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SYLPG MR R B, 7 330006)

WE U5 TR R F AR I BML-111[5(S),6(R), 7-trihydroxyheptanoic acid methyl
ester] & ¥ Z 1L 2% (carbon tetrachloride, CCL)#5 3 49 X AT 4 4e L AR A B Ak Ao 4L BAL-F B89 7 om .
40 R SD(Sprague-Dawley) X R K T iZ440% CClyA 2 5 IF 4F b2 A, F 4L 32 4 £ R ) B Ja] X
BT EHT mg/kg BML-111. 2 RE) 69 7 A4 21t 4940 RASD K RAR o H 440, 57 A4, CCl
. G AT 4., BRI IR A @ )R E . LR AL T A K ST é{zw&/’ SRR
22 48 47477 i HE(hematoxylin-eosin) ¢ &, 3+ K J AT IEAR 4% A= K Iz 40 fe iz 38 H L AT 4% 8 1248
BT 4047 £ 5& A é&@x%—ﬂ@&(alamne transaminase, ALT)#F» X % & B4 4% & B (aspartate transaminase,
AST)7& W3 AT RN K BT 2 864 oU; 18 3248 ) AT 248 48 P JI§ T &AL = 49 7 — B (malondialdehyde,
MDA)& 2. AN ﬁﬁé&u%‘\ﬂtﬁ‘ﬂk A4 4 B (glutathione peroxidase, GSH-Px). #2 A b4 4L
B&(superoxide dismutase, SOD)#= it At £ B4 (catalase, CAT)7E M vA BT 2042 F & 3L BAL FE 7 (total
antioxidative capacity, T-AOC)%f X F A& ) /AL BAL-F AR S AT . R E T, CCLA KX R
FEREAR & 00 R AR, R R F R, 45 PR E R €; BML-1117F5 2 X/éﬁﬁ, HER R EE.
BML-1117T 2A 47 4 CCI43% 3 4 K R AR 5 A= SOE 20 ez 8. CCLAAATLRLR &) J i ¥ ALTA=AST
&M RS, BML-111489548 3 ALTA=AST 49 7% (P<0.05). CCLZMDA4 8 27+, mGSH-
Px. SOD#=CAT#)7E HEAK, EIEAAE AT-AOCT . BML-111515 K6 77 4 )5, MDA S 2 9
£ FH(P<0.05), T-AOCH# 3% (P<0.05), GSH-Px. CATA=SOD# i 1 3 9 £ B 1 (P<0.05). M5 4o,
BML-1117T vA37 4] CCL#5 5 49 K ST 41 440, sbai b 38 3 AT 447 69 BAL/AL BAL-F e X
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BML-111, A Lipoxin A, Receptor Agonist, Regulated the Balance of
Oxidation and Antioxidation in Rat Model with Hepatic Fibrosis
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Abstract In order to confirm the effect of BML-111, a lipoxin A4 receptor agonist, in regulating the balance
of oxidation and antioxidation in CCls-induced experimental hepatic fibrosis, forty Sprague-Dawley (SD) rats were

used to build the model of hepatic fibrosis through hypodermic injection of 40% CCly. And 1 mg/kg BML-111 was
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administrated via subcutaneous for prevention and treatment. These SD rats were respectively divided into 4 groups
via treating with different ways: control group, CCL, group, treatment group and prevention group. The severity of
hepatic fibrosis was defined by observing the change in color, surface glossy and the extent of nodule in rat liver.
The degree of hepatic injury and inflammatory infiltration was assessed by hematoxylin-eosin (HE) staining for
the hepatic tissue sections. The liver function was evaluated by detecting the activities of alanine transaminase
(ALT) and aspartate transaminase (AST) in hepatic homogenate. The balance of oxidation and antioxidation was
evaluated by detecting the content of malondialdehyde (MDA), the activities of antioxidant enzyme, including
GSH-Px, superoxide dismutase (SOD) and catalase (CAT), and the total antioxidative capacity (T-AOC). Through
the above experiments, several results were found. When compared to the control group, the livers of CCl, treated
rats looked obviously slant yellow, lost surface glossy, and performed lots of nodules, which could be improved
by BML-111, both in the prevention and the treatment groups. BML-111 could inhibit CCls-induced hepatic
injury and inflammatory cell infiltration in rats. CCl, treated rats performed obviously lower activity of AST and
ALT in hepatic homogenate, which was reversed when BML-111 was injected (P<0.05). BML-111, both in the
prevention and the treatment groups, the content of CCly-induced MDA was decreased, but the level of T-AOC and
the activities of SOD, GSH-Px and CAT were all increased. The results showed that BML-111 could inhibit CCl,-
induced experimental hepatic fibrogenesis by regulating redox homeostasis in rat liver tissue.

Keywords lipoxin; hepatic fibrosis; oxidation and antioxidation balance
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1.3 GitEF Ak
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Fig.1 Effects of BML-111 on the appearance of liver
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BML-111 inhibit CCls-induced hepatic injury and inflammatory cell infiltration in rats
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Fig.3 Effects of BML-111 on the activities of AST and ALT in hepatic tissue

1 MEWEECAT, GSH-PxFISODSEM
Table 1 The activities of antioxidant enzyme CAT. GSH-Px and SOD

AR Phad S AL VB 1 (U/mgprot)
GSH-Px (U/mgprot)

e S A B 1 (U/magprot)
SOD (U/mgprot)

2H 51 Tt A A SR P (U/mgprot)
Goups CAT (U/mgprot)

Control group 629.163+141.578

CCly group 352.614+£96.85144

433.029+70.094*
Treatment group 425.724+247.415%

Prevention group

180.976+53.884
94.231+15.87644
173.857£36.194%*
145.268+13.073*%

221.099+32.162
120.145436.90144
196.401£14.152*
169.346+42.325%

n=6, 44P<0.01, 55X AL L *P<0.05, **P<0.01, 5CCLAL L.
n=6, #4P<0.01 vs control group; *P<0.05, **P<0.01 vs CCl, group.

&2 MDAZE

EEmMEHeEHT-AOCHIZE

Table 2 The change of MDA content and total antioxidant capacity T-AOC

2H N A B (ng/gprot)

Goups MDA (ng/gprot)

SPTEALRE J1(U/mgprot)
T-AOC (U/mgprot)

1.166+0.237
4.406+1.78444
2.687+0.859*
Treatment group 3.154+1.594%*

Control group
CCl, group
Prevention group

0.885 7+0.224 7
0.301 5+£0.273 644
0.531 2+0.187 9*
0.487 5+0.236 6*

n=6, A44P<0.01, 53 4L LU *P<0.05, HCCLALLLE .
n=6, 44P<(.01 vs control group; *P<0.05 vs CCl, group.



1212

BRI

T TGF-BHIPDGF IE /2 i if ROSHUE H F il 5 5
I8 B TS AGHSC, (R 2R 4E A0 K g . Adachi%s!™)
AMBorkham 2™ (¥ A ¢ 45 i, PDGF# i % FROS
2 BT AKT(protein kinase B)5 p38 MAPK(p38
mitogen activated protein kinases )i i 14 1fij {2 2EHSC
Y g K B 5. JaveluadZ5USURI Vayalil O & B,
TGF-Brl i id 4 ITROSA B, IEMAPK& 12, %3
AL 5 U Y e 5% R -F- AP-1 (activator protein-1)
FISP1(specificity protein 1)iF 44 & ¥ H B iEHSCA
ML RS, Ak, ROSH RE I — k045 40, 75
STGF-B& 1, I i Smad(drosophila mothers against
decapentaplegic protein)if 4, it it ECMEL R 1R 1%,
HIMECM A B, AT ARs 21 4L i Je ™. ANHER
th, SR R A AR R A R R )
FEERRZ
PUAACY) T RE 1S AR A I 22 1) 3 1 2R B
B, PR TR I N FH 72 VF 2215 1 T 452405 1) 3 P A
BB h AR TR B RCRNYT, NingZEPORE 5
B, PUAA oA S R AT DU R FEAS A& I ROSK
¥, #7 #|PI3K (phosphatidylinositol 3 kinase)/AKT LA
JMAPK##4L, LK TGF-B/PDGF 5 S HSCAH A ¥k
AN, A R ] B AT 4R R R B
Y, inPZa . HEE R b O, S 2.
LW ORFEW) 2 H TR LRSI £ 4E 5T
HU A RGP R0, R, T SR A A AT A
IR e B TR —
FEHT 3 T AE o AT % B, BML-1116g 0
CClLy 512 B FFIE RS b i TR S e £F AL R 7 2n
TGF-BEE M RIE, | CCL T LK R T4 R0
ARSI (R AIE 7T 45 SR B JR, BML-1110] DL i) BT £F 4
A, XFCCL 5 3 (1 BT 27 246 K B 20 530 A FIBML-111
BEAT TR BT, AT LB o5 DR BRI R
TR RN AR FE, AT 230 400 ) 2T AL
RN, 5 AT 25 A — 3. BML-111E H A R K
BRI Th R (1 A, HEZS .45 R 8%, BML-1114)
HICCLiF5 3 1 K Bl JH I 45 45 0 8 90 40 Jf ¥ 31, CCl,
REf W] 2 T BUR /D I BOR, JRRe B BIA 2k KiE
A7AE 1) 9 RE A0 L, 11 22 5 BML-111 T 536 7 b 3
JEZIM R R R A, il X A RALT
AST 3% HEAS M 2 7%, BML-1117] DL W42 & K B
JiF 20 2L 5 CCL A I ALTRIASTIE P, iR T
BML- 1L R R4 4 o 7E S8 A/ A S 7 1

W71, BML-11170] LLB] 2401 CCLi75 S MDA,
BT H LR BUEA A RE I T-AOC, i RETS W Bk
SOD. CATHIGSH-PxiF 1.

ZE B RTIR, BML-111R] DAl 5256 14 K 841
A A NI NS B R IR S A R AL AR A
SEHL. AT TULE RARIR, MR R K H R ] e
TBIT AL T 254

SE 3Lk (References)
1 Romano M. Lipoxin and aspirin-triggered lipoxins. Sci World J
2010; 10(1): 1048-64.
2 Serhan CN, Savill J. Resolution of inflammation: the beginning

programs the end. Nat Immunol 2005; 6(12): 1191-7.

3 Zhou XY, Yu ZJ, Yan D,Wang HM, Huang YH, Sha J, et
al. BML-11, a lipoxin receptor agonist, protected carbon
tetrachloride-induced hepatic fibrosis in rats. Inflammation 2013;
36(5): 1101-6.

4 Maurizio P, Gaia R. Oxidative stress-related molecules and liver
fibrosis. J Hepatol 2001; 35(2): 297-306.

5 Jaeschke H, Gores GJ, Cederbaum Al, Hinson JA, Pessayre D,
Lemasters JJ. Mechanisms of hepatotoxicity. Toxicol Sci 2002;
65(2): 166-76.

6 Kaplowitz N. Biochemical and cellular mechanisms of toxic liver
injury. Semin Liver Dis 2002; 22(2): 137-44.
7 Poli G. Pathogenesis of liver fibrosis: Role of oxidative stress.

Mol Aspects Med 2000; 21(3): 49-98.

8 Massagué J, Wotton D. Transcriptional control by the TGF-beta/
Smad signaling system. EMBO J 2000; 19(8):1745-54.

9 Foo NP, Lin SH, Lee YH, Wu MJ, Wang YJ. a-Lipoic acid
inhibits liver fibrosis through the attenuation of ROS-triggered
signaling in hepatic stellate cells activated by PDGF and TGF-p.
Toxicology 2011; 282(1/2): 39-46.

10 Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005;
115(2): 209-18.

11 Friedman SL. Molecular regulation of hepatic fibrosis, an
integrated cellular response to tissue injury. J Biol Chem 2000;
275(4): 2247-50.

12 Lotersztajn S, Julien B, Teixeira-Clerc F, Grenard P, Mallat A.
Hepatic fibrosis: Molecular mechanisms and drug targets. Annu
Rev Pharmacol Toxicol 2005, 45(1):605-28.

13 Adachi T, Togashi H, Suzuki A, Kasai S, Ito J, Sugahara K, et
al. NAD(P)H oxidase plays a crucial role in PDGF-induced
proliferation of hepatic stellate cells. Hepatology 2005; 41(6):
1272-81.

14 Borkham-Kamphorst E, Meurer SK, Gressner AM, Weiskirchen
R. Disruption of intermolecular disulfide bonds in PDGF-BB
dimers by N-acetyl-L-cysteine does not prevent PDGF signaling
in cultured hepatic stellate cells. Biochem Biophys Res Commun
2005; 338(4): 1711-8.

15 Javelaud D, Mauviel A. Crosstalk mechanisms between the
mitogenactivated protein kinase pathways and Smad signaling
downstream of TGF-beta: Implications for carcinogenesis.
Oncogene 2005; 24(37): 5742-50.

16 Vayalil PK, Iles KE, Choi J, Yi AK, Postlethwait EM, Liu RM.



B IRE R A4 AR BE)FIBML- 11100 K U £F 4 AU S 4 AT ) 52 1213

Glutathione suppresses TGF-beta-induced PAI-1 expression by
inhibiting p38 and JNK MAPK and the binding of AP-1, SP-1,
and Smad to the PAI-1 promoter. Am J Physiol Lung Cell Mol
Physiol 2007; 293(5): L1281-92.

Boigk G, Stroedter L, Herbst H, Waldschmidt, Riechen EO,
Schuppan D. Silymarin retards collagen accumulation in early
and advanced biliary fibrosis secondary to complete bile duct
obliteration in rats. Hepatology 1997; 26(3): 643-39.

Brown KE, Poulos JE, Li L, Soweid AM, Ramm GA, O’Neil R,
et al. Effect of vitamin E supplementation on hepatic fibrogenesis
in chronic dietary iron overload. Am J Physiol 1997; 272(1 pt 1):
G116-23.

Houglum K, Venkataramani A, Lyche K, Chojkier M. A pilot
study of the effects of d-alpha-tocopherol on hepatic stellate cell

20

21

22

23

activation in chronic hepatitis C. Gastroenterology 1997; 113(4):
1069-73.

Feng Y, Cheung KF, Wang N, Liu P, Nagamatsu T, Tong Y.
Chinese medicines as a resource for liver fibrosis treatment. Chin
Med 2009; 4(1): 16.

Tsai MK, Lin YL, Huang YT. Effects of salvianolic acids
on oxidative stress and hepatic fibrosis in rats. Toxicol Appl
Pharmacol 2010; 242(2): 155-64.

Tao YY, Liu CH. Progress of research on mechanism of salvia
miltiorrhiza and its chemical ingredients against liver fibrosis. J
Chin Integr Med 2004; 2(2): 145-8.

Liu P, Hu YY, Liu C, Zhu DY, Xue HM, Xu ZQ, et al. Clinical
observation of salvianolic acid B in treatment of liver fibrosis in
chronic hepatitis B. World J Gastroenterol 2002; 8(4): 679-85.



