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Bromodichloromethane. Dr. J. K. Dunnick, NIEHS, NTP Chemical Manager, i n t r o -
duced the toxicology and carcinogenesis studies o f  bromodichloromethane by 
reviewing the experimental design, resul ts,  and proposed conclusions: 

Under the conditions o f  these 2-year gavage studies, there was clear 
evidence o f  carcinogenic a c t i v i t y  o f  bromodichloromethane for male and 
female F344/N r a t s  as shown by increased incidences o f  tubular c e l l  
adenomas and adenocarcinomas i n  the kidney and adenomatous polyps and 
adenocarcinomas i n  the large intest ine. There was clear evidence o f  
carcinogenic a c t i v i t y  o f  bromodichloromethane fo r  male and female 
B6CX1 mice as shown by increased incidences o f  tubular c e l l  adenomas 
and adenocarcinomas i n  the kidney o f  male mice, and increased 
incidences o f  hepatocellular adenomas and carcinomas i n  female mice. 

D r .  Capen, a p r i nc ipa l  reviewer, agreed wi th  the conclusions as written. He 
questioned the rat ionale fo r  giv ing female mice three f o l d  higher doses than 
male mice. Dr .  Dunnick reported that  the dose levels used derived from marked 
differences i n  morta l i ty  i n  prechronic studies. 

As a second pr inc ipa l  reviewer, Dr .  C h i n c h i l l i  agreed wi th  the conclusions. He 
said the experimental design appeared adequate but asked that  more information 
on the randomization scheme be included i n  the report. 

As a t h i r d  p r i nc ipa l  reviewer, Dr .  Perera also agreed wi th  the conclusions. She 
said that  the rat ionale fo r  using corn o i l  gavage should be expanded since i n  
studies by other investigators dr inking water and microencapsulation were the 
exposure routes. Dr .  Dunnick repl ied that  the N C I ~ T P  studies with other 
trihalomethanes, chloroform and chlorodibromomethane, were by corn o i l  gavage so 
the same route was chosen t o  allow more d i rec t  comparison o f  the resul ts.  

Other discussion centered on whether formal s t a t i s t i c a l  analyses should be 
carr ied out fo r  nonneoplastic lesions, and whether resul ts  on these lesions 
should be included i n  the abstract o f  the report  when deemed t o  be s t a t i s t i c a l l y  
and b io log ica l l y  s ign i f icant .  I n  par t icu lar ,  there was discussion as t o  whether 
the renal lesions i n  ra t s  were s imi lar  t o  those observed pr imar i ly  i n  male ra ts  
exposed t o  other hydrocarbons. Dr .  Popp stated i t  would be worthwhile t o  com- 
pare these lesions i n  the current studies with renal lesions induced by other 
halogenated hydrocarbons. Dr. Scala suggested that  the f indings with the 
trihalomethanes be sumnarized. 

D r .  Capen moved that  the Technical Report on bromodichloromethane be accepted 
wi th  the conclusions as wr i t ten fo r  male and female r a t s  and mice, clear evi- 
dence o f  carcinogenic ac t i v i t y .  Dr .  Perera seconded the motion and i t  was 
approved unanimously wi th  ten af f i rmat ive votes. 



Dimethyl Methylphosphonate. Dr. 3. K. Dunnick, NIEHS, NTP Chemical Manager, 
introduced the toxicology and carcinogenesis studies o f  dimethyl methylphospho- 
nate by reviewing the experimental design, resul ts,  and proposed conclusions : 

Under the conditions o f  these 2-year gavage studies, there was some 
evidence o f  carcinogenic a c t i v i t y  o f  dimethyl methylphosphonate for 
male F344/N r a t s  as shown bv increased incidences o f  tubular c e l l  
hyperplasia, tubular c e l l  abenocarcinomas , hyperplasia o f  the tran- 
s i t i o n a l  c e l l  epithelium, and t rans i t i ona l  c e l l  papillomas o f  the k id-  
ney; there was an increased incidence o f  mononuclear c e l l  leukemia i n  
male ra t s  a t  1,000 mg/kq; and renal  t o x i c i t y  and decreased surv iva l  - - .  

were seen i n  dosed male rats.  There was no evidence o f  carcinogenic 
a c t i v i t  o f  dimethyl methylphosphonate fo r  female F344/N ra ts  given d500 or 1,000 mg/kg. The study i n  male B6C3F1 mice was con-
sidered t o  be an inadequate study o f  carcinogenic a c t i v i t y  because of 
decreased surv iva l  i n  both dosed groups. There was no evidence of 
carcinogenic a c t i v i t y  fo r  female B6C3F1 mice r e c e i v i w  
methylphosphonate a t  1,000 mg/kg; decreased surv iva l  o f  female mice at 
2,000 mg/kg made t h i s  group inadequate fo r  determination 6 f  
carcinogenic ac t i v i t y .  

D r .  Crowley, a p r i nc ipa l  reviewer, agreed wi th  the conclusions for male and 
female ra ts  and male mice. He proposed that the conclusion fo r  female mice be 
changed t o  inadequate study o f  carcinogenic a c t i v i t y  based on there being 
reasonable surv iva l  only i n  the low dose group. Dr.  Popp said that  since there 
was one va l i d  dose group, he thought the study was adequate. 

As a second p r inc ipa l  reviewer, Dr. Purchase commented that  the substantial 
reduction i n  body weight and surv iva l  i n  high dose male r a t s  indicated the dose 
was excessive and made the f indings d i f f i c u l t  t o  in terpret .  Regarding mono- 
nuclear c e l l  leukemias i n  male rats,  he said i t  would be appropriate ifthe 
stage one or two leukemias were s t a t i s t i c a l l y  analyzed by the inc identa l  tumor 
tes t  (nori-lethal) while stage three leukemias ( l e tha l )  were analyzed by the l i f e  
table test. Dr. 3. Haseman, NIEHS, said analyses were done but because most of 
the tumors were stage three leukemias, t h i s  analysis gave resul ts  s imi lar  t o  
that obtained fo r  the l i f e  table test .  Further, he noted that the kidney 
lesions rather than leukemias were the primary basis fo r  the conclusion o f  -some 
evidence o f  carcinogenic a c t i v i t y  i n  male rats.  

As a t h i r d  p r inc ipa l  reviewer, Dr.  Gallo agreed wi th  the conclusions as wri t ten. 
He thought that there should be expanded discussion o f  the hypothesis regarding 
chemical-induced renal  lesions i n  male ra t s  and increased renal tubular levels  
o f  alpha-2-microglobulin. 

Dr .  Mirer opined that a statement could be added i n  the conclusions fo r  female 
mice that  a higher dose could have been used. He noted the large number of  
accidental deaths i n  the high dose group. 

D r .  Crowley moved that the Technical Report on dimethyl methylphosphonate be 
accepted with the conclusion as wr i t ten fo r  male rats,  some evidence of 



carcinoqenic a c t i v i t y .  Dr. Hooper seconded the motion and i t  was approved una- 
minously w i th  e igh t  a f f i rmat i ve  votes. I n  separate votes, Dr. Crowley then 
moved for acceptance o f  the conclusion as w r i t t en  f o r  female ra ts ,  no evidence 
of carcinogenic a c t i v i t y ,  and o f  the conclusion as w r i t t en  f o r  male mice, 
inadequate study o f  carcinogenic a c t i v i t y .  Dr. Hooper seconded both and they 
were approved unanimously with e ight  a f f i rma t i ve  v ~ t e s .  Dr. Crowley moved tha t  
the conclusion f o r  female mice, no evidence o f  carcinoqenic a c i t i v i t y ,  be 
changed t o  inadequate study o f  carcinogenic a c t i v i t y .  Or.  C h i n c h i l l i  seconded 
the motion and i t  was defeated by 6 No(N) t o  2 Yes(Y) votes (Dr. C h i n c h i l l i  and 
Dr. Crowley). Dr. Mirer moved tha t  the conclusion as wr i t t en  be amended t o  
s ta te  t ha t  higher doses might have been to lerated.  Dr. Hooper seconded tha t  
motion and i t  was defeated by 7N t o  1 Y  (Dr. Mirer). Dr. Purchase moved tha t  the 
conclusion f o r  female mice be accepted as wr i t ten.  Dr. Popp seconded the 
motion, and i t  was approved by 5Y t o  3N votes (Dr. Ch inch i l l i ,  Dr. Crowley and 
Dr. Mi rer ) .  Dr. Perera and Dr. Sivak were absent f o r  the discussion and motions. 



1,2-Epoxybutane. Dr.  J. K. Dunnick, NIEHS, NTP Chemical Manager, introduced the 
toxicology and carcinogenesis studies o f  1,2-epoxybutane by reviewing the 
experimental design, results, and proposed conclusions: 

Under the conditions o f  these 2-year inhalat ion studies, there was 
clear evidence o f  carcinogenic a c t i v i t y  of  1,2-epoxybutane fo r  male 
F344h r a t s  as shown by an increased incidence o f  papi l lary  adenomas of 
the nasal cav i ty  and alveolar/bronchiolar adenomas or carcinomas 
(combined). There was some evidence o f  carcinogenic a c t i v i t y  f o r  
female F344/N ra ts  as shown by the presence o f  pap i l la ry  adenomas o f  
the nasal cavi ty i n  two ra ts  i n  the 400-ppm group. There was no 
evidence o f  carcinogenic a c t i v i t y  f o r  male or female 86C3F1 mi= 
exoosed a t  50 or 100 oom. 1.2-EDoxvbutane exposure was associated wi th  . -
no;meoplastic lesions' o f  the'nasal cavi ty i n  r a t s  and .mice. 

D r .  Dunnick pointed out that  the conclusion fo r  female ra t s  pr inted i n  the draf t  
report, equivocal evidence o f  carcinogenic ac t i v i t y ,  had been changed during 
f i n a l  s t a f f  review based on the r a r i t y  o f  the pap i l la ry  adenomas o f  the nasal 
cavity, and supported by increases i n  the same lesions i n  male ra t s  and i n  pre- 
vious NTP studies o f  propylene oxide. 

Dr .  Popp, a p r i nc ipa l  reviewer, agreed wi th  the conclusions fo r  male ra t s  and 
male and female mice while questioning the new conclusion fo r  female rats.  He 
asked whether the conclusion i n  male r a t s  was based on benign, malignant, or a 
combination o f  benign and malignant lung tumors. Dr. Dunnick repl ied that  i t  
was based on both carcinomas and combined adenomas or carcinomas. D r .  Popp com- 
mented that  there should be mention. i n  the tex t  o f  the signif icance of the 
respiratory viruses i den t i f i ed  by serology. Dr .  Dunnick said there were no 
lesions t o  indicate an act ive infect ion. 

As a second p r inc ipa l  reviewer, Dr. Perera agreed wi th  the conclusions as 
presented, endorsing the chemical-relatedness o f  the papi l lary  adenomas o f  the 
nasal cavity i n  high dose female rats .  Since two-year studies with l,3-butadiene 
and ethylene oxide were conducted i n  the same animal room, she asked for 
inclusion of a statement that  there was no contamination o f  room a i r  by these 
chemicals. This was agreed. 

As a t h i r d  p r inc ipa l  reviewer, Dr .  Sivak agreed wi th  the conclusions fo r  male 
ra t s  and male and female mice but thought the observation of two nasal cavi ty 
adenomas i n  high-dose female ra t s  not enough t o  j u s t i f y  some evidence. Dr .  S. 
Eustis, NIEHS, elaborated on the s t a f f  decision fo r  the stronger level .  Besides 
the r a r i t y  o f  the tumors and the i r  occurrence i n  male rats,  the occurrence o f  
adenomatous hyperplasias, believed by some t o  be preneoplastic lesions, provided 
addi t ional  evidence. 

Further discussion focused on the strength o f  the evidence for  male rats. Dr. 
Purchase contended that  the zero incidence o f  lung tumors i n  controls was low 
contrasted with the s i x  tumors (6/249) observed i n  chamber controls from 
previous studies at  the same laboratory. Considered along with the d i f f i c u l t y  
o f  dist inguishing among pulmonary hyperplasias, adenomas, and carcinomas, he 



believed some evidence o f  carcinogenic a c t i v i t y  was more appropriate. Dr.  Paul 
Cammer, representing the Halogenated Solvents Industry Alliance, made a b r i e f  
presentation supporting a lower l e v e l  o f  evidence. Dr.  Eustis responded that  
the progressive nature o f  the pulmonary tumor process along wi th  the consistency 
o f  diagnoses introduced through the NTP pathology qua l i t y  assurance process 
eliminates inconsistent diagnoses. Dr. J. Huff, NIEHS, added that  program 
pathologists have no d i f f i c u l t y  i n  d i f f e ren t i a t i ng  hyperplasias, benign tumors, 
and malignant tumors. Dr. 3. Haseman, NIEHS, said that  the increased incidence 
of lung neoplasms i n  high dose male r a t s  (5/49) would l i k e l y  have been even more 
s ign i f i can t  compared t o  the h i s t o r i c a l  contro l  ra te  a t  the contract laboratory 
(6/249) than that  obtained i n  the actual  comparison wi th  concurrent controls 
(0/50). Dr.  Hooper expressed concern about the i den t i t y  o f  the reported one 
percent impurity i n  the tes t  chemical. Dr. Dunnick said more recent analyses 
indicated a pu r i t y  o f  99.9 percent or greater. 

D r .  PODD moved that  the Technical Report on 1,2-epoxybutane be accepted wi th  the 
conclusions as o r i g ina l l y  written, &ear evidence of -  carcinogenic a c t i v i t y  fo r  
male rats ,  equivocal evidence o f  carcinogenic a c t i v i t y  fo r  female rats,  and no 
evidence o f  carcinogenic a c t i v i t y  f o r  male and female mice. Dr.  Sivak seponzd 
the  motion. Dr. Perera offered an amendment t o  the motion that  the s t a f f  s 
modif ication t o  some evidence o f  carcinogenic a c t i v i t y  be accepted. Dr. Hooper 
seconded the amendment and i t  was defeated by 6N t o  3Y votes (Dr. Hooper , Dr.  
Mirer and Dr.  Perera) with 1Abstention (A) (Dr. Purchase). The o r i g i n a l  motion 
was then approved by 7 Y  t o  2N votes (Dr. Hooper, Dr. Perera) with 1 A  (Dr. 
Purchase). 



Ethylene Oxide. Dr.  T. R. Lewis, NIOSH, NTP Chemical Manager, introduced the 
toxicology and carcinogenesis studies o f  ethylene oxide i n  mice by reviewing the 
experimental design, resul ts,  and proposed conclusions: 

Under the conditions o f  these 2-year inhalat ion studies, there was 
clear evidence o f  carcinogenic a c t i v i t y  o f  ethylene oxide fo r  86C3F1 
mice as indicated by dose-related increased incidences i n  males o f  
malignant, and i n  females o f  benign and malignant neoplasms of the lung 
and benign neoplasms o f  the harderian gland i n  both male and female 
B6C3F1 mice fol lowing exposure t o  ethylene oxide vapors a t  50 and 100 
ppm. I n  female mice, ethylene oxide caused addit ional  malignant 
neoplasms o f  the uterus, mammary gland, and hematopoietic system 
( lymphoma) . 

D r .  Mirer, a p r i nc ipa l  reviewer, agreed wioth the conclusions as written. He 
f e l t  that higher doses could have been used since there were no declines i n  
weight gain, increases i n  mortal i ty,  or increases i n  nontumor pathology; thus 
there may have been a reduction i n  sens i t i v i t y  f o r  detecting tumor induction 
po ten t ia l  a t  other organ'sites. Dr .  Lewis said ethylene oxide has a moderately 
steep dose response curve so increasing the top dose might have resulted i n  
inadequate survival. Dr .  Mirer said a more complete tabular comparison o f  the 
resul ts  of  the NTP studies with the other two epoxy compounds, 1,2-epoxybutane 
and propylene oxide, would be helpful .  

As a second pr inc ipa l  reviewer, Dr .  Capen agreed with the conclusions as 
written. 

As a t h i r d  p r inc ipa l  reviewer, Dr .  Hooper also agreed wi th  the conclusions. He 
asked that more exposure information and dose levels from various studies be 
ci ted, including a number of  genetic toxicology studies. This would allow the 
reader t o  compare exposure levels wi th  those i n  the current study as we l l  as 
wi th  allowable workplace exposure concentrations. Dr. Lewis repl ied that  such 
detai led information could be included although so much has been reported 
previously perhaps inclusion o f  references t o  pert inent review a r t i c l es  would be 
appropriate. 

I n  other discussion, Dr.  Purchase commented on the metabolic conversion of 
ethylene t o  ethylene oxide i n  mammals and the fact  that ethylene oxide can be 
detected i n  exhaled a i r  i n  untreated mammals. Dr .  Scala said that  since lesions 
were observed i n  several organs i n  the prechronic study, a simple statement 
should be made that these lesions were not seen i n  the chronic study. 

Dr .  Mirer moved that  the Technical Reoort on ethvlene oxide be acceoted wi th  the 
conclusions as wr i t ten fo r  male and female mice,'clear evidence o f  carcino- 
genic ac t i v i t y .  Dr .  Capen seconded the motion and i t  was approved by 10Y votes 
wi th  1 A  (Dr. Purchase). 



Methyl Carbamate. Dr .  P. Chan, NIEHS, NTP Chemical Manager, introduced the 
toxicology and carcinogenesis studies of  methyl carbamate by reviewing the 
experimental design, resul ts,  and proposed conclusions: 

Under the conditions o f  these 6-. 12-, and 18-month and 2-year gavage 
studies, there was clear evidence o f  carcinogenic a c t i v i t y  fo r  male-and 
female F344h ra ts  aiven methvl carbamate as indicated by increased 
incidences bf neoplastic nodGes and carcinomas o f  the l i v e r .  There 
was no evidence o f  carcinoqenic a c t i v i t y  f o r  male and female B6C3F1 
mice given methyl carbamate a t  doses o f  500 or 1,000 mg/kg. Methyl 
carbamate also induced r e t i n a l  atrophy, cataracts, and inflammation o f  
the harderian gland i n  male and female rats,  and adenomatous 
hyperplasia and h is t iocytos is  o f  the lung i n  male and female mice. 

Dr .  Purchase, a p r i nc ipa l  reviewer, began a discussion on the signif icance of 
the neoplastic lesions i n  the l i v e r s  o f  rats.  He opined that  the high incidence 
of necrosis and other extensive t issue damage i n  the l i v e r  o f  animals from the 
12 and 18 month studies d i lu ted  and confounded the signif icance o f  the 
neoplastic effects. This, along with the small numbers o f  carcinomas i n  treated 
male and female ra t s  on the two-year studies made the designation o f  clear evi-  
dence o f  carcinogenic a c t i v i t y  less certain. Dr. Purchase also noted some 
s t a t i s t i c a l l y  s ign i f i can t  decreases i n  incidences o f  tumors compared t o  controls 
which might be mentioned i n  the conclusions. Dr. Chan emphasized that the 
conclusions i n  ra ts  were based on the composite f indings from animals i n  the 
six,  12 and 18 months experiments as wel l  as from the two-year studies. Dr .  
Huff noted that  the exposures fo r  the 24-month experiments were one-half the 
doses used i n  the shorter term studies. 

As a second pr inc ipa l  reviewer, Dr .  Gallo agreed wi th  the conclusions as 
wri t ten. He thought the more appropriate route o f  exposure would have been by 
inhalat ion or dermally. He suggested that  the studies were good examples of 
dose-time responses compared t o  t issue burden which indicated that  t issue 
concentration and metabolism often play a major ro le  i n  comparative t o x i c i t y '  
between species. 

D r .  Scala read the review from O r .  Hughes, the t h i r d  p r inc ipa l  reviewer, who was 
absent due t o  i l l ness .  Dr. Hughes d id  not agree with the conclusions i n  rats .  
He said the data from the two-year studies alone were i nsu f f i c i en t  t o  support a 
conclusion o f  clear evidence o f  carcinoqenic a c t i v i t y  while exposure o f  ra t s  fo r  
s ix,  12 or 18 months a t  higher doses than used i n  the 24 month studies resulted 
i n  a cumulative tox ic  response as we l l  as a progressive carcinogenic response i n  
r a t  l i v e r .  Dr .  Chan disagreed that the dose l e v e l  (400 mg/kg) fo r  the six,  12, 
or 18 month studies was too high a t  least as ref lected by reductions i n  body 
weight gain and surv iva l  compared wi th  controls. Dr. S. Eustis, NIEHS, 
responded t o  the reviewer's comments that  tox ic  effects o f  the chemical 
diminished the signif icance o f  the carcinogenic ef fects  i n  that  same organ. Dr .  
Eustis said that one should not generalize but rather must consider the speci f ic 
type of h is to log ic  changes. With methyl carbamate, he said the t o x i c i t y  i n  the 
l i v e r  consisted of f o c i  o f  ce l lu la r  a l te ra t ion  and atyp ica l  p ro l i f e ra t i ve  
changes which experimentalists usually f i n d  wi th  other potent l i v e r  carcinogens. 



Further discussion focused on the in te r im sac r i f i ce  studies as they related t o  
the l e v e l  o f  evidence chosen fo r  rats.  Dr .  Popp tended t o  agree that the tumor 
data from the two-year studies alone were i nsu f f i c i en t  t o  j u s t i f y  the conclu- 
sion; rather, the conclusion was drawn from the shorter term resul ts.  Dr. 
Hooper argued that  the increases i n  cytologic a l terat ions i n  l i v e r s  of  contro l  
r a t s  from s i x  t o  12 t o  18 months with no corresponding appearance of neoplasia 
indicated the a l terat ions were aging lesions and unrelated t o  the neoplastic 
process. Dr.  J. Huff, NIEHS, stated that  i t  was highly unusual t o  observe 
neoplastic nodules o f  such asmagnitude a t  s i x  months or l ikewise carcinomas a t  
12 and 18 months. He acknowledged that  groups exposed t o  400 mg/kg should have 
been carr ied t o  24 months. 

Regarding species differences i n  chemical metabolism, Dr .  B. Schwetz, NIEHS, 
reported on recent chemical disposi t ion studies. Using a wide range of doses, 
the studies confirmed.a longer h a l f  l i f e  i n  rats,  about three days, than i n  
mice, about four hours. He said these f indings with appropriate discussion 
would be added t o  the report. 

Dr .  Jane Hixson, Mobay Corporation, stated that  the t o x i c i t y  t o  the l i v e r  i n  
animals exposed t o  400 mg/kg was so severe as t o  preclude use o f  the data, and 
assessment of  carcinogenicity should be based s t r i c t l y  on the two year studies 
i n  rats.  Dr .  Huff noted that v i r t u a l l y  a l l  ra ts ,  contro l  and exposed a l ike,  
showed evidence o f  cytologic a l terat ions a t  18 months. D r .  Ronald Lorentzen, 
FDA, observed that  among the most s ign i f i can t  f indings were the anticarcinogenic 
ef fects on the p i t u i t a r y  gland i n  male r a t s  and female mice and on the adrenal 
glands i n  male rats.  Dr .  Huff said these f indings would be given more emphasis, 
yet, wondered how relevant t h i s  was compared t o  the carcinogenic ef fects  
observed i n  the l i v e r  o f  rats.  

D r .  Purchase moved that the Technical Report on methyl carbamate be accepted 
wi th  the conclusions as wr i t ten fo r  male and female mice, no evidence of 
carcinogenic ac t i v i t y .  Dr. Gallo seconded the motion and i t  was approved unani- 
mouslv with 10 af f i rmat ive votes. Dr .  Purchase moved that  the conclusions for 
male r a t s  be changed t o  some evidence o f  carcinogenic ac t i v i t y .  As there was no 
second, Dr.  Purchase then moved t o  accept the conclusions as written, clear 
evidence of carcinogenic ac t i v i t y .  Dr.  Mirer seconded the motion and i t  was 
approved unanimously with 10 af f i rmat ive votes. Dr .  Purchase moved that the 
cbnclusions fo r  female ra t s  be accepted as written, clear evidence of carcino-
enic a c t i v i t  . Dr.  Perera seconded the motion and i t  was approved unanimously 

M  a  t  i  v  e  votes. 



Rotenone. Dr. K. M. Abdo, NIEHS, NTP Chemical Manager, introduced t h e  
toxicology and carc inogenes is  s t u d i e s  of rotenone by reviewing t h e  experimental  
des ign ,  r e s u l t s ,  and proposed conclusions:  

Under t h e  cond i t i ons  of t h e s e  2-year feed s t u d i e s ,  t h e r e  was equivoca l  
evidence of carc inogenic  a c t i v i t y  of  rotenone f o r  male F344/N r a t s  a s  
i n d i c a t e d  bv t h e  i nc reased  inc idence  of ~ a r a t h y r o i d  gland adenomas 
(uncommon t h o r s )  and f o r  female F344/N r a t s  as ind ica t ed  by t h e  
i nc reased  inc idence  of subcutaneous t i s s u e  tumors. There was no 
evidence of carc inogenic  a c t i v i t y  f o r  male o r  female B6C3F1 mice fed  
d i e t s  con ta in ina  600 o r  1.200 Dam rotenone f o r  2 years .  The decreased 
inc idence  of 1i;;er neoplasms in '  male mice may have been r e l a t e d  t o  the 
admin i s t r a t i on  of rotenone. 

Dr. Sca l a  read t h e  review from Dr. Hughes, a p r i n c i p a l  reviewer,  who was absent  
due t o  i l l n e s s .  Dr. Hughes agreed with t h e  conc lus ions  a s  w r i t t e n  f o r  male and 
female mice. For male r a t s ,  he suggested t h a t  t h e  increased  inc idence  of 
para thyro id  gland adenomas i n  high dose r a t s  may have been due t o  sampling 
e r r o r ,  and t h e  absence of i n c r e a s e s  i n  para thyro id  gland hyperp las ia  a l s o  
mi t i ga t ed  a g a i n s t  rotenone in f luence .  Dr. S. E u s t i s ,  NIEHS, s a i d  t h e  t i s s u e  
a c c o u n t a b i l i t y  of para thyro id  glands from c o n t r o l ,  low dose, and high dose 
animals ,  r e s p e c t i v e l y ,  was 41/50, 44/50, and 44/50 which shows an even sampling 
a c r o s s  a l l  groups. Dr. 3. Huff,  NIEHS, mentioned t h a t  t h e s e  numbers of s e c t i o n s  
were q u i t e  good given t h e  smal lness  of t h e  para thyro id  glands.  Dr. Purchase 
argued t h a t  un l e s s  s t e p  s ec t ion ing  is used sampling e r r o r  with such a t i n y  organ 
could s t i l l  be a f a c t o r .  Dr. E u s t i s  thought t h e  p o t e n t i a l  problem was being 
overemphasized, i n  t h a t  s i m i l a r  numbers of s e c t i o n s  were eva lua ted  f o r  each 
group and t h a t  s e r i a l  s ec t i on ing  would not  i n f luence  t h e  o v e r a l l  p ropor t ions  of 
neoplas ia .  For female r a t s ,  Dr. Hughes suggested t h a t  t h e  lack  of dose-response 
and a t y p i c a l  zero inc idence  of subcutaneous tumors i n  c o n t r o l s  helped m i t i g a t e  
a g a i n s t  a rotenone e f f e c t .  

As a second p r i n c i p a l  reviewer,  Dr. Sivak agreed with t h e  conc lus ions  f o r  mice 
but  thought t h e  conc lus ions  i n  male and female r a t s  should be lowered t o  no 
evidence of carc inogenic  a c t i v i t y .  He s a i d  t h e  low inc idence  of  m i c r o s c o ~ c  
tumors i n  t h e  para thyro id  gland i n  males and, i n  females ,  t h e  need t o  pool 
subcutaneous tumors from d i f f e r e n t  a r e a s  t o  a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e ,  
a long w i t h  t h e  i nve r t ed  dose-response and t h e  longer  time t o  tumor i n  t h e  high 
dose groups than i n  c o n t r o l s  supported t h e s e  changes. Dr. Sivak requested t h a t  
t h e  r a t i o n a l e  f o r  dose s e l e c t i o n  i n  mice should be expanded, and more d i s cus s ion  
should be given about t h e  l a r g e  s p e c i e s  d i f f e r e n c e s  i n  b i o l o g i c a l  response t o  
t h e  chemical. Dr. Abdo s a i d  t h e  s p e c i e s  d i f f e r e n c e s  i n  s e n s i t i v i t y  represen ted  
l a r g e  b i o l o g i c a l  v a r i a t i o n  which couldn t be explained on t h e  a v a i l a b l e  d a t a  
a l though metabolism s t u d i e s  might be u s e f u l  and the d i scus s ion  c e r t a i n l y  would 
be expanded. 

As a t h i r d  p r i n c i p a l  reviewer,  Dr. C h i n c h i l l i  agreed with t h e  conclusions a s  
w r i t t e n  f o r  both r a t s  and mice. S ince  t h e  only tumors increased  i n  r a t s  occur 
rarely, he s a i d  i t  would be h e l p f u l  i f  t h e  NTP could provide s t a t i s t i c a l  tests 
inco rpo ra t i ng  h i s t o r i c a l  c o n t r o l  d a t a  from t h e  same l abo ra to ry  t o  a i d  i n  



evaluating the signif icance o f  rare tumors. Dr .  J. Haseman, NIEHS, responded 
that  the NTP generally does not use h i s t o r i c a l  contro l  data i n  a formal test ing 
framework because there i s  no consensus as t o  which s t a t i s t i c a l  technique i s  
best, and even more importantly, there are unresolved uncertainties regarding 
the comparability o f  tumor diagnoses and reported incidence rates across 
studies. 

I n  other discussion, Dr.  Huff pointed out with regard t o  the decreased incidence 
o f  l i v e r  neoplasms i n  male mice that  t h i s  was the f i r s t  time the Program has 
stated that  a decreased incidence o f  a tumor was associated wi th  chemiqal admin- 
i s t ra t i on .  Dr .  Purchase noted that  the Program, i n  evaluating significance of 
increased tumor incidence, considers a f ind ing o f  increased incidence o f  the 
same tumor i n  the other sex or the other species t o  be supportive. Conversely 
he thought the s ign i f i can t  negative trend fo r  subcutaneous tumors i n  male mice 
should weaken the rat ionale fo r  association with chemical treatment o f  these 
lesions i n  female rats .  Dr .  Huff responded that correlat ions from one sex o f  
one species t o  the other sex o f  another species were somewhat more d i f f i c u l t .  

Dr .  Sivak moved that  the Technical Report on rotenone be accepted wi th  the 
conclusions as wr i t ten fo r  mice, 
the conclusions fo r  ra t s  changed 
Purchase seconded the motion. D 
male and female ra t s  separately. As Chair, Dr. Scala indicated that  bet ter  
progress could be made by separate motions. He moved that  the conclusions for 
male mice be accepted. The motion was approved unanimously by 10 aff i rmat ive 
votes. Dr .  Scala then moved that  the conclusions fo r  female mice be accepted. 
The motion was approved unanimously by 10 af f i rmat ive votes. He moved for  
approval o f  D r .  Mirer s procedural motion t o  consider male and female ra t s  
separately. Dr.  Hooper seconded the motion and i t  was approved by nine 
af f i rmat ive votes t o  one negative vote (Dr. Popp). Dr .  Sivak restated h i s  
motion of no evidence o f  carcinogenic a c t i v i t y  fo r  male r a t s  based on possible 
sampling error and on a low contro l  tumor incidence; the motion was defeated by 
5N t o  4Y votes (Dr. Capen, Dr .  Crowley , Dr .  Purchase and Dr .  Sivak) with 1 A  (Dr. 
Mirer). Dr .  Sivak restated the motion of no evidence o f  carcinogenic a c t i v i t y  
fo r  female ra ts  and i t  was approved wi th  6Y t o  4N votes (Dr. Ch inch i l l i ,  Dr.  
Hooper, Dr .  Perera and Dr .  Popp). To complete the evaluation on male rats ,  Dr .  
Hooper moved that  the conclusion fo r  male ra t s  be accepted as written, equivo-
c a l  evidence o f  carcinogenic ac t i v i t y .  Dr .  Gallo seconded the motion. Dr .  
Purchase offered an amendment t o  add the qua l i f i e r  that there be a reexamination 
of the parathyroid glands t o  assess whether there was a sampling error. Dr .  
Eustis said t r y ing  t o  go back and get addit ional  sections would be extremely 
d i f f i c u l t .  Dr .  Popp agreed and said step sections would y ie ld  an incomplete 
answer because par t  of  the t issue was already gone due t o  previous sectioning. 
The amendment was defeated by 8N t o  2Y votes (Dr. Purchase, Dr.  Sivak). Dr .  
Hooper's motion t o  accept the conclusions as wr i t ten i n  male ra t s  was approved 
by 5Y t o  4N votes (Dr. Capen, Dr .  Crowley, Dr .  Purchase and Dr .  Sivak) wi th  2A 
(Dr. Gallo, D r .  Mirer). I t  should be noted that  Dr. Scala, the Chairman, voted 
aff i rmat ively t o  break a t i e  vote (4Y t o  4N). 



Trich loroe thylene .  Dr. J. A .  Mennear, NIEHS, NTP Chemical Manager, introduced 
t h e  toxicology and carc inogenes is  s t u d i e s  of t r i c h l o r o e t h y l e n e  i n  fou r  r a t  
s t r a i n s  by reviewing t h e  experimental  des ign ,  r e s u l t s ,  and proposed conclusions:  

Under t h e  cond i t i ons  of t h e s e  2-year gavage s t u d i e s  of t r i c h l o r o -  
e thy l ene  i n  male and female ACI, August, Marshal l ,  and Osborne- 
Mendel r a t s ,  t r i c h l o r o e t h y l e n e  admin i s t r a t i on  caused r e n a l  t u b u l a r  ce l l  
cytomegaly and t o x i c  nephropathy i n  both s exes  of t h e  fou r  s t r a i n s .  
However, t h e s e  s t u d i e s  a r e  considered t o  be inadequate  f o r  a s s e s s i n g  
e i t h e r  t h e  presence o r  absence of carc inogenic  a c t i v i t y  because of 
chemically induced t o x i c i t y ,  reduced s u r v i v a l ,  and d e f i c i e n c i e s  i n  t h e  
conduct of  t h e  s t u d i e s .  

The d r a f t  r e p o r t  i n i t i a l l y  had been peer  reviewed by t h e  Panel  on December 9, 
1985 and de fe r r ed  f o r  f u r t h e r  r ev i s ion .  

Dr. Hooper, a p r i n c i p a l  reviewer,  s t a t e d  t h i s  vers ion  was improved cons iderab ly  
over t h e  previous d r a f t  e s p e c i a l l y  i n  j u s t i f y i n g  dose s e l e c t i o n ,  comparing r e n a l  
t o x i c i t y  i n  f i v e  r a t  s t r a i n s  ( i nc lud ing  F344), e l imina t ing  mention of gavage 
trauma as t h e  major cause of decreased s u r v i v a l ,  and summarizing a u d i t  f i nd ings  
and d e f i c i e n c i e s  i n  t h e  execut ion  of t h e  s t u d i e s .  Among many comments, Dr. 
Hooper suggested t h a t  s i g n i f i c a n t  carc inogenic  effects should be included i n  t h e  
summary, even though t h e  o v e r a l l  s t u d i e s  were judged t o  be inadequate  f o r  
a s s e s s i n g  ca rc inogen ic i t y ,  and he c i t e d  s p e c i f i c  i n c r e a s e s  i n  r e n a l  and t es t i  
c u l a r  tumors. He asked f o r  a c l a r i f y i n g  d i scus s ion  on what is meant by 
"acc identa l"  dea ths  s i n c e  some of t h e  excess ive  mor t a l i t y  could be due t o  
a n e s t h e t i c  o r  t o x i c  p r o p e r t i e s  of  t h e  chemical.  Dr. Hooper suggested t h a t  a 
more balanced d i scus s ion  be given t o  the carc inogenic  e f f e c t s  of ch lo r ina t ed  
a l i p h a t i c s  and should i nc lude  f i n d i n g s  from i n h a l a t i o n  s t u d i e s  where t h e  car -  
c inogenic  responses  appeared t o  be broader i n  terms of s i te.  

As a second p r i n c i p a l  reviewer,  Dr. Popp b a s i c a l l y  agreed with t h e  conclusion 
t h a t  these were inadequate  s tud i e s ; ' howeve r , , t he  r e p o r t  should more c l e a r l y  and 
s p e c i f i c a l l y  s t a t e  t h e  b a s i s  f o r  t h e  s t u d i e s  inadequacies .  Dr. Popp i n d i c a t e d  
t h a t  s t a t emen t s  i n  t h e  t e x t  about s i g n i f i c a n t  i n c r e a s e s  i n  r e n a l  tumors could 
l ead  t o  a misunderstanding t h a t  t h i s  was a p o s i t i v e  s tudy.  He thought t h e s e  
s ta tements  could be b e t t e r  q u a l i f i e d .  

As a t h i r d  p r i n c i p a l  reviewer,  Dr. Crowley quest ioned whether t h e  r e p o r t  yet 
comes t o  g r i p s  with how s e r i o u s  a r e  t h e  d a t a  problems. For example, t h e  r e s u l t s  
of t h e  d a t a  a u d i t  i n d i c a t e  t h a t  ana lyses  by dose group and eva lua t ions  of dose 
response may be p o t e n t i a l l y  misleading. He s a i d  if t h i s  was an inadequate  
s tudy ,  the s i g n i f i c a n t  tumor f i n d i n g s  should be downplayed o r  not  presented a t  
a l l .  Dr. Crowley noted a p o s s i b l e  except ion ,  t e s t i c u l a r  tumors i n  Marshall  
r a t s ,  which d id  no t  involve  a compromised organ and were s t a t i s t i c a l l y  s i g n i f i -  
c an t  r e g a r d l e s s  of dose i d e n t i f i c a t i o n .  

Most of t h e  d i s cus s ion  was concerned with t h e  weight t h a t  should be given t o  t h e  
r e n a l  and t e s t i c u l a r  tumors observed and whether s t a t i s t i c a l  s i g n i f i c a n c e s  
should be given wi th in  t h e  contex t  of an inadequate  s tudy.  One viewpoint a s  



supported by Dr .  Purchase, Dr. Crowley and Dr. Popp was that  conclusions about 
carcinogenic a c t i v i t y  from an inadequate study and assigning s t a t i s t i c a l  s ign i f -  
icance t o  the tumor findings, especial ly i n  view o f  the low numbers and 
uncertainty of animal ident i f i ca t ion ,  are unwarranted. A second viewpoint as 
supported by Dr.  Hooper, Dr.  Mirer and Dr.  Perera was that, while conclusions 
cannot be drawn from an inadequate study, more emphasis could be given t o  the 
tumor data i f  i t  i s  believed that  there i s  a probable association between chemi- 
c a l  administration and increased tumor incidence. Dr.  J. Huff, NIEHS, stated 
that  s ta f f  agreed these renal  tumors were related t o  tr ichloroethylene 
administration and he reported that  combining data, from male and female animals 
fo r  both contro l  and treated groups shows only two renal tumors i n  controls ver-
sus 26 i n  treated animals. Dr. S. Eustis, NIEHS, noted that  there was an 
overemphasis regarding the purported mis ident i f icat ion o f  animals. Dr .  J. 
Selkirk, NIEHS, said the audit summary reinforced the idea that  animals were 
indeed iden t i f i ab le  and could be separated easi ly  i n t o  dosed and contro l  
animals. 

Dr.  Hooper moved that  the Technical Report on tr ichloroethylene be accepted wi th  
the conclusions as wr i t ten  that  t h i s  i s  an inadequate study o f  carcinogenic 
a c t i v i t y  i n  the four s t ra ins o f  r a t s  and wi th  addit ion o f  a statement t o  the 
summary that  there were increased incidences o f  renal tubular c e l l  tumors 
observed i n  exposed ra ts  and an increased incidence o f  i n t e r s t i t i a l  c e l l  tumors 
o f  the testes i n  exposed Marshall ra ts .  Dr. Mirer seconded the motion and i t  
was approved by 6Y t o  3N votes (Dr. Capen, Dr. Crowley and Dr.  Popp) with 1 A  
(Dr. Purchase). 
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