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1) 1,2-Dichlorobenzene®] &2 A1

1,2-Dichlorobenzene(CAS No. 95-50-1, UN No. 1591, EU No. 202-425-9,
KE No. KE-10066)2 3s}ed  EAe] w2} ortho-dichlorobenzene
(o-dichlorobenzene) =+ o-DCBZ E#7|% &y, FH o2 QEZE-T|F=E
2l o7 7]z},

1,2-Dichlorobenzene-=- sk= A 3} Flgeie=s 3}t E-ol o ZZ 2 al#
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FAuEAAA N ED R A o, etedaey A 71Eske
of oall 4% AR2A 7Rl

H
=]
F 1000LE #e s dvk (PR AEE, 2019).

<¥ 1-1> Dichlorobenzene O| &N S&SE YM TE

313
o 1,2-Dichlorobenzene 1,3-Dichlorobenzene 1,4-Dichlorobenzene
==
o—-Dichlorobenzene; m-Dichlorobenzene; p-Dichlorobenzene;
1,2-DCB; 1,3-DCB; 1,4-DCB;
TAFE o—Chlorophenyl m-Phenylene p—Phenylene
chloride; PDB; dichloride; m-DCB; dichloride; p—-DCB;
o—Dichlorobenzol m-Dichlorobenzol p—Dichlorobenzol
Cl

Cl
oo &
72

Cl
TZ2 CeHiCro CeHaCro CeHaCro
CAS
_ 95-50-1 541-73-1 106-46-7
HE

(AF5: HSDB, 2005; EPA, 2004)
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<¥H 1-2> Dichlorobenzene O|’8& N2 S YUY 5
3} 3t ) . .
o % 1,2-Dichlorobenzene 1,3-Dichlorobenzene 1,4-Dichlorobenzene
=
A% 147.00 147.00 147.00
SR 74 74 21
% Hf oA 3 A e
=3 -16.7 C -248 C 52.7 C
Z2cA 180 C 173 C 174 C
% 1.3059 g/mL 1.2884 g/mL 1.2475 g/mL
H71% = : 0.01 mg/L = - = : 0.003 mg/L
Al 7] : 50 ppm 7] : 0.02 ppm 7] : 15-30 ppm
gl =
145 mg/L 123 mg/L 79 mg/L
(&)
Ll 739 C - 739 C
W34 1 mg/m’ = 0166 ppm 1 mg/m® = 0.166 ppm 1 mg/m’ = 0.166 ppm
T 1 ppm = 6.01 mg/m®> 1 ppm = 6.01 mg/m® 1 ppm = 6.01 mg/m’

(Zk5: HSDB, 2005; EPA, 2004)
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1,2-Dichlorobenzene 3t AHY FofollA fuj2A o] g¥Tia delA]
2t 12-Dichlorobenzenes A% o dg A o]
34-dichloroaniline®] A4to] F== o]&¥mH 7]E} AxAe 7]E A=w; X
A, 47, 52 a5 od " olABES &4 AFA 55, Vs, Tol, =
olZgY, HE AW, EA=E 12 AAA BH d A HJE HIb
Al o= o]gHrt (EPA, 2004)

) A4k 3o &
g ol ol&; =E5 FEHA H 237 F5A, A, s wEE 4
& B2Y B4 AAE T 8,
HHF459] qsteR o8 W 5
W2l W R ES SRk AT Y Wk o] AE; 3 4-dichloroaniline 52

) o

2 A vk (A<, 2005).
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%141/] 45 1,2- Dichlorobenzene% A7 Ailsle GAE Sl AeE B
Hau ok F2 dE 59 oA FYste] Abgske dlew, 2006 2
ATEIA 7|E, ARG 10714 2 7F d%2 126308 HIiHS]
ok (949, 2005) 20149 ErEAGEZ ALY W2 A7 GEZHx 2

oS

THFANN F=F AL °F 516

) 9] AAR-A}L-EF
oH9H 87 20008 AF V1o 2 mmol A e A 1975 24,700-E
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A 1993 15800 = 0= FHAs Ao ® Ueky O H(EPA, 2004),

2 B A =<1 REACH(Registration, Evaluation, Authorization and Restriction
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1T} (ECHA, 2019)
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(2) =& 7+

T 2 o] digg 7|#elA 25 ppmz A EH T =E7]) = (Time
weighted average, TWA)o] LAJEo] glow wA7F=Z7]5(Short term
exposure limit, STEL) ¥ #i11x%%%(Ceiling limits, CEIL)2 50 ppmo &
delA ok Fa F H RE27ES <HE 140 =2 YR

<H 1-4> 2N =8 2IE

71#0E) = 7E
T 28T E LA 25 ppm TWA
(#2016-41) 50 ppm STEL

25 ppm TWA
ACGIH (TLV) 50 ppm STEL
NIOSH (REL) 50 ppm CEIL
OSHA(PEL) 50 ppm CEIL

5) 479 BeA

1,2-Dichlorobenzenes %% =% <24 4 Akeky] ##d »=Z7])F 2 2
A A A7 5 19, FEEd FAAAY B 9993 AldEE
A7 3le] Aol o3 FU=A ATFAHY 2018 BIA FASHAE =2
2 AAFEY  drk Iy Ay B4 fiEdE (A"
14-dichlorobenzene 5 o] & Ao Hl&] LdHR ZAlo] A Ax & A&



8 ... 87|8x(1,2-Dichlorobenzene)2| &7t S4%Xt0] 8 AR

of Blal] =471del gk A7 Aof, F7HAA AE7F Hagh AAo|rh T
o] A A9 14-dichlorobenzenes W+H] oAz FAlu A 7] 5ol 4 it
= A defA 9lom(SC, 2002), dichlorobenzene ol tis] H= 2 w}

O
F20 DAEE o] &7 in vitro EatAL A A3t A A o] Ao

7} = Ao g Bago] gltk (NICNAS, 2001).

ofof wa} WA *1@% A3t F=9 obu A B ool FUEAEAEY #
A Anp 2E/AE AJol7b A AR oaHM AT AAE nigor IFE
O AR B AR 2ARE A 7RA AR E Aibete] s 58
=245 AHE 2 fEste A9 9 9/ SEAE S 54 #d 3
BEE AT F U o2 A74dn
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S 98 AFE¥ 1,2-Dichlorobenzene®] AHE= <FE 2-1>0 A8}

Atk
<H 2-1> Al Sz ¥
A& E4 (1,2-Dichlorobenzene)
A Ak SAMCHUN Pure chemical Co., LTD
Lot No 010917, 152016,
S 99.85%, 99.84%
=7 AL By
2) A= g nerE o] 83 FUFHAE
(D AFA 2 A T4
e 9 vk

B SLCA} (Japan SLC, Sjizuoka ]apan)oﬂ A AAakE EA
A A 54| (SPF, Specific pathogen free) 5%

YA FE (Central Lab.
Animal Inc., Seoul, Korea)S =& ui3tad l'/]r P=9] 79 Fisher344/NSlc
A= B AQIste] AFEea, A9 2 3}7]7F Fotol= 3vkeE] olstE EHEA

EA01A (W310 x L500 x H200 mm)oll A AMSala w=27|7ko= 1ok 6
A2 Aol (W240 x L1200 x H200 mm)oll +&3to] A3tk Al 7t
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npx o] ZALE AEFESE 1PALE (Teklad Certified Irradiated Global 18%
Protein Rodent Diet 2918C, ENVIGO RMS Inc., US.A)E A+ w559 oH,
= ARk ARl fFedddAE SRS drEaE AaETdch
nhg-2~9] 7% B6C3F1/Sle nh-2~5 A3l o] &35t H9 2 37|t &
oto| = 3ulg] o]stz EHe|AdEA 1A (W145 x L290 x H140 mm)ol A A}5-3}
a1 =F7)0e = 1vkey 29 12494 E PHIOIX] (W220 x 1600 x H150 mm)ol
A AL, AR B Sre dus) FAS) RO, 1 vE U 7

TAL <7 2-2>9 iwé}%ﬁk

A]
é}
o

lﬂ

<H 2-2> A2 78 % E T

ANESF AEA T = (ppm) 44 TESF
Control 0 M/F 5/5
F344 T1 50 M/F 5/5
(A= T2 150 M/F 5/5
ob A T3 450 M/F 5/5
(28<) Control 0 M/F 5/5
B6C3F1 T1 50 M/F 5/5
(Ph-5-22) T2 150 M/F 5/5
T3 450 M/F 5/5
Control 0 M/F 10/10
F344 T1 30 M/F 10/10
(A= T2 100 M/F 10/10
obuk A T3 300 M/F 10/10
(904) Control 0 M/F 10/10
B6C3F1 T1 30 M/F 10/10
(PF-5-2=) T2 60 M/F 10/10

T3 120 M/F 10/10
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Sample preduction
equipment

(Generation system)

Clean air production

—+» | Aspirator —

equipment i
quip Sample supplier
' I
Temp . Humidity controller Concentration
contraller

(Monitoring system)

L 4 Chamber operating
—" |_|__|_| Concentration(test article)
Environmental condition

Air
(Exhaust system)
Exha‘ust Filtljftreat Hazardaus article Exha‘ust
unit eqguipment collection equipment unit
Water

[0S 2-2] ZUA|SH iy U L E TAT

(isoflurane) 22 &< vhH sl &
HFH Adds AFH AlRR o]&3

B A7<GE 2-4>0o E) FAES A
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<H 2-4> SE¥ A€ 2A T &
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ng =24 (90¢, "t§= 71FE)

Abnormal lesions(5-¢F2 HH)

Adrenals(F-41)=
Animal ID(Z) A H &)
Aorta(d] 5 ™)

Bone marrow(F4*)
Brain (] )*
Cecum ("8 7)
Colon(Z %)
Duodenum(4 ©1 A )
Epididymides(F-31.3}F)x*
Esophagus(2] =
Eyes(St+)
Femur(t & =)
Harderian glands(&}& A1)
Heart(4] 7)*
lleum(2] )
Jejunum(Z7)
Kidneys(2174)*
Larynx(%5)
Liver(7})/Gall bladder(¥d)*
Lung (#])*

Lymph node, tracheobronchial(7] 27 #4A] #l =

Lymph node, mesenteric(Z7r =4

Mammary gland(-41)
Nasal cavity(®]7)
Optic nerves(A| A7)

Ovaries(id4)*

Pancreas(3 %)
Parathyroids(3-7F4H4)
Pituitary (3] 3}4= A1)
Prostate(Z 9 41)
Rectum(#] %)

Salivary glands, submandibular(}a}41)
Salivary glands, sublingual(4&}41)
Salivary glands, parotid(©]&}41)
Sciatic nerve(F&4174)
Seminal vesicles(% )
Skeletal muscle(Z 2 )
Skin(7] )

Spinal cords(# <)
Spleen(H] )
Sternum(&&)

Stifle joint(£%4)
Stomach($])

Teeth(X] o})
Testes(L%h)*
Thymus(F4)*
Thyroids(7}H734)
Tongue(3)
Trachea(7]3})

Urinary bladder(}3%)
Uterus(A}3")=*

Vagina(3)

A =4 47
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) A= 4

AHs dAS Pty AAE

o

EDTA-2K X+ 32%
| Fool dol 7§28 A

ol
ol FH (SST tube)oll ¥, Ao 305
000 pm, 10%)6‘}0% A s Sk e

ol
=

24 2

[0

5]:_—:_]: EOO

S =S
sodium citrate”} ¥3Hd &3 WA & o
I ¢l A

dol ) AP g WG Bl GAF ARES HAE] Y8 A s
2171(ADVIA2120i hematology analyzer (Siemens, Germany)ZS ©]-&3] A&}
ack BA gEo <F 2-5>0 FAEFIL

<HE 2-5> WAUN ZA B4 YS

Hematology Parameters

=7

W& -4~ (Total leukocyte count, WBC) & & 74 (Erythrocyte count, RBC)
3

WA A & T (Reticulocyte count, RET) & A 2 #F(Hemoglobin, HGB)
Wy 7 4~ (WBC differential count) & v} E 2. 2] E | (Hematocrit, HCT)
d 2 7<= (Platelet count, PLT)

o,
A
)

& -8 % (Mean corpuscular volume, MCV)

HAd e 2 F 2 ZF(Mean corpuscular hemoglobin, MCH)a
B AE T3 2215 =(Mean corpuscular hemoglobin concentration, MCHC)




(3) dHAs}etx AL
goAststa Al Hole dyow gt y] (Toshiba 120FR
23 <IZ 2-6>9 3o

i
o,

Neo Chemistry analyzer, Toshiba Co., Japan)&
sl sk

<E 2-6> QAYOINN ZHAIO| BN Y=

Clinical Chemistry Parameters

3 (Glucose, GLU) 2] 4 (Total bilirubin, TBIL)

O

&l ol @ A& 4 (Blood urea nitrogen, BUN) Z+& (Potassium, K)
Z i (Total protein, TP) 7}

+Calcium, Ca)
B

&9 (Albumin, ALB) (Chloride, Cl)
A o}E] I (Creatinine, CREA) 7] ¢l(Inorganic phosphorus, IP)
ZZ ¢ 2~H=(Total cholesterol, TCHO) L E FSodium, Na)

E#] 2 g Aleto] =(Triglyceride, TG)

Ay /25 H| L (Albumin/globulin ratio, A/G ratio)

o}yl o] E o}n] 7] A o] § A (Aspartate aminotransferase, AST)
odehd o} 7] A o] 4 (Alanine aminotransferase, ALT)

&Ze}l ¥~ 34| (Alkaline phosphatase, ALP)

ol
A7 (ELITE coagulatwn analyzer, Instrumentation Laboratory,
USA)E o] &3ttt &4 &5 <F 2-7>¢ FAIsH T
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<H 2-7> gug

sl ALY 2

Al

F
SRTE

[e]

Coagulation Parameters

J Al 7H(Prothrombin time, PT)

IRER
HESAE 2B Zal~- A 7H Activated partial thromboplastin time, APTT)
) HlolEl ¢ 4
gl AlgolA FE dolHE w3 Bt (mean)¥ XFHAF (Standard
deviation, SD)E EA|Zl o ZAEA L Bartlett test 2 Levene AAS o] &
sto]  SEA AARES AN SR dHolHE  dYmAEAREY
(ANOVA)°o. &2 Hglata, w3+ o] Dunnett’s test® wA3Hth SEAHS
test® #7438k, 7ol U= 479

=

o] &= Kruskal-Willis
Dunn’s Rank Sum testZ

oA e

w3t Apeol=

o]

operating procedure)©l| 3 FHAE 4

Astel mA RS AT 24 %
g ol g3 A EES WET
A% (Praffin infiltraton) A4S AA
Leica, Germany)ol A A 33 =79 =2 o] &

S uf7]

&3 24

5249703

skt

(SOP, Standard

1 s52E =2 6ARF o)

A =12]7] (Tissue processor, Leica, Germany)
$18] &<+ (Dehydration) - ™ (Clearing) -

(Tissue embedding center,

) B2ow wson



) gt E5of vkl

Wl H4 7] (Tissue microtome, Leica, Germany)E ©]&3f 3 ~4
A& setaE5S oA gepbd 5 vbdyd o 278 ez 9
frejedtol =l &8 AxzAZ T

o

_

(3) A =tol=o] A (Lvrd )
AHE A A%8-217] (Automatic stainer, DAKO, Denmark)E ©]-&3}9] o A&
® Al 9K(Hematoxylin, Eosin ¥ %4A)S A5 5907] dgow AdyE
AekS AFE3FTE (Dako hematoxylin, CS700; Dako FEosin, CS701; Dako
mounting medium, CS703; DAKO, Denmark). @v]74d AFS ¢35 44 &2
oj|=9] AAE: vhEdt 2 dAAR Wkl 1d 2-3]

[d2 2-3] THYAZA S2A0|SQ| VB UMWY MY DAE
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(4) %4

e
=T

=y

N

ghol=o] AN (5494)
| (Ventana BenchMark Special Stains, Roche, USA)E ©]-&3}%)

AOHESGA JE @ BYA)E Erd 2 A7) A

HE= A2RS ARSI (Trichrome staining kit, 860-031, Roche,
USA; Dako mounting medium, CS703, DAKO, Denmark). &n|72% EXS
et G Eefolmo A thE¥ T2 AAE APk dE 2-4]

o
hs)
= o
ofo
) =

o
]o
E

Bouin’s solution BF&

Red/Red2 G 4i(Enhancer Z3})

Phosphomalybdic/phosphotungsticacid B2

|
|
|
|
| |
[ Hematoxylin A/B & AH l
|
|
|
|

|
CH Z=(Aniline blue) &AM l
|

ol
ro

n
1>
14
1z
1=
ol
L
144
H
1z
H1

[O& 2-4] ==EZAI S2t0|=9



5) AAAZ] W 54 T 714

(1) AA A= FH
Aol AHE-sH7] flete] 0Y FASAA {F2A
= 45 A (¢F 01702g) WEEM-80T) st FHletAo Wsd 2+ 1t
ZS Agd AFH & lysates HHE o]&€3] homogenateE +H|3F &
o] vildES AdAG A @FE7] Y8 BCA assay kit (Pierce™ BCA
Protein Assay Kit, #23227, Thermo Fisher Scientific, IL, USA)E ©¢]&3}o] ©+
Jstanh 71E9] #g e 2 dg A3 2ARE [1F

i i

A. Standard BCA Protein Assay B. BCA-RAC Protein Assay

15/\6]

¥Q
>,

Protocol Summary for BCA Protein Assay - Reducing Agent Compatible

Step 1. Eliminate reducing Step 2, Add 1 ml BCA Step ). Cool samples 5-10 min.  Step 4 Read st 562 nin

agenl interférence Working Reagent &l room téemperalure
& |
e - e e
Incubate incubale
' 15 min at 37°C ' 30 min &t 3IT"C
25 il sample Spectropholomeler

& 25 pl Compatibilily Reagent

[Od& 2-5] Bicinchoninic acid& O|§Tt TiuiEl HFHO| mAIL
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(2) ROS/RNS assay

% ROS/RNS #&itnr #A=E =437 98 OxiSelect" In Vitro
ROS/RNS Assay Kit (Cell biolabs INC., CA, USA)E o]g3dlo] 2dS 3
ek A¥el Qe = [27 2-6]d e EAER FAEIh

DCFH-DiOxyQ ) Non-Fluorescent

Priming
Solution

-__'DCFH-DiOxy.} Non-Fluorescent

Stabilization
Solution

Non-Fluorescent

l ROS / RNS

* Fluorescent

[O8 2-6] /n vitro ROS/RNS assayl] ZBAT




O a7 W8 & &8 .25

(2) MDA % HNE adduct competitive assay
A4 AFsH(Lipid peroxidation) &/2 &9 AlXe] Ax &4S LE
Y= wWiAYSFSZ, MDA, 4-HNE 59 wgA s3tES st
(Barrera et al., 2018). o]} ##HEE tiAl ALE A A RAEES
[29 2-7]e ZEAlkA T

VTV

Polyunsatured fatty acid (LH)
+ Free radicals, i.e. OH=*
|25

L — COOH

0, \/ v \\/ \/ LOOH

Unsatured lipid radical (L B
: ) Lipid

hydroperoxide:

00 e

AVanVan VeV,

Peroxvlradicals (LOO )

¢ OH
VAV Va YaVaVAN

Malondialdehyde (MDA) 4-hydroxy-2-nonenal (HNE)

COOH

[Od& 2-7] HAIMEZM MDA % HNEQ 88 AT
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weby zhzbel 2] dish ©a E

2 o] 83} (OxiSelect™ MDA

Adduct Competitive ELISA kit, Cell Biolabs, INC., USA; OxiSelect™
HNE Adduct Competitive ELISA kit, Cell Biolabs, INC., USA) A&

yakste] HEAMEQ MDA HNEES =Asgd. 2+ 239

H4& < 2-8>°] eI

<E 2-8> X#E

de

LPIE S5 YE

MDA

HNE

1. MDA conjugate”’} Z€ ¥ Z#o]|E ]
welld] A< T+ MDA-BSA %+ 50
uLE #H7F & A0 107 Fot 4
o] Aol Al WG A It}

2. 349 anti-MDA antibody 50 pL2
Zb wellrkel @, glo] Ao Al 7ol A
IAIZE v g ghet.

3. 250 Lo A1 W= 33 Al H g

4. 3)X ¥ 22 antibody-HRP conjugate
100 uLE RE welld] Y o)Al
A 2oz 1AIZF ujFsit,

5. 250 uLe A& ¥R 33 A H3I}.

6. 22 Substrate Solutlon# Zy well
of 100 pL %7} 3 oA 2083+
ol Aol A "G A 1T}

7. Z¢ welldl stop solution 100 uLE ¥
o] &4 WhEE HEh

8. Microplate readerE ©|&3] 450nm
A AIE ZAH

. HNE conjugate”’} ZEH Zgo]E]

welle]l W& %= HNE-BSA %% 50
uLE H7F F A2ellA 10% Et 4

o] A HESA AT

. 34 % anti-HNE antibody 50 ulLZ

Z} wellrbe} @ar, oA A Ao
A 1AIZE wf kgt

. 250 pLeo] AlH W= 33 A)H g}
. 3A% 2% antibody-HRP conjugate

100 e 2E welld] @ 4o]#ql
A o Z 1A uj it

. 250 uLe] Az BH =2 33 A3
. 7&22] Substrate Solutlon# 7t well

ol 100 pL 7} & A20]A 2087
Aol Al A wh-EA .

. Z+ wellell stop solution 100 pLE ¥

of &k WL WErh

. Microplate readerE ©]&3] 450nm

A AdE FAHI




Cx)'i]‘

7NE

Peroxidase/DAB+,
STt

T

&
pud

°

Ao,
Al

A

)
Al
=

3}

25
o]

=

gh3]-g ol (Rapidcal - Immuno,

gol=g A
bel ofels} o]

System,

=

A<

o

;_(1—
st
7

°©

g 5he}ao]

A

=
=

o] A

=

Detection

sl

2ol

=

PN

peroxidase—conjugated polymer

A&
EnVision™

o

=

AL (Immunohistochemistry)
A

(antigen retrieval)

1

o
Of

REAL™
Rabbit/Mouse, K5007, DAKO, Denmark)
4 54

3

)

(1) ¥ =23

!
citrate buffer

BBC Biochemical, USA)
7

(Dako

—~
110

=
=

)

fviel

=K

(Dako REAL™

bl et

S

Al

-
3t

2-9>9]]

hya

EnVision™/HRP, Rabbit/Mouse, DAKO, Denmark)$}

<
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HE-8- Al Z T,
m}) chromogen A : A 3 @Al (Dako REAL™ DAB+

Chromogen, DAKO, Denmark)E ©¢]&3] 22 &2 Dextran coupled

peroxidaseZ 7 & 3t}

) tiz2gA 2 B9 dnpE A g 2gdas HAAS & A, g9,
A9 2 Y FAHS T
<H 2-9> O|§ THA M B=
A} A A ZA AE HS 22t e FE
Cytochrome P450 2E1 Abcam ab28146 Rabbit 1:250
Cytochrome P450 3A4 Abcam ab3572 Rabbit 1:500
anti-rabbit IgG(peroxidased) Dako K5007 - ready to use
(3) A 2 B AZFS gt A4 4
‘?__Mi ZéEiﬂ AFS 98 e FA AW FHE FHALAZ A 5744
eS|

Mo Hylale] AMAre] 73 A & (intensity) S

w44 AN T, SUEE T-442 o

ofo
ol B
o

(Microsoft excel, WA, USA)



1) AW F5 2 A AR

T ZAF Ao wr2W 12-Dichlorobenzenes AWjol] w2 A <=

3 HAH, YA Z7]+= AEZE (CYP) P450o A aromatic ring?] Ak} 2
gog T JdEAN=7L FAHET (Nedelcheva et al, 1998; Hissink et al,
1996; Bogaards et al, 1995). ©] A ZA|== A il da 24 WS- A,
SFEE 2 (GSH) v SFF-24b A3dstAY, 23-HE229s & 34
E2adss 455 7Hoas 71% st} (US EPA, 2004). [19 3-1]
3 AAE TR EAE AREES GSH, 27784 B 3k 4%
F 3L, o vyt FHEIE, SlelER A e WEFEoR Abse 9l
1 4EA U} (Hissink et al., 1996; Den Besten et al,, 1992). =% %
e R 3 ATt Ayt o, AEh o] 23 tiabE Al
o] A&l wel 1,2-Dichlorobenzene?] -5 22 tiAlzko] 39
Aty BawEa ¢Jt} (Hissink et al., 1996, Hawkins et

1,2-Dichlorobenzene®] 5ol %7] A EAF P450 #=d UjAto A o A=
2o Ayl 7HEES SRt AR SA7F EAE, oo AlE O &
Ao gk o FAI=S] wEg-o] o]ojXitt F344 = 0.9 - 54mmol/kg (132 -
794mg/kg)®] 1.2-dichlorobenzenes 57 W FARIAS o, e &l 24
AZAA Ae] A WS vEbow, T2AIRF Wl AxlAH o s FHas)
Atk CYP P450 SAAIQl SKF-520AE ©]-83F A A g]= 1,2-Dichlorobenzene

f
o

o
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of o3t ALT <7I= &38oz A3ttt (Stine et al, 1991). &3k o]9}

FARSE Aol A, FsE=d AR (CYP P450 SAIADS AR&sh AAe] Al
1.2-dichlorobenzene®] <3t 7H=AS A5 #gAHYTE BRurp Yt
(Valentovic et al., 1993). F#7F4 2 & 1,2-Dichlorobenzene?] 7+=5Ado] HH-8-A
FZHA (reactive interdiate)7} #olgtch= F7H4Q1 A=, ko] GHSE 1z
A71= EF (phorone)S AAE] S uw]l 1,2-Dichlorobenzene ¢ & 3%
ALT s%7} 3A = deh= Bart tt (Stine et al, 1991). o] %2 A+
=, CYP P4509] HIAA AAAQ] 1-or el ZEES A2 F3d T+
SD #=e] 1,2-Dichlorobenzenes 747 Folgt 4% 1He] GSH ¥% #HAE

AAANAL, FF W GSSGE =5 S7HNAYE A7 237 dv (Younis
et al.., 2000)

OH
cova\ent binding HO Cl
glutathione
con]ugauon
Cl
;u,.lhe, uxldal.lon catechols (various isomers)
i i :Ci . sulfation |
(sulfates,
3 4»epoxide 2 3-dichlorophenol methyl sulfones)
\ qumanes (various isomers)
glucuronidation
glutathione conjugation mvalenl binding
1,2-dichlorobenzene /@/
\ . o / — oxidation catechols (various isomers)
Cl 2
Cl a
_ =
— sulfation ‘ i
o (sulfates,
4,5-epoxide OH methyl sulfones) o
Sudichiomnhandl quinones (various isomers)
glutathione
conjugation glucuronidation
covalent lent bindi
binding glutathione conjugation covalent binding

[O& 3-1] 1,2—-Dichlorobenzene? LAl 7|X DA



siet. olEs o, gEdA]

AE ARE g2l AANE Gd AT wFol g
LD30<& 1516 - 2138 mg/kg/bw, F344 #= = SD d=o] disf 27 1

ml/kg ¥ 1.76 mL/kg 9] 237} Itk (Kulkarni et al., 1996). #=2] &9
Zo) gzt LC100& 107\]?} =3 4% 977ppm (5.9mg/L) olatE LA 9l
om, 4AZF =&3 B9 F 20vkE]e] A= F 1vkE]7F Ylppm (5.6mg/L)ol A
HA}eE K7} 9}4 (OECD, 2001).

(2) ol H ol A

T 2AME T AT e FY=SAIRY ofgAd Ev otk Alde 4
B}E gttt &9 =& Aldoe® 12-Dichlorobenzened *3tals= 3}8Hs
AL A Swiss F-20] 0, 64, 163 ppme] FTEE 4, 9, ¥ 1497F =3
SEF7IE AR A mEatelA nAe] S]] A We| et Aol
LHERSE T 517] 497F 9] Tu2 w9 Al 3Hsevere) ol ATHE 149 =F A €]
AL S = YEIT (Zissu, 1995).

Sl

% Aol A5 9]A&t 12-Dichlorobenzenes F344/N

=9} B6C3F1 mh¢-2=(%k= 2F 107Dl Al 0, 30, 60, 125, 250 %=+ 500 mg/kg/
o] &% (B 0, 214, 429, 89.3, 179 T 357 mg/kg) o2 9 54,
135 &t AHow Foigh A vhe29 A AANA (LS A 4/
Astlon, A= B wppo] TheflA WA gl AL v FA4 9
A, A HAEA dudnt i), ez, sntEagE 9
7Ar)gk 7HA7F 500mg/kg &l Al 1 ]C}iﬂr o}

o] LOAEL< 89.3 mg/kg, "H-22¢] NOAEL ¥ LOAELS 7H7} 893

= o
—_

RS
@
N
N
=3

et
>%_“ -

Moo o go of o

2
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plzh

179 mghkeg o2 BT (NTP, 1985). 3t oo <4
2-Di chlorobenzene% ol SD #=oA 0, 25 100 T+ 400 mg/kg/YU 2
o7 F 5Y F 135 B AFHor FoJd Ay A=A dA
EL }Oﬂ/‘i Al =4l 93k o] S YEhEA
o] 400 mg/kg FolwolA TAA R YA ST
d = ke EA 7 4 BF 100 mg/kg i o)l A o)
™, 400 mg/kgurolAd A S dEwa, Bl FAE
mg/kg oA Had Aow vttt =AW HAF A gk x
TAE A, ddAZAP(FZ) O] e 400 mgkg  welA R

-

>~
-

Ho

o

;1(2‘
o
Supp
-y o
S 3o o oo o

[0 o ¥ ml of
ot [
ox 1o
i
_>|: —_‘—‘,

o rE

i
b
)

o,

(03
o
T
=
wn
=
e
(/J
o
X
=
8
—
D
]
@
S
5
=
g
Q
D
_
D
7]
fr my
)
o %o
o
oX,
o
£e
rlr
S

o= Yo, ik Folit e F FoldoA =
S7FetA kol Z1Z4E AT 3 7l angke] Abo] H A - f(Interstitial cell
tumor)”7} iz 2 ZF Folito A Life-table testoll A E713F Ao & eyt

o BEE ¥ WA= FTUel okyH old Ay Fong ARE =&
g 9}% incidental tumor testell 93l #+9d3= A7 YEhA] ot 7]
Zk=) itk ®3 Cochran—Armitage test®] 23 9-5-9)n](negative trend)3t 2

$7h UEbT whse] A9 frEe] wuEe] £7 BBE Kol g



A fal FAstgon, SREEste] BY AnlAE odld YT
=]

@ Eo] vropx= AR APEA o7 FYor AFHA Fodrh &=

sk #o] A7 HAFHESEY] 79 Cochran-Armitage A8 A3 7 15%
Fol mhg2oA fFoAdo] e AomE Yegoy, AEe] &3 23 f9
do] YRR ol 717bE Hairt Qlh 7IEF v H kA AlE e T8 A

3 AfE <F 3-1>= e Aelskelch
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<H 3-1> &YUTE=2 0|8°% 1,2-Dichlorobenzene?| Bt %
S S¥AY B 29
& = =
Alg Fo T o =4 =y
% &% 712k
135, 135, - Y= Holli
olImMgswo
7 270mg/kg - E/TEFA A NG A = g
192« rth et al,
o] 241mg/kg 7} 1958
(2day/wk) - DEFAA TAE FEF
- Ul FA=(L), 7YY (S
), el e, vk 2a(gk
A), dFol(¢A)
B} " Hollingswo
4 19, 93 6-7 - 93 ppm wOlA FH A= AF 0 et al
wx 0T g ga o g4 Agsag wg e W
1958
A 7
- NOAEL : 49 ppm
- LOAEL : 93 ppm
AT 0, 429, 85.7 - o} F344 Y=
1035 NTP, 1985
%o mg/kg T NgEAd 9% 2% 24 Qe
- 94 B6C3F1 whg-2=
- A ngFTAA ARl AA
AT 0, 429, 857 T e °
: 10357 =¥ A4 NTP, 1985
49 mg/kg

27 8l

NOAEL : 42.9 mg/kg




(4) 454 2 718 A¥

glo} WAl Algo] Axz QA% F3M P= 9 gHAE E7E o]&35Y
A 6-15Y(E7) HEv P2l 6-18U (A=) dd 6A17H 0, 100, 200,
400ppm 1,2-Dichlorobenzenes S 3 A3} AFEH =249 g= 4
E71(400 ppm)ell Al EA 9] AFo] 7HAasHAaL, e HEolA BA| 1A
7 S7bsktt e wiEjRbell A 7 FAES 7o s VS WERAl F%t
T} (Hayes, 1985). F7Fe] d7tellA, 9dilgt SD H=& o]&3) 50, 100, 2009]
|Fo 2 JA6-15de A Fofsk Ay, BAol P B 7|YPAJo] Ay
2 okl (Ruddick et al., 1983).
FA5A Ald AxE 1,2-Dichlorobenzenes Salmonella typhimurium

2 TA100, TA1535, TA1537, TA1538 =+ TAR w50 =HWHo]

TN
o
N 4

Ll
2 go7)A &gkor} Saccaromyces cerevisiae?] D7 w9 FAA Hsk @
AHolE x5l o Aspergillus midulansollA] 2F3t A4 ZdAHolE
etk g A nbga B Fo & agoa Adndas AdEqY
NEs SV THE 299 B o 2dodas Jado ies &
TINNA eEskthe vt AArr Edigth aga oA dEd AT F
< DNA &2 F=5HA gt F7H o= npe-2 9 diee] vofst &
719 i3]l DNAQ covalent bindinge] R.il¥ it old wa}t F+HATHEU)
A= 12-dichlorobenzens A5 EEE AL x| Zom, 7|Rko] ==

=g #d A3e <E 3-2>2 AYs
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7 =

2t SEA0| 7Y AT

<H 3-2> 1,2-Dichlorobenzene? J|E S XEFA|

o4 ==Iu. go:

[ — | o |
Jl.a Jl.a
A8 A3 A _
(without (with | T4
£5
EMAP) EMAP)
Salmonella typhimurium TA100,
100 Haworth et al.,
TA98, TA1535, TA1537, reverse - -
) ug/plate 1983
mutation
Salmonella typhimurium TA100, o
832 Shimizu et al.,
TA98, TA1535, TA1537, TA1538, - -
. ug/plate 1983
reverse mutation
Salmonella typhimurium, reverse B not NER Andersen et
mutation tested al., 1972
Aspergillus midulans, reverse not
. (+) 200 Prasad, 1970
mutation tested
Saccharomyces cerevisiae, o
] o Paolini et al.,
homozygosis by mitotic - + 4 19
recombination or gene conversion
Saccharomyces cerevisiae, reverse 7 Paolini et al.,
- +
mutation 19
DNA strand breaks, cross-link or o
) 300, Kitchin et al.,
related damage, remale rat liver - _
. po, 23] 1993
cells, in vivo
Micronucleus formation, male mouse N 935 Mohtashamipur
bone-marrow cells in vivo po, 23] et al., 1987
Micronucleus formation, male mouse B Kim and Ryu,
peripheral reticulocytes in vivo 2007
Binding(covalent) to calf thymus B N 5 Paolini et al,,
DNA in vitro 1998
Binding(covalent) to DNA, male rat .
. . ) 04 Colacci et al.,
liver, lung, kidney and stomach in + ) .
. ip, 13 1990
vivo
Binding(covalent) to DNA, male ]
. . 04 Colacci et al.,
mouse liver, lung, kidney and + ) }
. ip, 13 1990
stomach in vivo
a . +, positive; (+), weak positive; -. netative; b : exogenous metabolic activation; ¢ : po, per oral; ip,

intraperitoneal
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<E 3-3> CE 0|80 28 N 90U AIQ| Eoner gr moug T At
Parameters Control T1 T2 T3

28 Day inhalation study - Male

HCT (%) 4282 + 1165 4378 + 1489 4386 <+ 0934 459  +  1.352%
MCH (pg) 1680 £ 0187 1684 + 0152 1662 £ 0130 1644 = 0.305%
MCHC (g/dL) 3408 + 0268 3414 + 0152 3378 + 0377 3338 = 0.449+
APTT(sec) 1618 + 0638 1732 + 0370 1758 + 0327 1894 £ 2399+
PT(sec) 1088 £ 0522 1098 + 0359 1132 + 0363 1206+ 0.568+
28 Day inhalation study - Female

MCH (pg) 1738 £ 0130 1742 + 0110 1720+« + 0.071 1688  + 0.084+
MCHC (g/dL) 3466 + 0270 3458 + 0356 3428 o+ 0217 3374 + 0167+
PT (sec) 1122+ 0.409 11.14 =+ 0.344 11.42 +  0.804 12.63 + (0.499+
90 Day inhalation study - Male

MCH (pg) 1624 +£ 0171 1621 + 0208 1595 + 0172+ 1629 + 0.247
PT (sec) 11.02 £ 0.2% 11.38 + 0.603 11.04 + 0331 11.54 £ 0.572x

Values are mean £ SD
%+ @ significantly different from the controls at p<0.05 or 0.01.



(2) dAgserA HA
1,2-Dichlorobenzenes ol (28%) ¥ =EA17 &4 F344
& (=% : 0,50, 150, 450 ppm) EH A8 = o] g & S 5
ANG A FAASE FotA A Tl B AwkdA TP 2 ALBY
F

S/ |EEHAN, kA ALTY S7PF =S, o BF gk
A GLUZF fraetglth ®3k TG 4% 2 /il gasglon
WA ol STl ol 2 Ss koA ALPe] 1hAet as k]

=

5
A TBIL 2 K7} &7betgla, obA a1 %o)A Ca, TCHO, Na7} Z7}st4ith.
1,2-Dichlorobenzenes °FH(90¢Y) & ==A171 &4 F34 =& o &
& (=FF% 00,30, 100, 300 ppm) el ATE o] g3 dAAsety S
AAE Any BAMoR Fo5A F7 aFEolM Na 2 TGS Z7} TBIL
o] 7a7F YERGR, £ FE %44 TP, ALB, Ca, TCHO, TGS Z7} 2
ALTY zZHa7b #FEATh G 2% %oA Naol 271 2 F/1%5oA
TCHO® 57t T&kdA TGS F7p7F #&HA Msksh 5o 2F o o
7 9 FFEAxE <F 34> 2 eI

1 o
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<H 3-4> EE O|§0F 282 U 90 Al =ML BN 2t
Parameters Control T1 T2 T3

28 Day inhalation study - Male

TP (g/dL) 542 + 0110 556 = 0.089 566 £ 0.114% 5.96 £ 0.207+
ALB 378 + 0045 38 £ 0.089 396 £ 0.055+ 4.20 £ 0.122+
ALT (IU/L) 31.88 + 2620 31.04 + 2202 3166 + 2561 3752  +  1.897+
GLU (mg/dL) 15454 + 15540 15238 + 14500 13430 + 7.568 9490 + 12488+
TG (mg/dL) 5066 + 11.100 49.82 =+ 15643 2938 = 7164« 2044 £ 7847
ALP (IU/L) 71688 + 47487 71804 + 52600 62828 + 30.035% 669.72 £ 45936
TBIL (mg/dL) 0152 + 00164 0150 <+ 00071 0160 + 0.0200 0220 + 0.0122+
K (mmlol/L) 456 + 0098 470 £ 0.092 4.81 £ 0.256 4.95 £ 0117+
28 Day inhalation study - Female

GLU (mg/dL) 12842 + 11299 12824 + 13804 11576 + 18696 8630 + 14.237+
Ca (mg/dL) 938 + 0148 938 £ 0034 9.48 + 0228 9.68 + 0126
TCHO (mg/dL) 5944 + 2261 6722 + 4622 6880 + 7630 7178+ 7.350%
Na (mmlol/L) 13918 + 0563 13918 + 0973 13938 = 1013 141.15 £ 0.755+
90 Day inhalation study - Male

Na (mmlol/L) 11890 + 0757 11877 + 0884 11878 £ 0561 11985 = 0.750%
TG (mg/dL) 2801 + 8577 3689 <+ 7012 4277 + 1028+ 4518 + 9.765+
TBIL (mg/dL) 0187 + 00241 0175 + 00384 0176 + 0.0337 0142 £ 0.0270+
TP (g/dL) 520 + 0105 521 =+ 0145 556  + 0.158+ 5.20 £ 0.094
ALB (g/dL) 358 £ 0079 362 £ 0079 3.79 £ 0.074+ 3.58 +  0.063
Ca (mg/dL) 8.40 + 0115 8.47 + 0134 8.64 +  0.184+ 8.49 + 0191
TCHO (mg/dL) 5928 + 5289 61.05 + 6181 6911 + 7483+ 6358 = 5482
ALT (IU/L) 3598 + 3540 3291 + 3496 3022 o+ 2318+ 3612 + 2789
90 Day inhalation study - Female

Na (mmlol/L) 11917 + 0574 11954 + 0513 11969 <+ 0976 12030 + 0.804+
TCHO (mg/dL) 7780 + 6471 8302 + 6674 8342 + 9055« 8746 + 3805
TG (mg/dL) 1509 + 5517 1987 + 7669 2906 + 10673+ 2374 + 9.766

Values are mean £ SD
* + @ significantly different from the controls at p<0.05 or 0.01.
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(1) dHskd HAE
1,2-Dichlorobenzenes °bw4d (289) &% ==A171 &< B6C3F1 vl¢-2&
ol &3l (=E¥% 1 0, 50, 150, 450 ppm) A AEE o] &3l A4 FA&

AARE A SAH R Fo7 AR WS BREA] FoA

1,2-Dichlorobenzenes °FiHJ(0Y) &9 =EA1Z1 &4 B6C3F1 w25
olgd] (=&F% ¢ 0, 30, 60, 120 ppm) B A 55 o] &3 PAsty A&

AAgE Ad FAACE oA A F/iLskdd ] RET% % RETAF &+
7FetaL, As ol NEU% 3 EOS% A17F S7Hal LYM%67F #43e.
oA FETdA PLT7 27183 &/ XA NEU%7F Z7halt)h #/3/1
FLoA LYM%7F #adlon, RET% % RETA7F #23th waish g5 9]
Zb o de g s < 35> = UEhiglch
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<E 3-5> OIQAE 0|80 0% Aol Weyorxy = i}
Parameters Control T1 T2 T3

90 Day inhalation study - Male

RETA (x10%ulL) 24444 =+ 9848 22817 + 19467 22020 + 18955+ 20355 =+ 15800+
RET% (%) 2558 + 00832 239% + 01602 2282 + 01528+ 2151 £ 01819+
NEU% (%) 1565 £ 3379 2141 + 2569« 1895 + 5077 1662 £ 5870
EOS% (%) 258 £ 0689 391 £ 1.021x 360 + 1146 2.29 + 1010
LYM% (%) 7906 + 6005 7249 + 2731+ 7546 + 5418 7710+ 3628
90 Day inhalation study - Female

RETA (x10%ul) 25849 + 41231 19894 =+ 44295+ 211.02 + 38954+ 18230 =+ 31.022+
RET% (%) 2719  + 04397 2112 £ 04531+ 2245 + 03738« 1961 £ 0.3264+
NEU% (%) 1950 + 3292 2552 + 5433 2626 + 5617« 2648 o+ 7171
LYM% (%) 7469 + 3265 6871 + 5733« 6722 + 4699+ 6757 £ 6497«
PLT (x10%uL) 9970 + 10082 10158 + 6254 10346 + 7034 10934 £ 3921

Values are mean £ SD

* + ! significantly different from the controls at p<0.05 or 0.01.



(2) Y Aysteta HA}

1,2-Dichlorobenzenes oF=7d (289) &% =3A17 &4 B6C3FL w25
& (=&%% 1 0, 50, 150, 450 ppm) & /\]E% o] &3l dHAYs}s}stA
RS AAE Ay BAXHORE {3 A% W3 A eFkch

1,2-Dichlorobenzenes ©}7H3(0¥) & L:%MZJ o} B6C3F1 =}

ol

o
flr

J
ru;

912
o] g3 (=Z¥% 1 0, 30, 100, 300 ppm) P} ATE o] &3] Fohetd BAS
AAG A FAAOE fFolotA A AsEAdA TGZF 7, A/F/3L
sl ALPZE Z7Hieh 938 49 nEmel M Na 447k S7kekein
S5 G=o 7 ¢ AT P EEAAE <E 36> 2 ehygin

<E 3-6> OIQAE 0|88 90 AIMO| motyete! 24 2t
Parameters Control T1 T2 T3
90 Day inhalation study - Male
TG (mg/dL) 60.66 + 17.763 57.06 + 18624 6521 + 13.763 7857  + 12725
ALP (IU/L) 16651 £ 12384 19205 + 10.168+ 19289 + 11.440+ 20540 + 18.207+

90 Day inhalation study - Female
Na (mmlol/L) 13647 + 1125 137.08

H+

0809 13738 + 1.023 13767 = 0.686

Values are mean £ SD

%+ @ significantly different from the controls at p<0.05 or 0.01.



- 87|8H|(1,2-Dichlorobenzene)2| g7t =M%to| 73 7

44 - ..

oo

To
Hr
oA
_EH

~

;oL

ojo

il
bl
=

2801

e
=

1,2-Dichlorobenzene

|

Kol
=

1,2-Dichlorobenzene

oA Az

o}
=

olJ

3-7>0] “ERH I

<3



<H 3-7> SICE O|§Tt 28 I 90 Al 2E NIFT X BYIEH TTF ==

Para(“gn)eter Control T1 T2 T3

28 Day inhalation study - Male

Body weights 222676 =+ 127737 217.762 + 80238 205054 + 6.0640% 194.108 =+ 9.5649+
Liver weights
6.0058 + 05663 63176 + 0.2411 65710 =+ 03390 7.0830 + 0.3578+
(Absolute)
Liver weights o
. 29591 £ 01394 31753 £ 0.0622+ 35325 + 0.0803+ 4.0762 =+ 0.0674+
(Relative)
28 Day inhalation study - Female
Body weights 153.062 * 64539 145324 + 32822 142956 + 6.6938 133678 + 7.8827+
Liver weights
37472 + 01689 38166 + 0.2474 41108 + 01721 49684 + 0.3152+
(Absolute)
Liver weights N N
. 26866 £ 0.0923 28843 + 01396 31681 + 0.0996+ 41309 + 0.1678+
(Relative)
90 Day inhalation study - Male
Body weights 323681 =+ 125143 308264 + 146271 307875 + 11.6034 323.255 + 23.3026
90 Day inhalation study - Female
Body weights 159436 =+ 7.6403 169515 + 152281 165156 + 11.6872 169.852 =+ 9.9267

Values are mean = SD.
* + o significantly different from the controls at p<0.05 or 0.01.
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. Centrilobular karyocytomegaly of hepatocytes, liver, T3 male rat (x100)

. Centrilobular vacuolation of hepatocytes, liver, T3 female rat (x200)

. Single cell necrosis of hepatocytes, liver, T3 female rat (x400)

- Hyperplasia of mucocytes in respiratory epithelium, nasal cavity, T3 female rat (x200)

O O m »

[3J& 3-2] 1,2-Dichlorobenzene©
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<H 3-8> OI2AE O|§0 28% U 90 Al 2ZE NTFT BU

Para(ugn)eter Control T1 T2 T3

28 Day inhalation study - Male

Body weights 27918 =+ 1.0125 27074 *= 08906 27.183 =+ 0.2957 - - -
28 Day inhalation study - Female
Body weights 24514 + 17974 22848 + 11062 23174 + 0.3109 - - -

90 Day inhalation study - Male

Body weights 32786 + 19613 29.384

H+

1.5611+  30.009

I+

13365+ 31179 = 1.2032

90 Day inhalation study - Female

Body weights 25178 + 0.7284 24.871

H

1.0295  24.506

I+

14995  25.553

+

0.6437

Values are mean * SD.
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<H 3-9> OILAE 0|82 90 A2 ZE THFHEY F2 4 A

Male Female
Organ, Histopathologic findings Group C T1 T2 T3 C T1 T2 T3
N 10 10 10 10 10 10 10 10

0 0 O

Liver, Mineralization, dystrophic 1>
2>
3>
TFI

Liver, Necrosis 1>

TFI
Liver, Pigmentation 1>

2>

TFI
Nasal cavity, Atrophy 1>

2>
3>
4>
TFI
Nasal cavity, Dilatation, glands 2>

3>
TFI
Nasal cavity, Eosinophilic globules 1>

2>
3>
4>
TFI
Nasal cavity, Hyperplasia, basal cell 1>

2>
3>
4>
TFI
Nasal cavity, Respiratory metaplasia 1>

2>

3>

4>
TFI
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C : Control group; N : Number of examined animals; TFI : Total finding incidence
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A : Dystrophic mineralizaiotn, liver, T3 male mouse (x100)

B : Pigmentation, live, T3 male mouse (x100)

C : Basal cell hyperplasia, nasal cavity, T3 male mouse (x100)

D : Atrophy of oflactory epithelium, nasal cavity, T3 male mouse (x200)

E : Dilation of glands, olfactory epitelium, nasal cavity, T3 female mouse (x200)
F
=

. Eosihophilic globules, nasal cavity, T3 male mouse (x200)

3-3] 1,2—-Dichlorobenzene©]| 2|2t O A 2t ¢ H|Z2| Ti0|FX A A



A: Liver, control male mouse (x100)
B: Liver, T3 male mouse (x100)

C: Liver, control female mouse (x100)
D: Liver, T3 female femouse (x100)

[O& 3-4] 1,2-Dichlorobenzene® 902t ZQ =& OIA
20| bt IM(HEE) Ed}
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A: Liver, control male mouse (x100)
B: Liver, T3 male mouse (x100)

C: Liver, control female mouse (x100)
D: Liver, T3l male femouse (x100)

[Od& 3-5] 1,2-Dichlorobenzene® 902t ZEQ =& OI2A
ELHM(Masson’ s trichrome staining) &
A), O), D), 279 F3 2 IA ve29 15T A vt A T

‘.4

St AHSAS FAHA gt B), FET FF npg-29] Tho|x o] YA F7I
AAARSL FHoz FHdoz dAdE HAFHxAH  FAER)o] AU
Massons's trichrome &% A
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A: Liver, control male mouse (x100)
B: Liver, T3 male mouse (x100)

C: Liver, control female mouse (x100)
D: Liver, T3 female femouse (x100)

[Od& 3-6] 1,2—-Dichlorobenzenef| 902t ZQ LE8 OIA
Z2t°] CYP2E1 &M

A), O, HEZ #7 % A vhese] o)A gAoz GAF CYPEL 34 9]

(4%)7} FAsUh B), D), n¥EEe] £7 % 4B vhesol el wAd

CYPZEL 41 w$ RACHE)F 449 FHor #3599032 Fsarh

A58,
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A: Liver, control male mouse (x100)
B: Liver, T3 male mouse (x100)

C: Liver, control female mouse (x100)
D: Liver, T3 female femouse (x100)

[O& 3-7] 1,2-Dichlorobenzene® 902t =l LE8 OI2A
219 CYP3A4 &M

A), C), a9 3 9 AdHA v FhoA Aoz Ay CYP3A4 A 9

(A%)7h gARA B), D), wEEwe] £ 0 43 vkese ol wdEd

CYP3A4 @A whg H9(8E)7F FAAW Fwor #4998 st A

225514 41,
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0.1
0.08

E 0.06

=

= 0.04
0.02

0.2
0.16

=

£ 0.12

= 0.08
0.04

* + @ Significantly different from the controls or female T3 group at p<0.05, respectively.

[Od& 3-8] 1,2-Dichlorobenzenef & =& 0OiA
CYP450 &
hgne FRANA e mE T
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0.1
0.08

~

£ 0.04
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E2t e

CYP2E1
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A: Liver, control male mouse (x200)
B: Liver, T3 male mouse (x200)

C: Liver, control female mouse (x200)
D: Liver, T3 female femouse (x200)

[O8& 3-9] 1,2-Dichlorobenzene®| 902t ZQ =S O A

H|Z2l CYP2E1 &Y
A), O, WEEe] £3 % G ko] mglA CYPEL @419 wde] Aol el
54 gk B), D), m¥EEe £ % R vhesel wgel A wdR CYPEL
AR EID RS S U RN E LY IE D EEERECESE S TR



A: Liver, control male mouse (x200)
B: Liver, T3 male mouse (x200)

C: Liver, control female mouse (x200)
D: Liver, T3 female femouse (x200)

I>

[Od& 3-10] 1,2-Dichlorobenzene®] 902t £ =& 012
H|Z2 CYP3A4 &Y

A), O), txwre] #7219 47 wpg-29 H 7kl A

Aol W 97t GdH A o

Zpge) Fgel A wa g g ow gy CYP3A4 A w

EEESELTR)

T+

=

2 oA whg-so) n e F
< T

(d3t)o] A=A
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1,2-Dichlorobenzenes 90% w9t &% =%A|7l B6C3F1 vwl$-29 WYE 7t
Z21& o] &3te] AAZ ROS/RNS, MDA 2 HNE®] ELISA A& A3} o
25 AEEA FEo wEh ROS ¥ RNS7F #asts A o] #as ) 1
u A A Iats RSl MDA 9 HNES| 49 F2& BT S7kshe 4 ao]
ZE R, e MDAS S7F A gke] g1l [27 3-10]
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A, B, C : 1,2-Dichlorobenzene inhaled male mouse
D, E, F : 1,2-Dichlorobenzene inhaled female mouse
[Od& 3-11] 1,2-Dichlorobenzene®]| 902t Eei L ETt O
Zo| X|Z ARl P X|E WY}
A), B), D), E), 12-DCB9 =% F=o we} FHoA A #ts) A< MDA %
HNEZ} F7bsho]l @lwglar, e = A d#Atst AHE 5 MDAS F7F 4 3ko]
FAFHAY. C), ), &3 2 4FH BF 12-DCBe =% %9 wE ROS % RNS9
A Agke] AT






o

IV. AL

= WlASSE 2 Dichlorobenzene
o] gujg2 ol &HAY T T=

s

hvA
s Y

PR

o

T

1,2-Dichlorobenzene

!

|

°F 500

o

T

A%

T

Ak

-

S|

ol Atk =l Az

At

=

o

At (OECD, 2001).

bol Al

)

e Aend Fqd o

Nfo

of Al F344 H= 9 B6C3F1 vh¢-2=olA A

-

=1

e

mK

237k vt

L

T

5ol Eptt

™
=

AL
= Al

)
X

AA
oFA]

ki

ATt (NTP, 1985). &

i
H

o
.EH

mK

ﬁo

o
ﬁo

o)
ol

o

o) Axrt s, Ald A 2AEEA

=13
=

o]
=~

%, AolaAEE

v
X

3

ks
=]

(Robinson et al, 1991) 9HA

(NTP, 1985)

Al

TR



66 - - 7|8 X|(1,2-Dichlorobenzene)?| M7t ZM%xto| #& AP

ks Al Bawa gloy, Pi= % owpg-~9 DNA-covalent binding %4 2
Wyl vk AFAIY Y At gl vk o (Mohtashamipur et al,
1987; Colacci et al.,, 1990), ®x dor L3t x AP Ao HILES Z7}
AZIA vk dRkE A EARTE EAEe] wet FHATHEU) A =

1,2-dichlorobenzens #FHAEAEAZ #4384 &Att (Kim and Rye, 20007).
ok Qs F344 G= 2 wARE E7E o]&st AlF Ay} sijEjzledlA 7]
FHAYES FolsHA S7FekA] skem (Hayes, 1985), 9Algt SD HAEE o]

3
&t AFolA Ejzte] 718 o] #HEEA Ut (Ruddick et al., 1983).
aHy A5 A AR T oukes AR AR A TeFe F
o wAgES 4 Adst9=d  dichlorobenzene olAEA T
1,3-dichlorobenzen
+te o JPF e HIxE  HWYoew  14-dichlorobenzene @ A
1,2-Dichlorobenzene® .t} %2 HILEE HSTh o] T 14-dichlorobenzene] 73
A= 9 npgxo THAE ME/FE A oF W ol A
s

o ®wazt slew (IARC, 1987),

A

—[o

=

et al, 2005), EEAF] FEF ZATF EAste] AbgtellA]

Z 48A Aok (NTP, 2016). T3t A diide] og =
dichlorobenzenesell g+ Al A o] F¢F 7Hsdol Al7|H o] kot ofA7HA]
F7HARl AT I HA &L vk (TARC, 1999).

gt=d  fEE =% 22 & s nEdH EAdd,
1,2-Dichlorobenzeneell 3t GLP 2 OECD 7fo]=g}el Sl gh= Halo] &
A g A AL Sfs = B ovkese] MY Al 1 B
JEd, 71x27F @ F7F A8 2" wEl 289 i 9097 AA FY
=SNG T AIFE QA ARES o] gate] AF EHd i3 g= 9 nps
20 A o] Wt A g zfolE gelstar, Rl gk wA e 71l o
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o2 AAAH, o]

st SAs AEe 7 =
o dfF W 54 it AEe 86k o UM dTE FE olHd
AS Aoz AyztET)
nkg-2~9o] Ag A3 12-Dichlorobenzened &Y= F7H02 Thol A
AR tAE dojur) 27] Wt A58 A= AEHA 24 4 F
S| 55 WSl e Hole  Zeo=E oA old dig
1,2-Dichlorobenzene®] Al #d #3 A A3p AJg B4 w27 S5
of tAb Z7]dl A EAFE (CYP) P450] <3k 2ka}l 2807 FIHZA=E
gAgsh=d, olet 1EAdo] AdHETE AT AFrt EAsHH, CYP P450 A
7Ly, GSHE A4 A9 1549 #a e S7keids Bart o
(Stine et al.,, 1991; Valentovic et al.,, 1993). =3+ d= 2 w29 TIAEE
o]-&3 TAUAL A AN FE T 9 A 1 i} FR9 Aot e AL

F344 2 Spratue-Dawley (SD) #E=Z o] &3 2Ado|x, F344 #=+= SD
Ao & 1,2-Dichlorobenzenes ] tiAlslar, olek fASHAl HESA
1,2-Dichlorobenzene tAF=<] ZF =9 Zhel digt FF23  (covalent
binding)®] AE% F344 A=o|A =A YelSTE (Fisher et a, 1995). 18]al
e ko] mlo]AREY Ak Qlo] Wistar, F344 ¥ SD H=E o= gt
A Aate] W2 A} = Wistaret F3447}F v]S:s8kar SD =7t =49
Aoz BuErl w3k epoxide hydrolase® Aol 93 dihydrodiole] 7+4
il FRAgo] Trketed], F34 A9 vlola24e gE g WEE

=

Hl3l W 5] o FAIE sto|EEgolA S 7HA AL §lFo]l HaE AL
ol T Aol o] M=o F7F Aolol epoxide’t AHFHASS AlAFETE

(Hissink et al., 1996).
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2] 1,2-DCBE iAo, gz o 7 nhg-20] mpolan&E2 ohzl A
o] mpolam LR 12-DCB A tiALel QlojA && A o]l aL, wh-22ol A 9
12-DCB9] mlolaZ A thatES #Gsof v)s) 7v] wEthE Bark 9
Mo R, AR AT ¢ ? RO = Hlsf wh2ollA o
2+ttt (Nedelcheva et al., 1998).

7 A 3, 2
A AEE o83l 1t

e o

CYP3A4:= 7o TS SHom T H3d

& =2 intensitysS WERW L, O B lr_%?foﬂ/\i 7o ula A 9l
A S7bskdar =3 Al vhg-2o A A w2 R Y {194 A EA Tt
74k vl7e] 49 CYP2E12 CYP3A4 tiH] vt s Hojoy T
g4 B djEddd v sk oo S a7t a7 el whEete] 2
H Fde Below A intensity7l oFF T BEFe HIATh H WA
oA ZF CYPA0 EAS A 7F e oo dial] w7 AnAA Ado
2 g9 Mol Bl FUF AR B A A BE HARE X
stato] AT g ogle BE HEES Hol FAA S glsh] ofa,
Hle] Zas AASH] S8 AR 23] oo BE AR WS E3
g me F-9jo] Ar)el wet vjwstA W o] s v Aow oA

Z=
F7HH oz o9} IEE V& AT AEA, CYPI0 S0+ gstEde] 7H
tiAbel tie] FR3F dee a5l ROS (reactive oxygen species)S YA
sho] AbslA &3 oxidative stress)S Fshal, XA 3H4ks}(lipid peroxidation),
gd BEAds @ DNA &4 T oo #ose ez dEA du
(Cederbaum et al., 2001). old W& k32 &S Bsl7] 8] BHz o=
A W vk AJ7ke] ZS free radical WHETE ool 23] fE MDA,
HNE 59 A=34 A3 = Aoz HuFEth (Kanter et a, 1993).

4

Olr

_]
=~

Exl
i

=
=



- 87|8H|(1,2-Dichlorobenzene)2| g7t =M%to| 73 7

70 - -

ool

0
_#OTH

W)
xr
il

"o

oo

—_—

[e]

I
Gt

ELISA A&

18=4 skl et ROS

~X

A, g5 w2
o] gAY e} A4

g

=
=

ROS/RNS, MDA %

h=i}
=

1 MDA

=]
EO

)]\_]__

g}

A

g
FHR3, G vh2olA

k)

o|

of Mg AR AAXY. vt A9 A

¥+ 1,2-Dichlorobenzene

5%

ol
=~

o

7] B g AL B

&

ki3

9l

1

o

—

!

=
=

| AAldow z4 A AM e =4 thAt

Do
w_m

o

o
o
&o

mK

i g



T

1,2-Dichlorobenzene

fvze]

ﬂl

<

%9

g2 5o §UE o] §HAY BH §o Ei

=i
=

Al

5

\=]

I &

) =

A

bl

9

]

-

-

T

<= ¢F 500
)

=
[}

= H]

=]

W
31, 1,2-Dichlorobenzenel Ut

[e)

del =W, 1,2-DCB

A4 Qo 2ua

=

o}

ok o] A A 1,4-dichlorobenzene

o]t}

TR

—_
fite)

B6C3F1 w}

=1}
=

of o

3

ke
=

F F344 H=

4 Al

=
9

>

R

A

=]
=~
H) 7<)

=i
=

| &2 Ax

9]

o Ab/NAL AIA

oF
—_
m}
T
A

A
(3

il

W



- 87|8H|(1,2-Dichlorobenzene)2| g7t =M%to| 73 7

72 ...

)

™
<
%
0

Ho

2ol A 28 3}

1

°
N

o] ¥

7)o}

Njo

e

e}
Gl

1

A EAF P450 (CYP2E1 % CYP3A4)9]

HNE”} n}

Tl
=

Ahsk 229l MDA

)l

e

]

A

=

=

._._mo
T

)

o,

X
=

]

gz

e
sl

fae
=

1,2-Dichlorobenzene=-

B
o

g

0

A

AN EAZFE P4509]

o

i

A

o

1o

Alsst,

=
=

Folol gt =4 wa =7p 4w

X



ozt
f
HO
rot

.. 13

3 53

[*]

FPAHAFTE (2019) stetEAdAdRn g D EAGFAGR: o-HEEZEA
A, http://msds.kosha.or kr/kcic/msdsdetail.do

NI

fdd (2005) frleEd AkiEx

(d-Dichlorobenzene). p. 14-15

)

2 14, o-yFE==Zd9A

Aiso S, Takeuchi T, Arito H, Nagano K, Yamamoto S, Matsushima
T. (2005) Carcinogenicity and chronic toxicity in mice and rats

exposed by inhalation to para—dichlorobenzene for two years. J Vet
Med Sci 67(10): 1019-1029.

Barrera G, Pizzimenti S, Daga M, Dianzani C, Arcaro A, Cetrangolo
GP, Giordano G, Cucci MA, Graf M, Gentile F. (2018) Lipid
Peroxidation—Derived Aldehydes, 4-Hydroxynonenal and
Malondialdehyde in Aging-Related Disorders. Antioxidants (Basel).
30;7(8).

Bogaards JJ, Van Ommen B, Wolf CR, van Bladeren PJ. (1995)
Human cytochrome P450 in the oxidation of chlorinated benzenes.
Toxicol Appl Pharmacol 132:44-52.

Cederbaum AIL, Wu D, Mari M, Bai J. (2001) CYP2E1l-dependent
toxicity and oxidative stress in HepGZ2 cells. Free Radic Biol Med.



74 ---- 7|8H(1,2-Dichlorobenzene)?| HE87t Z4xto| 7 AP

15;31(12):1539-43.

den Besten C, Ellenbroek M, van der Ree MA, Rietjens IM, van
Bladeren PJ. (1992) The involvement of primary and secondary
metabolism in the covalent binding of 1,2- and 1,4-dichlorobenzenes.
Chem Biol Interact 84:259-275

Fisher RL, Hasal SJ, Sipes IG, Gandolfi A]J, Brendel K. (1995)
Comparative metabolism and toxicity of dichlorobenzenes in
Sprague—-Dawley, Fischer-344 and human liver slices. Human Expt
Toxicol, 14:414-421.

Hayes WC, Hanley TR Jr, Gushow TS, Johnson KA, John JA.
(1985) Teratogenic potential of inhaled dichlorobenzene in rats and
rabbits. Fund. Appl. Toxicol. 5: 190-202.

Hawkins DR, Chasseaud LF, Woodhouse RN, Cresswell DG. (1980)
The distribution of excretion and biotransformation of
p-dichloro[14C]benzene in rats after repeated inhalation, oral and

subcutaneous doses. Xenobiotica 10:81-95

Hissink AM, Oudshoorn M]J, Van Ommen B, Haenen GR, Van
Bladeren PJ. (1996) Differences in cytochrome P450-mediated
biotransformation of 1,2-dichlorobenzene by rat and man: implications

for human risk assessment. Chem Res Toxicol 9:1249-1256



#3124 .75

Mo

Hollingsworth RL, Adams EM, Rowe VK, Oyen F, Torkelson TR.
(1958) Toxicity of o—dichlorobenzene. Studies on animals and
industrial experience. A.M.A. Arch. Indust. Health 17: 180-187.

IARC. (1987). ortho-Dichlorobenzene and para—dichlorobenzene. In
Overall Evaluations of Carcinogenicity. IARC Monographs on the
Evaluation of Carcinogenic Risk of Chemicals to Humans, suppl. 7.

Lyon, France: International Agency for Research on Cancer. pp.
192-193.

IARC. (1999). Dichlorobenzenes. In Some Chemicals that Cause
Tumors of the Kidney or Urinary Bladder in Rodents and Some
Other Substances. IARC Monographs on the Evaluation of
Carcinogenic Risk of Chemicals to Humans, vol. 73. Lyon, France:

International Agency for Research on Cancer. pp. 223-276.

Kanter MM, Nolte LA, Holloszy JO. (1993) Effect of an antioxidant
vitamin mixture on lipid peroxidation at rest and postexercise. ]
Appl Physiol 74:965-969.

Kulkarni SG., Duong H, Gomila R, Mehendale HM. (1996) Strain
differences in tissue repair response to 1,2-dichlorobenzene. Archives
of Toxicology 70 (11): 714-23

Lawlor, T., SR. Haworth and P. Voytek. (1979) Evaluation of the
genetic activity of nine chlorinated phenols, seven chlorinated

benzenes, and three chlorinated hexanes. Environ. Mutagen. 1(2): 143.



76 ---- 27|8H(1,2-Dichlorobenzene)?| 7t S4xto| 7 AP

(Abstr.)

Nedelcheva V, Gut I, Soucek P, Frantik E. (1998) Cytochrome P450
catalyzed oxidation of monochlorobenzene, 1,2- and
1,4-dichlorobenzene in rat, mouse, and human liver microsomes.

Chem Biol Interact 115:53-70

NTP (National Toxicology Program). (1985). Toxicology and
carcinogenesis studies of 1,2-dichlorobenzene (o-dichlorobenzene)
(CAS No. 95-50-1) in F344/N rats and B6C3F1 mice (gavage study).
NTP, Research Triangle Park, NC. NTP-TR- 255. NIH Publ. No.
86-2511.

NTP (National Toxicology Program). (2016). Report on Carcinogens,
Fourteenth Edition.; Research Triangle Park, NC: U.S. Department of
Health and Human Services, Public Health Service.

https://ntp.niehs.nih.gov/go/rocl4

OECD  (2001).  Screening information  data(SID) set  for
1,2-dichlorobenzene, 95-50-1. p.23

Prasad I, Pramer D. (1968) Mutagenic activity of some chloroanilines
and chlorobenzenes. Genetics. 60: 212-213. (Abstract) U.S. EPA.
1985.

Robinson M, Bercz JP, Ringhand HP, Condie LW, Parnell M]J. (1991)

Ten- and ninety-day toxicity studies of 1,2-dichlorobenzene



31 2H .77

Mo

administered by oral gavage to Sprague-Dawley rats. Drug Chem
Toxicol 14:83-112.

Ruddick JA, Black WD, Villeneuve DC. (1983) A teratological
evaluation following oral administration of trichloro- and

dichlorobenzene isomers to the rat. Teratology 27:73A-74A.

SC. (2002). List of Endocrine Toxicants, New York, NY, US,
Scorecard, Environmental Defense, available at
http://www.scorecard.org/health—effects/chemicals.tcl?short_hazard_na

me=repro&all_p=t

Stine ER, Gunawardhana L, Sipes IG. (1991) The acute
hepatotoxicity of the isomers of dichlorobenzene in Fischer-344 and
Sprague-Dawley rats: isomer-specific and strain-specific differential
toxicity. Toxicol Appl Pharmacol 109:472-481

US. EPA. (1987). Drinking Water Criteria Document for
ortho-Dichlorobenzene, meta—Dichlorobenzene, para-Dichlorobenzene.
Office of Drinking Water, Washington, DC.

U.S. EPA. (2004). IRIS Toxicological Review of Dichlorobenzenes
External Review Draft). US Environmental Protection Agency,

Cincinnati, OH, EPA/635/R-03/015

Valentovic MA, Ball JG, Anestis D, Madan E (1993) Modification of



78 ---- 7|8H (1,2-Dichlorobenzene)?| HE7t Z4xto| 7 AP

P450 activity and its effect on 1,2-dichlorobenzene toxicity in Fischer
344 rats. Toxicology 79:169-180

YJ Kim and JC Ryu. (2007) Evaluation of the Genetic Toxicity of
Synthetic Chemical (XVII) -In vitro Mouse Lymphoma Assay and In
vitro Supravital Micronucleus Assay with 1, 2-Dichlorobenzene.
Molecular and Cellular Toxicology, 3:113-118.

Younis HS, Hoglen NC, Kuester RK, Gunawardhana L, Sipes IG.
(2000) 1,2-Dichlorobenzene-mediated hepatocellular oxidative stress in

Fischer-344 and Sprague-Dawley rats. Toxicol Appl Pharmacol
163:141-148

Zapata-Gayon C, Zapata-Gayon N, Gonzalez-Angulo A. (1982)
Clastogenic chromosomal aberrations in 26 individuals accidentally

exposed to ortho dichlorobenzene vapors in the National Medical
Center in Mexico City. Arch. Environ. Health. 37(4): 231-235.

Zissu D. (1995) Histopathologic changes in the respiratory tract of
mice exposed to ten families of airborne chemicals. J Appl Toxicol
15:207-213.



Abstract.... 79

Abstract

A Study on the Sex Difference in Organic Solvents

(1,2-Dichlorobenzene) in laboratory animals

Eun-Sang Cho, Hye-Youn Choi, Kyung—-Taek Rim, Yong-soon Kim

Occupational Safety Research Department,
Occupational Safety and Health Research Institute, KOSHA

Objective

1,2-Dichlorobenzene (1,2-DCB) is used in various industrial areas, as a
solvent such as herbicides, pesticides and wax, or process of degreasers or
production of dyes. According to studies about hazards and risks of
1,2-DCB, this substance is known to cause skin corrosion, skin irritability,
skin 1irritability and certain target organ toxicity. Although inhalation and
skin are known as major exposure routs, most human exposure, such as
industrial workers, 1s caused by mixed substances with organic solvents
such as benzene, rather than in the form of a single compound, which lacks
information such as human hazards. In this study, we investigated the

specific organ toxicity and sex differences using rat and mouse inhaled for
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28 or 90 days of 1,2-DCB.

Method

We performed 28 or 90-day repeated inhalation toxicity study of 1,2-DCB
using male and female F344 rats and B6C3F1 mice. The animals were
exposed to 0-450 ppm of test substance during 4 weeks or 0-300 ppm of
test substance during 13 weeks. After sacrifice, the hematology, coagulation
and blood chemistry were performed and the organs were collected and
histopathological assessments, immunohistochemistry (IHC) and lipid
peroxidation were investigated.

Result

28-day exposed male and female rats demonstrated changes in body
weight and liver weight, and histopathological findings of liver, and both
male and female mice were shown toxicological findings in liver and nasal
cavity. The results of the 90-day studies showed no changes caused by test
substance in rats, but the same findings as 28 days in both male and
female mice. For these differences of sexes of mice, the IHC analysis
identified the increase in the expression of metabolism-related enzymes,
cytochrome P450s, and the difference in expression due to gender by organ.
Also, increases were observed for MDA and HNE, products of lipid peroxide
which 1s associated with cell damage in the male exposed group of mice.

Conclusion

Based on the comprehensive review of relevant literature and experimental
results, 1,2-DCB 1is believed to cause specific organ toxicity in the liver of
rats and liver and nasal cavity of mice, which is caused by differences in
intersex manifestations of cytochrome P450 and changes in lipid and

oxidative products associated with the early metabolites of test substance.
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Keywords : 1,2-Dichlorobenzene, 1,2-DCB, inhalation toxicity,
B6C3F1, upper respiratory toxicity, liver toxicity
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