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" 3. INTRODUCEION

In the past four decades there has beew a tremendous Jaceease in the
production and use of a series of halogenated short chain kydrocarboms,
They are nsed In vast smounis a3 industital solvents for degreasing, dry-
clesning, food processing awd paint removing purposes. In sddition,
some of them are industsislly impostast plasiic mosomers; others se
lead scavengess (in petrol) or see usod on & lasge scale basly in agricul-
lure for a variety of purposes. Most of thess comspounds ase released in
Increasing quantilics inlo the environment. Residues of technically im-
portast substances have been detected in deinking water (detalled Infor-
mation on production, wse and oocuu?oe is inchoded i references /1,
2.3

The chesuical and physical properties of halegenated xenablotics sto
welt documented. As can be seen from Fig. 1, most of the halogenated
hydrocarbons in question are Cy or C; compounds.

In general, thelr chemical reactivity in relatively low, but (wnlike
many halogenated sromatic hydrocasbon pesticides) many of these
compounds (FFig. 1) are readlly metabolized. Some technically impor-
tant products have long been known as hepstotoxic agents. Flowever, K
was nol until the discovery of tha cascinogenicily of vinyl chioride that
rescarch on the mode of action of these compounds was greaily stimn-

{ated.
According to the present data, halogenated aliphatic hydiocarbons

exerl s vasiety of loxic effects which have been attributed to the forma-
lion of reactive metsbolic intesmediates. Such metabolites sre capable
of alkylsting nucleophilic sites of different cellulas constuents, resul-
ling In “covalont binding™, 1.c., in chemical modification of targets, the
blochemical function of which may be essential for the cell. Causal ge-
Istionship between cavalent binding of reactive halogenstéd xenoblotie
metabolites (o cellular protelns and/or Hpids and tlssee necrosls has
been suggested /4.5/. Iaitiation of peroxydative Hpid menbrane break-
down by halogenated reactive radical istermodiates /6/ may be respon-
sible for parenchyma) demage ohserved. Mutageniclly of halogenaied
skphiatic xenobiotics has beon thorowghly investigated m different
“shoet term assays™ f7 89/,

With vegard to DNAalkylstion, the believed psimary evest in the
process of chemical catcinogenesis, covalent binding of halogenated
hydrocarbon mictabolltes to DNA has beer examined in vifwo and v
vivo [10,11]. Deplelion of celiular ghetathione has also been Juvesti-
galed.
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Very recently, an increased acelone exhalation by rats exposed to
various halogeaated alkancs and alkewes has been related to a covalent
bindieg of reactive metabolic lnteemediates of these compoumds ta
celular CoASIT /15,12/.

in xddition, considerstions connecting structures and metabolic re-
activities of the chiorinated ethylenes have boen published /13,14/. For
most of the substances of concern, results of long-term animat carcino-
genlcity tesis are now avallable /1.2 ,3/. The oncogenic effects of differ-
ent halogenaicd ethylenes have been quantitated oa the basis of histo-
chemical examination of prescoplastic nuckosids-5'- triphosphatase
(ATPase) deficient foci in rals exposed to thess chamicals from the
time of bisth on /14f. Fusthermore, the pharmacokinetics of these com-
pounds have been investigated /15/. This now extends the data base for
2 loxkeological evaluation of haloaltkancs and haloakenes.

1. HALOALKANES

In conisast to the haloatkenes C, and C; haloatkanes differ widely
from each other in tesms of mechamizms of resctive metabolite forma-
tivn, and the chemical structure of the reactive metabolites. Thus, these
compounds, from & mechanisiic peint of view, cannol be regarded as »
uniform toxicological entity.

2.1. Methylene ciioride { Dichioromethane)

The son-flammability of methylene chloride which is widely used in
paint removers snd as a sobvent in food processing, makes this com-
pound an alfraclive substitute for a replacement of other, more hazs-
dous, solvents £16/. Neither nephwatoxicity nor hepstotoxicity could be
obscived alles acule 1.p. dosage of methylens chilocide to mice [17,18/,
and in a one year inhalation study {3500 ppm) with rats only minimat
hepatoceliular alierations wete reposted {19/, Hepatotoxlt effecis were
observed in mice only with vitimately lethal doses /20f and aftes conti-
nuous inhalation of 5000 ppm. .

A cscinogenicity study in male mice by Lp. injection [21/ revealed
no significant difference in the resulls from treated and control animals.
No malignant tumour increase was found in a two year inhalation stody
in male or female hamsters, nor in femake rats, st exposurc concentra-
tions of 500, 1,500 and 3,500 ppm (6 hours per day, 5 days a week).
Howeves, an appareat exposure eelated msociation between an increased
incidence of malignant salivasy gland tumonrs in male rats and pro-
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fonged exposure 10 3,500 ppm methylene chloride was icported. This
observation was atiributed to a virst infection of the smlivary glands,
which affected alf rats at the age of about 2.3 months /19f and was wot
interpretod as of toxicological sigwilicance in the light of the cxteasive
data on taxicity of metlylenc chloride. With respect (o the imporiance
of this compound, several further studics are in progress /22/. Im con-
trast to eaxlier observations which showed a low teratogenic potential
(sec /23/) methylene chlocide was scported 10 be neither embryotoxic
aor leratogenic In mice and rats 24,25/,

Since the findlags that exposure 10 methylene chloride resulted in
slovated carboxyhemoglobin levels 126,27/ which were dependent on
the dose level administered /2B/ the metabolism of this compound has
boen extensively investigated v vitro and in rivo [29-34/. Various lines
of evidence show that the greatest portion of sbsorbed methylene
chloride is metsbolically eliminated in rats snd mice via dose dependent
(satugable) pathways /30,31/.

Most probably, methylene chioride i mainly metabolizod by a cyto-
chrome P450 medisted oxidative teaction (see Fig. 2) so 1 hydroxy-
dichloromothane intermediate. HCI climination of the fatter leads to
formyl chloride, which decomposes, yielding the end product carbon
monoxide.

Fig. 2: Mciabofism of methylene chilotide according Vo Anders ef al {32/ (pro-
posed seactive metabofites framed).

As 3 sccond metabolic pathway glutathione-transferase-mediated no-
cleophilic attack of glutalhione. is suggested, leading ta a chtoromeihyl-
glutathlone intermediate (Fig. 2). Rapid hydrotysisof this chlosormethyl-
glutathione leads to S-hydroxymethylglutathione which, via enzymic
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tions in vivo. Futthermore, metabolic activation of chloroform in jsola-
sed hepatocyles caused protein alkylation, glutathione depletion and a
loxs in the hepatocytes” ahllity to teplenish GSH from amino acid pre-
cursors /43f; in these experiments, glutatiione deplotion was followed
by lipid peroxydation. However, the poteacy of cidoroform to induce
lipid peroxydation in yivo, as Indicated by determinstions of peatane
production in the rat, was oaly abowt 1/10 that of carbon tetrachioe-
ila f44/.

ARhogh irreversiblo binding of reactivechlorofosm metabolites to
proleins cleaily occuss, so Far all investigations reported /4, 10, 45, 46/
have failed 10 detect any significent binding to fiver RNA or DNA from
rals and mice afler (oraf) sdministeation of **C-chloroform. [Exireme-
ty low RNA binding was abserved when RNA was incabated with lver
microsomes and labelled chlosoform f7/.)

In accordance with these results, chloroform it sot mulagenic in
S. typhimurion, with or without metabolic aclivation /7/, and M was
thousght ihal the reactive intermediate generated im the biological sys-
tem may nol reach dhe target (the DNA of the test bacieria), duc to s
very short haltife. Soch a view is eventually supported by metabolism
of chiojoform to genctically active compounds in Saccharontyces cere-
_visae, an indicator ocganism canfaining a cylochrome P-450 dependent
nonooxygenase sysiem /2/.

With regard to the carcinogenic properties of chloroform, there
evidence that chromic tisus injury slways precedes tumour develop-
ment /45 and that tumoors do not develop after dases of chloroform
that are not sufficient o cause tissue mecrosis. The virtual sbaence of
DNA-binding (in rodents) suggests an epigenatic mechaniem of temord-
genicity by chloroform f45/.

2.3. Carbon tetrachloride

Carbon tetrachioride, which i used in the Industital production of
flworucatbons, and az an indusirial solvent, is the mont hepatotoxic
chorinsted methane 47,20/, lowever, its nephrotoxic potoncy ke
much less than that of chloroform /48, 49/.

Az enly a3 omne hour afler oral adminisiration of s sufficiently high
catbon tetrachloride dose, biochemical alierstions indicative of hepato-
toxicity are visible f4/. Such changes include early centrifobular sup-
pression of ghicose-6-phasphatase, lipid peroxydation, triglycerkie ac-
cumaulaiion, increase of seyesm enzyme activitics due to membrane dam-

RS Latp Revwews on Desg Mesobolion snd Drug fnterachons

age, fatty dogenerstion and ceatsilobular necrosls /4, 10, 50/. in ho-
mand, inkalatlon of high, but weknown levels of carhan tetrachinride
has predominanily led %o kidney injucy, whilst oral intoxications have
resultad muinly in hepatic necrosis 51/,

Long-term administration of high levels of carbon teirachloride 1o
mice, rats and hamsters result in formation of hepaloceliuiar carcine-
mas /3,52, 53/. Two early studics kn mice have demonstrated’ the im-
pact of dose and dose Intervals 52, 53/, and a correlation was found
betweea the degres of neciosis and the incidewce of hepatomas ob-
served /53],

Most probably, exbon teinchioride s melabolized by cytocheme
P450 enzymes of the liver; an lmitidl reductive dehalogenation step
leads to a trichloromethyl radical (see Fig. 4) 54, 55/. This may be
oxygenated by the microsomal mined-function oxldase sysiem (o yield
a trichioromettinnol intermediate and, sfter HChelimination, phosgene
155/. llydrolytic dechlorination of phosgene would then result in carbon
dioxide formation, a major end product in carbon letncliloride metabo-
Rem, invivo [56, 57 and in vitro /57, 58/.

Fo-aa] 57 ol pbodof 22
) ]

[0y
Fig. 4: Molabolism of carbom tatrachiocid ding to Sah et o. 55/ (pro-
posed pcaclive molabolites {mmed).

Trichloromethy] sadicals, rcleased during carbon fetrachloride meta-
bolsm, may cither absiract a hydrogen aiom from its emvironment {o
yicld chloroform, combine to hexachloroethans, or bind covalenily to
proteias and lipids /10, 55/. Covsemt binding of carbon teirachloride in
vat liver b vivo resnMs in about the same extent of proteiw alkylatbn,
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as chioroform. lloweves, lipid atkylation by carhon tetrachdorido is
abowt three times that of chiloroform; smd covalent bindiag of CCL Is
probably unspecific towards various lipid components /4/,

it is well known that the abstraction of 1 hydrogen alom from wa-
saluraled fipiis, eg. by cartbon tetrachloride derived radicals, inftiates
EpM peroxydation, and beth the OQ13T) and the CC1,-0; - sadical (11)
have been roggested as being responsible for the Hipoperoxydaiive mem-
brane damage observed /50, SS/.

However, it s stifl not cloar whethar the sesulting ceff accrosis s due
10 covalent binding of the radicsks) to microsomad proteins and lipids,
o to mdical indaced peroxydsiion of membrane-bound Hpids. As 2
wecond reactive metabolite of CCly, phosgene (11) /SS/ may be lavolved
in covalent binding to proteins and liphls.

tnvestipalions on mecleic acid alkylation by reactive carbon ketia-
chloride metabobites reveated inconsistent and contradictory results. No
covalent binding of radicsctivity io RNA wae reported after incubstion
of '*Ccarbon tetrachloride with RNA and rat Kver aicrosomes /10/.
When incohated with Nver microsomes from mice pretrested with
methylcholanifwene, ' *Ccarbon tetrachlotide was covalently bound to
various polyaucieotides and DNA. Aler chromatographic sepamtion of
kydrolysates of this DNA, two distinct peaks of radioactivity, not coin-
cliting with the elwtion of the nalural bases, were described /59/.

Administration of **Ccarbon tetrachloride to rats did not result in
significant amounts of covalent binding to nucleic scids of Bver f4/. In
condisst, low amounis of cmbon tetrachioride derived adloacilvily cowld
bedeteciedin Biver DNA of mice, after pretreatment of the animals with
methylchotanthrene /59/ and after administsation of a toxic dose of
non-radlnactive cartbon tetrachlotide, together with 1he Labelled com-
pound [60/. However, in both sels of experiments, ro detectable tadlo-
aciivity was eluted on chramatographic separstion of the hydrolyzed
DNA. Also, covalent blnding Lo cytoplasmic RNA was not detected in
these experiments.

This led the sulhors lo speculate that reactive carbon letrachloride
melabollics, cavalently binding 1o DNA, sy probably be gencrated by
cytochrome P-450 enzymes ol (he nuclesr envelope /60/.

Ow the basis of these investigations in wivo il is difficult to decide
whether carbon tetrachloride radionctivity Is In fact bound to the -
cleic acid, or whether binding occuned to misute cofeolated protein
Impurities. In future experimenls, prool of s definlicly characierized
alkylation product should be attempied.
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Casbon tetrachloride was mon-mutagenkc in S, iyphivnakon and 22,
coli, bolk in the presence and absence of 3 micsosomal aclivalion sys-
tem [3,7f. As slieady sugeested for chiosoform, carbon tetyachhide
melaboRies, gencrated outside of the lest organisms, may also be loo
short-lived (o resch the genelic material of theindicator micyn-organian.

The mechanism of tuiwour formation by carbon tetrachloride shows
shnilarities to that described for chioreform. Like cilogoform, carbon
tetrachloride produces tumours only in animals ireated with doses that
are high enough 1o cvake hepatoceliular necrosis.

In the Ngirt of tlese resulls, it soens most fikely that carbon tetea-
chloride, Bke chlorolom, scls sz a fumorigen mainly via an epigerretic
mechanism, which Is triggerad by chronic bepatic injury.

24 1,2-DickloroeiRare, 1,2-Dibromocthane

Bocause of i3 usc 38 an imtesmediale in the production of vinyl
chioride, ) 2-dichlorocthane is among the “top 50 chemical producis”
(maked scconding to the US. produciion solume /61/). 1,2-dibromo-
sthane i much Jess used. Both haloclhancs are applicd as fead scaven-
gesa bn petrol and as grain fumigants, and widespiead human exposuie
bas been suggesied.

A Inge amount of wosk has been done on mutagenicily, carcinogeni-
cily and metabokism of these two halocthanes. Recenily, 3 detailed
review on genetoxic cffecls of 1,2-dichloroethane and 1,2-ddbromo-
cthane [62/, and n repoit on | 2-dichloracthase In baok form have
been publiched /63/. A Mief sywopsis of major toxicologicat manifesta.
lions and melabolism of the iwo compounds, with special ref lo
covalent binding, Is given befow.

The chemicals show scute hepatotoxic effects in inhalation experi-
ments with rats (order : | .2-dibromocthane > ,2-dichlorocthanc), es-
pecially in fasted animals /64]. Chronic exposure (o 1,2-dichkwoethane
caused liver and kidney necrosls. Anti-fertitity offects of §,2.dicomo-
ethane In various species have been teported /62/. Both chesicals have
been fowad carcivogenic in laboratory snimals on wad tex of ad-
wilnistration. §.2-dickloroethane was not as tumorigenic as 1 ,2-dibromo-
cthane. | 2-dibromocthane (bt not 1.2-dicidorocthane) prodeced
tumours o the application sites: oral adminkstrstion icsulied n squa-
mous cell carcinomes of the stomach, skin application la skin catcinn-
was. By contrast, skin application of 1,2-dichloroelbane produced long
tumours in mice. lemangingarcomas in male and nwmmiary sdeno
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carcinomas In female rats were abso reported. Male mice showed some
Increase in hepatocelfular tumowrs, and both sexes developed lung tu-
mours. From the only inbalation study with mice and ¢ais a0 carcino-
genic effoct of 1,2-dichloroethane could bo deduced.

Most probably ihe iwo 1, 2-dihalocihanes sre melabolized rig two
major metabolic pathways (sce Fig. 5). One of thewo involves conjugs-
tion with glutathione by cytoscolic glutathione Lransferases giving rise fo
a "half-sulphur-mustard™ (la) which may rearrange 0 an episuifontum
jon {(Ih). Furthes attack of glutathione on the eplswifonium fon of 5-
2-halocthyl) alstathiane would lead to $,5"-ethylene bis glutathione or
ethylene, whereae S{2-hydroxyethyl) glhtathions could be formed by
hydsolysis of the episulfonism fon, A second suggested pathway also
lezds to mercapluric acids: it involves microsomsl oxydation st one of
the carbon atoms, to form a highly unisble gem-chlotohydrim which
would sponlancousty dchydsohalogenmate to the 2-halo-acetyldchyde
(I1). Both the haloaceialdehyde and the epistulfonium lon sce eleciro-
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Fig.5: Nxor bolic pathways of 1,2-dichk M(MIdl,m
(X=2D 10 Rannug ef al /62] (peopased resctive
metabolites framed).

phitic reactive metabolites, prohably sespansible for covalont biading o
proteins and nucleic ackds and for the chzerved ntagenicity. lngeneral,
Jower oconcentrath of 1,24ib Illtne, paed with 1,2-i-

chloroethane are weeded for achieving totoxic, mutagenic of car-
cinngenic ¢ffects; this may be duc to the Mglm' reactivity of the bro-
mine- compared with chiorine. subsiltuted compound. The direct muta-

genic cffect of bath halocihanes on 5. fyphlmurian, In the absence of
an exogenous melabotizing system, has heen attribwled to thek activa-
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tion to the Shaloethyl coajugates, bocanse these bacieria exhibil
glutathione-S-tramsfesase activity /62/. However, lor 1,2-dihroswoetlvne
dicect chemical alkylation of p-nitro-benzyipyridine and considerable
biading to microsomal protein by a nom-enzymic reaction has beea re-
poried. So, in addition to s action Wa reactive metabolic inlesmediaies,
a direct 1caction of 1,2-dbromoethane as such cannot be excluded.

Studies te determine whether covalent binding of the two halo-
ethylenes is depandont on micr } or cytosolic activation have re-
wvealed contradiclory temults.

ba the presence of microsomal preparations from mouse, stomach or
Nves, edioactivity of **C-1,2-dichinro-, or ' * C-1.2-dibromoctiane was
covaleatly bound to microsomal proteins and added DNA; binding was
aol significant with dematused micresomes /65/.

Furthermore, it was desoasiraied that binding of 1,2-dichioroeihane
to Jung microsomal proteins was signilicantly higher when Jung micro-
somes from B6C3FI mice, » species susceptible to dichtoroethane-
induced pulmonary tumarigenesis, were used, as opposed to Oshorne-
Mendel rats which are resiztant to lung tumorigenesis by dichlorocthane
f66§. Lang cytosol did not catelyze dichiorocthane binding, and the
addition of gluiathione inhihited #revessible binding of dhromo- and
dichlorocthane In microsomal systeme of mcuse liver /66/. This woukl
suggest that microsomst aclivation plys a prominent role in covakent
binding of the two halocttunes, peabably vis 1be P-450 mediated mets-
bolic pathway (sce Fig. 5). However, from a second study i wtro on
covalont binding of dickiorocthane it was concluded that in the presence
of glutathions most of 1he DNﬁMudhg resuls vis cytosolic glutathione-
wransiesase (67].

After administration of '“C.dibromoethane 1o rats, significant
amoumnts of radicactivity became covalently bound to peotein RNA and
DNA of all major tissues, with larsest amounts of bound madiosc vity
in the liver and kidooys /68/. So fas, no specific reactlon product of
halocthane metabolites with DINA or protein kas been characterized.
However, Investigations on the specific type of lesion, after treatment
wilh dibromo- or dichloroethane ix vivo would be ralsable in clucida-
ting the celative importance of the two major metabolic pathways in
haloethane medialed toxicity and carcinogencity.
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2.5. 1.1.1-Trichloracthane { “methyl chloroform”},
1,1, 24richloroethane

1.1,1-Trichloroethane and 1,1 2-trichloroethane are chemical inter-
mediales in the synthesis of vinylidene chloride; 1,11 -trichlorosthane is
also extensively used as an Industrial cleaning solvent f3/.

In conteast to its sowmer, §,L,I-4ddchiorocthane (“methyl chioro
form™) exhibits a very low toxic potenilsd 3/, liver darmage occursing
ouly afler exposure of snimals to nearly lethal levels. The oral LDy of
1,1, 1 ¢richloroethane in rats and mice #s asbowt [1 g/kg; and death oc-
cuis by central nervous depression {narcotic effect). Long-term carcino-
genicity assays with 1,1 )-lrichlorecthane have reveslod no ncreased in-
cidence of temours in raiz snd mice, and slso o envbryotoxicity and
texatogenicity was observed in inhalstion experiments with that sreches.
More than 98% of (,1,1-richioroethane administered is extinled un-
changed 469/ and the absence of specific organ toxicity may be vewed
along with the low metabolic sate of the compound. There are akso no
reactive melabolites in the metabolic pathway yet proposed for 1,8,1-
trichlorocthane. ‘

Most probably, 1,1 ) -irichlorcethane is hydroxylated by cylochrome
P450 enzymes to irichloroethmnol, foflowed by subsequest conjuga.
tion wilh ghicuronke acid to yield trichloruethanol ghicwionide, or by
oxilation io trichlorozcetate, both being major usinary melsholites of
1,1, -trichioroethane 170/,

Aaslight nustagenic potential, described for 1,1,1-trichlotoethane o
& typhimuriim with and withoul metabolic activation, has bees atttl-
buted lo contamination with other patenthlly carcinogenic compounds
171/, An cicvated acctona exhalation dwring exposare of wts to 1,1,1-
trichinroethane, as probable proof of formation of reactive metabolites
has not been observed [12/.

At present there Is no evidence lor mulagenic or carcinogenic effects
of pure 1,1.1-Irichioroethane 71/, This is in agreoment with the men-
tioned Insignificant metabollc rale and an absence of resclive metabo-
ltes and may recommend this compound as a subsiilule for othes
(moee loxic) halogenated hydrocarbons.

Compared (o t,),]-trichiorocibiane, the orsd LDs g of 1.1,2-trichioro-
ethane i rats sad mice i¢ shoul 10 times lower f49/.

The hepatotoxic potency of 1] 2-trichlorvethane Is comsiderably
less than that of carbon telrachloride and chlomform; howerey, ke
chioroform, 1.1 ,2-richloroethane exerls marked mephrotoxic effecis
{48, 49/.
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In fong-terat carcinogeniciy lests adminisiration of (technical grade)
1,1 2-trichloroethane has lncreased lhe incidence of hepatocellular to-
mours snd adrenal phacochromocytomss ia mice. In rats, no sigaificant
increase In tumous incldence was observed [1/. No data are available on
teratogenicity or embryotoxidiy of the compound. 1,1 2-Trichloro-
cthane it readily metsbolized 50 that small amotrsts only are eliminated
by exhalation of the wnchanged compound 72/,

0
B o for B
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Fig. 8 Metabolism of 1 1,1-trichlotocthane (top) xud [,1,2-Isichlococthane (bot-
tom) scoeding to Ivanctick ef of 70/ (proposcd reacté boli
framed).

Several Haes of evidence suggest that 1,1,2-lrichiorocthane Is meta-
bolized by cytochrone-£-450 eazymes (see Fig. 6, botlom) wa a highly
unstable chiorohydrie, which after spomtancous dchydrohakogenatlon,
yiekie the reactive chioroscetyichlodide(l). 1lydrolyske of chioro-
soetykchioride then leads to chloroacatate, which is etiminated in wyine
ot is conjugated with glutathlone, lesding lo wrinasy eliminalion of
thiodiglycolic acid /70/.

The formation of a reactive scylaling metabolile (1) is consistent
with the observed hepsiotoxic and wephrotoxic properties of 1,1 2-tri-
chioroethane, but so far ro data are available o covalent maciomolecy-
st binding of this compownd. 1,1 2-Trichlosoethane was not mulagenic
in S typhimerien with and wilioul mstabolic activation /73/. licpatic
tumour formalion occerred enperimentally with doses that also led to
damage of the liver parcachyma. There is some sintarily & the toxi-
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colugical patterns of boik 1,3,2-trichlocoetihane and chloroform; also,
the suggested reactive metabolic jmicomediates hoth have acylating
propestics.

2.6. 1,.2-Dibromo-3-chioropropane

1,2-Ditromo-3-chloropsopane kad guined widespread acceptance as a
nemaiocide and was used as 3 soil fumigant. It was also prescut = an
npurity in iris(2 3-dibramopropyl)phosphate that was wsed a3 a flame
retardand additive in synthetic textiles 3/,

In 1977, employees at 2 chemical plant i Californix, who had manu-
factured | 2<dibsonw-3-choropropane wese fonad azoaspermic or oligo-
spermiic. After subzequent swiveys the U.S. Environmental Protection
Agency in 1979 banned this compound for agricultural use in tha USA
1144,

Acute mnd subchronk inhalation studies with 1,2.dfbromo-3-chloro-
piopane o different sp led toxic lesions in lung, liver, kiduey
and tesies {76/, Severe atyophy and degencration of the teties wero ob-
served in rats, guinea pigs and rabbits /75/. Folowing repeated treat-
ment with 1,2-dibromo-3-chloroprapane, number and viability of sper-
wmalozoa were decreased i male rats and ocsicus was ishibited in fe-
aales /3.

1,2-Ditvomo-3-cliloropropane has carcinogenic properties in rats and
mice with mainly a focal action. It produces squamous cell carcinomas
of the forestomach in both specics and adenocarciacumnas of the mam-
mary gland in female rats f3f. Chronic inhalation studies with 1,2.di-
bromo-3-chloropropane resulted in carclnomas of the nasal cavily in
otz and mice £76]. In » two-stage carclnogenesis axsay 1,2-dibronwo-3-
chioropropane was an inithator of skis tumous when phorbol myristate
scetate was applicd as a promoier [77{. However, cepeated skin applica-
tion 1o ntice resulted alsa in Jung and siomach tumousrs, indicating that
1 2-dibromo-3-chloropropane acts not ouly at the site of applicalion
1.

When rals were orally treated with 20 mg/kg of ** C-t 2-dibromo-3-
chloropropane, 99% of the dose waz metsbolized and the metabolites
ciminatod Ia usine, bile and expived air. Radioactivity expived consisted
mainly of 400, [78]. As uriinry metabolites the mercaptudic acids of
52 3-dihydroxypropyl)cystine and 1,3-{bls-cysteinyl)propan-2-ol, §-
bromalactate and Bchlorofactate, have been idenilficd /79, Because
notably epichlorchydrin (1) and epibromohydrin (1) produce the same
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urinary metabolites, the epihalohydrine were suggested as metabolic
intermedintes of dibromo-chloropropane 79/.

gg"‘w oxycl on
ghulathions -
X=ar,C1 conjugalion m

Fig. 71 Metabolam of {,2-dibcomo-3-chkmopropanc according (0 Jomes of &l
179 (propassd resdlive bolites framod).

B8

It has been speculated (sce Fig. 7) that dehydrohalogenation of di-
bromo chloropropane, followed by oxidation via monooxygenases, may
resull in reactive aliphatic epihalohydrins (1). Opening of the epoxide
ring by hydrolysis would produce a-hatohydrins (1) which are knowa
to undergo oxiation to f-haloacetale and, vig the respoctive aldebydes,
o oxalate.

This means that four reactive melabolites, epicklorohydrin (f), epi-
bromohydiin (1), echlosohydria (i) and a-bromohydrin (1) have been
suggesied /79/.

l.z-l)ibmm-s-chlompmram showed lille direct mwtagenicity in
the Salmonclia tost system. However, when activiled to an ullimale
mutagen with S99 prepacation (pure) dibromo-chloropropane was clear-
ly mutageaic. The microsomal $9 fraction slome was responsible for
melabolic aclivation of the compound, and glutathione inactivated
rather than activated dibromo-chloropropane /80/, much in contrast to
the findings with 1,2-dihajocthanes (see above).

In addition, covalent binding of 1.2-dibromo-3<chlcropmpane to
micrasomal proteia jir vitro is dependent oa enzymatically sctive micro-
somes f31/.

3. HALOALKENES

The data available on mefabolism of haloethenes /9, 13/ imdicate
that compounds of this cliemical class are uniforuly bioliansformed to
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the corresponding epoxides (oxiranes) by microsomal monooxygenases,

logated a asmic membranes, The oxlrancs wndorgo rearrange-

ment Inﬁa::::hw; acyl halides, which can be further

converted lo halogenated acetic acids. At differeat metsholic kevels con-

jugation with giatathlone may iake plsce, resulling in faal excretion of
ok tning metabolltes (sce Fig. 8) /11, 118/.

According 10 the present data, reactive metabolic intermediates of
haloetheres are represeated by the epoxides, and probably 2lso by re-
armangement products thereof /9, 13/, I tn well establiched that indivi-
dual members of the halocthene clan differ widely in texmg of both te-
activitics of Thels metabolites and toxic actlons /9, 31, 13/. As toxic
and carcinogenic effects of individual Imlocthomes have been attribuled
Lo forination of reactive metabolic intermedistes, differences in toxicilies
may paetly be due to different metabolic rates of the compounds.
pounds.

Exiensive studies on pharmacokinetics of the haloethenes in ques-
tion hove now revealed that the motabolic eliminalion of these com-
pounds is a saiursble. dose-dependent process /15, 85/. When rats are
exposed fo sn atmosphetic concentraiion of a halogensied sthene
which exceeds “’s point of saturalion”, elissination is determined by a
zero-order law, Lo, is rate is independent of the tissee concentration

! of the compound, Below saturation, metabolic ¢limination it deactibod

by normal flist order kinetics /15, 85/. in Wistar rats, under condilions
of aluration, the motabolic rates of the diflfesent lulocthenes (V..
wee Fig. 8), and bence the rates of formation of resctive metabolites,
range oves (wo orders of magnitude. This clearly demonsteates that for

" quaniitative toxicological iderations the rates of metabolic trans-

formation of these compounds must be taken into accownt /4, 15,84/,

Téliftibiaiy considesations connectlng the strecture of chlorinsted
ethenez and the aclivitics of the initlal epoxide Iutermediates have been
published by tionschler and cowarkers. These auihors hiave suggested
that reactivities arnd hence loxidties of the Individual chinto-oxirane
intermediates depend on the type of clilodine substitution, in that rym-
metric substitotion renders the epaxides retatively stable awd not ruota.
gemic, whilst asymmetric sabstiutions cemse unsisble and thesefore
mutagenic epoxides /13, 83/, T lene was exempted from
this gemeral rule, because Its epoxide; although asymmetrically substity-
ted and reactive, is immediately farther tramsformed (at the cytockrome
P-450 sile) to trichlofoacetalishyde. From this polnt of view, halogena-
ted cthenix may te divided into two classes, the symametrical ones
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Fig. Bz Molsbolic scheine for diTerent haloethenca acoredisg to Bome and Hen-
setewoticratesy, . (5% woording
schice /33 and Bactach et ol 8. Me ez yq
to Pliscr and Bol /15/.
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(cis- and gwns-| 2dichlocoethylene; peschloroethylene) which form
siable epoxides and are nol mulagenic and the vnsymmetiricat com-
pounds (vinyl chloride, vinyl fivoride, vinyl bromide, vinylidene chlor-
e and vinyhdene fluoride), with trickloroethylene as in exception (se¢
Fig. B). =

3.1. Viuyl fluoride, vinyl chlovide, vinyl bromide

Vinyl fhoride, vinyl chioride and vinyl bromide are used in the
manufacture of synthetic polymers in the plastics indusiry. By contrast
to the vinyl chioride, only small swounts of vinyl bromide are used as s
co-monomer in plastic fibres. Vinyl woride i used in the indusirial
synthesis of polymers with improved chemical and physical stabiities.

These ihree halogenated athones do wot show acwte hepato- or
nephrotoxicity in Isborstory animals (oxcept in one sindy with nilcz)
12, 86f; pretieaiment with selected iducers of the hepatic mortooxy-
genase system belng secessary for injury to becorne manifest 86/,
Afies pretrestmsent wilh polychiorinated biphenyis the relative hepato-
toxic potencies of these compounds have been found simitar; atso, the
spectrum of morphologic changes was tho same /86§,

The detection of caccinogenic properties of vinyl chioride in labora-
tory animals /87/ sad In man /88/ has prompied many publcations
dealing with various toxicological and blochemnical aspects. Lueraturs
on loxkity, mutagenicity, metabolism and carcinogeaicily of vinyl
chloride dn animaly and humaas has been thoroughly tesiewed, and
viayl chloride is now considescd a human and animal carclnogen, with
lives, brain, lung and haemodymphapoietic system being Iarget organs.
Fudthermore, it has been suggesied that vinyl chdorkle Is mutagenic to
huntawms {2/, Preliminary resulis of an inhalation study with vinyl bro-
mide in rals reporied on increased incidences of Hver anglosarcomas and
zymbals gland carcinomias /8. No data ate available on lang-tern carci-
nogenlclly studies with vinyl fworide. However, after exposuse of new-
botn rats to either vinyl fuoride, viny) chlorkle or vinyl bromide, the
potency of vinyl fluoride to induce hepeloceliviar prencophastic “ATP-
wse” deficient Joci has been demonsicated f14/,

Metabolic pathways for vinyl chloside in maa /897 and o the mt 2/
have been investigaied by several research groups. Al the avalluble evi-
dence shows /90/ thal vinyl chioride ls epoxidized by monooxygenase(s)
{sce Fig. 8) to chlorocthylene oxide which thon rearmanges 1o chloro-
acelatdehyde. Chloroacetaldehyde Is oxidized 10 chloroacetic acid.
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Conjugation of these primary intermicdiates with glutathione is fol-
lowed by modification of the peplide moiely of lhe glutathdone conju-
gales, leading to sulfuy contalaing urinary excretion products.

Chilorocthylene oxide (1) and chioreacetaldehyde (II), both being
reactive elocteophilic mtermodiates in vinyl chioride melabolism, may
be respomible for the loxicity and carcinogenicily observed Jit/. No
details are avaitsble on the metabolic psthway of vinyl bromide subse.
quent (0 epoxidation, although the implication of bromoethylenc oxide
in the metzboliam of this compound has been suggested f8/.

Several lines of evidence suggest that covalent binding of the reactive
moio-halooxiranes and haloacetaldehydes might be involved in thssue
damsge observed. ARes exposure of rats to ** C-vinyl chloride, covalent
binding of this '*C radloactivity to psoleins of various tissues, with pre-
ferential binding In the liver, has been demonsirated /91,92,93/. Fur-
ther studies on prolein sikylation by reactive vinyl chioride metabolites
revested a prefersatial akylation of SHgroups of cysteine i vitro [94/
and the stachmenl of a 2-0xocthyl group to the 1-N and 3-N positions
of histidine i experiments in mice In viva /95/.

ANer incubation of '*C-vinyl bromide in » rat lver microsomal ays-
tem, reactive metabolites of vinyl bromide alsa became covalenity
bound to microsomal protein /96/.

Depletion of hepateccliuing glutathione, most probably dwe to co-
valent Interaction of the latier with ceactive metabolites of vinyd chilos-
e /97/ and viayl bromide 98/ has been repirted, and considerations
of the mechanistic background of interaction of both compounds with
glutsthione have boen pu 199/.

Exposure of tats to viayl chioride resullod in deactivation of certain
cytachrome P-450 spocies /100, 101/.

Very recently the pestiblity of covalent bimding of reactive vinyl
chioride melaboiics to coenzyme A has been proves /i1 and evidence
was obtalaed for specific binding by a thiocther Nakage. This, and elec-
trochemical dats on coenzyme A reactivily compared to that of gluta-
thione, lends support to the suggestion (hat coenzyme A might be an
even belter target for reactive haloethenc metabolites than ghatathione
fuf.

Both reactive vinyl chloride metabolites (chiotcethylene oxide and
chiovoacataldehyde) react with nucicic acid modeties, leading Lo defined
alkylation products [11/ (see Fig. 9). Targets for alkybation In nucleic
acids are sdenine, cytosine and guanbne residuss of DNA and/or RNA.

n RNA, both in vitro and it vive the principal alkylation products

n
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7-(2-oxoethyt)-guanine

Fiy. $: Modified bases decived from covalant dinding of resctive vinyi chioride - metabolites 1o DNA and/or RNA.
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are 1,N® clhenoadenosine ind 3, N* ethemocylidine /102, §03/. Fur-
thermore, smalt amounts of 7.oxoethylguasine have been demonstrated
ine rat Mver RNA afier cxposure of the animals to ' *C-vinyl chioride
104/,

! A,Ru chemical reaction of ciaroacetaldchyde with DNA, N*3-
ethenoguanine was formed xs the only grianine alkylation prodmct with-
in the nuclelc acid /1057, whereas chemical reaction of chilocnethylene
oxide with deoxyguanasine led to 7(2-axoelhyl)deaxyguamoasine (1)
by introduction of a 2-oxoethyl group at the 7-N position of Lhe mole-
cule /106/. This compousd may noreally be present as O%-7{1"
hydroxyethano)-deoxyguanozine (Il) /106/, thus represeniing a cyclic
hemiacetal form, which affects the 7-N as well = the O°-position, an
imporiant aspect in view of lthe oficn dissimitar biological roles of OF-
and 7-N akkylstion of gusnine.

7{2-Oxoethyl)guanine, the major alkylation praduct, | NS etheno-
deoxyadenosine and 3,N*-etheno-deoxycylidine sre readily formed in
vitro on Incubstion of DNA with labetied vinyl chloride snd rat Nves
microsomes [104/. However, the natwre of the vinyl chiocide-DNA
sdducts formed in vivo are still 2 matler of controversy. Evidence for
the oocumrence of ,N°.ctheno-deoxyadenosine and, 3.N*-etheno-
deoxycytidine in the liver DNA of wats, after recelviag viny! chioside for
two yesrs in lhelr deinking water, has heen presented /107/, Othher re-
scarch groups have detected only 7-(2-oxocthyl}guanine in liver DNA
of rats /104) snd mice /9S/ slter acute exposeses of the animals to *4C-
vinyl chloride. N2 3-Etheno-guanine has not yet been identified 21 2
product in vivo.

The similarity of vinyl bromide with vinyf chioride ks evident as both
form the same alkkyhtion products with RNA /108/, in vitre afltermiao-
somal sctivation, and ix Wro and with DNA i wivvo {109/,

Experiments in variows systeins have been cartied ouwt [110-113/ to
detesuine whether these adducts have miscoding properties or would
alier the processes of transcription and transiation. Translatin of poly
A containing m-RNA in wheat germ celt free systems, resulted dn 2 dil-
ferent pattern of the synthesized proteins when the m-RNA was laols-
ted from livers of sats, 8 hours afier exposure of (s animals to viny!
chioride or vinyl bromide /1 10/. Transcription of differernt synthetic
templstes which contained 1 N*-cthenoadenine andfor I,N*-etheno-

cytosine by DNA- or DNA-dependent RNA polymesase revealed evl-

dence Io%su_:_dgg propesties of these akylation products, and i was

.suggestod that the “promutagenic lesions™ evoked by |, N -cthenoade-
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nine and 3,N*-cthenacytosine residues may represent the initial steps in
vinyl chiloride induced carcinogenests f111/.

The available dala on covalent binding lo proteins and nucleic acids
are consistent with the formation of haloethene oxide and haloacetal-
dehyde as reactive metabolites of vinyl chloride and vinyl bramide. Sig-
nificant disect bacterial mutagenicity was observed with chloronthylone
oxkic and chioroacetaldchyde, but the former was approximately 20
timet more effective than the aldehyde, on an equimolar basis /114/.

Subcutancous injections of chloroethyleac oxide to mice revoaled
local saccomas {115/, Chlotocthylene oxide nduced sidn {nmowss in an
initiation-promotion experiment wheveas chioroacetsidehyde did not
115, 77/. Furibermare, chloroacetaldchyde-diacetal has been reported
to be non-carcinogenic /116{ and bis-chiosoethylether, a substance part-
ly metabolized to chioroacetaldehydo in (he organiem, showed no car-
cinogenlcity in rats after oral administration /117/.

Although chloroacetaldeliyde has not yet been studied in long-term
carcinogenicily tests, the above arguments support the more or less ex-
clusive role of chiorocthylenc oxide as ultimate carclnogen in viny!
chilotide induced carcinogenkeity.

3.2. Vinylidene fluoride, vinylidene chioride

Vinylldene chloride is widely used for copolymerisalion with other
monomers. Vinylidene fluoride has been found svitable for industrist
synthesls of polymers of impraved stabllity /119/; howeves, sufficicat
toxioological data on this monomer are tacking. Acuta inhalalion tesis
in rats /120, 121/ sve inconsistont, but suggest a much fowor degroo of
acute toxielty of this compouad compared to vinyiidene chloride f2/.
This may be parlly due 1o 1he siow metabolic rste of vinylidene fho-
ride which is about 17100 that of vinylidene chloride in the mt 122/,

* Vinylidene chlorkde exevied a marked toxie effect in a scrics of spe-
cies which was dependent on dietary paramelers ((ed or fasted animakb)
and the hepatic gulathione content 2, 123-125/. Liver and kidney in-
jury has been veposted n anlmals exposed 1o 50 ppm vinylidene chloride
(Rhfdsy, Sdays/week) for saveral months /123/, A costinuous 90-day
inhalation exposure to 48 ppm produced death in monkeys and guines
plgs, occurrence of morphological changes in livers from monkeys, dogs
and rats, and kidney changes in sats [124/. In (asted rats, liver paren-
chymul cell injury was observed sfier a 4-hour exposure to 200 ppm
vinylidene chloride /126{. Acule fnhalation exposwre to viaylidesc
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<hloride resulied in 2 marked deceease in liver glutathione coacentra.
tions /127/. No tesalogenic effect of vinyldene chloride was seen in
either rats or rabbits, and some evidence of embryotoxicity and feto-
toxicity was associaled wilh malernal toxic levels of exposore /2, 128/,
In a long-term carcinogenicity study in rats, afler orsl admilaist tation of
vinylidene Auoride, liposarcomss wese weported [129], the biological
significance of which Is not clear. Cascinogenicity of vinylidene chiocide
has nol been obaerved in several long-lerm studies with raes f130/; hut
another study reporied about hemangiosarcomas in two rats, probably
selated to Ihis compound j131/. Vinylidene chloride induced kidney
fumowes have been reported in mice, with a higher sensitivity of males
13, 11]. Nowever, vinylidene chlorids ishatation Induced siso bronchio-
alveolar ad and angk of the Hver in this species f131/.
Its, potency lo induce prencoplastic hepatoceliular ATPare deficient
foci In the rat was about one order of magnitudc higher tham that of
vinylidene flsorlde, but ranged abont 1kree orders of magnitude helow
that of vinyl chiorkde [132/.

Both asymenctrically substituled 1,1-dihalocthencs are bioactivated
.o mutagenic melabolites, but to much didlesent extents.

In experiments with vinylidene fluoride, s borderhine Hver-micro-
ome-dependent mulagenic effect was observed, whereas vinylidene
chloride showed 1 more pronounced wutagenic response la S fyph.
awrkim, especiatly when activited with Liver and kidoey fractions from
ice /8, 83/,

Most probably, vinylidenc chloride Is malabolically sctivated vix its
epoxide (2,2-dichlorooxirspe) whick reamranges to chloreacstyichilaride
(wee Fig. 8) /133, 13/. The latter compound is hydrolyzed to chioro-
acotic acid, which afier combination with gluiatlione and fusther de-
pradation of the ghitsthione yesiduc icads to thiodiscetic acid as 2 major
melabolic end product f134/. No data are available on vinylidene
fluoride metsholism. 2,2-Dichloraoxiranc and chloroacetylchloride, re
active Intermediates in vinylideme chloride metabolism, have beeny peo
posed as responsible for acute and clwonic loxicity of the compourd
obacrved in rodents. Fusthermore, chloroacetlc acid was proposed to kead
to ceular danage by a bjochemical mechanism of lethal synthesis (sce
4.2) 127/,

Afier Inhalation exposure of ratz to ! *Cvinylidenc chioride, the
radioactivily covalently bound to Kver protein of 1he animals was great-
er in fasted than i fed rats, in paraliel (o the hepstotoxic effect, al-
though fasted animals metabolized Jess vinylidene chioride than did fed
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rats 133/ Disulfisam preteeatment, which reduced the acute tethal and
hepalotoxic effect of inhaled vinylidene chlodde, also reduced ‘the le-
vels of covalenily bound radioactivity in the Tiver and kidmey of mice
altes Lp. sdmvinistration of ' *Gvinylidene clioride to the animals /136/.
This led the authors (o conclude 1hsl an acrease in the covalent bind-
ing of reactive vinylidens chloride intermediales lo targel isswes may
be associnted with vinyNdence chloride toxicity /135, 136/.

Covalent binding of the epoxide andjor its derivatives to ethanala-
mine moicties of membrane fipids has been suggested as being respon-
sible for the pareschymal damaging effect of vinylidene chiovide; and
methyl-thioacetaminoethanol, » Irim{y meiabolite of vinylidene chio-
tide in the rat, was thougit 1o b¢ derived mw {his reaction f133/.

DNA atkylation in liver and kidneys of rats and mice after exposere
of ihe animals 1o ' *C-vinylidene chiorde has been reported, and 2 low
level of DNA repalc in the kidmeys of mice exposed to vinylidene chio-
ride coold be measured /130f. Furiierniore, these expesiments revealed
2 25-fold increase jn DNA replication in the kidneys of mice, probably
due to the lissue damage observed in Lhe same organs [130/, This fed
the sulhoes lo the conclusion that vinylidene chlloride appears to induce
tumours primarily through epigenetic mechanisms. fowerer, their te-
sulis do mot necessarily Indicate thisl the tumouss observed in mice ex-
posed to vinylideace chioride, mightarise through effects of the chemical
on non-genetic components of ihe cell, but may suggest thal temorige-
nic doses of this compound conld range in the same order of magniinde,
where tissue damage & 10 be expected.

3.3. cis-1,2.Dichioroethylene, trans-1,2-dichloroethylene

trans- and cis- 1,2-Dicldoroethylketic are used as Industyial sotvents. In
various countrics the TLV/MAK value of both lsomers has been sel o
200 ppm, a concenisation whicl s based an earlier publications or the
marcolic properties of these compounds /137/. Animal experiments
have shown thal exposure of rats lo 200 ppm frass- or cis- 1,2-dichioco-
ethylenc Inhibits dimg mefabolism by the hepatlc sixed fonclion oxl-
duse [138/. Furihermore, exposure of rats ta 200 ppm #ans-1,2-di-
chioroethylena for vasfous time periods mduced fally degeneration of
hepatocytcs and of Kupfier cells /139/. Both haloeilienes kave been re-
ported to be weakly nepholoxic to the mouse, and cis-1,2-dichlora-
ethylene scemed o be more toxic than the trans momer f17/. This may
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parily be due to the higher metabolke rate of cis-1,2dichloroethyfenc
F15/. (See Fig, 8).

Mas! probably, both isomers are metabolized vie primary interme.
Hate oxiranes which rearrange 10 dichioroncetaldelyde /137, The latter
may then be oxidized to dichioroacelic acld or rediced to dichioro-
ethanol; both metabolites have been ideatified in perfesaies of an isola-
ted rat liver preparation /140/. AMhough a reactive sictaboRc lnterme-
diate (1,2-dichiorooxyrane} is swggesied, no mutagenic activity of ofs- or
trans- 1,2-dichioroethylene could be detected in E. cof K12 with aad
without metsbolic activation /83/. This k in sccordunce with the above-
neentioned rule on structuse activity relationships /13, 140/, which pre-
dicts for those cliorinated ethenes which are metabolized riks symmetri-
cally substituled epoxides no mutagenic or carcinogenic activity.

4. Tvickloroethyiene

Today, the overwhelming amount of trichloroethylese moduced ks
used 231 2 solvent, eg. for degreasing of moelaks or in Ihe dry cleaning
industry.

Due (0 Nz wide applications, an extensive lileraluse on the loxicily
of this compound i available which has been reviewed by several
suthors (see f3/). Athough acute and long-term expasere has disclosed
some cellular damage in Bver and kiduey of experimental animals /3,
t41f no promecnced hepata- or nephistoxicity could be aturibuled to
this compound. However, prelrestment of the animals with agents that
induced hepstic moncoxygenmses, resulied in acute hepsile injury sliey
exposure to high trichlorocthylese concenteations /142, 143/,

In a long-teem carcinogenesis ssssy by gavage to rats sod mice, Irk
chiocoethylene was reported to induce malignant liver (wnowss in atice
but not ia rats {144/, In this study a lechubcal grade preparation of Ui
chioroothylene was used, which contained substantial amounts of <pi-
chiorohydsin sad [, 2-epoxybutine, two well-cslablished mulagens sod
carcimogens [145]. A secent inhalatory carcinogenicity study in three
snimal species sevealed no indication for carcinogenicity of pure ird-
chioroethyiene [146f. Furthermore, trichlorocthyfene did mot Induce
prencoplastic hepatoceltular focl aftes inhalatlon exposure to rats, from
time of birth onwards {147/.

Studies jn 1ais and mice sevealed no embyrotoxic or leralogenic
potential of the compound /3/.
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Al the avaitable evidence shows that trichlorocibylene s metabolizad
by mixed function oxydases to 2,2, 3richioroethylene oxide /13, 148/,
which is farther convested to chloaal /13, 149/. Chloral is in patt se.
duced to trichlorocthanol ar oxidized to irichiovancetic acid, tie major
urinary metabolites of trichlovoethylewe in soimals and in man /53, 3/
(see Fig. 9). Glulathlone conjugates have not been idestified as metabo-
lites of trichlorocthylesie so far /150/, although an hepatlc ghaathione
decrease has been reported in phencbarbitone preleeated animals after
exposere (o this compownd /I50/. For the apparently exclusive rear-
rangeruent of irichlorocthylenc epoxide to chloral i vito, which it in
contrast to the expectation from the thermal rearrangement behaviour,
an explanation has been provided /149/. This saggests an bamediate
Lewis acid-type catalyzed rearrangement of lhe reactive cpoxide to the
non-reactive dilucal within the hydraphobic savironmeat of the mono-
oxygemses, which woulkd be conslstont with the lacking cacinogenic
potential of trichloroeihylene. After microsomal activation, trichloro-
ethylenc is mutagenic in £ oofi, S. syphimuriun and scverat stralns of
Saccharomyces cerevisise [3, 83]. tn one study the pure compound
shawed mo mulagenkc activRy, In presence or absence of a ral lver
microsomal activation system /145/. Om Incubation of **C-trichloro-
ethylenc in lives microsomal systems from rats and mics, ! *Cadivacti-
vity was lently bound 1o liver endoplasmic protela /151, 152/ and
the binding was related to the activity of hepatic monooxygenases in
the different species [152, 153/, Binding was decrexsed by addition of
inhibitoss of the monooxygenase, and enhaiced by Inhibition of the
micsosomal epoxide hydrolase wikh trichlovoprapenc oxide [152/.
Microsomal trichloroethyleae metabolites were bound not only to sul-
phydeyl proups, hut siso to emine gromps of proteins which were added
10 {lie incubation mixlunleII.

Afier exposure of rats to "*C-tricklocoethylone vapour, radioactivity
was ireversibly atiachied 1o hepatic proteins {151/, An i.p. administra-
tion of the labelled commpound 1o mice vevealed 2 distinct binding pai-
fern in the different celfular compartments, with highest valves in
microzonial and lowest tn cylosolic proteins 153/, pointing akso to P-
450 contred rearrangement reaction.

Incuhations of *“Crichlorocthykne with salmon sperm DNA in the
presence of microsomal preparations resulted in covalent binding of re-
active metsholites to the DNA. The amount of covatently bound radio-
activity was much higher in the p of mit nal proteins of
male (han fesnale mice, and could be eahanced by pretreatment of the
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animals with plienobarbital in rivo or by addition of trichloropropene
oxide 1o the incubate [152/. After micrasamal incubation of the mucleic
acids with ' Carichoroethylene, of tographic separation of DNA
or RNA hydrolysates revealed some radioactive peaks, but no nmsjor al-
kylation prodect could be detected in positions of Lhe eluale which
wete charactedistic Foc slkylation products of the chemdcally related
vinyl chloride /147, 154/,

The possibility has been mealioned that the positive mudagenkc
tesulis may have been partly due to impurities in the test samples /3f
and that small amounis of reactive mpurities abo in the commercial
ndioactive trichloroethylene preparations may have been the cause of
“appmecat™ covalent bindiag /5/. However, purified ! “C-richloroethy-
Jeae also showed a considerahle microsomal biading whes mcubated it
vitro {153]. Possible structurat diffesences of the mctabotic activation
systom in vifro, compated with Lhe in »ivo situation, may have facilita-
ted the escape of the epoxide as such from the hydrophobic reasrange-
ment site, which may be parily responsible for the effects vbscrved in
vitro.

Very recently, small amounts of covalently bound radioactivity have
been seported in rat and mice liver DNA after i.p. adminlstration of
14C.Irichloroethylene to the amimals /155/. In future experiments,
proof of a defislicly characterized sikylation product should be at-

tempted.
3.5. Perchlorocthylene

Due to is non—ﬂuun‘»llily and its excellent solvent properties, per-
chloroethylene is used as & dry-cleaning, fabric Maishing and metal de-
mcasing agont 3/

Perchlosocthylene ls sbsorbed maindy through the lusgs and b pri-
marlly elisdnated unchanged in the expired ali. With repeated cxpo-
wiros, it is stored particulaily In fatty tissues, snd is retained unchanged
within the body for prolonged periods of time /156, § 57/,

In laboratory animaks and in man, the predominant offect of acute
perchlorocthylene exp Is depression of the central nervous system
1158, 159/ probably due 1o the pre-narcolic and narcotic action of the
unchanged compound 158/, Alihough perchlorocthylene is generally
regarded as being of Jow toxicily /159/, liver and kidncy danage has
been reported in labosatory animals after high acwie dosags, /3, 159/ o
after pretreatment with polychlorinated biphenyls /160/. Daily adinin-
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tstration of high oral doses of peschloroethylene produced mm increase
of hepatocellular carcinonta in mice. Im ratz, f the ssne study /161/
perchiorocthylene was not lumorogenic. Im addition, perchioroeshytene
did not induce preacoplastic hepatoceliular focl after exposure of now-
bot rats 1o the conpound f163/.

Most probably, perchlorocthylene is metabolized dy microsomal
monooxygenase(s) to teirschlorosxymne /13, 140, 157, 164/. This
epoxide may rearrange to trichloroacelyl chioride, which is subsequent-
ly hydrolyzed to trichloroscetic ackl /13, 164/. Another suggested
paithway, involving nuclcophitic attack by water, or enzywic reduction
of the epoxide by epoxide hydratasef would lead to a tetrachlorinated
diol int diate. Sp dehalogenation of the latter and hydso-
tysis of the resulting acyl chloride would yield oxalic acid /157/. Ted-
chloraacelic acid and oxslic acid hsve both beea reported as mejor
usinary wetabolites of perchlorocthylene f157, 165/. No glutathione
conjugates have been ideniified, snd perchlorocthylene did not show
glutathione depletion, which has been attributed 1o the very low meta-
bolic rate of the compound.

Teteachlorooxirane (1) sndjor trichloroacetylchloride (15), both resc-
tive metabolic intermediates of peschioroetliylene, have been suggeated
to acylaie ceffufar constituents /140, 164/. On dncubation of " C-per-
chioroethylene in 1 rat or mouse Hver microsomal system, ' C-radio-
activity was covalently bound to microsomal protein of both species
{163, 164 and microsomat Incubations of the nonishelled compovnd
vevealed significant amounts of the trickloroscyl molely bound in ester
or amide liakage to the micrasomal protein /164/. Similar sesults have
been obiained in the isolated perfused rut Rver preparation, where 3-5%
of the total uptake of perchluroeihylene was covalently bound to mt
liver thssue a5 acyl chiloride. This lype of covalent binding was suggested
to undergo spontancous or enzyme-catatyzed hydrolytic cleavage [140/.
After exposwre of tats and mice to ' *C-perchioroethylene, the greater
extent of ireversibly bound **C-sadloactivily in hepatic nmcomole-
asles of the mouse was aliributed to the higher metshbolic ale of the
compound in this species /166f. Perchlorocthylenc was neither muta-
genic when tested in K colf K12 [83] or 8. typhinmrium [8] In the pro-
seace of liver microsomal feactions, nor sctive as akin tumour initiator
In a two-stage carcinogenesis axtsy on mouse skin /77/. lavestigations
on an anticipated differenttal sensilivity of the mouse (B6CIF1) and
the rat o perchloroethylene revealed no covalent binding of perchiore-
elhylene melabolites to purificd mouse Hver DNA 166/, However, ap-
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proximately 2 two-fold increase in DNA synthesis and histopathotogica
changes wese observed in the liver of mice but not in cats affer repeated
and ot administration of perchloroethylene, at dose levels which are
tomorigenic to mice in lifetime siudica. This led the authors to the con-
clusion that the spontaneous incidence of Hver tumowss (in this highly
susceptible mouse strain) has been enhanced by recurrent cytotoxicity,
and that levels of perchloroethylene which do not indwce organ toxicity
"are not Hkely (0 pose s cascinogenic risk to man"”.

4. CONCLUSNONS

A coamparison of the haloalkanes snd haloafkencs in quesiion reveals
that these compounds, sithough chemically closely related, differ wide-
Iy in thel toxicities which are preferentially directed towards Mver and
kidnoy us the mzin iarget organs.

4.1. Specific covelent binding dnd carcinogenicity

Factors that influence the oncogenic potential sre primarily the ex-
tent of forawtion of teactive metabolic intermediates and the reactivily
or stabliity of Lhe seactive metabolite(s) within the physiological en-
viconment. For the halooxiranes, it has been reasonably suggestod {iut
succensful DNA alkylslion requites an optimum between stabliity (tn
reach the DNA target) and reactivity (to seact with it); from that opil-
mum a further decrease ja stability may render the oxirane too shori-
lived to reach the DNA. Simitar considerations may be refevant for reac-
tive haloakkane metsbolites which show a high {microsomal and cyto-
plasmic) protein biading cven when DNA binding is negliglblc or ab-
sent. In genent, the intraceltular disiance may become miore importani
with increasing reacilvily of the metaholic intermediate.

Leng-term carcinogenicRy assays in rats and mice revealed liver and
kiduey su principl target organs {except for compounds scting directly
at the site of application; subttances for which significant and spectfic
covalent binding 0 Nver andjor kidney DNA has been demonsinated
have also been founhd carcinogesic ln these spocies. To-date, chemnically
dofined sdducts of DNA alkylation for vinyl chioride (and vinyl bro-
mide) only have beew Kentified and related to the genotoxic and cas-
citogenic properties. No, ot at lesst questionsbie, covalent bindlog (o
liver DNA cowid be attributed o some halocarbons which have been

found to be hepatocarclnogesic.

k]|




 0v001000dY

Vol IV, No. 1, 1982 Aliphatic Helogensted Xenobiotics

This has raised the question as to whelher an “epigenctic” mechan-
tsm of halocarbon-induced tumour formation, possibly triggered by
cellufar Injury due Lo chionic administration of cylotoxic doses, docs
exist. .

Recurrent cytotoxicily, leading ta increased celf division during tis
sue regencration, has been considered 10 be the responsible for a pro-
motion of inherent or spontancous mutslions, thus eshancing the
tumorigenic process.

An “epigenetic™ mechanism of tumour formation, uked 10 enhanced
celudar proliferation evoked by tissue injury would imply the sccessity
for differential risk assessment procodures for “epigenctically™ scting
halocackons compared to those causing tumoues by genetic damage.
Foe the “‘epigenetic” mechanism threshold principles should apply, in
that exposure to doses whick fail to indwce thsue injury should be un.
likely to cause cancer. llowever, the presently svailable dats do sot yet
provide a sufficiently sound basis for such a procedure of risk sssess
menl, but ideas in this discction are being devedoped /371).

4.2 Specific covalent binding and {acuie) toxicity

Ia many publicstions on this subject toxicity of halocarbons has
been attributed Lo the covalent binding of reactive mefrbolic iatesme-
diates to proteins. As quantitative measures the radioactivity covalently
attached to total (tissue, cyloplasmic, microsomal) protein, snd blinding
of reactive metabolites to free sulphydryl groups were most commnonly
used. Afier Induction of halocarbon metabolism, the onhanced toxicity
of the single compoundy was pacalieled by the increase in covalont bind-
ing to celiulsr protein constituents. Howeves, when rolsied (o the do
metabollzed, the smount of covaknt protein binding did not coincide
with lhe toxlchty obscrved and ofien, halocarbons of low loxicily
showed a protein blading comparable o that of the scute toxic ones.
Thus, covalent protein binding scems to 1epresent » measure of the
asmount of reactive metaholic intermediates geaerated, mther than of
foxic patencies of the latter.

Chioroform, catbon tetrachloride, 1,1, 2-trkchioroethane and vinyll-
dene chloride are regarded as highly toxic compounds evoking acute
lives and kidocy Injurics in experknental animals. Lipid peroxldation i
thought to be responsible fos carbon tetrachlorlde-produced cellular
damage. However, out of (he substances evaluated here, only chloro-
form seems to induce, to a much lesser extent than carbon tetrachlo-
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side, a lipopesoxidative mechantsm. Furthermore a general relatlonship
between Lipoperoxidation and hepatatoxicily ks wot established /167/.

To explsin the vinylidene chloride induced celiuia damage, Jacger
1127/ hss suggested that chloroacetate (az 3 metabolite of this com-
pound} cowld dlock the citric scid cycle in mitochondris by the mecha-
nbme of “lethal symthesis”. This was hypothesized in analogy to the
well-known blochemical effect of fluoroacetate, which involves an en-
zymle “sctivation” of the laiter to fluoroacelyl-CoA belore eateting
the citric acid cycle as Muorcirate and blocking cisaconitase (see Fig.
10, 1) /168/. However, ihe relative LDsa potency ratio of chiospace-
tate/fluccoacetate in rals is 21,6 {169/ whick poinis to a much lower
extent of enxyric activation or a dissimilar binding mechanism of chio-
roacctate (Fig. 10, 2a.b). Fusthermore, vinylidene chloride toxicity in
rais was reduced by simukansous exposure to vinyl chioride, which is
of low acule toxicity but generates chloroacetste as a metabolic inter-
modiale /64/. This raises wme doubt as (o 2 major tole of chloroacetate
in the mechanium of scute toxicity.

A common fosiuee in the metabolism of chlaroform, catban tetea-
chlorMe, 1,1,24richloroethane and vinylidene chioride, which they
only share with perchioroethylene is the generafion of halogenated acy-
lating micrmediates like phnsgens and chloroacetylchloside.

With rcgard lo the theory of Jacger [127/, thase haloacyisting inter-
mediates would be reactive enongh to generate “activated” haloacyl-
coenzyme A dusivatives by direct chemicsl acylation (Fig. 10, 3ab).
The resubting hsloacylconzymo A derivatives, possessing a wactive
chiogine (unction, would represent “active site-direcied agents™ and
might bo sble o reach key positions in the extremely important meta-
patic functions of “sctivated”™ cosnzyme A derivatives. There, specific
covalent binding medleted by the resctive chiorine function may block
metabalic reactions of vRa importance of the cell.

Although forming sa haloacylaling metabolic intermediate, per-
chioroethylens may not share the scute toxic action of the other com-
ponnds due (o its vacy bow motabolic rale andfos the Iow alkylating
polency of the trichlorometlryl residue (Fig. 10, 3c).

Recently, incroasing atiention was drawn (o & covaleat binding of re-
active metabolic intermediates to coenzyme A. A mechaaisic treatisc
had ardived at tho conclusion that the sulphydryt group of coenzyme A
should be a preferred target for electrophilic reactive metabolies /1707,
and the possibility of covalent binding of reactive viny! chiorile meta-
bolites to comzyme A (in a thiocther Bnkags) kas been proved /13/. In-
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creased scetone exhalation dy rats exposed to vatlous halogenated al
kanes and alkencs has been related to a depletion of celular coenzyme
A by reaclive metabolic intermediates of 1hess compouads [12/.

In view of these data, the hypothesis on the involvement of a speci-
fic coenzyme-binding in acute loxicity of halostkancs and haloslkenes
mxy provide a basis for productive fuither investigations on toxicitles
evoked by hatogeaated akiphatic xenoblotics.
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NOTE ADDED IN PROOFS

During the ime of edHorial procesing of the manuecript, two experi-
menisl studies on covlent binding of trichforoethylene to DNA have
published or accopeed for publication /172, 173/.

The authors’ report an extremely high covalent biading of radioactl-
ity to prolcins of the Nver mucicar pelict, after sdminisiration of **C-
trichioroethylene to expestmentsl antmals 7173/, The small amownt of
radionctivity sssocisted with iver DNA of these snlnwhk /172, 173/
could be further diminished by subsequend procedwes of DNA purifics-
thon [173]. Aaslysis in differcnt cluomatogiaphical sepsiation systens
of fiver DNA hiydeolystes revealod DNA emociated radicactivity either
m physiclogically Incorporated nto the nalural nucleosides (bases) or
in the enly fraclions where proteln contaminants of DNA were ex-
pected to clute /172, 173]. Furibesmore, DNA fragmentation in the
akaline sucroee gradiomt, indicative of phosphotriester formation, could
nol be oberyved afler sadministmtion of trichloroethylene to mice /173/.
This fusiher supports the view, that these ks mo indication of & genotoxic
sciion of trchiosoethylene.

3




240010004V

Vol IV, No. 1, 1932 Aliphatic Hislogenated Xenobiotics

& REFERENCES

£ JARC Monugraphs on the cvaluation of the casclnogenkc risk to kimam, 15,
Some Tumigants, the hesbicides 3,4-D and 2,4.5-T, chiogimaled dbenzodi-
axing snd misceflsnenus industrisl chemicals, 1.yon (1980).

2. 1ARC Monagtaphis on 1he evaluation af the Juogenic thk do k ",
Some monomens, piastics and synthetke clastomers, and Acsolein, Lyon
(1979).

3. IARC Masographs on the jom of the peaic riek to , 20,
Semo helogenated hydeocarbone, Lyon (1979,

4. REYNOLDS, E.S. and YEE, A.G. Liver puenchymal cell injury, V. Rels-
thomships between peticrns of ehborometianc-C'* Incorperation into commti-
tuenis of lives in vivo and celvuiar infary. Leb. Fnvess, 16, 5914603 (1967).

5. ILETIT, F.K., REID, W.D,, SIFES, 1.G., and KRISHNA, G. Cosofarm toxi-
city in mice: Cosrclation of renal amd hepath ol wiih el inding
of metaboliics 1o lisme macramolocubes. Exy, Molec. Pathol, 19, 215-229
(i973) .

6. RECKNAGEL, R.O, GLENDE, E.A, and RRUSKEWYCZ, A.M. Chomical

Rank in carben teirachioride toxicily. In: Fres ndicle in Blology,
Vol. [Nl {W.A. Pryue, ed.), Acsdemic Proas, New York, 97432 (197T).

7. UEHLEKE, H., WERNER, T., GREIM, H., sad KRAMER, M. Neiabolic
aclivation of halostancs and $aste in Wire for nmtsgonicity. Xemobiodics, 7,
393400 (1977

K. BARTSCH, H., MALAVEILLE, C, BARDIN, A., sad FLANCHE, G. Muts-
genic and aKkylsilng mctabolites of halo-cthylencs, chibrabotadiencs and
dichiorvbatcacs produced by rodcnt er buman Nver tispuca Arch, Taxicol,
41, 1492771979\,

9. CALLEN, DF,, WOLF, C.R, and PHELPOT, R.M, Cyteciwomc-P458 ae-

dieled genctic activity of scven hak d aliphsikc hyd: bome i Sec-
charomyces ceveviviae. Masat, Rescerch, 77, 3563 (1986).
10. UEHILEKFE, H. Binding of haloak 10 Bvor aefor Ju: Hiotegicad re-

active latcrmediaics: Fornation, lonkcty snd hsctivation (Jollow, D).,
Kocsls, ).)., Snyder, R, Vaindo, IL, odt.) Pleriumn Presn, New York, 431445
197N,

11. BOLT, KM, FILSER, J ., and LAIB, RY. Covalerd bimling of halocthy-
Tenes. BiologicM seactive k dfatow 2, Snyder, R., Packe, D.V., Kncsls, 5.,
Jollow, D )., eds., Advances in Experimentst Modicine and Blology, Vol. 1364,
Menum Prese, New York, pp. $67-623{1982).

12. FILSER, 1.G,, JUNG, I, sed BOLT, M. Incressed acctone exhaistion in-
dwoed by meisboliics of kalbogenated C; s Cy composwnds. Arck. Toxk
49, 167-116 (1982).

13. BONSE, G, and HENSCHLER, D. Chemical teity, b { tion
snd toxkcity of polychiorinatzd aiphatic compounds. CRC Ors. Rev. Toxt-
cot, 8, 195409 (1976). .

36 "

RS Lalv Reviewe on Drug Metabolizm emd Dewg Inseractians

14.BOLT, WM., LALR, R.1, and FILSER, 1.G. Reactive melabolites uisd caei-
gencity of halogonated athylcucs. Biockewe. Mosemacol, 30, 14 (1962).

15. FILSFR, 1. G, aad BOLT, ILM. Pt kinctics of hah d ethylencs
in mts. Arch, Taxiool, 42, 123136 (1979).

6. Anon. Chomicel bricls: methylene chloside. (hem Purch., Oclober, 3,
(1976

17. PLAA, G.L., sad CARSON, R.E, Relative neplwctonic properties of chilork-
nated mothanc, cihane amd ety kenc derivatives in mice. Toxicol. Appl. fher-
macol., 7, 3744 (19653.

18. KLAASEN, CD., and PLAA, G.L. Relstve cilects of various cilosinated
hydrocmbons on liver snd kidney funcilo ns in mice. Toxicol. Appl. Fharme
oal,, B, 139151 {1966).

9. Dow Chemical USA: Report 1o EPA, November 14, 1980,

8. GEHRING, PJ. Hepatoloxic poleacy of variows chiosimated hydrocarbos
vapours relstive (o thelr jc snd lethel p des i mkoe, Toxicol, Appl.
FPharmecol, 13, 187-298 (1968).

21. THIESS, J.G., STONER, G.D., SHIMKIN, M.B.,, and WEISBURGER, E.K.

Tesl for carcinogenicity of organic L of Uniled Sistes drinking
waters by puk 4 P in straln A mice. Cancer Rer, 27,
7 +2720 (1977).

22. 1ARC ~ Information balletin on the mivey of chemicsls belag tased for car-
cinogonicily Ne. B, Lyon, pp. 333, 350, 418 (1979}

23. HEMMINKE, K. Occupationsl chemlesls tested for teratogenichy. Jat.
Arch. Oceup. Envivon. Hith., 47, 191-207 (1980).

24. SCHWETZ, B.A., LBONG, BK.J., and GEHRING, P.J. The offoct of wates
aafly Inhaod frichiotocthylane, perchioroethylene, methyl chiorofocm, and
matiylene chistide on embryonal and fetal development in sulos and yals.
Toxicol Appl. Pharmecol, 32, 84-9 (1975).

25. HARDIN, B.D. and MANSON, L.E. Absence of dichicromcthane leratogenk
ity wilh intmlation skpdare I 1ate. Toxieol Apsl, Pasrmacal, 62, 2228
(sam.

26. STEWART, RD., FISHER, T.M., 105KO0, M1, PETFRSON, LE, BARET-
TA, ED., snd DODE, HC Exgerkmontal lums exp o melhylone
chioride. Arch, Environ. Healih, 28, 2B (1972),

27. STEWART, R.0., FISHER, TM., HOSKO, M.),, PETERSON, LE, BARET-
TA, ED.,, and DODD, H.C. Cuboxyhemoglobln slevation after exp 1o
dichlocometihane. Sclewce, 176, 295-296 (1972).

28. KUBIC, V.L., ANDERS, M.W., ENGEL, R, BARLOW, C.}., and
CAUGHEY, W.5, Motabolism of dich hanes 1o carbon We. fn
viva shwdica. Deug Mewh. Dis., 2, 53-57(19T4),

29. RODEEY, F.L., and COLLISON, A.W. Bivlogical oxydation of '*Comethy-
ke chloride to casb ide and carbom dioxide by the rat. Toxicol
Appl. Pharmacol,, 40, 33-38 (1977).

37




£+0010004V

Vol I¥, No. 1, 1982 Aliphatic Halogenated Xenobloses

30. RODKEY, F,L., and COLUISON, A.IL Effec! of difwlogenated methancs oa
the & Wro production of cabos ide and methane by rate. Toxicol.
Api. Pharmecct., 48, 3947 (1911),

3). YESAIR, D.W., SCHEPSS, J.P, and LISS, RM. Do sefsiod pharmmookine.
tics of 11 Cmethyiene chlorido In mice. Fed. roc., 38, 998 (1977).

32 ANDERS, M.W., KUMC, V.L. and AHMED, A.E. Mstsbolisrs of halogerss-
ted methancs ant macsomolecuins binding. J. Environ. Pethol Toxicol, 9,
11124197,

13. AIIMED, A.G., and ANDERS, M.W. Metsbollems of dihalomcthancs (e for-
meldehyde and Ivecganic lalide — 1L Studics on the mochanism of the reac
Uow. Blockem, Phormecl,, 27, 201-2023 (1978,

M. MKENNA, M.J., end ZEMPEL, J.A. The dose depeadent matsholism of
MCmethylenc chictbic fallowing orall adwisistration te sats. Fd. Commet,
Toxicol, 19, 73-7¢ (1980).

35. JORGEN, WM.F.,, ALINK, G M., 1nd KOEMAN, }.1. Mutagonic effect of
dichh thane on Sok Be typhimurkem. Matet Res, B8, 2435-248
{19m)

36. MEVSER, )., PE PIERRE, J. W, and RANNUG, U, Messurament of drug
metsbollzien systens In Scimonclis typhisnxinn stralus G#6, TAISS), TA
100, TA1538, and TASS. Chem, -Biol. Intervet., 31, 147-154 (1980).

37. JONNSON, MK. The Inflecnce of some aliphatic compounds on rat Bver
ghutathione levels Biochem. Pharmarrol, 14, 1383-] 385 (1965).

38. WINSLOW, SG., snd GERSTNER, IL8. Tlealth nepecis of chioroform — A
Review. Drug and Chemsicel Toxicology, 1, 259275 (1979).

39. TORKELSON, T.E, OYEN, F,, and ROWE, V.X. The toxkiy of chivso-
form aa deterwined by slogle and repeated sxposre of laboratory nikuale.
Am.Ind Hyg. Assoc. J., 37, 697705 (1976).

40, BEL.L, R.N, CLEMENS, T.L., LIt/, DX, end VESELL, E.S. Genetic comirol
of cilorof icity In mice. Sei 196, 159161 (1975).

41. ESCHENBRENNER, A.B., snd MILLER, . fnduction of kepatemes in mice
Sy repealed orsl sdministeation of ciiorofotm with ebsesvailons on sex -
ferences. 2. Netl. Gancer Bits., 8, 251-255 (1345},

42 POTIL, LR, NARTIN, ).L, and GFORGE, L.W. Mechanism of metabolic

sctivation of chloroforms by mt Mrer mé Blachern. M L, 20,
3271-3276 (1980).
43. EKSTROM, T, amd ROGRERG, 5. Chotoform induced pintathione deple-

tion and toxicity in Freshly boleted hepatoeytes. Biockews. Mhavmacol. 29,
3059-3963 (1980).

44.SAGAY, M., and TAPEL, A L. Lipid peronidation induced by mme heko-
methaaey 15 monsared by & wivo pentane produciien in the i, Toriol
Appl. Phormacol, 49, 203251 (1919).

45. REITZ, R.H., QUAST, LF, STOTT, W.T.,, WATANABE, P.G., snd GEIl-
RING, PFJ. Ph Kiwetlcs and iecular effects im rata sad mico:

R Laib Reviews on Drug Metabolism and Drug I terections

Imph for dnogenic ik eslimulion. [n: Water chiorination. Envir-
oamentsl lmpact aewd bentth offocts (Joliey, R.L., Brungs, W.A., Cunming,
RE,, ode) Vol 3, 923-992, Ann Asber, Scicmcn (19805

46. DIAZ GOMEZ, M1, sad CASTRO, J.A. Covalest binding of chiorform
metsbolites 10 miciear proisiss — 20 evidence for binding to mucleic acide
Cancer Letters, 8, 213-248 (1988).

47.PLAA, G.L., EVANS, E.A., and HINE, C.H. Relative hepatotaxkcily of sven
halogenated hydrocaibons. J. Pherm. Exp Ther, 923, 224-229 (1958).

43, PLAA, G.L., ssd LARSON, R.E. Reintive nophtotoxic propetties of chiori
maicd mothane, sthane oo ethylene desivatives fn mice, Taxicol Appl. Ther-
macol, 7, 3744 (1965).

49. KLAASSEN, C.D., and PLAA, G.L. Relative cffccts of varbens chiosiomied
hydrocbone on liver end kidney function in wice. Toxicol Appl. Ikerme-
ool, 8, 139-15] (19663,

50. RECKNAGEL., R.O., and GLENDE, E.A. Carbon ketrnchioride hepatotoxi-
oity: An wic of Iothal clesvage. CRC Gil Rev. Taxicol, 2, 263297
(1973).

51. NEW, P.5, LUBASH, G.D., SCIIERR, L., and AUBIN, A L. Acuie reral
Mllore apociated with carbon tetiachiorie Intoxication. J. Am. Med. Assoc,
181, 803-906 (1962).

52 EDWARDS, 1.E., snd DALTON, AJ, Induction of clshosis of the lver and
of hepatomas In micc with carbon tetrachioride. J. Narl Cancer Inss., 3, 19
€1942).

33, ESCHDRENNER, A.D., and MILLER, E. Studics on hepatomas L Stze and
spacing of muitigle dones In the induction of cnibon tetrnchioride hey
J. Natl Corscer fnst., 4, 385-388 (1944).

S4. AHR, H.),, XENG, L.1., NASTAINCZYK, W., and ULLRIOIL, ¥. The mech-
wiem of chiosoform snd casbon monaxide formation frorm cubon teim-
chioride by microsomal cytochmme P-450. Stockem. Phamecol, 29, 2885-
2861 (1930).

55.3AH, J., HARTMAN, SP., and WEINHOUSE, S. Formalion of casbonyl

hiockdo in curd hiorid bollsm by 1at Nver in vitro. Cancer Re-
search, 30, 3942-3947 (1979).

36. McODLLISTER, D.D, BEANTER, W.fl, ATCHISON, G.J., snd SPENCER,
H.C. The sbasorption, distrbution snd elimination of radiosclive carbon
tetrachiorido by monkeys upss expomsre to low vapour concesirsiions. J.
Fhermacol Exp. Ther, 182, 112-124(1951).

57. GARNER, R.G., snd McLEAN, A.EM, Incresscd succeptibiiity to caebon
Sstrachioride poleoning dn the atl aflor pretreatment with oral phonobarbl-
one. Blodkem. Miermecol., 18, §43-650 (1969).

53, SEAWRICGHT, A.A., and McLEAN, A.EM. The effect of diel on cacbon
tetrachioride nrcisboliem. Biockem. 7, 198, 1055-1060 (1967).

59. RODR, P, PRODL, G., GRILL], S, smd FERRERI, A M. Bt viso aod in

39




++001000dV

Vol IV, Ne. 1, 1982 Aliphatic Haiogenated Xemobiotics

vitro binding of cabon hlocide with nuclolc acids and ins m mat
and mowse biver. In2. J. Cancer, 11, £19-425 (1979,
60. DIAZ GOMEZ, M.1., snd CASTRO, J.A. Covatont binding of carkon tetce
hiotid bolltes 40 Hree nuclear DNA, peotek d Hpide. Toxicol. Apid
Fharmacol., 58, 199-106 ( 1988).

€1. Cheaticat and Engluccring News. Top 50 Chemicals. Oem. Eng. Vews, 57,
19 (1979,

€2, RANNUG, U. Genotaxle effects of 1,2-dlbtomocthans and 1 2dichioro-
cthanc. Mutation Research, 76, 269-295 (1900).

63. Banbury Repaet 5, Ethylone dichiosida: A potestiet heaith siek? (Ames, B.,
infante, P, Reliz, R, oda). Cold Spdeg Hartboe Labontory, USA [1920).

4. JAEGER, R}, Conolly. R.B., and NURPFIIY, 5.D. Short-tosm inhalation

teity of b § hydwocatbons. Arch. Envieon. Health, 3, 26-3)
{1975).

65. BANERIEE, S, and VAN DUUREN, B.L. Blading of casclnogenis kalo-
penated hydrocarbons 10 cell macromalecules. L Nerl Cancer Jast., 63, 707-
TIL (1979},

66. BANERJIEE, §., VAN DUUREN, .1, and BI“A‘-D. F.L Micsasome
mediated covalent binding of §,2-dichlorocthenc Lo heng microsomal protcin
and salmon spesm DNA. Cancer Research, 40, 2170-21 73 (19800,

67. GUENGERICR, F.r, CRAWFORD, W.M., DOMORADZXI, 1.Y., MAC
DONALD, T.L., and WATANABE, P.G. Ix ritro aciivation of 1.2-dichioso-
cthane by microsormal sndl cytosolic caxymex Toxicel. Appl. Mhermecol.,
55, 303-317 (1 40),

63, LL, D.L, 58, T., JOHNSTON, TP, snd STRUCK, R.F. Mactomoleculnr
biading am! mcisbolem of the carcinogen 1,2-dromwethane. Concer Re-
search, 38, 2438-2442 (1979).

£€9. MONSTER, 'A.C. Diffcrenco ia uptake, eh\i-lbnand meiabolism i expo-
e 1o trickk wienc, 1,1,1-trichio oroctivylenc, Ft.
Areh. Occup. Envion M 42, 311317 (I!T!l.

70. IVANETICH, K.M. and VAN DEN NMONERT, 1.0. Chiorocthescs: Wheic
meiabolism by hepetic cytochtome P4ASO de vitro, Cardinogenetls, 2, 697-
0L(198)),

7). HENSCHLER, D,, REICHERT, D., and METZLER, M. ideatiication of
potentisl cwcinogens i techaicel grade 1,1, 1-xichiorocthans. Sws, Arch.
Qccnp. Ereviron. Henlth, X7, 263-268 (1980},

72. VLLNER, 5. Metsbolium of 1,1,2-skbornethame-1,217C in the mowre.
Acta pharmscol. et toxicol, 39, 248-256 (1971).

73. RANNIIG, U, SUNDVALL, A, sand RAMEL, C. Tin mﬂc olfect of
1.2-dichh h on S typhisusivm. L Activath jugallon
with glutathione ie virro. Chem-Biol Interact., 20, I-I‘(lm

74, SBABICH, H., DAVIS, D.L., and STATZKE G. Dibromuchiotopropans: A re-
view. St Fatal Envieon., 17, 207-221 (1981).

40

R Laid Reviews on tvug Mctabolism snd Drug Interections

5. TORKELSONM, T.R., SADEK, §.£., ROWE, V.K_, KODAMA, J.K., ANDER-
SON, HH., LOQUVAM, G.S., and HINE, C.1. Toxicologic lmvestigations of
1,2-dibeomo-3-chiatopsopane. Toxicol Appl Pharmacol., 3, 545559 (1961).

76. REZNIK, G, STINSON, SF., and WARD, 1.M, Resplratesy pathology in
sats and mice after inhalation of 1,2-ditcemo-3-chiorepsapane or §,2-dibro
mocthane for 13 weeks. Arch. Toxicol, 46, 133-240 (19809,

77. VAN DUIREN, R.L., GOLDSCHMINT, B.M.. LOWEENGART, G, SMITH,
AL, MELCHIONNE, 5., SEADMANN, 1., and ROTH, D. Cucisogenicity of
halogenated olofimic and aliphatic hydracerbons in mics. 7 Netd Casecer
Insr, &3, 14131439 (1979).

78.KATO, Y., SATO, K., MAKI, 5.)., MATANO, O., and GOTO, 5. Metabolic
fate of 1,2-dibromo-3-chiosopropane (DBCP) in tats. J. Pestic. Sci., 4, 195-
204 (1979). .

79. JONES, A.R., FAKHOURJ, G., and GADIEL, P. The metabediom of the sol
fumigant [,2-dibsomo-3-chloropropane in the mt. Experfentia, 35, 1432-
1434 (1979).

80. RILES, R., CONNOR, T., TRIEFF, N, and LEGATOR, M. Characicsisation
of S92 aciivalion of DBCY In the salmonela icst sysicm. Mramuacologist, 20,
135 (1978).

#1. KATO, Y., MATANO, O., and GOTO, S. Covelent bindlag of DBCP 1o pro-
teiow én vifro. Toxicol Srit, 3, 299-302 (1979).

82. VAN DUUREN, B.L., COLDSCHMIDT, B.H., KATZ, C., SEIDMANN, 1,
sl PAUL, 1.3, Caccinogenic activily of skylating sgonts. J. Natt Cewcer
Inst., B3, 633700 (1974).

B3. GREW, K., PONSE, G., RADWAN, Z,, REICHEKT, D., and HENSCHLER,
D. uwyumdwmu » iily of chiorinaled clhy-
leacs ax a function of & foreantion. Rlackent. Fharmecol,
24, 2013- 2017 (1973). ¢

24. GEHRING, )., WATANABE, I'.G., sad PARK, C.N. Resolution of dos-
reaponse loxicity dala for chemicals roquiring metabolic aciivation: exampile
viayl chiorkts. Towicol Appl. Pharmecof, 44, 382-59¢ (1976).

&5, FILSER, 5.G., sad POLT, ILM. tnhalation pharmacokinetics based on gas
uptakee studics. L. [mpe of kinatic models. Arch. Toxtcol, &2, 279-
292(1981).

86, CONOLLY, R.B,, JABGER, R.J., and SZABO, S. Acate kepatotoxkity of
cihylons, viny) Mworids, vimyl chiosids and vinyl beomide sfior Arocior 1254
proircatment. Exp. Molec. Fethol, 28, 23-33 (1978).

87. MALTOMI, C., and LEFEMINE, G. Carcinogenicity bioassayy of vinyl chio-
ride. |. Rovenrch plan and ealy remiie Evwron. Res, 7, 387405 (1974).

8. CREECH, 1.5, snd JOHNSON, M.N. Angiomscoms of kiver im Ihe manufuc-
twre of polyviavl chiocide. J. (Ocenp. Med., B, 150-151 (1974).

9. MULLER, G., NORPOTHN. K., and ECKARD, R. Identiiicatson of two urine

4




$$001000dv

Vol IV, No. J, 1982 Aliptistic Ralogenated Xewoiiotics

metabolles of vinyd chloride by GC-MC investiption. Int. Arch. Deexp. En-
vivon. Hekh, 3, 69.15 (1976).

90. BOLT, H.M. Netabolic sctivetion of Rsdogcnatcd ethylcnes. In: Primery
Liver Tumors (Remmer, B, BoM, H M., Narmasch, ., and Popper, H., odn ),
MTP Prese, Lancaster, UK, pp. 285-2M (1978).

91. BOLT, H.M., KAPPUS, H,, KAUFMANN, R., APPEL, K.E., BUCHTER, A.,
and BOLT, W. Metaboliom of *Covinyy choride o Wiro and M oivo.
INSERM Symp. Ser., 82, 151-162 {1976).

92. WATANABE, P.G., ZENPEL, I.A., PEGG, D.G.. and GEHRING, P.H. Heps-
tic macsomolecuiar binding followlag expestie to vinyl chintile. Toxicol
Appl. Pharmacol., 44, 571-579 (1978),

93 GUENGERICIL, F.F., and WATANABE, F.G. Metsboltm of 1C-and ?¢cr
labetted vinyl chioride in vive and ix wiro. Blockem. Phemecol, 28, 589-
596 {1979),

94. KAPPUS, H., BOLT, H.M., BUCHTER, A., and SOLT, W. Ral biver micre-
womes catalyze covslent biading of "C-vhyl chiogids t» mucomolcceies.
Neture, 257, 134-135 (1975).

95. OSTERMANN-GOLKAR, S, HULTMARK, D,, SEGERBACK, D., CALLE-
MANN, G.I., GOTHE, R, EIRENBERG, L., sad WACHTMEISTER, CA.
Alcylation of DNA and proteins In mics cxposcd to vinyl chieride. Blochem.
Blophys. Rex. Conpmun., T8, 259-266 (1977),

96. BOLT, R.M., FILSER, 1G., snd HINDERER, R.X. Ret Svex microsomal up-
take and kreversible protein binding of 121 Calsyl bromide. Toxicol.
Appl. Pharcsacol, 44, 451489 (1978).

97. WATANABE, I.G., HEFNER, R.E., and CENRING, P1. Vinyl chioride in-
duced depression of hepatic nen-proteln stphydryt wed clfects on
bramosliphalois cicarancs in rats. Toxicology, 8, 1-8 (1976).

98. DREW, R.T., PATEL, J.M., snd VAN STEE, EW. Tho cifecty of vinyl brs:
mide In 1ats d wiih phesobatbitsl o diethylmaleste. Toxicol. Appl.
Pharmecol, 3, 176-177 (1976).

99.80LT, H.M., FILSER, 1.G., LAIB, RS sud OTYENWALDER, H. Biadlng
Kkinetics of vinyl chloride and viayl isamide i very Jow dews, Arch. Tox)-
col,, Srppt. 3, 129-142(1980).

100. REYNOLDS, E.S., TREINEN-MOSLEN, M., SZADO, 3., and JAEGER, R.J.
Vinyl chloride lnduced deactivation of Cytech PASO seud ofhes compo-
neuts of ihe Hver mixed foncilon oxydase system: Anin wWoo stedy, Res
Cosem. Chem. Pathol, Pharmacol., 12, 685-694 (1973).

101. PESSAYRE, D., WANDSCHEER, J.C., DESCATOIRE, V., DOLDER, A,
DEGOTT, C.,and BENHAMOQU, J.P. Comukitive sffccts of repested  deses
of P tonnsformed lnto e bolites. Blochem. Pharmecol,
29, 1041-1847 (1900).

102. LAIB, K.)., snd BOLT, M. A%ylation of RNA by vinyl chiorkde metabo-

42

RJ Laib Reviews on Drug Mesabofivn and Drug Intcractions

Mees in viiro swd In wivo: Farmetion of 1 N .ethenondenasioe. Toxicolny.
0, 185-195 (1977).

103. LAM, R.1, and BOLT, #H.M. Formution of 3,8%-cthenacy tidine maleties bn
RNA by vinyl chieride metabolites S wiro and in vivo. Arch. Toxicol . 38,
235-240(1978).

104. LAIB, R.}., GNINNER, LM, and BOLT, H.M. DNA slkylation by viny
chioride metabolites: etheno-derivatives or 7-akylation of gusnine. Chent.-
Biol Interwct., 37, 219-231 (1981).

105. DOERJER, G. amd OESCH, F. Iwolstion of guasioe desivatives In the reac:
tion of chilsroacciaidokyde with DNA ix viro. J. Cancer Res. Qin. Oncol,,
0, AZ4 (3921).

105. SCHERER, E., VAN DER LAKEN, G.5., GWINNER, L.M., LAIB, R.J., snd
EMNELOT, P. Modilication of deoxygustosiac by chiorocthiylene oxide,
Carcimogenesis, 2, 671-6T7 (1981).

197.GREEN, T, and HATIIWAY, D.E. | Tans of vinyl chioside witk rat
tves DNA i Wivo. Chem-Biol. Inieract., 22, 201-224 (1978).

108. OFTENWALDER, i, LAM, R 1., and DOLT, H.M. Akyiation of RNA by
vinyt bronside motsbollites in Wiro and ke wro, Arch, Toxicol., 4%, 179-286
0979,

109, OTTENWALDER, M., LAM, R.J.. FILSER, ).G., and BOLT, /LM, Dispod-
tion srd mutabollc sctivation of viayl bromide #n mate. 7th [ntornat. Congr.
Pharmacol, Parls, Abstract 719 (1978).

110, LAKS, R}, OTTENWALDER, M., ssd BOLT, H.M. Akysstion of RNA by
vinyt chiorido and vimy] brombkie metnbolites v wro: effect on proteis bio-

y in: Pr w1 In Life Sciewces (Guter ok, cds) 309-322 (1981).

111. BARBIN, A., BARTSCH, H., LECTONE, P, snd RADMAN, M. Studies on
the miscoding prepesties of 1,N*-cthenosdenine amd 3,N¥-ctbenocytosine,
DNA seaction products of vieyl chivride metabolites, during i wirn DNA
synthesls. Muclric Ackds Rex, 8, 375-387 (198)).

112, HALL, J.A., SIIAFFHILL, R., GREEN, T., wnd SIATHWAY, D.E. The je-
duciion of wrory during M1 sitre DHA synihesis [oflowing chioroacetuide-
hyde treatmont of poly-(?A-dT) and poly{4C4G) templates. Corcivogenceis,
2, 141-146 (1981).

113. SPENGLER, S, and SINGER, . T iptional d aenblguality read-
ting from Hee prosence of 1,N® -otbenoadenosine or 3, N*-cthemcylidine in
polyribanuciootides. Murcieic Acid Rex., 2, 365-373 (1981),

114. RANNUG, U, GOTHE, R, snd WACHTMEISTER, A. The mutngenicily of

L u.- “H‘. Lk, 20 :':_'1 i 1t 2 and chboros tie
ocid, concelvable metshoRies of winyl chioside. Crewr..Rio!. Interact., 82,
251-263 (1976).

1S ZAJDELA, F., CROISY, A, BARBIN, A., MALAVEILLE, C., TOMATIS,
L., sad BARTSCH, H. Carcinogenkcity of chlororthylowe axie, an olts
renclive melabolite of vinyl chlorido, and ble(chicsomcitiyd) cthor alics mab-

43



950010004V

Vol 1V, No. 1, 1982 Alphavic Nalogenated Xemoblotics

atancons sdminietration sad in initlation-pomotion experimenis in mice.
Cnaey Researck, 80, 352-356 (1980).

116. VAN DUURENR, B.L., KATZ, C., GOLDSCHMIDT, B.M., FRENKEL, K.,
and SIVAK, A.Catcimogenichy of haloethers, J). Siucture-aciivity relstion-
ships of analogs of bis(eik kylyother, £ Nafl. Concer bust,, 48, M31-
1439 (1912).

117 WEISAURGFR, EK., ULLAND, B.M., NAM, ., GART, 1.5, and WEIS-
BURGER, J.H. Carcimogenicity tests of certain snvi sl aad indwsiried
chemicals. J. Marl Cancer Inst., 81, 15-88 (1981).

118. BOLT, H.M., LAIR, .1, FILSER, J.0., GTTENWALDER, H., and BUCH-
TER, A. Viayt chloride and refaiod npounds: Meck of action on tie
Neer. In: Frombiess in Nves discast (Bexk, T.C,, sd Chalmers, P.D., eds),
Thicme/Skation, Now York (1981).

119, Techaiesl Report DP-6 “Vinyl fluacide, vinylidene fivotids™, E.L du Powt de
N & Co., Wilni Dal, 1969,

120. LF.S’!ER. D., and GREENSERG, LA. Acele and chronic faxicty of some

ted deivatives of hene and cthane. Arch. ftugs, Hyg. Occup.
lkd., 2, 135344 (1950).

121. CARPENTER, CP, SMYTH, ILF., snd POZZANL, U.C. The ssmy of acute
vapour foxkclly, aod the gnding sod lateipseiaiion af rossits of 96 com-
pounds. /. fuchust. Hyg. Toxicol, 21, 343-346 (1949).

122 STOCKLE, G_, LAIB, R, FILSER, J.G, snd BOLT, M. Vieylidons fino-
rhle: Metabolizm and imduction of prencopimiic hepatk facl in selation to
vinyl chieridc. Toxicology Letters, 3, 337-342(1979),

123. IBISH, D.D. Aliphatic halogenatest hydrocabone. In: badustriat Hyglene and
Toxicolkogy, Vol. U (Paty, F.A., od.), 2nd od., New Yark fnteracionce Pub-
lishers, pp. 1305-1307 (1963).

124. FRENDERGAST, 1.A., JONES, RA., JENKINS, L), aml SIEGEL, J. Ef-
fects on experinental snimals of long-term lnhaletion of txichiocoathyiene,
carbon teleachioride, 1.1,M-rickioroethane, dichlorodifluoromethane, and
1,t-dichiococtylenc. Toxical. Appl. Phermacol, 18, Y10-289 (196 7).

125. ANDERSEN, M.A, THOMAS, D.E, GARGAS, M.L, JONES, R_A_, and
JENKINS, 1.1 The significance of multipic detoxiflcation pelbways for re-
active metabolites in (he toxicity of 1,3-dichlorocthykno. Tuxicol Appl.
Pharmaecol, 52, 412432 (1988).

126. REYNOLDS, E.S, MOSLEN, N.T., SZAPO, S., JAEGER, WS., asd
MURPHY, 5.D. Hep icity of vinyl chiocidc and 1,3-dickloroethykne.
Am. 2. Pathol, 81,219-236 (1975).

127. JAEGER, R :.. SHONER, L.G., and COFFMAN, L. 1,)-Dichioroethylcne
[* leidy: Proposad mecheuiam of actio and distribution and binding
of “cmlomimy following inkaistion expomre in rats, Environ, Heelth
Ferxpect., 20, 113-1)9 (1977).

128. MURRAY.F.5., MITSDIKE, K.D., SMITH, F.A., JOHN, 5. A., HUNMISTON,

44

&J Laib Reviews on Drug Metabolism and Drug Inscraciions

C.G., RUAST, ).F., and SCHWETZ, B.A. Teratology amd seproduciion stw-
dica of vinylidoac chiokle in 1ats snd rabbits Taxicol Appl Pharmacol., 45,
M1 (1978).

129. MALTONL, C., sd TOVOLL D. Flsmt cxpest t cvidence of the
genic effects of vimyNdenc chioride, Med. Lovoro, 70, 363-368 (1979).

130. REXTZ, RA., WATANARE, P.G., McKENNA, M.)., QUAST, S.F., ssd GEII-
RING, P.J. Effects of viaylidene chioside on DNA synthesis and DNA repalr
s the sl and moase: A compesative siwdy with dimethylaittonmine. Taxi.
col Appl PRarmacol, 82, 357-370 (1 980y

£31. LEE, C.C, BHANDARI, J.C., WINSTON, ). M., and HOUSE, W.B. Carcino-
genicity of viayl chioride and vinyldcae chioride. J. Toxicol Environ.
Healih, 8, 15-30(1978).

132. LAIS, RJ., KLEIN, KPP, KAUFIIAN, )., snd ROLT, M. Zur (mgo dor
Karminogenitlt vou Visylidoachiord (1,1, Dichk emd. Verd Disch,
Gas. Arbeftamedizin, 21, AW. Gentner Veilog, Stuttgact, pp.rn 281 (1981).

13 lml“‘l' D., WERNER, H.W,, METZLER, M., and HENSCIILER, 1.
M haniwm of 1,1-dichh hylene toxicity: Excieicd metsbolkites
revasl differcal paill of ive Inl distes. Arch. Texicol, 42, 159-

"y

169 (1979).

134. HATHWAY, D.E. Campaiuiva i bolzw of viarl chierkle and
vioylldene ciioride i sclation o oncogewic patentisd Swvirow. Nealth Fer-
spect, 20, 5559 (1977).

35, McKENNA, M.J., WATANABE, P.G., ssl GEHRING, P.). Phasmiacokinctics
of vinySdoae chlockie In tho mi. Environ. Health Perspect., 21, 93-185
7.

136. SHORT, R.D,, WINSON, J.M., MINOR, J.L.. SEIFTER, J.. and LEE, C. EI-
foct of various Wweat/mants on $oxickty of iakaled vinylidens chisside. Environ.
Beolih ferspect., 21, 125129 (1917).

137, Doatsche Forschungraomeidechal, Textkokogitch Acbeitsmedizinische Brgritn-
dung vom MAK-Westen, dis-, waw-1,.2-Dichorithylca, Vorkg Chemic, Wein-
holim, 1974.

130, FREUNDY, KJ., sad MACHOLZ, 5. Tabibition of mixod-fanciion anidases
In 121 Giver by rans- 383 cla-1,2-dkMoroctkykone. Taxicology, 10, 131-139
asm).

139. FREUNDT, K.J., LIERALDT, G.E., snd LIEBERWIRTH, E. Toxiclly studies

on tease L, 2-dichinecetiylene. Texicology, 7, 141-453 (197D
140. BONSE, G, mA" T REICHERT, D., and HENSCHLER, D. Chemica)

reactivity, fovmation and blologicsd sasctivity of chiorine-
sod stliyicnes in 1ho isolatcd pesfused rat liver ion. Biockesm. Phar-
mecol, 34, 1219-1034 {1975).
141. Deutsche F halt, TexikologischarbeWsmedizinische Be-
grundung von MAK-Werten, Trichlowuthylen, Vetleg Chemic, Weinkelm, 1975,
142, CARLSON, G.P. Enk: ¢ of the hep idity of trickiorocthylenc by

45




L$001000dV

Vol 1V, No. 1, 1032 Ahiphatic Hologenaied Xenakionies
indh of drag metatolsm. Res. Coma. Chem. Pathol. Phannaent, 7, 537-
640 ¢1974).

43. REYNOLDS, ES., sl MOSLEN, MT. Dawmge to hepatic cefiular mers-
brames by chiotinated olefins with emphesls on syncegism and snizgonizns.
Environ. Heahk Perspect,, 21, 131-147 (1977).

144 Natt. Comcee lnal., Carcinopencsls Blossssy of trichiamethylene. C:
wesiz Tech. Rep. Ser. No. 2, DHEW Publ h(mnm:.v-ﬁqun.nc
19%.

145. HENSCHLER, D, EDER, E., NEUDECKER, 7., end METZLER, M. Caach-

wenicity of hylcue: Fact o1 setefact? Ark. Toxionl, 37, 23)-
236 (917).

146. HENSCISLER, D., ROMEN, W., EL?RSEI. .M, REXCHERT, D., EDER,
E., sad RADWAN, Z Carch icity stedy of trichioroethylene by long-
texm inkalation i three nslodl species. Arck. Toxivol, 43, 237-248( 1980y,

M. LAIR, u STOCKLEF, G, BOLY, H.M., and KUNZ, W. Vinyl chiorkie and
trich fenve: Compatison of alkylating sffocts of metsbobites and in-
duction of p plestic encyme deficiencics in rat Bver. J. Gooer Rex, (Yin.
Ononl, 04, 139147 (1919).

148. UEAILEKF, H., POPLAWSKI-TABARELLL, S. Specint evidence for u.}
formation derivg mb 1 trichlorocthy} yi
Arch, ramu 27, 95-10S (1977).

149. HENSCHLER, D., HOOS, WR., FETZ, NI, DALLMEIER, €., sod METZ-
LER, M. Reactions of irkddorocthylewe spoxile in aq systeme. Blo-
chems. Piarmecol, 28, 543-54R(1919).

150. MOSLEN, M.T., REYNOLDS, ES., BOOR, .1, BAYLEY, K., and SZABO,
S. Trichkwoeihylene induced denciivation of cytoch P450 and loss of
tives gtathilone v vivo. Rex Commum. Chem. Path. FPirrmecol, 18, 109
120(1977).

151. BOLT, HLM., and FILSER, 1.G. Incversiblc binding of chlotinated cthyfenes
o macromolecules. Ewviron. Heslih Perspect., 28, 101-112¢1977).

152 BANJEREE, S., and VAN DUUREN, L. Covaieni bindlng of the cardnogen
trichborocthylene (o hepatic mk 1 proteina and to exag, DNA i

vitro. Cancer Rex, 38, 176.730 (1978).

153, UENLEKE, N, and POPLAWSKI-TABARELLL, §. fizcversible binding of
$4CLbetied irichiotoctiyyione ts mice lres conutiteents b7 v and i vifra,
Arch. Toxicol., 37, T89-294 (1917).

154. BOLT, HM., and LAIS, R.J. Corslent binding of drug metabofiies to DNA —
A 1ol of predictive valoe? Arch. Toxfool, 46, 171-180 {1988

155. PARCHMAN, L.G.. s MAGEE, P. Froduction of '*00; from trikhioso-
etiylene in s and mice and a powible intersction of 2 trichlosocihylene
metatm¥ite with DNA. Toxicol. Appl. ﬂumnml. Al53 (19004,

156. Dewinche Forseh fnrchalt Arbed Moxikologische Beprun-
dung von nnmun Perchioscihylen, Verlag Chierrile, Welnhelm, 1982,

46

RJ Lath Reviews on Drug Metabolism and Drug Intevactions

157 PEGG, D.C., ZEMPEL, 1.A., BRAUN, W.I., and WATANARE, I.G. Diwosl-
tion of tetrackloro (" *Ciethylene foflowing oral sad inhalation exposure in
tate. Toxicol Appl. Phormerct, 51, 465-474 (1979

158. STEWART. R, BARETTA, E., DODD, H., and TORKELSUN, T. Eaper

hemmn exp to thococthylens. Arch. Envieon. Hoeith, 29,
224229 (1970). :

159. Curtend Intolligence Bulkeiln, No. 20, Tetsachlornethylone (P Iy~
tone), U.S. Depariment of liealth, Bducativn and Wellare, MIS, NIOSI,
Jonuary, 1978.

160. MOSLEN, M.T., REVNOLDR, E.S., and SZARQ, S. Enhancement of (he

tabokism and hepalotoridly of tridsaroelhyicae sl porchlorocthylene,
Wockem. Phanmacol, 20, 3%69-375 (1977).

161. Neflonel Cancas Inslitute. Bioasseys of teimnchiosocthylome for posihie car-
cinogonicity, BHEW Pubiicatien No. 77-805.

162. KAMPY, LW., QUAST, L.F., LEONG, B.K.)., and GEHRING, P.J. Remits
of lnu-lum inhadallon toxiclly stedics on mats of 1,1, 1-tckchiorocthene aed

A tene formaistions. In: Proceodings of the Fist Jeicrnational
(:o.m- onToxbdqy (Plea, G.L., and Ducan, W.A., ods.), Academic Prcs,
New Yok, 1978.

163. BOLT, H.M., and LINK, 8. Zur Texikologie vom PccchloroRthyken. Vesh,
Dusch. Gez Atbeltamedizin, 20, AW, Gentnes Yorleg, Suiigart. pp, 463470
(1990).

164, COSTA, AK. and IVANETCH, KM, Teirscklorocthylenc metabollsn by
tho hepatic micresomal cytockiome P450 system. Blockem. Miarmacol, 29,
2863-1869 (19800,

165. YLLNER, S, Uslsay mciabelites of "(.‘-lenndmrodhyku In micc
Nature, Y91, 820 (1561).

166. scmmmu. AM, Qum 5.F., and WATANABE, P.G. The pharsaco-

ki and tar lnfernctions of pevchdorocthylene is mice aad
ate a8 cisted to oncogenidly. Toxicol Appl Phenmacol, B5, 207-21%
(1980).

167. COLBY, H.D., BROGAN, W.C., and MILES, P.IL Carbon telsachioride in-
duoed changer ln sdreaal micrommat wined-fanction oxydases and Hipid per-
oxydation. Toxicol. Appl Phermecol, 88, 482499 (1981).

168. PETERS, R.A., and WAKELIN, R.W. The synthesds of fluorozcetic scid snd
1ts Inhibftion In noetate. Biochen. J., 67, 280-286 (1957).

169. HAYES, F.D_ SHORT, RD., and GIBSON, LE Diffcreathal ioxicily of
monockiotoscetste, monaiinoroscetuie and monojodoacciate in cata. Thx-
col Appl. PRerawcel .28, 93-102 (1913).

170, SCHOENTAL, R. Akylation of cocrzymes and the acule eticets of alkylr
ting hepataxing. FEBS Leez, 61, 111-114(1976).

178, Task Force or Hepalacarcinomas. ECETOC, Brusscls (1932),

47




