 76.02+0.42 75.74+0.43
=3 HENBKLEL IL-6+ IL-1p F1 IL-18 /KFELLE (X+5,n=6)
Table 3 Comparison of IL-6, IL-1p and IL-18 levels in brain of mice in each group (Xt s, n =6)
2H ) HE IL-6/(ng:'L ") IL-1B/(ng:'L 7" IL-18/(ng-L ")
BFEA — 22.88+2.79 34.02+4.23 6.671£0.40
T — 96.74+4.01* 147.53+8.85" 45.49+3.09%
AR 20 mg-kg™! 63.71+3.24* 130.88 +4.60* 33.3242.98"
30 mg-kg™! 4637+431"™ 10472421 20.85+1.60"
R 2,18 40 mg-kg™! 45.96+3.06™ 102.77+4.36™ 19.50+1.82"
FA 2 4+ rHMGB1 30 mg-kg'+8 ug-kg! 93.68 +4.464 140.46+3.304 424342244
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34 HBANRIKELS HE FLBER

W 1 AR, BFAREN R SCRAAR DA L%
s, HIUKMARE; S\RFPRHANE, HH
HEI B, RPN R BRI e I i
Jib R g REIR s SRR LR, METRIK. =
AR 2B A5 R 5 O a2, 7K RN 980
RIEVE RN FA RS+ rHMGBI1 2800 3 8 & 77
EHMHSIGREEE N, AR, AT WA
PAEIZ I o

L o

BFA el

FASL 20 mg-kg ™!

Rt AE % 20 mg-kg™!
1 RANFINELS HE REER (X200)

Fig.1 HE staining results of brain of mice in each group (x 200)

ASTR 30 mg-kg™!

35 FHENRRALMETELR

Wi 2 f3% 4 s, SRFARALE, BAA
NIRRT R R ZE TS (P<0.05); S
BUH LR, AR, f = AN T A ER 2 TR H /)N
Bl 0 2H 2 A R T S PRAIK (P<<0.05); SR EY
FRA A LA, A4 B RR /a 77)  AHR P R TR 2
/N BRI A ZR A R T 2 B35 PRAIC (P<<0.05); Hia
W SRR, AR+ HMGB1 4/ B4
LM TR EE T E (P<0.05),

Rt P alTc U e o S e
FABEIR 30 mg-kg™! TR R 2.5 AR +rHMGBI

AR .1 W&+ rHMGBI

2 RUEPMRANLALE TUNEL &R (X200)
Fig.2 TUNEL staining results of brain of mice in each group (x 200)

x4 FENREARBMBATERLEE (Xts,n=6)
Table 4 Comparison of cells apoptosis in brain of mice in

each group (Xt s,n=26)

2531 i YA T2 %
RFEAR — 5.4340.61
LAY — 35.53+2.65"
B IR 20 mg-kg™! 21.65+1.91"

30 mg-kg! 18.13+1.50™
TR B R 2.1 40 mg-kg™! 17.57+£1.85™

AR R +rHMGB1 30 mg-kg'+8 ug-kg™  30.90+1.764

3.6 HBLH/EEZEZ Ibal FRIA
Wk 3 fIER s s, 5BFARAR, HAA
/NERARZHZH Tbal FHPESN B0 2 = (P<0.05);

BFAR Ll AR 20 mg-kg™!

SRR L, SRR, &R AR N RS 2.1
NN ZH 2 Toal [H 1 20 M 25 2 3 P (P<
0.05); SIAEFRCTIE A thE, 3R w7 4 A
FIERER 2. BE 2 /N SR ZH 2T Tbal FHPESH A 5 5 2% 1%
it (P<<0.05); S5aZmRafEd i, mEm+
rHMGB1 2H/NRIZHZY Tbal FHPEZH AL 5 T
(P<<0.05).
3.7 &E/DRIxAZE HMGB1/RAGE BIRHEXE
HFRIEKFE

WK 4 713 6 s, SIRFARALE, BAA
/N1 Z! HMGB1. RAGE. p-NF-kB p65/NF-kB
p65. TNF-o & HFRIEK-REFm (P<0.05); 5

T EAIR .1 FA %12 +rHMGB1

FASS TR 30 mg-kg ™!
B3 FENMRKELE Ibal FEMRBERAREBLER (X100)

Fig. 3 Immunofluorescence staining results of Ibal expression of brain of mice in each group (x 100)
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x5 &EN)DBEKEL Ibal RILLLE (Xts,n=6)
Table 5 Comparison of Ibal expression of brain of mice in
each group (X £ s,n=06)

Ibal BH 441 A%

151 Falbese b mm)
RFAR — 31.324+4.73
it — 49.7845.34%
AT 20 mg-kg™! 40.23+4.55"

30 mgkg™! 33.76+4.21™

IERTE 2.1 40 mg-kg™! 3421+3.75™

FABE R +rHMGB130 mg-kg ' +8 ug-kg!  45.67+3.424
BEA R

HMGBI

R LS, PABTRRMK. =7 EAMN IR L E4H
/INERZHZ HMGB1. RAGE. p-NF-kB p65/NF-kB
p65. TNF-a H HRIEK-EEFK (P<0.05); 5
ARG E A, Fa% IR R EHMANERR Z
g2 /N B 4128 HMGB1+ RAGE. p-NF-«xB p65/NF-
kB p65. TNF-o £ [1RIE /KT R E L (P<0.05);
S5 Eg e Ea e, MR+ HMGBI 4/
221 HMGB1. RAGE. p-NF-kB p65/NF-kB p65.
TNF-o £ ARIEKTFRE S (P<0.05).

AR 20 mg-kg ™! FABER 30 mg'kg ! NEIERZBE  MAE R +rHMGBI

L — — e o—

W — D D —"—— "

PAFKRBPOS o SN S — — — 510"

N S O — S ——
o o A S —

4 BLR/FRANEL HMGBI/RAGE BREHEXEARIA
Fig. 4 HMGB1/RAGE pathway related protein expressions in brain of mice in each group

*6 FE/NRNELR HMGBI/RAGE BHEXERARIEKTLE (Xts,n=6)
Table 6 Comparison of HMGB1/RAGE pathway related protein expression levels in brain of mice in each group
(Xts,n=06)

2 & HMGB1/GAPDH RAGE/GAPDH p-NF-kB p65/NF-«xB p65 TNF-o/GAPDH
BRFEAR — 0.2440.03 0.3740.05 0.2140.03 0.2540.02
it — 1.2940.07* 1.1740.08* 0.8540.08" 1.134+0.11%
WA ST 20 mg-kg™! 0.81£0.06" 0.92+0.06" 0.63+0.07* 0.84+0.08"

30 mg-kg™! 0.5840.04"= 0.671+0.05"" 0.4240.05™ 0.6210.06"™

N EH R 2,15 40 mg-kg™! 0.49+0.04" 0.56+0.05™ 0.37£0.04" 0.54+0.05™
B +rHMGB1 30 mg-kg'+8 pg-kg™! 1.08+0.064 1.01+0.044 0.71£0.074 0.98+0.094
4 g ICHUSI, #AB PR 2 M AA B HR 4R L I A, B

ICH Ji= 4k & P 45 475 PR A% 0o 9 BEAAE AL 35 SE
SR AR PE AN S RO, 21T 51 % B
ANET I R RP 2 D) R PR RIS AE 18 R E ST F4H
EIRBE MBI BREE S AL T R 25 RS i
LR K i 5 SORE S B S TS U, (HIZ ey T ik
ARFENRR L2 N, TR RZR B YT

AHR PUASEE LD, AR AE W I8 I i fix Bt
BEHEA PR RS, $RaHn] fE LA A2 Ry 7 710,
PEARAE, Fa SRR AR R A R TR R S R A
RN BRI RIAT R IR 2 219812 68 77, FOWLIAT
RE S B ALY BEREE . BRARAE A A A
BB USRS X IL-1B KA R, AT
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