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Abstract

BACKGROUND: Previous studies found that treatment with awn needles can improve the inflammatory response after spinal cord injury, reduce the expression
of high-mobility group protein 1 (HMGB-1) and pro-inflammatory factors, and inhibit the activity of nuclear transcription factors and the occurrence of neuronal
apoptosis.

OBIJECTIVE: To analyze the relationship between the mechanism of inflammatory response and the HMGB-1/Toll-like receptor 4 (TLR4)/nuclear factor-kB (NF-kB)
signaling pathway after spinal cord injury.

METHODS: The T, spinal cord injury model was made according to the internationally recognized modified Allen’s modeling method. The blood samples of
the spinal cord and tail artery were obtained for Basso, Beattie and Bresnahan scoring at 6, 24 hours, 3 and 7 days after modeling. The HMGB-1 content in the
spinal cord and tail artery serum was measured by ELISA to determine the highest point of HMGB-1 in the spinal cord and the change rule of HMGB-1 content
in serum and spinal cord. Taking the highest HMGB-1 content as the research point and using glycyrrhizic acid as the HMGB-1 inhibitor, the rats were divided
into four groups: model group, glycyrrhizic acid group (intragastric administration of glycyrrhizic acid, 200 mg/kg), blank group and sham operation group.

The highest HMGB-1 expression was determined by ELISA. The spinal cord was obtained at the highest point of HMGB1 expression. The correlation between
HMGB-1/TLR4/NF-kB signaling pathway and inflammation after spinal cord injury was explored by immunoblotting and RT-PCR detection, and the pathological
changes of spinal cord in rats were observed. Approval for this study was obtained by the Animal Experimental Ethics Committee of Zhejiang Chinese Medical

University .

RESULTS AND CONCLUSION: The expression of HMGB-1 in the spinal cord and blood at 3 days after spinal cord injury was significantly higher than that at 6
hours, 24 hours, and 7 days (P < 0.05). At 3 days after spinal cord injury, the expressions of HMGB-1, TLR4, NF-kB, interleukin-6, and tumor necrosis factor-a

in the glycyrrhizic acid group were lower than those in the model group, but higher than those in the blank group and sham operation group (P < 0.05). The
expressions of HMGB-1, TLR4 and NF-kB at gene and protein levels in the glycyrrhizic acid group were lower than those in the model group, but higher than
those in the blank group and the sham operation group (P < 0.05). To conclude, after spinal cord injury, HMGB-1 in blood and spinal cord increased significantly
and reached the highest value at 3 days. After inhibiting HMGB-1, it was found that the HMGB-1/TLR4/NF-kB pathway is one of the important pathways to

induce inflammation after spinal cord injury.
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SV RET O E A R IR R E S, v S B
SFHCL R &ML S ThReEmg, & —MmERF
WA R Gea0 40 2o W A b — B DA B R i 3 2 [ B 24540
PrA . NI . MR EFRRSIRIT eI .
HH T ARG T ERPRT SR, FRAY MRS
AR R BER GRS 3, G 8
S AR B R R RN A T BRI B 2 R R TR R ) E
B IR o 4k R A A TR 8 SO A R E I AR 0E S
T R, AE S M B A0 0 PR B A B 2 L o 4k T
A7 B R BT AT R R AR T R B A B A
JE B SRE N, PR ST F R B E 1(high mobility group
protein, HMGB-1) M % 1 K 7 31k, A% 5% B+
KB(NF-kB) fJ 3 1 S i 2 40 B A T 26 %00 SR, Btk
AR T B0 R - kB AR 98 14 [R] - 3R R P 1 5 (1 AL
il WA T — 2 g

S YR 6 AE R R A T A A B TR I e A 1 A 1Y
KERAI PRI RRE N 1 MR T kB R e 41N 1Rk
RAEREEAL b, 8% HMGB-1/TLR4/NF-KB {5 518 i 72 Stk
FREMHRERBE, b SRR fE RV T TH
(e B oy AL [l ik Wl s e A R R A 1 TR R e
105 5 AN IR 1] R0 R IB A8 A, VRAE BE R 1 /5 HMGB-1/
TLR4/NF-kB {5 58 P AT I 4H M 9 0E 5 4k e M B 41 47 ik
(RIAF DA o

1 ¥RlFN753E Materials and methods

1.1 3%t BEHL ISR .

1.2 BPEJ AL S2BRT 2018 £ 1 A & 2019 4 11 A 7EHT
TR B 2 K2 Je AR AR T 28 N IR R B 56 Ao

1.3 A+

1.3.1 SEERAHEERH HER TR ( KIELCEVEARAR
AF]); BRI SBER MR ( 6 [E R&D);  4H MR AR 15 40l
KEARIUAA G ( REBRZRAEDHEAARAF ); RIPAZR
fi#vi. BCA R BRI &, ECL A R GIRF & (b F)
KHRFEARGRAT ); TakaRa 7 & ( EH Invitrogen AF] );
KA ( FBEZER ), RRER dbaiEzl ), 25
R ( REETTA 2GR TR ) = FOR (1R 24 4 Ak 2171
HIRAR ); OCT B35 (£ E Sakura AR ) 5 MKW (%
Thermo A ] ); AB135-S HLF A (7% [E METTLE TOLEDO 2
Al ); CU-6A fE M 7 B FE 4% (VL7516 SEe s ) W kT
184 (5 [E Labeonco); RS0 34X (Thermo Scientific Vari-
oskan Flash); #=#Fi4% (S-3000N). FL7% BTk A{X (E-1010)( H
2 HITACHI);  4fi7K4% (MilliPORE).

1.3.2 SZIREhY 3 e TE Wistar KL 64 K, R &
(200+20) g, kU5 T EigHiE LR AW A R THEA A, ¥
AIHIES 4 SCXK( ¥7)2017-0005. F47E SZUGHT 1 3 N IR,
Pl E IR 20-22 °C, AHXHRE 65%-70%, HRG, TEHLH
% 245 K 2B s s O (SPF) 4y 211 55

1.4 ZEFHE

1.4.1 SEEAYAH FrA K RIZIR BN 7200 24 K38 6h,
24h, 3d, 7d44H (n=6). e FRETmITHEEREA 1K
r ) RS, 4 40 HOK RUZ IR BE LA VA o WAL AL R
FARMA. HEMA. FAA, n=10. HELH. HFEEHRGEA
Ak, BFARM: RERMEE, AHdeE: HRERA: §
BESIU )G 2 h, SR H SR B (200 mg/ke)™: A4 A
A HE

142 BEEHBALR G SRR ) Allens 3 Bk 1
KRR A = 3% TR EL L 2280 LA 1.5 mL/kg 1 AN B IE
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R, BT ARALLETC T A T 2R 85 ToTy BLOS em FEAFER,
PR R I A G, AT EIERL, FfiEy 60 g/em,
PUOK B DU 2R MRSl . $R SR NIl ARJa 4 h xtid
FR BEAT BBB 10y, KEiE T 2 0 UK E Bk, FFES
PRRBFZPUES . KA Crede TFV54% B AR B SRR ™,
3K /d, HEAIEAL.

LI EE R IR0 X E1RE

TR BB S5 SO0 IS A AEHLH 5 HMGB-1/TLRA/NF-KB {5
IS AR R

40 ROK R AR BB NS ik WA TR, HE
e R4, =A4l, 4110 H

OX RIS XA FEASUT i B R IRE A 1 KF; @ BBB T
#R: oy @FME P RITEEREN 1. Toll FEZ4k 4. BE T «B
MR R R Rk, OFMALTEE L

ST S RITEARJG 6 hy 24 h, 3d. 7d KEIEBRIRES 1 ikt
A HRE o RRIBER UG, A REZLZU S R

RIBEZSHAE: LRy BAWT I EZ R Y LI EE 7 2 it

143 KRHH EREHUR AT T3, BRARRT

DISEIHERR , S RIEARIS 6, 24h 53, 7d KEilBEREA
1 Fem B ) s UM . 4 K BRI K A SRS S, &R IR
AR REUR SN 1 mL, B0 )5 4 °C fRAF. SR B
e fa, KA SEEE AR A UK R R B2
PiEHE 1.5 cm, Mrblalgil . —BoREGAFE B T -80 CHy;
A—BRETZRPREPEE.

1.4.4 BBB ¥4 f#if Basso, Beattie fll Bresnahan(BBB) ¥4y
ARGV A BB K R T REK B0 " R ARSI
HRSHMNERG 6, 24h 53, 7d KAFEiEBREEA 1 &5
I T B AH [E] IS 1) B3 AT V7 45

1.4.5 ELISA R 7 4 F T EDK o 8 RSl K 70 43 £k FH 5 A 45
HEATERAE, SR AR 2 BT R O B ARG W K B B 4 2R
Toll ¥E3244 4, miE#FRER 1. BT «B. AR FK 6
FR RSO R T K P 220D IR & (A FE iR
CHIHT Toll FE3Z 4K 4. HMGBL., %A1 kB, H4HMiN 2 6 I
JHRE SR FEE 7 A ), B S BR EE AR AR AR TR
T FRIRE it s BEAR AR AE Y AR =PI, 37 C R X1 h
BB 5 G AR A AL B, 37 'C N & 10 min;
IINZE b2 b OB 10 min DL EEHCE- AL L L (A 1A );
THE R il R SE BRI FE

1.4.6 Western blotting A&l BUABERB 1B 100 mg™, HIZHA
BIUIRANIE A, I I mL AR S, S, HEI5E
SRR, FEE 10000 xg 5.0 5 min, H_EiEHT, T -80°C
UKFEARAE, ¥ 1 4 BN BRI, 100 “CoKHAE
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£ 10 min, 10%SDS-PAGE #tfi Ik 70 & (L& H L&
N 35 ug), HVKIEEE, 5% MIBAE I EH 1 h, —Hik
PLEE R HEEA 1 2w EA (1 1 1000). Fdi Toll
ZAk 4 ZTCRERUA (10 1000), Ryl EF kB £ 5 bE b
& (1 : 1000) F1 4 Z F#i B-actin 2 FLFEHLMR (1 5 000)
F1 5% 4 Wi B (1 ¢ 200), 4 C k7, TBST Hef, 5% [
A1 TR B AR I AL YD B bR AC R PUE B, RS,
I ECL B, 1 0 1 B AOG TR, B BEAURIE
Image) F A HEAT K E 73 #T

1.4.7 RT-PCR il 4% TaKaRa i 7 & 5 U WA 15 34T 1
RT-PCR 4 M4/ TiiAst: 95°C. 30s; PCRJxMi: 95°C. 5s,
60 C. 30s; 40 {Mfg¥F; Dissociation Stage: 95 “C. 15s, 60 “C.
30s, 90 'C. 15s. ##ERAXE BT A3 4 ABI Prism 7500
SDSSoftware 7}, KA 27 VTSR (BT R A 1.
Toll FESZAA 4, BRI+ «B) XKL E. 5IPFFI0ER 1.

#1 | 31453
Table1 | Primer sequences
E37| Elkvlg]l KJ¥ (bp)
LR EEEMA 1 L 5'-ATG GGC AAA GGA GAT CCT A-3' 303
[N Jif# 5’-ATT CTC ATC ATC TCT TCT-3'
AR _F-Ji 5'-CGA TCT GTT TCC CCT CAT CT-3' 174
i 5'-ATT GGG TGC GTC TTA GTG GT-3'
Toll #5244 4 |-V 5-GCC GGA AAG TTA TTG TGG TGG T-3' 356
“RifF 5'-ATG GGT TTT AGG CGC AGA GTT T-3'
B-actin |3 5'-GCC ATG TAC GTA GCC ATC CA-3' 375

"I 5'-GAA CCG CTC ATT GCC GAT AG-3'

1.4.8 HHEALIIAKE - Gt BUFHHLIRMN 2 R
W 58 e K, AR, PR, SR TRARS - AL geth, K,
B, RTINS,

15 BRI OKXREBER G IS LA EHAS &
EMHREEA 1K @K BBB ¥/ @XM mEIT
BHRREA 1. Toll B34k 4. #ZH T kB HRE R MR F13%1X;
O Ex EERAVIZ ST DUk -

1.6 “itFaoAr NiH] SPSS 18.0 GLit At TR BIRLL
xts Fon, IERBRERARINZR T Z0Mr, WP ELE N ] LSD
% (7 %55 ) B Tunnett T3 9% (7 2 ASE ), ARIEABURER
PRAIRE S, A P<0.05 NZEFRA BEME L.

2 258 Results

2.1 FRhWHBENS EWIEFAKR 40 X, A 4H, L
AT, At NLE BT

2.2 ELSAAMLER  HHEHA G A I ) (R S R4 2R
L REE T LKL T el e, ARG FREET R
&, ERIJE 5 3 RITIAR|IEE (P < 0.05). IfiLiFH s %
FEA 1K A SERTRITBREED 1 KFEN
GRS, FFERLE 3 d AR SE (P <0.05), HEREH
mIERERHREA LK FERTIES, k2. FHERGE
3d ETBEREN 1. Toll BEZ4k 4. T «B. E41EAN
# 6. MR 7K, BFERASTAHZBZERED,



YL LBRMEE XA B =i A R RE A 1. Toll B2 1K 4.
T kB FHEANE 6. FRAILR T IIRIE T B AE .
HERRAE N EIER R RE A 1 HI, AT ] st e
RREA 1 RS, @SR mERRRER 1 )G, KOH
FRALEBE T Toll FESZ 1A 4. #Z T kB, EAMST % 6. Jif
FRER T R IL B A TR, A 1,

*2 | KRBHEHRpEAENESEERMEPSIBERED 1 KFE
EEER (xts, n=6, pg/L)
Table 2 | Comparison of high-mobility group protein 1 levels in spinal cord
and blood at different time points after spinal cord injury

Pail 6h 1d 3d 7d F Al P Y
HHET 1.89+0.13  1.93%0.12 1.95%0.11 1.93%0.20 0.22 P<0.05
1y 1.43+0.08 1.37+0.07 1.45:0.05 1.44+0.08 1.74 P<0.05

ik FHEBT 3d I, REAMNA M BT ST R R A 1 KPR

2.3 BBB P4 M5 6 h KERIZZNThRERZE, B I A (1 HE
¥, KEIEASMIKEERT, 231tz Eir. Bt
F3R, TAMA. BTFERAKRRFABGER, FHiEsT
el HERRRAE H HERIER T 5 RIZ23)Thie BBB T4
IR (P<0.05), WLE 2.

2.4 Western blotting Ao 45 & ZAH EIERREEE 1. Toll
FESZIR 4, IR T «B IR RIS HARL. 7EH RIS,
FIEBFIREA 1. Toll FEZik 4. AT kB RIEZE FIF,
PR TR, AT AT AL (P<0.05), ILE 3.
25 PCRAMLR BFAASTHARTEEEED 1. Toll
FERZIR 4. I T kB LR RIA Z 5 R E MR L (P>0.05).
MRS T R R 1 1. Toll BEAZ AR 4. %R F kB JE[H 1)
FKiEPEmTEAH; BRERISERITEREEA 1. Toll
FEZAR 4, BT kB BRI TR, (HIRIE T2
M40 (P<0.05), WE 4.

26 FHMAKHEFAR THHEHAL LR, &
M HEZ RS, B ASTL, MBRIER:; BFRA5S
T T B Ak . B A S H R 4H T A2 454
A [ FE P 1R 2300, 1 22 21 o L0 DA [R) 2 5 ) W R 5 Y
25 20 P BN TR R P ) AR M 50038 A HE g 3L, (R
BEUHE 98, AR VEAN AN R P2 BE IR . H R A b 48 4 4
YT AS 20 PRI Bt R 4 M A 2 Vi s R 2 2 ) s
ES.

3 i{1i¢ Discussion

I SR B S R S SRR A R IE R R
WEA 1ZHTE, P53 REARIREE, ZREEA S
BT IEEET R, [FEF, Toll #5244k 4 FIZ R T B [IRIA
BHEIEFRRED 1 RIEMEX. SR EE 3 RS
FEEBRIEE A 1. Toll BEZ4k 4 AN ¥ kB Rk = LA, @
HH R m I REES 1 G, Toll FE2ik 4, BT
KB RIA R IHAK, R UIERERI f5 280 0] #4238 I HMGB-1/
TLRA/NF-kB #5558 6 7= A=, 7] B I B R R o vl o it

FeARmnT R 2R 1 1. Toll FESZAA 4 FIA% K1 kB (1R IE K
WA IZAA I S SN o XL 4 2K A FELR A R B
o H B R A A B 5 SERE OB ) (RIS, T AR 4% U 40 A
FIRIE, WAEBE IR . ST KR BBB W4 Al &3,
BAAR R BRI A S B Jig - K BRIZ B Th REAIK 52 A T 1A 5

BREB G, AU A A gET, B2 L —
REVM R, & B R AR B2 5] e is 2h 5K 58 T
BEFERT ", 4k RS B AR EREL, KR JORE S S
LR R, Feg g seT N " it R S S
T AE RN A IR R P20 Ak, e gk R AR
R B 16T I A P RTIIRTE 5 R B B S AT A
HENE R R E 1 AR 2 PR 7 1 3RIA 3 S AL i K R T
KB VG, T T RS R E 8 1 AR — i B AR 57 () DNA
SEAEA, 5ERNBEREFREEDIMG. KRR
R ENERE R A 1 IR SO 475 A 453473 Ao A5 20 o
BB R, MM s RREE A 1 S50 R
AN SR G G fG, B AT JE 205 5 S, om i s 1
kB, BImIEHHIEEA 15 Toll HE2Z1k 4 455, FEZET
KB I BRI, I ORISR T DA K A 3R 6 S S AR
H, R R RN R T R P, H R N R R
SR ENE B R R O 1 IR, Hoh e H R R T R AT
EOEFEREE E 1 ES HMGB &, A ] s 2F- 4 4 i
AP LA et h g 2, 24 Y H o R A i R 2R
H 1R, WA RORAD S Toll BEsz ik 4 254, |T Toll
BESZAA 4 18 1 B e A ARGk 2 B 2 ke B B4 Y 2,
A Toll 524k 4 0] FH5 /I 52 53 40 H v A AT 8 55 6 s 45347
FERE 7, BT L 4Bk = ThAEHE: Toll BESZAAk 4 AT Uk PP o445
oA /I B o 240 IR /I 9% 4 L R (19 7= A A
TAFEE

T A il 2H 240 i 1) A% R 7 kB LA I 45 J8E A DG JE [
MIFESRAER . A R St i sZ 805, T S BUZ A1 «B
T IEB R, MRERIERE . AN R 1B, B4R
R 6 FRMEHFroAmRn, M SFECEREH G RIE R
B AR gk 5 M im0 szag rh il EE R R R E A 1
MEIE, AR 7 R B R R E T 15 Toll #5214k 4 1
i, ARG TR T B E5EEMEE, Wi~
T 9 S5 AH G IR 7 DR R R, i/ 98 i 346 I 11 - IR R T8
P 12 9% i 38 5 5 4% IR 1 B {5 3 % 7 400 PR 9 1 i T
YER, T LAY D 98 05 326 5 (00 26 i, i) St M 10 1) 98 S 2k o7 1
I, HE— BB R R e A s Y

g bRTiR, mIERRBEEA 1AL SR S
ghoR Ve R R E R ) — A M A, HEiE
FRRENA 1 RESHEBLHEYIMI*E. i HMGB-1/TLR4/
NF-KB I [ 1] B A 15 A BE 401 097 )5 98 ik I B 1y o B0 it 2
—. [FREIEEREEA 1 AR AR B R 5 RE R
PEETT R, A JE VR TT A BEI A 4k A SORE B 1 T BT
N
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Figure 1 | ELISA detection of high-mobility group protein 1, Toll-like
receptor 4, nuclear factor-kB, interleukin-6, and tumor necrosis factor-a
expression in the rat spinal cord at 3 days after spinal cord injury
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BlvE: 3d B H 2@
201 HIZB) D RER S AE L
) Pl FHALH, n=6,
i 15 P<0.05
£ 2 H2 | SEARE
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. 54 Figure 2 | Rat motor
o . . . : function scoring
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= 104 a
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LR RE A 1 Toll FE32 14 4 KT kB

Blvi: HEmARTBERED 1. Toll #5240k 4, BH T B HFERE
AR TR, HIRIETEAH. n=6, P<0.05

4 | KEEERG 3 Jd EBEPSEIBEREA 1, Tol #2144, ZE
F «B EEMFRIX

Figure 4 | Expression of high-mobility group protein 1, Toll-like receptor 4
and nuclear factor-kB genes in the rat spinal cord at 3 days after spinal cord
injury

EZETE: 21Kk, ALERFTERET, FRFRATE
ABEL, KR, FRIREARNE, FRE . FEART. WEE
A,

BEIH: ZXFHEZT “ANTEZAFAHETRNARE
(0020191175)” “# Ly R AR B (2018216)” #9%8h. FIAVEHR E 9,
G5 IAFEA B I F IS Anxd B RS B R St AT AR ARE

FIFMZR: XFaeL Ao, ERAMAALFEEILF R
BEFBTER,
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FIL B R IREE 1 Toll FE321K 4 %P7 kB

Bl AR, 4 HEnDBRRE A 1. Toll FEZAk 4, %K T «B
FHPFRSEHBHEL, B HERHAETRERES 1. Toll FEZk 4, %
K7 kB [¥13& AR AR W BT . n=6, “P<0.05
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Figure 3 | Western blot detection of high-mobility group protein 1, Toll-
like receptor 4, and nuclear factor-kB in the rat spinal cord at 3 days after

spinal cord injury
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Figure 5 | Morphological observation of the rat spinal cord tissue
(hematoxylin-eosin staining, x200)
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