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DRAFT SUMMARY MINUTES 
NATIONAL TOXICOLOGY PROGRAM 

BOARD OF SCIENTIFIC COUNSELORS MEETING 
March 14, 1989 

SUWARY MINUTES 

The ~ a t i o n a l  Toxicology Program (NTP) Board of Scientific Counselors met on 
March 14, 1989, a t  the National Inst i tute of Environmental Health Sciences 
(NIEHS) , Research Triangle Park, North Carolina. (Attachment 1: Federal 
Register Meeting Announcement; Attachment 2: Agenda and Roster of Members. ) 
Members of the Board are Drs. Michael Gallo (Chairman), John Li t t le ,  Richard 
Miller, Frederica Perera, Adrianne Rogers, Robert Scala, and Arthur Upton. 
Dr. Upton was unable to attend the meeting. 

I. Report of the Director, NTP: Dr. David Rall reported that: (1) a 
conference was held a t  NIEHS on Januarv 9-11. 1989. dealina wi th  Advances i n  
Lead Research wi th  Related implications for invironmental ieal th.  Research 
indicated that human maternal blood lead levels as low as 10 ug/deciliter were 
shown to result i n  temporary or permanent defects of neuromuscular and 
cognitive development of children. With up to two million children being 
exposed to such levels, t h i s  poses a serious public health problem; (2) i n  
response to animal welfare and animal r i g h t s  concerns, the NIEHS continues to 
review its procedures to make sure we are dealing w i t h  our laboratory animals i n  
the most humane way; (3) the NIEHS is preparing a response to the a r t i c le  i n  the 
December 15, 1988, issue of Nature by Lave et.al. that disputes the value and 
cost-effectiveness of the rodent bioassay for predicting carcinogenic potential 
i n  humans (copies of the a r t i c le  were given to Board members); (4 )  w i t h  regard
to the 1990 NIEHS budget, the allocation i n  the Bush administration budget is 
the same as i n  the Reagan budget. However, spending reductions have not yet 
been allocated, and although there are increases for basic research, and many 
Inst i tute programs are keeping apace of inflation, funding for research and 
development contracts, so vi ta l  to NTP programs, continues to lose ground i n  
terms of 1981 dollars. Dr. Rall presented cert if icates to ret ir ing Board 
members Dr. Michael Gallo and Dr. Frederica Perera and an expression of 
appreciation from himself and the Program for their service on the Board and 
Peer Review Panel. He also presented a cer t i f ica te  and thanks to Dr. Richard 
Griesemer for h i s  service on the Board i n  1987-1988 prior to becoming Director, 
Division of Toxicology Research and Testing (DTRT), NIEHS. 

11. Concept Reviews- NIEHS-OTRT- Research Support Contracts: Dr. 
Griesemer introduced the reviews by stating that about 80 % of the N I E H S ~ T P ' S  
basic and applied research act iv i t ies  are conducted through contracts and 
interagency agreements. Prior to issuance of a Request for Proposal (RFP), a 
project concept review is  required by Public Health Service regulations. These 
project concepts often consist of more than one contract or interagency 
agreement. Concept reviews are needed for new projects, for recompetitions 
w i t h  changes i n  statements of work, and for projects ongoing for five years or 
more since the l as t  concept review. The DTRT currently has 150 research and 
resource contracts and interagency agreements, and 35 concepts i n  force to 
enable planning and allocating of resources. Dr. William Johnston, Contracting 
Officer, reported that project concept reviews are conducted by the NTP Board, 
whose members are asked to review the concepts for overall value and scientif ic  



relevance as we l l  as for  f u l f i l l i n g  the program goal  o f  pro tect ing pub l i c  
health. Reviews are open t o  the pub l i c  so long as discussions are l i m i t e d  t o  
review of the general p ro jec t  purposes, scopes, goals, and various opt iona l  
approaches. 

D r .  Grieseme: noted that  the f i r s t  concept t o  be reviewed concerned the 
9 centerpiece of the Program-- t o x i c i t y  and carcinogenic i ty studies i n  rodents. 
This would be followed by seven resource support contract  concepts and then 
seven concepts having t o  do w i t h  p r imar i l y  test ing,  methods development and 
va l ida t ion  a c t i v i t i e s .  Three of the l a t t e r  were new concepts. He reported 
t ha t  e ight  more concepts would be reviewed by the Board i n  November, and then, 
e igh t  more over the next few years. 

(1) Tox ic i t y  and Carcinogenicity Studies i n  Animals -- (Attachment 
3-Review o f  Pro ject  Concepts, p.4) Dr .  Griesemer sa id  the ob ject ive was t o  
continue t o  characterize the tox ico log ic  effects o f  chemical and physical  
substances through studies i n  animals. The t y p i c a l  approach i s  repeated 
administrat ion o f  the agent t o  groups of animals for  var iab le  periods up t o  two 
years o r  more w i th  c l i n i c a l ,  tox ico log ic  and pathologic evaluation o f  the 
adverse heal th  e f fec ts  by comparison w i th  groups o f  con t ro l  animals. 

The Board af f i rmed the need for  cont inuing shor t  and long-term toxicology and 
carcinogenesis studies i n  animals whi le no t ing  modi f icat ions o r  addi t ions that  
could improve the u t i l i t y  o r  a b i l i t y  o f  these stddies t o  p red ic t  tox ico log ic  
and carcinogenic po ten t ia l .  A general suggestion was t o  add t es t  groups t o  
enable be t t e r  assessment of hazard t o  a i d  regulators. Dr. Griesemer responded 
tha t  modi f icat ions could be included under the broad statements o f  the concept. 
D r .  Gallo moved tha t  the concept be accepted as w r i t t en  g i v i ng  the NTP l a t i t u d e  
t o  add new ideas as they evolve. Dr. Scala seconded the motion, which was 
accepted unanimously ( s i x  yes votes) by the Board, 

(2) Chemical Repository and Safety Support -- (Attachment 3, p.5) Dr. 
Griesemer sa id  t h i s  p ro jec t  would continue t o  provide safe handling, storaqe, 
and shipping of chemicals studied by the Program; current ly,  there-were i n - ' 

excess of 1900 chemicals i n  the reposi tory.  As wel l ,  the reposi tory provides 
i n d u s t r i a l  hygiene support inc lud ing  informat ion on chemical hazard. I n  
addi t ion,  the NTP has establ ished procedures f o r  disposing o f  o lder bulk t es t  
chemicals. 

The Board noted tha t  meeting the object ives o f  t h i s  concept were essent ia l  t o  
the rep roduc ib i l i t y  and qua l i t y  o f  NTP studies. I nqu i r i es  concerned whether 
the  i n d u s t r i a l  hygiene support was provided by c e r t i f i e d  safety professionals, 
and whether hazardous waste disposal  was by environmentally cor rect  means. Dr. 
Douglas Walters, Pro ject  O f f i ce r  , responded tha t  c e r t i f i e d  professionals were 
used. Waste disposal  was by i nc ine ra t i on  where possible, otherwise i n  an 
approved land fill.Dr. Scala moved tha t  the concept be accepted. Dr .  Rogers 
seconded the motion, which was accepted unanimously ( s i x  yes votes) by the 
Board. 

(3) Chemistry Support Services -- (Attachment 3, p.6) Dr. Griesemer sa id  
the ob jec t i ve  was t o  continue t o  provide ana l y t i ca l  support services f o r  the 
NTP t o x i c i t y  and carcinogenic i ty studies, which includes chemical procurement 
and synthesis, bu lk  chemical character izat ion,  and dosage formulation and 



analysis, as we l l  as analysis for  chemicals and metabolites i n  t issues and 
b io l og i ca l  f l u i ds .  

The Board affirmed the importance o f  the chemistry support services f o r  the 
proper charc ter izat ion and analysis of chemicals studied by the NTP. The 
question was raised as t o  whether a l l  chemicals used i n  the Program were 
characterized. Dr .  C.W. Jameson, Pro ject  Off icer,  said a l l  chemicals supplied 
t o  laborator ies under the master agreement were completely characterized. A 
major addi t ion t o  the current  work statement i s  inc lus ion  o f  a capab i l i t y  f o r  
performing p i l o t  studies i n  rodents t o  determine basic pharmacokinetic 
parameters. I n  response t o  a question, Dr. Jameson sa id  one o f  the current 
laborator ies  had such capab i l i t y ,  and i n  the future some of t h i s  work would be 
subcontracted. Dr .  Scala moved tha t  the concept be accepted. D r .  Rogers 
seconded the motion, which was accepted unanimously ( s i x  yes votes) by the 
Board. 

(4) Rodent Disease Diagnostic Laboratories -- (Attachment 3, p.7) Dr. 
Griesemer sa id  the ob ject ive of t h i s  p ro jec t  i s  t o  ensure tha t  the animals used 
are disease f r ee  and i n f e c t i o n  free, and-this has been p re t t y  much the case 
over the past several years. He commented tha t  t h i s  was a t y p i c a l  animal 
disease survei l lance program. 

Dr .  Rogers moved that  the concept be accepted. Dr .  Scala seconded the motion, 
which was accepted unanimously ( s i x  yes votes) b; the Board. 

( 5 )  Genetic Monitoring of Inbred Rodents -- (Attachment 3, p. 8) Dr. 
Griesemer said the ob jec t i ve  i s  t o  provide genetic monitoring o f  inbred stocks 
a t  rodent production centers. This i s  necessary t o  maintain-genetic i n t e g r i t y  
o f  the rodent production colonies as w e l l  as the animals supplied f o r  t o x i c i t y  
and carcinogenic i ty studies. He sa id  t ha t  genetic d r i f t  was not now a problem. 

The Board asked whether the la rge  amount o f  data from the Sent inel  animals and 
genetic moni tor ing was being used o r  mainly j u s t  co l lec ted  and f i l e d .  Dr. Rao, 
Pro ject  Of f icer ,  responded tha t  data from these programs were being analyzed 
and published i n  appropriate journals. I n  response t o  a question about the use 
o f  DNA f ingerpr in t ing ,  Dr. Rao sa id  new procedures would be considered. 
Currently, genetic i n t e g r i t y  o f  inbred rodents was being evaluated by sk in  
g r a f t i n g  and the use o f  DNA probes. Dr. Rogers moved tha t  the concept be 
accepted. Dr .  Scala seconded the motion, which was accepted unanimously ( s i x  
yes votes) by the Board. 

(6) Pathology Support -- (Attachment 3, p. 9) Dr .  Griesemer sa id  t h i s  
p ro jec t  i s  intended t o  provide un i fo rmi ty  and consistent appl icat ion of 
d iagnost ic procedures t o  the pathology process. Th is  includes necropsy 
assistance and t i ssue  sect ion preparation f o r  studies conducted in-house as 
w e l l  as for  suppplemental studies on pathology specimens generated through 
contracted studies; reviewing and assessing the pathology performed by 
contractors; serving on NTP Pathology Working Group reviews; and technica l  
support for  qua l i t y  assessment o f  pathology evaluations. 

The Board af f i rmed the h igh q u a l i t y  o f  the pathology program. Dr. Gary 
Boorman, NIEHS, sa id  the o v e r a l l  qua l i t y  o f  the pathology done a t  the 
laborator ies  had improved over the past few years and the pathology support had 



contr ibuted t o  a more e f f i c i en t  process. Dr. Rogers moved that  the concept be 
accepted. Dr. Scala seconded the motion, which was accepted unanimously ( s i x  
yes votes) by the Board. 

(7) Pathology Archive -- (Attachment 3, p.10) Dr. Griesemer sa id  the 
ob ject ive of t h i s  p ro jec t  was t o  continue t o  provide storage and r e t r i e v a l  fo r  
a l l  o f  the h i s t o l o g i c a l  s l ides,  para f f in  blocks, formalin-f ixed wet tissues, 
paper data, and microfiche/microfi lm f o r  the t o x i c i t y  and carcinogenic i ty 
studies conducted by the Program. Greater emphasis was t o  be given t o  reducing 
paper data t o  microfiche and t o  c o l l e c t i n g  frozen t issues for  oncogene 
analysis. 

D r .  Rogers moved tha t  the concept be accepted. Dr. Scala seconded the motion, 
which was accepted unanimously ( s i x  yes votes) by the Board. 

(8 )  S t a t i s t i c a l  Analysis of Laboratory Studies -- (Attachment 3, pp. 11-12) 
Dr .  Griesemer sa id  t h i s  p ro jec t  w i l l  continue t o  provide s t a t i s t i c a l  and 
computational expert ise and resources t o  summarize, analyze, and a i d  i n  the 
i n te rp re ta t i on  of data from the various laboratory animal experiments conducted 
by the NTP. Increasing emphasis w i l l  be given t o  handling and assessing data 
from non-cancer t o x i c i t y  endpoints especial ly  t ha t  re la ted  t o  the new 
short-term study Technical Reports. 

Board discussion centered on c l a r i f i c a t i o n  o f  so6e minor proposed changes i n  
the statement of work- Dr-  Perera moved tha t  the concept be accepted. Dr. 
Rogers seconded the motion, which was accepted unanimously, ( s i x  yes votes) by 
the Board. 

111. Concept Reviews- NIEHS-DTRT- Testinqhethods Development/Validation 
Contracts: 

(1)  Immunotoxicity o f  Environmental Chemicals and Therapeutics --
(Attachment 3, p. 16) Dr. Michael Luster, NIEHS Pro ject  Off icer,  reviewed the 
background on development by the NTP o f  a panel o f  assays f o r  measuring and 
character iz ing immunotoxicity o f  chemicals. The current  p ro jec t  concept 
proposes t o  continue studying effects o f  selected chemicals, drugs o r  b io log ics  
on immune response, inc lud ing  immunomodulation, a l t e r a t i o n  t o  challenge, o r  
induct ion o f  hypersens i t iv i ty .  Objectives are t o  t e s t  four  chemicals/year f o r  
immunomodulatory e f f ec t s  and four  chemicals for  induct ion o f  hypersensi t iv i ty .  
A small  research component i s  included which w i l l  be devoted t o  examining 
methods t o  t e s t  f o r  autoimmunity. Modif icat ions include adding a prescreen 
p a r t i a l l y  f o r  dose ranging, evaluat ion o f  a second mouse s t r a i n  o r  r a t s  for  
selected compounds, and keeping the panel state-or-the-art by adding new assays. 

The Board asked how chemicals were selected for  study. Dr, Luster r ep l i ed  t ha t  
the major i ty  were NTP compounds. I n  co l laborat ion w i th  the NCI, several AIDS 
therapeutic agents were being evaluated under a newer contract. The Board 
stressed the importance o f  t h i s  area and urged the NTP t o  be more aware of 
signs o f  immunotoxicity when reviewing chemicals f o r  study by the Program. Dr.  
M i l l e r  moved tha t  the concept be accepted. Dr. Scala seconded the motion, 
which was accepted unanimously ( s i x  yes votes) by the Board. 

(2) Expired Breath Analysis i n  Chemical Tox ic i t y  Assessment -- (Attachment 
3, pp. 13-15) Dr.  John Bucher, NIEHS Pro ject  Off icer,  noted t h i s  was a new 



concept and the ob jec t i ve  was t o  evaluate whether changes i n  components o f  
expired breath i n  laboratory animals could be a use fu l  p a r t  o f  an o v e r a l l  
t ox i co log ic  assessment o f  a chemical. The ob jec t ives o f  the research are t o  
determine: (1)  the i d e n t i t y  and consistency o f  breath components i n  untreated 
ra t s ;  ( 2 )  changes i n  breath components i n  response t o  chemical exposure; and 
(3) mechanisms invo lved i n  the t o x i c  processes. This concept i s  i n  accordance 
w i t h  NTP ob jec t ives t o  develop and apply new inova t i ve  technology, i n  t h i s  case 
a non-invasive technology. 

The Board expressed reservat ions t ha t  the concept might be too ambitious i n  
t h a t  there i s  a lack  o f  basel ine data i n  animals f o r  expired endogenous chemi- 
cals.  They recommended t ha t  the concept be s p l i t  w i t h  the f i r s t  phase a 
f e a s i b i l i t y  study t o  determine animal t o  animal v a r i a b i l i t y  f o r  endogenous 
chemicals i n  the breath and es tab l i sh  a baseline. A second phase could examine 
the r e l a t i onsh ip  o f  changes i n  breath components t o  expired chemicals. Dr. 
Bucher agreed. Dr. Scala moved t ha t  the concept be accepted. Dr. Rogers 
seconded the motion, which was accepted unanimously ( s i x  yes votes) by the 
Board. 

(3) Neurotoxicology Methods Va l ida t ion  -- (Attachment 3, pp. 17-19) Dr. 
Dennis Dietz,  NIEHS Pro jec t  Off icer ,  acknowledged h i s  expert in-house 
co l laborator ,  Dr. Hugh Ti lson,  NIEHS, on t h i s  new concept. This p ro j ec t  
represents an i n t e r n a t i o n a l  co l labora t i ve  study on methods f o r  the 
i d e n t i f i c a t i o n  o f  chemicals having p o t e n t i a l  neu?otox ic i ty  i n  humans. The 
study w i l l  use a funct iona l  observat ional  ba t te ry  and automated measures of 
motor a c t i v i t y  t o  : (i)evaluate r e l i a b i l i t y ,  s e n s i t i v i t y ,  and s p e c i f i c i t y  o f  
neurobehavioral methods; ( i i )  begin t o  develop a data base f o r  neurobehavioral 
e f f e c t s  o f  known neurotoxins as reference points;  and (iii)analyze data from 
10-12 p a r t i c i p a t i n g  labora to r ies  for  i n f l uence  o f  i n t e r l abo ra to r y  v a r i a b i l i t y  
and dose- and time-dependent e f fec ts .  

The Board inqu i red  as t o  the stage o f  development o f  the methodology and the 
NTP'S r o l e  i n  the study. Dr. T i l son  sa id  the NIEHS was invo lved from the s t a r t  
i n  1984 and the methods were w e l l  enough establ ished so t h i s  would be p r ima r i l y  
a va l i da t i on  study. Chemicals chosen were those which measure unique 
neurobehavioral e f f e c t s  and f o r  which there are good data. High p r i o r i t y  needs 
t o  be given t o  developing more negat ive c o n t r o l  chemicals. Dr. M i l l e r  moved 
t h a t  the concept be accepted. Dr. Rogers seconded the motion, which was 
accepted unanimously ( s i x  yes votes) by the Board. 

(4) Mutaqenici ty Studies With Salmonella -- (Attachment 3, p. 20) Dr. 
E r r o l  Zeiqer, NIEHS Pro.ject O f f i ce r ,  sa id  t h i s  was a cont inuat ion o f  a proqram 
desianed t o  evaluate the mutaaenici tv of oure chemicals and com~lex  mixture 
with-salmonella t himurium using t w b  types o f  contracts: ( i )  those us ing 
standard ~ r o t o c o  Iye--- and ( i i )  a cont rac t  us inq -s t o  t e s t  f o r  coded chemicals, 
spec ia l ly '  designed pro toco ls  f o r  substances t h a t  cannot- be studied w i t h  
standard protocols,  e.g., ozone, wood dusts. 

The Board commented on the need f o r  c rea t i ve  methods development for  the study 
of complex mixtures. Dr. Perera moved t h a t  the concept be accepted. Dr. 
L i t t l e  seconded the motion, which was accepted unanimously ( s i x  yes votes) by 
the  Board. 



-- 

( 5 )  I n  Vivo Cytogenet ics  -- (Attachment 3,  pp. 21-22) Dr. Michael Shelby,  
NIEHS P r o j e c t  O f f i c e r ,  s a i d  t h e  o b j e c t i v e  of t h e  concept was t o  cont inue  
improving, e v a l u a t i n g  and apply ing  short- term i n  vivo cy togene t i c  a s says  w i t h  
t h e  aim of developing informat ion  on which of t h e c h e m i c a l s  mutagenic i n  v i t r o  
might be noncarcinogens and which of t h e  chemicals  nonmutagenic i n  v i t r o  might 
be carcinogens.  E f f o r t s  w i l l  i n c lude  completing assessment of tE 7 3 e m i c a l s  
eva lua ted  i n  t h e  comprehensive s tudy  of fou r  --i n  v i t r o  a s says  f o r  induc t ion  of  
chromosome a b e r r a t i o n s  and s i s t e r - ch roma t id  exchanges -i n  -9vivo c h a r a c t e r i z i n g  
performance of t h e  mouse bone marrow micronucleus assay with 50 of  t h e  73 with 
t h e  aim of i n c r e a s i n g  use  of t h i s  assay  a s  a primary sc r een  f o r  i n  vivo g e n e t i c  
t o x i c i t y .  

The Board asked whether t h e  micronucleus assay  could completely r e p l a c e  --i n  vivo 
cy togene t i c  t e s t s .  Dr. Shelby s a i d  t h e r e  was no t  enough informat ion  t o  make 
such a dec i s ion .  P lans  f o r  t h e  coming year a r e  t o  reduce cy togene t i c  t e s t i n g  
capac i ty  an3 i n c r e a s e  micronucleus t e s t i n g  while  main ta in ing  t h e  capac i ty  t o  
conduct in-depth chromosome a b e r r a t i o n  s t u d i e s  on chemicals of i n t e r e s t .  Dr. 
L i t t l e  moved t h a t  t h e  concept be accepted.  Dr. Pe re ra  seconded t h e  motion, 
which was accepted unanimously ( s i x  yes vo te s )  by t h e  Board. 

( 6 )  Mammalian Germ Cell Mutagenesis -- (Attachment 3, pp. 23-24) Dr. 
Shelby s a i d  t h e  NIEHS program was t h e  primary sou rce  i n  t h e  country f o r  d a t a  
on mammalian germ cell  mutagens. The concept proposes t o  pursue an-assay  
inco rpo ra t i ng  s e v e r a l  endpoin ts  i n t o  a s i n g l e  t e i t  system which can d e t e c t  both 
dominant and r e c e s s i v e  muta t ions  and i n  which s e l e c t e d  and unse l ec t ed  genes a r e  
screened f o r  mutat ions.  This should provide  a more e f f i c i e n t  assay and t e s t  
d a t a  more s u i t e d  f o r  e s t i m a t i n g  g e n e t i c  r i s k .  The proposed assay  w i l l  b u i l d  on 
t h e  mouse e l e c t r o p h o r e t i c  germinal  mutat ion assay.  

The Board a f f i rmed t h e  importance o f  t h e  concept.  Dr. Lit t le moved t h a t  t h e  
concept be accepted.  Dr. P e r e r a  seconded t h e  motion, which was accepted 
unanimously ( s i x  yes  vo t e s )  by t h e  Board. 

(7)  I d e n t i f i c a t i o n  of  Rodent Tumor Suppressor  Genes -- (Attachment 3, pp. 
25-27) Dr. William Caspary, NIEHS P r o j e c t  Officer, in t roduced  t h i s  new concept 
by n o t i n g  t h e  involvement o f  two c l a s s e s  o f  genes i n  carc inogenes is  -
proto-oncogenes and tumor suppressor  genes. The l a t t e r  provide s i g n a l s  f o r  
c o n t r o l  o f  c e l l  p r o l i f e r a t i o n  and l o s s  o r  i n h i b i t i o n  of t h e i r  a c t i v i t y  is  
be l i eved  t o  be a s s o c i a t e d  wi th  development o f  c e r t a i n  tumors i n  humans; t h e r e  
i s  less evidence f o r  a r o l e  i n  chemically-induced tumors i n  animals. The 
concept  p roposa l  is t o  i n i t i a t e  a s tudy  of t h e  l o s s  of  tumor suppressor  genes 
i n  chemically-induced tumors of  rodents .  Loss is  a s s o c i a t e d  with concomitant 
l o s s  of  o t h e r  genes on t h e  same chromosome a s  shown by l o s s  o f  he te rozygos i ty  
o f  chromosomal markers. The approach w i l l  t a k e  gdvantage of t h e  heterozygous 
n a t u r e  of  t h e  B 6 C F 1  mouse. DNA probes which detect r e s t r i c t i o n  fragment 
l eng th  polymorphisms (RFLPs) w i l l  be  i d e n t i f i e d  and mapped t o  s p e c i f i c  
chromosomes. I f  non-random l o s s e s  o f  he t e rozygos i ty  on a s p e c i f i c  chromosome 
are found f o r  a given tumor t ype ,  t h i s  would sugges t  t h a t  tumor suppressor  
genes may be l i nked  t o  t h e s e  RFLP markers. Add i t i ona l ly ,  s i n c e  t h e  RFLPs can 
be  reprobed,  i t  is  a l s o  proposed t o  examine samples f o r  ampl i f ied  o r  
t r a n s l o c a t e d  oncogenes. 

The Board expressed concern a s  t o  l i k e l i h o o d  of l o c a t i n g  chromosomal d e l e t i o n s  
e s p e c i a l l y  l ack ing  cy togene t i c  da t a .  Dr. Car l  B a r r e t t  , NIEHS, commented t h a t  



t h i s  was a powerful technique which would show 75% o f  the genome. DNA probes 
have already been i d e n t i f i e d  that  detect RFLPs on 12 d i f fe ren t  chromosomes o f  
the B6CF-1 mouse. A f i r s t  p r i o r i t y  w i l l  be t o  develop more probes. Dr .  Perera 
moved tha t  the concept be accepted. Dr. L i t t l e  seconded the motion, which was 
accepted by the Board w i t h  f i v e  yes votes w i th  one abstention (Dr. Scala). 

I V .  Update on A c t i v i t i e s  of the Technical Reports Review Subcommittee: 
D r .  James Huff, NIEHS, gave the Board a progress repor t  on recent and upcoming 
a c t i v i t i e s  of the Technical Reports Review Subcommittee and associated ad hoc 
Panel o f  Experts (Peer Review Panel). Dr. Huf f  summarized the f i n d i n g s 7 0 7  
carcinogenic i ty from the panel's meetings on November 6, 1987, A p r i l  18-19, 
1988, October 3-4, 1988, and March 13, 1989.. He noted tha t  of 30 chemicals 
reviewed, there was a pos i t i ve  f ind ing  (c lear evidence o r  some evidence o f  
carcinogenic a c t i v i t y )  i n  a t  l eas t  one experiment f o r  17 o f  the chemicals 
(57%). Looking a t  a l l  o f  the experiments (each- sex group o f  each species used 
i s  an experiment) f o r  the 30 chemicals, there were pos i t i ve  f ind ings i n  36 o f  
114 experiments (32%). The Panel concurred w i t h  NTP s t a f f  recommendations on 
94% o f  the l eve l s  o f  evidence. Dr. Huff sumarized the Technical Reports 
scheduled f o r  review a t  the next meeting o f  the Panel on June 27, 1989. He 
handed out a l i s t i n g  of d r a f t  Technical Reports projected f o r  review from 
November 1989 through October o r  November 1990. 

Dr. Scala, Chair o f  the Panel, reported on the Panel meeting o f  the previous 
day, March 13. He noted t ha t  the Panel concurred with the s ta f f  on s i x  o f  the 
seven chemicals. On one report ,  t ha t  for  alpha-methylbenzyl alcohol, there was 
lengthy discussion by the Panel as t o  the adequacy o f  the two-year studies i n  
ra ts .  There was high mor ta l i t y  due apparently t o  a c lus te r  o f  gavage accidents 
midway through the studies. On tha t  basis, the Panel considered the r a t  
studies t o  be inadeauate (NTP s t a f f  considered the studies t o  be adeauate and 
the l eve l s  o f  evidence t o  be some evidence o f  carcinogenic a c t i v i t y  i n  male 
r a t s  and no evidence o f  carcinogenic a c t i v i t y  i n  female rats) .  Dr. Scala read 
a consensus statement from the  Panel recomrnendina that  the NTP review the 
technica l  conduct o f  the studies i n  r a t s  w i t h  tw; possible outcomes: (1) i f  the 
review confirms the technica l  adequacy of the o v e r a l l  study procedures, the 
l eve l s  o f  evidence as w r i t t e n  i n  the  repor t  should be affirmed; o r  (2) i f  the 
NTP concludes the r a t  studies are flawed, then the studies should be 
rec lass i f i ed  as inadequate and fu tu re  repeat studies should be considered. 

D r .  Scala also reported on the i n i t i a l  peer review on March 13 o f  three d r a f t  
Technical Reports on short-term t o x i c i t y  studies. He concluded by recommending 
t ha t  the NTP consider using c a l o r i c  r e s t r i c t i o n  t o  improve animal model 
v i a b i l i t y .  This sparked discussion about d ie tary  r e s t r i c t i o n  studies ongoing 
a t  the NIEHS and the NCTR. -

V. Carcinogenicity o f  l,3-Butadiener An Update: Dr .  Ronald Melnick, 
NIEHS, reported t ha t  the NTP had performed two long-term inha la t ion  exposure 
studies i n  B6C3F1 mice. The f i r s t  study was terminated a f t e r  60-61 weeks i n  
both sexes due t o  high mor ta l i t y  from tumors a t  mu l t i p l e  s i t e s  (Attachment 4). 
The experimental design f o r  the- more recent study included doses ranging from 
6.25 ppm t o  625 ppm (which was the low dose i n  the f i r s t  study), and i n te r im  
sac r i f i ces  a t  40 and 65 weeks. The same tumors shown as s i g n i f i c a n t l y  
increased i n  the e a r l i e r  studies were increased i n  the newer studies o f ten  w i t h  
a dose response a t  the higher doses, 62.5, 200 and 625 ppm (Attachment 4). I n  



female mice, l ung  neoplasms were increased even a t  the lowest dose, 6.25 ppm. 
Dr. Melnick described the r e s u l t s  of stop exposure studies w i t h  d i f f e r i n g  
exposure concentrat ions and durat ions o f  exposure i n  male mice. He noted t h a t  
increases i n  several  types of tumors were observed even a f t e r  only 13 weeks o f  
exposure, and for  some neoplasms, notably lymphocytic and malignant lymphomas, 
exposure concentrat ion was more c r i t i c a l  than durat ion o f  exposure. 

V I .  Update on A c t i v i t i e s  o f  the Reproductive and Developmental Toxicology 
Program Review Subcommittee and Report on S c i e n t i f i c  E f f o r t s  i n  NTP 
Reproductive and Developmental Toxicology Programs: Dr. M i l l e r ,  Board 
representat ive t o  the Subcommittee, reported on the l a s t  meeting, he ld  i n  
~ i n c i n n a t i ,  Ohio, November 17-10, 1909.. He noted the d i ve r s i t y -o f  the members 
w i t h  expert ise ranging from c l i n i c a l  s tudies t o  bas ic  science. The purpose o f  
t h i s  meeting was t o  review research p ro jec ts  i n  progress o r  planned a t  NIEHS 
and NIOSH, s p e c i f i c a l l y  i n  areas o f  male and female f e r t i l i t y  and developmental 
tox icology.  With regard t o  male f e r t i l i t y ,  he commented on the close 
i n t e r a c t i o n  between researchers a t  the two agencies on development and 
eva luat ion of the r a b b i t  as a model fo r  human seminal character is t ics .  I n  the 
area o f  female f e r t i l i t y ,  a newer area fo r  the  Program, studies on mechanisms 
o f  t o x i c i t y  o f  phthalates t o  the granulosa c e l l  are counterparts t o  s im i l a r  
s tud ies  w i t h  S e r t o l i  c e l l s  i n  male animals. Dr. M i l l e r  commented on a NIOSH 
study t o  measure the associat ion between occupational (telephone operators) 
video d isp lay  termina l  exposure and adverse pregnancy outcomes, p a r t i c u l a r l y  
f e t a l  loss. He concluded w i t h  comments on NIEHS'studies i n  developmental 
immunotoxicology and pos tna ta l  tox ico logy reviewed a t  the meeting. ( ~ i n u t e sfor  
the  Subcommittee meeting, November 17-18, 1989, are ava i lab le  on request by 
w r i t i n g  Dr. L.G. Hart, P.O. Box 12233, NIEHS, Research Tr iang le  Park, N.C. 
27709; telephone- (919)541-3971, FTS 629-3971). 

Dr. Bernard Schwetz, NIEHS, int roduced a proqress r e ~ o r t  by s t a t i n a  t h a t  the 
NTP program i s  a co l labora t i ve  e f f o r t  conducted by NIEHS, NIOSH, and NCTR. A l l  
th ree agencies are performing reproduct ive toxicology studies i n  animals, w i t h  
NIOSH a lso  conducting s tud ies  i n  humans. NIEHS and NIOSH both perform 
developmental tox ico logy studies, bu t  NIEHS i s  the only agency doing research 
on the neonatal animal. The developmental tox ico logy e f f o r t  focuses on the 
conceptus and neonate and inc ludes examination f o r  s t r u c t u r a l  and func t iona l  
a l te ra t ions .  A l l  th ree agencies are performing i n  v ivo  studies; NIEHS i s  a lso  
conducting --i n  v i t r o  studies. Co l lec t i ve ly ,  the t h r e e g e n c i e s  are t e s t i n g  
chemicals f o r  reproduct ive and developmental t o x i c i t y ,  are engaging i n  methods 
development and va l ida t ion ,  and conducting research i n t o  bas ic  mechanisms. 

Dr. Janet Haartz, NIOSH, reported t ha t  the tox ico logy studies a t  NIOSH are done 
p r i m a r i l y  by the D i v i s i o n  o f  Biomedical and Behavioral Science. F i e l d  studies 
(such as w i t h  VDT 0perators)are done i n  the D i v i s i o n  o f  Survei l lance, Hazard 
Evaluat ion and F i e l d  Studies. She concentrated her remarks on the work w i t h  
humans be ing done by NIOSH. The work i n  humans consists o f  methods development 
p ro j ec t s  and f i e l d  studies i n  males. Male reproduct ive p o t e n t i a l  i s  being 
assessed on the bas is  o f  semen p r o f i l e s ,  endocrine p r o f i l e s  and genet ic  
evaluations, i n c l ud i ng  DNA s t a b i l i t y  studies and karyotyping o f  sperm. She 
discussed a l o n g i t u d i n a l  study o f  45 males t o  ob ta in  basel ine data on semen 
character is t ics .  Studies on semen cha rac te r i s t i c s  i n  chemically exposed males 
inc luded two d i f f e ren t  s tud ies  on workers exposed t o  ethylene dibromide and a 
study on workers exposed t o  g l y c o l  ethers. Dr. Haartz sa id  e f f o r t s  were 
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underway t o  develop methods for  evaluat ing e f fec ts  o f  chemical exposure on 
reproductive po ten t i a l  i n  females. I n i t i a l l y ,  t h i s  w i l l  include neuroendocrine 
l eve l s  i n  blood, u r i ne  and sa l iva,  and some measure of ovarian function. 

D r .  Je r ro ld  Heindel, NIEHS, introduced descr ipt ions o f  the Developmental and 
Reproductive Toxicology [DART) program a t  NIEHS. He stated that  DART i s  
responsible for  determining the reproductive and developmental t o x i c i t y  o f  NTP 
chemicals, p r imar i l y  through contracts, and for  improving the tox ico log ica l  
basis f o r  assessing po ten t i a l  toxicants both through development o f  methods and 
through mechanism studies, p r ima r i l y  in-house. With respect t o  reproductive 
toxicology, DART performs t o x i c i t y  t e s t i n g  using the reproductive assessment by 
continuous breeding protoco l  (RACB). I n  assessing the mechanism o f  act ion of a 
reproductive toxicant,  DART u t i l i z e s  a v e r t i c a l  i n tegra t ion  approach. RACB 
studies y i e l d  informat ion on the sex[es) affected, dose response, and 
occasional ly the s i t e  o f  act ion. "Development of the lesion8' i s  fol lowed by 
determining the most sens i t i ve  ce l ls .  Chemical d ispos i t ion  studies are 
performed t o  i d e n t i f y  whether the chemical per se o r  a metaboli te i s  the act ive 
agent. F i na l l y ,  i n  v i t r o  studies are performed t o  invest igate  the mechanism o f  
act ion. Dr .  ~ e i n x l m s t r a t e dthe use o f  t h i s  approach w i t h  several 
phthalate esters. I n  attempting t o  develop models for  reproductive t o x i c i t y  i n  
females, DART i s  cooperating w i t h  NCTR i n  an inves t iga t ion  o f  ovarian morphology 
as an endpoint o f  female reproductive t o x i c i t y .  

D r .  Robert Chapin, NIEHS, discussed the rabb i t  mddel for  assessing the e f f e c t  
o f  a l te red  semen charac te r i s t i cs  on f e r t i l i t y ,  and some o f  the problems 
involved i n  i t s  development. I t  i s  hoped tha t  t h i s  system can be used t o  
determine whether a l te red  semen charac te r i s t i cs  noted i n  the human w i l l  
ac tua l l y  a f f e c t  f e r t i l i t y .  

Dr. Rick Morrissey, NIEHS, described current  i n i t i a t i v e s  i n  developmental 
toxicology which encompass t o x i c i t y  tes t ing,  research i n t o  the s i t e  and 
mechanism o f  tox icant  act ion, and development o f  model systems. Chemicals are 
screened f o r  t o x i c i t y  i n  a short-term i n  v ivo assay; those showing a c t i v i t y  are 
then tested i n  a d e f i n i t i v e  t e r a t o l o g y ~ s s a y s u c h  as a Segment I1 (FDA) study. 
Dr. Morrissey described a system invo l v i ng  t ransfer  o f  toxicants v ia  lac ta t ion .  
The r a t  i s  being invest igated as t o  i t s  adequacy as a model f o r  humans f o r  the 
excret ion o f  chemicals i n t o  mi lk .  On the basis o f  l i t e r a t u r e  values and data 
from compounds tested, the r a t  does appear t o  be a good model. This system w i l l  
a lso be used t o  study e f f ec t s  o f  chemicals on the l a c t a t i o n  process and sub- 
sequent e f f ec t s  on pup development. 

V I .  Review o f  Chemicals Nominated f o r  NTP Studies: There were f i v e  
chemical nominationsbeen reviewed previously 
by the NTP Chemical Evaluation Committee (CEC). ( hvna ry  data on the chemicals 
inc lud ing  CEC recommendations are provided i n  Attachment 5 . )  Dr. Gallo chaired 
the review. Dr. Wi l l iam Allaben, NCTR, Dr. Dorothy Canter, NIEHS, and Dr. 
Janet Haartz, NIOSH, CEC members, and Dr. V ic tor  Fung, NTP Chemical Select ion 
Coordinator, served as resource persons. Board members served as p r i n c i p a l  
reviewers f o r  one chemical each, and fo l low ing  the presentation and discussion 
of each chemical, motions were made and voted on. The ~ o a r d ' s  recommendations 
f o r  the f i v e  chemicals are sumarized i n  Attachment 6. 



ATTACHMENT 1 


~ILLING CODE 4140-oil 

PUBLIC HEALTH SERVICE 

National Toxicology Program, Board o f  Sc ien t i f i c  ~ounselors '  Meeting 

Pursuant t o  Public Law 92-463, not ice i s  hereby given o f  a meeting o f  the 

National Toxicology Program (NTP) Board o f  Sc ien t i f i c  Counselors, U. S. Publ ic 

Health Service, i n  the Conference Center, Bui ld ing 101, South Campus, National 

I n s t i t u t e  g f  Environmental Health Sciences (NIEHS), Research Triangle Park, 

North Carolina on March 14, 1989. 

Th-e meeting w i l l  be open t o  the pub l i c  from 8:30 a.m. u n t i l  adjournment. The 

prel iminary agenda top ics w i th  approximate times are as follows: 

8:30 a.m. - 8:45 a.m. - Report of the Director,  NTP 

8:45 a.m. - 10:30 a.m. - Concept Reviews - NIEHS Div is ion o f  Toxicology 

Research and Testing (DTRT): 

I. Toxicology and Carcinogenesis Studies; 

11. National Toxicology Program Chemical Repository and Safety Support; 

111. Chemistry Support Services f o r  the National Toxicology Program; 

I V .  Rodent-Disease Diagnostic Laboratories; 

v. Genetic Monitoring o f  Inbred Rodents; 

V I  . Pathology Support f o r  the National Toxicology Program; 

V I I .  National Toxicology Program Pathology Repository and Archive; and 

V I I I .  S t a t i s t i c a l  Analysis o f  Laboratory Studies. 

10:45 a.m. - 12:15 p.m. and 

1:00 p.m. - 2:00 p.m. - Concept Raviews - Testinghethods Development/ 

Val idat ion Contracts - NIEHS, DTRT: 

I.Expired Breath Analysis i n  Chemical Tox ic i ty  Assessment; 

11. Immunotoxicity o f  Environmental Chemicals and Therapeutics ; 

111. Collaborative Study on Neurotoxicology Assessment, 



I V .  Mutagenicity Studies with Salmonella; 

V. --I n  Vivo Cytogenetics Testing; 

V I .  Mammalian Germ Ce l l  Mutagenesis; and 

V I I .  I den t i f i ca t i on  o f  Tumor Suppressor Genes i n  Chemically-Induced 

Rodent Tumors. 

-2:00 p.m. 2:15 p.m. - Update on A c t i v i t i e s  o f , t h e  Technical Reports 

Review Subcommittee (Peer Review Panel); 

2:15 p.m. - 3:00 p.m. - Update on A c t i v i t i e s  o f  the Reproductive and 

Developmental Toxicology Program Review Subcommittee and Report on Sc ien t i f i c  

E f fo r ts  i n  NTP Reproductive and Develomental Toxicology Programs. 

3:00 p.m. - 4:00 p.m. - Review o f  Chemicals Nominated f o r  NTP Studies. 

The nominations o f  f i v e  chemicals w i l l  be reviewed. The chemicals were 

evaluated by the NTP Chemical Evaluation Committee on December 1, 1988, and 

are (wi th  CAS Nos. i n  parentheses): (1) Dimethylformamide (68-12-2) ; 

( 2 )  Formamide (75-12-7); (3) Indium Phosphide (22398-80-7) ; (4) N-Methyl-


pyrrol idone (872-50-4); and (5) Monomethylformamide (123-39-7). A Request for 


Comments on these chemicals was published i n  the Federal Register Vol. 54, 


No. 21, pp. 5279-5280, February 2, 1989. 


The Executive Secretary, Dr .  Larry G. Hart, National Toxicology Program, P.O. 


Box 12233, Research Triangle Park, North Carolina 27709, telephone (919) 


541-3971; FTS 629-3971, w i l l  have avai lable a ros te r  o f  Board members and other 


program information p r i o r  t o  the meeting, and summary minutes subsequent t o  the 


meeting. 


Dated: 


David P. Ral l ,  M.D., Ph.D. 
Director 
National Toxicology Program 
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AGENDA 

NTP BOARD OF SCIENTIFIC COUNSELORS 
. . 

NATIONAL TOXICOLOGY PROGRAM 

March 14, 1989 

CONFERENCE CENTER, BUILDING 101, SOUTH CAMPUS 
NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES (NIEHS) 

RESEARCH TRIANGLE PARK, NORTH CAROLINA 

8:30 a.m. - 8:45 a.m. -	Report o f  the Di rector  Dr.  D. R a l l  
8:45 	 a.m. - 10:30 a.m. - Concept Reviews - NIMS - Dr. R. Griesemer 

Div is ion of Toxicology Research 
and Testing (DTRT) -
Research Support Contracts: -_-
I. Toxic i ty  and Carcinogenicity Dr. J. Selk i rk  

Studies i n  Animals 

11. 	 Chemical Repository and Dr. C. Jameson 
Safety Support 

111. 	 Chemistry Support Services Dr .  C. Jameson 

I V .  	 Rodent Disease Diagnostic Dr. G. Rao 
Laboratories 

V. 	 Genetic Monitoring o f  Dr. G. Rao 
Inbred Rodents 

V I .  	 Pathology Support Dr. G. Boorman 

V I I  . Pathology Archive 	 Dr. G. Boorman 

V I I I  	S t a t i s t i c a l  Analysis o f  Dr. J. Haseman 
Laboratory Studies 

10:30 	 a.m. - 10:45 a.m. - Break 

10:45 	 a.m. - 12:15 p.m. - Concept Reviews - NIMS Dr. Griesemer- DTRT-Tes t i n g m t h o d s  Development/ 
Val idat ion Contracts: 

I. Imnunotoxicity o f  Dr. M. Luster 
Environmental Chemicals and 
Therapeutics 

11. 	 Expired Breath Analysis i n  Dr. J. Bucher 
Chemical Tox ic i ty  Assessment 



111. 	 Neurotoxicology Methods Dr.  0. Dietz 
Val idat ion 

I V .  	 Mutagenicity Studies wi th  Dr.  E. Zeiger 
Salmonella 

12:15 	 p.m. - 1:00 p.m. - Lunch 

1:00 	 p.m. - 2:00 p.m. - Concept Reviews - NIEHS 

DTRT 	- (Continued) 

V. --	 Dr.  M. ShelbyI n  Vivo Cytogenetics 

V I .  	 Mammalian Germ Ce l l  Dr. M. Shelby 
Mutagenesis 

V I I .  	 I d e n t i f i c a t i o n  o f  Rodent Dr .  W .  Caspary 
Tumor Suppressor Genes "--

2:00 	 p.m. - 2:20 p.m. - Update on A c t i v i t i e s  of the Dr. J. Huff 

Technical Reports Review Subcommittee Dr.  R. Scala 

(Peer Review Panel) 
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2:20 	 p.m. - 2:30 p.m. - Carcinogenicity o f  1,343utadiene: Dr. R. Melnick 

An Update 


2:30 	 p.m. - 3:15 p.m. - Update on A c t i v i t i e s  of the Dr. R. M i l l e r  
Reproductive and Developmental Dr. 8. Schwetz 
Toxicology Program Review Dr.  J. Haartz, 
Subcommittee and Report on NIOSH 
S c i e n t i f i c  E f f o r t s  i n  NTP Dr. J. Heindel 
Reproductive and Developmental Dr.  R. Chapin 
Toxicology Programs Dr. R. Morrissey 

3:15 	 p.m. - 4:15 p.m. - Review o f  Chemicals Nominated Board 

f o r  NTP Studies Dr. D. Canter 
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-- 
NATIONAL TOXICOLOGY PROGRAM 


The National Toxicology Program was formed by the Secretary of Health 
and riuman Services to coordinate and strengthen the &partmcntts activities 
in characterizing the toxicity of chemicals. The Program is charged with 
(a) broadening the spectrum of toxicologic information obtained on selected 
chemicals, (b) increasing the number of chemicals studied, (c) developing 
and validating test methods, and (d)  comnmicating the result4 to 
gwemment agencies, the medical and scientific camunities, and the 
public,. 

TO fulfill its mission, the NTP conducts a basic and applied research 
program through contracts with non-goverrmmt laboratories and 
institutions, through agreements with other federal agencies, and in-house 
in its own laboratories. Approximately 80% of NIEHS/NTP~S research 
activities are conducted through contracts or interagency agr-s. 



The ~ivision of Toxicology Research and Testing currently has 160 research and 
resource contracts and interagency agreements. These contracts and agreenrents
support a variety of activities - toxicologic characterization, testing, 
methods development, and program resources ( i.e. chemistry, occupational 
health and safety, animal production, pathology, quality assurance, archives, 
etc). 
Prior to issuance of a Request for Proposal (RFP), a project concept review is 
required by Public Health Service regulations. These project concepts in many 
instances consist of more than one contract or interagency agreement. Concept 
reviews are needed for new projects, for recompetitions with changes in 
statements of work, and for projects ongoing for 5 years or more since the 
last concept rwiew. There are approximately 31 concepts projected to be 
reviewed by the NTP Board of Scientific Counselors over the next 5 years - 15 
for this meeting in March 1989, 8 for the November 1989 meeting, and 8 over 
the following four years, 1990-1993 (see p. 28). As program plans evolve, 
others may be added. 

The project concept reviews are conducted by the rJrP Board of Scientific 

Counselors and are open to the public so long as discussions are limited to 

rwiew of the general project purposes, scopes, pis, and various optional 

approaches to pursue the overall Program objectives. The meting will be 

closed to the public, however, if the concept discussions turn to the 

develop~ent or selection of details of the projects or RFPS, such as specific 

technical approaches, protocols, statements of work, data formats, or product 

specifications. Closing the session is intended to protect the free exchange 

of the advisory group members1 opinions and to avoid premature release of 

details of proposed contract projects or W s .  


Ths Board members are asked to rwiew the project concepts for overall value 

and scientific relevance as well as for fulfilling the program goal of 

protecting public health. Specific areas should include: 


scientific, technical or program significance of the proposed 

activity. 


availability of the technology and other resources necessary to 

achieve required goals. 


extent to which there are identified, practical scientific or 

clinical uses for the anticipated results. 


where pertinent, adequacy of the methddology to be used in 

performing the activity. 




--- 
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CWlWCT TITLE: Toxicity & Carcinogenicity Studies in Animals 
PRafECT OFFICER: James Selkirk, (919)541-2548 


txmXWE: To continue to characterize the toxicologic effects of chemical 
and physical substances through studies in animals. These studies provide a 
rational basis for the protection of people from exposure to hazardous 

substances. 


CONCEPT STATEXENT: The characterization of the toxicity of substances of 
public health concern is performed through studies in animals, usually 
laboratory rodents. The typical approach is the repeated administration of 

the substance to groups of animals for variable periods up to two pars or 
mare. The adverse health effects from short- or long-term exposures to 
different dose levels are evaluated clinically, toxicologically, and 
pathologically by caparison w i t h  groups of control animdLs not administered 
the substance. 


Because of limited laboratory space and personnel within NIPIS, the toxicology 
studies are perforxned in non-government facilities through contracts or in 
other government facilities through interagency agreements. These activities 
are also supportea by resource contracts in chemistry, animl production, 
health and safety, pathology, quality assurance, ' statistics, and report 
preparation, all of which have separate concept reviews. 

PROPOSED CHANGES THE WRK S T A m :  The work to be performed 
during the next five years is expected to be essentially the same as in the 
preceeding period. Increasingly greater emphasis is being given, however, to 
n m a n c e r  toxic effects on the various organs of the bocty, 



CONTRACT TITLE: Chemical Repository and Safety Support 
PRNECT OFFICER: Douglas Walters, (919) 541-3355 

m:The NTP evaluates a large variety of chemicals for 
toxicological effects. To meet these objectives, it is essential to ob tain 
the exact chemical requested, to main& the integrity of these chemicals 
and to ensure adequate safety measures are used in handling, storage and 
shipping operations. The program is responsible for providing repository 
and health and safety support services for the m. The ITIP Chemical 
Repository is vital and necessary for preserving the integrity of the 
studies and for making accessible chemicals from previous studies. The 
proposed project will allow the program to contime to provide these 
resources. 

CDXEPT STA-: The chemical repository provides the source of test 
chemicals for testing efforts and maintains the archival supply of 

surplus chemicals upon completion of rJTP studies. Currently maintained in 

the archive are approxiamtely 1900 unique chemicals. 


Thc chemical repository provides industrial hygiene support for the NTP 
laboratories. This support includes determination of a variety of chemical 
and physical properties when this information is unavailable in the 
literature such as solubility tests, permeability, flash point, vapor 
pressure, density, mclting point and explosivity determinations, as well as 
other industrial hygiene support, necessary for the safe handling of test 
chemicals. This information also serves subsequently as an aid to 
investigators. In providing a central source of test chemicals and 
corresponding chemical-physical property information, this mechanism helps 
eliminate a possible source of interlaboratory variability. The chemical 
repository also serves as a central information resource for all analytical 
chemistry data as well as chemical-physical property &ta and safety
handling and cmergemy information for all NTP chemicals. 

In addition, the NTP has established procedures for disposing of older bulk 

test chemicals. The chemical repository categorizes for disposal those 

chemicals procured, studied and their data published at least 2 years ago. 

As approval is granted fram the NTP, excess bulk chemicals are discarded. A 

smaller archim sample is always maintained to resolve potential questions 
about previous test results. 

PROPOSED TO THE CORRENT WRK STATEXEW: The work to be performed
under the five ( 5 )  year recompetition is essentially the same except for 
the delineation of the waste disposal process for the older chemicals. 




TITLE: Chemistry Support Services 

PROJECT OFFICER: C. W. Jameson, (919)541-4096 


O W E l X W :  To continue to provide analytical support services for the 
toxicity and carcinogenicity studies conducted by the NTP. To insure that 

the animals under study are exposed to the prescribed chemicals and at the 

specified dose levels, chemistry support is required, including full 

chemical characterization, dosage preparation, dose level verification and 

biological sample analysis. The NTP analytical chemistry support services 
are a necessary part of the toxicity and carcinogenicity studies and for 

the proper characterization and analysis of chemicals studied by the NTP. 

CCNCEPT STA!mMmJT: The chemicals used in the studies must be well 
characterized. The precise definition of the chemical nature of the 
substance is one of the cornerstones of toxicity testing. In addition, it 

is necessary that the in vivo toxicity studies be carried out with dosage 
formulations which are of known composition and stability. The chemicals 

selected for toxicity study can vary from highly volatile nonpolar organics 

to non-volatile polar organometalics and inorganics. Analysis of this broad 

range of materials requires persorinel with a broad theoretical background 

as well as practical experience with analytical instrunentation. The 

chemistry support requi red includes chemical procurement and synthesis, 

bulk chemical characterization, and dosage formlation and analysis. Other 

special analytical services include analysis for the chemical or 

metabolites in tissues and biological fluids. 


The contracts are used to support toxicity and carcinogenicity studies and 

other special studies, i .e. teratology, continuaus breeding, 

imPPmotoxicology, chemical disposition, oncogene, cellular and genetic 

toxicology, and AIDS studies. 


PROPOSED CHANGES TO THE CURRETJT WORK STXEMWT: The work to be performed 
under the recuapetetion is essentially the same with the addition of 
performing pilot studies in rodents to determine basic phannacokinetic 
parameters and to determine the approximate concentration range of study 
chemicals (or metaboli ties ) in biological samples over which the analytical 
nethods must be validated. 



CONTRACT TITLE: Rodent Disease Diagnostic Laboratories 

PROJECT OFFICER: Ghanta N. Rao, (919) 541-7899 


OBJECTIVE: To continue to provide rodent disease diagnostic services 

support to the rodent production colonies and the chemical toxicity and 

carcinogenicity studies. These art necessary to maintain the quality of 

animals supplied for the studies and to document the infection and disease 

status of the animals during the course of the studies. 


CONCEPT S ~ E X E N T : Centralized colonies of rodents w i t h  homgeneous 
genetic properties and defined health profiles ensure an adequate and 

continuous supply of defined quality animals for the NTP studies. 

Veterinary medical procedures are performed to characterize the health 

status of animals prior to and during the toxicity and carcinogenicity 

studies. 


These contracts provide rodent disease diagnostic laboratory support for 
monitoring the microbial status and caprehensive health status of the 
animals and for investigating any disease conditions that might appear. 
Animals from the production colonies art examined for pathogenic
microorganisms and parasites. These waluations include pathologic 
examination of selected tissues for microbial and parasitic lesions. Serum 
samples from sentinel aninrals in the toxicology studies are evaluated for 

viral antibody profiles. In addition, sentinel animdls and tissues from 

animals on studies are evaluated for microbial or parasitic disease 

conditions. These programs are necessary to insure the production of 

disease-and-infection-free rats and mice for the study of environmental 

chemicals. 




CONTRACT TITLE: Genetic Monitoring of Inbred Rodents 
PRDJECT OFFICER: Ghanta N. Rao, (919) 541-7899 

OgJECrTVE: To continue to provide genetic monitoring of inbred stocks at 
the rodent production centers. This contract is necessary to maintain the 

genetic integrity of the rodent production colonies as well as the animals 

supplied for toxicity and carcinogenicity studies. 


CaUCEPT -: This project provides genetic monitoring to assure the 
genetic integrity of inbred stocks at all production facilities producing 
F344/N rats, B6C3F1 hybrid mice and other strains of rodents for the NTP. 
Genetic loci are being monitored by electrophoresis of erythrocyte lysates, 
kidney hcwgenates and serum proteins. The genetic integrity of inbred 
rodents is also being evaluated by skin grafting. In addition kidneys from 
B6C3P1 hybrid mice received at the study laboratories are subjected to 
isoenzyare analysis by electrophoresis. Constant mitoring for biochemical 
genetic variants of foundation and production stock and test animals will 
ensure that data from NlT animal studies are collected from genetically 
hamgenous rats and mice. 



CWTRMT TITLE: Pathology Support 
PROJECT OFFICER: Michael Elwell, (919) 541-5066 

OBJECTIVE: To continue to provide pathology support including necropsy 

assistance and tissue section preparation for studies conducted in-house as 

well as for supplemental studies on pathology specimens generated through 

contracted studies; reviewing and assessing the pathology of toxicology and 

carcinogenicity studies p e r f o m  by contractors; serving on NIP Pathology 

Working Group reviews; and technical support as needed for quality 

assessment of pathology evaluations. 


CCMCEPT STATEMENT: Among the objectives of the NTP.are the improvement of 
the understanding of the nature of chemically-induced lesions in rodents 
and the development of criteria and standardized terminology for the 
diagnosis, interpretation and documentation of these lesions. In addition 
to in-house research, a major responsibility is the review of pathology 
data from the toxicity and carcinogenicity studies perfondl by private 
laboratories. Large amounts of data are generated from these studies, 
including anatomic and clinical pathology evaluations of animals in all 
phases of the experinrents. Studies include pathology data fran 90-day
exposures as well as from interim sacrifice and *year studies. In a 
*year study there are approximately 10,000 slides with multiple tissues 
on each slide for evaluation. During the 90-day studies there are clinical 
pathology studies which include hematology slides for evaluation as well as 
clinical chemistry results for interpretation. A program of the magnitude 
and diversification of the NTP requires cooperation and collaboration of- 
numerous testing facilities. For these studies, there is a need for 
assurance of uniformity and the consistent, accurate application of 
diagnostic criteria and procedures for pathology. This is accomplished 
through a variety of pathology tasks which are performed prior to, during, 
and after study completion. 

PROPOSED CHANGES TD THE WMSTA-: The wrk to be performed
under the proposed five-year recolapetition is essentially the same as 
described above. Estimated workload for histology laboratory support is 
decreased but additional technical effort is required for the computerized 
entry of pathology data into the Toxicology Data Management System (TDmS) 
and for the evaluation of clinical pathology data from prechronic studies. 



NATIONAL TOXICOLOGY PROGRAM CONCEPT REVIEW 

TITLE: Pathology Archive 
PRQJEcTOFFICER: Gary B o o m ,  (919) 541-3440 

OBJECTIVE: To continue to prwide storage and retriwal for all of the 
histological slides, paraffin blocks, formalin-fix4 wet tissues, paper 
data, and microfiche/Imicrofih for the toxicity and carcinogenicity studies 
that have been conciucted by the Program. 

OOKePT STA-: Rle NTP Archive files and preserves the data and 
specimcns from wer 350 rodent tmdcology and carcinogenicity studies. 
Materials from reproductive and teratoloqy studies are also saved. The 
Archive coordinates and tracks data flar from study laboratories, 
irmntories and files materials, reviews pathology data and specimens, and 
supports NTP and outside auditors in their review of these studies. The 
Archive periodically identifies older studies for disposal of selected 

materials. 


Since carcinogenicity studies are time consuming and expensive, access to 
pathology specinns from these studies is invaluable. pathology
specimcns prwide a unique resource for the analysis of chemical-related 
lesions using new techniques as they becone available. 

PROPOSED ClRKeS ID TIE CURRENT WRK STATzKWr: Ih.wrk to be p e r f o m
under the recompetition is changed very little. Greater emphasis will be 
given to dcrofiching data and to collecting frozen tissues for oncogene 
analysis. 



C W F R K T  TITLE: Statistical Analysis of Laboratory Studies 
PROWSED =CT OETICER: Joseph K. Haseman, (919) 541-4996 

m:To continue to provide statistical and canputational expertise 
and resources to stmrparize, analyze, and aid in the interpretation of data 
from various laboratory animal experiments conducted by the NTP. These 
investigations consist of long-term carcinogenesis experiments, 14 and 90 
day studies, reproduction and fertility studies, and various other 
toxicological experiments. 

S-: One of the primary research efforts of the NTP is to 
carry out long-term laboratory animal carcinogenicity studies to evaluate 
the carcinogenic potential of chemicals to which humans may be exposed.
Data fram these experiments (e.g., survival, body weight, food consumption,
histopathology) are stored in the Toxicology Oats Manag-nt System (-1. 
Statistical software used to analyze these data are developed and 
maintained by the current contractor, with modifications and additions 
provided to the NTP as needed. TDMS provides both descriptive statistics 
(growth and survival curves) and detailed statistical analyses (e.g., 
survival-adjusted tests for increased tumor incidence) . Specialized 
analyses of data stored in TDMS are also provided, and new ccanpltational 
tools are developed as required by changes in experimental design. A 
database for sentinel animals is maintained and a historical control data 
base of t m r  incidences is under dwelopnt. 

NTP research efforts are being increasingly directed toward the assessment 
of non-cancer toxicity endpoints (data which at present are not captured by 
Irrms). For example, in addition to waluating organ weights, clinical 
chemistry and hematology, the NTP has recently increased the scope of its 
studies to include parameters such as neurobehavioral changes. Further, the 
NTP has begun to prepare a series of Technical Reports (TRs)devoted to 
pre-chronic study results and interpretation. The current contractor 
provides detailed reports that sum~arize the results of statistical 
analyses of pre-chranic data, and these evaluations form an integral part 
of the new TRs. Further, the contractor is responsible for maintaining a 
computerized database for these parameters and supplies a report that 
suumrizes these data on an annual basis. The current volumc of 
pre-chronic studies is approximately 20-25 per year. 

Reproduction and fertility studies form a significant number of the other 

toxicological experiments carried out by the NTP. The contractor is 

responsible for analyzing these data and preparing. written reports 

summarizing the results. 


PFOPOSED CHANL;ES TO TBE STA- OF WORK: The work to be 
performed under the recompetition is essentially the same as that described 
above. minor proposed changes include the following: 

(1 The contractors will be required to analyze data from NTP long term 
studies with experimental designs that can not be directly analyzed using 
TDHS programs. This will require the modification of existing TDMS 



programs or the developaent of new statistical software. 


(2)The contractors will be expected to maintain a historical control 
database for reproduction and fertility parameters. 


(3) The data processing involving T f m S  will be performed on the VAX 
comprter cluster at the NIEHS rather than at the computer facility at the 
National Center for Toxicological Research (NCTR). 

(4) The contractors may be asked to review the presentation of statistical 

methodology a w o r  the interpretation of data analyses in manuscripts that 

report the results of statistical evaluations carried out by the 

contractors. 


( 5 )  Certain additional responsibilities related to the new NTP prechronic 
TRs may also be needed. This will bec- clearer as the new TRs evolve. 



CONTRACT TITLE: ~xpired Breath Analysis in Chemical Toxicity Assessment 
PROJECT OFFICER: Dr. John R. Bucher, (919) 541-4532 

OBJECTIVE: To evaluate possible applications of expired breath analysis in 

laboratory animals as part of an overall toxicologic assessment following 

chemical administration. The goal of this research is to dwelop a 

noninvasive method of toxicologic characterizatian that would be applicable 

to htmrans in workplace situations, and which could prwide a basis for 

extrapolation of potential risk from rodents studies to the htmran 

situation. 


CONCEPT STATEKENT: The effort described in this concept is directly 
related' to the NTF charge to develop new and imprwed methods for 
toxicological assessment of environmantal and other chemicals. Expired 
breath analysis is a noninvasive technique that can be perford repeatedly 
with animals or humans. In sane ways it is analogous to clinical pathology 
assessments, but may be more sensitive for identifying early stages of 
toxic responses and can prwide mechanistic information in cases where the 
underlying processes responsible for the exhaled substances have been 
established. 

Expired breath analyses have been used extensively in clinical 

gastroenterology to study malabsorption syndromes based on detection of 

ferm~ntation products (usually hydrogen or methane) generated within the 

gut. A second familiar application, trapping of expired radioactive 

compounds, is an essential part of most disposition and metabolism studies. 

However, the breath of healthy people and animals contains numerous low 

nmlecular weight volatile components such as isobutane, ethane, ethylene, 

butane, pentane, hexane, isohexane, acetone, and acetic and propionic 

acids. These are produced by endogenaus metabolic and catabolic reactions, 

many of which are as yet not well characterized. Certain volatiles appear 

primarily under conditions of tissue necrosis and the possibility that 

these might be bioarsrkers for increased cell turnover is a promising area 

that has not yet been investigated. 


The National Institute of Occupational Safety and Health and the 
Environmental Protection Agency have supported research that has developed 
analysis methodology for expired breath of humans. This has been directed 
primarily tcrward determining exposures to volatile industrial chemicals, 
but these analyses have revealed the presence of many of the compounds 
listed above even though the methodologies have not been optimized for 
their detection (Wallace et al., 1984). -

Individual breath components have been studied under a variety of 

experimental conditions. Analysis of expired ethane and pentane is now an 

accepted method for the assessment of lipid peroxidation in vivo (wendel 

and Dunelin, 1981). These hydrocarbons are derived from omega 3 and omega 

6 polyunsaturated fatty acids during the propagation reactions of 

peroxidation. Administration of carbon tetrachloride to rats causes 

increases in expired ethane and pentane within minutes (Gee et al., 1981). 

Exposure to high concentrations of oxygen does not elevate pentane and 




ethane levels (Roberts et al., 1983). Interestingly, expired pntane is 

increased under conditions of intravenous infusions of nutrient lipid 

emulsions (Wisp et al., 1985), but normal fatty acid metabolism does not 

release ethane or pentane. Patients with alcoholic cirrhosis exhale 
increased pentane (Moscarella et al., 1984). Patients with fatty liver do 
not. Patients with liver cirrhosis also exhale increased acetic and 
propionic acids, the origins of which are unclear, and liver injury has 
a1 so been studied quantitatively by measuring exhaled mercaptans such as 
dimethyl sulfide or methanethiol after feeding nnethionine (Chcn et al., 
1969a, 1969b). Exposure to halothane anesthesia results in increases in 
isobutane exhalation in humans, but not in rats (Hemple et a1 ., 1980) . It 
has long been recognized that acetone and other ketone bodies are exhaled 
during starvation or in diabetes. 

These selected examples for applying breath analyses have been established 

the usefulness of the approach. What has been lacking is an overall effort 

to identify breath components more completely, both volatile hydrocarbons 

and the more polar c-ds which are frequently lost through adsorption 

to trapping materials, and to waluate the utility of these ccxpomds to 

act as bicnnarkers for specific metabolic or toxic processes. We shauld 

establish baseline information on the consistency of breath components 
throughout the day, as animals age, under conditions of fasting (ketosis) 
or administration of corn oil, and perhaps throughout the estrus cycle. We 
should waluate possibility that chemically included increased cell 
turnover in a particular organ may prwoke consistent changes in the 
pattern of expired breath components, and we need to understand how agents 
which inhibit cytochrolae P450 activity affect the exhalation of substances 
such as pentane which is known to undergo metabolism by the mixed function 
oxidase system (Frank et al., 1980). All of this information is essential 
to understand the full potential of this technique for use in screening 
individuals who are exposed to potentially hazardous chemicals in the 
workplace, and to evaluate the utility of this tool for extrapolating 
potential identified risks f roa animal bioassays to humans. 

The initial efforts of this new research project will center on a complete 
characterization of volatile breath cannponents of the Fischer 344 rat. 
Technical questions that will be addressed concern the generation of breath 
samples via pass-through or rebreathing systems and the optimal 
methodologies for collection of polar compounds (methods for collection of 
nonpolars are available). Once these initial studies are completed, 
efforts will move to evaluating the consistency of breath components in the 
F344 rat over time, under conditions of fasting, corn oil administration, 
and other conditions as outlined above. If the results of these studies 
justify continued work with this methodology, efforts would shift towards 
the characterization of changes in breath c-nents with chemical 
administration, focusing on chemicals which have produced pathologic 
changes in prechronic studies, and for which data are available from 2-year 
exposure studies. 
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CcNTWCT TITLE: Imm~lnotoxicity of Ehviromntal Chemicals and Therapeutics
PROJECT OFFICER: Dr. Michael I. Luster, (919) 541-4188 


OBJECTIVE: To continue to examine the potential imaatnotoxicity of 
envirorrmental chemicals, drugs or biologics (e.9. cytokines) on the irmavle 
response in laboratory animals. The immune effects that are to be monitored 
include imrmnamoctulation ( i .e., the ability of a xenobiotic to either suppress 
or enhance various imwvle responses) as ~ 1 1  as alter resistance to challenge 

with infectious agents or transplantable t-r cells. In addition, other 

xenobiotics will be studied for their ability to act as sensitizers and 

produce hypersensitivity disease. The immuntoxicology effort is important 

since the data derived serves as important adjunct data to more traditional 

toxicological endpoints monitored in the toxicity studies. 


CONCEPT STATEMENT: The ixmuunotoxicology data serves as an additional endpoint 
in the other toxicology studies which can be used in risk assesment. The 
extent to which exposures to chemical xenobiotics alter the imm~~locompetence 
of the general population rearains a critical issue. Several lines of widence 
indicate that the continued concern for the irmnrnotoxic potential of 

xenobiotics is warranted. Firstly, a substantial data base exists 

demnstrating that a broad spectnnn of chemical xqnobiotics are 

inmnmosuppressive in laboratory animals. These inmunological effects are 
often accompanied by increased susceptibility to challenge with infectious 
agents or tumor cells. Secondly, although extrapolation fran rodents to 
humans is difficult, in several instances parallel effects on the immme 
system have been found between expesinmtal animals and humrans who have been 
therapeutically, inadvertently or occupationally exposed to selected chemical 
xenobiotics including PCBs, dibenzofurans, TCDD, benzene and PBBs. In 
addition, a large number of xenobiotics are known or presumed sensitizers 
(i.e., they produce allergy) in humans including isocyanetes, anhydrides, and 
many pesticides. 

PROPOSED QfANGES l l 3  THE WDRK STATEMENT: The work to be performed
under the recompetition is essentially the same as described above. Howwer, 
currently the contractor(s) performs a Tier I testing configuration as the 
initial test to examine for i~OmDdhllation. It is proposed that a 
pre-screen be established where the contractor(s) determines dose levels and 
examines the antibody plaque forming cell assay before examination in the 
standard testing scheme. 

In addition, since strain difference appear to play a role for certain 

xenobiotics in their ability to manifest inmunotoxicity, it is proposed that 

for source xenobiotics the testing of a second mause strain or rats, in 

addition to the B6C3F1 strain be included. 


Lastly, there will be sorae minor modifications in the presently used testing
panel. In Tier I, the cytotoxic T lymphocyte assay (CTL) will replace the DHR 
test while lymp3hocyte enumeration will be w e d  from Tier I1 to Tier I. The 
existing macrophage test will be replaced by a macrophage anti-tumor assay. 



NATIONAL TOXICOIXX;Y PmGRAH CONCEPT REvIm 

KNTWX TITLE: Neurotoxicology Methods Validation 
PROJECT OFFICER: D e ~ i sDietz, (919) 541-2272 

-: Based upon reconmendations from an international panel of 
experts in the area of neurotoxicology, the world Health Organization 
(WHO),within the fra~nework of the International Programme on Chemical 

Safety (IPCS), is coordinating an international collaborative study on 

methods for the identification of chemicals having potential neurotoxicity 

in humans. 


This collaborative study will utilize a functional observational battery 

and automated measures of motor activity to study a group of coded 

chemicals with known neurotoxic and non-neurotoxic potential to: 

(1)evaluate the reliability, sensitivity, and specificity of a set of 
neurobehavioral methods designed to identify chemicals that are potential 
neurotoxic agents in humans, ( 2 )  begin to develop a data base for the 
neurobehavioral effects of substances with known neurotoxicity which can 
serve as a reference for evaluating campounds with unknown nervous system 
toxicity, and ( 3 )  analyse data from the 10-12 participating laboratories 
for dose- and tinedependent effects of chemical treatments and for the 
influence of interlaboratory variability on these results. 

The goal of the present project is the participation of the National 
Toxicology Program (NTP) as one of the 10-12 laboratories in the 
International Collaborative Study on Neurotoxicology Assessment. This is 
important since NTP is the principal nonregulatory U.S. federal agency 
responsible for the identification and characterization of potential 
neurotoxic agents. 

CONCEPT SIlA-: The effort described in this concept conforms to the 
NTPfs goal to develop new and improved methods for toxicological assesstent 
of chemicals and is responsive to an increased public interest concerning 
the actions of ~hcmical or physical agents on the nervous system. 
Ultimately, the experience and data base generated in this study may be 
used to establish an internationally recognized protocol for the initial 
screening of chemicals for potential neurotoxicity. 

The need to develop a strategy to assess chemicals for potential 
neurotoxicity has been recognized by many expert panels and groups (USNAS, 
1975, 1977, 1984; Leukroth, 1987; WHO, 1986 . Accordingly, the NTP has 
adopted a sequential or tiered approach to evaluate chemicals for 
neurotoxicity. The first tier or level is to determine if a chemical might 
produce neurotoxicity following exposure, i.e., hazard detection, and 
usually consists of sane type of functional observational battery. 

The decision to advance to the second tier is based upon the data 

suggesting that a chemical produces neurotoxicity in first tier studies. 

Much of the neurotoxicity testing done at the NTP is at the secondary 

level. The information used to decide to evaluate a chemical in the NTP 

battery cores from a variety of sources, including neurotoxicological data 

already existing in the literature, structure activity relationships, data 




from a first tier functional observational battery or following reports of 

neurotoxicity fran h m s  exposed to the chemical. This second level helps 

ascertain whether or not the nervous system is a primary target for the 

chemical and determines dose- and time-effect relationships using 

relatively sensitive endpoints. 


The E~TPrecognizes a third level when previous data have suggested a 
specific neurotoxic effect ( i.e., sensory deficit, cognitive loss) . 
Experiments done at the third level are intended to characterize or study 
the mechanism of action associated with a neurotoxic agent. 


An NTP contract laboratory will be selected to participate in the WHO 
validation study of neurotoxicity assessment using the mctional 
Observational Battery (FOB) and automated Motor Activity (MA) in rats. The 
FOB consists of a sequence of observations designed to detect changes in 
arousal (hyperactivity, hyperreactivity, and lethargy), emotionality, other 
signs of central nervous stimulation (convulsions and tremors), limb 
weakness or paralysis, autonomic nervous system toxicity, and sensory 
disturbances. This study will be conducted under &P colppliance and NTP 
requirerments regarding animal care, chemistry, and health and safety will 
be met. All participating laboratories will study the effects of aliquots 
of the same seven substances. Five substances have been selected by the 
IPCS expert camaittee for their known patterns of neurotoxicity and t w o  
no~eurotoxic substances will serve as controls in-the initial phase of 
interlaboratory validation. 
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CWTRACT TITLE: Mutagenicity Studies With Salmonella 
PRQ3ECT OFFICER: Errol Zeiger, (919) 541-4482 


m:To evaluate the mutagenicity of pure chemicals and caaplex
mixtures using Salmonella typhimarrium. 

CONCEPT SIIATFI(IENT: To support the above objective, two types of contracts 
are proposed: (1) the use of standard protocols to test for coded 
chemicals; and (2) the use of specially designed or selected protocols for 
substances that cannot be adequately studied using standard protocols. The 
chemicals to be tested will be those nominated to the NTP for mutagenicity 
testing, structural analogues of these chemicals, chemicals ndnated for 
carcinogenicity or reproductive toxicity testing, and other chemicals of 
interest to the NIEfIS or other NTP agencies. A mmber of chemicals will be 
tested in more than one laboratory, or at different times in the same 
laboratory, as a mechanism for nunitoring laboratory performance and to 
resolve weak or equivocal responses. 

Standard Protocols: These contracts will permit the routine testing of 

coded chemicals for mutagenicity in more than one laboratory. Testing will 

be performed using the preincubation procedure, with oxidative and 
reductive metabolism from rat and hamster liver (S-9) preparations. Gases 
and highly volatile liquids will be tested in sealed chamkrs. 

Special Protocols: This contract will allw the selection or design of 
protocols for specific substances that cannot be adequately tested using 
the standard protocols employed by the other Salmonella testing 
laboratories. Examples include a determination as to the extent to which 
intra- and extracellular glutathione are required for the mutagenicity of 
dichloromethane; the mtagenicity of ozone; whether wood dusts, or 
extractable materials from the dusts, are mutagenic; and the ability of 
liver hamoge~tes from various animal species to metabolize chemicals to 
mutagens. Chemicals and coanplex mixtures for mtagenicity evaluation will 
use protocols developed from a variety of tester strains and metabolic 
activation procedures, and the use of different chemical extraction or 
sample preparation techniques for complex mixtures. 



CCXWWXTITLE: InVivo Cytogenetics 
PFWECT OFFICER: Michael Shelby, ( 919) 541-3455 

OBJECTIVE: To provide methods developnt and testing capacity that will 

permit the imprwement, assessnent and application of short term, in vim 

studies for genetic toxicity. The awards will include projects involving 

tests for micronuclei, chroanosamal aberrations and sister-chramatid 

exchanges in mice and the dcveloppcnt of testing capabilities in rats. 

Studies are generally conducted using bone marrow cells as the target. 

Study results from these studies are used in the process of selecting 

chemicals for study in long term toxicity and germ cell nnrtagenicity 

studies, and in the overall evaluation of long term toxicity study results. 


CONCEPT SIIA-: Numeraw short-term assays are available to determine 
the genetic toxicity of chemicals. These assays use a variety of 
organisms, ranging from viruses and bacteria to intact d  s , and are 
capable of detecting the induction of a broad spectrum of martational 
events. A major activity of the NTP has ken the evaluation and 
application of tests for induced cytogenetic effects in laboratory rodents, 
and has centered on tests for chroarosomal aberrations (ABS), 
sister-chromatid exchanges (SCE), and more recently, micronuclei (IN)in 

the bone marrow cells of B6C3F1 mice. 


Results of tests on approximately 75 chemicals provide evidence that the 
bone marrow tests for ABS and SCE are effective and reproducible means of 
detecting the genetic toxicity of chemicals in whole animals. Evaluation 
of this data base indicates that the performance of these studies in 
detecting carcinogens and in discriminating between carcinogens and 
noncarcinogens is equal to or exceeds the performance of most in vitro 
short-term studies. Bone marrow ABS and SCE studies on the 73 chemicals 
previously wed by the CGTB to assess the performance of four in vitro 
short-term studies are nearly cqlete. Upon completion of these studies, 
an assesmmnt, similar to that done on the four in vitro studies, of the 
performances of the in vivo tests will be conducted. We have also begun 
studies on approximately 50 of those 73 chemicals in the mouse bone marrow 
micronuclew study in an effort to characterize the performance of this 
study. Preliminary results indicate that the micronucleus studly will be an 
effective and econdcal means to detect in viva cytogenetic effects and 
may replace the chronmsaape aberration study as a primary screen for in vim 
genetic toxicity. 

Test results support a continued effort in evaluating the performance of in 

vivo cytogenetic tests, refining protocols and improving the econolay in 

terms of dollars and animals, and in defining their role in the evaluation 
of chemical hazards. Our i d i a t e  plans are to complete testing of the 73 
chemicals in the ABS and SCE tests and to publish those results. 
Meanwhile, the MN test is being evaluated through w e  of a modified 
protocol that was developed in this program. Based upon the micronucle~~ 
test results, our plans for next year are to reduce ABS and SCE testing 
capacity and to increase MN testing while maintaining the capacity to 
conduct in-depth ABS studies on chemicals of interest. 



P R O K S E D ~ T O T H E ~ S ~ ~TheworktobeO F ~ : 
p e r f o m  over the next 5 years will be essentially the sane as that being 
conducted at the present. The only significant changes anticipated in the 
statanmts of wurk will involve the number of chemicals to be tested in any 
given period of ti=. AS mntioned above, we anticipate an increase the 
mmber of micronuclew tests, a decrease the numkrs of Aes and SCE tests 
and to continue scoring micronuclei in blood smears from mice on 9O-day 
studies. Ihc only other changes that can be anticipated involve possible 
ixqrwenents in protocols or data analysis and reporting. 



CUWRACT TITLE: Mampalian Germ Cell Mutagenesis 
PROJECT OFFICERS: Jack Bishop, (919) 541-1876 

Michael Shelby, (919 1 541-3455 

OWECIWE:  To continue to provide in vivo data relating to the effects of 
mutagenic agents upon mauunalian germ cells and to increase the number of 
chemicals tested per year as well as broaden the spectrum of endpoints 

measured with respect to various classes of mutational events. This data 

base is the primary source of chemical g e m  cell mutagenicity data in the 

U.S. and serves as a major resource for assessing risks for increased 

incidence of inherited diseases and birth defects associated with exposure 

to environmental mutagens. 


(XINCEPT STATEMENT: Among the naturally occurring and synthetic chemicals 
to which humans are exposed are those with the capacity to interact with 
LWi and give rise to mutations. If humans are exposed to mtagenic 
chemicals and that exposure leads to mutations in the germ cells, the risk 
of genetically based disease is increased in subsequent generations. If 
chemically induced genetic damage in human germ cells is to be minimized or 
avoided, it is important that potentially mutagenic chemicals be evaluated 
using assays in which heritable g e m  cell mutations are detected in a 
manmalian system. Several assays have been developed to detect the 
induction of mutations in germ cells. m e  of these is the mouse germ cell 
electrophoretic mutation assay, a method that utilizes tissue preparations 
from the offspring of chemically exposed mice. These tissues are analyzed 
electrophoretically for the presence of variant proteins and the mutational 

origin of detected variants are then confirmed by breeding tests. 


The mouse electrophoretic germinal mutation assay offers t w o  major 
advantages in waluating chemicals for mwmulian germ cell mutagenicity. 
The first is that their assay detects changes in specific enzymes and 
thereby offers the opportunity to relate genetic changes to changes in 
enyme structure and function and ultimately to effects on health or 
fitness. The second is the potential availability of a large number of 
loci for analysis which ultimately means that fewer mice are needed to 
observe an effect. 

During the 6 year course of NTP sponsored studies using this assay, a 

number of inportant tasks have been accomplished. The mutagenicity of 

N-ethyl- N-nitrosourea has been studied extensively; a dose response curve 

has been developed for treated spermatogonia and the sensitivity of female 

germ cells has been determined. The effectiveness-of x-rays at inducing 

electrophoretic mutants has been demonstrated in males and females using 

both acute and split-dose exposures. Ethylene oxide was detected as a 

mouse germ cell mutagen in male postmeiotic germ cell stages and ethylene 

dibromide was shown to be nomutagenic under the conditions of the tests 

conducted. 


Of substantial importance was the detection of two mowe models for human 

genetic diseases: beta-thalassemia and carbonic anhydrase deficiency. 

Stocks of animals were established for both conditions and have been shared 




with other investigators for purpose of collaborative research on molecular 

characterization and gene therapy. 


This assay has now k e n  used successfully in demnstrating the germ cell 
mutagenicity of both chemicals and ionizing radiation. Based on the 
success of these studies, the U.S.E.P.A. is in the process of establishing 
the assay as an option when a test for heritable mutations in d  s  is 
required. However, it is advantageous, particularly with regard to 
efficiency, to combine the endpoints used in various germ cell mutagenicity 
assays into a single assay. Such an assay W  d  permit the detection of 
mutations at a greater number of loci and should provide the opportunity to 
recover a wider spectnrm of genetic damage than is prwided by any single 
endpoint. The feasibility of such a system has been demonstrated by Ehling 
and his co-workers using what they call the "multiple endpoint approachn. 
In their studies, the progeny of treated parents are screened for evidence 
of mutations in genes controlling mrphological characteristics (7  loci), 
cataract development (ca. 30 loci 1, electrophoretic patterns (23 loci 1, and 
en- activity (12 loci). 

partially overcome the limitations of the individual assays, it is 
proposed to develop and evaluate the utility of an assay that cosDbines solah 
of these endpoints into a single system. Because the mouse electrophoretic 
assay offers advantages such as availability of a large rnrmber of loci for 
analysis and an endpoint which is a direct mcasurq of a molecular change in 
an e m ,  the proposed contracts will involve the continued use of this 
assay to test chemicals for germ cell mutagenicity, but the assay will be 
expanded to include other endpoints/loci. In so doing, the efficiency and 
the information obtained from the assay will be improved. The d i n e d  
endpoint approach would be supportive of the =A's "Guidelines for 
Hutagenicity Risk Assessment" which stresses that the entire spectrum of 
heritable n u t a t i d  lesions be considered in the assessment of genetic 
risk ( Federal Register, Vol. 51, No. 185, pages 34006-34012, 1986 ) . 
PROXSED CBAhGES TD TIIE -:
 The work to be performed 

under the recanpetition involve the continued use of this assay to test 
chemicals for germ cell mutagenicity. However, since the electrophoretic 
assay is n w  established as a valid method for detecting germ cell 
mutagens, the addition of other endpoints to the system offers the 
opportunity to imprwe and expand the capacity of the assay to yield data 
on the genetic effects ixduced by chemicals in mmalian germ cells. 
Therefore, the proposed contracts will place primary emphasis upon 
expanding the assay to includc other endpoints/loci. In so doing, the 
efficiency Md the information obtained from the assay will be imprwed. 
The proposed contract work is necessary for the mp to continue its central 
role in the evaluation of envirornnental agents for-germ cell mutagenicity 

and in doing so, support the public, industrial and gwe-ntal efforts to 

assess human genetic risks. 




CUWRACT TITLE: Identification of Rodent Tumor Suppressor Genes 
OFFICER: William Caspary, (919) 541-2150 

OBJECTIVE: To identify tumor suppressor genes in rodents. An approach to 
be taken is to develop INA probes for the hybrid B6C3F1 mouse that can be 
used to study spontaneous and carcinogen-induced loss of tumor suppressor 
genes. There is evidence for the involvement of two distinct classes of 
genes in carcinogenesis - proto-oncogenes and tumor suppressor genes. 
While widence is mounting for the role of tmmr suppressor gems in human 
cancers, their role in chemically induced tumors in animals has not k e n  

ascertained as yet. We propose to initiate a study of the loss of t w r  

suppressor genes in chemically induced tumors of rodents. 


CONCEPT STATEPENT: Ttso classes of genes have been identified and 

implicated in the etiology of cancer: proto-oncogenes and tumor suppressor 

genes. Proto-oncogenes appear to play a role in normal cellular growth and 

differentiation, and when activated to oncogenes, the processes 

controlling these functions are disrupted leading to neoplastic growth 

(Bishop, 1987). Tumor suppressor genes are also normal genes and provide

signals for control of cell proliferation. Their activity must be lost or 

inactivatd for cells to become neoplastic (Barrett and Wiseman, 1987). 


Activated oncogenes have been found in h  m and rodent tumors (Varmus, 
1984; Barbacid, 1986; Reynolds et al, 1986; Stowers et al, 1987; Reynolds 
et dl, 1987; Reynolds et al, 1988). The transforming ability of oncogenes 
has k e n  associated with overexpression of the proto-oncogene product, 
point mtations, partial deletions or translocations. In humans, the large 
majority of transforming genes detected by this approach are members of a 
highly conserved ras family of genes (Parade, et al, 1982), a finding that 
has been supported by examination of spontzheaus aqd chemically induced 
tumors in rodents. In contrast to the requircmcnt that proto-oncogenes 
become activated in the carcinogenic process, the normal function of tumor 
suppressor genes must be inhibited during the develop~cntof certain tumors 
(Cavenee et al, 1986; Ponder, 19781. In humans, there is considerable 
evidence that the retinoblastoma locus (Rb) at 13q14 is the site of such a 
gene. Anmalies in this region have been implicated in the developnent of 
not only retinoblastoma, but also osteosarcoma, ductal breast cancer and 
small cell lung cancer. Qtogenetically visible deletions have been 
observed in other huPPan tumors including Wilm's t w r  (chromosome 111, 
acoustic neurana (chramosone 22), carcinoma of the lung (chroa~osome3) and 
colon (chr-some 5 )  implying that tumor suppressor genes may also occupy 
these sites. 


-
Historically, the concept of tumor suppressor genes can be traced to a 
proposal by DeMars (1969), whereby in certain familial cancers recessive 
heterozygous genes may become hcxnozygous leading to expression the cancer 
phenotype. This was refined in the two hit -1s of retinoblastoma 
developed by Krmdson (1971, 1985) . Another line of evidence for tumor 
suppressor genes cones from studies on the genetic regulation of the tumor 
phenotype in somatic cell hybrid experiments. The recognition that tumor 
suppressor genes play a role in the etiology of human cancer caused a surge 



of activity to determine whether loss of Rbl gene function is pleiotropic 

and whether other genes play a similar role for other tumors. Confirmation 

of this has been provided in studies by Cavenee and coworkers (1983) using 

RFLPs to search for heterozygaus DNA segments which became homozygaus in 

various tumors. 


The loss of tumor suppressor genes is often associated with the concomitant 
loss of other genes on the saue chraarosomc which can be shown by loss of 
heterozygosity of chromsoanal markers. The approach of this proposal will 
take advantage of the heterozygous nature of the hybrid B6C3F1 m~use. C N h  
probes which detect restriction fragment length polymorphism (RFLPs) in 
B6C3F1 mice will be identified and mapped to specific chromosomes. Tlanor 

will then be digested with a variety or restriction endonucleases and 
examined by Southern analyses with these RFLP probes in order to detect 
chramosomal regions which have lost heterozygosity. If non-random losses of 
heterozygosity on a specific chramos- are found for a given tumor type, 
this would suggest that tumor suppressor genes may be linked to these RFLP 
markers. 

Et4A probes have already been identified that detect RFLPs on twelve 
different chromosomes of the B6C3P1 mouse. A contract laboratory will 
use these initially to screen tanwr CW4s for regim of the nuuse genome 
that may harbor tumr suppressor genes. In addition, several hundred CNA 
probes have been mpped in the mouse by RFLP analysis. A contract 
laboratory will digest C57/B16 and C3H/He ENA w i t h  a variety of restriction 
enylPes and perform Southern analyses with these and additional anonymous 
DNA probes to identify new Rm9 markers for the B6C3F1 mouse. If the 
chraraososaes of the suspected suppressor genes in the mouse can be predicted
based on -logy with man (as it is for retinoblastom, Wilm's tumor, 
etc.), then ClVA probes in that chromosomal region can be examined. If the 
location is unknown, then markers fran throughout the g e m  can be 
utilized to search for losses of heterozygosity in tumr m. 
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ATTACHMENT 4 


CARCINOGENICITY OF 1,s-BUTADIENE: AN UPDATE 


NTP Board of Scientific Counselors 
-

March 14, 1989 

R. Melnick, CTEB 



INCIDENCE OF PRIMARY TUMORS IN MALE B6C3F1 MICE 

EXPOSED TO 1,SBUTADIENE FOR 60 WEEKS 

TARGET: NEOPLASM EXPOSURE CONCENTRATION (ppm) 

Malignant Lymphomat 

Heart: Hemangiosarcoma+ 

Lung: Alveolar-bronchiolar 
neoplasm' I 

Forestomach: Squamous cell 
neoplasm 

+ Increasing trend, P < 0.05. 
* Increased compared to control (0 ppm), P < 0.05. 



INCIDENCE OF PRIMARY TUMORS IN FEMALE B6C3F1 MICE 

EXPOSED TO 1,s-BUTADIENE FOR 61 WEEKS 

TARGET: NEOPLASM EXPOSURE CONCENTRATION (ppm) 

Malignant Lymphoma' 


Heart: Hemangiosarcoma+ 


Lung: Alveolar-bronchiolar neoplasm' 


Forestomach: Squamous cell neoplasm' 


Mammary gland: Acinar cell carcinoma' 


Ovary: Granulosa cell neoplasm+ 


Liver: Hepatocellular neoplasm* 


+ Increasing trend, P < 0.05.
* Increased compared to control (0 ppm), P < 0.05. 





SURVIVAL AND FREQUENCY OF MALIGNANT TUMORS IN 


B6C3F1 MICE EXPOSED TO 1,3-BUTADIENE FOR 2 YEARS 


EXPOSURE CONCENTRATION (ppm) 

MALES 

Survivala(%) 

Malignant tumors (%) 

FEMALES 

Survivala(%) 


Malignant tumors (%) 


a 	

+ 

Percentage of animals surviving 2 years of exposure, excluding those deaths due to interim sacrifices at 40 and 65 
weeks. 
Decreased compared to control (0ppm), P < 0.05. 
Increased compared to control (0 ppm), P < 0.05, based on adjustment for intercurrent mortality by logistic regres- 
sion analyses. 



- - 

INCIDENCE OF PRIMARY TUMORS IN MALE 

B6C3F1 MICE EXPOSED TO 


1,3=BUTADIENEFOR 2 YEARS 


TARGET NEOPLASM EXPOSURE CONCENTRATION (ppm) 

Lymphocytic 
lymphoma 

0 

2/70 
(3%) 

6.25 

1160 
(2%) 

20 

2/60 
(3%) 

62.5 

4/69 
(6%) 

200 
- -

2/70 
(3%) 

625 
-

62/90" 
(69%) 

All malignant 
lymphomas 

Heart: 
hemangiosarcoma 

0/70 
(0%) 

0160 
(0%) 

Lung: 
alveolar-bronchiolar 22/70 
neoplasm (31'10) 

Forestomach: 
squamous cell 
neoplasm 

Harderian gland: 
neoplasm 

Liver: he patocellular 
neoplasm 

Preputial gland: 
neoplasm 

Increased compared to chamber control (0 ppm), P < 0.05, based on adjustment for 
intercurrent mortality by logistic regression analyses. 



Cumulative incidence of lymphocytic lymphomas and hemangiosarcomas 

of the heart versus weeks on study for male B6C3F1 mice exposed to 


200 or 625 ppm 1,3-butadiene 


Hemang~ororcocna, 

Lymphosytic lymphoma, 

WEEKS ON STUDY -



- - 

INCIDENCE OF PRIMARY TUMORS IN FEMALE 

B6C3F1 MICE EXPOSED TO 


1,3-BUTADIENE FOR 2 YEARS 


TARGET NEOPLASM EXPOSURE CONCENTRATION (ppm) 

Lymphocytic 2/70 4/60 6/60 3/70 11/70* 36/90' 
lymphoma (3%) (7%) (10%) (4%) (16%) (40%) 

All malignant 
lymphomas 

Heart: 0170 
hemangiosarcoma (0%) 

Lung: 
alveolar-bronchiolar 4/70 
neoplasm (6%) 

Forestomach: 
squamous cell 
neoplasm 

Harderian gland: 
neoplasm 

Liver: hepatocellular 
neoplasm 

Mammary gland: 
adenocarcinoma 

Ovary: granulosa 
cell neoplasm 

* Increased compared to chamber control (0ppm), P < 0.05, based on adjustment for 
intercurrent mortality by logistic regression analyses. . 



Cumulative incidence of lymphocytic lymphomas or alveolar-bronchiolar 

neoplasms versus weeks on study for female B6C3F1 mice exposed to 


200 or 625 ppm 1,3-butadiene 


50 

A Alveolar - bronchiolars 

u 	 neoplasm, 200 ppm 

I40 

cn 

a 

A 

n 
$30 

Z 	 Alveolar - bronchiolar 

neoplasm, 6 2 5  ppm 
Ir, 

O 20 
W 

V Lymphocytic lymphoma,
z 	 200 ppm

E 10-
0 

z 

W 

0 

0 20 40 60 80 100 


WEEKS ON STUDY 




STOP-EXPOSURE STUDY OF 1,3-BUTADIENE IN MALE B6C3F1 MICE 

BUTADIENE CONCN. EXPOSURE DURATION TOTAL EXPOSURE* 

(weeks) (ppm-weeks) 

* 	 After the exposure period, mice (N=50/group) were placed in control chambers for the remainder of the 104 week 
study. 



INCIDENCE OF PRIMARY TUMORS IN THE 

STOP-EXPOSURE (SE) GROUPS OF 


MALE 86C3F1 MICE EXPOSED TO 1,3=BUTADIENE 


TARGET: NEOPLASM EXPOSURE CONCENTRATION (ppm) 


0 200 625 31 2 625 
Control SE 40 wk SE 13 wk SE 52 wk SE 26 wk 

(8,000)a (8,125) (16,224) (1 6,250) 

Lymphocytic 2/70 6/50 1 7/50* 3/50 30150" 
lymphoma (3%) (12%) (34%) (6%) (60%) 

All Malignant 
lymphomas 

Heart: 0170 15/50* 
hemangiosarcoma (0%) (30%) 

Lung: 
alveolar-bronchiolar 22/70 35/50* 
neoplasm (31%) (70%) 

Forestomach: 
squamous cell 
neoplasm 

Harderian gland: 
neoplasm 

Preputial gland: Of70 1 150 5/50* 4/50* 3/50* 
neoplasm (0%) (2%) (1 0%) (8%) (6%) 

a Total exposure expressed as ppm-weeks. 
Increased compared to control, P< 0.05. 



S m a r y  Data on Chemicals f o r  Review by the Board of Sc ien t l f  l c  Counselors 
on March 14, 1989 

€ s ti4ted 
Chemical Evaluat ion 
Comni t t e e  Chemical 

Nomination Domestic Worker Recmendat ion  Select ion 
(CAS) Nunber Source Product ion ( lbs . )  

1 
Exposure NTP Test ing Status Other ( P r i o r i t y )  P r i nc ip les  Rational/Remarks 

. F o m n i d e  
(75-12-7) 

1)  EDFa 
2 )  NCI 

1 .O-10 0x106 
( 1 9 7 7 1 ~  

2,724C -Negative i n  Salmonella 
-Negative i n  brosophi  l a  
f o r  sex-1 inked recessive 

-- -Carcinogenic i ty  
(Moderate )

-Reproductive 

3,4,8 -I 
-I 

d idespread use 
Potent ia l  f o r  
exposure 

l e t h a l  mutat ions e f f ec t s  -ILack o f  carc ino- 
(High) gen l c i  t y  data 

-i Rdequate te ra to -  
gen i c i t y  data 
ava i l ab le  
S t ruc tu ra l  
in te res t - -parent  
compound o f  f o r -
namldes chemical 
c lass  

2. N-Methyl fomamide 
(123-39-7 

EDF <1.ox103 
(19771" 

-- -Salmonella assay 3,4 -Low product ion  
-No longer used 
cancer chemo- 

i n  

therapy c l i n i c a l  
t r i a l s .  

-Adequate tera-
togen ic i  t y  data 
ava i l ab le  

-Other members o f  
f ormamides 
chemical c l  ass 
t o  be tested; 
studies on fo r -
mamide and dime- 
thylformamide 
expected t o  pro-  
v ide informat ion 
on N-methylfor- 
mamlde 



Chemical Evaluation 
E s t  ima,ted Comni t tee Chemical 

Nomination Domestic Worker Recmendat ion Select ion 
(CAS) Number Source Production ( lbs . )  Exposure NTP Test ing Status Other ( P r i o r i t y )  P r inc ip les  

3. Dimethyl fornamide 
(68-12-1) 

EDF 93.64eC -Negative i n  Salmonel l a  
-Pos i t i ve  i n  mouse 

-- -Reproductive 
e f fec ts  

3,4,5,8 -Widely used sol-  
vent 

lymphoma i n  one study; (High) -Potent ia l  fo r  
negat ive i n  two other 
studies 

exposure 
-OSHA interested 

-Negative fo r  chromosomal 
aber ra t ions and s i s t e r  
chromatid exchanges i n  
CHO c e l l s  i n  c u l t u r e  

-Selected f o r  carc inogen ic i ty  

i n  t es t i ng  
-Adequately tested 
for  teratogeni -
c i t y  

-St ruc tura l  
i n te res t  

-Selected pre- 
v ious ly  f o r  NTP 
carc inogen ic i ty  
studies 

-Anecdotal data 
on carcinogeni- 
c i t y  i n  ce r ta in  
types of. uorkers 

4. Indium phosphide 
(22398-80-7 

. NIEHS -Stabi 1 it y  studies 2 
-Tox i c i t y  inc lud ing 

-Used i n  electron- 
i c s  industry 

inmunotoxic i ty -Potent ia l  f o r  
-Carcinogenic i ty increased use as 

(Moderate) proposed rep1 ace-
ment for  s i l i c o n  

-Potent ia l  f o r  
acute t o x i c i t y  

-Exposure to  
inorganic com- 
pounds of ten 
causes pulmonary 
asthma 

-Carcinogenicity 
t es t i ng  pending 
r e s u l t s  of 
s t a b i l i t y  
studies 



Chemical Evaluation 
Estimated Comnit tee Chemical 

Nomination Domestic ~ o r k d r  Recmendat ion Selection 
(CAS) Nunber Source Product ion(1bs.)  Exposure N T ~ T e s t i n g S t a t u s  Other ( P r i o r i t y )  Pr inciples Rational/Remarks 

5 .N -Methy lpyr ro l fdone1 )Pr iva te1 .0d10~ -1 .0x10~  58,41fJC -Negat ive inSalmonel la  -- -Quant i ta t ive 4.8 -High production 
(872-50-4) 	 i nd iv idua l  (1977) ' dermal absorption volume 

2) NlEHS studies -Widespread use 
3 )  CPX -Reproductive -Used as a 

e f fec ts  rep1 acement fo r  
(High) rnethylene 

-Carcfnogenicity i n  ch lor ide 
mice -Potent ia l  
(Moderate) f o r  exposure 

-Previous car-
cinogenici ty 
study performed 
only i n  r a t s  

-Adequately 
tested f o r  
tera togenic i ty  

a) 	 Environmental Defense Fund 

b l  	U.S. Environmental Protect ion Agency. 1977 Production S t a t i s t i c s  fo r  Chemicals i n  the Nonconfidential I n i t i a l  
TSCA Chemical Substance Inventory 

C )  	 National Occupat i~nhl  Exposure Survey (1981-1983). National I n s t i t u t e  fo r  Occupational Safety and Health 

d)  	 Chemical Econmics Handbook. 1984. SRI Internat ional ,  Menlo Park, Cal i f o r n i a  
I 



Testing Recommendations for Chemicals Reviewed by Board of Scientific Counselors 

on March 14, 1989 


3. Dimethylforraride 	 EDF 

(68-12-1) 


4. Indium phosphide 

(22398-80-7) 


-Salmonella assay 


-Reproductive effects 

(Eigh) 


-Stability studies 

-Toxicity including 

inunotoxici ty 

(High) 


-Low product ion 

-Chemical may no longer be used 

-Perform reproductive effects 

studies if structure-activity 

data are needed for chemical class 


-Widely used solvent 

-Potential for exposure 

-Concern as to toxicity based on 

clusters of testicular cancers 
reported in exposed male vorkers 
-Previously selected for Wl!P 
carcinogenicity studies 
-Interest in formamides chemical 
class 
-Reproductive studies pending 

reviev of industry data byb 

Dr. R. Miller and NTP DART staff 


-Used in electronics industry 

-Potential for increased use as 

replacement for silicon 

-Lack of toxicity data 

-Toxicity studies pending results 

of stability studies 

-Review chemicals used in semi- 

conductor industry for new 

NTP nominations 




Chemical Norination Testing Recommendations 

(US Number) Source (Priority) 


....................................................................... 

5. N-Methylpyrrolidone 1) Private -Quantitative dermal 

(872-!50-4) individual absorption studies 
2) ~ H S  -Reproductive effects 
3) CPSC (High) 

-Carcinogenicity in rice 
(Moderate to high) 

Rationale/Remarks 


-High production 

-Widely used solvent 

-Potential for exposure as 

replacement for rethylene 

chloride, and other solvents 

-Previous carcinogenicity study 

in rats judged to be adequate 

-Recommend that NTP ask EPA to 

consider requiring industry to 

perforr testing under Toxic 

Substances Control Act 
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