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Mg o

cytP450 2E19] AL FREERA] &9tom, AB-PAS ¥4 whHeo] F7i=
o

40“/‘1]4 HPA(135) caspase-3 LH3F)S Tl AZAAES 2l
31931, Trichrome G414 FS7HI3PE FJET Al oS s}

4) AL ofsid B olstdelA  AEAMEZY HItZE #EREICeH,
caspase-3, Trichrome, AB-PAS &9 At tizad zto|7t (i

5 ==74 Ho| A= Trichrome 2 AB-PAS 9123} A folAl L F2)o]
L}t ;go}uﬂ\ B3P 5o FHE A dgre

lo b

6) F7 12 &Zﬁt‘éﬂi’qoi THA A L] o] REE T,

Aol M= T ofe) Mk HARA G

N AR AT 2ABYSE R 5o BEHUCT, AB-PASIIA A
YA o] M3l EF estradiol®] = ML BEEHA F3h=

e
7
o
2

D 7+ Wwe oA} &2 cytP450 2E19] WEs BEo] 9e

WMo cytP450 2E19) WE = ao] 9, 90 ppmo.E A7
NZALE FHtEw, &43 3 385 dojd
3 A WS AWM By do] ofd A el
4) W7 W] YL cytP450 2Bl BHo] e
5) Holl = NMFel| 71215k Hﬂbﬂo] Tortg:ax] o
6) T3 AA7]e] W3}
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I. A&

1. o7HEA

N-methylformamide(NMF)(CAS No.123-39-7)+= N-methyl #3715 7}1A]=
formamide classoll 438, formamid=FH FE¥+ sistEdolt, ZF&4
180-185C, 5+=4 -54Co|™(Budavari, 1996), oA =3} o gt 2 o
(Lide and Milne, 1994), &ol% &3] Stk HEE 25TAA 09962 g/cu
cmo] ™ (Budavari, 1996), %7]¢ ”ﬂ‘?z”it 204(F711), 57192 25ClA
0.253 mmHg, S8/ #lAl5= -097 (Hansch et al, 1995)¢]t}h. 43}
I Aol glE Ao, thsi opvl  WHAj7} WrH(National center for
biotechnology information, 2005).

NMFi& LCDE ®Hgldl FoF 59 #7188 @A, &4 adjuvant 522
ARG R, AR, =, AV R AV Eu AR SolAE A s A AR
At (771 5, 2016;National center for biotechnology information, 2005).
NMFe] A7t 532 20149 =u] 71 17,036E(HE< &, 20173 % ol

NMF&= #=9 25 9 =& AFAEA AEY Alxd I #4944 571
MNEAFE3} So] HuEAtHKennedy et al, 1990). In vitro A A3} ol A=
HA oA LDH 571 5ol b= It Shaw et al, 1988). NMF= Zrol|A] tf
ARAES AXE A2 dHA QtHThreadgill et al, 1987, Pearson et al,
1987, Tulip and Timbrell, 1988). NMF& wl-2olx F2  o]iksteli o}
methylamine 0.2 thALE =], o]AtsletAh= 3&HAHAA S7|5 F3) =5
i, methylamine< =& %3] #A2%¥Y. N-acetyl-S-(N-methylcarbamoyl)



2 .. LCD MZ=3H MARF|(N-methylformamide)2| MH Fe A7

cysteine ®3F NMF2] 23 AR ZA] vle-~ di= 5o oA g9ly
AtHBuhler and Reed, 1990).

ANE e =42 iAdsEr] Ao £+ o 7849 JaE AAeA o
AHmetabolism) ¥ At AA] W ¥ 3H(biotransformation) S 7 # ofgtt}, o] 23k
AANHEE 34 1% (phase 1 )3 28Hphasell) 0.2 FEHT 14 iAol A+
EA9o 7heEd (hydrolysis), $H(reduction), 4F3Hoxidation)”} €ojupm, o]
HA Fo AypHog O}D]L—J](ammo group, ~NH2), Ao]<7](thiol group,
-SH), <=*F7](hydroxyl group, -OH), 7F2%3-A]7](carboxyl group, ~-COOH)%
o Z&7|7F EAY gt 14 QV\}«] F93 AL cytochrome(Cyt)P450E
2ol ok FHujolrt. CytP450 Abgell ARt 5759 ofFo] ZRl¥ Ao, thi
MO ZE cytP4o0 1A, cytP450 2A, cytP450 2B, cytP450 2C, cytP450 2D,
cytP450 2E, cytP450 3A, cytP450 4A5°] ATt CytP4502] s=e A 7}
2 =3, wEbA cytP4500] 93 tFEe "giﬂtﬁ%‘r% Zroll A oK (Smith
et al, 2013). 1 F cytP450 2E1, 1A 52 <A Edo] AU F4=HAS
] FAtEE= gz Al tH/\}O/\C’]‘?}(Guengerlch 2006). CytP450%2] 7+ of
AL Ea7F SASEY 3 S Sk I Ao R s AY9FAAY
o YA M|t} #EEE 497 BrhHall, 2013;Cattley et al,, 2013). 7+ 1
M A=A Z 0 (microsomal enzyme)?] FEe &3k dXolm gk =7l 7F wA
A EARY 2 2 AT Abgolle] H ol 9lo] ﬂZ*ELL o ]ﬂr i Nt
4 drkel BEdE &

HdEa s ol zHERN A Fol ATHPHETT, 1998). 24 EH/‘V: ‘:‘rﬁli L]
=), 19A A= el =& 910“4 =49 aoyA| gt AdHY, 2
ANX e AV AY dA¥oer  ZFFFE4FE 3N glucuronidation),

sulfation, ZFE}FA] X & (glutathione conjugation), FAFEE olAxd L9

2ol == monooxygenase, & H|slo]=  YERS

¥ 3Hconjugation) WHg-o] dojup 1 ]9 % methylation, acetylation, amino

acid conjugations-©] 9t} o] F FFEFEA TS %ol A3 RE I



fFielA Fash 24 tAb Aot SFEAESGS A FHe
(electrophilic compound)®] &= FHo] Ah. SFEXL ELHAl= 7H
PAdEY FGFo 2 vjAd ¥ Y (Krishan and White. 2013; fF3i{517, 1998).
2o Aol ZT3EE FFdELY s wAds HxeAE 2
hAke] Aol AAHTY ¥ 54
NMF7} fraebe 7hs4e 717
71018k Ao 7 oAX T k. 11 FAZE NMFE 7Hin vivo) 2 ZHAI¥(in
vitro)®] glutathiones ZEA|7]3L, NMF tiAEd2 7t mlo]a2& 2]
THATS 3, mh$2o] cysteine©|t} N-acetyleysteines 72 Fo ??;LQE
M NMFel &gt 1t=A4S dwd 4 Ath(Buhler and Reed, 1990)+ #
A71E ok 2y Sl 543 71l ek BEo R= SAAIF A
T e #EE ol i g Adstrle oo

r/]rohﬂ ARG 9L B ARE R ® Etetal, NMF= AR SAd okl A

oA Eo A gtk w8 H AEH A(n

Vivo Oﬂ/ﬂ 7J =40l A= Aer HuHg o HjEjat 5”015’4 =

AA L, mEAtel] e =Es e AAE A Kk ol & A7
1

i

ol
>

o
23]
S Yehl= 4% At Guengerich, 2006).
NMFe] 7+ A o] AAE = fiAE 2

l‘lo O_|_4

—l—‘

r&‘ﬂ

2. 972

A ARk AR TggE AREA S AR 170008 RS B2 ARS el =
Bpeha, NMFE 29540k DMFe] 1% AAAE AERT Q1450
A gk olol ¥ A7 FQEAAE A NMFe] 2F 2 137 FUEHAY
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2 EAHAA F-A(specific pathogen free, SPF)
o] F344/NSlcA| = = Ags fal o 72 20mke, 13F =5 Al
A& e 45 4 ovENEs @FdEdEEsEY F/lE Japan SLC,
TASAL, 27379 =EIE A% & A A

+ d % 50+20%, #7135 10~203]/A1%t,
W] 2 12412, 2& 150~300 LuxE FAE R, 6914 A o)A
(W310xL1200xH200 mm)oll AF5AAE 10ke] 838kt Alas ko=
dite AE5E] 1A AFR(Teklad Certified Irradiated Global 18% Protein
Rodent Diet®, Envigo Co. Ltd., Cambridgeshire, UK)2}, 7|4 o3 71(10 m, 1
et A AT AR R A AeeTE A wolekith 2 dATe
A sted T sEAAEYAdd Y SA@F =AY TACUC-1823, 13+
=EA138 JACUC-1818)& wrol 3= Qi)

27 =% APoAM etz 30, 100, 300 ppm =Ewoll b 7F HebE A&
A8kl 137 &Aool =tz 10, 30, 90 ppm =Fwo ¢+ 7+ 10

nh A v Ag skl th AldE4 ] N-methylformamide(NMF)< 8h 6A1%F, 5+ 5

3], 29 % 13977 == AlE =49 NMFE 7F~3A 7] (Liquid  vapor



LCD MZ=3E MEA|(N-methylformamide)2| x| Ggk o7

6 ..

No
B

T

g 87]9

generator, LVG-04-A, HCT Co., South Korea)t§2] A

H(14 m’, whole body
Feb -40 Pa o]

A

F7|(fresh air)ol| W =25 %]

7]

=

WA Z T T E NMF

=

=

(vapor)

k]

o]

S
=

chamber) 24 &% 19-25C, &% 30~70%,

N

af, 7] 10~15

S

2 A A

o|
)AO

1

19% o]

1
Ho
X

<A

}oA

~

3/

stek

S

A=

[e)

1 A% %(g/animal/day)<

[c]

=

Y

)

=

0] o)
=

ol WA

|

8

R
RT
o

Ty

1)

Ki

ok

RE
=3

o
il

o
AA

3}

o

A3

ol &
= 12

&

E2](<F 3000 rpm, 10

)

ol o

A

ik

1 7

=
g

F3ith NBFell aiA

(neutral buffered formalin, NBF)ol 11743

=2

B

¢

}a 2-4 m FAR

°©

El

v
-

she} o

% Hematoxylin & Eosin (H&E) GAS AA]
(Scope.Al, Zeiss, Oberkochen, German)o =

5
T



sebd 2ojd 3P 22S 34 m FAR APEsIYE 7 229 Fh4 54
S ezl 9@l Trichrome, Alcian blue(AB)-Periodic acid Schiff (PAS),
PAS, AB, Tron ¢4 S5 AASSH. S5 Asdd A7)
(BenchMark Special Stains, Roche, Basel, the republic of Finland)E& ©]-&3}
of AAsH3AT

Z4& 3-4 um FAE WSt 7k BA sellA e gb
HAF B4e] 24 oAFE Rl Hste] cyt P40 2E1 FA|E o] &sto] ¥
AxAstetd S AAsiTh Aol e FAES Felstr] $3 PCNA 3
A, AE g Fdatr] A vl R Mol caspase-3 FAE o] &5k
Ho s d S AN HARASANe AEHAEN7)7
(Ventana XT, Roche, Basel, the republic of Finland)Z o]-&3}3it} &
A AREEE dAkEbA e wke 272 o3 ZTh 1) rabbit anti-cytochrome
P450 2E1 (abcam, 1:100, 2A17F WH3-), 2) rabbit anti-PCNA (abcam, 1:6000, 1

AlZF WS, 3) rabbit anti-caspase—-3 (abcam, 1:100071500, 1A%+ whHg). =1 2
= Bsksl v 4 (Scope.Al, Zeiss, German)S ©o]-&3Fe] %A Wk3-o] wke] 7w

o} WA M} 0319L ol 1 RS vEpgln.

FAIEAFe0E 24

a3k mARe] E4E Qs flEe 1 mm’ 2712 23S AEd F



8 .. LCD MZ=3H MA | (N-methylformamide)2| MH Fe A7

Z2A 28] 71(EM-TP, Leica, Wetzlar, Germany)S o|-&3}o] Ax}dnZ4-& 74
= Azt 2AA8E 9ste] 01M phosphateE  ©]

glutaraldehyde(pH 7.4)°l 343t G4 o] 1% OsO&Hol| 22k 14 s}S ).
50% ol BFE, 70% ol EE, 80% ollehE, 9%B5% e 5 WA desE g5
% T-butyl alcohol® X|3+s}At}. 5471 Z7](FD805 IShin, Dongducheon,
Republic of Korea) 2 ZAAgd AFE 5T244F & & 38 da(E-1010,
Hitachi, Tokyo, Japan), TAFdA& 174 (S-3000N, Hitachi, Tokyo, Japan)2.=

47 F Ae B9san,

8. ELISA &4

S o]gste] dFY estradiol FEE AT F=&  estradiol
kit(rat estradiol ELISA, BioVendor, Brno, Czech Republic)E A}&3}$ 11, AFE
Hell AAlE AAdl=2 788ttt $3 %55 450 nmeol A Hybrid Multi-Mode
Reader (Synergy Hl, BioTek Instruments, Inc., Vermont, USA)¢} d&H X
233 (Gend™ 3.0, BioTek Instruments, Inc., Vermont, USA)S Al&ale] =
sttt

9. 84 24

R

Zad NMF =53] Apol & #4617] fete] Alg, W99, ELISA

B2 Adto] ] PASW Statistics 18(Version 18, SPSS Inc., Illinois, USA)

ZRIHG AREste] FA £ S HAASEIT AT Levene test® it

= AR H, Tl dAHE  dARBAHEA

variance, ANOVA)S A5, zFo]7} 1AM Dunnett AL AA|HS
A

o SAbdol 714 EW Kruscal-Wallis 7785 AASHsith HAE Aae=

(one-way analysis of



31
70

8l

4= Levene test

T-7 A (t-test)

o

ol

Shapiro-Wilk 7

}‘\l_

R==]
O 1
Shapiro-Wilk

=
=,

ol

bl

1

.

Foith. ELISA A}

°©

o A

=

Aol 717k Kruscal-Wallis 737

o

ol

kel
T

}

o] 7]7t=H Welch's ANOVA A

ATk

°©

Games-Howell A4S 24






|

EET

¢+~ 300 ppm

1. 9+ 23

HAAth 1357 =& AgdA= 49 90 ppm

E 67130

z

1

T

7b &
A =F 395E 7o EH(p<0.05 £ p<0.01) A

2

Ao A
1

K&

=
5

D A=

(p<0.01) A

o}J

1
“

Nfo

o

__AE

of o}<4= 300 ppm w=EvollA AR AF

27 wE AN E =F 15 2 2

2) A

w3 2570 9# 100 ppm

L2,

] 3H(p<0.01)

o
o

7}

o #elgh (p<0.01) #47F By

1

=

o fog (p<0.05)
e}

=
oAM =F 3AHH Fo3H(p<0.06 &2 p<0.0D) 7

TolAE =E 59 366

ppm ==
D25 == A Y

2ol A A}
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re

__I.L

300 ppm =ZEwe] HA 2mtE|7F =E7I7HE AMGSIATh APEAE 2 4
TolA AQdsdtt el M= b 300 ppm =EFOlA ZHA|ES] Az
(pale cytoplasm), &# 300 ppm wEFe rolA FHAFES AMAZE
(pigmentation)©] AFAFOE ARG HHelA = F7 300 2 &5
100 ppm =ErollA ©el A A ER %(cell infiltration, mononuclear)®] ¥z
HATh oF= 300 ppm =EFwolA BN &8 (hemorrhage) 2 HI 7N o] @8

9ol 3 A  (hyperplasia, transitional cells)o] &= AT T FFH 30
ppm =Zwol Al ol el ml /A U erosion/ulcer)o] TEE T FEhAd
e 99 300 2 100 ppm =EF, 4 30 ppm =Ewol A AHRAE ] vl
(hypertrophy, acinar cell)7} #&5 At =2ty HAF A= 51 2 1
HlollA Z2-47HA o] YEp A

()

2) 137 == A

7 T390 ppm)ellA 7He] 2G5 AA ZFAE H] i (hepatocellular
T3(90 ppm)el Al v 7] HAAE =}

& A (hyperplasia, mucous cell), &3 5-2] # & (Infiltration, mononuclear
cel), ¢ < (inflammation), ©JstAd 2 ofstXde]  AWAx  HGY
AW A HA A= ®

hypertrophy, centrilobular), %<~

(hypertrophy, acinar cell)°o] #zH¥ it}
2 2 a1l 2”47 A e YERA AT



m ¢ 2 13
<H 1> 2F LEAEOA HEE TEFoYx] HHY}
) o Concentration (ppm)
Histopathologic findings
0 30 100 300 0 30 100 300
Liver
Pale cytoplasm, hepatocellular
Minimal 0/5 05 05 2/5 05 05 05 2/3
Mild 0/5 05 05 2/5 05 0H/ 056 2/3
Moderate ~ 0/5 05 056 15 05 05 05 3/3
Pigmentation, Kupffer cells
Minimal o5 05 05 05 05 05 05 2/3
Mild 0/5 05 0/5 0/5 05 05 05 1/3
Nasal Cavity
Hemorrhage, turbinate
Minimal 0/5 05 05 1/5 05 05/ 05 0/3
Mild 0/5 05 05 3/5 05 05 05 3/3
Infiltration, mononuclear cell
Minimal 0/5 05 05 2/5 05 05 05 0/3
Mild 0/5 05 1/5 2/5 05 05 05 0/3
Hyperplasia, transitional cell
Minimal 0/5 05 05 1/5 05 05 05 2/3
Mild 0/5 05 05 4/5 05 05 05 0/3
Erosion/ulcer, transitional cells
Mild 0/5 05 05 1/5 05 0H/ 05 0/3
Submandibular gland
Hypertrophy, acinar cell
Minimal 0/5 2/5 0/5 0/5 05 05 05 0/3
Mild 0/5 05 4/5 0/5 05 05 35 0/3
Moderate 0/5 05 1/5 55 05 05 05 3/3




14 .. LCD HZ3H MHE KM (N-methylformamide)2| 4| ek

o

A

-+

<E 2> 13F SEANOM HEH ZFISN #

Histopathologic findings

Concentration (ppm)

0 10 30 90 0 10 30 90
Liver
Hepatocellular hypertrophy
Minimal 0/10  0/10 0/10 4/10 0/10  0/10 0/10 0/10
Mild 0/10  0/10 0/10 2/10 0/10  0/10 0/10 0/10
Nasal Cavity
Inflammation
Minimal 0/10 0/10 0/10 2/10 0/10 0/10 0/10 2/10
Mild 0/10  0/10 0/10 5/10 0/10  0/10 0/10 2/10
Infiltration, mononuclear cell
Minimal 0/10  0/10 0/10 1/10 0/10 0/10 0/10 1/10
Mild 0/10 0/10 0/10 1/10 0/10  0/10 0/10 1/10
Moderate 0/10 0/10 0/10 1/10 0/10  0/10 0/10 0/10
Hyperplasia, mucous cell
Minimal 0/10  0/10 0/10 4/10 0/10  0/10 0/10 4/10
Mild 0/10 0/10 0/10 4/10 0/10 0/10 0/10 1/10
Parotid gland
Hypertrophy, acinar cell
Minimal 0/10  0/10 0/10 3/10 0/10 0/10 0/10 2/10
Mild 0/10 0/10 0/10 5/10 0/10 0/10 0/10 1/10
Submandibular gland
Minimal 0/10 0/10 0/10 2/10 0/10 0/10 0/10 1/10




o Al

L= V]

25 300 ppm, AMlZAE3, HE x100

o A}

A=

x100

o A

A=

135 90ppm, ZHH|EHIT), HE x100

[2#1] 7ho] =2ty W3}

25 5 13%F

BRolA AdsAAY TAE ZWEF, ) 2 oA

5]
(1357, €)7F &2t} CV: central vein
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25 300 ppm, 1432, HE E4, x400

27 iz, A 2L IrongA, x200 25 90ppm, A%, Tron A, x200

HE 94 23}, 7be Smodsold daae] Azze] was|girhsam),
of WAz FAHATHELE



-

135 =z, 47 WA, HE

135 90ppm, ¥, HE 44, x100

(193] de] 24 s W

Aol A Bzl Wizl (), ol 3y AP (EHER) ol

AoM e ASEHEE vE)o] AEE A




18 ... LCD H|

B

M | (N-methylformamide)2| A& A

2 \ i

137 90ppm, ©l3}d, ARk 8|,
HE 94, x100

27 o

Z, A% 2t HE 94, x100

fut By

25 300ppm, ¢tabd, A Z |,

HE %41, x100

N

[

N

F iz, A4

7t HE 941, x100

135 90ppm, °fstid, WA =r|o,
HE ¢4, x100

HG)7F JZE AL, 1357 A A
3



°] 90 ppm =

3]
=

=EA

in A3}

3l iron stai

bl

A A

- =
o =2

Al 25l A

I trichrome

3
pul

ATt A7l o

Zt

-PASZ ¥}, of

3
el

of tig AB

=] Al
=

Bfol M 5= 2

}

=
=7

b AB-PAS 44143, Ak 9

3

AATHZH 7~8). Aol o

W

o Al
=

FATHZE 10~11). PAS

S

X+ E5F Alcian blueo] HE2-

o Hlhel Al
A3}, aghel M 2ty

H A 259 9 13F BF FE A

SAATH L 12).
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o o

2F &+, ¥, Trichrome 44, x100 25 ppm, HI7, Trichrome 4, x100

L=20 Vg

135 tzF, H¥17}, Trichrome S92, x100

135 90ppm, HI7, Trichrome 4, x100

L= V]

19 5] 8179 trichrome 94 43}
ﬂﬂzﬁﬂﬁ%éﬁﬂiﬁOJJHM]Qﬂﬂﬂ

oroko i} 1356l A
o] S0 A ATHSA ).



25 90ppm, HI7}, AB-PAS 4, x50

135 =T, ¥17, AB-PAS S, x50 135 90ppm, H17}, AB-PAS &, x50

[ 6] WZe] AB-PAS 4] 23}
23 AE AAAEE APl FHA ggrort, 13FANNE AL F

L EEICE )



25 tlZ, o]3H4, AB-PAS 94, x100 25 300ppm, ©]3}4, AB-PAS &4, x100

135 iz, ©]sk4d, AB-PAS 4, x100 135 90ppm, ©]3td, AB-PAS H4, x100

(29 7] ZA(elahd)el AB-PAS g4 23}
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[25 8] A(eslad)e] AB-PAS 14 23}
0F W 3% RSO olalie] Mool MO xIy val A WMEsp B
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<& 4> 137 Mg Futs

d A=

319) 27 ) 2t 300 ppm
cytP450 2E1 s 1.80+0.45 2.0620.55%
cytP450 2E1 H] 7 0.00+0.00 0.00+0.00

PCNA A (etalad) 1.60+0.55 1.60+0.55
PCNA Z1 A (o] 3HA) 0.00+0.00 0.00+0.00
Caspase-3 Zr 0.00+0.00 0.00£0.00
Caspase-3 H] 7 0.00+0.00 1.00£0.00x
Caspase—3 A (o]8kA) 0.00+0.00 0.00+0.00
7 e 7t 2o A A5E UYL
0: Whg {5, 10 oFgk Wk, 20 $3F Ak &, 3 AT AR W
iz tiH] NMF=Ea9] ghs eAldes £4sto] 1 d3ks Hehfisit
w1 P < 0.05, #x P < 0.01
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27 &+, oFshd, PCNA, x200

23 300 ppm, 2F5H4, PCNA, x200

135 thz&, °tebad, PCNA, x200

135 90 ppm, °tsl4d, PCNA, x200

(2% 16] A9z stebdAr A} o4 PCNA
27 2 1353 =F A EFoAM izl xpol= #EEA] ekt
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27 W&+, 7 caspase-3, x200 25 300 ppm, %}, caspase-3, x200

135 tj&+, 3, caspase-3, x200 135 90 ppm, }, caspase-3, x200

£
:

A3} 7} caspase-3
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27 B 137 =F AY BEFolA e A ool




25 W&, M7, caspase-3, x200

27 300 ppm, Hl7, caspase-3, x200

135 W&+, ¥4, caspase-3, x200

135 90ppm, BI7, caspase-3, x200

[29) 18] W xZslshdA A} A} H|7} caspase—3
135 =% AdoA] 2] FAukS(3AE)o] et A g #aE QT
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25 =2, o]k, capase-3, x100

135 90ppm, ©|3H, capase-3, x100

ZA 3tk dAL A3} o]EkA caspase-3
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& 4 Sl PONAYAS AAlekdch 2 Ax, iz s vaa]l 2ol 7t Q1A
A ggob A FAl o WETE opd whaedt el Ao &9l
th ®3h caspse-3 SO ZA wdle] wE AEAA T BRIEA T
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Ao g 4 JHGopinath et al., 1987; Nolte et al., 2016).
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Abstract

Study on N-methylformamide-induced changes

Mi Ju Lee, Kyung-Taek Rim, Yong-Soon Kim, Hyo-Geun Cha, Byeong-uk Yu

Objectives: N-methylformamide(NMF) is used in LCD cleaning, process of
synthesis for several chemicals such as insecticides. The trade volume was
reported as 17,036 tons were consumed in Korea. NMF has been reported to
induce hepatotoxicity. We performed 2 weeks and 13 weeks repeated
inhalation toxicity study for more information of NMF and found NMF-induced
salivary and nasal changes except hepatotoxicity. Here, we investigated the
detail characteristics of the histopathological changes.

Methods: F344 rats were exposed to NMF vapor for 2 weeks and 13weeks.
Histopathology, special stain, immunohistochemistry, scanning electron
microscopy, ELISA were performed.

Results: Pale cytoplasm or hepatocellular hypertrophy and pigmentation in the
liver, mononuclear cell infiltration, hemorrhage, transitional or mucus cell
hyperplasia, erosion/ulcer, inflammation in the nasal cavity, acinar cell
hypertrophy in the submandibular and parotid gland was noted as
NMF-induced change in histopathology. Iron stain was showed positive reaction
in the liver. Expression of CytP450 2E1 and caspase-3 was remarkable in the
liver and nasal cavity, respectively.

Conclusions: 1t was considered that hepatocellular hypertrophy related to
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cytP450 2E1 expression. Acinar cell hypertrophy in the salivary gland was
increased production of mucus, not proliferative change.

Keywords : N-methylformamide, toxicity, rats, histopathological analysis
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