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A bioassay f o r  possible carc inogenic i ty  o f  technical-grade a l l y l  ch lo r i de  
(3-chloropropene) was conducted using Osborne-Mendel r a t s  and B6C3F1 mice. 
ch lo r i de  i n  corn o i l  was administered by gavage t o  two groups o f  each soecies f o r  5 days 
a week fo r  78 weeks. The time-weiqhted average dosages were, respect ively,  77 and 57 
mg/kg/day for  high and low dose male rats ;  73 and 55 mq/kq/day f o r  h iqh and low dose 
female rats ;  199 and 172 mglkglday f o r  h igh and low dose male mice; and 258 and 129 
mg/ka/day f o r  h lgh and low dose female mice. 

for each species, 20 animals o f  each sex were placed on t e s t  as vehic le  controls.  Twent. 
animals of each sex wers placed on t e s t  as untreated contro ls  f o r  each species. 
Survival  of h igh dose male mice and h igh dose r a t s  of both sexes has extremely poor. 
F i f t y  percent of the high dose male mice were dead by heel. 27. Among the hiqh dose r a t s  
50 percent o f  the males had d ied by week 14 and 50 oercent o f  the fernalps had d i p 4  (w 
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Continuation - Bioassay tor Possible Carcinogenicity of Technical-Grade Allyl 
Chloride (3-Chloropropene) 

roups, the number o f  arimals 
loping tumors was not adequate 
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,Lnder the condqticns of thls bioassay no conviccinq ev!denca was presented for the 
carcinogenicity o f  allyl chloride i n  Osborne-Mendel rats o f  either sex. The results 
do indicate t h a t  a l l y l  chloride I s  carcinogenic i n  ma'e and female B6C3F1 mice because, 
when administered by gavage., the compound is  associated ri t h  neoplastic and nonneoplastic 
lesions o f  the forestomach. 
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REPORT ON THE BIOASSAY OF ALL= CHLORIDE 
FOR POSSIBLE CARCINWXNXC ITY 

CARCINCXENESIS TESTING PROCRAM 
DXVXSXON OF CANCER CAUSE AND PREVENTION 

NATIONAL CANCER INSTITUTE, NAIIONAL INSTITUTES OF hEALTH 

' FOREWORD: 
c h l o r i d e  conducted f o r  t he  C6,-.c1nogenesis Tes t ing  Program, Div i s ion  
o f  Cancer Cauee and Prevent ion ,  National Cancer I n s t i t u t e  (NCI), 
Nat ione l  I n s t i t u t e s  of Heal th ,  Bethesda, Maryland. 
series of  experiments designed t o  determinc whether s e l e c t e d  chemicals 
have the  c a p a c i t y  t o  produce cencer  i n  animals. 
which the  tes t  animals do not have a e i g n i f i c a n t l y  g r e a t e r  inc idence  
of cance r  than  c o n t r o l  animals,  do not n e c e s s a r i l y  mean the  t e s t  chem- 
i c a l  i s  not  a carc inogen  because the  experiments a r e  conducted under 
a l i m i t e d  set  of  circumstances.  P o s i t i v e  results demonst ra te  t h a t  t he  
test chemical is  carc inogenic  f o r  animals under the  c o n d i t i o n s  of t he  
test and i n d i c a t e  a p o t e n t i a l  r i s k  t o  man. 
of  the r i s k  t o  man from animal carcinogens r e q u i r e s  a wider a n a l y s i s .  

lhis r e p o r t  p re sen t s  t he  r e e u l t s  of  t he  b ioassay  of  a l l y l  

Th i s  is one of a 

Negative resul ts ,  i n  

The a c t u a l  de t e rmina t ion  

CONTRIBUTORS: 
Ha t l e ton  Labora to r i e s  America, Inc., Vienna, V i r g i n i a ,  i n i t i e l l y  under 
d i r e c t  c o n t r a c t  t o  the  N C I  and c u r r e n t l y  under a subcon t rac t  t o  Tracor  
J i t c o ,  Inc. ,  prime c o n t r a c t o r  f o r  t he  N C I  Carc inogenes is  Tes t ing  Pro- 
z r a .  

This bioassay  of a l l y l  c h l o r i d e  was conducted by 

The experimental  design was determined by the  N C I  P r o j e c t  Off i -  
c e r s ,  Dr .  J. H. Weisburger ( 1 , 2 )  and D r .  E. K. Weisburger (1). The 
p r i n c i p a l  i n v e s t i g a t o r s  f o r  t h e  c o n t r a c t  were Dr .  W. 8. Powers ( 3 1 ,  
D r .  R. W. Voelker ( 3 1 ,  D r .  W. A. Olson ( 3 . 4 )  and D r .  W. W. Weather- 
h o l t t  ( 3 ) .  
(3 ,5 )  and the  a n a l y t i c a l  results were reviewed by D r .  N. Zimmerman 
(6)  ; t h e  t e c h n i c a l  supe rv i so r  of animal t rea tment  and obse rva t ion  
was lis. K. J. Pe t rov ic s  ( 3 ) .  

Chemical a n a l y s i s  was performed by D r .  C. L. Guyton 

Hi s topa tho log ic  examinat iom were performed by D r .  R. H. Haber- 
mann (3)  and reviewed by Dr. Et. W. Voelker ( 3 )  a t  t h e  Ra t l e ton  Labo- 
r a t o r i e s  America, Inc., and the  diagnoses included i n  t h i s  r e p o r t  
r e p r e s e n t  t h e  i n t e r p r e t a t i o n  of t hese  p a t h o l o g h t s .  
f i n d i n g s  and r e p o r t s  were reviewed by Dr. R. L. Schueler  ( 7 ) .  

His topa thology 

Compilation of ind iv idua l  animal s u r v i v a l ,  pathology, and sum- 
mary t a b l e s  was performed by EG&G Mason Research I n s t i t u t e  (8);  t h e  
e t a t i e t i c a l  a n a l y s i s  vas  performed by Mr. W. W. Belew ( 6 )  and D r .  J. 
R. J o i n e r  (71,  us ing  metkods s e l e c t e d  f o r  t he  Carc inogenes is  Tes t ing  
Program by D r .  J. J. Car t  ( 9 ) .  
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This  r e p o r t  vas prepared a t  HETREK, a Div i s ion  of The MITRE Cor- 
p o r a t i o n  (6)  under t h e  d i r e c t i o n  of the  NCI. Those respons ;b le  f o r  
t h i s  r e p o r t  a t  HETREK a r e  the  p r o j e c t  coord ina to r ,  Dr. L. W. Thomas 
(61, t a s k  l e a d e r  Dr .  M. R. Kornreich (61, s e n i o r  b i o l o g i s t  )(e. P. 
Walker (61, biochemist  Dr.  B. F u l l e r  (61, and t e c h n i c a l  e d i t o r  3s. 
P. A. Miller (6). The f i n a l  r e p o r t  was reviewed by members of the 
p a r t i c i p a t i n g  o r g a n i r a t  ions . 

The following o t h e r  r c i e n t i s t e  a t  t he  National Cancer I n s t i t u t e  
were reepons ib l e  for eva lua t ing  t h e  b ioassay  experiment,  i n t e r p r e t i n g  
t h e  r e e u l t s ,  and r e p o r t i n g  the  f ind ings :  Dr .  K. C. Chu (11, D r .  C. 
Cueto, .Jr. (11, Dr. JI  P. Douglas (11, D r .  D. G. Goodman (11, D r .  R. 
A. Criesemer (11, D r .  H. A. Milman (11, D r .  T. W. Orme (I), D r .  R. A. 
Squ i re  (1,101, Dr .  J. M. Ward (11, and D r .  C. E. Whitmire (1 ) .  

.I . . ~ . .. 

1. 

2. 

3 .  

4. 

5. 

6.  

7. 

8. 

9. 

10. 

Carcinogenesis Tes t ing  Program, Div is ion  of Cancer Cause and 
Prevent ion ,  Wational Cancer I n s t i t u t e ,  National I n s t i t u t e s  of 
Heal th ,  Bethesda, Maryland. 

Now with the  Naylor Dana I n s t i t u t e  f o r  Disease Prevent ion ,  Ameri- 
can Health Foundation, Hammon House Road, Valha!.la, N e w  York. 

Hazleton Labora to r i e s  America, Inc. , 9200 Le- -bu rg  Turnpike,  
Vienna , Virgin ia .  

Now with the  Center  f o r  Regulatory Se rv ices ,  2347 Paddock Lane, 
Reston, Vi rg in ia .  

Now with Rhodia, Inc., 23 Belmont Drive, Somerset, New Jersey .  

The MITRE Corpora t ion ,  hTl?.EK Divis ion ,  182C Dolley Madison 
Boulevard, &Lean, V i rg in i a .  

Tracor J i t c o ,  Inc., 1776 Eas t  J e f f e r s o n  S t r e e t ,  Rockv i l l e ,  
Maryland. 

EGIG Mason Research I n s t i t u t e ,  1530 East J e f f e r s o n  S t r e e t ,  
Rockvi l le ,  Marylatid. 

)le themat i c a l  S t a t  is t i c e  and Applied Mathemat i c e  Sect  i on ,  Biome t r y  
Branch, F i e l d  S t u d i e s  anc! S t a t i s t i c s  Program, Div i s ion  of Cancer 
Cause and Prevent ion,  National Cancer Ins  t i t u t o  , Nat iona l  i n s  t i- 
t u t e s  of Heal th ,  Bethesda, Maryland. 

Now with the Div i s ion  of Comparative Medicine, Johns Hopkins 
Univers i ty ,  School of Medicine, Traylor  Bui ld ing ,  Baltimore,  
Maryland . 
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Under t h e  cond i t ions  of t h i s  b ioassay  no convincing ev idence  was 
presented  f o r  t h e  c a r c i n o g e n i c i t y  of  a1  l y l  c h l o r i d e  i n  Osborne-Mendel 
r a t s  of  e i t h e r  sex.  
carc inogenic  i n  male and female B6C3Fl mice s i n c e  t h e  compound, when 
adminis te red  by gavage, caused a low inc idence  of n e o p l a s t i c  and 
nonneoplas t ic  l e s i o n s  of t h e  forestomach. 

The r e s u l t s  a r e  sugges t ive  t h a t  a l l y l  c h l o r i d e  is 

V 

SU)(IURY 

' A bioassay  f o r  p o s s i b l e  c a r c i n o g e n i c i t y  of  technica l -grade  a l l y l  
c h l o r i d e  (3-chloropropene) was conducted us ing  Oeborne-Hendel r a t s  
and B6C3P1 mice. A t  i n i t i a t i o n  of t h e  s tudy  t h e  rats vere approxi- 
mately 6 weeke o l d  and t h e  mice approximately 5 weeks o ld .  
c h l o r i d e  i n  corn o i l  was adminis te red  by gavage t o  tvo groups of each  
rpecies f o r  5 days a week f o r  78 weeks, followed by obse rva t ion  pe- 
r i o d s  of 30 to  33 weeks f o r  ::he r a t e  and 14 weeks f o r  t h e  mice. The 
time-weighted average dosages were, r e s p e c t i v e l y ,  77 and 57 mg/kg/day 
f o r  high and low dose male r a t s ;  73 and 55 mg/kg/day f o r  h igh  and low 
dose female r a t e ;  199 and 172 mg/kg/day f o r  h igh  and low dose male 
mice; and 258 and 129 mg/kg/day f o r  high and low dose female mice. 

A l l y l  

For each s p e c i e s ,  20 animals of  each sex were plriced on test as 
' v e h i c l e  c o n t r o l s .  These animals .vere in tuba ted  with c o r n  o i l  a t  t h e  
same time t h a t  dosed animals  were gavaged with a l l y l  c h l o r i d e  i n  corn  
o i l .  Twenty animals  o f  each sex were placed on test  a s  t intreated 
c o n t r o l s  f o r  each spec ie s .  These animals were not  in tuba ted .  

Surv iva l  of high dose male mice and h igh  dose r a t s  of both sexes  
vas 'ex t remely  poor. F i f t y  percent  of t he  high dose male mice ve re  
dead by week 27; t h e  10 members of t h i s  group t h a t  surv ived  p a s t  week 
48 were s a c r i f i c e d  i n  week 56. Auiocg t h e  high dose r a t s ,  50 percent  
of t h e  males had d i e a  by week 14 and 50 percent  of t h e  females had 
d i e d  by week 38. 
b e r  of animals  su rv iv ing  long enough t o  be a t  r i s k  from late-developing 
tumors was n o t  adequate  f o r  meaningful s t a t i s t i c a l  a n a l y s i s .  

Because of e a r l y  m o r t a l i t y  i n  these  groups,  t h e  num- 

In  t h i s  b ioas say ,  squamous-cell carcinomas of t he  forestomach i n  
male and female mice and squamous-cell papi l lomas of  t h e  forestomach 
i n  female mice occurred  i n  incidences t h a t  were h ighe r  than  i n  h i e t o r i -  
cal con t ro l s .  No o t h e r  neoplasms occurred i n  e t a t i e t i c a l l y  e i g n i f i c a n t  
increased  i ac idences  i n  dosed r a t e  o r  mice. 
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I. INTRODUCTION 

A l l y l  c n l o r i d e  (NCI No. C04615) i s  one of a group of halogenated 

chemical i n t e rmed ia t e s  s e l ec t ed  f o r  ca rc inogenes i s  b loassay  by the  

Nat iona l  Cancer I n s t i t u t e .  Chemicals were s e l e c t e d  on t he  b a s i s  of 

l a rge - sca l e  product ion ,  ex tens ive  use ,  and l ack  of adequate chronic  

t o x i c i t y  d a t a .  

The Chemi.ca1 Abs t r ac t s  Se rv ice  (CAS) Nicch Co1.lective Index 

* (1977) neme for  t h i s  compound i s  3-chloro-1-propene. 

c a l l e d  3 -ch lo ro~rogene  or chloropropylene.  

I t  i s  a l s o  

A l l y l  c h l o r i d e  is one of the  most com!nercially important  a l l y l  

ccnnpounds. Commercial-scale product ion  of a l l y l  ch lo r ide  began i n  

1945 and increased  t o  2 9 5  miLlion pounds annual ly  i n  1972 (S tanford  

Research I n s t i t u t e ,  1975). I t  i s  an extremely usef t i l  ci:emical i n t e r -  

mediate  s i n c e  i t  can  r eac t  both a s  an organic  h a l i d e  and a s  an o l e f i n  

( P i l o r z ,  1964). 

end-use market themselves,  bu t  a r e  p a r t  of f u r t h e r  syntheses .  

t a n t  " f i r s t  generct ion" d e r i v a t i v e s  of a l l y l  ch lo r ide  inc lude  g l y c e r o l ,  

Host d e r i v a t i v e s  of a l l y l  ch lo r ide  do not reach an 

Impor- 

ep ich lo rohydr in ,  and a l l y l  a l coho l  ( P i l o r z ,  1964). Other  d e r i v a t i v e s  

inc lude  medic ina lo ,  such a s  b a r b i t u r a t e s ,  d i u r e t i c s '  ( P i l o r z ,  19641, 

and h e r b i c i d e s  (Kuwahara e t  al.,  1973). 

The National  I n s t i t u t e  for Occupational Safe ty  and Heal th  (19'16) 

e s t i m a t e s  t h a t  approximately 5000 workers i n  the  United S t a t e s  a r e  

* 
The CAS r e g i s t r y  number i s  197-05-1. 

1 
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potentia1l;t expoecd t o  a l l y l  ch lo r ide  annually. 

S l l Y l  c h l o r i d e  occur8 p r i n c i p a l l y  by vapor i n h a l a t i o n  i n  t h e  working 

a r e a s  of  i n d u s t r i a l  p l a n t s  employing t h i s  compound f o r  syntheses.  

L ive r  damage was repor t ed  i n  employees of t he  p l a s t i c s  i ndus t ry  a f t e r  

expoeure t o  a i r  concentrat iono varying f r a n  1 t o  113 ppm of a l l y l  

c h l o r i d e  for 16 monthr (Hausler and Lenich, 1968). Vapor exposure 

also  producer eye and lung damage ( P i l o r t ,  1964). A l l y l  c h l o r i d e  can 

be absorbed r a p i d l y  through the  s k i n  ( P i l o r r ,  1964). Observations of 

i n d u s t r i a l  exporure i n d i c a t e  t h a t  l i q u i d  a l l y l  c h l o r i d e  is a s k i n  

i r r i t a a t  which can cause d e r m a t i t i s ,  damage t o  underlying t i s s u e s  of 

t h e  s k i n ,  chemical burns,  and deep-seated pain (Nat ional  I n s t i t u t e  

for Cccupational S a f e t y  and Health,  1976). 

Xumaa exporure to 

2 
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11. NATERIALS AND METHODS 

A. Chemicals  

One ba tch  of technical-grade a l l y l  ch lo r ide  (F igu re  1) was pur- 

chased by Har le ton  Labora tor ies  America, Inc., Vienna, V i r g i n i a ,  

fram Aldr ich  Chebical Coapany, Inc. 

i n i t i a l l y  determined by gas- l iqu id  chromatography (CLC) t o t a l - a r e a  

The p u r i t y  of  t h e  compound was 

a n a l y s i s  and by i n f r a r e d  spectroscopy. Six peaks were revea led ;  t h e  

f o u r t h  peak accounted f o r  98 percent  of the t o t a l  a r e a  and was 

presumed t o  be a l l y l  ch lor ide .  

1.4 percen t  of t he  t o t a l  a r e a  and t h e  o t h e r  four peaks t o t a l e d  less 

than  1 pe rcen t  of the area.  Th i s  i n d i c a t i o n  of p u r i t y  i n  the  range 

of 98 percen t  was c o n s i r t e n t  w i th  the  p u r i t y  noted by t h e  s u p p l i e r .  

The i n f r a r e d  rpectrum of the  a l l y l  c h l o r i d e  was c o n s i s t e n t  w i th  t h a t  

One minor peak accounted for about 

e x p c t e d  from the  s t r u c t u r e  of t he  compound. 

Second and t h i r d  p u r i t y  de t e rmina t i cns  were conducted approxi- 

mate ly  19 and 26 months, r e s p e c t i v e l y ,  a f t e r  t he  o r i g i n a l  a n a l y s i s  

i n  o r d e r  t o  e s t a b l i s h  t h e  s t a b i l i t y  of a l l y l  c h l o r i d e  after s to rage .  

The second and t h i r d  p u r i t y  de t e rmina t ions ,  us ing  GLC, showed the  

major peak t o  be approximately 98 and 99 percent ,  r e s p e c t i v e l y ,  of 

t h e  t o t a l  area. The i n f r a r e d  s p e c t r a  obtained i n  both of t hese  

ana lyses  were c o n s i s t e n t  wi th  the  p a t t e r n  shown i n  the  f i r s t  a n a l y s i s .  

Therefore  i t  was assumed t h a t  t h i s  ba tch  of a l l y l  c h l o r i d e  remained 

r t a b l e  du r ing  the  s t o r a g e  per iod  of approximately 2 years. 
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CHEMICAL STRUCTURE OF ALLYL CHLORIDE 
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Throughout t h i s  r e p o r t  t he  term a l l y l  c h l o r i d e  i s  used t o  re- 

p resen t  t h i s  technica l -grade  material . 
B. Dosage P r e p a r a t i o n  

Fresh  s o l u t i o n s  o f  a l l y l  c h l o r i d e  i n  Duke's@corn o i l  (S. F. 

Sauer Company, Richmond, V i r g i n i a )  were prepared weekly, s e a l e d ,  and 

s t o r e d  i n  d a r k  b o t t l e s  a t  1.C. The concen t r a t ion  of a l l y l  c h l o r i d e  

i n  co rn  o i l  v a r i e d  from 5.5 t o  7.0 percent  €o r  t he  rat ch ron ic  

, b ioassay  and from 2.0 t o  5.0 percent  f o r  t he  mouse ch ron ic  bioassay. 

These a l l y l  c h l o r i d e  s o l u t i o n s  were considered g e n e r a l l y  s t a b l e  f o r  

10 days under t h e  i n d i c a t e d  s t o r a g e  condi t ions .  

C. Animals 

Two animal s p e c i e s ,  r a t s  and mice, were used i n  t h e  carc inogeni -  

The Oeborne-Mendel r a t  was s e l e c t e d  on t h e  b a s i s  of a c i t y  bioassay. 

comparative s tudy  of  t he  tumorigenic respons iveness  t o  carbon tetra- 

c h l o r i d e  o f  f i v e  d i f f e r e n t  s t r a i n s  of rats (Reuber and Glover,  1970). 

The B6C3P1 mouse was s e l e c t e d  because i t  has been used by the  N C I  f o r  

ca rc inogenes i s  b ioas says  and has  proved r a t i o f a c t o r y  i n  t h i s  capac i ty .  

Rats  and mice of  both rexes were obta ined  throvgh c o n t r a c t s  w i th  

t h e  Div i s ion  of  Cancer Treatment, Nat iona l  Cancer I n s t i t u t e .  

Osborne-Mendel r a t e  were procured from t h e  Battelle Memorial I n s t i -  

turc, Columbus, Ohio, and the B6C3F1 mice from the  Char les  River 

Breeding L a b o r a t o r i e s ,  Inc., Wilmington, Massachusetts. 

animals were quarant ined  f o r  a t  least 10 days ,  observed f o r  v i s i b l e  

The 

Upon r e c e i p t ,  
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s i g n s  o f  d i eeaee  or p a r a s i t e s ,  and assigned t o  the  v a r i o u s  t r e a t e d  

and c o n t r o l  groups. 

D. Animal Maintenance 

A l l  animals  were housed by species i n  temperature- and humidity- 

c o n t r o l l e d  rooms. The tempera ture  range was 20° to  24OC and the  

relative humidity was maintained between 45  and 5 5  percent .  

cond i t ion ing  system provided f i l t e r e d  a i r  a t  a r a t e  of 1 2  complete 

changes of roam a i r  p e r  hour. 

The a i r  

Fluorescent  l i g h t i n g  was provided on a 

12-hour-daily cycle .  
# 

The rats were i n d i v i d u a l l y  housed i n  suspended ga lvanized-s tee l  

wire-meeh cages  wi th  pe r fo ra t ed  f l o o r s .  

i n  groups of  10 i n  solid-bottom polypropylene r ages  equipped with 

f i l ter  tops.  

Sawdust Company, Moonachie, New Je r sey )  were provided once each week 

The mice were housed by sex 

S a n i t i z e J  cages wi th  f r e s h  bedding (Sanichips@, Pinewood 

f o r  mice. Rats rece ived  s a n i t i z e d  cages wi th  no bedding with the  

same frequency. Food hoppers were changed and h e a t - s t e r i l i z e d  once a 

week f o r  t h e  f i r s t  10 weeks and once a month t h e r e a f t e r .  Fresh \:eat- 

s t e r i l i z e d  g l a s s  water b o t t l e s  and s i p p e r  tubes  were provided t h r e e  

times a week. 

Chicago, I l l i n o i s )  and water  were a v a i l a b l e  l ib i tum.  

Food (Wayne Lab-Blox! meal, A l l i ed  Mills, Inc. ,  

The r a t s  dosed wi th  a l l y l  ch lo r ide  and t h e  un t r ea t ed  and veh ic l e  
* 

c o n t r o l  rats were housed i n  the  same room with  r a t s  i n tuba ted  v i t h  

chloroform (67-66-3); carbon t e t r a c h l o r i d e  (36-23-51; 1 ,1 ,2 ,2- te t ra-  

ch loroe thane  (79-34-5); and 1,2-dibromoethane (106-93-4). 

CAS r e g i s t r y  numbers are g iven  i n  parentheses .  
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The mice doead wi th  a l l y l  c h l o r i d e  and t h e  un t r ea t ed  and v e h i c l e  

c o n t r o l  mice were housed i n  the  same room a s  mice in tuba ted  wi th  

1 1 2 2- t e t r a c h l o r o e t h a n e  ( 7934-5) ; chlorof  om (6 7-66-3 1 ; 3-eul f o  l ene  

(77-79-2) ; c h l o r o p i c r i n  (76-06-2); t r i ch lo ro f luo romethane  (75 -694) ;  

dibromochloropropane (96-12-8) ; iodoform (75-47-8) ; methylchloroform 

(71-55-6); lD2-dibranoethane  (106-93-4); lD2-d ich lo roe thane  (107-06- 

2): 1 , l -d i ch lo roe thane  (75-34-3); t r i c h l o r o e t h y l e n e  (79-01-6) ; carbon 

t e t r a c h l o r i d e  (56-23-5); 1 ,1 ,2- t r ich1oroe thane  (79-00-5); hexachloro- 

e t h m e  (67-72-1) carbon d i s u l f i d e  (75-15-0) ; and t e t r a c h l o r o e t h y l e n e  

(127-18-4) 

E. - C a e t r k  I n t u b a t i o n  

I n t u b a t i o n  YJB periormed f o r  f i v e  consecut ive  days per  week on  

a mg/kg body weight b a s i s D  u t i l i z i n g  t h e  mosc r e c e n t l y  observed group 

mean body w i g h t  as a guide  f o r  determining t h e  dose. Uean body 

weights f o r  each group were recorded a t  weekly i n t e r v a l e  f o r  t he  

f i r e t  10 weeks and a t  monthly i n t e r v a l s  t h e r e a f t e r .  

one sex  wi th in  a t r e a t e d  group rece ived  t h e  same doee. 

gavaged wi th  a l l y l  c h l o r i d e  s o l u t i o n s  under e h o d  t o  minimize ex t r a -  

neous exposure of o t h e r  animals and ' ,aboratory personnel  t o  the  chem- 

i c a l .  

1. S e l e c t i o n  of  I n i t i a l  Dose Levels 

A l l  animals of  

Animals were 

I n  o rde r  t o  e s t i m a t e  the  maximum t o l e r a t e d  dosages of  a l l y l  

c h l o r i d e  f o r  a d m i n i s t r a t i o n  t o  treaLed animals i n  the  chronic  stti4ies 

eubchronic t o x i c i t y  tests were conducted with both  rats and n i ce .  
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hrrimals o f  each spec ie s  were d i s t r i b u t e d  among s i x  groups,  each 

c o n s i s t i n g  of  f i v e  males and f i v e  females. I n t u b a t i o n  was performed 

5 days per week f o r  6 weeks, followed by a 2-veek obse rva t ion  per iod  

t o  d e t e c t  any delayed t o x i c i t y .  

o i l ,  war introduced by gavage t o  f i v e  of the s i x  r a t  groups a t  dos- 

agce of 56, 100, 178, 316, and 562 mglkglday and t o  f i v e  of the  s i x  

mouse groups a t  dosages o f  178, 316, 562, 1000, and 1780 mg/kg/day. 

The s i x t h  group of  each spec ie s  served a s  a v e h i c l e  c o n t r o l  group, 

r e c e i v i n g  only corn  o i l .  

A l ly l  c h l o r i d e ,  d i seo lved  i n  corn  

Based on obse rva t ions  du r ing  the  subchronic t o x i c i t y  tes ts ,  the  

i n i t i a l  h igh  dosage s e l e c t e d  f o r  t h e  chronic b ioassay  was 110 mg/kg/ 

day f o r  r a t s  of  bo th  sexes. 

A t  a l e v e l  of  562 mglkglday o r  l e s e  only one mouse d i ed  dur ing  

t h e  8-week s tudy  ( a  female t r e a t e d  wi th  562 mg/kg/day). No re t a rda -  

t i o n  i n  body weight ga in  was observed i n  e i t h e r  sex a t  562 mglkglday 

o r  less. 

b ioassay  were 400 mg/kg/day f o r  males and 300 mg/kg/dsy f o r  females. 

The i n i t i a l  h igh  doeages s e l e c t e d  f o r  t he  mouse chronic  

C. Experimestal  Design 

The experimental  deeign parameters f o r  t h i s  chronic  s tudy  (spe-  

c i e s ,  s ex ,  group s i z e ,  dosages adminis te red ,  du ra t ion  of t r e a t e d  and 

u n t r e a t e d  obeerva t  ion p e r i o d s ,  and the  .time-weighted average  dosages) 

a r e  summarized i n  Tables  1 and 2. 
. .  

A 

kglday 

chronic  b ioassay  was i n i t i a t e d  us ing  dosages of  110 and 5 5  mgl 

f o r  r a t s .  Due t o  l a c k  of t o x i c i t y ,  dosage l e v e l s  were r a i s e d  

i 
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TABLE 1 

DESIGN SUMMARY FOR OSBORNE-MENDBL RATS 
ALLYL CHLORIDE GAVAGE EXPERIHENT 

ALLYL OBSERV.4TION PERIOD TIME-WEIGHTED 
INITIAL CHLORIDE TkEATED UNTRUTED AVERAGE 

GROUP SIZE DOSAGEa (WEEKS) (WEEKS)  DOSAGE^ 

UNTREATED 
C m R O L  20 0 0 110 0 

VEHICLE 
CONTRGL 20 0 78 32 0 

LOW DOSE 50 70 10 57 
55 68 
0 32 

HIGH DOSE 50 140 10 77 
110 16 

55 52 
0 30 

FEUALE 

UNTREATED 

- 
CONTROL 20 0 0 110 0 

VEHICLE 
CCNTROL 20 0 78 33 0 

L O W  DOSE 50 55 
0 

78 
32 

55 

HIGH DOSE 50 110 26 73 
5 5  52 
0 32 

- 
a' Dosage@, given in mp/kg body weight, were administered by gavage 5 

consecutive days per week. - .  

C(doea e X weeks received: bTime-weighted averoge doedge (week: receiving chemical) 

9 

1 .  I 

I 

I 

I 

i 
f 
i 

I 

! 

I 
i 
1 
! 
I 
f 

I 

I 

I 
! 
I 

- 



-. . 

I ,  . ,  

mu 2 

DESIGN SUMMARY FOR B6C3F1 XICE 
ALLYL CHLORIDE GAVAGE EXPERIMENT 

TIME-WEIGHTED 
ALLYL OBSERVATION PERIOD AVERAGE DOSAGE 

I N I T I A L  CHLORIDE TREATED UNTREATED OVER A 78-WEEK 
CROUP SIZE  DOSAGE^ (VEERS) (WEEKS)  PERIOD^ 

nALE 

WTPEATED 
CONTROL 20 
vEaIcLe 

- 
- 0 0 90 0 

0 78 13 0 CONTROL . -0 
LOU DOSE 50 200 1s 172 

250 1 
20OC 9 
200 42 11 

4OOc 9 
400- . 3  1 
200= 21 6 

?EWE - 
-&TREATED 
CORTROL 20 
VEHICLE 

0 0 90 0 

0 70 13 0 CONTROL 20 
Loy DOSE 50 15OC 25 129 

150 42 11 
14 - 0 

50 3OOc 25 258 ~ K l i  DOSE 
50 300 42 11 

0 14 
8 Dosages, g iven  i n  mg/kg body weight,  were adriinietered by gavage 5 

consecu t ive  day8 per week. 

C(dos8ge X veeke rece ived)  
70 weeke bTime-veigbttd average dosage - 

r, There doeageo were c y c l i c a l l y  adminis te red  with a p a t t e r n  of 1 doee- 
f r e e  week followed by 4 weeke (5 days per week) of chemical adminis- 
t r a t i o n  a t  the  dosage leve. i nd ica t ed .  

dTermin8ted i n  ueek 56. 

10 



i:' 
b 
1-  
F 

twice. 

kg/day f o r  bo th  rexes and i n  week 12,  t he  dosage levels f o r  male r a t e  

were r a i e e d  aga in ,  t h i s  t i m e  t o  180 and 90 mg/kg/day. Because of ex- 

c e s s i v e  m o r t a l i t y  a f t e r  week 12, t h i s  b ioas say  vas t e rmina ted  dur ing  

week 31 and the  animalr were d iscarded .  

t h i r  b i o a r r a y ,  a new bioassay  of  a l l y l  c h l o r i d e  war i n i t i a t e d  a t  the  

fo l lowing  l e v e l r :  140 and 70 tng/kg/day f o r  male r a t s  and 110 and 5 5  

mg/kg/day f o r  female r a t e .  

E f f e c t i v e  week 6, t he  dosages were r a i s e d  t o  140 and 70 mg/ 

Based on obaerva t ions  du r ing  

A t  i n i t i a t i o n  of  t h i s  s tudy  t h e  t r e a t e d  and un t r ea t ed  c o n r r o l  

r a t a  were approximately 6 weeks old.  

approximately 7 weeke o l d  when they  were s t a r t e d  on test;  however, 

t h e y  vere p laced  on test  approximately 3 months be fo re  t h e  u n t r e a t e d  

c o n t r o l r  and t h e  dosed groups. 

The v e h i c l e  c o n t r o l  r a t s  were 

Gavage was performed f i v e  consecu t ive  days per week. The i n i t i a l  

dosages u t i l i z e d  f o r  male r a t s  were 140 and 70 mg/kg/day. 

t h i r  r e p o r t  t he  male rata i n i t i a l l y  r e c e i v i n g  the former dosage are 

r e f e r r e d  t o  ar the  h igh  doee group and those  i n i t i a l l y  r e c e i v i n g  t h e  

la t ter  dosage are r a f e r r e d  t o  a s  t he  low doee group. I n  veek 11 the  

h igh  and low dosages were reduced t o  110 and 5 5  aig/kg/day, respec- 

t i v e l y .  

aaler was decreased  t o  53 mg/kg/day, t he  same dosage rece ived  by t h e  

low dose group' This dosage was maintained f o r  t h e  remainder of t he  

Throughout 

A f t e r  16 weeks the dosage administered t o  t h e  h igh  dope 

compound a d m i n i s t r a t i o n  period. I n i t i a l l y ,  t he  female rats r ece ived  

dosages o f  110 and 5 5  mg/kg/day. Throughout t h i s  r e p o r t  the female 
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ra ta  i n i t i a l l y  r e c e i v i n g  t h e  former dosage are r e f e r r e d  t o  as the  

h igh  dose group and those  i n i t i a l l y  r e c e i v i n g  t h e  l a t t e r  dosage are 

r e f e r r e d  t o  as the  lw dose group. 

e f f e c t s ,  t h e  dosage l e v e l  f o r  high dose femaler, was lowered t o  55 mg/ 

kg/day. 

t o  those  adminietered t o  the  h igh  doee groups. 

rats r ece ived  no i n tuba t ione .  A f t e r  t he  7 8 r e e k  dosing pe r iod ,  r a t s  

were observed f e r  30 t o  33 weeks. 

In week 27, because of t o x i c  

Tbe v e h i c l e  c o n t r o l  rats rece ived  corn  o i l  i n  volumes equal  

Untreated c o n t r l l  

A t  t he  i n i t i a t i o n  of t he  s tudy  t h e  v e h i c l e  c o n r r o l  and t r e a t e d  

mice vere approximately 5 weeks old.  The un t r ea t ed  c o n t r o l  mice had 

a median b i r t h  d a t e  approximately 2 weeks l a t e r  than the o t h e r  mice, 

and verc placed on test a corresponding 2 weeks l a t e r .  

Throughout t h i s  r e p o r t  t h e  sa le  mice rece iv ing  i n i t i a l  dosages 

o f  400 mg/kg/dcy are r e f e r r e d  t o  as the  high doee and t h o t e  r ece iv ing  

i n i t i a l  doeager of 200 mg/kg/day are r e f e r r e d  t o  a s  t he  low dose. 

The female mice in tuba ted  wi th  300 and 150 mg/kg/day a r e  r e f e r r e d  t o ,  

r e r p e c t i v e l y ,  a8 t he  b igh  and lw dose groups. 

The dosager u t i l i z e d  for h igh  dose  male mice v e r e  400 mg/kg/day 

f o r  t he  f i r s t  15 weeks, 500 mg/kg/day t h e  next week, 400 mg/kg/day 

from week 1 7  through week 29, and 200 mg/kg/day from week 30 u n t i l  

week 56 when a l l  r w v i v i n g  an imals  i n  t h i s  group ve re  s a c r i f i c e d .  

The dosage u t i l i z e d  f o r  low dose males was 200 mq/kg/day except  

du r ing  week 16, when they rece ived  250 mg/kg/day. 

used f o r  high and low dose female mice were 300 and 150 mg/kg/day, 

The dosages 
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respe.ct ively,  throughout the 78 weeks of t he  experiment. I n  o rde r  t o  

dec rease  t o t a l  i n t a k e  of a l l y l  c h l o r i d e ,  i n  veek 26 i n t u b a t i o n  ceased 

f o r  a l l  mice f o r  1 veek and was fo l loved  by 4 veeks of i n t u b a t i o n  a t  

t h e  prev ious  doee l e v e l s .  

t i nued  f o r  t h e  remainder of t he  dos ing  period. 

This  p a t t e r n  of c y c l i c  a d m i n i s t r a t i o n  con- 

A f t e r  t h e  78-week dosing period the  surv iv ing  groups were ob- 

served f o r  up t o  14 weeks. 

H. C l i n i c a l  and His topa thologic  Examinations 

Animals v e r e  veighed immediately p r i o r  t o  i n i t i a t i o n  of the  

Body v e i g h t s ,  food consumption, and d a t a  concerning experiment. 

appearance,  behavior ,  s i g n s  of  t o x i c  e f f e c t s ,  and inc idence ,  s i z e ,  

and l o c a t i o n  ef tissue masses v e r e  recorded a t  weekly i n t e r v a l s  f o r  

t h e  f i r s t  10 veeks and a t  monthly i n t e r v a l s  t h e r e a f t e r .  

f i r s t  day, a l l  animals v e r e  inspec ted  d a i l y  f o r  mor t a l i t y .  

p resence  of t issue masses vas  determined by obse rva t ion  and p a l p a t i o n  

of  each animal. 

From t h e  

The 

A necropsy was performed on each animal r ega rd le s s  of whether i t  

d i e d ,  vas  k i l l e d  when moribund, or vas s a c r i f i c e d  a t  t he  end of t h e  

bioausay. 

p e n t o b a r b i t a l  a n e s t h e s i a ,  and were immediately necropsied.  

pa tho log ic  examination cons i s t ed  of gross and microscopic examination 

of  major t issues ,  organs ,  and g r o s s  ' l e s i o n s  taken from s a c r i f i c e d  an i -  

mals and, whenever p o s s i b l e ,  from animals found dead. 

The animals v e r e  euthhnized by exsanguina t ion  under sodium 

The h i s t o -  
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T i r r u e s  were preserved i n  1.0 Fercent  buf fered  formal in ,  embedded 

i n  p a r a f f i n ,  s ec t ioned ,  and s t a i n e d  wi th  hematoxylin and e o s i n  p r i o r  

t o  microscopic  examination. An. occas iona l  s e c t i o n  was subjec ted  t o  

rpecial s t a i n i n g  techniques f0.r more d e f i n i t i v e  d iagnos is .  

S l i d e s  v e r e  prepared from t h e  fol lowing t i s s u e s :  subcutaneous 

t i s s u e ,  lungs and bronchi ,  t r  Ichea, bone marrow, spleen, lymph nodes,  

thymus, h e a r t ,  s a l i v a r y  gland , l i v e r ,  g a l l b l a d d e r  (mice) , pancreas ,  

esophagus , 8 tomach , smal l  i n t s s  t i n e  , l a r g e  i n t e s  t ine  , kidney , u r i n a r y  

b l adde r ,  p i t u i t a r y ,  ad rena l ,  t h y r o i d ,  pa ra thy ro id ,  t es t i s ,  p r o s t a t e ,  

b r a i n ,  u t e r u s ,  mammary g land ,  and ovary. 

A f e v  t i s s u e s  were not exemined for  some animals ,  p a r t i c u l a r l y  

f o r  t hose  t h a t  d ied  ear ly .  Also, some animals  were miss ing ,  canni- 

b a l i z e d ,  or judged t o  be i n  such an advanced s t a t e  of a u t o l y s i s  a s  t o  

prec lude  h i s topa tho log ic  i n t e r p r e t a t i o n .  Thus, t h e  number of animals  

f o r  which p a r t i c u l a r  organs , t i s s u e s ,  o r  l e s i o n s  were examined micro- 

r c o p i c a l l y  v a r i e s  and does not  n e c e s s a r i l y  r ep resen t  the  number of 

animals  t h a t  vere placed on experiment i n  each group. 

I. Data Recording and S t a t i s t i c a l  Analyses 

P e r t i n e n t  d a t a  on t h i s  experiment have been recorded i n  an auto- 

mat ic  d a t a  process ing  system, t h e  Carcinogenesis  Bioassay Data System 

(L inha r t  e t  el.,  1974). The d a t a  e lements  inc lude  d e s c r i p t i v e  in- 

. format ion  on the  chemicals ,  an imals ,  experimental  des ign ,  c l i n i c a l  

obse rva t ions ,  s u r v i v a l ,  body weight ,  and ind iv idua l  pa thologic  r e s u l t s ,  

as recanmended by t h e  I n t e r n a t i o n a l  Union Again i t  Cancer (Berenblum, 
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1969). Data t a b l e s  were generated for v e r i f i c a t i o n  of d a t a  t r a n s c r i p -  

t i o n  and for s t a t i s t i c a l  review. 

These d a t a  were analyzed us ing  t h e  s t a t i s t i c a l  t echniques  de- 

s c r i b e d  i n  t h i s  s ec t ion .  Those ana lyses  of the  experimental  r e s u l t s  

t h a t  bea r  on the  p o s s i b i l i t y  of  c a r c i n o g e n i c i t y  a r e  d iscussed  i n  the  

s t a t i s t i c a l  n a r r a t i v e  s e c t  ions.  

P r o b a b i l i c i e s  of su rv iva l  were es t imated  by the  product - l imi t  

procedure of Kaplan and Meier (1958) and a r e  presented iii t h i s  r e p o r t  

i n  t h e  form of graphs.  Animals were s t a t i s t i c a l l y  censored a s  of  t he  

time t h a t  they d ied  of o t h e r  than n a t u r a l  causes  or were found t o  be 

miss ing;  animals  dying from n a t u r a l  causes  were not s t a t i s t i c a l l y  

censored. S t a t i ;  t i c a l  ana lyses  f o r  a poss ib l e  dose- re la ted  e f f e c t  on 

s u r v i v a l  used the  method o f  Cox (1972) when t e s t i n g  two groups for  

e q u a l i t y  and used Tarone's (1975) ex tens ions  of Cox's  methods when 

t e s t i n g  a dose-related t rend.  One-tailed P-values have been repor ted  

f o r  a l l  t e s t s  except  the depa r tu re  from l i n e a r i t y  t es t ,  which i s  only  

r epor t ed  when i t s  two-tailed P-value is  le58 than 0.05. 

The incidence of neop las t i c  or nonneoplast ic  l e s i o n s  has  been 

g iven  a s  tne  r a t i o  of the  number of animals  bear ing  such l e s i o n s  a t  a 

s p e c i f i c  anatomic s i t e  (numerator) t o  the  number of animals  i n  which 

t h a t  s i t e  was examined (denominator).  In most in s t ances ,  t h e  denomi- 

n a t o r s  included only those  animals  for which t h a t  s i t e  was examined 

h i s t o l o g i c a l l y .  'However, when macroscopic examination was requi red  

t o  d e t e c t  l e s i o n s  p r i o r  t o  h i s t o l o g i c  sampling (e..g., s k i n  or mammary 
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tumota), o r  when l e s i o n s  could have appeared a t  m u l t i p l e  si tes (e.g., 

lymphomas), t h e  denominators consist  of  t h e  numbers o f  animals  necrop- 

8 ied 

The purpose o f  t he  s t a t i s t i c a l  ana lyses  o f  tumor inc idence  i s  to  

de te rmine  whether animals  r e c e i v i n g  t h e  t es t  chemical developed a s ig-  

n i f i c a n t l y  h igher  propor t ion  of tumors than d i d  t h e  c o n t r o l  animals.  

A s  a p a r t  of these  ana lyses ,  t h e  one- ta i led  F isher  exac t  test (Cox,  

1970, pp. 48-52) vas used to  compare t h e  tumor incidence of a c o n t r o l  

group to  t h a t  of a group o f  t r e a t e d  animals  a t  each dose l eve l .  When 

r e s u l t s  for 8 number of  t r e a t e d  groups,  k ,  are  compared s imul taneous ly  

w i t h  those f o r  a c o n t r o l  group, a c o r r e c t i o n  t o  ensure a n  o v e r a l l  

s i g n i f i c a n c e  l e v e l  of  0.05 may be made. The Bonferroni i n e q u a l i t y  

(Miller, 1966, pp. 6-10) r e q u i r e s  t h a t  t h e  P-value f o r  any comparison 

be lees  than  or equal t o  O.OS/k. I n  cases where t h i s  c o r r e c t i o n  was 

used,  i t  is d iscussed  i n  t h e  n a r r a t i v e  sec t ion .  I t  is n o t ,  however, 

p resented  i n  t h e  t a b l e s ,  where t h e  F i s h e r  exac t  P-values a r e  shobn. 

The Cochran-4rmitage tes t  for l i n e a r  t rend i n  propor t ions ,  with 

c o n t i n u i t y  c o r r e c t i o n  (Armit-ge, 1971, pp. 362-3621, war a l s o  used 

when appropr ia te .  Under the  assumption of  a l i n e a r  t r e n d ,  t h i s  t es t  

determined i f  t h e  s lope  of  t h e  dose-response curve is  d i f f e r e n t  from 

z e r o  a t  t he  one-tai led 0.05 l e v e l  of  s ign i f icance .  Uniess o therwise  

no ted ,  t h e  d i r e c t i o n  of t he  s i g n i f i c a n t  t rend was a p o s i t i v e  dose re- 

l a t i o n s h i p .  T h i s  method a lso provide9 2 two-tailed t e b t  uf d e p a r t u r e  

from l i n e a r  trend. 
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A t ime-adjusted a n a l y s i s  vas appl ied  her ,  numerous e a r l y  d e a t h s  

r e s u l t e d  from causes  t h a t  were no t  a s s o c i a t e d  w i t h  t h e  formation o f  

tumors. In t h i s  a n a l y s i s ,  d e a t h s  t h a t  occurred b e f o r e  t h e  f i r s t  

tumor vas  observed vere excluded by basing the  s t a t i s t i c a l  t es t s  on 

animals  t h a t  survived a t  least  52 weeks, u n l e s s  a tumor was found a t  

t h e  anatomic s i te  of  i n t e r e s t  b e f o r e  week 52. When such a n  e a r l y  

tumor was found, comparisons were based e x c l u s i v e l y  on animals  t h a t  

surv ived  a t  l e a s t  as long as  the  animal i n  which t h e  f i r s t  tumor was 

found. Once t h i s  reduced s e t  of d a t a  was obta ined ,  t h e  s tandard  pro- 

cedures  f o r  ana lyses  of  the incidence of tumors ( F i s h e r  e x a c t  tes ts ,  

Cochran-Armitage tests,  etc.) were followed. 

When a p p r o p r i a t e ,  l i f e - t a b l e  methods were used t o  analyze  t h e  

inc idence  of  tumors. Curves o f  t he  proport ions s u r v i v i n g  without  an 

observed tumor were computed as  i n  S a f f i o t t i  e t  el. (1972). The week 

d u r i n g  which animals d i e d  n a t u r a l l y  or were s a c r i f i c e d  vas e n t e r e d  as  

t h e  time po in t  of  tumor observat ion.  

t h e s e  curves  were used f o r  two groups;  Tarone 's  ex tens ion  to  t e s t i n g  

f o r  l i n e a r  t r end  was used for t h r e e  groups. The s t a t i s t i c a l  t es t s  f o r  

t h e  inc idence  of  tumors which used l i f e - t a b l e  methods were one- ta i led  

and, u n l e s s  o therwise  noted,  i n  the  d i r e c t i o n  of a p o s i t i v e  dose 

r e l a t i o n s h i p .  S i g n i f i c a n t  d e p a r t u r e s  from l i n e a r i t y  (P < 0.05, two-  

t a i l e d  t e s t )  were a l s o  noted. 

Cox's methods of comparing 

The approximate 95 percent  confidence i n t e r v a l  f o r  t h e  r e l a t i v e  

r i s k  of  each dosed grotip compared t o  i ts  c o n t r o l  vas c a l c u l a t e d  from 
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t h e  erect  i n t e r v a l  on the  odds r a t i o  ( C a r t ,  1971). 

i s  de f ined  as p /p  

The r e l a t i v e  r i s k  

where pt is  the  t r u e  binomial p r o b a b i l i t y  of  t he  
t c  

inc idence  cf  a s p e c i f i c  type of tumor i n  a t r e a t e d  group of animals  

and p is t h e  t r u e  p r o b a b i l i t y  of  t he  spontaneous inc idence  c: t he  

same type of tumor i n  (1 c o n t r o l  group. The hypothes is  of e q u a l i t y  

between t h e  t r u e  propor t ion  of a s p e c i f i c  tumor i n  a t r e a t e d  group 

and t h e  p ropor t ion  i n  a c o n t r o l  group corresponds t o  a r e l a t i v e  r i s k  

o f  un i ty .  

C 

Values i n  excess  of  u n i t y  r e p r e s e n t  the  cond i t ion  of a 

l a r g e r  p ropor t ion  i n  the  t r e a t e d  group than i n  the  con t ro l .  

The lower and upper l i m i t s  o f  t h e  confidence i n t e r v a l  of t he  

r e l a t i v e  r i s k  have bcan included i n  t h e  t a b l e s  of s t a t i s t i c a l  analy-  

ses. The i n t e r p r e t a t i o n  of t he  l i m i t s  i s  t h a t  i n  approximately 95 

pe rcen t  of  a l a r g e  number of i d e n t i c a l  experiments ,  t h e  t r u e  r a t i o  

o f  t h e  r i s k  in a t r e a t e d  group of  animals  t o  t h a t  i n  a c o n t r o l  group 

would be wi th in  t h e  i n t e r v a l  c a l c u l a t e d  from the  experiment. When 

t h e  lower l i m i t  o f  t he  confidence i n t e r v a i  is  g r e a t e r  than one,  i t  

can  be i n f e r r e d  t h a t  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t  ( a  P < 0.025 

one- ta i led  test  when the  c o n t r o l  i n c i d e n c e , i s  no t  zero ,  P < 0.050 

when t h e  c o n t r o l  incidence i s  zero)  has  occurred.  When the lower 

l i m i t  is less than u n i t y  but  t he  upper l i m i t  is g r e a t e r  than u n i t y ,  

t h e  lower l i m i t  i n d i c a t e s  the  absence of a s i g n i f i c a n t  r e s u l t  while 

t h e  upper l i m i t  i n d i c n t e s  t h a t  t h e r e  is ,a t h e o r e t i c a l  p o s s i > i l i t y  

of the iiid\i:tlon of t~uiUi'U by ihe icest chemicai which could not  be 

de t ec t ed  under t h e  cond i t ions  of t h i s  tes t .  
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111. CHRONIC TESTING RESULTS: RATS 

/ A. Body Weights and C l i n i c a l  Observat ions 

A l l  groups of  r a t s  gained weight c o n s i s t e n t l y  du r ing  t h e  f i r s t  

46 weeks of  the  experiment (F igu re  2 ) .  Between week 46 and week 50,  

t h e  mean body weight o f  high dose  male r a t s  decreased from 557 grams 

to  528 grams. 

t h a t  a t  t he  end of the  dos ing  per iod  t h e  mean body weight of animals  

i n  t h i s  group had dropped t o  487 grams. 

enced no apprec iab le  mean body weight depress ion  r e l a t i v e  t o  c o n t r o l s .  

Throughout t he  b ioassay ,  male and female r a t s  t r e a t e d  wi th  a l l y l  

ch lo i  i d e  experienced c o n s i s t e n t  mean body weight dep res s ion  r e l a t i v e  

to .mtrols. F luc tua t ions  i n  the  growth curve may be  due t o  m o r t a l i t y ;  

a. ?he s i ze  of the group d iminishes ,  t h e  mean body weight may be sub- 

j m  t t o  wide v a r i a t i o n s .  

The high dose male r a t s  continued t o  l o s e  weight  so 

Low dose male r a t s  exyeri- 

Hunched appearance and abdominal u r i n e  s t a i n s  were t h e  predomi- 

mint c l i n i c a l  s i g n s  observed dur ing  t h e  study. Abdominal u r i n e  

s t a ~ n s  were noted i n  an inc reas ing  number of t r e a t e d  r a t s  a s  t h e  

exk-riment progressed. 

h igh  dose males and h igh  and low dose females had t h i s  cond i t ion .  

Abdominal u r i n e  s t a i n s  were i n f r e q u e n t l y  noted i n  Cka c o n t r o l s  u n t i l  

t h e  l a s t  6 months of  the  a t d y  when the  observa t ion  was noted i n  

By week 42 approximately 40 percen t  of  t he  

approximately 30 percent  of  t h e  c o n t r o l  rats. 

A few r a t s  showed hunched pos tu re  dur ing  the  f i r s t  Few weeks of 

t h e  s tudy ,  bu t  t h e i r  appearance and behavior were o therwise  normal. 
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By week 10 more rats, p a r t i c u l a r l y  t h e  females,  e x h i b i t e d  a hunched 

appearance.  By week 26, 30 pe rcen t  of t he  t r e a t e d  males and 50 per- 

c e n t  of the  t r e a t e d  females  had a hunched appearance. As t h e  s tudy  

progressed more animals  i n  a l l  groups inc luding  t h e  c o n t r o l a  shoved 

hunched appearance and a t  t h e  end of t h e  s tudy  ( i n  week !IO), most 

o r  a l l  su rv ivo r s  had a hunched appearance.  

Respi ra tory  s i g n s  , c h a r a c t s r i z e d  by labored r e s p i r a t i o n ,  

wheezing, and/or  nasa l  d i scha rge ,  were observed a t  a low o r  moderate 

inc idence  i n  a l l  groups inc luding  c o n t r o l s  dur ing  t h e  l a t t e r  p a r t  of 

t h e  f i r s t  yea r ,  i nc reas ing  g radua l ly  as t he  r a t s  aged. Other  s i g n s  

commonly a s soc ia t ed  wi th  aging i n  the  l abora to ry  r a t  were observed a t  

a comparable r a t e  i n  c o n t r o l  and t r e a t e d  animals du r ing  t h e  second 

yea r  of t he  study. These common s i g n s  included a l o p e c i a ,  sores on 

t h e  body and lo r  e x t r e m i t i e s ,  r edd i sh  d igcharge  o r  c r u s t  around t h e  

body o r i f i c e s  , and pa lpable  subcutaneous wasses o r  nodules.  

B. Su rv iva l  

The es t imated  p r o b a b i l i t i e s  of  su rv iva l  f o r  male and female r a t s  

i n  t h e  c o n t r o l  and a l l y l  chloride-dosed groups a r e  ahown i n  F igure  3.  

For both male and female r a t s  t he  Tarone test i n d i c a t e d  a s i g n i f -  

i c a n t  a s s o c i a t i o n  (P < 0.001) between increased dosage and a c c e l e r a t e d  

mortaliLy. 

c a n t  (P < 0.001), pr imar i ly  because of the  extremely poor s u r v i v a l  

For both sexes the  d e p a r t u r e  from l i n e a r i t y  was s i g n i f i -  

among the  high dose groups.  
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F i f t y  percent  (25/50) of t h e  low dose maleR surv ived  u n t i l  week 

77 and 50 percent  (25/50) o f  t h e  low dose females surv ived  u n t i l  week 

99. A 6  a r e s u l t ,  adequate numbers o f  low dose r a t s  were a t  r i s k  

from late-developing tumors. 

For t h e  h igh  dose groups ,  however, 50 percent  (25 /50)  o f  t h e  

males had d i ed  by week 14 and 50 percent  (25/50) of  t h e  females  had 

d i e d  by week 3 8 .  

surv ived  one yea r ;  none surv ived  u n t i l  t h e  end o f  t h e  s tudy.  Only 

12 percent  (6/50) of t he  h i g h  dose females survived u n t i l  t h e  end o f  

t h e  scudy. These unusual ly  e a r l y  d e a t h s  were not a s s o c i a t e d  wi th  

observed tumors. The sma l l  numbers o f  high dose males and females 

t h a t  survived long enough t o  be a t  r i s k  from late-developing tumors 

precluded meaningful a n a l y s i s  o f  t h e  incidence of t h e s e  types  o f  

tumors f o r  t h e s e  groups. 

C. Pathology 

Only 34 percent  (17 /50)  of the  h i g h  dose males 

His topa thologic  f i n d i n g s  on neoplasms i n  r a t s  a r e  t a b u l a t e d  i n  

Appendix A (Tables  A 1  and A2); f i n d i n g s  on nonneoplast ic  l e s i o n s  a r e  

t a b u l a t e d  i n  Appendix C (Tables  C! and C 2 ) .  

A v a r i e t y  o f  neoplasms were observed among both  t r e a t e d  and con- 

t r o l  r a t s .  Each o f  t h e  types o f  tumors observed had been encountered 

h i s t o r i c a l l y  a s  a spontaneous l e s i o n  i n  t h e  Osborne-Hendel ra t .  No . 

d i f f e r e x e  In t h e  f requency of neoplasms or nonncoplast ic  l e s i o n s  were 

noted i n  t h i s  t es t  be tveen  t h e  c o n t r o l  and t r e a t e d  animals.  
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R e s u l t s  o f  t h i s  h i s topa tho log ic  examinat ion p resen t  no evidence 

t h e t  a l l y l  c h l o r i d e  is carc inogenic  i n  Oeborne-Mendel r a t s  of  e i t h e r  

sex. 

3. S t a t i s t i c a l  Analyses of Resu l t s  

The r e s u l t s  o f  t h e  statistical ana lyses  o f  tumor incidence i n  

r a t 8  are summarized i n  Tables  3 and 4. 

i t y  i n  both  male and female h igh  dose r a t s ,  many r a t s  may have d ied  

before  they  were a t  r i s k  from late-developing tumors. To p a r t i a l l y  

compensate f o r  t h i s ,  t hese  ana lyses  were performed based s o l e l y  upon 

those  r a t e  t h a t  surv ived  a t  l e a s t  5 2  weeks or, i f  t he  tumor of i n t e r -  

est vas  observed ear l ier  than  52 weeks, a t  l e a s t  u n t i l  t he  f i r s t  tumor 

of  t h a t  type was observed. The a n a l y s i s  f o r  every type of tumor t h a t  

vas  observed i n  more than 5 percent  of any of  the  a l l y l  chloride-dosed 

groups o f  e i t h e r  sex is  included. 

Due t o  t h e  h igh  e a r l y  mortal-  

For a l l  ana lyses  n e i t h e r  t he  Cochran-Armitage t e s t s  nor t he  

F i she r  exac t  tests ind ica t ed  any s t a t i s t i c a l l y  s i g n i f i c a n t  increase  

i n  t h e  p ropor t ion  of tumors found i n  dosed r a t s  over  t h a t  found i n  

c o n t r o l  r a t s  for  any tumor type f o r  e i t h e r  sex. These r e s u l t s ,  there-  

f o r e ,  provided no conclus ive  evidence of the  ca rc inogenc i ty  of a l l y l  

ch lo r ide .  In t h e  h igh  dose groups of both sexes these  r e s u l t s  must 

be considered s t a t i s t i c a l l y  inconclus ive  due t o  e l eva ted  mor t a l i t y .  

In t h e  low dose groups ,  however, adequate numbers o f  r a t s  were a t  

r i s k  fo r  meaningful s t a t i s t i c a l  ana lyses .  
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i b i l i t y  of  ney.ative a s s o c i a t i o n s  between a d m i n i s t r a t i o n  

of t h e  chemical and t h e  iuc idence  of p i t u i t a r y  chromophobe adenomas 

and t hy ro id  C-cell  neoplasms was observed i n  female r a t s .  M o r t a l i t y ,  

however, was g r e a t e r  i n  the  high dose  g r a p  as only 6/50 (12 percen t )  

h igh  dose females survived u n t i l  t h e  end of t h e  s tudy  compared t o  

15/50 (30 pe rcen t )  veh ic l e  c o n t r o l  and 13/20 (65  percen t )  u n t r e a t e d  

c o n t r o l  rats. 

To provide a d d i t i o n a l  i n s i g h t  i n t o  the  poss ib l e  c a r c i n o g e n i c i t y  

of t h i s  compound, 95 percent  confidence i n t e r v a l s  on t h e  r e l a t i v e  

r i s k  have been es t imated  and en te red  i n  the  t a b l e s  based upon t h e  

observed tumor inc idence  r a t e s .  111 a l l  of the i n t e r v a l s  shown i n  

Tables  3 and 4 t h e  va lue  one is  included;  t h i s  i n d i c a t e s  t h e  absence 

of s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  

a l l  of t he  confidence i n t e r v a l s  have an upper l i m i t  g r e a t e r  than  one, 

i n d i c a t i n g  the  t h e o r e t i c a l  p o s s i b i l i t y  of tumor induct ion  in r a t s  by 

a l l y l  c h l o r i d e  tha t ,  could  not  be e s t a b l i s h e d  under t h e  c o n d i t i o n s  of 

t h i s  test. 

It should a l s o  be noted t h a t  
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I V .  CHRONIC TESTING RESULTS: MICE 

A. Body Weights and C l i n i c a l  Observat ions 

No s i g n i f i c a n t  d e p r e s s i o n  i n  mean body weight was observed f o r  

a l l y l  ch lor ide- t rea ted  male mice ( F i g u r e  4 ) .  

s l i g h t  b u t  consistent mean body weight d e p r e s s i o n  was observed a f t e r  

week 10 for t h e  high dose group and a f t e r  week 20 f o r  t h e  low dose 

groupI  

Among female mice a 

Throughout t h e  s tudy ,  s i g n s  o f t e n  observed i n  group-housed labo- 

r a t o r y  mice were noted a t  a comparable ra te  among c o n t r o l  and t r e a t e d  

mice. These s i g n s  included:  sores on t h e  body (more preva len t  i n  

males because of  f i g h t i n g ) ,  p e n i l e ,  a n a l ,  or vulvar  i r r i t a t i o n ,  a n a l  

pro lapse  , reddened or squin ted  eyes , hunched pos t u r e ,  s o f t  f e c e s ,  

p a l p a b l e  nodules ,  and a lopec ia .  

a l l y  increased  i n  a l l  groups d u r i n g  t h e  l as t  6 months sf che study. 

The incidence of t hese  s i g n s  gener- 

The only  symptoms l i k e l y  t o  be a t t r i b u t a b l e  t o  a l l y l  c h l o r i d e  

t o x i c i t y  were observed i n  the  10 h i g h  doae male mice surv iv ing  beyond 

week 48. An apparent  loss of e q u i l i b r i u m  was observed i n  8 of t he  

10, and abdominal d i s t e n s i o n  was observed i n  a l l  10 of  these  animals.  

These s i g n s  vere not noted i n  any o f  t h e  o t h e r  groups. 

B. - S u r v i v a l  

The es t imated  p r o b a b i l i t i e s  o f  s u r v i v a l  f o r  male and female mice 

i n  t h e  c o n t r o l  and a l l y l  chloride-dosed groups ore shown i n  F igure  5 .  

I n  male mice the .Tarone  tes t  f o r  a p o s i t i v e  dose-related t r end  

i n  m o r t a l i t y  was s i g n i f i c a n t  (P < 0.001). There was a s i g n i f i c a n t  

36 
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d e p a r t u r e  from l i n e a r  t rend  (P < 0.001), p r imar i ly  because of t he  

extremely poor s u r v i v a l  among t h e  high dose group. 

pe rcen t  ( 2 4 / 5 0 )  of the  high Jose  group were dead by week 2 7 ;  t h e  10  

members o f  t h i s  group t h a t  survived p a s t  week 41) were s a c r i f i c e d  i n  

week 56. A t  t he  same time, 10 of  t he  20 v e h i c l e  c o n t r o l  mice were 

s a c r i f i c e d .  There was no i n d i c a t i o n  of an a s s o c i a t i o n  between the  

e a r l y  d e a t h s  of  high dose male mice end observed tumors. 

were not  adequate  numbers of h igh  dose male micz a t  r i s k  from l a t e -  

developing tumors. 

adequate  f o r  meaningful s t a t i s t i c a l  a n a l y s i s ,  with 50 pe rcen t  ( 2 5 / 5 0 )  

l i v i n g  a t  l e a s t  86 weeks. 

Forty-eight  

There 

Surv iva l  of low dose male mice, however, was 

In  female mice the  Tarone tes t  a l s o  ind ica ted  a p o s i t i v e  dose- 

r e l a t e d  t rend  i n  m o r t a l i t y  (P = 0 .022) .  

(34/50) of the  high dose group and 80 percent  ( 4 0 / 5 0 )  of the  low dose 

group su rv iv ing  t o  the  end of t he  experiment ,  adequate  numbers of  fe- 

male mice were a t  r i s k  from late-developing tumors. 

C. Pathology 

However, wi th  68 percen t  

His topa thologic  f ind ings  on neoplasms i n  mice a r e  t abu la t ed  i n  
\ 

Appendix B (Tables  E 1  and B2); f i n d i n g s  on nonneoplast ic  l e s i o n s  are 

t abu la t ed  i n  Appendix D (Tables  D1 and D 2 ) .  

Increased  inc idences  of stomach l e s i o n s ,  both n e o p l a s t i c  and 

nonneoplas t ic ,  were observed i n  t r e a t e d  male and female mice, as 

ahown i n  t h e  fol lowing t a b l e :  
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naler 

Number of  Animal 

- 

Squamous-Cell Carcinoma 
Squamous-Ccll Papilloma 
Leiomyosarcoma 
Acanthosis 
Hyperkera to8 is  

Pema 1 e s 

Number of  Animals Necropsied 

Squamous-Cell Carcinoma 
Squamous-Cell Papilloma 
Le iomyos a r coma 
Ac an t ho 8 i s 
Hyperkera to8 i 8 

0 0 2 0 
0 0 0 0 
0 ' 0  1 0 
0 0 9 19 
0 0 9 19 

0 0 2 0 
0 0 1 3 
0 0 0 0 
0 0 17 25 
0 0 17 25 

Squamous-cell carcinomas of the  forestomach were observed i n  

four  t r e a t e d  mice. Metastases of  t h i s  l e s i o n  occurred i n  the  two low 

dose males, but  not i n  the two low dose females. These tumors were 

not  observed i n  the con t ro l  animals and a r e  inf requent ly  observed i n  

B6C3P1 mice. 

stomach showed acanthos is  of  the  squamous epithelium. 

was covered with squame8 of i r r e g u l a r  needle- l ike s t r u c t u r e s  of 

k e r a t i n  t h a t  projected i n t o  the  lumen. 

layer t h e r e  were p a p i l l a r y  cords and n e s t s  of anap la s t i c  squamous 

e p i t h e l i a l  ce! l e ,  supported w i t h  dense bands of f ibrous  connect ive 

tissue invading and rep lac ing  the  lamina propr ia  and muecularis 

Microscopical ly ,  e a r l y  squamous-cell carcinoma of t h e  

The su r face  

A t  the  base of the  e p i t h e l i a l  
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mucosa. I n  w e l l - d i f f e r e n t i a t e d  l e s i o n s ,  n e s t s  of b a s o p h i l i c  c e l l s  

w i th  i n t e r c e l l u l a r  sp ines  surrounding c e n t r a l  a r e a s  of k e r a t i n  

( e p i t h e l i a l  p e a r l s )  were seen. 

c e l l s  had l a r g e  n u c l e i  of vary ing  shapes , contained coa r se ,  i r r e g u l a r  

c h r a n a t i n ,  and had one o r  more nuc leo l i .  Mi to t ic  f i g u r e s  were f re -  

quen t ly  seeIi. In advanced l e s i o n s  t h e  cords  and n e s t s  of  a n a p l a s t i c  

squamous e p i t h e l i a l  cel l e  invaded t h e  muscular l aye r s  end s e r o s a ,  and 

The more u n d i f f e r e n t i a t e d  squamous 

extended t o  the  glandulh-  ) o r t i o n  of t he  stomach and o t h e r  organs.  

The tumor masses i n  the abdominal c a v i t y  cons i s t ed  of squames of  

k e r a t i n  enclosed i n  n e s t s  of  a n a p l a s t i c  squamous e p i t h e l i a l  c e l l s ,  

f i b r i n o u s  mats ,  and n e c r o t i c  t i s s u e s  i n f i l t r a t e d  wi th  inflammatory 

cells .  Squamous-cell papillomas of  t he  stomach were p resen t  i n  one 

low dose female and t h r e e  high dose females bu t  not i n  any c o n t r o l s .  

Leiomyosarcoma of the stomach was present  i n  ;J. s i n g l e  t r e a t e d  male 

mouse. Acantkosis  and hype rke ra tos i s  of the  forestomach occurred 

wi th  increased  incideirce i n  the  t r e a t e d  mice of both sexes.  

Hepa toce l lu l a r  carcinomas occurred i n  increased numbers i n  the  

low dose male group ( 8 / 4 6  117 percen t ]  ve r sus  2/20 [ l o  percen t ]  i n  

t h e  v e h i c l e  c o n t r o l s ;  and 1/49 [ 2  percen t ]  i n  t h e  high dose males)  

bu t  was not  i n  excess  of  the  inc idence  occas iona l ly  seen  i n  c o n t r o l  

groups.  Other  p r o l i f e r a t i v e ,  inflammatory,  and degenera t ive  l e s i o n s  

were seen  i n  the  c o n t r o l  and t r e a t e d  animals  without  apparent  r e l a -  

t i o n s h i p  t o  t h e  admin i s t r a t ion  of t he  chemical. 
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Oral admin i s t r a t ion  of a l l y l  c h l o r i d e  was a s soc ia t ed  wi th  

aquamoue-cell carcinomas i n  the  stomachs of two male and two female 

t r e a t e d  mice and papillomas i n  the  stomachs of four females,  and with 

p r o l i f e r a t i v e  l e s i o n s  i n  the  forestomach of male and female mice h t  

bo th  dose l eve l s .  

D. S t a t i s t i c a l  Analyses of  Resu l t s  

The r e s u l t s  of  the  s t a t i s t i c a l  ana lyses  of tumor inc idence  i n  

mice a r e  summarized i n  Tables  5 and 6. 

i t y  i n  h igh  dose male mice,  many may have died before  they were a t  

r i s k  from late-devel'oping tumors. 

Due t o  the  high e a r l y  mortal-  

To p a r t i a l l y  compensate f o r  t h i s ,  

t h e  ana lyses  f o r  males were performed based s o l e l y  upon those  male 

mice t h a t  survived a t  l e a s t  52 weeks o r ,  i n  the event  t h a t  t h e  tumor 

of i n t e r e s t  was observed e a r l i e r  than 5 2  weeks, upon those  males  which 

surv ived  a t  l e a s t  u n t i l  t h a t  tumor was de tec ted .  For both males and 

females t h e  a n a l y e i s  f o r  every type of tumor t h a t  was observed i n  

a o r e  than 5 percent  of  any of  t he  a l l y l  chloride-dosed groups of 

e i t h e r  s e x  i s  included. 

Nei ther  t he  Cochran-Armitage tes ts  nor  the  F isher  exac t  t es t s  

ind ica t ed  any s t a t i s t i c a l l y  s i g n i f i c a n t  increase  i n  the  p ropor t ion  of 

tumors found i n  dosed mice over  t h a t  found i n  c o n t r o l  mice f o r  any 

tumor type f o r  e i t h e r  sex. For male mice the  incidence of tumors a t  

most s i tes  was g r e a t e r  i n  the  low dose than i n  the  high dose group;  

probably due to the  longer  s u r v i v a l  of the  low dose mice. 
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Rare stomach tumors-- quamous-cell pap mas and squamous-cell 

carcinomas--were observed i n  2 / 4 6  ( 4  percent )  low dose  males, 3 /47  

(6  pe rcen t )  low dose females, and 3 / 4 5  ( 7  percent )  h igh  dose  females. 

I n  h i s t o r i c a l  v e h i c l e  c o n t r o l  d a t a  t abu la t ed  by t h i s  l a b o r a t o r y  f o r  

t h e  N C I  Carc inogenes is  Tes t ing  Program, 1/180 male and 1/180 female 

B6C3Fl mice had e i t h e r  a squamous-cell papi l loma o r  a squamous-cell 

carcinoma o f  t h e  stomach. 

p r o b a b i l i t y  o f  1/180 of  a spontaneous tunor ,  t h e  p r o b a b i l i t y  of 

observ ing  2 or more tumors o u t  of  46 males was P < 0.029. 

spontaneous tumor ra te  of 1/180, t h e  p r o b a b i l i t i e s  o f  3 such tumors 

occur r ing  by chance i n  a sample of  e i t h e r  47 o r  45 females  i s  v e r y  

small ( P  < 0 . 0 0 3 ) .  

C 

Assuming a binomial d i s t r i b u t i o n  wi th  a 

For a 

To provide  a d d i t i o n a l  i n s i g h t  i n t o  t h e  poss ib l e  c a r c i n o g e n i c i t y  

of t h i s  cornpound, 95 percent  conf idence  i n t e r v a l s  on t h e  r e l a t i v e  

r i s k  have been es t imated  and en te red  i n  t h e  t a b l e s  based upon t h e  

observed tumor inc idence  rates. I n  a l l  of the  i n t e r v a l s  shown i n  

Tables  5 and 6 ,  t he  va lue  one is inc luded;  t h i s  i n d i c a t e s  t h e  absence 

o f  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  

.ll of t h e  confidence i n t e r v a l s  have an  upper l i m i t  g r e a t e r  t han  one,  

i n d i c a t i n g  t h e  t h e o r e t i c a l  p o s s i b i l i t y  o f  tumor induc t ion  i n  mice by 

a l l y l  c h l o r i d e  t h a t  could not  be e s t a b l i s h e d  under t h e  c o n d i t i o n s  of 

t h i s  test .  

It should a lso be noted t h a t  

! 
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V. DISCUS 3N 

Because of  excess ive  e a r l y  m o r t a l i t y  of high dose male rats,  

h igh  dose female rats, and h igh  dose male mice ( 5 0  percent  of  each 

group d ied  by week 14, week 38, and week 27, r e s p e c t i v e l y )  t he  major- 

i t y  of animals  i n  t hese  groups d i d  not  surv ive  long enough t o  be a t  

r i s k  from late-developing tumors. Any conclus ions  de r ived  from t h i s  

b ioassay  a r e ,  then ,  based on observa t ions  of the remaining groups. 

Although a compound-related reduct ion  i n  m o r t a l i t y  was a l s o  ob- 

served among low dose r a t s ,  50 percent  of the  low dose males survived 

u n t i l  week 77 and 50 percent  of the  low dose females surv ived  u n t i l  

week 99. This  s u r v i v a l  was considered adequate f o r  meaningful s t a t i s -  

t i c a l  a n a l y s i s  of tumor incidence.  Surv iva l  of low dose male mice 

( 5 0  percent  l i v i n g  a t  l e a s t  86 weeks)  was a l s o  considered adequate  f o r  

s t a t i s t i c a l  ana lys i s .  Female mice, with 68 percent  of t h e  high dose 

group and 80 percent  of the  low dose group surv iv ing  u n t i l  t h e  end of 

t h e  experiment,  were the  only  spec ie s  and sex f o r  which iinimals in 

a l l  groups could be cons idered  t o  have l i ved  long enough t o  be a t  r i s k  

from late-developing tumors. 

Among the  groups i n  which an adequate number of mice had survived 

long enough t o  be a t  r i s k  from late-appearing tumors, p r o l i f e r a t i v e  

nonneoplas t ic  stomach l e s i o n s  (i.e.,  acan thos i s  and hype rke ra tos i s )  

were observed i n  20 percen t  of the  low dose males ,  39 percent  of the  

h igh  dose males,  36 percen t  of  the low dose females ,  and 56 percent  

48 
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of t h e  h igh  dose females ,  but  i n  none of the  c o n t r o l  mice. I n  addi- 

t i o n ,  squamous-cell carcinomas of  t he  forestomach were de tec t ed  i n  

2/46 low dose males end 2/47 low dose females. Metastases  of t h i s  

l e s i o n  occurred i n  t h e  two low dose males.  

of t he  forestomach were observed i n  1/47 low dose females and 3/45 

Squamous-cell papi l lomas 

h igh  dose females. These neoplasms were not observed i n  any o t h e r  

t r e a t e d  o r  c o n t r o l  mice. The h i s t o r i c a l  d a t a  f o r  v e h i c l e  c o n t r o l  

B6C3F1 mice a t  t h i s  l abora to ry  f o r  t he  NCI Carcinogenesis  Tes t ing  

Program i n d i c a t e  t h a t  1/180 males and 1/180 females had e i t h e r  a 

squamous-cell papilloma or a squamous-cell carcinoma of  t h e  forestom- 

ach. The occurrence  of these neoplasms a t  the  inc idences  obRerved i n  

t h i s  b ioassay  was s t a t i s t i c a l l y  and s i g n i f i c a n t l y  h ighe r  than i n  the  

h i s t o r i c a l  inc idences .  The p r o l i f e r a l i v e  nonneoplast ic  stomach 

l e s i o n s ,  squamous-cell papillomas and squamous-cell carcinomas, may i 

a l l  r e p r e s e n t  progress ive  s t a g e s  i n  a neop las t i c  process .  When the  

probable  pa thogenes is  of t h i s  tumor i s  coupled with the  known chemi- 

c a l  r e a c t i v i t y  of the  compound and t h e  s t a t i s t i c a l  evidence f o r  t h e  

r a r e  occurrence of t h i s  tumor, t h e  r e s u l t s  a r e  s t r o n g l y  sugges t ive  

of  t he  carc inogenic  a c t i o n  of a l l y l  c h l o r i d e  i n  mice. 
i 

I 
There were no o t h e r  neop las .  :.I r a t s  o r  mice f o r  which s t a t i s -  

t i c a l  s i g n i f i c a n c e  could be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  inc idence  ! 

between c o n t r o l  and t r e a t e d  groups. 

Under the  cond i t ions  of t h i 3  b ioassay  no convincing evidence was 

presented  f o r  t h e  ca rc inogen ic i ty  of a l l y l  ch lo r ide  i n  Osborne-Mendel 
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rat s  of e i ther  sex. 

chloride i s  carcinogenic in male and female B6C3P1 mice since the 

The resu l t s  are strongly suggestive that a l l y l  

cmpound, vhen administered by gavsge, i s  associated w i t h  neoplastic 

and nonneoplastic les ions of the forestomach. 
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TABLE A I  
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED WITH ALLYL CliL9RIDE 
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Review of t h e  Bioassay of A l l y l  Chloride* for Carc lnogen ic l ty  
by t h e  Data Evaluatlon/Risk Assessment Subcroup 

of t h e  Clearinghouse on Environmental Carcinogens 

June 29, 1978 

The Clearinghouse on Environmental Carcinogens was 
established i n  May, 1976, i n  compliance w i t h  DHEW Committee 
Regula t ions  and t h e  Provis ions  of  t h e  Federal Advisory 
Committee Act. The purpose o f  t h e  Clearinghouse i s  t o  
adv i se  t h e  D i r e c t o r  of t h e  Nat iona l  Cancer I n s t i t u t e  ( N C I )  
on Its bioassay program t o  i d e n t i f y  and t o  e v a l u a t e  chemical 
carc inogens  i n  t h e  environment t o  which humans nay be exposed. 
The members o f  the Clearinghouse have been drawn from 
academia, I n d u s t r y ,  organized l a b o r ,  p u b l i c  intezaest  groups,  
S t a t e  hea l th  o f f i c i a l s ,  and quas i -publ ic  h e a l t h  and r e s e a r c h  
o rgan iza t ions .  
t h e i r  exper ience  i n  c a x i n o g e n e s i s  o r  r e l a t e d  f i e l d s  and, 
c o l l e c t i v e l y ,  provide expel,itise i n  chemis t ry ,  b iochemis t ry ,  
b i o s t a t i s t i c s  , tox ico logy ,  [pa thology,  and epidemiology. 
Represen ta t ives  of  var ious  3overnmental agencies  p a r t i c i p a t e  
as ad hoc members. The Data Evaiuat ion/Risk Assessment 
Subgroup of t h e  Clearinghousc i s  charged wi tn  t h e  respons i -  
b i l i t y  o f  provid ing  a peer review o f  r e p o r t s  prepared  on 
NCI-sponsored b ioassays  of chemicals s t u d i e d  f o r  carc inogenic-  
i t y .  IG i s  i n  t h i s  contex t  tha t  t h e  below c r i t i q u e  Is g iven  
on t h e  b ioassay  o f  A l l y l  Chlor ide f o r  c a r c i n o g e n i c i t y .  

The reviewer s a i d  t h a t  t h e  s t u d y  s h c u l d  b e  cons idered  
inadequate  f o r  drawing any conclus ion  about t h e  compound's 
c a r c i n o g e n i c i t y .  After a b r i e f  d e s c r i p t i o n  of  t h e  expe r i -  
mental  des ign ,  t h e  reblewer said t h a t  t h e  poor  s u r v i v a l  i n  
t h e  h i g h  dose trei-tment groups precluded an e v a l u a t i o n  o f  
t h e  carc inogenic i t ,y  of  A l l y l  Chlor ide.  A Program s ta f f  
member s s i d  t h a t  t h e  compound would b e  cons idered  by  t h e  
Chemical S e l e c t i o n  Working G-oup t o  determlae i f  i t  should  
be retested.  The reviewer moved t h a t  t h e  b ioassay  of  A l l y l  
Chlor ide was Inadequate f o r  drawing any conclus ion  on i t s  
ca rc inogen ic i ty .  The motion was approved wi thout  o b j e c t i o n .  

I_ Clearinghouse --- Members p re sen t  : 
Arnold L. Brown (Chairman),  Mayo C l i n i c  
Paul  N e t t e s h e i m ,  National I n s t i t u t e  of  Environmental 

Veme Ray, Pf izer-  Medical Research Laboratory 
Verald K .  Rowe, Ilow Chemical U . S . A .  
Michael 3. Shimkfin,  Univers i ty  of  C a l i f o r n i a  a t  San Diego 
Louise S t r o n g ,  Univers i ty  of  Texas  Heal th  Sc iences  Center  

* Subseqcent  t o  t h i s  review, changes may have been made 
i n  t h e  bioassay r e p o r t  e i t h e r  as a r e s u l t  o f  t h e  review 
o r  o t h e r  reasons.  Thus, c e r t a i n  comments and c r i t i c i s m s  
r e f l e c t e d  i n  t h e  review may no longe r  b e  a p p r o p r i a t e .  

Members have been s e l e c t e d  on t h e  bas i s  of  

Yea l th  Sc iences  
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