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SUMMARY MINUTES 

TECHNICAL REPORTS REVIEW SUBCOMMITTEE MEETING 

gamna-Butyrolactone. Dr. S.L. Eus t is ,  NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  gamna-butyrolactone by d iscuss ing  the  uses, descr ib ing  
the  experimental  design, 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 ,  and 
comnenting on non-neoplast ic l es ions  i n  mice. 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  gamna-butyrolactone i n  male F344lN r a t s  g iven 112 
o r  225 mglkg o r  i n  female F344lN r a t s  g iven 225 o r  450 mglkg i n  corn 
o i l  by gavage. There was equivocal evidence o f  carc inogenic a c t i v i t y  o f  
gamna-butyrolactone i n  male B6C3F1 mice g iven 262 o r  525 mglkg i n  corn o i l  - - 
by gavage-based on increased incidences o f  adrenal medul lary 
pheochromocytomas and hyperplas ia i n  the  low dose group. The s e n s i t i v i t y  
o f  t he  study i n  male mice t o  de tec t  a carc inoaenic e f f e c t  was reduced bv 
the  low s u f i i v a l  o f  t he  h igh  dose group.  here was no evidence o f  

" 

carc inogenic a c t i v i t y  o f  gamna-butyrolactone i n  female B6C3F1 mice g iven 
62 o r  525 mglkg i n  corn o i l  by gavage. 

A decreased inc idence o f  hepa toce l l u la r  neoplasms i n  dosed male mice, and 
decreased incidences o f  mamnary g land fibroadenomas and cys ts  and p i t u i t a r y  
cys ts  i n  female r a t s  were associated w i t h  t h e  admin i s t ra t i on  o f  
gamna-butyrolactone. 

Dr .  Carlson, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. However, he 
s a i d  he cou ld  be convinced t h a t  the  study i n  male mice was inadequate due t o  
poor su rv i va l .  He s a i d  the  conclusions should note t h a t  the  inc idence o f  
mononuclear c e l l  leukemia i n  male r a t s  occurred w i t h  a s i g n i f i c a n t  negat ive 
trend. Dr. E u s t i s  agreed t o  add a statement about t he  leukemias. 

D r .  Goodman, t he  second 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. Since the  l e v e l  o f  evidence i n  male mice was based on an increased 
inc idence o f  adrenal tumors on l y  i n  the  low dose group, he thought the  sentence 
i n  the  conclus ions should be changed t o  read: "There was equivocal evidence o f  
carc inogenic a c t i v i t y  o f  gamna-butyrolactone i n  male B6C3F1 mice i n  the  low dose 
group (262 mglkg), b u t  n o t  i n  t he  h igh  dose group (525 mglkg), based upon a 
n o n - s t a t i s t i c a l l y  s i g n i f i c a n t  increase i n  t he  inc idence o f  adrenal medul lary 
pheochromocytomas and hyperplasia.' Dr. Eus t i s  s a i d  the  d e f i n i t i o n  o f  equivocal 
evidence presumes a l ack  o f  s t a t i s t i c a l  s i gn i f i cance .  Dr. Goodman asked t h a t  a 
r a t i o n a l e  be g iven f o r  us ing the  Drosophi la  p ro toco l  i n v o l v i n g  the  sex- l inked 
recessive l e t h a l  t es t .  

Dr .  Hayden, 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. He noted the  low s u r v i v a l  r a t e  f o r  h igh  dose male mice, and the 
r e s u l t a n t  lower s e n s i t i v i t y  f o r  de tec t i ng  a carc inogenic e f f e c t .  He wondered a t  
what p o i n t  low numbers o f  s u r v i v i n g  animals rendered a study group inadequate, 



versus on ly  less  sens i t i ve  for  evaluat ing carcinogenic po ten t ia l .  Dr. Eust is  
sa id  there  a re  no hard and fas t  ru les  about decid ing when su rv i va l  i s  adequate, 
and t h i s  was c e r t a i n l y  a bo rder l i ne  case. Dr. R. Griesemer, NIEHS, sa id  t h i s  
could be viewed as a one-dose study since su rv i va l  was c e r t a i n l y  adequate I n  the 
low-dose male mice group. 

Dr .  Carlson moved t h a t  the Technical Report on gamna-butyrolactone be accepted 
w i t h  the rev is ions  discussed and w i t h  the conclusions as w r i t t e n  i n  the Report 
f o r  male and female r a t s  and female mice, no evidence o f  carcinogenic a c t i v i t y ,  
and f o r  male mice, equivocal evidence o f  carcinogenic a c t i v i t y .  Dr. Goodman 
seconded the motion, which was accepted unanimously w i t h  ten votes. 



C.I.  Pigment Red 3. Dr .  R.D. I r w i n ,  NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  C.I .  Pigment Red 3 by d iscuss ing  the  uses and 
r a t i o n a l e  f o r  study, desc r ib ing  the  experimental design, r e p o r t i n g  on su rv i va l  
and body weight  e f f e c t s ,  and commenting on compound-related neop las t i c  and 
nonneoplast ic  l es ions  i n  r a t s  and mice. The conclusions were tha t :  

Under the  cond i t i ons  o f  these 2-year feed studies,  there  was some evidence 
o f  carc inogenic a c t i v i t y  o f  C.I. Pigment Red 3 i n  male F344lN r a t s  as 
e x h i b i t e d  by increased incidences o f  benign pheochromocytomas o f  the  
adrenal gland. The marginal increase i n  the  inc idence o f  squamous c e l l  
papi l lomas o f  t he  s k i n  and Zymbal's g land carcinomas may have been re la ted  
t o  C.I.  Pigment Red 3 admin is t ra t ion .  There was some evidence o f  
carc inogenic a c t i v i t y  o f  C. I .  Pigment Red 3 i n  female F3441N r a t s  as 
i n d i c a t e d  by the  increased inc idence o f  h e ~ a t o c e l l ~ l a r  adenomas. There was 
some evidence o f  carc inogenic a c t i v i t y  o f  c.1.pigment Red 3 i n  male B6C3F1 
mice as e x h i b i t e d  by the increased incidences o f  tubu le  adenomas o f  the  
rena l  co r tex  and f o l l i c u l a r  c e l l  adenomas o f  the  t h y r o i d  gland. There was 
no evidence o f  carc inogenic a c t i v i t y  f o r  C. I .  pigment ~ e d - 3  i n  female 
B6C3F1 mice t h a t  received 12,500, 25,000, o r  50,000 ppm. 

Incidences o f  mononuclear c e l l  leukemia and p r e p u t i a l  g land tumors i n  male 
r a t s  and mononuclear c e l l  leukemia, mamnary g land fibroadenoma, and 
c l i t o r a l  g land tumors i n  female r a t s  occurred w i t h  negat ive trends. The 
inc idences o f  l i v e r  f o c i  were markedly increased i n  male and female ra ts .  
The s e v e r i t y  o f  chronic  nephropathy was increased i n  male r a t s  and t o  a 
l esse r  ex ten t  i n  female ra ts .  An increase i n  the  s e v e r i t y  o f  nephropathy 
as w e l l  as cytomegaly (karyomegaly) o f  renal  tubu le  ep i the l i um was 
observed i n  male mice. Thyro id f o l l i c u l a r  c e l l  hyperp las ia  occurred w i t h  
an increased inc idence i n  male and female mice r e c e i v i n g  C.I. Pigment Red 
3. 

D r .  Davis, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He asked f o r  
c l a r i f i c a t i o n  as t o  why 50,000 ppm was the  upper l i m i t  i n  a feed study, and 
why, i n  view o f  the  chemical 's  uses, the dermal rou te  o f  exposure was no t  
chosen. Dr. I r w i n  sa id  there  was a longstanding NTP p o l i c y  t h a t  d i e t a r y  l e v e l s  
exceeding 5% (50,000 ppm) would compromise the n u t r i t i o n a l  s ta tus  o f  the  animal. 
Dr. Davis corrrnented on the i n c l u s i o n  o f  statements t h a t  there  were no 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  t o x i c i t y ,  and asked how t h i s  cou ld  be reconc i led  w i t h  
reduct ions i n  body weight ga in  o f  more than 10%. Dr .  I r w i n  agreed t h a t  reduced 
body weight  ga in  cou ld  be an i n d i c a t o r  o f  t o x i c i t y  but ,  perhaps as a mat te r  o f  
semantics, was no t  c l a s s i f i e d  as a c l i n i c a l  f i nd ing .  

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

Dr. Ba i l ey ,  the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He a l so  
quest ioned whether dermal exposure might  have been appropr iate,  and thought 
percutaneous absorp t ion  data might  have been usefu l .  Dr. I r w i n  expla ined t h a t  
pigments have t o  be d isso lved i n  an organic so lvent  f o r  dermal admin i s t ra t i on  
and o f t e n  a res idue o f  the  pigment remains on the  skin. A v a r i a b l e  amount o f  
the  res idua l  chemical w i l l  be ingested by the  animal through na tu ra l  grooming. 
Thus, t he  o r a l  study i s  l i k e l y  t o  be more q u a n t i t a t i v e  and should prov ide  a 
b e t t e r  measure o f  carc inogenic p o t e n t i a l .  



Dr.  McKnlght suggested t ha t  f o r  Zymbal's gland tumors i n  male rats,  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  t rend t e s t  and an incidence i n  the high-dose group 
which exceeded t ha t  i n  any h i s t o r i c a l  cont ro l  group supported these tumors being 
considered some evidence. These tumors were i n  the conclusion as "may have been 
re la ted  t o  chemical administrat ion." 

Dr .  Davis moved t ha t  the Technical Report on C.I. Pigment Red 3 be accepted w i th  
the rev is ions discussed and 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 male mice, some evidence o f  carcinogenic a c t i v i t y ,  and f o r  female mice, 
no evidence o f  carcinogenic a c t i v l t  . Dr. Goodman seconded the motion. Dr.  
kcKnight o f fe red  an amendment t ha t  b a l l s  qland carcinomas be included as 
supporting some evidence o f  carcinog&ic a c t i v i t y  i n  male rats.  Dr .  Zeise 
seconded the amendment which was defeated by two yes (McKnight, Zelse) t o  e ight  
no votes. The o r i g i n a l  motion by Dr .  Davis was then accepted unanimously w i t h  
ten votes. 



4,41-Diamino-2,21-Stiibenedisulfonic Acid. Dr. J.R. Hai ley,  NIEHS, in t roduced 
the  tox i co logy  and carcinogenesis s tud ies  o f  
4,4'-diamino-2,2'-stilbenedisulfonic a c i d  (amsonic ac id )  by d iscuss ing  the uses 
and r a t i o n a l e  f o r  study, desc r ib ing  the  experimental  design, 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 ,  and comnenting on compound-related 
nonneoplast ic  l es ions  i n  rats.The conclusions were tha t :  

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  4,41-diamino-2,21-stilbenedisulfonic acid,  
disodium s a l t ,  i n  male o r  female F344lN r a t s  rece i v ing  12,500 o r  25,000 
ppm. There was no evidence o f  carc inogenic a c t i v i t y  i n  male o r  female 
B6C3F1 mice rece i v ing  6.250 o r  12,500 DDm 4,41-diamino-2.21-stilbene- . . 
d i s u l f o n i c  ac id ,  disodium s a l t .  - 

Dr. Hayden, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. To emphasize the 
l ack  o f  t o x i c i t y ,  e s p e c i a l l y  i n  mice, he thought a statement might  be added t o  
the  conclus ion i n d i c a t i n g  there  was no evidence o f  t o x i c  o r  nonneoplast ic 
a c t i v i t y  i n  male o r  female mice. Dr .  Ha i l ey  s a i d  such a statement would be 
added t o  the  Abstract .  

Dr. Zeise, the  second 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 s a i d  t h a t  i t  should be noted t h a t  male and female r a t s  may 
have been ab le  t o  t o l e r a t e  h igher  doses. Dr. Ha i l ey  s a i d  he agreed t h a t  females 
could have t o l e r a t e d  h igher  doses b u t  considered the  doses i n  males t o  be 
adequate. Dr .  Zeise comnented t h a t  t he  sumnary tab les  prov ided combined 
inc idence data  f o r  mamnary tumors (adenomas, fibroadenomas, and adenocarcinomas) 
i n d i c a t i n g  s i g n i f i c a n t l y  increased l e v e l s  f o r  female ra t s ,  and t h a t  t h i s  f i n d i n g  
should be addressed i n  the  repor t .  Dr. Ha i l ey  s a i d  they would e l im ina te  the  
combination s ince  the  morphological continuum seen w i t h  many neop las t i c  
processes i s  n o t  seen w i t h  fibroadenomas. 

Mr.  Be l iczky ,  the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
thought i t  would be o f  value f o r  NIOSH t o  evaluate the  f a c i l i t y  which 
manufactured t h e  amsonic a c i d  i n  view o f  repor ted  sexual dys func t ion  i n  workers 
and animal s tud ies  t h a t  e x h i b i t e d  u t e r o t r o p i c  e f f e c t s .  

Dr. Hayden moved t h a t  the  Technical Report on 4,4'-diamino-2,2'- 
s t i l b e n e d i s u l f o n i c  a c i d  be accepted w i t h  the  r e v i s i o n s  discussed and 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  
carc inogenic a c t i v i t y .  Mr .  Be l i czky  seconded the  motion, which was accepted 
unanimously w i t h  ten  votes. 



Ethylene Glycol.  D r .  M.R. McDonald, NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  ethy lene g l y c o l  by d iscuss ing  uses o f  the  chemical and 
r a t i o n a l e  f o r  study, desc r ib ing  the  experimental design, r e p o r t i n g  on su rv i va l  
and body weight  e f f e c t s ,  and rev iewing nonneoplast ic l es ions  i n  mice. The 
conclusions were tha t :  

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  f o r  ethy lene g l y c o l  i n  male B6C3F1 mice rece i v ing  
6,250, 12,500, o r  25,000 ppm, o r  female B6C3F1 mice rece i v ing  12,500, 
25,000, o r  50,000 ppm f o r  up t o  103 weeks. Admin i s t ra t i on  o f  ethy lene 
g l y c o l  r e s u l t e d  i n  hepa toce l l u la r  hya l i ne  degenerat ion i n  male mice fed  
d i e t s  con ta in ing  12,500 o r  25,000 ppm ethy lene g l y c o l  and female mice fed  
d i e t s  con ta in ing  50,000 ppm ethy lene g l yco l .  An increased inc idence o f  
medial  hyperp las ia  o f  small pulmonary a r t e r i e s  and a r t e r i o l e s  occurred i n  
female mice fed  d i e t s  conta in ing  12,500, 25,000, o r  50,000 ppm ethy lene 
g l y c o l .  

D r .  Klaassen, a  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He noted t h a t  
water was n o t  used as the  rou te  o f  admin i s t ra t i on  because o f  the  concern t h a t  
ethy lene g l y c o l  might  decrease consumption, and wondered i f ,  the  chemical might 
increase water consumption. He requested t h a t  there  be a  statement inc luded as 
t o  why s tud ies  were no t  performed i n  ra ts .  

D r .  Hayden, the  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
asked f o r  an exp lanat ion  as t o  why gavage was no t  used. D r .  McDonald sa id  o ra l  
dosing o the r  than gavage b e t t e r  mimicked usual human exposure. Dr .  Hayden 
s ta ted  t h a t  a  reference t o  hepa toce l l u la r  erythrophagocytos is  should be 
mod i f i ed  i n  t h a t  the  evidence f o r  e ry th rocy te  i nc lus ions  was inconclus ive.  Dr. 
McDonald s a i d  t h i s  d iscussion would be modif ied. Dr. Hayden i n q u i r e d  as t o  
whether t he re  might  be a  comnon l i n k  between the  s t r u c t u r e  o f  ethy lene g l y c o l  
and i t s  metabo l i tes  and o ther  chemicals t h a t  have been associated w i t h  the  
presence o f  hepa toce l l u la r  hya l i ne  degeneration. Dr. McDonald responded t h a t  
the  l es ions  had been observed i n  s tud ies  w i t h  a t  l e a s t  th ree  o the r  chemicals, 
doxylamine, pentachloroanisole,  and polybrominated b iphenyls ,  none o f  which were 
s t r u c t u r a l l y  r e l a t e d  t o  ethy lene g l y c o l .  

D r .  Carlson, the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He a l so  
wondered why water was no t  used as the  veh ic le  s ince due t o  the  chemical 's  sweet 
t a s t e  he would expect consumption t o  be increased. Dr .  McDonald comnented t h a t  
ethy lene g l y c o l  i s  known t o  cause severe progressive renal  disease i n  o ther  
species. The end stage disease accompanied by p o l y u r i a  would be expected t o  
lead t o  excess consumption o f  water and a  r e s u l t a n t  overdosage o f  ethy lene 
g l y c o l  by t h i s  route. Dr .  Carlson asked whether there  was i n fo rma t ion  on 
b i o a v a i l a b i l i t y  o f  ethy lene g l y c o l  from the  feed. Dr .  McDonald sa id  there  were 
no data. She thought the  h igh  inc idence o f  chemical ly  associated systemic 
l es ions  supported adequate b i o a v a i l a b i l i t y .  

M r .  Be l i czky  comnented t h a t  occupat ional exposure would more l i k e l y  be by 
i n h a l a t i o n  o r  dermal absorpt ion. He noted t h a t  ep i ch lo rhyd r in  was among the  two 
percent  i m p u r i t i e s  and t h i s  should be referenced. Dr .  Janet Haartz, NIOSH, 
repor ted  t h a t  occupat ional exposure t o  ethy lene g l y c o l  i s  r a t h e r  extensive, w i t h  
p o t e n t i a l  exposure i n  the  workplace o f  over one-and-a-half m i l l i o n  people. 



Dr. Klaassen moved t h a t  the Technical Report on ethylene g lycol  be accepted wi th  
the  rev is ions  discussed and w i th  the  conclusions as w r i t t e n  f o r  male and female 
mice, no evidence o f  carcinogenic a c t i v i t y .  Dr. Ba i l ey  seconded the motion, 
which was accepted unanimously w i th  ten  votes. 



HC Yellow 4. Dr .  J.K. Dunnick, NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  HC Yellow 4 by d iscuss ing  the  uses, desc r ib ing  the 
experimental  design, 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 ,  and 
comnenting on compound-related neop las t i c  l es ions  i n  male r a t s  and 
nonneoplast ic  l es ions  i n  mice. The conclusions were tha t :  

Under the  cond i t i ons  o f  these 2-year feed s tud ies ,  there  was equivocal 
evidence o f  carc inogenic a c t i v i t y  o f  HC Yellow 4 i n  male r a t s  based on the 
increased inc idence o f  p i t u i t a r y  g land adenomas. There was no evidence of 
carc inogenic a c t i v i t y  i n  female r a t s  g iven 5,000 o r  10,000 ppm HC Yellow 4 
i n  feed f o r  2 years. There was no evidence o f  carc inogenic a c t i v i t y  i n  
male o r  female mice g iven 5,000 o r  10,000 ppm HC Yellow 4 i n  feed f o r  2 
years. 

There was a chemical - re lated increase i n  the  inc idence o f  t h y r o i d  gland 
p igmentat ion and f o l l i c u l a r  c e l l  hyperplas ia i n  mice. 

D r .  Zeise, a 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 
thought the  conclusions should note t h a t  male and female r a t s  could have 
t o l e r a t e d  s i g n i f i c a n t l y  h igher  doses. Dr .  Zeise sa id  t h a t  the  increased 
inc idence o f  u t e r i n e  stromal polyps i n  female r a t s  should be considered "may 
have been r e l a t e d  t o  chemical admin i s t ra t i on " ,  unless the re  a re  b e t t e r  reasons 
f o r  d iscount ing  them than t h a t  the  inc idence i n  t r e a t e d  animals f a l l s  ou ts ide  
the range o f  o v e r a l l  NTP h i s t o r i c a l  cont ro ls .  D r .  Dunnick comnented t h a t  more 
h i s t o r i c a l  c o n t r o l  da ta  would be added and t h a t  t he re  were no support ing 
nonneoplast ic  e f f e c t s ,  p rov id ing  f u r t h e r  evidence t h a t  these l es ions  probably 
were no t  chemical ly  re la ted .  Dr .  Haseman added t h a t  the  h igh  dose u t e r i n e  polyp 
response was s i m i l a r  t o  the  h i s t o r i c a l  c o n t r o l  mean from previous s tud ies  a t  
t h i s  labora tory .  Fur ther ,  based on the  r e s u l t s  o f  prev ious NCIINTP studies,  i t  
would be unusual f o r  a chemical t o  induce j u s t  u t e r i n e  polyps. 

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

Dr. Garman, t he  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. Because 
o f  the  prominent t rea tment - re la ted  increased frequency o f  t h y r o i d  f o l l i c u l a r  
c e l l  hyperp las ia  i n  the  2-year s tud ies  i n  mice, he thought i t  appropr ia te  t o  add 
frequency f i g u r e s  t o  the sumnary t a b l e  i n  the Abstract.  Both D r .  Carlson and 
Dr .  Hayden asked t h a t  degrees o f  pigmentat ion and hyperp las ia  o f  the t h y r o i d  
glands i n  mice be added t o  the  tab les  f o r  the  13-week and 2-year s tudies.  

D r .  Zeise moved t h a t  the  Technical Report on HC Yellow 4 be accepted w i t h  the 
r e v i s i o n s  discussed and w i t h  the conclusions as w r i t t e n  f o r  male ra t s ,  equivocal 
evidence o f  carc inogenic a c t i v i t y ,  and f o r  female r a t s  and male and female mice, 
no evidence o f  carc inogenic a c t i v i t y ,  and w i t h  a d d i t i o n  o f  a statement t h a t  
"male and female r a t s  may have been ab le  t o  t o l e r a t e  h igher  dosesM. Dr. Garman 
seconded the  motion. Dr. Goodman o f f e r e d  an amendment t h a t  the  added statement 
be removed. D r .  Klaassen seconded the  amendment which was accepted by seven yes 
t o  th ree  no votes (Carlson, McKnight, Zeise). D r .  McKnight o f f e r e d  an amendment 
t o  add a statement t o  the conclusions t h a t  "male r a t s  may have been ab le  t o  
t o l e r a t e  a h igher  doseH. D r .  Zeise seconded the  amendment which was accepted by 
seven yes t o  th ree  no votes (Bel iczky,  Goodman, Hayden). Dr .  Ze ise ls  amended 
mot ion was then accepted unanimously w i t h  ten  votes. 



Mercur ic  Chlor ide.  D r .  G.A. Boorman, NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  mercur ic  c h l o r i d e  by d iscuss ing  the  uses and r a t i o n a l e  
f o r  study, desc r ib ing  the  experimental design i n c l u d i n g  ana lys i s  o f  t i s s u e  and 
organ l e v e l s  o f  mercury du r ing  a  6-months study, 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 ,  and commenting on compound-related neop las t i c  and nonneoplast ic 
l es ions  i n  mice and ra ts .  I n  summary, he thought the  main concern w i t h  mercuric 
c h l o r i d e  should be t o x i c i t y ,  more so than carc inogen ic i ty .  The conclusions were 
t h a t :  

Under the  cond i t i ons  o f  these 2-year gavage studies,  there  was some 
evidence o f  carc inogenic a c t i v i t y  o f  mercur ic  c h l o r i d e  i n  male =IN 
r a t s  based on the  increased inc idence o f  squamous c e l l  papi l lomas o f  the  
forestomach. An increased inc idence o f  t h y r o i d  f o l l i c u l a r  c e l l  adenomas 
and carcinomas mav have been r e l a t e d  t o  mercur ic  c h l o r i d e  exDosure. There 
was equivocal evihence o f  carc inogenic a c t i v i t y  o f  mercur ic  k h l o r i d e  i n  
female F344lN r a t s  based on two squamous c e l l  papi l lomas o f  t he  
forestomach. There was equivocal -evidence o f  carc inogenic a c t i v i t y  o f  
mercur ic  c h l o r i d e  i n  male B6C3F1 mice based on the  occurrences o f  two 
renal  t ubu le  adenomas and renal  tubu le  adenocarcinoma. There was no 
evidence o f  carc inogenic a c t i v i t y  i n  female B6C3F1 mice rece i v ing  F o r  10 
mglkg o f  mercur ic  ch lo r ide .  

Nonneoplast ic l es ions  associated w i t h  exposure t o  mercur ic  c h l o r i d e  
inc luded increased s e v e r i t y  o f  nephropathy i n  male r a t s  and male and 
female mice. There was an increased inc idence o f  renal  t ubu le  hyperplas ia 
i n  male ra ts .  The inc idence o f  forestomach hyperp las ia  was increased i n  
dosed male and female ra t s .  There were increased incidences o f  
i n f l a m m a t i o n  o f  the  nasal mucosa i n  r a t s  and o f  o l f a c t o r y  e p i t h e l i a l  
metaplas ia i n  mice t h a t  were associated w i t h  mercur ic  c h l o r i d e  exposure. 

M r .  Be l iczky ,  a  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. 
He thought t he  statement regarding t h y r o i d  neoplasms i n  male r a t s  should be 
deleted. He expressed concern t h a t  ca rc inogen ic i t y  da ta  generated from the  
s tud ies  appeared t o  be compromised by the  chemical t o x i c i t y ,  p a r t i c u l a r l y  t h a t  
i n  the  kidney. M r .  Be l i czky  s ta ted  t h a t  i f  the  severe t o x i c i t y  o f  the  chemical 
c l e a r l y  l i m i t e d  the  s e n s i t i v i t y  o f  the study t o  de tec t  carc inogenic e f f e c t s ,  
then the  study design was l i m i t e d  o r  should have been mod i f i ed  a f t e r  the  
six-month study. Dr. Boorman agreed t h a t  i n  some cases t o x i c i t y  may have 
i n t e r f e r e d  w i t h  the  a b i l i t y  t o  assess carc inogen ic i ty .  

Dr. Garman, the  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. I n  view 
o f  the  importance o f  the  renal  t o x i c i t y  and the  continuum which e x i s t s  between 
hyperplas ia,  adenoma and carcinoma, he suggested i n c l u s i o n  o f  a  photomicrograph 
o f  a  represent ive  l e s i o n  o f  renal  t ubu la r  hyperplasia. 

Dr. Goodman, the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions w i t h  the 
except ion t h a t  he thought the second sentence should be q u a l i f i e d  w i t h  the  word 
' m a r g i n a l l y '  t o  read: "A marg ina l l y  increased inc idence o f  t h y r o i d  f o l l i c u l a r  
c e l l  adenomas and carcinomas may have been r e l a t e d  t o  mercur ic  c h l o r i d e  
exposure." D r .  Boorman s a i d  we would consider  such a  change. Dr .  Goodman 
comnented on the  statement i n  the  genet ic  t ox i co logy  sec t i on  t h a t  the  i nduc t i on  
o f  a  h igh  number o f  complex chromosomal aber ra t ions  imp l i ca ted  mercur ic  
c h l o r i d e  as a  major cause o f  damage, as opposed t o  c y t o t o x i c i t y ,  which would be 



expected t o  produce main ly  simple breaks. He p ra i sed  t h i s  as the  s o r t  o f  
i n s i g h t  he would l i k e  t o  see more o f ten ,  and asked t h a t  a  reference o r  two be 
added. D r .  Boorman s a i d  there  were two p e r t i n e n t  references t h a t  would be 
c i t ed .  

D r .  Klaassen suggested t h a t  there  be an expanded d iscuss ion  o f  how the  th ree  
forms o f  mercury -- mercury vapor, organic mercury, and i no rgan ic  mercury s a l t s  
-- d i f f e r  i n  t o x i c i t y .  D r .  Boorman s a i d  a  paragraph would be added. Dr .  
Carlson comnented on the  poor s u r v i v a l  i n  dosed male r a t s  and wondered about the 
adequacy o f  t he  study i n  male ra ts .  Dr .  Haseman noted t h a t  s u r v i v a l  t o  week 90 
was about 60% i n  bo th  dosed groups so a  m a j o r i t y  o f  animals surv ived long enough 
t o  be considered a t  r i s k  f o r  tumors. Fur ther ,  s ince there  was a  p o s i t i v e  e f f e c t  
f o r  ca rc inogen ic i t y ,  the  low s u r v i v a l  i s  l ess  o f  a  concern. D r .  Zeise thought 
the  l e v e l  o f  evidence i n  female r a t s  should have been some evidence based on the 
two squamous c e l l  papi l lomas i n  the  h igh  dose group w i t h  support ing hyperplas ia 
and s i m i l a r  increases i n  male ra ts .  Dr .  Boorman responded t h a t  based on on l y  
two tumors the  s t a f f  d i d  n o t  t h i n k  there  was an unequivocal assoc ia t i on  w i t h  the 
chemical. D r .  McKnight argued t h a t  the  th ree  renal  tubu le  neoplasms i n  h igh  
dose male mice supported some evidence, p a r t i c u l a r l y  i n  view o f  zero incidence 
i n  concurrent  c o n t r o l s  and h i s t o r i c a l  c o n t r o l s  f o r  water gavage studies.  D r .  
Boorman s a i d  the  s t a f f  had considered t h i s  l e v e l ;  however, s tep sect ions o f  the 
kidneys f a i l e d  t o  uncover any a d d i t i o n a l  l es ions  i n  male o r  female mice, 
weakening the  support f o r  a  chemical ly  associated e f f e c t .  

Mr. Be l i czky  moved t h a t  the  Technical Report on mercur ic  c h l o r i d e  be accepted 
w i t h  the  r e v i s i o n s  discussed, w i t h  the conclusions as w r i t t e n  f o r  male ra t s ,  
some evidence o f  carc inogenic a c t i v i t y ,  f o r  female r a t s  and male mice, equivocal 
evidence o f  carc inogenic a c t i v i t y ,  and f o r  female mice, no evidence o f  
carc inogenic a c t i v i t y ,  and w i t h  d e l e t i o n  o f  the  second sentence: "An increased 
inc idence o f  t h y r o i d  f o l l i c u l a r  c e l l  adenomas and carcinomas may have been 
r e l a t e d  t o  mercur ic  c h l o r i d e  exposure." The mot ion was tab led  f o r  l ack  o f  a  
second. M r .  Be l i czky  then moved t h a t  the  conclusions be accepted as w r i t t e n  
i n c l u d i n g  the  second sentence. Dr .  Garman seconded the  motion. Dr .  Goodman 
o f f e r e d  an amendment t h a t  the  sentence have "marg ina l ly "  i n s e r t e d  as i t s  second 
word. D r .  Klaassen seconded the  amendment, which was accepted by n ine  yes t o  
one no votes (Zeise).  Dr .  Zeise o f f e r e d  an amendment t h a t  the  conclus ion f o r  
male mice be changed t o  some evidence o f  carc inogenic a c t i v i t y .  Dr. McKnight 
seconded the  amendment, which was defeated by e i g h t  no t o  two yes votes 
(McKnight, Zeise). Dr. Zeise o f f e r e d  an amendment t h a t  the  conclusions f o r  
female r a t s  be changed t o  some evidence o f  carc inogenic a c t i v i t y .  The amendment 
was tab led  f o r  l ack  o f  a  second. M r .  Be l i czky l s  second mot ion t o  accept the 
conclusions as w r i t t e n  w i t h  the  second sentence amended t o  inc lude "marg ina l ly "  
as the  second word was then accepted by n ine  yes t o  one no votes (Zeise). 



p-Nitrophenol.  Dr. C.C. Shackelford, NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  p-n i t rophenol  by d iscuss ing  the  uses and r a t i o n a l e  f o r  
study, desc r ib ing  the  experimental design, 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 ,  and comnenting on the  l ack  o f  compound-related neop las t i c  and 
nonneoplast ic  l es ions  i n  mice. The s tud ies  were terminated a t  18 months because 
o f  poor s u r v i v a l  due t o  genera l i zed amylo idosis  and secondary k idney f a i l u r e  i n  
bo th  dosed and c o n t r o l  animals. The conclusions were tha t :  

Under the  cond i t i ons  o f  these 18-month dermal s tudies,  there  was no 
evidence o f  carc inogenic a c t i v i t y  i n  male o r  female swiss-websterrnice 
r e c e i v i n g  40, 80, o r  160 mglkg p-ni trophenol.  

Dr. Ba i ley ,  a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He questioned 
the  s e n s i t i v i t y  o f  Swiss-Webster mice w i t h  regards t o  p-n i t rophenol  t o x i c i t y  
(e.g., o r a l  admin i s t ra t i on )  as compared t o  o ther  s t r a i n s  o f  mice, and whether 
p a r a l l e l s  cou ld  be drawn between the  Swiss-Webster and o the r  s t r a i n s  o f  mice 
c u r r e n t l y  used i n  c l a s s i c a l  ca rc inogen ic i t y  t es t i ng .  Dr. Shackel ford s a i d  there 
was no i n fo rma t ion  i n  t he  l i t e r a t u r e  on such studies. Dr. B a i l e y  a l s o  wondered 
whether c l i n i c a l  chemist ry  had been done. Dr. Shackel ford expla ined t h a t  
because o f  the  l a r g e  number o f  animals moribund a t  65 weeks, t he  t ime when blood 
samples a r e  taken f o r  c l i n i c a l  chemistry,  there  were i n s u f f i c i e n t  hematologic 
da ta  t o  repor t .  

D r .  Davis, the  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
quest ioned the  r a t i o n a l e  f o r  us ing  Swiss-Webster mice. Dr. R. I rw in ,  NIEHS, 
s a i d  t h a t  t he  U.S. Army s p e c i f i c a l l y  requested t h a t  the  study be done i n  t h i s  
s t r a i n .  D r .  Davis noted a statement t h a t  a h igher  dose, than 160 mglkg, could 
n o t  have been t o l e r a t e d  g iven r e s u l t s  i n  an e a r l i e r  unpubl ished 13-week study a t  
175 mglkg and asked f o r  c l a r i f i c a t i o n .  

Mr .  Be l iczky ,  t he  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions al though 
he considered the  Swiss-Webster mouse a poor choice o f  animal, thus prec lud ing  
any f i n a l  judgment regarding e i t h e r  t o x i c i t y  o r  ca rc inogen ic i t y  o f  
p-n i t rophenol .  He s a i d  another study us ing  a d i f f e r e n t  s t r a i n  o f  animal should 
be considered. Dr .  S. Eus t is ,  NIEHS, responded t h a t  f o r  dermal ca rc inogen ic i t y  
s tudies,  t he  usual NTP rodent species, B6C3F1 mouse and F ischer  344 r a t ,  may not  
be the  bes t  s t r a i n s  t o  use because they a re  r e l a t i v e l y  r e s i s t a n t  t o  dermal 
carcinogenesis. He thought t h a t  o ther  s tud ies  by another rou te  i n  these s t r a i n s  
would be more usefu l .  

There was a lengthy  d iscuss ion  on the  m e r i t s  o f  exposure by the  feed rou te  vs. 
dermal a p p l i c a t i o n  and the  p o i n t  was made t h a t  when a chemical i s  g iven by one 
o f  these routes the re  i s  u s u a l l y  some degree o f  i nadve r ten t  exposure by the  
o the r  route. Dr .  R. Griesemer, NIEHS, comnented t h a t  the  design o f  the  dermal 
s tudy might  be q u i t e  d i f f e r e n t  depending on whether the  concern was w i t h  s k i n  as 
a t a r g e t  s i t e  o r  s k i n  as a p o r t a l  o f  entry .  

D r .  B a i l e y  moved t h a t  the  Technical Report on p-n i t rophenol  be accepted w i t h  the 
r e v i s i o n s  discussed and w i t h  the  conclusions as w r i t t e n  f o r  male and female 
Swiss-Webster mice, no evidence o f  carc inogenic a c t i v i t y .  Dr. Davis seconded 
the  motion, which was accepted unanimously w i t h  ten  votes. 



Polysorbate 80. D r .  M.P. Jokinen, NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  polysorbate 80 by d iscuss ing  the  uses and r a t i o n a l e  
f o r  study, desc r ib ing  the  chemistry and experimental design, and comnenting on 
compound-related neop las t i c  and nonneoplast ic l es ions  i n  mice and ra ts .  The 
conclusions were t h a t :  

Under the  cond i t i ons  o f  these 2-year feed studies,  there  was equivocal 
evidence o f  carc inogenic a c t i v i t y  o f  polysorbate 80 i n  male F344lN r a t s  
based on increased incidences o f  pheochromocytomas o f  the  adrenal medulla. 
There was no evidence o f  carc inogenic a c t i v i t y  i n  female F344lN r a t s  o r  i n  
male o r  female B6C3F1 mice g iven 25,000 o r  50,000 ppm polysorbate 80 i n  
feed f o r  2 years. 

Admin i s t ra t i on  o f  polysorbate 80 was associated w i t h  i n f l amna t ion  and 
squamous hyperp las ia  o f  the  forestomach i n  male and female mice, and w i t h  
u l c e r s  o f  t he  forestomach i n  female mice. 

Dr. Garman, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He asked f o r  
c l a r i f i c a t i o n  o f  the  c r i t e r i a  f o r  d i s t i n g u i s h i n g  between benign and mal ignant 
pheochromocytomas. Dr. Jokinen sa id  the c r i t e r i a  f o r  malignancy i s  invas ion  
through the  capsule. Dr .  Garman a l s o  asked f o r  c l a r i f i c a t i o n  as t o  why the 
upper end o f  the  h i s t o r i c a l  c o n t r o l  range f o r  pheochromocytomas i n  male r a t s  was 
c i t e d  as 48% i n  the  repo r t ,  y e t  the  upper end c i t e d  by Dr .  Jokinen i n  h i s  
remarks was 65%. Dr .  J. Haseman, NIEHS, expla ined t h a t  48% was the  upper l i m i t  
on the  cu r ren t  database w h i l e  65% was c i t e d  from an e a r l i e r  NTP study t o  g i ve  
perspect ive  t o  the  f a c t  t h a t  ra tes  had been h igher  i n  the  past. He po in ted  out  
a paragraph i n  the  Discussion where t h i s  was explained. 

Dr. Ba i l ey ,  the  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
comnented on the  l a r g e  temperature excurs ion i n  t he  animal room occur r ing  dur ing  
the  2-year study, n o t i n g  t h a t  i t  was on l y  du r ing  a 2-day per iod,  and asked f o r  
a statement i n  the  r e p o r t  as t o  any poss ib le  impact on r e s u l t s  o f  t he  study. 
Dr. Jokinen agreed t o  add a statement as t o  the  l i m i t e d  t ime o f  the  excursion 
and the  l i k e l i h o o d  the re  was no e f f e c t  on the  study. 

D r .  Davis, the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He sa id  
i t  was no t  c l e a r  t o  him how much s i g n i f i c a n c e  was p laced on the  occurrence o f  
adrenal hyperp las ia  i n  low dose male r a t s  or ,  i f  adrenal hyperp las ia  i s  p a r t  o f  
a continuum toward neoplasia, why there  were no t  increases i n  the  h igh  dose 
group. D r .  S. Eus t is ,  NIEHS, s a i d  t h a t  i f  both  a hyperp las ia  and a neoplasm 
were present  i n  t he  same adrenal g land on l y  the neoplasm was diagnosed and 
reported. Th is  was main ly  a mat te r  o f  p r a c t i c a l i t y  s ince the  small s i z e  o f  the 
adrenal medul la made i t  d i f f i c u l t  t o  determine whether another s l i g h t  l e s i o n  was 
p a r t  o f  t he  pheochromocytoma o r  a separate les ion.  

D r .  Carlson comnented on the  occurrence o f  sp len i c  sarcomas i n  two high-dose 
male r a t s ,  an inc idence which exceeded the  cu r ren t  h i s t o r i c a l  c o n t r o l  range f o r  
dosed food studies.  Dr .  Eus t i s  sa id  the  small number o f  tumors along w i t h  the 
l ack  o f  p reneop las t ic  l es ions  d i d  no t  support t h i s  being a chemica l ly - re la ted  
e f f o r t .  

Dr. Garman moved t h a t  the Technical Report on po lysorbate  80 be accepted w i t h  
the  r e v i s i o n s  discussed and w i t h  the  conclusions as w r i t t e n  f o r  male ra t s ,  



equivocal evidence o f  carcinogenic a c t l v l t y ,  and for female r a t s  and male and 
female mice, no evidence o f  carcinogenic a c t i v i t y .  Dr. Hayden seconded the 
motion, which was accepted unanlmously wi th  ten votes. 



1,2,3-Trichloropropane. Dr .  R.D. I r w i n ,  NIEHS, in t roduced the  tox i co logy  and 
carcinogenesis s tud ies  o f  1,2,3-trichloropropane by d iscuss ing  the  uses, human 
exposure and r a t i o n a l e  f o r  study, desc r ib ing  the  experimental  design, repo r t i ng  
on s u r v i v a l  and body weight  e f f e c t s ,  and commenting on compound-related 
neop las t i c  and nonneoplast ic  l es ions  i n  mice and ra t s .  The conclusions were 
t h a t :  

Under the  cond i t i ons  o f  these 2-year gavage studies,  there  was c l e a r  
evidence o f  carc inogenic a c t i v i t y  o f  1,2,3-tr ichloropropane i n  male F3441N 
r a t s  r e c e i v i n g  3, 10, o r  30 mglkg based on increased incidences o f  squamous 
c e l l  papi l lomas and carcinomas o f  the  o r a l  mucosa and forestomach, adenomas 
o f  t he  pancreas and kidney, and adenoma o r  carcinoma o f  t he  p r e p u t i a l  
gland. Carcinomas o f  the  Zymballs g land and adenocarcinomas o f  the  
i n t e s t i n e  may have been r e l a t e d  t o  chemical admin is t ra t ion .  There was 
c l e a r  evidence o f  carc inogenic a c t i v i t y  o f  1,2,3-tr ichloropropane i n  female 
F3441N r a t s  rece i v ing  3, 10, o r  30 mglkg based on increased incidences o f  - - 

squamous c e l l  papi 11 omas and carcinomas o f  the  o r a l  mucosa and forestomach, 
adenoma o r  carcinoma o f  the  c l i t o r a l  gland, and adenocarcinomas o f  the  
mammary gland. Carcinomas o f  the  Zymballs g land and adenocarcinomas o f  
the  i n t e s t i n e  may have been r e l a t e d  t o  chemical admin is t ra t ion .  

There was c l e a r  evidence o f  carc inogenic a c t i v i t y  o f  1,2,3-trichloropropane 
i n  male B6C3F1 mice rece i v ing  6, 20, o r  60 mglkg based on increased 

- - 

incidences o f  squamous c e l l  papi 1 1 omas and carcinomas o f  the  forestomach, 
hepa toce l l u la r  adenomas o r  carcinomas o f  the  l i v e r ,  and Harderian gland 
adenomas. Sauamous c e l l  ~ a ~ i l l o m a s  o f  the  o r a l  mucosa mav have been 
r e l a t e d  t o  chemical admini s t r a t i o n .  There was c l e a r  ev id ince  o f  
carc inogenic a c t i v i t y  o f  1,2,3-trichloropropane i n  female B6C3F1 mice 
r e c e i v i n g  6, 20, o r  60 mglkg based on increased inc idences o f  squamous c e l l  
papi 11 omas and carcinomas o f  the  forestomach, hepatoce l l  u l a r  adenomas o r  
carcinomas o f  the  l i v e r ,  Harderian g land adenomas, and u t e r i n e  adenomas, 
adenocarcinomas, and stromal polyps. 

There were chemical - re lated increased incidences i n  basal c e l l  and squamous 
hyperp las ia  o f  the  forestomach, ac ina r  hyperp las ia  o f  the  pancreas, renal  
t u b u l a r  hyperp las ia  and nephropathy o f  the  kidney, and p r e p u t i a l  o r  
c l i t o r a l  g land hyperp las ia  i n  male and female ra ts .  Increased incidences 
o f  squamous hyperp las ia  o f  the  forestomach and e o s i n o p h i l i c  f o c i  o f  the 
l i v e r  i n  male and female mice were chemical re la ted .  

D r .  Goodman, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He asked 
whether any o f  the  c l i n i c a l  f i n d i n g s  i n  male r a t s  cou ld  have been due t o  the 
severe chemical-induced nephropathy. Dr .  I r w i n  s a i d  t h a t  a l though the  
neop las t i c  response was q u i t e  strong, one cou ld  no t  unequivocal ly  r u l e  out  a 
c o n t r i b u t i o n  by the  nephropathy. Dr .  Goodman commented on the  f o u r  w ide l y  used 
i n  v i t r o  t e s t s  f o r  genet ic  t o x i c i t y ,  and noted the  i n a b i l i t y  o f  t h ree  o f  the - 
a s s F ( v i z . ,  mutagenesi s  i n  mouse lymphoma c e l l  s  and chromosome aber ra t ions  and 
s i s t e r  chromatid exchanges i n  Chinese hamster ovary c e l l s )  t o  augment t he  
a b i l i t y  o f  mutagenesis i n  Salmonella typhimurium t o  p r e d i c t  ca rc inogen ic i t y  o f  
chemicals i n  long-term rodent studies. Therefore, he thought p resenta t ion  o f  
da ta  f rom these assays should be very l i m i t e d  i n  t h i s  and o the r  repor ts .  D r .  S. 
Eus t is ,  NIEHS, responded t h a t  t he  s t a f f  would reconsider  t h e i r  approach t o  the 
genet ic  t ox i co logy  p resen ta t i on  and d iscuss ion  i n  the  repor ts .  



D r .  McKnight, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions i n  
p r i n c i p l e .  However, she s a i d  t h a t  Zymballs g land tumors should be inc luded as 
support f o r  c l e a r  evidence i n  male and female ra t s ,  n o t i n g  t h a t  these tumors 
occur w i t h  s t a t i s t i c a l l y  s i g n i f i c a n t  t rends i n  bo th  sexes and the  incidences i n  
the  h igh  dose groups exceed the  ranges observed i n  h i s t o r i c a l  c o n t r o l  groups f o r  
bo th  sexes. Dr. McKnight s a i d  more i n fo rma t ion  should be g iven f o r  why gavage 
was used s ince  occupational exposure main ly  occurs by i nha la t i on ,  and there  i s  
a l s o  p o t e n t i a l  f o r  human exposure i n  d r i n k i n g  water and dermal ly.  Dr. I r w i n  
comnented t h a t  due t o  the  presence o f  1,2,3-tr ichloropropane i n  ground and 
sur face water as w e l l  as d r i n k i n g  water, the  numbers o f  people exposed o r a l l y  
may exceed those exposed by any o ther  route. 

Dr .  Zeise, t he  t h i r d  p r i n c i p a l  reviewer, a l s o  agreed i n  p r i n c i p l e  w i t h  the  
conclusions. She supported Dr. McKnightls c a l l  t o  i nc lude  Zymbal's g land tumors 
i n  r a t s  under c l e a r  evidence, and proposed t h a t  o r a l  c a v i t y  squamous c e l l  
papi l lomas be added t o  the  evidence f o r  male mice. Dr. J. Haseman, NIEHS, noted 
t h a t  t he  i n c l u s i o n  o f  o r a l  c a v i t y  tumors as p a r t  o f  t he  evidence f o r  
c a r c i n o g e n i c i t y  i n  the  o the r  th ree  experimental groups added weight  t o  the  
proposed assoc ia t i on  w i t h  chemical t reatment  f o r  these uncomnon tumors i n  male 
mice. Dr .  Zeise argued t h a t  squamous c e l l  papi l lomas o r  carcinomas o f  the  s k i n  
and l i v e r  tumors i n  male r a t s  as w e l l  as squamous c e l l  carcinomas o f  the  l a rge  
i n t e s t i n e  i n  female mice should be inc luded i n  the  conclusions as f l n d i n g s  t h a t  
"may have been r e l a t e d  t o  chemical treatment." Dr .  Eus t i s  s a i d  t h a t  d iscussion 
o f  these tumors cou ld  be added t o  the  resu l t s .  

Mr .  Be l i czky  s ta ted  t h a t  i n  view o f  t he  widespread human exposure i n  polymer 
manufacture and as a so lvent  f o r  degreasing and p a i n t  s t r i p p i n g  there  needed t o  
be more emphasis and i n fo rma t ion  i n  the  r e p o r t  on dermal exposure and 
absorpt ion. Dr. Davis pursued the  issue o f  how the  rou te  o f  admin i s t ra t i on  i s  
selected; i.e., was t h i s  the  rou te  o f  pr imary human exposure o r  was the  gavage 
rou te  chosen t o  maximize the  a b i l i t y  t o  de tec t  a carc inogenic response? Dr.  
Eus t i s  s a i d  NTP takes i n t o  cons idera t ion  the  rou te  o f  human exposure b u t  cost  
a l s o  needs t o  be considered - two feed s tud ies  can be conducted f o r  about the  
same cos t  as one i n h a l a t i o n  study. Dr .  R. Griesemer, NIEHS, added t h a t  the  
agency o r  p a r t y  nominat ing a chemical f o r  study may s p e c i f y  a p a r t i c u l a r  rou te  
o f  exposure. I n  t h i s  case there  was considerable ground water contaminat ion and 
an i n t e r e s t  i n  o r a l  exposures from the  s t a r t .  

D r .  Goodman moved t h a t  t he  Technical Report on 1,2,3-tr ichloropropane be 
accepted w i t h  the  r e v i s i o n s  discussed and the  conclusions 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 .  Mr. Be1 iczky  
seconded the  motion. D r .  McKninht o f f e r e d  an amendment t h a t  Zvmbal's a land 
tumors be added t o  the  1 i s t  o f  ieoolasms on which the  l e v e l  of-evidence i s  based 
i n  male and female ra ts .  Dr .  ~ a v i s  seconded the  amendment which was accepted by 
seven yes t o  th ree  no votes (Ba i ley ,  Carlson, Garman). The o r i g i n a l  mot ion by 
Dr .  Goodman was then accepted unanimously w i t h  ten  votes. 



SHORT-TERM TOXICITY STUDIES 

Black Newsprint Inks. Dr .  J.F. Mahler, NIEHS, in t roduced the  shor t - term 
t o x i c i t y  s tud ies  o f  b lack  newsprint i nks  by rev iewing the  uses o f  and r a t i o n a l e  
f o r  s tudy ing  b lack  newsprint inks,  composit ion o f  t he  inks ,  methodology f o r  
dermal a p p l i c a t i o n  o f  the  i n k s  and minera l  o i l s ,  experimental design, and 
resu l t s .  I n  13-week studies,  t e s t  chemicals were app l i ed  tw ice  weekly a t  dose 
volumes o f  20 m i c r o l i t e r s  f o r  mice and 50 m i c r o l i t e r s  f o r  ra ts .  Treatment 
groups f o r  r a t s  consis ted o f  l e t t e r p r e s s  i n k  mix ture ,  o f f s e t  i n k  mixture,  
p r i n t i n g  i n k  minera l  o i l ,  USP mineral  o i l ,  and c l ipped,  un t rea ted  cont ro ls .  
Groups o f  mice were adminis tered each o f  the  f o u r  i n d i v i d u a l  l o t s  o f  bo th  
l e t t e r p r e s s  and o f f s e t  inks,  the  composite mix tures  o f  each, and p r i n t i n g  i n k  
and USP mineral  o i l s ,  i n  a d d i t i o n  t o  c l i pped  unt rea ted  cont ro ls .  
Compound-related e f f e c t s  were l i m i t e d  i n  r a t s  t o  decreased body weight gains i n  
females t r e a t e d  w i t h  l e t t e r p r e s s  i n k  m ix tu re  and i n k  minera l  o i l ,  and increased 
l i v e r  and k idney weights i n  bo th  sexes exposed t o  USP mineral  o i l ;  there  were no 
l o c a l  t o x i c  e f f e c t s  a t  the  s i t e  o f  app l i ca t i on .  I n  mice, l i v e r  weights were 
increased i n  most i n k  and minera l  o i l  t reatment  groups o f  bo th  sexes. Dermal 
t o x i c i t y  was evidenced by sca l iness  and i r r i t a t i o n  a t  t he  a p p l i c a t i o n  s i t e  i n  
several t reatment  groups and m ic roscop ica l l y  by epidermal hyperp las ia  and 
i n f l amna t ion  i n  a l l  t reatment  groups. I n  sumnary, dermal exposure t o  b lack  
newsprint i nks  and minera l  o i l s  r e s u l t e d  i n  few systemic e f f e c t s .  Local e f f e c t s  
were ev ident  o n l y  i n  mice and were cons is ten t  w i t h  those o f  a  pr imary cutaneous 
i rr i  tan t .  

D r .  Davis, a  p r i n c i p a l  reviewer, s a i d  t h i s  was a  w e l l  designed and very complex 
study t h a t  was conc ise ly  and c l e a r l y  reported. He comnented t h a t  the  sumnary 
statement repo r t s  l i t t l e  i f  any t o x i c i t y  beyond the  s i t e  o f  app l i ca t i on ,  y e t  
female r a t s  had decreased weight gains and decreased hea r t  and lung weights w i t h  
respect  t o  cont ro ls .  He wondered i f  t h i s  could be a t t r i b u t e d  t o  decreased feed 
consumption. Dr. Mahler agreed t h a t  the  body weight decrements were subs tant ia l  
enough t o  be seen as evidence o f  t o x i c i t y  and t h i s  would be noted. 

D r .  Ba i ley ,  a  second p r i n c i p a l  reviewer, considered t h i s  t o  be a  w e l l  w r i t t e n  
r e p o r t  and the  experiments w e l l  done. He s a i d  references t o  the  work o f  
Blackburn - et.  - al .  on the  mod i f i ed  Ames assay should be c i t e d  s ince t h i s  assay 
can accu ra te l y  d i f f e r e n t i a t e  between carc inogenic and non-carcinogenic minera l  
o i l s ,  and a l s o  prov ide  h i g h l y  r e l i a b l e  est imates o f  the  r e l a t i v e  potency o f  such 
m a t e r i a l s  i n  mouse s k i n  p a i n t i n g  bioassays. D r .  Mahler s a i d  there  was a  l a t e r  
reference c i t e d  where the  mod i f ied  Ames method was used; however, the  Blackburn 
et.al .  re ferences a l s o  could be included. Dr .  B a i l e y  s a i d  mention was made t h a t  -- 
the c a r c i n o g e n i c i t y  o f  a  p a r t i c u l a r  minera l  o i l  i s  r e l a t e d  t o  i t s  r e f i n i n g  
h i s t o r y ,  w i t h  l e s s  r e f i n e d  o i l s  having g rea te r  carc inogenic p o t e n t i a l .  
Therefore, he thought i t  would be h e l p f u l  t o  ob ta in  the  r e f i n i n g  h i s t o r y  f o r  the 
i n k  o i l s  used i n  the  study. Dr .  Mahler s a i d  they would t r y  t o  ge t  in fo rmat ion  
on the  r e f i n i n g  h i s t o r y  and i nc lude  a  t a b l e  i n  the  Appendix. Dr .  B a i l e y  a l so  
requested the  i n c l u s i o n  o f  mutagen ic i ty  data on USP grade minera l  o i l  (USPMO) 
and p r i n t i n g  i n k  minera l  o i l  (PIMO) i n  the  Appendix. He wondered why the  C3H 
mouse was used. Dr .  Bucher comnented t h a t  NIOSH, i n  suggest ing use o f  the  C3H 
mouse, had i n d i c a t e d  they had a  database on s k i n  p a i n t  s tud ies  w i t h  t h a t  s t ra in .  
D r .  J. Haartz, NIOSH, caut ioned t h a t  t h i s  was no t  a  l a r g e  database, much o f  i t  
c o n s i s t i n g  o f  s tud ies  i n v o l v i n g  aspha l t  fumes and fume f r a c t i o n s .  



Mr. Bel iczky sa id  reference should be made t o  the f a c t  t h a t  carbon black 
contains po l ycyc l i c  aromatic hydrocarbons (PAHs), not ing t h a t  the In ternat iona l  
Agency f o r  Research on Cancer (IARC) l i s t s  some o f  these PAHs i n  o i l  as human 
sk in  carcinogens. Dr.  Mahler sa id  add i t iona l  references could be added. Dr. J. 
Freeman, Exxon, seconded Dr. Bai ley 's  request t ha t  informat ion on the re f i n i ng  
h i s t o r y  o f  the o i l s  and a lso the carbon blacks be given i n  the report.  



Formic Acid. Dr. M. Thompson, NIEHS, in t roduced the  shor t - term t o x i c i t y  s tud ies  
o f  fo rmic  a c i d  by rev iewing the  na tu ra l  occurrences and uses o f  fo rmic  ac id,  
experimental  design, and resu l t s .  Two and 13-week t o x i c i t y  s tud ies  o f  formic 
a c i d  were conducted i n  male and female r a t s  and mice by whole body i n h a l a t i o n  
exposure t o  fo rmic  a c i d  vapors. I n  2-week studies,  doses ranged from 31 t o  500 
pprn and the re  were microscopic l es ions  i n  the  r e s p i r a t o r y  and o l f a c t o r y  
e p i t h e l i a  i n  r a t s  and mice exposed t o  62.5 pprn and h igher  concentrat ions. 
Lesions cons is ted  o f  squamous metaplasia, necrosis ,  and inf larrmation. I n  
13-week s tud ies ,  doses ranged from 8 t o  128 ppm. Microscopic changes i n  r a t s  
and mice ranged from minimal t o  m i l d  i n  s e v e r i t y  and genera l l y  were l i m i t e d  t o  
animals i n  t he  128 pprn groups. Lesions consis ted o f  squamous metaplas ia and 
degenerat ion o f  t he  r e s p i r a t o r y  and o l f a c t o r y  e p i t h e l i a ,  respect ive ly .  
Hematologic and serum biochemical changes were minimal t o  m i l d  and, genera l l y  
cons i s ten t  w i t h  hemoconcentration. Overa l l ,  e f f e c t s  o f  fo rmic  a c i d  were 
cons i s ten t  w i t h  those o f  i r r i t a n t  chemicals adminis tered by i n h a l a t i o n  exposure. 
The no-observed-adverse-effect l e v e l  (NOAEL) f o r  r e s p i r a t o r y  i n j u r y  was 32 pprn 
i n  r a t s  and mice. There was no s i g n i f i c a n t  evidence o f  systemic t o x i c i t y  i n  
these studies.  

Dr. Carlson, a p r i n c i p a l  reviewer, thought t h i s  was a well-done study. He asked 
when a f t e r  t he  end o f  t he  2-week study was the  b lood pH determined, n o t i n g  t h a t  
ac idos i s  i s  an important  problem w i t h  the  acute t o x i c i t y  o f  methanol through i t s  
metabolism t o  formate. Dr. Thompson s a i d  the  pH was determined the  day a f t e r  
t he  l a s t  exposure. Dr .  Carlson asked t h a t  a r a t i o n a l e  be g iven f o r  us ing  the  
i n h a l a t i o n  route. Dr .  Thompson s a i d  t h a t  the  pr imary reason t h a t  fo rmic  a c i d  
was nominated was because o f  i t s  s t r u c t u r a l  r e l a t i o n s h i p  t o  formaldehyde, and 
because i n h a l a t i o n  i s  an important  rou te  o f  exposure f o r  humans. 

Dr .  Klaassen, a second p r i n c i p a l  reviewer, a l s o  thought t h i s  was a w e l l  
performed study. H is  main concern was t h a t  there  was an over-emphasis i n  the 
r e p o r t  t o  i n d i c a t e  t h a t  rodent data on fo rmic  a c i d  might  n o t  be app l i cab le  t o  
humans. He would agree i f  s i g n i f i c a n t  systemic t o x i c i t y  had been observed, b u t  
i t  was ma in l y  l o c a l  t o x i c  e f f e c t s  which might  be very  re levan t  f o r  humans. Dr. 
Thompson responded t h a t  the  l ack  o f  an e f f e c t  i n  r a t s  may be r e l a t e d  t o  t h e i r  
res i s tance  t o  formate t o x i c i t y  and t h a t  was the  reason g iven f o r  t he  emphasis. 
Dr. Klaassen agreed b u t  s a i d  there  needed t o  be c l a r i f i c a t i o n  t h a t  the  l o c a l  
t o x i c  e f f e c t s  would be s i m i l a r  between rodents and humans. 

Dr. Zeise quest ioned the  NOAEL (32 pprn), n o t i n g  a repor ted  o l f a c t o r y  e p i t h e l i a l  
l e s i o n  i n  a male r a t  a t  32 pprn i n  the  13-week study. Dr. M. E lwe l l ,  NIEHS, sa id  
the  o l f a c t o r y  degenerat ion was a minimal change and i t  was d i f f i c u l t  t o  say t h a t  
i t  was a t reatment  e f f e c t .  



G I  hosate. Dr .  P.C. Chan, NIEHS, in t roduced the  short - term t o x i c i t y  s tudies o f  + g yphosate by rev iewing the  uses and r a t i o n a l e  f o r  study, f i n d i n g s  from chemical 
d i s p o s i t i o n  studies,  experimental design, and resu l ts .  Chemical d i s p o s i t i o n  
s tud ies  showed t h a t  20-303 o f  o r a l l y  administered glyphosate was absorbed and 
excreted i n  the  ur ine. I n  13-week studies, groups o f  male and female r a t s  and 
mice were administered glyphosate i n  the  feed a t  doses up t o  50,000 ppm. At  
doses o f  25,000 and 50,000 ppm i n  the  feed, glyphosate reduced body weight gain, 
caused cytoplasmic a l t e r a t i o n  and hypertrophy o f  s a l i v a r y  g land ac ina r  c e l l s ,  
and e levated serum b i l e  acids, a l k a l i n e  phosphatase, and a lan ine 
aminotransferase a c t i v i t i e s ,  but,  no h i s topa tho log ic  l es ions  were observed i n  
the  l i v e r s  o f  r a t s  and mice. The s a l i v a r y  g land e f f e c t s  o f  glyphosate were shown 
t o  be mediated through an adrenergic mechanism which could be blocked by the  
adrenergic antagonist ,  propranolo l .  The no-observed-adverse e f f e c t  l e v e l  
(NOAEL) f o r  the  s a l i v a r y  gland l e s i o n  was 3125 ppm i n  t h e  feed f o r  mice, bu t  the 
l e s i o n  was observed i n  a l l  dose l e v e l s  s tud ied i n  rats.  

Dr .  Garman, a p r i n c i p a l  reviewer, sa id  t h i s  was a thoroughly prepared and 
d e t a i l e d  r e p o r t  which d i d  an exce l l en t  j o b  o f  reviewing the  background as we l l  
as the  a v a i l a b l e  l i t e r a t u r e  on glyphosate. He thought i n c l u s i o n  o f  t he  
isopro tereno l /proprano lo l  study was h e l p f u l  i n  es tab l i sh ing  a mechanism f o r  the 
s a l i v a r y  g land a l t e r a t i o n .  He asked f o r  c l a r i f i c a t i o n  as t o  whether seve r i t y  
grades were based on ly  on the  p a r o t i d  s a l i v a r y  g land o r  whether changes w i t h  i n  
the  submandibular g land were a l s o  taken i n t o  considerat ion. Dr. J. Mahler, 
NIEHS, s a i d  the  s e v e r i t y  grades r e f l e c t  on l y  the  p a r o t i d  g land lesions. 

Dr .  Goodman, a second p r i n c i p a l  reviewer, a l so  thought t h i s  t o  be a w e l l  w r i t t e n  
repor t .  He s a i d  the  lack  o f  reproduct ive t o x i c i t y  was an important  observat ion 
which should be inc luded i n  the  Abstract.  



S c i e n t i f i c  Presentat ions 

V a r i a b i l i t y  i n  Tumor Rates Among Contro l  F344 Rats i n  NTP Studies: Dr .  Joseph 
Haseman, NIEHSy began by s t a t i n g  t h a t  concurrent c o n t r o l  tumor ra tes  a re  
p r e f e r r e d  b u t  h i s t o r i c a l  c o n t r o l  ra tes  can be useful ,  e s p e c i a l l y  w i t h  r a r e  
tumors and s tud ies  where there  may be a marginal increase i n  tumors i n  a t rea ted  
group compared w i t h  concurrent cont ro ls .  He l i s t e d  important  p o t e n t i a l  sources 
o f  v a r i a b i l i t y  i n  c o n t r o l  tumor ra tes  (Attachment, p.2) n o t i n g  t h a t  these 
f a c t o r s  may r e s u l t  i n  i n t e r - l a b o r a t o r y  v a r i a b i l i t y  and t ime- re la ted  t rends i n  
tumor occurrence. D r .  Haseman sumnarized the  r e s u l t s  from 88 s tud ies  i n  F344 
r a t s  which supported e a r l i e r  f i n d i n g s  t h a t  showed corn o i l  gavage increased 
pancreat ic  ac ina r  c e l l  tumor ra tes  and decreased incidences o f  mononuclear c e l l  
leukemias i n  male r a t s  r e l a t i v e  t o  un t rea ted  o r  water gavage c o n t r o l s  w h i l e  
having no e f f e c t  i n  female r a t s  (Attachment, pp.4-5). He then discussed the  
increases i n  tumor ra tes  over t ime, from the  e a r l y  1970s t o  the  e a r l y  1980s, f o r  
leukemias and several o ther  tumors, p r i m a r i l y  o f  endocrine o r i g i n ,  i n  bo th  sexes 
(Attachment, pp.6-7). Dr. Haseman f u r t h e r  discussed t rends i n  leukemia rates,  
and presented i n d i v i d u a l  study ra tes  t o  i l l u s t r a t e  the  v a r i a b i l i t y  i n  t h i s  tumor 
across c o n t r o l  groups and the  de terminat ion  o f  a "normal" c o n t r o l  range. 
(Attachment, pp. 9-10). He concluded h i s  p resen ta t i on  w i t h  an example o f  
i n t e r - l a b o r a t o r y  v a r i a b i l i t y  i n  c o n t r o l  tumor ra tes  (Attachment, p. 11). 

Dr .  Haseman s a i d  the  evidence from corn o i l  gavage c o n t r o l s  was q u i t e  convincing 
t h a t  the  gavage technique, i t s e l f ,  had no e f f e c t  i n  e i t h e r  sex o f  r a t s  bu t  
ra the r ,  d i f f e r e n c e s  seen were due t o  the  corn o i l .  Fur ther ,  inc idence ra tes  f o r  
adrenal,  p i t u i t a r y  and t h y r o i d  tumors seem t o  be l e v e l i n g  ou t  i n  more recent  
data, w h i l e  ra tes  f o r  mamnary g land tumors and leukemia a re  s t i l l  r i s i n g .  The 
NTP i s  s tudy ing  the  r o l e  o f  d i e t a r y  fac tors .  

Mononuclear C e l l  Leukemia i n  the  F344 Rat- Research Approaches: Dr .  Richard 
I r w i n ,  NIEHSy descr ibed the  c h a r a c t e r i s t i c s  o f  mononuclear c e l l  leukemia (MCL) 
i n  ~ 3 4 4  r a t s ,  n o t i n g  t h a t  MCL o r i g i n a t e s  i n  the spleen, and the  MCL c e l l  which 
i s  a l a r g e  g ranu la r  lymphocyte. Although labe led  a ' r a t 1  disease, humans have 
l a r g e  g ranu la r  lymphocytes, and r e c e n t l y  there  have been about 50 cases c i t e d  i n  
the  l i t e r a t u r e  o f  a chron ic  p r o l i f e r a t i v e  disease o f  these c e l l s .  He r e i t e r a t e d  
concerns expressed by Dr. Haseman about the  reduced s u r v i v a l  and h igh  and 
v a r i a b l e  inc idences i n  c o n t r o l s  which complicate i n t e r p r e t a t i o n  o f  the e f f e c t s  
o f  chemical exposure. D r .  I r w i n  discussed some research approaches by the  NTP 
inc lud ing :  (1) eva lua t i ng  the  i n f l uence  o f  d i e t  composit ion; (2) the  e f f e c t s  o f  
chemical exposure, doing a re t rospec t i ve  examination o f  the  NTP data base o f  
s tud ies  employing the NIH-07 d i e t ;  (3) at tempt ing t o  c o r r e l a t e  s t r u c t u r a l l o r  
metabol ic  p r o p e r t i e s  o f  a chemical w i t h  p a t t e r n  o f  leukemic response; and (4) 
examining the  i n f l uence  o f  t o x i c  o r  neop las t i c  responses a t  o ther  s i t e s  on the 
inc idence o f  MCL. Goals o f  NTP s tud ies  a re  to :  (1) reduce the  inc idence o f  MCL 
i n  F344 r a t s ;  (2) ga in  some i n s i g h t s  i n t o  the mechanism o f  development o f  MCL; 
and (3) ob ta in  a b e t t e r  understanding o f  changes i n  the  inc idence associated 
w i t h  chemical exposure. 

Eva lua t ion  o f  the  Usefulness o f  I n t e r i m  S a c r i f i c e s  i n  NTP Studies: Dr .  Scot 
Eus t is ,  NIEHS, s ta ted  t h a t  i n t e r i m  eva lua t ions  have been a standard p a r t  o f  NTP 
two-year s tudies,  u s u a l l y  a t  15 months w i t h  10 animals per  group, and i nc lud ing  
measurements o f  body and organ weights, hematology, c l i n i c a l  chemistry,  and 
h is topathology.  I n t e r i m  eva lua t ions  c o n s t i t u t e  about 10% o f  the  cos t  o f  a feed 



study so as p a r t  o f  an analysis o f  the cost-effect iveness o f  two-year studies, 
an examination was made o f  the t h e i r  usefulness. He presented data from the 
f i r s t  13 studies w i t h  i n t e r im  evaluations t ha t  had been peer reviewed by the 
S u b c m i t t e e .  Conclusions drawn from t h i s  analysis were: (1) i n te r im  
evaluations have not  contr ibuted t o  carc inogenlc i ty  determination; (2) they have 
not  cont r ibuted substant ively t o  c l a r i f y i n g  o r  i d e n t i f y i n g  chronic t o x i c i t y ;  (3) 
they have not  contr ibuted substant ively t o  character iz ing progression o f  
lesions; (4) rou t ine  inc lus ion  o f  i n t e r im  evaluations i n  2-year carc inogenic i ty  
studies i s  not  cost  e f fec t i ve ;  (5) they may be warranted when t es t i ng  spec i f i c  
hypotheses i n  carc inogenlc i ty  studies; and (6) i n t e r im  evaluations may be 
warranted i n  studies designed more s p e c i f i c a l l y  t o  determine chronic t ox i c i t y .  


