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Inhibitory Effect of Curcumae Longae Radix
on Fibrogenesis in Hepatic Stellate Cell Line, LX-2

Se-hoon Kim, Hong-jung Woo, Young-chul Kim, Jang-hoon Lee
Dept. of Internal Medicine, College of Oriental Medicine, Kyung-hee University

ABSTRACT

Objectives : This study was performed to investigate the anti-fibrogenic effect of Curcumae Longae Radix on human

hepatic stellate cells.

Materials and Methods : Hepatic stellate cells (LX-2) were treated with various concentrations of Curcumae Longae
Radix extract for 24, 48, and 72 hours. It was extracted with distilled water. After the treatment, cell viability, proliferation,
cell cycle analysis, procollagen levels and the mRNA of the ASMA, TIMP1, TIMP2, MMP2, collagen type la, PDGF-
receptor-beta and TGF-beta were measured by using MTT assay, BrdU assay, RT-PCR. and procollagen type 1 C-peptide EIA

kit.

Results : The viability of HSCs decreased in the 48 hours group, and proliferation of HSCs decreased as the concentration
increased. In the cell cycle analysis, Curcumae Longae Radix decreased the ratio of M phase, and increased the ratio of
apoptosis, GO/G1 and S phase. In the RT-PCR, the mRNA expression of the collagen type la and ASMA decreased with the
Curcumae Longae Radix treatment. The production of procollagen by the HSCs was decreased by the treatment of Curcumae

Longae Radix with high dose.

Conclusion : These results suggest that Curcumae Longae Radix is helpful in the treatment of liver fibrosis as well as

liver cirrhosis.

Key words @ Curcumae Longae Radix, liver cirrhosis, liver fibrosis, Hepatic Stellate Cell
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“ E}(leer fibrosis) = oJ2] 7}A] dale) 2
3 A" A Z (Hepatic  stellate  cell
HSC)7} M E9] 7]4 (extracellular matrix, ECM)
o] o AlMESE& vrElo] collagene] EFAEH
ARt EREE 7oz u7tdAel M
i %T’J 7+ 7‘4‘{ EAE 7“]1 °l‘:}2
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22 geevec’, estrogen’ So] 9. gHeke] 7HAG
sholl X &= g3 A 3] AYPHT g,
F 5o A 7 52 AR R3S A%
oy Busigy, #49 AR F curcumine A
AN ES FA3E JAFgeR Q&) Alze ECM
FAE dAste] 23kl &7} Qe na
9, gzt AusE A2l dF FI
HAR &3] A3 B3 Fo] gl

ol Az F=re] gkols PN 45
e AAAZA S BE FE2E| A EY
A3 Al A sk FEstaAl, A
AEe] GA=el FAE #F3] s MTT
Assay 9} BrdU Assa y Cell Cycle AnalysisZ A3}
3911, collagen?] 3 %‘C gl bl kAo Ay #
ol ol mRNAS LalzFs F2ste] 24 3l
H

O

nllo

£ A3E ds7lel Basks wpeld
. 5 &
[ ==
) o A

AP ALY PIE HTePs Yokt
Qe 2As ] AN YAN FUsh] G4
A% Al

Herb Scientific name Volume(g)
¥ 4 Curcumae Longae Radix 100

2) Aol x|

2% 100g% 7527190 ¥ 1000cc®] 74
5 vsle] FFYAAAE HAs AR 247
qe}stelt. o] Aetel& Whattmann Paper® o
3 & rotary evaporator® ZHtEEsly =4 7
z3td 117g(574 72)9 Ax2F2EE doA
Aol A3

o]FA AL A= A FEn kNl 100mg/ ml 2]
5 xo| (.22um syringe filterS o]-23te] =

N

o B SR ANsk] A A5t

3) Al of

Fetal Bovine Serum(FBS), Dulbecco's Modified
Eagle Medium(DMEM), Antibiotics 5= GibcoAt
(CA, USA), n-Propanol, Thiazoly Blue Tetrazolium
(MTT) 52 ), 5-Bromo-2"-deoxy
Uridine Labeling and Detection Kit(BrdU Kit)<
RocheAH Mannheim, Germany), Procollagen Type
I C-Peptide EIA Kit= TaKaRaA}(Shiga, Japan),
RNeasy Mini Plus Kit:= QiagenrH(CA, USA),
Taq DNA polymerase= BioneerAH Deajoen, Korea),

Reverse transcription-polymerase chain reaction
(RT-PCR) System= PromegarH(WI, USA) 59
AEEL AHsd 1 71E} plastic waress SPLA
(Korea) Al&< o|-43sith

2.9

1) Cell line

Abere] AR 259 LX-2 cell line(kind gift
of Dr. Scott L. Friedman)< o|4-3lch AZ:&
1% FBS, 1% Penicillin/Streptomycin, 1%
Glutaminee] £3¥ DMEMH#IAE AH-3}ed 37°C,
5% COs 9] incubatorell i oFatsic}.

) A A

02% FBS, 1% Penicillin/Streptomycin, 1%
Glutaminee] ZF= wjz]o] S FAF =
R I A

3) Al EZA A (MTT Assay)

24-well platedl] LX-2 cell& EF3}1 UA7HE
ohwiek & F=HWE oRE A sla 24417 48
Alzb 2 MTT Assays 3ttt

MTT powderE 2mg/ml&] B]E&E DMEM 3
Aste] MTT solutions T2 7 wellell 200ul 9]
MTT solutions ¥ 45% &<t incubator (vl
ok7])el wlokstd et Mediums A As2 2 well
o 100wl 2] n-propanols ¥ ¥ 5-10%7 EEof
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FHA AEZE FE3] 590 7 Well"ﬂ’ﬂ L&
50ud FZ3dte] 96-well plateZ %71 & ELISA
ReaderZ 570 m3}goz F3=% 57@?3‘:}.

4) MEZA1%53 =2 (BrdU Assay)

5-Bromo-2'-deoxy-uridine Labeling and Detection
Kit TIIE ol-§3ted A 3Hdet.

96-well plateel] A ZZE B350 UA 7 & (ug/nl,
50ug/ml, 200ug/ml, 500ue/m2] FE2 4AH2E
SFaL 24A17E, 48A17Y, T2A1ZPE 2 BrdU Assay s 3}
ot =, 7+ wellel BrdU labeling solutione 37}
8t 37C, 5% C0,2 incubatorell Al 4A)7F v okgt
% Culture medium< A A3 washing medium
< o] AEE Aol & pre-cooled fixativeE 4
I AEE -15 ~ -25 TY 2=oA 3087 23]
A Z . o2 FixativeE A A3t1 washing medium
o2 HAojll & nucleases working solution® ¥
37C< waterbatholl M 3082+ wlekstgde). o 3,
Nucleases working solution® A3t  wash
mediume 2 AeojW % anti-BrdU-POD. Fab
fragments, working solution® 23 incubatorelA]
3087 woFatsdTh. 7 5 Antibody conjugateS A
A& washing buffer® o]yl % peroxidase
substrate® ¥tk BHg A AEE] 25YE
UeRd fi7hA] Aol A Wg ket g2 3048
ZF AEES weksteh wiA e 2, 490nme]
Z A A 405onme] A A microplate reader
2 AEEY FHEE A9

5) M ZZF7] BA(Cell cycle analysis)

ool NEF7]0] mA &= JeFE dotr] 9]
3 cell cycle analysisE Aldslelet. A, 6-well
plated] MEZE EF311 4SS F=HEZ A}
I 48A7H59t incubatedt ¥ Trypsine 413 PBS
2 ek A% cellE 03] PBSel 42
100% ethanol 0.7mS Y2 4Cel 2343 % PBS
2 AL F 05me PBSY Yo} 28]z 10ul9)
RNase AS 91 37CelAM 1417 o?} woF3t 5 20
ul®] propidium iodide® 93 71& FACScalibar
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S AbEsle] DNAAES
Modifit cell cycle analysis softwareZ AR-&-3sle] £
At

6) JAA FEL

(1) RNA =

6-well plateell LX-2 cell& 532 o2¢ &
Ao platedll A 370 well® 72 =5 () weg/nl, 50
ug/nl, 200 wg/ml, 500 we/m e FEHZ 4AE A
3 T 24A7 BAZE T2AZPE R QlagenAHe]
RNeasy Mini Plus KitS o]&3le] RNAS &
sl

(2) Complementary DNA(cDNA) A

Promegarte] Reverse Transcription System=
o]&3}e] cDNAS A3l

1 uwe®] RNAE DEPC-He® FF5ol 10 ul
HA 243 5 0TAA 527 7Hdst 3 5ol
5%7F Tk 2wl 10x reaction buffer(100 mM
Tris-HCL, pH9.0 500 mM KClL 1% Trition
X-100), 4 w9 25 mM MgCl, 2 w® 10 mM
deoxynucleoside triphosphate (dNTP), 0.5 wl (40
unit/ 1)) ribonuclease (RNase) inhibitor, 15 unit
2] AMV reverse transcriptase (Promega, Medison,
WL USA)E 7hete] HEwE 20 w2 shdct w
SEAL 2T 147 BT 587 4TolA 587te
2 3he] WHSAIZE @€ (DNAE -80Tel 2
Fatgon B wnjd ALg-slgioh

(3) Primer |2t

House keeping gene2 2+ GAPDH(glyceraldehyde
-3-phosphate dehydrogenase)S AH-2-3+91 1, target
gene®. 2+ ASMA(Alpha-Smooth Muscle Actin),
TIMP1, TIMP 2, MMP2, Collagen type la2,
PDGF receptor beta, TGF-beta receptor 1 genes
AHE3Ed 2m 7} primer®] sequence: T3 2ot

+ Oligonucleotide Primers Used for Quantitative
RT-PCR Analysis

(All sequences are listed 5 to 3")

EAAANE Aldeta

d44u-3-(RT-PCR)



Gene Primer : Sequence ’ Cycle No. product size
SMA e 5 CAG CAC COC CTO AT ac ¢ T 1
TIMPL e 5704 107 GeAAGA aTe Cat e 5 B
MM 5 Goc Goc coT oM aT asa et 5 X
MMP e 5 0T CCA CoA oo caree s B
Colla? sence 5:- GGC TTC CCT GGT CTT CCT Gg -3 50 m
antisence 5- CCA GGG GGT CCA GCC AAT -3
TORBRL 5 MaA CCT 00 CCA oA ceT ace 5 P W
GAPDH_ Vi 5 e dg6 oot catteaToe carca s B O
(4) PCR Procollagen Type 1 C-Peptide EIA Kit& AH&-

PCR® W2 2 W cDNAJl 5 w®] 10x
PCR buffer(100 mM Tris-HCL, pH8.3, 500 mM
KCL 15 mM MgCl), 4 w9 dNTP, 20 pmd<]
sense?} antisense primers, 2 unit® Tag DNA
polymerase® ¥ B4 FF4Z F volume©l
S0u7t H =5 2435+ PCR 2712 445
Z7](Biometra, Gottingen, Germany)ZS |43}
denaturation> 95CZ 5%7F A3 3 annealing
2 D5l A 187}, extension= 72CeolA 187t 3}
J olFE Z AR wet 24~3R2F7 5 AlsEt
gom wpxe QAL 72T A 287 ZZ3lgH
10 w9 PCR AAEo] 2 w 6x gel loading
buffer(0.25% bromophenol blue, 0.25% xylene
cyanol, 30% sucrose)= &3sle] 05 we/mg
ethidium bromide”} #H7Fd 2% 3 gelell 0.5%
TBE(45 mM Tris-borate, 1 mM EDTA)E o] &
ated 90 voltZ 1A17F Tt A7|d TS 3hlen
Gel Doc 1000 gel documentation system(Bio-Rad,
Hercules, CA, USA) & ©]-8-3}%] bandE &Helstsict.

7) Procollagen Type 1 C-Peptide EIA

sholom, A ZALe] vl el mebr EA s
8) EAA=
MicrosoftAF2] Excel program= ©]-&3}ed T-test
£ gt on, p0.059 A$E FAel e
7oz Bkt

I, #% £

1. 840| ZPAMMES| M0 DXz HSH(MTT

Assay)

ool AN T B A= FIS
dshr] S8, Bes AlbE d FEEE Ae
Az} AT FolAde] JAFA dske
4874 = H0ug/mEE] 37} 9lE Aoz e
U sroEdoz NE AT ZHAh Ao
ebdoH(Table 1).

oo ot

2. B£0| MMM ZS SAl0f 0jxl= FE(BrdU

Assay)
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Bl TANAEE FAel nAE JFE & F37} et B a5 rdA AE FAel 3
Qa7 S, BEe SRR FEb 4 48 € MRS R £ ol 53] AEHE F
72X 7 50}0 50 200, 500ug/ml FE= A2]d A oAz FoAo] ol AT 4 A
I} 2E ¥ 5 AN FoAdE IA oHTable 2).

Table 1. Effect of Curcumae on LX-2 Cell Viability(MTT Assay)

o w/m 10 50 100 200 500
me
odh 0365002 0360014 0355001 0362003  033£004  03420.03
Bh 039:002  038+0020  035:003F  035001F 033001 030002

Values represent mean +SD of O.D.(optic density) of each samples.
P values compared with the none treated
#0005, ** 0 P01

Table 2. Effect of Curcumae on LX-2 Cell Proliferation(BrdU Assay)

. ug/ ml 0 50 - -
1me
24 2055021 L72:027F  L68:028% L3002
48h 0.99+0.16 0.77+0.15* 0.71£0.15** 0.58+0.12**
72h 140023 109#015%  102+028*  (.81+0.09**

Values representmean =SD of 0.D.(optic density) of each samples.
% P values compared with the none treated
* 0 P0.05, ** 1 P0.01

3. 40| ZMIMNEZS MEFV|0 OX= " 2] ok 7)17kel GO/Gl phase®= Z7FE 92 G2/M
(Cell Cycle Analysis) phase: S Yeht #he] A EELE AT
ool AEF70l v dS FAT 2 & & 4 9Jsich(Table 3. Fig. 1).

B4 Zo: Apoptosis®] HlEF A ERALS

—.i—ﬁi

Table 3. Effect of Curcumae on LX-2 Cell Cycle Analysis

ug/ ml
Phase 0 50 100 200 500
Apop 1.69 2.09 3.06 2.76 2.29
G0/Gl1 44.52 50.48 50.80 52.34 51.52
S 7.53 8.11 8.78 10.55 11.37
G2/M 46.26 39.32 37.36 34.35 34.82
Total 100.0 100.0 100.0 100.0 100.0

Values represent % of each phase
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Y6H — Oug
Apop  1.69%
GO/G1 44.52%
.53%
G2/ 46.26%

Counts
0 40 80 120 160 200

Counts
0 40 80 120 160 200

0 200 400 600 0 200

FL2-A

800 1000

YGH 200ug
Apop 2.76%
G1/G2 52.34%
S 10.55%
G2/M 34.35%

Counts
0 40 80 120 160 200

0

VGII Eﬂug
2.09%

GUIG] 50]49!

GZ/I

39.32

400 600 800 1000

FL2-A

200 400 600 800 1000
FL2-A

Counts
0 40 80 120 160 200

Fig. 1. Effect of Curcumae on LX-2 cell cycle analysis

A 7

. B0 2 SAL Lo Ojxls &
&(RT-PCR
Baol

=

3o

M7
)
ZHAAA 2] EA 39} collagen A
g FAAY W3Rt B Fhot
} GAPDH=Z house keeping genel ® 3}
2, #3F onx|E vleto 2 (ug/nl} GAPDHE
LR WEE T3t £AE Jepigich

BE T 93t Collagen Type la2ol A= o
Zol wlel] FAzLe] W] FAagoe] HAEY
o}, ASMACIAME 24, 48417 ol M ek ZHA4EkT 72

il

K
X
35

Azl AE 288 ZF7igte] #REHY D, YA
primerdl A= QA3 AL WA 4 9ot

(Table 4-1~4-3, Fig. 2).

Table 4-1. Effect of Curcumae on mRNA Expression

in LX-2 Cells
/ml

Gene e 0 50 200 500
ASMA 1 0.853  0.846  0.795
TIMP1 1 1.044 1067 1011
TIMP2 1 0978  0.782  0.794
MMP2 1 0.891  0.868  0.908
Collagenla? 1 0950 0976  0.965
PDGFRB 1 1.019 1036 0912
TGFBI 1 1.000 0936 0872

Values represent each gene/GAPDH ratio
Cells were treated with curcumae with different doses
for 24hrs.

YGH 100ug
Apop 3.06%
G1/62 50.80%
S
G2/N

8.78%
37.36%

Counts
0 40 80 120 160 200

0 200 400 600 800 1000
FL2-A

YGN 500ug

Apop  2,29%
G1/G2 51.52%
11.37x

b3
G2/H  34.82%

0

200 400 600 800 1000
FL2-A

Table 4-2. Effect of Curcumae on mRNA Expression

in LX-2 Cells

. w/m o5 90 500

ene
ASMA 1 0967 0810  0.849
TIMPI 1 1042 1066 1142
TIMP? 1 1162 1.005 1005
MMP?2 1 1018 1.067  1.034
Collagenla? 1 0.935 0.924 0.743
PDGFRB 1 1084 1.080 1007
TGFBI 1 093 0874  1.021

Values represent each gene/GAPDH ratio
Cells were treated with curcumae with different doses
for 48hrs.

Table 4-3. Effect of Curcumae on mRNA Expression

in LX-2 Cells

. w/m o5 90 500

ene
ASMA 1 1057 1046 0967
TIMPI 1 0993 0999 0930
TIMP2 1 0957 0680 0743
MMP2 1 1.096 0.988 1.035
Collagenla? 1 0.975 0.901 0.927
PDGFRB 1 0820 0944 0821
TGFBI 1 0926 1095  1.037

Values represent each gene/GAPDH ratio
Cells were treated with curcumae with different doses
for 72hrs.
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Size marker

100bp —

(=MHZ size marker, GAPDH, ASMA, TIMP1, TIMP2, MMP2, Colla2, PDGFRB, TGFBT)

L) S -
TP [ t——————————
TIMP 2 K e e et
] srevesenenemenemenene =
Col 182 M ————
QEHHE] o e e o - |
5] SNBEEIEIaEa-

G D e ———————

ug/nk

0‘50

200 ‘ 500

0‘50

200 ‘ 500
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200 ‘ 500

hours 24hours

48hours
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Fig. 2. Effect of Curcumae on mRNA expressions after treatment with different time and doses.

Upper panel shows size marker and each gene expressions levels after 25 cycles of PCR. Lower panel shows
relative gene expression after PCR cycles adjusted according to the result of upper panel.

5. 40| procollagen CHHE S0l DIXl= A&

24, 48 A1 7F Fek FAE A s 3 epd A
24X 7F A=) oA 9] 200ue/ml 3 48A17F X2l
9] 500ug/ml ol A 2814 procollagen A ko] 7F
22 FAF 4 AU H(Table 5).

0°I'

Table 5. Effect of Curcumae on Procollagen

Production(EIA)
0 /M0 100 50 1000 2000 500
1me
94 179.33 166.89 149.67 155.92 14424 12354
11845 +1.41 +12.98 +359 +16.24* +1.93
48 231.28 226.81 211.99 181.38 183.73 152.78
+3.06 +22.21 +10.28 +18.02 +11.92 +6.33*

Values represent mean +SD of produced procollagen
(ng/ml) converted from the O.D. of each sample using
standard curve made with protein standard provided by
the company.

Correlation equation is y=((A-D)/(1+(x/C) 'B))+D
* 1 PL0.05
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PG 27A ZIdstEle 2¥e] AdH
ek Bl i Ao EA 24
A 27 e RS & A3} (7l
& 9 gululs o] &dte] 2AEHA 44
NS Hag Aol 9ot ArtH A
A ST A FLEHA A 5ol
T4 32 EAe AR A #4 F vehds
GZukso] gk AAAZ ALEG” 1 9 A
Aoz A7HT Sk F AH3 e gleevec,
estrogen’, pentoxifylline, 1L-18 antibody® So] 3l
o}

ghofajel| w3t 7HA -3} °41ﬂ 3 B3 A
W ATt A g Ed, I F #82 A
o] &3l= oA oS- ’5}7‘%1 Curcumae Longae
Radix.®] @o|¥eE 7z Zlojdh. 2 A&
2+ curcumin, demethoxy curcumin, bisdemethoxy
curcumin 5-o|vk. ¥, BREFEE FHMLILE, TR
fRds, O, ERURN, FIEREA TS E5el
e, AAAS IAdEAASt IAHS Fol A
9“31 A

B4 ol m A& oo 3t 7]Ee] AFE
TGF-beta & "&EV\EEJLAA zA o7 74w
e, A 4 gle-s Byl Bhol A
tol aflatoxin® & °“Lﬂ AA GAksHE N AA
B %7} o)k 2 s 3t A 842 &3}l
ByE #42 NF-kB¢ ERK signalings &

© 2] Connective Tissue Growth Factor(CTGF)
AAske 7149 Ba”e) PPARyE 24314
RN £ A3 ey Bt 9,
MMP-29} MMP-9¢] &4 9 PPAR-y 4
Aoz AN ES B
BaUE Jslth
72 Bes APFNZE sl Rud =F

e ool 1o po o |y

jﬂr:LJ
2
S

N e

¢

v
rlr

ﬂSL

-@iﬁmlm_érﬁﬁow rlr
kg) ok

fot
)
it
e nllo

H

T ogppe 520 M EE dAoR & Qo
AA 7ol f T NES WAL R FAE A
3le] 7 A2 B3 AL =E AR et B o
TolME Bhe AA P EAA felgt A

3o AA Feste] 1 2H}E A3

b FAZZEA T wA]el] FeiA A
Foll A& o fAEE Jehts N EEAYS oF
Aol whet cheFdt ApolE Ho|BE A EZA S ‘/}
etz gomA oF aiE #AL Qe ¥
o] AAe] Fastot AF7A AF el A"
dubAlel FeRAe] FxE dubd oz 500ug/nl
o]t AAHe| o] L] & AL FAZ 3l
B AFgME S0we/nS HI FEZ A}
AZPHE A& Foisith

ool A EZY viability ol m|H]E 33k
galatr] fls] MTT AssayE Aldatdeh. MTT+
Abolgl= M 9] mitochondriacll Al dAF 2Hg-0] &
i BHgHEo|H, WAF 2E-o] dofid o] Foll=
3 Aol wWsA =Hed, 72 well® colorimetric
activitys SAHTOZN AP S 3= Wtk &
A AboRglE Al ZoAEL o] WEI} A7|A HER
MTT AssayS E8 A E9] viabilityS o}
E 5 ook B At Y FH v=E
500ug/mlZ AR s, Ad A3} 4847 Az
TANE FAT AEZZAY A3t AAHA o
obA M EEAE Ueh A = oA o] =2 oF
AZ A= on|ls MEZA Y] HIE oF
AE A28 F 48217kl A -4 e A A
o] vebgeH(Table 1).

A2 FAE Felsiwr] $8] BrdU
AssayE AlRERleh AR AT BE FEelM Ax
=A0) dA YL HAE 2 31311 "—ET

3 =27}

ES4E FA 94 EolAls HAE 4 gisid
(Table 2).

Bhol NEF7A mAE A3 Fal& Ry

8. BES SHTE FE5} 24"]4 =t Ex
W2 A3t A} Apoptosise] ¥lEH MEFLS
32 ok 717kl GO/GL 717ke] Oug/ml groupX.ch
Bee T4 groupeld A delta widz
Fdste 7|7l GUMIIE eSS Fo%
groupell Al WA e #ho] AEzEES JAT
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= #d 4 gislek(Table 3. Fig. 1). o] A=
BrdU Assay®] ZAzpele WA o] gled,
BrdU Assay & S3be] AubH<l Az F4] 9]
AAEE 4 4 32 Cell cycle analysisE 53}
g GO/GL arrest & E3b] A 254 & /M &
83 B8 F sl AZEEF|A #hel ¥
A s & & s
S4ro] ZHAAMES] collagen Aol mA]= o
& AR HEFFE Bt Fotete] Hax)
RT-PCRE Al#83t9d=t. GAPDHZE house keeping
genel 2 311, ZHEARA] HojubE collagen 9
3lbel Collagen type 1a2, AAMM 0] &A Ao =
7}sl= Aoz 4yl alpha-Smooth Muscle Actin
(ASMA), Protein derived growth factor receptor
(PDGFR), Transforming Growth Factor beta
receptor(TGFBR) & 7129 collagen ¥4+ ©|F
3 9lE Collagen type N2 Eajsl= 242 F 3}
1}l Matrix metalloprotease-2( MMP-2), 7Hd-#-3}
oA MMPE 9Alet= 7oz delal Tissue
inhibitor of metalloproteases (TIMP1, TIMP2)%&
A3y, Fods o|m|AE vlEoE (ug/nml T}
GAPDHE 7|%22 w&E T3l £ 2 vehy
SicH(Table 4.1-3, Fig. 2). A& 23} Collagen type
la2% 24, 48, 72417 ol A BF Al o] "Hojx] = A
= 2T, ASMAE 24, 48X 7t M= §Alo] &
oJFov}, T2AZIME 238 Asse AYE
Bk 2 9 92 primerdl A dAZ A3 o
Agich o]= #4o] Collagen type 1a29] IAE
A&H 07 vz &7} ol v, ASMAS Z#
£ 59 7 AAAEY 4355 of BRI
Asste 237 5 & & vk AA A
A bR S 14 2-33] 3t o] 7MF Ed A
Hholgtyl & o, of 8-12A17tnfe}t FEAIFo| QA
2 Foi7itve e et @4 ASMA 23
£ JAIEE A 94 A7t siga & 4 9l
Collagen 49 A4 AES dotrnr] Hs
Procollagen assayS Al3stdeh. 24, 48A17F 5ot

o

E%% o e
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FANE A F Jepd A} 2447 Aol A
o] 200ue/ml T3 48A17F A28 500ue/ ml ol A
o8t procollagen Aol TS A
F 9d folehA 42 R A TR} et
ApE JAg2 TS & 5 A 2447 500
wg/ml 9] 7ol e 200ue/nl T Reb FAES
dorzjal EAA  Sojde ubAsg 2 g9
(Table 5). o] ZAIAE Fd|r #ao] Aoz
x5 ZHAAA E9] procollagen S GA
e shala 4 9l

/‘13"1]/‘1 AF38 Fu Y. 58 #Chen A 599 =
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