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LooN, . ) . Abstract—#Cl-labetled tri- and ietrachloroathylene wore synthesiced and fed to rats.
", The partition of mdicactivity in urine, facces and expired 2ir was subsequently measured
i 3 _ and the nature and amount of individual metabolites determined. The specifie agtivities
1961y, { "7 of metabolic trichloroucetic acid and trichlorethanol were shown .0 be the same as

: 1574 . ,t ' that ol The admunistyred trichlorgethylene thus demonstrating an intramolecular re-
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armangement of chloride, About 15 per cent of the dose af trichlocetiiylene was [ -
LTl a (e unne. Tetrachlorocthylene underwent Little metabolism ardd snly 2 gor Q.
TR ‘ cent of the radioactivhy was cxereled in the unine Yoth trichlaroathy cne and et .- ‘ bt
o i " chloroethylene are largely excreted through th€ lune slnougn these 1€ an Sporeemr_— (4 — < — .
T L difference between the rates of excretion of the two compounds. 1cirachloroethyles: ) ‘-—OH
1 has no eficct on the liver-lipid content of rats cxposed to high corczntrations {100
3 p.p.m.) of the vapour. A scheme is presented which would account foe the furmation of cl e . .
(hc.known meiabolites of both tri: and tetrachloroethylene . 1
T ' Cl—C —< —
90, g THe chlorinated hydrocarbons trichloroethylene and tetrachloracthylene are impos = | \
. 1 tant industrial solvents especially for dry-cleaning and degreasing, They possess the C o
advantage of non-inflammability and low toxicity. The merabolism of trichlorosthy- i
lene has been studied both in man and in a variety of experimental animals while the ’
metabolism of tetrachlorocthylene has received but little attention and published g
results are conflicting, It is well known that trichloroethylene 1s excreted in the urine as
trichloroacetic acid and trichlorocthanol in all species of experimental animals studied
while, in addition to these compounds, monochloroaceac uctd is also reported to be a
ur:nary metabalite in man This information hus been wlequately reviewed by Defal-
que.! Despite the large amount of publisked work no udequate balance sheet has been
presented for the exeretion of trichlorocthiylene and its netabolites ir urine, facces and
exprred air. A further point of major importance which has not been elucidated is the
nature of the re-arrangement which results in the formation of 2,2,2-trichloroethanol
and trichlvwroacetic acid from 1,1, 2-trichloroethylene This may involve an exchange
of a4 chlondeion with the body chloride-pool or mizv be an inua-meleculas re- E
: arrangereent, :
- faham?® wing a combimanon of pas- and paper-eomitograpie: techniques,
tdentified di- and tri- chloroacetic acids and the corresponding aleohols in the urine of
rats dosed orally with tetrachloroethylsne {1 g/kg). Ylner! exposed mice to the vapour
of V'C-tetrachloroethylene and subsequently recognised trichloroacetic acid and oxalic

PP

ST oty ponn

N mt ey w s

et -

: 795

| ‘

MLEL P RPN URP




: . o, . . e e e S
RO LR L P I L INT S VR LT K T P IS I Y R T VS

N T,
AR P WL T

"

Lty st

R TP LT AT PR B N S

i d

[PIRY

gyt
IS N
Py

1.00¢l S2BH

VN

R

P g

4
3
{
J
f
1
F
i

;
!

796 J. W, Danise

acid in the urine. These conflicting observations may in'part be due to the different
methods of dosage employed.

The metabolism of trichlorocthylene and tetrachloroethylene, both uniformly.'

labelled with **Cl, have been studied in the rat in an attempt to resolve some of the
outstanding problems. In addition the effect of exposure to the vapour of tetrachloro-
ethylene’on the lipids of rat liver has been investigated following a report! that expo-
sure of mice to tetrachloroethylens vapour (400 p.p.m.) produced fatty-infiltration of
the liver. .

MATERIALS AND METHODS

Synthesis of 3Cl- labelled trichloroethylene and tetractiloroetliylene

3#Cl- Hydrochloric acid (100 ;.c) was converted into AgCl which was subscquently
oxidized by heating with a sulphuric acid-phosphoric acid-CrO; mixture.® The
(Cl- chlorine gas so produced was allowed to react' with an excess of acetylene for
60 min at 20° at 0-5 atm and the tctrachlorosthang collected by vacuum distillation.
The tctrachloroethane (1:47 mmole) -was dehydrochlorinated with alcoholic-KOH*
and the product of 1,1,2-trichloroethylenc was scparated and purified by gas-chro-
matography at 50° on a 2-m column of Celite (60-80 mesh; Johns-Maaville Ltd).-
containing 25% (w/w) silicone grease (Dow-Corning Ltd.) as liquid-phase. The pro-
duct was difuted with inactive trichloroethlene to a specific activity of 0-27 jc/mmole,

38ClI- trichloroethylene (15 mmaole) was aliowed to react for 36 hr at 207 with an
excess of **Cl- chlorine gas in the presence of anhydrous FeCl; (0-2 mmole). The
pentachloroethane was collected, dehydrochlorinated and the product of *Cl-

_ tetrachloroethylene purified by gas-chromatography as dsseribed above [*CI-C,Cl,]

requires C, 14-3; Cl, 85:7; found C, 14-4; Cl, 83-4]. It was diluted with inactive
tetrachlorocthylene to a specific activity of 1-3 pefmmole,

Prc')mralion of intcrmediates

2.2, 2-Trichloroethyl-8-p-glucosiduronic acid (INa+ salt) was isolated from the urine
of dogs dosed with 2,2.2-trichloroethanol (700 mg/kg) (Imperial Chemical Industries
Ltd.; General Chemicals Division, Widnes) as described by Kiilz.? Methyl 2,2,2-
trichloro-(tri-o-acetyl-8-D-glucosid)-uronate (m.p. 154-5°) was prepared according to
the method of Smith and Yilliams.?

Animal studies

Wistar rats {rom a closad colony, randomly mated, (180-220 g) were doszd with
trichloroethylene and tetrachloroethylene respectively by stomach-tube. Animals
were then transferred to individual glass metabolism cages which permitted collection
of urine, faeces and expired air.? [n order to colieet the radioactivity in the expired air
the mectabolism cags was vented by a current of air (300 ml/min). The air then passed
through a vertical glass column (36 » 300 mm) which was loosely packed with
stainless-steel rings through which tolucne percolated from a reservoir at 30 ml/hr.
Chlorinated material was readily extracted into the tolueng which was collected in
fractions cach of | hr until no further radioactivity was deteccted. While this was a
convenient procedure for extracting the radioactivity from the expired air it was not
possible to concentrate the fractions so as to allow analysis by gas chromatography.
To achieve this purpose_the expired air from dosed animals was drawn through two
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The metabutism of *Cllabelled trichlorocthylene and tetmehlorocthiylene in the rat 97

absorbers containing anhydrous CaCl, and soda-lime respeetively. It was then drawn
through two traps cach containing % in. Lessing-rings kept at the temperature of
liquid-air. The chlorinated metabolites were retained in the traps under these con-
ditions and were subsequently recovered from the traps by vacuum distillation. The
distillate was then examined by gas chromatography at 50° on |-m column of Celite
(60-80 mesh) containing 28-4 per cent (w/w) Rcopl:‘ 400 as hquxd phase and a

¥Katharometer as detector,

Quantitative analysis

Radioactivity was measured in a liquid Ge|ger—\dullcr tubc (Mullard MX 124)
at 420 V. Urine and expired air fractions were counted directly. A 30%, (w/v) homo-
genate of facces was prepared in water and the homogenate counted directly.

Estimation of trichloreacetic acid ' -
Trichloroacetic acid was determined in the urinc usmg a modlhcalmn of the
Fujiwara procedure. Urine (I ml), containing not more-than 200 ng trichloroacetic
acid was added to 25% NaOH (16 ml) in a test-tubc fitted with a ground-glass stopper.
The contents of the tube were heated, with frequent shaking, on a water-bath at 607 :-
1° for 15 min. When cool the contents of the tube were transferred to a separating
funnel and the lower aqueous layer discarded. The red-coloured pyridine layer was
collected, diluted to 10 ml with ethanol and the extinction measured in cither 10 mm or
40 mm glass cells at 520 mpu in a suitable spectrophometer. Under these conditions
2,2,2-trichloroethanol gives a yellow colour (A_, 412 mu: ¢, 8000). This cclour
does not interfere with the procedure described for the estimation of trichloroacetic
acid. A standard of trichloroacetic acid was included with each estimation since the
colour developed varics appreciably with the temperature of the water-bath.
Trichloroethylglucosiduronic acid. This was estimated as trichloroethanol after
hydrolysis of the urine either with mineral acid or with B-glucronidase. Optimum

" conditions for acid hydrolysis werc 15 min at 100® with 3 N HCI. Since prolonged

heating with acid results in destruction of the liberated trichloroethanol enzymic
hydrolysis is to be preferred for quantitative work. Urine (I ml) was incubated for
18 hr at 37° with 2 B-glucuronidase preparation!® in 0-2 M acetate buffer (1 ml;
pH 4:5). The hberated trichloroethanol was scparated by steam-distillation until a
10 ml-vol. of distillate had beencollected. The distiflate (2 ml) was hesated inastoppered-
tube at 100° for 2 min with NaOH (0-33 N: 1 mi) and the liberated formaldehyde [{l

—_—

Qualifative analysis
Trichloroethylene. The combined urines (48 hr) of 6 rats given 3Cl-trichloroethylenc -

(4-6 pc) were pooled, acidified with HCl and extracted continuously with ether
for 168 hr. During the first 4 hr Fujiwara-positive reacting matcrial was extracted
from the urine (Fraction A). At this stage thercfore the solvent was separated, fresh
solvent was added and the extraction continued until the bulk of the radioactivity in
the urine had been removed (168 hr). This second fraction (Fraction B) was free of
Fujiwara reacting material. A portion (20 ml) of the residual urine was treated with N
AgNQ, and the precipitate ‘collected, waghed with water and dissolved in ammonia

estimated using the acstylacstone reagent described by Nash.!! @
&Mﬂmalcd using the iodometric procedul of Stekol.**
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| (sp- gr. 0-90). No radioactivity was detected in this ammonideal solution. Fraction B i Th. "
Lr. yvas concentrated in racuo and the residue redissolved in 0-5 N acetate bulfer (pH 4-5).  ~ ¢ .
f | A saturated solution of normal lead acctate (0-5 vol.) was added and the precipitate ! '3
£ separated on the centrifuge, The residue was washed tmc" with water on the centri- ! tirsror
. fuge and the washings added to the supernatant which wal then adjusted to pH 8 by f a.nc_i o
! ' the drop-wisc addition of ammonia (sp. gr. 0-90). The precipitate that formed was { pOlnt(;
collected on the centrifuge, washed three times with wajer, suspended in water and ! Chlor?“
gassed with H.S. The PbS was removed by fitration and the filtrate concentrated ! Th"?
T in vacuo. The residue was dissolved in methanol and filtefed free of insoluble material. 5 and‘ dg.
) 4 The filtratc was then treated with an excess of diazomjethane in ether and allowed A f':‘\f: d‘
{ to stand overnight at room temperature. The solventi pvas distilled and the process / collecte
- of methylation repeated. The gummy residuc of the fnethyl-ester was dissolved in [((,Ej then di
I pyridine (5 ml) and acstic anhydride (5 ml) added. Affer standing for 18 hr at rog3d shen
e s IR temperature the solution was poured into water and he solid which SCW was{ re.E
2o :T collected and recrystallized, to constant specific activily, from aqueous stf@nol. The mz}d“'f’“
o b material was identified as @ 2.2,2-trichloro thyl-(tri-@,ﬂ‘/o alucosid)- C/fc,acl‘ s
z; 5!1 uronate (m.p. and mixed m.p. +5¥155°: [e]o - 38-6° (c. Il I Eﬁﬁ-l) (Smith and"/ v wasn::;
o g:a: V.illiams,?® quote m.p. 158° [a]o — 377 (c¢. 1-0 in CHCL,): Seto and Schultze'? quote”™ ¢ | —c— aluc
3 ‘;;:- m.p. 157-158° [a]D — 40-7° (¢c. 11 in CHCHL)] C;sH,04, *°Cl, requires Cl 23-11;  / f { B-g .
w " found "*Cl 22-7, The specific activity of this material was 0-31 pe/mmole, 2dn r;\ou
iy Fraction A contained both trichloroucetic acid and the normal -urinary ether- /{7’! / © tT:;m
r:"; uble acids. It was shaken 'with Na,CO; (2 N) and ‘the ether laysr discarded. The e
S aqueous solution was adjusted to pH 4 with 709 H,PO, and extracted for 18 hr vapour
R with cther. This procedure removes a considerable amount of non-radioactive ether- ¥ Anima
i ;} soluble material which would otherwisc intereferc with subsequent procedures. No : Atmos
B significant amount of radioactivity was extracted. The aqueous solution was then ; livers r
?}, acidified with conc, HCl and extracted for 4 hr with ether. The ethercal extract was - The dr
; T " concentrated to a small volume (5 mi) and treated with excess of an cthereal solution d!::.
:P of diazomethane. Gas chromatography of the mixture of the methyl-esters thus ob- v t
tained was carried out on a 2-m column of Celite (60-80 mesh) containing 3079, by
o weight of di-n-decylphthalate as liquid phase operating at 105° with nitrogen (70
o ml/min) as carrier gas. Two peaks were obtained which were separately collected in 1 . .Thc
. 1 traps cooled in liquid-N,. The contents of both traps were weighed, dissolved in 10 ml : w”th *
‘ toluene and counted. Only one fraction was radioactive and corresponded to that : rables.
Wi peak given to methyl trichloroacetate. The material isolated (7 mg) had a specific ‘ excreti
gl activity of 0-29 uc/mmole. i time o
) b WCI-Trichloroethylene (06 pc) was administered to a rat and urine was collected for : of exp
El L 72 hr. To the urine (10 ml) was added trichlorcacstic acid (533 mg) and conc. HC1
i e (5 ml). The solution was refluxed for 30 min and the urine was extracted with ether. !
' 21 The residue, after cvaporation of the solvent, was treated with p-chlorobenzyl- .
pseudothiuronium chloride.™ The resulting solid, p-chlorobenzylpseudothiuronium
i trichloroacctate (m.p. 150°) was recrystallized from dioxane to constant specific De
‘ activity and corresponded to [-7 per cent of the dose of administered trichloro- )
d cthylene. No activity was found when mono- and di-chloroacetic acids were separately
x ; added to urine (10 ml) and the above procedure carried out. i
S BC[-Tetrachloroethylene. Trichloroacetic acid (530 mg) was added to urine (20 ml) :
[ of rats which had received *Cl-tetrachloroethylene (2 pc) by stomach tube. The urine {\ _—
'- i
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The metabolisin of *Cl-tabeltcd trichlorvethylene and tetrachioructhylene in therat 799

was then acidified with cone. HCl and extracted continuously with cther for 4 hr.

The cther was scparated and distilled in a current of nitrogen. The residue (1-02 g) ‘

was dissolved in cthanol {3 ml) and treated with a solution of p-chlorobenzylpscudo-

thiuronium chloride (1 g) in cthanol (5 ml). The solid which scparuted was collected

and recrystallized from aqueous ethanol to constant specific activity and melting
point (150°), and corresponded to 0-6 per cent of the dose of the administered tetra-
chloroethylene.

This procedure was subsequently repeated after the addition of monochioroacetic
and dichloroacctic acid respectively. The products were not radicactive.

NaCl (20 mg) was added to a portion of the urine (20 ml), the solution acidificd with
a few drops of conc. HNO, and treated with 0:1 N AgNO, (3 ml). The precipitate was
collected on the centrifuge, washed three times with water, dried and weighed. It was
then dissolved in ammonia (sp. gr. 0-90) and the radioactivity determined. The AgCl
was reprecipitated by the addition of acid and the cycle repeated until the precipitated
material was of constant activity. 1t had previously besn shown that trichloroacetic
acid is not precipitated from urine under these conditions? '

In order to determine whether any trichloroethanol was present the urine (1C0 ml)
was adjusted to pH 4-5 with acetate buffer (0-1 M) and incubated for 18 hr with

~ B-glucuronidasc. Volatile metabolites were separated by steam-distillation and the
amount of radioactivity in the distillate determined. Only background activity was
obtained indicating the absence of chlorinated alcohols.

The effect of tetrachloroethylene vapour on liver lipids. Animals were exposed to the
vapour of tetrachloroethylene (1060 p.p.m.) for three successive periods each of 6 hr.
Animals had rcady access to food and water during pre- and post-exposurc periods.
Atmospheres were prepared as described by Gage'® The animals were killed, the
livers removed and extracted for 6 hr with 25 ml of a mixture of alcohol—ether (3:1).
The dried, defatted tissue was then separated and weighed. The solvent mixture was

distilled, the residue weighed and the results expressed as mg lipid per 100 mg dry
weight of liver. .

RESULTS AND DISCUSSION

The distribution of radioactivity in the urine, facces and expired air of rats dosed
with *Cl-trichloroethylene and 2¢Cl-tetrachloroethylene is shown in the accompanying
tables (Tables 1 and 2). Both compounds are largely exercted through the lungs, the
excretion following an approximately exponential course. Trichloroethylene (half-
time of expiration 5 hr) is more rapidly eliminated than tetrachloroethylene (haif-time
of expiration 8 hr), There was no evidence from analysis of the expired air that any

TABLE 1. THE EXCRETION OF RADIOACTIVITY IN EXPIRED AIR, URINE AND
FAECES AFTER THE ORAL ADMINISTRATION OF 3*Cl-TRICHLORQETHYLENE

Dose (pc) . . Radioactivity (34) in’ : Total
Eapired air Urine Facees Radioactivity (30
86 84-8 10-7 05 960
75 © 823 138 0 96-1
37 — ‘ 11-3 0 [11-3)
40 72-1 . 206 0 92-7
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TASBLE 2. TIHE EXCRETION OF RADIQACTIVITY IN EXPIRED AIR, URINE AND fc
' FAECTS AFTER THE ADMINISTRATION OF MCI-TETRACHLOROETHYLENE - re
e ) genate
_ Radioactivity (77) in " ment ¢
Dosc (uc)  No of animals  Expired air Urine Facces

. CXPOSe
1475 i 97-9* 21t 0 a ear

13 4 _— -6t 0 ) . PP
metab

* 48 hr. . ‘enzynm
. 1 18 days. chlorz
metabolite of either compound was present, although the presence of chloroform in ethane
the expired air of men exposed to the vapour of trichloroethylene'® has been reported. that li
In a single experiment a small amount of (1-2%) of trans 1 2-dichloroethylene was admir
identified in the expired air of a rat dosed with trichloroethylene. This observation oxide
could not be confirmed in subsequent experiments and the result was thought to be Teisin
due to traces of impurities in the trichloroethylene. Quantitatively the urinary meta- tetrae
bolites of trichioroethylene (10-20%) in the rat are due to trichloroacetic acid (1-5%;) increa
and trichloroethanol (10-15%). No monochloroacetic acid was detected in the urine. howe

Tetrachloroethylene undergoes littls metabolism and only about 2 per cent of the metat
radioactivity is excreted in the urine, Trichloroacetic acid (0-6%) and inorganic in the
chloride were the only metabolites detected. About 25 per cent of the total radioactivity The
in the urine was precipitated as chloride on the addition of silver nitrate solution. Ci
The radioactivity remaining in the urine could be accounted for as trichloroacetic ’
acid. Little oxalic acid could, therefore, be present since there was a 1:1 ratio between
trichloroacetic acid and chloride ion. These results are in partial accord with those
described by Yliner for the metabolism of HC-tetrachloroethylene in mice.

Radioactivity is exercted in the urine {or upwards of 18 days after the administra-
tion of both trichlorocthylene and tetrachioroethylene. It is well known that trichloro-
acetic acid is slowly eliminated from the body!? after exposure to trichlorosthylene.
The excretion of radioactivity after dosing with trichloroethylene corresponds closely
to the excretion of trichloroacstic acid in rats dosed orally with sodium trichloroace-
tate (unpublished experiments). It may be assumed that the radioactivity after dosing
with tetrachloroethylene is due to the excretion of both trichloroacetic acid and of
chloride ion since the latter has a biologic half-life of 29 days. It is certain that 70-80
per cent of the radioactivity excreted during the third week is precipitated as inorganic
chloride.

The specific activities of both trichloroacetic acid (0-29 pc/mmole) and trichloro-
ethanol (0-31 pe/mmole) isolated from the urine after dosing with trichloroethylene
were approximately equal to that of the administered trichloroethylene (027 pc/
mmole). This indicates that there is an intra-molecular rearrangement of trichloro-
cthyl=ne and no exchangs of chloride with the body chloride pool. A reaction mech-
anism which may reasonably be expected to operate in vivo and which would account
for the known metabolites of trichloroethylene would be,

Cl Cl Cl 0 Cl Cl
"N,/ NN S N
- C=C C—-C - CI—C—CHO
VAN N ' . AN '
Cl JH O a H : :CC1,.CH.,OH
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. in (05 aimals treated with SKEF-acid 60 min before dosins.

. metabolism. The oxidation of chloral to trichloroacetic acid may be carried out by an

The ntctabolism of ¥*Cl-labelled trichloreethylene and tetruchlorocthylene inthe rat 80t

The formation of an hypothetical oxide was originally postulated by Powell.?® Tri- %\—L‘
chlorocthylene oxide is thought to be formed in vitro when trichlorocthylenc is oxy- <L/" =0
genated in the prosence ofacttmc radiation. (British Patent 523, 55, 1940). Rc,g._r_rmcc-
ment of the oud:: would oi rmatxon of which, in men

e300sC blazaginy 2RouT e it atermined.!® Chloral m

appeared in the blood within 30 min of exposure but subsequcntly underwent rapid

9209e1 spy

enzyme present in the liver of a variety of experimental animals,?® Reduction of

chloral to trichloroethanol would involve alcohol dehydrogenase. That trichloro- T
ethanol is not the precursor of trichloroacetic acid follows from th8 Gbscrvation "
that little trichloroacetic acid (0-3 %) is [ormed when trichloroethanol (300 mg/kg) is
administered orally to rats (unpublished results). The formation of trichlorocthylzne

oxide im viro is probably due to a non-specific enzyme system. Bartonicek and
Teisinger® have shown that the oxidation of trichloroethylene in man is inhibited by 5ﬁ j A,
tgtracthylthiuram disulphide (Disulfiram).-This was demonstrated by a consxderably j
increased excretion of trichloroethylene through the lungs. The oxidation is not
however inhibited by SKF-acid (50 mg/kg) since the excretion of Tadioactivity and of |
rretzbuties of TICIoToethy e I TR urine 15 the same both in control animals and

.
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‘ Themetabolism of tetrachloroethylene may involve the following series of reactions,
Ci Ci Cl 0 Cl

i

%

NI RN d )
Cc=C - C—cC . —/CLC.CO.CI\~ Cl,C.CO0H ,,,3 d
/ \ N i
o a’ /77 1P

'I'he amd ch]orxdc would be rapidly hydrolysed to trichloroacstic acid® and neither
trichloroethanol or oxalic acid would be formed. :
There was no increase in the urinary excretion of mercapturic acid following the
administration of either trichloroethylene or tetrachloroethylene.
The absence of any effect of tetrachloroethylens on the liver-lipid content in rats
(Table 3) is contrary to that reported in mice* but is consistent with the low mamumalian
-toxicity of tetrachloroethylene. .

TABLE 3. THE EFFECT OF EXPOSURE OF RATS TO THE VAPOUR OF
TETRACHLOROETHYLENE (1000 p.p.m.) ON THE LIVER-LIPID CONTENT

No. of animals Sex Series g lipid/100 mg dry wt, liver
7 male control 112+ 14
7 male test 113 4+ 22
7 female control 107 =22
7 female test 80 =15
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