
Board of S c i e n t i f i c  Counselors 
 
Nat ional  Toxicology Program 
 

Sumnary Minutes 
 
f rom 
 

Peer Reviews o f  D r a f t  Technical Reports o f  Long-Term 
 
Toxicology and Carcinogenesis Studies by the  Technical 
 

Reports Review Subcomnittee and Panel o f  Experts 
  
on 
 

March 4, 1987 
 
Research T r iang le  Park, North Carol ina 
  

The review meeting began a t  9:00 a.m. i n  the  Conference Center, B u i l d i n g  101, 
Nat ional  I n s t i t u t e  o f  Environmental Heal th Sciences, Research T r iang le  Park, 
North Carol ina. Members o f  t he  Subcomnittee were: Drs. Robert Scala 
(Chairperson), Michael Ga l lo  and Freder ica  Perera. Members o f  t he  Panel o f  
Experts were: Drs. Charles Capen, Vernon C h i n c h i l l i ,  John Crowley, K i m  Hooper, 
Donald Hughes, Frank1 i n  Mirer ,  James Popp, Ian  Purchase, and Andrew Sivak. Drs. 
Crowley, Mirer ,  Perera, and Purchase were unable t o  at tend t h i s  meeting. These 
minutes have been reviewed and approved by a l l  members o f  t he  Subcomnittee and 
Panel present. They were w r i t t e n  by Dr .  L a r r y  G. Hart, Executive Secretary. 

When ava i lab le ,  a l i m i t e d  number o f  f i n a l  NTP Technical Reports f o r  t he  studies 
may be obtained f ree  of charge from the  NTP Pub l i c  Informat ion Office, MD 02-04, 
P.O. Box 12233, Research T r iang le  Park, NC 27709. Telephone: (919) 541-3991; 
FTS: 629-3991. Subsequently, they  may be purchased f rom the  Nat ional  Technical 
In format ion Service, U.S. Department of Comnerce, 5285 Por t  Royal Road, 
Spr ing f ie ld ,  V i r g i n i a  22161, (703) 487-4650. 

The next NTP techn ica l  r e p o r t s  peer review meeting w i l l  be he ld  J u l y  14, 19$7, 
i n  Research T r iang le  Park, North Carol ina. For information, contact  D r .  Hart, 
(919 )  541 -3971 ; FTS: 629-3971. 
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2-Ami no-5-Ni trophenol . D r .  R. D. I r w i n ,  NIEHS, NTP Chemical Manager, introduced 
t h e  tox i co logy  and ca rc i  nogenesi s s tud ies  o f  2 -amino -54  trophenol by rev iewing 
t h e  experimental design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t ions  o f  these 2-year gavage studies, t he re  was -some 
evidence o f  carc inogenic a c t i v i t y  f o r  male F344/N r a t s  t h a t  received 
100 mg/kg 2-amino-5-nitrophenol as shown by t h e  increased inc idence of 
ac inar  c e l l  adenomas o f  t he  pancreas. Reduced su rv i va l  of male F344/N 
r a t s  t h a t  received 200 mg/kg decreased the  s e n s i t i v i t y  o f  t h i s  group f o r  
de tec t i ng  carcinogenic a c t i v i t y .  There was no evidence o f  carcinogenic 
a c t i v i t  f o r  female F344/N r a t s .  Increased incidences o f  p r e p u t i a l  o r  
7 - 4c i t o r a  gland adenomas o r  carcinomas (combined) occurred i n  both male 
and female F344lN r a t s  administered 200 mg/kg 2-amino-5-ni trophenol . 
There was no evidence o f  carc inogenic a c t i v i t y  f o r  B6C3F1 mice t h a t  
received 400 ma/ka 2-ami no-5-ni troohenol . Reduced su rv i va l  of B6C3Fi 

u- ­-
mice t h a t  received 800 mg/kg caused t h i s  group t o  be considered 
inadequate f o r  de tec t i ng  carc inogenic a c t i v i t y .  

D r .  Gal lo, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions as wr i t ten .  
He noted t h a t  the  Maximum To lera ted Dose (MTD) appeared t o  have been exceeded 
i n  both mice and r a t s ,  and suggested t h a t  t he  c r i t e r i a  f o r  s e t t i n g  doses based 
on 13-week studies should be reexamined. Dr .  Ga l l o  sa id  the  r e p o r t  should note 
t h a t  a s t r u c t u r a l  l y  re1  ated chemical, 2,4-dini t rophenol , i s  ca ta rac t i gen i  c i n  
some animal species and i n  humans. 

As a second p r inc ipa ' l  reviewer, D r .  Hughes agreed w i t h  the  conclusions f o r  
female r a t s  and male and female mice, b u t  thought the  conclusions f o r  male r a t s  
should be changed t o  e i t h e r  equivocai evidence-of carc inogenic a c t i v i t y  o r  no 

e n i c  a c t i v i t y .  The inc idence o f  ac inar  c e l l  adenomas in 
as not  d i f f e r e n t  from t h a t  seen i n  h i s t o r i c a l  con t ro l  

animal s. The 1 ack o f  dose response and c l o s e l y  associated hyperpl a s t i  c response 
was a lso noted. Dr .  Hughes sa id  t h e  lack  o f  chemical s t a b i l i t y  t o  water and 
1ight  made the  gavage r o u t e  appropr ia te  even though the  pr imary rou te  of human 
exposure was dermal. D r .  I r w i n  commented t h a t  poor su rv i va l  reduced the  
s e n s i t i v i t y  f o r  de tec t i ng  an e f f e c t  i n  h igh  dose ra ts .  However, 3 o f  the  13 
h igh  dose male r a t s  t h a t  surv ived u n t i l  week 98 o f  t h e  study, which i s  when most 
of the  acinar  c e l l  tumors begin t o  be observed, were found t o  have pancreat ic  
ac inar  c e l l  tumors. Dr .  J. Huf f ,  NIEHS, emphasized t h a t  t he  pr imary comparisons 
should be w i t h  concurrent c o n t r o l  animals, and D r .  Scala added t h a t  h i s t o r i c a l  
con t ro l s  should be used on ly  t o  supplement the  pr imary analysis. 

As a t h i r d  p r i n c i p a l  reviewer, Dr .  Hooper agreed w i t h  the  conclusions f o r  male 
r a t s  and male and female mice but  s ta ted  t h a t  t he  conclusions i n  female r a t s  
should be equivocal evidence o f  carc inogenic a c t i v i t y  based on the  occurrence o f  
c l  it o r a l  91 and adenomas i n  the  h igh  dose group a t  a r a t e  we1 1 above the  
h i s t o r i c a l  con t ro l  range along w i t h  a p o s i t i v e  trend. Since there  was an 
increased incidence o f  carcinomas o f  t h e  p r e p u t i a l  gland i n  h igh  dose male r a t s ,  
he thought some discussion would be h e l p f u l  on the  on to log ica l  r e l a t i o n s h i p  



between the glands. Dr. S. Eustis, NIEHS, said the c l i t o r a l  and p repu t ia l  
glands are analogous. Dr.  J. Haseman, NIEHS, conenented t h a t  there were two 
c l i t o r a l  gland carcinomas i n  low dose females but none i n  the high dose group 
and when benign and ma1 ignant tumors. were combi ned the pos i t i ve  t rend was 
e l  iminated. 

Dr .  Gal l o  moved tha t  the Technical Report on 2-ami no-5-ni trophenol be accepted 
w i th  rev is ions as discussed and w i th  the conclusions as w r i t t en  f o r  male rats,  
soam evidence o f  carcinogenic a c t i v i t y ,  and f o r  female r a t s  and male and female 
mlce, no evidence o f  carclnoganic ac t f v i t y .  Dr .  Hooper seconded the motion and 

-i t  was approved unanimously w i th  seven votes. 



4-Hexylresorci  no1 - Dr .  R. S. Chhabra, NIEHS, NTP Chemical Manager, introduced 
t h e  tox i co logy  and carcinogenesi s  s tud ies  o f  hexy l resorc ino l  by rev iewing t h e  
experimental design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t ions  of these 2-year gavage studies, there  was no 
evidence o f  carc inogenic a c t i v i t y  of 4-hexyl resorc inol  f o r  male% 
female k344/N r a t s  given doses o f  62.5 o r  125 mg/kg. There was 
equivocal evidence o f  carc inogenic a c t i v i t y  o f  4-hexyl resorc inol  f o r  
male B6C3Fl mice. as shown by marqinal l y  increased incidences of 
pheochromo~ytomas (and hyperpl as i  a)  o f  t h e  adrenal gland medu 11 a and 
of harder ian gland neoplasms. There was no evidence of carcinogenic 
a c t i v i t  f o r  female B6C3F1 mice given doses o f  62.5 o r  w k g
d e s o r c i n o l .  Decreased incidences o f  several turn::: were 
cons i ie red t o  be re1 ated t o  4-hexyl resorc inol  admini s t r a t i o n :  
mononuclear c e l l  leukemi a i n  male and female r a t s ,  hepatocel l  u l a r  
neoplasms i n  male mice, and c i r c u l a t o r y  system tumors i n  male and 
female mice. 

D r .  Perera, a p r i n c i p a l  reviewer, was unable t o  a t tend the  meeting; her w r i t t e n  
comments were read by D r .  L. Hart,  NIEHS. D r .  Perera agreed w i t h  the  
conclusions f o r  female r a t s  and male and female mice. She proposed t h a t  t he  . . 

conclusions f o r  male r a t s  be changed t o  equivocal evidence o f  carc inogenic 
a c t i v i t  based on the  occurrence o f  r a r e  b r a i n  tumors: two astrocytomas and one do i g o  endroql ioma i n  h igh  dose animals. Th is  incidence exceeded the  h i s t o r i c a l  
con t ro l  incidence as we i l  as t h a t  seen i n  any corn o i  1 veh ic le  con t ro l  male F344 
r a t  group. D r .  Chhabra opined t h a t  the  occurrence o f  a b r a i n  tumor i n  the  
con t ro l  group weakened the  case f o r  an assoc ia t ion  o f  the  tumors w i t h  chemical 
admin is t ra t ion .  D r .  S. Eust is ,  NIEHS, s ta ted  t h a t  l ess  import could be given 
than i f  the tumors were a1 1 o f  t he  same c e l l  type. Dr .  Hooper observed t h a t  t he  
r e s u l t s  s t i  11 support a conclus ion o f  equivocal '  evidence o f '  carcinogenic 
a c t i v i t y .  Dr .  Scal a asked t h a t  t he re  b e  a more r igorous treatment i n  the  
d i  scussion. 

As a second p r i n c i p a l  reviewer, Dr .  Capen agreed w i t h  the  conclusions as 
w r i t t e n .  Commenting on the  conclus ion i n  male mice, he noted t h a t  although the  
mean h i s t o r i c a l  incidence o f  pheochromocytomas i n  corn o i l  gavage con t ro l  male 
mice was on ly  1.3% (19/1443), t h e i r  range was from zero t o  10% (5/49). 

As a t h i r d  p r i n c i p a l  reviewer, D r .  Sivak a lso  agreed w i t h  the  conclusions as 
wr i t t en .  H is  pr imary concern r e l a t e d  t o  the  r a t i o n a l e  f o r  s e l e c t i o n  o f  t he  
gavage r o u t e  given t h a t  predominant human exposure i s  v i a  t h e  skin. D r .  Chhabra 
responded t h a t  4-hexyl resorc inol  i s  s t i l l  used as an anthe lmin t ic ,  given o r a l l y  
i n  tab le ts ,  and as an a n t i s e p t i c  used i n  lozenges and mouthwash. He sa id  more 
emphasis would be given t o  the  r a t i o n a l e  o f  rou te  se lec t ion .  D r .  Sivak 
requested t h a t  more i n fo rmat ion  on metabolism and d i s t r i b u t i o n  be inc luded if 
ava i lab le .  



There was some discussion on the decreased incidences of  several tumor types, 
whether t h i  s was re1 ated t o  the a n t i  i n f e c t i v e  propert ies o f  4-hexylresorcinol , 
and imp1 i ca t ions  f o r  possible antineopl a s t i c  ac t i v i t y .  

D r .  Capen moved tha t  the Technical Report on 4-hexylresorcinol be accepted wi th  
rev is ions discussed and wi th  the conclusions as w r i t t en  f o r  male and female r a t s  



Malonaldehyde, Sodium Salt .  Dr .  J. W. Spalding, NIEHS, NTP Chemical Manager, 
in t roduced the  t o x i  coloqy and ca rc i  nogenesi s s tud ies  o f  malonal dehyde, sodium- .  

s a l t ,  by rev iewing the  experimental design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t ions  of these 2-year gavage studies, t he re  was c lea r  
evidence o f  carc inogenic a c t i v i t y  f o r  male and female F344/N r a t s  
administered malonaldehvde. sodium s a l t .  as shown by t h e  increased - .  
incidencis - o f  f o l  1 ic u l  ar  c e l l  adenomas o r  carcinoma; (combined 1 of the 
t h y r o i d  gland i n  both sexes. Pancreat ic i s l e t  c e l l  adenomas were a lso 
observed a t  an increased inc idence i n  low dose male r a t s .  There was 
no evidence o f  carc inogenic a c t i v i t y  f o r  male and female B6C3F1 mice 
administered 60 o r  120 mg/kg malonaldehyde, sodium s a l t ,  i n  d i s t i l  l e d  
water by gavage 5 days per week f o r  2 years. 

Chemically r e l a t e d  increased incidences o f  nonneoplast ic l es ions  i n  
r a t s  inc luded u l c e r s  and inf lammation o f  t he  g landular  stomach and 
e p i t h e l  ia1 hyperplas i  a o f  the  forestomach; corneal i n f  1 ammation, 
r e t i n a l  atrophy, and ca tarac ts  o f  the  c r y s t a l l i n e  lens; and c y s t i c  
degeneration o f  the  l i v e r ,  b i l e  duct f i b r o s i s ,  and b i l e  duct 
hyperplasia. There was a dose-related increase i n  the  incidences of 
focal  atrophy o f  the  pancreat ic  acinus i n  male and female mice. An 
increased inc idence o f  pigmentat ion l o s s  i n  h a i r  sha f t s  was seen i n  
h igh  dose mice. 

D r .  Hughes, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions f o r  male and 
female mice. He D ~ O D O S ~ ~t h a t  the  conclusions f o r  male and female r a t s  be 
changed t o  some evidence o f  carc inogenic a c t i v i t y :  because he f e l t  t he  maximum 
t o l e r a t e d  dose (MTD) was exceeded i n  r a t s ,  poss ib l y  pe r tu rb ing  the  endocrine 
ax i s  and perhaps lead ing t o  endocrine tumor response through an i n d i r e c t  
mechanism; because the  t o t a l  inc idence o f  adenomas and carcinomas o f  t he  t h y r o i d  
was low; because both short - term t e s t s  and i n i t i a t i o n / p r o m o t i o n  s tud ies  y i e l d e d  
mixed r e s u l t s ;  and because the re  was no t  a dose response f o r  pancreat ic  i s l e t  
c e l l  tumors i n  male r a t s .  D r .  Spalding po in ted out  t h a t  t he  t h y r o i d  neoplasms 
are uncommon, and the  incidences i n  male and female r a t s  a t  t he  top dose were 
we l l  above the  h i s t o r i c a l  con t ro l  range. Comnenting on the  incons is tenc ies  i n  
the  short - term t e s t  and i n i t i a t i o n / p r o m o t i o n  data c i t ed ,  D r .  Spalding sa id  
pre-1980 s tud ies  used mix tures  o f  malonaldehyde and intermediates i n  i t s  
synthesis which had mutat ional  a c t i v i t y .  Th is  w i l l  be expanded on i n  the  
repor t .  D r .  J. Huff,  NIEHS, commented t h a t  t h e  conclusions i n  r a t s  were based 
on the  t h y r o i d  neoplasia, no t  on the  low dose e f f e c t  f o r  pancreat ic  tumors. 

As a second p r i n c i p a l  reviewer, D r .  Popp agreed w i t h  the  conclusions. He agreed 
w i t h  D r .  Hughes t h a t  t h e  MTD had been exceeded f o r  h igh  dose male and female 
r a t s ,  bu t  f e l t  t he  imp l i ca t i ons  were unclear.  He opined t h a t  t he  lower 
incidence o f  r a t s  w i t h  p i t u i t a r y  tumors i n  h igh  dose groups was probably due t a  
reduced su rv i va l  and not  a pr imary e f f e c t  o f  t he  chemical, wh i l e  the  non- 
neop las t ic  eye les ions  probably were chemical re la ted.  Dr .  Spalding agreed t h a t  
t he  eye les ions  were chemical ly  r e l a t e d  and sa id  t h e  d iscussion would be 
expanded. 



As a t h i r d  reviewer, Dr .  Ga l l o  agreed w i t h  t h e  conclusions but  noted t h a t  when 
t h e  MTD i s  exceeded i n t e r p r e t a t i o n  o f  e i t h e r  p o s i t i v e  or  negat ive f i n d i n g s  i s  
sometimes d i f f i c u l t .  However, he added t h a t  based on the  13-week studies the 
doses selected f o r  two-year s tud ies  were appropriate. Since the  chemical i s  an 
intermediate i n  the  b iosynthes is  o f  prostaglandins, he suggested t h a t  t he  
t o x i c i t y  may ove r r i de  con t ro l  mechanisms i n  t h e  synthesis pathway. D r .  Gal l o  
thought the  r a t i o n a l e  f o r  dec id ing  t o  study malonaldehyde was weak. 

I n  other  discussions, D r .  Sivak proposed t h a t  a statement be inc luded f o r  the  
r a t  s tud ies  which i nd i ca tes  reduced su rv i va l  and body weight gain i n  top dose 
groups. D r .  Hooper requested t h a t  a l l  the  genet ic  tox i co logy  data be organized 
i n t o  a sumnary t a b l e  t o  he lp  the reader draw conclusions about the  mutagenic 
a c t i v i t y  o f  the  malonaldehyde s a l t .  

D r .  Hughes moved t h a t  t he  Technical Report on malonaldehyde, sodium s a l t ,  be 
accepted w i t h  the  conclusions as w r i t t e n  f o r  mice, no evidence o f  carcinogenic 
a c t i v i t y ,  but  w i t h  the  conclusions f o r  r a t s  changed t o  some evidence of 
ca rc~nogen ic  a c t i v i t y  along w i t h  a statement. t h a t  t he  had been exceeded. 
Dr.  Sivak asked t h a t  the  statement be amended t o  rep lace the  word MTD w i t h  a 
desc r ip t i on  of the  b i o l o g i c a l  a l t e r a t i o n s  themselves, i.e., t h a t  there  was 
decreased su rv i va l  and a >lo% decrease i n  body weight gain i n  h igh  dose groups. 
D r .  Hughes agreed. D r .  Ga l l o  seconded the  amended motion, and a f t e r  con­
s iderab le  discussion, i t  was defeated by 1Y ( D r .  Hughes) t o  6 No (N) votes. 
Dr .  Ga l l o  moved t h a t  t he  Technical Report be accepted w i t h  the  conclusions as 
w r i t t e n  f o r  mice, no. evidence o f  carc inogenic a c t i v i t y ,  and f o r  r a t s ,  c lea r  
evidence o f  carc inogenic a c t i v i t y ,  and w i t h  Dr.  S i vak' s amendment. D n v a k  
seconded the  amended motion and i t  was approved by 6Y t o  1N (Dr. Hughes) votes. 



2-Mercaptobenzothi azole. D r .  M. P. D ie ter ,  NIEHS, NTP Chemical Manager, 
in t roduced the  tox i co logy  and carcinogenesis s tud ies  of 2-mercaptobenzothiazole 
by rev iewing the  experimental design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t ions  o f  these 2-year gavage studies, t he re  was -some, 
evidence o f  carc inogenic a c t i v i t y  o f  2-mercaptobenzothi azole f o r  male+ 344/N r a t s ,  i nd i ca ted  by increased incidences of mononuclear c e l l  
leukemi a, pancreat ic  ac inar  c e l l  adenomas, and adrenal gland pheochromo- 
cytomas. There was some evidence o f  carcinogenic a c t i v i t y  f o r  female 
F3441N r a t s ,  i nd i ca ted  by increased in c i  dences o f  adrenal g l  and 
pheochromocytomas and p i t u i t a r y  gland adenomas. There was no evidence 
o f  carc inogenic a c t i v i t y  o f  2-mercaptobenzothi azole f o r  male 66C3F 1 
mice administered 375 o r  750 mg/kg. There was equivocal evidence of 
carc inogenic a c t i v i t x  f o r  female B6C3F1 mice, i nd i ca ted  by increased 
incidences of hepatocel l  u l  a r  adenomas or  carcinomas (corhbi ned ). 

D r .  Hooper, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions as wr i t t en .  
However, he argued t h a t  increased incidences o f  p r e p u t i a l  gland adenomas or  
carcinomas (combined) should be c i t e d  i ns tead  o f  mononuclear c e l l  leukemia 
(MNCL) i n  support o f  the  conclus ion i n  male r a t s .  D r .  D ie te r  suggested t h a t  
i t  was v a l i d  t o  inc lude the  p r e p u t i a l  qland tumors, along w i t h  the  MNCL, as. . 
some evidence o f  carc inogenic a c t i v i t y ;  and t h a t  the  conclusions and o ther  
appropr iate sect ions of t he  techn ica l  r e p o r t  could be rev i sed  t o  r e f l e c t  t h i s  
change. Dr .  S. Eus t is ,  NIEHS, commented t h a t  t h i s  tumor was not  o r i g i n a l l y  
inc luded i n  the  l i s t  o f  evidence because although the  incidence o f  p r e p u t i a l  
gland tumors i n  t h i s  study was tw ice  the  h i s t o r i c a l  mean, the  incidence a lso 
f e l l  w i t h i n  the  h i s t o r i c a l  range. D r .  Hooper was s t i l l  puzzled by the  lack  of 
tumors i n  h igh  dose male r a t s  compared t o  an e levated tumor inc idence i n  low 
dose male r a t s  fo r  several neoplasms, i n c l u d i n g  MNCL. Dr .  D ie te r  sa id  there  was 
j u s t  one other  tumor besides MNCL, pancreat ic  ac inar  c e l l  adenomas i n  male r a t s ,  
where there  was an e f f e c t  o n l y  a t  the low dose. There were two tumor types 
where dose-re1 ated increases occurred, in c l  udi ng adrenal gland tumors i n  ma1 e 
and female r a t s ,  and p i t u i t a r y  gland tumors i n  female ra ts .  

As a second p r i n c i p a l  reviewer, D r .  Popp agreed i n  p r i n c i p l e  w i t h  the  
conclusions. He sa id  the  issue f o r  dec is ion  was whether the  conclusions i n  r a t s  
should remain as w r i t t e n  o r  be lowered t o  equivocal evidence o f  carcinogenic 
a c t i v i t y .  

As a t h i r d  p r i n c i p a l  reviewer, D r .  C h i n c h i l l i  agreed w i t h  the  conclusions as 
w r i t t e n .  He asked t h a t  the  incidences t a b l e  f o r  MNCL i n  female r a t s  be added 
the  Resul ts  sect ion. 

D r .  Harold Grice, Cantox, Inc. Canada, represent ing  t h e  Rubber Add i t i ves  Program 
Panel, Chemical Manufacturers Associat ion, mentioned several f a c t o r s  t h a t  he 
f e l t  made i n t e r p r e t a t i o n  of t he  increased tumor r a t e s  i n  male r a t s  d i f f i c u l t .  
These in c l  uded reduced s u r v i v a l  i n  both dose groups, compound induced kidney 



t o x i c i t y ,  gavage stress, and post-gavage lethargy. Dr .  Grice thought the 
conclusion on male r a t s  should be lowered t o  equivocal evidence o f  carcinogenic 
a c t i v i t y .  

Since the low dose animals were placed i n  the cage racks nearest the room 
f luorescent l i g h t s  and because cages were not  ro ta ted  i n  t h i s  study, there was 
speculat ion whether photoact ivat ion o f  the chemical might have been a factor  i n  
toxicity/carcinogenicity. While incidence o f  eye lesions (ret inopathy and 
cataracts)  could be cor re la ted w i th  cage posi t ion,  there was no consensus t ha t  
increased tumor ra tes i n  low dose r a t s  could be associated w i th  exposure t o  
l i g h t .  

I n  other discussion, Dr .  Hooper thought the small but  s i g n i f i c a n t  increase i n  
renal  neoplasms i n  male r a t s  ( tubu lar  c e l l  adenomas and t r ans i t i ona l  c e l l  
papi 1 lomas/carcinomas) was chemical l y  associated. Dr .  Eust i  s said the renal  
tumors were not considered chemical ly r e l a ted  because there were two c e l l  types 
general ly  not combined and the tumors were s p l i t  between dose groups. 

O r .  Hooper moved t ha t  the Technical Report on 2-mercaptobenzothiazole be 
accepted w i th  the rev is ions  discussed and the conclusions as w r i t t en  f o r  male 

carcinogenic a c t i v i t y ,  f o r  male mice. - -no 
and f o r  female mice. equivocal evidence o f  

r t h a t  the increased i n c i  dences of preput i  a1 
cinomas (combined) i n  male r a t s  be c i ted.  ~ r :~ a l l o  

{econded the motion and i t  was approved unanimously w i t h  seven votes. D r .  Scala 
asked t ha t  the f l a v o r  o f  the f u l l  and s t imula t ing discussion o f  a number o f  
po in ts  be incorporated i n t o  the repor t .  



-Mirex. Dr. J. E. Huff, NIEHS, NTP Chemical Manager, introduced the toxicology 
and carcinogenesis studies of mirex by reviewing the experimental design, 
resu 1t s , and proposed concl usi ons: 

Under the conditions of these 2-year feed studjes of mirex, there is 
clear evidence of carcinogenic activity for F344/N rats as indicated 
primari ly by marked increased inci dences of benign neoplastic nodules 
of the 1 iver in both males and females, as we1 1 as by increased 
incidences of pheochromocytomas of the adrenal g1 and and transitional 
cell papi 1 lomas of the kidney in males and by increased incidences of 
mononuclear cell leukemia in females. 

Dr. Popp, a principal reviewer, deferred comment on the conclusions until the 
 
Panel discussed some of the major issues wit,h the study. These included: 
 
apparent nonreproducibility of liver neoplasms for female rats fed 50 ppm 
 
mirex in the original study and a second study started several months later at 
 
50 and 100 ppm; and an unusually high incidence of liver neoplasms in control 
 
female animals from the original study. Dr. Huff responded that there was no 
 
logical explanation either for the differences between studies or the high 
 
control tumor level in females from the first study. 
 

As a second principal reviewer, Dr. Chinchilli agreed with the conclusions as 
 
written. He expressed concern over the less than complete record keeping on 
 
certain aspects of the study. He asked that more detail be given about thz 
 
process used for randomization of animals, or it should be stated that detailed 
 
records are not available. 
 

As a third principal reviewer, Dr. Hughes thought that the conclusions should be 
 
reduced to equivocal evidence of carcinogenic activity because: the primary 
 
liver effect was increased nodules; the 1 iver response in females was not the 
 
same in both experiments; adrenal gland responses were mainly increases in 
 
benign pheochromocytomas; the renal transitional cell papilloma response in 
 
males was weak; and mononuclear cell leukemia responses were weak in female and 
 
equivocal in males, and there was no evidence of early onset in treated animals. 
 
He questioned whether these were valid studies on which to base conclusions 
 
since not all records were available. 
 

In response to the reviewers, Dr. Huff stated that staff had confidence that the 
 
data were scientifically valid and reportable and that the spectrum of 
 
neoplastic responses together supported the category of evidence selected. 
 
These lesions are re1 ati vely rare occurrences in Fi scher rats. Further, these 
 
findings in the liver are supported by other long term studies reported in the 
 
literature, and ample evidence exists that the target organ for this non- 
 
metabolized chemical is the liver. He reminded the Panel of other recent peer 

reviewed studies with conclusions of clear evidence of carcinogenic activity 
 
based on increased incidences of neoplastic nodules, and at rates lower than 

reported here. Also, the audit revealed that the archived records necessary to 

support these conclusions are available, as are all the pathology materials and 

specimens. 
 



I n  other discussions, Dr .  Ga l lo  also emphasized l i v e r  as being a primary ta rge t  
organ not ing t ha t  mirex i s  known t o  be a potent inducer o f  cytochrome P450 
enzymes. He speculated t ha t  cross-contamination between rooms housing t reated 
and cont ro l  female animals might have been involved i n  the high incidence o f  
neoplast ic  nodules o f  the l i v e r  i n  female cont ro l  r a t s  i n  the f i r s t  study. 
O r .  S. Eustis, NIEHS, noted tha t  neoplast ic  nodules i n  con t ro l  animals were 
pr imar i  l y  composed of basophi 1 i c  c e l l  s whi l e  nodules i n  t reated animals were 
p r i m a r i l y  e i t he r  c lear  c e l l  o r  eos inophi l ic  c e l l  types, a c lea r  ind ica t ion  t ha t  
mirex caused these ef fec ts .  

D r .  Hooper moved tha t  the Technical Report on mirex be accepted w i th  the 
rev is ions  discussed and the conclusions as w r i t t en  f o r  male and female ra ts ,  
c lear  evidence o f  carcinoqenic a c t i v i t y .  Dr .  Sivak seconded the motion a n d - i t  
was approved by 6Y t o  I N  (Dr .  Hughes) votes. 



N-Phenyl-2-Naphthylamine. Dr.  K. M. Abdo, NIEHS, NTP Chemical Manager, 
introduced the tox ico logy and carcinogenesi s studies o f  N-phenyl-2-naphthyl ami ne 
by reviewing the experimental design, resu l ts ,  and proposed conclusions: 

Under the condi t ions o f .  these 2-year feed studies o f  N-phenyl-2- 
naphthylamine, there was no evidence o f  carcinogenic a c t i v i t y  f o r  male 
or  female F344/N r a t s  fed d i e t s  contain ing 2,500 o r  5,000 ppm. 
Decreased incidences o f  several neoplasms were observed i n  dosed r a t s  : 
thy ro i d  gland C-cel l  neoplasms i n  male and females, and, i n  females, 
mononuclear c e l l  leukemi a, p i t u i t a r y  gland adenomas and mammary gland 
f ibroadenomas. There was no evidence o f  ca rc i  nogeni c act iv i  t y  f o r  
male B6C3F1 mice fed d i e t s  contain ing 2,500 o r  5,000 ppm 
N-phenyl-2-naphthylamine. There was equivocal evidence of 
carcinogenic a c t i v i t y  o f  N-phenyl-2-naphthylamine f o r  female B6C3F1 
mice as ind icated by the occurrence o f  two ra re  kidney neoplasms. 
Chemical -re1 ated noheopl  a s t i c  les ions occurred i n  the kidney o f  r a t s  
and mice. 

D r .  Sivak, a p r i nc i pa l  reviewer, agreed with the conclusions f o r  male and female 
r a t s  and male mice. He proposed t ha t  the conclusion f o r  female mice be changed 
t o  no evidence o f  carcinogenic a c t i v i t y ,  arguing t ha t  the presence of only one 
benign and one malignant renal  tumor and the absence o f  any genotoxic response 
made t h i s  designation more appropriate. 

As a second p r i nc i pa l  reviewer, D r .  Capen agreed w i th  the conclusions for  male 
and female r a t s  and male mice whi le g i v i ng  support t o  changing the conclusion 
f o r  female mice t o  no evidence o f  carcinoqenic a c t i v i t x .  

D r .  Perera, a t h i r d  p r i nc i pa l  reviewer, was unable t o  attend the meeting and her 
w r i t t en  comments were read by D r .  L. Hart, NIEHS. D r .  Perera agreed w i th  the 
conclusions for  female r a t s  and male and female mice but  thought the conclusion 
for  male r a t s  should be changed t o  equivocal evidence o f  carcinogenic a c t i v i t y  
based on the increased incidence o f  r a re  tumors o f  the spleen and two ra re  
tumors o f  the colon. She said the supporting evidence f o r  the conclusion i n  
female mice should be expanded t o  include "...as wel l  as karyomegaly o f  tubular  
epi the1 ia1 c e l l  s and atyp i  ca l  ce.11 hyperpl as i  a. 

In response t o  D r .  Sivak and Dr .  Capen, D r .  Abdo explained t ha t  the c a l l  of 
equivocal evidence o f  carcinogenic a c t i v i t y  i n  female mice was made because 
the kidney i s  a t a rge t  organ f o r  the chemical, the incidence o f  kidney tumors i n  
the high dose group was four  percent whi le the h i s t o r i c a l  incidence a t  the 
performing laboratory i s  zero, and atyp ica l  hyperplasia was present. D r .  Sivak 
agreed t ha t  w i th  mention o f  the nonneoplastic les ions he could support the 
o r i g i n a l  conclusions. He said j u s t i f i c a t i o n  f o r  the conclusion i n  female mice 
should c i t e  not only the kidney neoplasms but  a lso the occurrence o f  hyperplasi a 
and nuclear enlargement as wel l  as enhanced nephropathy i n  the high dose group. 
D r .  Abdo also explained t ha t  the conclusion chosen f o r  male r a t s  was appropriate 
because splenic tumors are not  as ra re  as previously thought whi le the colon 



tumors are mesenchymal ra ther  than e p i t h e l i a l  i n  o r i g i n  and there i s  no evidence 
t o  suggest the colon i s  a ta rge t  organ. 

Dr .  S i  vak moved t ha t  the Technical Report on N-phenyl-2-naphthyl mine be 
accepted w i th  the rev is ions discussed and the conclusions as w r i t t en  for  male 
and female r a t s  and male mice, no evidence of carcinogenic a c t i v i  tx, and for  
female mice. eaui vocal evidence o t  carcinoaenic a c t i v i  t ~ .D r .  Caoen seconded 



Discussion o f  Maximum To lera ted Dose (MTD) 

by the  Panel and NTP S ta f f ,  March 4, 1987 

D r .  Scala op,ened the  d iscussion by asking a quest ion  of the  Panel: Did they 
view a c l e a r  exceeding o f  t he  MTD as a watershed event such as t o  r a i s e  
quest ions about a l l  e f fec ts ,  whether i n  t a r g e t  organ or  other  organs, a t  t he  
dose l e v e l  used, or  i s  i t  simply an event t h a t  occurs w i t h  which you have t o  
deal and then arefree t o  speculate on the  impact on the  study of having 
exceeded the  MTD. 

As background, D r .  Scala read the  d e f i n i t i o n  o f  MTD as s ta ted  i n  the  Report of 
t he  NTP Ad Hoc Panel on Chemical Carcinogenesis Test ing  and Evalaut ion ("Doul l  
Reportn),  and used by t h e  NTP: 

I 

"The maximum t o l e r a t e d  dose i s  t h a t  dose which when given f o r  t he  dura t ion  
of the  chronic study as the  h ighest  dose w i l l  no t  shorten the  t rea ted  an i -  
mal s  l ongev i t y  from any t o x i c  e f f e c t s  other  than the  i nduc t ion  of neoplasms. 
The MTD should not  cause morphological evidence o f  t o x i c i t y  o f  a s e v e r i t y  
t h a t  would i n t e r f e r e  w i t h  the  i n t e r p r e t a t i o n  of t he  study. For example, 
necrosis o f  a degree t o  be associated w i t h  a s i g n i f i c a n t  'amount o f  regenera- 
t i o n  may complicate the  i n t e r p r e t a t i o n  o f  a neop las t i c  response i n  t h a t  
organ. Thus, t o x i c i t y  and pathology c r i t e r i a  f rom the  subchronic study are 
the pr imary c r i t e r i a  f o r  s e t t i n g  t h e  MTD.' 

Discussion by the  Panel: Th is  centered on how data from s tud ies  where the MTD 
was exceeded could be used t o  examine and understand the  mechanisms of t o x i c i t y .  
The p o i n t  was r a i s e d  t h a t  f o r  each bioassay where the  MTD was exceeded there  
should be an eva luat ion  as t o  whether tumor responses were l o g i c a l  consequences 
o f  exceeding the  MTD. I t  was suggested t h a t  t he re  be fewer bu t  more indepth 
long-term s tud ies  w i t h  more dose l e v e l s  aimed a t  revea l i ng  more in format ion  on 
mechanisms. One Panel member noted t h a t  t he  purposes o f  us ing the  MTD was t o  
achieve the  h ighest  s e n s i t i v i t y  f o r  tumor response w i t h  a l i m i t e d  number o f  
animals. 

Response of S t a f f :  The Panel was reminded t h a t  s e t t i n g  doses f o r  a long-term 
study was a prospect ive exerc ise t h a t  one analyzes re t rospec t i ve l y .  Fur ther ,  i t  
was po in ted  out  t h a t  even though the  appropr iate c r i t e r i a .  are used f o r  se lec t i ng  
doses from prechronic s tud ies  there  f requen t l y  s t i l l  i s  reduced su rv i va l  i n  the  
chron ic  studies. 

Conclusions: D r .  Scala commented t h a t  we needed t o  consider how t o  incorpora te  
the  f a c t s  o f  exceeding the  MTD i n t o  the  i n t e r p r e t a t i o n  o f  t he  study. 

D r .  E.E. McConnell repor ted  t h a t  t he  NIEHS was a l ready conducting some studies 
around the  issues discussed using the  l a rge  and unique NTP data base. The s t a f f  
w i l l  p lan  t o  s t a r t  present ing some o f  t he  f i nd ings  on a cont inu ing basis a t  
upcoming Panel and Board meetings. Dr .  Scala sa id  t h e  Panel would welcome such 
information. Fur ther  he requested t h a t  i n  the  fu tu re ,  t h e  Chemical Manager, i n  
h i  s/her i n t r o d u c t o r y  remarks f o r  a r e p o r t  review, e x p l i c i t l y  discuss t o x i c i t y  as 
evidenced by decreased su rv i  va1 , decreased bodywei ght gai n, and other  s i  gns, 
i.e., " m i t i g a t i n g  fac tors , "  as we l l  as g i v i n g  the  bases f o r  t he  doses selected 
f o r  the  chronic studies. 



NTP Views on t h e  Use o f  "El inded Pathology Evaluat ions" 

Presented by D r .  Scot Eust is ,  NIEHS, on March 4, 1987 

A t  the  l a s t  lneeting of t h i s  panel, we were asked t o  present our views on the 
use o f  "b l inded pathology evaluat ions"  i n  animal t 0 ~ i ~ 0 1 0 g i ~ a lstudies.  
Sefore' I proceed any f u r t h e r ,  I want t o  make i t  c l e a r  t h a t  we do not  be1 ieve 
t h a t  a  "b l inded pathology eva luat ion"  i s  appropr iate fo r  the  r o u t i n e  
eva luat ion  o f  h i s t o l o g i c  sect ions from animal studies. I want t o  emphasize 
rou tine, because i t  may be an appropri  a te  techni  que under speci f ic c i  rcu~ns tances 
t h a t  I w i l l  descr ibe i n  a  few minutes. F i r s t ,  however, I want t o  def ine fo r  
you what a  "b l inded pathology eva luat ion  i s  and i n d i c a t e  what the  advantages 
and disadvantages o f  such a  technique are. 

As most o f  you know, a  "b l inded pathology evaluat ion"  i s  performed by a path­
o l o g i s t  w i thout  knowledge o f  the  treatment hroups t o  which t h e  animal s, 
microscopic s l  ides,  and t i ssues  be1 ong. To accompl ish t h i s ,  a1 1  the  m i crosco­
p i c  s l i d e s  must be i d e n t i f i e d  w i t h  s p e c i f i c  code numbers t h a t  have no r e l a t i o n  
t o  treatment groups, and any anci 11 ary  in format ion  provided t o  the  pa tho log is t  
must be s i m i l a r l y  i d e n t i f i e d  w i t h  code numbers. Anci 1  l a r y  in format ion  could 
in c l  ude the  f i nd ings  from t h e  gross necropsy , c l in i  c a l  observat ions or  c l  in i ­
ca l  path01 ogy informat ion.  

The advantages g iven f o r  a  "b l inded eva luat ion"  are t h e  maintenance o f  the  
in t e g r i  t y  o f  t he  con t ro l  and treatment groups, p revent i  on o f  b i  as introduced 
by the knowledge o f  which animals belong t o  the  t rea ted  groups, and p r o t e c t i o n  
o f  t he  pa tho log is t  from charges o f  bias. This t o p i c  o f t e n  i n c i t e s  a  f a i r l y  
heated debate, and t h e  reason f o r  t h a t  may Se t h a t  t he  word b ias  t o  some 
people conjures up t h e  impression t h a t  there  i s  an i n t e n t  t o  deceive. Much 
more impor tant ly ,  however, i s  t he  fac t  t h a t  p o t e n t i a l  b ias  i n  a  pathology 
eva luat ion  can be int roduced simply because o f  the  t ime element invo lved i n  
complet ing t h e  evaluat ion.  A t y p i c a l  two-year study w i t h  two treatment groups 
and con t ro l  group may requ i re  8-10 weeks f o r  the  pa tho log is t  t o  evaluate one 
species, r a t  o r  muse. Over t h i s  t ime per iod,  i t  i s  c e r t a i n l y  poss ib le  t h a t  a 
pa tho log is t  can inadver tan t l y  make a  s l i g h t  s h i f t  o r  change i n  c r i t e r i a  t h a t  
e f f e c t s  h i s  or  her diagnosis. This i s  most apt t o  occur w i t h  very subt le  
l es ions  t h a t  are d i f f i c u l t  t o  d i f f e r e n t i a t e  from spontaneous background 
va r ia t i on .  Bias may a lso  be int roduced because of t h e  "expectat ion"  by the  
pa tho log is t  o f  l es ions  i n  t h e  t rea ted  animals dhereas they would not  be 
present i n  the contro ls .  I n  t h i s  s i t u a t i o n  t h e  pa tho log is t  may pay c lose r  
a t t e n t i o n  t o  the  t rea ted  animals and m i s take spontaneously occur r ing  changes 
t h a t  are a lso  present i n  c o n t r o l s  f o r  unique t reatment  r e l a t e d  les ions.  

The disadvantages t o  the  r o u t i n e  performance o f  "b l  inded pathology 
eval ua t  ions" are both sc i  en t  if ic and economi c. The. sc i  en t  if ic disadvantages 
r e l a t e  t o  the  nature i n  which diagnoses are made. A d iagnosis i s  general ly  
no t  an eva luat ion  o f - a  s i n g l e  simple event,.but an est imate o f  m u l t i p l e ,  
va r iab le ,  i n d i v i d u a l  b i o l o g i c a l  processes which i n  concert c o n s t i t u t e  what i s  
termed a les ion.  The pa tho log is t  must take i n t o  cons idera t ion  a  mu l t i t ude  of 
indi  v idual  changes such as c e l l  s i z e  and shape, s i z e  and shape o f  c e l l  nuc le i  , 
changes i n  the  content o f  t he  c e l l  cytoplasm, numbers o f  c e l l s ,  a l t e r a t i o n  i n  
growth p a t t e r n  and a r c h i t e c t u r a l  features o f  the  organ, and then r e l a t e  these 
changes t o  the  expected appearance o f  these same t i ssues  i n  a  normal animal of 
t he  same species, sex, and age. F i n a l l y ,  t h e  pa tho log is t  must combine these 



multiple changes into a cohesive interpretation that in essence is a 
prediction of the biological behavior of the lesion. In order to do this 
efficiently, accurately, and with maximum sensitivity to subtle treatment 
related lesions, the pathologist must know which animals are the control ani­
nals. The pathologist uses the concurrent controls to set baseline values for 
what is normal or expected in the treated animals under comparable environmen­
tal conditions. This is important because of the degree of normal biological
variability that is the result of or influenced by species, sex, age, strain, 
environrnent, spontaneous disease, and method of death (natural or sacrificed).
Even the techniques employed in the fixation and tissue processing can 
variably affect the histologic appearance of tissues. If the pathologist has 
no controls to establish baseline values of what is normal, the pathologist 
will inevitably spend much additional time recording and grading lesions that 
really are not lesions at all. 

Another point to make is that criteria for the grading of nonneoplastic 
lesions are based on a knowledge of the spectrum of severity of the lesions 
seen in each particular study. These criteria can be defined much ~re 
rapidly and accurately with knowledge of treatment groups. In a blind study, 
all slides would be evaluated before the criteria would be set, and a second 
evaluation would likely be necessary to accurately distinguish dose-related 
increases in severity of lesions. 

The second primary disadvantage of routine blinded pathology evaluations is 
an economic one. Routine application of this technique would add signifi­
cantly to the direct costs of the pathology evaluation and increase the time 
required to complete the evaluation. As I mentioned earlier, all slides would 
have to be coded for the pathologist to evaluate, and then decoded. In a 
standard chronic study conSisting of two species, both sexes, and two dose 
groups and controls, the number of slides might vary from 9 to 12 thousand. 
~ot only would the slides have to be coded and decoded, but any ancillary
information such as gross necropsy records, clinical chemistry results and 
clinical findings would also have to be coded-and decoded. Following the 
pathology evaluation, the diagnoses would have to be decoded for subsequent 
analysis. Because of the frequent manipulation of the data, the error rate 
would :nost likely be increased. Finely, in addition to the cost incurred to 
perform these tasks, -the efforts in quality assurance would have to be 
increased, agai~ adding to the cost. Each step in the process of coding and 
decoding slides and decoding the pathology data would have to be thoroughly
reviewed by the laboratory quality assurance unit. 

Before I finis~,.I want to emphasize that"there are alternatives to routine 
blinded pathology" evaluations" that are cOl1l1lotily:followed by pathologists.
First, the slides may be evaluated by alternating five control animals, then 
treated animals animals, then 5 control, and so forth. This process will 
completely eJiminate any effect of a slight shift in diagnostic criteria over 
an extended time period. Second, individual tissues may be evaluated con­
secutively rather than evaluating all tissues from each animal consecutively. 
This often is done after the initial evaluation especially in subchronic 
studies. Lastly, specific target tissues may be evaluated in a blinded 
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fashion fo l low ing  the i n i t i a l  evaluation. This i s  also o f ten  done i n  an i n f o r ­
mal manner by many pathologists.  . 

We do not requi r e  the indi vidual 1 aboratory pathol ogi s t s  eval uat ing studi  es 
f o r  the NTP t o  fo l low any o f  these procedures described above. However, w 
have encouraged them t o  review a1 1 potentia1 treatment-re1 ated changes t o  
ensure the accuracy o f  t h e i r  i n te rp re ta t ions .  I n  the NTP pathology peer 
review process, informal b l  inded pathol ogy evaluations are f requent ly done by 
e i t h e r  the qua1 it y  assessment patho log is t  or  the PUG chai rperson when a les ion  
i s  9a r t i cu l a r y  subt le  or  when there i s  a questionable effect.  Also, because 
o f  the nature o f  the pathology peer review process a l l  treatment-related 
les ions are evaluated )w i t h i n  a r e l a t i v e l y  short t ime frame, thus precluding 
any " s h i f t "  i n  d iagnost ic c r i t e r i a  as a r esu l t  o f  time. During the Pathology 
Morki ng Group reu i  ews , s l  ides are general 1 y eval uated by the par t  ic i  pants 
wi thout  knowledge o f  treatment groups t o  which they belong, a1 though t ha t  
informat ion i s  avai 1 able upon request. In PWG -reviews o f  subchronic studies , 
i t  i s  sometimes necessary for  the par t i c ipan ts  t o  know the treatInent groups o f  
speci f i c  s l  ides so tha t  d i r e c t  comparisons can be made. 



NTP SENTINEL ANIMAL PROGRAM 

Presented by Dr .  G.N. Rao, NIEHS, on March 4, 1987 

The Sent inel  Animal Program was s t a r t e d  i n  1978 w i t h  the  13-week s tud ies  and the 
two-year s tudies.  The ob jec t i ves  o f  t he  Sent inel  Animal Program a t  t h a t  t ime 
were t o  ob ta in  data on the  inc idence o f  v i r a l  i n f e c t i o n s  i n  the  s tud ies  and t o  
a i d  i n  the  i n t e r p r e t a t i o n  o f  t h e  l es ions  i n  the  t o x i c i t y  and ca rc inogen ic i t y  
studies. Th is  i s  the  reason why we inc luded the  v i r a l  (sero logy)  p r o f i l e s  i n  
the  NTP Technical Reports. A t h i r d  o b j e c t i v e  was t o  evaiuate the  animal care 
procedures i n  the  t e s t i n g  f a c i  1 it i e s .  

The Sent inel  Animal Program inc ludes c o l l e c t i o n  o f  serum samples from f i v e  males 
and f i v e  females o f  each species a t  s i x ,  twelve and eighteen months o f  the  two- 
year study. 

The serum samples c o l l e c t e d  from these animals were tes ted  f o r  ant ibodies t o  
c e r t a i n  viruses, For the  mouse, v i ruses monitored were Sendai , mouse hepat i  t i s 
(MHV) , pneumonia (PVM), mouse encephalomyel i t is,  polyoma, mouse adenovirus, RE0 
v i r u s  type 3, lyrnphocytic choriomeningi t i s (LCM), ectromel i a  (mouse pox), and 
the  minute v i r u s  o f  mice. I n  the  r a t ,  some o f  t he  v i ruses are the  same as i n  
mouse, l i k e  the  Sendai v i rus ,  pneumonia as i n  mouse, and then r a t  corona v i r u s  
(RCV)/sialodacryoadenitis (SDAV), Ki lham's r a t  v i r u s  (KRV) and the  Too lants  
Agent. 

These v i r a l  serology p r o f i l e s  were then entered i n t o  computer f i l e s  and analyzed 
f o r  d i s t r i b u t i o n  by t e s t i n g  f a c i  1 i t y  by year and other  associat ions between 
viruses. Th is  in format ion was presented a t  t h e  S i x t h  Chemical I ndus t ry  
I n s t i t u t e  o f  Toxicology Conference, and t h a t  in format ion  was pub1ished i n  the  
proceedings, uCornplications o f  V i r a l  and Micoplasma I n f e c t i o n s  i n  Rodents t o  
Toxicology Research and Test ing. 

From t h i s  h i s t o r i c a l  data base the  comon v i r a l  i n f e c t i o n s  o f  mice are the  
Sendai, pneumonia v i r u s  o f  mice, mouse h e p a t i t i s  v i rus .  I n  the  r a t s ,  t h a t  i s  
again, t he  Sendai, PVM, and then the  r a t  corona v i r u s  (RCV)/sialodacryoadenitis 
(SDAV). 

I n  the  mouse, Sendai i s  t he  most p reva lent  v i r u s  fo l lowed by PVM, MHV and occa- 
s i o n a l l y  RE0 3. I n  r a t s ,  once again, t h e  Sendai i s  t h e  most prevalent  fol lowed 
by the  RCVISDAV and then PVM. We had occas iona l ly  some KRV v i rus .  

Looking a t  chronic studies, ou t  o f  182 s tud ies  i n  the  r a t ,  122 were p o s i t i v e  f o r  
one or  more v i ruses as determined by v i r a l  ant ibodies. That i s  67 percent. 
Whereas i n  t h e  mouse 124 ou t  o f  170, t h a t ' s  about 73 percent. 

With t h i s  in format ion  on hand i n  e a r l y  1984, we i n i t i a t e d  procedures t o  con t ro l  
and prevent v i r a l  i n f e c t i o n s  i n  the  NTP studies. These procedures inc luded 
supply ing animals t o  the  t e s t i n g  f a c i l i t y  t h a t  are f r e e  o f  v i ruses and r e q u i r i n g  
the  l abo ra to r ies  t o  main ta in  the  animals f ree  o f  v i ruses throughout the  course 
of the  study. And t h a t  requ i red  q u i t e  a b i t  o f  change i n  management, such as 
changing outer  garments of techn ic ians  when they move f rom room t o  room and a l so  
s a n i t i z i n g  a l l  t h e  equipnrent t h a t  i s  t r a n s f e r r e d  from room t o  room, and quaran- 
t i n e  of any animal room a t  the  f i r s t  c l i n i c a l  s ign  o f  i n f e c t i o n .  
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I n  addi t ion,  i f  these t e s t i n g  f a c i l i t i e s  used animals from other sources for  
other c l i en ts ,  those animals, i f  indeed they were close t o  the NTP studies, 
should have the same microbial  q u a l i t y  as the NTP animals. That i s ,  they should 
be f r ee  o f  viruses. Theses procedures resu l ted  i n  a dramatic decrease i n  v i r a l  
in fec t ions i n  the NTP prechronic and chronic studies dur ing the per iod 1984, 
1985, and 1986. 

The Sentinel Animal Program up t o  now does very wel l .  We establ ished a 
h i s t o r i c a l  data base and i t  helped us t o  monitor the laborator ies  t o  cont ro l  
and prevent v i r a l  infect ions. I t  helped us t o  understand the lesions t ha t  we 
see i n  tox ico logy studies, espec ia l ly  the 90-day studies. A t  t h i s  po in t  we are 
analyzing our h i s t o r i c a l  data t o  understand the in f luence of v i r a l  infect ions on 
surv iva l  and tumor incidences i n  r a t s  and mice on the two-year studies. 
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