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The Antifibrotic Effects of D-penicillamine in
Liver Fibrosis Animal
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Abstract—One of therapeutics in liver disease (morbus wilson) is D-penicillamin (D-pen: D-3-mer-
capto-valin). Especially the cross-linking of collagen molecules could be inhibited by D-pen in ex-
tracellular space. In this study we investigated the antifibrotic effects of D-pen in rats that were in-
duced the liver fibrosis by bile duct ligation and scission (BDL/S). Rats were treated for 4 weeks with D-
pen after BDL/S operation or sham operation. The balance between fibrogenesis-marker (PNIIP) and
the fibrolysis-maker (PNIVP) were observed in sera by RIA (radioimmunoassay), and the parameter of
collagen deposition in liver tissue (hydroxyproline: HYP) was measured by colorimetry. The weight of
liver in BDL/S operated group was increased significantly in compared with sham operation group (15.2
g+1.1, vs 11.9 g+3.9: p{0.005, p<0.05). The rats group treated by D-pen showed the lower level of PNIIP
(6.7 ng/mi£15, vs 9.5 ng/m/+28) and the higher value of PIVCP (14.0 ng/m/*19, vs 7.9 ng/m[+1.5)
in sera that compared to untreated rats. The content of HYP was decreased by 141% in BDL/S with D-
pen treated group than that of it in BDL/S group. No correlation was revealed between collagen
parameters in sera and HYP in liver tissue of BDL/S operated and D-pen treated rats. The group treat-
ed with D-pen showed the lower value of clinical biochemistry parameters (GOT: glutamate ox-
alacetate transaminase, Total-Bilirubin) in compared with only BDL/S operated rats, but the value of
GPT (glutamate pyruvate transaminase) and Alkaline phosphatase in two BDL/S groups was nearly
same. In the histological finding, we observed mild bile duct proliferation, weak inflammation and fi-
brosis in BDL/S with D-pen treated group, but BDL/S operated group showed the formation of septum
(island of hepatocytes), massive bile duct proliferation. This result represents that the BDL/S operation
induces liver fibrosis (cirrhosis) in 4 weeks, and D-pen inhibits the synthesis of collagen weakly and
stimulates the degradation of collagen in the extracellular space. We conclude that the monitoring of
PNIIP, PIVCP in sera is useful parameter for screening of antifibrotic effect, and D-pen delay the liver fi-
brosis.

Keywords [_| Experimemtal liver fibrosis: Procollagen type IlI: Procollagen type IV: D-penicillamin: Hy-
droxyproline.
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=R eEy 790 g3 e et
LA SRE AR Sol A 7hAge] FexEEA
AT =of ow, B3 2AF) Fysty 2240 &
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EHIXE| - student’s t-test® 3L median
*standard derviation®.2 HA| 28 p-value
E 7354 (p<0.005, p<0.05) FrlA& AF shsich

4 I

2 gxgeAle gubARl AdErE 45 3o,
FreHr ol A (FoF, HIReE) 2~49 Alold]
4, 1~25F Aol AFe] art T2 HYT, 2
~4FAoloflE X &e] AFE thA] 35 3
8 F 5 FEF 4709 BEA7] T A=g
AAHEE 247F 12.5% 24 Fohra v FekrodA &
Akt el FAE dxTolAM 7.810.5g, HF
oF ZHAREREF 15.2+1.1g, R E 2 D-
penFoFolAl 11.9£3.1go 2 ulget 24 H310
A ZHEO7E 94 UA YrERETE (p€0.0005, Tab. 1)

ZXZ|Z=9| hydroxyproline 82 - %7 (1.2 mg*
0.3, 1.3 mg+0.3)2} B]A] hypA| & HIFeF 7Hd -3

ox K
o co

-
Freoll A 358%, F-oFollA 217% 24 e 37t
£ B9 (p(0.005, p<0.05), THH3HE =S &

oFF hypAlE vlFehr#) v|wA] Ad $X)71 e
ot oL #E5H R &steh.(Table )

A= PNIIP XU PIVCP H3 - jxie] FoF
T3} v]Fektoll A PNIIP, PIVCP 3= & O & &
°17} gl e (Tab. 1), RT3 v A MY /31
Fr53 v RekpolA = PNIIIP, PIVCP X7} 2ztzt
250% (P€0.05), 160%, Hd3te F=3le gt
ol M= 148%. 258% (P€0.005) -4 UA 5713
4tt.(Table II, Fig. 1)

S| MEEHAAL - HF3 FETH g=2T

Table I — The weight of liver in rats and the value of
hydroxyproline in liver tissue of rats

Group - Liver weight (g) HYP (mg/liver)
untreated control 7.8+0.5 1.24+0.3
treated control 8.0+0.3 1.3+0.3
untreated BDL/S 15.2+1.1* 55+1.0*
treated BDL/S 11.9+3.9* 3.8+0.9

D-penicillamin treated period was 4 weeks, BDL/S :
bile duct ligation and scission. )

The data shows M=SD. **p¢0.005. *p<0.05 : signi-
ficantly different from control.

o 2delA creatininX]= ¥3b7}t gIlod g =Fod
Ao} w]FAFHAE YA oM GOT, GPT,
ALP, T-bilixli= A4 $ol] B B3, @A ALPX]7}
x5 ekFolA 86.9% SrialAth HEREE =
3l MBS FA9EIA] G FEY ¥HNAM GOT,
ALP, t-bilixle} 24 (P0.005) = F717F et
o}, BofFolAE GOT t-hilix] S71e) A=7) 74
B} s Table 111).

x| HENSH AAH - dfxFoA A3 gy
A} collagen type III+= central vein. portal triad 5
Aol gk fibrils FAetH(Fig. 2A), collagen
type IVE 598354 portal triadolA oAl col-
lagen A7 2 =t (Fig. 2B) vIF<k 7Hd -8
FrET 2k2F M= collagen type 119} IV7) stro-
madll FAE fibrilg e FHAA A

Table I — The value of procollagen type IIl-peptide
and procollagen type IV-peptide in sera of
BDL/S with D-pen treated rats group and
untreated rats group.

PNIIIP PIVCP

Group (ng/mi) (ng/mD)

D-pen untreated control 2.7£1.8 3.0+1.0

D-pen treated control 3.3+04 3.9+1.0

D-pen untreated BDL/S 9.5+2.8" 7.8+15
D-pen treated BDL/S 6.7£15 14.0+£1.9*

D-penicillamin treated period was 4 weeks, BDL/S:
bile duct ligation and scission.
The data shows M#SD, **p€0.005, *p<0.05: signi-
ficantly different from control.

20 ~
B PNuP(ng/ml) B PIVCP(ng/mi)
*
.
{ 10
[
0

untrt control  trt control
Group
D-penicillamin treated period was 4 weeks, BDL/S :
bile duct ligation and scission. untrt : untreated with
D-pen, trt: treated with D-pen, * p<0.005, *p0.05:
significantly different from control
Fig. 1— The diagramm of PNIIIP-level and PIVCP-lev-
el in sera of rats.

untrt BDL/S trt BDL/S
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Table I — The value of clinical biochemistry in sera of rats

Group GOT (UM GPT (U/D ALP (U/D) t-bili (WM/1)
D-pen untreated control 51125 17410 30.5+7.9 11.3%23
D-pen treated control 47+10.8 19.5+4.1 57+13.7 5.7+2.2
D-pen untreated BDL/S 153.8+30.4"* 22+15 238+56.4** 114.2+47.3**
D-pen treated BDL/S 110.2+11* 24+2.3 23643 4** 45.1+30.6

D-penicillamin treated period was 4 weeks, BDL/S : bile duct ligation and scission.
The data shows M£SD, ** p{0.005, *P{0.05 : significantly different from control.

a. primary antibody is PNIIIP

(Fig. 3A, 3B, 3C, 3D), 945HXF9 F7H+++),
GHAZA(+++), LHEE0] d@Fald oa) A7
Ho] dEo] A =Heni(Fig. 4A, 4B), portal-
portal septum, ¢7+9] portal central septum<
Akt FTalM stromast portal triadF el
fibrile] YERE T septum¥ AL HA| §ston 4=
AZ s v)sekgel vl khe Huls)
st (Fig. 3c. 3d)

2 @
YRR ABE SUHA 24EE AANAY

(virus, alcohol, &#E%) X 8&=A, collagend] #&
& ARAA = Ad, AR HPL WEAAA col-

Vol. 40. No. 5. 1996

b. primary antibody is PIVCP.
Fig. 2—The section of liver in sham operated rats (APAAP-staining, X 80)

Ae=

lagend#& #3l| Al71Ezelet & 4= U} Dpend
TEACZE FIF4 HAEAEA 53 AR =
Ao AE cut+ +9 chelatingdld cu++& Wi
A1 A wilsonH Wl A2 EH7} lom duA GEA
73RN FEFA T il Ao g kg
AET Bl 2 i) o3 AgFdos ¢l
A &3t Ao FAPPY G BRBA
proline hydroxylase?] 84 7} 3t A Zu}olA]
collagen®] #atZA%H(crosslinking) & A st 2Hg
o] gitkx B3 o] 2t ® D-pene] collagen &4
HGF] & dAE A dohe AE 2AFY col-
lagen 3 & 72 NS e AL AT

£ d7tollAM D-pen®] collagen $Hd 3 28 & -7
ol o3 IR d3e v = AETHE
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A, C: primary antibody is PIVCP

B. D : primary antibody is PNIIIP

Fig. 3—The section of liver in BDL/S oprated rats that were treated with D-pen or untreated rats. (APAAP-

staining : X 80, X 160)

G o2 A vFA™Y APAL A
collagen §4 3 239} 74L& e = X831
A3 PNIIIP (fibrogenesis-maker), PIVCP (fibro-
lysis-maker) ¢ 7t2259 HYP (Fcollagen) 53|
£ vjws A3 K3 A g9t glSol A H)Aoh

FAROE sk E Hae dsiMe Fde A
PEEEE MARM, HF3E T 3] Y3l
Axel Aol G U S ARSI =] o] W
He e M H8 AT ER DR XALgo] vu H

48k Sk COLMTH W2n] Aureel deizt Fob

d
3
=

= Aol slo] destart. tHdfrske viFE AY
TES FHA FUE MEAE 2~3F, 47H =
H94 A UERE o ™(p(0.005, Tab. 1), 722 oA
Heshd WAl G54, GFTHE) £} septum®
A3t Bwdla PY AT collagen fibere] F32 o) 23|
spetg galel, Ae RS + + 4+, ERFA +++,
HEAEF F7F ++ +71 B2 HJY} E27o b
A HdH3 frETolA EHS PNIPAY 233
HYP $=X]= 22} 250%. 358% 24 1A 71 8k
2™ (p<0.005, p¢0.05) hyp3} PNIIP, HYP3
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(a)

(b)

Fig. 4 — The section of liver in BDL/S operated rats (H & E. X 160).

PIVCP A gAtolol] $& AAAAE Jehiic)
{r=0.80, r=0.81) EAAt X ¥ PNIIIP +x|2 =
259l HYP #x|3te] & 4384 Ruwarts9
Bugs ¥x IV a2y A PIVCPS 23%
HYP2He] Aatalol ik wae glon) B A
T F ABTAZ) el 02X 3R A7 el
Y sk G4 MR8 R AT 5 gle
o, 3% PNIIP, PIVCPE= Hd+#3} Agn4y e 2
YER & f-43 Idxgeta AlsE)

A A AN FeAF TF 455 HH
37k ooz FEERAS < &F 457 D-pen
(10 mg/kg/day)& ATFste] FFs &g 2AM
£ 39 tth. D-pen FetFoliA] vl F 3} vlaA] 75
A7t 20% 4% Z0lstA vePt e (Table 1), Bl15F<F
TR} 2 PNIIP X9 & PIVCP 318 24

. %-& PNIIIPE AlEA 84¥ procollagen type
Il (fibrogenesis~marker) §4o] Al =HJu &
PIVCP (fibrolysis-marker)< collagend] #3i7} =
g Aoz Alg ¥l HYPL subtypeol whe} efzha
< 24 F collagene] oF 10%9) #ZsiH ol& @
YA A B} HojH o2 collagend] Bol FirElol
Ko} F collagen¥g #F 3t Dpend Fo3 A
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MM vlFAT T HlwA] 22 Fe] X HYP A&
2% collagen fibril 3¢} #2E 99|t (Fig.
1) Azl HAF Ao Fofbra v Rl | o
atol & YehfAE ¥k (Tab. ID 22y v %t
= B2 PNIIP ¢ HYP, PIVCP ¢ HYP A&
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PeEts A A vFRekrE o= 463 g5,
collagen fiber7} ¢F7+-2 7Zv] 314 Jepdch (Fig. 3)
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3709 o-chain& peptidyl-proline¥ peptidyl-lysin
X} hydroxylationol Slaz, ejeJAl hydroxylysin
o] galactose®} glucose 92 €}t ©AFO R cy-
stein®i X9l disulfide bridge® WE1L, A&Fo 2
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tidaseol N-, C-&to] ets]HA collagen® A7} 1k
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collagen’d#-& ¥4 3} D-peno dF3taah=
A FE el A hydroxylationol]l Bdh= &9 lysy-
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