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ABSTRACT 

The a c u t e  t o x i c i t i e s  of t h e  s o l v e n t s ,  dimethylacetamide,  te t ra-  
methylpimelamide, te t ramethylsuberamide,  te t ramethylaze lamide ,  and 
te t ramethylsebacamide were compared by t h e  a d m i n i s t r a t i o n  of  s i n g l e  
doses  of each i n t r a p e r i t o n e a l l y  t o  groups of  mice. The LDS0 v a l u e s  
c a l c u l a t e d  are  dimethylacetamide 3467 mg/kg, te t ramethylpimelamide 
2239 mglkg, te t rarnethylsuberamide 1479 mg/kg, te t ramethylazelamide 
447 mglkg, and te t ramethylsebacamide 400 mglkg. The i n c r e a s e  i n  
t o x i c i t y  w i t h  a n  i n c r e a s e  i n  c h a i n  l e n g t h  might i n  p a r t  b e  expla ined  
by a n  enhanced l i p i d  s o l u b i l i t y  and increased  p e n e t r a t i o n  i n t o  t h e  
c e n t r a l  nervous system. The series of N, N ,  N ' ,  "-tetramethyl- 
s u b s t i t u t e d  d i c a r b o x y l i c  a c i d  amide s o l v e n t s  s t u d i e d  appear  t o  b e  
more t o x i c  than dimethylacetamide which i s  c u r r e n t l y  being used com- 
m e r c i a l l y  t o  enhance s o l u b i l i t y .  

INTRODUCTION 

The formula t ion  of drugs w i t h  l i m i t e d  water s o l u b i l i t y  i n t o  

a c c e p t a b l e  dosage forms f o r  o r a l ,  p a r e n t e r a l ,  and t o p i c a l  adminis- 

t r a t i o n  can b e  a formidable  cha l lenge .  Nonaqueous s o l v e n t s  are 

f r e q u e n t l y  combined w i t h  water even i n  p a r e n t e r a l  p roducts  t o  d i s s o l v e  

a poorly s o l u b l e  drug . The s o l v e n t  s e l e c t e d  must b e  non-toxic and 

devoid of pharmacological  a c t i v i t y .  

1 

N ,  N-dimethylacetamide h a s  been used i n  t h e  p r e p a r a t i o n  of 
2 drug  products  c o n t a i n i n g  s p a r i n g l y  s o l u b l e  drugs . The s o l u b i l i t -  

i es  of t e t r a c y c l i n e  and o x y t e t r a c y c l i n e  have been increased  i n  non- 

aqueous systems by t h e  u s e  of N ,  N - d i m e t h y l a ~ e t a m i d e ~  and o t h e r  amides . 
I n  view of t h e  demonstrat ion of t h e s e  amides t o  s o l u b i l i z e  s l i g h t l y  

4 
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s o l u b l e  d r u g s ,  e . g . ,  g l u t e t h i n i d e ,  r e s e r p i n e ,  g r i s e o f u l v i n ,  h i g h e r  

homologs o f  N ,  X ,  N', N ' - t e t r a m e t h y l - s u b s t i t u t e d  d i c a r b o x y l i c  a c i d  

amides were s t u d i e d  and r e p o r t e d  t o  b e  good s o l u b i l i z e r s  f o r  glu-  

t e t h i m i d e  . The g e n e r a l  s t r u c t u r e  of t h e s e  amides i s  shown below: 
5 

n 

h b i  

pimelamide: n=5 
suberamide:  n=h 
aze lamide :  n=7 
sebacamide: n=R 

3 s t u d  !s on t h e  s o l v e n t  p r o p e r t l e s  of  t h e  s u b s t i t u t e d  
5-8 amides have been p u b l i s h e d ,  t h e  l i t e r a t u r e  is s p a r s e  i n  regard  

t o  t h e  pharmacologic and t o x i c o l o g i c  p r o p e r t i e s  of t h e s e  s o l v e n t s .  

Dimethylacetamide, dimethylformamide and d imethylsu l  f o x i d e  have 

been shown t o  i n c r e a s e  myocardial  c o n t r a c t i l i t y  i n  i s o l a t e d  a t r i a  

presumably v i a  t h e i r  a b i l i t y  t o  s t i m u l a t e  microsomal Ca2: t r a n s -  

p o r t  and t o  i n h i b i t  Na+, K+ - dependent  ATF'ase a c t i v i t y  . 
t o x i c o l o g i c  informat ion  i s  a v a i l a b l e ,  s t u d i e s  t o  e l u c i d a t e  t h e  

pharmacologic p r o f i l e  of t h e s e  amide s o l v e n t s  should  be  under- 

taken .  Therefore ,  t h e  purpose of t h i s  s t u d y  was t o  compare t h e  

a c u t e  t o x i c i t v  o f  t h e  f o u r  N ,  N ,  N ' ,  N'-tetramethyl-substituted 

d i c a r b o x y l i c  a c i d  amides w i t h  t h a t  of  N ,  N-dimethylacetamide and 

a s c e r t a i n  whether  they w a r r a n t  f u r t h e r  c o n s l d e r a t i o n  a s  s o l u b i l -  

i z i n g  a g e n t s  i n  o r a l  and p a r e n t e r a l  dosage forms. 

EXPERIMENTAL 

9 Once 

The a c u t e  t o x i c i t i e s  of t h e  s o l v e n t s ,  d imethylace tamide ,  

te t ramethylp imelamide ,  te t ramethylsuberamide ,  t e t r a m e t h y l a z e l -  

amide, and te t ramethylsebacamide  were compared by t h e  adminis-  

t r a t i o n  of s i n g l e  doses  of each i n t r a p e r i t o n e a l l y  t o  groups of 

t e n  male Swiss-Webster mice weighing 22-28  grams a t  each 0.05 

log-dose i n t e r v a l  ( e x c e p t i o n  suberamide 0 . 1  log-dose i n t e r v a l ) .  

P r e l i m i n a r y  dose  range  f i n d i n g  exper iments  were conducted w i t h  

groups of f o u r  mice a t  0 .6  and 0 . 2  log-dose i n t e r v a l s .  
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S t a t i s t i c a l  c a l c u l a t i o n s  o f  t h e  LD50 were made by t h e  Cornf ie ld-  

Mantel a d a p t a t i o n  of Karber 's  method", based on cumulat ive 

m o r t a l i t y  dur ing  a 28-day p a s t i n j e c t i o n  o b s e r v a t i o n  p e r i o d .  

The amides were adminis te red  as 10% (w/w) s o l u t i o n s  i n  

d i s t i l l e d  water i n  o r d e r  t o  a c c u r a t e l y  measure t h e  volumes of 

s o l v e n t s  i n j e c t e d  a t  the  dose ranges used.  The d e n s i t i e s  of t h e  

s o l u t i o n s  were assumed t o  b e  1 g/ml s i n c e  they were previous ly  

r e p o r t e d  t o  range from 0.99 g/ml t o  1 .03 g/ml . The s o l u t i o n s  

were measured r a t h e r  than weighed and t h e  doses  were c a l c u l a t e d  

€ o r  t h e  amide c o n t e n t  of t h e  s o l u t i o n .  The pH of t h e  10% (w/w) 

s o l u t i o n s  of t h e  amide s o l v e n t s  ranged from 3.5 to  4 .7 .  

8 

The s y n t h e s i s  and p u r i f i c a t i o n  of  t h e  t e t r a m e t h y l - s u b s t i t u t e d  

amides have been r e p o r t e d  previous ly  . The N ,  N-dimethylacetamide 

w a s  ob ta ined  commercially a s  a reagent  grade s o l v e n t  . 
RESULTS AND DISCUSSION 

5 

1 

The a c u t e  t o x i c i t y  d a t a  amides a r e  l i s t e d  i n  Table 1. The 

11 
LD50 v a l u e s  were 3467 mg/kg f o r  dimethylacetamide which compares 

favorably  wi th  t h a t  r e p o r t e d  by Davis and Jenner  (3236 mg/kg) , 
2239 mg/kg f o r  pimelamide, 1479 mg/kg f o r  suberamide, 447 mg/kg f o r  

azelamide,  and approximately 400 mg/kg f o r  sebacamide. I n  t h e  

i n i t i a l  dose range  f i n d i n g  experiments  wi th  sebacamide all t h e  mice 

i n j e c t e d  with the lowest  dose of a 10% (w/w) aqueous s o l u t i o n  of t h e  

amide d i e d .  When a 5% (w/w) aqueous s o l u t i o n  of sebacamide w a s  

i n j e c t e d  i n  t h e s e  pre l iminary  experiments ,  t h e  LD50 w a s  approximated 

(400 mg/kg) and t h e r e f o r e ,  is n o t  shown i n  Table  1. 

The amides a t  every dose produced an  i n i t i a l  c e n t r a l  nervous 

system d e p r e s s i o n  as evidenced by a r e d u c t i o n  i n  observed motor 

a c t i v i t y .  Hind l e g  p a r a l y s i s  was observed i n  some mice. Animals 

i n j e c t e d  w i t h  high doses  of t h e  amides g e n e r a l l y  d i e d  w i t h i n  5 t o  

60 minutes  p o s t i n j e c t i o n .  I n  t h e s e  mice c l o n i c  and t o n i c  s e i z u r e s  

followed t h e  i n i t i a l  d e p r e s s i v e  phase. S i m i l a r  o b s e r v a t i o n s  have 

been r e p o r t e d  i n  t h e  l i t e r a t u r e  i n  t o x i c i t y  s t u d i e s  €or N, N-dimethyl- 

formamide . 11 
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SUBSTITUTED AMIDE SOLVENTS 489 

The a c u t e  t o x i c i t y  o f  t h e  amide s o l v e n t s  s t u d i e d  i n c r e a s e s  as t h e  

c a r b o n  c h a i n  i n c r e a s e s  i n  l e n g t h .  T h i s  i n c r e a s e  i n  t o x i c i t y  w i t h  

a n  i n c r e a s e  i n  c h a i n  l e n g t h  migh t  i n  p a r t  b e  e x p l a i n e d  by a n  en- 

hanced l i p i d  s o l u b i l i t y  and i n c r e a s e d  p e n e t r a t i o n  i n t o  t h e  c e n t r a l  

ne rvous  sys t em.  

SUMMARY AND CONCLUSIONS 

A series of  f o u r  N ,  N ,  N ' ,  N'-tetramethyl-substituted d i c a r -  

b o x y l i c  a c i d  amides a p p e a r  t o  b e  more t o x i c  t h a n  d ime thy lace tamide  

which i s  c u r r e n t l y  b e i n g  used  commercial ly  t o  s o l u b i l i z e  some 

s l i g h t l y  w a t e r  s o l u b l e  d r u g s .  

While  t h e  amides have  been  shown t o  b e  e f f e c t i v e  as s o l u b i l i z -  

i n g  a g e n t s  f o r  hydrophobic  d r u g s ,  on t h e  b a s i s  o f  t h i s  s t u d y  i t  does 

n o t  a p p e a r  t h a t  f u r t h e r  c o n s i d e r a t i o n  o f  t h e s e  a g e n t s  i n  o r a l  and 

p a r e n t e r a l l y  a d m i n i s t e r e d  d r u g  p r o d u c t s  i s  w a r r a n t e d .  
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