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Summary 

The t o x i c i t y  of methoxyacetone w a s  compared t o  t h a t  of methyl n-butyl 
ketone and a series of fou r  o t h e r  a l i p h a t i c  ketones ( d i e t h y l  ketone, e t h y l  n- 
b u t y l  ketone,  methyl i s o b u t y l  ke tone ,  methyl t e r t - b u t y l  ketone) wi th  p a r t i c u l a r  
r e fe rence  t o  neu ro tox ic i ty .  
t o x i c  dosage l e v e l s  of t h e  ketones,  which were adminis tered i n  dr inking  water  
f o r  seven days a t  concent ra t ions  of 0.5% and 1% (es t imated  t o  be equiva len t  t o  Q0.3 
t o  0.9 gm/kg/day). 
ably r e f l e c t e d  r e j e c t i o n  of t h e  water because of taste. 
were a t  o r  n e a r  maximum water s o l u b i l i t y  of most of t h e  ketones,  methoxyacetone 
being t h e  most no tab le  except ion.  Methoxyacetone produced no t o x i c  e f f e c t s  a t  
these  concen t r a t ions  o r  a t  22, bu t  6% and 20% s o l u t i o n s  of t h i s  material f o r  7 
days produced dosage-related e f f e c t s  s i m i l a r  t o  those of t h e  o the r  ketones.  

Pre l iminary  s t u d i e s  were performed t o  e s t a b l i s h  

Reduced food and water i n t a k e  and low body weight ga ins  prob- 
The concent ra t ions  used 

In  the d e f i n i t i v e  s tudy ,  t h e  ketones were adminis tered f o r  120 days i n  
dr inking  water. 
t i o n s .  The concen t r a t ion  of methoxyacetone w a s  e sca l a t ed  during the  s tudy  t o  
approximate a maximally t o l e r a t e d  dosage l e v e l .  I n  add i t ion  t o  t h e  parameters  
measured i n  t h e  pre l iminary  s t u d i e s ,  t o x i c i t y  w a s  evaluated by examination of 
organ weights  and g ross  pathology as well as by a b a t t e r y  of neuro logic  and 
neuromuscular func t ion  tests. 

Most of t h e  ketones w e r e  adminis tered a t  s a t u r a t i o n  concentra- 

The admin i s t r a t ion  of approximately 1 grn/kg/day of methyl n-butyl ketone 
Produced t h e  most s eve re  t o x i c i t y  as ind ica t ed  by reduced food and water consump- 
t i o n ,  reduced body weight ga in  and increased  kidney weightlbody weight r a t i o .  
noted w a s  neuro logic  impairment r e f l e c t e d  i n  h ind  limb weakness and atrophy.  
Methoxyacetone, a t  f i n a l  dosage l e v e l s  of approximately 2 and 4 gm/kg/day, re- 
s u l t e d  i n  reduced food and water consumption and increased  l i v e r  weight per se 
and as percentage of body weight.  

A l s o  

M i l d  t o  seve re  s k e l e t a l  muscle a t rophy of t h e  
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hind limbs w a s  p re sen t  i n  2 t o  4 of t h e  5 r a t s  given methyl n-butyl ketone While 
on ly  s l i g h t  m u s c l e  a t rophy w a s  s een  i n  1 of t h e  5 given t h e  h ighe r  dosage l e v e l  
of methoxyacetone. E f f e c t s  produced by t h e  o t h e r  ketones s t u d i e d  included re- 
duced body weight gain and decreased r e l a t i v e  kidney weight.  
ke tones  produced s i g n i f i c a n t  neu ro log ic  a l t e r a t i o n s .  

None of  t h e s e  o the r  . 

i - 
It i s  concluded t h a t  1 gm/kg/day of methyl n-butyl ketone administered L 

t o  r a t s  i n  t h e i r  d r ink ing  water f o r  120 days produced s e v e r e  n e u r o t o x i c i t y  and 
muscle a t rophy.  Methoxyacetone a d m i n i s t r a t i o n  at a dosage approximately four  
t i m e s  t h a t  of methyl n-butyl ketone produced only s l i g h t  muscle a t rophy.  
the o t h e r  ketones s t u d i e d  produced d i sc . e rn ib l e  g ross  neu ro tox ic  e f f e c t s .  Histo- 
p a t h o l o g i c  f i n d i n g s  w i l l  be  r epor t ed  s e p a r a t e l y .  

I None of 

I' 
1 

Sarnp I.es 

I ,  

i. ~ 

Experimental m a t e r i a l s  were obtained from Union Carbide Corporation 
(UCC) as i n d i c a t e d  below: 

i 
D i e t h y l  ketone - CHF Sample No. 39-113, from UCC - South Charleston,  

3-18-76, R e g i s t e r  No. 511-01-1270, 1 q u a r t .  

E thy l  n-butyl ketone - CHF Sample No. 39-112, from UCC - South 
Charleston,  3-18-76, R e g i s t e r  No. 511-01-1270 , 1 q u a r t .  

I * 
Methyl n-butyl ketone (2-hexanoneY H-449) - CHF Sample No. 39-111, 

from UCC - South Charleston,  3-18-76, Reg i s t e r  No. 511-01-1270, 1 kg. 

Methyl i s o b u t y l  ketone - CHF Sample No. 39-114, from UCC - South 
Charleston,  3-18-76, Keg i s t e r  N o .  511-01-1270, 1 q u a r t .  

Nethyl t e r t - b u t y l  ketone (pinacolone) - CHF Sample No. 39-115, from 
UCC - South' Charleston,  3-18-76, Register No. 511-01-1270 , 1 P i n t .  

Methoxyacetone, 98.24% - CHF Sample No. 39-122, from UCC - 
Tarrytown, 3-19-76 , I d e n t i f i c a t i o n  1-HJD-34 , 1245-38 , 1 q u a r t .  

Except f o r  methoxyacetone materials were assumed t o  be pure.  A l l  
t h e s e  ketones are clear or  very pale-yellowish clear l i q u i d s  and, except  f o r  
methoxyacetone , of low water s o l u b i l i t y .  Gas chromatographic examination of 
s a t u r a t e d  s o l u t i o n s  and comparison w i t h  s o l u t i o n s  of known concen t r a t ion  were 
c a r r i e d  ou t  t o  determine aqueous s o l u b i l i t y .  S o l u b i l i t i e s  of ketones i n  W a t e r  
were determined as follows: 

I 
S o l u b i l i t y  

w/v 

Die thy l  ketone - 2.4%. 
E thy l  n-butyl ketone - 0.03% 
P!e t hy 1 n-b u t y 1 ketone 1.3% 
Methyl i s o b u t y l  ketone - 1.3% 
Methyl t e r t - b u t y l  ketone - 1.3% 
Me thoxyace t one - misc ib l e  a t  all.  concen t r a t ions  

- 
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I. Prel iminary S tudies  

A. Comparative S tud ie s  of S i x  Ketones 

Procedure f o r  Study 1 and -- Study 2 

Tine s i x  ketones were adminis tered i n  dr inking  water t o  rats f o r  seven 
days i n  two pre l iminary  s t u d i e s .  The purpose of t hese  prel iminary s t u d i e s  w a s  
t o  determine a c c e p t a b i l i t y  and t o  es t imate  t o x i c  l e v e l s  f o r  t h e  subchronic  stt!dy. 
Criteria of e f f e c t  included food and water consumption, genera l  appearance and 
behavior ,  body weight change and gross  pa tho log ica l  examination. 

I n  t h e  f i r s t  two pre l iminary  s t u d i e s  t h e  ketones were adminis tered a t  
concent ra t ions  of 0.5% and 1.0% (w/v) i n  water except f o r  e t h y l  n-butyl ketone. 
S o l u b i l i t y  of e t h y l  n-butyl ketone l i m i t e d  its concent ra t ion  t o  0 .032 . in  both  
s t u d i e s .  

Resul t s  

Resu l t s  of t h e s e  s t u d i e s  are summarized i n  Table 40-1. One cage of 
f i v e  rats w a s  t r e a t e d  wi th  each ketone,  thus  statist ical  a n a l y s i s  of food and 
water consumption is precluded.  Apparently reduced water consumption over  t h e  
seven-day pe r iod  probably r e f l e c t e d  a reduct ion  i n  p a l a t a b i l i t y  as a r e s u l t  of 
the a d d i t i o n  of f i v e  ke tones ,  t h e  except ion be ing  methoxyacetone. A s l i g h t  in- 
crease i n  w a t e r  consumption by rats d r ink  LIE t h e  1cwer concent ra t ion  of methoxy- 
acetone i s  probably no t  b i o l o g i c a l l y  s i g n i f i c a n t .  Addition of 1.0% ketones i o  
dr inking  water f o r  seven days (0.03% e t h y l  b u t y l  ketone) produced p o s s i b l e  re- 
ducti.on i n  w a t e r  consumption and food consumption and s t a t i s t i c a l l y  s i g n i f i c a n t  
redr i i t ion i n  weight ga in  by four  ketones.  Methoxyacetone w a s  conspicuous i n  
i t s  apparent  l a c k  of e f f e c t  on any of t he  parameters examined. Gross patho- 
l o g i c a l  examination revea led  p a l e  o r  mott led kidneys i n  both t r e a t e d  and con- 
t r o l  groups. These observa t ions  are summarized i n  Table 40-2. No evidence of 
gross  pa tho log ic  e f f e c t s  by any of t h e  ke tones  used w a s  found. 

B. Maximal To le ra t ed  Dosage of Methoxyacetone 

Procedure f o r  Study 3 

I n  t h e  t h i r d  pre l iminary  s tudy ,  methoxyacetone w a s  adminis tered i n  
dr inking  w a t e r  f o r  seven days a t  concent ra t ions  of 2%, 6% and 20% t o  estimate 
a maximal t o l e r a t e d  dosage l e v e l .  

Resul t s  

Resu l t s  of t h e  t h i r d  prel iminary s tudy  are shown i n  Table 40-3. 
Water and d i e t  consumption and body weight change w e r e  a l l  s i g n i f i c a n t l y  af-  
f ec t ed  i n  a dosage-related fashion.  R a t s  g iven 22 methoxyacetone a te ,  drank 
and gained weight i n  an e s s e n t i a l l y  n o m a 1  inanner. 
foo tnote ,  t h e  c o n t r o l  d a t a  presented are from t h e  earlier prel iminary s tudy  
and are n o t  a v a l i d  b a s i s  f o r  s t a t i s t i ca l  coniparison. 
t i o n  had reduced food and w a t e r  i n t a k e  and f a i l e d  t o  gain weight.  
food consumption by rats a t  t h e  20% concent ra t ion  were e s s e n t i a l l y  n i l  and 

As i nd ica t ed  i n  the  t a b l e  

Rats given a 6% solu-  
Water and 
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t h e r e  was a d r a s t i c  weight  l o s s  over  t he  one week per iod .  S i g n i f i c a n t  f ind ings  
i n  necropsy were marked reduct ion  i n  stomach and i n t e s t i n a l  con ten t s  and a yel- 
low s t a i n i n g  of t h e  i n t e s t i n e ,  probably t h e  r e s u l t  of b i l e .  These f ind ings  a re  
most l i k e l y  a t t r i b u t a b l e  t o  s t a r v a t i o n  and not  a primary t o x i c  e f f e c t  of methohy- 
ace tone .  Hypoact ivi ty  and weakness were probably a l s o  a t t r i b u t a b l e  t o  s t a rva t ion .  

11. Subchronic Study (120 Days) 

Procedure 

Rats, approximately 4 weeks of age,  used i n  t h i s  s tudy  were Wistar fe- 
males obta ined  from H i l l t o p  Labora to r i e s ,  Sco t tda l e ,  Pa. on A p r i l  1, 1976. The 
rats were i d e n t i f i e d  by toe-cl ipping.  
t h e  t r ea tmen t  groups of f ive rats each by formal randomization. 
body weights  were w i t h i n  two s t anda rd  dev ia t iona l  u n i t s  of t h e  o v e r a l l  mean 
weight  w e r e  accepted f o r  t h e  s tudy .  Any ra t  t h a t  l o s t  weight o r  t h a t  had poor 
tone  dur ing  t h e  pre l iminary  observa t ion  per iod was r e j e c t e d .  
weights  on t h e  f i r s t  day of s tudy  (Apri l  23, 1377) was 187 t o  236 grams. 

They were weighed and d i s t r i b u t e d  among 
Only r a t s  whose 

The range of 

, R a t s  w e r e  housed i n  suspended s t ee l  wire-mesh cages.  The d i e t  f e d ,  pro- 
v ided  i n  12-oz. o p a l  g l a s s  jars, w a s  Pur ina  Laboratory Chow. D i e t  f o r  each group 
w a s  s t o r e d  i n  a s e p a r a t e  g l a s s  s t o c k  j a r  wi th  a screw cap. 
weighed, f u l l ,  a t  t h e  beginning and, aga in ,  a t  t he  end of each week t o  determine 
t h e  amount of d i e t  consumed. 

These jars were 

Water w a s  a v a i l a b l e  a t  a l l  times i n  nonfoul ing s iphon water b o t t l e s  
equipped w i t h  s t a i n l e s s  steel t i p s .  
at predetermined concen t r a t ions ,  based on body weiSht: and water consumption. 
Fresh  so l .u t ions  were prepared each week. 
necessary  t o  maintain a r e l a t i v e l y  cons tan t  dosage l e v e l  f o r  those  ketones ad- 
min i s t e red  a t  s u b s a t u r a t i o n  concent ra t ions .  E thyl  n-butyl ke tone ,  methyl iso- 
b u t y l  ke tone ,  methyl t e r t - b u t y l  ketone,  and t h e  high dosage l e v e l  of methyl 11- 
b u t y l  ke tone  were given as s a t u r a t e d  aqueous so lu t ions .  D ie thy l  ke tone ,  t h e  
low dosage of methyl n-butyl ke tone ,  and both dosages of methoxyacetone were a t  
s u b s a t u r a t i o n  concent ra t ions .  
maximum level of 4.04 gm/kg/day after 38 days a t  0.97 gmjkglday. 

Ketones were adminis te red  i n  d r ink ing  water 

The coi lcentrat ions w e r e  ad jus t ed  as  

The dosagc of methoxyacetone was inc reased  to  the  

The r e s u l t s  of each q u a n t i t a t i v e  continuous v a r i a b l e  were i n t e r c o m  
pared  f o r  each of t h e  e i g h t  ke tone- t rea ted  groups and two c o n t r o l  groups by u s e  
Of Bartlett 's homogeneity of va r i ance ,  by a n a l y s i s  of va r i ance  and by Duncan's 
m u l t i p l e  range tes t .  The l a t t e r  was used, i f  F f o r  a n a l y s i s  of va r i ance  was 
s i g n i f i c a n t l y  high (P < O.OS), t o  determine which dosage groups d i f f e r e d  from 
t h e  c o n t r o l s .  Any s i g n i f i c a n t  d i f f e r e n c e  was denoted on t h e  a p p r o p r i a t e  t a b l e  
of  r e s u l t s  a s :  

a 0.05 > P > 0.01 
b 0.01 > P .> 0.001 
c P c 0.001 

I f  a mean does not  have an a,  b o r  c s u p e r s c r i p t  t h e n  P > 0.05. 

Neurologic  evaluati .on of t reatment  e f f e c t s  was performed by E. R. Honlan 

Each examination c o n s i s t e d  of observation on each r a t  i n  formal random sequence. 
of ba l ance ,  s t r e n g t h ,  coord ina t ion  and behavior according t o  predetermined se- 
quence of c r i t e r i a  (App. 1). A l l  r a t s  were read b l i n d ,  i . e . ,  t h e  t rea tments  

s co red  0 ,  1, o r  2 (0 = normal, 1 = equivocal  o r  s l i g h t  d e f i c i t ,  2 = c l e a r l y  de- 
w e r e  no t  known t o  t h e  observer  a t  t h e  time of examination. performance was 
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f ined  d e f i c i t )  for  each of t e n  c r i te r ia  and recorded on eva lua t ion  forms (App. 
11). The n e t  s c o r e  f o r  each rat on each t e s t  day w a s  ca l cu la t ed  as t h e  sum of 
i n d i v i d u a l  tes t  sco res .  These s c o r e s  were t abu la t ed ,  ranked, and analyzed 
using t h e  Kruskal-Wallis rank sum t e s t .  

R a t s  w e r e  euthanized on August 18, 1976 by C02 narcos i s  followed by 
exsanguinat ion by seve r ing  of t h e  cervical s p i n a l  cord and c a r o t i d  blood vessels. 
Both sc ia t ic  nerves  and b r a c h i a l  p l e x i  were d i s s e c t e d  f r e e  and f i x e d  i n  3% glu- 
taraldehyde.  The e n t i r e  lumbo-sacral s p i n a l  cord,  a n t e r i o r  and p o s t e r i o r  t h igh  
muscles and t h e  d i s t a l  po r t ions  of t h e  h ind  limbs a f t e r  removal of t h e  s k i n ,  
l iver and kidneys and any t i s s u e s  wi th  g ross  l e s i o n s  were f ixed  i n  10% n e u t r a l  
buf fered  formalin.  The l i v e r  and kidney weights  of a l l  rats were measured and 
tabula ted  p r i o r  t o  f i x a t i o n .  
ported s e p a r a t e l y .  

Resul t s  of h i s topa tho log ic  eva lua t ion  w i l l  be  re- 

Resu l t s  

The r e s u l t s  of 120 days of admin i s t r a t ion  of ketones on p h y s i c a l  par- 
ameters are shown i n  Table  40-4.  Four of t h e  s i x  ketones,  inc luding  methoxy- 
acetone a t  both dosage l e v e l s ,  had adverse  e f f e c t s  on body weight.  t i e thy l  n- 
b u t y l  ketone produced t h e  most d r a s t i c  reduct ion ,  with weight ga ins  of rats a t  
the  h igh  level  only  one-third of those  of c o n t r o l  rats.  
n-butyl ke tone- t rea ted  rats were depressed al though t h e  l i v e r  weights  were roughly 
p ropor t iona l  t o  body weight .  Methoxyacetone d i f f e r e d  from a l l  o t h e r  ke tones  i n  
t h i s  s tudy  i n  producing s i g n i f i c a n t  i n c r e a s e s  i n  abso lu te  and r e l a t i v e  l i ve r  
weights.  
weight and s i g n i f i c a n t  i n c r e a s e s  i n  abso lu te  kidney weight were observed i n  rats 
given d i e t h y l  ke tone ,  methyl i s o b u t y l  ketone or methyl t e r t - b u t y l  ketone. 

Liver  weights  of methyl 

A l l  o f  t h e  ke tones  produced s i g n i f i c a n t  i n c r e a s e s  i n  r e l a t i v e  kidney 

The gene ra l  obse rva t ion  t o  be made from t h e s e  d a t a  is t h a t  a l l  of t h e  
ketones,  w i t h  t h e  p o s s i b l e  except ion of t h e  poorly s o l u b l e  e t h y l  n-butyl ketone,  
were adminis te red  a t  d e f i n a b l e  adverse e f f e c t  l e v e l s ,  thus  providing s u f f i c i e n t l y  
high dosage level i n  each case t o  estimate t h e  r e l a t i v e  as w e l l  as t h e  a b s o l u t e  
neuro toxic  p o t e n t i a l  of each chemical.  It should be  noted  t h a t  methoxyacetone 
w a s  adminis te red  at dosage l e v e l s  cons iderably  h igher  than a l l  t h e  o t h e r  m a t e r i a l s  

Tables  40-5 through 40-8 summarize t h e  neuro logic  examination test 
Scores  a t  v a r i o u s  pe r iods  throughout t h e  s tudy .  The Kruskal-Wallis rank sum 
test ,  a p p r o p r i a t e  t o  such nonparametric d a t a ,  demonstrated a s t a t i s t i c a l l y  s ig -  
n i f i c a n t  d i f f e r e n c e  between t h e  neu ro log ic  e f f e c t s  of t h e  h igher  dosage level  
of methyl n-butyl ketone (1.01 gm/kg/day) a f t e r  110 doses  (Table 40-8)  as com- 
P a r e d  t o  one of the un t r ea t ed  c o n t r o l  groups. Plethyl n-butyl ketone a l s o  pro- 
duced unequivocal neuro logic  d e f i c i t s  r e f l e c t e d  i n  pos tu re ,  weakness, inco- 
o rd ina t ion ,  and muscle wast ing.  This  muscle wast ing,  most conspicuous i n  t h e  
hind limbs, w a s  a l s o  noted i n  o t h e r  groups as ind ica t ed  i n  Table 40-9 ,  which 
summarizes t h e  g ross  pa tho log ica l  eva lua t ion  of t h e  r a t s  given t h e  ketones i n  
t h e i r  d r ink ing  water f o r  129 days.  
group, f o u r  of t h e  f i v e  ra t s  w e r e  a f f e c t e d  and t h e  s e v e r i t y  ranged from s l i g h t  
t o  severe. 
w a s  noted i n  two of  f i v e  rats. 
of methoxyacetone, a dosage approximately fou r  times t h e  h ighes t  leve.1 of  methyl 
n-butyl ke tone ,  exh ib i t ed  s l i g h t  a t rophy.  I t  should be  noted t h a t  t hese  animals  
were dosed a t  t h i s  h igher  r a t e  f o r  only 81 days s i n c e  dosage was increased  from 
O-97 gm/kg/day a t  t h i s  t i m e .  

I n  t h e  1.01 gm/kg/day methyl n-butyl ketone 

A t  t h e  0.48 gm/kg/day dosage l e v e l ,  m i l d  h ind  limb muscle a t rophy 
One of f i v e  rats t h a t  rece ived  4.04 gm/kg/day 
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Several potential ly  rewarding areas for further investigations of 
methaxyocetone t o x i c i t y  are suggested by these data. 
o f  methoxyacetone, the possible use of l i v e r  and kidney biochemical and func- 

, t ional  t e s t s  as s e n s i t i v e  indicators of t o x i c i t y ,  and the rate  of recovery 
froa,neurotoxic and other toxic  e f f e c t s  on termination of exposure. It would 
a l s o  be valuable to  define the relationship between dosage and duration i n  pro- 
ducing toxic  e f f e c t s .  

These are the metabolism 
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Appendix I 

Neurolopic Examination of Rats 

Perfornance S tandards  a n d  C r i t e r i a  

Report 40-37 
Page 16 

Pos t  itre : 

Place  animal on h o r i z o n t a l  s u r f a c e ;  watch f o r  n o r m 1  a r c h  of back, p o s i t i o n  
and o r<e r . t a t ion  of l e g s  and f e e t ,  head c a r r i a g e .  

G a i t :  

Urge walking i f  necessa ry ;  observe  r e g u l a r i t y ,  symmetry, c o o r d i n a t i o n  of 
rnoveraent . 

P a l p e b r a l  r e f l e x :  

Touch cornea  w i t h  a w i s p  of cot tor ,  f i b e r  o r  similar subs t ance ;  obse rve  
b l i n k .  

S t a r t l e  response :  

C lap  hands o r  snap f i n g e r s  o u t  of s i g h t  of animal;  wztch f o r  crouch and/ 
o r  jump. 

F lexor  r e f l e x :  

Pinch t o e ;  obse rve  f o r  limb f l e x i o n ,  s t r u g g l e ,  and v o c a l i z a t i o n .  

Extensor r e f l e x :  

With r a t  i n  d o r s a l  recumbency, p l a c e  two f i n g e r s  on bottoms of hind foot-  
pads and press on one; observe c l u t c h i n g  of claw i n  bo th  f e e t ,  marked 
i n c r e a s e  i n  t e n s i o n  of pressed  limb. 

PI acing r e a c t i o n :  

Touch d o r s a l  s u r f a c e  of paw t o  t a b l e  edge; watch f o r  a t t e m p t  t o  p l a c e  
v e n t r a l  s u r f a c e  on t a b l e .  

Eopping r e a c t i o n :  

Hold t h r e e  l e g s  o f f  t a b l e ,  d rag  o t h e r  limb a c r o s s  s u r f a c e ;  obse rve  hopping 
response.  

Right ing  r e a c t i o n :  

Drop rat i n  d o r s a l  recumbency a few i n c h e s  from t a b l e ;  r a t  should land 
on f e e t .  

Cl inging  r e a c t i o n :  

P l ace  r a t  on a v e r t i c a l  mesh s u r f i c e  of a cage;  rat should c l i n g  s e c u r e l y  
and move t o  a h o r i z o n t a l  s u r f a c e  i n  a coord ina ted  and pu rpose fu l  f a sh ion .  

E. R. 11. 
my 27, 1976. '. 

a c c  



Notes: 




