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Introduction
Since the time that it was demonstrated that vinyl chloride has to be

categorized in the serics of carcinogens, Lhere has been an increased
interest in questions of distributien and metwholism of vinyl chloride

in the organism. Many autnors showed (Hefner et al., 1975 Green &
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Hathway, 1975; Radwan & Henschler, 19755 Kappus et al., 1975; Hatanabe

et al., 1976 a,b; MHorpoth et al., 1976) that in_vivo and in vitro
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vinyl chioride metabolizes very quickly. Thc biotransformation leads Lo
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polar metabolites which leave the organisin principally in the urine.

Hefner et al. {1975) was able to show that in rats the consumption of
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vinyl chloride from the atmosphere is inhibited by substances which inhihit
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the metabolism of vinyl chloride. This means that after the initial setting
up of an equilibrium between vinyl chloride in the air and vinyl chloride

in the organism the substance can only be absorbed to the degree that it

is metabolized.

Recently we found that a pretreatment of rats using 6-nitro-1.2.3-benzo-
thiadiazol, a potent inhibitor of oxidative drug metabolism, completely
blocks the degradation of vinyl chloride in vivo (Bolt et al., 1976).

This puts us in a position of being able to study the precise tissue distri-

bution of nonmetabolized vinyl chloride under equilibriun conditions.

Knowledge concerning tissue distribution and metabolism of vinyl chloride

in an animal test is of interest in the establishing of a technical guide-
line concentration for vinyl chloride as well as for the cvaluation of

the health risk with varying viny) chloride exposures. With regard to
Yipophilic preperties of vinyl chloride, known from chomistry, in the initial
drafting of the trade union principles for occupational medicine, pre-
cautionary investigations, (section called) "danger due to vinyl chloride",
as a precautionary measurc overweight persons were designated as "not

suited".
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The present article now shows in an animal test that vinyl chloride has a
very great affinity for fatty tissue. This contrasts with the behavioe

of metabolites which appear primarily in the liver and kidneys.

Experimental Section

Material

1,2—14C-v1ny1 chloride was synthesized by the radio chemistry department of
Farbwerke Hoechst AG, Frankfurt. Financial support wes cordially made

possible by the Dynamit Nobel AG, Troisdorf.

(Inactive) vinyl chloride was cordially made available to us by the Yacker-

Chemie Company, Koln.

6-nitro-1.2.3.-benzothiadiazol was made made available by Or. C.F. Wilkinson,

Cornell University, Ithaca, N.Y.

Exposing the Rats

Male Wistar rats (170-200g) were exposed to MC—labe]ed vinyl chloride 1n a
closed glass system (Bolt et al., 1976). Gas spccimens could be taken at
any desired time through a Teflon septunm which were then investigated for
their radioactivity. Using this method the consumption of vinyl chloride

by the rats could be monitored.

Pretreatment
A complete blockage of the metabolism of vinyl chloride was achieved by

means of a single injection (i.p.) of 50 mg/kg of 6-nitro-1.2.3.-benzo-
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thiadiazol in 0.6 ml of DMSO which occurred onc~half hour prior to the

beginning of the exposure {Bolt ct al., 1970).

Determination of the Radicactivity Concentration in the Crgans

The animals were sacrificed immediately after the cxposure. The various
organs were taken out and homogenized in a fourfold volume of water. An
aliquot of 0.25 ml homogenate was dissolved in 0.5 ml of hyamin-hydroxide

and then counted in 10 ml of scintillator (Bray, 1960).

Determination of the Distribution of Unmodified Vinyl Chloride in the

Rat Organs

Along with blocking of the metabolism due to the 6-nitro-1.2.3-benzothia-
diazol, the distribution of MC—vinyl chloride was investigated with
vinyl chloride concentrations in the air between 25 and 10,000 ppm.

In order to make the given concentration of vinyl chloride obvious, after
each injection of a trace dosage of 1'4(3-v1'nyl chloride inte the exposure
system, the calculated amount of nonradicactive vinyl chloride was in-

Jjected into the system.

After an exposurc time of 5 hours the rats were sacrificed immediately
after being removed from the closed system. The blood was collected in

a vessel which contained heparin. Blood (1 ml) or organs {about 1 g)
5

viere then placed into a vessel with & ml toluene scintillator. The

toluene scintillator contains 0.4% PPO and 0.01°% POPOP in tolucne.
Homogenization, then centrifuging were conducted in a "UTtra-Turrax”

and finally the toluene extract was put into a scintillation vessel.
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Again 5 ml of toluene scintillator were added to tne eatractod tissue and
mixing, centrifuging again occurred with the petn of the "Ultra-Turrax”

and this second exitract was added o the first. ]

: |
The radioactivity of the tolucne extract wa. detcrmined in a Berthold-CF
:f_ : 5000 liquid scintillation counter. i
3
t
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Results and Discussion '
! 1f the metabolism of vinyl chloride is blocked by 6-nitro-1.2.3-benzo-
L thiadiazol, then during exposurc of a vinyl chleride-containing atmos-
pherc, a stationary equilibriwm sets up betwzen vinyl ¢hloride in the
. air and in the organism (Bolt et al., 197G},
g Tabic 1. Equilibrium distribution of ] C-vinyl chloride in various tissues
, of rats which were exposed to a MCmvinyW chloride atmosphere. The :
v N i,;
: metabolism of vinyl chloride in this experiment was blocked by 6-nitro- gé
. 4
1.2.3-benzothiadiazol (see experimental section). . . ”i
The values show the equilibria quotients between vinyl chloride in the 5
#
L tissue and vinyl chloride in the atmosphere.
: - . e _ :
: Tissue nio)_vinyl chloride in 1 g of tissue %
ol vinyl chlovide in 1 ml of air ¥
[
. ) - :
T Blood 0.65 + 0,13 i
- Liver 0.62 + 0.10
AR Spleen 0.59 » 0.08 o
! Kidneys 0.59 + 0.16 fo
.o Muscle {M.psoas) 0.68 ' 0.13 w
- : Fatty tissue £.30 + 0.20
: o
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The values indicale the average valun « standard deviation with O odifferent

atmospheric concentrations of vinyl chioride which were batuaeen 25 end

10,000 ppm (sce also Figure 1).
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Figure 1. Relationship of air ;
concentration of vinyl chloride ;

vinyl chloride in the tissue.

the blocking of vinyl chloride
metabolism using 6-nitro-1.2.3-
benzothiadiazol (see experimental
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Table 1 shows the situation of the equilibrium for various organs: in

most organs vinyl chloride is found in an equilibrium with about equal

i
amounts. The concentration (per g) of vinyl chloride is roughly 1/2 to ‘
t
2/3 of the air concentration of vinyl chloride (per ml). Fatty tissue ;
i
i

in which about 10 times higher concentrations of vinyl chloride were
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found behaves completely differentiy. Figure 1 shows that this retio

throunhovt all of the invastigated concenbralion rango al 2% to 10,000 pom

of viny' chloride in the 2ir remains constant.

Table 2 contrasts the results which were obtainnd with equilibria conditions
with the exclusion of metabolism and the contrast hare is with the distri-
bution of radiocactive metabolites of MC—vinyl chloride as they are

normally found (in intact metabolicm) (sec also Bolt et al., 1976). Herc
large amounts of radiocactivity appear in the liver g the main metabolism

organ of vinyl chloride as well as in the kidneys which excrete the pola:

metabolite.
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In contrast to this, the amount of radioactivity which is found in fatty
tissue is very low. 1t must be taken into consideration here, however,

that in the intact metabolism the concentration of viryl chloride in the

closed system used (Colt et al., 1976) after about 5 hours of exposure
has dropped to 1/10 of the initial valuc since the haif-life of vinyl

chloride in our system amounts to about 1 hour. The concentration of non-
14
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metabolized ' 'C-vinyl chloride present after 5 hours in the cystem, since
it is in an equilibrium with the fatty tissue, in the prosent case must

amount to about 3 to 4 nilol/g. The table shows that this is actually the

case. The fatty tissue, therefore, even with intact metabolism, does not
contain significant amounts of vinyl chloride metabolites, rather non-

metabolized vinyl chloride.
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- Table 2. Amounts of radioactivity in the organs of rats which had been
"I;. .
e ) . 4. . . .
xi&,i exposed for 5 hours in a scaled system to a 1.2- "C-vinyl chloride-contain-
vt . 8
S X
“%n_ § ing atmosphere (initial vinyl chloride concentration = 100 ppiny . 5;
oy ’ .
73 H
A o
: [\ ]
i - k3 I3 - * .
i The values are indicated as nMol of vinyl chloride or vinyl chloride &3
. W
. 3 metabolites per g of moist tissuc. N
o Rats after pretreatment Rats without pre- 4
S Organ with 50 mg/kg of 6-nitro- treatment {average g
Foo 1.2.3-benzothiadiazol value of 3 tests) 4
., (average value from 2 g
. o
Liver 3.5 25.4 3
Spleen 3.5 5.0 e
- Kidneys 2.5 29.2
!
. H
Muscle (M.psoas) 3.1 4.4 '
i Fatty tissue 37.2 3.0 1
if*‘ With all duc caution and skepticism concerning the traensfecring of animal- ;
{ experimental findings to human conditions, on the basis of the present :
7“ . animal-experimental investigation results as well as on the basis of the g
g physical-chemical lipophilic propertics of vinyl chloride it must be
v NI o
L taken into account that even in human beings an accumulation of nonmetabolized
o vinyl chloride can take place as a function of exposurc. Along the lines of -
) 1 preventative steps in occupational medicine it must, therefore, be main-
-)

tained that porsons who are heavily overweight are not suited for cmployment

where there is vinyl chloride exposure.

s e
I T




' TV ——
& w,‘w.«’l‘th N
A U

oansf

Literature

Bolt, FLAE Kappos, IH L Bodhiter, AL Bole W Divponiiien ol 1.2 :
the cat Arch, Tosdo!l 33 133 162 (1970)

Bray, G A0 A suaple efficent hagued sanulleior for conratn, aque oo saies ars moa

hqu:d santllation vounters Anal, Bodhem 1, 279 2A5 (i,

Green, T, Hathway, 1D R The biodogiaal fate i rats ot vinyd
s ontogemcity Chancbiol Interactions, 1L, 545 562 (1977)

Hefoner, RF o Watanthe PG Geheng P ] Prelimpaoncy stidiens of the fate of hiied
vinyl chloride monomer meas. Ann N Y Acad S0 2490, 135148 (897

Kappus, H Boli, UM Buchter, A, Bolt, W o Roag hver mincrononmes catalise covalent
binding of ¢ vinyd ehlonde to macromoleaules. Nature 257, 134-135 (1973)

Narpoth, K., Muller, G Wittng, U, Gotschalk, D, Gotischdh ! Unterarche
iber den Stoffwechsel des Vinylchlonds und iher Wilongen der Viny Lohlard

cllnrile

Inhalivon auf Repulivonsmechanimen des Lebierstofineehash (Dol Gos,

Arbatsmed) Stutrgart: Gentoner 1976

Radwan, Z., Hensehled, 1 - Uptake snd mcnibolinm o vy el
perfused rat hiver prepanation Naunyn Schonedebiergn Arch Pheracol | Suppl
287, I 100 (197 5)

Watanabe, PG MeGowan, GRL Gehnog 1] Fate of “:( v ch D e atter angle

oral admunntranionin raty Taxvico!l Appl Phamacol 360339 352 (19760}
P Faror MRy

. e reorlated

PLY .

Wartanahs, P.G, McGowan, G R, Madod, 1.0, Gehne
chloride following ynhalation exposnre moras, Tosnol Appl v

(1976h)

Received on QOctaober 29, 1976/accepted on MNovember 19, 1976

P L, AT

RRERTE

8£6920 S®»Yy




