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SUMMARY MINUTES 
PEER REVIEW PANEL MEETING 

A p r i l  25, 1990 

3,3'-Dimethylbenzidine Dihydrochlor ide. Dr. D.L. Morgan, NIEHS, NTP Study 
S c i e n t i s t ,  in t roduced the  tox i co logy  and carcinogenesis studies o f  
3,3' -dimethyl benzid ine by d iscussing uses o f  the-chemi ca l  , descr ib ing  i t s  
b iot ransformat ion,  repo r t i ng  on the  experimental design f o r  t he  studies, and 
rev iewing the  nonneoplast ic and neop las t ic  l es ions  i n  male and female rats.  The 
proposed conclusions were tha t :  

Under the  cond i t ions  o f  these 15-month d r i n k i n g  water studies, there  was 
c l e a r  evidence o f  carcinogenic a c t i v i t y  o f  3,3'-dimethylbenzidine 
d ihydroch lor ide  f o r  male F344lN ra ts ,  as i nd i ca ted  by benign and mal ignant 
neoplasms o f  the  skin, Zymbal's gland, p r e p u t i a l  gland, l i i e r ,  o r a l  cav i ty ,  
small and la rge  i n t e s t i n e ,  lung, and mesothelium. Increased incidences o f  
neoplasms o f  the  b r a i n  may have been r e l a t e d  t o  chemical administ rat ion.  
There was c l e a r  evidence o f  carcinogenic a c t i v i t y  f o r  female F344/N rats,as 
i nd i ca ted  by benign and mal ignant neoplasms o f  the  sk in,  Zymbal's gland, 
c l i t o r a l  gland, l i v e r ,  o r a l  cav i t y ,  small and la rge  i n t e s t j n e ,  mamnary -

gland, and lung. Increased incidences o f  neoplasms o f  t he  b r a i n  may have 
been r e l a t e d  t o  chemical administ rat ion.  

Dr .  Morgan expla ined t h a t  the  s tud ies  were intended t o  l a s t  24 months b u t  were 
terminated a f t e r  15 months because o f  r a p i d l y  d e c l i n i n g  su rv i va l  o f  exposed 
animals, due p r i m a r i l y  t o  neoplasia. 

Dr .  McKnight, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. 

D r .  Zeise, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions w i t h  the 
exceptions t h a t  (1) i n d i c a t i o n  shoud be made i n  the  conclusions t h a t  the  
marg ina l l y  increased incidences o f  benign pheochromocytomas o f  t he  adrenal gland 
medulla i n  male r a t s  may have been treatment re la ted,  and (2) i n d i c a t i o n  should 
be made i n  the  conclusions t h a t  t he  marg ina l l y  increased incidences o f  
mononuclear c e l l  leukemias i n  female r a t s  may have been treatment re lated.  Dr. 
Morgan sa id  reasons f o r  no t  i nc lud ing  pheochromocytomas were t h a t  they are  
comnonly occur r ing  tumors i n  male r a t s  and there  was no t  an increased incidence 
o f  hyperplasias. With regard t o  leukemia, he noted t h a t  t he  study was 
terminated a t  15 months and most leukemias develop a f t e r  t h i s  time. Thus, the 
r a t s  were n o t  a t  r i s k  long enough t o  determine i f  leukemia was treatment 
re lated.  Dr .  Zeise i nd i ca ted  t h a t  l i v e r  neoplasia i n  the  r a t  should be reported 
according t o  the  cu r ren t  c l a s s i f i c a t i o n  system, whereby the  d iagnosis o f  
"neop las t ic  nodule1' i s  g iven as e i t h e r  "hepato c e l l u l a r  adenomaM o r  
"hyperplasia." Dr .  Morgan responded t h a t  "neop las t ic  nodule" was the  accepted 
terminology when the  s l i d e s  f o r  these l i v e r  l es ions  were read. However, f o r  
c l a r i f i c a t i o n  the re  w i l l  be an explanat ion i n  the  t e x t  t h a t  "neop las t ic  nodule" 
r e f e r s  t o  the  same l e s i o n  c u r r e n t l y  termed ' lhypatocel lu lar  adenom." Dr.  Zeise 
thought d iscuss ion should be added under study r a t i o n a l e  on whether o r  no t  data 
obtained from s tud ies  under the  benzidine dye i n i t i a t i v e  w i l l  be used i n  
eva luat ing  o r  p r e d i c t i n g  ca rc inogen ic i t y  o f  untested benzidine-derived dyes. 



Dr. Davis, the t h i r d  p r i nc i pa l  reviewer, agreed w i t h  the conclusions. 

Dr .  Wi l l iam Allaben, National Center f o r  Toxicologic Research (NCTR), reported
on the 2-year studies o f  3,3'-dimethylbenzidine dihydrochlor ide administered t o  
BALBIc mice a t  dose leve ls  ranging from 5 t o  140 ppm i n  d r ink ing  water. The 
only lesions o f  consequence i n  these studies were f a t a l  a l veo la r  c e l l  tumors o f  
the lung seen i n  a dose-related manner i n  male mice. 

Dr.  McKnight moved t ha t  the Technical Report on 3,3'-dimethylbenzidine 
dihydrochlor ide be a c c e ~ t e d  w i t h  the conclusions as w r i t t e n  f o r  male and female 
r a t i ,  c l w r  evidence o f '  carcinogenic a c t i v i t y .  Dr. Davis seconded the motion, 
which was accepted unanimously w i t h  ten votes. Dr. Zeise then moved t ha t  
mononuclear c e l l  leukemia be added t o  the conclusion f o r  female r a t s  as "may 
have been re la ted  t o  chemical administrat ion." Dr. McKnight seconded the 
motion, which was accepted by nine yes votes t o  one no vote (Gold). 



Sodium Azide. Dr. K.M. Abdo, NIEHS, NTP Study S c i e n t i s t ,  in t roduced the  
t o x i  co l  ogy and carcinogenesis s tud ies  o f  sodium azide by d iscuss ing  the  uses, 
desc r ib ing  the  experimental  design f o r  14-day, 90-day and 2-year s tudies,  
r e p o r t i n g  on s u r v i v a l  and body weight e f f e c t s  i n  male and female ra t s ,  and 
commenting on the  on l y  compound-related les ions ,  those being non-neoplast ic 
l es ions  i n  the  bra in .  The conclusions were tha t :  

Under the  cond i t i ons  o f  these 2-year s tudies,  t he re  was no evidence o f  
carc inogenic a c t i v i t y  o f  sodium azide f o r  male o r  female F344lN r a t s  
adminis tered 5 o r  10 mglkg sodium azide i n  d i s t i l l e d  water by gavage f o r  
up t o  2 years. 

Sodium azide induced necrosis  i n  the  cerebrum and the  thalamus i n  bo th  
male and female ra ts .  

Dr. Ashby, a p r i n c i p a l  reviewer, agreed w i t h  the conclusions. However, he 
quest ioned why o n l y  r a t s  were studied, and thought the  use o f  o n l y  one species 
along w i t h  the  poor s u r v i v a l  i n  h igh  dose groups made t h i s  a l e s s  usefu l  
reference non-carcinogen than most. Dr .  Abdo sa id  a program dec i s ion  was made 
t o  do the  2-year s tud ies  i n  r a t s  on l y  a f t e r  14-day and 90-day s tud ies  i n  mice 
showed minimal t i s s u e  pathology. He sa id  t h i s  would be noted i n  the  Report. 
D r .  Ashby s a i d  the  l i k e l i h o o d  t h a t  the  low dose was a maximum t o l e r a t e d  dose 
(MTD) compensated f o r  the  poor s u r v i v a l  a t  t he  h igh  dose. 

Dr. Davis, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. H is  
major concern was t h a t  assessment o f  carc inogenic a c t i v i t y  was made d i f f i c u l t  by 
the  f a c t  t h a t  the  MTD was exceeded i n  the  h igh  dose groups and there  r a r e l y  were 
l es ions  i n  t he  low dose groups. He comnented on the  observat ion t h a t  some 
a f f e c t e d  animals had acute b r a i n  l es ions  w h i l e  o thers  had chronic  les ions ,  and 
t h a t  i f  there  were animals w i t h  bo th  types o f  les ions ,  t h i s  should be more 
c l e a r l y  stated. Dr .  M. Jokinen, NIEHS, agreed. Dr. Carlson i n t e r j e c t e d  t h a t  i n  
h i s  experience w i t h  chemicals t h a t  produce s i m i l a r  types o f  b r a i n  l es ions  there  
were no animals w i t h  combinations o f  acute and chronic  les ions.  Usual ly ,  those 
animals w i t h  acute l es ions  d ied  from the  les ions.  

Dr. Carlson, t he  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
thought t he  doses chosen appeared t o  have been appropr ia te  and concluded t h a t  
the  study was adequate based on a t  l e a s t  60% s u r v i v a l  f o r  90 weeks i n  the  h igh  
dose groups and the  f a c t  t h a t  the  low dose was probably c lose  t o  the  MTD. 
Dr. Carlson asked f o r  more d e t a i l e d  explanat ion o f  t he  comnent t h a t  decreased 
inc idences o f  some neoplasms " r e f l e c t e d  t o  some extent ,  b u t  cou ld  n o t  be s o l e l y  
a t t r i b u t e d  to,  t he  reduced s u r v i v a l  o f  t he  high-dose group." 

D r .  S i l b e r g e l d  a l s o  had submitted a w r i t t e n  review which Dr. L.Hart, NIEHS, read 
i n  her  absence. Dr. S i l b e r a e l d  d i d  no t  aaree w i t h  the  conclusions. Rather she 
thought t he  c o r r e c t  i n t e r p r e t a t i o n  was t h a t  o f  an inadequate study o f  
carc inogenic a c t i v i t y  based p r i m a r i l y  on a very h igh  r a t e  o f  m o r t a l i t y  i n  a l l  
animal groups and a h igh  inc idence o f  tumors, p a r t i c u l a r l y  leukemias, i n  
cont ro ls .  br. Abdo responded t h a t  i n  h i s  judgement there-were s u f f i c i e n t  
numbers o f  s u r v i v i n g  animals i n  dose groups a t  90 weeks t o  de tec t  a carcinogenic 
e f f e c t ,  had the re  been one. Fur ther ,  he comnented t h a t  t he re  has been a general 
t r end  f o r  reduced s u r v i v a l  i n  our  c o n t r o l  animals over the  pas t  several years so 
the  s u r v i v a l  i n  the  sodium azide study was w i t h i n  the  range o f  s u r v i v a l  f o r  



control  animals i n  contemporary ora l  feed o r  water gavage studies. Dr.  J. 
Haseman, NIEHS, noted t ha t  h i s t o r i c a l l y  i n  NTP studies o f  rats, over time there 
has been an e levat ion i n  leukemia rates as wel l  as a decrease i n  survival  i n  
controls. 

There was considerable discussion about the gavage deaths i n  the high dose 
groups and whether they were due t o  accidents o r  a t  leas t  i n  pa r t  whether they 
may have been secondary t o  the b ra in  t ox i c i t y .  Dr. Gold wondered about the 
adequacy o f  the study f o r  detect ing an e f f e c t  when there was such poor survival  
compounded by the gavage deaths i n  high dose groups. Dr. McKnight said there 
should be a p a r a l l e l  surv iva l  analysis included which does not censor the gavage 
deaths but  ra ther  counts them as t rue  deaths. Dr. Haseman said a pure survival  
curve would be added. Dr. Eust is opined t ha t  the surv iva l  i n  h igh dose groups 
a t  90 weeks along w i t h  no h i n t  o f  carcinogenic a c t i v i t y  i n  low dose groups 
supported the adequacy o f  the studies. 

Dr .  Ashby moved tha t  the Technical Report on sodium azide be accepted w i t h  the 
rev is ions discussed and the conclusions as w r i t t e n  f o r  male and female rats.  no 
evidence o f  carcinogenic a c t i v i t y .  Dr. Carlson seconded the motion, which w a r  
accepted by nine yes votes t o  one no vote (Gold). 



Tris(2-Chloroethy1)Phosphate.  Dr .  H.B. Matthews, 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  
tr is(2-chl o roe thy l  )phosphate (TRCP) by reviewing the  uses, experimental design, 
r e s u l t s ,  and proposed conclusions. Dr. Matthews repor ted on s tep  sec t ion ing  o f  
the  kidneys i n  mice which revealed i n  males an a d d i t i o n a l  mouse w i t h  hyperplas ia 
among con t ro l s ,  an adenoma i n  the  low dose group, and two a d d i t i o n a l  hyperpla- 
s ias  and two adenomas i n  the  h igh  dose group. The conclusions as w r i t t e n  i n  the 
d r a f t  Technical Report are: 

Under the  cond i t i ons  o f  these 2-year gavage studies,  t he re  was c l e a r  
evidence o f  carc inogenic a c t i v i t y  f o r  male and female F344lN r a f i c e i v i n g  
TRCP as shown by increased inc idence o f  renal  t ubu la r  adenmas. Thyro id 
f o l  1 i c u l a r  c e l l -  neoplasms and mononuclear-cel 1 leukemia i n  male and- female 
r a t s  may have been chemical ly  re lated.  There was no evidence o f  
carc inogenic a c t i v i t y  f o r  male B6C3F1 mice rece i v ing  175 o r  350 mglkg TRCP. 
There was equivocal evidence o f  carcinogenic a c t i v i t y  f o r  female B6C3Fl 
mice as shown by increased inc idence o f  Harderian g land adenomas. 

Renal t u b u l a r  c e l l  hyperplas ia i n  male and female r a t s  and g l i o s i s ,  
hemorrhage, p igmentat ion (hemosiderin accumulation), and m i n e r a l i z a t i o n  i n  
the  b r a i n s  o f  female r a t s  were associated w i t h  the  admin i s t ra t i on  o f  TRCP. 
Karyomegaly o f  renal  t ubu la r  e p i t h e l i a l  c e l l s  i n  male and female mice was 
a l s o  chemical ly  re la ted .  

Because o f  the  a d d i t i o n a l  k idney tumors found i n  dosed male mice, Dr .  Matthews 
s a i d  t h a t  cons idera t ion  should be g iven t o  changing the  l e v e l  t o  equivocal 
evidence. 

D r .  Garman, a p r i n c i p a l  reviewer, was i n  general agreement w i t h  the  conclusions. 
However, he was no t  convinced t h a t  t he  increased inc idence o f  Harderian g land 
l es ions  i n  female mice was r e l a t e d  t o  chemical treatment. And, w i t h  the  
a d d i t i o n a l  i n fo rma t ion  from the  step sec t ions  o f  the  kidneys i n  mice, he thought 
the  l e v e l  o f  evidence f o r  male mice might  be reconsidered. 

Dr .  Gold, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions i n  male 
r a t s  and male and female mice. She thought t h a t  the  eva lua t ion  i n  male r a t s  
should be based on combined renal  t ubu la r  carcinomas and adenomas, r a t h e r  than 
on the  adenomas alone. I n  female ra t s ,  she thought the  low inc idence o f  on ly  
benign k idney tumors was support ive o f  on l y  some evidence o f  carc inogenic 
a c t i v i t y .  Dr .  Gold quest ioned whether the  incidence o f  a r a r e l y  observed tumor, 
g ranu la r  c e l l  tumors o f  the  bra in ,  i n  male and female r a t s  might  support 
equivocal evidence. Dr. S. Eus t is ,  NIEHS, comnented t h a t  these tumors a re  o f  
meningeal o r i g i n  i n  t he  r a t  and the  meninges a re  r a r e l y  a s i t e  o f  carcinogenic 
a c t i v i t y  even w i t h  a po tent  carcinogen, and thus, these tumors were no t  con- 
s idered chemical ly  re lated.  Dr. S i l b e r g e l d  was unconvinced t h a t  there  wasn't  a 
r e l a t i o n s h i p  p a r t i c u l a r l y  s ince the  s i t e  and mode o f  neuro tox ic  a c t i o n  
apparent ly  had n o t  been charac ter ized f o r  t h i s  chemical. Dr. Matthews s ta ted  
t h a t  t he re  had been n e u r o t o x i c i t y  s tud ies  done i n c l u d i n g  some b r a i n  chemistry as 
w e l l  as eva lua t i on  o f  delayed behaviora l  e f f e c t s  a f t e r  a s i n g l e  dose, and sa id  
t h i s  i n fo rma t ion  could be inc luded i n  the  repor t .  

D r .  McKnight, the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  o v e r a l l  conclusions 
f o r  r a t s  and mice. However, f o r  mice, she thought t h a t  based on s u r v i v a l  ra tes  



and weight ga in  i n  the  2-year s tudies,  i t  was no t  c l e a r  t h a t  the  maximum 
t o l e r a t e d  dose was achieved. Dr .  Matthews s a i d  t h a t  the  s i g n i f i c a n t l y  increased 
incidences o f  renal  t ubu la r  karyomegaly a t  low and h igh  doses i n  bo th  sexes 
i n d i c a t e d  t h a t  adequate doses had been used. For female r a t s ,  Dr. McKnight 
noted t h a t  t he  s i g n i f i c a n t  p o s i t i v e  t rend  f o r  t h y r o i d  f o l l i c u l a r  c e l l  neoplasms 
and the  s i g n i f i c a n t l y  g rea te r  inc idence i n  h igh  dose vs. c o n t r o l  supported 
i n c l u d i n g  them under c l e a r  evidence. Dr. Eus t i s  responded t h a t  t he  small 
numbers o f  tumors and the  absence o f  increases i n  p reneop las t ic  l es ions  
(hyperplas ias)  spoke aga ins t  r a i s i n g  the  l e v e l  o f  evidence. For male ra t s ,  
D r .  McKnight argued t h a t  mononuclear c e l l  leukemias should be inc luded under 
c l e a r  evidence based on a s i g n i f i c a n t  p o s i t i v e  t rend  t e s t  and p o s i t i v e  pa i rw ise  
comparisons f o r  bo th  h igh  and low dose groups w i t h  cont ro ls .  Dr. McKnight 
thought t oo  much emphasis was p u t  on the  h i g h l y  v a r i a b l e  h i s t o r i c a l  con t ro l  
range as cont ras ted  t o  the  concurrent con t ro l  values f o r  leukemias i n  
d iscount ing  t h e i r  s i g n i f i c a n c e  i n  the  TRCP studies. Dr. J. Haseman, NIEHS, 
agreed t h a t  t he  pr imary emphasis should be on concurrent con t ro l s ,  b u t  f e l t  t h a t  
i t  was a l s o  important  t o  consider  t h a t  the  leukemia r a t e  i n  h igh  dose male r a t s  
f o r  leukemia was e s s e n t i a l l y  i d e n t i c a l  t o  the  average c o n t r o l  response f o r  the 
th ree  prev ious s tud ies  i n  the  same laboratory.  

D r .  Garman moved t h a t  the  conclusions be accepted as w r i t t e n  f o r  male and female 
r a t s ,  c l e a r  evidence o f  carc inogenic a c t i v i t y .  Dr. Longnecker seconded the  
motion, which was accepted by seven yes votes (Carlson, Davis, Hayden, 
Longnecker, McKnight, S i lberge ld ,  Zeise) t o  f o u r  no votes (Ashby, Garman, Gold, 
Goodman). Dr. Garman moved t h a t  the  conclusions be changed f o r  male mice from 
no evidence o f  c a r c i  nogeni c  a c t i v i t y  t o  equivocal evidence o f  carc inogenic 
a c t i v i t y  based on the  a d d i t i o n a l  renal  t ubu la r  neoplasms revealed i n  the  
resec t i on ing  experiments. Dr .  Ashby seconded the  motion, which was accepted 
unanimously-wi t h  e l  even votes. ~ r . -arm an moved t h a t  the  conclusions be' 
accepted as w r i t t e n  f o r  female mice, equivocal evidence o f  carc inogenic 
a c t i v i t y .  Dr. Ashby seconded the  motion, which was accepted unanimously w i t h  
eleven votes. 



dl-Amphetamine S u l f a t e  -- Reevaluation. The NTP tox i co logy  and carcinogenesis 
s tud ies  of dl-am~hetamine s u l f a t e  i n  F344lN r a t s  and B6C3F1 mice ( d r a f t  
Technical ~ e p o r t 'No. 387) were peer reviewed by the  Subcomni t t e e  on November 20, 
1989. During the  November review, there  was a suggestion t h a t  animals might  
have become t o l e r a n t  t o  t he  amphetamine-induced body weight  e f f e c t s  and might  
have t o l e r a t e d  h igher  doses w i thou t  inc reas ing  the  body weight-reducing e f f e c t s  
o f  t he  drug. Accordingly,  the  Subcomnittee moved t o  de fe r  the  Report t o  examine 
any new in fo rma t ion  a v a i l a b l e  on to le rance t o  body weight  e f f e c t s .  

D r .  J. Dunnick, NIEHS, NTP Study S c i e n t i s t ,  began by r e p o r t i n g  t h a t  the  s t a f f  
had gone back and thoroughly reviewed the  l i t e r a t u r e  on the  pharmacologic 
e f f e c t s  o f  t he  drug and found no data  t h a t  r a t s  and mice i n  the  NTP 2-year 
s tud ies  cou ld  have t o l e r a t e d  h igher  doses o f  dl-amphetamine w i thou t  inc reas ing  
the  weight  decrements. She noted t h a t  i n  these studies,  dosed animals cont inued 
t o  show weight  e f f e c t s  throughout the  course o f  the  study and the  weight e f f e c t  
became more marked w i t h  increas ing  age o f  the  animals. Based on these s tud ies  
and the  f i n d i n g s  o f  o ther  i nves t i ga to rs ,  the  s t a f f  thought t h a t  the  dose 
s e l e c t i o n  f o r  the  2-year s tud ies  on dl-amphetamine was appropriate. Dr. Dunnick 
added t h a t  the  rev ised Technical Report responded t o  prev ious comnents o f  the  
Subcomnittee by i n c l u d i n g  f u r t h e r  d iscussion on to lerance,  t he  body weight 
e f f e c t s  observed, pathology procedures, and record ing o f  c l i n i c a l  signs. The 
conclusions were as fo l lows:  

Under the  cond i t i ons  o f  these 2-year feed studies,  there  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 admin i s t ra t i on  o f  dl-amphetamine s u l f a t e  was associated w i t h  
decreased body weight. There were decreased incidences 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. Carlson, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He commented 
t h a t  e f f e c t s  seen a t  the  h igh  dose such as excessive h y p e r a c t i v i t y  and reduct ion  
i n  body weight  should be labe led  u t o x i c o l o g i c  e f f e c t s N  and n o t  "pharmacologic 
e f f e c t s M  even though these endpoints may r e f l e c t  an extension o f  the  l a t t e r .  

D r .  S i l be rge ld ,  t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. 
However, she remained concerned t h a t  the  h igh  dose used was no t  f a r  from the  
the rapeu t i c  range ( the  range o f  doses taken by humans f o r  c e r t a i n  p rescr ibed 
cond i t ions)  and t h a t  the  chemical i s  a l s o  a s t r e e t  drug o f  abuse. She suggested 
t h a t  t he  NTP needs t o  evaluate imag ina t ive  p ro toco l s  f o r  s tudying chronic  
toxicologic/carcinogenic e f f e c t s  o f  therapeut ic  agents i n  the  presence o f  
intended pharmacologic ac t i ons  such as weight  l oss  i n  the  case o f  amphetamine. 
Dr .  S i l b e r g e l d  noted t h a t  the  observat ions o f  reduced inc idences o f  hormone 
dependent adrenergic  tumors were cons i s ten t  w i t h  the  demonstrat ion t h a t  dopamine 
i n h i b i t s  re lease o f  p r o l a c t i n ,  and amphetamine f a c i l i t a t e s  dopaminergic 
neurotransmission. 

Dr .  Carlson moved t h a t  t he  d r a f t  Technical Report on dl-amphetamine 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, no evidence 



o f  carcinogenic a c t i v i t y ,  and wi th  the decreased incidences o f  several neoplasms 
t h a t  were l i s t e d .  Dr. S ' i lbergeld seconded the motion, which was accepted 
unanimously w i t h  eleven votes. 



Ethylene Thiourea -- Reevaluation. The NTP tox i co logy  and carcinogenesis 
s tud ies  o f  ethy lene th iou rea  (ETU) i n  F344lN r a t s  and B6C3F1 mice ( d r a f t  
Technical ~ e p o r t  No. 388) were peer reviewed by the  Subcomnittee on November 20, 
1989. The study designs inc luded convent ional two-year exposure o f  a d u l t  
animals, p e r i n a t a l  exposure only ,  and p e r i n a t a l  p l u s  a d u l t  exposure. The 
s tud ies  were intended t o  compare and evaluate the  p o t e n t i a l  value o f  p e r i n a t a l  
exposures i n  assessing chemical carc inogen ic i ty .  A f t e r  much d iscussion,  the 
consensus o f  the  Subcomnittee was t h a t  there  was n o t  an overwhelming e f f e c t  o f  
p e r i n a t a l  exposure t o  ETU on increased incidences o f  neop las t i c  les ions.  
However, b e t t e r  da ta  presenta t ion  would he lp  h i g h l i g h t  f o r  the  reader what 
e f f e c t s  there  were o f  treatment. A t  t h a t  t ime, Dr. Gold suggested t h a t  the  
r e s u l t s  should be reorganized and repor ted i n  terms o f  th ree  quest ions addressed 
by the  experimental  design: (1) were there  e f f e c t s  o f  p e r i n a t a l  exposure?; 
(2) were the re  carc inogenic e f f e c t s  i n  a t y p i c a l  two-year bioassay?; and 
(3) d i d  p e r i n a t a l  exposure enhance o r  p o t e n t i a t e  carc inogenic e f f e c t s  seen i n  
a subsequent two-year bioassay? The Subcomnittee recomnended unanimously t h a t  
the  Technical Report be de fer red  f o r  f u r t h e r  cons idera t ion  so t h a t  the  quest ions 
ra i sed  cou ld  be addressed i n  a r e v i s i o n  o f  the  repor t .  An ex tens i ve l y  rev ised 
d r a f t  was sent  t o  members o f  t he  Subcomnittee i n  February 1990 f o r  f u r t h e r  
review, and a l though there  was a consensus t h a t  t he  r e p o r t  was considerably 
improved, several members thought d iscussion and f i n a l  r e s o l u t i o n  o f  the  repo r t  
should take p lace i n  p u b l i c  session. 

D r .  S. Eus t is ,  NIEHS, began by addressing the  th ree  quest ions raised. The 
conclusions o f  t he  s t a f f  were tha t :  (1) p e r i n a t a l  exposure alone had no e f f e c t  
on inc idence o f  neoplasms; (2) i n  groups o f  r a t s  rece i v ing  the  h ighes t  combined 
p e r i n a t a l  exposure o f  90 ppm and a d u l t  exposure o f  250 ppm, the re  was a s l i g h t  
enhancement o f  t he  t o x i c i t y  and t h y r o i d  p r o l i f e r a t i v e  e f f e c t s  as compared t o  
a d u l t  on l y  exposure a t  250 ppm, wh i le ,  i n  mice, p e r i n a t a l  exposure a t  330 ppm 
s l i g h t l y  enhanced the  t h y r o i d  p r o l i f e r a t i v e  e f f e c t s  seen w i t h  a d u l t  on l y  expo- 
sure a t  330 ppm; and (3) i n  r a t s  and mice rece i v ing  a d u l t  o n l y  exposure, there  
was c l e a r  evidence o f  carc inogenic a c t i v i t y  f o r  males and females w i t h  the  
conclusions being as fo l lows:  

Under cond i t i ons  o f  these 2-year s tudies,  there  was c l e a r  evidence o f  
carc inogenic a c t i v i t y  o f  ethy lene th iourea 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. 
Marginal increases i n  Zymballs g land neoplasms and mononuclear leukemia i n  
males and females and renal  t ubu la r  c e l l  neoDlasms i n  males may have been 
chemical l y  re lated.  There was c l e a r  evidence o f  carc inogenic 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  1  ic u l a r  c e l l  neoplasms, hepatocel l  u l a r  neoplasms, and adenomas o f  the 
pars d i s t a l i s  o f  the  p i t u i t a r y  gland. 

Pub l i c  comnent was taken from representa t ives  o f  member companies comprising the 
EBDCIETU Task Force. Dr. Peter  Chan, Rohm and Haas Company, presented 
i n fo rma t ion  which he opined supported conclusions t h a t  the  NTP s tud ies  d i d  no t  
p rov ide  evidence f o r  ca rc inogen ic i t y  o f  ETU i n  Zymballs gland, f o r  mononuclear 
c e l l  leukemias, o r  f o r  renal  t ubu la r  c e l l  tumors i n  rats .  As w e l l ,  the  NTP 
s tud ies  do n o t  show a p o t e n t i a t i o n  o f  tumorigenesis by p e r i n a t a l  exposure, and 
f i n a l l y ,  t he  weight  o f  evidence i nd i ca tes  t h a t  ETU i s  no t  mutagenic o r  
genotoxic. Dr. Ray Brown, Research Pathology Services, Inc., represent ing the  
Task Force, discussed the  da ta  and s t a t i s t i c s  used by the  NTP. He noted t h a t  



the  l i f e  t a b l e  t e s t ,  which was the on ly  t e s t  t o  y i e l d  s t a t i s t i c a l  s ign i f i cance  
f o r  Zymballs g land tumors and mononuclear c e l l  leukemia, was no t  the  
appropr ia te  t e s t  t o  use i n  t h a t  these neoplasms are  o f t e n  no t  l e t h a l .  Fur ther ,  
he opined t h a t  there  was i n s u f f i c i e n t  evidence t o  support increases i n  renal 
t ubu la r  c e l l  tumors i n  male r a t s  as being chemical ly re lated.  Dr .  Greg Sykes, 
E.I. du Pont de Nemours and Company, r e i t e r a t e d  some o f  the  p o i n t s  made by the 
previous speakers wh i l e  making add i t i ona l  ones leading t o  the  conclusion t h a t  
there  was i n s u f f i c i e n t  evidence t o  i n d i c a t e  t h a t  increases i n  the  th ree types o f  
neoplasms may have been chemical ly  re lated.  Dr .  Harvey Scribner, Rohm and Haas 
Company, spoke t o  the  socio-economic importance o f  the  EBDC fung ic ides  and 
stressed the  need f o r  the  NTP conclusions t o  be as accurate as possible. He 
s ta ted t h a t  the  term "may have been chemical ly re la ted "  as app l i ed  t o  the three 
tumor types was unsupported by the  data and should be removed from the  report .  

D r .  Gold, a p r i n c i p a l  reviewer, sa id  the  repor t  was much improved. She s ta ted 
t h a t  as w r i t t e n ,  t he  conclusions on t h y r o i d  tumors r e l a t e  on ly  t o  the  2-year 
s tudies alone wh i l e  the  l e v e l s  o f  equivocal evidence i n  r a t s  associated w i t h  
Zymballs gland neoplasms and mononuclear c e l l  leukemia d o n ' t  belong here as they 
r e l a t e  on ly  t o  p e r i n a t a l  p l u s  a d u l t  exposure. Dr.  Gold sa id  there  needed t o  be 
more c l a r i f y i n g  d iscussion o f  the  poss ib le  enhancing e f f e c t s  o f  p e r i n a t a l  
exposure t o  ETU on the  incidence o f  t h y r o i d  neoplasms i n  h igh  dose a d u l t  r a t s  
and female mice. She suggested t h a t  in format ion  should be added about exposure 
o f  pups between f o u r  and e i g h t  weeks o f  age, as contrasted t o  the  adu l t -on ly  
exposure w i t h  feeding o f  chemical beginning a t  e i g h t  weeks. 

Dr. Hayden, the  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions t h a t  the  
p r i n c i p a l  neop las t ic  e f f e c t s  o f  ETU were on the  t h y r o i d  i n  a d u l t  r a t s  and mice, 
and supported the  conclusions t h a t  there  were enhancing e f f e c t s  o f  p e r i n a t a l  
exposure t o  ETU on the  incidence o f  t h y r o i d  neoplasms i n  h igh  dose male and 
female ra ts .  With regard t o  Zymbal's gland tumors, mononuclear c e l l  leukemia, 
and kidney neoplasms, he f e l t  there  was i n s u f f i c i e n t  evidence t o  d iscern  an 
e f f e c t  o f  chemical. Dr. Hayden thought a sumnary page o f  the  2-year s tudies 
r e s u l t s  should be added t o  the  Abstract. 

Dr. Zeise agreed w i t h  the  speakers f o r  the  EBDCIETU Task Force t h a t  i t  was 
important  t o  make accurate i n t e r p r e t a t i o n s  o f  t he  o ther  tumors. She thought the 
Abst rac t  should inc lude a d e s c r i p t i o n  o f  the  observat ions o f  leukemia and Zymbal 
gland neoplasms o f  bo th  sexes, and renal  t ubu la r  c e l l  neoplasms i n  male rats.  
She asked whether resect ion ing could be done w i t h  the  Zymbal's gland and renal 
tumors no t ing  a precedent f o r  t h i s  w i t h  renal  tumors i n  o ther  NTP s tud ies  where 
there  were marginal increases observed. Dr .  S. Eust is ,  NIEHS, responded 
regarding Zymbal's glands t h a t  there  was usua l l y  no t  enough t i s s u e  t o  resect ion,  
and t h a t  pas t  experience ind i ca ted  the  l i k e l i h o o d  o f  f i n d i n g  add i t i ona l  tumors 
was very small. With regard t o  the  kidney, the  sec t ion ing technique used i n  
t h i s  study l e f t  on l y  the  margins o f  the  kidneys which would not  be very good 
samples f o r  s tep sect ioning. Dr. Zeise comnented t h a t  i n  the  Abstract,  the  
enhancing e f f e c t  o f  p e r i n a t a l  exposure should not  be r e f e r r e d  t o  as 'only 
s l i g h t M  because i t  was observed t o  double the  incidence o f  t h y r o i d  tumors i n  
female ra ts ,  increase i t  by 70% i n  male ra ts ,  and more than double the  incidence 
i n  F1 female mice. 

Dr .  Zeise comnented t h a t  the  lack  o f  e f f e c t  on tumor incidence f o r  pe r ina ta l  
exposure on ly  may i n d i c a t e  t h a t  an MTD was not  achieved. Dr.  R. Chhabra, NIEHS, 
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Study S c i e n t i s t ,  po in ted out  the  h igh  m o r t a l i t y  a t  the  top  dose (250 ppm) i n  the 
study used t o  determine the  maximum p e r i n a t a l  dose. 

D r .  Gold moved t h a t  the  conclusions be accepted as w r i t t e n  w i t h  respect t o  
t h y r o i d  f o l l i c u l a r  c e l l  neoplasms i n  male and female ra ts ,  c l e a r  evidence o f  
carcinogenic a c t i v i t y ,  and f o r  t h y r o i d  f o l l i c u l a r  c e l l  neoplasms, hepatoce l lu la r  
neoplasms, and adenomas o f  the  p i t u i t a r y  gland i n  male and female mice, c lea r  
evidence o f  carc inogenic a c t i v i t y .  Dr.  Hayden seconded the  motion, which was 
accepted w i t h  n ine  yes votes and one abstent ion  (Ashby). Dr. Ashby's abstent ion 
on t h i s  and subsequent motions was f o r  reasons o f  company a f f i l i a t i o n .  

Dr. Gold moved t h a t  the  f i r s t  and second paragraphs o f  t he  conclusions r e f e r  
on l y  t o  the  2-year s tud ies  i n  a d u l t  animals, and t h a t  t he  second sentence, 
should be de le ted i.e., "Marginal increases i n  Zymbal's g land neoplasms and 
mononuclear c e l l  leukemia i n  males and females and renal  t ubu la r  c e l l  neoplasms 
i n  males may have been chemical ly  related." She opined t h a t  the  sentence t o  be 
de le ted r e l a t e d  t o  tumor increases based on combined p e r i n a t a l  and a d u l t  
exposure. Dr. Longnecker seconded the  motion w i t h  the  understanding t h a t  
something would be p u t  back l a t e r  regarding the  combined exposure. There ensued 
a lengthy d iscussion as t o  whether the  incidences o f  any o f  these tumors may 
have been associated w i t h  2-year exposure o f  adu l t s  only. Especia l ly ,  there  was 
some support f o r  poss ib le  assoc ia t ion  o f  chemical admin i s t ra t i on  w i t h  renal  
t ubu la r  c e l l  neoplasms i n  male rats.  Dr.  3. Haseman, NIEHS, comnented t h a t  i n  
h i s  judgement a no evidence c a l l  was no t  i nd i ca ted  f o r  renal  tumors, s ince the  
inc idence i n  the  low dose group was above the  h i s t o r i c a l  range and the  
incidence i n  the  h igh  dose was a t  the  h i s t o r i c a l  l i m i t ;  f u r the r ,  the  h igh  dose 
group had seven renal  t ubu la r  hyperplasias. A f t e r  add i t i ona l  discussion, 
D r .  Gold 's  motion was accepted by s i x  yes votes (Davis, Gold, Garman, Goodman, 
Hayden, Longnecker) t o  th ree no votes (Carlson, McKnight, Zeise) w i t h  one 
abstent ion  (Ashby). 

The Subcomnittee and NTP s t a f f  discussed whether there  should be separate 
conclusionary statements f o r  r e s u l t s  o f  p e r i n a t a l  exposure alone and r e s u l t s  o f  
combined p e r i n a t a l  and a d u l t  exposure, o r  whether these r e s u l t s  should be 
publ ished i n  separate reports. Dr. Hayden moved t h a t  t he  p e r i n a t a l  exposure 
s tud ies  and combined exposure s tud ies  as experimental p ro toco ls  be publ ished as 
a separate techn ica l  report .  Dr .  Davis seconded the  motion. A f t e r  d iscussion 
speaking aga ins t  separat ing out  these studies, Dr.  Hayden withdrew the  motion. 
Dr. R. Griesemer, NIEHS, noted t h a t  the  ETU study was the  f i r s t  o f  th ree t o  use 
the  experimental p ro toco ls  f o r  p e r i n a t a l  and p e r i n a t a l  p l u s  a d u l t  exposure, and 
the  o ther  two would be brought t o  the  Subcomnittee i n  the  near fu ture .  

Dr .  Longnecker moved t h a t  the  f o l  lowing statement be inc luded (as taken from the 
l a s t  sentence on p. 53): "Per ina ta l  exposure alone had no e f f e c t  on incidences 
o f  neoplasms a f t e r  two years." Dr. Gold seconded the  motion. Dr .  Eus t i s  
caut ioned aga ins t  t a k i n g  the  p e r i n a t a l  exposure alone as a ca rc inogen ic i t y  
study. Dr. Zeise o f f e r e d  an amendment t h a t  t he  l ack  o f  neop las t ic  e f f e c t  may 
have been due t o  the  low doses used. She noted t h a t  i n  the  gesta t iona l  study 
conducted t o  determine the  d i e t a r y  concentrat ions f o r  p e r i n a t a l  exposure there 
was reported t h y r o i d  f o l l i c u l a r  c e l l  adenomas i n  4/10 male r a t s  a t  t he  top dose 
(250 ppm). Yet, 90 ppm was chosen as the  top  dose f o r  p e r i n a t a l  exposure i n  the  
2-year study. Drs. Longnecker and Gold agreed t o  accept the  amendment. The 
amended mot ion was accepted by n ine  yes votes w i t h  one abstent ion  (Ashby). 



Dr. Longnecker moved t ha t  " i n  male and female rats,  combined per inata l  and adu l t  
exposure compared w i t h  untreated cont ro l  animals, was associated w i t h  a marginal 
increase i n  Zymbal's gland neoplasms and mononuclear c e l l  leukemia t ha t  may have 
been chemical ly related." Dr.  Zeise seconded the motion. Dr .  Gold added f o r  
c l a r i f i c a t i o n  t ha t  i n  the combined exposure groups, exposure i n  the d i e t  t o  
young animals began a t  fou r  weeks o f  age. The motion was accepted by seven yes 
votes (Carl son, Davl s, Hayden, Longnecker, McKnight, S i  1 bergeld, Zei se) t o  three 
no votes (Garman, Gold, Goodman) w i t h  one abstention (Ashby). 

Dr. Gold moved t ha t  the fo l lowing be added t o  the conclusions: " i n  ra ts ,  
compared w i t h  adul t -only exposure a t  250 ppm; per inata l  exposure a t  90 ppm 
marginal ly  increased the incidence o f  t hy ro i d  neoplasms i n  adu l ts  exposed t o  250 
ppm; however increasing per inata l  exposure from 0 t o  30 t o  90 ppm had no e f f e c t  
on the incidence o f  such neoplasms i n  adu l t  animals exposed t o  83 ppm." 
Dr.  Garman seconded the motion, which was accepted by s i x  yes votes (Davis, 
Garman, Gold, Hayden, McKnight, Zeise) t o  three no votes (Carlson, Goodman, 
Si lbergeld)  w i t h  two abstentions (Ashby, Longnecker). 

Dr. Gold moved t ha t  " i n  female mice, increasing per inata l  exposure from 0 t o  
330 ppm marg ina l ly  increased the incidence of t hy ro i d  neoplasms i n  adu l t  animals 
exposed t o  330 ppm, but  there were no enhancing e f f ec t s  o f  per inata l  exposure on 
adu l t  animals exposed t o  1000 ppm." Dr. Davis seconded the motion, which was 
accepted by nine yes votes w i t h  two abstentions (Ashby, Si lbergeld). 
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