
Board o f  S c i e n t i f i c  Counselors 

Na t i ona l  Tox ico logy  Program 


Sumnary Minutes 

f rom 


Peer Review o f  D r a f t  Technica l  Repor ts  o f  Long-Term 

Tox i co l ogy  and Carc inogenes is  S tud ies  and Short-Term T o x i c i t y  S tud ies  


by t h e  Technica l  Repor ts  Review Subco rn i t t ee  

and Panel o f  Exper ts  


March 

Research T r i a n g  l e  Park, No r t h  C a r o l i n a  

The rev iew meet ing began a t  9:00 a.m. on March 11 i n  t h e  Conference Center,  
B u i l d i n g  101, and on March 12 i n  t he  Main Conference Room, B u i l d i n g  18, Na t i ona l  
I n s t i t u t e  o f  Environmental  Hea l t h  Sciences, Research T r i a n g l e  Park, No r t h  
Ca ro l i na .  Members o f  t h e  Subcomnittee are:  Drs. Dan ie l  Longnecker 
(Cha i rperson) ,  Paul B a i l e y ,  Jay Goodman, and E l l e n  S i l b e r g e l d .  Members o f  t h e  
Panel o f  Exper ts  are:  Drs. Gary Car lson,  Ha ro l d  Davis,  Rober t  Garman, Dav id  
Hayden, C u r t i s  Klaassen, Barbara McKnight, Lauren Zeise,  and M r .  Lou i s  Be l i c zky .  
Dr. S i l b e r g e l d  was unable  t o  a t t e n d  t h e  meeting. These minutes have been 
rev iewed and approved by a l l  members of t h e  Subcomnit tee and Panel present .  
They were w r i t t e n  by  Dr. L a r r y  G. Ha r t ,  Execu t i ve  Secre ta ry .  

When a v a i l a b l e ,  a l i m i t e d  number o f  f i n a l  NTP Technica l  Repor ts  f o r  t h e  s t u d i e s  
may be ob ta i ned  f r e e  o f  charge f rom t h e  NTP Cen t ra l  Data Management, MD AO-01, 
P. 0. Box 12233, Research T r i a n g l e  Park, NC 27709. Telephone: (919) 541-3419; 
FTS: 629-3419. Subsequent ly,  they  may be purchased f rom t h e  Na t i ona l  Technica l  
I n f o r m a t i o n  Serv ice ,  U.S. Department o f  Comnerce, 5285 P o r t  Royal Road, 
S p r i n g f i e l d ,  V i r g i n i a  22161, (703) 487-4650. 

The n e x t  NTP t e c h n i c a l  r e p o r t s  peer  rev iew meet ing w i l l  be h e l d  J u l y  9-10, 1991, 
i n  Research T r i a n g l e  Park, No r t h  Ca ro l i na .  For  i n f o r m a t i o n ,  c o n t a c t  Dr. Ha r t ,  
(919)  541-3971; FTS 629-3971. 



CONTENTS 


Techn ica l  R e ~ o t - t  

C . I .  A c i d  Red 114 

C . I .  Pigment Red 23 

2,4-Diaminophenol 
D i  hydroch l  o r i d e  

Furan 

Naphthalene 

Querce t i  n 

Resorc i  no1 

t e r t - B u t y l  Perbenzoate 

p-Chloro-a,a,a-
T r i f l  u o r o t o l  uene 

2 ,4 ,7 -Tr in i  t r o -
f 1 uoren-9-one 

CAS No. Route 


Long-Term S tud ies  


6459-94-5 Water 

6471-49-4 Feed 

137-09-7 Gavage 

110-00-9 Gavage 

91-20-3 I n h a l a t i o n  

117-39-5 Feed 

108-46-3 Gavage 

Short-Term T o x i c i t y  S tud ies  

614-45-9 Gavage 

98-56-6 Gavage 

129-79-3 Feed 

Page Number 



SUMMARY MINUTES 

PEER REVIEW PANEL MEETING 

March 11-12, 1991 

C. I .  A c i d  Red 114. 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 he  
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 .  A c i d  Red 114 by  n o t i n g  t h i s  was 
one o f  f i v e  chemica ls  be ing  eva lua ted  as p a r t  o f  t h e  NTP Benz id ine  Dye 
I n i t i a t i v e ,  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 d r i n k i n g  wate r  s t ud ies ,  t h e r e  was 
c l e a r  evidence o f  ca r c i nogen i c  a c t i v i t y  o f  C.I .  Ac i d  Red 114 f o r  male 
F344lN r a t s ,  as i n d i c a t e d  by benign and ma l i gnan t  neoplasms o f  t h e  sk i n ,  
Zymbal 's g l and  and l i v e r .  Increased inc idences  o f  neoplasms o f  t h e  o r a l  
c a v i t y  ep i t he l i um ,  . adrenal  g land,  and l ung  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 .  here was c l ea r -ev i dence  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  benign and ma l i gnan t  neoplasms o f  
t he  s k 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  ep i t he l i um ,  
smal l  and l a r g e  i n t e s t i n e ,  and lung. Inc reased  inc idences  o f  mamnary g land  
and adrenal  g l and  tumors 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. Zeise,  a p r i n c i p a l  rev iewer ,  agreed i n  p r i n c i p l e  w i t h  t h e  conc lus ions.  
However, she proposed t h a t  increased inc idences  o f  mononuclear c e l l  leukemia and 
t h y r o i d  f o l l  c u l a r  c e l l  neoplasms i n  female r a t s  may have been r e l a t e d  t o  
chemical adm n i s t r a t i o n  and should  be c i t e d  as such i n  t h e  conc lus ions.  

Dr. McKnight 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 
a l s o  though t  t h a t  t h e  inc reased  inc idences  o f  mononuclear c e l l  leukemia and 
t h y r o i d  f o l l  ic u l a r  c e l l  n e o ~ l a s m s  i n  female r a t s  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 .  1n response t o  Drs. ~ e i s e - a n d  McKnight, Dr. Dunnick 
s t a t e d  t h a t  t h e r e  wasn ' t  enough evidence t o  suppor t  even a  marg ina l  f i n d i n g  f o r  
t h y r o i d  tumors i n  t h a t  t h e r e  was an inc rease  o n l y  i n  t h e  low-dose group, no 
inc rease  by t h e  t r e n d  t e s t ,  and no inc rease  i n  p recu rso r  h y p e r p l a s t i c  l e s i o n s  i n  
dosed groups. Wi th  regard  t o  mononuclear c e l l  leukemia i n  female r a t s ,  D r .  
Dunnick commented t h a t  inc idences  i n  dosed 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 and h i g h  and e a r l y  m o r t a l i t y  i n  t h e  h i g h  dose group was f e l t  t o  be 
due t o  t o x i c i t y  o f  t h e  chemical and n o t  leukemia. Dr. McKnight p o i n t e d  ou t  t h a t  
by t he  l i f e  t a b l e  t e s t ,  t h e  t e s t  no rma l l y  used f o r  leukemia, t h e  p a i r w i s e  
comparison o f  each o f  t h e  dose groups w i t h  t h e  c o n t r o l  group i s  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  and t h e  t r e n d  t e s t  i s  h i g h l y  s i g n i f i c a n t .  

Dr. Davis ,  t he  t h i r d  p r i n c i p a l  rev iewer ,  agreed w i t h  t he  conc lus ions.  He 
wondered why t h e  doses i n  female r a t s  were double  those i n  males s i nce  
hemato log ic  da ta  and da ta  on k idney  degenerat ion f rom t h e  13-week s t u d i e s  
suggested females were more s e n s i t i v e  t o  t o x i c  e f f e c t s .  D r .  Dunnick s a i d  
apparent  l i v e r  t o x i c i t y  i n  males i n  t h e  13-week s t u d i e s  was t he  p r ima ry  reason 
f o r  t h e  d i f f e r e n t  dose l e v e l s  used i n  2-year s tud ies .  



Dr. Ze ise  moved t h a t  t h e  Techn ica l  Repor t  on C. I .  A c i d  Red 114 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 ,  
c l e a r  ev idence o f  ca r c i nogen i c  a c t i v i t y ,  and w i t h  t h e  a d d i t i o n  o f  mononuclear 
c e l l  leukemia t o  t h e  conc lus i on  f o r  female 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 ' .  D r .  McKnight seconded t h e  mot ion,  which was accepted 
unanimously w i t h  t e n  votes.  



C. I .  Pigment Red 23. Dr. K.M. Abdo, NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r oduced  t he  
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 .  Pigment Red 23 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 n e o p l a s t i c  l e s i o n s  i n  male r a t s  and 
non-neop las t i c  l e s i o n s  i n  male and female r a t s  and 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 equ ivoca l  evidence 
o f  ca r c i nogen i c  a c t i v i t y  o f  C . I .  Pigment Red 23 f o r  male F344lN r a t s  as 
evidenced bv t h e  m a r s i n a l l y  inc reased  inc idences  o f  r ena l  t u b u l a r  c e l l  
adenomas or -  carcinomas. n here was no evidence o f  ca r c i nogen i c  a c t i v i t y  o f  
C . I .  Pigment Red 23 f o r  female F344/N r a t s  f e d  d i e t s  c o n t a i n i n g  10,000, 

25,000,-or 50,000 ppm f o r  up t o  2  years.  Mononuclear c e l l  leukemia 

occur red  w i t h  a  decreased i nc i dence  i n  male and female r a t s  r e c e i v i n g  C . I .  

Pigment Red 23. There was no evidence o f  ca r c i nogen i c  a c t i v i t y  o f  CII. 

Pigment Red 23 f o r  male and female B6C3F1 mice f e d  d i e t s  c o n t a i n i n g  10,000, 

251000, o r  50,000 ppm f o r  up t o  2  years.  


C . I .  Pigment Red 23 caused an inc rease  i n  r ena l  t u b u l a r  c e l l  hype rp l as i a  

i n  male r a t s .  I n  mice, C. I .  Pigment Red 23 caused an i nc rease  i n  hyper-  

k e r a t o s i s  and e p i t h e l i a l  hype rp l as i a  o f  t h e  forestomach. 


Because o f  t h e  low numbers o f  r ena l  neoplasms i n  male r a t s  observed i n  t h i s  
s tudy ,  t h e r e  was u n c e r t a i n t y  as t o  whether these tumors were r e l a t e d  t o  chemical 
exposure. For  t h i s  reason, s t ep  sec t i ons  f rom a l l  k idneys  f rom c o n t r o l s  and 
h i g h  dose males were eva lua ted  t o  f u r t h e r  c h a r a c t e r i z e  t h e  e x t e n t  o f  these 
l e s i o n s .  Step sec t i ons  were a l s o  done on k idneys  f rom female r a t s .  

Dr. B a i l e y ,  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  f a c t  t h a t  l o t s  o f  p igment f rom one company were used f o r  t h e  14-day, 
13-week, and i n i t i a l  p a r t  o f  t h e  2-year s t u d i e s  w h i l e  l o t s  f rom a  d i f f e r e n t  
company were used f o r  t h e  r e s t  o f  t h e  2-year s tud ies .  He s a i d  some o f  t h e  
i m p u r i t i e s  i n  one company's l o t  were n o t  found i n  t h e  o t h e r  company's l o t ;  
these i m p u r i t i e s  needed t o  be b e t t e r  i d e n t i f i e d  i n  t h e  Appendix. Dr. Abdo s a i d  
t h e  reason f o r  two s u p p l i e r s  was t h a t  t h e  f i r s t  company stopped making t he  
pigment. 

D r .  Ze ise,  t h e  second p r i n c i p a l  rev iewer ,  agreed i n  p r i n c i p l e  w i t h  t h e  
conc lus ions.  However, she thought  t h e  l e v e l  o f  evidence f o r  male r a t s  m igh t  
need t o  be recons idered  a f t e r  r e s u l t s  o f  t he  a n a l y s i s  o f  s t ep  sec t i ons  f rom the  
k idney  a r e  presented. D r .  J. Haseman, NIEHS, s a i d  t h e  P  va lues  ob ta ined  a f t e r  
s tep  s e c t i o n i n g  were l e s s  s i g n i f i c a n t  than one m igh t  have expected because t he re  
were a lmost  t w i c e  as many s u r v i v o r s  i n  t he  high-dose group as i n  t h e  c o n t r o l  
group. A lso ,  Dr. Zeise s a i d  t h e  f i n d i n g  o f  t h r e e  h i g h  dose female r a t s  w i t h  
ast rocytomas appears t o  p r o v i d e  evidence o f  c a r c i n o g e n i c i t y .  Th i s  tumor appears 
t o  be uncommon and t h e  i nc i dence  f a l l s  o u t s i d e  t h e  range o f  l a b o r a t o r y  and 
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 .  D r .  Ze ise  s a i d  t h a t  i f  t h e  f i n d i n g  cannot be 
r a t i o n a l i z e d  then  t h e  l e v e l  o f  evidence should  be ra ised .  Dr. G. Boorman, 
NIEHS, exp la i ned  t h a t  a l though  i t  appears as though t h e  numbers o f  astrocytomas 
repo r t ed  i n  t h i s  s tudy were s t a t i s t i c a l l y  s i g n i f i c a n t ,  as t rocytomas and o t h e r  
g l i a l  c e l l  tumors a r e  g e n e r a l l y  combined. The inc idences  o f  astrocytomas and 
o t h e r  g l i a l  c e l l  tumors combined i n  t h i s  s tudy  were n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  Dr. Ze ise  requested t h a t  t h e  combined i nc i dence  o f  g l i a l  c e l l  
tumors and ast rocytomas be g i ven  i n  t h e  r epo r t .  



Dr. Klaassen, 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  a l though  
he f e l t  more emphasis cou ld  have been g i v e n  t o  t h e  a n t i - c a r c i n o g e n i c  e f f e c t s  o f  
Red 23 i n  r a t s .  He no ted  t h e  marked decreased inc idences  o f  mononuclear c e l l  
leukemia and inc reased  s u r v i v a l  i n  male and female dosed groups compared w i t h  
c o n t r o l  groups. Dr. R. Griesemer, NIEHS, s a i d  t h a t  t h e  NTP a l e r t s  t h e  Na t i ona l  
Cancer I n s t i t u t e  and passes i n f o r m a t i o n  on t o  them when i t  i s  b e l i e v e d  t h a t  a 
chemical  has a  d i r e c t  e f f e c t  i n  i n h i b i t i n g  cancer fo rmat ion .  

Dr. Ze ise  no ted  t h a t  as a  m a t t e r  o f  p o l i c y ,  NTP may choose t o  l i m i t  t h e  t o p  dose 
i n  d i e t a r y  s t u d i e s  t o  5% i n  t h e  d i e t .  However, she though t  t h a t  t h e  exp lana t i on  
g i v e n  i n  t h e  r e p o r t  t h a t  doses g r e a t e r  than  5% ' c o u l d  have l e d  t o  d i e t a r y  
d e f i c i e n c e s  as a  r e s u l t  o f  excess ive  d i l u t i o n  o f  e s s e n t i a l  n u t r i e n t s '  ove rs ta ted  
t h e  case, and comnented t h a t  d i e t a r y  r e s t r i c t i o n  s t u d i e s  i n d i c a t e d  otherwise.  
She asked t h a t  t h e  r e p o r t  i n d i c a t e  t h a t  an imals  may have been a b l e  t o  w i t hs tand  
h i g h e r  doses based on l a c k  o f  body we igh t ,  s u r v i v a l ,  and t o x i c  e f f e c t s .  

Dr. B a i l e y  moved t h a t  t h e  Techn ica l  Repor t  on C.I. Pigment Red 23 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 r a t s ,  
equ ivoca l  ev idence o f  ca r c i nogen i c  a c t i v i t y ,  and f o r  female 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 .  Dr. Ze ise  seconded t h e  
mot ion ,  which was accepted unanimously w i t h  n i n e  votes.  D r .  McKnight was n o t  
p resen t  f o r  t h e  vote.  



2,4-Diaminophenol D ihyd roch lo r i de .  Dr. 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 oduced  t h e  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  2,4-diaminophenol 
d i h y d r o c h l o r i d e  by  d i scuss ing  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 he  
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 n e o p l a s t i c  and non-neop las t i c  l e s i o n s  i n  mice and 
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 gavage s tud ies ,  t h e r e  was no evidence 
o f  ca r c i noaen i c  a c t i v i t v  i n  male o r  female F344lN r a t s  t h a t  r ece i ved  12.5 e -
o r  25 mglkg 2,4-diaminophenol d i hyd roch lo r i de .  There was some evidence o f  
ca r c i nogen i c  a c t i v i t y  i n  male B6C3F1 mice based on inc reased  inc idences  o f  
r ena l  t u b u l a r  adenomas. There was no evidence o f  ca r c i nogen i c  a c t i v i t y  i n  
female B6C3F1 mice t h a t  r ece i ved  19 o r  38 mglkg 2,4-diaminophenol 
d i  hyd roch lo r i de .  

P igmenta t ion  o f  t h e  duodenum, forestomach, p a n c r e a t i c  and mesen te r i c  lymph 
nodes i n  r a t s ,  and o f  t h e  duodenum, h e p a t i c  K u p f f e r  c e l l s ,  and mesen te r i c  
lymph nodes i n  mice; acan thos is  o f  t h e  forestomach i n  male mice, and 
p i gmen ta t i on  and hemosider in  i n  t h e  r ena l  t ubu les  o f  b o t h  r a t s  and mice, 
were assoc ia ted  w i t h  exposure t o  2,4-diaminophenol d i h y d r o c h l o r i d e .  

M r .  B e l i c z k y ,  a  p r i n c i p a l  rev iewer ,  agreed i n  p r i n c i p l e  w i t h  t h e  conc lus ions.  

By t h a t ,  he meant t h a t  t h e  predominant o r  o v e r a l l  conc lus i on  f o r  t h e  s t ud ies  

should  be some evidence o f  ca r c i nogen i c  a c t i v i t y .  H i s  r a t i o n a l e  was t h a t  a 

s i n g l e  conc lus i on  would be much c l e a r e r  t o  a  worker  read ing  t h e  NTP conc lus ion  

i n  a  M a t e r i a l  S a f e t y  Data Sheet. 


D r .  Car lson,  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 ion  i n  

male mice. He argued f o r  changing t h e  conc lus i on  t o  equ ivoca l  evidence o f  

ca r c i nogen i c  a c t i v i t y  based on t h e  inc reased  i nc i dence  o f  r ena l  t u b u l a r  

adenomas be ing  o n l y  s l i g h t l y  g r e a t e r  then t h e  p rev i ous  maximum observed i n  

c o n t r o l  m ice  and n o t  s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  f rom concur ren t  

c o n t r o l s  as w e l l  as n o t  be ing  dose-re la ted.  Fu r t he r ,  he s a i d  t h a t  t r e a t e d  male 

mice had a  s i g n i f i c a n t l y  inc reased  s u r v i v a l  and t h e  f i r s t  tumors were observed 

a t  688 days. D r .  I r w i n  s t a t e d  t h a t  these tumors a r e  ve r y  uncomnon i n  mice and a  

p a r a l l e l  i n c rease  i n  hype rp l as i as  a long  w i t h  a d d i t i o n a l  adenomas found on s tep  

s e c t i o n i n g  b o l s t e r e d  t h e  proposed conc lus ion  i n  male mice. D r .  Car l son  asked 

why t h e  wate r  s o l u b l e  hyd roch lo r i de  s a l t  was adm in i s t e red  i n  co rn  o i l .  D r .  

I r w i n  s a i d  a  suspension i n  co rn  o i l  was t h e  most s t a b l e  dose f o rmu la t i on .  


Dr. Garman, 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 sa id  

t h e  s p e c i a l  s t a i n s  used t o  i d e n t i f y  pigment found i n  l e s i o n s  i n  15-month i n t e r i m  

e v a l u a t i o n  an imals  should  be charac te r i zed .  Dr. C. Shacke l fo rd ,  NIEHS, 

commented t h a t  a s p e c i a l  s t a i n  was used t o  i d e n t i f y  i r o n .  


M r .  B e l i c z k y  moved t h a t  some evidence o f  ca r c i nogen i c  a c t i v i t y  be made t h e  

predominant conc lus i on  f o r  t h e  Technica l  Report  on 2,4-diaminophenol 

d i hyd roch lo r i de .  The mot ion  was t a b l e d  f o r  l a c k  o f  a second. M r .  B e l i c z k y  then 

moved t h a t  t h e  Technica l  Report  be accepted w i t h  t h e  r e v i s i o n s  d iscussed and the  

conc lus ions  as w r i t t e n  f o r  male and female r a t s  and female mice, no evidence o f  

ca r c i nogen i c  a c t i v i t y  and f o r  male mice, some evidence o f  ca r c i nogen i c  a c t i v i t y .  

Dr. Garman seconded t he  mot ion,  which was accepted by  n i n e  yes vo tes  t o  one no 

v o t e  (Ca r l  son). 




-- 

Furan. D r .  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 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  f u r a n  by  d i scuss ing  uses o f  t h e  chemical  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 rev i ew ing  n e o p l a s t i c  and nonneop las t i c  l e s i o n s  i n  r a t s  and 
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-vear savaqe s tud ies .  t h e r e  was c l e a r  
evidence o f  ca r c i nogen i c  a c t i v i t y  o f  h r a i  f o r  male-and female F344/~r a t s  
based on inc reased  inc idences  o f  cho langiocarc inomas and h e p a t o c e l l u l a r  
neopl.asms o f  t h e  1  ive r  and o f  i nc reased-  inc idences  o f  mononucl e a r  c e l l  
leukemia. 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  o f  f u r a n  f o r  
male and female B6C3F1 mice based on inc reased  inc idences  o f  h e ~ a t o c e l l u l a r  
neoplasms o f  t h e  1  i v e r  and pheochromocytomas o f  t h e  adrena l  gland. 

F i b r o s i s ,  hype rp l as i a ,  i n f l a m n a t i o n  and p r o l i f e r a t i o n  o f  t h e  b i l i a r y  t r a c t ,  
and cytomegaly,  degenerat ion,  hype rp l as i a ,  nec ros i s ,  and v a c u o l i z a t i o n  o f  
hepatocytes,  i n  b o t h  r a t s  and mice, and t h e  inc reased  s e v e r i t y  o f  
nephropathy and assoc ia ted  i nc rease  i n  p a r a t h y r o i d  h y p e r p l a s i a  i n  r a t s ,  
were assoc ia ted  w i t h  exposure t o  fu ran .  

D r .  Goodman, 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  f o u r  w i d e l y  used i n  v i t r o  t e s t s  f o r  g e n e t i c  t o x i c i t y  n o t i n g  t h e  i n a b i l i t y  
o f  t h r e e  o f  t h e  assays, mutagenesis i n  mouse lymphoma c e l l s  and chromosome 
a b e r r a t i o n s  and s i s t e r  ch romat id  exchanges i n  Chinese hamster ovary  c e l l s ,  t o  
improve on t h e  a b i l i t y  o f  mutagenesis i n  Salmonel la  typh imur ium f o r  p r e d i c t i n g  
c a r c i n o g e n i c i t y  o f  chemica ls  i n  long- te rm roden t  s t u d i e s  and though t  
p r e s e n t a t i o n  o f  da ta  f rom these assays should  be ve ry  l i m i t e d  i n  t h e  r epo r t .  
F u r t h e r ,  he 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  s i s t e r  ch romat id  
exchanges and chromosome a b e r r a t i o n s  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  c y t o t o x i c i t y  and n o t  d i r e c t  chemical  a c t i o n  on DNA. 

Mr .  B e l i c z k y ,  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.  He 
s a i d  t h e  d i s c u s s i o n  and comparison o f  f u r a n  and f u r a n  compounds was e x c e l l e n t ,  
and t h e  presence o f  uncomnon mu ta t i ons  i n  c e l l u l a r  genes suggested t hey  were 
exposure r e l a t e d .  

Dr. 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 ions.  He 
c r i t i c i z e d  t h e  l a c k  o f  photomicrographs o f  t h e  p e r t i n e n t  l e s i o n s ,  p a r t i c u l a r l y  
t o  show t h e  d i f f e r e n t i a t i o n  between c h o l a n g i o f i b r o s i s  and c h o l a n g i o c e l l u l a r  
carcinoma. D r .  I r w i n  s a i d  t h i s  was an o v e r s i g h t  and photomicrographs would be 
added. Dr. Hayden comnented on t h e  f r equen t  d i sc repanc ies  i n  f u r a n  dose 
f o r m u l a t i o n s  between t h e  s tudy  l a b o r a t o r y  and t he  a n a l y t i c a l  chemis t ry  
l a b o r a t o r y  and asked whether t h e  an imals  had rece i ved  t h e  p rope r  doses. Dr. 
I r w i n  responded t h a t  t h i s  was an a n a l y t i c a l  prob lem because o f  t h e  h i g h  
v o l a t i l i t y  o f  furan.  Cons iderab le  ca re  was taken w i t h  t h e  dos ing  s o l u t i o n s  i n  
t h e  animal rooms t o  m in im i ze  p o t e n t i a l  loss.  

D r .  Dav is  comnented on t h e  v a r i a b l e  i nc i dence  o f  mononuclear c e l l  leukemia w i t h  
t ime. D r .  J. Haseman, NIEHS, s a i d  t h e  NTP database i s  updated a t  l e a s t  y e a r l y  
w i t h  da ta  f rom o l d e r  s t u d i e s  be ing  dropped and newer s t u d i e s  added so as t o  
m a i n t a i n  about  a f i v e - y e a r  window. Dr. Hayden and Dr. Ze ise  though t  inc reased  
inc idences  o f  u r i n a r y  b l adde r  pap i l l omas  i n  female r a t s  and squamous c e l l  
pap i l l omas  o f  t h e  forestomach i n  male mice deserved more d iscuss ion .  Dr. I r w i n  



agreed. M r .  B e l i c z k y  s a i d  t h a t  based on t h e  c a r c i n o g e n i c i t y  o f  f u r a n  and t h e  
wide i n d u s t r i a l  use t h e r e  should  be i n f o r m a t i o n  i n c l u d e d  on p o t e n t i a l  worker 
exposure. D r .  Jane t  Haar tz ,  NIOSH, s a i d  t h e  most r ecen t  exposure da ta  i n d i c a t e d  
o n l y  14 p l a n t s  w i t h  35 workers  p o t e n t i a l l y  exposed. She s a i d  she would 
f o l l ow -up  t o  see i f  t h e r e  a r e  b e t t e r  data.  

Dr. Goodman moved t h a t  t h e  Technica l  Repor t  on f u r a n  be accepted w i t h  t h e  
r e v i s i o n s  d iscussed  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  
and mice, c l e a r  ev idence o f  ca r c i nogen i c  a c t i v i t y .  M r .  B e l i c z k y  seconded t h e  
mot ion,  which was accepted unanimously w i t h  t e n  votes.  



Naphthalene. Dr. K. M. Abdo, 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  naphthalene 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  design, 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 n e o p l a s t i c  and 
non-neop las t i c  l e s i o n s  i n  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 evidence o f  
ca r c i nogen i c  a c t i v i t y  o f  naphtha lene i n  male B6C3F1 mice  exposed by 
i n h a l a t i o n  t o  concen t ra t i ons  o f  10 t o  30 ppm f o r  6 hours d a i l y ,  5 days pe r  
week, f o r  103 weeks. There was some ev idence o f  c a r c i n o g e n i c - a c t i v i t y  o f  
naphtha lene i n  female B6C3F1 mice, as -i n d i c a t e d  by  t h e  inc reased  inc idences  
o f '  pulmonary alveolar/bronchiolar~adenomas. 

I n  b o t h  male and female mice, naphthalene caused inc reased  inc idences  and 
s e v e r i t y  o f  c h r o n i c  i n f l a m n a t i o n ,  me tap las i a  o f  t h e  o l f a c t o r y  epi thel i .um, 
and h y p e r p l a s i a  o f  t h e  r e s p i r a t o r y  e p i t h e l i u m  i n  t h e  nose and c h r o n i c  
i n f l a m n a t i o n  i n  t h e  lungs. 

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 asked f o r  
c l a r i f i c a t i o n  o f  t h e  i nc i dence  o f  i n f l amna t i on .  D r .  M. McDonald, NIEHS, 
exp la i ned  t h a t  t h e r e  were an imals  w i t h  i n f l a m n a t i o n  and an imals  c h a r a c t e r i z e d  
h i s t o l o g i c a l l y  w i t h  a  more ex tens i ve  i n f l a m n a t o r y  response c a l l e d  granulomatous 
i n f l a m n a t i o n ,  and t h e r e  was no r e a l  over lap.  Dr. Car l son  suggested t h a t  t h e  
ex tens i ve  work o f  A lan  B u c k p i t t  and coworkers on naphthalene metabol ism and 
t o x i c i t y  should  be reviewed and ment ioned s i nce  these s t u d i e s  may h e l p  i n  
unders tanding any t i e  between metabol ism and i n f l a m n a t i o n  i n  t h e  lungs. Dr. 
Abdo s a i d  he was f a m i l i a r  w i t h  some o f  t h i s  work and would c i t e  it. 

D r .  Dav is ,  rev iewer .  aqreed w i t h  t h e  conc lus ions.  Het h e  second ~ r i n c i ~ a l  - " 

wondered why t h e  conc lus i on  i n  female mice was n o t  c l e a r  evidence and thought  
t h e  reason needed t o  be b e t t e r  exp la ined.  D r .  Abdo s a i d  t h e  l e v e l  o f  some-
evidence was chosen i n  p a r t  because a l l  b u t  one o f  t h e  l ung  tumors were benign. 
D r .  Dav is  asked whether t h e r e  was i n f o r m a t i o n  on m e t a b o l i t e s  o f  naDhthalene i n  
humans, and, i f  so, i t  would be u s e f u l  t o  add t o  t h e  t a b l e  comparing m e t a b o l i t e s  
across species.  Dr. Abdo s a i d  he would f o l l o w  up on t h i s  and c i t e  i n f o r m a t i o n  
on human metabol ism i n  t h e  r epo r t .  

Dr. B a i l e y ,  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 s a i d  
t h a t  an e x p l a n a t i o n  shou ld  be g i v e n  f o r  t h e  absence o f  ca ta rac togenes is  i n  v iew 
o f  background i n f o r m a t i o n  i n d i c a t i n g  such e f f e c t s  i n  mice. Dr. G. Rao, NIEHS, 
s a i d  B6C3F1 mice were respons ive a t  t h e  Ah locus. [A r e p o r t  i n  t h e  l i t e r a t u r e  
w i t h  n i n e  i n b r e d  mouse s t r a i n s  exposed t o  naphthalene i n d i c a t e d  c a t a r a c t s  
developed o n l y  i n  respons ive s t r a i ns . ]  Dr. Rao comnented t h a t  i n  t h e  c u r r e n t  
s t u d i e s  exposure may n o t  have been adequate f o r  a  ca ta rac togen i c  e f f e c t  s i nce  
t he  an imals  o f t e n  c l osed  t h e i r  eyes d u r i n g  exposure per iods.  

Dr. Hayden s a i d  i n h a l a t i o n  exposure seemed t o  be a p p r o p r i a t e  based on how humans 
a r e  o f t e n  exposed. Thus, s i nce  p rev i ous  s t u d i e s  w i t h  naphtha lene i n  r a t s  have 
been by  o t h e r  r ou tes  o f  a d m i n i s t r a t i o n ,  he proposed t h a t  a f u t u r e  s tudy  i n  r a t s  
by i n h a l a t i o n  cou ld  be use fu l .  D r .  Ze ise s a i d  she d isagreed  w i t h  d i s c o u n t i n g  
t he  r e l a t i o n s h i p  o f  hemangiosarcomas i n  females t o  naphthalene exposure because 
they  occur red  a t  v a r i o u s  s i t e s .  D r .  J. Haseman, NIEHS, noted t h a t  t h e  main 
reason f o r  d i s c o u n t i n g  them was t h a t  t h e  i nc i dence  i n  t h e  h i g h  dose group (4%) 



was s i m i l a r  t o  t h e  mean h i s t o r i c a l  c o n t r o l  value. There were concerns expressed 
about t h e  poor  s u r v i v a l  i n  t h e  male mice c o n t r o l  group. 

D r .  Car l son  moved t h a t  t h e  Technica l  Repor t  on naphthalene be accepted w i t h  t he  
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 mice, no evidence o f  
ca r c i nogen i c  a c t i v i t y ,  and f o r  female mice, some evidence o f  ca r c i nogen i c  
a c t i v i t y .  D r .  Dav is  seconded t h e  mot ion,  which was accepted unanimously w i t h  
t e n  votes.  



Querce t i n .  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  q u e r c e t i n  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 commenting on nonneop las t i c  and n e o p l a s t i c  l e s i o n s  
o f  t h e  k idneys  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 2-year s t ud ies ,  t h e r e  was some evidence o f  
ca r c i nogen i c  a c t i v i t y  o f  q u e r c e t i n  f o r  male F344/N r a t s  based on an 
inc reased  i nc i dence  o f  r ena l  t u b u l a r  c e l l  adenomas i n  t h e  40.000 DDm arouD..u r n  " 
There was no evidence o f  ca r c i nogen i c  a c t i v i t y  f o r  female ~ 3 4 4 / ~  r a t s  f e d  
d i e t s  c o n t a i n i n g  1,000, 10,000, o r  40,000 ppm o f  que rce t i n .  Hyperp las ia  
o f  t h e  r ena l  t u b u l a r  e p i t h e l i u m  and t h e  s e v e r i t y  o f  nephropathy 'were 
inc reased  i n  dosed male r a t s .  

Dr. Dunnick added t h a t  because o f  t h e  low b u t  s l i g h t l y  inc reased  number o f  rena l  
neoplasms i n  male r a t s ,  a d d i t i o n a l  s t e p  sec t i ons  o f  r e s i d u a l  k idneys  f rom a l l  
c o n t r o l  and high-dose r a t s  were c u t  and eva luated.  

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.  He though t  t he  
conc lus ions  i n  male r a t s  were q u i t e  reasonable based b o t h  on t h e  f requenc ies  o f  
h y p e r p l a s i a  and o f  ben ign  and ma l i gnan t  r ena l  t u b u l a r  e p i t h e l i a l  tumors and on 
t he  morphology o f  these tumors. Dr. Garman asked whether t h e  i n d u c t i o n  o f  
tumors was r e l a t e d  t o  h y a l i n  d r o p l e t  nephropathy,  and i f  so, he opined, t h i s  
m igh t  imp l y  a  decreased l e v e l  o f  concern w i t h  regard  t o  human exposure t o  
que rce t i n .  D r .  R. H a i l e y ,  NIEHS, s a i d  t h e r e  was no evidence f o r  t h e  h y a l i n  
d r o p l e t  nephropathy i n  t h i s  s tudy,  and a l s o  no evidence o f  k i dney  l e s i o n s  f rom 
i n t e r i m  e v a l u a t i o n s  done a t  s i x  and 15 months. Dr. Garman asked f o r  
c l a r i f i c a t i o n  o f  t h e  i d e n t i t y  and t i s s u e  l o c a t i o n  o f  t h e  pigment found i n  t h e  
g a s t r o i n t e s t i n a l  t r a c t .  D r .  H a i l e y  s a i d  t h e  i d e n t i t y  was n o t  determined. 

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.  Wi th  
regard  t o  s t ep  s e c t i o n i n g  o f  t h e  k idneys,  s i nce  t h i s  i s  a  f a i r l y  new approach, 
he though t  i t  would be u s e f u l  t o  p resen t  a  d e t a i l e d  t a b l e  (based upon da ta  f rom 
t h i s  and p rev i ous  NTP r e p o r t s  i n  which t h e  approach was used) i n d i c a t i n g  t h e  
e f f e c t  t h i s  more d e t a i l e d  a n a l y s i s  has on t h e  i nc i dence  o f  k idney  tumors i n  
c o n t r o l  and t r e a t e d  animals.  D r .  J. Haseman, NIEHS, s a i d  t h a t  f o r  t h e  e i g h t  
s t u d i e s  where s t e p  sec t i ons  have been done and eva luated,  t h e  r a t e  o f  r ena l  
t u b u l a r  neoplasms i n  male r a t s  i s  3 .7%,  which i s  s l i g h t l y  more than  double  t he  
r a t e  i n  t h e  c u r r e n t  h i s t o r i c a l  c o n t r o l  database o f  1.6%. Dr. Dunnick r epo r t ed  
t h a t  t he  f i n d i n g s  f rom t h e  s tep  sec t i ons  i n  o t h e r  s t u d i e s  have been suppo r t i ve  
o f  t h e  o r i g i n a l  d iagnos is .  D r .  Goodman suggested t h a t  s p e c i f i c  re fe rences  o f  
s t u d i e s  on chemica l l y - induced  a l pha -2u -g l obu l i n  nephropathy i n  male r a t s  should  
be cons idered f o r  i n c l u s i o n  i n  t h e  d iscuss ion .  Dr. Dunnick s a i d  t hey  would be 
added. 

M r .  B e l i c z k y ,  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 
comen ted  t h a t  t h e  inc reased  s e n s i t i v i t y  o f  d e t e c t i o n  f o r  r ena l  tumors and 
p reneop las i c  l e s i o n s  r e s u l t i n g  f rom s tep  s e c t i o n i n g  was impress ive.  He asked 
whether s t u d i e s  on q u e r c e t i n  had been done i n  mice. D r .  Dunnick responded t h a t  
severa l  p rev i ous  s t u d i e s  by  o the rs  i n  mice had shown no evidence o f  ca rc inogen ic  
e f f e c t s .  

Dr. Car lson  s a i d  he was n o t  convinced t h a t  two squamous c e l l  carcinomas o f  t he  
tongue i n  high-dose female r a t s  were u n 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 s a i d  t h e  number was 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 and m ic roscop i c  
a n a l y s i s  i n d i c a t e d  no suppo r t i ng  p r e n e o p l a s t i c  l es i ons .  

D r .  Garman moved t h a t  t h e  Technica l  Repor t  on q u e r c e t i n  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 r a t s ,  some evidence 
o f  ca r c i nogen i c  a c t i v i t y ,  and f o r  female r a t s ,  no evidence o f  ca r c i nogen i c  
a c t i v i t y .  D r .  Goodman seconded t h e  mot ion,  which was accepted unanimously w i t h  
t e n  votes.  



Resorc ino l .  D r .  M. Jok inen,  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  r e s o r c i n o l  b y  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 commenting t h a t  t h e r e  were no t r e a t m e n t - r e l a t e d  
non-neop las t i c  o r  n e o p l a s t i c  l e s i o n s  i n  r a t s  o r  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 evidence o f  
ca r c i nogen i c  a c t i v i t y  o f  r e s o r c i n o l  i n  male ~ 3 4 4 1 ~  r a t s  g i v e n  112 o r  225 
mglkg o r  female F344lN r a t s  g i v e n  50, 100, 150 mglkg i n  wa te r  by  o r a l  -- .  o r  -
gavage 5  days a  week f o r  104-weeks. There was no evidence o f  carc;nogenic 
a c t i v i t y  o f  r e s o r c i n o l  i n  male o r  female B6C3F1 mice g i v e n  112 o r  225 mgl 
kg i n  wa te r  by  o r a l  gavage 5 days a  week f o r  104 weeks. 

D r .  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 proposed 
t h a t  NTP measure b l ood  l e v e l s  o f  t h i s  chemical and o t h e r s  a t  v a r i o u s  t ime  
p o i n t s .  Dr. R. I r w i n ,  NIEHS, responded t h a t  NTP i s  now i n c o r p o r a t i n g  r o u t i n e l y  
i n  2-year  s t u d i e s  and many sho r t - t e rm  t o x i c i t y  s t u d i e s  t h e  e v a l u a t i o n  o f  b l ood  
l e v e l s  as w e l l  as some b a s i c  pharmacok inet ic  parameters. 

Dr. Hayden, 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  t h e  adequacy o f  t h e  s tudy  i n  male r a t s  by  q u o t i n g  a  
s ta tement  f rom t h e  conc lus ions  t h a t :  "Because o f  t h e  s i g n i f i c a n t  e a r l y  reduced 
s u r v i v a l  o f  male r a t s  adm in i s t e red  225 mglkg, t h i s  group was n o t  cons idered 
s u i t a b l e  f o r  t h e  e v a l u a t i o n  o f  ca r c i nogen i c  p o t e n t i a l " .  Dr. J. Haseman, NIEHS, 
s a i d  t h a t  s u r v i v a l  i n  t h i s  group was p robab l y  s u f f i c i e n t  t o  d e t e c t  a s t r ong  
ca rc i nogen i c  e f f e c t ,  and t h a t  s u r v i v a l  i n  t h e  112 mglkg group was una f fec ted ,  
suppo r t i ng  t h e  adequacy o f  t h e  s tudy  f o r  e v a l u a t i n g  c a r c i n o g e n i c i t y .  Dr. 
Hayden comnented t h a t  he was s t r u c k  by  t h e  apparent  and, perhaps, cumu la t i ve  
n e u r o t o x i c i t y ,  and suggested t h a t  a  s ta tement  be added t o  t h e  conc lus ions  n o t i n g  
t h a t  c l i n i c a l  f i n d i n g s  i n d i c a t i v e  o f  chem ica l - r e l a ted  t o x i c i t y  t o  t h e  c e n t r a l  
nervous system were observed i n  dosed an imals  .o f  b o t h  sexes, and t h a t  a  number 
o f  deaths a t t r i b u t e d  t o  chemical t o x i c i t y  occur red  i n  dosed r a t s  and male mice. 
Dr. Jok inen  responded t h a t  h i g h  dose r a t s  i n  t h e  2-year s tudy  seemed 
s u b j e c t i v e l y  t o  have exaggerated c l i n i c a l  s i gns  by t h e  end o f  t h e  f i ve -day  
dos ing  p e r i o d  each week t h a t  m igh t  suggest e f f e c t s  on t h e  c e n t r a l  nervous system 
a l t hough  t h e r e  were no morpholog ic  l e s i o n s  observed t o  suppor t  t h i s .  Dr. 
Hayden s a i d  t h i s  does n o t  negate t h e  p o s s i b i l i t y  o f  i n t e r f e r e n c e  w i t h  
neu ro t r ansm i t t e r s .  As t o  p o s s i b l e  cumu la t i ve  t o x i c i t y ,  Dr. Jok inen  s a i d  
chemical d i s p o s i t i o n  s t u d i e s  i n d i c a t e d  r e s o r c i n o l  was r a p i d l y  c l e a r e d  f rom the  
b l ood  and about  90% was exc re ted  w i t h i n  24 hours  p r i m a r i l y  as a  con juga te  i n  the  
u r i ne .  

F u r t h e r  d i s c u s s i o n  ensued as t o  whether r e s o r c i n o l  cou ld  be cons idered t o  be a  
neuro tox in .  Dr. I r w i n  s a i d  t h e  observa t ions  were p r i m a r i l y  empi r i c a l  such t h a t  
he would have r e s e r v a t i o n s  about c a l l i n g  i t  a  neuro tox in .  Dr. Car l son  caut ioned 
t h a t  s i nce  t h e  Technica l  Repor ts  were used by many people  f o r  d i f f e r e n t  
purposes, one has t o  be c a r e f u l  about c a l l i n g  r e s o r c i n o l  a  n e u r o t o x i n  un less 
t h e r e  i s  good evidence i n c l u d i n g  a  dose-response r e l a t i o n s h i p .  M r .  B e l i c z k y  
r epo r t ed  t h a t  t h e r e  i s  cons ide rab le  exposure o f  workers i n  t h e  rubber  p roduc ts  
i n d u s t r y  where r e s o r c i n o l  has been used as p a r t  o f  an adhes ive system, and i n  
v iew o f  t h e  r epo r t ed  c l i n i c a l  s i gns  i n  roden ts  such as h y p e r e x c i t a b i l i t y  and 
t remors,  t h e  apparent  n e u r o t o x i c i t y  should  be noted i n  t h e  Conclusions. 



D r .  Klaassen moved t h a t  t h e  Techn ica l  Repor t  on r e s o r c i n o l  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 .  Dr. Garman seconded t h e  mot ion.  
M r .  B e l i c z k y  o f f e r e d  an amendment t h a t  t h e  concerns expressed by  Dr. Hayden 
about n e u r o t o x i c  e f f e c t s  o f  r e s o r c i n o l  be addressed i n  t h e  Conclusions. Dr. 
Hayden seconded t h e  amendment. Dr. J. Haseman, NIEHS, suggested t h a t  a 
s ta tement  i n  t h e  A b s t r a c t  spoke t o  these concerns and cou ld  be added t o  t h e  
Conc lus ions t o  p r o v i d e  t h e  emphasis requested. As f o l l o w s :  " C l i n i c a l  s i gns  
sugges t i ve  o f  a  chem ica l - r e l a ted  e f f e c t  on t h e  c e n t r a l  nervous system, i n c l u d i n g  
a t a x i a ,  recumbency, and tremors,  were observed i n  r a t s  and mice i n  t h e  2-year 
s tud ies . "  D r .  Hayden agreed. The amendment was accepted by  seven yes t o  t h r e e  
no vo tes  ( B a i l e y ,  Goodman, Klaassen).  The o r i g i n a l  mot ion  by  Dr. Klaassen was 
then accepted unanimously w i t h  t e n  votes.  



TOXICITY STUDIES. 

t - B u t y l  Perbenzoate. D r .  H.B. Matthews, NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r oduced  
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  t - b u t y l  perbenzoate ( t -BP) by  r ev i ew ing  t h e  
uses o f  t-BP and r a t i o n a l e  f o r  s tudy,  f i n d i n g s  f rom chemical  d i s p o s i t i o n  
s t ud ies ,  exper imenta l  des ign,  and r e s u l t s .  S tud ies  by  t h e  dermal r o u t e  
i n d i c a t e d  l i m i t e d  (16%) a b s o r p t i o n  th rough  t h e  s k i n  o f  roden ts  w h i l e  by  t h e  
o r a l  gavage rou te ,  t h e r e  was r a p i d  and complete absorp t ion .  The chemical  was 
adm in i s t e red  by t h e  gavage r o u t e  t o  groups o f  F344lN r a t s  and B6C3F1 mice o f  
b o t h  sexes f o r  14-days and 13-weeks. I n  14-day s tud ies ,  t-BP doses rang ing  f rom 
70 t o  1112 mglkg f a i l e d  t o  produce marked t o x i c i t y  o t h e r  than  e p i t h e l i a l  
hype rp l as i a ,  u l c e r a t i o n ,  and acu te  in f lammat ion  o f  t h e  forestomach i n  an imals  
r e c e i v i n g  t h e  h i g h e s t  dose. I n  14-day s t u d i e s  w i t h  m e t a b o l i t e s  o f  t-BP, benzoic  
a c i d  and t e r t i a r y  bu tano l ,  t h e r e  was min imal  t o x i c i t y  observed. I n  13-week 
s t u d i e s ,  t h e r e  was depressed we igh t  g a i n  i n  an imals  r e c e i v i n g  t h e  h i g h e s t  dose, 
500 mglkg. Other  t o x i c i t y  was l i m i t e d  t o  dose-dependent h y p e r p l a s i a  o f  t h e  
forestomach which was observed i n  most dosed animals.  Hype rp l as i a  was 
c h a r a c t e r i z e d  by  inc reased  c e l l u l a r i t y  and b a s o p h i l i a  o f  t h e  squamous e p i t h e l i u m  
w i t h  v a r i a b l e  degrees o f  hyperkera tos is .  Based on r e s u l t s  o f  t h i s  s tudy,  i t  was 
concluded t h a t  t h e  no-observed-adverse-ef fec t - leve l  (NOAEL) f o r  t-BP g i v e n  
o r a l l y  was approx imate ly  30 mglkg f o r  b o t h  r a t s  and mice. 

Dr. Hayden, a p r i n c i p a l  rev iewer ,  s a i d  t h i s  was a  w e l l  documented and c l e a r l y  
w r i t t e n  r e p o r t  i n d i c a t i n g  t h a t  t-BP had l i t t l e  o r  no t o x i c i t y  t o  roden ts  o t h e r  
than  changes i n  t h e  stomach. He cau t ioned  t h a t  on a  long- te rm s tudy  t h e r e  m igh t  
be problems w i t h  stomach u l c e r s  o r  p e r f o r a t i n g  u l c e r s  l e a d i n g  t o  excess ive  
m o r t a l it y .  

Dr. B a i l e y ,  a second p r i n c i p a , ,  rev iewer ,  a l s o  though t  t h i s  t o  be a  
we l l -pe r fo rmed s tudy  and w e l l  w r i t t e n  r epo r t .  He commented t h a t  t h e r e  were 
r e p o r t s  c i t e d  o f  workers  exposed by  i n h a l i n g  vapors w h i l e  t h e  t e x t  s t a t e s  t h a t  
t-BP i s  n o t  " no rma l l y  i n h a l e d M ,  so somewhat o f  a c o n t r a d i c t i o n  e x i s t s .  

Dr. Dav is  asked whether t h e  forestomach l e s i o n s  were focused p r i m a r i l y  around 
t he  l i m i t i n g  r i d g e  as i n  some recen t  s tud ies .  Dr. M. E l w e l l ,  NIEHS, s a i d  t h a t  
a t  t h e  h i g h e r  doses l e s i o n s  were seen over  l a r g e  areas o f  t h e  forestomach. Dr. 
J .  Haar tz ,  NIOSH, commented on t h e  worker  exposure numbers i n  t h e  t e x t  and s a i d  
t he  most r ecen t  NIOSH survey i n d i c a t e s  about f o u r  t imes t h a t  many workers  a r e  
exposed. She s a i d  she would supp ly  t h e  da ta  t o  D r .  Matthews. 



p-Chloro-alpha,alpha,alpha-trifluorotoluene. Dr. C.W. Jameson, NIEHS, NIP S t a f f  
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  p-ch loro-a lpha,  alpha, 
a l p h a - t r i f l u o r o t o l u e n e  (CTFT) by  r ev i ew ing  t h e  s tudy  r a t i o n a l e ,  exper imenta i  
des ign,  and r e s u l t s .  CTFT (97% pure )  was adm in i s t e red  t o  groups o f  F344lN r a t s  
and B6C3F1 mice o f  b o t h  sexes f o r  14 consecu t i ve  days by  gavage once a  day i n  
e i t h e r  co rn  o i l  o r  an exper imenta l  mo lecu la r  encapsu la t ion  v e h i c l e ,  
a l pha -cyc l odex t r i n .  T o x i c o k i n e t i c  s t u d i e s  were performed t o  compare t h e  
b i o a v a i l a b i l i t y  of CTFT between t h e  two veh ic les .  A l though  a b s o r p t i o n  f rom t h e  
a l p h a - c y c l o d e x t r i n  v e h i c l e  was somewhat f a s t e r ,  t h e  b i o l o g i c a l  h a l f - l i f e  o f  CTFT 
was t h e  same w i t h  b o t h  v e h i c l e s ,  and b i o a v a i l a b i l i t y  was shown t o  be complete 
f o r  b o t h  veh i c l es .  Rats were found t o  be somewhat more s e n s i t i v e  t o  t o x i c  
e f f e c t s  o f  CTFT than  mice, l i k e l y  due t o  more r a p i d  e l i m i n a t i o n  f rom t h e  bodies 
o f  mice. CTFT was found t o  accumulate i n  t h e  k idneys  o f  male r a t s ,  and t h e r e  
was a l i n e a r  r e l a t i o n s h i p  between t h e  k idney  CTFT concen t ra t i ons  and t h e  k idney  
con ten t  o f  a lpha-2u-g lobu l in .  M ic roscop ic  changes i n c l u d e d  a  dose- re la ted  t o x i c  
nephropathy c o n s i s t e n t  w i t h  t h a t  p r e v i o u s l y  desc r i bed  as " h y a l i n e  d r o p l e t  
nephropathyl1. Dosed male and female r a t s  had hepatocyte  hyper t rophy  and 
cy top lasmic  v a c u o l i z a t i o n  o f  t h e  adrenal  co r tex .  H e p a t o c e l l u l a r  hyper t rophy  and 
c l i n i c a l  pa tho logy  f i n d i n g s  c o n s i s t e n t  w i t h  c h o l e s t a s i s  and m i l d  l i v e r  i n j u r y  
were no ted  i n  mice i n  t h e  two h i g h e s t  dose groups. The t o x i c i t y  r e s u l t s  were 
s i m i l a r  w i t h  e i t h e r  v e h i c l e ,  suggest ing t h a t  a l p h a - c y c l o d e x t r i n  may be an 
a p p r o p r i a t e  v e h i c l e  f o r  t o x i c i t y  s t u d i e s  w i t h  o t h e r  chemicals. 

Dr. 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  and 
welcomed t he  i n c l u s i o n  o f  pharmacok inet ic  data. He suggested t h a t  t h e  
conc lus i on  should  emphasize t h a t  t h e  plasma c o n c e n t r a t i o n  o f  CTFT inc reased  more 
r a p i d l y  w i t h  t h e  a l p h a - c y c l o d e x t r i n  veh i c l e .  He a l s o  suggested t h a t  t h e  NTP 
cons ider  measur ing l e v e l s  o f  cytochrome P-450 isozymes, e s p e c i a l l y  w i t h  
chemicals t h a t  i n c rease  l i v e r  we igh t  as was t h e  case here. D r .  Jameson s a i d  
t h i s  would be cons idered  e s p e c i a l l y  f o r  chemicals where l i v e r  i s  expected t o  be 
a  t a r g e t  organ. 

Dr. Goodman, a second p r i n c i p a l  rev iewer ,  s a i d  t h a t  s i nce  one o f  t h e  un ique 
f e a t u r e s  o f  t h  e  s tudy  was t h e  comparison o f  t h e  two dose v e h i c l e s  t h i s  f a c t  
should  be h i g h  l i g h t e d  i n  t h e  t i t l e .  He s a i d  mo lecu la r  encapsu la t ion  should  be 
b e t t e r  d e f i n e d  . Fur the r ,  he ques t ioned  whether t h e  a l p h a - c y c l o d e x t r i n  was 
p r e f e r a b l e  t o  co rn  o i l  as t h e  gavage veh i c l e .  Dr. Jameson s a i d  t h a t  t h e  term 
mo lecu la r  complexat ion m igh t  be more a p p r o p r i a t e  and t h a t  t h e r e  was a  good 
des l c r i p t i on  o f  mo lecu la r  encapsu la t ion  i n  an e a r l i e r  d r a f t  and then de le ted.  
Th i s  would be re tu rned  as p a r t  o f  t h e  r e v i s i o n s .  He no ted  t h a t  because o f  t he  
chem ica l ' s  presence i n  ground wate r ,  a  d r i n k i n g  wate r  s tudy  wou I d  have been 
d e s i r a b l e  b u t  l i m i t e d  wate r  s o l u b i l i t y  was a  problem. The more r a p i d  
a v a i l a b i l i t y  f o r  a b s o r p t i o n  f rom the  aqueous a l p h a - c y c l o d e x t r i n  v e h i c l e  than 
f rom corn  o i l  was f e l t  t o  b e t t e r  mimic a v a i l a b i l i t y  f rom water.  



T r i n i t r o f l u o r e n o n e .  D r .  F. K a r i ,  NIEHS, NTP S t a f f  S c i e n t i s t ,  i n t r oduced  the  
shor t - te rm t o x i c i t y  s t u d i e s  o f  t r i n i t r o f l u o r e n o n e  (TNF) by  rev iew ing  t he  
r a t j o n a l e  f o r  study, exper imenta l  des ign,  and r e s u l t s .  Because t h e  p r i n c i p a l  
r o u t e  o f  exposure o f  humans t o  TNF would l i k e l y  be dermal, s t u d i e s  were 
conducted t o  compare chemical absorp t ion ,  d i s t r i b u t i o n ,  exc re t i on ,  and t i s s u e  
r e t e n t i o n ,  as w e l l  as t o x i c i t y  i n  14-day s tud ies  i n  r a t s  and mice by t h e  o r a l  
and dermal r ou tes  o f  exposure. The r e s u l t s  o f  dermal s tud ies  i n d i c a t e d  
abso rp t i on  was i n s u f f i c i e n t  t o  a l l o w  a  f u l l  e v a l u a t i o n  o f  t h e  systemic t o x i c i t y  
o f  TNF; t he re fo re ,  13-week t o x i c i t y  s t u d i e s  were conducted b y  i n c o r p o r a t i n g  TNF 
i n t o  t he  feed  o f  F344lN r a t s  and B6F3F1 mice o f  each sex. I n  b o t h  species,  
t h e r e  was a  widespread occurrence o f  a  dark  brown pigment i n  dosed animals  w i t h  
l i t t l e  evidence o f  t o x i c i t y  r e l a t e d  t o  t he  pigment accumulat ion. 
T rea tment - re la ted  e f f e c t s  i n  male r a t s  i nc l uded  mesenter ic  vascu la r  
i n f l amna t i on ,  r ena l  i n f l amna t i on ,  t e s t i c u l a r  degenerat ion w i t h  reduced sperm 
count and m o t i l i t y ,  s p l e n i c  hematopoiesis,  and oval  c e l l  hype rp las ia  and mixed 
c e l l  f o c i  i n  t h e  l i v e r .  Top dose female r a t s  had c e n t r i l o b u l a r  hepatocyte 
cy top lasmic  a l t e r a t i o n  and s p l e n i c  hematopoiesis. Dosed mice o f  bo th  sexes 
showed c y s t i c  degenerat ion o f  t he  t h y r o i d  gland, hepa t i c  hyper t rophy,  and 
s p l e n i c  hematopoiesis. The no-observed-adverse-ef fect - leve l  (NOAEL) f o r  
m ic roscop ic  changes o t h e r  than pigment accumulat ion was 1000 ppm f o r  r a t s .  A  
NOAEL cou ld  n o t  be determined f o r  mice f rom t h i s  study. L i m i t e d  dermal 
abso rp t i on  would l i k e l y  p reven t  s i g n i f i c a n t  systemic t o x i c i t y  r e s u l t i n g  f rom 
con tac t  o f  TNF w i t h  t he  sk in .  

Dr. Car lson,  a  p r i n c i p a l  rev iewer ,  s a i d  t h i s  was a  w e l l  w r i t t e n  repo r t .  He 
noted t h a t  t he  p r e f e r r e d  r o u t e  o f  exposure, based on human exposure, would have 
been dermal, y e t  dosed feed  was chosen because 14-day chemical d i s p o s i t i o n  
s tud ies  showed t h a t  l e s s  than 10% o f  a  dermal dose was absorbed. Therefore,  he 
thought  t he  ex tens i ve  d i s p o s i t i o n  s tud ies  should be sumnarized i n  t h e  Abs t rac t ,  
and c u r r e n t l y  o n l y  those f o r  t he  dermal r o u t e  are. Dr. K a r i  s a i d  a d d i t i o n a l  
i n f o r m a t i o n  about  t he  d i s p o s i t i o n  s tud ies  would be added t o  t h e  Abs t rac t .  

D r .  Garman, a second p r i n c i p a l  rev iewer ,  s a i d  t he  r e p o r t  presented a  l a r g e  body 
o f  i n f o r m a t i o n  i n  a  w e l l  organized and s u c c i n c t  manner. He found t h e  pigment 
accumulat ion i n  t h e  l a r g e  neurons i n  t he  b r a i n  stem t o  be p a r t i c u l a r l y  unusual. 
Since u l t r a s t r u c t u r a l  s t u d i e s  were performed, he asked t h a t  c o n s i d e r a t i o n  be 
g i ven  t o  i n c l u d i n g  an e l e c t r o n  micrograph i n  t he  t e x t  showing t h e  membrane-bound 
pigment p a r t i c l e s .  D r .  Dav is  seconded t h i s  request ,  and D r .  K a r i  agreed t o  add 
a  p l a t e .  
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