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chloride oncogenicits .

The research work with which this communica-
tion is concerned is hased on the idea that knowledge
" the hiology of the reactive metabolites of chemical
‘rcinugcns in the mammal,
nature of the chemical changes to the DNA of the
nucleus, ought to give
properties of the parent compounds.,
In tracer studies.
cysteine was shown to be a major vinvl chloride
metabalite in rats, but according to the method of
protective esterification that was used so w derivative
erither of Noacetvl-S-(2-chloroethvheyvsteme or of
Naicety1-S-(2-hydroxvethvDevsteine was isolated
from bodyv fluids (/. 2. Thus,
methviation. V-acetvl-S-2-chlorocthyDeysteine
wus obtained. and with diwzometnane.,
S-(2-hydroxvethyhicysteine.
in passing that throughout the investigations de-
involving electron im-

seribed, mass spectrometry,
and

pact (E1 and chemical 1omzation sources
multiple-ion detection and all combinations of these
tactlities,
identification and analvsis and for the purposes ot
detection. ‘Treatment of the O-methyl ester of
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Flucidation of the role of viny! chloride metabaolites in the various reaction sequences which comprise :
the metabolic pathway, including the interaction of reactise snetabalites with some purine and pyrimidine ;
residues of target-orpun DNA| provides some explanation for the (oncogenic) propaerties associaled with |
the original substance. Comparative investigation of the biotogical fate of vinylidene chloride reveuls an .
agent of low oncogenic potential which is likely to be damaging onty under special circumstances. and :
species differences which suggest that the mouse is more susceptible than the rat owards vimlidene '
j
Naacetvl-S-2-hvdrosyethybeysteine (ay with the !
methanol-HCT reagent guve a mixture of
N-acetvl-S-(2-chloroethy heysteine thio and S- .
mchuding the precise  (2-chlorocthyvileyste inc and conversely, the ;
()-methyvl ester of N-acetyl-8-(2 -Lhiumcth\.!)—
an insight into the toncogenic)  cyvsteine (hy was hvdrolvzed rapidly by wate :
to that of [\’~ucctyl-.8'-(2-h_vdmxycth_v|)c_\',sleinc ,
N-acetvl-S-2-hydroxvmethyl- (@) (2). Hence. the reversible reaction processes ‘
connecting the two substances would seem to be !
modulated through the intermediacy of episulf- f
onium 1on (¢} and formation of this 1on would in fact
be rate-limiting in respeci of the hvdrolvsis of
.- R . tay b :
by Fischer-Speier - ‘o ,
OH Ci :
4 . :-.'"(‘ NARY) H t I8} !
. -« 7 L b 4
N-acewvl- B 1 H <O R ; ~c-c” ;
It might be stated C-C - T . THeT T
N ‘ Mol W -0 < SR
SR ‘
(i .

was used extensively both for product
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Surprisingly, VoacotnB=S-i0-hadionyethyvhiey -
steine (C-methad ester was methylated wath neu-
s of Vaacend-
S=2-methoxyv]VC Jethy hovaeine plus Veacetvl-
S-IMClvinvlovstemne degrade to give the volatile
[VUC)S-(2-methozvsethy b iprop- 1 or 2-eny b sulfide.
Although the mechantsin of formaiion was oot inves-
ugated, we felt that acetuddehyde, o knosan dissocia-
von product of S-vinvicysicine-derned y-vinyl-
cyvsteine-S-oxide ) might undergo concerted con-
densation with Naacenn-S-12-methonyethy oy steine
leading 1o elimination of thermodynamically stable
glvoxviate. {There s an analops tor such a concerted
condensation reaction in the vork of Dabritz and
Virtanen 5 - the tear-producine volatile compo-
nents of the onion. )

The half-mustard S-contining metabolites of viny
chioride did not behave as mutieens i the Ames test
(R

Thiodigly cothe acid is another major vinvl ¢

',d"nhu {1,
order to detersune whetoer viny! chloride

vielded chlorocthvlene oxide i vive, the biogenesis
of severul vinyl chloride metabolites and related
compounds were investigaied in oraty (2. S
(2-Hydroxyethyheysteine gave 0 377 of the authentic
thiodiglycollic acid, and this resuit was seen to he
highlv sigmficant, the insiability
(v, supra) of the starting matcnal undes exveeedinghy
mild conditions of reaction The pctabolic pathway
concerned {Eqg. (D appeir to mcinde endgroup
ostdation th, amino-newd rersamaanon obh, and
onidatine decirbovvianon (10 vod the resulis of
the anim;! capeiimeniy o saggest that
chloroacetuldehyae ¢ acid thi, and
deonnehi e on g com-
mon pathway connocting vinvl chluride (e) with
thiodighy cottic acid 4 Hlowever . other evidence im-
phes that chloroacetic acid (hy does not belong o this
metabolic pathway (e, Thus, (.17 hus even
been detected in the body Tuids of any of our vinyl
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chloride-treated animals. Fither there iv o ngh rate of

trn-over or this compound v not & magor vinyl
chloride metibolite, The latter possibility seems
more Tikelv, sidee relativels Eage amounis are pro-
duced m vinvlidene chlonde metabolism, and n
those antmids, thiodigh collic acid eccounts for in
cven greater proportion of the dose than i paralled
evperiments with vimvl chloride. A feisible
metabolic pathway for thiodigh colthe acut trom
chlvroacetic acid and mvolving evatene desulthy -
drase s unacceptable. Expennwenis with unlubeted
vinyl chlonde in ruts in which the ovsteme—oysline
pools had been labeled adequistely with 2O gine
[11C Jthiodighy collic acid, showing that i part of the
C-skeleton must be derived in fact trom evsteine. In
rats reated with chloroacetaldehyvde. the presence of

‘_‘lhludlg!ytolhi awid and: N-acetvl-S-(2-hy droxy-
‘uh\'m.\'stclm. but not of x.hloro.u.uu acid, among

mc nrm.sr\ smetabolites was established by i
ragmentometry.
Thus, it s pmhublc that in \'ir-- chlmjuclh;.icnc

h\\lmnnwm.ﬂ “t‘i"h Pcrspm‘ ives
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v chionnde eponidation oo e P dapposities
vostppatted by cronrgabdebeo g
Slonds boglo N
ctnd throdhieiv e ol
wathonymeih i
ragmentome iy aiongst the ndroh
an hepatic envragt prepared rem e chlordes
frcuted anunals Sy chfnrmu.ct tduhyvde and
chivrocthylene ovide are mutagenic mthe Ames tesi
Ao and i Chinese biensten VTR cells il the
may beorelevant e vinvt chlonde carcmogenicin
Respective formaion of 93-0-27 deosy ribetur-
anosylimidazo-{ 201 —i"rm'im or 3.2 deov
rivofuranosy E2-ono-2 3 dihvdronnidazo-[ 12-Cipy -
rimdine from deony adenosine o deoay evtidine h,
reaction with chloroacetaldehyvde (75) or chloro-
cihylene onide was readily contirvmed. Kecognition
of the nucleoside units of DN A that were modified
byrewction with active vimvl chloride metabohtes i
vive provides opportenity tor the construction from
appioprinte antmal data of the corresponding dose-
response. tne-response relationships. in compati
~oil with the one~ for tumeor cidence’occurrence in
those commads, The presence of these two -
kLizonucleoside derivitives has now been estab-
‘\hcd by s fragmentometny (/6) i the cozymme
hvdrolvsate of moditicd at-liver DNAL prepared
from rats. which hid been exposed chromeally to
vimyl chloride (250 ppm i3 their drinking water)
for I year (Fig. 1 A smaller proportion of
the 98-p-2"-deoxy ribofuranosvlimidazo-
{2.0-tlpurine, thean woukld have been expected to
have been tormed, wus found both in the anmal
caperiments with vinvt chlonde and m model 1eac-
trons between chleroacetaddehade and calt thymus
DNA ey This observation ss consistent with
some degree of DNA depunnation bronght <out
by the reaction of vimyd chloride, and m our modcl
eaperiments, we hive found evidence tor the pres-
vnve of the detached purine. viz., imidazo-{2 s
purine . Hence. the alkyBrtion that produces
imndaso-derivative tormmtion owith DNAY Tubilizes
the No-purine g-glucoside linkage. which leads 1o
depnrination. The gap so produced might then be
filled by vartous bases, tesuiting in Smispairing”
durtag DN A replication. These results are very im-
nortant. becatse in general,
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Jepurination to DNA and mutagenicity (17-79).
Thus. in retrospect,
.ﬂundc of being mutagenic ‘carcinogenic,
On the other hand. vinvlidene chloride (k)
mctabolism in rats gave thiodiglyeollic acid (1 and
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there ts excellent.
agreement between the severe dam.\um. effect of  pathway

acid wnd involving cvsteine desulfhvdriise 14 unac--
one - would suspect. \'mvl:
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an N-acetvl-S-cvsteins bacety b derivative (proas
miajor urinary metabolies, plus substantial amounts
ol chioroucetic azid by, dithioglveollic acid (ty and
thioglycottic acid =) (2eh, It is probable that
chloroacetic acid di. which s a vinvhidene chloride
metaholite per se. hes on o major metabolic path-
wad for vindlidene Chlorsde. sinee it affords several
metabobaes By common with vimvhdene chioride
(201

Phere i sitong supposttion that detovification

Fehlorovacetic acd it is effected through a gluta-
thinm: N-acsD transferase-catalhv 2zed reaction pro-
cess and casine Jdegradatine sequence for the re-
sty carbosvmethvighstathione (. and that this
reprosents the prmcipal metabolic pathway for
chloroacetic acid and @ nugor one for vinviidene
chlortde. Thiodiglveoiln: acid i the ultimate detos-
heation product, od previods work (23 established
the biotransforr
teine (L) inte tha, substance.
te thindiglveallic ac

A feastble metabaolic
W from chioroacetic

ceptable. In t:\px.nmuns (rats) with unlabeled

vinwviidene chloride” in which the cvsteine-cvstine

pools had been thch.d with C, labeled thiodigly-

ton of S-2-carboxvimethyh cys-
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which would Tose aosmad! psoportron ol the prepon-

deranime O Huadiehvcollic aand
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Lt propottran ot

metaboiie irom

YHOOY a2 and this evadenee s consistent with the

transformation ol vios hndene

vindlidene ehlonde into thiodsely cothe acid does in
At oporate in s

Foas equivoval wherber the very small amounts of
COLamd areacare produced by the action ol epovade
hydratase on Fl-dichlorocthylene ovide or by
mnar ondatne pathnen for chldoroscenic acid

Thete s o stroag  supposition that  ihe
Naacenv ES-evateimvlacets T derivative (pi, which i
a metabolite of vinviidene chloride. but sot of
chlotoacete actd, may be Tormed n Fact from
Fo-dichioroethviene onade through the ageney ol
clutathrone S-epovide transterase 1o attord
S-stutathione acety b eblonide tmdand its subsequent
reactions (200 Flhus supposition s umportant. since
the reactiviny displinved ) Fobdichioroethy fene
e reldevant to the possible interae-

ton of reactive vinmy lidene chitoride metabolites with
mouse hidney DNA (e, 2

2w hich s o preregisite

of tumor imbation (240 Such imteraction waould be
atitfoscas o that of vt chlopide with sat-live
DN A orvivo, which Forms imidazo derivaty s~ with
some nucleoside residues /a),
I progress oomvestigate this hypothesis,

Further work s

Comparative sandies 1250 provide chies of didter-
nees between pats and e i the processing of
ms hdene chlonde cFable Dy Fhus, o miee. the
rodactton of thiodighy colhe acid s considerabh

reduced and the formation of the \-:l\‘L‘X'\L\

vatenny laee v metabolite s mcreased. The higher
thronase activiny momice than m riats accounis tor

the greater conversion of thiodigh cothe acid it
Jdithrogh cothic acid v thiogh collic agid i the
tormer species of animal, Y Hiner's (260 mive en-
crated aopronoriion of i dose of chioroacetic acid as
nnchanged stting acid, Thus, in mice. the

claboliv pathway from chloroagetic acid to

thiodigh vollic acid seems to be readily saturshle.
sossibhy on acconnt of an inadequacy i the reac

mocatahvsed by glutathione S-acvl transferine,
nder these cirvumstances. detovilfivation of

thut sabstanoe must be dorsad o tact froen oy sbeene
| costnall oot ot SR ithiondy
civendbic aond v nd hence o e amlermedhady
PO Tthodiehy collic anady oo segonerkible wath the

vhe 0 Tthedishveolic aod
ot dichlorocthy lene ot
-1 Sebhvoaceine acud save e cquihvolent of

chlorude  mto
chlvroacctie acnd by oo mechanism mvolving nmigr-

ton of one CLatom and the foss of the other one
o, 230 Henee, the metabobic pathway which was
ot inveh proposed e the biotranstormation of

clen, ol

988520 SBH

HO O

Ut we 20 Scheme so_eeshinge the feaable mterachon of readt
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Tuble 1. Retative praparction of praducts from metaholism :
of chivroacetic aend and vinvlidene chloride L
m rats and mice. ¢
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Lol-dichioroethilene onide by glutathione
S-eporide trmsferase and the moditication of )NA <
by i bdichlotoethviene onvade or chloroacery] %3
chlonde would by expected o be more significont in 3#
muce than e vats, This diagnosis of species suscep- o
Uhihny seems 1o accord with \Maltoni's £24) diséor-
ery ol vinvitdene chioride oncogenicity in (the Kid- |
aeys ol ) mice, :
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