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Protective Effects of 2-(Allylthio)pyrazine on Retinoyl
Palmitate- and Pyridine-Potentiated Carbon tetrachloride-
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Abstract— 2-(Allylthio)pyrazine is effective in selectively suppressing constitutive and inducible ex-
pression of cytochrome P450 2E1. The effect of 2-(allylthio)pyrazine against potentiated chemical injury
was studied in rats. Vitamin-A pretreatment of rats substantially increased carbon tetrachloride hepa-
totoxicity, as supported by an ~4-fold increase in serum alanine aminotransferase (ALT) activity. Con-
comitant pretreatment of rats with 2-(allylthio)pyrazine at the daily dose of 200 mg/kg resulted in a 76%
decrease in vitamin-A-potentiated hepatotoxicity, which supported the possibility that 2-(allylthio)py-
razine protects the liver against chemical-induced hepatic injury by the mechanism associated with
Kupffer cell inactivation. Pyridine pretreatment caused substantial enhancement in carbon tetra-
chloride hepatotoxicity. 2-(Allylthio)pyrazine treatment of rats reduced the pyridine-potentiated tox-
icity in a dose-dependent manner. Animals treated with both pyridine and 2-(allylthio)pyrazine prior
to intoxicating dose of CCl, resulted in 85% and 47% decreases in pyridine-increased triglycerides and
cholesterol levels in the liver. The protective effect of 2~(allylthio)pyrazine on the DNA strand breakage
induced by benzenetricl was assessed by measuring the conversion of supercoiled ®x-174 DNA to the
open relaxed form. 2-(Allylthio)pyrazine blocked the benzenetriol-induced conversion of supercoiled
DNA to open circular form in a dose-dependent manner. The presence of 2-(allylthio)pyrazine at the
doses from 1 to 10mM in the incubation mixture containing 5 UM pbenzenetriol completely protected
benzenetriokinduced DNA strand breakage with the EC50 for the 2-(allylthio)pyrazine blocking being
noted as ~220 M, whereas allyl disulfide exerted protecting effect at relatively high concentrations (i.e.
~850 uM). suggesting that 2-(allylthio)pyrazine effectively scavenges the reactive oxygen species.
These results provide evidence that 2-(allylthio)pyrazine blocks vitamin A- or pyridine-potentiated CCl,
hepatotoxicity and that the agent is active in protecting DNA by scavenging the reactive oxygen

species.
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Y=t} 3? Cytochrome P450 2E12 844k49]
2 A natslel #ejdls Aoz geia) glon,
29 4 4 2HE AAANP o2 spEH U@t
o] QRoAZ} AgE £ Qo) f Y B Ay
= saturated alkyl sulfided] el3}d CCI, ¥4 7
EAdo] ¢ F7iE= wbE| diallyl disulfidest di~
allyl sulfide= cytochrome P450 2E1¢] 2d <))
2 cytochrome P450 2E1 thAIZA =& A)5le] 74
EAL AT A4 Rad w1

At slErA Fo) ARA /7] AFES dALE 53
o Kupffer cell€ 43117112, 84318 Kupfler
cell& E44o] 7Hgt 84 A4 2 cytokines & #4]3hd]
7+ AAAE Bag 2R 5 o FF vi-
tamin-AE WA A F AL COLE FAE B¢
CClL 540l ds4 oz Z7lsE: ddel Bag vt )
t} o]k 7+5A] A8k vitamin-A7F 249 A FE
Q Kupffer cell& #84341A 84 d4AE Fldh)
ez FRAJF W FFe AARIEBAHL
Kupffer cell 84& A5 Av Kupffer cell &S
AA o2 AR T ALS eRAT

M Aol 2AsId gd9 /o 1BAYES &
At en #de ERF 2-(allylthio)pyrazine2
e S gt RaE-e Yehle Ao
2 sk 9 QoA 2-(allylthio)pyrazine©]
BF o) cytochrome P450 2E1 2&E 233] oA
e A4 WA v 9ok 2-(Allylthio)pyra-
zineoll 23 cytochrome P450 2E19) & A7} 2t
B3528& JehdtE 7] 2A38kd,  cyto-
echrome P450 2E1 23d Y A9} 7R & §77ke] A
HH) daaAiel o BAA 71108 wele dste
£ A7E AAIEIET 2 ATl M= vitamin-A B
pyridines EAE A5A7)E 22 8 AHA
X)ghe} CClL, F24 h&Adol gtk 2-(allylthio)py-
razine ¢ UARIEHE JEAIAY. FH, 2-
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Al2F - Vitamin-A (retinoyl palmitate, USP

type 500, 542,000 1.U./g)%= Hoffmann-La Roche
(Basel, Switzland)olA F3gsicl 2-(Allylthio)
pyrazines &3l GAlste] AFstYcr 29k
9] t& A|2FEL2 Sigma Chemical Co. {St. Louis,
MO US43kt :

S@/AKX| - 57 Sprague-Dawley (200~ 250
& WIALHFEAMENA TFEo} 20~23°CY &
=9} 50% §%8 FX5te ARl Alg (AL
59 2L FEF I I

Vitamin-A¥ 250,000 [U/kg/daye} §32 & py-
ridine2 50 mg/kg/days] $FOZ TU F3 &
vpxlah dofl CCLE A&% (0.15ml/kg, ip)o2 §
o8t 7hE4E F2AFTE GACLE 10 mg/kgs) &
FoZ CClL F3d 241]7hel AAFALE L) 2-
(Allylthio)pyrazinedl] 9J& 7+4R $ 08 AA3}7]
918} 2-(allylthio)pyrazine (200 mg/kg/day) +
vitamin-A % 2-(allylthio)pyrazine (30~200
mg/kg/day) + pyridine 2.8 797 At 2
€ Aol thste] CCLE T8t 24817 Fofl XA}
NA AFRZeE RS HFHHE 2-(Allylthio)
pyrazines} CCl, 99| vehicleZ+ corn oilg AH&
Ei=

I ALT 83 - 7149 NE2M 84 ALT &
AEg 94 kit (BFAPE AMslo] 239
dAg HFstd EDTAMSIY ¥3g R2ed &
kitE A28t Reitman-Frankeld ol met 23355
t, oo FAA|7F HFEFD FHU I=F ARE 3
A3te] ZA8A .

Triglycerides2} total cholesterol & &5 ~ 1=
2} 2] total homogenate (1:10, w/v)E o] &3} 43¢
£ kit (EAPZ2 triglycerides?t total cho-
lesterol & ZA3Art. Triglycerides T3S
Trinderdl 2J8le] ZA84 1, total cholesterol &

2 cholesterol fraldol Asla4g vheAA YA
d HO 3 A9% 4-aminoantipyrine @
phenol& FAo ¥H&-A1A 2= quinoned 500
nmoll A v 8- g}

®x-174 DNA strand break assay — 2-(Allylthio)
pyrazine®] benzenetrioldl 23l x5+ DNA
strand breakagell Vil 9L A}y A5
®x-174 DNA supercoiled form®] open relaxed
formo29) WL ARG 2-(Allylthio)py-
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2-(Allylthio)pyrazine®] 738 3 & 3 729

Table I— Serum ALT activity in Sprague-Dawley rats
treated with retinoyl palmitate and/or 2-
(allylthio)pyrazine (2-AP) for 7 days prior
to a single injection with a subtoxic dose of
CCl, (0.15mi/kg, i.p.)

Table I— Serum ALT activity in Sprague-Dawley rats
treated with pyridine (50 mg/kg. ip.. 7d)
and/or 2-(allylthio)pyrazine (2-AP) for 7
days prior to administration with a subtoxic
dose of CCl; (0.15ml/kg, i.p.)

Hepatotoxicity (KA Unit/1)

Pretreatment Before After %
CCL CCl, Control

Untreatded 60+5 433138 0

Retinoly palmitate 5716 1515+:259 100

Retinoly palmitate

+GdCl: 10 mg/ke 9719 221437 0

+2-AP 200mg/kg  121+20  688+131* 24

Retinoyl palmitate was administered at the dose of
200,000 unit/kg/day orally to activate Kupffer cells.
GdCl; was intravenously injected at the dose of 10 mg/
kg at 24 h prior to CCl, injection. The values are
mean+S.E. (n=10). Percent control was calculated
using the following formula : (ALT-433)/(1515-433) x
100. Data were analyzed with one-way analysis of
variance followed by the Newmann-Keuls test for com-
parisons of multiple group means. Comparison with
retinoy! palmitate +CCl, treated group (**p<0.01).

razine®] DNA strand breakage& v}oll o3t o] =2k
E 2+ pyrazined diallyl sulfideE A&ttt 100
mMe] JHEE S5 9 (pH 7.4)3 5~50 UM ben-
zenetriol& #A3hs vHS-EFAE 37°CllA] 60%-%
oF BkE-A1ZIF stop bufferd 7183, 1% agarose
geldollA M71dFsle] Ox-174 DNAS open re-
laxed form2 29 HE-S FsH )

s8Ny

Vitamin-A0}| 2|31 2t8E|:= CCl, 2H540]| DjXi=
2-(allylthio)pyrazine®| 2} — Kupffer cell Wi = 7
8l5= 2HEA ol i3t 2-(allylthio) pyrazine®] 3 &
7 E A, 548%9 CCLE 58 13 &
ARt Sl 87 ALTS 47} njxx]Fof B3}
ok T Z7kStH T #3Fe) vitamin-AS BF ) 747
AR & F CCLel 23 748 BEsiled CCl,
SEX R Fo v]ste] FF ALT A7} 4u) 713}
o vitamin Aol ¢J3le] CCLY 7HEA0] FeHoz
7FIHtHTable 1). 22l 2-(allylthio)pyrazine
S 19 % 200 mg/kgS & vitamin-A9} 7Y HE
g ¥ CCLE F939 &= vitamin-AZ 73}

= H5Ado] T6% 748t Table I). nlmER o
2 vitamin-AE M3 FEo| Kupfler cell in-
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Hepatotoxicity (KA Unit/])

Pretreatment Before After %
CClL, CCly Inhibition

Untreated 56+5 43+38

Pyridine 108+42 7654+781 0
Pyridine

+GdCl; 10 mg/kg 70+6 534+61%* 99
+2-AP 200 mg/kg T4+34 1992+361** 78
+2-AP 100 mg/kg  135+36 2717720 68

+2-AP 30 mg/kg 17750 5903+440* 24

Pyridine was administered at the dose of 50 mg/kg
daily for 7 days before the injection of carbon tetra-
chloride. GACl; was intravenously injected at the
dose of 10 mg/kg at 24 h prior to CCls injection. The
values are mean*S.E. (n=10). Percent control was
calculated using the following formula : [(1-(ALT-433)/
(1515-433)} x 100. Data were analyzed with one-way
analysis of variance followed by the Newmann-Keuls
test for comparisons of multiple group means. Com-
parison with pyridine +CCl, treated group (**p<0.01, *
p<0.05).

toxicant?! GACLE 10 mg/kg&-F2 2 13] FAISIS
& vitamin-Aol ¢&ted F74EE CCLY) 453U
547437 Sas 2AEE Reg Yehdd Vi-
tamin-A ] Xef 2|3}eo] 45E 5 U= EF ALT
A =71 2-(allylthio) pyrazine] HE5Fo2 7H45
¥ @42 2-(allylthio)pyrazine®] Kupffer cell £&
AEE T3l &S FA 8 5 Qe HeAL AL
Fig=

Pyridine0f| 2/8l0{ 2= CCl, 2M[404 DiXl=
2-(allylthio)pyrazine®| ¥} - Cytochrome P450
2E1¢] AHE fxAQ pyridineg T8 A 2)5}
%€ 9 4-nitrophenol hydroxylase 84%7} 2713}
a1, A geE 2o w2 W P450 2E1HH Ao f &
Z7hh ' 2 A& cytochrome P450 2E1¢)
7483 fr=7t CCLA 93 54 A3t oul gt gk
& HX=XE dolrr] A3l cytochrome P450
2E1 FEAZM pyridined AHE8IE 3, pyridine
2 73lEE CCl, HEAY 2-(allylthio)pyrazine©l
oHyg E3E vz BESYYE Pyridine® 50
mg/kg®] §F2 TUAL AMAEAE o CClLe 9
3 H5Ad o] A 3] dssle] CCL @52l viale] &
2 ALT 8457} 179 Z718ttH(Table 11). 05§
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Table Il — Hepatic triglycerides and cholesterol con-
tents in Sprague-Dawley rats treated with
pyridine (50 mg/kg. i.p.. 7d) and/or 2-
(allylthio)pyrazine (200 mg/kg/day. i.p..
T -(2-AP)- prier to-administration with a
subtoxic dose of CCl, (0.15 ml/kg. i.p.)

Triglycerides Cholesterol
Treatment (mg/g tissue) (mg/g tissue)
CCl, 0.15 ml/kg 9.6+0.96™" 4.910.20*
PY+CCly4 24.9+2.09 12.3+1.09
PY+GdCL+CCly 4.8+0.23* 3.8+0.16**
PY+2-AP+CCl, 11.9+1.15* 8.8+0.58*"

Pyridine (PY) was daily administered at the dose of
50 mg/kg for 7 days to induce P450 2E1 prior to the
injection of carbon tetrachloride. GdCl:; was in-
travenously injected at the dose of 10 mg/kg at 24 h
prior to CCl, injection. The values are mean®S.E. (n
=10). Data were analyzed with one-way analysis of
variance followed by the Newmann-Keuls test for
comparisons of multiple group means. Comparison
with pyridine +CCl, treated group (**p<0.01).

A%, pyridined) 23+ CCl, 7+5A4 9 A% GACLE
18] 842 (10 mg/lkg, i.v.) 2 &3 AU
2-(Allylthio) pyrazine® pyridines ¥-83te] &3]
g ufoll= pyridineo 93t A3 7HEAdo] 2-
(allylthio)pyrazine Fo&#el&Hom A=t
(Table II). . 2-(allylthio)pyrazineZ 1¢ &%
200, 100 £+ 30 mg/kgl.E pyridine® 37| #-8
A& i CClLll oj3td Z3tele 4 ALTY 5
7V 242 18% . 68% ., 24% = AT

Pyridine® A& & CCLE FABIGS o 7%
2% triglycerides®} chaolesterol2] &) CCl, F4
o vj3led 2 504 Fristd o), pyridines AAX%
#Fd GdCl; (10 mgke, i.v)E T3 F CCLE +
A3 E W= pyridineol 2Jste) AFEE A £ o)
B4kt Pyridined} 2-(allylthio)pyrazine (200
mg/kg/day) S HE&FAT ¥ CCLE FABINE o
pyridine+CCl, XXzl H)3ld 722AF  trigly-
cerides®} total cholesterol 3aFe] 24zt 85%, 47%=
2431} (Table 111).

Thioacetamide 2 FHEIE ZMF30] CHEE 2-(ally-
Ithio)pyrazine@| ZI} - ThioacetamideE $HZ o
2 Foile fdE RSl 2-(allylthio)py-
razine®] X2 & #E YeERE=XE BESIHC 4
F 37 ol FEo) 2-(allylthio)pyrazine 1%
¥ 100mgkego g 257 T3 T 7XAF hy-

Table IV— The effect of 2-(allylthio)pyrazine (2-AP) on
the thioacetamide-induced hepatic fibrosis

Hyd li
Treatment (i)gl})gx }g);soulen)e % Change
Untreated— -~ - - 0.086:0.010 - —— -100. . .
Thioacetamide 0.134+0.021" 156
Thioacetamide
+2-AP 100 mg/kg 0.1594+0.024 185

Female Wistar rats were treated with thioacetamide
in drinking water at the concentration of 0.03% for 3
months. After fibrosis formation. rats were daily
treated with 2-AP at 100 mg/kg for two weeks or
vehicle and liver fibrosis formation was assessed by
hydroxyproline levels. The values are mean+S.E. (n
=6). Data were analyzed with one-way analysis of
variance followed by the Newmann-Keuls test for
comparisons of multiple group means. Comparison
with untreated group (*p(0.05).

droxyproline®} ¥ 7+43kA %9ttl (Table IV).
o]21%F A3l 2-(allylthio)pyrazine®] xenobiotics
o] FAsPAA Bl FESEHNE e
THEARY] AR &5 et

Benzenetriol0f] 2J8t DNA strand breakageOff CiE}
2-(allylthio)pyrazineQ] EBS &1} — A3y A7) u}
29 P450 2E1 AL AAE Z7RA7In
free radical®] 7ol W& AF33lg A7)
2-(Allylthio)pyrazine©] tiAME A 719 sh= &4t
2% AYHoz AAFE ZHE ZE=AE ben-
zenetriolell 23k DNA strand breakage®l uXl&= &
7z #eEdret 5 uM benzenetriolS b vk
2ol 1~10mMe] 2-(allylthio)pyrazine 713&
o} 2-(allylthio)pyrazine?] ¥%9&EH OS2 benze-
netriololl 2)%F ®x-174 DNA supercoiled form¢l
open relaxed form .29} Aglo] A Y} o]= 2-
(allylthio)pyrazine®l benzenetriol®] 2|3 single
DNA strand breakageE& A3zt 7108t} 22
k82 Ao A benzenetriolol @F 2-(allylthio)py-
razine?] DNA R 333 EC502 ~220 pME eyt
HFigure 1A, 1B).

2 o2& AMEF allyl disulfide® benzenetriol®l
o}3k DNA strand breakageE &80 2 ZHaAlRo
o, EC502 850 uM= eRdtt 2-(Allylthio)py-
razineell 9%+ DNA strand breakage A& 3=
benzenetriole] FE& 25 22 50 uM=Z F7iA1 24
okgs)= Ao] EC509] F712 ERiFglen, o|& 2-
(allylthio)pyrazine®) benzenetriolo]l ZA3sH= AL
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2-(Allylthio)pyrazine®] UAHE A7 731

AARgY. 2-(Allylthio)pyrazine®] @®x-174 DNA
strand B3 EANE A7ke] W3] o} BEIYCG
(Figure 24, 2B).

2-(Allylthio)pyrazine +Z%9 U% moiety?!
pyrazine® benzenetriolol] 29J3ted fitslE DNA
strand breakageE A3 0 2 Z4A)7IRA] £3lgch
gH4 0.1 mM 2-(allylthio)pyrazine® 3k WHe-
ol M= dx-174 DNAS] open circular form 2.2}
Ago] 10870l &3] dofyiont, 2-(allylthio)
pyrazine®] FXE 05, 1, 5 mME 77 ma}
Aggo] it | = 5mM 2-(allylthio)py-
razine &} FEAE 8HSAIZH 60 E7HA) 50%9) Hg
A7 FR1=H A Figure 3A, 3B). 01213 A= 2-
{allylthio)pyrazine©] reactive oxygens2 &% 0.
2 scavengingstZ 24 DNA £4& dojsls 72
gt

n @

o2} §7)3313HE ] cytochrome P450 2E1 842
Agx oz AAA70] bl A cytochrome P450 2E1
R o) $AE 22D Allyl sulfide®t 2 7
ZHAHE cytochrome P450 2E1 thAlgA: 2 &
g Muyor ARHe*Y, ol At o AL
o}E-9] chemopreventive effects®} #Ho] e AL
2 #X49t} Chemopreventive effectsE 2 %L
313 Eol 33 BB FHOSNE FaPE
B33e AW} e Aoz Rt 4889,
allyl disulfideZ E&8°) AXX¥w acetamino-
phen E& CClLAl &3l FoEE A& dA
3] AAE Y, o] olE SAHEZ At FAdh= cy-
tochrome P450 2E1¢] 849} & AAA & 2
=}

Kupffer cell& S4Jo] ¢ 31814 wi7jgdg 2+
AT B3l Vitamin-Aol 3t BAdstd
Kupffer cell25%E #ul¥ 44 XFidslE
do7|n, CCl FHA &g A3zt g
Kupfler cell®] @A3sh= 5407} o5 LS @A}
Qo B AHS Tt gAstd Kupffer cell®] 2}
$o] 2-(allylthio)pyrazineol <3ted A=,
Kupffer cell& iR stof Pojui= 1=439) 28l7t
213 AojPe H¥Hew FYsPct. oYY BE
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B 83 ALTY W8 4 =35 Ay gahus)
oA FEHoZ LAY HAoldd olid Az
Kupffer cell 84312 F718 7h&4o] 2-(allylthio)
pyrazinedll &l3le] AAlsEl= AL S} o2 3
2 2-(allylthio)pyrazineol <3led Kupffer cell
phagocytosis ¥ 844t ur} dA == 7)olse
Ao2 Rtk Kupffer cell 849 wWsh= cy-
tochrome P450 2E1¢] f=9 D5 o] gle= A
o2 roju #HY FAHR T 7HLe HS A7
s ojopgict,

@A QFoM = pyrazined 2dle] FES7IEE
cytochrome P450 2E1 WiAl&4 %7} 2-(allylthio)
pyrazineg WEFAT o 74 AE Bel ub gl
o} B A& cytochrome P450 2E19) $=4)
Q1 pyridine (50mg/kg/day. i.p.. 7days)& 2lF el
A1 A9 A4 CClLoll o8 o 23 e
o] dojyton] 2-(allylthio)pyrazine® pyridined}
CCLE 53 o) 453l 8% ALTY 3718 94
3 @& Y& Z#EUE RS TSN ol
pyridinedll €3t 7H&EAFIHE cytochrome P450
2E19] fr=d@d 5A0) IS A7 o, 2-
(allylthio)pyrazine™ P4502E1¢} 84 o4 2 2@
AR B3l HAEFERE 2422 S

Cytochrome P450 2E1S @444t4e) AAizn 93
3 BELE Ze Zholth B4k AA 2-
(allylthio)pyrazine®] AH A &2 2= E 1A
817] Y5t ®Ox-174 DNAE Q=2 AME3 in vitro
2AE A48, dx-174 DNA strand breakage
o) FAuPE & Ap7Hitste A F oy DNAY &42 ¢
2 7)% radical species ¥ oxygen radicalol <%
DNA Agg #4gle @Wyoz &3 49
DNA strand breakage$] @4 <= peroxide 59 W
Zo] AdY v 7HF AR, E 2FoA¥E oxygen
species® WE3E ST EEM benzenetriold o) &
&4t} Benzenetriol cytochrome P450 2E12] o
Alell 2J8te] benzenedl A M E FEEZH ben-
zene8] WALE FolA 7H¥ oxidative stress® %3}
A dedl= EXoln, benzeneol &% BorA
(leukomogenic effect)9] F=2<Q UUEA=Z 5
o B dFodes dabde2 XE supercoiled
DNAE open circular DNAZ d#3dl= x5
UM benzenetriol® Al L&3Hem, 2-
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(allylthio)pyrazine2 dli24 HE%ol4 benze-
netriold FAE& Woldle ROE etk 2-
(Allylthio)pyrazine allyl disulfidecl ®Bl3} <k
4¥9) potency Z7FE UFEFRTH Benzenetriotel-o}
8 DNA &40 Ui 53 g2 AAHezr 33d
% ¢l9lom, 2-(allylthio)pyrazine®| &%) oj&H
Q) 422 oxygen radical scavenging& =& @&
g 4 it wakA 2-(allylthio)pyrazine< allyl
disulfided ®l3ld oxygen scavenging& &7} 7§
okBoln, o] 2-(allylthio)pyrazine®] cytochro-
me P450 2E19] 843 HE g A= Edolsz
oxidative stress& do7)= B2 AFPHog A
8= a8 7S ST

d B

Z3F5PA 2-(allylthio) pyrazine vitamin-Ao 2]
slo] FESE Y-S ZaAH o™ pyridined 9
# 59 7HARS cytochrome P450 2E1 whé o] o
AE Falod Adsict £ 2-(allylthio)pyrazine®
AT A= cytochrome P450 2E10] 23l tiAbsl e
whg o] 7t EMHEHERE S HISE
chemoprotective agent?] 7igtell =& Fejet 71Y
e,

ZAle Q&
B odA7e Megdsn AlofEFdAF et
(RCNDD) g3 o2 +35en o]d) 74&
E3r) AAEL thioacetamideo! 23] #1245
£ liver cirthosisE2e] P|Xi= 2-(allylthio)py-
razine® EAHE AASATA FHGRAA FAHE

g4
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