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PHARMACOKINETICS OGF VINYL CHLORIDE

Hirvass M. By
Bnstrtute ol Tonwology. L nneraty ol Tabingen. Wilhelmstralie 56, D-408 Tubingon 3, Germany

1Recenod $ Angust 1977)

Abatract  Solur all studics on pharmacokinciios of venyd chbandg m enu used ruts. Consitent evidence
shows that, abone a comcouiration of “sataration™ which on inhalation exposure s reached at about
23 ppry sl chlonde i the almosplhiere, non-haear (dosedepundent) phasmacokinencs apph. Two
differeut muodel describung the plarmacobinetics of wnal chinnde have been publshed They show
it vyl chiotade can leave the body seny rapidls via evpication by lung Howcver, spectal wonditions
appdy af rats are exposed o atmosphione vin) chlonde, the compusnd cquilibrates with the organism
within 15-30mn. and [rom this equehbriom it o semosed by mctabolism  Thes probabh imvclves
formataon of the 1eacine eposide Adong with the binclienical data on vinal chlonde’s micracuon
with Whe organism that bise been recently elaborated it s apparent that pharmacokemetc fewasch
conteules 1o the undenstandimg of u wanety of properies of this important ndusinal compound

INFRODULCTHN

The detection of carcinegensc elfects of vinal chleride
on the Iner (Forter. 19764 has foeussed atieninn on
metabehsm and dispesthon ol this impurtent indus-
tral chemical i the livmyg organsm (Leibiman, 19774
Mamy publications deai with aspects of mulagenweny
of this compound {Bartsch & Montesano, 1975 or
with the molecular mechanisms by which sl chlor-
1de may exert ity mulagente or carcinagenic eflects
(Van Duuren. 1975, Barbin of wl. 1975 Laih & Bolt,
1977) Moweser. it has 10 be vonsidered 1hat bolog-
cal action of a_venohione dues mot ondy_ depend_on

A reasonahle cxplanation for the discrepancy
hetween condnums i e and iR the solaled per-
Tused liver is difficubt to grve and wall deserve fucther
studicy

That metababsm of sinyl chloridé is dose-depen-
dent can alvo be inferred from o compunson of the
reutes for chmmauon of the compound afier different
dosape schedules, 1e. comparison of evhalition of un-
metibolised vnyl chlonde and exerehion of nrinary
nctsholies.,

Tabk: | compikes the data given i the inerature.
M low dose, up to 1mg kg of vim] chlonde is ad-

imstered in oaly selution, either via stomach wube

1he bechemical tarpet mechanisms of the latler, bt
is alse Tarpely indlucnced b pluarmacekineta ficlors
The am ol TEY presenl mumeevicw 1s o prosent e
data for the pharmacobinetic behavior of vimat chlor-
ide which arc avaslable at present. So far all studies
have been peeformed with cats.

_ DOSE-DEPESNDEME OF DISPOSITION
O YINYL UILORIDE

It has been siressod. partculariy by Gehring and
his comorhers {Heiner o1 ol 1975 Gehnng er ol
1976 Watanabe ar al . 14775 that m
chlonde or r e 15 saturable process, N
reaenils ConTITad TBoT o 1wl 1975k a5 tals ctahos
e i diloride accordimg t fus-order kmeties
unhy ol abnospheric concentrations below 250 ppm
sl chlorsde are apphed B this concentration 1y
ewweeded, nos-lmear plarmacotancires apphy which
are comsistent with  the theoretseal  conaderabon
1Gehring et o L 19760 of saturation ol the metabolizing
enavmes However, Henschiler (1971 did not obsersy
a saturabion of umd chionide metabehsng ensvines
in the iselated perfused 11 Inver preparation, even
if such high conoentralions as 20000 ppen vyl chlor-
ide weee applicd in the cnhoges minvlure used lor
axvenation of the perfuston pcdium in the “armbet

or by Lp inpection, o considerable portion v excreted
as urmary metabolites, n contrasi, when the dose
is increased to 100 my kg and over. the bulk of vinyl
chloride given s cvhaled oy the unchanged com-
pound. This vers much favours coasiderauon of a
saturable metabolism of viny! chlonde under in-1dve
conditions

Anolher conclusion can be drawn from 1he figures
of Tabke 1. a» the data of Green & Hathway (1975
show that the route of chmination of vrag b chloerde
depends on the route of admmnisiration of the sub-
stanee. Adminstration imo the splanchnic arca,
p.o or tp. downg Eavours uripary cxeretion of meta-
boliles which 15 even more pronounced alter oral ad-
mitusiratien, This sery anuch suggeste 3 hrst-puss
effect and 15 consisient wilth the paiency ol liver 1o
rapidh  melabohee vinyl chlonde il the Sater o
present w2 comparably bow concentranion

PIARMACOMNETIC MODELS FOR
HINIL CHLORIE,

Pharmobanetic surveys on vinyl chieride have be m
published by Withey 1976} and hy Boft or ol {19771
Hoth approaches, sithough very Jifferent m comec, L,
Leaed 6o sisarlar condJussons as to the rate of evhalaron
of v chlarde Wathey (9703 cxposed 1ats Lo 4§t
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Ol dose po. dose ERN T
Vinyl chloenle evhabod urine urine exvhaled uiinge
dose ginen [ ] 1" (I (] Rolirences
2Supg ke 37 | 412 41 @« us Gireen & Hathway 11975)
S 100 e Lg [ 59- 64 — - - - Woatanabe o al (19763
lovmg Ly LY 11 - - Woatznalw of wl, 1170
Yxrmg kg 92 - Feran of of 41475
45mg kg 99 54 9h2 26 . Oieen & Hathsay (1975

kepl constant. and he monitored blond  concen-
trations of unmetabolized vinyl chinride Between Sie)
and 14085 ppmy m the mimosphwre, the ratie

ug VC-mi binod

pg ¥C ml air

which is equivalent to Ostwitld’s solubility coetlicrent.
was constant and amouwtied to 261, The cquilibrium
between syl chonde n the atmosphere and m
bload was attamed after M) mun of exposuse.

Wathes 119780 ufwo determmed 1he Ximeties of vimd
chlorrde in rat bloed alter iv. admimstranon of 1he
compoumd  Fle obtaned a hiplase plisng coneen-
iranon cune which was consistent with @ 1wo-com-
parimental open-ended modei shown n Fig. 1 The
rate constants shown in the fgure are the means of
3 experunents desenibed aner Ly, dowing. The mean
rale constant for the partial process of exhalation was
006 mun "', eyuivalent 1o a 1,y of IS¥ . The
madel does not take 1m0 account metabolism of viny)
chioride which 1s qustificd as so Lar as Table | shows
that, after an v dosc. the oseew hefming poriron of
vimyl chloride o evhaled Howeser, the present hio-
chemical dota sirongly suggest that viml chlonde
must be metabohzed 10 order 1o bocome effecine as
a chermcal mutagen or carcinogen isee the resiew of
Rartsch and Montesano, F9751 Abo. 11 has 10 he con-
sidered that exposure of an individuad 10 an atmos-
phere contaming vinyt chioride wiil result i adist-
ment of equiltbrium between vinyd chlosude in the gus
phase and in the organim (Withey, 1976; Hachier
et al. 1977. Under those sicady-state condittens the
only way for the orgamsm 1o remove vim| chlorule
from the equilibrzum is by metabolic consersion. This
has been comsdured  when atiempung  another
approsch to the hwdyaamics of viny! chloride (Boh
et ul, 1977

As shown in Fig 2, rats were exposed to vimyd
chlorude an w closed system. The comentratson of

vnsb chloride was measurad i 1he pis phase amd
hept below the satoritian pomnt of 258 ppme By means
ol new and potent mhibitors of oaidanie doag merg-
balism (Bolt ez af. 19700 0 was possibiv to completels
blick biotrensiuemation of vns] dhifiande These e
perimental conditions permaticd determumation ol the
cquiibrnian constunt and the rate constants Ly, and
Loy of Fag 2 Wth winmals not pre-treated with an-
hibator an esponcntial decline of atmosphene vinsl
chierde an the Giomed Cuposure sastemn s observed
wiuch 1y due 1o metabuliaen The brst anthors repoct-
g ahoul thiy paramcter of clabobisng of  vsd
chlonde were Heaner o ol 097% From this s
ameter e wonstant Ay o Dig 2 sas detived tlhalt
et o 19770 1 malls. the nate ol appeatance ol radio-
WML R une et application of 70 -am ] chlor-
ide 10 the sislem gave constant Lo, Tl dalg
obtaired with e modi ] ol Fig 2 are comparable
with Withes's baae resalis Thes tdors 1o the rate
of cvhataten of vinsl dhiorde from the anzmal e
the atmunpiwre 4o of Frg I =60l mm ' 4., ol
Lig 2= 00%mm e os well as to 1se distnbution
between vmd Gidonde e the gas plase and e ihe
ammal. Weker (197w as mentoned arave vhiuad
J ratie betaeen conceniration of wansl chlornie
hlvod a1 the aamosphere of 2 61 whereas the cal-
culabion of the “constant of equibibriem™ (Boh 1 uf,
1977
_ o gaeous VO per g body wi

nl gasevss VO per ml s
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CONCLESIONS

Different conclusions nias be drana from the phus-
ek imetios ol vimnl cilersdes Bloneser, it has o be
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Trg 2 Phatfiemincbos o
The malst taludes metamchar ot arn,

L uhurode

hept o maed that depositeen of vins] Jhoride s dose-
deprordont and DBemcs e Chneas™ plotmacohinete
avsessment ol metaoohsm b 2rrefos oo 1o th.
loaer dose ranee ne behoe 2%0ppmoan the gas
phases But this os from the steadpomt of ooaupa-
wenal medicdie, 1Ne more intor sul. b fas been
pomtad vt ny Glhning o a0 L othe fon-hacar
Phuerf M Mehavteas nothe Righer dose range
ot Pus,c P e 1em anernron Leon ol bovcologe-
cal Mudies Pecdioa A inaase o e Gy ol wunsi
chlofade diws 10t iecess Boaporailel inerea
ndurmation ol the bt TR OF Calane-
geare malahohtes

In fas becit ~treesed Bl e wll 19770 ko dee
to the rebatineh shorr hodelde o vinsd chibonide and
s metabolites in the orgatsm. oo sgnticmnt ‘"mu};..-
ton of vimv chlenide or 1ty muer net 15t
o evpatod of Topealed adminat chluoz-
ade This s momarked comirasas 10 the beho vionr o
e esely related ez oahiiome Inothe omzanse,
where - forocthanal apd especan inchlomaaceu
wcid are rotiaed dor g conmsads shic penod o omie
(Ritle crwd 19720 Muller or s 197 The raped chme
imaton o vmsd diionde and us magor metahelites
from the organistms may be consitent with the cor.
rem thears that o reactae shostned  metabolie
whivh weeurs m o conecitralions onls, may be re-
spotisible Tor e tovie effodts of vand chlharde

Fhe phanimokimete moedet of Tig 2 abaer teveads
the baae diforenee whick custs belwson mbalataon
of s Lehlonde and othier evpermantat owtes o ap-
Phoaiion T aposare fooa vl chlonde-cont unang ar-
mesphiere rovlts inoa rapd caakibration of simd
cLiorde with tie organism 1L or toscoloweal con-
snbratrom e actual fose of wmosphene wnsk
chlonde aamg on e wgan s caloelied as the
dine windk i~ tahen up Irom the almaoaplere, after
equilibrium with the woanem bus boaen attaned.
uptahe moenb “due ta bobam™ oy of bap 2

-k

Al ot thes e s met ol o neet sy s the

HI ~h.nr.dx Ol e Destre 10 g chosed siaters mowle) of Balt er af (1977,
The =

tamitd o aconisations boow TS pom uns,

ESdralicaus

[T e mwe

Sonnty are waiculaled after eposures
chlonde For detsls e teat

meta: cdnm of e O lorcde s vers ket aecording
1 fueet brocnenical iestigations v ar Duurer
1975 Grerm 1wl 1975, Bonse ot al, 1975, Revnolds
et 1975 Kuppur o al 1975 1976 Walunabe
i BT Nerputh oer af. 1976, Henschler, 1977,
Green & Hatiway, 1977)

B, contrst, S the avmal 1s aot held 1n a closed
sislem and & oum b chisnde dowe mpecisd. the ratio
of Aoc ks Mg Dramplizs that moere than 90, of the
dir o baled wid enl o munor portien transformed
WL pltmates e midlabobies This fudis agrees
wilk the experzTental data of Table |, However, alicr
ord! arpheion a fird-pass etfect for mctebolism in
ler b to be considered These 12earetwul consider-
athons are not | mited to vinva chlonde, But reter alwy
to otiver rolatilz venokielns Thus, & @sen orad duse
of varben tetezeslonde 1 much more 1losc. if the ani-
mais are hept in @ cosed almosphere wmpubhished
resufist Apether conduson masy be based on the rae
of oty o atmesphens vt Gillonde into the
arganism. : e eqe hbrium s achieved  Figure 3
shovws dus ~rovess winch has been visualized us.
rats pro-Iteatos witn an inlitbior of vimvl chior Je
metabolnm (Helt o a L 19770 The daia are consstont
with those obtzined by Withey (1976) B can be scen
thar aner ittmm the process 15 neariy completed
Witlen the fiest 3mun rearly 507, of the eyuslibrium
dJoswe e Tihen upion tise tiest aunute, abe o 187,
are Liken up Althoueh an edtrapalaion fran: apimal
data 1o man i diffivalt. these figures mas e impor-
Lant ior assewineat of oo i pe
trahens oo g in vinyd chloride planis. As uptake
of s chlends from arr 35 2 hime-dependent s rocess.
4 ver shart prak concentraiton may be of a0y low
inipact. hun s the clevated concentration is nsain-
et enly for 3 few minvies, consederable amounts
of addiona? vzl chlonde may b taken up by the
indnadual. Thae iew cumpl--s wrve to show that,
i addioen to the hechemnallv~wicataied rewa'th
ot so e gl Forooprste et b L rae ot
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Fig 3 Uptake of ymyl chlorsde from the gas phase by rals pre-trcuted with an mhebitor of vinyt
chiossde melzholism i6-niro-1.2 M-benzothiadiszole: se Boll e of . 1977 Amount taken up Lo achieve
equilibrium helneen gas phase and amimals 35 w1 o 1007,

vinrl chlonide, deteemination and consideration of the
pharmacokinetic behasior of this compound 15 also
necessary and helps Lo intespret toxicological dat

Achnan ledgement—The acthor's experimental work was
supperied by the Depariment of Research and Technology
of the Jcderal Republic of Germany fpramt No bV
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