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Boric Acid. Dr.  M. P. Dieter, NTP Chemical Manager, introduced the tox i -  
cology and carcinogenesis studies o f  bor ic  acid i n  mice by reviewing the 
experimental design, resul ts,  and proposed conclusions: 

Under the conditions o f  these 2-year feed studies, there was no evi-  
dence o f  carcinoqenicity o f  bor ic  acid a t  doses o f  2,500 and 5,000 ppm 
for male or female B6C3F1 mice. 

D r .  Perera, a p r i nc ipa l  reviewer, agreed with the conclusions as written. 
She said the conclusion should note that  surv iva l  was s ign i f i can t l y  
decreased i n  high and low dose males l i m i t i n g  the sens i t i v i t y  o f  the assay. 
Dr .  Dieter agreed that  t h i s  would be done. 

As a second p r inc ipa l  reviewer, Dr.  Capen agreed wi th  the conclusions. 

As a t h i r d  p r inc ipa l  reviewer, Dr. Scala also agreed with the conclusions. 

He noted that  mean feed consumption measurements fo r  group housed animals may 

have l i t t l e  value. 


I n  other discussions, Dr.  Hooper and Dr. Mirer asked f o r  a f u l l e r  

discussion o f  the nonneoplastic t ox i c i t y ,  i n  par t icu lar ,  the reproductive 

t ox i c i t y ,  and said inclusion o f  occupational exposure levels  would be use- 

f u l  ifthey can be obtained. Dr .  Dieter said the discussion would be 

expanded and workplace exposure levels  would be sought. 


Dr .  Perera moved that  the Technical Report on bor ic  acid be accepted with the 

conclusions as wr i t ten  fo r  male and female mice, no evidence o f  carcinogenicity. 

Dr. Capen seconded the motion and i t  was approved by ten af f i rmat ive votes wi th  

one abstention (Dr. Hughes). 




1,4-Dichlorobenzene. Dr.  3.  A. Goldstein, NTP Chemical Manager, introduced 
the toxicoloav and carcinoaenesis studies o f  1,4-dichlorobenzene by 
reviewing the- experimental-design , resul ts,  and proposed conclusions : 

Under the conditions o f  these 2-year gavage studies, 1,4-dichloro-
benzene produced clear evidence o f  carcinogenicity f o r  male F344/N 
rats .  as shown bv an increased incidence o f  renal tubular c e l l  adeno- 
carcinomas. ~ h e i ewas no evidence o f  carcinogenicity f o r  female 
~344/N r a t s  receiving doses o f  300 or  600 mg/kg. There was clear ev i -  
dence o f  carcinogenicity f o r  both male and female B6CX1 mice, as 
shown by increased incidences o f  hepatocellular carcinomas and hepato- 
ce l l u la r  adenomas. Marginal increases were observed i n  the incidences 
o f  pheochromocytomas o f  the adrenal gland i n  male mice. Nonneoplastic 
e f fec ts  i n  the kidney o f  male and female rats ,  i n  the l i v e r  o f  male 
and female mice, and i n  the thyro id gland and adrenal gland o f  male 
mice were also associated wi th  the administration o f  1,4-dichloro- 
benzene. 

Dr .  Swenberg, a p r i nc ipa l  reviewer, agreed wi th  the conclusion i n  female 
rats ,  no evidence o f  carcinogenicity. He proposed that  the conclusions i n  
male r a t s  and male and female mice be changed t o  some evidence o f  car-
cinogenicity based on what he viewed as: (1) occurrence o f  tumors only i n  
tissues where there was considerable tox i c i t y ;  (2) lack o f  genotoxicity i n  a 
battery o f  short term tests; and (3) a negative f ind ing fo r  carcinogenicity 
i n  a previous inhalat ion study. Dr. S. Eustis, NIEHS, commented that  the 
incidence o f  nonneoplastic lesions i n  mice was high but the t o x i c i t y  (s ingle 
c e l l  necrosis) was not severe but generally minimal t o  mild. Dr. Swenberg 
thought that  the inhalat ion route would have been more appropriate than the 
gavage route since i t  i s  the predominant route o f  human exposure. Dr.  
Goldstein responded that  the o r a l  route was a va l i d  route since the chemical 
i s  found i n  dr inking water and also i n  many waste dumps. Regarding the nega- 
t i v e  f indings i n  the previous inhalat ion study, she reported that  the exposure 
period i n  r a t s  was only 76 weeks vs. 102 i n  the present studies while the 
ea r l i e r  inhalat ion study i n  mice suffered from high ear ly morta l i ty  due t o  
f i gh t i ng  and a respiratory in fect ion.  Therefore, exposures were terminated a t  
61 weeks and surviv ing mice were sacr i f iced a t  51 t o  61 weeks (males) or 75 t o  
76 weeks (females). Dr.  Goldstein concluded that  i t  would be d i f f i c u l t  t o  
compare the two studies since there were so many differences between them 
including length o f  exposure as we l l  as route o f  exposure and possibly the 
doses received. 

As a second p r inc ipa l  reviewer, Dr .  Crowley agreed wi th  the conclusions as 
wri t ten. He thought that  based on the prechronic studies, the top dose i n  
male r a t s  i n  the chronic study was probably too high. 

As a t h i r d  p r i nc ipa l  reviewer, Dr .  Hooper agreed with the conclusions as 
wri t ten. He said the conclusions i n  mice were supported by the f ind ing o f  
rare hepatoblastomas i n  high dose males. I n  view o f  the s i m i l a r i t y  of 
renal  t o x i c i t y  i n  male r a t s  t o  that  observed wi th  other hydrocarbons, Dr.  
Hooper asked whether there was evidence on the r o l e  of the alpha-2- 
microglobulin i n  these effects. Dr.  Eustis commented that  although the 



accumulation o f  hyaline droplets i n  renal  tubules (presumably alpha-2- 
microglobulin) i s  seen ea r l i e r  than most o f  the renal  lesions there i s  no 
d i rec t  evidence fo r  a cause and e f fec t  relat ionship between the prote in and 
the l a t e r  appearing lesions. Dr. Hooper suggested that  inclusion o f  con-
centration levels  o f  1,4-dichlorobenzene i n  home use as mothballs and commer- 
c i a l  levels  as a t o i l e t  dis infectant would be useful. Dr.  Goldstein said 
t h i s  information would be included i f  available. 

I n  fur ther  discussion, Dr.  Mirer cautioned against g iv ing too much weight t o  
comparing resul ts  wi th  those o f  the previous inhalat ion study since the proto- 
cols and other aspects o f  the study were d i f f e ren t  from the NTP study. With 
regard t o  concomitant t o x i c i t y  and tumors i n  the same organ, he stated tha t  i t  
would be departure from past pract ice f o r  the Panel t o  lower the l e v e l  o f  ev i -
dence because o f  concurrent t ox i c i t y .  Dr .  Swenberg said that  a f te r  hearing 
c l a r i f y i n g  remarks on the mouse l i v e r  tumors and the rareness o f  the hepa- 
toblastomas found i n  high dose male mice, he would agree that  the l e v e l  of 
evidence i n  male and female mice should remain clear evidence o f  car-
cinogenicity. 

Dr .  J. Barter, representing the Chlorobenzene Producers Association, made 
several comments on the Technical Report. He opined that  the differences 
reported between the inhalat ion study and the NTP o r a l  study were important 
and should not be overlooked. He noted tha t  there was considerable sc ien t i f i c  
debate about the relevance o f  mouse l i v e r  tumors as predic t ive fo r  human 
cancer i n  view o f  the high and variable spontaneous incidences o f  such tumors. 
F ina l l y ,  he said the association believed human occupational exposure numbers 
c i ted  were serious overestimates. Dr.  3. Huff, NIEHS, mentioned that  l i v e r  
neoplasia was not uniformly high i n  mice; the background rates fo r  male 
B6CX1 mice are high but the female mouse has a r e l a t i v e l y  low ra te  i n  com- 
parison. He asked fo r  more accurate information on occupational exposures i f  
available. 

Dr. Perera f e l t  too much at tent ion was being given t o  other studies while 
emphasis should be placed on the NTP studies being reviewed. Dr. Swenberg 
argued that  the previous inhalat ion studies as we l l  as information on apparent 
lack o f  genotoxicity o f  the chemical were relevant t o  determining the strength 
o f  evidence i n  the present studies. 

Dr. Hooper moved that  the Technical Report on 1,4-dichlorobenzene be accepted 
wi th  the conclusions as wri t ten, clear evidence o f  carcinogenicity f o r  male 
r a t s  and male and female mice, and no evidence o f  carcinogenicity f o r  female 
rats .  Dr .  Perera seconded the motion and i t  was approved by ten af f i rmat ive 
votes t o  one negative vote (Dr. Swenberg). 



Pentachloronitrobenzene. Dr.  J. K. Dunnick, NTP Chemical Manager, i n t ro -
duced the toxicology and carcinogenesis studies o f  pentachloronitrobenzene i n  
mice by reviewing the experimental design, resul ts,  and proposed conclusions: 

Under the conditions o f  these 2-year feed studies, there was no evidence of 
carcinogenicity i n  e i ther  male or female B67C3F1 mice receiving 2,500 ppm 
or 5,000 ppm of pentachloronitrobenzene. In fec t ion  i s  considered t o  have 
decreased surv iva l  o f  the female mice and thus reduced the sens i t i v i t y  f o r  
determining the presence or absence o f  a carcinogenic response. 

Dr .  Hooper, a p r i nc ipa l  reviewer, agreed wi th  the conclusions i n  male mice, and 
based on adequate surv iva l  i n  the low dose groups o f  female mice, he could agree 
wi th  the conclusions i n  female mice. Notina that  the wides~read ovarian infec- 
t i o n  with Klebsie l la  l im i ted  surv iva l  o f  high dose female mice compromising the 
power o f  the study t o  detect the presence or absence o f  a carcinoaenic ef fect ,  
br. Hooper suggested that  the second sentence o f  the conclusions be modified t o  
read: ' 8 ~ o o r  surv iva l  among high dose females l im i ted  the sens i t i v i t y  o f  t h i s  
bioassay t o  detect a carcinogenic effect." Dr. Perera said the conclusion i n  
females- should be changed to-inadequate study o f  carcinogenicity. Dr.  Swenberg 
disagreed noting that  under the guidelines used by the Panel f o r  some time a 
study was considered adequate i f  surv iva l  was greater than 50% a f te r  78 weeks; 
i n  t h i s  case, surv iva l  i n  high dose females was 60% a t  78 weeks. Dr. Huff 
indicated that  most organizations that  u t i l i z e  carcinogenicity f indings from 
laboratory experiments require 50% surv iva l  a t  the end o f  a negative study. 
The 18 month (78 weeks) - 50% surv iva l  guideline was va l i d  when studies were 
l im i ted  t o  t h i s  time i n t e r v a l  i n  cer ta in  s t ra ins o f  mice that d id  not o rd inar i l y  
survive t o  two years. 

As a second p r inc ipa l  reviewer, Dr. Mirer agreed wi th  the conclusions. I n  view 
o f  the previous compromised NCI study having been negative, he wondered whether 
t h i s  study should have been done. Dr.  Mirer commented on the reduced and 
variable number o f  tissues from low dose male mice that  were examined histo- 
pathologically. I f  t h i s  represented a change i n  protocol  i t  should be empha- 
sized i n  the methods. Dr .  E. McConnell, NIEHS, rep l ied  that  a reduced 
histopathology protocol  was adopted and presented t o  the Board o f  Sc ien t i f i c  
Counselors i n  1982. Under t h i s  protocol, tissues from low dose animals were 
examined microscopically only when there was reason t o  suspect there might be 
lesions, that  i s ,  i f  lesions were observed a t  gross necropsy or microscopic 
lesions were seen i n  a par t i cu la r  t issue i n  top dose animals. Dr. Eustis i n d i -  
cated t h i s  would be more c lear ly  stated i n  the pathology methods section. Dr.  
Mirer asked that  more discussion be included on the nonneoplastic lesions i n  
female mice which might be the only compound re lated e f fec ts  i n  the study. Dr. 
Dunnick repl ied that  t h i s  would be expanded i n  the discussion and where 
appropriate, i n  the abstract. 

As a t h i r d  p r inc ipa l  reviewer, Dr. Sivak agreed wi th  the conclusions s ta t ing  
tha t  he believed the surv iva l  i n  the high dose group t o  be adequate fo r  
in terpretat ion o f  the study. 



Dr.  Hooper moved that  the Technical Report on pentachloronitrobenzene be 
accepted with the modif ication o f  the l a s t  sentence o f  the conclusions as pro- 
posed by him. Dr .  Swenberg seconded the motion and a f te r  discussion the motion 
was defeated by ten negative votes t o  one af f i rmat ive vote (Dr. Hooper). Dr.  
Hooper then moved t o  accept the report  wi th  the conclusions includinq the l a s t  
sentence as written, no evidence oP carcinogenicity, f o r  mice o f  both sexes. 
Dr .  Mirer seconded the motion and i t  was approved by ten af f i rmat ive votes t o  
one negative vote (Dr. Swenberg). 



Phenylephrine Hydrochloride. Dr. J. R. Bucher, NTP Chemical Manager, introduced 
the toxicology and carcinogenesis studies o f  phenylephrine hydrochloride by 
reviewing the experimental design, resul ts,  and proposed conclusions: 

Under the conditions of these 2-year studies, there was no evidence o f  car-
cinogenicity o f  phenylephrine hydrochloride i n  male or female F344/N r a t s  
given 620 or 1,250 ppm i n  feed or i n  male or female mice given 1,250 or 
2,500 ppm i n  feed. Survival o f  high dose male r a t s  was greater than that  
o f  controls, and the incidences o f  mononuclear c e l l  leukemia and pheo- 
chromocytomas i n  male r a t s  were lower i n  exposed groups than i n  contro l  
male rats .  

Dr .  Popp, a p r i nc ipa l  reviewer, agreed wi th  the conclusions as written. He 
noted that  the rat ionale f o r  studying the chemical was as a response t o  a 
recommendation i t  be included as par t  o f  a class study o f  benzyl alcohols wi th  
sympathomimetic ac t i v i t y .  Certain members o f  t h i s  class have been associated 
wi th  increased incidence o f  mesovarial leiomyomas. Thus, he asked why the 
ovary was not handled as a target organ fo r  pathology. Dr. Bucher said the 
mesovarial tumors were observed on gross examination i n  the other studies. A 
statement would be added ind icat ing such tumors were not seen grossly or 
microscopically i n  the current studies. 

As a second pr inc ipa l  reviewer, Dr. Sivak agreed wi th  the conclusions and 
thought that modest reductions i n  weight a t  the high doses i n  both mice and 
r a t s  indicated probable attainment o f  appropriate maximum tolerated doses. He 
stated that  the reduction i n  adrenal l i p o i d  degeneration and focal  hyperplasia 
i n  treated male and female r a t s  compared wi th  untreated controls should be 
reported since the adrenal glands are l i k e l y  target organs fo r  the chemical. 

As a t h i r d  p r inc ipa l  reviewer, Dr. Perera also agreed wi th  the conclusions and 
the conduct o f  the study. She suggested that  some mention might be made i n  
the abstract o f  the nonneoplastic e f fec ts  seen i n  the l i v e r  and prostate i n  
rats ,  and i n  the l i v e r  i n  mice. 

I n  other discussion, Dr .  Scala expressed concern about the randomization of 
the animals noting the var ia t ion i n  i n i t i a l  body weights among animals from 
various groups. Dr.  3. Haseman, NIEHS, said proper randomization was 
apparently used, but since the v a r i a b i l i t y  also has occurred i n  other studies 
an explanation w i l l  be sought. Dr.  Mirer said i t  would be usefu l  t o  have sur- 
v i v a l  adjusted tumor rates also c i t ed  i n  the abstract and discussion since the 
l i f e  table analysis i s  based on the adjusted rate. Dr. Haseman agreed that  
t h i s  would be he lp fu l  when there were surv iva l  differences, and the tumors i n  
question were le tha l .  Dr.  Huff stated that  t h i s  would be done fo r  a l l  studies 
where appropriate and informative. 

D r .  Popp moved that  the Technical Report on phenylephrine hydrochloride be 
accepted wi th  the conclusions as wr i t ten  fo r  r a t s  and mice o f  both sexes, -no 
evidence o f  carcinogenicity. Dr. Swenberg seconded the motion and i t  was 
approved unanimously wi th  eleven af f i rmat ive votes. 



Tetrakis (Hydroxymethyl) Phosphonium Sulfate (THPS) and Tetrakis (Hydroxymethyl) 
Phosphonium Chloride (THPC). Dr.  C. W .  Jameson, NTP Chemical Manager, i n t r o -
duced the toxicology and carcinogenesis studies o f  THPS and THPC by reviewing 
the experimental design, resul ts,  and proposed conclusions: 

Under the conditions o f  these 2-year gavage studies, there was no evi-  
dence o f  carcinogenicity o f  THPS i n  both sexes o f  F344/N r a t s  or 
B6CX1 mice given 5 or 10 mg/kg. There was no evidence o f  carcino- 
genici ty o f  THPC i n  both sexes o f  ~344/N r a t s  given 3.75 or 7.5 mg/kg, 
i n  male B6C3F1 mice given 7.5 or 15 mg/kg, or i n  female B6C3F1 mice given 
15 or 30 mg/kg. 

Dr.  Scala, a p r i nc ipa l  reviewer, agreed wi th  the conclusions as written. He 
was pleased that  the Chemical Manager emphasized the dosing errors but 
expressed concern about the e f fec t  that  these dosing mixups i n  some animal 
groups may have had on the v a l i d i t y  o f  the study, and asked fo r  more explana- 
t ion.  D r .  Scala had a number o f  questions about dose selection i n  the 
prechronic phase which he discussed wi th  Dr.  Jameson a f te r  the review. He 
noted that  since THPS and THPC d i f f e r  i n  t h e i r  chemical structure only by an 
anion yet show differences i n  tox ic  e f fec ts  some speculative discussion would 
be helpful .  

As a second pr inc ipa l  reviewer, Dr. Crowley agreed wi th  the conclusions but also 
expressed concern about the possible e f fec ts  o f  the dosing mixups. I n  view o f  
the elevated rates o f  mononuclear c e l l  leukemia i n  male r a t s  a t  the end o f  the 
study, he wondered i f  the l i f e  table tes t  was the appropriate s t a t i s t i c a l  t e s t  
f o r  in te rpre t ing  the data. Dr. Eustis emphasized that  mononuclear c e l l  
leukemia takes several months t o  develop and i s  considered a f a t a l  disease. 
Dr. Haseman said t h i s  was a good i l l u s t r a t i o n  o f  the d i f f i c u l t y  o f  choosing 
the most appropriate s t a t i s t i c a l  test ,  and t h i s  uncertainty was considered i n  
the overa l l  evaluation o f  the studies. He also noted that  i n  many ea r l i e r  stud- 
i e s  where leukemia was an endpoint there was strong evidence that  i t  was a 
f a t a l  tumor. Dr .  Huff added that  leukemia was often a l a t e  developing 
neoplasm. 

As a t h i r d  p r inc ipa l  reviewer, Dr. Hughes also agreed wi th  the conclusions. 
He concurred with the other reviewers i n  ca l l i ng  fo r  more explanation on the 
dosing mixups. He thought the rat ionale f o r  choosing the gavage route o f  
exposure not t o  be pa r t i cu la r l y  convincing, especial ly since information on 
absorption, d is t r ibu t ion ,  metabolism, and excretion was not available. Dr. 
Hughes commented that  the section i n  the introduct ion on the reported i n i t a -  
tion/promotion studies with THPC was po ten t ia l l y  misleading because he viewed 
THPC as a 08suspectedo' promoter rather than a promoter per -se. 

I n  response t o  the reviewer's concerns about the dosing mixups, Dr .  Jameson 
said that  the laboratory technicians inadvertently switched v ia l s  o f  THPS and 
THPC fo r  dosing mice on only three days a t  about the midpoint o f  the study. 
This represents less than 0.6% (3/520) o f  the gavage days. There were no 
observed adverse effects,  and the NTP considered the incident t o  have no 



Xylenes (Mixed). Dr.  W .  C. Eastin, NTP Chemical Manager, introduced the tox ico l -  
ogy and carcinogenesis studies o f  xylenes (mixed) by reviewing the experimental 
design, resul ts,  and proposed conclusions : 

Under the conditions o f  these 2-year gavage studies, there was no evidence 
of carcinogenicity o f  xylenes (mixed) i n  male or female F344/N r a t s  given 
250 or 500 mg/kg or i n  male or female mice given 500 or 1,000 mg/kg. 

Dr. Popp, a p r i nc ipa l  reviewer, agreed wi th  the conclusions as written. He 
asked that  a rat ionale be given fo r  using the gavage route o f  exposure, and i n  
para l le l ,  the common or most important route o f  human exposure. 

As a second p r inc ipa l  reviewer, Dr. Mirer agreed wi th  the conclusions. He 
expressed concern that  perhaps higher doses could have been given and thus a 
maximum tolerated dose was not achieved fo r  female r a t s  and male and female 
mice, even though the choice o f  dose was we l l  j us t i f i ed .  Dr. Eastin indicated 
the doses were appropriate based on the 90 day studies resul ts,  and that  the 
marginally lower body weights i n  male r a t s  gave some ind icat ion that  higher 
doses were l i k e l y  not possible. 

As a t h i r d  p r i nc ipa l  reviewer, Dr. C h i n c h i l l i  also agreed wi th  the conclusions. 
He asked that  the randomization scheme and the process fo r  animal cage ro ta t ion  
be described i n  the methods section. Dr.  Eastin said that  a statement would be 
added about how randomization i s  done. Cages were not being rotated a t  the time 
of these studies although cage ro ta t ion  i s  practiced wi th  more recent studies. 
Dr.  Huff stated that  t h i s  information would be added t o  the Methods section i n  
a l l  Technical Reports. 

Dr .  Mirer moved that  the Technical Report on xylenes (mixed) be accepted with 
the conclusions as wr i t ten  fo r  r a t s  and mice o f  both sexes, no evidence o f  
carcinogenicity. Dr.  Popp seconded the motion and i t  was approved by ten 
af f i rmat ive votes with one abstention (Or .  Scala). 



impact on the outcome o f  the studies. Documentation from the laboratory i n d i -  
cated t h i s  was an iso lated incident. More information would be given i n  the 
tex t  o f  the report. 

Dr .  Scala moved that  the Technical Report on THPS and THPC with the conclusions 
as wr i t ten  fo r  ra t s  and mice o f  both sexes, no evidence o f  carcinogenicity, be 
accepted subject t o  inclusion o f  the more detai led explanation o f  the dosing 
mixups as presented by Dr.  Jameson. Dr.  Popp seconded the motion and i t  was 
approved unanimously wi th  eleven af f i rmat ive votes. 
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