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ABSTRACT 

Appl i ca t ion  of graded c o n c e n t r a t i o n s  of four test s u b s t a n c e s  i n  a c e t o n e  

t o  t h e  a k i n  of C3H m i c e  f i v e  times a week for two weeks resulted i n  t h e  

following: yaminopropyltriethoxysilane a t  c o n c e n t r a t i o n  of 100 and 50 wt/vol % 

was a s e v e r e  and m i l d  s k i n  i r r i t a n t  i n  female C3Hf/Bd r e s p e c t i v e l y  and I n  males 

a mild s k i n  i r r i t a n t .  

I n  m e t h a n o l ' k i l l e d  4/9 f a a l e s  and 1/9 males. 

3/10 females and  3/10 males died  w i t h i n  2 weeks. 

occu r red  w i t h  yglyc idyloxyt r imethyloxys i lane  or t h e  mixture of *phenylenediamine, 

methy lened ian i l ine  and d i g l y c i d y l e t h e r  of b isphenol  A (MDA).  

effects  of a two-year, three times a week, t o p i c a l  a p p l i c a t i o n  of t h e  four 

test materials r e v e a l e d  no s i g n i f i c a n t  i n c r e a s e  in s k i n  tumors. ' h e  

i nc idence  of l i v e r  t m o r s  appeared t o  be i n c r e a s e d  by exposure t o  

m e t h y l e n e d i a n i l i n e  and  wi th  the  m i x t u r e  (NDA).  S i g n i f i c a n t  and dose- 

dependent i n c r e a s e s  i n  m o r t a l i t y  were found i n  male mice w i t h  MDA and 

i n c r e a s e d  m o r t a l i t y  a t  the highest dose (10.8 mg/week) i n  females. 

case of me thy lened ian i l ine  e x c e s s  m o r t a l i t y  was found i n  both sexes.  The 

Methylenedian i l ine  a t  a c o n c e n t r a t i o n  of 10 wt/vol % 

When ace tone  was t h e  s o l v e n t  

No m o r t a l i t y  or s k i n  damage 

A s tudy  of the 

I n  the  

precise cause of excess m o r t d l i t y  fran dermal a b s o r p t i o n  of t h e  materials 

a p p l i e d  over a two-year period was no t  e s t a b l i s h e d .  



IN TROW C T I O N  

The purpose of the s tudy was t o  determine whether  o r  not  yaminopropy l t r i -  

e thy oxy si1 ane me thy 1 ene di ani1 i n e  , y gl y c i  dy loxy tr ine thy1  oxy si1 ane , and a 

mix tu re  of &phenylenediamine, m e t h y l e n e d i a n i l i n e  and d i g l y c i d y l e t h e r  of 

bisphenol  A ( M D A )  are c a r c i n o g e n i c  t o  t h e  s k i n  of mice. The mix tu re  was 

tested i n  o r d e r  t o  detect i n t e r a c t i o n s .  Given the  p o s s i b i l i t y  of 

c a r c i n o g e n i c i t y  of t h e  test materials a p o s i t i v e  c o n t r o l  was included.  

Benzo(a)pyrene [ B ( a ) P ]  was a p p l i e d  a t  t h r e e  dose l e v e l s  so t h a t  r e l a t i v e  

potency estimates could be made i f  any of t h e  test materials proved t o  be 

ca rc inogen ic .  S ince  many experiments  w i t h  B ( a ) P  have been carried o u t  by u s  

u s i n g  t h e  C3Hf/Bd mouse c u r r e n t  results could be checked w i t h  p rev ious  

results ( 1 ,  2). 

I n  order to  detect whe the r  p r o t r a c t e d  exposure of t h e  s k i n  t o  t h e  

materials results i n  s u f f i c i e n t  a b s o r p t i o n  t o  cause sys t emic  effects, 

m o r t a l i t y  was assessed and major organ systems were examined i n  mice dying and 

i n  those  k i l l e d  a t  t h e  end of two y e a r s .  

Materials, Methods and Experimental  Design 

The sources of t h e  f o u r  tes t  a g e n t s  were a s  f o l l o w s :  the mix tu re  

composed of &phenylenediamine, me thy lened ian i l ine ,  and d i g l y c i d y l e t h e r  of 

bisphenol-A from h j a ,  Ltd . ,  m e t h y l e n e d i a n i l i n e  from A l l i e d  Chemical ; and 

yglycidyloxy t r imethyloxy s i l a n e  and yaminopropyl t r i e  thoxy si1 ane from Union 

Carbide Corporat ion ( T a b l e  1 ) .  

purchased from Sigma Chemical Company. The v e h i c l e s  were acetone,  methanol 

and cyclohexane o b t a i n e d  from Fisher S c i e n t i f i c  Cmpany. A l l  a g e n t s  and 

v e h i c l e s  were kep t  i n  t h e  da rk  a t  room temperature  i n  wel l -s toppered amber 

The p o s i t i v e  c o n t r o l  a g e n t  benzo(a)pyrene was 
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glass con ta ine r s .  D i l u t i o n s  o f  each a g e n t  were made biweekly and k e p t  i n  

glass-s toppered Erlemeyer f lasks  w i t h i n  a n  u n l i g h t e d  fume hood. 

Male and Female C 3 H f / B d  mice were produced by t h e  aniraal f a c i l i t y  of 

this laboratory and  s u p p l i e d  free of e n z o o t i c  murine v i r u s e s  and  endo- and  

e c t o p a r a s i t e s .  

weeks old.  

bedding and were g iven  Purim 5010-C chaw and hype rch lo r ina t ed  water ad 

l i b i t u m .  Mice were main ta ined  fo r  the d u r a t i o n  of t h e  s tudy  i n  a closed-  

colony l i m i t e d  access convent iona l  animal f a c i l i t y  on 12 hour light - 12 hour 

dark cycle w i t h  g o l d  lights. 

Mice were randomly e n t e r e d  i n t o  t h e  experiment when 8 t o  10 

They were housed f i v e  per  cage w h i c h  conta ined  ground corn  cob 

Prior to commencing t h e  ch ron ic  test, a c u t e  t o x i c i t y  t e s t i n g  of t h e  four  

a g e n t s  was c a r r i e d  o u t  t o  determine t h e  m a x i m u m  t o l e r a t e d  dose. 

were a p p l i e d  t o  t h e  c l i p p e d  s k i n  of young adu l t  mice i n  a volume of 50 u l  and 

a t  v a r i o u s  concen t r a t ions .  

both s e x e s  5 d a y s  a week for  2 weeks t o  v a r i o u s  doses of each agen t  d i s so lved  

i n  v e h i c l e .  Clinical and p a t h o l o g i c a l  r e sponses  that  were assessed measured 

inc luded  body w e i g h t  change, final organ weights, m o r t a l i t y ,  and s k i n  

i r r i t a t i o n .  Frcun these data, three doses of ea& agen t  were selected tha t  

were predic ted  t o  produce m i n i m a l  sy s t emic  t o x i c i t y  frm chronic dermal 

exposure.  

The a g e n t s  

The tests c o n s i s t e d  of expos ing  10 an ima l s  of 

For the d e f i n i t i v e  ch ron ic  s tudy ,  each of t h e  f o u r  a g e n t s  was a p p l i e d  in 

a volume of 50 p l  t o  the c l i p p e d  s k i n  of 9 t o  12 week-old m i c e  o n  b n d a y ,  

Wednesday and Fr iday  of' each week for  a period of 24 months. 

cu t -of f  was chosen because t h e  spontaneous  m o r t a l i t y  rate i n c r e a s e s  r a p i d l y  

af ter  this t i m e .  The h a i r  of the  mice was c l ipped  one week p r i o r  t o  t h e  

first a p p l i c a t i o n  and r e c l i p p e d  a s  r e q u i r e d .  

A 24-month 

Three doses of each a g e n t  were 
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tested on 40 male and 40 female mice. The doses and s o l v e n t s  used a s  

v e h i c l e s  are shown i n  Table  2 .  

The s e l e c t i o n  of a s o l v e n t  i s  o f t e n  determined by t h e  c a p a b i l i t y  t o  

s o l u b i l i z e  r a t h e r  t h a n  its benign na tu re .  It was necessa ry  t o  use 

cyclohexane a s  a s o l v e n t  for y glycidyloxytr imethyloxysi lane and y amino- 

p r o p y l t r i e t h o x y s i l a n e .  Cyclohexane may not  be w i t h o u t  effects,  however i t  i s  

a good s o l v e n t  and i n  C3Hf/Bd mice h a s  n o t  produced malignant  tumors, i n  

p a r t i c u l a r ,  s k i n  tumors, o r  i n c r e a s e d  s i g n i f i c a n t l y  t h e  m a r t a l i t y  ra te  of a g i n g  

mice ( 2 ) .  A s  i n d i c a t e d  i n  T a b l e  2 ,  Methanol was used a s  t h e  s o l v e n t  f o r  t h e  

mixture and m e t h y l e n e d i a n i l i n e  and cyclohexane f o r  the  o t h e r  materials 

under t es t .  

Control groups of 40 males and 40 females were as fo l lows :  t h e  

p o s i t i v e  c o n t r o l  subs t ance  benzo(a )pyrene i n  methanol or cyclohexane (0 .Ol%, 

15 pg p e r  week) and methanol or  cyclohexane a s  v e h i c l e  c o n t r o l  substances.  

T h i r t y  m i c e  of each s e x  were a l so  i n c l u d e d  as u n t r e a t e d  r o m  c o n t r o l s .  

s t a t i s t i c s  r eco rded  f o r  each mouse inc luded  b i r t h  date,  date exposure began, 

date t h e  first s k i n  tumor was observed,  and death date. IIko weeks, af ter  t h e  

appearance of t h e  first s k i n  tumor, mice were sacrificed. I n t e r i m  body 

weights were determined a t  6 ,  12  and 1 8  months of exposure.  

death,  m i c e  were weighed  and necropsied.  A l l  major o rgans  were examined 

c a r e f u l l y  f o r  tumors. Abnormali t ies  were reco rded  o n  necropsy cards and 

t i s s u e s  t a k e n  t o  confirm the  gross d iagnos i s .  Sk in  tumors and suspec t  s k i n  

l e s i o n s  were r o u t i n e l y  o b t a i n e d  f o r  h i s t o p a t h o l o g i c  e v a l u a t i o n .  

V i t a l  

A t  the  time of 

4 



RESULTS AND ANALYSIS 

Acute Toxi  c i t y  

In fo rma t ion  about  a c u t e  tox ic i ty  is required both for the as say  of 

p o t e n t i a l  toxic effects a s  a result of dermal exposure  and also i n  o r d e r  t o  

select exposure  levels  for t h e  assessment  of ca rc inogen ic i ty .  Las t ly ,  t h e  

i n i t i a l  s t u d i e s  are used t o  determine t h e  appropr i a t e  so lven t .  

The results of the  a c u t e  t o x i c i t y  s tudy  are shcrwn i n  Tables 3-6. 

Table 3 i t  can be s e e n  t h a t  the  two higher exposure  l e v e l s  of yamlnopropyl- 

t r i e t h o x y s i l a n e  i n  ace tone  caused skin damage i n  female C 3 H f / 3 d  mice. 

case of the  highest c o n c e n t r a t i o n  the  damage was s u f f i c i e n t  t o  cause 

u l c e r a t i o n .  

doses of m e t h y l e n e d i a n i l i n e  i n  ace tone  caused the death o f  3 of 10 m i c e  of 

I n  

I n  t h e  

The effects were less marked i n  t h e  m a l e  mice. The h ighes t  

each sex. When methanol was t he  s o l v e n t  4 of 10 females and 1 of 10  males 

died w i t h i n  the two week test per iod .  

The changes i n  body weight over the r e l a t i v e l y  s h o r t  period of 2 weeks 

d i d  not  shm t r e n d s  that  are of a h e l p  i n  a s s e s s i n g  the  t o x i c i t y  of t h e  

materials. Some i n f o r m a t i o n  i n d i c a t i v e  of systemic t o x i c i t y  is  ob ta ined  from 

changes i n  organ weights. The changes i n  l i v e r ,  Mdney and s p l e e n  i n  male 

and female m i c e  are shown i n  T a b l e s  4 and 5 ,  r e s p e c t i v e l y .  Changes i n  sp l een  

ueigbt were t h e  most marked. I n  Table 6 are g iven  t h e  dose-dependent changes 

i n  organ  weight r e l a t i v e  t o  methanol c o n t r o l s .  

Ca rc inogen ic i ty  

None of t h e  m a t e r i a l s  under tes t  w h i c h  were a p p l i e d  t o  the  s k i n  over a 

24-month pe r iod  caused a s i g n i f i c a n t  i n c r e a s e  i n  s k i n  tumors. The s tudy  

involved  3 doses w i t h  about 2-4 f o l d  range.  I n  fact, t h e  only  tumors noted  



(and they were benign p a p i l l a n a s )  were noted i n  cyclohexane s o l v e n t  c o n t r o l  

groups. These results may be ccanpared w i t h  t h e  dose-dependent and marked 

i n c r e a s e  i n  s k i n  cance r  w i t h  B(a)P i n  e i ther  s o l v e n t  which were used a s  

p o s i t i v e  c o n t r o l s .  These p o s i t i v e  c o n t r o l s  make i t  p o s s i b l e  t o  e s t a b l i s h  

re1 a t i v e  potency . 
The experiment was designed t o  tes t  s k i n  c a r c i n o g e n i c i t y  and t h e  result 

of this test i n d i c a t e s  no c a r c i n o g e n i c i t y  a t  r e l a t i v e l y  high doses  p e r  week 

and a t  high total  d o s e s  (Table 7). 

The frequency of all o t h e r  n e o p l a m s  were recorded a t  autopsy and t h e  

observed i n c i d e n c e s  of tunors i n  t he  major o rgans  are shown i n  Tables 8 

and 9 .  The results raise t h e  q u e s t i o n  of c a r c i n o g e n i c i t y  of t h e  mixture and 

m e t h y l e n e d i a n i l i n e ,  i n  on ly  one organ,  namely t h e  l i v e r .  L ive r  tumors i n  C3H 

mice occur a t  a ve ry  high natural inc idence .  Inc reased  i n c i d e n c e s  a n  occur  

i n  this s t r a i n ,  e s p e c i a l l y  i n  males w i t h  a g e n t s  or c o n d i t i o n s  no t  u s u a l l y  

cons ide red  ca rc inogen ic .  For example, t h e  p r o t e i n  con ten t  of t h e  diet and 

t h e  number of m i c e  pe r  cage can a l te r  t h e  i n c i d e n c e  of t h e  hepa t ic  tumors 

(2). Furthermore,  some a g e n t s ,  whether o r  not recognized carcinogens,  appea r  

t o  advance the  time of appearance of tumors rather t h a n  i n c r e a s e  t h e  

cumulat ive l i fe t ime incidence.  T h i s  o b s e r v a t i o n  ra ises  q u e s t i o n  about t h e  

s i g n i f i c a n c e  of any p o s i t i v e  f i n d i n g .  Neve r the l e s s ,  t h e  c r u d e  i n c i d e n c e s  

t h a t  have not been age-adjusted sugges t ,  e s p e c i a l l y  i n  t h e  case of females, 

t h a t  m e t h y l e n e d i a n i l i n e  i n c r e a s e s  t h e  i n c i d e n c e  of  l i v e r  tumors. 

c o n s i d e r  C 3 H f  mice t h e  most a p p r o p r i a t e  tes t  animal f o r  l i v e r  c a r c i n o g e n i c i t y  

bu t  the o b s e r v a t i o n  t h a t  a systemic effect  may have o c c u r r e d  and i t s  

s i g n i f i c a n c e  may require fur ther  study. However, t h e  i n c r e a s e  i n  t h e  

i n c i d e n c e  of l i v e r  tumors in t h e  female mice i n d i c a t e s  t h a t  there may be a 

We do not  
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carcinogenic effect. 

Mor ta l  i t y  

Mor ta l i ty  data i s  preciise and  the  endpo in t  i s  i n c o n t r o v e r t a b l e .  On the 

other hand the  amount of in fo rma t ion  t h a t  m a y  be obtained depends on t h e  

a n a l y s i s .  The d i f f e r e n c e s  i n  m o r t a l i t y  between the groups especially t h o s e  

exposed t o  the  tes t  materials compared t o  s o l v e n t  c o n t r o l s  are shown i n  

Mgs.  1-12 and t h e  a n a l y s e s  are shown i n  Tables 10 and  11. In t h e  case of 

yglycidyloxytrimethoxysilane one dose group i n  females and w i t h  y aminopropyl- 

t r i e t h o x y s i l a n e  a dose group i n  males showed s i g n i f i c a n t  i n c r e a s e  i n  

m o r t a l i t y  fran c o n t r o l s .  However, the  s i g n i f i c a n c e  of t h e s e  f i n d i n g s  is n o t  

clear because a dose-response r e l a t i o n s h i p  h a s  not  been established and t h e  

affected mice are i n  n e i t h e r  t h e  high-dose o r  t h e  low-dose groups (Table  11) .  

I n  t h e  case of m e t h y l e n e d i a n i l i n e  and  t h e  mixture (MIIA) there were 

s i g n i f i c a n t  and  dose -depnden t  i n c r e a s e s  i n  m o r t a l i t y  i n  both s e x e s  (Tables 

8 and  9). The a s s a y  i n d i c a t e d  t h a t  bo th  me thy lened ian i l ine  and  t h e  mix tu re  

( M D A )  are toxic when absorbed through t h e  s k i n  i n  s u r f i c i e n t  q u a n t i t y .  The 

weight changes over  t h e  2-year p e r i o d  of a p p l i c a t i o n  are shown i n  Table 12 

and are c o n s i s t e n t  with the  m o r t a l i t y  data. 
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DIS Ul SSION 

?be main o b j e c t i v e  of t h i s  s tudy  was t o  determine whether  or not  t h e  

test materials could cause s k i n  cancer ,  The answer is t h a t  t h e  materials are 

not  s k i n  carcinogens under the c o n d i t i o n s  of t he  test. However, t he  

materials are t o x i c  e s p e c i a l l y  me thy lened ian l l ine  and t h e  mix tu re  of 

e phe nyle ne d i  ami ne  , methylene dia n i l  i ne and di gly ci dyle  t h  er of b i  s phenol- A. 

The q u e s t i o n  of c a r c i n o g e n i c i t y  f o r  o rgans  o t h e r  t h a n  t h e  s k i n  was not  

r e s o l v e d  bu t  there i s  no evidence of a c a r c i n o g e n i c  effect on t h e  l u n g ,  a t  

least  i n  t h i s  s t r a i n .  The results i n d i c a t e  t h a t  me thy lened ian i l ine  i n c r e a s e s  

t he  crude i n c i d e n c e  of  l i v e r  t m o r s  b u t  i t  h a s  been noted t h e  C 3 H  mouse i s  

unusual ly  s u s c e p t i b l e  t o  l i v e r  tumor and t h e  s i g n i f i c a n c e  of t h e  f i n d i n g  

r e q u i r e s  f u r t h e r  s tudy.  
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Table 1 .  Material t e s t e d  i n  phase 1. 

I D  No. P r i n c i p a l  M>mponent(s) Wt % Source CAS No. Batch No. 

2 J,R Phenylenediamine 56 .7  Naja, Ltd. 

kk t hyle nedia n i l i n e  30 * 3  Eutect ic  mix 9000032JP 

M g l y c i d y l e t h e r  of 13.0 

Bisphenol-  A 

3 Me thy 1 e ne diarsi.1 ine * A l l i e d  10 1-77-9 
Chemical 

170-C-16 

4 y G l y c i d y l 0 ~ -  i Union 2530-83-8 1 1  17MI021580 
t rime tho= s i l a n e  Carbide 

Corporation 

5 Y Ami no pro py 1- I Union 91 9-30-2 1131 E082580 
tri etho xy si 1 a ne Carhide 

Corporation 

The information a v a i l a b l e  about these m a t e r i a l s  was l i m i t e d .  

1 1  



Table 2.  Experimental Design 

Test Concen t r a t ion  Dosam 
Canpound CAS No. I D  S o l v e n t  W/ v% mg/wk 

m- h e  nylene di ami ne 

Methy lened ian i l ine  Mixture 2 Methanol 6 ,3 9 1  95 10.8,5.4.2.7 

D i g l y c i d y l e t h e r  of 
b i  sphenol- A 

Methy lened izn i l ine  101-77-9 3 Methanol 3,1.5,0.75 4.5,2.25,1.12 

Y Glycidyloxy- 2530-83 4 Cyclohexane 50,40,30 78 , 62.4 , 46 .8 
trime thy loxy si1 ane 

y Aminopropyl- 91 9-3a 5 Cyclohexane 30,20,10 43.8,29.2,14.6 
trime t h y l o x y s i l a n e  

it 
Corrected for d e n s i t y ,  based upon t h r e e  a p p l i c a t i o n s  per week Monday, 

Wednesday, and F r iday  i n  50 LJ 1 of the  so lven t .  
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Table 3 .  Acute toxicity following d a i l y  dermal a p p l i c a t i o n  of t e s t  materials. 

Body Weight 
Concentration L of W d19. of U (I) 

I D  No. Solvent (wt/vol $1 Feznale/Male Female/We Female/Hale Female/Male 

2 Ace tone 10 10 10 0 0 0 0 4'4.1 -2.5 
5 10 10 0 0 4.5 +7.T 0 0 
2.5 10 10 0 0 c3.3 4.9 0 0 

2 Methanol 10 10 10 0 0 4.8 +2.6 0 0 
5 9 10 0 0 -0.4 +4.0 0 0 
2.5 9 10 0 0 -1.4 +4.0 0 0 

3 Ace tone 10 10 10 3 3 43.7 4 . 0  0 0 
5 10 10 0 0 -0.4 +3.6 0 0 
2.5 10 10 0 0 4 . 6  -1 .3  0 0 

3 Methanol 10 9 9 4 1 -1.7 4.7 0 0 
5 10 9 0 1 4 . 8  4 . 0  0 0 
2.5 9 10 0 0 -3.1 4.5 0 0 

4 Ace tone 100 10 9 0 0 4.6 46.4 0 0 
50 10 10 0 0 +7.3 *3.1 0 0 
25 10 10 0 0 +7.1 4.6 0 0 

5 Aoe tone 100 10 10 0 0 +l .2 4 . 7  Severe Mi ld  
50 10 10 0 0 +5.6 45.3 Mild 0 
25 10 9 0 0 +9.1 4 . 8  0 0 

Methanol solvent  control 10 10 0 0 4.4 4.6 0 0 

13 



Table 4. Organ weights i n  females f o l l o w i n g  con t inuous  dermal 
a p p l i c a t i o n  of tes t  materials. 

Average t i s s u e  weight, gm k s e )  

I D  No. Solvent (wt/vol .  % >  Animals L i v e r  Kidney S p l e e n  
Concen t r a t ion  No. of 

2 Acetone 10 10 1.68( .030) 0.443( .005) 0.169( .008) 
5 10 1.39( .045) 0.360( .016) 0.135( .004) 
2.5 10 1 .50( .034) 0.369( .008) 0.124( .003) 

2 Methanol 10 70 I .64( ,051) 0.417(.014) 0.139( .007) 
5 9 1.60( .042) 0.417( .009) 0.132( .005) 
2.5 9 1.84( .072) 0.438( .011) 0.125( .010) 

3 Ace t o  ne 10 7 1 .73( .05 8) 0.395( .014) 0.1 98( ,013) 
5 10 1.52(.049) 0.367(.016) 0.169(.009) 
2.5 10 1.63(.058) 0.363( .013) O.I52( .008) 

3 Methanol. 10 5 2.03( .055) 0.455( .013) 0.204l.010) 
5 10 2.00(.045) 0.436(.008) 0.186(.008) 

1.59( .037) 0.431( .010) 0.131( .005) 2.5 9 

4 Acetone 100 10 1 .62( .038) 0.432( .009) 0.130( .005) 
50 10 1.53( .034) 0.424( .012) 0.125( .003) 
25 10 1.51( .036) 0.420( .007) 0 .I1 5( .003) 

5 Acetone 100 9 1.50( .053) 0.429( .OO 9) 0 .la( .014) 
50 10 1.52( .041) 0.444( .008) 0.138( .OlO> 
25 10 1 .45(.047) 0.415(.015) 0.111(.002) 

~ ~ ~ ~~ ~ 

Hethanol cont ro l  - 10 1.63( .062) 0.427( -01 5 )  0.1 1 O( .003) 
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Table 5. Organ weights i n  males following cont inuous  a p p l i c a t i o n  of' 
t e s t .  materials. 

Average t i s s u e  weight, gm ( ~ t s e )  

I D  No. Solven t  (wt /vol .  I )  Animals L i v e r  U dney Spleen 
Concen t ra t ion  No. of 

2 Acetone 10 10 1.94(.058) 0.679(.020) 0.166f.004) 
5 10 1.77( .065) 0.632( .025) 0 . I  21 ( .003) 
2 e 5  10 1.58( ,022) 0.523( .OlO) 0.090( .002) 

2 Methanol 10 10 1.63(.042) 0,565( ,014) 0.127( .004) 
5 10 1 =75( ,056) 0.631( .020) 0.115( .003) 
2.5 10 1.80( .037) 0.628( .009) 0 .IQ3(.003) 

3 Acetone 10 4 2.21(.132) n.t .  0.292( .035) 
5 10 2 . W  .073) 0,541 ( .022) 0.2277 . O n )  
2 e 5  8 1.93( .077) n. t. 0.128( .010) 

3 Methanol 10 9 2.20( .044) 0.608( .012) 0.235( .a091 
5 9 1.81 (.083) On569( .018) 0.168( .005) 
2 - 5  10 1.6 1 ( .020) 0.600( .018) 0.1 20( .003) 

4 Acetone 100 9 1.73( ,057) 0.648( .024) 0 .O98( .003) 
50 10 1.82( .040) 0,636( .016) 0.098( ,003) 
25 10 1.77( .043) 0,628( .016) 0.097( ,003) 

5 Acetone 100 10 2.90( .047) 0.693( .OlO> 0.125( .008) 
50 10 1.96(.069) 0.649( ,025) 0.109( .0051 
25 9 1.75( .033) 0.609( .018) 0.106( .004) 

Methanol s o l v e n t  - 10 1.71( .023) 0.605( .01?) O.OOg( .O21) 
c o n t r o l  
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Table 6 .  Treatment related organ weight changes i n  animals exposed t o  t h e  
t e s t  materials. 

Dose-dependent changes i n  organ 
w&&& re-ve t o  m e t h a n o l o 1  

Material Sex Liver  Kidney Sp leen  

2 

3 

4 

5 

Female 
Mal e 

Female 
Mal e 

Female 
Male 

Female 
Mal e 

1. "91 
2 

3 
1. 

n c  
ne 

nc 
.f 

n!l 
1. 

1.2 

nc 

ne 
.f 

nc  
1. 

I. 
nc  

1. 
nc 

'ne,  no change. 

2 k t h a n o l  only.  

'Acetone only. 

Spleen  weight proved t o  be t h e  most s e n s i t i v e  i n d i c a t o r ,  fol lowed by l i v e r  
and kidney. Given the  known tendency fo r  materials 2 and 3 to  form Schiff 
bases w i t h  a c e t o n e  a s  a s o l v e n t  t h e  d i f f e r e n c e s  i n  appa ren t  t o x i c i t y  a s  a 
f u n c t i o n  of s o l v e n t  could r e f l e c t  r e sponses  t o  t h e  S c h i f f  base r e a c t i o n  
p roduc t s  and n o t  t h e  s t a r t i n g  material. 
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Table 7 .  Cumulative Skin Tumor Frequency 

No. of Histologically Confirmed Skin Tumors 
combined) 

Material Exposure squamous 
( sol vent rate (mg/wk) Papillcvna Carcinoma Fibrana Other 

2a 10.8 0 
( b t h a n o l )  5.4 0 

2*7 0 

0 0 0 
0 0 0 
0 0 0 

3a 4 .5  0 
(k t h a n o l )  2 .25  0 

1.12 0 

0 0 0 
0 0 0 
0 0 0 

4a 78.0 0 
(Cyclohexane) 62.4 0 

46.8 0 

0 0 0 
0 0 0 
0 0 0 

5 a  43.8 
(Cyclohexane) 29.2 

14.6 

2 
0 
0 

0 0 0 
0 0 0 
0 0 0 

Na)P 0.015 11 60 0 0 
(Cyclohexane) 0.0075 14 43 1 1 

0.00375 28 19 1 2 

B(a >P 0.015 3 75 0 0 
(Methanol) 0 .Ow5 17 62 0 0 

0 000375 10 23 4 0 

Cyclohexaneb 116.7 1 0 0 0 
~ 

Methanolb 119 0 0 0 0 

a40 animals per sex, per dose. 

b l O O  animals per sex, per dose. 
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Table 8. Frequency of Grossly Observed Neoplasms for Materials Applied 
i n  Methanol. 

Observed T w r  -e ($1 
Material Dose 
ID No. Sex (mg/wk) Liver Spleen Kidney Ovary/Testis Lung 

F 10.8 25 0 4 40 
5.4 25 0 0 55 

0 
8 

2 07 20 0 0 6 8  10 
2, 

M 10.8 55 0 0 
5.4 6 8  0 0 
2 e 7  60 0 0 

0 0 
0 2 
0 5 

F 4.5 85 2 4 52 10 
2.25 25 0 0 40 10 
1.12 22 0 2 55 8 

3@ - I 

M 4.5 95 0 2 
2.25 75 0 0 
1.12 55 0 0 

0 12 
0 2 
0 8 

- -_-.__I- 

Methanol** F 119 11 2 2 49 16 
M 119 53 0 0 0 9 

fi 
40 animals per sex, per dose. 

** 
100 anircals per sex. 
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Table 9 .  Frequency of Grossly Observed Neoplams for pllateriala A p p l i e d  
i n  Cyclohexane. 

Observ- ( % I  
Haterial Dose 
ID No. Sex (rng/wk) Liver Spleen Kidney Ovary/Testis Lung 

4* 

F 78 12 0 2 60 
62.4 i a  0 0 52 
46.8 12 0 0 52 

15 
2 

15 

M 78 62 0 2 
62.4 60 0 2 
46.8 42 0 2 

0 8 
2 12 
0 2 

I-- -.- 

F 43.8 12 0 0 45 8 
29.2 12 0 0 50 12 
14.6 18 0 4 50 12 

5. -_I 

M 43.8 48 0 0 
29.2 5 8  0 2 
14.6 58  0 0 

2 15 
0 15 
0 18 

*c F 117 18 0 3 44 10 
hexane 

M 117 52 0 1 0 13 

(I 
40 animals per sex, per dose. 

fflc 
100 animals per sex, per dose. 
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Table 10.  Mor ta l i t y  Analys is  f o r  Materials Applied i n  Methanol. 

Material Risk Coeffi-ts" 

( o r  a o l v e n t )  Sex  (mg/wk) survival ( % I  B Sd sd 
I D  No. Dose 24 Month A -%* 2 

Methanol F 119 60.7 - - 
M 11 9 62.9 - - 

2 

F io  .a 20.5 1 .14 0.24 4.7 
5.4 53.8 0.27 0.27 
2 e 7  61.5 0.02 0.28 

M 10.8 32 - 5  0.78 0.24 3 -2 
5.4 35 .o 0 -74 0.24 3.1 
2 *7 37.5 0.53 0.25 2.1 

F 4.5 15.4 1.39 0.24 5 -8 
2.25 25.7 0.97 0.25 3.9 
1.12 35.9 0.82 0.25 3.3 

3 

M 4.5 35 .o 0.83 0.24 3.5 
2.25 35.9 0.66 0.25 2.6 
1.12 62.5 -0 .I2 0.29 

? 
&an t h e  p ropor t iona l  h a z a r d s  r e g r e s s i o n  model X . ( t )  = h o ( t ) e B j  where 

Ao(t> d e n o t e s  t h e  " force  of m o r t a l i t y "  a t  age t f o r  t h e  v e h i c l e  con t ro l  

group so t h a t  e j ( j  = dose group A, B,C) is  t h e  " r e l a t i v e  r i s k "  for  dose  

group j. 

J 

A 

3 

The n a t u r a l  log of t h e  r e l a t i v e  r i s k ,  8, i s  p o s i t i v e  i f  t h e  r i s k  i n  

t r e a t e d  aniqals  is i n c r e a s e d  Over t h a t  i n  t h e  c o n t r o l  groups.  
B 

?* 
For sd>1.95 P(O.05. Values  are shown on ly  i f  PL.05.  

See r e f e r e n c e  4 f o r  d e t a i l s  of p ropor t iona l  h a z a r d s  r e g r e s s i o n  mod& of 
Cox (1972) and r e f e r e n c e  5 for t h e  computat ional  procedure.  

20 



Table 11. Mortal i ty  Analysis for Materials Appl ied  in Cyclohexane. 

Risk Coefficiants' 
6 -* * Material Dose 24 b n t h  

ID No. Sex (mg/wk) survival ( % I  B sd Sd 

F 78 48.7 0.30 0.24 

62.4 32.5 0.55 0.23 2.4 

4 46.8 52.6 0.01 0.26 

M 7 8  51 e 3  0.14 0.26 

62.4 51 -3  0.08 0.27 

46.8 47.5 0.16 0.26 

F 43.8 50 .O 0.12 0.25 

29.2 48.6 0.03 0.26 

5 14.6 61.5 -0.06 0.26 

M 43 .8 48.6 0.30 0.26 

29.2 40.5 0.52 0.25 2.1 

14.6 50 .O 0.11 0.26 

* 
See Table 10. 

e* 
See Table 10. 

2 1  



Table 12. Body Weight Trends 

Av- ( t s e ) .  LE 
Material Dose 
( s o l v e n t )  Sex ( w / v % )  6 Months 12 Months 1 8  Months 24 Months 

2 F 6% 26.7(0.4) 28.8(0.5) 29.7( 0.6 1 25.4 (0.7 1 
( b t h a n o l )  M 33.8(0.3) 34.4(0.4) 34.1(0.5) 28.1(0.6) 

3 F 3% 29.5(0.3) 30. S(0.4) 32.6(0.4) 28.2(1 .O) 
(Methanol) M 35.2(0.4) 36.6(0.5) 35.0(0.6) 26 ~(0.7) 

27.9(0.3) 28.5(0.4) 30.4 ( 0.5 ) 27.2 ( 0.7) 
(Cyclohexane) M 33.4(0.3) 34.4(0.4) 34.6(0.5) 28.9(0.8) 

4 F 50% 

5 F 3 0% 28.5(0.3) 29.9(0.3) 31 .O(O .4) 27.9(0.6) 
(Cyclohexane) M 34.3(0.6 1 35.9(0.7) 36.1(0.6) 28.2(0.9) 

B(a )P F 0.018 29.4(0.3) 31.1(0.4) N. D. 29.5 (0.3 1 
(Cyclohexane) M 34.4(0.3) 30.5(0.4) N. D. 34.4(0 -3)  

(Cyclohexane) F 100% 28.9(0.3) 30.2(0.4) 31.0(0.5) 26.9(0.5) 
(Cyclohexane) M 33.5( 0.5 1 35.9(0.5) 34.6( 0.6 ) 27.6(0.4) 

B ( a ) P  F 0.01% 29.7(0.4) 31.0(0.4) N. D. 29.1(0.4) 
( W t h a n o l )  M 35.3(0.4) 3 5 S 0 . 4 )  N. D. 34 .O(O -5 )  

Untrea ted  F - N. D. N. D. 33.1 ( 0.8) 30 .I (0.9) 
Untreated M N. D. M. D. 44.3(0.6) 34.4(1 .8> 

22 



Cyclohexane 

70  - 

6 0  - 

so 

40 - 
30 - 

20 - 
.\ 

Female 

1 

N 
w 

S 

V 
A 
L 
U 

100 

8 0  

80 

1 1 I I I I I 1 I I I I I 

20 30 40 50 80  70 80 BO 100 110 120 0 10 

ACE Af  DEATH (WEEKS) 

Fig. 1. S u r v i v a l  o f  female C3Hf/Bd mice t r e a t e d  w i t h  cyclohexane (so l ven t )  3 treatment/wk f o r  24 months, 
t o t a l  dosejwk: 116.7 mg. 
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F i g .  3.  DGRP. A: 43.8,  B: 29.2, C: 14.6 mg/wk i n  cyclohexane, 3 treatments/wk f o r  24 months. 
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