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Absteact - $o fur, all studics on pharmacohinetivs of vinsd chlonde m ero wsed nits Consetent ovidence
shows that. above a4 concentranion of "saturation™ which on mhiadation exposure s reechod at about ]
28 ppm vyl chloride in the atmosphere. non-hinear doseadependent) pharmacokinctics apply. Two i
differcnt models deseribing the pharnnicokmenes of vinyl cidornde e been publiohald They show "
that vimyi chloride ¢an fease the body very rapedly vide expiration by Jung However, speial condiions .

apply i rats wre expused o wmospheric vingl chloride: the compound cquibbrates with the organism
within 15 MW min and from this equiltbrium it 15 removed by mctebolsm Thiy probabiy msalves
formation of the reactive eponide Along with the biochemeal data an st chionde’s mieracton . i
with the orgamsm thyt have been recently elaborated. it s appareat that phiamacokanctic cesareh
contributes to the understanding of 4 varicly of propertics of thiy important imdustnad cunipouid. 4
L [
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INTRODUCTION A reasongble enplaon for the  diserepuangy D
between vondibons in rne and w the solated per- .

The detection of carcinogenic effects of vinyl ehloride  fuyey tiver is diflicult to g and will deserve further

on the liver {Potter, 1976) has focussed atiention of  udics. )
3 metabolism and disposition of this impoctant dus- That metabolism of vinvl chloride s dose-depens S

: trial chemical in the living organism (Leibman. 19770 gent can abso be mivrred frum + comparison of the '

) . Many publications deal with aspuels of mutagenmienty  routes for elimination ot the compound afte Jiffereat
of this compound (Bartsch & Montesuno. 19751 or  goyape sehiedules, ie. comparisan of exhakition of -
with the molecular mechanisms by which vinyl chlor- g cholizad viny! ehionde and eserction of unnary :
ide may exert its mutagenic of carcinogeme effects  moaboltes. -
(Yan Duuren. 1975; Barbin of af . 1975; Latb & Qolt, Table 1 compiles the data given in the lerature.

1977). l_-lowcvcr. it hus. to be considered that biologi- 1. 10w dose. up 1o 1 my ke of vinyf chioride is ad- .
c};\xl action of a xenobiotic does not anly depend on puingsiered i oily solubion. cither s stomich tube N
the biochemicul target mechunisms of the Jatter. but  or by p ingecion, it considerable portion s vaereted L

as uimary metabolites, 1o contrast. when the dose
is increused to 100 mg ke and over. the bulk of ving!
chloride given s oxhaded as the. upchanged com-
pound. This very much favorrs comsideration of a

; is also lurgely influenced by pharmacokinetic factors.
; ) The aim of the present mmireview is o present the
data for.the pharmacokinetic behavior of vinyl chlor-
ide which are available ut present. So fur all studies

3 have been performed with rats, saturable metabalom of vinyl chloride under rpirn
conditions .
2 DOSE-DEPEADENCE OF DISPOSITION Another concluson can be drawn from the figures k
OF VINYL CHLORIDE of Table 1. as the data of Green & Hathway (1975 :
show that the rouie of chimmation of vinyl chlonde

It has been stressed. particularly by Gehnng and  depends on the route of admuustration of the sub-
s coworkers (Hefner of al. 1975: Gehring e ol stance, Adminntration into the splaneliue area. by
1976; Watanabe ef «l, 19770 that metabohsm of vinyl  po. or Lp. dosing. Tnvours urinary exeretion ol metias

balites whivh is cven more pronounced slter oral ad-

" chloride iy rrea is o siturable progess. This has been

recently confirmed {Bolt ¢ gh. 1977) as rils metabo- minstration. This very much suggests o Brst-pass :

hze vinyl chloride uccording to fist-order Kincties  effect and is consitent with the potenay of hver ta L
rapidly metabolize vinyl chlonde of 1he fater s

only il atmosphenic concentrutions below 250 ppm
i g vinyl ehloride are applied. If this concentration s
excecded, noa-lmear pharmacokinetics apply which
swith the theorctieal  consideration

present in u comparably low concentration.

PHARMAC ORINLIEC MODEIN FOR

' are consistant
VISV L CHLOKIDY

(Gehiring er af, 1976) of sataration of twe metabolizmyg
enzymes. However, Henseliler (19770 did not abserve

A saturation of simy] chilornde metabolizing enzyimes Pharmokinetic surveys an tinsl chloride have been
W the asolated perlesed mat fhver preparation even published by Wither (1976) sad Iy Belt eraf (9775,
if such high concentranons s 200600 ppra vinyl chlor- Both approachies, aithough sery diffaent s coneept,
ide were apphad mode carbogen mivtire used for e toosimidas onclastons as 1o the rate ol exhaintion
oxygenation of the pafuswon medwm in the “arbitivial — of vinyd chloride, Wetlie (19763 exposed s To i s
lunp™. phase swhery the conceninaton of vandd diloride was
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Tuble 1, Exhalation of unmetaholized viny) chloride und urinary excretion of metabalies after admnistration of dis.
solved vinyl ¢hloride to rats by various routes

Oral dose p.o. dosc v, dese
Vinyl chloride exhaled uring cxhaled urine exhaled wone
dose given 194} (4N " ) (G| " References
250 ug/kg A7 751 43.2 431 k4 05 Green & Hathway (1975)
50 100 ug/kg 1-2 59-6% —_ -— - - Watunabe ot al. (1976)
100 mg/hg 67 11 - - - - Watanabe of ¢l 11976)
300 mg/kg 92 — — . - Feron ot al, 11975)
450 mg/ kg 91.9 5.4 96.2 6 - Cireen & Hathway (1975)

kept constant. and he monitored blood coneen-
trations of unmetabolized vinyt ¢iloride. Between 500
and 14,000 ppm in the stmosphere, the ratio

1 YC/mi bood
png VC/ml air

Evpe

-+
which is cquivalent 10 Ostwald's solubility coutlicient,
was constant and amounted 1o 2.61, The equilibrium
between vinyl chloride in the atmosphere and in
biood was attained aficr 30 min of exposure.

“Withey (1976) also determined the kinetics of vinyl
chloride in rat blood after Ly, administration of the
compound. He obtained # biphasic plismy coneen-
tration curve which was consistent with a two-com:
partmental open-ended model shown in Fig. [ The
rate constants shown in the figure are the means of
4 experiments deseribed after 1y, dosing. The mein
rate constant for the partial process of exhalation was
006 min “ ', equivident o a 6y, of 138 min. The
maodel does not take into account metabolism of vinyl
chloride whicli is justificd as so far as Table 1 shows
that, after an i.v. dose, the overwhelming portion of
vinyl chloride is exhaled. However, the present bio-
chemical data strongly supggest that vinyl chloride
must be metabolized in order to become effective as
a chemicul mutigen or carcinogen (sce the review of
Bartsch and Montesano. 1975). Also. it has to be con-
sidered that caposure of an individual to un atmos-
phere containing vinyl chlonde will result in adjust-
ment of equilibrium between vinyl chlonde in the gas
phase and in the orgamsm (Withey, [976: Buchter
ef ul, 1977). Under those steady-state conditions the
only way for the organism to remove vinyl chloride
{rom the equilibrium is by metabolic conversion. This
has been  considered when  attempting  unothier
approach to the biodynamies of vinyl chloride (Bolt
et al., 1977).

As shown in Fig. 2. rats were exposed to vinyl
chloride in a closed sysiem. The concentration of

vinyl chloride was measured in the gas phase and
aept below the saturation point of 230 ppm. By means
of new and potent inhihitors of ovidative drug meta-
bolism (Bolt et «l, 1976) it was possible to completely
block biotransformation ol vinyl chloriae, These -
perimenta! conditrons permitted determination of the
cquilibrium constant and the rate constants k,» and
ks, of Fig. 2, With animals not pre-treated with iu-
hibitor an evponential decline of atmospheric vinyl
chlonde v the elosed exposure system is observed
which is due ta metahaloan. The tiest authors report-
ing about this parameter of metabolism of vinyl
chloride were Hefner o ul. {1973 From this par-
ameter the constant Axy of Figo 2 wus derived (Bolt
et al. 1977). Finally. the rate of appeurance of radio-
activity in urine atter apphication of *Cevinyl chlor-
ide to the system gave constant Ky The data
obtained with the model of Fig. 2 are comparable
with Withey's basic resulis. This refers to the rate
of exhaliaiion of viny! chleride from the animal nto
the wmaosphere (&, of Fig 1= 0l min™' &y of
Fig. 2 = 0036 min~ ") as well as o the disiribution
between vinyl chlonde in the gas phase and in the
animal. Withey 11976). as mentioned above. abtained
a ratio belween concentration of vinyl chloride in
hlood and 1 the wmosphere of 2,61, whercas the cal-
culation of the “constant of equilibrium™ (Bolt ¢t al..
1977)

_ al gascous VC pur g body wt

nl gascous YC per ml air

kll
= = (of Fig. 2)
kj,

under steady-state conditions resulted in 2.86.

CONCLUSIONS

Different conclusions may be drawn from the phar-
macokineties of vinyl chloride. However. it has to be

|! oose of VO
(6.70-8.43mg/kg)

ky% 001 min

Ve in — ve kg2 0046 min!
tat Lother in blood — e txhalalion of
tisgues
—_— unmrtabolized
Kg)* 0,026 min '\‘C '

Fig. I. Two-compartment. open-ended model for vinyl ehloridy in the rat, accordng to the calculatiors

of Withey 11970} For detarls, see text,
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Fig. 2. Pharmacokinctics of viny1 chloride on exposure m o closed system: model of Bolt et ol (1977}
The model includes metabalism of vinyl chlonde, The rate constants are caleulated after exposures
to initiul concentrations below 250 ppm viny ! chloride. For detinils, sev tesl

kept in mind that disposition of vinyl chloride 1s dose-
dependent and henee the “linear™ pharmacokinetie
assessment of mctabolism (Fig. 2) refers only to the
lower dose ranpe (i below 23 ppm in the gus
phase). But this is. from the stundpoint of occupa-
tional medicine, the more interesting one. As has been
pointed out by Gehring cr ol {(1976). the non-lincar
pharmacokinctic behaviour in the higher dose range
is of busic importance for interpretation of tonicologi-
cal studics because an increase of the dose of vinyl
chloride does not neeessarily imply a paralle] increase
in formation of the ultimately mutagenic or carcino-
genic metabolites.

It has been stressed (Bolt er al. 1977) that, due
10 the relatively short hull:life of vinyl chioride and
its metabolites in the organism, no significant cumuli-
tion of vinyl chloride or its mujor metabolites 15 10
be expected on repeated administration of vinyl chlor-
ide. This is in marked contrasts to the behaviour of
the closely reluted trichlorocthylenc in the orgar:sm.
where trichloroethanol and especially trichloroucctic
acid are retained for a consideruble period of ume
(Ertle et al., 1972: Miiller er al.. 1974). The rapid clim-
ination of viny! chloride and its mujor metabolites
from the orguanisms may be consistent with the cui-
rent theory that a veactive, short-lived metabolite
which occurs in low concentritions only, may be re
sponsible for the toxic effects of vinyl chloride.

The phurmuacokinetic model of Fig. 2 also reveals
the basic difference which exists between inhalation
of vinyl chloride and other experimental routes of ap-
piication, Exposure to u vinyl chloride-containing at-
mosphere results in a rapid cquilibrition of vinyl
chloride with the organsm. I for tovicologicul con-
siderations. the actual dose of atmospheric vinyl
chloride acting on the onganism is cdeulated as the
dosc which is taken up from the atmuosphere, after
cquilibrium with the organism has been attained.
uptake is only "duc to metabolism® (Ayy of Fig. 2l
and all of this dose is metabolized, probably via the
reactive eponide. The implication of the latter in

metabolism of vinyl chloride 15 very likely according
W recent brochenueal investigitions Yan Duuren,
1975: Greim of al.. 1975; Bonse ¢f al.. 1975: Reynolds
ef al. 1975 Kapnus er al. 19750 1976 Watanabe of
al. 1976: Norpoth of al. 1976; Henseller, 1977;
Green & Hathway. 1977).

By contrast, if the animal is not held in o closed
system and o vyl chloride dose injected. the ratio
of Ayyikyy (Fig 2)implics that more thun W", ol the
dose is exhaled and only a minor pornon transformed
10 the ullimatcly toric metabolites. This fully agrees
with the experimental data of Table 1, However, after
oral application a first-pass cffect for metabolism in
liver hus to be considered. These theoretical consider-
ations are not imited to vinyl chloride. but refer ulso
1o uther volatile xenobiotics, Thus, o given oral dosc
of carbon tetrachloride is much more toxic, if the ani-
raals are kept in a closed atmosphere (unpublished
resulish Another conclusion may be based on the rate
of entry of atmospheric vinyl chloride into  the
organism. until equilibrium is achieved. Figure 3
shiows this process which has been visualized using
vuts pre-treated with an inhibitor of vinyl chloride
metabolism (Bolt ¢t af. 1977). The data are consistent
with those obtained by Withey (1976). It ¢an be scen
that after 10min the process 15 nearly compleled.
Within the first 3 min aeucly %°, of the equilibrium
dose are taken up: in the first minute, about 1¥";,
are taken up. Although an evirapolation from animal
data to fan is dilliculi. these figures may be impor-
tant for assessment of occupational peak concen-
trations occurring in viny! chioride plants, As uptake
of vinyl chloride from air is a time-dependent process.
a very short peak concentration may b of only low
impact. bot as the clevated concentration s main-
tuped onldy for o few minutes. considerable amounts
of additional vinyl chjoride may be taken up by the
individual. These fow examples serve o show that,
i addition to the biochemicilly -orientated research
that ix essentad for o more comiplete understanding

and a better evaduation of the tovcological effects of
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Fig. 3. Uptake of vinyl chloride from the gas phasc by rats pre-treated with an inhibiter ol vinyl
chloride metabolism (6-nitro-1.2.3-benzothiadinzole: sev Bolt ¢f ul. 1977) Amount tuken up to achieve

cquilibrium between pas phase snd animals s sct o 107,

vinyl chloridc. determinition and consideration of the
pharmacokinetic behavior of this compound is «lso
nceessary and helps to interpret toxicological dula.
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