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Acetaminophen. Dr. R. I r w i n ,  NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r o d u c e d  t h e  
t o x i c o l o g y  and carc inogenes is  s t u d i e s  o f  acetaminophen by  d i s c u s s i n g  uses o f  t he  
chemica l ,  r e p o r t i n g  on t h e  exper imenta l  des ign  f o r  t h e  s t ud ies ,  and rev i ew ing  
t h e  nonneop las t i c  and n e o p l a s t i c  l e s i o n s  i n  male and female r a t s  and mice. The 
proposed conc lus ions  were t h a t :  

Under t h e  c o n d i t i o n s  o f  these 2-year feed  s tud ies ,  t h e r e  was no evidence 
o f  ca r c i nogen i c  a c t i v i t y  o f  acetaminophen i n  male F344lN r a t s  t h a t  
r ece i ved  d i e t s  c o n t a i n i n g  0, 600, 3,000, o r  6,000 ppm acetaminophen. . ~ 

There was some evidence of c a r c i  n o g e n i c a c t i v i  t y  o f '  acetaminophen i n  
female F344lN r a t s  based on inc reased  inc idences  o f  mononuclear c e l l  
leukemia. There was no ev idence o f  ca r c i nogen i c  a c t i v i t y  i n  male and 
female B6C3F1 mice t h a t  r ece i ved  d i e t s  c o n t a i n i n g  0, 600, 3,000, o r  6,000 
ppm acetaminophen. Nonneop las t i c  l e s i o n s  assoc ia ted  w i t h  exposure t o  
acetaminophen i n c l u d e d  inc reased  s e v e r i t y  o f  nephropathy and inc reased  
inc idences  o f  p a r a t h y r o i d  h y p e r p l a s i a  i n  male r a t s ,  i nc reased  s e v e r i t y  o f  
nephropathy i n  female r a t s ,  and inc reased  inc idences  o f  t h y r o i d  f o l l i c u l a r  
c e l l  h y p e r p l a s i a  i n  male and female mice. 

D r .  Garman, a  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions  f o r  male r a t s  and 
male and female mice b u t  had r e s e r v a t i o n s  about  t h e  conc lus ions  f o r  female r a t s .  
He asked f o r  i n f o r m a t i o n  on t h e  h i s t o r i c a l  c o n t r o l  f requency o f  m u l t i p l e  organ 
invo lvement  f o r  mononuclear c e l l  leukemias i n  female r a t s .  Dr. I r w i n  s a i d  t h e r e  
was n o t  a  h i s t o r i c a l  c o n t r o l  da ta  base p e r t a i n i n g  t o  degree o f  m u l t i p l e  organ 
invo lvement .  Dr. S. E u s t i s ,  NIEHS, comnented t h a t  i n  female r a t s  which have 
lower  spontaneous i nc i dence  than males, a  l e s s  ex tens i ve  degree o f  organ 
invo lvement  i s  t y p i c a l ,  w i t h  sp leen and l i v e r  be ing  t h e  organs p r i m a r i l y  
a f f e c t e d .  

Dr. Goodman, t h e  second p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  
However, he suggested adding a dependent c lause  a f t e r  t h e  conc lus i on  f o r  female 
r a t s  as f o l l o w s ,  "a mal ignancy which e x h i b i t s  a  h i g h  spontaneous r a t e  and 
v a r i a b l e  i nc i dence  i n  c o n t r o l s " .  D r .  Goodman a l s o  s a i d  t h e  p o s s i b i l i t y  should  
be cons idered  t h a t  t h e  s i s t e r  ch romat id  exchanges and chromosomal a b e r r a t i o n s  
r e p o r t e d  m igh t  be a r t i f a c t s  r e s u l t i n g  f rom lysosome breakdown secondary t o  cy to -  
t o x i c i t y ,  as opposed t o  a  d i r e c t  a c t i o n  o f  t h e  chemical on DNA. D r .  E. Ze iger ,  
NIEHS, tormented t h a t  t he  way t h e  s t u d i e s  a r e  done would n o t  p r o v i d e  i n f o r m a t i o n  
on such a  mechanism. 

Dr. Car lson,  t h e  t h i r d  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  He 
noted t h e  re fe rence  t o  t h e  s tudy by  Sandler  would suggest t h a t  ep idemio logy 



s t u d i e s  have been done i n  humans and wondered i f  t h e r e  were o t h e r  s t u d i e s  which 
m igh t  be r e l e v a n t  and shou ld  be c i t e d .  

D r .  Gary M. W i l l i ams ,  r e p r e s e n t i n g  McNeil Consumer Products ,  s t a t e d  t h a t  
acetaminophen p l ayed  an impo r tan t  r o l e  i n  c l i n i c a l  med ic ine  and t h a t  r e p o r t s  o f  
n e o p l a s t i c  e f f e c t s  shou ld  be d e r i v e d  f rom sound da ta  which he d i d  n o t  t h i n k  was 
t h e  case w i t h  t h e  NTP study. He expressed t h e  v iew t h a t  t h e r e  was n o t  an 
inc reased  i nc i dence  o f  mononuclear c e l l  leukemia i n  males, t h e r e  was no dose- 
response on shor tened tumor l a t e n c y  i n  females, t h e r e  was extreme v a r i a b i l i t y  i n  
leukemia ac ross  c o n t r o l  groups, and s t u d i e s  by  o t h e r s  had n o t  r e p o r t e d  inc reased  
i nc i dence  o f  leukemia. Dr. J. Haseman, NIEHS, d isagreed,  responding t h a t  indeed 
t h e r e  was a  dose-response i n  female r a t s ,  t h e r e  was some i n d i c a t i o n  o f  shortened 
tumor l a t e n c y ,  and t h e  h i s t o r i c a l  v a r i a b i l i t y  i n  leukemia ac ross  l a b o r a t o r i e s  
was no g r e a t e r  than  t h a t  expected b y  chance alone. 

Dr. Ze ise  expressed concern about  t h e  adequacy o f  t h e  s t u d i e s  i n  mice, n o t i n g  
t h a t  s u r v i v a l ,  mean body we igh ts  and c l i n i c a l  f i n d i n g s  i n  subchron ic  and ch ron i c  
s t u d i e s  suggested mice  may have t o l e r a t e d  a  h i g h e r  t o p  dose. She ques t ioned  
a d m i n i s t r a t i o n  o f  acetaminophen by  f ood  r a t h e r  than  b o l u s  dose which would be 
more s i m i l a r  t o  human exposure. 

Dr. Garman moved t h a t  t h e  Techn ica l  Repor t  on acetaminophen be accepted w i t h  
r e v i s i o n s  d iscussed  and t h e  conc lus ions  as w r i t t e n  f o r  male r a t s  and male and 
female mice, no ev idence o f  ca r c i nogen i c  a c t i v i t y ,  b u t  w i t h  t h e  conc lus i on  f o r  
female r a t s  t o  be changed f rom some ev idence o f  ca r c i nogen i c  a c t i v i t y  t o  equivo- 
c a l  ev idence o f  ca r c i nogen i c  a c t i v i t y .  Dr. Ashby seconded t h e  mot ion,  sup- 
p o r t i n g  t h e  change i n  female r a t s  because o f  cumu la t i ve  u n c e r t a i n t y  r ega rd i ng  
t h e  significant-e o f  mononuclear c e l l  leukemia as t o  be ing  t r e a t m e n t - r e l a t e d  
r a t h e r  than  chem ica l l y - r e l a ted .  Dr. Gold no ted  t h a t  i n  a  30-month s tudy  i n  
Japan u s i n g  F344 r a t s ,  t h e  same s t r a i n  as i n  t h e  NTP s tud ies ,  an inc reased  i n c i -  
dence o f  mononuclear c e l l  leukemia was n o t  observed. Dr. McKnight op ined  t h a t  
w i t h  a  v a r i a b l e  tumor such as leukemia, t h e  concu r ren t  c o n t r o l  shou ld  be g i v e n  
most weight .  Dr. Ze ise  o f f e r e d  an amendment t h a t  a  s ta tement  be added t o  t h e  
conc lus i on  " t h a t  mice m i g h t  have t o l e r a t e d  h i g h e r  doses". Dr. Car l son  seconded 
t h e  amendment which was de fea ted  by  n i n e  no t o  two yes vo tes  (Car lson,  Ze ise )  
w i t h  one a b s t e n t i o n  (McKnight) .  The main mo t i on  was then  accepted by  e i g h t  yes 
vo tes  (Ashby, Davis. Garman, Gold, Hayden, Klaassen, Longnecker, Ze ise )  t o  f o u r  
no vo tes  (Car l son ,  Goodman, McKnight, S i l b e r g e l d ) .  



C h l o r i n a t e d  and Chloraminated Water. D r .  J.K. Dunnick, NIEHS, NTP S ta f f  
S c i e n t i s t ,  i n t r o d u c e d  t h e  t o x i c o l o g y  and carc inogenes is  s t u d i e s  o f  c h l o r i n a t e d  
and ch lo ramina ted  wate r  by  d i scuss ing  uses, exper imenta l  des ign,  s u r v i v a l  and 
wa te r  consumption i n  r a t s  and mice, and r e s u l t s .  The proposed conc lus ions  were 
t h a t :  

Under t h e  c o n d i t i o n s  o f  these 2-year s t ud ies ,  t h e r e  was no ev idence o f  
ca r c i nogen i c  a c t i v i t y  o f  c h l o r i n a t e d  d r i n k i n g  wa te r  f o r  male F3441N r a  
There was equ ivoca l  evidence o f  ca r c i nogen i c  a c t i v i t y  o f  c h l o r i n a t e d  
d r i n k i n g  wa te r  f o r  female F3441N r a t s ,  as i n d i c a t e d  by  an i nc rease  i n  
i nc i dence  o f  mononuclear c e l l  leukemia. There was no ev idence o f  
ca r c i nogen i c  a c t i v i t y  o f  c h l o r i n a t e d  d r i n k i n g  wa te r  f o r  male o r  female 
B6C3F1 mice. 

t s .  
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Under t h e  c o n d i t i o n s  o f  these 2-year  s t ud ies ,  t h e r e  was no evidence o f  
ca r c i nogen i c  a c t i v i t y  o f  ch lo ramina ted  d r i n k i n g  wate r  f o r  male F344lN r a t s .  
There was equ ivoca l  evidence o f  ca r c i nogen i c  a c t i v i t y  o f  ch lo ramina ted  
d r i n k i n a  wa te r  f o r  female F344lN r a t s .  as i n d i c a t e d  by  an i nc rease  i n  t he  
i nc i dence  o f  mononucl ea r  c e l l  1  eukemia. There was no-evidence o f  
ca r c i nogen i c  a c t i v i t y  o f  ch lo ramina ted  d r i n k i n g  wa te r  f o r  male o r  female 
B6C3F1 mice. 

Dr.  Longnecker, a  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions  b u t  asked f o r  
more d i s c u s s i o n  o f  t h e  r a t i o n a l e  f o r  i n t e r p r e t a t i o n  o f  da ta  f o r  male r a t s .  He 
asked why t h e r e  was such low s u r v i v a l  i n  male r a t s  i n c l u d i n g  c o n t r o l s  and what 
impact t h i s  may have had on t h e  v a l i d i t y  o f  t h e  study. Dr. S. E u s t i s ,  NIEHS, 
commented t h a t  h i g h e r  inc idences  o f  leukemias, p i t u i t a r y  g l and  tumors and k idney  
d isease  c o n t r i b u t e d  t o  lower  s u r v i v a l  i n  male r a t s  i n  t h i s  as w e l l  as o t h e r  more 
recen t  s t ud ies .  

D r .  Goodman, t h e  second p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions  i n  male 
r a t s  and male and female mice b u t  d i d  n o t  agree w i t h  t h e  conc lus ions  on t h e  
l e v e l  o f  ev idence f o r  leukemia i n  female r a t s  which he though t  shou ld  be changed 
t o  no ev idence o f  ca r c i nogen i c  a c t i v i t y .  He based h i s  recommendation on t he  
h i g h  and v a r i a b l e  i nc i dence  o f  leukemias i n  h i s t o r i c a l  c o n t r o l s  such t h a t  
o v e r a l l  r a t e s  o f  leukemias i n  t r e a t e d  groups were w i t h i n  t h e  h i s t o r i c a l  c o n t r o l  
range, a  " l ow"  concu r ren t  c o n t r o l  i nc idence ,  and a  l a c k  o f  a  dose-response r e l a -  
t i o n s h i p .  Fu r t he r ,  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  ( P  < 0.05) was marg ina l  f o r  
such a  commonly o c c u r r i n g  neoplasm. Dr. Dunnick responded t h a t  p r ima ry  emphasis 
i s  g i v e n  t o  concu r ren t  c o n t r o l  values. Dr. Goodman asked t h a t  a d d i t i o n a l  i n f o r -  
mat ion  be added t o  t h e  I n t r o d u c t i o n  s e c t i o n  concern ing t h e  c a r c i n o g e n i c i t y  o f  
ch l o ro fo rm  i n  d r i n k i n g  wate r ;  he p rov i ded  two l i t e r a t u r e  re fe rences  t o  be c i t e d .  

D r .  Ashby, t h e  t h i r d  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  He 
commented t h a t  t h e  t i t l e  and o t h e r  re fe rences  t o  ' c h l o r i n a t e d  d r i n k i n g  wa te r '  
were i n a c c u r a t e  because t h e  wate r  used i n  t h e  s tudy  had been t r e a t e d  w i t h  a c t i -  
va ted  carbon and de ion i zed  p r i o r  t o  c h l o r i n a t i o n .  D r .  Dunnick s a i d  words would 
be added t o  t h e  A b s t r a c t  and elsewhere t o  p o i n t  o u t  t h a t  t h e  s t u d i e s  were 
i n t ended  t o  determine t o x i c i t y  and c a r c i n o g e n i c i t y  o f  c h o r i n a t e d  o r  ch lo rami -  
na ted  wate r  w i t h o u t  confounding e f f e c t s  o f  byproducts.  Dr. Ashby expressed con- 
ce rn  about  t h e  poor  s u r v i v a l  o f  male r a t s  and how t h i s  r e l a t e d  t o  adequacy o f  
t he  study. D r .  J. Haseman, NIEHS, s a i d  t h a t  i n  t h e  judgment o f  t h e  NTP, su r -  



v i va1  o f  male r a t s  was s u f f i c i e n t  t o  p e r m i t  an e v a l u a t i o n  o f  c a r c i n o g e n i c i t y .  
D r .  Ze ise  no ted  t h a t  squamous c e l l  tumors o f  t h e  upper g a s t r o i n t e s t i n a l  t r a c t  
were e l e v a t e d  i n  male r a t s .  D r .  E u s t i s  s a i d  they  were n o t  b e l i e v e d  t o  be com- 
pound-re la ted.  

There was some d i s c u s s i o n  as t o  whether t e x t  and re fe rences  t o  e f f e c t s  o f  t r i h a -  
lomethanes shou ld  be i n c l u d e d  i n  t h e  i n t r o d u c t i o n  s i n c e  t h e  wa te r  p u r i f i c a t i o n  
processes used i n  t h i s  s tudy  would have removed o r  p reven ted  f o r m a t i o n  o f  any o f  
these chemicals.  Dr. S i l b e r g e l d  ques t ioned  re levance  t o  human exposure. There 
was a l s o  cons ide rab le  d i s c u s s i o n  about  t h e  v a r i a b i l i t y  and i n c r e a s i n g  inc idence  
o f  mononuclear c e l l  leukemias i n  r a t s  and how t h i s  a f f e c t e d  t h e  i n t e r p r e t a t i o n  
o f  t h e  f i n d i n g s  i n  dosed female r a t s .  

D r .  Longnecker moved t h a t  t h e  d r a f t  Techn ica l  Repor t  on c h l o r i n a t e d  and 
ch lo ramina ted  wa te r  be accepted w i t h  t h e  r e v i s i o n s  d iscussed  i n c l u d i n g  a  
m o d i f i c a t i o n  o f  t h e  r e p o r t  t i t l e  t o  desc r i be  t h e  use o f  charcoa l  f i l t e r  
de i on i zed  water.  He moved t h a t  t h e  conc lus ions  be accepted as w r i t t e n ,  no 
ev idence o f  ca r c i nogen i c  a c t i v i t y ,  f o r  male r a t s  and male and female m i c e ,  
and, equ ivoca l  evidence o f  ca r c i nogen i c  a c t i v i t y  f o r  female r a t s .  D r .  Ashby 
seconded t h e  mot ion.  Dr. Ze ise  o f f e r e d  an amendment t h a t  t h e  s t u d i e s  o f  
c h l o r i n a t e d  wa te r  i n  male r a t s  be cons idered  an inadequate s t udy  o f  
ca r c i nogen i c  a c t i v i t y  due t o  problems o f  poor  s u r v i v a l  and i n s u f f i c i e n t  dosing. 
Dr. S i l b e r g e l d  seconded t h e  amendment which was de fea ted  by t e n  no t o  two yes 
vo tes  ( ~ i l b e r q e l d .  Ze ise) .  Dr. Goodman o f f e r e d  an amendment t h a t  t h e  

- 

conc lus ions  i n  female r a t s  be changed t o  no ev idence o f  ca r c i nogen i c  a c t i v i t y .  
D r .  Ca r l son  seconded t h e  amendment which was de fea ted  b y  n i n e  no t o  t h r e e  yes 
vo tes  (Car lson,  Gold, Goodman). The o r i g i n a l  mo t i on  by D r .  Longnecker was then  
accepted by  e i g h t  yes t o  t h r e e  no vo tes  (Car lson,  Gold, Goodman) w i t h  one 
a b s t e n t i o n  ( S i  1.bergeld). 



C. I - 
t h e  
t h e  
and 

. D i r e c t  B lue  15. D r .  J.K. Dunnick, NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r oduced  
t o x i c o l o g y  and carc inogenes is  s t u d i e s  o f  C.I .  D i r e c t  B l ue  15 by  d i scuss ing  
uses, r e p o r t i n g  on t h e  exper imenta l  des ign,  and rev i ew ing  t h e  nonneop las t i c  
n e o p l a s t i c  l e s i o n s  i n  male and female r a t s .  The proposed conc lus ions  were 

t h a t :  

Under t h e  c o n d i t i o n s  o f  these 22-month d r i n k i n g  wa te r  s t ud ies ,  t h e r e  was 
c l e a r  ev idence o f  ca r c i nogen i c  a c t i v i t y  o f  C.I, D i r e c t  B l ue  15 (desa l t ed  
i n d u s t r i a l  grade)  f o r  male F344lN r a t s ,  as i n d i c a t e d  by  ben ign  and 
ma l i gnan t  neoplasms o f  t h e  sk i n ,  Zymbal 's g land,  p r e p u t i a l  g land,  l i v e r ,  
o r a l  c a v i t y ,  and smal l  and l a r g e  i n t e s t i n e .  Inc reased  inc idences  o f  
mononuclear c e l l  leukemia and neoplasms o f  t h e  b r a i n  may have been r e l a t e d  
t o  chemical  a d m i n i s t r a t i o n .  There was c l e a r  evidence o f  ca r c i nogen i c  
a c t i v i t y  f o r  female F344lN r a t s ,  as i n d i c a t e d  by  ben ign  and ma l i gnan t  
neoplasms o f  t h e  sk i n ,  Zymbal 's g land,  c l i t o r a l  g land,  l i v e r ,  o r a l  c a v i t y ,  
smal l  and l a r g e  i n t e s t i n e ,  and u te rus ,  and mononuclear c e l l  leukemia. 
Inc reased  inc idences  o f  neoplasms o f  t h e  b r a i n  may have been r e l a t e d  t o  
chemical  a d m i n i s t r a t i o n .  

Dr. Dunnick exp la i ned  t h a t  t h e  s t u d i e s  were i n t ended  t o  l a s t  24 months b u t  were 
t e rm ina ted  a f t e r  22 months because o f  decreased s u r v i v a l  o f  exposed an imals ,  due 
p r i m a r i l y  t o  neoplas ia .  

Dr. Klaassen, a  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  He quest ioned 
whether t h e r e  was r e a l l y  an inc reased  i nc i dence  o f  b r a i n  tumors i n  dosed female 
r a t s .  D r .  Klaassen s a i d  h i s  ma jo r  concern was w i t h  t h e  f a c t  t h a t  t h e  dye was 
o n l y  about  50 % pure  and t h a t  t h i s  be i n d i c a t e d  i n  t h e  t i t l e  and elsewhere. 

Dr. McKnight, t h e  second p r i n c i p a l  rev iewer ,  d i d  n o t  agree w i t h  t h e  conc lus ions.  
She s a i d  t h e  s t u d i e s  should  be cons idered inadequate un less  t h e  i m p u r i t i e s  i n  
t h e  m i x t u r e  cou ld  be c h a r a c t e r i z e d  and l i s t e d  and t h e  o v e r a l l  s tudy  e n t i t l e d  as 
be ing  a  t e s t  o f  i n d u s t r i a l  grade C.I. D i r e c t  B lue  15. F u r t h e r ,  she thought  t h e  
s tudy  t o  be r e l e v a n t  o n l y  i f  i t  cou ld  be documented t h a t  t h e  i m p u r i t i e s  were 
t y p i c a l  o f  those t o  which workers  were exposed. I f  these i ssues  cou ld  be 
reso lved ,  D r .  McKnight s t a t e d  t h a t  t h e  h i g h l y  s t a t i s t i c a l l y  s i g n i f i c a n t  
inc reases  i n  mononuclear c e l l  leukemias i n  male r a t s  suppor ted i n c l u s i o n  o f  
these l e s i o n s  under c l e a r  evidence. She a l s o  no ted  t h a t  inc reased  inc idences  o f  
adrenal  pheochromocytomas m i g h t  be cons idered  as p a r t  o f  t h e  evidence i n  males. 
Dr. Dunnick responded t h a t  pheochromocytomas a r e  c o m o n l y  o c c u r r i n g  tumors and 
t h e  f a c t  t h a t  t h e r e  was no i nc rease  i n  hype rp l as i as  suggested a  l a c k  o f  
a s s o c i a t i o n  w i t h  chemical exposure. Dr. S. E u s t i s ,  NIEHS, agreed t h a t  
mononuclear c e l l  leukemia cou ld  be cons idered p a r t  o f  t h e  ev idence i n  male r a t s .  

D r .  Ze ise,  t h e  t h i r d  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  She 
shared t h e  concern o f  t h e  o t h e r  rev iewers  about  t h e  compos i t i on  o f  t h e  dye and 
t h e  need t o  mod i f y  t h e  t i t l e  t o  r e f l e c t  what was tes ted .  

I n  response t o  concerns o f  t h e  rev iewers  about  t h e  p u r i t y  o f  t h e  dye, Dr. Scala 
no ted  t h a t  t h e  dye s t u d i e d  was c h a r a c t e r i s t i c  o f  i n d u s t r i a l  o r  t e c h n i c a l  grade 
m a t e r i a l  used, and t h e  C. I .  nomenclature was t h e  c o r r e c t  way o f  d e s c r i b i n g  dyes. 
Dr. Dunnick s a i d  t h e  dye was r e p r e s e n t a t i v e  o f  what workers  were exposed to ,  
and a  s u b t i t l e  would be added t o  t h e  t i t l e  t o  more f u l l y  d e s c r i b e  t h e  



compos i t i on  o f  t h e  dye. D r .  McKnight p o i n t e d  o u t  t h a t  i n  t h e  conc lus ions ,  t h e  
name o f  t h e  dye was f o l l o w e d  by, i n  parentheses, " desa l t ed  i n d u s t r i a l  grade". 
Dr. S i l b e r g e l d  r a i s e d  t h e  ques t i on  as t o  whether 3 ,3 ' -d imethoxybenz id ine e i t h e r  
formed m e t a b o l i c a l l y  o r  p resen t  as an i m p u r i t y  cou ld  be c o n t r i b u t i n g  t o  t h e  
n e o p l a s t i c  e f f e c t s .  Dr. Ashby agreed n o t i n g  t h a t  t h e  dimethoxy compound would 
be formed i n  v i v o  by  r e d u c t i v e  c leavage, and p o i n t i n g  o u t  t h a t  t h e  o n l y  p o s i t i v e  
g e n e t i c  t o x i c o l o g y  f i n d i n g  was i n  Salmonel la  where r e d u c t i v e  metabol ism was 
i nco rpo ra ted .  

Dr. Klaassen moved t h a t  t h e  Techn ica l  Repor t  on C.I.  D i r e c t  B lue  15 be accepted 
w i t h  t h e  r e v i s i o n s  d iscussed  i n c l u d i n g  a d d i t i o n  o f  a  s u b t i t l e  t o  d e s c r i b e  t h e  
con ten t  o f  t h e  dye, and w i t h  t h e  conc lus ions  as w r i t t e n  f o r  male and female 
r a t s ,  c l e a r  ev idence o f  ca r c i nogen i c  a c t i v i t y .  Dr. Goodman seconded t h e  motion. 
Then. t h r e e  amendments were o f f e r e d  and vo ted  on. Dr. Klaassen moved t h a t  t h e  
l a s t  sentence o f  t h e  conc lus ions  f o r  female r a t s  be de le ted ,  i.e., I1Increased 
inc idences  o f  neoplasms o f  t h e  b r a i n  may have been r e l a t e d  t o  chemical  
a d m i n i s t r a t i o n " .  Dr. Goodman seconded t h e  mo t i on  which was accepted by  n i n e  yes 
t o  two no vo tes  (Garman, Hayden) w i t h  one a b s t e n t i o n  (Ashby). Dr. McKnight 
moved t h a t  mononuclear c e l l  leukemias be added under c l e a r  ev idence i n  male 
r a t s .  D r .  Ze ise  seconded t h e  mo t i on  which was de fea ted  by seven no vo tes  
(Ashby, Car lson,  Gold, Goodman, Hayden, Klaassen, Chairman Sca la  b reak ing  t h e  
t i e )  t o  s i x  yes vo tes  (Davis,  Garman, Longnecker, McKnight, S i l b e r g e l d ,  Ze ise) .  
Dr. McKnight moved t h a t  adrenal  pheochromocytomas be i n c l u d e d  i n  t h e  conc lus ions  
f o r  male r a t s  as "may have been r e l a t e d  t o  chemical  a d m i n i s t r a t i o n " .  Dr. 
S i l b e r g e l d  seconded t h e  mot ion  which was de fea ted  by  n i n e  no vo tes  (Ashby, 
Car lson,  Dav is ,  Garman, Goodman, Gold, Hayden, Klaassen, S i l b e r g e l d )  t o  t h r e e  
yes vo tes  (Longnecker, McKnight, Ze ise ) .  The Panel then  accepted t h e  o r i g i n a l  
mo t i on  unanimously w i t h  twe l ve  votes.  



Meth 1  Bromide. Dr. R.S.H. Yang, NTP S t a f f  S c i e n t i s t  (now a t  Colorado S t a t e  
U n i v e r s i t y  and D r .  S.L. E u s t i s ,  NIEHS, were present .  Dr. E u s t i s  i n t r oduced  + 
t h e  t o x i c o l o g y  and carc inogenes is  s t u d i e s  o f  methy l  bromide by  d i s c u s s i n g  t h e  
uses and r a t i o n a l e  f o r  s tudy,  d e s c r i b i n g  t h e  exper imenta l  des ign,  r e p o r t i n g  on 
s u r v i v a l  and body we igh t  e f f e c t s ,  and comnenting on compound-related 
non-neop las t i c  l e s i o n s  i n  male and female mice. The conc lus ions  were t h a t :  

Under t h e  c o n d i t i o n s  o f  these 2-year i n h a l a t i o n  s t ud ies ,  methy l  bromide 
caused degenera t i ve  changes i n  t h e  ce rebe l lum and cerebrum, myocard ia l  
degenera t ion  and cardiomyopathy,  s t e r n a l  dysp las i a ,  and o l f a c t o r y  
e p i t h e l i a l  n e c r o s i s  and metap las ia .  There was no ev idence o f  ca r c i nogen i c  
a c t i v i t y  f o r  methy l  bromide i n  male and female B6C3F1 mice. Tox i c  e f f e c t s  
p e r s i s t e d  a l t hough  exposure t o  methy l  bromide i n  t h e  100 ppm group 
t e rm ina ted  a f t e r  20 weeks. 

D r .  Ashby, a  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  He s a i d  t h a t  i n  
v iew o f  t h e  f a c t  t h a t  methy l  bromide i s  a  m e t h y l a t i n g  agent  and c l e a r l y  
geno tox i c  -- i n  v i t r o  and i n  v i v o  i t  was q u i t e  s u r p r i s i n g  t h a t  t h e  chemical  had no 
n e o p l a s t i c  e f f e c t s .  

D r .  Zeise,  t h e  second p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions .  She was 
p leased  w i t h  t h e  dose l e v e l  s e l e c t i o n  n o t i n g  t h a t  even though t h e  Maximum 
T o l e r a t e d  Dose (MTD) a p p a r e n t l y  was exceeded i n  male mice, t h e  o t h e r  two dose 
groups were adequate f o r  eva lua t i on .  

Dr. Longnecker, t h e  t h i r d  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  
However, he wondered why more impo r t  was n o t  g i v e n  t o  t h e  ca tegory  o f  t h e  
o v e r a l l  i nc reased  i nc i dence  o f  an imals  w i t h  ma l i gnan t  tumors which was 
s i g n i f i c a n t  i n  low dose male mice (P=0.01) compared w i t h  c o n t r o l s .  D r .  E u s t i s  
r e p l i e d  t h a t  t h e  i nc rease  i n  ma l i gnan t  tumors was p r i m a r i l y  due t o  an inc rease  
i n  a l v e o l a r  b r o n c h i o l a r  carcinomas which was ba lanced o f f  by  a  decrease i n  
adenomas. S ince  t h e  adenomas and carcinomas a r e  a  morpholog ic  continuum, and 
f u r t h e r ,  s i n c e  t h e  inc reased  i nc i dence  o f  ma l i gnan t  neoplasms was n o t  observed 
i n  t h e  m id  o r  h i g h  dose groups, t h e  s t a f f  cons idered  t h i s  n o t  t o  be a  r e a l  
e f f e c t .  

D r .  Yang r e p o r t e d  t h a t  a  c h r o n i c  s tudy  by  Dutch workers  i n  W is ta r  r a t s  had g i ven  
nega t i ve  r e s u l t s .  He s a i d  more d e t a i l s  on t h e  r a t  s tudy  would be i n c l u d e d  i n  
t h e  r e p o r t .  D r .  S i l b e r g e l d  s a i d  t h e  c e n t r a l  nervous system (CNS) pa tho logy  was 
r a t h e r  s u r p r i s i n g  i n  t h a t  i t  was noted o n l y  a t  t h e  h i g h  dose w h i l e  o t h e r  da ta  
suggest t h a t  t h e r e  i s  much more o f  a  dose - re l a ted  t r e n d  i n  t h e  o v e r t  
n e u r o t o x i c i t y  o f  t h e  chemical .  She s a i d  t h e r e  shou ld  be c a u t i o n  i n t r oduced  i n  
t h e  t e x t  i n  i n t e r p r e t i n g  t h e  n e u r o t o x i c i t y  r e s u l t s ,  b o t h  b e h a v i o r a l l y  and 
p a t h o l o g i c a l l y  i n  t h a t  t h e r e  a r e  p i t f a l l s  i n  some o f  t h e  t e s t s  used t o  measure 
n e u r o t o x i c i t y .  There was sent iment  among some o f  t h e  members f o r  adding 
i nc i dence  r a t e s  f o r  s i g n i f i c a n t  non-neop las t i c  l e s i o n s  t o  t h e  sumnary t a b l e  i n  
t h e  Abs t rac t .  D r .  Sca la  tormented t h a t  t h e  sense o f  t h e  Panel was t h a t  they  
wanted t h e  A b s t r a c t  and t h e  t e x t  t o  r e f l e c t  a  r e p o r t  on an impo r tan t  
n e u r o t o x i c a n t  and t h e  s t a f f  had i n d i c a t e d  t h i s  p e r s p e c t i v e  would be given. 

D r .  Ashby moved t h a t  t h e  Techn ica l  Repor t  on methy l  bromide be accepted w i t h  t h e  
r e v i s i o n s  d iscussed  and t h e  conc lus ions  as w r i t t e n  f o r  male and female mice, - no 



evidence o f  ca r c i nogen i c  a c t i v i t y .  D r .  Ze ise  seconded t h e  mot ion ,  which was 
accepted unanimously w i t h  twe l ve  votes.  



Monoch lo roace t i c  Acid.  D r .  K.M. Abdo, NIEHS, S t a f f  S c i e n t i s t ,  i n t r oduced  t h e  
t o x i c o l o g y  and carc inogenes is  s t u d i e s  o f  monoch lo roace t i c  a c i d  by  d i scuss ing  t h e  
uses a n d - r a t i o n a l  e  f o r - s t u d y ,  d e s c r i b i n g  t h e  exper imenta l  des ign,  r e p o r t i n g  on 
s u r v i v a l  and body we igh t  e f f e c t s ,  and comnenting on non-neop las t i c  l e s i o n s  t h a t  
were observed. The conc lus ions  were t h a t :  

Under t h e  c o n d i t i o n s  o f  these 2-year s t ud ies ,  t h e r e  was no evidence o f  
ca r c i nogen i c  a c t i v i t y  o f  monoch lo roace t i c  a c i d  f o r  male o r  female F344lN 
r a t s  g i v e n  15 o r  30 mglkg i n  wa te r  by  gavage f o r  104 weeks. There was - no 
ev idence o f  ca r c i nogen i c  a c t i v i t y  o f  monoch lo roace t i c  a c i d  f o r  male o r  
female B6C3F1 mice  g i v e n  50 o r  100 mglkg i n  wa te r  by  gavage f o r  104 weeks. 

Monoch lo roace t i c  a c i d  a d m i n i s t r a t i o n  was assoc ia ted  w i t h  i n f l a m n a t o r y  
l e s i o n s  o f  t h e  nasal  mucosa, me tap las i a  o f  t h e  o l f a c t o r y  ep i t he l i um ,  and 
squamous c e l l  h y p e r p l a s i a  o f  t h e  forestomach i n  male and female mice. 

Dr. Davis ,  a  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  He comnented t h a t  
f o r  female mice an MTD may n o t  have been reached i n  t h a t  t h e r e  was o n l y  a  6% 
d i f f e r e n c e  between t e rm ina l  c o n t r o l  and h i g h  dose group animal body weights.  
Furthermore, f o r  weeks 53 t o  103, t h e  d i f f e r e n c e  i n  mean body we igh t  f o r  these 
two groups was 9%. Dr. E u s t i s  exp la i ned  t h a t  even i f  t h e  decrement i n  body 
we igh t  i s  l e s s  than  lo%,  i f  t h e r e  i s  a  c o n s i s t e n t  decrement ove r  a  l ong  p e r i o d  
o f  t ime  as i n  t h i s  case then we f e e l  f a i r l y  c e r t a i n  t h a t  i t  i s  a t o x i c  e f f e c t .  
D r .  J. Haseman, NIEHS, added t h a t  nasal  c a v i t y  and forestomach non-neop las t i c  
e f f e c t s  i n  t h i s  s tudy  suggested an MTD had been achieved. 

Dr. Longnecker , ' the second p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  

D r .  Ashby, t h e  t h i r d  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  He noted 
t h a t  t h e  g e n e t i c  t o x i c i t y  p r o f i l e  con t inues  a t r e n d  e s t a b l i s h e d  i n  e a r l i e r  
s t ud ies ,  namely, no s t r u c t u r a l  a l e r t ,  no m u t a g e n i c i t y  t o  Salmonel la  o r  
c l a s t o g e n i c i t y  t o  Chinese hamster ovary  c e l l s ,  b u t  i nc reases  i n  t h e  L5178Y and 
s i s t e r  ch romat id  exchanqe (SCEI assays. T h i s  con f i rmed aqa in  t h a t  t h e  l a t t e r  - .  
two p r o t o c o l s  were n o t  c o r r e l a t e d  a t - a l l  w i t h  -- i n  v i v o  c a r c i n o g e n i c i t y .  

There was some d i s c u s s i o n  about  t h e  forestomach l e s i o n s  i n  mice, espec ia l  
i nc reased  i nc i dence  o f  squamous c e l l  pap i l l omas  i n  females and whether 
s i g n i f i c a n t l y  inc reased  i nc i dence  o f  h y p e r p l a s i a  i n  t h e  h i g h  dose group 
r e f l e c t e d  a  p r e n e o p l a s t i c  e f f e c t  o r  r a t h e r  f o c a l  i r r i t a t i o n  due t o  gavage 
an i r r i t a t i n g  substance. The s t a f f  p o s i t i o n  was i n  suppor t  o f  t h e  l a t t e r .  

t he  

Dr. Dav is  moved t h a t  t h e  Technica l  Repor t  on monoch lo roace t i c  a c i d  be accepted 
w i t h  t h e  r e v i s i o n s  d iscussed and t h e  conc lus ions  as w r i t t e n  f o r  male and female 
r a t s  and mice, no evidence o f  ca r c i nogen i c  a c t i v i t y .  D r .  Longnecker seconded 
t h e  mot ion ,  which was accepted unanimously w i t h  e leven  votes.  



Probenecid. D r .  K.M.Abdo, NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r o d u c e d  t h e  t o x i c o l o g y  
and ca rc i nogenes i s  s t u d i e s  o f  p robenec id  by  d i s c u s s i n g  t h e  uses, d e s c r i b i n g  t h e  
exper imenta l  des ign,  r e p o r t i n g -  on surv iva l ,  body we igh t  and l i v e r  we igh t  e f f e c t s  
i n  r a t s  and mice, and comnenting on. t h e  o n l y  compound-related l e s i o n s ,  those 
be ing  h e p a t o c e l l u l a r  tumors i n  female mice. The conc lus ions  were t h a t :  

Under t h e  c o n d i t i o n s  o f  these  2-year s t ud ies ,  t h e r e  was no ev idence o f  
ca r c i nogen i c  a c t i v i t y  o f  p robenec id  f o r  male o r  female F344lN r a t s  
r e c e i v i n g  100 o r  400 mglkg i n  co rn  o i l  by  gavage f o r  103 weeks. There was 
no ev idence o f  ca r c i nogen i c  a c t i v i t y  f o r  male B6C3F1 mice  g i v e n  100 o r  400 
mglkg p robenec id  i n  co rn  o i l  by  gavage f o r  103 weeks. There was some 
ev idence o f  ca r c i nogen i c  a c t i v j t y  o f - p robenec id  f o r  female ~ 6 ~ 3 ~ 1 X e  
based on an inc reased  i nc i dence  o f  h e p a t o c e l l u l a r  neoplasms. 

Dr. Car lson,  a  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  He comnented on 
t h e  s ta tement  t h a t  no chem ica l - r e l a ted  t o x i c  e f f e c t s  were o b s e r v e d . i n  male o r  
female r a t s  as be ing  c o n t r a d i c t o r y  t o  s ta tements  i n  t h e  r e s u l t s  t h a t  " t h e  
moribund c o n d i t i o n  o f  these an ima ls  was presumed t o  be t h e  r e s u l t  o f  chemical 
t o x i c i t y "  and ' ' these deaths were t h e r e f o r e  presumed t o  be r e l a t e d  t o  chemical 
t o x i c i t y . "  D r .  Sca la  s a i d  t h e  i s sue  o f  moribund an ima ls  and t h e  r e l a t i o n s h i p  o f  
t h e i r  c o n d i t i o n  t o  chemical  t o x i c i t y  needed t o  be c l a r i f i e d  i n  t h e  r epo r t .  

Dr. Garman, t h e  second p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  
However, he ques t ioned  why f o r  female mice, h e p a t o c e l l u l a r  adenomas and 
carcinomas were combined i n  t h e  sumnary t a b l e ,  when t h e  f requency o f  carcinomas 
was o b v i o u s l y  n o t  t r ea tmen t  r e l a ted .  Dr. E u s t i s ,  NIEHS, s a i d  t h e  carcinoma 
would be separated o u t  i n  t h e  t ab le .  

Dr. Gold, t h e  t h i r d  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  She s a i d  
t h a t  i f  t h e  l e v e l  o f  some r a t h e r  than  c l e a r  ev idence i n  female m ice  was because 
t h e r e  was an i n c r e a s e o n l y  i n  ben ign  tumors, then  t h e  conc lus i on  shou ld  i n d i c a t e  
t h i s .  Dr. Abdo s a i d  t h e  conc lus i on  would say h e p a t o c e l l u l a r  adenomas. D r .  Gold 
comnented t h a t  a s s i g n i n g  cause o f  death t o  moribund s a c r i f i c e d  an ima ls  i s  
ex t reme ly  d i f f i c u l t  and may n o t  be accurate .  

Dr. Ca r l son  moved t h a t  t h e  Techn ica l  Repor t  on p robenec id  be accepted w i t h  t h e  
conc lus ions  as w r i t t e n  f o r  male and female r a t s  and male mice, no ev idence o f  
carc- inogenic  a c t i v i t y ,  and f o r  female mice, some ev idence o f  ca r c i nogen i c  
a c t i v i t y ,  w i t h  t h e  l a s t  sentence be ing  changed t o  emphasize t h a t  t h e  conc lus ion  
was based on ben ign  neoplasms. D r .  Garman seconded t h e  mot ion ,  which was 
accepted unanimously w i t h  e leven  votes.  



Ti tanocene D i c h l o r i d e .  Dr. J.K. Dunnick, NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r oduced  
t h e  t o x i c o l o g y  and carc inogenes is  s t u d i e s  o f  t i t a n o c e n e  d i c h l o r i d e  by  d i scuss ing  
t h e  uses, d e s c r i b i n g  t h e  exper imenta l  des ign,  r e p o r t i n g  on s u r v i v a l  and body 
we igh t  e f f e c t s ,  and comnenting on compound-related non-neop las t i c  and n e o p l a s t i c  
l e s i o n s  i n  male and female r a t s .  The conc lus ions  were t h a t :  

Under t h e  c o n d i t i o n s  o f  these 2-year s t ud ies ,  t h e r e  was equ ivoca l  evidence 
o f  ca r c i nogen i c  a c t i v i t y  o f  t i t a n o c e n e  d i c h l o r i d e  f o r  male and female 
F344lN r a t s  based on a  marg ina l  i n c rease  i n  t h e  i nc i dence  o f  squamous c e l l  
neoplasms o f  t h e  forestomach. Nonneop las t i c  l e s i o n s  assoc ia ted  w i t h  t h e  
a d m i n i s t r a t i o n  o f  t i t a n o c e n e  d i c h l o r i d e  f o r  up t o  2  yea rs  i n c l u d e d  e ros ions  
and i n f l a m n a t i o n  o f  t h e  g a s t r i c  mucosa, h y p e r p l a s i a  and me tap las i a  o f  t h e  
f u n d i c  g lands  w i t h  f i b r o s i s  o f  t h e  lamina p r o p r i a  i n  t h e  g l a n d u l a r  stomach, 
and acan thos i s  ( hype rp l as i a )  and hype rke ra tos i s  o f  t h e  forestomach 
ep i t he l i um .  

D r .  Gold, a  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus i on  i n  female r a t s  b u t  
though t  c o n s i d e r a t i o n  should  be g i v e n  t o  changing t h e  conc lus i on  i n  male r a t s  t o  
some-evidence o f  ca r c i nogen i c  a c t i v i t y ' .  The inc idences  o f  squamous c e l l  
pap i l l omas  o f  t h e  forestomach were: c o n t r o l s ,  0160; low dose, 4/60; h i g h  dose, 
1/60. A d d i t i o n a l l y ,  t h e r e  was a  carcinoma i n  t h e  low dose. She based he r  
proposed change on t h e  r a r i t y  o f  these tumors, 0.3% i n  b o t h  male and female 
h i s t o r i c a l  c o n t r o l s ,  w i t h  o n l y  one carcinoma i n  t h e  NTP h i s t o r i c a l  da ta  base, 
t h e  s i g n i f i c a n t l y  reduced s u r v i v a l  i n  h i g h  dose male r a t s ,  and t h e  s i g n i f i c a n t  
inc reases  i n  forestomach hype rp l as i as  i n  b o t h  low and h i g h  dose groups. D r .  
Gold asked t h a t  t h e  NTP cons ider  r o u t i n e l y  r e p o r t i n g  i nc i dences  f o r  
nonneop las t i c  l e s i o n s  t h a t  a r e  se l ec ted  t o  be l i s t e d  i n  t h e  sumnary t a b l e  i n  t he  
Abs t rac t .  D r .  Gold ques t ioned  t h e  r a t i o n a l e  f o r  t e s t i n g  t h i s  chemical  g i ven  t he  
l a c k  o f  human exposure. 

Dr. S i l b e r g e l d ,  t h e  second p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus ions.  I n  
v iew o f  a  r e fe rence  r e p o r t i n g  inc reased  i nc i dence  o f  l ung  tumors i n  r a t s  
f o l l o w i n g  i n h a l a t i o n  exposure t o  t i t anocene ,  she wondered i f  t h e r e  was a  
p o t e n t i a l  f o r  i n h a l a t i o n  exposure i n  t h e  workplace. D r .  J. Haar tz ,  NIOSH, s a i d  
t h a t  t o  he r  knowledge c u r r e n t  use i s  o n l y  i n  research l a b o r a t o r i e s .  

D r .  Hayden, t h e  t h i r d  p r i n c i p a l  rev iewer ,  agreed w i t h  t h e  conc lus i on  f o r  female 
r a t s  b u t  a l s o  though t  c o n s i d e r a t i o n  should  be g i v e n  t o  changing t h e  conc lus ion  - - 
f o r  male r a t s  t o  some evidence o f  c a r c i n o g e n i c - a c t i v i t y .  He based t h i s  on: (1)  
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  inc rease  o f  forestomach squamous pap i l l omas  t h a t  
exceeded those found i n  s tudy  c o n t r o l s ,  h i s t o r i c a l  c o n t r o l s  a t  t h e  s tudy  s i t e ,  
and NTP o v e r a l l  h i s t o r i c a l  c o n t r o l s ,  ( 2 )  a  l a c k  o f  i n f e r e n c e  t h a t  stomach tumor 
i nc i dence  i n  s tudy  c o n t r o l s  was below t h a t  expected f o r  h i s t o r i c a l  c o n t r o l s ,  and 
( 3 )  a  p o s s i b i l i t y  t h a t  an inc reased  i nc i dence  o f  forestomach neop las i a  would 
have been seen i n  h i g h  dosed males had more su rv i ved  t o  term. D r .  S. E u s t i s ,  
NIEHS, responded t o  t h e  rev iewers  proposal  t o  change t h e  l e v e l  o f  evidence i n  
male r a t s .  He no ted  t h a t  t h e r e  was n o t  a  dose reponse i n  male r a t s ,  t h e  doses 
g i v e n  were s u f f i c i e n t  t o  cause cons ide rab le  t o x i c i t y  i n  t h e  forestomach, t h e  
numbers o f  tumors were few, and perhaps most i m p o r t a n t l y ,  a l l  b u t  one o f  t h e  
pap i l l omas  ( i n  b o t h  sexes) occur red  a t  t h e  l i m i t i n g  r i d g e  which i s  where a l l  o f  
t h e  forestomach t o x i c i t y  occurred. Fu r t he r ,  t h e  hype rp l as i as  observed 
represen ted  t h e  k i n d  t h a t  one sees as a  r egene ra t i ve  response t o  t o x i c i t y  r a t h e r  



t han  a  p r e n e o p l a s t i c  l e s i o n .  Dr. Ze ise  proposed t h a t  t h e  squamous c e l l  
p a p i l l o m a s  o f  t h e  p a l a t e  seen i n  one h i g h  dose male . r a t  and one h i g h  dose female 
r a t  be i n c l u d e d  i n  d i s c u s s i o n  o f  t h e  o t h e r  squamous c e l l  tumors o f  t h e  
g a s t r o i n t e s t i o n a l  t r a c t .  

Dr. Hayden moved t h a t  t h e  Techn ica l  Repor t  on t i t a n o c e n e  d i c h l o r i d e  be accepted 
w i t h  t h e  r e v i s i o n s  d iscussed  and t h e  c o n c l u s i o n s  as w r i t t e n  f o r  male and female 
r a t s ,  e q u i v o c a l  ev idence o f  c a r c i n o g e n i c  a c t i v i t y .  Dr. Goodman seconded t h e  
mot ion ,  which was accepted unanimously w i t h  e l e v e n  votes.  



TY STUDIES 

Antimony Potassium T a r t r a t e .  Dr. M.P. D i e t e r ,  NIEHS, NTP S t a f f  S c i e n t i s t ,  
i n t r o d u c e d  t h e  sho r t - t e rm  t o x i c i t y  s t u d i e s  o f  ant imony potass ium t a r t r a t e  by 
r ev i ew ing  t h e  r a t i o n a l e ,  exper imenta l  design, and r e s u l t s .  Antimony potass ium 
t a r t r a t e  (APT) was adm in i s t e red  t o  groups o f  F344lN r a t s  and B6C3F1 mice o f  bo th  
sexes f o r  14 days i n  d r i n k i n g  wa te r  o r  by  i .p i n j e c t i o n  f o r  16 days t o  determine 
t h e  most a p p r o p r i a t e  r o u t e  o f  exposure f o r  f u r t h e r  s tud ies .  As APT was p o o r l y  
absorbed and r e l a t i v e l y  n o n t o x i c  by  t h e  o r a l  r o u t e  and human exposure as an 
an t i s ch i s t osoma l  agent  was by i n j e c t i o n ,  t h e  i.p. r o u t e  was chosen f o r  90-day 
s tud ies .  Besides pa tho logy  and h i s t opa tho logy ,  a  l a r g e  number o f  supplemental 
c l i n i c a l  pa tho logy  t e s t s  and t i s s u e  ant imony assays were inc luded .  Rats were 
more s e n s i t i v e  than  mice t o  t h e  t o x i c  e f f e c t s  o f  APT, e x h i b i t i n g  dose- re la ted  
m o r t a l i t y  and r e d u c t i o n  i n  body weight .  There were no c l i n i c a l  s i gns  o f  t o x f -  
c i t y  no r  g ross  o r  m i c roscop i c  l e s i o n s  i n  mice t h a t  c o u l d  be a t t r i b u t e d  t o  t o x i -  
c i t y  of APT. Dose- re la ted  inc reased  concen t ra t i ons  o f  ant imony were de tec ted  i n  
t h e  b lood ,  l i v e r ,  k idney ,  spleen, and h e a r t  o f  r a t s ,  and i n  t h e  l i v e r  and spleen 
of mice. I n  r a t s ,  h e p a t o c e l l u l a r  degenera t ion  and n e c r o s i s  was assoc ia ted  w i t h  
dose - re l a ted  e l e v a t i o n s  i n  a c t i v i t i e s  o f  t h e  l i v e r - s p e c i f i c  serum enzymes, so r -  
b i t 0 1  dehydrogenase and a l a n i n e  aminot ransferase.  A t r e a t m e n t - r e l a t e d  degenera- 
t i o n  o f  t h e  k i dney  was p resen t  i n  t h r e e  h i g h  dose male r a t s ;  f i n d i n g s  t h a t  were 
n o t  r e f l e c t e d  i n  inc reases  i n  u r i n a r y  enzyme markers f o r  t u b u l a r  c e l l  i n j u r y .  

D r .  Klaassen, a  p r i n c i p a l  rev iewer ,  though t  t h i s  was a  good s tudy  and r e p o r t  on 
t h e  sho r t - t e rm  t o x i c i t y  o f  ant imony potass ium t a r t r a t e .  He ques t ioned  why t he  
chemical  was s t u d i e d  s i nce  o n l y  a  ve r y  smal l  number o f  peop le  i n  t h e  U.S. a r e  
exposed. 

D r .  Dav 
c l e a r l y  
s t u d i e s  
s a i d  de 
e f f e c t s  
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s,  a  second p r i n c i p a l  rev iewer ,  agreed t h a t  t h i s  was a  w e l l  designed and 
r e p o r t e d  study. He asked why de ion i zed  wa te r  was t h e  v e h i c l e  f o r  14-day 
w h i l e  p h y s i o l o g i c a l  s a l i n e  was used f o r  13-week s tud ies .  D r .  D i e t e r  
on ized  wate r  was used i n  d r i n k i n g  wate r  s t u d i e s  t o  a v o i d  confounding 
f rom o t h e r  c a t i o n s  o r  an ions w h i l e  t h e  13-week s t u d i e s  were by  i n j e c t i o n  
o l o g i c a l  s a l i n e  was used t o  m a i n t a i n  osmot ic  e q u i l i b r i u m .  

D r .  Car l son  no ted  t h a t  t h e  Salmonel la  assay was nega t i ve  as expected and 
suggested t h a t  a mamnalian c e l l  g e n e t i c  t o x i c i t y  assay shou ld  have been done as 
t h e  da ta  f rom t h e  l i t e r a t u r e  i n d i c a t e d  a  l i k e l y  p o s i t i v e  outcome. 



Casto r  O i l .  D r .  R.D. I r w i n ,  NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r o d u c e d  t h e  
s h o r t - t e r m  t o x i c i t y  s t u d i e s  o f  c a s t o r  o i l  by  r ev i ew ing  t h e  exper imenta l  des ign  
and r e s u l t s .  Cas to r  o i l  was adm in i s t e red  by  t h e  dosed feed  r o u t e  i n  con- 
c e n t r a t i o n s  as h i g h  as 10% t o  groups o f  F344lN r a t s  and B6C3F1 mice  o f  b o t h  
sexes f o r  13-weeks. Exposure t o  concen t ra t i ons  as h i g h  as 10% d i d  n o t  a f f e c t  
s u r v i v a l  o r  body we igh t  g a i n s  o f  r a t s  o r  mice. L i v e r  we igh t s  were inc reased  i n  
male r a t s  a t  t h e  h i g h  dose and i n  male and female mice r e c e i v i n g  d i e t s  con- 
t a i n i n g  f i v e  o r  lo%,  a l t hough  t r e a t m e n t - r e l a t e d  h i s t o p a t h o l o g i c  l e s i o n s  were n o t  
p resen t  i n  any organs i n  r a t s  o r  mice. No s i g n i f i c a n t  changes were no ted  i n  
male o r  female r e p r o d u c t i v e  end p o i n t s  o f  r a t s  o r  mice. Thus, no s i g n i f i c a n t  
adverse e f f e c t s  of c a s t o r  o i l  a d m i n i s t r a t i o n  were no ted  i n  t h e  NTP s tud ies .  

Dr. Davis ,  t h e  p r i n c i p a l  rev iewer ,  s a i d  t h a t  t h i s  was a w e l l  des igned s tudy  and 
a  c l e a r  conc ise  r e p o r t  o f  h i g h  t e c h n i c a l  q u a l i t y  which met t h e  requi rements  and 
expec ta t i ons  f o r  an NTP document. 



Cresols .  Dr. D.D. D i e t z ,  f o r m e r l y  NIEHS, NTP Study S c i e n t i s t ,  i n t r oduced  t h e  
sho r t - t e rm  t o x i c i t y  s t u d i e s  o f  c r e s o l s  by  r ev i ew ing  t h e  r a t i o n a l e ,  exper imenta l  
des ign,  and r e s u l t s .  I n  28-day t o x i c i t y  s t ud ies ,  F344lN r a t s  and B6C3F1 mice of 
b o t h  sexes were g i v e n  o -c reso l  , m-cresol  , p-c reso l  , o r  m lp -c reso l  (60:40) a t  
concen t ra t i ons  f rom 300 t o  30,000 ppm i n  t h e  d i e t .  Mice, who i nges ted  l a r g e r  
q u a n t i t i e s  o f  c r e s o l s  pe r  u n i t  body we igh t ,  developed a  g r e a t e r  t o x i c  response 
than  r a t s .  T rea tmen t - r e l a ted  m ic roscop i c  changes occur red  a t  more t i s s u e  s i t e s  
and a t  l ower  l e v e l s  o f  exposure among p- and mlp -c reso l  t r e a t e d  r a t s  and mice 
compared t o  groups r e c e i v i n g  o- and m-cresol .  I n  13-week s tud ies ,  o -c reso l  o r  
m lp -c reso l  were added t o  t h e  d i e t  i n  concen t ra t i ons  as h i g h  as 30,000 ppm t o  
F344lN r a t s  and 20,000 ppm (0 - c reso l )  o r  10,000 ppm (m lp - c reso l )  t o  B6C3F1 mice. 
No deaths o f  r a t s  o r  mice cou ld  be assoc ia ted  w i t h  chemical  exposure. Resu l t s  
o f  m i c roscop i c  analyses were c o n s i s t e n t  w i t h  f i n d i n g s  i n  28-day s tud ies ,  and 
showed m i l d  bone marrow h y p o c e l l u l a r i t y  i n  r a t s  and forestomach hype rp l as i a  i n  
mice g i v e n  h i g h e r  concen t ra t i ons  o f  o -c reso l .  There was l i t t l e  evidence o f  
i nc reases  i n  t o x i c  e f f e c t s  f o r  o- o r  m/p-cresol  f rom 28 days t o  13 weeks, and 
t h e  isomers e x h i b i t e d  a  g e n e r a l l y  s i m i l a r  p a t t e r n  o f  t o x i c i t i e s  i n  r a t s  and 
mice. H i s t o p a t h o l o g i c  changes, i n c l u d i n g  bone marrow h y p o c e l l u l a r i t y ,  
i r r i t a t i o n  t o  t h e  g a s t r o i n t e s t i n a l  t r a c t  and nasal  e p i t h e l i a ,  and a t r ophy  o f  
female r e p r o d u c t i v e  organs, o c c a s i o n a l l y  occur red  a t  10,000 ppm, b u t  were more 
common a t  t h e  h i g h  dose o f  30,000 ppm. 

D r .  Car lson,  a  p r i n c i p a l  rev iewer ,  s a i d  t h e  t e x t  d e a l t  w e l l  w i t h  a  massive 
amount o f  da ta  and t h e  genera l  conc lus ions  drawn and t a r g e t  t i s s u e s  i d e n t i f i e d  
appeared t o  be j u s t i f i e d  by  data. He asked i f  dermal exposure was cons idered 
s i nce  t h e  ma jo r  concern, use and con tac t s  a r e  t o  t h e  sk in .  Dr. D i e t z  responded 
t h a t  t h i s  was p a r t  o f  a  Superfund i n i t i a t i v e  concerned w i t h  groundwater so o r a l  
exposure was i n d i c a t e d .  Dr. Car lson  complained t h a t  i t  was sometimes d i f f i c u l t  
t o  judge whether i nc i dence  o r  s e v e r i t y  was be ing  d iscussed  i n  t h e  t e x t ,  and 
asked t h a t  these d i s t i n c t i o n s  be c l a r i f i e d .  

Dr. Garman, a  second p r i n c i p a l  rev iewer ,  s a i d  t h e  r e p o r t  p resen ts  a  l a r g e  amount 
o f  i n f o r m a t i o n  about  as w e l l  as t h e  fo rmat  w i l l  a l l ow .  The l i t e r a t u r e  rev iews 
appeared t o  be thorough and t h e  d i s c u s s i o n  s e c t i o n  d i d  a  good j o b  o f  d i s cuss ing  
t h e  t rea tment -assoc ia ted  l es i ons .  

Both Dr. Car l son  and Dr. Scala  corrrnented on t h e  impor tance and u t i l i t y  o f  these 
sho r t - t e rm  i n  v i v o  s tud ies .  Dr. Scala s a i d  i t  would be most u s e f u l  i f  a 
sentence o r t w o c o u l d  be added g i v i n g  a  comparison o f  t h e  r e l a t i v e  t o x i c i t y  o f  
t h e  t h r e e  isomers. 



Ethylbenzene. D r .  P.C. Chan, NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r o d u c e d  t h e  
sho r t - t e rm  t o x i c i t y  s t u d i e s  o f  e thy lbenzene by  r ev i ew ing  t h e  r a t i o n a l e ,  expe r i -  
menta l  des ign,  and r e s u l t s .  Ethylbenzene vapor was adm in i s t e red  by  t h e  i n h a l a -  
t i o n  r o u t e  i n  concen t ra t i ons  r ang ing  f rom 100 t o  1000 ppm t o  groups o f  F344lN 
r a t s  and B6C3F1 mice  o f  b o t h  sexes f o r  13-weeks. No r a t s  o r  mice d i e d  d u r i n g  
t h e  13-week exposure. Abso lu te  and r e l a t i v e  k idney ,  l i v e r ,  and l ung  we igh ts  
were inc reased  i n  exposed r a t s ,  and l i v e r  we igh t s  i n  exposed mice  b u t  w i t h  no 
accompanying chem ica l l y  r e l a t e d  h i s t o p a t h o l o g i c  changes. No changes were 
observed i n  t h e  e v a l u a t i o n  o f  sperm o r  vag ina l  c y t o l o g y  i n  r a t s  o r  mice, and 
ethy lbenzene was n o t  mutagenic i n  b a c t e r i a l  o r  mamnalian c e l l  assays. Thus, 
t h e r e  appeared t o  be o n l y  min imal  ev idence o f  t o x i c i t y  i n  r a t s  and mice  exposed 
t o  e thy lbenzene by  i n h a l a t i o n  a t  up t o  1000 ppm f o r  13 weeks. 

Dr. Hayden, a p r i n c i p a l  rev iewer ,  comnented on t h e  r e p o r t e d  decreased serum 
a l k a l i n e  phosphatase a c t i v i t y  be ing  r e l a t e d  t o  reduced food  and wa te r  i n t ake ,  
and wondered i f  i t  was t h e  i n t e s t i n a l  isozyme o r  t h e  l i v e r  isozyme. D r .  M. 
Thompson, NIEHS, s a i d  i t  was t h e  i n t e s t i n a l  isozyme and he d i d n ' t  b e l i e v e  t h e  
decreases i n  a c t i v i t y  were r e l a t e d  t o  chemical  e f f e c t s .  

D r .  Klaassen, a second p r i n c i p a l  rev iewer ,  though t  t h i s  a we l l - conduc ted  s tudy 
which demonstrated o n l y  min imal  t o x i c i t y  f o r  t h e  chemical .  

D r .  Car l son  asked t h a t  s e r i o u s  c o n s i d e r a t i o n  be g i v e n  t o  d e f i n i n g  and ass i gn ing  
s e v e r i t y  scores f o r  a p p r o p r i a t e  l e s i o n s  such as those  r e p o r t e d  as i n f l a m n a t i o n  
i n  t h e  lungs  o f  r a t s  exposed t o  ethylbenzene. Dr. M. E l w e l l ,  NIEHS, agreed. 



Body Weight, S u r v i v a l  and Tumor Trends i n  F344 Rats  and D i e t a r y  Cons idera t ions  
t o  Mod i f y  These Trends - Dr. G.N. Rao, NIEHS, s a i d  he wanted t o  p resen t  an 
update on t ime  t r ends  f o r  growth,  body weight ,  s u r v i v a l  and tumors i n  F i sche r  
344 (F344) r a t s  and p l ans  t o  mod i f y  o r  even reve rse  these t r e n d s  by  d i e t  
m o d i f i c a t i o n s  (Attachment 1). One hundred and ' f i f t y  d i e t  c o n t r o l  groups o f  male 
r a t s  and 152 groups o f  female r a t s  were eva lua ted  over  a  12 yea r  p e r i o d  (1971 t o  
1982) (At tachment  1, S l i d e  3). 

He r e p o r t e d  t h a t  male and female r a t s  i n  more recen t  s t u d i e s  grew f a s t e r  and 
a t t a i n e d  a h i g h e r  body we igh t  than  r a t s  f rom e a r l i e r  s t u d i e s  d u r i n g  t h i s  p e r i o d  
(At tachment  1, S l i d e s  4-7), w h i l e  t h e r e  was a cor responding decreas ing  t r e n d  f o r  
s u r v i v a l ,  more marked i n  male r a t s  b u t  s i g n i f i c a n t  f o r  b o t h  males and females 
(Attachment 1, S l i d e s  8-9). 

Dr. Rao then p resen ted  t ime  t r ends  f o r  v a r i o u s  tumors. There were inc reased  
inc idences  o f  p i t u i t a r y  tumors and hematopo ie t i c  system neoplasms ( leukemias)  i n  
r a t s  o f  b o t h  sexes, and o f  mamnary tumors i n  females. There was a h i g h l y  
s t a t i s t i c a l l y  s i g n i f i c a n t  a s s o c i a t i o n  w i t h  body we igh t  f o r  p i t u i t a r y  and mamnary 
tumors b u t  no a s s o c i a t i o n  f o r  leukemias (Attachment 1, S l i d e s  10-17). He 
commented t h a t  o t h e r  l a b o r a t o r i e s  a r e  see ing p a r a l l e l  i nc reases  i n  body we igh ts  
and tumor inc idences  and decreases i n  s u r v i v a l  i n  F344 as w e l l  as Sprague-Dawley 
r a t s .  

D r .  Rao c i t e d  reasons f o r  inc reased  body we igh t  and f a s t e r  growth i n  F344 r a t s  
t h a t  i n c l u d e d  e l i m i n a t i o n  o f  i n f e c t i o u s  d iseases,  improved d i e t ,  decreased 
s t r e s s  and energy l o s s ,  g e n e t i c  changes, and s e l e c t i o n  o f  f as te r -g row ing  progeny 
(Attachment 1. Sl'ide 231. He c i t e d  inc reases  i n  leukemia, p i t u i t a r y  and mamnary 
tumors, and k idney d isease  as c o n t r i b u t i n g  f a c t o r s  f o r  dec reas ing  s i r v i v a 1  
(Attachment 1, ,S l i de  24). 

He desc r i bed  NTP d i e t a r y  m o d i f i c a t i o n s  f rom t h e  s tandard  d i e t  (NIH-07) 
p r e v i o u s l y  used t h a t  were made i n  1988 (Attachment 1, S l i d e  25), and aimed a t  
improv ing  animal s u r v i v a l  th rough  reduc t i ons  i n  p r o t e i n  and f a t  and inc reases  
f i b e r .  However, on t h i s  d i e t ,  s u r v i v a l  decreased. There appeared t o  be a 
c o r r e l a t i o n  w i t h  t h e  t ype  o f  f a t  used ( u s u a l l y  soy o i l ) .  Thus, i n  1990 a new 
d i e t  was f o rmu la ted  c o n t a i n i n g  p r i m a r i l y  co rn  o i l  as t h e  l i p i d  component 
(Attachment 1, S l i d e  32). Along w i t h  f u r t h e r  inc reases  i n  f i b e r  t o  reduce 
c a l o r i c  d e n s i t v  and lower  D r o t e i n  comDosit ion.  t h e  a im i s  t o  e f f e c t  i nc reased  
s u r v i v a l  i n  r a t s  by  decreas ing  s e v e r i t y  o f  nephropathy , decreas ing  i nc i dence  o f  
leukemia, and decreas ing  inc idences  o f  p i t u i t a r y  and mamnary tumors (Attachment 
1, S l i d e  31). 

S tud ies  on C a l o r i c  R e s t r i c t i o n  i n  F344 Rats and B6C3F1 Mice a t  t h e  Na t i ona l  
Center  f o r  T o x i c o l o g i c a l  Research (NCTR) - Dr. W i l l i a m  A l laben ,  NCTR, s a i d  t h e  
p r o j e c t  on c a l o r i c  r e s t r i c t i o n  (PCR) was designed i n  c o l l a b o r a t i o n  w i t h  t h e  
Na t i ona l  I n s t i t u t e  on Aging (NIA) as a  n ine-year  s tudy  l o o k i n g  a t  severa l  
s t r a i n s  o f  r a t s  and mice. I n  t h i s  s tudy,  t h e  NIA i s  p r i m a r i l y  concerned w i t h  
b iomarkers  o f  ag i ng  w h i l e  t h e  NCTR i s  concerned w i t h  e x p l o r i n g  t h e  e f f e c t s  and 
mechanisms o f  c a l o r i c  r e s t r i c t i o n  on t o x i c i t y .  Animals a r e  ma in ta i ned  on 40% 
r e s t r i c t i o n  o r  60% o f  ad l i b  f e d  c o n t r o l s .  



D r .  A l l a b e n ' s  remarks were con f i ned  t o  t h e  f i n d i n g s  i n  F344 r a t s  and B6C3F1 
mice, t h e  s t r a i n s  commonly used i n  NTP s tud ies .  As expected, t h e r e  were 
reduc t i ons  i n  body we igh t  g a i n  and s i g n i f i c a n t l y  enhanced s u r v i v a l  i n  b o t h  r a t s  
and mice. There was a l s o  a  r e d u c t i o n  i n  t h e  degree o f  s e v e r i t y  o f  nephropathy 
a t  24 months i n  b o t h  sexes o f  r a t s .  Whi le  i nc i dences  o f  p i t u i t a r y  g l a n d  tumors 
were reduced i n  c a l o r i c a l l y  r e s t r i c t e d  an imals  o f  b o t h  sexes, leukemia r a t e s  d i d  
n o t  seem t o  be i n h i b i t e d  by  a  r e d u c t i o n  i n  c a l o r i e s  o r  a  concomi tant  r e d u c t i o n  
i n  body weight .  

Dr. A l l a b e n  concluded by  d i s c u s s i n g  s t u d i e s  des igned t o  examine e f f e c t s  o f  
c a l o r i c  r e s t r i c t i o n  on t h e  express ion  and mechanisms o f  n e o p l a s t i c  response o f  
t h e  l i v e r  t o  a f l a t o x i n  B1. 
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TABLE I. Number of studies by year and testing laboratory included in this 
investigation. 

Year' No. of Studies 
Male Female 

Laboratory No. of Studies 
Male Female 

1971 
1 972 
1 973 
1 974 
1 975 
1 976 
1977 
1978 
1 979 
1 980 
1981 
1 982 

Total 

'Year of study start. Studies ended two years later (e.g. 1971 starts ended in 1973, 
1 980 starts in 1 982). 
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P i t u i t a r y  T u m o r s  (Z) 
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Mammary Gland Tumors (Z) 
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INDUSTRY EXPERIENCE WITH F344 RATS 
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INDUSTRY EXPERIENCE WITH SPRAGUE-DAWLEY RATS 
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FASTER GROWTH AND INCREASING BODY WEIGHT 
IN RECENT YEARS MAY BE DUE TO 

a Elimination of infectious disease. 

a Improved diet that is not deficient in essential nutrients but 
may be high in caloric density and protein. 

a Control of environmental conditions to decrease stress and 
energy loss. 

a Rats had >60 generations during the last 20 years. It is equivalent 
to >I000 years in human terms. There may be subtle genetic 
changes during these 60 generations. 

Intentional or inadvertent selection of fast growing high body 
weight progeny for future generations. 



CONTRIBUTING FACTORS FOR DECREASING SURVIVAL 

Leukemia 

Body weight by increasing pituitary 
and mammary tumors 

Nephropathy 
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(Table II) 

NUTRIENT(%) STANDARD DIET MODIFIED DIET 
(NIH-07) (NTP-88) 

Protein 23 
Fat 5.5 
Dietary fiber 8 
Carbohydrate 45 
(other than fiber) 
Ash and moisture 18.5 
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(Table 111) 

INFLUENCE OF DIETARY PROTEIN CONCENTRATION ON 
SEVERIN OF NEPHROPATHY IN MALE F344 RATS 

Dietary protein 23% 15% 
concentration 

Severity of 3.3(10) * 1.4(1 O)* 
nephropathy 

24-hr urine 20.9(5) 14.8(5) 
volume (mllrat) 

Total urinary 1 430(5) 455(5) 
& protein (mgldl) 

* number of samples 
Nephropathy grading Minimal-1 , Mild-2, Moderate-3, Marked-4 

(Histology slide of kidney 
Slide 27 , ,, 

Slide 28 (Histology slide of kidney 
with mild nephropathy) 
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LEUKEMIA 

Major cause of mortality in F344 rat 

Not related to body weight 

-40% diet restriction did not decrease the incidence 
of leukemia 

-20% diet restriction did not increase survival 

Corn oil gavage decreased #e incidence of leukemia 
eventhough there is an increase in body weight in male 
F344 rats 
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(Table IV) 

INFLUENCE OF CORN OIL GAVAGE ON BODY WEIGHT AND PREVALENCE OF 
LEUKEMIA IN FISCHER 344 RATS". 

Treatment Number of Male Rats Female Rats 
Studies 

MMBW (g) Leukemia(%) MMBWb(g) Leukemia(%) 

Corn oil 
gavage control 22 4 8 0 2 2 1  13.8a8.1 302 2 18 17.8 a 8.9 

Untreated 
diet control 37 4 4 9 2 2 3  26.528.8 322 2 23 17.3 a 6.0 

"Numbers are means t SD 
Waximum mean body weight 
From Haseman, Huff, Rao, et al., 1985 
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DIETARY CONSIDERATIONS TO INCREASE SURVIVAL 

Lower the PROTEIN concentration to -1 5% to decrease 
the severity of nephropathy 

a Increase the CORN OIL type of fat to decrease the incidence 
of leukemia (especially in the male F344 rats) 

Decrease the CALORIC DENSITY to lower the body weight by - 15% to decrease the incidences of anterior pituitary 
tumors and mammary tumors 
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COMPOSITION OF HlGH FIBER, LOWER PROTEIN 
AND HlGH CORN OIL DIET (NTP-90) 

Nutrient (%) NIH-07 NTP-90 

Protein 23 14.5 
Fat 5.5 7.5 

(soy oil 2.5%) (corn oil 5.5%) 

Dietary fiber 8 
Carbohydrate 45 
(other than fiber) 
Ash and moisture 18.5 




