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' Abstract. The excretion and biotransformation of [!4C) 1,1-dichloroethylene (vi-
nviidene chloride, VDC) after administration of a single oral dose has been
investigated in female rats. Seventy-two hours after a dose of 0.5, 5.0, and $0.0
mg/kg, 1.26, 9.70, 16.47%. respectively, are exhaled as unchanged VDC, and
13.64. 11.35, 6.13% as '“CO,. The main pathway of elimination is through renal
excretion with 43.55, 53.88, 42.11% of the administered radioactivity. Through
the biliary system, 15.74, 14,54, 7.65% of the activity are climinsted

The isolation of the main metabolites of VDC from 24 h urine is accom-
plished through the combined application of solvent extraction, ion exchange
chromatography and thin layer chromatography. Then gas chromatography and
mass spectrometry are used for their identification. Three metabolites have been
identified: thiodiglveolic acid, N-acetyl-S-<(2-carboxymethyl)cysteine and methyl-
thio-acetylaminoethanol. In addition, three smaller unidentified radioactive
peaks have been found Thiodigiveolic acid is the main metabolite in VDC
metabolism. The simultaneous formation of an ethanolamine- and a cysteine-
conjugation product points to different reaction pathways of the postulated in-
termediate reactive epoxide; ethanolamine probably originates from membrane
lipids. which react with VDC-epoxide and/or its derivatives. This pathway couid
explain, in part, the parenchvma damaging effect of VDC.

Key words: 1,1-Dichloroethylene (Vinylidene chloride) — Pharmacokinetics —
Biotransformation - Mercapturic acid — Molecular toxiciry.

introduedon

1,1-Dichloroethylene (vinylidene chioride, VDC) has been employed for decades as
1 monomere in the manufacture of plastic materials. Not until 1977 was the carci-
nogenic effect of this substance demonstrated (Viola and Caputo, 1977), The initial
suspicion of such a toxic property has been expressed with the recognition of the
sructurally closely relsted vinyl chloride as a carcinogen in humans (Creech and
Johnson, 1974; Lee and Harry, 1974) and animals (Maltoni and Lefemine, 1975).
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Since then, numerous reports have appeared concerning the possible Careingg
potential of all ci! ~nated ethylenes. e
In bacterial tez'  mtems, after metabolic activation. & mutagenic effect has begy
proven for vinyl chic:de, VDC and trichloroethyiene. However, temcmmyl
and 1,2-dichloroethylenes (cis and trans) are not mutagenic (Bartsch et al, 1;7'“
Oreim et al,, 1975). Previously unknown reactive metabalites are responsible for :::
mutagenic and carcinogenic effect of VDC (Bonse et al., 1975). The rate of mem:
olism of this substance is dose-dependent and saturable, as shown in €XPerime,
with isolated perfused rat livers (Reichert and Henschler, 1978) and whoje .mma:s
(Jones and Hathway, 1978). However, it is suppressed by inhibitors of mic,mm:]
mixed-function-oxidases and through a lowered glutathione concentration in t
liver (Reichert and Henschler, 1978; Reichert et al., 1978). ¢

Studies concerning the fate of VDC in rats have recently been reported (Jones
and Hathway, 1978: McKenna et al,, 1978). Although we largely confirm the tesuls
of McKenna ¢t al. (1978) with regard to pharmacokinetic data obtained after ory
application (Reichert and Werner, 1978), differences continue to exist in the qualy,
tive and quantitative characterization ofthemboﬁtulpmﬁnginmmm
McKenna et al. (1978) have isolated four main metabolites from rat urine, twq o
which they have identified: thiodiglycolic acid and the mercapturic acid N-acetyl.§.
(2-hydroxyethyl)cysteine. Jones and Hathway (1978) have found two main metabo.
lites: besides thiodiglycolic acid, they postulate a cyclic product as an additiony
main metabolite. In addition, they have shown chloroacetic acid, dithioglycolic aeg
and thioglycolic acid in lesser concentrations.

With regard to these discrepancies, further studies concerning the metabolism of
VDC appear to be necessary. In this peper, we report on the me::bolism of VD¢
after oral administration in rats, which together with the discovery of previousiy
undescribed metabolites, expands knowledge of the behavior of this subrance i
organisms and demonstrates new possibilities of reaction mechanigm(s),

Materials snd Methods

Chemicals. 1.2-(*C] VDC was purchased from New England Nuciear Corp. and had a specific
dioactivicy of 0.475 mCi/mmole. Its radiochemical purity exceeded 98%,-as shown by radiogas-cive
matography. The 'C-labeled VDC was solubilizedd ip tricapriline.

Thiodiglycolic acid was purchased from E. Merek, Darmstadt. FRG, S<(2-carboxymetryl)Lcvs
taine from EGA-Chemie, Suinheim. FRG. N-acetyl-S<(2-carboxymuthyl)- -cysieine was prepared tn
acetylation of $-(2-carborymethyl:L-cyReine with acetic anhydride according o Ozawa (1963\ Is
identity was confirmed by GC/MS. Mathylthio-acetylaminoethanol (MAAE) was prepared as folioss
mercaptoacetic acid (EGA-Chemie, Steinheim. FRG) (3 mmol. 276.3 mg) was methylated with 1
ethereal solution of diszomethans The reaction mixture was then weated with 2-amnoethano
(3 mmol, 183 mg) in a water bath (80* C) for 20 min. The reaction product was characiered ih
GC/MS. Further derivatisations of MAAE were schieved by reastion with propionyl ehloride and s
trifluoroacstic anhydride: 50 ul of dry MAAE was reactod with an excess of propionyl chionde 2 1
“water bach xz 80° C for 15 min snd subsequently evaporated to dryness in a stream of dry mitrope
This synthesis was in analogy to a samilar reaction between colamine snd propionyl chloride, descnbes
by Jendem ot al (1972). Triffooroacetyiation was performed by established methods (Kaiser £ &
lﬂt)hw&ﬁdwﬁyk%mmdﬁuﬂywmwﬂﬂ“
_mnmmwmmmmamm(wcnsmmww
_Kaiser ot &b (1974). ‘
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‘M“rm. Female Wintar rats (180—220 g), Ingitut fiir Versuchstierzuctt, Hannover,
“ﬁmuﬁhlﬂmdinlﬁndnummmmmdoudl“ﬂVDC(nuolut.ion
,‘mmswu)bymmdmbcbamemd 10 . m. The animais were transferred imo an
memmmg.Aconm:meofdryur(SOOmUmn)wudnwn
Mmm&ﬂmﬁn(m')mdmmm&dmmm

sampling and Measuremen: of Radiocctivity. Excrewed ['*C) activity was foliowed for 72 h. Urine and
wmwﬂeﬂﬁnéhmmd&meuubénldnwdm:muvolmcf 100 mi water n several
cwons. [C] VDC and '%CO, were coiiected in 0.5 b and 3 h intervals by drawing the air from the
sm cage through a series of traps. Before entermg the first trap. the moisture of the ar was
removed with Driente (W. H. Hammend, Dnerite Co.). Following the procedure described by Wata-
aabe ¢t Al (1576), we separated the {“C] VDC and '*CO, in four consecutive traps. The first two
ined 50 ml toluene/2-methoxyethanol solution (8 : 2 v/v) each. and were cooled 1n & dry ice bath.
renaining two traps contained 100 ml of disthanolamine/2-methoxyethanot (1 : 1, v/v) each. The
mags for 14CO, were mantained at room pemperature.
samples from the traps and urine sampies were transferred directly in Rotiszint 22€ liquid scintl-
woon medium (C. Roth. Karlsruhe, FRG) for counting the radioactivity. The carcass was weighed and
in 20% KOH. Portions of the digests were added to scintiliation counting visls. The activiry in
wmjwnmundinl?ukudliquidlcinﬁnlﬁmmm.

smqj’UﬂmMcmbollm.ThecolbcndZJBWMMMWMMMdM
g8 exwacud with methanol at room temperature until it comained less than 1% of the radioactvity.
The exract was evaporsted to & small volume at 40° C under raduced pressure. One pant of tns
pition was analysed by thin-layer chromatography. Aliquots were spoted on ailica gei piates
.25 mm layers of silica gel, F 254, E. Merck and developed in n-butanol : acetic acid : water solution
W0 15: 15, v/v/v). Compounds were detacted by spraying with amhydrin or with & resgem for
pralet sulfar compounds (Knight and Young, 1958). The radioactive zones were Jocated with a
perthold radiochromatogram scanner. and removed by sceaping off and extraction of the silica ge! with
mutanol (50 mi). These fractions were analyved by GC/MS. Ancther part of the methanolic solution
was evaporated 1o dryness. dissolved in pyridine-formate buffer (0.05 M. pH 3) and passed through »
30 x 6 tom column of Aminex A 5 (Bio Rad Lab.). Operating pressure was 10==15 bar a2 50° C. The
syt was collectad in | m fracnons. Single fractions were evaporatad and darivatized a2 described
iow,

Dewerion and ldentification of Urinary Meabolites. Radioactive sybstances from zones on the thin-
tover plates snd fructions eluted from the cation exchange column were butylated following the proce-
dare of Kaiwer et al (1974), GC/MS was performed with & Varisn CH 7 mast spectrometer combined
vith & Varian 2700 gas chromatograph. and Varian 5§ 100 MS data system. Mass spectrs were taken
1 eV, Fractions contaiming radicactive metsbolites were analyzed by radio gas chromatography
umng & Varian 2700 GC equipped with & flame ionization detector and a Berthold RGC 170 radiogas

i dmector. The separation was carried out on a 6 R glass column packed with 3% OV 225 on Gas

Chrom Q. 100/120 mesh. Carrier gas He 30 mi/min. Temperatures: column oven 80—270° with
#C/mn injector 250° C, detector 270° C,

Results

. Pharmacokinerics of C] VDC afier Oral Administrarion

it Table 1, the elimination pathways of [4C] activity after a single oral application
¥¢ compiled. The main portion of the {'*C) (42—53%), in a dose-range from 0.5 to
50.0 my/kg, is recovered from the urine. Both, in urine and in feces, only the non-
wistde radicactivity has been determined.
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Table 1. mdmmwwmav‘c)mmm

T

Spacimen Time Dose T~
(h)

0.5 mp/kg 5.0 mg/kg 50.0 m_l/_k-;\\

% of administered activity T

Exhaled air T
vDC 0-72 126 = 0.39 9.70 + 1.26 1647 £ 43,
co, 072 13.64 + 4.72 11.35 + 2.65 6.13 £ 013
Total 14.90 + 4.76 2105 £ 3.69 2260 437
Urine - 6 18.40 + 3.93 16.39 = .20 4.76 = 139
612 14.59 + 1.73 22.719 = 1.87 1283 = 23
12=24 797 + 0.55 1114 = 2.25 19.65 + 24,
2448 1.99 + 0.69 3.00 > 1.52 4.06 * 0,83
48—-72 0.60 + 0.02 0.56 = 0.36 081 » 025
Toual 4355 * 4.59 $3.88 & 404 4211 % )83
Feess 0=12 0.11 + Q.07 1.68 = 1.23 0.78 * Q.48
12-24 8.52 + 2.68 6.24 + 1.02 M Ly
24—48 5,86 = 0.52 6.24 + 1.89 3.69 + 047
43-72 1.25 + 0.47 0.38 + 0.06 0.50 + 0.1
Toal 15.74 + 3.32 1454 + 1.18 7.68 » 147
Carcass and tissues 5.57 = 0.60 283 + 042 277 + 034
Cage rinse 9.80 + 3.13 751 + 031 591 + 0.719
Total 89.56 + 3.74 9981 » 1.21 81.04 + 390

—

In the exhaled portion, unchanged [*C] VDC and *CO, are identified Afim

application of 0.5 mg/kg, only 1.29% of the total radioactivity is exhaied as un.
changed [*C] VDC, 13.6% as “CO,. A reversal in the proportion of VDC to Cp,
has occurred after a dose of 50.0 mg/kg. In this case, about three times more VIC
than CO, is excreted. The elimination of ['*C] VDC as a function of time after 0.5,
5.0, and 50.0 mg/kg is shown in Fig 1. Figure 2 represents the biphasic pattern of
“CO, exhalation after s dose of 0.5 and 50.0 mg/kg over a period of T2h. I
Tabie 2 are the calculated elimination half-lives of radioactivity listed, excreted a

. [14C] VDC, “CO,, and urinary activity. From both, figures (1 and 2) and tables (i

and 2), the biphasic elimination is evident at all dose levels by pulmonary and
urinary excretion.

Isolation and Identification of Urinary Metabolites

The isolation of the main metabolites of VDC in the urine of rats is accomplished
through the successive procedures of solvent extraction, ion exchange chromatog:
raphy and thin layer chromatography. Finally the metabolites are separated and
identified by maans of combined gas chromatography and mass spectrometry. Thin
layer chromatography has revealed 5 radioactive, clearly resolved zones (A, B.C.
D, and E). The least polar fraction E (Rf 0.54, about 12% of the activity) on the
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16.47 + 4,24
6.13 2 033
22,60 = 4.37

476 + 1.39
12.83 = 2.20
19.65 > 2.4)
4.06

0.81
42,11

0.75
2.71
3.69
0.50
7.65

277 £ 0.34
591 £ 0.79
81.04 * 390

—

Hoat 1+ 1+ 4+

CO, are identified. After
ity is exhaled as up-
ion of VDC to co,

it three times more VDC
unction of time after 0.5,
ts the biphasic pattern of
ver a period of 72 h. In
ctivity listed, excreted as
5 (1 and 2) and tables (1
avels by pulmonary and

* of rats is accomplished
on exchange chromatog-
wlites are separated and
mass spectrometry. Thin
resolved zones (A, B. C.
% of the activity) on the

o
:

g

Y. OF THE DOSE ADMINISTERED
e
L

H Q5 mgiug
Niiias
i%ﬂm

S00my/eg

% OF THE DOSE ADMIMISTERED
S

My
o

G5 mo/ng

d " D X & W 0 N W

2 3 4 Time ()

Time (h)
Pg | Fig 2
1. Exprred [“C] VDC expressed as percentage of the administered dose (0.5, 5.0, and 50.9 mg/kg)
Lﬁu(h).lnlhﬁﬁ;mndFi;.anivdmismemm:S.D.fmmv.hm:xpmmmts

Pig. 1. Semilogarithmic concentration-time curves of '*CO, in the expired air following doses of 0.5 and
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f

smmanon 0.5 mg/kg

Rapid

5.0 mg/kg

Rapid Slow

6 h 2l min
20 h 45 mun
25h
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pinte has been scraped off and eluted with methanol. An initial analysiy wity GC/y }
bas indicated that the active material could be methyithio-acetylamingen . ® ;
(MAAE). Therefore, we have synthesized this substance. The synthetic progyc, . %
metabolic fraction E have shown identical retention times on columns with Gifere,

stationary phases (SE 30 and OV 225). The mass spectra are in agresmep,
respect to the molecular ion and the typical fragments (Fig. 3). For further c},
terization, the metabolite and synthetic product were then converted into twp differ
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Pig. 3. Mass spectra of the metabolite in TLC zone E and synthesizad methyithio-acetylaminoschsnol
Trifluorosomyl- and propicayl-derivatives of metabolite and ambentic subsancs sre compared
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ot derivatives by esterification of the primary alcohol group with <ifluoroscetic
l,hydﬁdemdpropionylchloride.Theconvmion has procesded smoothly in both
cases. The trifluoroacetyl and propiony! esters from the synthetic product and meta-
ic fraction E show the same retention times, and their mass spectra are identical
(Fi§- 3). This indicates that the fraction E metabolite is identical with MAAE.

The main activity (approx. 40%) on the thin layer plate is found in zone D (RS
0.37. The column chromatographically purified acid fraction is converted to the
putyl ester with n-butanol-3N HCl. Radio GC of this derivatized sample reveals a
major peak cochromatographing with the dibutylesier of authentic thiodiglycolic
scid. Moreover, the mass spectrum of the butylated metabolite is identical with that
of the reference compound. thus proving that the metabolite in fraction D is thiodi-
ﬂycolic acid.

In addition to MAAE and to thiodiglycolic acid, three additional radioactive
compounds were demonstrated by radio GC in the elua of the ion exchange col-
umn after butylation. There is reason to suggest that one of the components might
pe & mercapturic acid. The mass spectra of one of the metabolites proved to be
dentical with that of the butyl ester of N-acetyl-S<(2-carboxymethyl)cysteine
(Fig. 4). Cochromatography of the synthetic products with radioactive biological
material has verified the identity of both substances. At this point it has been certain
that N-acetyl-S-(2-carboxymethyl)cysteine is a metabolite of TLC zone A, B, or C.
A comparison of the RF-value of the synthetic product and radioactive material
from the thin layer piate is interpreted to mean that fraction B contains this mercap-
mric acid. A lack of agreement in retention time and mass spectrum has been found
in a further comparison to other mercapturic acids (hydroxyethyl- and methyl-mer-
capturic acid).

The mass spectra of the remaining two urinary metabolites are shown in Fig. 5.
The spectrs imply that the metabolites may have closely related structures, because
the type of fragmentation sppears to be similar. The ion at m/e 57 and the difference
of 100 between the ions with the highest mass (presumably the molecular ion) may
indicate that the metabolites are mono- and dicarboxylic acids. However, no un-
equivocal structure could be assigned to these metabolites so far.

H G
Gy Hg-0=C »CHg =5~ CHy=CH
0+ NH-CO-CHy

Mw 333

o WLl § | ' o

0

100
Metabolre » C HgOH - HCY

mr 1

m
m m m m
I - ! . —

-] 150 x0 0 0 Mg

Mg 4. Mass spectra of the butyl exers of N-acetyl-S-(2-carboxymethyllcysweine and metabolite
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Discussion

The results of this investigation confirm the report by McKenna et al. (1978) ooy,
cerning the pharmacokinetics of VDC after a single oral application in rats. | ,
dose range of 0.5—50.0 mg/kg the orally administered VDC is quickly and com,
pietely absorbed. This is substantisted on the one hand by the initial pan of yp,
pulmonary excretion of YDC and CO, and on the other hand through a rapid apg
extensive renal and biliary excretion of metabolic end products.

However, differences exist in the qualitative and quantitative interpretation of the
metabolic end products of YDC metabolism. The reason for this disparity coulg
stem from different analytical techniques. McKenna et al. (1978) have employeq
high pressure iquid chromatography, Jones and Hathway (1978) thin layer and gqs
chromatography. _

Thiodiglycolic acid has been confirmed as the main metabolite in urine. Starting
from chloroacetic acid as an intermediate in VDC metabolism, the formation of
thiodiglycolic acid can be explained (Fig. 6): chloroacetic acid has been identified o
a metabolite from VDC in liver tigsue (Reichert and Bashti, 1976) and in urine
(Jones and Hathway, 1978). Yliner (1970) has shown thiodiglyeolic acid in the urine
of mice after application of monochloroacetate.

Chloroacetic acid reacts with glutathione in an enzyme-catalyzed reaction. 1o
form carboxymethyl giutathione (Fig. 6). Cleavage of the glycine and glutamne
fragments yields carboxymethyicysteine. Apparently. this compound is preferentially
deaminated and subsequently decarboxylated. The main metabolite thiodiglycoiic
acid is the end product of this reaction sequence. Up to now, the intermediate
product, carborymethyicysteine has not been shown in VDC metaboiism. However.
the identification of the N-acety! derivative of this compound can be considered s
indirect evidence. N-acetyl-$-(2-carboxymethyl)cysteine is the only meteaptunc
acid we have found in VDC metabolism. In our studies, there was no indication of
the formation of the hydroxyethylmercapturic acid (McKenns et al,, 1978). We
cannot account for this pathway, which would invoive a reductive dechlorination of
VDC as a major ep in metabolism.

Thnpmhnpmof;lnmhioneinmemmboﬁuﬁonmemdthewﬁm
of VDC has been stressad previously (Reichert et al, 1978; Jaeger ot al, 1974)
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However, in addition to the described reaction sequence involving glutathione conju-
gation and the elimination of $-containing end products, another totally different
reaction mechanism must exist which leads to the formation of ethanolamine deriva-
tives. The formation of this unusual metabolite is not yet clarified in detail. An initial
step could be the formation of chioroacetic acid chloride (Fig. 6). This electrophilic
intermediate product arises from the very unstable epoxide by an intramolecular
chioride shift The largest part is hydrolyzed to chloroacetic acid, which, as de-
scribed above, conjugates with glutathione. A smaller portion, however, evidently
remains bound to the membrane and can directly react there with phosphatidyletha-
nolamine, an obligatory constituent of lipid membranes. The subsequent enzymatic
cleavage of the phosphatidy] residue leads to the ethanolamine derivative of chioro-
acetic acid. Additional support for this metabolic pathway is-the fact that chloro-
scetic acid chioride is electrophilic enough to react directly with nucleophiles, e.g.,
functional SH-groups (Reichert and Werner, unpublished). A similar mechanism has
recently been postulated by Cohen et al. (1975) in halothane metabolism. They
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with phosphatidylethanolamine. The enzymatic cleavage then results in N-trif, <ty
acetylethanolamine. Uorg,

Now the question remains as to how the methylthio-group is introduceq in
intermediary product chioroacetyl aminoethanol. Two ways are conceiv;bge.t;
nucieophilic attack of a methylthio-group (i.e., of methionine), or fmltic;n treey
glutathione conjugate. To conclusively answer this question, further invmm?r'
are required. The increasing number of metabolites with the insertion of the mﬂ:hs
thio-group on an electrophilic carbon atom have been compiled recently bY Jen vl
and Testa (1978). They conclude from the present data that, in most cases, the ¢ ner
nucleophilic attack is the probable pathway. irec

The resuits of this study show that the inactivation of VDC in vivo oceurs by
large number of reactions, some of which could be demonstrated. The ide“ﬁfncd 1
of the main metabolites from VDC in rats leads to an improved understanding o(::
toxic propertes of this substance. Consequently, the covalent binding of chiorg,
acetic acid chioride on membrane constituents (ie, phocphaﬁdyleth.mhmm
could explain, in part, the parenchyma damaging effect of VDC.
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