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ABSTRACT

To evaluate the cutaneous injury in liver damaged rats by toluene application to the skin, toluene(35 mg/cmd) was
sequentially applied for S days to the dorsal skin of liver damaged rats with CCl4(6 times every other day:0.1
ml/100 g body weight-50% CCl. in olive oil). The cutaneous ultrastructural changes were unexpectably not
observed in liver from CCls-treated rats although necrotic liver damage appeared under light microscope. In these
animals by the application of toluene to rat skin the cutaneous xanthine oxidase activity was significantly
increased(p<0.05), but cytochrome P450 content was not different from that of the control or only CCls-treated
rats. .
On the other hand, the cutaneous superoxide dismutase and catalase activities in liver damaged animals were
significantly respectively(p<0.0S, p<0.001), decreased by toluene application to the skin compared with control
and especially the former enzyme activity was significantty decreased(p<0.01), compared with that of liver
damaged rate rat but glutathione peroxidase, glutathione-S-transferase activities were not significantly different
from those of the control or liver damaged rats. Futhermore, the reduced gluathione content of skin was also
significantly decreased by toluene application to the liver damaged animals.

In conclusion, the great deposits of cerrous peroxide and ultramorphological changes in skin tissue of liver
damaged animals by toluene application may be responsible for the oxygen free radical.

Keywords : Skin, Oxygen free radical, Toluene, CCls induced liver damage, Rat
0 A At? 53] 454 9 &4
A B RFe g ZAA Fd, shehEA, B

BEE gl sl opr|Ev iR

I.M B

n —{n‘.
S

AT Aag) Wl e AdseEe QA%
2 ole] 7hd AWo] FE 1 glon, 58] el
% A Qo1 Shetgdel A9 s Al
A8 BAZ HESIL 9lo] S REA] ohe BRI
240 % gl AAolchY

ARH 2 IFA ABL MY, e, 4%

SEREE

& A1l 92 ol g5 7 9 A7 8ARA 1
g4l Q35w

XE rlo

s}et-E2lof
Zl1g ko 3k dm™o] 17007 RamazziniZ}
Azl tiated B3 oy L A
A=) 93te] 4tgslatEe] ofsh u]A gk o
ato] HuEo] ghtt? o5 AlgetEd = toluene

Lo 1A, -@%7419'10’,

39 FWY SO A AP0 R Qsto] 27

'Corresponding author : Department of Pubilc Health,
Keimyung University, Taegu 704-701, Korea.

Tel : 053-580-5230, Fax : 053-580-5164

E-mail : jky @kmucc.keimyoung.ac.kr

22

}_@7_"11,12) I;Q Zl__é\_/byls,m)_% 01:7]}\}7]_\5 Zﬂgi OEL
A 9tk £3] toluened 52 3349] T of of
& oy 2ARATHY Ant glovt Hege A



7

Qe e A= ol 7h4] Ewgsich 28lx 953
gho] faiataol 7118k ke = A9 3} toluene
AE A o] %%H'&i«] LA o Oéfé% i
Zxof] 2%t
SRy ]ZJ_ RAoR Adrt Ei l IR
W AR DA go] gl Ao
a7 =3 zhaAgy) WAz B
:l' w_‘ojc‘qi 7]_g H]_?lotqlé%zl) 51;1;“ =22)
< CClyel @)% 7¥+“/\l TR zA o Faatae] 9
3 HREAo] 2ES Hudglt IR e
A m R tolueneol ZzE o 579 5ol A
i Ao A7 EY, o Lo] AEEhEde] o
VAol sle A Ak di7) e ssAdol Sl
v AEFNA -SR] gie) o)F FEA
o 27} 977 st Jag njE Aoz Ay
Zreeh wpeka] oo tigh o] A F AAlste ¢
gto 2 CCloll 83t A5 RadEsE2 o
ol toluene S E¥E3l0] o) WS A3
2 9t ols Ao E A7
} ] A= CClell 28t 7HE=2A] toluene s
g ER A & AEE AR dnALe
2star of of IR o Fejsta Wl AS
T oiX} AE e E g A g tEe] oxygen

Pﬂil-ﬂ

radical®} tirtel] #odh= BABAE SA 3] o]

519298 4 B Bk
o & Mz 3 el

1. dessE ¥ AMA

EE5-2 A% 200 g Q9 A4 77338 Sprague
=Dawley F2] = AFHE AlFolA] FUF 5 EAIR
oAt AE) &t BS T83] FE3HEA AR
A 1Y BEAIA Ao Argsilch 2 Ag 2L
)27, CClLi(99.5%, Junsel) Fo1T 4 CCly T &
toluene (99%, Yakuri) £ 08 Ztzt 7olejd B
glg sholon AFVE B3 AR Y e AF
Aol FFEARTLAIEA 5= 255 1CE G5k

2219 S 2= CCLE olive oil 1:1 £
o] Rubin 9] W Fa A% 100 g
mf*’— AT 7} 14vlg]e 2 7tH o2 63
27 U Sk a8l z CCLE A X8k 140t

o] AT E T 7rkee] T ARl de 72
03 Z5d3 o F 35 ml9) toluened 5497 A

TZX3H ek ol toluene?] F)2-g wHA817] 98t

F @5 EolA Toluened 3554 23

-
Tl

Hiroshi® #%¥¢ 93t} O-ring?] &
S &3

toluene =X Aof A Za B2 toluene
A7 3 wojyich

FTEY AR a4 Y0 4 T HEE TEisky
A ATl AAE = UES *]71_}& 2435t &
B2 93t ether vH st B3 AF54S et A
E?i ERgsHozSH Zﬂgo]"’% AFAL A7)
C AN ETrE e ot e #F3
Oi| 141°ﬂ Folls S AAg g FE3H3ith
A %3} e a4 BT 54 9 gz A8 AL

o o

—loil il

Sl 12 718409 B45 A B
/R]Oﬂ"*i 17(1_4 _Ltac’ 1:_},_ 1:]._% 3
5l 1 @l AArl ALgatt.

2. EAANES| ZTH|

Azt 0 22 K& FH3lo] 42} 0.25 M
sucrose-& -8 7}sto] ®gsle]l bio—homogenizer
(M 133/1281-0) 2 vifstsitt. o] vialgd
(20% w/v)S 600X gollA 1087 daielste] &
9 winp R 1S AA S th, ASAE 10,000X g
oA 20&3F 448 st &, A mitocondria -
g A1 7 AFAL 105000 gollA 1417 Tt

Z 952 (Hitachi SCR20BB ¥ 709—72) 3}
microsome % cytosol #3072 2|33t}

Cytosol ¥&-2 xanthine oxidase (XO), gluta—
thione peroxidase(GPx), glutathione S-—
transferase (GST), superoxide dismutase (SOD) &
A &3 AM319 29 mitochondria #3&
catalase &3, microsome ¥ cytochrome
P450(CYP) &#57g ol AHg-aH3t
3

=

JI)I-

C,«)
tol-
_ mk‘,
N 0z

-4—'7’* | % catalase 8492 Ho0: BHNAHEE =
ot Aeb14 HPE2) GPx 8432 71A Q) FAtskse
29 A|A o] &= 43} glutathioneS A7)
=t 2% NADPHY 38 =45= Pagliad}
Valentine®] %% GSTY 7122 1—chloro~2,4—
dinitrobenzene¥} glutathioned] THAETE =343}
= Habig 9] 9827, X0 842 7149] xanthine
2 HE AEE wite] g8 731 Stirpes}
Della Corte] W#® el Z=813ict. 28]1 SOD 84
< hematoxylin AH5413}e] AAATE SH3=
Martin 59 WH*Pe] Fal910on SHE dY=

Korean Journal of Environmental Health Society, Vol. 27(2)



2 A - o1 - &FS - ol8Y - 2HS

hematoxylin®] A5AF+E 50% AA st IS
lunit2 YeRSich

4. CYP EH FH

CYPY & 24L& Omura9} Sato?] W30 &
5to] 450~490 nmeollX FHFEE zto]& CYP-CO
complexoll 9J&t &34 o 7 st1 CYP-CO com—
plex? EAEZ AT (e =91 mM lem ) E o] &3}
o] CYP?] & AAEFSIth Microsome?] CYP g
2 G | mg @ nmoleE EA) 83T}

5 I§ ZZ GSH &ak 53

GSH$] #%- Ellman®) "% o] wa} vy
sulfhydryl groupZ 5,5—dithiobis (2—nitrobenzoic
acid) (99.7%, Sigma) 2 WMA|A 412 nmellA] v A
ettt GSHY &% dfle 2t 238 1g %9

pgmoleZ YeERJ T},

g A Lowry 59 2P #3519
bovine serum albumin(99%, Sigma)= EFFOF

sol Z3snh

7. ¢t ARAAMe 02 2FO| D|MFR Y HOp
S ety S
A FEES etherZ vpHAIZ] & HulgHez A

Y3t A8AL A7) F o R A deE @
FAIFET 2 232 A& FA] 10% neutral buffered
formalin (99%, Junsei) ol ZAAIZ B, =4, B
A& AA setdel Eofstsich EojE 235 4
m FAE A#E3e] hematoxylin(99%, Sigma) I}
eosin(99%, Sigma) 0.2 M3 vt} Fetdv]H
(BH-2, Olympus) ©.& #3131t}

B2 A9 w|MFEe} HOp B3NS B2s
7] gt B R4S HE A Ak, AEzA
o] A= 2 5% glutaraldehyde (0.1 M .phosphate
buffer pH 7.4)¢ 1% osmium teproxide (0.1 M
phosphate buffer pH 7.4) & o]|Z 31 A7t}
Alcohol—propylene oxide Al¥9 % 1@ 2 =7}
ke Fxel Mt @3t ths, epoxy resin®l Eol
sttt e 242 dFEA7]3 60~70 nmE
ZHPA HE o} (Reichert supernova, Reichert)
uranyl acetate®} lead citrate(99%, Junsed) & ©|5
FAs & T ad )7 (Hitachi H-600) 8.2 &
Zstart.

MAzAL YA = A-4 S4] 20 mM cerium

-

chloride, 10 mM 3—amino—1,2,4—triazole, 0.1 M
tris—maleate buffer (pH 7.5), 7% sucrose, 0.0002
% triton X—1002.2 ZAE 71| @131, 37Tl
Al 1AZE BEEAIZT Whgo] B 2AE 0.1 M
tris—maleate buffer (pH 7.5)¢} 0.1 M sodium
cacodylate buffer (pH 7.4) & Z}2} AH8| 2 A3 &
1% osmium tetroxide 17 3 T} 9] 9} 7+ HEA|
Yoy g, ), T, AAL 7S] uranyl
acetate Bt} TRAAATA 0.2 BRI

8. AN AN

ol4ke) et E vlojEl el g wE
2 ZIAST o83 FAIAEE Student’s t—
test™¥ 2 3} 00 9] $5& 0.05 ©)8t= stk

n. & a}
1. CCly F0{0f 2|8t Ztet 2E S22 X
AF el CCLE FoAaE ™, 2 A2 vjchel g

A TR TR0 AZIALe} AHA o] A &
A5 glon], 223 @] #AHH Fig. 1.

Fig. 1. Liver tissue in CCls-treated group:Centrilobular
necrosis with cell hypertrophy and local congestion in
hepatic lobules were noted. C: central vein, P: portal
vein, H&E stain, scale bar=100 (m.
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Fig. 2. Skin tissue in normal group : a) The cellular structure
was intact. Epidermal cells consist of 3 ~4 layers and
adhered with adjacent cells by desmosome. Arrowhead
: basement membrane, Arrow : desmo-some, uranyl
acetate and lead citrate stain, scale bar =4 .

CCl FATY o ATEE h2TH FABIE
o, AL 7)Aokl gH 0 HslFol
Fsio] YROH, 71AF e ATE Heo] B2 U4
oz Az o] 4 A95le] ol waw
3~4%0] FHAYT AFAY Azt B 4
A1) ez 221310k Fig, 30).

Fig. 3. Skin tissue in CCls-treated group : a) The cellular
structure was intact like normal cell. Arrow :
basement membrane, K : keratin, uranyl actate and
lead citrate stain, scale bar =2.9 ym.

CCly §0§ ¥ toluene ZET 2 41 F& A|X|d}=
Z1Aeke & BA=e] glglon), gHE Aeel S
& gekEy 293 )l i Ee] o ﬂi"ﬂ?}
ot SHA T ZIA A 2SS HEle PAE] BHoR
=] e} (Fig. 4a). :

Fig. 4. Skin tissue in toluene application to CCls-pretreated
group : a) Granular cells, keratinized cells and keratin
layer detached from basal cells. Lipid droplets were
found in the cytoplasm of epidermal cells. Arrowhead

ol A Toluened] I|H=A4 25

: basement membrane, Arrows : space of epithelial cell
detachment, Asterisk : apical surface, uranyl acetate and
lead citrate stain, scale bar =2.5 um.

3. T § X3 H0; localization2| Ml ESHEHE 2HEt

272 HeO2 BHE AHE2! cerrous perhydroxide
FHFo| 71Tl At T AHEY] AEHH B
o #gox x| o wh-gdFE okt
%t} (Fig. 2b).

Fig. 2. Skin tissue in normal group : b) Deposits of cerrous
perhydroxide reacted with hydrogen peroxide were
found in the intercellular spaces of basal cells.
Arrow:cerrous perhydroxide deposit, uranyl acetate
stain, scale bar=2.5 ym.

CCly FoIZE #7el $I7t F2 7142
23|34 #35eHFig. 3b).

Fig. 3. Skin tissue in CCls-treated group : b) Deposits of
cerrous perhydroxide were found in the dermis and in
the basement membrane. Arrow: basement
membrane, uranyl acetate stain, scale bar=1.7 un.

CCly o T toluene T FEXE o= 7| HAHE
o) -3} 71 A a8l %_j—]% ] FALASHA EE

skaL 3110w REg-Fd meg 2kl th(Fig. 4b).

Korean Journal of Environmental Health Society, Vol. 27(2)



26 A - o1 - 8%

Fig. 4. Skin tissue in toluene application to CCly-pretreated
group : b) Deposits of cerrous perhydroxide were
found in the intercellular spaces of epithelial cells, in
the basement membrane, and in the dermis. Arrow:
cerrous perhydroxide deposit, uranyl acetate stain,
scale bar=1.7 (.
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Fig. 5. Effect of the toluene application to rat skin on
cutaneous CYP content and XO activity
Each bar represents the mean £ S.E. of 7 rats and
expresses as the relative percentage(%) to the control.
¥ ; Significantly different from the control p<0.05
[ ; Control [ ; CCly4 treated group

B ; Toluene application to CCls pretreated group
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Fig. 6. Effect of the toluene application to rat skin on the
cutaneous oxygen free radical scavenging enzyme
activities Other abbreviations are the same as in Fig. 5.
a. Significantly different from the control *p<0.05,

**p<0.01, ***p<0.001
®. Significantly different from the control **p<0.01
O ; Control [ ; CCly treated group
I ; Toluene application to CCl4 pretreated group
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Fig. 7. Effect of toluene application to rat skin on cutaneous
GSH content Other abbreviations are the same as in
Fig. 5.
. Significantly different from the control *p<0.05
Y. Significantly different from the control **p<0.01
[J; Control [l ; CCH4 treated group
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