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N 1. INTRODULTION

i

During 1978 a report was published by the Natisnel Cancer
Inacituto (1), referring on the rvsults odtained on & lurg-tera cap
Sinopentaieys study duveloped on 1LE. In these experimants ICL vau
wWminiotared by gavpe, o dLyu o wesk, far a perice of 78 weuxs =3
ROCITI nise and te Mendel Osdorne rate (Loth femalve and malem were
sreated for tne w0 Bpacies). The treatitunt: vere 4% the raxizun 3]
lerated sose (MID): this was for rits of 1iOC ey and for mone of
8000 rgfug (muleg)and 1300 mg/kg ‘Cenadvuj; A owe.nd dess vas &lje
Riven (cthe half of the MID). Durtng‘ircatmant:. 0 doses for buch

opecles were raducud,

‘&

The Cinal data of theuo experirenis have concluded that
TCE did not preduce tumours in rats st tre N1D (1300 m3/kg): bvut
1t pretucad hepatovellulaur caretroma In ha(h rale and ferule rlee
with « atatistical significant difference from :he contiol; cre in
eidence of tumours was higher in males corsared to fensies.

+f 1077, HENGCHLER et al. (2) juestlicuied the reaulce obig
ired vy the 1€l cxpertment, o0a the bavis thet the caruinegenlic ¢ffecat
toparted by %iw HUI could have boen due, largeiy, te the t/pey ard
ANOULiLE ol apaxiden present in TCK Sanple uaed for icrg-tem study,
namely spiahiloarahydrin end 1,2-dpoxybutune. lloreuve:, theay Adsaors
Wnal2od n sample of TCE stirtiar to :hut awRplosed hy voe NS s
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. they dLrerved tho prosence c¢f 0.42° o epoxidet crployed as stab’-
llzers, Nutagente analyidc¢s éovcluﬁed by the samc¢ Authors, by using
TAICO wtrain of Salimncnulla 1n the /7es toct, cemonstrated that epi
¢hlourchyd. ine and 1,2-epoxybutany were streny mutagens for $plagnela
14, whaoreas trichlorocthylene of pure gvads was not mutagenie,
Cn the baxis of KELSCHLER'S critiectan {2) and of other
Autrere (I) we have inven:tigated :the wutagenicity of diffarent ty-
pee of TCE (technical and pure prade) containirg 2ifferent tyaen of
stab; iy
have bean parformed IN_V.Ve, 1r the hout modtated 8ERy, on FALYF)
rice, by trentirp the antmals by pavape (24mtlarly to *h. proceure

s

ers, (including epichloronydrine): the rutugentis ¢l ones

o
) ;]

Witpeted By Nl on the sace stiatne of ri2e)] athar EOivVenty, such
ta vplehicicghydrine, trichloroethane and tyclohexancne have ai. o evy
luatu? (n the seve atudy.,

The atm of the present Btudy was tho pozmtbLility te verity
by a dircet methodolegy thy critician doveloped by MELSCHER (1),
in order to promote further ntuajes on trichloroethylene for a nore
accurate cvalunition of fcu poteniial mutagenic ae well careinogentie
risk,
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7. RAQLOGICAL JATFRIAL AUD GREETIC RUD POTNT

P

I 2

Youst cell gena-mutavion test in fehyanssesharg-
MNYSoy Lomba -8 bawed on the treatnent of a haploid doudle
mutant strain - P, strain - of the neneﬁypc‘gzgggigjgtggg
. 16-108/n": Lt allowa the ovaluation of the froqueney of
forvard gonc-mututions induced in five difforent gunutic

4001 locatcd on the thrue chiorosames of this yeast.

I Y ke

“he atrain amployed consint: of purple calontes,
, and the inducad nmutanta are represented Ly white eslonien: )
‘i they are of the gunotype n4e4-40/3d9 X. Tro secend~ade mu-
:> cation may have cecurrvd in one of the following 8 genstlis

lcot, namoly adql. 3¢ed. Adod, aged. aded. B

W™ g o ows ST
- .

? 5

.

Forward mutaticne induced b§ shexicale in oach
one eof thouo 8 louci have been shown to conaial. ol hase-
pair sudbstitution ns woll of ‘nsertior/doletion Lata-pairsi

‘ seaventhy chamicalu of different molecular nature have been
80 far tcstod in this mutational aasay. (see 7).
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- UOLT MEDIATID ABDAY . |
Las;aggzijgnxglﬂggg;z. The animals (mice or rots) are starved

evernight before the cxperiment. The yuanc cel! suspensisn is
{noculated inte tho peritoneal cavity of mice {i49-30 gr of
body whelght) by injoction (1.8 r! of suspenalun containiag
2,10 cello/ml). The chemical ge acmintotered by gavage (0.8

ml por animal per troatment). After giflerent incubation times,
the animals are Killed by cervical dislocation, the peritoneal
eavity tu open ond cells are rtcoyvred Ly a pijpetts and by wa-
ghing the peritoneal favity with iﬁmi of utertlo distilled wa-
ter, The eell nuspennion in eauntud on the mlcinzevpe and ape-
rapristely dilutud Acaording to the amuay: a dilution :5 1.8 x
363 cells/ml §s prupared and 0.3 rl of this curpension s zpread

on & yeaat axiract apar plate.
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. The induetion of

8onatic eftect g tvyu
slon Shaly

fuated by regren-
848, according to oquation ‘ ’

L ]

‘Quency of 8oneiic offyust ¢ te eva.
¢ of the sutagen.

inducen frequency (¥) increaves fo. o UME inereas. ¢ the dase
(%) the ovefrie,

S8igunt (a) reprusents Ehixgrtqucncy’ot gene
fees producey et A done x « 0, '

in the Presnont cnges
Seen Galculated

6% of tha (ata,

sic of-

+ the correlattion factor (r) Haa
Jor an svaluation of the statistigal ti;axgteag

ES




S.1. Yeast col) swspengion

One frush dusp-red yeast coluny grown or YEA in
récuepunded in A 50 m1 YEL broth and alloved to drow for
38 hours atv 3J0*C on a ahakcr. After this incudbution time
youst colis are washed und collected by centirifugation
{3 min. at %300 x g). Celd titor tu adJuntod ot 4 x taa

¢ell/sl in YELD and 1 m1 of such a sas;eﬁa&sﬁ {8 inoculs
teed {n a uterlle tont tube (approx 20 ml veolune).
' 1 nl of 8-% mix, Lf motabolie astivation 4o rs-
Quired, is addod to ench toast tube, otherwise 1 ml of ﬁhg
- Rphate dbulfeor as added, .

A}

¥.D. freatnent pregndure N

The test oubatance 18 added in A finul vilume of
€. 1 ml to the cell suspenaion.

‘ . Routinely the compound is teuted with the fallo-
wing doses: 100, 30, 10, 1, 0.3, 0.1, 0.0) mitolar.

The cella suspensiona are allowed to grow for 18
houre in a shaking watcr hath at 32°C. At the end of the
trvatment tgv ceil uie wanhed Luiee. erunten at the %tcﬁa~
scope and area plated for uvaluotion of tha presenc © ol -
ventually snduced mutantis,

'




Only a eanpls of Lraoted cuspensicns, uctcording to
the following eriturin, are plated: 1. tne conirel, 2. the
highast dose trrated suszension whieh 18 grovn up the con~-
trol), 3. a suurension whtich i mmaklsylﬂhihi.eﬁ. 4. a tu= _
spension which 14 intormediotoly inhtugtad (eat the exomple). .

8.3, Plating nrosedyre | » .
Q 1 ml of calls suspenston containing approxima=
ively 3-3 x 10% cell are invculated in 3 m| coft agar (48°C)
and peured ontu a YEA puirl dish ( 100 ma glametor). Usual.
1y 10 netri dishes por dose
3% 0.1 ml ¢f the
I 30'1 ara plated with tho samn proccdare forr the populp
tion evaluation. Pur tnis the €olony are sllewed to grow for
8 days &t 3R°C; \hen 1«8 days at +4°C are raquested to ine
eraa;g the pedy igm:irtation of the edleny.

ars plated.

31(! aull ay up? nulun dilutyd

" ¥

8.4 UCRrAnL of the Kutaris
r All the plated petri dishes are ncered for whice
eaap:atq cre sactored fuatant ealeny wrong the red ores.,
Survival and mutunts {nductien aie scoured on theo .
Same platos for vach treatment voriea: in this cnse wll 1]
lontes vhich have survived tho ehumical trautmonts ave sco-
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h: XEA (por 1itor)e glucoce 30 gr, yuast oxtract § Kr, Agar 18 S
0. YEL (per itor)e glvucose 20 r, yoast ontreet $ gr,
adentine 78 ngr

N t., L

¥

« XRLR (per Yiter)e glucose 40 £r, yeast extract 10 e

adenine 1%0 ngr
!_g_nig (por 10 ml)e 3 m} 5=9, HADP 230 war,

P

Clucave=l-l 80 ag#

Glucusa 6~P-Dehidregenase 200 P, NagCl, 00 1

from a 900 mit solution. Phe:phntt tnf;cr PR 7.4 0.1 N
0.94 ),

®. fefe egng (per Yiter Agar 2 ar),
Yo troaphate buffer = €.1 M pit 7.4




b LETAOLL: ACTIVATIQU RYSTEY FOR IN VITNQ KX ERLNENIS

A post-mitochondrial fractien of tihe liver homogenates

. Q’*B’ is usod oo an aotivation ayatem. The ptegeégre for. ite prg

paration {u the follewing. .

A diver 18 cotalned from 3 rats, which hawbeen treated
five diya beforo with A.p, injection of Aroclor 1284 9% a duse of
BOO mp/ug. The livers ars whaighed, minced, susponded in a huffur,
And hicwogonized on ico. he homogenate i& e<ntrifured twice (at
900 2 g for 10 .min. at 4°C,; at 9,000 ¥ 8 for R0 nin. at 4°,),
Thuy vupernatant (2-0) is deanted and. it raprescaln tho pos:-mito-
e¢hendrial fraction tu be amployed during the treasmont,

To the 8-9 preparation (0.1 ml1) tne following cofacters

arv added: . ;.

HADP . g 3.0/m1
Glucose-8-» " ¢.0/ml
v Glucose-6-r-Dohydn., Al 20/m)
MgCl, " 40/m1

- W W % Cawm e e

B B W Y
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é P, CURLICAL COMECUNDD TASTED ONf SshinQeuistinlonyate Lasha VITH DIrFVE-

RENT RNTHODOLOGCIES “in viure” ARND “in vive",

With the forwurd mutation system of ELssharenyusg powng

(Wild typc und a mors nunsitive derivative sirain, P,? A eartatin
rumbor of chenmical cumpounds of diflervent mature (selie, liquid,
Ra8) '.ave Baian tented fur the evaluattia of thuir muthgenie pueep
tial. A achematice suimary of the resulil so far ediained &r) repog
tud in he To)lowing limt. The nwansitative deta have been reparted
ir. acveral selentitic paper since 1004 corpounds 43-90 have been
AMzuyed in the lLaboratoire do Cérdtique, University of Liege (bel-
néen), under the leadership of prof. J. [OVTILCKEN. '

Severa! Jifferent rethodologies have Laeen applied in the
mutation studien, inuluding 1n vitre assays with and withuut meta-
bolia asivivation, and dn _ivy assiys,in the host mediated assay;
with his latter procedure YOant cells have Leen inoculated inte
the animal vin intraperitoneal, via intrasanguinecus and via !nt?&-i
gastric,

‘ Uesider the )ioted cumpounds, 40 otl.er chemicals whose
ehomica. formule 1t not YOt Kndwn to us huave wvuun tvbsed: thety
onalycin s parr of the “International Programme fur the evaluation

of atinrt.turm tests vor Carcinogenticity” eparrcred by it »¢ England,

ICL, and IICHS of USA (Hutation Res. 44, 203-20:, 1978),
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,"z
h cnmzcm. CONPOUIIDS TESTED LIl THE YOAVAND HUTATION AvstEn or ;

THE YEAST ¢ fenlaocacehuromycos pombe. ' N

;1

. i

g

1o H-HETUYL~{~HITROOD URETHANE H 3
8. HeRTHYL-N-NITROSO URETHALL K g‘
34 UNETHA'K thactive ‘
4, H-HETI'YL URETHAE inactive l:
. N-ETHYL URRTHANE tnactive l_
Lo NETHYLLLTHANE BULIONATE " .- .
7. 129PHOPYL METHANE BLLFONATE H :
~ e FTHYLEATHANE NULFONATE n )
Y, RINVLENRINILE M v
10, DIE /L BULYATE " ' *
TICTRY TN VT h ?-
P Wl ETPORO -1 RETHY LK -N1TLOLUANID Y NE " !
13, HYLNOX v iAMINE N ;
14, KITRONS L 21D " ;::
15, vy Py thactive -
; 18, vIHIL CrLORIDKE R ma ht-a i;
37 CHUGNGET I LENE CX10K M N
V0, CHLURO /ACETALDENYLE inactive ra hra i3
‘e, CnLano kvianoL inactive S "
20, YIVHELE () B
21, LTYFLUE ONILE " haa s\
" 22, cnpoMaTe " ;
22, NEMLUPY CHLORIDE ' -
]

L

'b

|

\ !

‘ |
.




45,
44.
47.

DIKETHYL NITROSO AMINE
TRICALURO ETHYLENE

88, PPOXY-1,1,2-TRICLONOKTHANS

1,4-D1CKLUYRO JUTENE-¥
1,4=DICHLURO BUTRNE-/,3-EPOXIDE
R, 4-DIANINY ANILOLY
CARMINIC ACID
CYSLOPHAISIANIDE
HIYONYOIN ©
DINERTHY.LSULFOXIDE
NETHALOL

RPfedYLENE SLYVCOL
2=HATHUXT RTHALOL
2-PROPANCNE

RYCANTONE
PRAZIQUANTEL

o DIFLLCROTHLOND KETHMANE

THIZUDIO-180 FPALDIANIDE
ICR-170

PARAXRO

DICHLOAVCS

TRICHLOATPON
FENILTRATHION
EINTLAZINGNOS

N
inassfve
He
M
N
H
inactive
K
N
fhuetive
inseciva
fnaevive
thactive
inactive
L]
tnactive
inective
fnactive
M
N
- M
b
N
[N

: B

P 2

L -

Ba

2 )

i 2232

. - —
W ﬂ -

hma .

g
T T s et < .~y vaim w;::g

haa t:
b ' F




82,
| 83,
34,
88,
~36.
87,
sa.
8.

1.
e2.
8.
04,
(18
és.
D

67,

€h,
9.
70.

7.

METHYLAZINFPNOS
NETHYL PARATIIION

ETIYL PARATHION

BIKETHCATE

KETHYL EROIOPSS

LTHYL PRIHOPHOS

RALATHION
TRINETIC)).-PHOS MATS
TRIETHYL-PHOSKHASL

LIRATLHI

LPICILOMNYDRINE

HEWniYLLREA

HIROUS ACID o HETHYLUREA
FALINOEYRINE

BITROUS ACID o /MINOPYRINE
SIMETUYLANINE

NITROUS ACID & DIMETHYLANING
1,3,1 TR(CHLORORTHANE
ea[@-(\~oxo-a~xsaxnaaL;uvu)-vﬂ:ﬁvg]

"BUTYRIC ACID

S-KETHYlﬁPIRA!!H-Q*G%%SG&Xthniwﬁxiﬁi
AClD

uv LIeny

A Raty

sponTANLOUS

CrdLongxalong

v 30 other ¢onpaunds

S X Sk _ o -

]

M
tnastive

N

H
inactive
inactive

H

H

H

M
ihactive

n
innetive

N
inactive

L
inactive

"

ISact ve

na

ry

F.aa
Fma
hma

hma

haa

riag

¢ * mu.agenic a8« in vitre:

hna » gq,g;vg: o8t Pudjated aany,

mitebalie uctivation




8. RRUUTLS

ko

In the foliowing tables &nd figs. the results so far obty
ined In the scveral porforiaed experimente are reported; tha conpo-

Mltion of chemicel'a svaples employed in the Mutegenic analyis is
aleo encludoed. '

PE
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TABLE )

CONT/MINANTS OF A TECHNICAL GHADE SAMPLY. OF TRICHLONOETHYLRLE
NONTKDISON EHFLOYED 1k MUTAGKLICITY TEST

at e Mr.ﬁmrz L.

'

Compound % w/w

THISHLOROETHY LKL 99 i

1,2-TPONYEUT/NE 0.19 ;

LIHVIASLTIATE 0.04 e

Ei ICHLGAGHYDRYN . 0.09 .

HoRETHYL PYNAULE " 0.02 :

D1~ SODUTYLENE 0.07 £
!
t




.

7o - h
i L )
RITTR ) ¢
L
S
RUTAGENICITY O7 UCE TECHIICAL GRADE €Nl §.iorpe Y MKANS OF THE h
HOUS MIDIATEL ACRAY ON BOCHIZ ITDIID NICT (16 HOHS OF IKCUDATION) g
Trantment Peae  Animnl  Yervard ffuta.nu_‘ HZs.r. .
rg/kg ne ne n.rF.x10 3
[ o . N S — ' ;
NON& - 1 5/3¢<00  ©.80 )
" - 2 8/72100  0.83 0.0420.C8 ,
" - 3 8/72%40 1.10 F- |
1ce £20 1 12/e880  1.m0 =
" " 2 12/1002¢0 1,11 1.3320.3) f
" " 3 7/39380  1.77 Vo
" " ¢ 6190200  ©.¢d . g i
foK 1,000 1 3/53630  0.08 e |
" " 2 $,50210 0.8 1.3220.1¢ -
" . 3 18/76230  4.09 |
" " 4 8/41200 1.46 , ]
) rex 2,000 1 1720200  0.%0 |
p " - 2 0/29700  1.09 1.01%0.21 |
" " 3 12785330 1.44 ' .
" " 4 3/18750 1.80 v
‘ s t0 2 18/207¢0 .2 4.30%.02
" " 2+ 21/943%0 3.8
" - 3 18,8270 3.4

~ 7 Regroasien analyiis {2 ngsk@i yeF.E.10"%)
¥ o* 1.0370 + 0,20089%

r e 6.80309




HOLT NIDIATEY ACSAY ON MOC3L

TAULE ?

WTAGENICITY OF ICR TECHIICAL GRAPE CN $.20rbe 2V NEAIS CF THE
WeORLID NICE (16 HOUXS OF 1LCUBATION)

Trantment

PRSTRAS NG ST R

NOE

"

"
ok
“

134

TCr

"
"
"

MH3

"

Ccae Animal forvard Yutan L M2 8.%.

mR/Rg ne ne n.r.xi0
- 1 5/9£<00  C.08
- 2 6/7:100  0.83 0.0420.Ca
- 3 8/72040  1.10

800 1 12/6680 3.R0
" 2 12/108240  1.11 1.33°0.1)
. a 7730380 1.7
" P 8/90300  ©.¢o

1,000 1 8/53680  0.8%
" 2 $/80210  0.89 1.3:°0.:¢
" 3 16/76230  4.09
" 4 8/41200  1.4%
2,000 A 1/20200  0.%0

v 2 8/3vT00 .89 1.8120.:7
" 3 12/63330 1.44
" 4 /18750 1.80
10 1 18/287C0 .22 a6t
" 2 21/%4300  3.C6
" 3 18,82700 3.4l

Regreazien analyais {(xngrkai yoF.1.a10"¢)
¥ or L0470 ¢+ 0.000.96x

roe 0,80390°

buc- i

."W’”ﬂ “a#."
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-
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YABLE 3 ‘ '

~ CONTAMINANTS OF A FURK CRADY SALFLA OF THICHLOEARANYLENE NOHTEDL LN
BHEPLOYED IN MUTAGRRICLTY Ti3YS

- |’Tb-r..

Couapound W owia
s,
. — ]
TRICHLOROZ THYLENE ) . LY {.;
CLENOPORN 10 ppm 8
CARBON FETRACKLORIDL 17 v o
1,1, 2-TRISHLOKOR THANE T -
1,1, 8, =-TETRACHLOROS THANE 14 v >
OTHER CONTANINANTS 16 v

p-Teet. BUIHYLCATECHOL used . & stadbili=or.




- ::g -
TADLE 4

KUTAGENICITY OF A puns GRADE BAMPLE oFf 7TCE on S.ponbe BY MEANS
OF “THE HOST MLDIATED A332T ON DOLIFY MIBRID WICE

Troatrer.t

Duse Incubation Aninal torvard mutants
mg/hg hours ne ne H.P.x10°4 pnlg.p
S
HOKE () . 3 3 3/46%30 0.80
" - " : 1738716 0.2%  0.20%0.39
" - " 3 $/32140 1,88
ACLE ., - 6 1 e ¢,ve
" - " 3 2737696 ©.%5  0.74%0.13
" . " k) 3/3043%  0.43
Hexy 1) - 14 1 e/104%0 2.10
' - " ? 6/29017 2,00 LT3, 80
" - " 3 1/39718  0.2%
1oL 1,000 18 1 6/9%200  1.c3
" " " 2 7/3665%% 1,90  1.s9l0.2:
" " " 3 3/14920 2.00
. " " 4 3/4204%  1.26
TCE 2,608 J 1 4/%7000 0.¢3
- H 2/34020  0.%) 0.24-0.20
- v . 3 /24500 1,23
TCE 3,000 .8 1 1/22/%0  0.2¢
o " " 2 1734506 0.28  ¢.:220.10.,
" " " 3 3/33960 0.7%
ICE 2,600 to 1 /27700 1,47
" " w' ? 33110 0.9% . 3¢l0.1
" " " 3 572930 1,07

T




¥

gunt. nue
DHNA 100 16 102/40102 20.70
" " " 48/23344  19.20 19.73%3.24
" " " 4774820 10.%0
(*) everage LuTiOL 1023 L 0.2
- . ;4 '
Begreprivn antlyala (» « me/kg  y o« 'f.K, x 107 Y)
-
Y u 1BTT = L0GEEWA s ek (G8)
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TCE PURE GRADE  SAMPLE

TRICHLOZTHYLENE 90.08 %
CLHLOROFORIA 10 ppm
CARRON TETRAGHLO!HD_E 17 -
' W2 -TRICHLOROETUHAME 21 -
VILR2-TETNACHLONOETHANE 14
! OTHER CONTALINANTS 16 -

S.p0mdo
B6C3 Fy mlco

‘?

2 \

v

2,0

¢

tvu e
' >
! <,
! t.ﬁi 16' . ) Q T_

M 7 B & bt

&t

0

sf 1.0- rmaN.S.

é

. 0.6-

' T - L
0 1000 2000
my/Kg
bip. 2




TCE& PURE GRADE UAMPLE

TRICHLOROETHYLGNE - 990.08 %
CIH{LOROFORM 10 ppm
g CAR3UN TETRACHLORIDG 17
: ' 1.2, YRICHLOROETHANZ -
.22~ fETRACHLOROSTHANE 14
OTIER CONTAMINAMTS .18 -

S.pomdo

BOCI F; mice

;

‘ g ra N8,
P
-

' sg 2-

) Q-
€ :QN'FNOL )
A \5‘ ’ () o v e ) ke
o TCE &
ui - Y ¥ o ' y LR
0 3 () 10

INCUBATION TIME (hours)

. ' Fig. 3




B
- L . ——

TARLE &

-
i gl

NUTAGEIIICITY OF EPICIILORONYDRIN ON S.pgrhg BY MEANI OF AN in vitro
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TADLE B |
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THE rUST MEDIATAD ASSAY ON DBOCJI Y HYSKRID HICE
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