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Studies on the Metabolism of Vinyl Chiorid

by H. Antweiler’
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Vinyl chloride (VUMY i not carcinogenie by itsell, it ix binactivated to the highly
teactive alhylating oxirane chloroethylene oxide. Further metaholism, apparently, leads
via an interaction of the primary alkslating metahalites with glutathion to S-(2-carbosy-
methy ) -essteine and thindiacetic acid which are climinated with the urine, 1'p o naw,
it fas put beven aecectained whether the oxirane alone is the essential carcinogenic factor
or whether ather melabolites are also involved in carcinogenicity. Likewise, it i« still
unhtonn whether the metabaliten exercted in the urine might he used aw hinlogical
eritetia far esxpusure to VUM, because these metabulitex probahly can originate from a
wrrien ol nubetances other than VUM, This problem could stimulate investigations on the
punnible rarcinegenic activity af tnese substances,

Stitlen on the juthway of the carcinogenic

I mutugenic activity of vinyl chloride (VC)

“ el only of interest in relution to this spe-
vk sgbatanee, Sueh <tudies also allow further
stesigght into tie prossibly carcinogenic and muta-
gene mechanism of chemicully related suby-
<uatices Whivh are suspected to be dangerous
toeecupationn]  expasure,  Furthermore, the
anowledge ol carcinogenic metahbolites may
Farni=h ug with Liochemical eriteria to judge
L dimension of risk in expoxure to potentially
carcinmgenie amd mutagenic substances,

Mareraer resenrch into the carcinogenic ac-
vty of VE becomes more and more interesting
when we just Jearn that alzo tobacco smoke
sentains phout B0 pph oof VO, a concentration
which may not be important per ge, hut which
suld nasume inereased importance in connee-
Son with the other carcinogenic substances
antained in the xmoke (1),

I wint 1o repart brielly xome investigations
“hich were jeerformed in our country quite
cvently by Norpoth and co-workers in a work-
wogroup in Munster in the Department of
Senpationad Medicine and the hypothesis de-
e from the results ol these experiments,

In 1066 Grigoresen and Toba (2) had found
“loruneetic aeid axoa metabaolite of V. This

‘ cattlirmed §n 1971 by Hefner and co-work-

Universtat Ddswehlorf, Disseldorf, \W. Germany.

‘ctober 1976

-

era () and in 19735 by Radwian and Henschler
(4.

Bartsch and collenques (3) then supposed
that the presumed intermediary metabalite,
chlorvethylene axide, would he really the active
alkyvlating substance beeause this subistance
proved to be a strong 1.utagen as weil as VC
in the presence of an oxypenating system. Ha
mutagenic activity in certain sensitive bacteria
wis stperior to the activity of chloroacetalde.
hyde and chloroacetic acid.

About the xume time G een and Hathway
(6) ax well as Norpoth and co-warkers (7)
identified thindiacetic acid as u conjugated
metaholite in the urine of rats which inhaled
V'O, Thix finding was in guad agreement with
the statement of Hefner and collengues that
free SH-ygroups in the liver, not bound to pro-
teins, are strongly used by V( and its meta.
holites rexpectively. Reynolds et al. (8, hosw.
ever, were not able to confirm a losr of 8H
groups. On the contrary, they reported an in-
erease of SH groups. It ix not vet clear if this
can he explained as a rebound effect.

Hefner et al, suppozed S-(2-carboxymethy])
eystein to he a further metabolite, Thix com-
pound has since been confirmed o metabaldite
of VO by Norpoth and co-workers. Sinee Yiiner
(0, 1y also foumd this submtince wd addi-
tionally also thiodiacetic acid to be the main
metavolite of chloroacetic acid in experiments
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on mice, Norpoth and ce-workers were inter-
exted in the problem of coincidence of metaho-
Hem In mice and men. They analyzed urine
unmples of putients who were given [fos{amid,
an analoy of evelophosphamide, and stated that
# chluroethyl group is cleaved by side-chain
oxidation so that choloroacctaldehyde can be
produced  Indecd, its metabaolites could be iden-
tified an thisdiacetic acid and S-carboxymethyl
cynteine, Fstimation of the derhloroethylated
producta shows about 80¢; of the value related
to thew products to analyze as thindiacetic acid
and  S-(2.carboxymethy]) cystein, Thus, the
re<iilts {n mice and men scem to be in agrce-
ment (11),
Norpoth and eolleagues have found thiodi-
< aweetie acid also to he a metabolite of dichlorodi-
ethy! cther, Thus, conversion to chloroacetalde-
hyde is very probable, Chloroacetaldehyde itself
muy be u carcinogenic substance, With VC cer-
tuinly the additional formation of chlorocthyl-
ene oXxide ix an important factor.

When we try to get a synopsis of the results
in metablic research of VC as presented in the
reaction scheme (1), the first oxidation step is
fordlowed by a chain of detoxicating reactions.
saome of which ocrur spontancously and some
of which are enzyme-catalized. The first three
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alkylating substances are of decrensing b

They can have biologically alkylating o

or they may be detoxicuted stepwise, 1
acetaldehvde and chlornacetic acid are | .
to be toxie substances, New anitial expa -

by van Duuren (12), however, did not
chloroacetic acid to e a curcinegen,

The results of investigutions of Hen-. o
and co-workers (7.2) could be interpret
indicate that all precursors of oxXiranes v 4
are not symmetrically halogen substituted |
as trichlorcethylene, and alsa vinvinhe
ride, vinyl bromide, vinylidene leomuale,
haps also vinyl iodide, may b carcinoger,

Regarding the development of bialogicoa,
teria for dangerous, carcinogenic, and .
wenic exposure. we have atill the peescten,
the specificity of the criterion,

Thiodiacetic acid  can  probably g
from: 2-chlorocthanal, 2-hromacetic acid, 4
ruacetic acid, chloroacetaldehyde, e tacetul
hyde, 12-dichloriethune,  §.2-dilronuathne -
and 1 1L2-trichlorocthane.

All drugs contuining oxidatively clheavar -
chloroethyl side chains, such as vylophospt
mide, for instince, nre supposasd 1o casise de
opment of thislincetic acid,

These hypotheses liFewise miaght bae ddieus-.
for S-(2-carboxymethyl) evateine which ha- o
been shown ta e o naturally oecurring
stanee in the intermediary metalaolism,

Most of these investigations huve baen
cluded /v eitro tests in mutugenicite, As the:
exists 4 close correlation between carcinoge:
and mutagenic effecta of chemival suberar
I feel that ut present there existe no batte |
sibility to learn about the metadaldic sctivas,
of carcinngenic  substanees N a peps un
short time, It should e considered alee 1
there are some ditlcultios in the interpretat,
of such experiments, as, for example, ot
ciaxe ol Fnglish rescarch worhers whe
recently were not able to find o mutagens ot
in mice with the dominnnt lethal test e
they expozed the animals to concentrations
to S0.000 ppm of VC,
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VINYLCHLORIDE METABOLISM - A REVIEW
Hans Plugge and Steven Safe
Guelph Waterlao Centreifor CGraduate Work in Chemistry
Guelph Campus, Department of Chemistry

Universicy of Guelph, Guelph, Ontarieo, Canada N1G 2Wl

(Received in The Netherlands 29 April 1977; accepted for publication 13 Yay 1977)

In 1971 vinyl chloride (VC) vas showm to be a carcinogenic chemicath; rats exposed to
vinyl chloride levels as low as 50 ppm developed anglosarceoma, a rare type of liver cancer,zs'zg

and approximately 50 human deaths have been attributed to this cam:m'.l‘3 A syndrome oaccurring in

VC and polyvinylchloride (PVC) fabrication and production workers was aptly called vinylchloride-

disease and is characterized by extensive liver, lumg and spleen damage.25'27'31'35'45 Morralicy

among VC/PVC workers is extensively increased.as'AJ‘SI In addition it has been escablished that
in communities surrounding PVC production facilities cancer and congenital anomalies are statis-

tically higher in comparison to similar towns in the sanme councieslg. All these effects are con-

nected with V€ and its transformation <in the body and thus an understanding of the metabolism of

VC Is essential in underscanding the toxicity of this chlorohydrocarbon. This review attempts to

discuss and suzmarize VC wetabolisw and to interpret seemingly contradictory daca which appear in

the literacure.

VINYLCHLORIDE URINARY METABOLITES

The in vivo metabolism of VC has been studied by several groupslh'lﬁ‘lz'La'&g and has led

to a diversity of results and conclusions. The mujor metabolic pathway for the formation of the

major urinary =etabolices is shown in Figure 1.

VC is zetabolised by the liver mixed function oxidase system (MFOS) to chloreoethylene

oxide wnich readily rearranges to chloroacetaldehyde.

Chloroethylene oxide and chlorcacetaldehyde
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then either bind directly or enzymatically v%a gluca:hione-epoxide—cransferaselloro:her glutathione

:ransferases7'33 to glutathione to form S-formylmethylglutathione. Chloroacetaldehyde can also be

directly oxidised to chloroacetate presumably by an NAD+—dependen: aldehyde dehydrogenase. Chloro~
acetate is then either excreted or bound to glutathione to form S-carboxymethylglutathione which
can also be formed from S-formylmethylglutathlone. S-Carboxymethylglurtathione 1s then hydrolysed
to S—carboxyme:hylcys:eiﬁe which can be Nw-acetylated, excreted or deaminated and decarboxylated to
thiodiacecate/chiodiglycollate. The latter process undoubtedly invelves pyridoxal phosphate and a

Schiff base intermediate. Vinylchloride has also been shown to be metabolized by the in vitro o=

MFOS system to chlorecethylene oxide. This highly reactive intermediace was mot isolated but trap-

ped as its addition';roduct to 4~(4-nitrobenzyl)pyridine and the adduct was similar to the product

formed with synthetic chloroethylene axide.l Trapping studies with 3,4~dichlorobenzenethiol point

to either chloroethylene oxide or chlorsacetaldehyde as the primary inm vitro metabolites of ve. 13

»

Vinylehloride mecabolisu in the MFOS 1s predominantly through the cytochrome P450 syscemz

40,41. In vive VC metabolism was shown to be increased after administracion of P-430 inducers such

20,40,41

as phenobarbital, Aroclor 1254 and hexachlorobenzene as measured by che extent of liver
damage measured by the release of alanine kg:oglutarater, glutanic oxaloacetic and glutamic

pyruvic41 transaminases into the serun. Increased glutathione levels (due to short-term induction

40,41 20,41 20,41

and decreased cytochrome P-450 and ¢ reductase (NADPH/

of glurathione?) R bs

NADH dependent variecty) levels were also observed (see Table 1),

Table 1. Effecta on cytochromes and cytochrome reductases of MFOS 24 hours afrer VC

Precreac=sent Exposureb cytochrone cvtochrone c reductase
P-450 be NADPH NADH
nmoles/mg prot. nomoles/mg proc. ain.
Vehlicle Alr (&) 1.11+.05 1.732.06 673 Jg1x13
Vehicle Ve (5) .81£.07f  1.57:.05 5045° 377240
d d
PET Alr (&) 2.42:.11 1.50%.11 91=5 275+45%
£
PET Ve (6) .822.08°  1.39:2.07 9829 6672958
A-1254 Alr (5) 2.53=.09%  1.61:.03 8794 2132269
A-1254 ’ Ve (8) .972.07°  1.44:.07 8326 628244¢
a nean SEM
b VCM exposure 5Z x 6 hr. number in parenthesis is number of animals
3 p<0.05 compared to animals receiving vehicle
d p<0.01 cocpared to animals receiving vehicle
e n<0.05 cozpared to animals receiving same pretrearment
13 p<0.0l cumpared to animals receiving same pretreatment
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. _
vinylchloride chloroe’rhylene-o chloroacet- chIorooce'rateo
oxide aldehyde : l
1’ G-S-C.H'?_-CHO xg;fz?;:;;;{:‘:;% G-S-CH,-COOH
S-formyimethyl- S-carboxymethy!-
glutathione - glutathione

0 0

Cys=5-CH;-CH,OH <=— cys-S-CH,-CHO <— cys-S-CH,-COOH

S-(2-hydroxyethyl)- S-formylmethyl- S-carboxymethyl-
cysteine cysteine cysteine

o #’ NH;
N-acetyl-S-(2-hydroxy-
ethyl)-cysteine | i~co,

0
30 detected invivo . HOOC-CH,-S-CH,-COOH
detected in vitro thiodiglycollate

oy
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Cytochrome P450 (P450) concentrations decrease during the in vi:rozolig vivo®! incubacion/

: I
exposure of liver homogenates from phenobarbitol and Aroclor 1254 induced raCSZO‘*l

and non-
induced rags (Table 2). P450 was broken dowun to cytochrome "P=420" as indicated by UV spectra
; and this breakdown was inhibited to some excent (Table 2) by glutathione and by replacing the

NADPH in the liver homogenate incubation mixture with NADP+.

. Tabla 2, The effects of incubation in the presence of VC on the levels of hepatie

microsomal enzymes from variously induced t::sa'b

- Cyt P=450
Type of (nmol/mg mic. protein) ZcLoss 7 Loss NADguLfsé

i Induction ve » Z;o Cyc bs ~ yt ¢
‘ i 0 min 15 =in. = eductase
) None - 1.25+.08 1.23£.09 2 104 96
‘ + | 1.02:.05 0.92:.08° 10 100 99
; MC - 1.50+.10 1.48*.06 1 102 97

+ 1.352.05 1.24+,02 8 106 ., 91

| 3:] - 2.36*,05 2.32+.06 2 103 98

! + | 2.102.10 1.435.10% 32 100 94

+91 1.98:.10 1.992.16 0 - -
, + ] 2.042.03 1.58+.03° 22 o= -
; Eg +£] 2.162.00 | 2.01:.02 7 - - .
l ) +8| 2.20s.08 1.982.05 10 - -
| a :
: g .
i - a Samples contained microsomal suspension (2 mg protein/ml 0.02 M Tris-HCl, pH 7.4),
: b NADPH generating system and 0.2 =M EDTA. References contained only microsomes.
i o Incubation was at 30" with shaking for 15 min.
]

Abbreviations used are VC, vimyl chloride (30 «M); cyt, cytochrome; mic., microsomal:
MC, 3-methylcholanthrene; PB, phenobarbital.

An absorbance peak cenctered at 420 nm was observed In these samples.

Minus NADPH generating system.

"

Plus 5 =M reduced glutathione.

: C0:0,(80:20; v/v) was bubbled through the microsomal suspension after che addition
H of vinyl chloride.

NADH (0.6 =mM) replaced the NADPH generating system.

Induction with 3-methylcholanthrene, a "P448" inducer still gave rise to VC metabolisa,
although the decrease in "P448" was 257 of the decrease in "“PLSO" of PB induced liver zicrosomes
, . .
and 80% of the non—induced P44B-P450 decrease“o (Table 2). Cytochrome bg and NADPH cvtochrome ¢

20 4
reductase were not raduced in vicro or in vivo 1 and {n the larcer study it was shown thac NADH

cytochrome ¢ reductase vwas increased after VC exposure. MFOS inhibirors had different influences
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on VC petabolisz in wvitro. SKF-525A inhibited binding to P450 but did mot decrease NADPH consum-
ption whereas metyrapone did not inhibit P450 binding but reduced NADPH consumpcion by 70:20.
Metyrapome did not inhibit VC metabolism in vivo but other MFOS inhibitors did.3 The inhibitors
(dose applied in DMSQ, I inhibition) wvere; 3-bromophenyl-4(5)-imidazole (35 mg/kg, 100%Z); 6-nitro-
1,2,3~benzothiadiazole (50 mg/kg, 76I); SKF-525A (50 mg/kg, 76%; and pyrazole (50 mg/kg, 66%;

100 ng/kg, 100%; 100 mg/kg in Hp0, 71Z).

Table 3. The effects of inducing ageunts on the jinteraction of vinyl chloride with

hepatic microsomal cytochrome P-450 in vitro®.

max
Cyt P-450 sa (nmol NADPH/
Pretreatment (nmol/og mie. Kg (A _Aax ) X oin/mg uie,
of Animals protein) (=M) 385 “418 (nM) protein)
Noue 1.1 80230 | 0.0520.01 | = 0.420.2°
Me 1.7 1246 0.03:0.01 - 0.620.2°
PB 3.2 8+2 0.08+0.01 513 2,320.2

2 Abbreviarions used are cyt P-450, total type P-450 cytochromes; mic., microsomal;
MC, 3-oethylcholanthrene; PB, phenobarbical.

b Apparent Vg, values measured at the highest concentracion of vinyl chloride
achievable by bubbling (30 mM).

Chlorosethylene oxide rearranges .to chloroacetaldehyde in aqueous salucion5’15 with a half-

life time of 1.6 minl. The mechanism of the rearrangement of chloroethylene oxide to chloroacet-
aldehyde is not clear but by analogy with trichloroethylene oxide the two mechanisms In Figure 2
may compECES (i.e.):
(1) in aqueous solution trichloroethylene oxide can rearrange to dichlorcacetylchloride
(dichloroacetace) by either of the two pathways as shown in Figure 2;
(11) rtrichloroechylene oxide rearranges in vivo te trichloroacetaldehvde vhich is further
cetabolised to trichlorcethanol and trichlozoaCECate.la Clearly these metabolices

are also formed via a 1,2-Cl rearrangement and further studies with {sotopically-

labelled substrates are required ro determine the precise mechanism Involved.

Chloroacetaldehyde has been found to bind to glutathione but only 1in situzl and exposure

afc

sul

is
be
als
uri
wer
as
mel
ide
ihe

fre

cys
lar
by

ove
49

lav




o, &

of rats to 2000, 1000, 500, 250, 150 ppm VC for 1-7 hours resulted in a substantial reduction of

50

liver non-protein sulfhydryl (thiol) levels. Exposure to 3Q and 10 ppm of VC for 7 hours gave

a slight reduction of sulfhydryl levels at the 30 ppm level and no reduction ag the 10 ppm level.
At the 150, 250 and 1000 ppm level an apparent maximum level of sulfhydryl depression vas reached
afcer 4-5 hours giving a 25, 35 and 377 depression respectively., Exposure to 2000 ppm led to a
sulfhydryl depression of 33Z after 2, 477 after 4 and 62% after 7 hours.

The metabolism of chloroacetaldehyde h;s not been studied in detail but chloroethanal?!
is cetabolized in vivo and in vitro (liver enzymes) to give S—carboxymethylglutathione which can

be derived from either S-formylmethylglutathione or chloroacetate. In addition chloroacerate has

also be'n detected as a chloroethanol metaboli:eSJ. Chlorocacetate vas metabolized to two major

urinary metabolites, S-carboxymethylcysteine and chiodiacetatesz and small amounts of glycollate

were also decected (see below for explanation). S—Carboxymethyleysteine vas detected in one skudy

as a VC zetabolite together with chiodiace:ace32 which is the product of S-carboxymechyl cysceine

3
metabulis:s“. This latter metabolite was not reported in several VC SCudieslé'AE‘ég which did

identify thiodiacetate as a metabolic product. MN-Acetyl-5-(2-hydroxyechyl)cysceine was shown to be

48,49

the najor metabolite from VC after oral administration and inhalation This could be derived

from S-foruylwethyleysteine/S—formyloethylglutachione which formerly were presumed either not to
be formed or to be further merabolised to S—carboxymethylcys:eine.21 N-Acetyl-5-{2-chloroethyl)-
cysteine has also been reported as a VC metabolitelA but this may be an artifact due to the iso-

lation pracedurelz which involved boiling with HCl. S-(2-chloroethyl)cysteine has been synthesized

6,9

by heating S~(2-hydrgxyethyl)cysteine with conc HCL. An unidentified major metabolite (30-40X

48,
overall) was also reported and a possible structure could be (N-Acecryl)-S-Carboxyzmethyl cysteine.

49

OTHER VINYLCHLORIDE METABOLITES

Adzinistracion of [ch]—vinyl chloride resulted in the formation of lacoz and the following

levels were found (based on the amount of VC administered):

inhalacion 12.1% (10 ppm) 12.3% (1000 ppm)bg
ocal 9.0% (0.05 wg/kg) 13.3% (1 mg/kg) 2.5% (100 mg/kg)™®
intragastric 13.55( 250 ug/kg)0.7% (450 mg/kg)lu

intrapericoneal 11.0% (250 ug/kg) 0.7% (450 ug/kg)xu
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second time through «—— oxaloacetate ' gtu!omate. .
citric acid cycle —"CO, }
l
phosphoenoipyruvate area®
2- phosphoglycerate
13diphosphoglycerate «—— 3-phosphoglycerate - eHy!
S-adenosyhomocysteine «3— S-adenosylimethionine

~CICH,COOH
3-phosphoglyceraldehyde

3- phfsphohydroxypyruvoie

homocysteine——— methionine.

3-phosphoserine

% detected as metoboites  serine® v ) glycine'+ NSN'Omethyleneletrohydrofolote
t elrchydrofolate
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CH,=CHCl — » c——c — CH?_CICHO—HCHZCICOOH ———— S-carboxymethyl®
“H

cysteine/glulathione
J'hydralase cysleine -
acelale ase?
(I:I }TJ monooxygenusel desulfhydrase
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Two pathways can explain the generatlon of IACOZ: B

gg’ (1) addition/transfer of an (chloro)aceryl group to CoA followed by metabolism {n the
n TCA cycle (Figure 3) or
Zs (1i) che formation of glycollate followed by its oxidation to glyoxylate (Figure 4) after
f EE which it enters the C; and C; pools.
. o1 Fron these two, the glycollate pathway seems to be preferred since by analogy chloroethyleneoxide

*
{s hydrated via a hydratase36 to l-chloroethane-l,2-diol and rearranges to glycolaldehyde which

is oxidised to glycollate. Another pathway for glycollate formation involves the use of a mono-
"EG2

o;ygenase "hydrolase” to convert chlorocacetate to glycellate In addirion S-carboxymethyl-

AALL e Frid e

cysteine could be enzymatically cleaved to give either glycollate directly or acetate which could

v A

Annd

e We -l il 14

be oxidised te glyecollate. This 4s nor likely to be a major metabolic pathway since S-carboxy-

methylcysteine produced very little CO; during its metabolism.52 Glycollate is furcher oxidised

W oape

to glyoxylate, Glyoxylate can be transaminated into glycine, a product of chloroacetate mera-

.

bolism or can be converted into formate, oxalate and oxalo CoA, all of which can yvield formace.

3 Formace can either enter the C; pool, explaining the occurrence of labelled serine and methionine
-
fé in urine of rats adninistered[lacl—vcla or it can be oxidised to CO;. Further metabolites de-
=
ii tected in the studylh vere urea, glutamate and chloroacetare, whose occurrence can be ration-
3 alized as shown in Flgures 3 and 4.
3
1 VC BINDING TO PROTEINS
In vitre protein binding of VC (metabolites) wvas shown to be dependent on the thiol content
22 22,23 23
of proreins and protein binding was NADPH and oxygen dependent. Incubation with nitrogen

e e e e
gave =507 of coatrol metabolism bur only 6% of the protein binding (Table 4). Glurathione slighcly

increased metabolism and decreased protein binding (Table &)23.

1,1,1-Trichloropropyleneoxide, an 97% effective hydratase inhibicorje, increased metabolism

by only 10% bur effectively doubled protein binding due to the in vitro accumulation of chloro-

ethyleneoxide (and therefore chloroacetaldehyde and chloroacerate) which {s available for protein 1
[

- ——

Y
binding'3 (Table L). Generation of superoxide radicals vith NADH and phenazinemechosulface, also

L

T——— a b —
gives VC metabolisam and protéin~bindlng at approximately 10X of the control level, using a liver

=
* Hyaratase activicy is responsible for approximatrely 40% of VC metabolism in virro™ . b
%%  (Chloroacetace au:obgdrolyses to glycollate very slowly at pH 7 which can not account for {ts s.

in vivo metabolism?<.
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migrosomal preparation with added NADPH, 4

Table 4. Uptake and irreversible protein binding of MC—vinyl chloride by hepacic

microsomes of rats

Protein bindingb
Up:akea Percentage (nool/og micro- Percentage
ide (nmol/ml) of control semal protein). of control
zh T o.c.d c,.d
Wich NADPH (control) 50.8:8.7°" 100.0 0.4420.05 100.0
(n=8) {n=8)
o=
) Without NADPH 4.120.69° 8.0 <0.001° -
(n=8) (n=8)
ald With NADPH under nitrogem  27.z1.8% 53.5 0.0620.01¢ 13.6
_ (a=4) (n=4)
sed With NADPH under 95% CO/5% 0, 2.&:O.bd 4.7 0.01:0.002d 2,3
(n=4) (n=4)
Wicthout NADPH under 952 0.320.09% 0.6 <0.001¢ -
CO/S5% 0, (n=4) (n=4) .
ine With NADPH + L-glutathione 60.0212.2 118.0 0.3340.03° 75.0 —
(L =M) (n=8) (n=8) g
With NADPH + L-glutathione 65.825.6 130.0 0.28 63.6 = F5E
(1 =M) + cytosol (1 mg (n=8) (n=2) 1
protein/ml) -
With NADPH + trichloro- 56.928.1 110.0 0.98:0.06° 222.3
propene oxide (10 uM) (n=6) {n=6) 5—:
:‘
tent a =
Uptake 1is expressed as nanomoles of vinyl chloride taken up per 1.0 ml of incubatien Al
ogen mixture. g

b Protein binding is .expressed as nanomoles of vinyl chloride merabolites irreversibly
ghtly bound per 1.0 og of microsomal protein. Microsomal protein concentration vas 1.0-1.2zg/ !
wl. incubation tize 60 min, and partial pressure of vinyl chloride 2,0-4.0 Torr.

R

c.d Differences are stacistically significant wichin both expericents. ¢ p<0.001 (paired é}
lisa comparison); p<0.001 (group Student's ¢ tesc). el
| 1, :

In vivo binding of VC to wicrosomal proceins has also been reported. Table 5 shows the L N
ein

levels of total cetabolites and irreversibly protein bound metabolites directly and 48 hours after %

1s¢ . A
the tercination of an exposure to 44 ppm VC for 5 hours. Protein-binding is relatively constant 5

er ) ol
on a 48 hour time scale except in the kidney where an approx. 16X decrease in protein bound meta- _

bolites occurred over this period. Extractable and total-procein bound merabolires decrease F

. . 3
ts supstantially which is understandable as excrezion of mecrabolites 1s nearly tocal after 48 hours.




o 320 o, 6
Table 5. Metabolites of lac—vinyl chloride and irreversible protein binding in different
tissues of rats after 5 hours exposure to lhc—vinyl chloride.

- Initial concentration of vinyl chloride in atzosphere = 44 ppm
Uptake per rat (200 g) = 6.5 umol vinyl chloride

: Radicactive Metabolites immediately Radiocactive Metabolites 48 hours after

H after Exposure beginning of Exposure
nmol metabolites/100 mg tissue . nomol metabolites/100 mg tissue
Irreversibly Total Polar, Ex- Irreversibly
Total Metabelites Protein Round Metabolites tractable Protein Bound
- Metabolites Metabolites Metabolites
Liver 11.4521.84 1.4620.47 2.16+0.14 0.38+0.03 1.49:20.06
oy .
Ro Spleen 2.2520.30 0.88:20.02 1.21+0.08 0.3320.01 0.8320.06
w
Kidney 13.1522.63 1.1820.14 1.3720.19 0.40:20.04 0.99:20.07
—
"-_g Lung n.d. n.d. 1.0120.08 0.3020.11 0.770.01
pez
-\l
N Small Intestine . n.d, n.d. 1.0420.08 0.33:0.04 0.7220.07
~J . - DN#
Brain 1.0520.05 0.1320.04 0.22+0.03 n.d. n.d. (2
Adipose Tissue 1.3620.17 0.26+0.06 0.30:0.03 n.d. n.d. dit
Muscle (M.psoas) 1.97:0.44 0.1320.01 0.3220.07 n.d. n.d.
are
1lirc
! Figures show X I 5.D.; n=3 2
o n.d. = not determined
. bel
B BINDING QF VC TO RMA AND DNA
anc
: . 4
M VC binds to RNAZZ in vitro and to RNA and DNA in vivo . DNA binds 3% times more zeca- .
. in vitro Pl A4 vit
: bolites than RNA on a wmolecular basis although the total amount of RNA which reacts is abour 34
eat

tioes as great as the DNA (Table 6) which reacts, all measured ac theilr peak values. DNA binding
reaches 1ics axioum value immediately afrer exposure and declines rapidly 1in the next 6 hours

probably due to the exclission of alkylated bases, most probably echenoadenosine and ethenocvtidine, ra

D T

by DNA repair enzynes. ] /

.
§
n
1
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Table 6. Irreversible binding of metabolites of lht—vinyl chloride to DNA and RNA of
liver of rats exposed to I*C-vinyl chloride

Initial concentration of 1"C:—'.ri.ﬂyl chloride in atmosphere = 145 ppm
Time of exposure — 5 houtrs
Uptake per rat (210 g) - 16.4 pwol vinyl chloride

Time after begin— pmol metabolites bound pmol metabolites bound
g to 1 og per g livaer (wat weight)

ning of exposure
DNA RNA DNA RNA

5 hours (immediately

after exposure) 132 15.9 118

12 hours 55 19.6 46 164
24 hours 61 . 42.5 43 340

48 hours 37 36.6 22 307

RNA binding levels peak after 24 hours; some of the possible explanations for this delayed

peak are a long turnover time, continuous reactliom with metabolites and a building-in of excised

DN¥A bases. Chloroacertaldehyde is known to bind co adenosine to form 3~8-D-ribofuranoxylimidazo

4
{2,1-1] purine or l,Nﬁ—ethenoadenosinez'26' 2. Cytidine gives a similar reaction to form 5,6«

dihydro-5-oxo-6~8~D-ribofuranosylicidazo [1,2~6] pyrinidine or B.Nkﬁethenocytidine. The structures
ara shown in Figure 5. Guanosine was reported to be unreactive with chlnrnacecaldehydez but pre-

liminary work in our laboratory has shown the presence of a product with a mass similar to chac of

3 (Figure 5).

Both the ethenoadenosine and cytidine derivatives are easilv derecrable ac concentracions
. —'__‘-‘-‘-‘—‘—!—-_._“_,_.——-
-g T n
below 10 Mz. Chloroacetaldehyde also readily reacts with DNA in vitrn“é. Chloroethylena oxide

and VC + microsomal preparation produced l.Ns-e:henoadenosine on incubacion with adenosine in

vitrol. The formacion of the gEhg?oadenosine and cytidine has been proposed as the basis of the

44

carcinogenic action of VC

H

g N N
H(‘)IN H[\,\\ N A N
N N H /N
[ 3 | H<\,t >H
ARy, N>_H Oi\‘?‘ H “N N
nbose ribose o ribose

! 2 3

(Possihle) Produczs of VC reaction of l,Hé-ethenoad enosine(l).J.R*-e:henocyzidine(g)
and 1,N-.z2theaoguanosine(]).
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PREPARATION OF VC METAROLITES

CHLOROETHYLENZOXIDE (CEO)

Different methods have been proposed to prepare chloroethyleneoxide. The earliest
synthesis used tert-butylhypochlorite and ethylene oxide to yield CEO after irradiation at -10°C
10‘&7. Molecular photochlorination of ethyleneoxide was suggested as an alcernacivels to the
earlier reaction&7 both of which were not very successfull3. A modified version, including design
of glassware has been published.39 Extreme care shopld be taken in handling this coempound as it

17

is 10,000 cimes as reactive a mugagen as methylmethanesulfonare and ethylene oxide™ ",

CHLOROACETALDEKYDE (CA)

This compound is commercially availab.e as either 30Z or 45X aqueous solutiens vhich are
"somevhat" impure. Commercial 457 CA solutions were found to consist of a 40:60 mixture of the
moncmeric and dimeric hydraces of CAlO. Synthesis of CA was first reported in 188234 and in our
laboratory a modified versiom of this method is used to prepare CA. Chloroacetaldehyde dizmethyl-
acetal (20 wml) was refluxed at 70° - 80" with 5% H350, (80 ml) until a light brown color developed.
The solution is then distilled at 150" and the fracrtion coming over between 87 and 94% is col-
lecred and cooled in a dry ice-acetone mixture. This is presumed to be pure chloroacetaldehyde.

10,39

Pure CA can also be prepared by cracking the trimer at 100" Synthesis of this trimer from

chloroacetaldehyde dimethylacetal39 and commercial 452 CAlo has been described.

§-(2-HYDROXYETHYL) CYSTEINE/GLUTATHIONE
$-2 hydroxyechyleysteine/glucathione are prepared by the addition of ethyleneoxide to

cys:eine/gluca:hioneZI. An additional synthetic =method has also been published.33

S-FORMYLCYSTEINE/GLUTATHIONE
S-rformylmechyl glutathione cannoc be prepared directly from CA due to polymerisacion at
pH » 7. However preparation of CA in situ by reduction of 2 chloroethanol by alecohol dehydrogenase

5
at pH 7.8 in the presence of t:),'st:eine"l resulted in the preparation of this mecabolice.

S-CARBOXYMETHYLCYSTEINE/CLUTATHIONE

S-Carboxymethyleysteine/glutathione was prepared by the reaccion in a basic environment of

2
cysteine/glucacione wich eicher chloro—52 or iodoacetate"l.
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N-ACETYL~S-CARBOXYMETHYLCYSTEINE

The synthesis of N-acetyl-S-carboxymethylcysteine through the acetylation with acetic

anhydride of S-carboxymethylcysteine has been described.37

ocLvEl S®BY

THIODIGLYCOLLATE/ACETATE
This compound is commercially available or can be synthesized by the reaction of sodiun

sulphite with chloracetic acid.
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Data are presented on the levels of all chemical contami-
nants resulting from environmental poliution which have
been found in human tissues including blood, urine, breast
milk, and tissue samples obtained at autopsy. Most data
results from specific surveys to determine health hazards.
The roles of trace elements and recognition of the need to
determine baseline levels of chemicals introduced into the
environment are factors which have motivated surveys by
individual investigators. Thus, most data ‘on chemicals in
human tissues record levels of pesticides (e.g., DDT and
metabolites), levels of trace metals such as lead, cadmium,
and mercury, or levels of nutritionally essential elements
such as zinc, copper, manganese, and fluoride. Data
available on iron and calcium are not presented as their
presence in the environment is generally not considered
hazardous. Data on several uncommon chemicals, such as
indium and ytterbium, are included basically as items of in-
terest and to further document their presence in healthy in-
dividuals. Baseline data were presented where available to
provide perspective as to chemical levels which might be
expected under conditions where exposure could be con-
sidered normal or not directly related to a pollutant source.
Nearly 600 cited surveys or investigations, most of which
were reported within the past decade, are listed. Ninety-
four different chemical contaminants, primarily trace
metals and organochiorine pesticides, are reported. It is
estimated that over 75% of the data published during the
past 30 years on chemical contaminants derived from en-
vironmental pollution and found in human tissue in the
United States are represented in this report. (ERA citation

04:019820)
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Vinyl Chloride: A Review, 1835--1975; an Annotated

Literature Collection, 1976--1975; a Literature

Compliation, 1976--1977,

H. 8. Warren, J. E. Huff, and H, B. Gerstner.

Toxicology Information Response Center, Qak Ridge, TN.

Nov 78, 218p

ORNL/TIRC-78/3 Price code: PC E13/MF AO1

Vinyl chloride (CH sub 2 CHCI) (VC) is a colorless gas,
produced and marketed in large volume primarily as the
base for its versatile and relatively inert homopolymer,
polyvinyl chioride. The toxicological problem posed by VC
has broad ramifications rooted in the long interval between
the industrialization of the VC/PVC processes and the first
recognition of the potential carcinogenicity of the VC
monomer, This time delay represents the latent period of
the carcinogen within the human organism and may mean
that the VC-associated cancer cases detected to date
represent only the beginning of a growing clinical statistic.
This report on vinyl chloride consists of three parts: Part |
provides a review of vinyl chloride and its health-related
aspects as summarized from the literature through 1975;
Part Il comprises an annatated, keyworded, indexed collec-
tion of 555 references (1835--1975) which emphasizes
biclogical effects and includes references concerning
analysis and control in both workplace and environment;
Part 1ll is an updated collection of references which ex-
tends the bibliography through September 1977. This
bibliography was compiled from the major scientific ab-
stract literature, Current journals in appropriate disciplines
were also scanned. References are arranged alphabetically
by first author’'s name. A permuted title index is appended
for easy access to the bibliography. (ERA citation
04:024713)
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Methods Dev lopment for Assessing Alr Pollution
Contral Ben fits. Volume |. Exp riments in the
Economics of Alr Pollution Epidemiclogy.

Thomas D. Crocker, William D. Schulze, Shaul Ben-Dav
and Allen V., Kneese,

Wyoming Univ., Laramie. Feb 79, 177p EPA/600Q/5-
79/001A See also.Volume 2, PB-293 616. Also available in
set of 5 reports PC E14, PB-293 614-8SET. .

PB-293 615/1WP Price code: PC AOS/MF A01

The vaolume employs the analytical and empirical methods
of economics to develop hypotheses on disease etiologies
and to value labor productivity and consumer losses due to
air pollution-induced mortality and morbidity. in the mor-
tality work, 1970 city-wide mortality rates for major disease
catagories have been statistically associated with ag-
gregate data from sixty U.S, cities on physicians per capita,
per capita cigarette consumption, dietary habits, air pollu-
tion and other factors. The estimated effect of air pollution
on monrtality rates is about an order of magnitude lower
than some other estimates,. Nevertheless, rather small but
important associations are found between pneumonia and
bronchitis and particulates in air and between early infant
disease and sulfur dioxide air pollution. The morbidity
work employed data on the generalized health states and
the time and budget allocations of a nationwide sample of
individual heads of household. For the bulk of the dose-
response expressions estimated, air poflution appears to
be significantly associated with increased time being spent
acutely or chronically ill. Air pollution, in addition, appears
to influence labor productivity, where the reduction in
productivity is measured by the earnings lost due to reduc-
tions in worktime.

Supplementary Data System, Microdata File, Michigan,
1976.

Norman Root, and Wayne Drawdy.

Bureau of Labor Statistics, Washington, DC. Office of
Occupational Safety and Health Statistics. 1976, mag
tape BLS/DF-79/044 Source tape is in EBCDIC character
set. Tapes can be prepared in most standard 7 or 9 track
recording modes for one-half inch tape. Identify recording
mode desired by specifying character set, track, density,
and parity. Call NTIS Computer Products if you have
questions. Price includes documentation, PB-288 258.
PB-293 669/8WP Price code: CP T02

Tape contains records of individual occupational injuries
and illnesses. Selected injury and illness factors were clas-
sified in accordance with standard definitions used in the
Supplementary Data System of the Bureau of Labor
Statistics. Each case record contains year, month and day
of occurrence: nature of injury or illness, part of body af-
fected, type of accident ar exposure, and source of injury
or illness; and industry, age, and sex, of injured or ill em-
ployee. Technical documentation is available: PB-288 258,
Supplementary Data System, Microdata Files, User’s
Guide, 1976-77. Data were compiled by the Michigan Bu-
reau of Safety and Regulations from workers’ compensa-
tion reports of cases which occurred during 1976 and
which resulted in death or seven or more lost workdays.
Data include cases arising in private and public employ-
ments with these principal exceptions: Those employed by
certain nonagricultural employers with less than three em-
ployees; those employed by agricultural employers of less
than three regular employees; those employed by certain
agricultural employers with three or more employees; and
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88: 327759 Metabolism of vinyl chloride: destruction of
the heme of highly purified liver microsomal cytoghrome
P-450 by a metabolite. Guengerich, F. Peter; Strickland,
Thomas W. (Cent. Environ. Toxicol, Vanderbilt Univ. Sch.
Med., Nashville, Tenn.). Mol Pharmacol. 1977, 13(8),
993-1004 (Eng). The NADPH-dependent, vinyl chloride

{75-01-4] -mediated destruction of cytochrome P-450 9035«51«2(}
was demonairated in rat liver micrusomes and in highly purifie
reconstituted enzyme systems contg, NADPH-cytoc,Erame P-450
reductase (NADIyH: ferricytochrome vxidoreductase, EC 1.6.2.4)
9023-03-4) and cytochrome P-450. The loss of cytochrome
~450 could be attributed to heme [14875-96-8] destruction,
but not to lipid peroxidn. or binding of electrophiles to free
sullhydryl groups. The system required all compunents necessary
for mized-function oxidn., including mol. O, and was inhibited
by CO, suggesting strongly that oxidative metab. of vinyl
chloride by cytochrome P-450 js necesaary for the obsd.
destruction. The NADPH ~cytochrume P-450 reductase-catalyzed
destruction of {ree and cytochrome P~450-bound heme was also
obsd. in reconstituted systems in the absence of vinyl chloride,
Inhibition expts. with Co and catalaze suggest that the vinyl
chloride-mediated destruction of cytochrome P-450 heme differs
from these processes. Two proposed metabolites of vinyl
chloride, viny! chloride epoxide (7763~17-1] and 2-chloroacet=
aldehyde {107-20-0), do not appear to be responsible for the
heme destruction. Evidence for the involvement of free radicals
could not be demonstrated when the reaction was examd. by
EPR spectroscopy or when attempts were made to inhibit
evtochrome P-450 destruction with radical-trapping agents,
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“8'7-'..1886911 Safeguarding the health o
to the harmful effects of vioyl chloride

Chem., Krakow, Pol). Polime

(Pol). A general discussion i3 lgwen of safety precautions that
must be obsd, during the manul.

75-01-41 and its polvmers.
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{Inst. Ekon, Przem.
ry (Warsaw) 1977, 22(2), 67-8
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and handlingEof vin)i: chloride
. A. Ackermann
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