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Trichloroethylene (tri) is carcinogenic in long-term animal experimenta-
tion in mice but not in rats (1), Suspicion has been raised that the carcino-
genic properties of tri might be due to the metabolic formation of an elec-
trophilic epoxide which in turn might alkylate essential cellular macromole-
cules (2,3,4). This would be analogous to results obtained with the chemically
similarly structured vinyl chloride. This hypothesis has been supported by
studies of alkylating reactions of tri-epoxide with some low molecular model
nucleophiles in non-polar solvents (5). Further evidence is provided by the

demonstration of covalent binding of 14C

~tri metabolic conversion products in
vitro (6) and in vivo by the action of liver microsomes (7). In addition, a
specific P-450 binding spectrum in liver microsomes has been observed after
addition of tri and tri-epoxide (8).

Objections to this concept have been raised by findings that the metabo-~
lites of tri could only be derived from trichloroacetaldehyde and not from
the thermal rearrangement product of tri, dichloroacetic acid, nor from tri-
epoxide itself (9, 10). An explanation has been provided for the apparently
exclusive rearrangement observed in vivo. It has been demonstrated that tri-
epoxide can be forced to rearrange completely to trichloroacetaldehyde by the
or AlcCl, (11, 12). Such formation

3 3
of a comparatively non-reactive product could be regarded a detoxication and a

catalytic action of Lewis acids, like FeCl

protective mechanism against a possible carcinogenic action of tri within the
mammalian organism (13). To further elucidate the role of tri-epoxide in meta-
bolism as well as in mutagenicity and carcinogenicity of tri, we have studied
its reactivity in aqueous systems in order to approach physioclogical condi-

tions encountered by tri-epoxide as it is formed in vivo.
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Materials and Methods

Preparation of tri-epoxide. A sample of 600 ml tri (Merck Nr. 948, stabi-

lized by triethanclamine) was continuously bubbled through with oxygen and
irradiated in a UV-high pressure mercury submersion lamp for 6 hrs (14). The
concomitantly formed dichlorocacetylchloride was removed by washing with chil-
led 6 N NaOH. Unreacted tri was removed by distillation under reduced pres-
sure. The residue was separated, by three subsequent steps, in a preparative
gas chromatograph (30% squalan on chromosorb W/AW, 2 m, 4 mm inner diameter,

50°C); tri-epoxide was trapped under N, at -80°C and stored in small portions

2
at -50°C.

Titration of acids. A sclution of 10 mM tri-epoxide in distilled water was

vigorously shaken for 5 min. Samples of 10 ml were titrated to neutral with
0.1 N KOH using a glass electrode.

Determination of chloride ions. The same solution was used for a Cl -titra-

tion with AgNO3 (0.1 N) according to Mohr.

Formic acid. The sample was acidified (HZSO4), steam distilled, reduced to
formaldehyde by metallic magnesium in strong acid solution (25% HCl), and
combined with chromotropic acid (0.25% solution in 81% stoq, 1 ml in total
vol of 10 ml} according to Nash (14). The violet colour was measured at 578
nm against blanks.

Carbon monoxide. Liquid samples such as those used for the HCOOH-determi-

nation were transferred to air-tight tubes, and aliquots of the gas phase
were injected into a GC-system consisting of 4 columns: a) 1 m carbowax 20 M
at room temp. (retention of Cz-compounds), b) 30 cm KOH 10% on chromosorb
P/AW at 80° (stripping of coz), c) 2 m molecular sieve 4 A at 80° {separa-
tion of low molecular gases), d) approximately 5% Ni on chromosorb P/AW at
350° (reduction of CO to CH4). Helium at a flow rate of 20 ml/min was used
as carrier gas; a hydrogen flow of 30 ml/min was added between columns c and
d for purpose of reduction. FID detection was optimized by an additional
purge~flow of 20 ml/min N2 to the FID.

A GC~system consisting of columns b-d has been referred to in the litera-
ture for analysis of CO-Hb (16).

Glyoxylic acid. 10 ul tri-epoxide (100 umoles)} were transferred to 10 ml

1 N HCl. After vigorous shaking (5 min} and standing undisturbed for 1 hr the
water was evaporated under reduced pressure at 30°C. The oily residue was in-

jected into a Varian CH7 mass spectrometer.
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Chloral, trichloroacetic acid and trichloroethanol. This was performed

with well established GC-methods (17, 18).

Dichloroacetic acid was determined after esterification with gas chromato-

graphy (19).

Results and Discussion

1) Formation of acids. Surprisingly, trichloroethylene epoxide decomposes,

in unbuffered water, completely into several acid products. The titration of
the 10 mM solution, after completion of the reaction, results in 4 acid equi-
valents and 3 Cl  per mole: in 4 experiments with 50 pul of tri-epoxide (D=

1.53) in 50 ml H,O the required volumes per 10 ml of this solution were

2

4.06%0.01 ml 0.1 N KOH (theory 4.0) and 3.12X0.00 ml 0.1 N AgNO, (theory 3.0).

3
Thus, all chlorine atoms of tri-epoxide are split off under the formation of
hydrochloric acid. The one remaining acid equivalent should be expected to be

{an) organic acid(s). A rough estimation of the mechanism and balance of tri-

epoxide decomposition under the test conditions is as follows:

0
L/ P nHy0
—— c —_—
- ~
cl H

3 HCl; R—COOH

2} Formation of carbon monoxide and formate. Tri-epoxide decomposes, under

C-C fission, to CO and HCOOH. The proportion of C,-units formed, in respect to

1
the overall rate as well as to the single compounds, is clearly dependent on
the pH (Table 1). In strong alkali, the molecule splits almost completely in-
to equal parts of CO and HCOOH, whereas the yield of these compounds steadily
decreases with falling pH. Under strong acid conditions (pure hydrochloric

acid) the formation of these C. -units amounts to only 10%. The experiments

1
with unbuffered water fit well in the series if the pH value of 1.5 at the
end of reaction is taken as representative for the reaction conditions.

Since there is a significant negative shift in the formation of CO and
HCOOH with decreasing pH, other decomposition products should also be expec-
ted. Careful GC analysis reveals the complete absence of tri chlorinated C1
or C. molecules, e.g. chloral, trichloroethanol, or trichloroacetic acid.

2
This has led us to search for other decomposition products.

BP 28/4—G
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Tab. 1: Formation of carbon monoxide, formate and dichloroacetic acid from
trichloroethylene epoxide under varying pH in agqueous systems.
Incubation mixture: 100 uM in 10 ml solution, vigorously shaken,
left overnight at 4 °C. n=number of determinations

pH products identified (% theory of CpHC130}
Medium M start end CO HCOOH n CHClz-—COOH n
H,0 - 1.8 16.0%1.3 16.5%2.1 s 3.4%1.3 3
KOH 0.1 13.0 12.8 47.8%9.3 46.552.4 6 6.2521.7 3
NaOH 1.0 14.0 13.6 49.0%9.6 46.9%4.1 7 15.3%2.4 3
Tris-HC1 0.5 9.0 8.9  35.3%4.9 17.9%3.2 3 13.851.7 3
Tris-HC1 0.5 7.4 7.2 27.7%2.0 15.251.1 8 24.8%1.7 3
HC1 0.1 1.0 1.1 14.8%1.7 12.551.6 4 13.5%2.4 3
HC1 1.0 0 0.2 6.3%0.75 6.931.7 4 29.4%35.7 3

3) Formation of glyoxylic acid. Mass spectrometry of samples of tri-epox-

ide hydrolysate prepared as described above reveals the presence of glyoxy-
lic acid (Table 2}.

Tab. 2: Mass spectrometric identification of glyoxylic acid

Fragments: C2H203 C202 CH202 CHO2 C02 CHZO CHO CO
M/e 74 56 46 45 44 30 23 28
Intensity (%) 5.1 30.7 53.8 64.1 46.2 66.7 100.0 53.8

The molecular peak of glyoxylic acid (M=74) is distinctly detectable at
5%. The seven fragments correspond well to theoretical expectations. Compari-
son between the mass spectra of a.r. glyoxylic acid and the tri-oxirane hy-
drolysate reveals identity. The amount formed is calculated to be very low,
gquantitative determinations have not yet been performed.

4} Formation of dichloroacetic acid {(di). The thermal rearrangement pro-

duct of tri-oxide, dichloroacetylchloride or its hydrolysis product (di), resp.
is formed in varying amounts (Table 1). It is lowest in pure HZO and highest
at pH 7.4 as well as in strong acid solution. The inconsistency in the experi-
ment with NaOH is unexplained at present; the amount of di formed seems to de-
pend on the velocity of preparing and shaking of the reaction mixture.

5) Possible mechanism of tri-epoxide degradation. The formation of glyo-

xylic acid from trichloroethylene epoxide can plausibly be explained by the
assumption of a hydrolytic opening of the oxirane ring under formation of the
diol. Subseguent elimination of one HCl from each involved carbon atom should
be expected on account of the instability of geminal substitution by Cl and

OH which tends to carbonyl formation:
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OH OH 0 0 0 0
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The resulting glyoxylic acid chloride will, in a final step, hydrolyse to
the free acid.

The formation of carbon monoxide and formate may be formulated as follows:

0 a L3
I 1 C_ +C—C—H —2—» C_ +2HCQ
0. ¢t OH OH e H oy | HO H
“ \C/ HZO Ct é (I: Cl [[]l O'j/ OH
N R » N
cl H Cl H CO +HCl

The second step (II) would be a C-C fission under the migration of one pro-
ton. The decomposition of formyl chloride (III) and dichlorohydroxymethane
(IV), an intermediate in methylene chloride metabolism (20), are well estab-
lished reactions. The pH-dependent shifts in Cl  and HCOO formations, as well
as the (limited) rearrangement of tri-epoxide to dichloroacetyl chloride are
consistent with all assumed reactions. Also, the increase of CO formation with
increasing pH can be explained by the concurrence of steps III and IV.

Conclusions

The results clearly demonstrate that tri-epoxide decomposes rapidly, under
physiological conditions, by means of C-C and C-Cl fissions, predominantly to
C1—units. Contrary to this, tri is metabolically transformed in vivo exclu-
sively to trichlorinated C2—compounds (21), without any C-Cl fission (22). In
addition, microsomal tri-oxidation does not result in CO-formation (23). These
facts do not support, at first glance, epoxidation as a metabolic pathway.
However, we have demonstrated previously (10) that tri-epoxide rearranges,
contrary to expectation from its thermal rearranging behaviour, to chloral in
the presence of Lewis acids. Accordingly, we can offer the following explana-
tion for the above outlined discrepancy: tri is epoxidised by mixed function
oxygenases; tri-epoxide rearranges immediately within the hydrophobic premise
of the enzyme by virtue of the catalytic action of the trivalent iron of P450
to the nonreactive chloral so that, under normal in vivo conditions, the high-
ly reactive epoxide is protected from the decomposition reactions as described
in this communication. This hypothesis would be consistent with the very low
mutagenic (2) and doubtful carcinogenic (13) potential of tri. A confirmation

is expected in forthcoming experiments which also have to clarify the type,



548

Preliminary Communications

fate and significance of the relatively low amount of covalent binding of me-

tabolized tri as described by others (5, 6}.
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