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<ABSTRACT>

Antifibrogenic Effects of Magnesium LithospermateB Human

Hepatic Stellate Cells and Thioacetamide-InducedhGiic Rats

Young Joon Yoon

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Kwang-Hyub Han)

Hepatic fibrosis refers to a wound-healing respadiesa variety of insults,
ultimately leading to cirrhosis. Recently, magnesilithospermate B (LAB),
one of the major active components fr@alvia miltiorrhizae, has been given
attention for its anti-fibrogenic effects. The ébtiotic effect of LAB in an
experimental rat model was demonstrated. The ainthi study was to
elucidate the antifibrogenic mechanism of LAB. SpeDawley rats were
divided into 6 groups: the control group (n = Hnwol + LAB group (n = 5),
TAA 8-week group (n = 5), TAA + LAB 8-week group tn5), TAA 12-week
group (n=5) and TAA + LAB 12-week group (n = 5).€éllserum aspartate
aminotransferase (AST) and alanine aminotransfe(@del) were tested.
Masson’s trichrome stain angsmooth muscle actina(SMA) stain of liver

sections were analyzed. The relative levels of mR¥MAressions ofi-SMA,



transforming growth factds- (TGF{f3) and type | collagem1 were measured
using real-time PCR. The human hepatic stellate(ld&C) line was used fan
vitro analysis. Cell cytotoxicity and proliferation weegaluated. Intracellular
reactive oxygen species (ROS) formation was medsumng HBDCFDA
labeling. Nuclear factokB (NF-kB) transcriptional activation induced by
tumor necrosis factam- (TNF-0) was measured using luciferase activity after
virus vector transfer. Secreted type | collagen resgion and phospho-
extracellular signal regulated kinase (ERK) wadwatad using Western blots.
LAB attenuated fibrosis in liver sections. The sarlevels of AST and ALT
were significantly lower in the TAA + LAB 8-week @up than in the TAA 8-
week group. LAB significantly decreased the mRN»@els ofa-SMA, TGF#
and type | collagerol. LAB treatment up to 40 uM did not show any
discernable toxicity. Platelet-derived growth facto(PDGF)-induced
proliferation of HSCs was suppressed by LABOKinduced ROS formation in
HSCs was decreased by LAB. Western blot demondithet LAB decreased
type | collagen secretion and phospho-ERK expragsidiSCs. In conclusion,
the results of this study suggest that LAB mayratéte the activation of human
HSCs through antioxidant activity. LAB demonstrased antifibrogenic effect

on TAA-induced cirrhosis in Sprague-Dawley rats.

Key words: hepatic fibrosis, hepatic stellate ¢atlmgnesium lithospermate B,

antifibrotic agent



Anti-fibrogenic Effects of Magnesium Lithosperm&en Human

Hepatic Stellate Cells and Thioacetamide-InducethGiic Rats

Young Joon Yoon

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Kwang-Hyub Han)

[. INTRODUCTION

Hepatic fibrosis refers to a wound-healing respadiesa variety of insults,
ultimately leading to cirrhosisThe accumulation of the extracellular matrix
(ECM) following liver injury is the main pathologit alteration. The
accumulation of ECM in the liver results from inased synthesis by activated
hepatic stellate cells (HSC) and other fibrogen&l dypes' Numerous

pharmaceutical agents have been tried to atterfilmtesis?>® However, these



agents have not been effective in clinical trrals.

Oxidative stress plays an important role in thetiation of hepatic
fibrogenesis.Increased reactive oxygen species (ROS) is dirditlpgenic
and stimulates proliferation and invasiveness ofClSMitogen-activated
protein kinases (MAPKSs) constitute a family of sefthreonine kinases that
includes extracellular signal-regulated kinases(ERK1/2), c-Jun N-terminal
kinase (JNK) and p38 MAPK.The activation of these kinases occurs in
response to a variety of stimuli in addition todative stres& Also, the nuclear
factorkB (NF«B) signaling cascade has been implicated in limgury from
oxidative stres&. During cellular activation of HSCs, NEB activity is
increased.

Salvia miltiorrhizae is widely used as an herbal medicine in Chinatlar
treatment of vascular disedSaMagnesium lithospermate B (LAB) is one of the
major active components fro8alvia miltiorrhizae.’® The renal protective effect
of LAB has been reported’® Inhibition of ROS generation has been
considered to be the major effect of LAB in renabtpction*?** Thein vivo
antifibrotic effect of LAB in an animal model hasa been demonstratéd:
However, thein vitro antifibrotic effect has not yet been clearly desteoated.
Furthermore, oxidative stress plays a major rol¢him thioacetamide (TAA)-

induced rat cirrhosis model, and histological andchemical changes are



similar to those observed in humans in this animadel*®
Therefore, the TAA-treated rat model was usedet@al thein vivo effect of
LAB, and thein vitro effect of LAB was evaluated in the immortal huntd®C

cell line.

Il. MATERIALS AND METHODS

1. Magnesium lithospermate B preparation

Slices of the dried roots of 1.0 kg 8llviae miltiorrhizae were placed in
water at 10@ for 2 hours. The heating water extract was drieugh
evaporation under reduced pressure at 70O’he heating water extract was
suspended in 500 mL of water, and the water extrast adjusted to pH 3.5
with hydrogen chloride (HCI) and extracted withusated butyl alcohol (300
mL x 5 each). The butyl alcohol extract was evaggatato dryness under
reduced pressure at 70 Then, the butyl alcohol extract was suspendezDih
mL of water and was washed with hexane (300 mLeaéh). The water extract
was evaporated to dryness under reduced pressui@Cat The water extract
was extracted with ethyl acetate (300 mL x 3 eathg ethyl acetate extract
and water extract were evaporated to dryness uedeiced pressure at 70

The ethyl acetate extract and the water extrace warified by recrystallization



and fractional crystallization. The yield of the BAas amorphous powder was

10 g from 1.0 kg ofalviae miltiorrhizae.

2. Invivo analysis

A. Animal preparation

All experimental procedures were performed accgydd the guidelines for
the care and use of animals established by Yonsavelsity College of
Medicine. Six-week-old male Sprague-Dawley rats evprepared. Hepatic
fibrosis was induced by intraperitoneal injectidiTAA (Sigma, St. Louis, MO,
USA) at a dose of 200 mg/kg twice a week for 12kse&AB at a dose of 40
mg/kg was fed with a gavage tube once daily fomkRks. Six experimental
groups were studied: the control group (n = 5),tdr+ LAB group (n = 5),
TAA 8-week group (n = 5), TAA + LAB 8-week group &n5), TAA 12-week
group (n = 5) and TAA + LAB 12-week group (n =5hel TAA 8-week and
TAA + LAB 8-week groups were sacrificed at 8 weekise remaining rats were
sacrificed at 12 weeks. At the time of sacrificlnod and liver samples were
harvested. Livers were fixed in 10% formalin orziea in liquid nitrogen for

histological analysis.



B. Histological and immunohistochemical examination

Four-micrometer-thick sections of formalin-fixechda paraffin-embedded
livers from all experimental groups were procesgchematoxylin and eosin
staining (H&E) and Masson's trichrome staining. sliss sections were
immunostained foo-SMA (Dako North America, Inc, Carpinteria, CA, UBA
and diluted 1:1000. Stained liver sections werdyaed with the computerized
imaging analysis system (MetaMorph version 4.6rBiversal Imaging Corp,

Downingtown, PA, USA).

C. Biochemical parameters

Rat whole blood was obtained at the time of s@meri¥ia vena cava puncture.
After centrifugation of each blood sample, serunswhtained and examined
for both aspartate aminotransferase (AST) and mdariminotransferase
(ALT).Rat whole blood was obtained at the time atrifice via vena cava
puncture. After centrifuge of each blood sampleumss were obtained and
examined for both aspartate aminotransferase (ASAHd alanine

aminotransferase (ALT).



D. Reverse-Transcriptase Polymerase Chain Reaction

Total RNA was extracted from frozen rat liver tiss, using Takara RNA PCR
(AMV) Ver 3.0 (Takara Bio Inc, Shiga, Japan) asalié®d in the product
protocol, and cDNA was generated from 1 pg of t&®kBA, using oligo dT-
Adaptor primer and Avian Myeloblastosis Virus res@rtranscriptase (Life
Science, Boston, MA, USA). Real-time PCR was penfdt on Roche
LightCycle® (Roche Diagnostics GmbH, Mannheim, Germany). PGReays
for transforming growth factor (TGHB- were 5'-
CCTGGAAAGGGCTCAACAC-3 sense and 5'-
CAGTTCTTCTCTGTGGAGCTGA-3' antisense. PCR primers fo-SMA
were 5'-CGATAGAACACGGCATCATCAC-3' sense and 5'-
GCATAGCCCTCATAGATAGGCA-3' antisense. PCR primersr foype |
collagen al were 5-CATGTTCAGCTTTGTGGACCT-3' sense and 5'-
GCAGCTGACTTCAGGGATGT-3' antisense. The relative regsion of target
gene mMRNA was normalized to the amount of rat paibpimogen deaminase
(PBGD) mRNA in an identical cDNA sampl&éPCR primers for PBGD were
5'-CACCTGGAATTCAAGAGTATTCG-3' sense and 5'-

CCAGGATAATGGCACTGAACT-3'.



3. Invitro analysis

A. Cell culture

The immortal human HSC cell line established bycfiomal expression of the
telomerase catalytic subunit (human telomeraseseveanscriptase or hTERT)
was used in this stud§®

Both primary cultured cells and hTERT-HSCs weretwred in a 5% C©
humidified incubator at 3Z. The cells were grown in Dulbecco's Modified
Eagle Medium (DMEM) (Invitrogen, Grand Island, NYSA) containing 10%
fetal bovine serum (FBS) (Invitrogen) and 1% swepicin-penicillin mixture.
Before the start of all experiments, the cells wartured with DMEM without

containing phenol red and FBS for 24 hours (senamvation).

B. Cell viability and proliferation assay

After hTERT-HSCs were plated in a 24-well microplgdNuné“, Roskilde,
Denmark) at a density ofx30" cells/well in complete culture medium, cell
cytotoxicity was estimated using the MTT (3-(4,5+igithylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. For cell peolition assay, the cells were

incubated with platelet-derived growth factor (PDGBB (R&D systems,



Minneapolis, MN, USA) with/without LAB for 48 hourbefore MTT assay.
The number of viable cells was measured at a wagtieof 540 nm on an
enzyme-linked immunosorbent reader, VERSAMaXxMolecular Devices,

Sunnyvale, CA, USA).

C. Measurement of reactive oxygen species

Cells at a density of 10" cells/well in 96-well plates were incubated with
LAB for 24 hours and then loaded with a redox-séresi dye, 50 puM
H,DCFDA (Molecular Probes, Eugene, OR, USA) at’37or 30 minutes. The
cells were rinsed twice with phosphate bufferednea(PBS) and stimulated
with 100 pM hydrogen peroxide {8,). The fluorescence was detected at an
excitation wavelength of 495 nm and an emissionelength of 529 nm. ROS
formation was measured using Luminescence Specdieoni$S50B (Perkin-

Elmer Corp, Norwalk, CT, USA).

D. NF«B responsive luciferase assay

Recombinant adenoviral vectors expressing a luskereporter gene driven
by NF«B transcriptional activation (Ad5NkBLuc) were used for the

assessment of NEB transcriptional activatiolf. HSCs were infected with

10



Ad5NF«BLuc for 12 hours in DMEM containing 0.5% FBS. Aft@fection,
the culture medium was changed to fresh medium @ifi% FBS, and the
culture was continued for an additional 8 hours. 28t hour post infection,
HSCs were stimulated with tumor necrosis facto(TNF-a) for 8 hours in
serum-free conditions with or without pretreatmevith LAB. A luciferase
assay kit with luciferase cell culture lysis buffromega, Madison, WI, USA)
was used to measure MB- mediated transcriptional induction accordingtte t

manufacturer's protocol.

E. Western blots

The stimulant was added for 30 minutes to HSCsr a2 hours of
preincubation with and without 40 uM LAB. Whole-{cektracts were prepared
using Triton lysis buffer containing protease aimgphatase inhibitors. Forty
micrograms of protein was electrophoresed on 10%uso dodecyl sulfate
(SDS) polyacrylamide gels. The gels were blottedoorn nitrocellulose
membrane. Antibodies against phospho-p44/42 MARidan(Cell Signaling
Technology, Inc, Beverly, MA, USA) and-tubulin, all diluted 1:1000, were
used.

For secreted type | collagen measurement, 0.76 spdilim sulfite (Nzg5Gs)
was added to 4 mL of supernatant from each wedlr &8 hours of incubation

with LAB. The precipitate after centrifugation wassuspended with 0.5 M

11



acetic acid. Aliquots of 4QL were electrophoresed and blotted the same as
described above. Antibodies against collagen tygBiddesign international,

Saco, ME, USA), diluted 1:1000, were used.

4. Statistics

The data are shown as mearstandard deviation. They were analyzed with
the Wilcoxon rank sum test. R value of < 0.05 was considered statistically

significant.

[ll. RESULTS

1.Invivo analysis

The representative photographs of the liver amwshin Fig. 1. Diffuse
granularity of the liver surface was noted in ria¢sted with TAA 8 for weeks
(Fig. 1-C). This change was attenuated by LAB (FiyD). Diffuse
micronodularity with shrinkage of the liver was edtin rats treated with TAA
for 12 weeks (Fig. 1-E). This cirrhotic change a0 attenuated by LAB (Fig.
1-F). LAB-treated rats without TAA did not demorad& any gross change of

the liver.

12



Liver sections were stained for Masson's trichr@nd immunostained fax-
SMA. Representative photomicrographs are showniin £ Fibrous septa
developed in rats treated with TAA for 8 weeks,ompletely surrounding
regenerative parenchyma. Partial nodular formatieas present without
obvious cirrhosis (Fig. 2-A). This incomplete séilarosis was attenuated by
LAB (Fig. 2-B). Diffuse nodules of varying size Wwifibrous septa were noted
in rats treated with TAA for 12 weeks, and this marrhotic change was also
attenuated by LAB (Fig. 2-C & D).a-SMA positive cells were evident on the
periphery of regenerating nodules in rats treatéth WAA (Fig. 2-E & G).
However, the expression ofSMA was significantly decreased in rats treated
with TAA + LAB (Fig. 2-F & H).

Stained-area analyses using computerized imagiatysia system are shown
in Table 1. LAB decreased TAA-induced hepatic fgisan sections stained for
Masson's trichnrome. LAB also decreased TAA indu¢¢siC activation as

shown in liver sections immunostained toSMA.

13



Fig. 1. Gross appearance of the liver. (A) The mdrgroup. (B) The control +
LAB group. (C) The TAA group sacrificed at 8 weekP) The TAA + LAB
group sacrificed at 8 weeks. (E) The TAA group g@ed at 12 weeks. (F) The

TAA + LAB group sacrificed at 12 weeks.

14



Fig. 2. Microscopic findings of liver sections. Regentative photomicrographs
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of liver sections were processed for Masson's rioicie stain (A, B, C and D;

X40) and for immunohistochemical staining tIfSMA (E, F, G and H; X40).

(A) and (E) Liver sections of rats treated with TAdx 8 weeks. (B) and (F)

Liver sections of rats treated with TAA + LAB forvBeeks. (C) and (G) Liver

sections of rats treated with TAA for 12 weeks. @d (H) Liver sections of

rats treated with TAA + LAB.

Table 1. Percent stained area of liver sections

Group Masson's trichrome stain  a-SMA immunostain
Control 1.2+ 04 0.2% 0.1
Control + LAB 1.1+ 04 0.1£ 0.1
TAA 8-week 83+ 1.8 21+t 038
TAA + LAB 8-week 45+ 2.5 0.6 £ 0.1"
TAA 12-week 154+ 15 21+ 05
TAA + LAB 12-week 10.6 + 1.8 1.7+ 05

“P < 0.05 compared with TAA 8-week.

P < 0.05 compared with TAA 12-week.

16



Biochemical parameters were analyzed. The level&A®T and ALT were
significantly higher in the TAA 8-week group thamse in the TAA + LAB 8-
week group (Table 2). The AST level in the TAA 8ekegroup was 280.%
119.9 IU/L, whereas it was 114+012.2 IU/L in the TAA + LAB 8-week group.
Likewise, the ALT level in the TAA 8-week group wd®0.0 + 17.9 IU/L,
whereas it was 715 9.3 IU/L in the TAA + LAB 8-week group. Howevehd
levels of these parameters were not significantiffergnt after 12-week
treatment of TAA with and without LAB. The level§ AST and ALT were not

significantly different between control and conttoLAB group.

Table 2. Biochemical parameters

Group AST (IU/L) ALT (IU/L)
Control 112.5+ 24.9 46.8+ 4.9
Control + LAB 1145 + 16.5 50.5+ 6.2
TAA 8-week 280.5+ 119.9 100.0 + 17.9
TAA + LAB 8-week 114.0 + 12.2 715 £ 9.3
TAA 12-week 2325+ 46.8 79.0+ 10.1
TAA + LAB 12-week 245.8 + 76.4 925+ 21.3

“P < 0.05 compared with TAA 8-week.
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Table 3. Relative mRNA expressions;eEMA, TGF{f3 and type | collagenl

Group o-SMA TGFH type | collagerul
Control 1.0 1.0 1.0

Control + LAB 7.7 £ 1.0 1.1+ 0.2 0.8x 0.2

TAA 8-week 523+ 143 19* 04 19.6t 5.6

TAA + LAB 8-week 194+ 129" 1.0+ 0.2 6.6 + 1.0°
TAA 12-week 107.6 + 40.1 4.0+ 0.8 26.9+ 4.4

TAA + LAB 12-week 184+ 4.8 15+ 0.4 212+ 5.7

“P < 0.05 compared with TAA 8-week.

TP < 0.05 compared with TAA 12-week.

The relative expression of mMRNA normalized to tmeoant of rat PBGD
MRNA. Treatment with LAB significantly reduced tatggene expression
(Table 3). The relative induction aFSMA, TGF{f and type | collageal gene
was increased by treatment with TAA. Significantr@ases in individual gene
expressions were noted in the TAA + LAB 8-week graompared to the TAA
8-week group. LAB significantly reduced the relatimduction of mRNA ofx-
SMA and TGFB after 12-week treatment. However, the relativeresgion of
MRNA of type | collagerul between the TAA 12-week and TAA + LAB 12-

week groups were not significantly different.

18



2. Invitro analysis

Treatment with up to 40 uM LAB did not reveal arigagrnable cytotoxicity
(Fig. 3).The estimated cell viability by MTT assafyer 72 hours treatment with
40 pM LAB was 95.6% 8.3%.

Cell proliferation measured by MTT assay aftehd8irs is shown in Fig. 4.
Cell viability of HSCs treated with 20 ng/mL PDGle@e was 223.7% + 13.8%,
which was significantly higher than that of HSCsiethwere not treated (No
Tx) (P < 0.001). Cell viability of HSCs treated with 2@/mL PDGF and 40
UM LAB was 162.5% +14.4%, which was significanther than that of HSCs

treated with 20 ng/mL PDGF alone € 0.001).

120
;\3100 B 40 uM
é’ 80 r 50 uM
%
z 60 r 75 uM
8 40 |

o0 | 100 uM

O 1 1 1 ]

Ohr 24hr 48hr 72hr

Fig. 3. Estimation of cell viability by MTT assayreatment with up to 40 uM

LAB did not show any discernable toxicity.

19



250 1

T
T

200 r g
S T
» 150
%
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50 F

0
No Tx PDGF PDGF PDGF

LAB 20 M LAB 40 uM

Fig. 4. PDGF-induced HSC proliferation was supprddsy LAB. HSCs were
incubated for 48 hours. Cell viability of HSCs ibetted with 20 ng/mL PDGF
and 40 pM LAB was significantly lower than thatldSCs incubated with 20
ng/mL PDGF alone.

“P < 0.05 compared with PDGF treatment.

Intracellular ROS was measured using 50 uMEFDA labeling. While 100
UM H,O, markedly increased ROS formation, cells preincedbatith 40 uM
LAB showed markedly reduced ROS formation after u@0 H,O, stimulation
(Fig. 5).

NF-kB transcriptional activation was evaluated by eating the NF«B-

20



mediated luciferase activity. While 10 ng/mL TNF-induced NF«B
transcriptional activation (Fig. 6), pretreatmenthniLAB decreased NikB-

mediated luciferase activity.

500
450 — -
400
350
300
250
200
150
100

50

T T————a 1,0, (100 pM)

« H20O2+ LAB

No Tx

H,; DCFDA fluorescence

Time (min)

Fig. 5. LAB decreased ROS formation in HSCs. HS@sevpreincubated with
or without 40 uM LAB and loaded with 50 uM,BICFDA for 30 minutes.
Cells were stimulated with 100 uM,8,, and fluorescence was measured with

a spectrometer.
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§ 150 | O
g -
+~ 100 f
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20
3 50t

ol——
Control TNF-a TNF-a TNF-a

LAB 20 uM  LAB 40 uM
Fig. 6. LAB attenuated NKB transcriptional activation in HSCs. TNF{10

ng/mL) induced NFRB transcriptional activation in HSCs. Whereas, HSCs
pretreated with LAB showed a decrease in luciferastvity after TNFe
stimulation.

“P < 0.05 compared with TNE-treatment.

. " l- ‘ Type I collagen (160 kDa)

No Tx LAB LAB LAB
100uM  20uM 10 uM

Fig. 7. LAB inhibited secretion of type | collagefype | collagen in the media
was precipitated with N&O; after incubation with LAB for 48 hours. The
precipitate was centrifuged and resuspended iMGaBetic acid. Then, aliquots

of 40 pL underwent the immunoblot process.
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Secretion of type | collagen was inhibited by 40 B (Fig. 7). Type |
collagen production was markedly reduced in HSGh imicubated with 40 uM

LAB for 48 hours.

p-ERK (42, 44 kDa)

No Tx ATII ATII
LAB 40 uM

Fig. 8. LAB attenuated p-ERK expression in HSCsgidtensin Il stimulated
phosphorylation of ERK. HSCs preincubated with LAlcreased p-ERK

expression compared to HSCs treated with AT II.

Phosphorylation of ERK was stimulated by®1M angiotensin 1l (AT II).
HSCs preincubated with 40 uM LAB showed a decréageERK expression

compared to HSCs with AT Il treatment.

IV. DISCUSSION

In thein vivo study, rats treated with TAA were sacrificed atr@l 42 weeks.

23



Rats sacrificed at 8 weeks showed the early stdgeirdhosis, and rats

sacrificed at 12 weeks showed an overt cirrhosiB lireatment attenuated
liver fibrosis at 8 and 12 weeks in view of Massotrichrome stain. However,
the area of immunostain far-SMA was not different between the TAA 12-
week and TAA + LAB 12-week groups.

Results of AST and ALT demonstrated similar patierAt 8 weeks, LAB
attenuated inflammation in view of AST and ALT. Hewer, these effects
deteriorated at 12 weeks.

The relative mMRNA levels of target genes were watald. At 8 weeks, the
effect of LAB was prominent in that the relativediction ofa-SMA, TGF{,
and type | collagenl were inhibited by LAB treatment. However, theseffof
LAB was blunted in that the mRNA level of type lllagen al was not
significantly different between the TAA 12-week amdA + LAB 12-week
groups.

Taken together, the effects of LAB were promiramd consistent in the early
stage of cirrhosis, but these effects were offsefTAA in the late stage of
cirrhosis.

TAA is a potent hepatotoxin. It is transformedoiAA sulfoxide or TAA
sulfone by cytochrome P 450 and induces oxidatareatje to the livef. In this

study, LAB demonstrated an antifibrotic effect imArtreated rats. These
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results suggested that LAB attenuated the fibragprocess in tissues probably
by antioxidant activity. Ouin vivo study suggested that HSC activation was
suppressed by LAB. Consequently, antifibrogenic mmfldmmatory properties
of LAB were identified.

Based on then vivo results, the antifibrogenic mechanism of LAB was
evaluated in the human HSC cell line. In theitro study, PDGF-induced HSC
proliferation was suppressed by LAB. HSC activati®mf crucial importance
in hepatic fibrosis. The fundamental features ofCH&ctivation seem to be
similar irrespective of the initial cause of injdrPDGF appears to be the most
potent mitogen of HSCs during hepatic fibrogen®sis.response to PDGF, the
ERK pathway is activated in cultured human H8CEhis pathway is necessary
for PDGF-induced cell proliferatiof. AT Il is also a pro-oxidant and a
fibrogenic cytoking® AT Il increases ROS formation and stimulates ERK i
primary hepatocyte¥. In this study, AT Il stimulated phosphorylation BRK,
and LAB attenuated this process. These resultsateli that LAB attenuated
HSC proliferation by blocking the ERK pathway.

Oxidative stress regulates liver damage by aljetive signal transduction
pathway”> The MAPK and NFB pathways are implicated in hepatocyte
damage from oxidative stre¥3VIAPKs regulate cellular functions including

proliferation and differentiatioh. NFKB regulates the expression of

25



antiapoptotic gene¥.H,0.-induced ROS formation in HSCs was decreased by
LAB. Also, NF«B transcriptional activation was suppressed by Ltfdatment.
These results can also validate the antioxidanpgatg of LAB. Consequently,
collagen production in HSCs was inhibited by LARamment. Western blot
demonstrated that HSCs treated with LAB secretedhniesss type | collagen
compared to HSCs with no treatment.

To date, numerous compounds with antifibrotic dffechave been
demonstrated in experimental models of fibréSidhese pharmacological
interventions included various stages of fibrogenexluding fibroprevention,
fibrostasis and fibrolysisHowever, there has been no antifibrotic agentthaat
been widely used clinically. LAB exerted an antifitic effect in human HSCs
and TAA-induced cirrhotic rats. LAB attenuated waation of HSCs and
collagen production inn vivo andin vitro experiments. These antifibrogenic

properties of LAB are most likely due to antioxitiantivity.

V. CONCLUSION

In vitro analysis also focused on HSC activation and cors#quoollagen

production. Furthermore, signal transduction pagrsvenvolved in oxidative
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damage were investigated.

PDGF-induced proliferation of HSC was suppressed LIAB. Collagen
production was also suppressed by LAB treatmerERE- expression was
attenuated by LAB and NkB transcriptional activation was also attenuated by
LAB. These two signal transduction pathways arelitaped in hepatocyte
injury from oxidative stress. @.-induced proliferation of HSCs was
suppressed by LAB. Therefore, it might be concluttet LAB demonstrated
anti-fibrogenic effects in HSCs by anti-oxidantigity.

In conclusion, LAB revealed anti-fibrogenic effesthuman HSCs and TAA-
induced rats. These anti-fibrogenic effects reduftem anti-oxidant property
of LAB. Hepatic fibrosis refers to a wound-healing respaiasa variety of
insults, ultimately leading to cirrhosis. The acclation of ECM following
liver damage is of paramount importance. Numerogsnpounds with
antifibrotic effects have been tested in experimemnodels of fibrosis.
However, these agents have not yet been effectigbnical trials.

LAB, one of the major active components frdgalvia miltiorrhizae, was
tested as antifibrogenic agent in this study. A Tiddated rat model was used to
evaluate then vivo effect of LAB, and theén vitro effect of LAB was evaluated
in the human HSC cell line. LAB attenuated the ddenic process and

suppressed activation of stellate cells in livattisms. Masson'’s trichrome stain
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and immunostain foa-SMA demonstrated the effects of LAB on liver tigsu
The relative induction of mMRNA-SMA, TGF{3 and type | collagel were
suppressed in liver tissues with LAB treatmentisltconcluded that HSC
activation and consequent collagen production maysbppressed in liver
tissues with LAB treatment. Also, inflammatory respes were attenuated in
rats with LAB treatment. Based on the fact that Tésses oxidant damage to
the liver and that LAB attenuated TAA-induced hépdibrosis, it seems that
LAB has an antioxidant property.

In vitro analysis also focused on HSC activation and coresgqgecollagen
production. Furthermore, signal transduction patswimvolved in oxidative
damage were investigated. PDGF-induced HSC pratitar was suppressed by
LAB. Collagen production was also suppressed by livsBtment. Both p-ERK
expression and NKB transcriptional activation were attenuated by LABese
2 signal transduction pathways are implicated ipabecyte damage from
oxidative stress. ¥D.,-induced HSC proliferation was suppressed by LAB.
Therefore, it is concluded that LAB may exert ahtifigenic effects in human

HSCs and TAA-induced rats by antioxidant activity.
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Abstract (in korean)

Al A EF 2 WA o A Magnesium Lithospermate B9

#97
WAR Age 4 2ANA el FAAF e dFoRA
ARHE A2H S AYRS Foe] @RuFl B @

=52 fAudgEE 74
dom Fmox A A3 A5 de o] &1 9t} Salvia
miltiorrhiza®] +2 A% 2] 312 magnesium lithospermate B (LAB)
s adE AFRS dde A vkl dE A

7

olel A= Abg IAGAEFT R WAA LABS A3



A= 4 I sty el woE EREIY dxa sehe,
LABFo] T 5vtE], TAA Fo T 10vF2], TAASL LAB Fo+ 1008 =
gto] TAA T 5rtE] 9k TAA 2 LAB &4 FolT 5rtel= 879
slgsielon  ymAs 1250 IAsAY. kxS Masson's
trichrome &4 283} a-smooth muscle actina(SMA) W< 35138 AN A3

F AFE ovA R4S Fael GM® WL Fageh ¢ &4

A

AEE A7l fstd A= B A FHITE DAoA  aspartate
aminotransferase (AS¥) alanine transferase (AL® SA3I3lth
AAAE LS THELAHANSE o] &3t a-SMA, transforming growth
factor (TGFf)¢} type | collagenal®] mRNA X E FUdoz
S35

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoin  bromide (MTTE
o]&3st] LABO Alx=A 2 AME S A4 adE SAHSSh
AkstEA A F WS AE LS R b

A8 2™ tumor necrosis factanr- (TNF-a)E 2] 5 nuclear factor-
KB (NFkB)°] AL @49 A A& SAsITE 1 FAIE oA
wH3 18 wgE Z X QElAl o] AHE] F extracellular signal-

regulated kinases 1/2 (ERK 1£) I do] LABO] 9l& A= =A

Atk Ay TAA &5 Fo] o] Hlgto] TAASH LABE
Aol Folgh el @A " o] FolEkA sl 8F TAATl
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H]slo]l 85 TAAQL LAB FA] FojFolA AST, ALT 25 91 QA
ge £IE HAOoU 12F TAATI 12F TAA LAB §4]
FowoM = ou A= zol7E AATE a-SMA, TGFReE type |
collagenal®] “Ztid mRNA T TAAT | H|3] TAAS} LAB &A
Tl FoleA W& A3E BT
MTTE o]l &3 M3 E 54 43 2

J

3} LAB 40 pM7HA = A S
=4S wolx &th PDGF 2 LABE FAlol T3k ANAE
PDGF ©& Fofgk Aol H|gto] F2lo] AAHAT. Atstrir=
A=t AEW WA AbAT 35 A3l LABE # g3
RN EZE A ASHA & AlEel Blste] WA AEART))
ouidA  JAHE 274 EATh  TNFoE  Aside o
H3GAEAA NFkBO AL =7 Frhsteleon LABE A
Age HFAEANE NFkB HAAL ZAZ7F ou A

5

il
rr

i
I
Y

HAasrS BHAtE Western blot 23 LABE A g]dk 7HA A F oA
He 13 weA

Aol o] AHFshA &2 AEet Hluste A
UEbsTh bR e’ 117 ERK 1/22] Q4tstE fE5% o LABE
A=A g s A E = ERK 1/20] Edo] A H A

LABE @4hst 8oz ERK 42 2 NFkB A AZAA
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