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Study on the Prevention Mechanism of Anti-tuberculosis Drug-induced Liver Injury with Orazamide
Based on HMGB1-RAGE Signaling Pathway

HE Ling, TANG Jian, PENG Zhongtian (Dept. of Infectious Diseases, the First Affiliated Hospital, Hengyang
Medical School, University of South China, Hunan Hengyang 421001, China)

ABSTRACT OBJECTIVE: To preliminarily investigate the possible mechanism of orazamide to prevent anti-tuberculosis
drug-induced liver injury (ATB-DILI). METHODS: A total of 60 Kunming mice were randomly divided into blank group, model
group, positive control group [diammonium glycyrrhizinate 60 mg/(kg - d)], orazamide low-dose, medium-dose and high-dose
groups [80, 160, 320 mg/(kg-d)], with 10 mice in each group. Except for blank group, other groups were given isoniazid [75
mg/(kg - d)]+rifampicin [75 mg/(kg-d)] for 14 days intragastrically to induce ATB-DILI model. At the same time, administration
groups were given relevant medicine intragastrically, blank group and model group were given normal saline intragastrically. The
administration volume was 20 mL/(kg-d), once a day, for consecutive 14 days. The general conditions of the mice were observed
and recorded every day, such as growth and development, mental and diet state. After last medication, liver index was calculated,
and HE staining was adopted to observe pathological changes of liver tissue of mice. The positive expression of high mobility group
protein Bl (HMGB1) and NF-xB in liver tissue were detected by streptavidin biotin-peroxidase complex (SABC) immuno-
histochemistry. The serum levels of liver function indexes in serum, the protein expression of advanced glycation end product
receptor (RAGE) and TNF-a in liver tissue were detected by ELISA. RESULTS: Compared with blank group, the growth and
development of mice in the model group were slow, and their appetite and spirit were poor. The liver index, serum levels of TBIL,
DBIL, ALT, AST, ALP, TBA and y-GT were increased significantly (P<<0.05). Structural disorder of liver lobules, degeneration
and necrosis of liver cells and inflammatory cell infiltration were observed. The expression of HMGB1, NF-kB, RAGE and TNF-a
in liver tissue were elevated significantly (P<<0.05). Compared with model group, the general condition of mice were all improved
to different extents in orazamide low-dose, medium-dose and high-dose groups, positive control group, while liver index and
above serum indexes were all decreased significantly (P<<0.05). The pathological changes of liver tissue were all improved to
different extents, while the protein expression of HMGB1, NF-kB, RAGE and TNF-a were all decreased significantly (P<<0.05).
The improvement of above indexes in orazamide high-dose group were all significantly better than orazamide low-dose and
medium-dose groups (P<<0.05) ; the levels of ALP and TBA in orazamide high-dose group were significantly lower than positive
control group (P<<0.05). CONCLUSIONS: Orazamide can prevent ATB-DILI induced by isoniazid combined with rifampicin in
mice, the mechanism of which may be associated with down-regulating the protein expression of HMGB1 and RAGE in liver tissue
and inhibiting the secretion of inflammatory factors.

KEYWORDS Orazamide; Anti-tuberculosis drug-induced liver injury; HMGB1-RAGE signaling pathway; Mice
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EX A I8 T T S5O 40 AR M R 8 -5 S Ab 1 A 98
IO 25 VIAH 5G , 2o S A 0y It A 184 B 0 80 32 ARy B 8
15d-PGJ2 7] g 1 Pt A A S A il HMGB1 23K 11 & 44
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Bino-LED 7 ;2% i S 5% ( 2z v B Sl 48 A AT PR
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CIDE S
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BT 24 BR DA ) 5 R e s e 4 (BH X Bt
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HAR A /IR IVE B SR BE75 mg/ (kg - d)+FI4EF-[75
mg/(kg-d)]14 d LA il ATB-DILIA ™ 5[], 4%
2R 2 /N B T AN 20 (B LA AR BRER KA D) L 28 1
SR L /)N S T A K, 45 41/ RO 15 IR R
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14 d,
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P27k, ARV E AR R S BB 5 A T
2.8 FitFEFHIE
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25 VA AR B/ D BRAE OR BIR 22, (T RS M 22
BRI PRI , B R/IME S ARLL 0, R, R
BB, SRR HA, BRI | e e 2 A
FRPE XS R /N B B AR B0 AT DA [RI R2 B 4, Bk K
s A R/ MBI
RREAEG , 4 4/ B STt H 22 S 1 T e 1
FR X (P>0.05), 525 H 4 A, BEALZH /N B
Jo b R AR B 2 Tt R (P<<0.05) o SREHLZ LLAL,
BT ARG v 7 Sk 2L P X B 2 /N B I S
e S e B B A BRI (P<<0.05) , (HLALIR] b 4825 54
TegeitE X (P>0.05), &K 1,
F1 BAK4FW ATB-DILIEE/NR AR A HRER
B FERERFEHNZM(Xts,n=10)
Tab 1 Effects of orazamide on the body weight, liver
wet weight and liver index of ATB-DILI model

mice after last administration(x = s,n=10)

a5 (kg JHER g JHER, %
A4 38844273 188405 4834030
i 3940+ 183 240+02° 6.08+027°
ADREFITA AL 38024398 1944027 5111047
RADRER A a4 37541361 203£0.147 5424023
BAOREFR AR 36.632.80 187£021° 510£055°
PR RFERAL 37134272 193£0.15° 5214039

TE: 52 I AR, *P<<0.05; LR RIZH L%, *P<<0.05
Note: vs. blank group, *P<<0.05; vs. model group, “P<<0.05
3.2 /NRIERAFIIBETEHR
523 LA L A, A 4 /N BRI 3 H TBIL . DBIL
ALT., AST. ALP. y-GT. TBA /K ¥ ¥ i & T+ & (P<
0.05), SRRV A, AKRFHIC im0 s 2 A B
X BE 26 /)N UL H TBIL . DBIL \ALT . AST . ALP.}-GT .,
TBA /K2 5 AR (P<<0.05) , H B F KR 4
[ IRAEARAKOE 35 B AR T BB RHAIL R AL (P<
0.05) , ALP, TBA /K V-3 & 2 {IX F FH 4 % B 4 (P<
0.05) o BARIKAFAR . o | e 70 2t 2 R BH P X R ZH /) BRU it
THH ERIEARK PRI a5 KT TR R 2.
33 /IMNRIFARREZETLERL
25 LA /N BT DL /Nt S5 4 3 0, 2R HES ) 5,
JHF 1l 5% 4544 84, I A A R 181, s v, R L 4 i 240

R BRI/ U R ARSI L TS24 AT, T4
MEPAFRIE R A SRS, J BTG b , I Hh B[R] R RE I
U, MUAZ A A 1] — 00, FF B S A0 RAE LIRS AR
OB, BERRRFAIR L 7R LR B A AR 2 /N BT
NI e BT AR S R A AN TR R BE 4, LB OR A o
70 ZH R BH A ) B /N BRI 2L A 454 15 25 L 2L e o 42
AT, PEOLIE 1 (P AR ik R RAEAND) o

E.T\i* %U%éﬂ F. BH'X#Hﬁéﬂ
B1 BHK4FXT ATB-DILIEEUN R AT H AR 25
N e) SR E (HE 8, x200)

Fig 1 Micrographs of the effects of orazamide on liver
histopathology of ATB-DILI model mice (HE
staining, x200)

3.4 /INRBFALH HMGB1 #1NF-xB B BB RIAEKE

i~ ,HMGBI1 I NF-«B £ [ 75 J A% AL 5T p 3 A
ik 52 LR SR/ NI 2 HMGB1 Al

NF-«B [ 45 5o PRk . SRR O, B oK

R rbr L e A A X BREH N U2 2L h HMGB1 I

R2 BEFCK4EIT ATB-DILI /N M FRFThBEFER/K RIS (X £5,n=10)

Tab 2 Effects of orazamide on serum liver function indexes of ATB-DILI model mice(x +s,n=10)

bl TBIL, pmol/L DBIL, pmol/L ALT,U/L AST,U/L ALP,U/L 3-GT,U/L TBA, pmol/L
A4 2794075 1584044 30.88£9.68 100.66% 1138 11220+8588 53.00£7.89 2625023
fRg 14341145 9554053 95.50+9.10° 16380£7.62° 233.605.06 107.00+ 10.60° 963+0.75"
DRI R4 10484099 736054 80.65+ 844" 149.11£9.11°% 205.90+ 840 87.5049.86° 6.80£0.58"
DR R4 8854140 5374061 67651445 1347146347 186.90£631°* 74104619 5514041
RADREFR A4 4634099 3354055 50.0446.96* 120314521 14256758 61.80£8.80° 394£080°
PR 3884123 3644034 54124503 114554951 17820£7.67° 5740622 40440697

S A AR, P<0.05; SHERIZ HAR ,"P<<0.05; 5 SR KE i k4 Hee, *P<<0.05
Note: vs. blank group, “P<<0.05; vs. model group, “P<<0.05; vs. orazamide high-dose group, “P<<0.05
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Fig 2 Micrographs of the effects of orazamide on pro-

tein expression of HMGBI in liver tissue of

ATB-DILI model mice (SABC immunohisto-

chemistry, x400)

5o A R, AR /)N B 2 24 HMGBL Fl
NF-«B 2 [0 FH 1 3R 35 5644 i 2 785 (P<<0.05) . 55
TUZH HOAEE, BRI | v | v 791 ek 2E 0 B X6 B /) B
JHF4H21 9 HMGB 1 FlINF-xB £ [ 10 PHPE 2 R 24 1 2 1
ik (P<<0.05) , H B Fr Ky s ) 2 Bk 2 i B 2R
TR B AT BAPDRARHIS 41 (P<0.05) , T 5
FE X BE 2 LA 25 S8 oG T2 2 L(P>0.05) . B
PR i 79 L AN B X BR 2N P4 4L HMGB1 2
FEIHERERS S AU REZ RS X
(P>0.05), FEIL# 3,

3.5 /INRAFALF RAGE 1 TNF-0E ARIRIEKF

5 e, B AL/ R 4120 RAGE #l
TNF-o 85 [ (1) 257K V35 i 35 T 55 (P<<0.05) . A7
Y1 ELH , BERRAFAR  Hp g 700 s 4 R BE A X BN U
4141 th RAGE Fll TNF-a 2K [ ) ¢ 35 7K - 24 2 2 BRI
(P<<0.05) , HERF7 KH: m il i 21 Bk 3 P Rk K F
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3 BRAK45XS ATB-DILIHEEL /| GR AT 4H 4 F NF-xB
EBAREZME EHE (SABC REANE, x
400)
Fig 3 Micrographs of the effects of orazamide on pro-
tein expression of NF-kB in liver tissue of ATB-
DILI model mice (SABC immunohistochemi-
stry, x400)

®3 BEFK4F 3T ATB-DILI #£ B /N R FF A R
HMGBI #1 NF-xB & Bl R X RH#500 (x +
s,n=10)

Tab 3 Effects of orazamide on positive expression

rates of HMGBI1 and NF-k B protein in liver
tissues of ATB-DILI model mice(x+s,n=10)

45 HMGBI NF-k B
SH4 0.0146£0.005 1 0.004 6£0.000 6
fEHH 0259 1£0.0183" 04947£0.0473°
SADREFITR 4 021250018 1% 0366 840,041 6"
DK R 0.1272£0023 7% 02434+0.028 9"
BADREF R AEAL 0.0214£0.0009° 0.1341£0.0299°
PR R4 0.0264£0.0052° 0.1022+0.026 0

T 545 A R, *P<<0.05; ST L, *P<<0.05; 15 JALK
Frm R 2a LA, “P<<0.05

Note: vs. blank group, *P<<0.05; vs. model group, "P<<0.05; vs.
orazamide high-dose group, “P<<0.05

B 5 AT B RRIG ) 1 2H (P<<0.05) , 1T 5 B
XF A L 22 B TG i L (P>0.05) . {URHK
R 1 ) 2 A B o B LN BRURF A1 2 RAGE R 1Y
KK FHEAA K ZE RG22 E L (P>
0.05), FEMLF 4.
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F4 BAK4FI ATB-DILTE RN R BT AL 1 RAGE
FMTNF-oZEBRZEKFHFZM(xts,n=10,
ng/mL)

Tab 4 Effects of orazamide on protein expression of

RAGE and TNF-a in liver tissues of ATB-DILI
model mice(x+s,n=10,ng/mL)

it RAGE TNF-a
HH4 70.05+4.74 158.51£9.57
i 112.64£8.69° 251584818
SADREFITR AL 103.63£8.41°" 214.07£1048°

I
ADRE A AL 92.944635" 199,63 46,54
RADREFR A A 75.00+8.80° 166.50£7.07°
PR R 71.87+3.08 168154739
H S5 AU, ©P<0.05; SR g, 'P<<0.05; 5 ALK
FrE A s, *P<<0.05

Note: vs. blank group, *P<<0.05; vs. model group, "P<<0.05; vs.

orazamide high-dose group, *P<<0.05
4 g

PAHEE, Bk R 5 000 AFE TS50, Z54%
RVE R fEE EER AR TR AL DAERBZ — R
PTG RAATBA w5 B e A S5 R R0 A A 1 2
S RBUAEAZZ ), ELIG R R A, 79 24 B8 I 3
A BB I RIVE T, B e e B b a0, 40
SEUN R SRR RN S 1A T RE R A T BEAE S AR DA
T ATB-DILI 1 & # | LA/, sk—HE L8, =
AR5 4 0L 4 7T g SRS DTS R 1 R -1
M NF-xB p65 ., [ 40 i/ 3= 6\ TNF-0 55 RAE K 7~ 1
ARG o ZEHEAEIR ST K B, 24 S5 A0 Uk A R A S 7 2 156
FRRSE R4 A JEF BT A Tt 375 AT 38 5 S I e £
P SRR R . R SIS SR T B2
B R S R IR TR AR T T S IR . A, A
A5 I FH S J F IG5 1) A - 52 T ATB-DILIA A, 25 21
R, 52 A4 R, AL /N BRUfL 3 H TBIL \DBIL
ALT ,AST.ALP.y-GT . TBA /K V-1 i & T+ , F-CEA BT
AN ZEREZEAL AN AR P IRBE , 58 AE 40 AR i 5 9 2
WA 55 AR A B TS G 4 R AR — B, R
ATB-DILI BRI A il i

SRR AR WA R W AT A= W i A , A BEL L ST 200
INFC LT A AL B VE L I BE A 4t B 7 6 R
SR, S S T A A B A R T
H e rE AT, BT ATB-DILI A7 — 22 /Y i B
RO A AP JEALE A B8 . R & 1A
P AR HMGB L il 70) T 5 % T ik B s b PR
R AP A AR /N BRI AR i | s 4 i 32
T RN 2T 2 5 19 BT SO A 5 2 B i el e SRR A
AR KR 7E ATB-DILL H A4 AL, M 2t L
B 6 0 S ASBIF S He BRI R SR 9 1.2 45

- 2234 - China Phamacy 2021 Vol. 32 No. 18

B E BEPORERIE R AL, UG IR R 254
B PR TIR) CH 2R — 2 i Vs e 3% ) S X BR 245 49 5 et B
XTHRZH o S50 EoR AR b e R SRR R H B R
e Y] LSS AT ATB-DILIAR B /N B T8 5%, ol 3
HLRF I REFRFR , Vol L -0 L5 95 R0 2 A0 200 I o 3K
Wi I SRR R R 1B ATB-DILI,

HMGB1 J&—F V2 A 7E T IAZ A% N H & il
FH B DNALS G E M EZ NS DNA K il 3
DNA &5 551 A8, M 4 Iy e SE T, AT DL RS 3
Y fifa Jo v SRR = A Ah . T AER , HMGBL AR —Fif
B LB A DGR o, KRR IS B R E AR RE S
N INE AL VR, AR R, 78 ALT 5 5]
Br b 6 LGB (INR) IE 8 (9 &8 3 b, i R v] 38 2
HMGB 1 3R Pk 46145 , % 28 (U AR 1 —
g B A= P s P HAT 55 e i T 2B . RAGE /&
B RUR IR B SRR B HMGB1 524K, 9 3454 5 7T LA
i 3 NF-xB ] 5 11 . p38 22 4 J5UTE Ak 2 11 3 it 45 R
{5 5 3 B% 1% 1k NF-x B, NF-x B i % J5 71 75 5 9412 iF
TNF-o, I 3R B4 2 5 0% A 11 3Rk | T i £
HE R AR R sl 350 7 5 [l 4 L F NF-xB, AT
BT NF-xB 1E SUSIA  JCK ARAE JIR S, T LA A 1
AT, T SRR B 7 R (54 8 9 i 2 S5
N, M EAUARA LGB~ PR i Ab TR
i, HMGB1 FZAA7E T AAEA% , 1Ml NF-xB 716 T4 i T
SRR B K B b vl W i B S T 2 VA
G, A5 SABC S AL 245 R o, 25 FL 4/ B
il N HMGB1 1 NF-kB 2 il i 63k , BRI/ B4
Jia A AZ A1 5T o HMGB1 Fl NF-xB [ 3215 5 BH (g 35
VLR LL T RAE R RS . SRR A, P4
A% v 0 R B o BE /N BRI 4 4 f HMGBIL
RAGE NF-kB . TNF-off [ A5 34) I 25 FEAIR, SR B4
KARE XTS5 0 Bk BB 5 1) A F- i 35 ATB-DILLAT T Bl /5 H
HAHLHI T HE S VR AF4H 21 HMGB1 F RAGE 2K 1 19 4
5 I ARAE PR 1 43 WA O, AT B BH A X RE 2 P 1)
VEFABUTIARIR . Ak A9 04 e B B A e 7 2
/NEUFZH 24 HMGB1 HI RAGE & [ 1 2635 K AR 2
23 12 KK, {H NF-xB Fl TNF-o5 [ #9281k K P ik 3]
25 ALK 150 BT AT B A A At S A 388 B 0TS NF-xB A
ST W AAE SN, BAR I R e — AR

25 L RTIR ALK RERE S 19 B SR DR R AT B
H W /N B ATB-DILL, H AL 61 v g8 5 F I IF 4 4
HMGBI1 F1 RAGE #1335 Al 5AE A 70 WA O o
[1] WRLL, Bk (2020 4E 2 BREEAZ IR IR &5 ) B 3 [ 45

W9 B 6 TAE D). s A AL Y 445k, 2021, 39(7) : 392-

FEZEE 2021 S5 0 198



[4]

[10]

[11]

[13]

397.

i F B DU A
H2,2021,36(7):25-27.

HRARBE A N Oy 2 LA A YR 2 1698
9 : 2019 4 R [J]. FP AR 25 R AP I % 75, 2019, 42.(5)
343-356.

ARRIAZU E,GE X,LEUNG T M, et al. Signalling via

a2 25 ) A IE S HE JE [0, P I 2 Al T

the osteopontin and high mobility group box-1 axis drives
the fibrogenic response to liver injury[J]. Gut, 2017, 66
(6):1123-1137.

55 RE AR, EAT, 55 W% PPARyI G M E 5 F 481
A HECR BUFR i &« HMGB1L KF i [I].f E 48U
s AL Ae 2017, 26(2) : 129-133.

GASKELL H,GE X D,NIETO N. High-mobility group
box-1 and liver disease[J]. Hepatol Commun,2018,2(9) :
1005-1020.

MODE, B3 WRIF, S AR RHERT A IR o3P
JHEAE FRAE 2 (0] 52 o i i i 87995 2 35, 2013, 21(7)
85-86.

WU, 752, F3E, S5 SRR 20 U
P51 13 5 0 465 7Y f) s S (0] P IR 2 D7, 2011, 22(33)
3104-3105.

1 PH Y PG % 25 W) WO B 5T TR (9], 57 5 e R B 2 B o
#1%,2020,41(7) :882-885.
EHHE LI, SRAEET , S FIAR R S SR X

/N BRFF IR BE P 1 S 30 55 [
1935-1937.

AR, W DA WIRICEE 29 PR 0 5 Nef2 {7553
ZIRZMWIFEI/OL]. B B2, 2021 : 1-7[2021 -
01-26]. http://kns.cnki.net/kcms/detail/43.1225.r.20210115.
0934.002.html.

—M, P, A4 R\, 2. SIRT 3 11 F& Ik NF-kB p65
FEIRVBIE 5 M BN A A5 A WE 7 1] o AR =
2Rk 2018,28(22) :7-12.

R MO TR, S KRBT T XA 2 Y T U
e E m G Ve ] AR R 243k, 2010, 18(5)

J.FRE 25555, 2007, 18(25)

(PERE)RE—

HEZED; 202145 32 5 181

[17]

(21]

PERIZIENSGIHRET,

385-386.
M Ge s, SCHR, R, 25 AR AL AR IS SRS £
TR B A A AF 5 (0], + [ 2 B S aE 4, 2019, 35(4)
586-590.
W B 25 Tk WP BT — % 301 A BUF R 25 B R BRI &
FRIEEZG T, 1974(4) 1 4-7.
HUEBENER P, PRADERE J P, HERNANDEZ C, et al.
The HMGB1/RAGE axis triggers neutrophil-mediated in-
jury amplification following necrosis[J]. J Clin Invest,
2015,125(2) :539-550.
WANG X, SUN R, WEI H, et al. High-mobility group box
1 (HMGBI1) -toll-like receptor (TLR) 4-interleukin (IL) -
23-IL-17A interaction of yd T cells with macrophages[J].
Hepatology,2013,57(1):373-384.
P U2 e o = R ) (R /A =0 AN e =R ER TR R e
4 PR 37 1 R AL (). R 24515 L, 2016, 33(5)
15-19.
DANIEL J A,ROSALIND E J,JAMES W D, et al. Mole-
cular forms of HMGB1 and keratin-18 as mechanistic bio-
markers for mode of cell death and prognosis during clini-
cal acetaminophen hepatotoxicity[J]. J Hepatol, 2012, 56
(5):1070-1079.
DANIEL J A,JAMES W D, PHILIP S L, et al. Mechanis-
tic biomarkers provide early and sensitive detection of ace-
taminophen-induced acute liver injury at first presentation
to hospital[J]. Hepatology,2013,58(2):777-787.
DE LUCCA F, WATANABE M, SERRANO S, et al. Acti-
vation of RNA-dependent protein kinase and nuclear fac-
tor-k B by regulatory RNA from lipopolysaccharide-stimu-
lated macrophages:
tion[J]. Eur J Pharmacol, 2002,450(1) :85-89.
e HMGB1-RAGE {55 1 72 7 T 19/ Bl
JHFAS O AR v (8 B CHEmT RERILR] A IS8 (D] A5 HE - %2
BRI, 2018,

Sy H #91:2021-04-14 181 H 11 : 2021-08-08)

(4 4RI A )

implications for cytokine produc-

b 1115

China Pharmacy 2021 Vol. 32 No. 18 -+ 2235 -



