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— Abstract —

The Effects of Diethyldithiocarbamate on the Metabolism
and Hepatotoxicity of Trichloroethylene

Byung-Sun Choi, Jung-Duck Park, Yeon-Pyo Hong

Department of Preventive Medicine and Community Health,
College of medicine, Chung-Ang University

Objectives: The purpose of this study was to evaluate the trichloroethylene (TCE) metabo-
lism, acute toxicity. and the effects of diethyldithiocarbamate (DDTC) on the acute toxicity in
TCE-intoxicated rats.

Methods: TCE was administered orally at doses of 600, 1,200 and 2,400 mg/kg of body
weight following pretreatment with either saline or 500 mg/kg of DDTC. 12 hours after
administration of TCE, the concentrations of TCE, trichloroacetic acid (TCA) and
trichloroethanol (TCEOH) in the blood and solid organs. and the histopathological changes
in each organ were examined.

Results: The level of CYP2E1 markedly decreased in the DDTC-pretreated groups. The
CYP2E1 content in the TCE-treated rats increased in a dose-dependent manner. The con-
centrations of TCE and TCEOH were highest in the liver, and the level of TCA was high-
est in the blood. The DDTC-pretreated rats had a markedly increased level of TCE and
decreased levels of TCA and TCEOH, than the rats pretreated with saline. These findings
indicated that CYP2E1 was important in the metabolism of TCE. From the histopatholog-
ical findings, centrilobular necrosis was observed in the livers of the TCE-treated rats,
but no significant change was found in those rats pretreated with DDTC.

Conclusions: DDTC is considered to be effective in protecting TCE-induced hepatic
damage because it inhibits the TCE metabolism.

Key Words: Trichloroethylene, Cytochrome P450 2E1, Diethyldithiocarbamate,
Metabolism, Protective agents

o~

Y= 20025 72 256, AEHY: 20024 8 21¥)
MAXAL: = 8 M (Tel: 02-820-5692) E-mail: bschoi@cau.ac.kr

257



H 14 M 3= 20024
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EfF=2 =29 ddl (Trichloroethylene, TCE)<
Triclene, Vitran 53 Z& JEHozx B¢
E BdAel B A g 1908del AYzew g

— =

gE o] &, g &x] g et Akt &
& Aol SE7IAIAIRS] AAAR e AS
Ho ok TCES &3 HE, A5A H2A,
FEA, FRIE AAA, £SF 22la AR AlEA
52 AH7MEoly, polyvinyl chloride, ¥4 A4
A, @A ol Akl lo] FMIER AMEEY]

= s (Wat-ers et al., 1977), A& vl A
2 33 2174d X3A ¥ ol A9 FAe 7}
HA FE2AZ AEEVIE St (Motohashi et
al., 1999a).

Ty thedgt G T A AEE
glo1, 199999 A% 1000 oI7f&olA <k 5,000
go] Z2A7} TCEel =&H 1 e Aes B
Ha gen AL 15000 o E0 o223 gt
(=%5, 2000). A TCEY Haixe] d5HA
Al 1 ARgEFO] fardhe FAlel e}, o|A7EA|
o] FHHT AFE R 4T W ool Ak, ol
71, ES 59 42 2dAA(Davidson &
Beliles, 1991), ¥Rkl 1A 24 YoM Z &3]
A& Qo (TARC, 1995), o= Ik QA<
falldel tiste] B2 AF7t o] FoiXa Yot

E3] npe2u FHol 3 Hu 4l oA Fek

dodle Aoz HuwEWA(NCI, 1976), A+

% LEo] A PgETFE dod A
7t tiste] TS ZHAl ST

TCES] 4 &2 T34 A, A% 7159
ook =, A5 Fol SEARCAA BEEHU
o (Davidson & Beliles, 1991), BAA oz X
28 AR E AR g3 A0 0 Baerg
& Kimberg, 1970: Phoon et al., 1984: David et
al., 1989). v Z2& nf9-xo] 213 Hdf| 4
dogm FA FHo AAgdd FFE doivla 9
H(Fukuda et al. 1983: Motohashi et al.,
1999b). TCE =% <=2AE iAoz 33l st
ZAFIIA | Spirtas 5(1991)& vhitd Z4=% non-
Hodgkin's lymphoma, 7t 2 ©eA| o] Ay
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o] Frlgttta HEmslgon o] gem IF<et
(Axelson et al., 1994), A&7d%<(Anttila et
al.. 1995), A%<t (Henschler et al., 1995)2] &
A F7Ve Baslgloy, AT uidAr Ao, #F
717te] #om  wZol gk HAEg Hrlt o
AR gro} QIA|e] o e TAHRE BF
tH(Kaneko et al., 1997). g odd &
°13t TCES ZATFEZRE Lo} wado] s =
7FA171a(Cutler et al., 1986: Cohn et al.,

1994), Wgskzel W3} (Kilburn & Warshaw,
1992)¢} A7 ¥ A<=(neural tube defect), 7%

d(oral cleft)s} 22 473 Age] dE S/
Zitka sk e (Bove et al., 1995) ol A+ 4
3ol et =o] Bt Bruning et al., 1998).

TCEL &7 A3#HS Bt wWaEA S5
", 2] microsomed] & cytochrome P450¢]
9l8A chloral hydrate(CH)Z tiAl=t] o]& At
3}5]o] trichloroacetic acid(TCA), dichlor-
oacetic acid (DCA)Z ¥ AY, trichloroethanol
(TCEOH) & sl AMS B3 uid=m o]y
& A=l TCES =4 a3 982 at= 2
o2 44 dtH(Fig. 1. van Duuren & Bane-
rjee, 1976: Bull et al., 1993: Barton et al.,
1999). ©] tiAl AZAA HAEEE 245t A
= TCEe°] chloral® Ztsl=&= DAR 7)o F=
288k F4E cytochrome P450 2E1(CYP2
EDe=m oA slem olgte CYPlA°lY CYP
A AEE #Rlo] e Aoz d#A k. TCEY]
= & Al A2+ glutathione S-transferase
(GST)ell 23k stdapg oz Zhol & GSTel 9
&) S-(1.2-dichlorovinyl) glutathioneo @ thA}
=™ o= ulg AEolr]E AT 2lEAddl lolA
93 9% = Foz dEA dvk(Allemand
et al., 1978: Birner et al., 1993: Lash et al.,
1995: Cummings et al., 2000).

e o}A TCES] =4 7142 Fis| 1=
UA = e AH ettt Aol B0 f3llE
Aol B Zo] gigk Aol oM o EF 9 o
Al AW EX 9 FA | i Asge =4
717 2 ZA8A7 e gk Al o] ml§- F8
, AF7HA o] FoX TCEe| gt A++= TCE
FoJ& Q13 cytochrome P4509] /=0 3k A
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Fig. 1. Scheme of metabolic pathway of trichloroethylene in mammals.

T-(Costa et al., 1980; Kawamoto et al., 1988: AW z|std &73 &7 #93tz, TCE 54 71
A71% &, 1994; Hanioka et al., 1997)%} cytoc o 83 9L 3= Aoz 42zl CYP2EL &
hrome P450 F= B2 ethanol® phenobar- &9 JAAIQ diethyldithiocarbamate(DDTC)
bital Fofo] wWE TCES whAk(Sato & Naka- Folo] wE TCE thake] ®¥islel o2 <lgt 549
jima, 1985: Cluet et al., 1986: ©]74% 5, 1993: WIE FAst] TCE 54 71#d o] CYP2EL
Feg 5, 1998)9F B4 2 dbAe] Apolo] #E o] WX G diste] ¥l gt

A+ (Okino et al., 1991), TCE ¥ TCE thAlE

o] k%84 (pharmacokinetics) d77F JYS o e

(Abbas & Fisher, 1997: Fisher et al., 1998; Gree-

nberg et al., 1999: Lee et al., 2000a: Lee et al., 1. Alek

2000b), TCE §4 Z2= 3 TCE % TCE WA}

E4o AW Bx FA =EAHE3 CYP2E1 94 Trichloroethylene(TCE), trichloroacetic acid
Aol o3t FAEAS HEgud td AFE= wje  (TCA), methyltbutyl ether(HPLC grade),
B3 ethyl acetate(HPLC grade), tris, sucrose %

olo] B 3= TCE 34 Z=2o w2 TCEZ bovine serum albumin< Sigma Chemical
TCE tAFEe] AW Bxopyd 2 ;s aAS = Co.(U.S.A.) AEL, dichloroacetic acid(DCA),
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trichloroethanol(TCEOH), 2,2-dichloropropi-
onic acid, dimethyl sulfate, sodium hydrosul-
fitee Aldrich Chemical Co.(U.S.A.) AEFEL,
n-hexane® ethanol& HPLC grade A|2FS AM&
SR, 1 99 Al 185 AlgkE AFESFST

N
.

AHES U M

2 Ao AHeE AAFES 6 8, 180-200 g
°] SPF(specific pathogen free) Sprague-
DawleyAl 3 #=2, FHEHATLZHE 4
wol 13 ARE 2% 23+2 €, w% 50+5 %,
AF 1273 ARGl A Aot ERE o] ol

FEL U=, TCE T4+, DDTC AA g
¥ TCE FoToz FE3le, TCE FoTtol+=
TCE T Azt A A2d+E 0.5 ml & A+
Fo35ta, 600, 1,200, 2,400 mg/kg TCES
olive oildll &3A1A AFFASH 2, DDTC AA
2] & TCE FoZl+= 500 mg/kgel DDTCE #
TFEAsta 1A1ZE Fefl 600, 1,200, 2,400 mg/kg
TCE= olive oildl &3lAA ZAFFAsATt, diz=
wolE= 0.5 mle A, 500 mg/kgd
DDTCE 7}z ®osta 1AF A3 & TCE F9
T3 L %9 olive ol AFFASAT. =z
T 2 FoF HE TCES Fostn 12417 A3
AT ot AT, FA] NESI] 4

1,
2
3
fu

et
2
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(1) ZHMIZ microsome £2l2o| 22|

A E microsomee Lambert®t Freedman
(1985)¢] WHg th FHsl] st S 4
AeES JAAN T A s A&l 4T s}
2 yztd Aeld Ad4m 2~33 Mo 1S Al
Astm 22 AA B ¥ 0.25 M sucrose, 25
mM KCl, 5 mM MgCl,g &3 Tris-HCl(pH
7.5) €95 4u) &= 78l Potter-Elvehjem
A= 23] dAsfeTh. wAst € x|
< 680xgolMd 10827 YAEZ (Mega 17R,
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Hanil, Korea)sted 1 A5d<E FHsta o&
12,000 x gl A 1083 94E8] 3sted postlysoso-
mal F5dS A2 5 oAl 100,000 X gollAl 60+
7t 21494528 (Optima XL-100K Ultracen-
trifuge, Beckman, U.S.A.)3tit}. o|2A 3lo]
42 microsomal pellet2 0.15 M Tris-HCl(pH
8.0) &#doz w43 3 F thA]l 100,000 x goll A
303 dAEE sted P2 pelletE 0.25 M
sucroseZ AFFAA microsome 8-S AU
olul microsome?] @A dF2 20 mg/ml F=
A a9t 2283 microsomes 0.5 ml &
st -80 Tl E#g ¥ wlEd 9 cytochrome
P450 B &7 WA HdS FPtact

(2) cHHAITL cytochrome P460 Azt

ZHA| . microsome®] A2 Lowry 5(1951)
o] Wbl o5le] FaFslgl o FEEAORE bov-
ine serum albumin® AH&-3l3t}.

Cytochrome P4509 A%< Omura®t Sato
(1964)°] ¥l wet Z33k3ieh. 0.3 mle] micro-
some® 0.05 M Tris-HCl(pH 7.4) &4 5.7
mlgo] 2789 cuvetteo] 258 g ¥ EFFEA
(UVKON 930, Kontron Inst., Switzland)Z 450
nm¢} 500 nmollA FFEE S & ditsiera
£ 183t bubbling(1l bubble/sec)A1713L Na,S,0,
E &% 9ol 450 nm9} 500 nmolA FFT Ao]
£ =3dt] EE3A4 91 mM' ecm'E o]&3l]
Akt

(3) Western Immunoblot 244

ZHA £ microsome®] W3t A71Y9 %€ Laemmli
(1970) Wl 284 sodium dodecyl sulfate
polyacrylamide gel(SDS-PAGE, 12 %)< W&
& A8 10 #g& loadingdte]l AA1g % Schle-
icher & Schuell*9] nitrocellulose transfer

membrane(Protran®)2 microsomal 2 o]

E2lE gel Yol &8 3 100VelA 1A7130% =
¢t nitrocellulose transfer membraneS 2 ©|4
A7t

Western immunoblot 42 AmershamA}+]
rat cytochrome P450 2E1 ECL western blot-
ting kitE °l&3lo] chemiluminescence ¥ <
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2 AAEEa, o714 Y A= Image analy-
sis software(Bio—profil, France)Z o]-&3&lo] i
ZrolA YERd bandE 71FE02 Wy F3lsk o

(4) =% Lf TCE ¥ TCE ChAtES| 24

TCE®} TCE WA=l TCEOH(total), TCA<]
A %2 Abbas®} Fisher(1997)9] ¥H& td %4
ste] A8ttt

dd U TCE F4<= 9181 0.2 mle] o] &
F74 @4 vialel 0.1 ml ethanol(100 %), 0.1 ml
Z#<. 2 ml methyltbutyl ether¢} 0.1 ml lead
acetate(20 %)& #H7lete] & 42 5 -80 ClA
397t BTt H& AEE A4 3083t o
kel & 10 ¢, 2,500 rpme-Z 15837 4] &g
(Mega 17R. Hanil, Korea)3dts] methyltbutyl
ether & GC vial2 &7 7IxazZrtEaa=
A5, 242 0.2 ¢& 57 29 vialel &71
3 2494 0.76 mlE 2o polytron 22E47]
(Ultra-Turrax T25, Janke & Kunkel,
Germany)& &3} & £ 0.04 ml lead acetate
(20 %), 0.1 ml ethanol(100 %)# 1.4 ml meth-
yltbutyl etherg& #7lete] 2 42 5 -80TCelA
397t Hystn A A3 AAE FEe AA
A e

TCEOH(total), TCA®] +4<& #13l 0.2 go] =
2% 0.4 ml9 lead acetate(20 %)7F E°1 J& F

7] @¥l vialoll ¥ § polytron 22%417](Ultra-
Turrax T25, Janke & Kunkel, Germany)=
Aglsle] -80 ol 3d7F BT AL (0.2
mlE 3l 0.2 ml9| lead acetate(20 %)7F &
oldle 574 €9 vialel ¥ F -80 TollA 3¢zt
Bt Th o719 0.1 mlel 2.2-dichloropropi-
onic acid(internal standard, 10 p#g/ml)< 0.5
mle] F3HE Hrkeln 30% A F 0.1 mle
dimethyl sulfate® A7kete] FA] 575 29th.
AlB7F £ vial& 60CelA 3023t wRkAZl H 1
ml®] n-hexanes 7Fste] 40 TAlA 1AZE BHA]
WRAZ]a o]& 10 ¢, 2,500 rpme® 1583 o
A2l (Mega 17R, Hanil, Korea)dtd n-hexa-
ne < GC vial® &4 7I2a=2ntEadgy=E &
Akt

BE AMuse AA2d H271(ECD)7E 33 7t
A 7vtE T Z(HP5890, Hewlett Packard,
U.S.A.)®} HP 3396A integrator(Hewlett
Packard, U.S.A.)E o|&3l(Table 1)¢] &4
xo2 A3

Table 1. Optimal GC condition for analysis of trichloroethylene (TCE), trichloroacetic acid (TCA) and

trichloroethanol (TCEOH)

TCE

column

carrier gas

make up gas

oven temperature
injector temperature
detector temperature

TCEOH(total), TCA

column

carrier gas

make up gas

oven temperature
injector temperature
detector temperature

Vocol(Supelco, Bellefonte, PA), 30 mx0.53 mm
N,(11.5 ml/min)

N,(25 ml/min)

initial: 50 €, isothermal

175 C

300 ¢

DB Wax (J & W Scientific, Folsom, CA), 25 mx0.53 mm
N,(5.5 ml/min)

N,(24.5 ml/min)

initial: 80 € (6 min), final: 140 ¢(10 min), 15 €/min

175 ¢

300 ¢
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(5) =% Z& %

Az P A% A, A% s, 289
UFE 10 % formalin & 24717 F<+ A
A e B0 24 BG S AX paraf-

fin Zrjatct. o]
hematoxylineosin®.z 343}]
#EsA

= 5 pm FAR EAHE THEY
BeranZon

(6) A2 24

RE 273 E SAS package(version 6.12)E ©]
3tttk TCE Fo33 DDTC HA =
oJ o wWE M E microsome THA, cytoch-
rome P450, CYP2E] &2 7z} 22 4] TCE ¥
TCE tAMES] #% Atol= v 24721 Kruskal-
Wallis test$} Wilcoxon rank sum testZ Al#a}
Atk TCE Foligo| W2 Az 7 22Ul TCE
9 TCE A X9 ¥Wsles AdEds AAs)

of 439

g3to] 24

2 1
1. ZFMIZ microsome THEHZETLE cytochrome
P4502| Bi5}

ZY E microsome®| cytochrome P450 &2
TCE FoxelA 2zt 0.92+0.04, 0.99+0.08,
0.97+0.17 nmol/mg proteine 2 thxT<] 0.86
+0.17 nmol/mg protein®l ¥l&k] 1,200 mg/kg

o]} T vt Flehe e o BAA
02 fFosiRE &UtH(p=0.47, Table 2). DDTC
HAAe & TCE FAweA% 0.73+0.10, 0.66+

0.07, 0.66%£0.09 nmol/mg proteine.& DDTC
T Eod3t FHoll M2l 0.63+0.17 nmol/mg protein
¥} zpel 7t gl tHp=0.62). 2Tl A = DDTC &
] o Fof w2 cytochrome P450 &aF2] =fol7h
gley, TCE Fd#2 DDTC AX g TelA
cytochrome P4509 ¥ &Feo] A YEryt
(p=0.03).

2. Western immunoblot Zz}

TCE FowdAEe fxrtitt CYP2E] gekol
Z7¥ste] dZFoA JUehd bande] BEE 12 B
%S w zbzh 1.39+0.26, 1.5540.34, 1.76+
0.542 Fojgko] F7/1ge] wel CYP2E1S] $ao]
Z718l9tH(p=0.02, Table 3). CYP2E1<] <Al
ol DDTC #Ag & TCE T E TCE Fo
o 93k o]z} YERA] &gkow (p=0.33), tl&=
4 2E TCE o £l DDTC @A ]g <]
CYP2E19] #&Fo] 7443813 tH(p=0.02~0.03).

3. o} =X TCEZ} TCE CHAlE

o B2x

FHl 600, 1,200, 2,400 mg/kgel TCES A+
12417kl 2] TCE 2 TCE tiAH=ZS] A
= Flg 3-5¢ Zth. BE TCE F4
Zl uj TCE«] wIb Vg =
Bysgon -
ﬂ-‘q 5—2—1‘% —‘15‘04 FTEo WP/} tha Aozt ATk
(Fig. 3). TCEY] F "lAMESl TCAE oA &
SIF P kA, A A AL 3 AN, 13 &

=
L

o]Ath(Fig. 4). & TCEOH®] &

Table 2. Cytochrome P450 levels in liver microsomes from controls and trichloroethylene (TCE)-treated
rats with or without diethyldithiocarbamate (DDTC)

(nmol/mg protein)

TCE doses (mg/kg)

Pretreatment p-value
0 600 1,200 2,400
Saline 0.86+0.17 0.92+0.04 0.99+0.08 0.97+0.17 0.47
DDTC 0.63+0.17 0.73+0.10 0.66+0.07 0.66+0.09 0.62
0.11 0.03 0.03 0.03

Each value represents the mean+SD
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Table 3. CYP2EI1 levels in liver microsomes from controls and trichloroethylene (TCE)-treated rats with

or without diethyldithiocarbamate (DDTC)

TCE doses (mg/kg)

Pretreatment p-value
0 600 1,200 2.400
Saline 1.00+0.00 1.39+0.26 1.55+0.34 1.76+0.54 0.02
DDTC 0.72+0.14 0.56+0.25 0.51+0.19 0.77+0.33 0.33
0.02 0.03 0.03 0.03
Each value represents the mean+SD
Dbz 1 3 4 4 5 & T B % 1 i
| - F B Wiind
—— — —_— — - R Eakr
S - ]
B4 | — ]
T - o _— T
-

Fig. 2. Detection of cytochrome P450 2E1 in
microsomal protein preparations from the
livers of trichloroethylene (TCE)-treated
rats with or without diethyldithiocarba-
mate (DDTC).

Lane 1: ECL molecular weight markers,
Lane 2: Ethanol treated rats, 5 #g,

Lane 3, 5, 7. 9: TCE (0, 0.6, 1.2, 2.4
g/kg) treated rats, 10 g,

Lane 4, 6, 8, 10: DDTC & TCE (0, 0.6,
1.2, 2.4 g/kg) treated rats, 10 pg.
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Fig. 3. Tissue distribution of trichloroethylene
(TCE) at 12 hours after single oral
administration of 600, 1,200, 2,400 mg/kg
TCE with or without diethyldithiocarba-
mate (DDTC) to rats. Vertical bar indi-
cates standard error.

A concrermee (g g Wk wrigaE|
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Fig. 4. Tissue distribution of trichloroacetic acid
(TCA) at 12 hours after single oral administration
of 600, 1,200, 2,400 mg/kg trichloroethylene (TCE)
with or without diethyldithiocarbamate (DDTC) to
rats. Vertical bar indicates standard error.

bodle, 2% o2 Jeldkon | it A%
vlsle] o-¢- =AdtH(Fig. 5).
Z2 Y TCE ¥%+= DDTC A A<
A=A vebsed (Fig. 3, p=0.00~
BE5oA TCE Fo&o] Z7hgte] u}
= 37 Pb‘]'?\i‘:]'(p 0.01~0.03). TCAY
DTC A8 o] TCETt
fﬂ_?ﬂ@}ﬂl st on (Fig. 4,
p<0.01), TCE® FoI3F FollME= 1,200 mg/kg
FA7AE S718I9A R 2,400 mg/kg Fol &
1,200 mg/kg FATEY F=7F oA gaste A
S HAHEY: p=0.15, 7t p=0.12, =: p=0.16,
A% p=0.12, A% p=0.05, ti=: p=0.04, %k
p=0.08). DDTC HAg ¥ TCE FAw XM= F
of Fol S7kstell wet =4 W TCA s=7} S71st
S (Fig. 4, p=0.01~0.02). TCES] F A& =

o
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o
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il & TCEOH®| s:=Xx DDTC HAAz]olA
AABHAl AHastsl o (Fig. 5, p<0.01), TCE®
Folgk TollM e Folgel wel TCEOHS F=7}
AR ez 7kl 2 (p=0.01~0.03), DDTC
AR AN = TCE Fof el mE W37t itk
(Fig. 5, p=0.06~0.84).

TUECTH oo il s ' wovl sy gibit)

3 == S Lo et ST
L3 M # [k

Espisnrs foss (ma b boshy waight |

Fig. 5. Tissue distribution of trichloroethanol
(TCEOH) at 12 hours after single oral
administration of 600, 1,200, 2,400 mg/ke
trichloroethylene (TCE) with or without
diethyldithiocarbamate (DDTC) to rats.
Vertical bar indicates standard error.

19

S| iz:_l

4. =2He|stA

TCE FolFolA 1,200 mg/kg7He 5718 1t
o AW ety Wals #FE S+ gllen, 2,400
mg/kg FATANA k] FA LGl FAHQ AL
7} #2HAG(Fig. 6A). 22y DDTC dAg] &
TCE Fol#e] 1127 TCE FoolA vehdt =
2249 A} hzdo] AAH A dH(Fig. 6B). A
AR, Uy, 28 2Fde ZE FolA
oy gt A We|eH o dadE #EE 5 QI

P
=

Rl

]
Aol eksldth(Parkinson, 1996). A%t oj¥l B4
< ARl oJsfiA Aol sEEART 5]
74 BA= diabem, o]t Al EAd sk (meta-
bolic activation) 8- Aldslets F22F H]
g Zrgol=, EfZzzdEd 53 2o 3t
golea SREe] 54 3 EdddE A &
83 7]1"eo|tt(Masuda and Nakayama, 1982).
webd o5 BAo o] Hjsle Eaol Wt
AT ol B Sy ek /1A Wele
o
o

ol lolA vl Fesitt. TCES thAtadstdd

Fig. 6. Photomicrographs of liver 12 hr after trichloroethylene (TCE) exposure (Hematoxylin-eosin
stain, x200). (A) 2,400 mg/kg TCE-exposured rat liver. Centrilobular necrosis was observed. (B)
diethyldithiocarbamate (DDTC)-pretreated rat liver exposed 2.400 mg/kg TCE. No significant change
was found in the hepatic contexture.
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