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The Metabolism and Liver Toxicity of N,N-dimethylformamide
in the Isolated Perfused Liver
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*

Physiology*, and Internal Medicine®, Yonsei University, Wonju College of Medicine

N, N-dimethylformamide(DMF) is a solvent which is widely used in the industrial work-
place. It causes the liver damages to the chronically exposed workers and is also well
known as the harzadous material to generate occupational malignancies. DMF is mainly
metabolized into N-hydroxymethyl-N-methylformamide(HMMF) by the microsomal
cytochrome p-450. HMMIE breaks down to NMF. However, the detailed mechanism of its
toxicity are unknown.

In this experiment, the metabolism and the toxicity of DMF was investigated using an
isolated perfused hiver medel. DMF(0, 10, 25mM) were added into recirculating perfusate
of the isolated perfused rat liver. Samples were collected at 0, 30, 45, 60, 75, 90 minutes
from inferior vena cava, The gas-chromatography was used to analyze the metabolite of
DMF. The changes in the oxygen consumption rate by DMF were monitered during per-
fusion. The enzyme activity (AST, ALT, LDH) in the perfusate were measured to find out
whether DMF causes hepatotoxicity.

As perfusion continued, DMF concentration in the perfusate decreased, and NMF
1.16mM was detected. The oxygen consumption rate increased both at 10mM and 25mM
DMF concentration. However, when SKF 525A, a known inhibitor of cytochrome p-450,
had been pretreated (300uM) before DMF addition, the oxygen consumption rate was sig-
nificantly inhibited, indicating that cytochrome p-450 system is responsible for the con-
version to NMEF, With DMF addition, the activity of AST, ALT, and LDH significantly
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increased time dependently and dose dependently. However, the pretreatment of perfused
liver with SKTF 525A showed that the release of AST, ALT and LDH was inhibited.

In summary, it is found that DMF is metabolized to NMF in liver, and that
cytochrome p-450 mono-oxygenase is suggested to play a role in the biotransformation of
NMF. The time course of DMF toxicity in relation to NMF formation is compatible with
hypothesis that the hepatotoxicity of DMF is mediated via NMF.

Further study combined with in vivo experiment through the toxicological approaches is

expected.
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N N-Dimethylformamide (DMF) & $¢te g £

= 3] xjoln, . FxHE (CH,,NCHO
%}2} < 73.09°1th. DMFE 3 #7194 =
FAL FeojE F Fole A2l o #7184
dy] 20e), 53] {4 YTl o] ko)
o, ol9ox R 3E, HEAA, LETS AHE =2
o] HxRAee E3] ARETh 52or s
I &7l H¥HE molm, AMdsigael vty
2ANE, A, 7 dA 57 Al dast
Avl, 228 4 gloh 53] A48 o oodeinia)
YA 7 G557k 3 7} A}, e
DMFe I§7] ®ueps 3% 3 Fred
(Mrazst Nohova, 1992), EOI EFA TEH
A g R BAFEH %’a‘-p— YAAHQ] whgof e}
o} (Horn, 1961; Palmen 5, 1993). A7|3eo=
F3E PR T2 S {93, 29 EFJF‘J’Q?},
SZgol oigk Bl 2 e A3 E dod 5
7} 1 (Clayton 5, 1963; Redlich &, 1988;
Mraz %, 1989; 247 &, 1991, Wang 5,
1991; Rojenberg, 1994; H+T &, 1995).
Ducatman 5(1986)2 gkollA SAlg A <
£ Hasinh. welA] o34k AN E] (ACGIH)
Y U S2AAAAR AR (OSHA) MM E HE5E
(TLV)E 10ppm, 30mg/m(EFH¥H) = sz, AE
4 wZARBEDR DI\/[F—Q] 8% dARMEQ] N-
methylformamide (NMF) #& 40mg/g creatinine
o]l AT Ut A TE]‘-}E}"W': 8% o
ARTE NMEE §448h7] H8l 7taaz2etead g

HUHHUJ;

N, N-dimethylformamide, N-methylformamide, Isolated Perfused Rat Liver,
Cytochrom p-450, Hepatotoxicity

olg3he EAWEE AAEtn I EAH 2 F7)
#, 1995). e HEEH mUHE B 7))
‘ﬂfﬂ' AT 2eflo] B (AT 5, 1991 AE

< % 1992), AAAQ] Fpiye] digt ARxE =
-E'v: AAojct,

Scailteur 5(1984) 2 DMFe 25718 58 &
dF9 50%7F 8% N-hydroxymethyl N-.
methylformamide (HMMF) 2 WA 4%7}
NMF2 diAtgdcttn 23ustz dr}h. Barnes$t
Ranta (1972)= 8#s DMFE @ § 71232
2otEagHE o] &3t 8FoRHE DMF
dimethylacetamide®] diAMME 3 NMF<
acetamide §& ¥43827, Brindley ¥
(1983)= 7tz =olEaz}dE NMFE AE3
o, AHdd DMFE F tiabahE]]l HMMEZ} 7}
2agutEaHgY FYA FUT-] n2el o) §
g AEolgtn 3t NMF A& dis) 39 74
A 1AL AAEY. Mraz F(1989)2 DMF
2] thApatEe]l HMMF, NMF, N-acetyl-(N-
methylcarbamoyl) cysteine(AMCC)9] Al 784
olxn, F Al EFe]l HMMFEoOAI Qe A%
22.8%7¢ A% AMCCZ iAo}, ¥y, 43)Fe
A4 AMCCe AY HEHA gedm sl 3
QAHEE S Aol7t oS Bxstdo. ey
DMFe} tjAlzdo] dig] ofd wEs] geizl b
glct, ¥ Bae 28t DMFe WelA F=& 4
siRhgoll st tjAbdrl,
o %)= mixed function oxidase & cytochrome
p-450°] <}3) AtEkEE AX HMME 2 NMF
2 dAE e Aoz 4edA dch(Imazu 5, 1992,
Mraz %, 1993; Chieli %, 1995).

2, 7He] microsome
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DMFEe 2%ol, &, E7, 7/ 5& °)&3% oF
3 FEAGAAM A=Yl e AR HagUn
(Wiles®} Narcisse, 1971). DMF9] x2d o=
AAME 7T HA A F7HE Badkmn v
(Lareo 5, 1995; Sakai &, 19%5). 54& do
7= 5o WA Massman(1956)2 o A+
g 7%, DMFQ LD & 3500mg/kel 2 B3
iRt HZde E49 71dE olEErt 3 F
o)) DMF9 NMF 2 HMMFe diAleg #FHd
Ao g wjmdel #4E Boen glon,
DMFo] 23k 54o] 1 AHe] #AgHthE NMF
U HMMPE9 22 Ay dizalbge] 2483t of &
2 Bo] Yrin Gt (Scailteur F, 1984 ;
Bulcke 5, 1994 ).

wreld] DMEFe Al 2 54 EF-8 gsire
F BN el S F 7 de U 89S
A&3Eln DMFe] tiAME f@she 3o ojdAd
Alolel, olo £ dAFcjrs ztellMe diAMEE
Tabskn 5] oA TS FAl AE
= AL 7k A&7 B+ (isolated liver per-
fusion) 2dE& ol&3tdtt. F&T BFYUL
Bernard (1885) 7} A&-22 B o) ko] Ag]
2 YWY g drste e ETeld, &
&8 7PH(d; liver slices, isolated and cul-
tured cells, isolated organells)¥ &7 2715&
Hrislke Fa@ ddndoltt, HE fFHel &
3] AMEEE ol fw AAY (in vive) REIR= g
AFdozRE AgE BN I& F dz,
AEAS A =2 el g ZFaAg 4
lon, AAUar Eriedt 2xHElE £ 5 3
7] w&el}, =§ o2 7|24 (organ system) s}
HANE @ AR-F2E E9(neural-hormonal
effect) 23E Egxog AFL 48 £ gt
9ol o AL (in vitro) EddE g7 A
£33 Be ke =, AEFA (cell polarity),
FE9 5% 59 471 stk ARE Avn
21t (Gores &, 1988). z&u DMFe Al 2 =
AL T 352 A% Rae ofF A9 gich

b B AFoAle A&t RS ofRsho
AA, FF¥AF 53 FFIT DMFL] Algdel] &
TE dglel dARbEe NMFPE 3% $43tn, &
A, cytochrome p-450¢] <% DMF dlAl#AE &

Hovsh) A8 BFEIIE B A4 RS0} ¥zE
gaAsin, AA DMFY 7+54 F42 dnusnzt
A5 A £ HalE Fasiy

I, A" Xz 3 gy
1. AEIR

7t EEEd

T 99,5%9] tuA ZEEo] = (N-N-dimethyl-
formamide; Merck, New Jersey, USA)< &
99% o442 dAWAXEolv= (N-methylfor-
mamide; Fluka, Buchs, Switzerland)& A3}
e, tazazvtEad s (Varian 3300,
Australia) 44 EFAFo2 AMEE7] 46l
99.5%9] P32 AMS-SRch

L, MEHEE
#HFo] 300-350g2) Sprague-DawleyAl #FHE
dedides 49 AR dFd A¥E dYFE

AT B3 E 25+2C, FE 65E5%E XIS

9 4¥FEE ALAID. d¥sEe d=T,
DMF 10mM, DMF 25mMell 24z} g & 24
vlal g @98k AlRE A9A AES o889
3, HFe 2 H{EEH AAAA AREA AF
A s

2. Ay

7} CHAREE &4 g

TFY-E AIZHQO, 30, 45, 60, 75, 90%) o ot
1m® H3) vgex 1 1 ves sty 3y
staAzvkE g ] FUFATE T WHe

FTY D BHY imlo] viR-E 1nE 7H8) A 4
a3, AAEe] (1000xg) & 3 AR 1xE 7t
AzetEe) s FYeFHTh

Ztxawroteddise B8 ol23t FEVIE &
St 21 A%l =18 Table 13 2t}

L BMEE HUL Y Mty

DMFE el dAEA FErt asta g A
ol me} FEE st 1 WIE FAEh
= DMFY] A8 RUERH &3] A
DMF dlAbEe] 43U NMFE o]-8-3te] ZhellA]
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o] AR g #Qlsly] A BHEAR Frhakd
o} $HERE I 28] 99 2EY (DMF4
NMF 8 : 2u]&9] EFgY) 2 vz 24T &
olzlio} o] FAAE Pt on, FFYW] ZF
g DMFe NMF9] stxzm@vte o] peakol
g Axge® HFHd uljisld TxE A&
ok (Fig. 1, Fig. 2).

DMF E&-894& o] 88 A%

y= 0. 0002146 »+0. 0001756 R’=0.999
NMF 2E89& o83 A3Y

y= 0. 00014 »+0. 000187 R*0.993

o g 2 e

1) M &

7+ &2 9A Na* thiopental(40 me/Kg) & &
7 FUste] risid . AFERE SRR

Ax AFA ANE ot IR s o)
EHER E F, SFYe] A9 €A F
B {polyethylene tube 1.3mm)E& IIEH] A
g F AT FEHE AN x=Fen P
Arzje] FejoE {FHE HNE FREd
Aol Ardstanh. AAEY 9 shpEuE
AzEidny. e 83 2 W F A&
717 (Fig. 3¢l &zch

o s
(TR TR =

2) B7Y

#7988 Krebs-Ringer bicarbonate buffer
(KRB) & Algsilen, 2 482 NaCl 117,
KCl 4.7, CaCl, 1.9, KH2PO, 1.2, MgSO,
1.4, NaHCO, 24.8 mMeldrH(Table 2). #F
d& 2= 36TE FAMNA F3, 95% ¥} 5%
oldzleAE FEI FI3 pH T.47 HEE
st

Table 1, Gas chromatography conditions for detection of dimethylformamide metabolite

Description Conditions
Column ¢ (.53oax1: 15m, Quardrex Carbowax 20M
Injector split/splitless (initial 0.5 min; splitless, and then; split)
Cas He 10m!/min 407T)
Temperature detector: 230, injector: 2307
column: 60¢C (Imin) 30C/min, 120 (Imin) 20C/min, 220 (1min)
0.020A

<
o
-
(8]
1

R? = 0.999
y =0.0002146 x + 0.0001756

Chromatographic Area
=]
2
i

0.005-

0.000 ¥ ; r T . T . )
0 25 50 75 100

Concentration {(mM)
Fig, 1, Calibration curve of DMF

0.30+
o~
2 0251
1]
g
< 0.20_
2
B 0151
S R’ = 0.993
o y = 0.00014x + 0.000187
E 0.10+
=]
T
&=
(5] 0.05+
0.00 L ¥

0.0 0.1 ' 0t2 l 0t3 ‘ 0f4 ) 0?5 ' 0.6 ‘
Concentration (mi}
Fig, 2, Calibration curve of NMF
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Thermometer

i
&)Lmn

Humidifier

Filter

lss%(}z]
5% COy
]_suwly

Biclogical
Oxygen monitor

Fig, 3. Isolated perfused rat liver model

3) AF5=Y &4

b B5o] AFEFE KRB 2932 140miojoion,
THEE 28 emH,07F FAEA Stgich ol DMF
Fojar|Ae] #AF S5 50.5£2.45 mi/min°l]
o} zEulel B|REES Gilmont Flowmeter F-
1300& olg3ld F3sldict o SPHE EFEE
ol &gk HAl FFSEEE AL

LEue] gRsx 4
T FAE sk ofef Al ofs) e
AAaFEES GENR Soj7le AT sixel 3
AR R Urste R2XEo ifo|old,
Biological oxygen monitor (YSI Model 53)&
ol g3t ZFsldvt. W} FAe BHRE AlEsn
Y 3 ZEd FRE AAS AHE &8 &
st

TR o] % 80, (Md/ml)

=a X PO, («: 0.024 m O, / ml / 760
.mmHg)

=0,024 ml Oy ml of solution/ 760 mmHg X
(760%95/100) mmHg

Table 2, Componenis in Krebs-Ringer bicarbonate
buffer solutions

Components Concentration (mM)
NaCl 117
KCl 4.7
CaCl, 1.9
KH,PO, 1.2
NaHCO, 24.8
MgSO0, 1.4
Ghucose 5.5

=0.0228 ml O,/ ml of solution(=22.8 a O,/
ml of solution)

Zroll o)t Ak AdF e (4/min)
= BHY W Ak4e] o X BFEE X AFIE
(96) 2] o} /100

AEARE: (W Oy min /gm)
= Zho] o Ak AHF x 1/ 220 [gm)

5 A% Fo B Az ¥y

DMFe] tiAr @ 5438 viwslr] A& dz=
DMF 10, 25mM& Z-2elo] Solzkz 2Feo)
Sojslm, BF F 0, 15, 30, 45, 60, 75, 90¥o)
Pt o 2 RE o= AFYAA ABE £
At

g DME9] AbAwgol £4E vietslr] 93t
o SKF-525A (proadifen,f-diethylaminoethyl-
diphenylprophylacetate) 300 uM& WA H,
308F] DMFE 3t DMF 53 3 A
2 v)a3tgct

6 =43 53

gZ=F, DMF(10, 20mM) % SKF 525A AA
A% DMPe] FEA4E S3s8k7] fa AR/dS A
2 $3353m, BM/Hitachi 747 (Boehringer
Mannheim) & ©] &3t} 37 ColAl Bergmeyer
(1986) W4lo® aspartate aminotransferase
(AST), alanine aminotransferase(ALT), lac-
tate dehydrogenase(LDH) S &334t
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3. BAAE

A HE + EEUAR FAEIHLW, I F
=o] w& gAb ¥ =4 Ay Kruskal-Wallis
A7 whgo] olsted pgtel 0.05 °l3td o} F%
alele] AR A5k,

I, &3 ZHZo
1. tiAMEEel -
75 HE = % I2oie0Y
ZtxazgnEadye] DMF dAEEs HE =
AL AR 98k, 9x DMF2 NMEFE 8
2 )& e TR Ime) vers 1 wE 7l
FFLYE 5] d4dEE F AFY 148 7t

Maihanol
Methznol OMF NME . OMF

™ [
{A) (B}

uh. NMF

oL

Time {mir)

Time {min}

Fig, 4. Gas chromatograms of DMF standard
solution and DMF in perfusate
{A} Gas chromatogram of DMF standard
solution
(B} Gas chromatogram of DMF in per-
fusate

ZRvtE M) FUsY Fig. 4 (A 22 2
ZoiEaR-g 4ok ege] A5 0,368 A
AA peakE BHR, DMF7} 1.97¥<)], NME7}
4. 178l 2}z peak® BT} .

Fig. 4 (B)= DMF 25 mM< ZFYcl ¥ &
90%-ol AR AlRE BMF asngEaYPe] o)
o EF gode ABctEIP vm B o
peak W32l AolF Holxgl, FHEE A7)l
peakE 2ol DMFe NMFe 3&S 3
A,

L CAEE RS 55

A&7 #F5A DMF 25mME @5dgd F3§
¥ 0, 30, 45, 60, 75, 90%l Z2 A BE A3)F
o DMF¢ NMFE £33t DMF $%e Al
el e} M zFAasielch. NMFPe #3AE A
THANM e AEHA 42, 08 Wy =88
F7tekAle HEigh Wgl g 2hE F gle v
o] A&H7 At ey 758 wW¥EHe o
AHEA el F7lsl7l AlFbated 908l 1. 16mMe] A
2= %1t (Table 3).

2. M& BF 2olM DMFe} ZHCHA}

7L DMF7} 2Rl oixjs dE

KRB §9¢ 28cmH,0° 93¢ g2oz #%
g o 2] FFEEE 50.5 £ 2.45 m/minol
ou], DMFE 71514 g2 tgi2FoME oleg &
FEe7l A¥Fe 90E7MA] walgle) A&HATh
12y DMF 10 @ 25mM B2 o8 549 20
BRE QA ghdhe Aegs 1oy, FAdes
#olah] gsket(Fig. 5).

Table 3, Concentration of DMF and NMF in per-
fusate with time

Time {min) DMF NMF
0 24.9820.04 -
30 16.0940.02 0.13x0.01
45 13.4140.16 0.26+£0.02
60 11.63+0.03 0.39%0.05
75 10.36%0.12 0.80+0,04
90 9,34+0.09 1.16+0.11
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Lt DMF7} Zhe} At n g n|klE HE
04RG-S HENE it Sojzle wEY
e WAV es %.%?Jiz_u Axzlze] A
o) (MAFEE) 9 AFETY FoB TP sHed
2T A E ﬂ"““r’%‘*r‘-"]"} DELEe] Azt o
coz AHI| Fo AhAwES A UdFEHY

50-
=)
‘E 40~
E
P 30
m
o

20-
E ~o— Control
b —u— 10 MM DMF

0_

! —s— 25 mM DMF

O T 1 T T T 1 13

0 15 30 45 80 75 90
TIME (min)

Fig, 5, Effect of DMF on perfusion flow in the
portal vein

90+
. —o— Control
2 —=— 10 mM DMF
E —— 25 mM DMF
-.?— 80
4]
T
o
=
L
£ 70-
=3
0
c
O
&
&
o 60-
2
Fud
o

807

T T b ] T T T T T T T T
0 15 30 45 60 75 90

TIME {min)
Fig, 6. Effect of DMF on oxygen consumption
rate with time

9. DMFe 3%& %8 ¥
Fastg e, e
‘;:c‘n A AR go) “6'7}549«1—3-,
DMFY =0 ¥ estgon,
(p<0.01) & HSich(Fig. 6).

F BREEE ga
SaFagel e AR

A ANe
F Aol

ch. SKF-525A{proadifen)?} DMF2] fbacas
gistol| n|Xj= Y&
2¥2] microsome FEUIAL JAJA| 9l SKF-525A
300 uM-E HAXAED 30% F DMF 25 mM&
Eolsldek. SKF-525A S0l ¥ 108 oo} b
THEES 50.5 m/minolA 26.3 ml/min 7R
XA 2 At GA] F7Fsl 43, 2m/min
o2 fFAHULH, Ate] AUE IEBE 71E7)
A9 AFEZTAAE HEHA I, ojde @
FEEe] gag st SKF-525A¢] olgh abda
€ gzwht Adadhe 438 RAd. SKF-
525A %< 30% & DMF 25 mME& E93td o)
ARAEAEEo] Altel uet =2FYW ek ASE
B HFig. 7).

2F

A Ri
(= =

3. DMFe] 7=
DMF 10 2 25 mM3} d=79 354 532

804

60

" OW

Oxygen Consumption Rate (ul/min/g)

204
—— DMF(25 mM)
—o— SKF525A + DNMF(25 mM)
0 T T [ T T T T T I
0 20 40 60 80
TIME {min)

Fig, 7. Effect of DMF on oxygen consumption
rate after pretreatment of SKIF 525A
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vmaly] A3 FFYLS Apdz F£Yskd AST,
ALT, LDHE F3sch fFA06] met di=
ZolAq FFAuUle] AST, ALT @ LDH F=7F &
4 Frtstgled, DMF FoATeMe 60878 #
B 5438 Fristd dizast AT Aol (p<0.01)

600+
5004 —o- CONTROL
—a— DMF(10 mM) .
~ 4007 o DMF(25 mM)
2
Esoo- L
200
100-
e
0 20 40 60 80 100 120
TIME {rmin)

Fig, 8, Perfusate AST concentration with time
after administration of DMF

—o— CONTROL
. 1504 —s— DMF(10 mM}
5 —i— DMF(25 mM)
e
= 100+

50

P
0 20 40 &0 80 100 120
TIME {min)
Fig, 9. Perfusate ALT concentration with time
after administration of DMF

& 23on, ozd d4e FEexd HHEd
(Fig. 8, Fig. 9, Fig. 10).

22 SKF-525A AAMXE DMFE S
A=, DMFell 21§ AST, ALT, LDH 377} 9
A=A Fig. 11, Fig. 12, Fig. 13).

18004
1500+ —0— CONTROL
—u— DMF(10 mM)

12004 e DMF(25 MM)
o
3
T 900
fa)
-l

600~

T

0 20 40 60 80
TIME (min)

Fig. 10. Perfusate LDH concentration with time

after administration of DMF

T T ¥ i
100 120

600~

5004  —o—DMF

—=— SKF + DMF

400~

300+

AST (UIL)

200~

{l
Ope—"

60 80
TIME (min)

Fig, 11, Perfusate AST concentration with time
after pretreatment of SKF 525A

T

L T
100 120
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200-
—0— DWVF
—a— SKF + DMF
150
=
=2
;100~
© 50-
0 T T T H T T v T ¥ T ¥ T
0 20 40 80 80 100 120
TIME (min)

Fig, 12, Perfusate ALT concentration with time
after pretreatment of SKF 525A

y. o =

DMFe AaAdels dialsle] Ao wjEgn
I F AEEE 2JHHYd AMgHE F EEL 4
B NMFeld, 22l N-acetyl- (N-methyl-
carbamoyl) cysteine(AMCC) = T2A o)A F2
g wE AEE ZEEn gles FAeltt(Mrazst
Nohova, 1992; Lareo &, 1995; Sakai &,
1995). zz2v DMF9 oAl ARs obF] 33
urEA A grl 4% P8 si2s DMEZE A
el F5Ed o] NMF2 diAlE v (Barnesst
Ranta, 1972; Kimmerle9} Eben, 1975), ©] dl
ALEdo] fE) WEAgo] fLEG(Whithy F,
1984; Mraz 5, 1989). SHA|qt 7tAagvtEw
W2 dEHe 8F dAbER) NMFe Uiyd
HMMEPzln $eisla, cole daldeio <t H
o] 2¥E HMMF7} 7ta3agnteadse] nd
ols] NMF2 ®3lde ez Hzsxn U
(Brindly %, 1983; Scailteur &, 1984; Kestell
%, 1986; Mraz 5, 1989). A% DMFE A
Az go] o3 F2 HMMF=2
HMMFE #& £52 NMF2 288, a2y
HMMFE2] g3 54 2 A 243 (meta-

A A,

1800

15004 —— DNVF
—u— SKF + DMF
1200+
)
=
T 9004
n
-
600+
300
(-l T o v T T T v T T 1
0] 20 40 80 80 100 120
TIME (min)

Fig, 13, Perfusate LDH concentration with time
after pretreatment of SKF 525A

- bolic fate)2 HE3A @aon, I FFAA N-

(hydroxymethyl) formamide (HMF)+& 54
o] gl Aoz A=A A Cooksey 5, 1983).
wHd NMFe 880 DMF #HF dAER
AMCCE 7tE4el de BAER E3dn g
(Kestell &, 1987). o] tiAl A& A HH3e]
Be2) kA, DMEF tiAMEFE HMMES NMF
£ methylisocyanate(MIC) & &34 e g4
SUUAFERA S AR5, MICe ©HA glutathion
7 XFES-(conjugation) o] Yojukm, opAdsls
o] AMCC= dArEo(Kestell &, 1987;
Pearson 5, 1991; Mraz®} Nohova, 1992). =
2L} o) & Al 2 Foll ot & Apelr} Sich
AT HAF Atele] ANAA O] g Mraz F
(1989) 2] wlmde] gletsd, th7]F 60mg/me]
DMFE 8A12F < H2A1H 28 - 60umol/ke7t
Frd A2 QA 1089 B, T2A3 F 5o
ferel 22 8%7F AMCCR 854 AZEHUD,
BHEAE g, g 8 F Aol
DMF 0.1, 0.7, 7.0 mmol/ke& K&
AMCCE Fo &39| 1.1 - 5.2%%°] FEHA
t}, ele Q3 A Felx DME7F AMCCE
AEE Hged FA] Aozt Atk FA7F HH,
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& ouigith, meEtd 2 AFelre 3HE e

}

AR FoMe AMCCZE A8l A&7 dethe A

2 slgenz DME7F NMFE diAts e 33
zAwte 2 Al

B0 oA 7RI E2eotE a8y 44 NMF 2
27218 e 871 A8 Lareo $(1995) <] A
AlgE NMF 718320t 348 $#2 2591 230¢E
FT & E AWt NMFE 43, 24
A% DMF 25mM < F &% 30238 NMF7t
A&Er] AlFelsion], 758 F5E QAHEReC] &
7¥at7l AlArsld H3 1. 16mMe] A& el DMF
Bo] ¥%9 4.6%7F NMF2 diAEis ole
Mraz 5(1989) 3 Bulcke Z(1995) ¢} B9} ofi
2ol EHoled], 1 olfRE HE & B8 #r)
doen odEqt 2 A #2Y 5 glof, 4¥
el g A gialbziie] A3 Fo] Aotz vEhd
4 9len, T Lareo 5(1995)¢] AAIsls 5ol
JtrazeiEadse] Ezxzie]l By wEeRr
FEE.

DMF tirte F2 ellA dolube] cytochrome
p-450°] 2% e AX HMMF ¥ NMF
2 giabgcian g21A Aok Imazu 5(1992)2 &
o] DMFE H3&t2 Foiste] Tatgt Az, 7
microsomal cytochrom p-450°] DMF tiAl&3
of ol&go=y tiEFel 93] cytochrom p-450
o] 34% #AFE B3It Mraz 5(1993)
23 cytochrome p-450 &7t DMF7}
HMMFEZ dAlsle 33 & A s,
Chieli 5(1995)% DMF 4tata}t3¢] cytochrome
p-450°] #oieE sl D, cytochrom p-450
= B3 Ale oMMES AMAT ToM o g
o} tArEE Exmghul 9o}, eyt 7489 micro-
some®l 3= cytochrome p-450°] &3] doivte
FEOAIE A g% Hr1E dilMe dASEE
ARshe ael diste MAF nelzl Agsojol
Bpy, 1 2%1g HAd] Aot o). ks
GEELAY AT AR F&& FEIE
cytochrome p-450& NADPHS O,7t #t=A] 4
837 g &t (Thurman$t Scholz, 1969; ©]$-
ot 7%, 1993). "ty 2 dTelxe &
FHHHE 58 AR IS F= 298 By
3t3, DMF diAPdelE Febstaa) st A &30

k)

i i

{4

& ol83ted DMF ulAMdelg #718 o A}
Eeo] JEe FE AP F hie ANE R
FF Fels} A Aejolt, duisid HENTAF
W Aol e H &l fRVIF e B¢
2ol 2859, o] 717HE<t mitochondria Wiet
o] ZFAAAGA ] dAEn, ATP/ADP 4]£&9]
43 4=l glycogenolysis7h @} (H&
, 1992), welM FEF glycogeno] o) &3
Hol Al ¥ew, glycogen©l hexose mono-
phosphate shunt& AX Rise B¢t Fase
NADPH7} ¥£3] cytochrome p-4502] 9F&chAat
I3 Grrstedl A& 289 (Thurmans
Scholz, 1969). °lo)] ¥ dAFoMe AFEERYT
B 1 A &387] AAAR] ARRe] AolE I3
st on, glucosed vlEl BFY HrielA 44
£ ANt 4747 DMF 25mMe] A o
A F TelA dAFEEe] A FUKE A,
DMF 10mM9] ZA$% Al7ie) whel 2bAiFsgo)
F7rld o oRd Ozl 2 E2e RFS= S

B

VN AaFEEL gastn, #EEs0) 248

H Aoz DAL s el FolA He
2 olF BAEY) 98 A2FEgo] ZrlEh) ofd
olth(Lee, 1985). wpd AR EE Yol
M E D2aFEET 7 BHETE FAA A
ot AAAREE AEFH ot I} (Carlsonst
Lefer, 1976, Lee, 1985). £ diolxs Azl
gl FFEE7 BAasiA R, dutdor FAdzh
A ARG A4 F 9 B8R0 2 Frkshe
AaFEEEY o A AaFEE0] Tkl 8
dol VRt AR dFETolMe AbhaRgo] A
o] IR, W DMFO] 3¢ dbhdREgol &
1EIlm, FXdd HEislych ol gA diAEA
9] &% AzjolA] HgkEo] Ajztel whe} DMF7F b
A HAFEHA DMFY Fxrt Zasks, NMF
7t HAEse A5 SAVE Aok =7 cytochrome-
p4502 2JAA¢ SKEF-525A AXAE I DMF
Bl gk 2] 424N g YuAE o =g Fo
g T AhAREE viws) £ 43, DMFR ¥
o3k Fellde F7ksle AAAhARE&o] SKF-525A
o ofs) AHAF FelA AAHAC. ole
Palmen 5 (1993)°] cimetidine®& °]&3ld DMF
9} cytochrome-p450 @j&ste] Sofesls]e 24
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£ dAeisckn Baugk At dASHY ole
DMF7} cytochrome p-4503 d#=o] Ab& 2}
¢} NADPH (reduced nicotinamide diphos-
phate) & AFg8le] & dARIER diAler] b
olglzt F&5& & 3lrh

DMF2] 154 2% 27] #E o] dyelxe
HFAYe TS B EAES SFSY
}, YoEEFolri=e] AS HELAE B A
A& 9% 2dE H4% de (AR, & =4
4% HE4% de o= 477t Aot Rasenack
5(1980)3} Neuman 5(1985)2 EAdS B7)
8 #ZHFHW AST, ALT, LDH 549 7% &
42 2 g ARE Ztzh @89 b e, Stru-
belt 5(1996) = &, JI=F, Telg 54L& B
7l 8 w5, @5 By 58 Estyn, @R
LDH 2 ATP ¥x& Z335ct. 9 94752 A
Z 0E 23E& thFn YolM 12 FRE vay
A, =A4Z2L-E ded #HFE: e WS
HAAE 0|88 TEAE Az sidh. 2 Azle
=Fe] A 549 Ao H3LE Holxe &
A, E4E8ALS f5 @ W Aao Wi 4
A& 2astn ok B A3 A5 AST, ALT,
LDHSe] ¥3tE FAlo 3% 43 DMF 3%
60F-E AER dt F7Fslr] Al#sh, AlZke] &
E5E HAF AolE BT, T3 HAEE(10
mM) Be} %% (25 mM)olA 6 £& A& B
o, Fxo m 5 ALl Udrt. SKF
525A AAAF F DMF 26mME $3 43 &
Bel AST, ALT ¥ LDHY Hsls dizddl Y
) T £& FAE Holuv DMFE 95 Fo4§#
- ASEche W3k o] #gity, 2¥d SKF
525AF FEAtAe] ofe]Ehd 242 ¥HE gln o
7t 24 microsomeell 2]3 AbsgjALE ARt
At (o) 59} AR, 1993)& Aeks) B,
DMF @5 FoFoA dAF ¥3E Holg 317
% J&A7F SKF 525A AAzx & <AHE A&
Euf, DMF diatabg s 3 S44peldle 2e -
Aol e ez FHIAY, ol Bulke T(1994)
o] DMF$} NMFE& F ol Ao} F3E 79 244]
7t <tel] NME7F 914 548 do7le 839 vk
3 Afelr}, @y o] Ao e Lundberg
F(1981) & Bulke 5(1994) 2] DMF2] 54) 289

AQEAE F53)e ol ole d79 ARA
o8 HEFUAF 2A= AIEE 2413 o) AR
7ol F82F A7) w&elch ey AA4AHE (in
vivo) e @8] el 33 DMFE Fosid e
AR 8 54288 Al #Hld ¥ & 2le
22, 4ol £33 A= Avke M} A,
&4 DMEF7E tHASEAA AbAd R o] F7}
ke 42 BAsld DMEF £43H80] dAERD S
72 o] RojZctE JME ATHP & 4 )
o doz AAAdEn) §4 B 47 AgdE R
AgithR ofg oelgle AAE Y £ ey
Azhe,

V. Z £

HEL BFNE H &k, AF 3o duExE
ol|=E Fosted diAbEE BRdtw, el njA|
€ 9% detinal 4% 2% o33 22 2
B2 ¥k

1. H&HE %3 [T DMF 25mME A 3hol
weh gl DMF s=7t 244895, NMF7}
A

£5Ho DMF %o Fx9 4.6%7F

2. ¥ A mel AR Ee DMF X
wpat vjasle) Z71etlm, DMEF 25mMe)Z ¢ 7}
o AALAREE B}

3. DMF Fd ¥ 37 27l ¥F4559 ¥z
7F g7t ER 208 AFE RS0t i Fa
st

4. cytochrome p-450 A0 SKF-525A
300 uM< AAA F F DMF 25mME Fo43% 2
3}, AbAARgol Z717h A=)

6. DMFe} I 54388 A&7 /S 9 o
Zts B Az, dizgel] ulsl DMF Fxo] ot
AST, ALT, LDH7} 7lskich

7. SKF 525A AAAE DMFe] 2% AST,
ALT, LDH 718 A4z

olstge A¥AFE B w DMFE M oA}
o, gAY % cytochrome p-450°1 23k 4+a}

5
ihgol #odge AU =P DMFFAF 3
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A AFAPAARIE F7IEIAL, ole el ulefaid,
SKF 525A AAAFe o] FA2Hgo] s
£ 32 & F AN 22y DMF7 9E dAkE
Aol vAe 9% B F49 AQ &L Heste
= AI7F ARk olF SAFUH HJI2L F A
ALgs YT Weio] A,
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