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DRUG AND C H M I C A L  TOXICOLOGY, 2 ( 4 ) ,  315-330 (1979) 

UPDATE ON THE TOXICITY 
OF INHALED 

METHYL METHACRYLATE VAPOR 

M. F. Tansy and F. M. Rendal l  
Department of Physiology and Biophysics  
Temple U n i v e r s i t y  Heal th  Sc iences  Center  

P h t l a d e l p h i a ,  Pennsylvania  19140 

ABSTRACT 

The c u r r e n t  th reshold  l i m i t  v a l u e  (TLV) of 100 ppm f o r  methyl  
methacry la te  vapor  was o r i g i n a l l y  s e t  because i t  was cons idered  to  
be a va lue  s u f f i c i e n t l y  low t o  prec lude  e i t h e r  sys temic  tox ico lo-  
g i c a l  e f f e c t s  o r  discomfort  from i r r i t a t i o n  i n  workers  c h r o n i c a l l y  
exposed t o  the  vapor .  S h o r t l y  a f t e r  t h i s  l i m i t  w a s  proposed we 
became i n t e r e s t e d  i n  e v a l u a t i n g  t h e  t o x i c o l o g i c a l  p r o p e r t i e s  of 
methyl methacry la te  vapor and,  subsequent ly ,  o f  provid ing  e x p e r i -  
menta l  d a t a  which would be u s e f u l  i n  e v a l u a t i n g  t h e  adequacy of 
t h i s  TLV. The purpose of t h i s  a r t i c l e  is t o  review some of t h e  
more r e l e v a n t  l i t e r a t u r e  p r i o r  t o  1976 which p e r t a i n s  t o  inha la-  
t i o n  exposure and t o  s u m a r i z e  our  more r e c e n t  d a t a  which r e s u l t e d  
from s t a t i s t i c a l l y  designed s t u d i e s  employing a c u t e  and subchronic  
exposures  t o  known c o n c e n t r a t i o n s  of t h e  vapor  i n c l u d i n g  t h e  near-  
TLV va lue  of 116 ppm. 

INTRODUCTION 

I n t e r e s t  i n  t h e  t o x i c i t y  of methyl  methacry la te  monomer con- 

t i n u e s  because of i t s  cont inued widespread use  i n  commercial 

f a b r i c a t i o n s ,  i t s  r o u t i n e  u s e  i n  t h e  p r a c t i c e  of  d e n t i s t r y ,  and 

because of i t s  employment as a bone cement. Other  c h r o n i c  medica l  

u s e s  i n c l u d e  a r t i f i c i a l  knees,  a r t i f i c i a l  shoulder  j o i n t s ,  c r a n i a l  
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d e f e c t  r e p a i r s ,  p l a s t i c  s p l i n t s  and f u s i o n  i n  s p i n e  s t a b i l i z a t i o n .  

However, t h e  c l i n i c a l  l i t e r a t u r e  p e r t a i n i n g  t o  t h e  employment of  

methyl m e t h a c r y l a t e  h a s ,  i n  r e c e n t  y e a r s ,  become s o  voluminous 

t h a t  a d e t a i l e d  su rvey  of  a p p l i c a t i o n s  canno t  b e  g i v e n  h e r e .  

Then, a g a i n ,  i n  most cases t h e  c l i n i c a l  l i t e r a t u r e  does  n o t  con- 

t a i n  p r e c i s e  t o x i c o l o g i c a l  i n f o r m a t i o n .  

Autopolymerizat ion f o r m u l a t i o n s  c o n t a i n i n g  methyl  methacry- 

l a t e  a r e  employed i n  d e n t i s t r y  f o r  p r o s t h e s i s  f a b r i c a t i o n  or 

s t a b i l i z a t i o n .  Here t h e  mixing of components is u s u a l l y  done i n  

a n  open c o n t a i n e r  and t h e  e scape  of  t h e  monomer vapor  is evidenced 

by t h e  p e n e t r a t i n g  odor  which pe rvades  t h e  l a b o r a t o r y .  A t  Temple, 

approximately 150 d e n t a l  s t u d e n t s  may be f a b r i c a t i n g  custom 

a c r y l i c  t r a y s ,  b a s e  p l a t e s  or d e n t u r e  b a s e s  i n  one l a r g e  l abora -  

t o r y .  The i n d i v i d u a l  exposure d u r a t i o n  may b e  from t h r e e  t o  s i x  

hour s  pe r  day. The a c r i d  odor t h a t  pe rmea te s  t h e  b u i l d i n g  d u r i n g  

such  l a r g e - s c a l e  u s e  of methyl m e t h a c r y l a t e  i n  t h e  t e c h n i q u e  

l a b o r a t o r i e s  i s  ev idence  of a h i g h  ambient  c o n c e n t r a t i o n  o f  t h e  

monomer vapor .  S i n c e ,  i n  t h e  c o u r s e  of d e n t a l  a p p l i c a t i o n ,  t h e  

i n i t i a l  heavy p a s t e - l i k e  r e s i n  mix i s  f r e q u e n t l y  shaped u s i n g  t h e  

b a r e  hands,  i t  shou ld  f o l l o w  t h a t  a b s o r p t i o n  of  methyl  methacry- 

l a t e  may occur  through t h e  l u n g s  and s k i n .  

D i r e c t  c o n t a c t  w i t h  t h e  l i q u i d  monomeric form is  l i m i t e d  and 

a c c i d e n t a l ,  bu t  t h e  pr imary vapor  haza rd  o c c u r s  when t h e  monomer 

i s  manufactured,  s t o r e d ,  and u s e d ,  e i t h e r  i n  m e d i c i n a l  o r  indus-  

t r i a l  a p p l i c a t i o n .  Ex tens ive  reviews''* on t h e  s u b j e c t  of  methyl  

m e t h a c r y l a t e  t o x i c i t y  have  been pub l i shed .  And, as a r e s u l t ,  t h e  

t o x i c i t y  of t h e  material i s  w e l l  known and no one would a t t e m p t  t o  
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r o u t i n e l y  expose h i s  s k i n  o r  eyes  t o  d i r e c t  c o n t a c t ,  much less 

i n g e s t  i t  e i t h e r  v o l u n t a r i l y  o r ,  because of i t s  pungent odar ,  by 

a c c i d e n t .  Despi te  these  f a c t s ,  most of t h e  exper imenta l  toxico-  

l o g i c a l  work done involves  d i r e c t  exposure,  e i t h e r  by g a s t r i c  o r  

p a r e n t e r a l  a d m i n i s t r a t i o n  of t h e  l i q u i d  monomer. While t h e r e  is 

some j u s t i f i c a t i o n  f o r  developing system and organ t o x i c i t y  d a t a  

from such exposures ,  t h e r e  w a s  a h i s t o r i c a l  l a c k  of d a t a  p e r t a i n -  

i n g  t o  i n h a l a t o r y  exposures and r e s u l t i n g  t o x i c i t y .  

ACUTE T O X I C I T Y  

Lc50 

One of t h e  e a r l i e s t  r e p o r t s  of i n h a l a t o r y  exposure t o x i c i t y  

which is  always c i t e d  is  t h e  paper of Deichmann3 which appeared i n  

1941. Deichmann showed t h a t  r a b b i t s , g u i n e a p i g s  and rats surv ived  

i n h a l a t i o n  of methyl methacry la te  i n  a i r  a t  a c o n c e n t r a t i o n  of 

14.3 mg/l f o r  e i g h t  hours .  H e  a l s o  showed t h a t  a methyl methacry- 

l a t e  concent ra t ion  of 19 mg/l k i l l e d  a l l  r a b b i t s ,  gu inea  p i g s  and 

r a t s  i n  two and one h a l f  t o  f i v e  hours .  A l a t e r  a t tempt  by 

Spealman, Main, Haag, and Larson4 employed mice, guinea p i g s  and 

dogs which were exposed f o r  per iods  ranging  from 30 minutes  per  

day t o  t h r e e  hours  per  day f o r  p e r i o d s  ranging  from t h r e e  days t o  

1 5  d a y s  t o  c a l c u l a t e d  vapor c o n c e n t r a t i o n s  between 39.3 mg/l  and 

65.5 mg/l. From t h e i r  observa t ions  they es t imated  a t h r e e  hour 

i n h a l a t i o n  LD50 of methyl methacry la te  i n  a i r  f o r  mice a t  55.0 

mg/l. I n  1964, Borze l leca  and h i s  co-workers5 r e p o r t e d  t h a t  t h e  

LD50 f o r  two hour exposures i n  ra ts  w a s  es t imated  t o  l i e  between 

45 and 50 mg/l. 
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There  is no doub t  t h a t  p a r t  of  t h e  r e a s o n  f o r  t h e  p a u c i t y  o f  

h a r d  d a t a  p e r t a i n i n g  t o  i n h a l a t o r y  exposure  was d i r e c t l y  a t t r i -  

b u t a b l e  t o  a l a c k  of good equipment f o r  o b t a i n i n g  un i fo rm exposure  

c o n c e n t r a t i o n s  and t o  t h e  inadequacy of a v a i l a b l e  methods f o r  v e r i -  

f y i n g  t h e  magnitude and c o n s i s t e n c y  o f  s u c h  exposure  c o n c e n t r a -  

t i o n s .  I n  f a c t  t h e r e  were no c o n s i s t e n c i e s  a p p a r e n t  i n  me thy l  

m e t h a c r y l a t e  LC50 d a t a  f o r  s h o r t  exposure  p e r i o d s  u n t i l  r e c e n t l y  

when we r e p o r t e d  a f o u r  hour  LC50 c o n c e n t r a t i o n  of 7093 ppm f o r  

ra ts .6  T h i s  is  w i t h i n  a f a c t o r  of t w o  o f  t h e  v a l u e  of 4750 ppm 

which Deichmann3 r e p o r t e d  i n  1941 f o r  two ra t s .  

r e l e v a n t  pape r s  i n d i c a t e s  t h a t  i n  t h o s e  cases where d o s i m e t r y  was 

i n  f a c t  a t t e m p t e d  w i t h  some care3, o r  n ~ n - e x i s t a n t , ~ ~ ~  t h e  e x p e r i -  

men ta l  p o p u l a t i o n s  were ex t r eme ly  small  and t h e  expe r imen t s  them- 

s e l v e s  were n e i t h e r  d e s i g n e d  f o r  no r  a n a l y z e d  by s t a t i s t i c a l  

methods. Obviously t h e  o t h e r  r e a s o n  f o r  s c a n t y  i n h a l a t o r y  tox ico -  

l ogy  d a t a  was t h e  f a c t  t h a t  t h e  i m p e r a t i v e  fo r  b o t h  s e t t i n g  and 

e v a l u a t i n g  TLV s t a n d a r d s  is a r e l a t i v e l y  r e c e n t  o c c u r r e n c e .  

A s u r v e y  of  t h e  

SUBCHRONIC T O X I C I T Y  

We s e t  o u t  t o  r e c t i f y  some of  t h e  a fo remen t ioned  shor t comings  

i n  i n h a l a t o r y  s t u d i e s  when we became i n t e r e s t e d  i n  t h e  t o x i c i t y  o f  

me thy l  m e t h a c r y l a t e  vapor  i n  1973.7 

began o u r  s t u d i e s  l i k e  eve ryone  else:  w i t h  c a l c u l a t e d  concen t r a -  

t i o n s ,  enormous d o s a g e s ,  small sample s i z e s ,  and u n c e r t a i n  d e l i -  

I n t e r e s t i n g l y  enough, we 

v e r y  sys t ems .  Our o r i g i n a l  o b s e r v a t i o n '  t h a t  i n h a l a t o r y  e x p o s u r e  

to me thy l  m e t h a c r y l a t e  v a p o r  caused  a r e d u c t i o n  i n  g a s t r o i n t e s t i -  
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n a l  motor a c t i v i t i e s  w a s  subsequen t ly  confirmed b o t h  i n  v i t r o 8  and 

Our i n t e r e s t  i n  a c c u r a t e l y  d e t e r m i n i n g  exposure  c o n c e n t r a -  

t i o n s  and i n  t h e  s t a t i s t i c a l  d e s i g n  of expe r imen t s  stemmed from 

t h e  need a r i s i n g  from t h e  burgeoning i n t e r e s t  i n  e v a l u a t i n g  TLV 

c o n c e n t r a t i o n s  of methyl  m e t h a c r y l a t e  and o t h e r  s u b s t a n c e s .  Con- 

s e q u e n t l y  most of t h e  i n f o r m a t i o n  of t h i s  n a t u r e  h a s  come from o u r  

l a b o r a t o r i e s  s i n c e  1976. I n  f a c t  we are aware of  o n l y  one o t h e r  

paper'' p e r t a i n i n g  t o  methyl  m e t h a c r y l a t e  i n h a l a t o r y  t o x i c i t y  ( a n  

a c c i d e n t a l  d e a t h  of a r h e s u s  monkey) which had appea red  i n  t h e  

l i t e r a t u r e  s i n c e  t h a t  t ime.  

- Body Weight and Gross  Metabo l i c  Performance 

Data c i t e d  i n  p r e v i o u s  r e p o r t s l O  from o u r  l a b o r a t o r i e s  have  

i n d i c a t e d  t h a t  rats which had r e c e i v e d  a d a i l y  e i g h t  hour  exposure 

t o  approx ima te ly  116 ppm of  methyl  m e t h a c r y l a t e  vapor  i n  a i r  f o r  

t h r e e  months,  e x c l u d i n g  weekends,  had,  on t h e  a v e r a g e ,  lower body 

w e i g h t s  t h a n  t h o s e  of  a similar group which had r e c e i v e d  sham 

exposures .  The re  was a r e a d i l y  a p p a r e n t  l a c k  of f a t  d e p o s i t s  

w i t h i n  t h e  abdominal c a v i t i e s  of t h e  exposed an ima l s  when they  

were examined a t  necropsy.  Furthermore,  when sk inned ,  t h e  car- 

c a s s e s  of t h e  exposed rats w e r e  o b v i o u s l y  l e a n .  S i m i l a r l y ,  t h e  

mean body we igh t  and t h e  mean weight  of t h e  l e f t  p o p l i t e a l  f a t  

pads of s i x  month exposed rats were s i g n i f i c a n t l y  less t h a n  t h o s e  

f o r  t h e  sham group. 

He s u b s e q u e n t l y  de t e rmined  t h a t  t h e s e  changes are o n l y  
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observed i n  r a t s  whose food i n t a k e s  were s e v e r e l y  r e s t r i c t e d . l z  

They a r e  not observed i n  c o n t r o l  r a t s  whose food i n t a k e  i s  

r e s t r i c t e d  nor i n  methyl  methacry la te  exposed rats whose food 

i n t a k e  is not  r e s t r i c t e d  , 1 2  

t h a t  under normal feeding  c o n d i t i o n s  t h e r e  are  no methyl metha- 

c r y l a t e  induced e f f e c t s  upon such c l a s s i c a l  metabol ic  parameters  

a s  food and water  i n t a k e  o r  f l u i d  o u t p u t  i n  rats. 

The preceding experiments  demonstrate  

We have no exper imenta l  d a t a  t h a t  account  f o r  t h e  decreased 

body weight and subcutaneous f a t  phenomena” o t h e r  than  t o  p o i n t  

o u t  t h a t  i n d i v i d u a l  oxygen consumption measurements made f o r  

methyl methacry la te  exposed and sham exposed r a t s  picked a t  random 

a t  t h e  end of t h e  exposure per iod revea led  i n c r e a s e s  of up t o  45 

percent  i n  oxygen consumption on t h e  p a r t  of t h e  methyl methacry- 

l a t e  exposed animals .  13 

Blood Chemistr ies  

We have employed near  TLV (116 ppm) doses  f o r  t h r e e  and s i x  

monthsl09l2 a rd  1000 ppm exposures  f o r  seven days.13 

blood serum component c o n c e n t r a t i o n  changes have been noted a t  a l l  

gas  c o n c e n t r a t i o n s  employed, bu t  t h e  changes are n o t  c o n s i s t e n t  

and when s i g n i f i c a n t ,  f r e q u e n t l y  I n  t h e  wrong d i r e c t i o n  t o  have 

phys io logica l  s i g n i f i c a n c e .  

SMA 12/60 

Mean SMA 12/60 da t a  i n d i c a t e  t h a t  w e  were a b l e  t o  conclude 

t h a t  t h e  only s i g n i f i c a n t  d i f f e r e n c e  which e x i s t e d  between t h e  

mean parameter va lues  f o r  t h e  t h r e e  month exposed and sham exposed 

groups (food r e s t r i c t e d )  w a s  t h e  mean serum a l k a l i n e  phosphatase 

concent ra t ion  of t h e  exposed group which was s i g n i f i c a n t l y  ele- 
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vated."  Non f o o d - r e s t r i c t e d  r a t s  which were c h r o n i c a l l y  exposed 

f o r  t h r e e  months t o  d a i l y  c o n c e n t r a t i o n s  of  116  ppm o f  me thy l  

m e t h a c r y l a t e  vapor  i n  a i r  d i d  no t  e x h i b i t  an  e l e v a t e d  serum a l k a -  

l i n e  phospha ta se .12  SMA 1 2 / 6 0  blood serum a n a l y s i s  from t h e s e  non 

f o o d - r e s t r i c t e d  an ima l s  a t  nec ropsy  r e s u l t e d  i n  a s i g n i f i c a n t  de- 

1 2  c r e a s e  i n  t o t a l  b i l i r u b i n  and a n  i n c r e a s e  i n  t o t a l  c h o l e s t e r o l .  

Examinat ion of SMA12/60data  f o r  t h e  s i x m o n t h  food r e s t r i c t e d  

g roup  i n d i c a t e s  t h a t  mean t o t a l  serum p r o t e i n ,  c h o l e s t e r o l ,  b lood 

u r e a  n i t r o g e n ,  serum g l u t a m a t e - o x a l o a c e t a t e  t r a n s a m i n a s e ,  and cal-  

c ium/phospha te  r a t i o  were s i g n i f i c a n t l y  lower i n  t h e  case of t h e  

me thy l  m e t h a c r y l a t e  exposed g roup ,  w h i l e  t h e  mean serum a l k a l i n e  

phospha ta se  and i n o r g a n i c  phospha te  c o n c e n t r a t i o n s  were s i g n i f i -  

c a n t l y  e l e v a t e d .  10 

S i x  of t h e  14  obse rved  pa rame te r  means were o b s e r v e d  t o  be 

s i g n i f i c a n t l y  lower i n  t h e  1OOOppm methy l  m e t h a c r y l a t e  exposed 

(non f o o d - r e s t r i c t e d )  g roup  t h a n  t h o s e  o f  t h e  sham c o n t r o l  group.  

These  i n c l u d e d  a l b u m i n , g l u c o s e ,  blood u r e a  n i t r o g e n ,  serum g l u t a -  

m a t e - o x a l o a c e t a t e  t r a n s a m i n a s e ,  serum g l u t a m a t e - p y r u v a t e  t r a n s -  

aminase,  and t h e  a lbumimglucose  r a t i o . 1 3  Comparison of t h e s e  re- 

s u l t s  p r e s e n t s  d i f f i c u l t i e s  inasmuch as some of  t h e  rats were food 

r e s t r i c t e d  and o t h e r s  were n o t .  Fu r the rmore ,  w h i l e  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  i n  mean pa rame te r  v a l u e s  c o u l d  b e  shown t o  

e x i s t  between sham and exposed g roups  hav ing  t h e  same d i e t a r y  re- 

gimen, t h e  d i f f e r e n c e s  themse lves  were f r e q u e n t l y  i n  t h e  wrong 

d i r e c t i o n  t o  have known d i a g n o s t i c  v a l u e  o r  t h e  mean v a l u e s  f o r  

t h e  exposed g r o u p s  s t i l l  f e l l  w i t h i n  t h e  normal r a n g e  of  v a l u e s  

f o r  t h e  p a r t i c u l a r  b reed  of ra t  (Sprague Dawley). 
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Cardiovascular  Funct ions 

No s i g n i f i c a n t  changes i n  h e a r t  r a t e  o r  sys temic  a r t e r i a l  

blood pressure  were observed i n  beagle  dogs t h a t  were exposed 

d a i l y  t o  100 and 400 ppm of methyl methacry la te  vapor  f o r  t h r e e  

months .14 

i n  t h e  a n e s t h e t i z e d  dog9 and which has  been observed by o t h e r s  

appears  t o  be an a c u t e  e f f e c t .  

The t r a n s i e n t  hypotension which we i n i t i a l l y  repor ted  

1 5  

Mul t iun i t  A c t i v i t y  i n  t h e  C e n t r a l  Nervous System 

Recent s t u d i e s  from our l a b o r a t o r y  r e p o r t e d  depress ion  of 

m u l t i u n i t  e l e c t r i c a l  a c t i v i t y  i n  t h e  l a t e r a l  hypothalamus and 

v e n t r a l  hippocampus of r a t s  which were exposed t o  400 ppm of 

methyl methacry la te  vapor i n  a i r  f o r  60 minutes.16 I n  sharp  

c o n t r a s t ,  record ings  made from the  p a r i e t a l  c o r t e x ,  cerebel lum, 

d o r s a l  hippocampus, medial arnygdala, v e n t r a l  medial  hypothalamus, 

a n t e r i o r  hypothalamus, septum, and m a m i l l a r y  body fo l lowing  

comparable exposures showed i n s i g n i f i c a n t  changes i n  m u l t i u n i t  

e l e c t r i c a l  a c t i v i t y .  16 

H i s  topathology 

Pre l iminary  h i s t o l o g i c a l  o b s e r v a t i o n s  of s e c t i o n s  from t h e  

l i v e r s  of r a t s  c h r o n i c a l l y  exposed t o  d a i l y  c o n c e n t r a t i o n s  of 116 

ppm methyl methacry la te  vapor i n  a i r  f o r  t h r e e  and s i x  months 

ind ica ted  the  p o s s i b l e  presence  of f r a n k  l i v e r  damage i n  both 

groups.17 

c o n s i s t e n t l y  observed, a tes t  of l i v e r  f u n c t i o n  w a s  made i n  mice 

t o  determine whether i t  could be  i n f e r r e d  t h a t  mean s l e e p i n g  t i m e s  

Inasmuch a s  such changes were n e i t h e r  q u a n t i f i a b l e  nor 
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of mice i n t e r m i t t e n t l y  exposed f o r  160 hours  t o  100 ppm and 400 

ppm of methyl methacry la te  vapor i n  a i r  were s i g n i f i c a n t l y  d i f f e r -  

e n t  than t h e  mean s l e e p i n g  t i m e  of a sham exposed group.  Our 

r e s u l t s  of decreased s l e e p i n g  time i n  mice exposed t o  100 ppm and 

400 ppm of methyl methacry la te  vapor  do not  suppor t  a n  assumption 

of impaired l i v e r  f ~ n c t i 0 n . l ~  

r e p o r t e d  s i g n i f i c a n t  i n c r e a s e s  i n  s l e e p i n g  t i m e  a t  much h igher  

methyl methacry la te  vapor  c o n c e n t r a t i o n s  (164.22 mg/ l ) .  

However, Lawrence and Autian18 have 

The l a c k  of  any remarkable g r o s s  o r  microscopic  pathology a t  

a l l  dose l e v e l s  i n  t h e  c a s e  of t h e  h e a r t ,  g a s t r o i n t e s t i n a l  t r a c t ,  

s p l e e n  and a d r e n a l s  i s  i n  good agreement wi th  t h e  n e g a t i v e  f i n d -  

i n g s  of f o u r  o t h e r  i n v e s t i g a t o r s  who employed l a r g e  d o s e s  by o t h e r  

r o u t e s  of a d m i n i ~ t r a t i o n . ~ - ~ ’ ~ ~  

P r e l i m i n a r y  unpubl ished o b s e r v a t i o n s  from our  o r i g i n a l  s t u -  

d i e s  a l s o  suggested t h a t  c h r o n i c  exposure of ra t s  t o  116 ppm of 

methyl methacry la te  i n  a i r  might  be a s s o c i a t e d  w i t h  damage t o  

t r a c h e a l  ep i the l ium.  Scanning e l e c t r o n  micrographs of t h e  tra- 

c h e a l  e p i t h e l i a  from r a t s  and f r o g s  have shown denudat ion of 

m i c r o v i l l i  and sugges t ions  t h a t  t h e  c i l i a r y  morphology were 

a l t e r e d  a t  exposure c o n c e n t r a t i o n s  of 400 ppm. 

t h i s  f o r  near  TLV c o n c e n t r a t i o n s .  The s i g n i f i c a n c e  o f  c h r o n i c  

We d i d  not  o b s e r v e  

exposure t o  methyl  m e t h a c r y l a t e  upon t h e  f u n c t i o n  of r e s p i r a t o r y  

c i l i a t e d  e p i t h e l i u m  w a s  s t u d i e d  us ing  a d u l t  n o r t h e r n  g r a s s  f r o g s  

exposed t o  116 ppm and 400 ppm of methyl  m e t h a c r y l a t e  i n  a i r  by 

means of measurements of t h e  r a t e  of t r a n s p o r t  of small g l a s s  

spheres .13 No s i g n i f i c a n t  e f f e c t  w a s  demonstrable  i n  the case of 
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f r o g s  which had been s u b j e c t e d  t o  t h e  116 ppm exposure but  t r a n s i t  

c a p a b i l i t y  degraded r a p i d l y  (with k i n e t i c  f a i l u r e  a f t e r  as few as 

f i v e  t r i a l s )  i n  t h o s e  f r o g s  which had been exposed to  t h e  h i g h e r  

dosage. Thus, i n  keeping with i t s  previous ly  r e p o r t e d  d e p r e s s a n t  

e f f e c t  upon a c t i v e  c o n t r a c t i o n ,  '-lo methyl m e t h a c r y l a t e  i n  concen- 

t r a t i o n s  of about  f o u r  times t h e  TLV might e x e r t  a d e f i n i t e  

c i l i o s t a t i c  e f f e c t .  

Teratology 

We d i d  not observe s i g n i f i c a n t  d i f f e r e n c e s  i n  p r o p o r t i o n s  of 

f e t a l  r e s o r p t i o n s  o r  t e r a t o g e n i c  m a n i f e s t a t i o n s  i n  t h e  f e t u s e s  of 

pregnant mice t h a t  were exposed f o r  60 hours  t o  116 and 400 ppm of 

methyl methacry la te  vapor  i n  air." 

G a s t r o i n t e s t i n a l  M o t i l i t y  

Except f o r  t h e  e f f e c t  on body weight and body f a t  noted i n  

ra t s  c h r o n i c a l l y  exposed t o  methyl  methacry la te  vapor  wi th  

r e s t r i c t e d  d i e t s ,  none of t h e  above e f f e c t s  have been c o n s i s t e n t l y  

observed a t  near  TLV c o n c e n t r a t i o n s  f o r  t h e  i n d i c a t e d  d u r a t i o n s  of 

exposures .  The most c o n s i s t e n t  responses ,  i n  v i v o  and i n  v i t r o ,  

r e g a r d l e s s  of d e l i v e r y  r o u t e  o r  dose,  have cont inued  t o  be  el i-  

c i t e d  by t h e  s m a l l  bowel. Colonic  a c t i v i t y ,  as evidenced by 

increased  f e c a l  e x c r e t i o n  a lso appears  t o  be  i n f l u e n c e d  i n  rats.12 

Small i n t e s t i n a l  t r a n s i t  performance is depressed  i n  r a t s  

exposed t o  near  TLV v a l u e s  f o r  t h r e e  months or longer  even though 

t h e  measurements are made t h r e e  days a f t e r  t e r m i n a t i o n  of exposure 

on a n e a r - s t a r v a t i o n  background." Acute i n  v i v o  and i n  v i t r o  
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experiments  by o u r s e l v e s ,  and by o t h e r s 2 1  i n d i c a t e  t h a t  methyl 

methacry la te  i t s e l f  produces a t r a n s i e n t  motor d e p r e s s i o n  of t h i s  

organ.  The e f f e c t  d i s a p p e a r s  when t h e  agent  i s  removed. The 

a c u t e  methyl methacry la te  e f f e c t  does not  possess  a t r o p i n e - l i k e  

p r o p e r t i e s  because t h e  bowel produces an a c e t y l c h o l i n e  response i n  

t h e  presence of t h e  agent .22  

bowel p e r s i s t s  even a f t e r  pre t rea tment  by t h e  a lpha  a d r e n o l y t i c  

phenoxybenzamine, thus  sugges t ing  t h a t  t h e  e f f e c t  does not  i n v o l v e  

adrenerg ic  r e c e p t o r s .  

The d e p r e s s a n t  e f f e c t  on t h e  s m a l l  

22 

Experiments with dogs9 support  t h e  i n  v i t r o  d a t a  and l e a d  t o  

t h e  conclus ion  t h a t  t h e  a c u t e  e f f e c t  is n o t  a r e s u l t  of long  a r c  

r e f l e x e s .  Evidence t h a t  t h e  a c u t e  a f f e c t  i s  not  due t o  s h o r t  arc 

r e f l e x e s  involv ing  t h e  p lexus  of Auerbach c o n s i s t s  of t h e  observa- 

t i o n  t h a t  t h e  motor i n h i b i t o r y  e f f e c t  is  ev ident  i n  rat u t e r i n e  

smooth muscle which does not  have t h i s  plexus.22 

r e s u l t s  from t h i s  l a b o r a t o r y  sugges t  t h a t  a c u t e  methyl  methacry- 

l a t e  exposures of f r o g s  are a s s o c i a t e d  w i t h  d e c r e a s e s  i n  t w i t c h  

P r e l i m i n a r y  

f o r c e  produced by f r o g  s k e l e t a l  muscles." 

o b s e r v a t i o n s  have i n d i c a t e d  t h a t  similar d e p r e s s a n t  e f f e c t s  upon 

g a s t r o i n t e s t i n a l  smooth muscle a r e  a l s o  produced i n  v i v o  and 

-- i n  v i t r o  by e t h y l  a c r y l a t e  and b u t y l  a c r y l a t e ,  w i t h  t h e s e  a g e n t s  

appearing t o  produce t h e  same e f f e c t s  a t  lower c o n c e n t r a t i o n s  and 

dosages.  

Other  pre l iminary  

24 

These d a t a  sugges t  t h a t  t h e  motor i n h i b i t o r y  e f f e c t  may 

encompass more than  one a c r y l i c  a c i d  es ter ,  and t h a t  t h e  smooth 

muscle of t h e  small i n t e s t i n e  c o n s t i t u t e s  a p a r t i c u l a r l y  s e n s i t i v e  
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model f o r  both t h e  e v a l u a t i o n  of the t o x i c  e f f e c t  and an e luc ida-  

t i o n  of t h e  i n h i b i t o r y  mechanism. 

We have not  d i scarded  a very ear ly  sugges t ion  t h a t  methyl 

methacry la te  i n  p a r t i c u l a r  may e x e r t  i t s  e f f e c t  by reducing  t h e  

c o n t r a c t i l e  f o r c e  produced by e i t h e r  s k e l e t a l  o r  smooth muscle. 

The ques t ions  a r e  not  answered whether t h e  e f f e c t  is  upon t h e  

muscle membrane, and/or  t h e  c o n t r a c t i l e  mechanism, and whether 

v i s c e r a l  and m u l t i u n i t  smooth muscle, s k e l e t a l  muscle, and c a r d i a c  

muscle. a l s o  c o n s t i t u t e  s e n s i t i v e  e f f e c t o r  s y s t e m s .  An i n v e s t i g a -  

t i o n  of t h e  mechanisms of the  i n h i b i t o r y  e f f e c t  and a comparison 

of responses  with d i f f e r e n t  t y p e s  of muscle would be  necessary  t o  

v a l i d a t e  any kind of muscle as a s e n s i t i v e  model o r  choice f o r  

e v a l u a t i n g  a c r y l a t c  t o x i c i t y .  

DISCUSSION AND CONCLUSIONS 

No update  on the  tox ico logy  of  any subs tance  is complete 

today wi thout  r e f e r e n c e  t o  i t s  c a r c i n o g e n i c i t y .  

p o t e n t i a l  of methyl  methacry la te  i n  humans i s  unknown".2 

demiological  d a t a  have been analyzed t o  determine whether t h e  

inc idence  of v a r i o u s  mal ignancies  i s  h igher  i n  o c c u p a t i o n a l l y  

exposed groups than  i n  non-exposed groups and/or  whether smoking 

is a r e l a t e d  f a c t o r .  I n  any e v e n t ,  dosimetry i n  t h e s e  c a s e s  pre- 

"The carc inogenic  

No epi -  

s e n t  a formidable  problem. 

I n  a l i k e  manner, no c u r r e n t  d a t a  e x i s t s  which j u s t i f y  t h e  

d e f i n i t i o n  of r o u t i n e  occupat iona l  exposure t o  methyl m e t h a c r y l a t e  

vapor  as  being hazardous.  Recent s t u d i e s  from t h i s  l a b o r a t o r y  

i n d i c a t e  t h a t  g a s t r o i n t e s t i n a l  motor a c t i v i t i e s  may c o n s t i t u t e  a 
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s e n s i t i v e  p h y s i o l o g i c a l  sys t em which i s  a f f e c t e d  by i n h a l a t i o n  of  

r e l a t i v e l y  low c o n c e n t r a t i o n  of  t h i s  vapor .  The e x i s t e n c e  of  s u c h  

e f f e c t s  h a s  been h i t h e r t o  unsuspec ted .  Thus,  t h e r e  h a s  been no 

r e a s o n  t o  s e e k  a n  a s s o c i a t i o n  between o c c u p a t i o n a l  exposure  t o  

t h e s e  vapor s  and g a s t r o i n t e s t i n a l  d i s e a s e  o r  d i s t r e s s .  The con- 

s e n s u s  of t h i s  work i s  t h a t  v i s c e r a l  smooth muscle  and p o s s i b l y  

o t h e r  c o n t r a c t i l e  systems may c o n s t i t u t e  models which can  be  used 

t o  e v a l u a t e  a c u t e  t o x i c  mechanisms. 

However, a t  t h i s  p o i n t  i t  may be w e l l  t o  i n d i c a t e  t h a t ,  a s i d e  

from t h e  e f f e c t s  p r e v i o u s l y  n o t e d ,  me thy l  m e t h a c r y l a t e  i s  known to  

be  a powerful  i r r i t a n t .  I t  can produce c e l l u l a r  r e s p o n s e s .  I f  a n  

a l t e r a t i o n  of l i v e r  f u n c t i o n  i n  f a v o r  of dec reased  s l e e p i n g  t ime 

i s  subsequen t ly  confirmed,  such  c o n f i r m a t i o n  w i l l  p r o v i d e  some 

r e a s o n  t o  s u s p e c t  t h a t  e i t h e r  methyl  m e t h a c r y l a t e ,  a m e t a b o l i t e ,  

o r  a s u b s t a n c e  r e l a t e d  t o  them produces a n  e f f e c t  a t  t h e  l e v e l  of  

t h e  genome of l i v e r  c e l l s  i n  t h e  mouse. A few o t h e r  p o i n t s  of 

i n t e r e s t  may be  noted w i t h o u t  d i s c u s s i o n  i n  t h i s  p l a c e .  The 

o b s e r v a t i o n s  of f o c a l  l e s i o n s  of t h e  t r a c h e a s  o f  ra ts  and f r o g s  

s u g g e s t  t h a t  an i r r i t a t i v e  p r o c e s s  h a s  occur red .  We do n o t  know 

whether  t h e  absence  of c i l i a  and p a r t i c u l a r l y  m i c r o v i l l i  is 

n e c e s s a r i l y  a m a n i f e s t a t i o n  of c e l l u l a r  damage o r  whe the r  it is 

a n  e q u a l l y  l i k e l y  m a n i f e s t a t i o n  of c e l l u l a r  i m a t u r i t y  r e s u l t i n g  

from a p r o l i f e r a t i v e  r e sponse .  Thus, i f  t h e  o b j e c t i v e  is t o  

examine t h e  adequacy o f  a TLV which h a s  been set w i t h  due r e g a r d  

t o  known p a t h o l o g i c a l  d a t a  and common s e n s e ,  t h e n  t h e  p l a c e s  t o  

b e g i n  are t h o s e  areas where c e l l u l a r  r e s p o n s e s  seem l i k e l y .  13 
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