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ABSTRACT 
A new family of surfactants, aminimides, has been 

screened for in vitro antimicrobial activity. These 
compounds are active against both bacteria and yeast, 
activity being a function of chain length. Maximum 
activity for acetimide and acrylimide amine deriva- 
tives was extablished with chain lengths of C14-C16- 
Homologous compounds with lower or higher chain 
lengths were tess active. While showing low antimicro- 
bial activity against gram negative bacteria, mixtures 
containing C12 and C16 gave good activity against 
gram negative strains without losing gram positive ac- 
tivity. Aminimides gave tow acute LDso'S (200-400 
mg/kg) when tested in mice by intraperitoneal injec- 
tion. 

INTRODUCTION 
Surfactants, as a group of chemicals, have demonstrated 

antimicrobial activity (1). The present report deals with the 
antibacterial and antifungal properties of a new family of 
surfactants ,  amine acylimide aminimides. Aminimides 
represent a group of compounds with varied industrial ap- 
plication. The chemistry and potential uses of these chemi- 
cals have been reviewed recently (2). Previously our labora- 
tory has reported on the structure-function activity of such 
surface active agents as soaps (3) and simple aliphatic 
amides and amines (4). A short communication ~umma- 
rizing the effects of acyt chain length on aminimide activity 
has been published (5). The present study is a continuing 
effort to screen aminimide surfactants for their antimicro- 
bial properties. This paper is concerned with amimides in 
which the acyl portion of the imide is kept constant as 
either an acetimide or a methacrylimide group, and the 
chain length of the tertiary amine is a variable. The effect 
of varying the chain length of the amine of biological prop- 
erty of such short chain acylimide is presented. 

MATERIALS AND METHODS 

Compounds 

All the aminimides used in these studies were obtained 
from the Ashland Chemical Company (Dublin, OH). For 
the most part, they were recrystallized 2-5 times and repre- 
sent compounds of purity > 99%. 

For screening purposes, the 0.2 g aminimide was dis- 
solved in 0.5 mi absolute methanol. To this volume of 
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alcohol 200 ml Trypticase soy broth (TSB, Baltimore Bio- 
logical Laboratories, Baltimore, MD), was added aseptically. 
If the resulting solution was not clear, the suspension was 
heated carefully (ca. 60 c) to increase drug solubility. Rou- 
tinely standard solutions or suspensions containing 1,000 
/~g/ml were diluted tenfold with additional broth. Because 
aminimides are heat labile, the tubes were not  sterilized. 
Control experiments indicated differences in compound ac- 
tivity after sterilization and comparison with unheated con- 
trois. 

Organisms 
The microorganisms used for our screening studies were 

those frequently encountered in clinical specimens. In gen- 
eral, clinical isolates (CI) are more resistant to chemical 
inactivation than those registered with the American Type 
Culture Collection (ATCC). Clinical isolates were identified 
and made available to use by J.P. Truant, PhD (Advance 
Medical Laboratories, Pontiac, MI). The following gram 

megative organisms were used: Escherichia colt [EC] and 
Pseudomonas aeruginosa (ATCC-10145) [PAl.  The gram 
pos i t i ve  organisms used were: Streptococcus faecalis 
(Group D) [SF] ; Streptococcus pyogenes [SP] ; Staphylo- 
coccus aureus [SA]; Corynebacteriurn sp. (ATCC-10700) 
[CSP]; and Nocardia asteroides (ATCC-3308) [NA]. Can- 
dida albicans [CA] and Saccharomyces cerevisiae [SC] 
were examples of yeast isolates. 

Inocutum 

A test inoculum consisted of 0.05 ml of an 18- to 24- 
hour TSB culture (ca. 108-109 organism/ml). The inoculum 
was aseptically delivered into dilutions of the compound, 
mixed well, and incubated at 36 C in a 5% CO2:95% air. A 
tube of inoculated broth without drug, but containing 015 
ml methanol, served as a positive control; also, an uninocu- 
lated set of drug solutions was incubated. After 18 hours of 
incubation, the minimal inhibitory concentration (MIC) of 
each compound against each organism was determined. In 
our study, the MIC was defined as the lowest concentration 
of compound at which no macroscopic evidence was ob- 
served when turbidity of the inoculated broth dilutions was 
compared with that of the control tubes. 

In those cases in which the test compound itself caused 
turbidity so that the MIC could not be determined accu- 
rately a 0.015 ml sample of the well agitated broth in ques- 
tion was inoculated onto a Trypiticase soy agar plate con- 
taining 5 % defibrinated sheep blood, inoculated at 35 C, 
and examined after 24 and 48 hours for bactericidal end 
points. 

It was found that turbidity owing to the compounds did 

TABLE I 

Minimal Inh ib i to ry  Conc e n t r a t i on  (#g/ml)  for  H exach lo rophene  f rom Replicate Exper imen t s  

7/24/75 6lSl75 2[5175 1123[7s 10/23/74 10/3/74 9[s[74 8/16/74 7/16[74 sl20174 

Escher ich ia  col i  100 
P s e u d o m o n a s  aeruginosa 1 O0 

Streptococcus  faecalis ( G r o u p  D) 1 
S t r ep tococcus  pyrogenes  < 1 
S t a p h y l o c o c c u s  aureus  < 1 
Corynebacter ium sp. < 1 
Nocard ia  as teroides  < 1 

Candida  albicans 100 
Saccha romyces  cerevisiae 100 

100 ! 0 0  100 100 100 100 100 1,O00 100 
100 100 100 100 100 100 100 100 100 

10 1 < 1  1 10 t 0  I 10 10 
1 <1 <1  <1 < 1  < 1 <1  <1  <1 

<1 <1  <1  < 1  < 1  < 1  < 1  < 1  <1 
<1 < 1  <1  <1 <1 <1  <1 <1  <1 
<1 < 1  < 1  <1 <1 < 1  <1 < 1  <1 

100 100 100 100 100 100 100 1,000 100 
10 100 10 100 10 t 0 0  100 100 100 

AAA 
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T A B L E  II 

Minimal  I n h i b i t o r y  C o n c e n t r a t i o n  (~tg/ml) o f  A c e t a m i d e  A m i n e s  

Gram pos i t ivea  Gram negat ive  a Yeas t  a 

Mouse 
Tox ic i t y  

L D s 0  
N u m b e r  C o m p o u n d  c EC PA SF SP SA CSP N A  CA SC (mg/kg)  

0 
It 

M-15 CH3C-NN+(CH3)3  NI b NI N1 NI NI NI NI  NI NI --- 

M-70 R - C H 2 C H - ( c H 2 ) 9 C H  3 1 ,000 1,000 100 10 100 100 100 100 100 85 (110 )  
I 

OH 

M-71 R - C H 2 C H ' ( C H 2 ) I  1CH3 NI NI 10 10 10 I0  l 0  10 10 180 
I 

OH 

M - 7 2  R-CH2CH'(CH2) 13CH 3 NI NI 100 10 10 I0 l0 10 10 165 
I 
OH 

M-24 R-CH2CH" (CH2)  15CH 3 NI NI 1 10 10 l 0  10 NI NI 310 
I 

OH 

aEC = Escher ich ia  coli; PA = Pseudomonas  acruginosa; SF = Strep tococcus  faecalis G r o u p  D; SP = Strep tococcus  pyrogenes; S A  = staphylococ- 
cus aureus; CSP = Corynebacter ium spo; NA = Nocandia asteroides; C A  = Candida albicans; SC = S a c c h a r o m y c e s  cerevisae.  

bNl  = Not  i n h i b i t o r y  at  1 ,000 ktg/ml. 
0 / C H  3 
I1 

CWhere R = CH3C-/~N_+ 
\ 
CH 3 

not confuse the readings because most of the compounds 
were inhibitory at low concentrations where solubility was 
almost complete. 

The pH of broth was monitored throughout the study 
by the use of an Accutint set (Anacliemia, Montreal, 
Quebec, Canada) and was found to be within the range of 
7.3-+0.2. Also, at the concentration used, methanol was 
found not to be inhibitory, as demonstrated by controlled 
test experiments. 

Hexachlorophene always was used as a chemical controt 
in our screening experiments. This procedure served as a 
statistical control for the procedure. Repetitive MIC values 
obtained from tenfold dilution rarely deviated from single 
observation. Data accumulated over a 12-month period are 
present in Table I. Acute toxicity experiments were carded 
out on select aminimide derivatives. The compounds were 
suspended in 0.25% methylcellutose or saline and injected 
intraperitoneally into 20-22 gram male mice (CF-1). Ani- 
mals in groups of 5 or 10 were observed for 72 hours after 
drug injection. The mode of dying and the number  of sur- 
vivors were recorded. The LDs0 was calculated according 
to the method of Litchfield and Wilcoxon (6). 

R E S U L T S  

Five acetamide amines were tested for their in vitro anti- 
microbial activity. Acute toxicity testing was carried out 
only on selected derivatives and the results of these experi- 
ments are given in Table II. The acetamide trimethylamine, 
which is the simplest derivative, exhibited no activity. 
Where the chain length of the aryl portion of the acetimide 
amine was increased from C 1 2  t o  C 1 8  , activity against 
microorganisms was noted. In the homologous series, the 
antimicrobial properties increased with extended chain 
length up to C 16. Beyond this length the general activity of 
the compound generally decreased. 

A larger number of methacrylimide amines, 10 com- 
pounds varying in alkyl chain length from Ca to C 18, were 
examined for antimicrobial activity (Table III). As with the 
acetamide amines, chain lengths between C 12 and C16 were 

active. Compounds (M-130 and M-131) representing chain 
length mixtures of C8 to C 11, or C 12 to C 15, respectively, 
were less active than those prepared from a single fatty 
acid. 

Although mixed acyl aminimides were no more active 
than single chain compounds, it was of interest to deter- 
mine the antimicrobial effects of specially rather than ran- 
domly mixed chain length aminimides. Consequently, 
mixtures of M-70 (C12), which indicated slight gram nega- 
tive activity, and M-72 (C 16) were screened for their anti- 
microbial activity. Ratios of M-70:M-72, varying from 4:1 
(80%) to 1:3 (25%), were examined. The results of these 
studies can be found in Table IV. Maximum activity for 
mixture was achieved when a ratio of 3:1 (M-70:M-72)was 
tested. This ratio allowed good activity against gram nega- 
tive organisms without substantial loss of gram positive ac- 
tivity. 

LD 5 o'S of selected compounds were determined in mice. 
At high doses diarrhea and vomiting occurred. Some central 
nervous effects were noted in terms of agitation or clonic 
convulsions in some cases, followed by coma, marked de- 
pression, or lowered motor activity. These initial observa- 
tions must be viewed as impressions rather than a descrip- 
tive toxicological report, because relatively few drugs and 
animals were studied. A more descriptive report is forth- 
coming. 

The acetimide amine derivatives were, in general, more 
toxic than the methacrylimide amine. The toxicity of both 
groups of aminimides, however, were low. The first group 
LDs 0 ranged between 100-300 mg/kg; whereas, the metha- 
crylimide amines had LDso between 300-400 mg/kg. 

Some preliminary data in our laboratory suggest that the 
LDs0 varies markedly for mice of different strains. The 
reason for this discrepancy is not known. 

DISCUSSION 

In our first paper on the activity of acylimide amines, 
the chain length of acyl group was varied (5). Activity 
against microorganisms was, up to a point, dependent on 
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TABLE II1 

Structure-Function Activity of Methacrytamide Amines 

Gram positive a Gram negative a Yeast a Toxicity 

LDs0 
Number Compound ,c EC PA SF SP SA CSP NA CA SC mg/kg) 

M-59 R.CH2CH-CH 3 NI b NI NI NI NI NI NI NI NI 320 
1 

OH 

M-99 R.CH2CH. CH2CH 3 N1 NI NI NI NI NI NI NI NI 
t 

OH 

M - 2 1  R'CH2CH(CH)2)5CH 3 NI NI NI 1,000 1,000 1,000 NI NI NI 

OH 

M-22 R. CH2CH(CH2)TCH 3 NI NI 1,000 10 1,000 100 1,000 1,000 1,000 

OH 

M-19 R-CH2CH(CH2)9CH 3 NI NI 100 10 100 100 t00 100 100 322 

OH 

M-20 R" CH2CH(CH2) 11CH 3 NI NI 10 10 10 I0 10 100 1 400 
mg/kg 

OH 

M - 5 7  R'CH2CH(CH2) 13CH 3 NI NI 1,000 1 100 1,000 100  1 , 0 0 0  100 

OH 

M-129 R'CH2CH(CH2) 15CH 3 NI NI NI 10 1,000 1,000 1,000 NI 1,000 

OH 

M-130 R'CH2CH(CH2)8.11CH3 NI NI 100 10 100 I0 100 100 100 

OH 

M - 1 3 1  R'CH2CH(CH2)I2.15CH 3 NI NI 100 10 10 10 10 NI 100 

OH 

aEC = Escherichia coli; PA = Pseudomonas acruginosa; SF = Streptococeus faecalis Group D; SP = Streptococcus  pyrogenes; SA = Staphylo- 
coccus aureus; CSP = Corynebacterium spa; NA = Nocardia asteroicles; CA = Candida albicans; SC = Saccharomyces cerevisiae. 

bNI = Not inhibitory at 1,000/zg/ml. 

CH3 /?  / CH3 
1 

CWhere R=CH 2= C - C - N'N + 
k 

CH 3 

TABLE IV 

Effect of Mixed Chain Length on Acetamide Amines 

Compound mixture 

M-70 ( C 1 2 )  M-71 ( C 1 6 )  
(%) (%) 

Minimal inhibitory concentration (/~g/ml) 

Escherichia S taphylococcus  S trep tococcus 
coli aureus pyogenes 

100 --- 250 100.0 25.0 
80 20 500 10.0 2.5 
75 25 250 10.0 2.5 
60 40 500 10.0 2.5 
50 50 1,000 5.0 2.5 
25 75 NI 2.5 1.0 

O 100 NI 2.5 1.0 

increasing chain length.  The s t ructure  of  the  amine  group 
seemed  to  be less critical to  c o m p o u n d  activi ty,  but  this 
conclus ion  was no t  whol ly  acceptable .  Early r epor t s  recog- 
nized the  d e p e n d e n c e  of  bactericidal  activity o f  cat ionic 
agents u p o n  chain length  (7-10). 

It was of  in teres t ,  therefore ,  to  de te rmine  w h e t h e r  long 
chain amine  derivatives o f  shor t  chain imides  might  fall in to  
this  same general izat ion.  Our results,  using a variety of  
amine derivatives o f  ace t imide  or methacry l imide ,  gave sub- 
stance to  Fergusons ' s  Rule (11). Where chain length  of  the 
amine was s tudied  as a variable, the  mos t  active c o m p o u n d s  
con ta ined  chain length  o f  C14 or C16. This was true,  ex- 
cept  where  gram negative act ivi ty was considered.  In this 
ins tance,  the  shor te r  chain (C 12) exh ib i t ed  more  gram nega- 

t i re  activity than  did the  longer  chain (C16) derivative. 
Presumably,  the  longer  chain derivatives canno t  pene t ra t e  
the  l ipopolysacchar ide  layer  of  gram negative organisms 
(12). 

To take advantage of the  gram negative activity of  shor t  
chain derivatives and the  greater  activity of  long chain 
derivatives, a mix tu re  o f  the  two  was screened.  Specific 
ratios of  C 12 and C 16 were combined ,  and mix tures  con- 
ta ining 60-80% C12 were active against gram negative as 
well as gram posit ive and yeast  organisms. Such mixture  of  
amin imide  c o m p o u n d s  represen ted  a drug compos i t i on  
which  was truly unique,  a wide spec t rum ant imicrobia l  
agent.  Few therapeu t ic  agents  can claim ac t ion  against 
gram-negative,  gram posit ive and yeast  organisms. In prel im- 
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i na ry  e x p e r i m e n t s  (J.J.  Kabara ,  u n p u b l i s h e d  data ,  1975)  
these  c o m p o u n d s  also were  very  act ive (MIC < 1 0  #g/m1) 
against  p ro tozoa .  

The  l eng th  o f  the  ca rbon  cha in  also had  an  i m p o r t a n t  
in f luence  u p o n  the  degree of  surface act ivi ty  of  the  com- 
pound .  Increas ing surface act iv i ty  occu r red  as cha in  l eng th  
increased over  the  range o f  C6-C16 , wi th  the  m a x i m u m  
be ing  reached  at C14 or  C16.  Above  C16 , surface  act iv i ty  
decreased (13) .  The  i m p o r t a n c e  of  chain  l eng th  in  deter -  
min ing  surface  ac t iv i ty  has  been  d e m o n s t r a t e d  w i th  soaps  
(14) ,  a lcohols  (14-18) ,  and  a l ipha t ic  acids (19) .  While  all 
surface  act ive agents  t h a t  are e f f ic ien t  bac te r ic ides  have  
been  f o u n d  to  possess a m a r k e d  abi l i ty  to  reduce  surface  
tens ions ,  t h e  converse  is n o t  necessari ly  t rue .  As an  
example ,  the  n o n i o n i c  agents  are very  Surface act ive,  bu t  
t h e y  have n o  ef fec t  on  bacter ia l  m e t a b o l i s m  and  are no t  
bac te r ic ida l  (20 ,21) .  Consequen t ly ,  c o m p o u n d s  t h a t  are 
surface  act ive do  n o t  au toma t i ca l l y  qual i fy  as bac te r ic ida l  
agents.  

Because amin i rn ide  s u r f ac t an t s  show good  in v i t ro  
a n t i m i c r o b i a l  ac t iv i ty  and  r e m a r k a b l y  low tox ic i ty  
(200 -400  mg/kg) ,  cu r r en t  work in ou r  l a b o r a t o r y  is con-  
ce rned  w i th  in  vivo act iv i ty  of  select c o m p o u n d s ,  as well as 
c o n t i n u e d  in v i t ro  screening of  o t h e r  amini rn ide  derivatives.  
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