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SUMMARY MINUTES 

PEER REVIEW PANEL MEETING 

November 20-21 , 1989 

dl-Amphetamine Su l fa te .  Dr. J. K. Dunnick, NTP Study S c i e n t i s t ,  in t roduced the 
toxico1os.y and carcinogenesis s tud ies  o f  dl-amphetamine s u l f a t e  by reviewing the -
experimental  design, resu l  t s ,  and proposed concl u s i  ons: 

Under the  cond i t i ons  o f  these 2-year feed studies,  t he re  was no evidence 
o f  carc inogenic a c t i v i t y  o f  dl-amphetamine s u l f a t e  f o r  male o r  female 
F344lN r a t s  o r  male o r  female B6C3F1 mice fed  d i e t s  conta in ing  20 o r  100 
ppm. The a d m i n i s t r a t i o n  o f  dl-amphetamine s u l f a t e  was associated w i t h  
decreased body weight. There were decreased inc idences o f  t o t a l  neoplasms 
i n  dosed r a t s  and mice, o f  adrenal pheochromocytomas i n  male ra t s ,  o f  
mamnary g land fibroadenomas and u t e r i n e  polyps i n  female r a t s ,  o f  
p i t u i t a r y  g land adenomas i n  male and female r a t s  and female mice, and o f  
Harderian g land adenomas, l i v e r  neoplasms, and lung neoplasms i n  male and 
female mice. 

Dr. McKnight, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions f o r  female r a t s  
and male and female mice. She thought the  s t a t i s t i c a l l y  s i g n i f i c a n t  increase i n  
i n t e r s t i t i a l  c e l l  adenomas o f  the  tes tes  i n  male r a t s  c o n s t i t u t e d  equivocal 
evidence. Dr. Dunnick expla ined t h a t  the  very  high1 h i s t o r i c a l  con t ro l  incidence 
-long w i t h  no increases i n  i n t e r s t i t i a l  c e l l  hyperplas ias l e d  t o  the  
conclus ion o f  no evidence. Fur ther ,  Dr. McKnight quest ioned whether decreased 
weight  ga in  and increased a c t i v i t y  i n  the  13-week s tud ies  should be used as 
a bas i s  f o r  s e t t i n g  doses f o r  2-year s tud ies  i n  t h a t  these a re  a l s o  phar- 
macologic e f f e c t s  r e l a t e d  t o  amphetamine's use as an a p p e t i t e  suppressant and 
c e n t r a l  s t imu lan t .  Therefore, Dr .  McKnight s a i d  i t  was l i k e l y  t h a t  r a t s  and 
mice i n  t he  2-year s tud ies  could have t o l e r a t e d  h igher  doses. Dr .  Dunnick 
r e p l i e d  t h a t  i n  2-year ca rc inogen ic i t y  s tud ies  body weight i s  an important  
f a c t o r  i n  s e t t i n g  doses, because i n  order  t o  have a comparable background tumor 
r a t e  i n  c o n t r o l  and t r e a t e d  animals body weights need t o  be s im i l a r .  Decreases 
i n  body weight  i n  NTP 2-year s tud ies  have been associated w i t h  decreased 
inc idences o f  c e r t a i n  spontaneous tumors i n  r a t s  and mice. 

D r .  Carlson, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions f o r  
carc inogenic a c t i v i t y .  He a l s o  agreed t h a t  decreased incidences o f  var ious  
neoplasms may have been associated w i t h  the  decrease i n  body weights; however, 
a more d i r e c t  e f f e c t  o f  dl-amphetamine could n o t  be r u l e d  ou t  i n  h i s  opinion. 
D r .  Dunnick s a i d  the  da ta  were no t  s u f f i c i e n t  t o  determine whether decreased 
tumor inc idences were due t o  decreased body weights o r  t o  a d i r e c t  e f f e c t  o f  the 
chemical. Dr. Carlson comnented on the  repo r t s  o f  increased a c t i v i t y  o f  dosed 
animals and s ta ted  t h a t  t he  repor ted  a c t i v i t y  needed t o  be b e t t e r  de f ined and 
quan t i t a ted  as a measure o f  pharmacologic o r  t o x i c o l o g i c  e f f e c t .  Dr. S i l be rge ld  
expla ined t h a t  the  'popcorn e f f e c t '  and stereotyped behavior a re  c h a r a c t e r i s t i c  
expressions o f  amphetamine-induced h y p e r m o t i l i t y  i n  rodents. Dr. G. Rao, NIEHS, 
and Dr. Dunnick i n d i c a t e d  t h a t  these types o f  a c t i v i t y  were observed and were 
recorded i n  the  Toxicology Data Management System as hyperact iv i ty. 



D r .  Zeise, the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. She 
comnented t h a t  t he  conclusions should a l s o  e x p l i c i t l y  s t a t e  t h a t  treatment w i t h  
the  drug was associated w i t h  decreased tumor incidences and non-neoplast ic 
l es ions  associated w i t h  compound admin i s t ra t i on  might  be l i s t e d  i n  t he  
conclusions. Dr. Dunnick responded t h a t  non-neoplast ic e f f e c t s  thought t o  be 
b i o l o g i c a l l y  as w e l l  as s t a t i s t i c a l l y  s i g n i f i c a n t  were u s u a l l y  t r e a t e d  i n  the  
d iscuss ion  and a b s t r a c t  sec t ions  o f  the  repor t .  Dr. Zeise quest ioned the  
r a t i o n a l e  f o r  s tudy ing  the  d l - f o rm ins tead o f  the  more pharmacological ly  a c t i v e  
and much more f r e q u e n t l y  p rescr ibed d isomer. Dr. Dunnick repor ted  t h a t  a t  the 
t ime the  chemical was nominated and the  i n i t i a l  s tud ies  conceived there  were 
approximate ly  equal numbers o f  p r e s c r i p t i o n s  w r i t t e n  f o r  t he  d l -  and d-isomers 
o f  amphetamine. 

Subsequent d iscuss ion  focused on whether o r  n o t  h igh  enough doses were used i n  
the  two-year s tudies.  Dr. S i l b e r g e l d  s a i d  the re  was a U-shaped curve f o r  some 
t o x i c  e f f e c t s  observed w i t h  amphetamines i n  animals, and t h a t  t he re  was v v  

a d d i t i o n a l  i n fo rma t ion  t h a t  should be considered i n  rev iewing a the  appropr iate-  
ness o f  t he  doses i n  the  2-year studies. Dr. S i l b e r g e l d  expressed concern t h a t  
standard pa tho log i c  examination might  n o t  i d e n t i f y  a l l  changes i n  t he  nervous 
system r e l a t e d  t o  amphetamine treatment. Dr. S. Eus t is ,  NIEHS, agreed t h a t  
standard h is topatho l o g i c  examination might  n o t  de tec t  neurochemical o r  
neurophysio logic  changes i n  neural t i ssues ;  however, the  s tud ies  were designed 
t o  de tec t  carc inogenic and no t  neuro log ic  e f f e c t s  o f  dl-amphetamine. Dr. Scala 
suggested t h a t  the  Program needed t o  be more s e n s i t i v e  t o  repo r t s  i n  the  
l i t e r a t u r e  o f  pharmacologic e f f e c t s  i n  designing f u t u r e  studies. Dr. D. R a l l ,  
NIEHS, agreed t h a t  a focus on the  t o x i c i t y  was needed p a r t i c u l a r l y  w i t h  s tud ies  
on drugs o r  t he rapeu t i c  agents. However, he wanted,to p o i n t  ou t  t h a t  there  were 
rea l  decreases i n  tumor incidences and t h a t  these were important  and s i g n i f i c a n t  
f i n d i n g s  t h a t  needed t o  be h igh l igh ted .  

Dr .  McKniaht moved t h a t  the  conclusions i n  male and female r a t s  and mice be 
changed t o  inadequate study o f  carc inogenic a c t i v i t y  based on the  f a c t  t h a t  
h igher  doses might  have been given. Dr. Zeise seconded the  motion. Dr. Carlson 
disagreed w i t h  the  motion. ~e opined t h a t  l i k e l y  t he  U-shaped curve would no t  
have a p p l i e d  t o  the  t o x i c i t y  observed i n  the  two-year s tud ies  and s u r v i v a l  could 
have been a problem i f  h igher  doses had been used. Dr. Garman proposed t h a t  the 
r e p o r t  be t a b l e d  so t h a t  t he  NTP could f u r t h e r  evaluate the  l i t e r a t u r e  and 
perhaps seek exper t  advice t o  a i d  i n  c l a r i f y i n g  whether o r  n o t  t he  h igh  doses 
were too  low. D r .  Scala s a i d  a mot ion t o  t a b l e  would take p r i o r i t y  over the  
e a r l i e r  motion. Accordingly,  Dr .  Garman moved t h a t  t he  d r a f t  Technical Report 
on dl-amphetamine be tab led  u n t i l  a d d i t i o n a l  i n fo rma t ion  cou ld  be obta ined as 
t o  the  adequacy o f  the  doses. Dr .  Gold seconded the  motion, which was accepted 
by n ine  yes votes t o  two no votes (Ashby, Carlson). Dr. Ashby noted f o r  the  
record t h a t  he voted no because he was concerned t h a t  a precedent would be se t  
f o r  b r i n g i n g  back o the r  s tud ies  i f  new knowledge were being brought t o  bear, 
i.e., knowledge developed subsequent t o  the  NTP dec i s ion  t o  study. Dr .  Griesemer 
s a i d  the  r e p o r t  would be re turned f o r  review a t  t he  next  meeting. 



2-Chloroacetophenone. Dr. R. L. Melnick, NIEHS, NTP Study S c i e n t i s t ,  in t roduced 
the  tox i co logy  and carcinogenesis s tud ies  o f  2-chloroacetophenone (CN) by 
rev iewing the  experimental  design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t i ons  o f  these 2-year i n h a l a t i o n  studies,  t he re  was no 
evidence o f  carc inogenic a c t i v i t y  o f  2-chloroacetophenone f o r  male r a t s  
exposed t o  1 o r  2 mgIm3. There was equivocal evidence o f  carc inogenic 
a c t i v i t y  f o r  female F3441N r a t s ,  based on a marginal increase i n  
fibroadenomas o f  the  mamnary gland. There was no evidence o f  carcinogenic 
a c t i v i t y  f o r  male o r  female B6C3F1 mice exposed t o  2 o r  4 mglm3 2-chloro- 
acetophenone. 

D r .  McKnight, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions f o r  male r a t s  
and male and female mice b u t  disagreed w i t h  the  conclus ion f o r  female rats .  She 
thought t he  dose-re lated increase i n  fibroadenomas, adenomas and adenocarcinomas 
o f  t he  mamnary g land i n  female r a t s  was s t rong enough t o  support some evidence 
o f  carc inogenic a c t i v i t y .  Dr. Meln ick s a i d  t h a t  based on f i n d i n g s  o f  a marginal 
increase o f  a comnonly occu r r i ng  benign tumor (fibroadenomas) a t  an incidence 
t h a t  f e l l  w e l l  w i t h i n  the  h i s t o r i c a l  range f o r  un t rea ted  cont ro ls ,  the  conclu- 
s ion  o f  equivocal evidence was judged appropriate. Dr. McKnight i nqu i red  as t o  
how zero dose was adminis tered t o  c o n t r o l  animals. Dr .  Meln ick s a i d  the  chamber 
c o n t r o l s  were t r e a t e d  the  same as the  dosed animals except f o r  rece i v ing  vapors. 

D r .  Longnecker, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
asked whether dosed animals were l e f t  i n  the  i n h a l a t i o n  chamber f o l l o w i n g  the  
exposure period. Since the  r e p o r t  s ta ted  t h a t  10 hours were requ i red  f o r  CN 
concent ra t ion  t o  drop t o  1% o f  t a r g e t  concentrat ion,  he ca l cu la ted  t h a t  i f  
animals remained i n  the  chamber t o t a l  exposure would have been increased by 
about 80%. Dr. Meln ick responded t h a t  animals remained i n  the  chambers b u t  t h i s  
increased the  t o t a l  exposure t o  CN by about 5 t o  25%; d e t a i l s  o f  t he  a d d i t i o n a l  
exposure would be b e t t e r  expla ined i n  the  repor t .  

Most o f  the  d iscuss ion  was concerned w i t h  the  s i g n i f i c a n c e  o f  t he  mamnary gland 
neoplasms i n  female ra ts .  Dr .  S i l b e r g e l d  argued t h a t  bo th  a s i g n i f i c a n t  t rend  
t e s t  (P=0.013) and pa i rw ise  comparison between c o n t r o l  and h igh  dose groups 
(P=0.017) f o r  fibroadenomas supported some evidence. On the  o ther  hand, 
Dr .  Ashby thought the  h igher  inc idence i n  c o n t r o l  groups f rom more recent  
s tud ies  weakened the  argument f o r  even equivocal evidence. 

D r .  McKnight moved t h a t  the  Technical Report on 2-chloroacetophenone be accepted 
w i t h  the  conclusions as w r i t t e n  f o r  male r a t s  and male and female mice, no 
evidence o f  carc inogenic a c t i v i t y .  Dr. Longnecker seconded the  motion, which 
was accepted unanimously w i t h  eleven votes. Dr. McKnight moved t h a t  the  
conclus ion f o r  female r a t s  be changed from equivocal e i idence o f  carc inogenic 
a c t i v i t y  t o  some evidence o f  carc inogenic a c t i v i t y  based on s t a t i s t i c a l l y  
s i g n i f i c a n t ,  dose-re lated increases i n  fibroadenomas o r  adenomas o f  the  mamnarv 
glands, w i t h  inc idences i n  bo th  low and h igh  dose groups h igher  than ever seen" 
i n  a chamber c o n t r o l  group. Dr .  Longnecker seconded the  motion, which was 
defeated by s i x  no votes (Ashby, Carlson, Davis, Garman, Gold, Hayden) t o  f i v e  
yes votes (Klaassen, Longnecker, McKnight, S i lberge ld ,  Zeise). Dr. Gold moved 
t h a t  the  conclus ion be accepted as w r i t t e n ,  equivocal evidence o f  carcinogenic 
a c t i v i t y .  Dr. Davis seconded the  motion, which was accepted by seven yes votes 



(Ashby, Carlson, Davis,  Garman, Gold, Hayden, Longnecker) t o  four  no votes 
(Klaassen, McKnight, S i  lberge ld ,  Zeise).  



o-Chlorobenzalmalononitr i le (CS2). I n  t he  absence o f  Dr. K.M. Abdoy NIEHS, NTP 
Study S c i e n t i s t ,  D r .  R.L. Melnick, NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  o-chlorobenzalma l o n o n i t r i l e  (CS2) by rev iewing the 
experimental  design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t i ons  o f  these i n h a l a t  i o n  studies,  t he re  was no evidence o f  
carc inogenic a c t i v i t y  o f  CS2 f o r  male o r  female F344lN r a t s  exposed t o  
0.075, 0.25, o r  0.75 mglm3 i n  a i r  f o r  up t o  2  years. There was no evidence 
o f  carc inogenic a c t i v i t y  f o r  male o r  female B6C3F1 mice exposed t o  0.75 o r  
1.5 mglm3 i n  a i r  f o r  up t o  2  years. Concentrat ion-re lated decreases i n  the 
inc idences o f  p i t u i t a r y  g land adenomas and lymphomas were observed i n  
female mice. 

Exposure t o  CS2 caused degenerat ion and squamous metaplas ia o f  the  
o l f a c t o r y  epi thel ium, hyperp las ia  and m e t a p l a s i a d o f  t he  r e s p i r a t o r y  
ep i the l ium,  and p r o l i f e r a t i o n  o f  the  periosteum o f  t he  nasal passage o f  
ra ts .  I n  mice, exposure t o  t h i s  compound caused suppurat ive in f lamnat ion  
and hyperp las ia  and squamous metaplas ia o f  the  r e s p i r a t o r y  ep i the l i um o f  
t he  nasal passage. 

Dr .  Klaassen, a  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He comnented 
on the  concent ra t ion- re la ted  decreased incidences o f  adenomas o f  t he  p i t u i t a r y  
g land and o f  lymphomas i n  female mice and wondered i f  these decreases might  be 
r e l a t e d  t o  decreases i n  weight  ga in  and longer l i f e  span. Dr. Meln ick sa id  
the re  was a suggest ion t h a t  t he  decreased incidences o f  lymphomas might  be 
r e l a t e d  t o  body weight  d i f f e rences  i n  the  dosed animals compared t o  cont ro ls .  
D r .  Klaassen noted the  s i m i l a r i t y  o f  t he  nonneoplast ic  t o x i c  changes i n  the  
r e s p i r a t o r y  ep i the l i um o f  the  nasal passages t o  those seen w i t h  formaldehyde and 
thought a comparison o f  the  t o x i c i t y  would be o f  i n t e r e s t  e s p e c i a l l y  i n  view o f  
the  d i f f e r e n c e s  i n  carc inogen ic i ty .  Dr .  S. Eus t is ,  NIEHS, comnented t h a t  the  
most prominent analogous l e s i o n  was squamous metaplasia, which was extensive i n  
the  formaldehyde s tud ies  b u t  was foca l  and l i m i t e d  i n  ex ten t  i n  the  CS2 studies. 
However, w i t h o u t  ac tua l  q u a n t i t a t i v e  da ta  obta ined from morphometry o r  c e l l  
tu rnover  s tudies,  more than d e s c r i p t i v e  comparisons would be d i f f i c u l t .  

Dr. Davis, the  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He asked 
why a  low dose i n  mice more comparable t o  the  lowest dose i n  r a t s  was n o t  used. 
D r .  Meln ick repor ted  t h a t  i n  r a t s  there  seemed t o  be a  g rea te r  chemical - re lated 
e f f e c t  on body weight as w e l l  as on l es ions  w i t h i n  t h e . r e s p i r a t o r y  t r a c t  than i n  
mice i n  p rechron ic  s tudies.  Since a  no-effect- level(N0EL) was no t  achieved i n  
r a t s  i n  p rechron ic  s tudies,  a lower dose was used i n  the  two-year s tud ies  i n  an 
at tempt t o  reach a  NOEL. A much lower dose i n  the  two-year mice s tud ies  was not  
necessary s ince  e f f e c t i v e l y  a  NOEL had been achieved i n  the  prechronic studies. 

There was some d iscuss ion  about the  renal  t u b u l a r  c e l l  adenomas seen i n  two 
female r a t s  i n  t he  mid-dose exposure group. Dr .  Eus t i s  expla ined t h a t  because 
tumors were n o t  seen i n  e i t h e r  t he  low o r  h igh  exposure groups and there  was no 
support ing hyperplas ia,  the  neoplasms were n o t  considered t o  be r e l a t e d  t o  
exposure t o  CS2. Drs. Gold, Zeise and Davis quest ioned the  adequacy o f  the 
h i s topa tho log i ca l  examination o f  the  kidneys i n  r a t s  and suggested t h a t  the  
t i ssues  may have been underexamined f o r  tumors. 



Dr. Klaassen moved tha t  the Technical Report on o-chlorobenzalmalononitrlle be 
accepted wi th  the conclusions as wr i t ten  f o r  male and female r a t s  and mice, no 
evidence o f  carcinogenic a c t i v i t y .  Dr. Davis seconded the motion, which was- 
accepted unantmously wi th  eleven votes. 



l -Epinephr ine Hydrochlor ide. Dr. D. D ie tz ,  NIEHS, NTP Study S c i e n t i s t ,  
in t roduced the  tox i co logy  and carcinogenesis s tud ies  o f  l -ep inephr ine  
hydroch lor ide  by rev iewing the  experimental design and resu l t s .  He noted there 
were no increases i n  the  inc idence o f  neoplas ia t h a t  were judged t o  be exposure- 
r e l a t e d  w h i l e  non-neoplast ic degenerat ive in f lamnatory  l es ions  o f  the  nasal 
mucosa were seen a t  h igher  incidences i n  exposed r a t s  and mice. Dr. S. Eust is ,  
NIEHS, comnented on how doses were se lec ted  f o r  t he  two-year studies. Exposure 
concent ra t ions  were se lec ted  t o  represent  m u l t i p l e s  o f  human therapeut ic  l e v e l s  
used i n  the  t reatment  o f  asthma, and were a r r i v e d  a t  on the  bas i s  o f  con-
s u l t a t i o n  w i t h  the  nominat ing agency. He acknowledged t h a t  t h i s  r a t i o n a l e  was a 
departure from usual procedures fo l lowed i n  s e l e c t i n g  doses f o r  carcinogenesis 
s tudies.  He asked f o r  t he  Pane l ' s  guidance on the  way the  conclusions a re  
s ta ted  i n  t he  Technical Report and on whether o r  n o t  t he  s tud ies  c o n s t i t u t e  a 
c a r c i n o g e n i c i t y  s tudy o r  r a t h e r  a chron ic  t o x i c i t y  study. 

Dr. Gold, a ~ r i n c i ~ a l  asreviewer, d i d  n o t  agree w i t h  the  conclusions s ta ted  i n  
the  repo r t ,  no evidence o f  carc inogenic a c t i v i t y .  She s a i d  a l l  f o u r  experiments 
should be termed inadequate study o f  carc inogenic a c t i v i t y .  As i t  was noted i n  
the  t e x t  t h a t  the  h igh  dose i n  mice was approximately one-eighth and i n  r a t s  
one- four th o f  t he  est imated maximum t o l e r a t e d  dose (MTD), she thought the  repo r t  
should be r e t i t l e d  as something o the r  than a carcinogenesis study. Dr .  Gold 
s ta ted  t h a t  a statement should be inc luded i n  the  Abst rac t  and elsewhere 
emphasizing t h a t  t he  s tud ies  were conducted a t  doses considerably lower than the 
MTD. Dr .  D i e t z  comnented t h a t  on a pg l kg  body weight  basis,  t he  h igh  dose i n  
r a t s  and mice ranged from approximately t en  t o  twenty t imes the  human 
the rapeu t i c  dose. He noted t h a t  h igher  concentrat ions were no t  used i n  order  
t o  avo id  confounding va r iab les  associated w i th *  t h e - p o t e n t  pharmacological a c t i o n  
o f  epinephrine. Fur ther ,  he added t h a t  there  were microscopic changes i n  the  
nasal mucosa i n  bo th  the  13-week and two-year s tudies.  Dr. Gold asked f o r  
d iscuss ion  as t o  whether the  u terus  might  be a t a r g e t  organ i n  female mice. 
She quest ioned whether the  endometrial stromal polyps had been adequately 
d i s t i ngu i shed  from adenomas o r  adenomatous polyps and noted t h a t  t he re  were 
th ree  adenocarcinomas o f  the  u terus  i n  dosed animals. Dr .  E u s t i s  i n d i c a t e d  t h a t  
these tumors would have been examined du r ing  q u a l i t y  assessment (QA) and 
pathology working group (PWG) review and were accurate. 

Dr .  S i l b e r g e l d  was concerned t h a t  the  doses used were i n s u f f i c i e n t  t o  p rov ide  a 
good tox i co logy  study, and was a l s o  concerned as t o  how thoroughly . 
non-neoplast ic e f f e c t s  were examined, p a r t i c u l a r l y  i n  t a r g e t  t i ssues  such as the 
adrenal glands and the  nervous system. Dr .  Eus t i s  s a i d  the  t a r g e t  organs f o r  
h is topatho logy  q u a l i t y  assessment were considered t o  be the  nasal c a v i t y  and 
lungs a l though the  adrenal glands and o ther  t i ssues  were examined. 

D r .  Hayden, the  second p r i n c i p a l  reviewer, thought t he  experimental design 
appeared adequate as the  dose l e v e l s  chosen were s u f f i c i e n t  t o  cause damage t o  
the  nasal ep i the l i um w i thou t  a f f e c t i n g  growth r a t e  o r  s u r v i v a l  o f  dosed r a t s  o r  
mice. He comnented t h a t  no evidence o f  carcinogenesis was found. 

Dr. Zeise moved t h a t  the  Technical Report on l -ep inephr ine  be accepted b u t  w i t h  
the  conclusions f o r  male and female r a t s  and mice changed t o  an inadequate study 
o f  carc inogenic a c t i v i t y .  Dr. Garman seconded the  motion. Dr. Zeise s a i d  her 
mot ion was based both  on the  f a c t  o f  t he  doses se lec ted  being w e l l  below the  MTD 
and as w e l l  u n c e r t a i n t y  as t o  whether the  doses used were adequate t o  represent 



human therapeut ic  levels.  I n  fo l l ow ing  discussion, Dr.  S i l be rge ld  sa id  she was 
not  convinced t h a t  the doses used were even s u f f i c i e n t  t o  e l i c i t  pharmacologic 
signs analogous t o  those seen i n  humans given a therapeut ic  dose. 
Dr .  Klaassen s ta ted t h a t  using the cur rent  d e f i n i t i o n  o f  a carc inogenic i ty  
study, i f  negatives are  obtained and the doses are  below an MTD, the studies are 
inadequate f o r  detec t ing whether o r  no t  there i s  carcinogenic a c t i v i t y  o f  the 
chemical. The motion was accepted by ten yes votes t o  one no vote (Carlson). 



Ethylene Thiourea. Dr. R. S. Chhabra, NIEHS, NTP Study S c i e n t i s t ,  in t roduced 
the  tox i co logy  and carcinogenesis s tud ies  o f  ethy lene th iou rea  (ETU) by 
rev iewing the  experimental  design, r e s u l t s ,  and proposed conclusions. The study 
design inc luded both  convent ional two-year exposure o f  a d u l t  animals and 
p e r i n a t a l  exposure. The s tud ies  were designed t o  compare and evaluate the  
p o t e n t i a l  va lue o f  p e r i n a t a l  exposures i n  assessing chemical carc inogen ic i ty .  
The conclus ions i n  t he  d r a f t  r e p o r t  were: 

Under the  cond i t i ons  o f  these 2-year s tudies,  t he re  was c l e a r  evidence o f  
carc inogenic a c t i v i t y  o f  ethy lene th iou rea  f o r  male and female F344lN ra t s ,  
as shown by Increased incidences o f  t h y r o i d  f o l l i c u l a r  c e l l  neoplasms and 
Zymbal's g land neoplasms. The increased inc idences o f  mononuclear c e l l  
leukemia i n  males and females and rena l  t u b u l a r  c e l l  neoplasms i n  males 
may have been chemical ly- re lated.  There was c l e a r  evidence o f  carcinogenic 
a c t i v i t y  f o r  male and female B6C3F1 mice, as shown by  increased incidences 
o f  t h y r o i d  f o l l i c u l a r  c e l l  neoplasms, hepa toce l l u la r  neoplasms and adenomas 
o f  t he  pars d i s t a l i s  i n  t he  p i t u i t a r y  gland. 

Dr. Garman, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He s a i d  the  
dosages se lec ted  appeared t o  be appropr iate.  He thought some comnents could be 
added t o  the  d iscuss ion  t o  the  e f f e c t  t h a t  t he  proposed mechanism o f  t h y r o i d  
c a r c i n o g e n i c i t y  i s  probably charac ter ized by a threshhold. Dr. R. Griesemer, 
NIEHS po in ted  out  t h a t  w h i l e  a th resho ld  f o r  development o f  the  t h y r o i d  tumors 
may be a p l a u s i b l e  concept, he was n o t  aware o f  any pub l ished evidence 
support ing it. 

D r .  Carlson, t he  second p r i n c i p a l  reviewer, agreed w i th *  the  conclusions. He 
thought the  evidence f o r  t he  importance o f  the  p e r i n a t a l  exposure t o  be no t  very 
strong. D r .  Chhabra s ta ted  t h a t  p e r i n a t a l  p l u s  a d u l t  exposure a t  the  h ighest  
concentrat ions s i g n i f i c a n t l y  increased the  inc idence of t h y r o i d  g land neoplasms 
i n  male and female ra t s ,  r e l a t i v e  t o  a d u l t  exposure only.  

D r .  McKnight, t he  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. She 
s a i d  t h a t  i f  i n t e r e s t  centered on comparing the  e f f e c t s  o f  p e r i n a t a l  (Fo) 
exposure and standard a d u l t  feeding (F1) exposure, r a t h e r  than t rends i n  tumor 
inc idence as concentrat ions o f  bo th  Fo and F1 exposure increased, i t  was no t  
c l e a r  what purpose the  t reatment  groups w i t h  lowest Fo and F1 exposure served. 
Some o f  t he  reviewers expressed d i f f i c u l t i e s  i n  f u l l y  understanding s t a t i s t i c a l -  
comparisons repor ted  i n  the  tables. 

There was considerable d iscussion about t he  na ture  o f  t he  assoc ia t i on  between 
chemical exposure and the  p r o l i f e r a t i v e  l es ions  i n  t he  t h y r o i d  gland. 
Dr .  S i l b e r g e l d  had prepared a t a b l e  comparing incidences o f  these l es ions  across 
dose groups i n  r a t s  w i t h  b lood l e v e l s  o f  t h y r o i d  hormones i n  animals s a c r i f i c e d  
a t  n ine  months. She discussed the  p o s s i b i l i t y  o f  t he re  being an i n d i r e c t  e f f e c t  
o f  ETU on the  t h y r o i d  a l though the  data do n o t  a l l o w  a conclus ion t o  be drawn. 
Dr .  Scala s a i d  a more robust  s t a t i s t i c a l  t reatment  was needed. However, 
Dr. McKnight caut ioned aga ins t  overemphasis on P values as biochemical values 
such as hormone l e v e l s  a re  n o t  a v a i l a b l e  f o r  many t ime p o i n t s  where data on 
p r o l i f e r a t i v e  l es ions  a re  ava i lab le .  Dr .  Carlson s a i d  the  Panel should no t  
over look the  o the r  tumors t h a t  were increased. Dr .  Ashby opined t h a t  the  
evidence supported ETU as being mutagenic. Dr. Scala suggested t h a t  the  
enhanced e f f e c t s  on the  t h y r o i d  might  be due o n l y  t o  the  longer exposure pe r iod  



and not  necessar i ly  t o  a d i f f e r e n t  mechanism. Dr.  Klaassen commented t ha t  a 
s i g n i f i c a n t  po in t  about t h i s  study was t ha t  one would have expected i n  utero 
exposure t o  be a much more sens i t i ve  way t o  detect  carcinogens and a t  l eas t  i n  
t h i s  case, i t  was not. 

Dr. Zeise comnented on the occurrence o f  the uncomnon tubu lar  c e l l  neoplasms i n  
rats. She observed t ha t  recent NTP experience has shown tha t  add i t iona l  animals 
w i t h  renal tumors may have been missed i n  the histopathogical  examination 
(s ing le  sections), and suggested f u r t he r  h istopathological  examination (step- 
sections) t o  determine whether the observed neoplasms are re la ted  t o  ETU expo- 
sure. Dr .  Eust is  ind icated t ha t  NTP would consider the recomnendation. 

The consensus o f  the Panel was t ha t  there was not  an overwhelming e f f e c t  o f  
pe r ina ta l  exposure t o  ETU on increased incidences o f  neoplast ic  les ions and tha t  
be t t e r  data presentat ion would help h i g h l i g h t  whave f fec ts  there were o f  
treatment f o r  the reader o f  the report. Dr.  Gold suggested t h a t  the resu l t s  
should be reorganized and reported i n  terms o f  three questions addressed by the 
experimental design: (1) were there e f f ec t s  o f  pe r ina ta l  exposure?; (2) were 
there carcinogenic e f f ec t s  i n  a t yp i ca l  two-year bioassay?; and (3) d i d  perina- 
t a l  exposure enhance o r  potent ia te  carcinogenic e f f ec t s  seen i n  a subsequent 
two-year bioassay? 

Dr .  Garman moved t ha t  the Technical Report on ethylene th iourea be deferred f o r  
f u r t he r  considerat ion so t ha t  the questions ra ised could be addressed i n  a 
rev is ion  of the report.  Dr. Hayden seconded the motion, which was accepted 
unanimously w i t h  eleven votes. 



Fur fu ra l .  Dr. R.D. I r w i n ,  NIEHS, NTP Study S c i e n t i s t ,  in t roduced the  tox ico logy  
and carcinogenesis s tud ies  o f  f u r f u r a l  by rev iewing the  experimental  design, 
r e s u l t s ,  and proposed conclusions: 

Under the  cond i t i ons  o f  these 2-year gavage studies,  t he re  was -some 
evidence o f  carc inogenic a c t i v i t y  o f  f u r f u r a l  f o r  male F344lN ra t s ,  based 
on increased inc idences o f  cholanniocarcinomas and b i l e  duc t  dysp las ia  and 
f i b r o s i s .  There was no evidence o f  carc inogenic a c t i v i t y  f o r  iemale F3441N 
r a t s  t h a t  received doses o f  0, 30, o r  60 mglkg f u r f u r a l .  There was c l e a r  
evidence o f  carc inogenic a c t i v i t y  f o r  male B6C3F1 mice, based on increased 
inc idences o f  h e ~ a t ~ ~ e l l ~ l a r  carcinomas.adenomas and h e D a t 0 ~ e l l ~ l a r  
There was some evidence o f  carc inogenic a c t i v i t y  i n  female B6C3F1 mice, 
based on increased incidences o f  hepa toce l l u la r  adenomas. Renal c o r t i c a l  
adenomas o r  carcinomas i n  male mice and squamous c e l l  papi l lomas o f  the  
forestomach i n  female mice may have been r e l a t e d  t o  exposure t o  f u r f u r a l .  

D r .  Ashby, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions f o r  male r a t s  and 
male and female mice a l though he comnented t h a t  t he  bas i s  f o r  t he  l e v e l s  o f  
evidence should be more p r e c i s e l y  defined. Dr. I r w i n  comnented t h a t  the  
d i f f e r e n c e  i n  l e v e l s  o f  evidence f o r  mice der ived from the re  being s i g n i f i c a n t  
dose-re lated increases i n  bo th  hepa toce l l u la r  adenomas and carcinomas i n  males 
as opposed t o  increases o n l y  i n  adenomas i n  female mice. Dr. Ashby thought the 
concius ion i n  female r a t s  cou ld  be inadequate study o f  carc inogenic a c t i i i t y  due 
t o  the  reduced s u r v i v a l  i n  t he  h igh  dose group. 

Dr .  Hayden, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions f o r  male 
r a t s  and male and female mice. For female r a t s ,  due t o  poor s u r v i v a l ,  he 
wondered whether t he re  were adequate numbers t o  make a v a l i d  assessment o f  
ca rc inogen ic i t y .  Dr. I r w i n  s a i d  o v e r a l l  s u r v i v a l  i n  h igh  dose female r a t s  was 
considered t o  be adequate f o r  eva lua t i on  p a r t i c u l a r l y  s ince  the re  was no 
i n d i c a t i o n  o f  l es ions  i n  animals s u r v i v i n g  t o  the  end o f  the  study. He sa id  
t h a t  two se ts  o f  s u r v i v a l  curves w i l l  be shown i n  the  repor t - -  censored and 
uncensored. D r .  Hayden comnented t h a t  based on l i k e l y  human occupational 
exposure dermal o r  i n h a l a t i o n  rou tes  o f  a d m i n i s t r a t i o n  would have been more 
appropr iate.  

Dr .  Gold, t he  t h i r d  p r i n c i p a l  reviewer, agreed i n  p r i n c i p l e  w i t h  the  
conclusions. She comnented t h a t  the  most widespread expsoure t o  f u r f u r a l  i s  i n  
the  d i e t  o f  the  general popu la t ion  and i t  should be s ta ted  i n  t he  i n t r o d u c t i o n  
t h a t  the  chemical i s  a n a t u r a l l y  occu r r i ng  cons t i t uen t  o f  many comnon foods. 
With respect  t o  t he  l i v e r  tumors i n  mice, Dr .  Gold s a i d  the  t e x t  should say t h a t  
the  tumors were s i g n i f i c a n t l y  increased on l y  i n  the  h igh  dose o f  each sex and 
t h a t  t he  maximum t o l e r a t e d  dose (MTD) was n o t  reached. She quest ioned the  
eva lua t i on  o f  some evidence based s o l e l y  on hepa toce l l u la r  adenomas because the 
evidence was l e s s  s t rong f o r  the  combined incidences o f  hepa toce l l u la r  adenomas 
and carcinomas. She noted t h a t  4/50 female c o n t r o l s  had hepa toce l l u la r  
carcinomas. Dr. R. Griesemer, NIEHS, s a i d  o n l y  t he  responses o f  dose-related 
increases i n  adenomas con t r i bu ted  t o  the  l e v e l  o f  evidence and no t  t he  
inc idences o f  carcinomas. Dr .  J. Haseman, NIEHS, s a i d  the  inc idences o f  
carcinomas cou ld  be inc luded and discussed i n  the  Abstract.  Th is  was agreeable 
t o  D r .  Gold. 

With respect  t o  b i l e  duc t  neoplasms, Dr. Gold a l s o  asked t h a t  the  conclusions 
s t a t e  t h a t  two dosed male r a t s  developed neop las t ic ,  and two non-neoplastic, 



b i l e  duc t  lesions. She thought t h a t  t he  l e v e l  o f  some evidence would be 
supported even i f  the  MTD had no t  been reached, i f  b i l e  duc t  dysp las ia  and 
f i b r o s i s  were uncomnon, and i f  the  animals w i t h  these non-neoplast ic les ions  
d ied  e a r l y  from other  causes and the re fo re  d i d  no t  have t ime t o  develop 
neoplasms. Dr .  I r w i n  s a i d  the  b i l e  duc t  l es ions  were h i s t o l o g i c a l l y  s i m i l a r  t o  
the  cholangiocarcinomas, would progress, and thus they d i d  support some e v i -  
dence. He s a i d  t h a t  based on l i v e r  t o x i c i t y  and m o r t a l i t y  i n  the  9 0 - d a y u d i e s  
h igher  doses l i k e l y  would no t  have been to le ra ted.  

I n  f u r t h e r  discussion, Dr .  Zeise questioned why the  increases i n  uncomnon 
squamous papi l lomas and mesenteric tumors i n  t rea ted  r a t s  were no t  g iven more 
weight i n  the  evaluat ion,  g iven the  occurrence o f  squamous c e l l  papi l lomas o f  
t he  forestomach i n  female mice. Dr .  Eus t i s  i nd i ca ted  t h a t  i t  was d i f f i c u l t  t o  
f i n d  a b i o l o g i c a l  reason f o r  them being r e l a t e d  t o  treatment. 

D r .  Ashby moved t h a t  t he  Technical Report on f u r f u r a l  be accepted w i t h  the  
conclusions as w r i t t e n  b u t  w i t h  the  p r o v i s i o n  t h a t  t he  l e v e l s  o f  evidence were 
l ess  than c learcut .  As p a r t  o f  t he  motion, he s a i d  the  f o l l o w i n g  c l a r i f y i n g  
language should be inc luded i n  the  repor t :  (1) a j u s t i f i c a t i o n  f o r  t he  dose 
l e v e l s  used and t h a t  MTDs were achieved; (2) i n  male ra ts ,  an explanat ion o f  how 
the non-neoplast ic b i l e  duc t  l es ions  were essen t ia l  t o  the  l e v e l  o f  evidence; 
(3) i n  female ra ts ,  c l e a r  j u s t i f i c a t i o n  f o r  why the  study was no t  inadequate; 
(4) i n  male mice, an explanat ion f o r  the  l e v e l  o f  evidence selected; and (5) i n  
female mice, an explanat ion f o r  why the  forestomach papi l lomas were no t  p a r t  o f  
t he  l e v e l  o f  evidence. Dr .  Hayden seconded the  motion, which was accepted by 
n ine  yes votes w i t h  two abstent ions. Dr.  Garman abstained f o r  reasons o f  
company a f f i l i a t i o n  w h i l e  Dr .  Zeise abstained+becausevshetthought t h a t  two other  
tumor types, mesenteric tumors i n  male r a t s  and forestomach tumors i n  female 
r a t s  and mice, should have been considered i n  the  evaluat ion. 



- - 

Tetranitromethane. Dr .  3.  R. Bucher, NIEHS, NTP Study S c i e n t i s t ,  in t roduced the  
tox i co logy  and carcinogenesis s tud ies  o f  te t ran i t romethane by rev iewing the  
experimental  design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t i ons  o f  these 2-year i n h a l a t i o n  studies,  t he re  was -c l e a r  
evidence o f  carc inogenic a c t i v i t y  o f  te t ran i t romethane f o r  male and female 
F344lN r a t s  and male and female B6C3F1 mice, based on increased incidences 
o f  a l veo la r /b ronch io la r  neoplasms i n  bo th  species and squamous c e l l  
carcinomas o f  the  lung i n  ra ts .  

Chronic i n f l amna t ion  o f  the  nasal mucosa was r e l a t e d  t o  exposure i n  r a t s  
and mice, and hyperp las ia  and squamous metaplas ia o f  t he  r e s p i r a t o r y  
e p i t h e l i u m  were increased i n  exposed ra ts .  

Dr. Gold, a p r i n c i p a l  reviewer, agreed w i t h  the  conolusions f o r  carc inogenic 
a c t i v i t y  b u t  s a i d  there  were some inaccuracies w i t h  the  nonneop1ast ic: lesions 
l i s t e d  which needed t o  be corrected. Dr. Bucher agreed. Dr. Gold urged 
emphasizing i n  the  conclusions the  markedly increased inc idences o f  carcinomas 
a lone and t h a t  t he re  were many metastases. She s ta ted  t h a t  t he  OSHA a l lowab le  
worker exposure l e v e l  (PEL) i s  c lose  t o  the  concentrat ions o f  te t rani t romethane 
t h a t  induced tumors i n  rodents and t h a t  t h i s  should be po in ted  out  i n  t he  
d iscussion.  D r .  Bucher concurred. 

D r .  Ashby, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He sa id  
the  carc inogenic response was q u a l i t a t i v e l y  p r e d i c t a b l e  by chemical s t r u c t u r e  
and mutagen ic i ty  da ta  b u t  t he  potency o f  t he  response was no t  p red ic tab le .  He 
comnented on the  h igh  l e v e l s  o f  a l v e o l a r / b r o n c h i o ~ l a r  neoplasms i n  c o n t r o l  
animals, p a r t i c u l a r l y  i n  male mice. Dr. Bucher r e p l i e d  t h a t  t he  c o n t r o l  
inc idences o f  tumors i n  a l l  the  sex/species combinations were approximately 
equal t o  h i s t o r i c a l  c o n t r o l  rates. 

Dr. Zeise, the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. She sa id  
the  p o s s i b i l i t y  should be considered t h a t  te t ran i t romethane exposure may have 
r e s u l t e d  i n  sarcomas o f  t he  lung i n  female ra ts .  Dr .  Bucher s a i d  the  s t a f f  was 
no t  convinced o f  an assoc ia t i on  o f  these tumors w i t h  chemical exposure. 
Dr Zeise asked i f  an epidemiologic  study was planned cons ider ing  t h a t  t he  
exposure concentrat ions were n o t  much h igher  than those t o  which workers are  
exposed. Dr. Bucher noted t h a t  bo th  EPA and NIOSH a r e  i n t e r e s t e d  i n  doing such 
a study i f  an appropr ia te  worker group can be i d e n t i f i e d .  

Discussion centered around the  issue o f  i n c l u d i n g  da ta  on nonneoplast ic les ions  
i n  t he  a b s t r a c t  and conclusions; i n  t h i s  case, l es ions  o f  t he  nasal passages. 
Dr .  S. Eus t is ,  NIEHS, comnented t h a t  inc idence ra tes  a lone were no t  very 
i n f o r m a t i v e  w i t h o u t  measures o f  s e v e r i t y  o f  the  i r r i t a t i o n  o r  i n j u r y .  A l l  
nonneoplast ic  l es ions  a r e  graded by the  o r i g i n a l  s tudy p a t h o l o g i s t  and 
i n fo rma t ion  i s  added i n  the  t e x t  when considered re levan t  t o  i n t e r p r e t a t i o n  o f  
e f f e c t s .  S e v e r i t y  grades cou ld  be inc luded f o r  a l l  nonneoplast ic  l es ions  where 
increases a r e  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 a re  a l s o  considered b i o l o g i c a l l y  
s i g n i f i c a n t .  

D r .  Gold moved t h a t  the  Technical Report on te t ran i t romethane be accepted w i t h  
the  conclus 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  evidence o f  
carc inogenic a c t i v i t y ,  and t h a t  the  sentence on nonneoplast ic l es ions  be changed 



t o  r e f l e c t  more p rec ise ly  the resul ts .  Dr.  Ashby seconded the motion. Dr.  
Zeise o f fe red  an amendment t h a t  the lung sarcomas and mixed malignant tumor i n  
female r a t s  be mentioned under neoplast ic  e f f e c t s  i n  the sumnary t ab l e  i n  the 
Abstract. Dr.  S i l be rge ld  seconded the amendment, which was accepted by e igh t  
yes votes t o  three no votes (Gold, Hayden, Klaassen). The Panel then accepted 
the o r i g i n a l  motion by Dr .  Gold unanimously w i t h  eleven yes votes. 



Vin 1 Toluene. Dr.  G. A. Boorman, NIEHS, NTP Study Sc ien t i s t ,  introduced t h e  
-d carcinogenesis studies o f  v i n y l  toluene by reviewing the 
experimental design, resu l ts ,  and proposed conclusions: 

Under the conclusions o f  these 2-year inha la t ion  studies, there was no 
evidence o f  carcinogenic a c t i v i t y  f o r  male o r  female F344lN r a t s  exposed 
t o  100 o r  300 ppm v iny l  toluene and no evidence o f  carcinogenic a c t i v i t y  
f o r  male o r  female B6C3F1 mice exposed t o  10 o r  25 ppm. 

There was evidence o f  chemical-related t o x i c i t y  t o  the nasal passage i n  
both r a t s  and mice. 

Dr .  Ashby, a p r i nc i pa l  reviewer, agreed w i t h  the conclusions. He comnented on 
the decreased incidences o f  three tumor types i n  exposed groups o f  mice --
lymphomas and pulmonary neoplasms i n  males and+l iver~neoplasms i n  females. He 
sa id  the repo r t ' s  c l ass i f y i ng  v i n y l  toluene as a mutagen was based on s l i m .  
evidence. 

Dr .  Garman, the second p r i nc i pa l  reviewer, agreed w i t h  the conclusions. With 
regard t o  the technical  aspects o f  the study, he asked f o r  an explanat ion9as t o  
why l i q u i d  v i n y l  toluene entered the inha la t ion  chambers. He said t h i s  raised 
questions about the technical  conduct o f  the study. Dr .  Boorman explained tha t  
there was a dosing accident w i t h  one chamber 21 weeks i n t o  the study whereby s i x  
mice were exposed t o  the l i q u i d  chemical. The animals were removed from the 
study and he d i d  not  th ink  the inc ident  re f lec ted  on the overa l l  conduct o f  the 
study. 

Dr .  Ashby moved t ha t  the Technical Report on v i ny l  toluene be accepted w i t h  the 
conclusions as w r i t t e n  f o r  male and female r a t s  and mice, no evidence o f  
carcinogenic a c t i v i t y .  Dr.  Garman seconded the motion, which was accepted 
unanimously w i t h  eleven yes votes. 



TOXICITY STUDIES 

Pentachlorobenzene. Dr. M. M. McDonald, NIEHS, NTP Study S c i e n t i s t ,  in t roduced 
the  shor t - te rm t o x i c i t y  s tud ies  o f  pentachlorobenzene by rev iewing the  
r a t i o n a l e ,  experimental  design, and resu l t s .  Pentachlorobenzene was 
adminis tered by the  dosed feed rou te  t o  groups o f  F344lN r a t s  and B6C3F1 mice o f  
both sexes f o r  15-days o r  13-weeks. I n  15-day studies,  a l l  r a t s  exposed t o  the 
h ighes t  dose, 10,000 ppm, and a l l  mice exposed t o  3,300 o r  10,000 ppm died. O f  
exposed r a t s  t h a t  survived, males had an accumulation o f  abnormal hya l i ne  
d r o p l e t s  i n  renal  c o r t i c a l  ep i the l i um and females had c e n t r i l o b u l a r  
hepa toce l l u la r  hypertrophy. Chemical-related h i s t o l o g i c  l es ions  were no t  
observed i n  exposed mice. I n  13-week studies,  no compound-related deaths 
occurred. The most prominent h i s t o l o g i c  l e s i o n  i n  male r a t s  was hya l i ne  
d r o p l e t  nephropathy. C e n t r i l o b u l a r  hepa toce l l u la r  hypertrophy was observed i n  
exposed male and female rats .  The on l y  exposure-related h i s t o l o g i c  l e s i o n  i n  
mice o f  e i t h e r  sex was c e n t r i l o b u l a r  hepa toce l l u la r  hypertrophy.. Increased 
l i v e r  po rphy r in  l e v e l s  were noted i n  r a t s  and mice exposed t o  h igher  
concentrat ions o f  pentachlorobenzene. Min imal- to-mi ld t h y r o i d  f o l l i c u l a r  c e l l  
hypertrophy was present  i n  male and female r a t s  a t  the  two h ighes t  doses. A 
min imal- to-mi ld m ic rocy t i c ,  m i l d l y  hypochromic, p o o r l y  regenera t ive  anemia was 
observed i n  dosed ra ts .  The no-observed e f f e c t  l e v e l s  (NOELS) f o r  h i s t o l o g i c  
l es ions  were 33 ppm f o r  male r a t s  and 330 ppm f o r  female ra ts .  The NOEL f o r  
h i s t o l o g i c  l es ions  i n  female mice was 100 ppm. NOEL was n o t  reached f o r  male 
mice. 

D r .  Klaassen, a  p r i n c i p a l  reviewer, s a i d  t h i s  represented a  good t o x i c i t y  study 
w i t h  the  main e f f e c t s  observed on the  l i v e r ,  t h y r o i d  and male r a t  kidney. He 
s a i d  a  t a b l e  f o r  organ weights and more cons i s ten t  p resen ta t i on  would be 
h e l p f u l .  D r .  Klaassen asked f o r  more d iscuss ion  o f  chemical e f f e c t s  on the  
t h y r o i d  and whether o r  n o t  the  e f f e c t s  were d i r e c t  o r  i n d i r e c t .  
Dr. M. Thompson, NIEHSy s a i d  the  data d i d  n o t  support a  d i r e c t  e f f e c t .  

D r .  Davis, a second p r i n c i p a l  reviewer, s a i d  t h a t  an exp lanat ion  f o r  t he  vent ra l  
body s w e l l i n g  i n  mice a t  the  h ighes t  dose would be o f  i n t e r e s t .  Dr. McDonald 
s a i d  the  increase i n  l i v e r  weight  and s i z e  would probably acccount f o r  the  
swel l ing.  Dr. Davis asked f o r  more p rec i se  d e f i n i t i o n s  o f  t he  s e v e r i t y  code f o r  
les ions ,  i.e., what do minimal, m i l d  and marked mean? 

Dr. S i l b e r g e l d  comnented t h a t  mon i to r ing  o f  de fec ts  on porphyr in  metabolism 
might  be a  s e n s i t i v e  i n d i c a t o r  o f  t o x i c  response y e t  the  method used t o  measure 
porphyr ins  was an i n s e n s i t i v e  one. She noted the  observat ion o f  severe 
n e u r o t o x i c i t y  i n  h igh  dose mice y e t  no attempt t o  q u a n t i f y  these observations. 
Dr .  Scala s a i d  t h a t  s ince many o f  these shor t - term t o x i c i t y  s tud ies  were stand 
a lone experiments, i t  behooved the  NTP t o  charac ter ize  t o x i c  s igns as completely 
as possib le.  D r .  R. Yang, NIEHS, s a i d  t h i s  study was designed as p a r t  o f  the  
Superfund program w i t h  emphasis on f i l l i n g  da ta  gaps, and s ince there  were no t  
any good chron ic  s tud ies  on pentachlorobenzene, the  emphasis had been more on 
range f i n d i n g  f o r  f u r t h e r  chronic  evaluat ions.  



1,2,4,5-Tetrachlorobenzene. Dr. M. M. McDonald, NIEHS, NTP Study S c i e n t i s t ,  
in t roduced the  short - term t o x i c i t y  s tud ies  o f  1,2,4,5-tetrachlorobenzene by 
rev iewing the  ra t i ona le ,  experimental design, and resu l t s .  1,2,4,5-Tetra-
chlorobenzene was administered by the  dosed feed route  t o  groups o f  F3441N r a t s  
and B6C3F1 mice o f  both sexes f o r  14-days and 13-weeks. I n  the  14-days studies, 
a l l  r a t s  surv ived b u t  a l l  mice i n  the  top  dose group (3000 ppm) died. The on ly  
s i g n i f i c a n t  h i s t o l o g i c  l es ions  were accumulations o f  abnormal hya l i ne  d rop le ts  
i n  renal  c o r t i c a l  ep i the l i um o f  male rats.  I n  13-week studies, a1 1 r a t s  
survived; two female mice i n  the  top-dose group were k i l l e d  i n  a moribund 
condi t ion.  Hyal ine d r o p l e t  nephropathy was observed i n  t rea ted  male rats.  
C e n t r i l o b u l a r  hepa toce l l u la r  hypertrophy was observed i n  the  l i v e r s  o f  exposed 
male and female ra ts .  Minimal t o  m i l d  c e n t r i l o b u l a r  hepa toce l l u la r  hypertrophy 
and hepatocyte degeneration were seen i n  mice. Thyroid f o l l i c u l a r  c e l l  
hypertrophy was present  i n  male and female rats.  Decreased values f o r  
hemoglobin concentrat ion,  mean corpuscular hemoglobin; hematocist, and mean 
c e l l  volume ind i ca ted  a moderate, poo r l y  regenerat ive m i c r o c y t i c  anemia i n a  
both  species. The NOEL f o r  h i s t o l o g i c  l es ions  was 30 ppm f o r  female ra ts ;  a 
NOEL was no t  observed f o r  male rats.  The NOEL f o r  h i s t o l o g i c  l es ions  i n  male 
and female mice was 300 ppm. 

Dr. Klaassen, a p r i n c i p a l  reviewer, s ta ted  t h a t  some o f  t he  more important data 
should be a v a i l a b l e  i n  the  t e x t ;  i n  p a r t i c u l a r ,  he thought the  t h y r o x i n  data 
should be i n  a t a b l e  i n  the  tex t .  

Dr .  Longnecker, a second p r i n c i p a l  reviewer, sa id  a concise i n t e g r a t i v e  sumnary 
o f  previous s tud ies  a t  the  f r o n t  o f  t he  r e p o r t  would be he lp fu l .  He sa id  the  
r a t i o  o f  corn o i l  t o  d i e t  should be stated. 



D & C Yellow No. 11. Dr. W. C. East in ,  NIEHS, NTP Study S c i e n t i s t ,  in t roduced 
the  shor t - te rm t o x i c i t y  s tud ies  o f  D & C Yellow No. 11 by rev iewing the  
r a t i o n a l e ,  experimental  design, and resu l t s .  D & C Yellow No. 11 was 
adminis tered i n  feed a t  concentrat ions up t o  50,000 ppm t o  groups o f  F344lN r a t s  
and B6C3F1 mice o f  each sex f o r  14-days o r  13-weeks. A  separate study was done 
t o  determine e f f e c t s  on female r a t s  du r ing  a  reproduct ive  cyc le  and on t h e i r  
o f f sp r i ng .  Resu l ts  o f  14-day and 13-week s tud ies  were s i m i l a r  f o r  bo th  species 
a l though d i e t a r y  i n t a k e  o f  chemical i n  mice was more than tw ice  t h a t  i n  rats .  
There was no m o r t a l i t y .  L i v e r  weights were increased i n  dosed r a t s  and mice and 
a  dose-re lated yellow-brown pigment was observed i n  hepatocytes, Kup f fe r  c e l l s ,  
and b i l i a r y  ep i the l i um i n  bo th  sexes o f  bo th  species, and i n  t u b u l a r  ep i the l i um 
o f  the  k idney i n  bo th  sexes o f  ra ts .  Hepatoce l lu la r  degenerat ion progressed 
s l i g h t l y  i n  s e v e r i t y  w i t h  t ime o f  exposure i n  rats .  I n  male ra t s ,  a l l  dosed 
groups had increased number and s i z e  o f  hya l i ne  d r o p l e t s  i n  t u b u l a r  epithel ium. 
I n  the  p e r i n a t a l  t o x i c i t y  study, f e r t i l i t y ,  ges ta t i on  length,  l i t t e r  s ize,  and 
pup b i r t h  weights were unaf fec ted  by treatment. Microscopic eva lua t i on  showed 
les ions  i n  pups i n  a l l  dose groups s i m i l a r  t o  those descr ibed i n  l i v e r  and 
k idney of r a t s  i n  14-day and 13-week s tud ies  i n c l u d i n g  male r a t  k idney 
cytoplasmic a l t e r a t i o n s .  

Dr. Garman, a  p r i n c i p a l  reviewer, sa id  the  d r a f t  r e p o r t  was w e l l  w r i t t e n  and 
thorough. He thought the  concluding sentence o f  the  Abst rac t  was too  general. 
He recomnended t h a t  i n  t he  concluding sentences the  spec ia l  s i t u a t i o n  o f  the  
h y a l i n e  d r o p l e t  nephropathy i n  the  male r a t  should be discussed separa te ly  
from the  o the r  t o x i c  e f f e c t s  

D r .  S i l be rge ld ,  a second p r i n c i p a l  reviewer, sa idathe study was acceptable 
w i t h i n  i t s  own design. Her major c r i t i c i s m ,  however, was w i t h  the  study design 
i t s e l f  r a t h e r  than study conduct. Given t h a t  the  major c l i n i c a l  observat ions 
repor ted  i n  t he  l i t e r a t u r e  w i t h  D&C Yellow No. 11 r e l a t e  t o  i t s  a l l e r g e n i c  
p rope r t i es ,  she found i t  puzz l i ng  t h a t  the  NTP s tud ies  were n o t  done by the  
dermal route,  and t h a t  imnunotoxicology and de rma to tox i c i t y  s tud ies  were no t  
done. Dr. Eas t i n  s a i d  the  nomination t o  study t h i s  c o l o r  a d d i t i v e  s p e c i f i c a l l y  
requested the  o r a l  rou te  because o f  the  p o t e n t i a l  f o r  ingest ion.  With regard 
t o  dermal exposure, D&C Yellow No. 11 i s  approved by FDA f o r  external -  
a p p l i c a t i o n s  and i s  a  component o f  many t o p i c a l  cosmetic formulat ions.  
Dr. S i l b e r g e l d  thought t h a t  t he  pathology was inadequate f o r  t he  nervous and 
female reproduct ive  systems. 

D r .  Eas t i n  s a i d  cu r ren t  shor t - term s tud ies  a re  most o f t e n  conducted as 
p r e l i m i n a r y  t o  chron ic  s tudies,  b u t  more o f  t he  f u t u r e  prechron ic  s tud ies  w i l l  
l i k e l y  be designed t o  address t o x i c i t y  as a  separate quest ion, and 
D r .  S i l b e r g e l d i s  comnents w i l l  be h e l p f u l  i n  review o f  those designs. 
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