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ABSTRACT. 1,3-Dichloro-2-propanol (1,3-DCP) is known as chloride chemicals and causes severe
hepatotoxic agent. The Ito cells and Kupffer's cells of the liver in the 5 old F344 Rats were exposed to
1,3-DCP gas chamber for 6 hours/ a day, 5 days/ a week, and 13 weeks, in the 0, 5, 20, 80 ppm,
respectively. After then the body weights, liver weights, and relative liver weight to body weight were
measured, and the hepatic tissues were prepared by the routine and Immunostain method, and
observed by the LM, and EM. In the results, there were severe body weight decrease (p<0.05) in the
80 ppm of the male and female rats. The relative liver weights to the body weight were increased
relate with exposed 1,3-DCP concentration (P<0.001). Inflammatory cells, infiltration was observed at
the perivascular area in the 20 ppm exposed group, and bilirubin pigment infiltration, bile duct hyper-
plasia, inflammation hepatocytic necrosis, fibrosis were observed in the 80 ppm exposure group. In
the 80 ppm exposure group, disarrangement of the endothelial cells, erythrocytes and hepatic cell
fragment in the Disse space and numerous migration macrophages were observed in the necrotic
area by EM observation. In the immunostained hepatic tissues positive stained ED1 cells were
extremely increased (P<0.05) in central vein area, but ED2 was weakly positive immunostained in the
80 ppm exposed group. Immunostained desmin was observed in the Ito cell. it was no difference in
the low and medium exposed group but it was typical increase in the necrotic area. In conclusion,
These results suggest that NOAEL of 1,3-DCP may be 5ppm in rats and the Immunostained of
desmin, ED1 and ED2 positive cells activated in the inflammatory liver were related to the exposure
volume and density. The increase of the Ito cells were related to the severe phagocytosis of the
Kupffer's cells.

Keywords: 1,3-DCP, Inhalation, Liver, Ito cell, Kupffer cell.

Correspondence to: Moo-Kang Kim, Department of Veteri-
nary Histology, College of Veterinary Medicine, Chungnam
National University, Daejeon 305-764, Korea

E-mail: mgkim@cnu.ac.kr

141



142 S.-H. Kim et al.

Mo

tEZ2 223l (Dichloropropanols; DCPs)e A4
A, HJE A, &9 Dast T Fo] Azl Mg
=™ (Budavari et a/, 1989) 4 %01]?\1‘“ Eat g
oM A% FAELE A& 23S 2 (L'Huillier
et al, 2002) 1,3-Dich|oro-2-propanol(1,3—DCP)9‘r 2.3
Dichloro-1-propanol(2,3-DCP)e] F 71x] o] A3&A7F <)
tHFujishiro et a/, 1994).

1991l DCPs 34 &322 Hisld 5 Heo =4}
7t FAZEA SR AlRchE ARde] B H F(lwasa
et al, 1992) o] 249 =49 sl 4L 7IAA FA
th. DCPs9] o]4#84] % 1,3DCPE #=ol] LDy,el 1/2
Fe T3 R Foist Ax F4)3 7} *o“’] LE}
O ™(Haratake er a/, 1993) A= < 1,3DCP
E Jst = oz Fo3s u 7&*11334/\}7P A7
Th= W7} AoHFry et a/, 1999). 28] DCPs¢] ©]4
ZAA 1,3-DCP} 2,3-DCPE H=ol 50 mg/kgs T3]
oAt 3 5 AU WselE 2AE A3 13-
DCP AHAFNME 647+ Fol transaminase’} A3
S7HEAR, E43 7 asigl o] FEAs 2k it
7b Ak vk, 2,3-DCP ARl M e ojust 7hz3)
Hsle BHolx] Q9t7] wEol(Haratake et al, 1993;
Fujishiro et a/, 1994) 1,3-DCP} 2,3-DCP7} 73l w]x]
= N diEiM= AR BAE 2lolrt Ye Ao=
A=A}, ZHOZ DCPsE ARESHE A A A=
1,3-DCPel| #3F 28t #e)ot 222 A7) o

g B34, 45 mUEYo] Wed Bz AEY
ik,
e AAAE MAAAER VR AL EE 2

Aol Bl AZN Tl = FREYRADS WA E, HE
FAMEZ L FHME), Ito Al E(perisinusoidal cell =
< fatstoring cell) 5°] TgHo] Ut} Ito FTE F=
DissedZF el EAlet, 7t xRt A2 dert &
Aol dAFe] W X Ut o MERS A
Al FMEL ey X Hubeke-Se Z5HE Qom, oura
2 AR 2ARRNME B oEAT 274 A
@2l desming Uﬂoﬂzz‘ﬁ}@—,d %‘?QP_E =R
| 4A A = dth(Yokoi et a
1986). FHA L= WM EATe]o) —T—E J Ho}l 9}2‘11,
AL BEE 74 A7 398 we ;ng,] REL=
olg MAdnAoR HFIH RS %
A, ié‘.%ﬁﬂ’\ﬂ] Zo] S= Bl &

—ﬂ*ﬂ + ED13} ED29 dedA] |
T {Dijkstra et a/, 198b).

¥l n vitro AFA Ito A ETF AEL 7]A thia
< AN F Jdu si¥ev(Arenson et al, 1988;
Geerts et a/, 1989), 1213t 4 FA47 g 74k
Al lto A Z2RE 7ke] dHatgAdol A = doke A
S FH AF% JukBissell et a/, 1990; Gressmer
et al, 1990; Milani et a/, 1990). = ¢ 13—DCP—‘§* B
= B7RJo) LDkl 12802 ©h] T3k 3 AN
5 AR A F47 E4A Aol e gelEo)
S7HIAAL 2 v FHA 7L ZUEETEA 017 o] o Al
EE BHSAA X ARET 2" 7 2750l A
F37F oy Af-dus B30} tHHaratake et al,

FEd vk o] @A7EA 7ol wX)= DCPse] %

&S 7] g A7) Bol o|Rojxgton 2159 EH
Fol B, By AT B S 93k Aol 2y
L oA 7] AAZ AdFE gl et TLE AejollA o,
F, & 7T ERS w2 7k 24 Wil usk a9
© BE v Qivh b 2 Ao e et 7
& 3 AJHEA ¢ 1,3-DCPE 714 srdg B
@—ﬁroa U AAA A F de 1A, B3]

.ﬂw

0 ATt FHA LS Wsle B2

[—=]
AUFRE U5 247} 570 SN RA Fad4
=2 SLC Japarel 2% 2} 1092 G F

7.1 g. o;ag 129.3i4.5 gO]ME}. & 259 R
Ao w&to P#F/l the] <44 (inhalation
chamber 534 2= lO]Z]E ARgeld W, FEE
2 7k e '1*9‘0}95\3”1 AR 2 S5 AEA A
HAATH ARERAL 25 22 + 3°C, AIEE 50 + 20%
(& AMEER Fo] A= A9l), @784 12~153] /A1 7},
ZF% 160~300 Lux® 12A17H A 8A~9.%F 8Ajo=
GLP A7)0l gi3eo] A8t

AlEEE ¢ &4y

AlEEZL2 1,3-DCP(Acros Organics)E ARS-81% .00
= W2 gas generator(G.C)E o]&sle] ANFEFLS
7IE(40°CP7 137 & A S HAH I TFANA A
FEER 2HT F IYAMIE FFele] AFFE
Z72 Hepa filter 2 2% 23&
E ARSI AEEES T
7} 6, 20, 80 ppme] 3DAR k= 7+ 109}



Hepatic Tissue Changes by the 1,3-Dichloropropanol Inhalation in the Rat 143

dE 3 2o 2 & gontEE ARRElgon, AEER T
o717k 1Y BAIZE, F 5, 1357ke =2 st

7tA =E FE S 1Y Ao, 2 d A9
S COE AYANA /iEstL HFsdezRy Y
g 5 S Hel TS SHBAT S E A g

Z21 & AHHstd 10% 54 formalin & 3783}
A paraffine] Eujsle] Hematoxylin® Eosin G48-&
sto] 2] AP EE A n| g oz A

O{od X XIS|8kN Z4A}

i R | =]

A xA3eks ZALE fjste] golsle A 4y
£ 4% paraformaldehyded] 24A7F 343 & AL
A& FHagslr] f8le] 30% sucorsed el 7 %F o]
8] THERRE w7k AAAZAY. HAHE 7 24E
W2 7)(Reichert-Jung)s AHE3t] 5umz  zHz}
WEEH gt 70°C WEAd RAsidn. A
WAlA ksl g 2 (endogenous peroxidase)s ]

24317171 $18] 0.1 M PBS(pH 7.4)l 3X3 2%
H,0, &-doj] ZAHHE 1087 A7 v FAksls
a &AL AAS] $18ted 0.1 M PBSZE 1087} 33]
AlBHAT). o]ojA] HIEolA ol ek HARHS-S Hx
st ©eEakA| Y RS SUME & A 1A-AE
A7k PBS £9(0.5% Triton X-100, 10% NGS}l 2
31 4°Coll M 48~72A17F WHg-A7] & PBSE 1087 33]
FAISt ghgo] HXR] 9a ol e 12 A E A A
ATh B Agola] 2 e o) ggt 13} Tl
2 g9 gyFe WRske FHMEE HES] 99
ED1(1:200), WAlslke FHMNEIE HES7] 2130
ED2(1: 100), ito AIXE AZ&3st7] <13 Desmin(1 : 50)
S ARESIHen 23 A9 biotinylated anti-mouse
IgGE 1:2500] HEE FMste] ARSI 23} &
& 4°CollA] 24117 RESAIZI & PBSE ThA] A8k
Avidin-Biotin complex(ABC)E “d2ollx] 2A17F wh-8-A]
FHt. ¥h-g-o] B Fof PBSE A5k DAB(Sigma) &
Now WHARkE Hxo| wE} 51087 TN £
hematoxylinell 182 dlZdA sipen dFgaoz
2rAlA xylene FHAAH L AR consul-mountZ 2

sle] YEREEG A 23T

A

N

L

1=

A Al 4000 i AHlbEo] uk

73 ol8sto] dHAA(1 mmeg A HA P
& At 29 Srkd HEe] 2 2FelA |
& & A3t zone |, zone II, zone IIe] AZE
ARBAT 2 YA A BERRHmean &
SDIE Vet Belrel ToMEE Faig Axe 2
AHolm e Axd =718 vEile & Alxvke W
oz sl

£

%
OLA]

S

=

»

SHEH &Y

A5 B4E M E Sigma Stat EAIZEIYE A}
g3 on, HE FX= B + ZFARE YERAT)
One-way ANOVAE ©]&-3te] tizd APEZ FoL
o] BAEA F9S AARIL 1 F95ES p<0.05
9} p<0.01 528 AZ3sAT).

HAts0[AEE HAt

AAAD| A BFE 95t AR 7k 2FL 1 mmiE
A 22} 4°Ce] 25% glutaraldehyde in 0.1 M PBS
(pH 7.4) &qo] ATAT o3 23& 0.1 M PBS(pH
7.4Y&8) 1087F 23] FABIATE o]olAd 4°Ce 1%
OsO,(osmium tetroxide) &l 1AIZF F3AsE &
0.1 M PBSEl| 108 7+ 28] A8t} =48t slide
£ A543 w59 IF8-93 Propylene oxideZ ¢
£ o FA] FAe] ZujA T BEhe 9 Ayt
Z¥Pd7)(Ultracut UCT, Leica)Z 70 nm¥A] A
oo vbAH-S uranyl acetate?} lead citrate® A=}
3l Aol FAAE U ZH(EM 912 Omega, Carl
Zeiss, Germany)2 o]-&-sto] Zhza A3t}

>

i)
ER A )

ol
o

ult4
|

BAN AEE 7ol Fo D FEo] UiF 0] A
2S5 =435 A Table 1 ¥ Table 2) &<F T& &
Zo| ¥& ooz Zylsiglon,
F RE Eo2o|A tixzdl vls) 4

=



144 S.-H. Kim et al.

360

340
320
300
280 -
2 260
£ ]
g 240—~ 3 :
E 220 T4
] 14
§ 200 4 g/ l/ i
150 A l/ —u— Group 0 (Control)
] i iy —o-—Gorup 1 (5 ppm)
150__ w1,‘;7,g/v --%&-- Group 2 (20 ppm)
o] .%/ —v—Group 3 (80 ppm)
120 = T T 7 " T
0 20 40 60 80 100
Exposed days

Fig. 1. Changes of body weights in male F344 rats inhaled
with 1,3-dichloro-2-propanocl. *; Significant difference at p<
0.05 level.
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Fig. 2. Changes of body weights in female F344 rats
inhaled 1,3-dichloro-2-propanol. *; Significant difference at
p<0.05 level.

Table 1. Liver weight of F344 rats after inhaled 1,3-
Dichloro-2-propanol for 13 weeks
Unit: g

Sex Control 5 ppm 20 ppm 80 ppm

Male 7.89+045 920+0.53 10.57+0.63 10.66+1.20
Female 422+035 5.04+024 586+026 8.05+0.56
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Table 2. Relative liver weights to the body weight of F344 rats after inhaled 1,3-Dichloro-2-propanol for 13 weeks

Unit : mg/100 g B.W.

Sex Control 5 ppm 20 ppm 80 ppm
Male 2693.04 +2.89 3115.22 £ 3.14* 3542.31 £ 3.97* 4264.38 £ 6.39**
Female 2484.71 £4.39 2923.00 + 3.06™ 3367.49 £6.16* 4978.18 + 6.46**

** Significant difference at p<0.01 level, ***; p<0.001.
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Fig. 3. Histopathological lesions of the liver. a : control group; b : normal architecture in low dosage group; ¢ : Lymphoid cell
infiltration a round the central vein (CV) of the intermediate group; d : Hepatic necrosis (Nec), bilirubin pigmentation (B) and
inflammatory cell infiltration in the high dosage group. Bar = 50 um.
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Fig. 4. Positive ED1 immunostain cell control (a~c) and high dosage group (d~f). CV, central vein, P; potal triad. Hematoxylin

counter stain. Bar = 50 um.
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Fig. 5. No. of ED1-positive cells in male rats liver after 1,3-
Dichloro-2-propanol for 13 weeks. *; Significant difference at
p<0.05 level.

Fig. 7. ED2-positive immunostain
counter stain. Bar = 50 um.
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Fig. 6. No. of ED1-positive cells in female rats liver after
1,3-dichloro-2-propanol for 13 weeks. *; Significant difference
at p<0.05 level.
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Fig. 8. Immunohistochemical stain for desmin in the liver. Desmin-positive cells in the centrilobular areas of the liver at control

(a) and high dosage group (b). Bar = 25 um.
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Fig. 9. Erythrocytes (E) near hepatocyte in high dosage. N;
hepatocyte nucleus. Bar =1 um.
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