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ABSTRACT : Several metabolic modulators on the generation of carbon monoxide (CO) from di-
chloromethane (DCM) was examined in adult female rats. It has been known that DCM is converted to
CO by cytochrome P-450 or to carbon dioxide (CO,) by glutathione-dependent metabolic reaction. In rats
treated with DCM (3 mmol/kg, ip) only, the carboxyhemoglobin (COHb} level reached a peak of ap-
proximately 10% 2 or 3 hr following the treatment. Disulfiram (300 mg/kg, ip} or allylsulfide (200 mg/ kg,
po), both known as a selective inhibitior for cytochrome P-450 2E1, blocked the increase in COHb con-
centrations almost completely suggesting that the metabolic conversion of DCM to CO is mediated by the
activity of this specific type of isozyme. YH439 (125 or 250 mg/kg, po}, a potential hepatoprotective
agent, decreased the COHb elevation as well indicating that this chemical is a potent inhibitor for 2E1.
In rats treated with pyrazine (200 mg/kg, ip) 18 hr prior to DCM the peak COHb concentration was de-
creased by approximately 3 or 4%. However, pretreatment of rats with pyrazine either 24 or 48 hr be-
fore DCM increased the peak COHb concentration significantly compared to the rats treated with DCM
only. The results in the present study strongly suggest that the generation of CO from DCM depends on
the 2E1 activity and that the pharmacological and/or toxicological action of YH439 or pyrazine in an-
imals or human is associated with its effect on this isozyme.
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(Stewart et al, 1972). 12iv} HEY rl$2oflA]
DCMe| 9]3F COHb A2 o] &vfe] 8-Sfol| F-43}
A Ha w7t 10% W el IS Hold
(Kurppa and Vainio, 1981), P-450 inducer®] pheno-
barbital, 3-methylcholanthreneo]t} SKF 525-A, CoCl,
Z9] inhibitors] o)A E WA 2FekcH(Kubic
and Anders, 1978; Kim and Carlson, 1986). DCMej| 2]
g+ COHb AlAdo] E3}E= 7o} COHb ¥Xo P-
450 9J&A tAkg-2l inducers/inhibitors 2] 7}
Goe 7] Bobe olfE PN E #HA stk 3
= DCM2] A}l cytochrome P-450 2E1e] £Q3F o
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e 3= Zog oedX] 3 (Guengerich e al., 1991),
w3 2% 2E1 inducerEL FAA .22 DCMe| 2|3
COHb AAE Z/A7lE= zZezg HIHAT
(Pankow et al., 1991). B 7oA 2 243l 2E1
inhibitorgl disulfiram(Brady et al, 1991) %
allylsulfide(Kwak, 1993)¢} 32 A #AJe] 2E1
inhibitionz} §-AF 7o FA= = YH4399 py-
razineo] DCMol| ¢]§t COHb AA ol F= <3 Fel| of
sle] xAFSFA T
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1. dEESE

244 Sprague-Dawley HEE (F)F3Hof3l 22 7E
Zutel AYEEZ AREsch B FES
3% o)4F & sk ALl AgAIT F AF ok 150
goll E2gls o Al AHsiadch ARRAIS 25
224+5°C, 4% 55+5%2 #74-& fAslgerd 24
819} 2.F 8A|E 7|E o= dlod 1247 F7I2 Ht
& wprel Fhich mHAR} B A AAY
T UEE 3

2. 4EF0

Disulfiram(300, 500, 1000 mg/kg, ip)=} YH439(125,
250 mg/kg, po)= DCM F-of 4A7k Ao FAlsigict.
Allylsulfide(200 mg/kg, po)E Foislar 2447k Fell,
pyrazine(200 mg/kg, ipyr> 18, 24, 48417 ¥ DCM2
Eod3}eic}. Disulfiram3} allylsulfides= corn oilol], py-
razine2 AE]AlA5e] LAz YH439= so-
dium carboxy methyl cellulose(CMC-Na)el] &&A|A
2ofshaict.

3. Al¥

B AFAH A3 A2 disulfiram, tris
(hydroxymethyl)aminomethane(¢]4} Sigma Chemical
Co., US.A), sodium dithionite, dichloromethane(e| A}
Fisher Chemical Co., U.S.A)), sodium chloride(Junsei
Chemical Co., Japan), pyrazine(Aldrich Chemical Co.,
Germany), sodium carboxy methyl celluose(Shimakyu's
Pure Chemicals, Japan), YH439(f-3Fef3) Fotad14)
Solm Agd] AMgE 2E AR &= reagent
grade T 71 o)Ak EAE AME-st

4. Assay

3% COHb 3%+ Rodkey 52| W (Rodkey et al.,
1979)& ©]4-3}ed spectrophotometer2 A s}3ict.
E.9] orbital sinus25E] ¥ F sodium dithioniteE-
7k 10 mM Tris S-10. 2 oF 1,5008] 2 343 3}g]c}.
o] YAs|A NS F cuvetteS A-$-3 teflon mixing
aidsE W& F AL e oy FETUE A o
7] inversionell 2} mixingd}gdr}. 420 nm B 432
nmoll A FFEE EAsled ofgliel 2 Al o3
COHb%E A4kt

COHb % =
Azy % E[Hb] 50— Ay X €[Hb] 43,

100
A2(E[COHD 35 ~ E[Hblaz) = Az f COHD] 20 — [ Hb0) *

A, :xnmmoAe F4=
g[Ml: x nmel|A2] A Me| E-F-3A5(molar ex-

tinction coefficient)
5. A2

RE APAHE= JF+FEFoE A 7
F71e] 2ol two-tailed Student's r-test T one-way
ANOVAE %313 % Newman-Keuls multiple range
st AAlsted §reldS A shadch w7 % e
e 3 P<0.05el A4 ol Aelt Al AL
2 skt

IL Zat 3 0§

DCM-& cytochrome P-450 &]&A] A4Sl 2]3}ed
UAFSIEA(CONE AL 7} glutathione ©]E4] e Abk
Sof o3 olAkslebaz AgtEE Zlog dwA Ut
(Kubic et al., 1974; Kubic and Anders, 1975). B Ev} o5
204} DCMel| 9] COHb 55 AF4-2 oF 10% W] ell
A Z3}=e] DCM Fo3E TTHIAE A5HA] d=
th(Kurppa and Vainio, 1981). &3 d2] oeix] ql& P-
450 & 4~3FA4 9] inhibitorq] SKF 525-A, CoCl, 52 ¢
o o)&|A%= COHb Lt WEl=xR] %= 2R 2
=]¢)th(Kubic and Anders, 1978; Kim and Carlson, 1986).
2 A 7A3ell4 DCME 3 mmolkg?| §3F 2.2 735
Abslele o) oF 2417k 7 =pA] 2} COHb FXal 10%
Bzl mdslglon] o] Hu) FEi= DCMe| $3&
200 2. ST S de vlo| A AbsElA] ot e Bl
53} dx]sl= A3E 8.9]v}(data not shown).




Disulfiram-& A Aol diethyldithiocarbamate®} CS,
2 At o] F tjAlES 5 P-450 isozymes Soi|
Al Bo|A 22 CYP 2E1 subtype-2 &A|sl= Zog o
214 glch(Brady et al, 1991). £ 764 DCM
2o 427k Aell FAE disulfiram& AHE-E 4 g
<l 300 mgkgellA] COHb A& A2 gl Apbst
Arh(Fig. 1). ¢] A3= DCMe] COZ2] AW gl
ol CYP 2E1°] F23% 4¥$ 317 &S AlAslL
ot} & allylsulfide= w62 AJES2  nitro-
samine2 A3} A7) &4:9) CYP 2E1 38 7|
AlFleza Zhet 2 AkS s AAFe] HE
ol 2.5 v} 9lch(Brady er al., 1988). £ 7Aoo 4]
2477 Aell Axj2]¥  allylsulfide(200 mg/kg, poy=
COHb A44-& &5k 4|47 DCMe] chaba bl
CYP 2E19] H3& AJAHgE 9] APAIE 71 31A
)78} 9)chFig. 2).

YH439(isopropyl 2-(1,3-dithietane-2-ylidine)-2-[N-(4-
methy] thiazol-2-yl) carbamoyl] acetate}= (F=)}5-8FoF38
ol A A A FAH Z ANEF EAo|r}. o] B
AP FENA sEARE F 29 546l JAETY
7 e Aew BAHNA e 12 7|HLE o] EAle] 7}
Al CYP 2E1 84 A 2-8-3) F-33F A8 =3
91tH(Choi, 1994). YH439% 125 mgkg =+ 250 mg/
keel $9ko 2 DCM F4} 4417 Aol AT =g
& W COHb ¥EA5e st a7 Bag
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Fig. 1. Effect of disulfiram on COHb level induced by DCM. Rats
were treated with disulfiram (300, 500 or 1000 mg/kg, ip) 4 hr pri-
or to DCM (3 mmol/kg, ip). Each value represents the mean=+SE
for four or five rats. The effect of disulfiram on DCMe-induced
COHb generation was determined by one-way ANOVA followed
by Newman-Keuls multiple range test. Significant difference from
the COHb concentration determined prior to DCM treatment is ex-
pressed by an open symbol such as O, 0, A, ¥ (P < 0.05).
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CYP 2E1 84 A 2}8-0] 9] 3-8 B F¢chFig. 3).
B o LAY 4] YH4397} disulfiram B o} & S8ko
2 Fonglon o] FE AFFrgo) k] &
A& 328bH (Yoon, 1996) YH439:= CYP 2E1 4]
off thate] w9 73 JA2HE-S 23 glE Ao
walr},
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Fig. 2. Effect of allylsulfidle on COHb level induced by DCM.
Rats were treated with allylsulfide (200 mg/kg, po) 24 hr prior to
DCM (3 mmol/kg, ip). Each value represents the mean+SE for
five rats. The effect of allylsulfide on DCM-induced COHb gen-
eration was determined by one-way ANOVA followed by Newman-
Keuls multiple range test. Significant difference from the COHb
concentration determined prior to DCM treatment is expressed by
an open symbol such as O, D (P < 0.05).

14
12 L ® Control

m  YH439 (125 mg/kg)
10 |- A YH439 (250 mg/kg)

COHb (%)

e N O &

0 1 2 3 4 5 6 7

Hours After DCM

Fig. 3. Effect of YH439 on COHb level induced by DCM. Rats
were treated with YH439 (125 or 250 mg/kg, po) 4 hr prior to
DCM (3 mmol/kg, ip). Each value represents the mean+SE for
four or five rats. The effect of YH439 DCM-induced COHb gen-
eration was determined by one-way ANOVA followed by Newman-
Keuls multiple range test. Significant difference from the COHb
concentration determined prior to DCM treatment is expressed by
an open symbol such as O, 0, A (P <0.05).
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Fig. 4. Effect of pyrazine on COHb level induced by DCM. Rats
were treated with pyrazine (200 mg/kg, ip) 18, 24 or 48 hr prior to
DCM (3 mmol/kg, ip). Each value represents the mean+SE for
five to ten rats. Asterisks indicate significant difference from the
control rats treated with DCM only (Student's t-test, *; P < 0.05, **;
P < 0.01).

Pyrazine HAEA R0l oJoF2] g3 A14%
t}. o] £4& CYP 2E1 #vt o]z} glutathione S-
transferase, microsomal epoxide hydrolase?| 48 =
K7l Ao FHol ¥ uE¢dck(Novak er al,
1990). 2 A3 o)A pyrazine(200 mg/kg, ipyS %3]
2]8}ar 18A]7F F-of] Foixl DCMol| 93t o COHb
FEv x| viEtd 3 WA 4% Y= F-2)A A
748t ch(Fig. 4). o] ZA 3= pyrazinee] DCM o2 %
B CO=Ze] H&e Asxzglezs 3]s CYP 2E1
A4S A d$-& A4 22y pyrazine F
AL F 24A17k0] 773194 o] Foi¥ DCMo 2 REl
2] COHb A& & A3 55| o] pyrazinee] CYP 2E
1 Bl = dL T X 7bel| ule} Ahabs]A] e}
& Balvk $9) A el pyrazineo] DCM 2 3-E]
COHb A& AAIAZ] o)fr= E331R] gor} o] &
7} A o2 CYP 2E1 isozymeol| thg} pyrazine?]
A zhgof 7]l Zog BolAE ¢r=th &, py-
razine 5o §- 6A]7bo] v 7 7}51¢] & w DCMell 2%k
COHb A2 23]8 Fri=gleong ko] A e
FEL COHb 5= A3z ofx] Ao AHF3F py-
razinee] DCM3} t] &-o] CYP 2E1 isozyme2] 4] 1-2)
A A2 HAH o2 whgslr| wjFo2 FEc) =
DCM Fof 48X]7F Aol pyrazine$ 213 2] 51418 wl=
DCMe2%€E COHbe] fefxoem Zy}sled py-
razine?] CYP 2Ele]| o3l f-=2h4-2 Fof F 4847
7HA] A &EE o 4 gl

ZgHoz ¥ ATAYAsH= DM AeiAlst
Aellx COZS A&HS whrfste E48A LS CYP 2E
1ol 9]&3F-S AHstA AlAlsta Qo A A B A4
2 /=<4l YH439:= A oA COHb E AL
FHE7 AAAES vehde] o] ke Ae|EAe]
CYP 2E10] dj% Ao} edghsio] 88 HAIshn 9l
t}. & 2ol xenobioticse] tA}el] Todst= dE F
A9 Aol 482 F= AR HuET Ye py-
razine-> - A| 7t o] we} CYP 2El1) 9j3] wj7f=
= tAPES-el A2 AubE= dual actiong e
CYP 2E1 &4& F7HA71= A3 pyrazine®] Fo
o Sl3hA) 48417k o4 A& weAFx AUk
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