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Dominant Lethal Studies with the

Halogenated Olefins Vinyl Chloride
and Vinylidene Dichloride in Male |
CD-1 Mice | |

by Diana Anderson,* M. C. E. Hodge,* and
I. F. H. Purchase*
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The mutagenic actisity of vinyl chluride (VC) and vinylidene dichioride ¢V DC) at three exposure levels
was assessed in Tertile male CI)-1 mice with the dominant lethal test. Each compound was aswessed in a

separate study.
Male mice were expased by inhalation to VC at 3000, 10.000, and 30,000 ppm and to VD at 10, 30,

and 50 ppm for 6 hriday for 5 days. By comparison with ¢ontrol males exposed to air, no mutagenic effeets
on any maturation stage of spermatogenesis in treated males were detected. There wan no significant
increase in the pumber of postimplantational carly fetai deaths as shosn by the auither of females with
oue or mare eacly deaths or the number of early death</pregnancy or the number of early deathetotal
implants/pregnancy. There was ho esidence of pre-implantational epg losses as indicated by the total
implants pregnant female. There was also no reduction in fertility . (The reduction in fertility at 50 ppm
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VIIC was unprosend.
The tack of efTect was not due to the insensitivity of the system used, since hoth the YC and VD)C study a

mutagenic effect was clearly demonstrated in male mice dosed {1' with the pasitive control compounds
cyelophosphamide (CTX) andioe ethyimethane sulfonate (EMS). During dosing these animals were
housed under similar exposure conditions to thase animals expused tn the test substances but with a flow

of air through the exposure chambers,
Thus. neither VC nor VDC is mutagenic in the mouse at the stated exposure levels as measured by the

Do

dominant lcthal test.

this type in mice ufter VC and VDO exposure at

’ Introduction _ . .
_ three fevels. At the same time negative control ani-
T VC used in the manufacture of poly(vinyl mals exposed to air and positive control animals
j' chloride) has been found to cause tumors inrats (/) also exposed to air and given ENS and/or CTX
and man (2). It has also been shown to produce  were assayed. :
s chromosome breaks in exposed workers (3-6) dnd
causes mutations in Salmonella tvphimurivm (7, 8).,

Another chlorinated monomer, VDC is also known  Materials and Methods
1o cause mutation in Salmonella tvphimurium (7, 8.

We. therefore, carried out dominant lethal studies  Chemicals

to determine if there were any mutagenic effects of )

.
*

VO was obtained from Air Products 1 td,, Wors-
lev. Walkden, Tanes,, UK. VDO wis obtained
from YCT Lad,. Mond Division, Runcorn, Cheshire,

“Imperial Chenncal Industeies Lad., Central Toxicology U.K. EMS was ubt"“"'*‘,d trom I\\N.h-l,:j.'.hl l.‘l:"‘
Laboratory. Alderley Park nr. Macclesfield. Cheshire SK10 Colnbrook. Bucks., U.K.. and CTX {Endoxana)
4TJ. England. from Ward Blenkhinsop §td.. London. UK.
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Animals

CD-1 mice (Charles River, Manston, Kent) were
used throughout the experiment. Undosed females
were 810 weeks old when muted and wale mice
immediately after dosing were 10=12 weeks old.
Males were caged individually and females in pairs.,
They received food and water ad libitum.

Dosing of Male Mice

Dose levels for VC and VDC were selected on
the basis of preliminary toxicity studies. A dose of
30.000 ppm of VC was found to be in the toxic
range and this was chosen as the highest exposure
level since it was desirable that the maximum toler-
ated dose or higher should be used. Qther levels of
10.000 and 3000 ppm were also used. The required
concentrations of VC were generated by mixing
known volumes of VC and compressed air using
rotameters as indicators. VDC was much more
toxic to the mice. Exposure levels of 50. 30. and 10
ppm were selected. The required concentrations of

VDC were generated by a controlled fluid-

feed/atomizer technique (9). The method involves
continuously passing a known volume of the com-
pound through a concentric jet atomizer, where it is
vaporized by a calculated volume of dry clean air.
The volume of air required as calculated from Eq.
(n.

Air flow (I./min) =

Syringe size (ml/cm) x density (g/ml) x 24 x 10*

Injection rate (min/cm) x ppm x mol. wt.
n

(- ‘

Duning dosing the mice were housed individually
it chambers made of stamdess steet and ghiss with
an internal capacity of three litres.

Maost of the negative contiol animals and all ani-
mals dosed with CTX or EMS were housed under
identical conditions during the dosing period but
with 4 flow of air through the chambers. Those
dosed with CTX were injected 1P on day 5 of ex-
posure and those dosed with EMS were given an
oral dose by gavage for 5 consecutive days. Both of
these substances were prepared as aqueous solu-
tions immediately before use. Some of the animaly
in the negative control group controlling the VDC
study were housed under normal conditions, Before
test mating began, groups of mice were treated us
shown in Table 1.

Inthe VDC study. in order to obtuin & group with
sufficient animal numbers some of the animals
which were infertilc in week 0 were included in
group 4. Of the 8 survivors, § did not mate in the
fertility study and one had a higher than average
number of early deaths. However some of these
males mated in the main study. One male surviting
50 ppm for 2 days died in week 2 of the study. OF
the 17 animals, three in the CTX treatment group
also did not mate in the fertility study. Fifty animals
were included in the negative control group to pro-
vide a better data base aginnst which to compare the
treated groups. There were no statistical differ-
ences between males exposed to air and housed
under normal conditions,

Mating

Fertility Testing. Male mice were caged with
virgin female mice, | male and 2 female mice in

Table 1, Treatment groups.

No. survivors/

no. ammals treated
Group

(mice) Treatmem
VC Study
Group | 2020 Air (negative control)
Group 2 1820 3000 ppm VO, 6 heday. 5 diys
Group 3 19/20 10.000 ppm VC. 6 hi/day. § diys
Group 4 920 30,000 ppm VO 6 hetday, § davs
Group 5 1515 200 me CTX in water. kg body weight, once by 1P
injection on day 5.
Group 6 25/25 200 mg EAMS in waler'hg
body wenght oratly, oncendin . § dins
VDC Sundy
Group 1 5050 1S v, 38 pormal conditions (neeative control
Group 2 20:20 10 ppm VDO 6 lncdoy, S day e
* Group 1820 0 ppm VI, 6 heday . S days
Group 4 6/20 S0 ppm VDO 6 heday, 2 dins
2/20 78 ppm VDO, 6 hr day for | day, then
50 ppm VIO 6 brdas . for | day
Cavup § 1717 200 mp CTX in winer hg Pody weight, once by 1P

mieetion on Jay S
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cach cage. After § davs the females were trans-
fered to other cages. The female mice were killed
15 days after finst mtroducing them to the males and
examined for pregnancies. The 106 muales which
survived dosing in the VC study and 113 males in
the VIDC study and were successful in fertilizing at
least 1 female in their cage were selected for con-
tinuation in the experiment,

Experimental Mating,  Two virgin female mice
8-10 weeks ofd were put into each of the 106 and
113 cages in which the males were individually
housed. After 5 days the females were removed and
rehoused in pais, A week after the initial introdug-
tion the males were caged with another two virgin
females and again Jeft for § days. This process was
repeated unt the treated male mice had been mated
at weckly intervals for 8 weeks with virgin females.
The males were then Killed and not examined
further, No attempts were made to establish
whether or when mating had occurred. Instead it
wits asstimed that most matings leading to fertiliza-
tion would accur 2 or 3 days after introducing
femule mice to the cages containing males.

, .
Ch.ua-

Female mice were killed 13 dayvs alter the us-
sumed date of fertilization, i.e., 15 or 16 duys after
caging females with males,

Assessment

Uteri of killed mice were examined for live im-
pluntations, early deaths. and late deaths

Statistics

The data have been statistically analyzed as re-
ported previously (/M),

Results

Mating weeks after trentment are represented in
Tables 2-13 by numbers 1-8 and the mating week
before treatment is repiesented by week 0. As-
sessment of females which became pregnant during
the fertility test yiclded the data for week 0 but only
data from those animals that survived treatment
have been included in weeks 0-8. Tables 2-7 relate
to the VC study and Tables 8-13 relate to the VDC
study .

Table 2. Number and percentage of male mice which survived treatment successfully mating at cich weck.

Group |1, Group 2, Group 3, Crroup 4. Group S, Caroup 6.
air V(. v, vV, CIX. I-MS,
(negative 3,000 ppm 1,000 ppm 0,000 ppm 200 mgikg 2000 mg-hp
control) {6 hr < 5) (6 hr « ) h <% p foral) < §
Week Na.of % No, of %% Nuo of Nao,of 7% No of 7% No. of ¢
mice mice mice mice mice mice
0 20 100 18 1) 19 HLY) 9 100 5 100 25 100
1 20 10 18 100 IX U 7 7.8 14 911 ki [
2 20 100 I® 100 19 1M} 9 100 4 . 9} n 9.0
3 20 Tiny IR I 19 100 9 10 14 911 n 910
4 20 1003 IR 1060 19 100 9 100 15 104} 28 100
5 19 95.0 IR 106 19 100 7 77.% 15 10 28 10
6 0 100 18 100 19 100 9 10 14 106 A 100
7 0 100 1R 100 19 100 9 106 14 93y 1 28 100
R 20 100 18 100 19 100 & RR.9 13 929 28 100

“p o 0L00)

Table 3, Number of mated females brcoming pregnant.

Group 1, Group 2, Group 3, Coroup 4, Growp §, Cuoup
air v, v, N, CrY. EMS.
{negative 100 ppm HYLEMY ppeny 10.(0H1 ppm 200 inp kg 2K my kg
control) (6 he x %) hhy « % thtn = 5 1 tordl) ~ 8
Week Na. No. Mo. Na. Na. No. No. No. N No No No
pregniamt maled * pregnant mated  pregnant mated  pregnant mated  pregaant mated pregnant avited
0 38 40 10 16 k2 R 1% I8 A W a7 20
! as 40 n 16 » n 1] IR ) 0 3 S0
2 I 40 16 6 33 W 15 1% 28 n e S0
R} k2] 40 o 16 4 L1 16 n 26 0 40 0
4 RL 40 M R n R 1? 1% w il 46 S0
5 kY 40 M 36 0 W 12 i Wi Ww 17 s
6 0 40 3 16 kL] 1R IR IR 26 hi 17 4%
7 LY 40 1 16 Ly} 18 X % 2 k(i) a1 50
) V7 40 » 36 11 37 14 33 n bt 48 S0
“poes 0 00
e DOy
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Table 4, Mean total implants per pregnant female.

G”“"" N Group 2. Crroup 1, C Girenp A, Chonp S, oo b
A Vi V(. AU [ S I I NS,
(neguttive 3,000 ppin 10,000 ppm 000 ppan 200 mp/hy 200 mghg
Week control) 6 hr x § (6 ht < §) (6 hr » $) 1p foruhy = §
0 19 2.6 20 (3.9 1.1 &
1 12.9 13.6 134 16.1 LI 4.4
2 12.% 12.7 LR A} 13.7 10,9 R4
ki 12.5 12.5 124 12 10,9 [
4 12.4 12.1 13.7 0,0~ [ 127
5 13.7 12.7 14.1 128 121 127
6 (R 1.9 2.5 126 125 121
7 1R e 1.8 120 1 s 12.4
8 12.7 12.1 12.6 12, 1258 12,8
< .01,
*p < 0.05. .
Tabhle 5. Number of pregnant females with one or more early deaths (El),
G"’“‘P 1 Group 2. Group 3. Group 4. Group £, Group 6,
air V(. V(. V. TX. EALS.
{negative 3,000 ppm 10,000 ppm 30000 ppm 200 me/kg 200 me-hg
control) (6 hr x §) (6 hr = 5) (6 hr <« %) p toral) = §
Week
0 =1ED 0 =|ED 0 =1ED 0 =1ED 0 =1 ED 0 =1ED
0 18 17 21 9 16 n 10 5 2 ki by 26
] N 20 6 17 [{}] 21 6 s 1 25 I 1
2 9 17 18 18 13 0 6 9 2 2 § hLY
3 i 16 16 14 19 15 9 6 ] 18 |8 28
4 16 22 17 17 20 13 9 7 4 16 19 7
5 17 I8 IR i6 14 22 3} 9 12 16 28 2
6 17 19 B] 22 21 15 7 B 13 13 2 N
7 18 19 13 % 21 16 . 10 1o 12 22 19
8 13 24 14 18 15 16 1 6 13 10 n 23
p < 0.01.
Table 6. Mean number of early deaths per pregnancy.
Group 1, Group 2, Group 3. Group 4. Group §, Group 6.
air A\ V(. V(. CTX, EAMS.
. (negative 3000 ppm 10,000 ppm 30,000 ppm 200 mg/kg 200 mphy
Week control) (6 hr % 5) (6 hr x 5} (6 hr < 5 1P foral) % 5
0 0.7 0.33 0.54 040 0.16 0.59
| 0.%6 0.91 1.00 0.45 4.27" 150
2 0.8} 1.00 .15 0.93 R K 28R
3 09 0.7% (.88 093 [ 54 (BN
4 0.49 0.79 0.61 0.69 13 0.8¢
5 1.06 0.71 [.03 1.00 f.1 (.72
6 0,97 0.91 0758 139 0.68 (0 RS
7 0.76 0.87 0.68 0.59 v LE2 (X
) 1.03 0.%8 |00 0.71 0.70 0,71
*n < 0.0, ' .
Table 7. Farly deaths as a peecentage of total implonts per pregnant female,
Group |, Group 2, Group 3, Group 4. Group §, Group 6,
air vC. V(. vC, CTX. M S,
(negative 3.000 ppm 10,000 ppm 30,000 ppm 200 mprke M mg/hg
Week controil (6 hr x 5} 6 e x §) (6 hr <« 5) P foraly = 8
0 6.5 27 4.4 Mi 14 5
] 6.6 h7 7.5 ) 49 77 MR
2 6.4 19 9.6 6.9 44 6" 1} &b
} ) 59 7.0 7.8 14.1 1.6
4 7.2 6.5 4.5 6.5 v hi
P 7.8 58 7.3 7.9 9. 57
6 8.2 7.6 6.0 tel 52 7.0
7 6.4 7.3 5.7 7.4 7.0 £
8 8.0 7.2 ¥l 59 57 59
"p < 0.05.
*n < 0.04.
74 Enviroumental Health Perspectives
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’ } Tabie 8. Number and percentage of male mice which survised treatiment successfuily: mating at each week.
1
N Ciroup | Chonp 2, Cirang ¥, Group 4. Giroup S,
' (poaled Vi, VI, Vi, Crx.
i negative 1 ppm W ppm S0 ppmy 200 ke
control) (6 hr x 5) (6hr < 5 (6« 5) i
— Week Na. of No. of Na. of No of Na. of

mice s mice % mice G mice 4 mice %

[ ]
]
» 1] 0 {6y 20 100 t8 100 & 38 }7* 76 3
. ] 50 98 20 95 18 100 B 75 17" 65 '
: 2 50 9% 20 100 18 94 ™ &6 16 94 r};
) 3 50 94 20 100 % R9 ™ 43 7 94 ped
¢ 4 49 98 20 100 18 89 7" 43 5 100 b
' s 47 94 20 100 17 82 d 57 17 100 L
J 6 49 B8 20 100 17 100 77 43 17 88 e
/ 7 49 2 20 90 17 G0 6" 50 16" 75 ok
P ] 4R 92 19 95 17 a8 b 57 19 86 ‘ '
l / *p o< 0001, Q\;,
J *p < 0,01, "
] *p < 0.05. é
1
1 Table 9. Number of mated females becoming pregnaat. i"
! Group ! Group 2, Group 3, Group 4, Group §. :z-
[ (puoled vDC. vDC, vDC. CTX. 15
j negative 10 ppm 30 ppm 50 ppm 200 m/kg }
control) (6 hr x5 6 hr x 5 (6 hr x §) P v
No. No. No. No. No. No. No. No. No. No. 4
Week pregnant  mated pregnant mated pregnant mated pregaant  mated pregnant  mated 4
0 7 100 30 40 25 18 5¢ 16 17° 34 %
] 82 100 kP 40 13 16 b 16 200 34 f,
2 7% 100 3 40 1 36 7° 14 25 33 :
j 3 82 100 2 10 2 % 50 14 2% 1 {
4 85 98 3 40 27 6 ¢ 6 14 26 32 A
5 R0 94 4 40 26 34 6t 14 29 34
I 6 75 98 13 40 32 14 5¢ 14 25 34
4 7 7 9 3 40 i 34 7 13 14 3
’. £ 73 9% 28 19 26 4 7 14 28 39
*p< D01
! sp < 0.001.
€ P < 0.05.
-
s Table 10. Mean total impiants per pregnant female.
] Group ) Group 2, Group X, Group 4. Group 5.
y pooled vDC. vDC. vDC. CTX. i,
(negative 10 ppm 30 ppm 50 ppm 200 mpkg i
4 Week control) (6 hr x 5 (6 hr < §) (6 hr » §) iP 1
t 1 12.2 1o 12.0 1.4 1.5 H
> 1 12.3 13 12.R 1.7 9.2+
2 12.3 1.7 12.1 1.0 9.5 Q‘
b ] 12.0 121 13.2 134 11.0° J
4 12.0 12.1 13.0 13,7 12.1 '
N 1.8 "7 {2.5 0.7 12.0
- 6 12.5 12.4 §2.1 12.6 14"
7 12.6 130 2.5 12.7 .7
' R 12.3 126 12.4 126 11.6

“p < 001,

UE-N I RIAR
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Tabie 11, Number of pregnant femiles with one or niore carly deaths (ED),

Giroup | Gronp 2, Group 3, Chroop 4 Giroup 5.
(poaled v, Vi, M. CTX.
negative ) ppm 30 ppm S0 ppm 200 mgekg
control) (6 hr x %) (6 hr « 5) (& hr v 5) iP
Week 0 =1 kD 0 =1 ED 0 = 1FD 0 =1 ED [V 21 ED
0 40 Rk 14 16 10 i5 ! 4 9 2
| 41 41 IR 14 19 14 6 1 0" 20
2 L) 16 18 AR 17 15 k] 4 b k)
3 45 7 18 16 15 1t 4 ! 7" 2
3 40 45 17 19 H 16 2 4 12 14
5 41 9 15 19 11 15 3 3 12 17
6 40 as 14 19 15 17 2 k) 12 R
7 43 R} 15 18 15 i3 5 2 10 9
R 37 l6 13 15 I3 13 3} 4 15 s
“n < 0.001.
p < 0.01.
Tabhle 12. Mean number of early deaths per pregnancy.
Group | Group 2, Group 3. Group 4. Group 5,
N (pooled vDC, vDC, vVDC. CTX,
negative 10 ppm 30 ppm 50 ppm 200 mg/kg
Week control) (6 hr < §) (6 hr x 5 (6hr x 5) 1P
O 0.59 .80 0.84 200 .06
1 0.72 0.72 0.61 0.29 400
2 .69 0.75 0.56 0.74 4 09
3 0.76 0.68 .46 00,80 2
4 0.79 0.83 1.00 1.00 [t
5 0.78 0 6} 0.73 067 0.86
] 0.%8 0.91 094 1.00 0.64
7 0.5 .85 0.57 0.57 0.74
] 0.85 0.75 0.%5 0,7 0.30
"p < 0.001.
Tahle 13, Early deaths as a percentage of total implunts per pregnant female,
Group 1 Group 2, Group 3, Ciroup 4, Group 8§,
(pooled vDC. vDC, VIO, CTX,
Week negative 10 ppm 30 ppm 50 ppm 200 mg/kg
conltrol) (6 hr x 5y 6hr <« (6 hr ~ 5 1P
Q 4.8 10.1 7.3 17 3 9.1
1 57 5.3 5.1 2.2 45.6"
2 5.5 6.9 4.4 5.7 41 4
]l %) 6.3 16 5} 2R
4 6.9 7.1 7.4 10.3 6.9
5 6.6 6.1 6.2 5.6 6.9
6 7.0 7.6 8.3 1.5 56
7 4.9 6.6 4.5 4.3 6.1
L 7.0 5.4 7.1 5.8 24
p < 0,001,
Fertility doses of VDC in all weeks by comparison with the

Successful Mating Frequency. The numbers
of males successfully mating at cach weck are
shown in Tubles 2 and 8. Numbers remained high
during the experiments. No statistically significant
differences in the mating frequency were found be-
tween VO ueatment groups and the control at any
week by using a chi-squined test. There was, how-
cver, a significant difference between the EMS-
treated group and the negative control group in
week [, In the VDC study. the mating frequency
was high in the two groups exposed to the lowest

76

negative control group, The mating frequency.
however, was statistically significantly lower in the
high eaposure group in weeks 08 and the positive
control group in the weeks 0, 1.and 7. This effect in
the VIO highest exposure group was. however,
probably due to infertility of the males used.
Pregnancy Frequency., The numbers of
females in euch group which became pregnant at
each week of matg are shown in Fables Yand 9. in
the VC study. statistical differences between
treated groups and the negative control group were
found only in the EMS-treated group at weeks 1 and

Environmental Health Perspectives
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2 by using o chissguare test, In the VIO study
there were swenificant differences in the highest
VIO expostre group at weeks 06 and the positive
control group in weeks 00 1L and 7. Again this was
probably due to fertility of the males.

These tesults indicate that VO at the three ex-
posure levels and VIO at least at exposures of 10
and 30 ppm did not cause a reduction in fertility.
Any reduced fertility at S0 ppm VDC was un-
proven.

Total Implantations

The mean total number of implants per pregnant
female in each group is shown in Tables 4 and 10
The mean values were adjusted to take account of
the unequal number of pregnant females per male
and were compared statistically by using an
analysis of variance and a 2-test. In the VC study
statistically significant differences were evident in
week 1in the C'TX-treated group and weeks 1 and 2
in the EMS-treated group. A significant difference
(p < 0,05) in week 4 was also found between the
group exposed (o the highest dose of VO (Group 4
and the negative contiol group. In the VDO study
the CTX positive conttol group was statistically
significantly different from the negative control
groups in weeks 1. 2. 3.6, and 7. Only the VDC
group to be exposed to 10 ppm showed a significant
difference from the negative control group in the
pre-eaperimental nontreatment week,

Thus there was no indication of i preimplantation
loss of eggs in either study except in week 4 alter
30,000 ppm of VC,

Early Deaths

The duata for early deaths have been presented in
various wivs.

Niumber of Pregnant Females with One or
Maore Early Deaths.  In the VC study. CTX and
EMS treatment caused increases in the number of
pregnancies with carly deaths (Table 5). The effect
wats signiticant (chi-square’ in weeks I and 2 for the
CrX-treated group and in week 2 for the EMS-
ticated group, No differences {rom the negalive
control group were seen in the VC-treated group.
Similarly in the VIO swudy there were vnly sig-
nificant differences in the CTX positive control
group in weeks |, 2,0 and 3 (Table 11,

The Mean Number of Early Deaths per
Pregnaney. A Large number of tow or zero values
were encountered, so it was pecessary to stahilize
the variunce prior to analysis, There were no statis-
tically sigmificant increases in early deaths after VU
treatment ( Fable 6). However, differences were
evident in weeks | and 2 with CTX treatment and

December 1977
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with FAMS trecatment. Tn the VDO study only the
CTX positive conttol group was sigmificantly dif-
ferent from the peeative control group mweeks 1,
2oand X Fabe 1.

Early Deaths as a Percentage of Total Tm-
plants per Pregnant Female. Again, it was
necessary 1o stahilize the variance prior to analysis,
In the VC study CTX and EMS tieatment groups
were sipnificantly different from the negative con-
trob groups in weeks 1 and 2.0 whereas VC-treated
groups were not (Tahle 7). The CTX treatment
group also showed a sigmificant difference in the
week before treatment. In the VIXC study only the
CI'X weatment group was significantly different
from the negative control group in weeks [ 2. and 3
(Table 13y,

Thus with all these different methods of analysis
of the data of early deaths no statistically significant
differences from the negutive control groups were
seen in the VC or VDC treated groups,

Late Deaths

In cuch study tate deaths were randomly distrib-
uted throughout ali the groups and did not appear to
be treatment-telated.

Conjoined Placentae

Conjoined placentac were <een in this strain.
They were the result of very close implantation
sites and were not monozygotic twins (127, In the
experiments they were classificd as double implan-
tations. Since they occurred with equal frequency
in all groups they did not appear to be correluted
with tresatment,

Discussion

The best indication of mutagenic activity of a
substunce in the dominant lethal test is an increase
in the number of post-implintational foetal early
deaths (/.20 From the data for canly deaths there
wits no esvidence in either study of & matagenic of-
fect with VO o VDC at the administered exposore
levels, This did not appear to be a result of fack of
sensitivity of the animals used, since there was o
marked response o CTX and PMS. High doses of
CEX ind FMS were used inour studies to obtain a
highty sinificant positive result, However, the
dominant fethal study m onr hands €747 is at least as
sensitive as that reported elsewhere We have shown
ethyl methane sulfonate oa previons occasions o
give o positive resalt wath i single 1P dose of 130
me/ke body weight, which is compaurable to that
reported presiously (251 for the sime nouse stean.
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For reasons described earlier (10, 1), different
evaluation methods were used for the early deaths’
data and much of the data in the studies were sub-
jected to various methods of statistical analysis.

Pre-implantation egg losses, while representing
some of the mutagenic effect, are not as important
as postimplantational losses, for they could also
arise due to other than genetic factors (/3). Pre-
implantational egg losses have been studied by
comparing values of total implants in females mated
with treated males and those mated with control
males. as suggested by Epstein (/6), rather than
counting corpora lutea. There was no pre-
implantational egg loss by comparison of VC- or
VDC-treated groups with the negative control
group. except in the highest VC exposure group in
week 4 (p < 0.05), When a treatment group is sig-
nificantly different from a negative control group
there is generally a uniform reduction in implants,
whereas in week 4 after VC treatment the low result
was due to a large extent to the result from one
female. Without this female, mean values would not
have been significantly different from the negative
control group. Therefore. this result is not con-
sidered biologicully significant. Yet another reason
is that there was no corresponding increase in early
deaths at this time.

Late deaths also are not considered as important
as early deaths in the assessment of the mutagenic
potential of a 1est substance (/3). Late deaths were
excluded from anilysis Lo increase test sensitivity,
Gropp and Kolbus (/7) have shown, however, that
trisomies in mouse foctuses cause death and elimi-
nation before term. 1t might be argued that sampling
for late deaths at a later stage of pregnancy might
lead to different results for late deaths, However,
the randomness of their distribution in both studies
would suggest otherwise.

There was no reduction in fertility as measured
by the mating and pregnancy frequency at any week
at the expasure levels of VC, suggesting no antifer-
tility effect. The sume was true for the VDC groups
exposcd at 10 and 30 ppm. However, the decreased
fertility in the group exposed to 50 ppm was proba-
bly due to the infertility of the males which had to
be used to estublish a group of sufficient size to
perform the experiment.

A fertility study was undertaken prior to the ex-
periment also for 1casons described carlier (10, 11).
From these initial fertility data the background
dominant lethality of all groups was determined
primarily to ascertain that there were no initial dif-
ferences between groups.

Mutagenic effects of vinyl chloride have been ob-
served in [uboratory tests and in exposed workers,
In this study where exceptionalty high doses of VC
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were used. which wotld never be encountered by
workers, no mutational effect in the germ cells was
observed. A possible explanation is that the active
metabolites did not reach the germ cells. Similarly
the lower but more toxic levels of VDC did not
produce germ cells mutations,

It can be concluded. therefore. that VC and
VDC do not cause dominant fethal mutations in
male CD-1 mice at 3000, 10,000, and 30.000 ppm
and 10, 30, and S0 ppm. respectively.

The authors would like to thank the Inhalation Section for
exposing the males to VC and VDC, Mrs. S. Palmer for her
techntcal assistunce. and Mr. T. Weight and Mr. S, H. Ellis for
therr statistical evaluation of the data. All personnel mentioned
are at this laboratary except Mr. §. H. Ellis, who 15 at ICl
Pharmaceuticals Division, Alderley Park.
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Popper about the reversibility of the phenomenon, particularly if caught early.
If workers are exposed to moderate to low levels for relatively short periods of
time. has there becn any evidence that therc is any irreversible change, or does
the progression that you were documenting take ume?

Dr. Porper: The only real experience we had was a case which Dr. Berk
presented. In this case, after discontsnuation of the exposure, fibrosis persisted.
but other features were absent. The characteristic disturbing activation of the
hepatocytes was no fonger scen. I am not surprised. From experience with
hepatic fibrosis in circumsiances other than vinyl chloride, it is known that
fibrous tissue may not disappear once present.

I suspect. but do not know, that the person may be left with innocent scars
in the liver which possibly may not interfere with his life cxpectancy. One
patient, however, is really no proof.

PART H. CARCINOUENESIS ASSOCIATED wiTh VINYL CHLORIDE
A. Experimental Studies

CARCINOGENICITY BIOASSAYS OF VINYL CHLOIII-IDE:
CURRENT RESULTS

GGC 000216

Cesare Maltoni and Giuseppe Lefemine

Istituto di Oncologia and Ceniro Tumori
Bologna, Iraly

INTRODUCTION

Vinyl chloride (VC) has been produced in many countries for more than
30 years. It is the constituent of polvvinyl chlonde (PVC), which nowadays is
the plastic industrial material most used and diffused in the world. Moreover, it
is used as a copolymer in Saran and other plastics, as a chemical intermediate,
as a solvent. and as a propeilant: in the past. tor a short period. it was also used
as an anesthetic. VC 1s at present produced at a rate of near 12 million tons per
year.

The foilowing population groups may be exposed to VC: (1) workers eneaged
in the proouction of PVC and of VC and in the use of VC {or other industrial
purposes; (2) workers manufacturing PVC, (3) residents in areas neighboring on
factories producing PVC and VC: end 1o a much lesser exient {4) people using
products containing VC, as some propellent sprays: (2) people having contact
with resins made with VC and with matenials containing these resins: and (6)
populations consumeng food contained sn plastics made with VC. Bioassavs on
the long term effects of VC were not avmiable until 1970,

This situation reilects the limited consideration which has been, up to the
present. gnen to experimental bioassays an predicting the oncogenic etfects on
man of environmental and occupatronal agents. In part this iy duc to industrial
and economical interests. in part to deficiencies in techmcal-scientific fac:lities. to
the dilettanusm of manv experimental workers, and to the madequacy ot many
expcriments performed in the pust.

What is now happening with vinvl chloride and the <torv of vinyl chloride
carcinogenicity should bring about greater considerztion of expersmental bioas-
savs and finally induce a new turn in the field o1 cccupational and environmental
carcinogenesis. In other words, exnerimental prediction on the pathogenstic
petental of uccupational and environmiental agents betore they are produced and
released on a large scale into the human environment shouid preclude the need
for latel epidemiological evidence.

HisTORY

In 1970 Professor Viela presented. at the X Internavonal Cancer Congress
{Houston), the resuits ot a pilot experiment, which then were extensively pub-
lished in 1971.' Professor Viola reporied to have observed in 26 rats exposed by
inhalatory route to 30,000 ppm of VC 4 h daily, § days weeblly, for 10-12
months, surviving 10 months or more, 17 skin tumorns, 7 p1 nary tumors,
mainly carcinomas. and § osteochondromas.
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In 1967 our Institute started a large investigation, among workers of _scvcral
ltalian industrial plants, to determme the effects of the exposure 1o dllﬂcrenl
chemicals on respiratory epithelia. The patholopical changes wcrclsluShcd by
sputum cvtology. In 1970 this research was extended alsg to wnrkgrﬂ n yC'Ir’VC
industries. A sigmficant increase of ceflular changes in bronchial cpithelium,
such as marked squamous metaplasia and squamous dysplasia, were found among
the workers more heavily exposed to VC. .

Immediately after the Houston Congress, we contuacted Protessor Viola who
kindly put some slides of his experimental tumors at our dlsposal_. AcFordlng to
our interpretation, the malignant tumors observed by Professor Viola in the skin
were carcinomas arising from the Zymbal gland {a sebaceous gland of the ex-
tertor acoustic duct), which is responsive to a large number of carcinogens. The
malignancies of the lung, in our opinion, were metastases from Zymbal gland
tumors. _ o

At that time {end of 19701 we planned a project of corrclated investigations
to further clarify the type and degree of the carcenogenic risk frpm VC. The
project was encouraged and supported by Montedison (Il;{ly), which later was
joincd by other major European companies, that is, ICi (U.K.), Solvay (Belgium),
and Rhone-Progi! (France}. _ _

The Head of the Health Services of Montedison supplicd us with all the
technical data dealmng with occupational exposure: this made possible the repro-
duction in cur experimenis of the most important parameters of occupational
condittons.

PLANNING, MATERIALS, AND METHODS

This project included a series of experiments, uhich were started in sequence.
Thev were desicned to study the erfects of VC. administered through dllT;rcnl
routes (inhalation. ingesuan, and peritoneal and subcutaneous injectiont, at differ-
enl concentrations. for varwing periods of ume, by continuous or intermitient
treatment. on smmals of dilferent speeics frats, mice, hamsterst, strums {Sprague-
Dawlev and Wistar ratsh, sex and ave tadults, newborns, embryvos).

The pianning of the program and the preparation of sunable expenmental
conditions. particularly the building of sn apparatus for inhalatory exposure,
took us until May 1971, In July 197] we started experimenunp. The chambers
of cxposurc are built busically of stanless steel and gluss. They huv_c been
designed to deliver concentrations varving from 30.000 to 1 ppm of ¥C, and
to treat simultanecousiy nearly 1,500 rodents. The VC concentrauon in the
chambers.ts controlled by gas chromatography.

The VC i~ supphied by Montedisen. Each stock is anatvzed i the Montedison
Research Unit. The impursities and their maximal levels 1 the VC employed have
been ay follows:

H.O U0 ppm
Acetic sldehyde S pom
Acetvlene 2 npm
Allene 5 ppm
Butane 8 ppm
1.3-Butadicne 10 ppm
Chlorophene 10 ppm
Discetrlene 4 ppm
Vinyl acetylene 10 ppm
Propine 3 ppm

Muethyl chlonde 130 ppm

adifont & Lelehime. Caiviugeineiy sivessugas s

The experiments utilized mainty Spraguc-Dawlcy rats; Wistar rats, Swiss mice,
and hamsters have also been used. All the animals, except the hamsters. are bred in
our Institute for years and, whatever their use, are ail exasmined at death by com-
plete autopsy, giving us extensive information concernmg ther current pathology.

The animals have heen weaned and classificd by sex when 4-5 weeks old,
at which time they have been numbered hy car punch and divided inte groups
by litter distributron, From weansng, the ammals have heen fed. ad libitum, an
adequate comuncrcial diet. During the period of trcaument, the animals are
housed in groups of |0 in stainless steei wire cages with a solid bottom of the
same metal. After the period of experimental freatment, the animals are kept in
groups of 3 in makrolon cuges, with teps made ot stainless steel wire. A shallow
layer of whitc wood shavings serves as bedding. The amimals are kept in a
temperature-conirolled laboratory at 19-20°C.

Fiftcen experiments have been started in sequence. Some of them were pro-
grammed at the beginning: for some others the need appeuared on the basis of the
first expermental results, The plan of the experiments und the up-to-date silua-
tion 1s shown in TanLE 1.

Experiment I studies the effect of the atmospheric exposure to 10.000, 6,000,
2,500, 500, 250, SU ppm of VC. 4 h daily, § dass weekly, for 12 months. Two
groups of animals were added as control; ane untrested, as for all the following
experiments, and one treated with vinyl acetate {VA> a1 2,500 ppm, under the
same condsuions. This dose of VA appeured to be the maximum possible dose for
a chronic exposure.

Experiment 2 was performed to investigate in a larger number of animals the
eflect of doscs between 250 1o 50. that is 260, 150 and 10U, under the same con-
ditions as in Experiment 1. 1t was started after 1t was clear that 2 dose of 250
ppm was still showing oncogenic elfects.

Experiment 3 was plunned to study the effects of a shorter period of exposure,
keeping all the other conditions of Experiment .

Experimens 4 studses the effects of the same type of exposure as in Expen-
ment ] in another species (mice). The treatment lusted 7 months in consideration
of the higher mortality and the shorter life span of the mice of our fine as com-
parcd with rats.

Experiment 5 was undertaken as a pilot investigation on the possible effects
of the atmospheric exposure. during pregnancy, on offspring.

Experiment 6 was planned to reproduce the same conditions as in Professor
Viola's experiments.

Experiment 7 was planncd to study the effects of the same tvpe of exposure as
in Experiment | in another strain of rats {Wistar).

Experiment 8 studies the effects of the sume exposure as in Cxperiment 1,
in a third species chamsters) for the same period as in Experiment 4.

Experimemt % was planned, before tumiors were ehserved at 50 PPEM in expen.-
ment BT, to assess further whether inhalation o1 VC has anv etlect at a dose
levei of 50 ppm. ‘

Experitnent 10 studies whether a high, but limited and/or intermittent at-
mospheric exposure has anv cttect.

Experiment 11 was pertermed 1o evaluaie the effects of VC by ingestion.

Experiment 12 studhes the third gencral route of exposure.

Experiment |5 was started 10 assess wnether VC acts on tissues directly or
throupeh metabolites.

Experiments 14 has been included to studv the responsiveness of newborns.
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Tante 1
PLAN OF Tlit EXPERIMENTS UP 10 May 5§, 1974
Treatment Animals
- Length of the
Eip No Experiments
No ) L Age . at the Present
Ruute Doses of VC Length hjecirs Strain (weeks) Date tneeks)
? | & |Tetat| Fer
group
BT! Inhatation 10,000, GO0, 2500, | 4 hdaily, 5 days weekly ] Rat Sprague- 13 268 m 577 64-96 135
5(d), 240, S0 ppm 52 wh Dawley (Ended)
Lintreated wonsiols
Teeated controls: VA
2 5mb ppm
812 tuhalation 2041, 150, 100 ppia 4 hdatly, Sdays vechly, | R Sprague- 11 280 265 545 120-18% 43
Uhnireated controls 52 wk : Dawley
BT} Inhalation 10,000, 6,000, 2,500, | 44 duly, 5 dayy weekly, | Rat Sprague- 21 262 288 350 60-199 1]
S0, 25, 50 prm 17 wk Dawiey
Untreated conrols
nr4 Inhalation 10,000, 6,000 2500, | 4hdaly, §days weekly, | Mouse Swizs 11 250 260 11y 60-150 4)
- 200, 250, ) ppm weekly, 30 wk
Unitreated cantroly
BTS Transplacen. 10,000, 6,000 ppm 4 b duly, T davy drom | Rat Sprague- 19 (breeders)! 110 k1] 146 10-54 17
tal 12th 1o ldth day of Dawley 12 days (cm-
Pregnancy) bryoy)
B16 Inhalation 30 W prim 4 hdaily, 5 days weehly,] Rat Sprague- 1?7 k1) 10 €0 60 43
52 wk Dawley
BT? Inhalaven 101r1, o), 2,500, | 4 hdaly, Sdays weckly, | Rat Wistar {1 - 220 2219 30-40 43
Sta), 250, 50 ppim 52 wk
Untreatea] vontraly
BTS Inhalatiun 104400, 6000, 2,500, | 4 h daily, § days weekly,| Hamster Gaolden 1t - 168 268 32-70 30
500, 250, 30 ppm 30 wk
Untreated controly
B19 Inhalation 30 ppm 4 h dadly, 5 days weekly i Rt Sprague- 11 200 200 400 100 (¢) [§
Unitreated controls 52 wk Dawley 300 (v)
BT10 Inhalation 10,000, 6,000 ppm 4 h daily, 5 days weekly] R
Untreated controls Swh:d4h dniyly' 1 dayy. A Spl’;l:::y n 420 | 420 | 840 120 15
weekly, 25 wk, | h
daily, 4 days weekly,
BT lagesuon 166, 3312, %0 % 23 wk
. . ng/kg 3
bady weight in nhv: 5 times weekly, 32 wk Rat SPll;llue- 13 160 160 | 320 80 15
oil awley
8112 |E Cantrols, olive oil
ndugeritoncal { 4 25 mgan 10 ¢ ohive | 4 .
injecrion ol I :;uz.;(:':;::{::u o 50[';'!!::- " 130 150 | o0 €0 ts
Conirols. 1.0 ¢ ghve awiey
BT s ol
ubcutaneous | $ 1% g in < oli jecti
pection o % in 1 0 cc olive | 1 injectiva Rat Splrague. 21 80 70 | 150 75 . s
Contruls; 1 0 cc olive Pawley
B4 o '
nly, 1 H
bris fubalation 10.G00, 6,500 ppm 4 hs‘::“"'y- 5 dayt weckly | Rat Snrr’-\sﬁ:; 1 day 45 4“4 #9 43-46 10
i Inhalanon 215, 10, 5 ppm 4 h daly, $ days weekl . .. i
Unireaicd controls 52 wky ’ e qpl';:::cr " 20 0 e 12 Just saried
GGC 000218

851

$33U312S JO AWIpEdy YIOX MIN S[EUUY

JUNUIPT P Tuoljely

sdcsseorg Lidiuafournie)

661




Tanie 2
rTER 135 Weeks (EnD QF THE EXPERIMENT)

Expina AT BT RisurLTs A

Animals with Tumars
(E]vl.iAp::IIA’:'jll'l-;\\lc)' o Angioatcomns
. Rats) ‘53;',':',':' f‘!:';&l Nephrobiastoman-
¥ " Livert Subeu-§ ¢y; Brai Oth
Gro\ups and Treatment “-_l_l—:'r o «a:c§3= c.::;:? Hepa "cr“arx:_ (H’:r ot
YTy 7T T YT O T T Other | AMWi0- | 12 e | tomas | blasta. | and/or
It Average Averape /'\w-mge sites Mas mas site
nre Oyl nr Late " atency
Tatal rwetad | No | % ! "ll‘,::n’ No. | % Jl'h‘v:z'\ No. [ 9 “:-:é ¥
ho. (wh) k) fwh)
1: VA, 2,500 ppm vé 0y
1 \;C, lO.')‘I(l)Il'pm 4] 6l 161261 30 5,8 3 g115] 64 3 4 3 1 7 7‘: :3;?
IH: VC, 6 00 ppm 72 £ 7112 62 41 7 63 137221 70 k) 3 1 1 k] 3,
IV, VC, 2500 ppm | T s9 f 21 3] 33 ) 6lw| 13 1322y 78 o3 i 2| 5 ar 32
Vi VC, 500 ppm 61 so L3t Ll el sl rlzl s x| 1 t.| 3 & 21
Vi: VC, 250 ppin 67 59 6ot 8o 4 7 79 20 4 > 1e
VI VE, 50 ppm 64 59 V| o2]3s ] ] 21135 e | 1 ) by 0
VIll: No treatment 68 58
Total 577 a0 29 26 47 14 12 il 7 15 45 155

@ Alnve ammals after 26 weeks, when the first tumor (2 Zymbal gland carcinoma) was observed. The percentages are referred to the
corrected number. .

& Metastases to lung

¢ Mutastases to liver, lung, spleen, aad bram.

4 Metastases 1o lune.

* Several cases of breast fibtoadenamas, adrenal and pitenary tumors (gencrally adenomas) have not been considercd, since their
distribution in the ditferent groups docs not vary,

7 Several anumals with 2 or more tunmiors. . .

¢ Ong angiosarcoma of the bips; ) angrosarcoma of the nose; | intraabdommal angivsarcoma (next 1o liver).

A Tuo Zymbal gland adenomas, 3 mammary carcinomas: | nesrilemmoma; | ovarian cystoadenocarcinoma,

* One angiosarcoma in subcutancous librosing angioma; | ossifying parauricular angrosiarcoma; 1 intruabdominal angiosarcoma
(next to diver).

! Four Zymbal gland adenomas; t salivary gland adenocarcinoma; 2 hepatic and 1 peritoneal angiomas.

* Two intraabdominal angiosarcomas (1 next to spleen and | next to ovary); | ossifying angrosarcoma of neck.

' Oune Lymbat gland adenoma; | mammary carcinoma; 2 ependymomas.

™ One pulmonary angiosarcoma, 1 angiosarcoma of ulerus.

* One mamaary carcinoma; 2 lymphomas; | puimonary fibrosarcuma.

° One mtraabdommal angiovarcoma (neat to spleen); | intrathoracic ossifymg angiosarcoma.

* One Zymbal gland adenonn; 1 mammary carcinoma; | lymphoma,

¢ One intraabdomnal dittused angosarcoma, . .

" Three Zymbal pland adenamas; 2 nammary carcinonms; 1 subeutancous angopericytoma; J uterine adenocarcinomas (1 with
sarcoimnatous component) .

* One mnvasive acanthuma of Zymbal gland; 1 subcutaneous fibrosarcoma; 2 peritaneal fibroangiomas; 2 utering adenocarcinomas
(1 with sarcomatous component); | uterme liomyosarcuma; 1 ovanan flibrosarcoma: 1 pulmonary rhatwdomyosircoma; | lymphoma,

GGC 00021 9
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Experiment 15 was started as soon as we found I liver angiosarcoma, 1
extrahepatic angiosarcoma, and | nephroblastoma in 3 animals of the first ex-
periment, exposed to 50 ppm of VC for 1 year, and surviving 135 weeks from
the beginning of the treatment.

The animals are controlled weekly and weighed every 2 weeks during the
period of treatment and monthly after the treatment is over. All the detectable
gross pathological changes are recorded during the control. All the animals are
kept under observation until spontanecus death. The animals, when moribund,
are isolated. in order to avoid cannibalism.

A compiete autopsy 15 made on each animal. Histological examinations are
performed on Zymbal glands, interscapular brown fat, salivary glands, ongue,
lungs, liver, kidneys, spleen, stomach. different segments of the intestine, bladder,
brain, bones of the legs and feet, and any other organ with pathological lesions.

All the animals exposed to the highest doses (30,000 and 10,000 ppm), with
or without tumors. are examined radiologically, during treatment and/or at
death: morcover, radiclogical examinations are made on all animals bearing
umors, although exposed to the Jower doses.

RESULTS

The current results of several experiments are shown in the TABLES 2-9.
Some others are still not available.

Tumors of different types may be present in the same animals.

Zymbal gland carcinomas may be bilateral. Histologically they may repro-
duce, to some exient, the structure of the normal Zymbal pland (Ficure 1), but
often they present squamous, glandular, seolid, anaplastic. and polymorphous
patterns. Several of these different pictures may be observed in the same tumor.
MMetastases of these tumors are someumes found n the lung {FIGURE 2).

Nephrobiastomas are often bilateral. Their histological picture reminds us of
an embriyonal kidoey (FIGURE 3). They metastasize to the liver, spleen. lung, and
brain. Hyperplasia of nephroblastoma-like tissve is often observed in the kidney
of treated rats. with or without nephroblastoma.

Anpiosarcomas and angiomas may be found at more than one site in the
same animal. In liver they are often polvcentric. Hepaiic and extrahepatic angio-
sarcomas are more or less differentiated (FIGURES 4-9). They are morphologically

TabLE 3
ExpenivEnT BTS: Resurrs ArTer 41 Weeks

. |
""’L’::rl‘e;_q'n’;‘lﬁc' i Apimals with Tumors
1
+ ‘ H
' Zymbhat glaad Ankio-
Groups and ! i carcinomas sarcomas
Treatment ' cc.,,d i s Neoh Other
recied | Sur- | Al et type
Total E rm.)' : vivors | E E.}venrel blr:::" ln’dfut Tatal
' qa s atency . Othree e
| i No. i b I (“"ie} Liver | siles !
LJ
1 ! !
I: vC, 30,000 60 I 60 | 48 12120 ! 15 12
ppm P |

* Amimals alive after 23 weeks, when the first tumor {a Zymbal gland carcinoma)
was observed. The percentages are referred to the cprrected number. .

- ——— ety -
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TabLe 4
ExperIMENT BT2: REsuLYs AFTER 41 WEEKS

K “ ) . .
Animals (Svrague. Animaly with Tumors

Drawlsy Ratg1
Groups and Treatmend Zymbal Nenh Ciher
. land SEPIIO- g nwio- 1
Total Survivors E::" b::‘::u- ur::::a: ln?-:r
OMas wle
I: ¥C, 200 ppm 120 115 1*
I1: VvC, 15 ppm 120 HH
NI: ¥C, 160 ppm 120 ii2
1¥: No treatment 185 1M
Total 545 507 i
* One subcutlanecous fibroangioma .

similar in rats. mice, and hamsters. Angiosarcomas frequently metastasize: as {ar
as the liver angiosarcomas are concerncd. the lung is the most frequent site of
distant metastases.

Blood vessels ectasias. endothelial hyperplasia, associated or not associated
with cellular atypia. are often observed in the liver and in other organs and
tissues in treated animals, with or without local or distant angiosarcomas or
angiomas. Therefore, the effect of VC on blood vessels and endothelia should be
considered systematic. ’

Angicblastic proliferation. angiomas. and angiosarcomas in the liver and in
other sites may or may not be associated with fSbroplasia. From the histelorical
obscrvations. the sequence of local changes 1n the venesis of malignant vascular
tumors appears to be as follows: endothclial byvperplasia. angiomas, atypias of
endothelial cclls in hyperplasia tdvsplasiat and angromas. angivsarcomas.

Fibroangioblastic proliferation undergoing fibrosis is frequently observed in
the spleen of the treated rats and mice.

Skin carcinomas in treated rats appear (requently to arise from sebaccous
glands, of which they may reproduce in some extent the morphological charac-
ters {(FIGURE 100,

The hepatomas observed in treated rats are uwsually well differentiated.
Metastases have been observed in the lung.

Brain ncuroblastomas are very similar to the human medulloblastomas {FiG-
URE | 1). Since they may be quite smalt and theretore not casily macroszopically
detectable. we are now making seria! scctions of the brains of the treated rats, to
obiain more precise informauon on their real incidence.

The lung adenomas in treated mice are usually multicentric: their number is
higher in ammals trcated with heavier doses. Many of these tumors appear to
undergo carly malignant transformation.

Mammary carcinomas mav be solitary or multiple. They are usuzlly well
differcntiated adenocarcinomas, with monomershous or polvmorphous arrange-
ment. The maost distinct feature of these wmars is the frequency with which they
preseat areas of squamous metaplasia (Ficure 12),

Up to the present no acroosteolstic {esion has been observed on our treated
animals.

Scveral of the tumors produced by VC are quite rare or exceplional. To our
knowledge liver angiosarcomas, nephroblastomas. and ncuroblastomas have

GGC 000220
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TapLe &
z | 9RTEs o ExPerIvEST BT7 RIsuLTs AFTER 41 WEEKS
m o Nt” et R
Lo} OO XL ot et = D . 1
- Animals Animal< with Tumors® —
{Wistar Rats) . ~
3 : €4
2 o~ —
au NN~ = Groups and Treatment " Zverbal Angiosareomas _ Other “ .._M"
85 |~ = Survi-  gland  YOTRrOC type | o
] Tota] ! SUMI- - #Lnd g 500, andor | Towal
-1 w— 7 — ) VOIS v £arci- mas - QOther (]
o — _ — _, -— _ w nemas | Liver sites site &
3 1 )
i }
R du | ~ I: VC. 10.000 ppm 01— ! -, — o
if 8T =3 H: VC, 6,000 ppm | 30 | 26 i : — (1) _ — (1)
2 ~ HI: VC, 2500 ppm | 30 | 23 — (1) | b — (1)
E2 |y - 1V: VC, 500 ppm 037, - — 1
= V: VC. 250 ppm 0 | % ! i 1t 1
z VI: VC, 50 ppm n | 28 i
€ V1l: No treatment 40 | 38 {
a t | \ I
- | ! ;
= |88z a Total 20 {195 | — 03} M —mi W
- = e ~ : \
= v d ]
o L = -
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FiGoURE 2. Pulmonarﬂf metasiasis of well difierentialed Zymbal gland carcinema in
rat. H&E, X 180,

2. The range of induced tumors varics to some exient from species to species.
When ginen by inhalauon VC produced: in rats. Zymbal gland carcinomas, neph-
roblastomas. angiosarcomas. and angiomas of the liver and other sites, skin car-
cinomas. hepatomas. and brain ncuroblastomas: in mirce, lung adenomas (fre-
quentty undergoing mabignant transformation), mammary carcinomas, of a
peculiar type, ungiosarcomas and angiomas ot the tiver and ol other sites, skin
epithelial tumors: 1n hamsters, liver anmosarcomas und, as carly evidence seems
lo suggest. skin trichocpithehomas and {ymphomas. Incidentallv, liver angio-
sarcomas have been observed in all three animal species.

3. In the BTI and BT4 experiments, VC shows a carcinogenic cilect at 50
ppm. ’

4. From the BT experiment (the only onc conipleted) a dose-response rela-

© mm m mr——————
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FiGUurRe 3. Nephroblasioma in rat. H&E, ¥ 470.

tionship clearly emerges, as far as angiosarcomas and nephroblastomas are cor
cerned. in the lower dose ranges: from 500 to 50 ppm for angiosarcomas ar
from 250 to 50 ppm {or ncphroblasiomas.

5. A comparison of the results avalable at the present moment in rats ¢*
posed for 12 and < months {BT1 a2nd BT3 expenimentsi shows that the neoplas
response. as £ar as angiosarcomas and nephroblastomas are concerned, 15 aflecte
by the length ot exposure 1o VC.

6. The comparison of the resuits obtained 1n rats of two different strains. i
Sprague-Dawley (BT1) and Wistar (BT7), at the present moment, seems {0 su
gest that the strawmn factor considerably affects the neeplastic response.

7. The onsct of two subcutancous angiosarcomas in the offspring of breedc:
exposed during pregnancy for 7 days appears to indicate a transplacental efie.
of VC.
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8 The observation of a few czces of ossifving angiosarcomas suggests a new
yrientation n the pathogenetic inferpretation of acroosicolysis in workers ex-
~osed to VC.

The results presented in this report should be considered both preliminary and
ncomplete: prel:minary since most of the experiments are still in progress, and
.ome at the mitial stages: incomplete because a more profound and svstemaltic
nicroscopical examination. which 1s now under way, of further sersal histological
ections. may disclose new initial, minute, undetected tumors. For the latier rea-
on previous reports have been esen more incomplete. The release of the prelimi-
1ary and incompicle results has been made necessary because of the importance

y
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FiGuRre §. Liver angiosarcoma in rat. H&E, % 190,

of the topic. the pressure of the events and the requests. Since there have been
more than 100.000 shides up to now. [ am sure that those cheaped in pathologicai
screenig ol experimental material are aware of our dificult task, )
Our data have been periodically transmitted to the Eurepean Companies
which fmu: supported our research and are available to all interested parnés.
_ Beforcthe end of 1972, a short ime sfter it was known that M C was inducing
I rats not cniv Zymhal gland tumors. but also nephroblistomas and fiver ancio-
sarcomas, these results were also made known to the MCA (US ALY, This ntor-
mation promoted clinical observations and epidemiolocicat investications. w hich
in December 1973 led to the firs1 discovers of a lner angiosarcoma, as an oc-
cupauenal disease, in a worker of 2 U.S.A. f-actor}' producn;g MC-PVC

s P e e A -
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Fictae 12. Mammary adenocarcinoma with squamous metaplasia in mouse.
H&E. x 190.

Mav I recommend again that the VC carcinogenesis may serve as a convinc-
ing example for urgently promoting experimental bioassays for all new industrial
compounds and for those compounds that are alrcady widespread but whose
effect we still sgnore, to avoid occupational cancers.

Qur Institute is now undertaking projects of carcinopenicity bioussays of
other monomers employed in the plastic industry.
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