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ABSTRACT
The LD5o oral ingestion v a l u e s for the c o m m o n

commercial fat ty a c i d s are in the r a n g e w h i c h are
c o n s i d e r e d n o n t o x i c ; 24 h o u r p r i m a r y skin irritation
is c o n s i d e r e d positive f o r o c t a n o i c acid but negative
for d e c a n o i c acid a n d u p w a r d s ; 4 h o u r skin c o r r o -
sivity is c o n s i d e r e d positive for d e c a n o i c a c i d a n d
l o w e r , negative f o r l a u r i e a c i d a n d h i g h e r ; e y e irrita-
tion i s c o n s i d e r e d positive for l a u r i e a c i d a n d l o w e r ,
negative for m y r i s t i c a c i d a n d higher. A m o n g the
fat ty a c i d derivatives that have well recognized
bacteriocidal a n d f u n g i c i d a l p r o p e r t i e s are u n d e c a n o i c
a c i d a n d its s a l t s , s o d i u m a n d zinc particularly,
( a t h l e t e ' s foot f u n g u s ) , f a t t y a m i n e q u a t e r n a r y salts,
( g e n e r a l b a c t e r i o c i d e properties), fat ty a m i d e deriva-
tives, a n d s o d i u m s a l t s o f c o m m o n f a t t y a c i d s . The
h i g h l y p u r i f i e d m o n o g l y c e r i d e p r e p a r e d from h i g h
C-12 fatty acid has u n p r e c e d e n t e d activity a n d
sanitizing properties.

INTRODUCTION

L i p i d s represent an i m p o r t a n t a n d controversial part o f
ou r d i e t . A q u o t a o f 20% to 40% o f fat by w e i g h t in the
diet improves the rate o f g r o w i n g animals. This i s not
entirely due to a high c a l o r i e i n t a k e but also t o a g r e a t e r
efficiency of utilization o f fat i t s e l f a n d o t h e r dietary
constituents, particularly fat s o l u b l e nutrients. B e s i d e s t h e i r
caloric v a l u e , l i p i d s have several noncaloric roles. The
pharmacological effect o f l i p i d s h a s been the s u b j e c t o f a
r e c e n t r e v i e w (1). O n e o f the more e x c i t i n g properties o f
l i p i d s ( f a t t y a c i d s a n d derivatives) is t h e i r antimicrobial
activity. The use o f s u c h material food and c o s m e t i c
preservative offers n u m e r o u s advantages, the m o s t i m p o r -
tant o f t h e s e b e i n g the lack o f toxicity to man a n d m i n i m a l
adverse effect on the environment.

The p r e s e n t r e v i e w collates information on the toxi-
c o l o g y o f f a t t y a c i d s a n d e s t e r s o f f a t t y a c i d s . While most
o f t h e s e chemicals are Generally R e g a r d e d as Safe ( G R A S ) ,
s u p p o r t i n g data in the l i t e r a t u r e is sparse. Much o f the lack
of interest in the toxicology o f t h e s e c o m p o u n d s i s due to
t h e i r long h i s t o r y o f use as f o o d s , a n d t h e i r g e n e r a l r e p u t a -
tion for s a f e t y : the u l t i m a t e objective o f this r e v i e w is to
form generalizations w h i c h will c a p s u l e the e x i s t i n g litera-
ture on the s u b j e c t a n d make for an e a s i e r a n d b e t t e r
u n d e r s t a n d i n g o f t h e s e s u b s t a n c e s as potential u s e f u l a g e n t s
a b o v e a n d b e y o n d t h e i r c a l o r i c v a l u e .

The term toxicity in this r e v i e w will r e f e r t o m a m m a l i a n
lethality, w h i l e the term activity will be t a k e n t o mean
antimicrobial activity.

A biological perspective o f f a t t y a c i d s a n d t h e i r e s t e r s
can best be a t t a i n e d by q u i c k l y r e v i e w i n g the digestion a n d
a b s o r p t i o n o f fats. This will clarify the fate o f f a t t y a c i d s
a n d contrast the m e t a b o l i s m o f mono-, di- a n d triglycerides
and e s t e r s o f o t h e r polyols.

DIGESTION A N D ABSORPTION OF FATS
Triglycerides, w h i c h are the main c o m p o n e n t s of the

food fats, are t r a n s f o r m e d into m o n o - a n d d i g l y c e r i d e s
d u r i n g digestion. S i n c e n o significant a m o u n t o f l i p a s e i s
p r e s e n t in the m o u t h o r s t o m a c h a n d n o m e c h a n i c s for
emulsification e x i s t s , little or n o fat digestion o c c u r s in
t h e s e organs. Moreover, the a c i d p l l o f b o t h the m o u t h a n d

s t o m a c h are n o t c o n d u c i v e to fat d i g e s t i o n .
The s m a l l i n t e s t i n e is the m a j o r site of fat digestion. I n

the intestinal l u m e n contents o f man, K a y d e n et al. ( 2 )
i d e n t i f i e d t w o p h a s e s : an off p h a s e w h i c h contains m a i n l y
di- a n d trigtycerides a n d s o m e f a t t y a c i d s , a n d a m i c e l l a r
p h a s e w h i c h is a c o m b i n a t i o n o f bile salts, free fat ty a c i d s
( F F A ) a n d monoglycerides. F r o m the micellar s o l u t i o n ,
m o n o g l y c e r i d e s a n d free f a t t y a c i d s are a b s o r b e d t h r o u g h
the intestinal wall ( F i g . 1).

Pancreatic l i p a s e , steapsin, is a n c~-lipase specifically
attacking the e s t e r linkages at the 1- a n d 3-positions in the
triglycerides, l e a v i n g a m o n o g l y c e r i d e with the fat ty acid
esterified at the g l y c e r o l carbon-2. This linkage may then be
c l e a v e d by an e s t e r a s e to r e l e a s e the t h i r d fat ty a c i d a n d
glycerol.

R e c e n t investigations ( 3 ) in w h i c h 14C-labeled m o n o - ,
di-, a n d triolein was a d m i n i s t e r e d t o rats with c a n n u l a t e d
thoracic d u c t s i n d i c a t e d that t h e r e was digestive cleavage o f
all the fat ty a c i d s in the 1- a n d 3-positions. There was
h y d r o l y s i s o f only 22% o f the fat ty a c i d s in the beta
position, h o w e v e r . T h u s , ca. 75% o f the fat ty a c i d s o f this
p a r t i c u l a r d i e t a r y fat were s p l i t a n d a b s o r b e d as free fat ty
a c i d s . The r e m a i n d e r were a b s o r b e d primarily as a ~-mono-
glyceride.

Monoglycerides, a l o n g w i t h bile salts, play an important
role in stabilizing a n d f u r t h e r increasing the emulsification
o f fat in the s m a l l intestine. This f u r t h e r enhances the
digestion o f fats a n d o t h e r l i p i d s s o l u b i l i z e d in the m i c e l l a r
particle.

T h u s , 50% t o 75% o f d i e t a r y fat is split by steapsin t o
free fat ty a c i d s , w h i c h are a b s o r b e d as s u c h . A s m a l l e r
a m o u n t is partially d i g e s t e d t o a n d a b s o r b e d as ~-monogly-
c e r i d e s , a n d still less as di- and triglycerides. S o m e e s t i m a t e s
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are that the final diges t ion and absorpt ion o f u s u a l dietary
fats are ca. 95% c o m p l e t e in n o r m a l indiv idua ls .

The r e v i e w of the li terature by J o h n s t o n (4) indicates
that the monoglycerides and free f a t t y acids i'n the micellar
so lu t ion are absorbed in to the intest inal v~all, leaving the
b i l e sa l t s w i t h i n the l u m e n to form additional micel les . The
monoglycerides and f a t t y a c i d s migra te to the endoplasmic
ret iculum w h e r e resynthesis o c c u r s . F a t t y a c i d s are act i -
v a t e d enzymaticaUy and resynthesized in to triglycerides by
the acylat ion of monoglycerides, the monoglycerides are
esterified to tr iglycerides, and then the triglycerides are
incorporated in to chylomicrons for delivery to the in tes t i -
nal lymphat ics . T h u s , diglycerides and triglycerides are
digested t h r o u g h e n z y m a t i c a c t i o n to monoglycerides,
absorbed in to the l u m e n of the intest inal wal l , resynthe-
sized in to the triglycerides and delivered to the lymphat ic
system for final d is t r ibut ion to the extraceUular f lu ids and
to the fat d e p o t s .

Absorpt ion of the diges t ion p r o d u c t s of f a t s , pr imari ly
free f a t t y a c i d s ( 7 0 % ) and/3-monoglycerides ( 2 5 % ) , o c c u r s
from the micelles in the microvi l ( b r u s h b o r d e r ) of the
epithelial cel ls of the smal l intest inal m u c o s a . Bile sal t of
the mice l le apparently are not a b s o r b e d at th i s p o i n t but
are redissolved in o t h e r emulsoid part icles .

C u r r e n t evidence ( 5 , 6 ) indicates that the p r o d u c t s of fat
d iges t ion , free f a t t y acids and /3-monoglyceride m a i n l y ,
e n t e r the microvi l l i and the apical po le of the absorptive
m u c o s a epithelial cell by s imp le diffusion t h r o u g h the cell
m e m b r a n e . The s h o r t to m e d i u m c h a i n (6 to 10 c a r b o n s )
and u n s a t u r a t e d f a t t y a c i d s are more readily a b s o r b e d than
the long c h a i n f a t t y a c i d s (12 to 18 carbons). Also , the
s h o r t c h a i n f a t t y acids a p p e a r to e n h a n c e the absorpt ion of
fats in general, w h e r e a s long c h a i n f a t t y a c i d s tend to
i m p a i r the process. F u r t h e r m o r e , the monoglycerides of the
less well a b s o r b e d , long c h a i n f a t t y acids (i.e., s t e a r i c ) are
b e t t e r a b s o r b e d than the corresponding free f a t t y acids .

Differences in the r a t e s of diges t ion and absorpt ion of
the individual f a t t y acids are r e f l e c t e d in the overall r a t e s of
diges t ion and absorpt ion of the dietary fats from w h i c h
they are derived.

Fa ts and oils wi th l o w e r mel t ing p o i n t s ( i . e . , b e l o w 50
C.) are more rapidly and completely digested and a b s o r b e d
than are t h o s e wi th h i g h e r mel t ing po in t s . Animal and
vegetable triglycerides h a v i n g similar mel t ing poin ts seem to
be equally well digested and a b s o r b e d . Likewise, h u m a n
mi lk fat i s a b s o r b e d b e t t e r than c o w ' s mi lk fat b e c a u s e i t
contains a h i g h e r percentage o f unsaturated f a t t y acids and
more palmi ta te in the c a r b o n - 2 pos i t ion and b e c a u s e mi lk
has i t s own l ipase act iv i ty .

The resynthesis of triglycerides from free f a t t y acids or
monoglycerides in the mucosal cel ls entai ls the same
reactions as t h o s e occurring in o t h e r cel ls . Brief ly s u m -
marized, t h e s e are: (a) conversion of the free f a t t y acid to
the f a t t y a c i d - C o A derivative by ATP and CoA; (b) c o n v e r -
s ion of the f a t t y acid-CoA derivative to monoglyceride
phosphate in the p r e s e n c e of L-a-glycerophosphate; and (c)
successive conversions, in the p r e s e n c e of two moles , of
f a t t y acid-CoA to diglyceride p h o s p h a t e , diglyceride, and
final ly triglyceride. Aggregates o f tr iglycerides, p lus smal l
a m o u n t s of e x t r a n e o u s phosphol ip ids , cholesterol , e t c . , are
then " c o a t e d " wi th l ipoprotein and secreted from the
mucosal cell in to the intracellular f lu id , t h e n c e in to the
lacteals and lymphat ics , and final ly in to the general circula-
t ion for metabol ic d isposa l . T h e s e events are s h o w n
schematically in Figure 1.

F a t t y a c i d s play an i m p o r t a n t ro le as an e n e r g y s o u r c e
(7). T h e i r oxidat ion i s p r o m i n e n t in h i g h e r animals w h i c h
can s t o r e large a m o u n t s of n e u t r a l fat as a fuel reserve. It
is est imated that f a t t y acid oxidat ion provides at least ha l f
of the oxidat ive e n e r g y in the liver, k idneys , h e a r t musc le
and rest ing skeletal muscle. F a t t y acids undergoing oxidat ion
in tissues of h i g h e r animals came e i t h e r from extracellular

f lu id or from endogenous intracellular l ip ids . V e r t e b r a t e
b l o o d c o n t a i n s considerable a m o u n t s of tr iacylglycols but
very smal l a m o u n t s of free f a t t y acids . The m a j o r e n d o -
g e n o u s s o u r c e o f f a t t y acids for fuel i s storage fat , in the
form of fat droplets in the c y t o p l a s m , w h i c h consis ts
largely of tr iacylglycerol (7). B e f o r e the f a t t y a c i d s can
u n d e r g o act ivat ion and oxida t ion , the tr iacylglycerols f i rs t
mus t u n d e r g o hydrolys is by intracellular lipases to y i e l d
free f a t t y acids and glycerols . Free f a t t y a c i d s are t h e r e f o r e
derived e i t h e r from the b l o o d s t r e a m in w h i c h they are
transported b o u n d to s e r u m a l b u m i n , or from hydrolys is of
intracellular l ip ids . They are f irs t activated by esterif ication
wi th CoA to form acyl CoA e s t e r at the o u t e r mitochondrial
m e m b r a n e . Then the f a t t y acyl g r o u p from CoA is carried
across the i n n e r m e m b r a n e by the c a r r i e r molecule carni-
t i n e . F ina l ly the f a t t y acyl g r o u p i s transferred from carni-
t ine to intramitochondrial CoA: t h r o u g h several e n z y m a t i c
reactions, a t w o - c a r b o n f r a g m e n t of the f a t t y acid i s re-
m o v e d as a c e t y l CoA and t w o p a i r s o f h y d r o g e n a t o m s are
given to specif ic acceptors. A long c h a i n f a t t y acid will go
t h r o u g h several spi ra ls . T h u s , the 16-carbon pa lmi t i c acid
undergoes a t o t a l o f 7 such cycles, to y i e l d 8 molecules of
a c e t y l CoA and 14 p a i r s of h y d r o g e n a t o m s . The a c e t y l
C o A f o r m e d as a p r o d u c t of the f a t t y acid oxidat ion will
then e n t e r the tr icarboxyl ic acid c y c l e , w h i c h i s the final
c o m m o n p a t h w a y of oxidat ive catabolism of all fuel
molecules in a e r o b i c cells (7).

A c c o r d i n g to F l o r e y (8), the glycerine derived from the
hydrolys is of glycerides is c o n v e r t e d directly in to glucose,
w h i l e the f a t t y a c i d s are b r o k e n in to 2 - c a r b o n u n i t s w h i c h
contr ibute to the formation o f c i t r ic a c i d . T h u s , fats are fed
in to the p a t h w a y s of glycolys is and the c i t r ic acid c y c l e .

In an e x p e r i m e n t in w h i c h rats were given D-palmi t ic
acid in free form or as m o n o - or triglyceride, B u e n s o d and
Favarger (9) f o u n d that m o n o p a l m i t i n i s digested more
completely than the free acid or triglyceride f o r m , al though
i t i s digested more s lowly than t r ipa lmi t in . Measurement of
radioact ivi ty 24 hr a f t e r oral adminis t ra t ion of a m i x t u r e
of m o n o - and diglycerides of 14C-, 4-diacetyl tar tar ic acid
(0.5-0.8 g/kg) by Lang and Schmidt (10) revealed that
2 6 - 3 1 % of the act ivi ty was a b s o r b e d , 12-21% was oxidized
to 1 4 C O 2 , 8 - 1 3 % was e x c r e t e d in the u r i n e and 2% was
r e t a i n e d in the carcass. According to K o p p a n y i and D a r d i n
( 11 ), TEM has a diges t ib i l i ty coefficient o f roughly over 90%,
i t i s absorbed from the smal l intest ine, and the tar tar ic acid
released d u r i n g i t s metabol ism is s lowly e x c r e t e d by the
kidneys . Sourkes and K o p p a n y i (12) f o u n d that when 2.72
g of TEM per kg of body w e i g h t was administered per oz to
d o g s , 88% o f the TEM was a b s o r b e d wi th in 12 h r and less
than 20% of the theoretical ly avai lable tar tar ic acid was
e x c r e t e d in the u r i n e during the same t i m e . The diges t ib i l i ty
coefficient of TEM in the a d u l t rat was r e p o r t e d to be 95%
( 1 2 ) .

F a r b e r and W y n n e (13) f o u n d that t r iacet in, when
properly emuls i f ied , c a u s e d inh ib i t ion of the hydrolys is of
caseinogen by p a n c r e a t i c proteinase. Z u c k e r m a n et a l . (14)
f o u n d that oral ly administered ole ic acid (9 m l / d a y ) s t i m u -
l a t e s the flow of liver b i l e in a cholecystectomized h u m a n
subject . Administered wi th b i l e sa l t s , o le ic acid increases
the choleret ic e f f e c t of the b i l e sa l t s b e y o n d the addit ive
e f f e c t of each o f t h e s e s t imula t ing a g e n t s ( 1 4 ) . Pinter (15)
r e p o r t e d that 2 5 - 5 0 g of glyceryl monol inolea te c a u s e d an
increase in the s e r u m triglyceride level of h u m a n subjects
whi le s imilar quanti t ies o f glyceryl monostearate had l i t t l e
or n o e f f e c t .

The foregoing discuss ion of the absorpt ion of f a t t y acids
and t h e i r resynthesis in to triglycerides applies to long c h a i n
f a t t y acids . The l o w e r m o l e c u l a r w e i g h t free f a t t y acids ,
representing less than 30% of the a b s o r b e d fat , are dis t r ib-
u t e d , according to Frazer 's par t i t ion t h e o r y , b o u n d to
p l a s m a a l b u m i n mainly v i a the b l o o d capil lar ies , in to p o r t a l
b l o o d and t h e n c e directly to the liver for oxidat ion or
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l e n g t h e n i n g i n t o l o n g c h a i n f a t t y a c i d s ( 1 6 ) .
This m e a n s that f a t t y a c i d s a n d / o r p o l y h y d r i c alcohols

are m e t a b o l i z e d more or less i n d e p e n d e n t l y o f e a c h o t h e r .
This fact is very significant w h e n the toxicity o f f a t t y acid
e s t e r s i s c o n s i d e r e d . In g e n e r a l the oral toxicity d e p e n d s on
the e f f e c t s o f its i n d i v i d u a l l i p i d moieties.

THE TOXICOLOGY OF F A T T Y ACIDS
(see reference 19 for greater details)

F a t t y a c i d s as n o r m a l p r o d u c t s f o u n d in a n i m a l a n d
p l a n t s are n o t t o x i c t o m a m m a l s in the usua l s e n s e o f the
w o r d e x c e p t at h e r o i c dose levels. The most c o m p l e t e a n d
r e c e n t r e p o r t on this s u b j e c t is a r e p o r t p r e p a r e d by Br iggs
et al. (7). The a c i d s u s e d in the s t u d y w e r e a c o m p o s i t e o f
materials o b t a i n e d from 12 m e m b e r c o m p a n i e s o f the F a t t y
A c i d P r o d u c e r s C o u n c i l . The u p p e r levels f o r the s a t u r a t e d
f a t t y a c i d s (C10 to C 1 8 ) was 10.0 g / k g w h i l e o c t a d e c e n o i c
( C 1 8 : 1 ) a n d o c t a d e c a d i e n o i c ( C 1 8 : 2 ) were g i v e n at 21.5
m l / k g . C a p r y l i c a c i d was g i v e n at the h i g h e r d o s a g e .

Caprylic Acid
While n o d e a t h s o c c u r r e d at the 10.0 m l / k g d o s e , all rats

given 21.5 m l / k g o f this f a t t y acid d i e d w i t h i n 2 h r a f t e r
ingestion. The rats e x h i b i t e d m a r k e d d e p r e s s i o n , c o m a
a b s e n t r i g a t i n g reflex, l a b o r e d respiration a n d excessive
salivation p r i o r t o d e a t h . The a c u t e oral L D s 0 f o r the m a l e
a l b i n o rat is 14.7 m l / k g .

G r o s s n e c r o p s i e s p e r f o r m e d on d e a d rats s h o w e d s l i g h t
o r m o d e r a t e congestion o f the l u n g s , a d r e n a l s a n d k i d n e y .
G r o s s n e c r o p s i e s p e r f o r m e d o n survivors at termination o f
the f e e d i n g s t u d i e s (2 w e e k s ) s h o w e d n o significant g r o s s
pathology.

Capric Acid
S i n c e d e a t h did not o c c u r at the h i g h e s t level t e s t e d , the

oral L D s 0 f o r c a p r i c a c i d is g r e a t e r than 10.0 g m / k g . While
d e a t h did n o t o c c u r at this high level, rats at the 4.64 a n d
10.0 m g / k g s h o w e d excessive salivation a n d diarrhea. R a t s
at h i g h e s t level a p p e a r e d t o be d e p r e s s e d , h a d l o w e r righting
a n d p l a c e m e n t reflexes, a n d h a d u n k e m p t f u r . A f t e r f o u r
d a y s a n d all s u c c e e d i n g d a y s rats e x h i b i t e d n o r m a l b e h a v i o r
a n d appearance. G r o s s necropsies r e v e a l e d n o significant
g r o s s p a t h o l o g y .

Laurie Acid
The oral L D s 0 for l a u r i e acid i s g r e a t e r than 10.0 g / k g

s i n c e none o f the a n i m a l s d i e d . The toxicity s i g n s a t h i g h e r
levels a n d f o r a p e r i o d of t h r e e d a y s w e r e s i m i l a r to t h o s e
d e t a i l e d for c a p r i c a c i d . The exceptions w e r e the oily
u n k e m p t fur a n d s l i g h t e m a c i a t i o n w h i c h w e r e n o t e d f o r
the w h o l e observation p e r i o d . The average b o d y w e i g h t
g a i n s w e r e w i t h i n n o r m a l l i m i t s f o r rats o f the age, sex a n d
s t r a i n used .

Myristic Acid
N o mortalities o c c u r r e d at any dosage l e v e l t e s t e d .

Therefore, the a c u t e oral L D s 0 is g r e a t e r than 10.0 g / k g .
G r o s s s i g n s o f toxicity c o u l d be seen o n the first d a y . The
u n k e m p t fur was s t a i n e d with d i a r r h e a a n d a p e r o s a n -
g u i n e o u s d i s c h a r g e f r o m the nose a n d e y e s . O n the t h i r d
p o s t d o s a g e d a y a n d f o r the r e m a i n d e r o f the t w o w e e k s , the
rats a p p e a r e d g r o s s l y n o r m a l . The p a t t e r n o f response o f
the o t h e r s a t u r a t e d fat ty a c i d s f o l l o w e d s i m i l a r effects. The
l e v e l s for o l e i c a c i d a n d l i n o l e i c a c i d ( s o y a f a t t y ac id ) w e r e
s i m i l a r e x c e p t the h i g h e s t d o s e t e s t e d was 21.5 m l / k g
i n s t e a d o f 10 g / k g . A s with the h i g h dosage f o r s a t u r a t e d
f a t s , t o x i c s i g n s p e r s i s t for 2-3 days a f t e r w h i c h the rats
a p p e a r e d n o r m a l .

Primary Skin Irritation
Caprylic acid. The f a t t y a c i d p r o d u c e d n e c r o t i c t i s sue a t

each i n t a c t a n d a b r a d e d site at the 24 h r r e a d i n g . V e r y
s l i g h t t o m o d e r a t e e d e m a was o b s e r v e d . All i n t a c t a n d
a b r a d e d s i t e s w e r e c o r i a c e o u s at the 72 h r reading. The
Primary Irritation I n d e x (PII) was c a l c u l a t e d t o be 5.46.

Capric acid. F o l l o w i n g application o f capric a c i d t o
i n t a c t a n d a b r a d e d skin s i t e s o f a l b i n o r a b b i t s , the material
p r o d u c e d n e c r o s i s o r b l a n c h i n g in five o r six i n t a c t s i t e s a n d
in all o f the a b r a d e d s i t e s at the 24 h r reading. V e r y s l i g h t
e d e m a was n o t e d a t one i n t a c t a n d t w o a b r a d e d skin s i t e s at
this reading. A t the 72 h r r e a d i n g c o r i a c e o u s t i s sue was
o b s e r v e d at all i n t a c t a n d a b r a d e d sites, a n d s l i g h t e d e m a at
t h r e e i n t a c t a n d a b r a d e d sites. The P r i m a r y Irritation I n d e x
was c a l c u l a t e d t o be 4 . 6 0 .

Laur~c acid. This material p r o d u c e d very s l i g h t e r y t h e m a
in five o f six i n t a c t s i t e s a n d t h r e e o f six a b r a d e d sites, n o
irritation in o n e i n t a c t a n d o n e a b r a d e d s i t e , a n d b l a n c h i n g
in one a b r a d e d s k i n site at the 24 h r r e a d i n g . N o e d e m a was
p r e s e n t in e i t h e r i n t a c t o r a b r a d e d skin s i t e s at this r e a d i n g .
N o e r y t h e m a was n o t e d at any i n t a c t o r f o u r a b r a d e d s i t e s
at the 72 h r r e a d i n g . H o w e v e r , c o r i a c e o u s (leather l i k e )
t i s sue was o b s e r v e d at t w o a b r a d e d s i t e s at this r e a d i n g .
Very slight o r s l i g h t e d e m a was o b s e r v e d at t w o a b r a d e d
s i t e s only at the 72 h r r e a d i n g . The Primary Irritation I n d e x
was c a l c u l a t e d t o be 1.12.

The o t h e r s a t u r a t e d f a t t y a c i d s (C14 , C16 , C18) all h a d
PII o f O.O. N o s i g n s o f irritation o r corrosivity w e r e ob -
served. In c o n t r a s t to the lack o f irritation in the l o n g c h a i n
( C 1 2 ) s a t u r a t e d fat ty a c i d s , o l e i c a n d S o y a f a t t y acid (53%
linoleic ac id ) w e r e irritating.

Oleic acid. This acid p r o d u c e d very s l i g h t e r y t h e m a in
six i n t a c t a n d s ix a b r a d e d s i t e s at the 24 h r r e a d i n g o n l y .
N o e d e m a was o b s e r v e d at e i t h e r r e a d i n g . The P r i m a r y
Irritation I n d e x was c a l c u l a t e d t o be 0 . 5 0 .

Soya f a t t y acid. This m a t e r i a l p r o d u c e d s p o t t y b l a n c h i n g
a t one i n t a c t a n d one a b r a d e d s i t e , a n d very slight o r we l l
d e f i n e d e r y t h e m a at f o u r i n t a c t a n d four a b r a d e d s i t e s at
the 24 h r r e a d i n g . Very s l i g h t e d e m a was n o t e d at one i n t a c t
a n d one a b r a d e d site at this r e a d i n g . At the 72 h r r e a d i n g
c o r i a c e o u s t i s sue a n d slight e d e m a w e r e n o t e d at one i n t a c t
a n d one a b r a d e d site. The Primary Irritation I n d e x was
c a l c u l a t e d to be 1.64.

Patch Test for Corrosivity

No corrosive effects w e r e n o t e d a t any site in any r a b b i t
t e s t e d w i t h l a u r i c a c i d , m y r i s t i c a c i d , p a l m i t i c a c i d , s t e a r i c
a c i d , o l e i c a c i d a n d soya f a t t y a c i d s at any t ime d u r i n g the
s t u d y . C a p r y l i c a c i d p r o d u c e d n e c r o s i s o r s p o t t e d a n d / o r
entire b l a n c h i n g o f each site at the 4 h r reading. At the 24
a n d 4 8 h r r e a d i n g s , e n t i r e o r s p o t t e d coriaceousness was
n o t e d at each s i t e . C a p r i c a c i d p r o d u c e d b l a n c h i n g o f one
site a n d n e c r o s i s o f one site at the 4 h r r e a d i n g . The re-
m a i n i n g s i t e s e x h i b i t e d n o corrosive effects at the 4 h r
reading. At the 24 a n d 48 h r r e a d i n g s , six s i t e s e x h i b i t e d
coriaceousness w h i l e the r e m a i n i n g six s i t e s e x h i b i t e d n o
corrosive effects.

Acute Eye Application

Caprylic acid. This m a t e r i a l p r o d u c e d corneal o p a c i t y
a n d m o d e r a t e o r m a r k e d conjunctivitis in all r a b b i t s , a n d
i r i t i s in t h r e e r a b b i t s . In a d d i t i o n , b l a n c h i n g o f the c o n j u n c -
rival t i s s u e s was n o t e d in one r a b b i t . Irritative signs did n o t
subside a p p r e c i a b l y d u r i n g the 72 h r observation p e r i o d .

Capric acid. The fat ty a c i d p r o d u c e d c o r n e a l opacity a n d
m o d e r a t e conjunctivitis in each r a b b i t , a n d i r i t i s in f o u r o f
s ix r a b b i t s . T h e r e was n o d e c r e a s e in irritation d u r i n g
the observation p e r i o d .

Lauric actd. This l i p i d p r o d u c e d c o r n e a l opacity a n d
m o d e r a t e conjunctivitis in all r a b b i t s , a n d i r i t i s in five o f s ix
r a b b i t s . Irritative s i g n s did not subside appreciably d u r i n g
the 72 h r o b s e r v a t i o n p e r i o d .

Myristic acid. The r e s u l t s f o l l o w i n g application o f
m y r i s t i c a c i d to the eyes o f a l b i n o r a b b i t s w e r e c o n f i n e d t o
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m i l d conjunctival e r y t h e m a in t h r e e o f six r a b b i t s .
Palmitic acid. The m a t e r i a l p r o d u c e d n o s i g n s o f e y e

irritation in any r a b b i t .
Stearic acid. N o s i g n s o f eye irritation w e r e o b s e r v e d at

any t ime d u r i n g the s t u d y .
Oleic acid. The m a t e r i a l p r o d u c e d m i l d conjunctivitis in

five o f six r a b b i t s . N o o t h e r irritative s i g n s w e r e o b s e r v e d
a n d all e x c e p t one r a b b i t s h o w e d n o irritative s i g n s at the
72 h r reading.

Soya fatty acid. This fat ty acid m i x t u r e p r o d u c e d m i l d
conjunctival e r y t h e m a in f o u r o f the six eyes o n l y . N o
o t h e r irritative s i g n s w e r e o b s e r v e d a n d all eyes w e r e c l e a r
at the 72 h r r e a d i n g .

Summary on Fatty Acid Toxicology

The a c u t e oral toxicity a n d the p r i m a r y skin a n d a c u t e
eye irritative potentials o f the test m a t e r i a l s w e r e e v a l u a t e d
in a c c o r d a n c e w i t h the t e c h n i q u e s s p e c i f i e d in the R e g u l a -
t i o n s f o r the E n f o r c e m e n t o f the F e d e r a l H a z a r d o u s Sub-
s t a n c e s Act ( R e v i s e d , F e d e r a l Register, S e p t e m b e r 17 ,
1964). In a d d i t i o n , the corrosive potential of the f a t t y a c i d s
w e r e e v a l u a t e d in a c c o r d a n c e with the p r o c e d u r e d e s c r i b e d
in S e c t i o n 173.240 u n d e r Title 4 9 o f Code o f F e d e r a l
R e g u l a t i o n s ( F e d e r a l Register, F e b r u a r y 12 , 1973).

C a p r y l i c a c i d a n d c a p r i c acid p r o d u c e d b l a n c h i n g ,
n e c r o s i s a n d coriaceousness. N o corrosive e f f e c t s w e r e
n o t e d in any a n i m a l s w h i c h w e r e t e s t e d w i t h l a u r i c a c i d ,
m y r i s t i c a c i d , palmitic a c i d , stearic a c i d , o l e i c a c i d a n d s o y a
fat ty a c i d s .

B a s e d on t h e s e r e s u l t s , caprylic acid a n d c a p r i c a c i d are
classified as corrosive a s t h e s e t e r m s are d e f i n e d in the
a b o v e c i t e d R e g u l a t i o n s , w h i l e the o t h e r fat ty a c i d s are not
so classified. C a p r i c , caprylic, a n d l a u r i c acid as f u r n i s h e d
w e r e d e t e r m i n e d to be eye irritants. A l s o , t w o m a t e r i a l s
(caprylic acid a n d c a p r i c ac id ) p r o v e d to be corrosive u n d e r
b o t h FI ISA a n d D . O . T . definitions.

A p o i n t to be m a d e w h i c h was n o t d i s c u s s e d in the
original w o r k (19) i s that the u n s a t u r a t e d a c i d s w e r e not
t e s t e d for p o s s i b l e presence o f p e r o x i d e s . C o n s e q u e n t l y , the
toxicity a n d irritability f o u n d for o l e i c a n d l i n o l e i c a c i d s
m a y be due to the p r e s e n c e o f t h e i r p e r o x i d e s w h i c h are
k n o w n to be t o x i c . A d i s c u s s i o n o f the t o x i c e f f e c t s o f
p o l y u n s a t u r a t e d fats h a s recently been p u b l i s h e d (8).

TOXICOLOGY A N D SAFETY OF GLYCERIDES

The s a f e t y for the l o n g c o n t i n u e d use o f m o n o - , di- a n d
triglycerides was b a s e d e a r l i e r o n the n o r m a l o c c u r r e n c e o f
s u c h materials in f o o d fats a n d o i l s ; a n d o n the similarity in
c h e m i c a l s t r u c t u r e a n d m e t a b o l i s m t o c o m p o u n d s f o u n d in
man. F e e d i n g s t u d i e s c a r r i e d o u t s i n c e 1941 t e n d e d t o
s u b s t a n s t i a t e the s a f e t y assessment o f t h e s e c o m p o u n d s
( 2 1 ) . The s u b j e c t o f g l y c e r i d e s a f e t y has b e e n r e v i e w e d
recently with c o n t i n u e d affirmation o f t h e i r s a f e t y ( 2 2 ) .
The oral L D s 0 o f the m o n o o l e a t e e s t e r h a s been m e a s u r e d
a s 50 g / k g in rats a n d g r e a t e r than 25 g / k g in mice (23-25).

K o p p a n y i a n d D a r d i n (11) r e p o r t e d that the m a t i n g o f
f e m a l e rats f e d a diet c o n t a i n i n g 10% T E M w i t h m a l e rats
m a i n t a i n e d on a 20% T E M d i e t r e s u l t e d in the p r o d u c t i o n
o f n o r m a l , h e a l t h y offspring w h i c h r e v e a l e d n o i n d i c a t i o n
o f d a m a g e s a t t r i b u t a b l e t o the ingestion o f T E M . D i e t a r y
l e v e l s o f 0.5 a n d 5.0% oxystearin w e r e f o u n d by H o d g e et
al. (11) t o have n o e f f e c t on the r e p r o d u c t i v e p e r f o r m a n c e ,
n o r the h e a l t h o f the offspring, o f r a t s . In a test o f r e p r o -
d u c t i o n by A m b r o s e e t al. ( 2 6 ) , at a d i e t a r y level o f 10%,
aceto-oleins AG-3 a n d A G - 2 1 , a n d acetostearin A G - 2 6
s u p p o r t e d r e p r o d u c t i o n a n d lactation t h r o u g h the test
p e r i o d o f 3 generations, w h i l e acetostearins A G - 1 9 4 a n d
A G - 3 1 f a i l e d to s u p p o r t r e p r o d u c t i o n b e y o n d the first
generation.

S o l o m i d e s ( 2 7 ) r e p o r t e d that injections o f glycerine
p r o d u c e a t e m p o r a r y i m m u n i t y in r a b b i t s f o l l o w e d by

sensitization t o re-injecticm.
t t i n e et al. ( 2 8 ) r e p o r t e d that n o m e a s u r a b l e irritation

was p r o d u c e d by the application o f g l y c e r i n e to the skin
a n d eyes o f r a b b i t s . S u b c u t a n e o u s injections o f m o n o - a n d
d i a c e t i n w e r e n o t e d by I.i e t al. (29) t o c a u s e occasionally
l o c a l irritation in mice a n d rats. In the r a b b i t eye, 50%
monoacetin c a u s e d only a s l i g h t d e g r e e o f irritation w h i l e
d i a c e t i n a n d triacetin in s i m i l a r concentrations c a u s e d
m a r k e d congestion a n d m o d e r a t e e d e m a ( 2 9 ) . The da i ly
application, for 45 d a y s , o f a 30% acetoglyceride e m u l s i o n
to the skin o f a l b i n o g u i n e a pigs was r e p o r t e d by A m b r o s e
a n d R o b b i n s (30) to r e s u l t in n o l o c a l irritation o r s y s t e m i c
reactions.

In a s t u d y in w h i c h w e a n l i n g male a n d f e m a l e H o l t z m a n
rats w e r e f e d d i e t s with or w i t h o u t 50% s a t u r a t e d , partially
a c e t y l a t e d m o n o g l y c e r i d e s , H e r t i n g a n d C r a i n (31) n o t e d
the a p p e a r a n c e o f a f o r e i g n b o d y - t y p e r e a c t i o n in the b o d y
fat o c c u r r i n g w i t h i n 8 w e e k s of initiation of the test .

In the only r e p o r t e d f e e d i n g s t u d y u s i n g c h i c k s , 10
one-day-old c h i c k s w e r e f e d d i e t s c o n t a i n i n g diacetyl
tartaryl glycerol m o n o s t e a r a t e (TEM), g l y c e r o l lactopalmi-
ta te ( G L P ) , o r s u c c i n y l a t e d m o n o g l y c e r i d e (SMG) at dosage
levels of 570 m g / k g , 2.85 g / k g and 8.55 g / k g f o r a p e r i o d o f
9 0 d a y s ( 3 2 ) . T E M c a u s e d g r o w t h d e p r e s s i o n at "all levels at
7 w e e k s , s l i g h t h y p e r e m i a o f d u o d e n u m a n d i l e u m at the
l o w e r levels a n d m o d e r a t e to severe h y p e r e m i a at the
h i g h e s t level ( 3 2 ) . G i z z a r d e r o s i o n was o b s e r v e d at the high
level, with only s l i g h t c h a n g e s at the i n t e r m e d i a t e level
( 3 2 ) . G L P c a u s e d g r o w t h d e p r e s s i o n at 90 d a y s ( 1 8 0 3 ) .
L i v e r w e i g h t was slightly i n c r e a s e d , a n d t h e r e w e r e in-
s t a n c e s of very slight h y p e r e m i a a n d g i z z a r d e r o s i o n at the
i n t e r m e d i a t e level at 9 0 d a y s ( 3 2 ) . S M G c a u s e d very s l i g h t
g r o w t h retardation at 9 0 d a y s ( 1 8 0 3 ) . C e c a l size was
i n c r e a s e d at each level, s l i g h t h y p e r e m i a , a n d o n i n s t a n c e o f
g i z z a r d e r o s i o n , o c c u r r e d at the intermediate l e v e l ( 3 2 ) .

Wrestlind (33) f o u n d that injections o f triacetin ( L D s 0 =
1600 m g / k g ) into the tail v e i n s o f mice p r o d u c e d a l m o s t
i m m e d i a t e convulsions, f a i l u r e o f the f i g h t i n g r e f l e x e s a n d
respiratory arrest. In s o m e a n i m a l s respiration did not
r e t u r n a n d d e a t h o c c u r r e d in 1-3 m i n ; o t h e r a n i m a l s s t a r t e d
to b r e a t h e s p o n t a n e o u s l y w i t h i n a f e w m i n u t e s a n d survived.
Li et al. (29) r e p o r t e d that s u b c u t a n e o u s i n j e c t i o n s o f l e t h a l
d o s e s o l m o n o - , di-, a n d triacetin p r o d u c e d , in w h i t e m i c e ,
m a r k e d d e p r e s s i o n , w e a k n e s s , prostration a n d , in s o m e
animals, l a b o r e d respiration p r i o r to d e a t h . G r o s s observa-
t i o n s o f a n i m a l s p o i s o n e d by m o n o a c e t i n r e v e a l e d d i l a t i o n
o f the h e a r t a n d d i f f u s e congestion o f the l u n g s ( 2 9 ) . In
a n i m a l s d y i n g a s a r e s u l t o f the t o x i c e f f e c t s o f d i - a n d
triacetin, h e m o r r h a g i c a r e a s in the l u n g s f r e q u e n t l y
a p p e a r e d ( 2 9 ) . Preliminary s t u d i e s o f t i s sue s e c t i o n s s h o w e d
some c l o u d y s w e l l i n g o f the c o n v o l u t e d t u b u l e s o f the
k i d n e y , a n d in s o m e c a s e s the l u m e n was f i l l e d w i t h c a s t s
( 2 9 ) . H y d r o p i c d e g e n e r a t i o n a n d n e c r o s i s o f the t u b u l e s
was n o t e d in s o m e a r e a s a n d the liver a p p e a r e d to be
c o n g e s t e d ( 2 9 ) .

F o r a p e r i o d o f 2 y e a r s , F i t z h u g h et al. (34) m a i n t a i n e d
24 rats on a b a s a l diet w i t h a 25% s u p p l e m e n t o f Myverol
18-00 (glyceryl monostearate). C o m p a r e d t o a s i m i l a r
n u m b e r o f control a n i m a l s , g r o w t h a n d longevity o f the test
rats was n o r m a l , a n d d e t a i l e d m i c r o s c o p i c pathological
J x a m i n a t i o n s o f all m a j o r o r g a n s a n d t i s s u e s r e v e a l e d only a
single c h a n g e - a n i n c r e a s e in the n u m b e r o f calcified r e n a l
t u b u l a r c a s t s a t t r i b u t a b l e t o the t r e a t m e n t ( 3 4 ) .

In a s t u d y by M a t t s o n et al. ( 3 5 ) in w h i c h 12 g r o u p s o f
10 w e a n l i n g , male S p r a g u e - D a w l e y rats w e r e fed d i e t s
c o n t a i n i n g v a r i o u s p u r e m o n o - , di-, a n d triglycerides a t a
l e v e l o f 25% for a p e r i o d o f 10 w e e k s , g r o w t h o f all g r o u p s
was n o r m a l a n d a u t o p s i e s r e v e a l e d n o peculiarities. A m e s e t
al. (36) r e p o r t e d that the f e e d i n g o f m o n o g l y c e r i d e s d e r i v e d
from the f a t t y a c i d s o f c o t t o n s e e d oil to rats f o r 3 g e n e r a -
t i o n s d i s c l o s e d n o u n t o w a r d e f f e c t s a t t r i b u t a b l e to t h e
i n g e s t i o n o f the c o m p o u n d s . The only d e l e t e r i o u s e f f e c t
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n o t e d by B r a u n a n d S h r e w s b u r g (37) t o r e s u l t from t h e
f e e d i n g of 8-24% m o n o s t e a r i n o r monolinolein in the d i e t s
o f rats f o r 8 w e e k s was a s o m e w h a t s l o w e r g r o w t h o f the
monostearin-treated r a t s . O n the bas i s of a f e e d i n g s t u d y in
w h i c h rats were f e d m o n o - , di-, a n d triglycerides ( p r e p a r e d
from a m i x t u r e o f partially h y d r o g e n a t e d s o y b e a n a n d
c o t t o n s e e d o i l s ) at l e v e l s o f 15 or 25% o f the diet for 7 0
d a y s , H a r r i s a n d S h e r m a n (38) s t a t e d that these c o m p o u n d s
e x h i b i t n o d i f f e r e n c e s in caloric efficiency n o r p r o d u c e
any differences in b o d y w e i g h t g a i n .

G r o u p s o f 5 male w e a n l i n g a l b i n o rats w e r e r a i s e d by
A m b r o s e a n d R o b b i n s (39) on d i e t s containing 0 , 0 . 2 5 , 0.5 ,
1 , 2 , a n d 4 % acetostearin for a p e r i o d o f 57 w e e k s . The
a u t h o r s s u g g e s t e d that the testicular h y p o p l a s i a a n d s u p -
p r e s s i o n o f spermatogenesis, w h i c h was o b s e r v e d to v a r y i n g
d e g r e e s in all r a t s , may have b e e n the r e s u l t o f insufficient
vitamin E in the diet ( 3 9 ) . F o r p e r i o d s from 4 0 0 to 7 0 9
d a y s , A m b r o s e et al. (40) m a i n t a i n e d g r o u p s o f 10 male a n d
10 f e m a l e rats on d i e t s containing acetostearin A G - 1 9 4 ,
A G - 2 6 , o r AG-31 o r aceto-olein AG-21 or AG-3 at d i e t a r y
levels o f 5 , 10 , a n d 20%. N o significant differences in
g r o w t h w e r e n o t e d b e t w e e n the c o n t r o l a n i m a l s a n d t h o s e
f e d acetoglycerides e x c e p t in the case o f male rats o n
d i e t a r y levels o f 20% acetostearins A G - 1 9 4 a n d A G - 3 1 , a n d
f e m a l e rats receiving 20% AG-31 ( 4 0 ) . Testes of rats re-
ceiving the t h r e e acetostearin d i e t s w e r e significantly
s m a l l e r than t h o s e o f the control rats or rats f e d the t w o
aceto-oleins ( 4 0 ) . The livers o f male rats f e d 20% a c e t o -
s t e a r i n A G - 1 9 4 a n d o f both male a n d female rats f e d 2 0 %
acetostearin AG-31 w e r e significantly l a r g e r than t h o s e o f
the c o n t r o l rats ( 4 0 ) . Livers o f female rats fed 20% o f e i t h e r
aceto-olein w e r e s m a l l e r than t h o s e o f the c o n t r o l rats ( 4 0 ) .
K i d n e y s o f f e m a l e rats fed 20% acetostearin AG-31 w e r e
significantly l a r g e r than t h o s e o f the controls. Acetostearins
p r o d u c e d a f o r e i g n - b o d y reaction in the f a t t y t i s sue o f a

n u m b e r o f the o r g a n s , p r e s u m a b l y due to crystalline
d e p o s i t s o f a high m e l t i n g p o i n t fat ( 4 0 ) . Acetostearins
A G - 1 9 4 , A G - 2 6 , a n d AG-31 p r o d u c e d some s c a r r i n g o f
k i d n e y t i s s u e , p r e s u m a b l y due t o d e p o s i t e d c a l c i u m ( 4 0 ) .

In a s t u d y by Mattson et al. (41) in w h i c h rats w e r e
m a i n t a i n e d for 8-12 w e e k s on d i e t s containing 15-50% o f
v a r i o u s a c e t i n f a t s , it was f o u n d that acetin fats d e r i v e d
from the usua l e d i b l e triglycerides are n u t r i t i o u s materials.

G r o w t h , o r g a n w e i g h t s , and m o r t a l i t y were n o r m a l f o r
all g r o u p s o f 8 y o u n g male rats w h i c h were m a i n t a i n e d f o r
608 d a y s on d i e t s c o n t a i n i n g 10% glyceryl lactopalmitate
w i t h l o w m o n o g l y c e r i d e content , 10% glyceryl lacto-oleate
w i t h high or l o w m o n o g l y c e r i d e content , 10% polyglycerol
lacto-oleate with h i g h monoglyceride content , or 10%
a c e t y l a t e d tartaric acid e s t e r o f glycerol monostearate ( 4 2 ) .

L o w g r o w t h r a t e , a t t r i b u t e d to poor palatability o f the
test d i e t s , was o b s e r v e d f o r g r o u p s o f w e a n l i n g rats w h i c h
were given, for a p e r i o d of 7 d a y s , a b a s a l diet containing
20% o f e i t h e r m o n o g l y c e r i d e citrate o r glyceryl lactopalmi-
ta te ( 4 3 ) .

In a s t u d y in w h i c h g r o u p s o f 50 male a n d 50 f e m a l e
w e a n l i n g a l b i n o rats w e r e given d i e t s containing 0 , 0.5 , 5 o r
15% oxystearin for 2 y e a r s , the only apparent e f f e c t was an
u n u s u a l n u m b e r o f L e y d i g cell a d e n o m a s in the testes o f
the rats in the 15% oxystearin diet ( 4 4 ) .

In a p a i r e d f e e d i n g s t u d y in w h i c h the e f f e c t s o f f e e d i n g
a diet c o n t a i n i n g 20% triacetin for a p e r i o d o f 7 m o n t h s
w e r e e x a m i n e d , M c M a n u s et al. (45) o b s e r v e d n o dis-
crepancies b e t w e e n the t r e a t e d a n i m a l s a n d the controls.

In a s t u d y by O r t e n a n d D a j a n i in w h i c h male w e a n l i n g
hamsters w e r e m a i n t a i n e d for 28 w e e k s o n d i e t s c o n t a i n i n g
5-15% glyceryl monostearate, the a n i m a l s of the 4 5 % g r o u p
s h o w e d a s l i g h t w e i g h t loss w h i l e the 5% h a m s t e r s e x h i b i t e d
a h i g h e r w e i g h t gain then the controls; no consistent
pathological c h a n g e s w e r e o b s e r v e d .

TOXICOLOGY A N D SAFETY OF P O L Y O L ESTERS

While the metabolisms o f fat ty acids and triglycerides
are well k n o w n , the biotransformation o f e s t e r of p o l y h y -
dric a l c o h o l is less k n o w n . What e v i d e n c e i s available
continues t o s u p p o r t t h e i r s a f e t y . In g e n e r a l t h e s e e s t e r s are
cleared in the same m a n n e r as triglycerides so that one
n e e d s only to f o l l o w the effects o f the f a t t y acid a n d
polyhydric alcohol. This s i m p l e c o n c e p t i s s u p p o r t e d by the
foUowing d a t a .

Polysorbates
The c h r o n i c toxicity of p o l y s o r b a t e 80 ( o l e i c a c i d ester)

was f o l l o w e d in rats over a p e r i o d o f t w o y e a r s in one s t u d y
(47) a n d for 3 generation r e p r o d u c t i o n in another ( 4 8 ) .
In n e i t h e r r a t i o n was the e m u l s i f i e r h a r m f u l a t 2%.

Polysorbate 6 0 (stearate e s t e r ) was s t u d i e d for t w o y e a r s
in rat f e e d i n g e x p e r i m e n t s w h e r e the levels in the feed were
2 , 5 , 10 a n d 25%. While s o m e tissue c h a n g e s were n o t e d
in the liver, o t h e r m i c r o s c o p i c c h a n g e s w e r e not seen in any
o t h e r t i s sue ( 4 9 ) .

In o t h e r s t u d i e s ( 5 0 - 5 3 ) involving several polyoxy-
ethylene s o r b i t a n e m u l s i f i e r s individually a n d as a m i x t u r e ,
it was d e t e r m i n e d that t h e r e was no c u m u l a t i v e toxicity
over a t w o y e a r p e r i o d . T h e r e was n o progressively c h a n g i n g
response t o the e m u l s i f i e r over this t ime (4 generations). N o
evidence was s h o w n t o i n d i c a t e that the emulsifiers h a d any
carcinogenic potential.

The a c u t e oral toxicity o f the mono-oleate e s t e r in rats is
50 g / k g a n d g r e a t e r than 25 g / k g in mice (46-48). D o s e s of
30-40 g / k g gave only l o w i n c i d e n c e of d e a t h . U s i n ge m u l s i -
tiers l a b e l e d with r a d i o c a r b o n in e i t h e r the f a t t y acid or
the p o l y o l m o i e t y ( 5 4 ) , it was d e t e r m i n e d that the s p l i t
fat ty a c i d b e c o m e s indistinguishable from o t h e r fat ty a c i d s
a n d that the p o l y o l is very p o o r l y a b s o r b e d . In man similar
results w e r e f o u n d ( 5 5 ) .

Polyglycerols

The polyglycerol e s t e r ( P G E ) , decaglycerol deca-oleate,
was f e d t o rats at levels o f 2.5 , 5.0 a n d 10% for 90 d a y s
(56). No a d v e r s e effects were f o u n d u p o n survival, organ
w e i g h t o r hematological values. T h e r e w e r e no significant
microscopic t i s sue c h a n g e s w h i c h c o u l d be a t t r i b u t e d to
dietary treatment .

There was a d e c r e a s e d utilization o f f e e d by m a l e s f e d
P G E at the 10% level. T h e s e data s h o w that absorption o f
P G E was n o t c o m p l e t e . S tud i e s d e a l i n g w i t h the metabolian
o f tri-(G 3) a n d d e c a g l y c e r o l ( G 10) a n d t h e i r corresponding
o l e i c a n d eicosanoic a c i d w e r e presented by Michael a n d
C o o t s ( 5 6 ) . The data s h o w e d that the e s t e r b o n d s were
h y d r o l y z e d t o a l a rge e x t e n t p r i o r t o absorption. O l e i c a n d
eicosanoic a c i d s were a b s o r b e d via the thoracic d u c t . The
free or partially e s t e r i f i e d polyglycerols were not well
a b s o r b e d as the free fat ty a c i d s .

In v i t r o h y d r o l y s i s e x p e r i m e n t s i n d i c a t e d that the oleic
e s t e r b o n d s in the G3 a n d G 1 0 e s t e r s w e r e cleaved as
r e a d i l y as is the same b o n d in triglycerides. Unlike glycerol,
the polyglycerols w e r e n o t r e t a i n e d appreciably in the
carcass ( 2 5 % ) . The s t u d y by Mitchell a n d C o o t s (57) sup-
p o r t s the e a r l i e r c o n c l u s i o n o f B a b a y a n et al. (58) that the
fat ty a c i d m o i e t y o f the polyglycerol e s t e r was a b s o r b e d
a n d u t i l i z e d as well as t h o s e o f n a t u r a l f a t s . The p o l y -
glycerol p o r t i o n was not u t i l i z e d but e x c r e t e d n e a r l y
quantitatively ( 5 8 ) .

Sucrose Esters

The t w o e x a m p l e s given a b o v e essentially e s t a b l i s h the
principle o f nontoxicity for e s t e r s o f p o l y o l s . It s h o u l d be
e x p e c t e d that the s p l i t p r o d u c t s , f a t t y a c i d a n d s u c r o s e ,
wou ld n o t create p r o b l e m s . This is also true for s u c r o s e
esters but w i t h an interesting p o i n t to be m a d e . While the
e s t e r i t s e l f is n o n t o x i c , it was first m a d e by u s i n g d i m e t h y l
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TABLE I

Minimal Inhibitory Concantrations of Saturated Unsaturated Fatty Acidsa (19)

Streptococcus
Streptococcus betahemolyt ic

Pneumococci group A non-A Candida S, aureus

Caproic N I NI NI NI NI
Caprilic NI NI N I N I NI
Caprie 1.45 1.45 2.9 2.9 2.9
Laurie 0 . 0 6 2 0 . 1 2 4 0 . 2 4 9 2.49 2 .49
Myristic 0 . 2 1 8 0 . 5 4 7 2 .18 4 .37 4 .37
Myristoleic 0 . 1 1 0 0 . 1 1 0 0 . 1 1 0 0 . 5 5 2 0 . 4 4 1
Palmitic 0 .48 3.9 3.9 NI NI
Palmitoleic 0 . 0 2 4 0 . 0 9 8 0 . 0 4 9 0 . 4 9 1 0 . 9 8 3
Stearic N I NI NI NI NI
O l e i c N I 1.77 NI NI NI
Eladic NI NI NI NI NI
Lin o l e i c 0 . 0 4 4 0 . 0 8 9 0 . 0 8 9 0 . 4 5 5 NI
Linolenic 0 . 1 7 9 0.35 0 .35 NI 1.79
Linolelaidic NI NI N I NI NI
Arachidonic NI NI NI NI N I

aResuits are given in mM. NI=not inhibitory at the concentrations tested (1.0 m g / m l or 3
to 6.0 mM).

f o r m a m i d e ( D M F ) as a solvent. U n d e r this c i r c u m s t a n c e
s u c r o s e e s t e r s m a d e by the D M F p r o c e s s are n o t p e r m i t t e d t o
be a d d e d to f o o d s o n a c c o u n t o f the toxicity c a u s e d by its
D M F solvent. C o n s e q u e n t l y , the d e v e l o p m e n t o f n o n t o x i c
m a n u f a c t u r i n g p r o c e s s e s are a necessary part o f the t o t a l
p i c t u r e a n d c a n n o t be i g n o r e d . I n d e e d the f i l i n g o f G R A S
petitions in the U . S . A . i n c l u d e d s p e c i f i c directions o n t h e
m a n u f a c t u r i n g p r o c e s s in o r d e r to o b v i a t e this p r o b l e m .

F i n a l l y , as a n o t e o f c a u t i o n , e s t e r s o f p o l y o l s m a y have
biological e f f e c t s w h i c h have n o t h i n g t o do w i t h toxicity o r
irritation per s e but m a y nevertheless c a u s e clinical p r o b -
l e m s . The p a p e r by F i s h e r m a n a n d C o h e n (60) is a case in
point . Oral challenge w i t h T w e e n 80 gave positive r e s u l t s in
21 nonaspirin sensitive p a t i e n t s with intrinsic c h r o n i c
rhinitis, n a s a l p o l y p s and asthma. T h e s e s t u d i e s sugges t that
the i n c i d e n c e o f T w e e n 8 0 intolerance in patients w i t h
respiratory d i s e a s e is a b o u t one h a l f the i n c i d e n c e o f aspirin
intolerance a n d t w i c e the i n c i d e n c e o f iod ide intolerance.
Thus t h e s e n o n t o x i c c o m p o u n d s can c a u s e or precipitate
clinical p r o b l e m s in p a t i e n t s with drug idiosyncrasies.

F A T T Y ACIDS A N D DERIVATIVES AS
ANTIMICROBIAL AGENTS

This s u b j e c t has recently b e e n r e v i e w e d by K a b a r a ( 6 1 ) .
The r e v i e w e m p h a s i z e d the relationship b e t w e e n l i p i d
s t r u c t u r e a n d antimicrobial activity. That this g r o u p o f
chemicals s h o u l d have biological activity is not s u r p r i s i n g
s i n c e the use o f s o a p s ( a l k a l i s a l t s o f fat ty ac ids ) for
cleansing goes back t o a n t i q u i t y . S o a p s w e r e first m e n -
t i o n e d o n a 4 , 0 0 0 y e a r o l d clay t a b l e t u n c o v e r e d at Tello,
Mesopotamia. M o d e r n s u r v e y o f l i t e r a t u r e a f t e r the t u r n o f
the c e n t u r y can be f o u n d in r e p o r t s by B a y l i s s ( 6 2 ) ,
K o d i c e k ( 6 3 ) , a n d N i e m a n ( 6 4 ) .

In s u b s e q u e n t y e a r s , the a n t i f u n g a l a n d bactericidal
properties o f f a t t y a c i d s have b e e n extensively investigated
(65-67). O t h e r reports p o i n t t o v i r u s inactivation by v a r i o u s
s o a p s (68-70), as well as to the a n t i t u m o r activity o f f a t t y
a c i d s ( 7 1 ) . In the p a s t , c e r t a i n s t r u c t u r a l generalizations
were m a d e c o n c e r n i n g the activity o f fat ty a c i d s on cells
and microorganisms; h o w e v e r , o w i n g to the i m p u r i t y o f the
c o m p o u n d s used , the l i m i t e d n u m b e r o f o r g a n i s m s t e s t e d in
the same l a b o r a t o r y , or b o t h , interpretation o f s t r u c t u r e -
f u n c t i o n relationships was m i s c o n s t r u e d . A l s o , it m u s t be
kept in m i n d that c o n s i d e r a b l e d i f f i c u l t y s u r r o u n d s the
testing of l i p i d materials b e c a u s e o f t h e i r insolubility.
N o t w i t h s t a n d i n g the a b o v e objections, a n u m b e r o f
generalities have b e e n m a d e w h i c h will be u s e f u l .

A l t h o u g h in any h o m o l o g o u s s e r i e s f a t t y a c i d s the
b a c t e r i c i d a l efficiency i n c r e a s e s a n d the s u r f a c e t e n s i o n
d e c r e a s e s w i t h i n c r e a s i n g c h a i n l e n g t h , t h e r e i s n o i m m e -
d i a t e c a u s e a n d e f f e c t relationship. T h u s , w h i l e all d e t e r -
g e n t s w h i c h are h i g h l y b a c t e r i c i d a l m a r k e d l y l o w e r the
s u r f a c e tension, the converse is n o t t r u e . A s an e x a m p l e , the
n o n i o n i c s u r f a c t a n t s are very s u r f a c e active but have l i t t l e
e f f e c t on b a c t e r i a l m e t a b o l i s m a n d generally are not
b a c t e r i c i d a l (72, 73). It has l o n g been e s t a b l i s h e d (74) that
s u r f a c e active a g e n t s p o s s e s s antibacterial activity to a
g r e a t e r o r l e s s e r e x t e n t d e p e n d i n g on t h e i r t y p e ; the
c a t i o n i c a g e n t s are a l m o s t equa l ly effective a g a i n s t b o t h
gram-positive a n d gram-negative o r g a n i s m s w i t h m a x i m u m
activity in alkaline s o l u t i o n s . In c o n t r a s t , the anionic
s u r f a c t a n t s are selectively active against gram-positive
o r g a n i s m s w i t h m a x i m u m activity in a c i d s o l u t i o n s . Bes ide
the d i v e r ; e a c t i o n o f v a r i o u s s u r f a c t a n t s , t h e i r antimicrobial
activity c a n be a l t e r e d by the e n v i r o n m e n t in w h i c h t h e i r
p o t e n c y i s m e a s u r e d .

The activity o f the s u r f a c e active a g e n t s is m a r k e d l y
r e d u c e d in the p r e s e n c e o f p r o t e i n s ( i . e . , the bactericidal
concentration may be i n c r e a s e d by a f a c t o r o f up t o 10 in
the p r e s e n c e o f s e r u m ) . This is u n d o u b t e d l y due t o the
formation o f the d e t e r g e n t p r o t e i n c o m p l e x a n d the re-
m o v a l o f the biologically active s p e c i e s from the s o l u t i o n
( 7 5 ) . In a s i m i l a r m a n n e r l i p i d m a t e r i a l s c a n c o u n t e r a c t the
bactericidal e f f e c t s o f o t h e r s u r f a c e active a g e n t s . Phospho-
l i p i d s prevent the i n h i b i t i o n o f m e t a b o l i s m by s o a p s w h e n
a d d e d to the cell s u s p e n s i o n b e f o r e o r w i t h the d e t e r g e n t
( 7 3 ) . This inactivation i s p o s s i b l y due t o a d s o r p t i o n o f the
p h o s p h o l i p i d onto the b a c t e r i a l s u r f a c e , a n d s u b s e q u e n t l y
a g e n t s do not p r o t e c t the cell if a d d e d a f t e r the detergent.
The a b o v e are only a f e w o f the variables w h i c h make the
conversion o f l a b o r a t o r y d a t a t o use c o n d i t i o n s t e n u o u s .

A b e t t i n g the f a i l u r e o f t h e s e l i p i d s t o have m o r e indus -
t r i a l u ses was the general p h i l o s o p h y p r i o r t o 1930 that
b a c t e r i a c o u l d n e v e r be e x p e c t e d to r e s p o n d t o c h e m o -
t h e r a p y . A f t e r this t ime the d i s c o v e r y a n d p o t e n c y o f
s u p h a n i l a m i d e s (76) penicillin (77) a n d o t h e r g e r m i c i d e s
(78) p r e c l u d e d the use o f l i p i d s as a n t i m i c r o b i a l agents. The
comparatively l o w antimicrobial e f f e c t s o f l i p i d s n e e d s ,
h o w e v e r , to be r e e x a m i n e d t o d a y in its l i g h t o f safety.

While f a t t y a c i d s a n d t h e i r derivatives m a y n o t represent
the most active g e r m i c i d e s t o be d e s i g n e d , they A R E T H E
S A F E S T .

As n o t e d in p r i o r p u b l i c a t i o n , c h a i n l e n g t h is one o f the
more i m p o r t a n t variables relating c h e m i c a l s t r u c t u r e t o
a n t i m i c r o b i a l activity ( 7 9 ) . F o r anionic-saturated com-
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TABLE II

The Antimicrobial Effect of Lauricidin Plus vs. Sorbic Acid

Organism/compounds Sorbic acid Lauribic

E. Coli 5,000 1 , 2 5 0
Kle bsiella 5,0 O0 2,5 O0
PS. aeruginosa 10,000 5,000
Staph . aureus 5,000 62.5
Staph. epidermitidis 10,000 125
Strep. pyogenes 1,250 125
Strep . faecalis 10,000 250
Strep . mutans 5,000 250
S. cereviscae 10,000 125
C. albicans 10,000 1,250

p o u n d s , the o p t i m u m l e n g t h is 12 c a r b o n s ( T a b l e I). This
s t a t e m e n t i s true for gram (+) o r g a n i s m s a l o n e s i n c e com-
p o u n d s active a g a i n s t y e a s t are generally one o r t w o car-
b o n s s h o r t e r in l e n g t h . F a t t y a c i d s w i t h six c a r b o n s or l e s s ,
are active against g r a m ( - ) organisms.

While the esterification o f a f a t t y acid to a m o n o h y d r i c
a l c o h o l l e a d s to a n inactive e s t e r , esterification to a p o l y -
h y d r i c a l c o h o l f o r m s an active b ioc ide ( 8 0 ) . Interestingly
e n o u g h , the size o f the p o l a r g r o u p h a s l i t t l e e f f e c t o n the
c h a i n l e n g t h o p t i m u m . G l y c e r o l , as we l l as polyglycerol
(tri-, b e x a - a n d decaglycerol) derivatives s e e m to have l a u r i e
a c i d a s the most i m p o r t a n t acyl f a t t y a c i d . The b u l k i e r
h y d r o p h i l i c g r o u p s seem to i m p a r t a n a r r o w e r s p e c t r u m o f
a n t i m i c r o b i a l activity to the s u r f a c t a n t s t r u c t u r e .

I n d e e d , p o l a r g r o u p s d i r e c t a c t i o n t o w a r d s specific
o r g a n i s m s w h i l e the h y d r o c a r b o n c h a i n d e t e r m i n e s overall
activity o f the c o m p o u n d . This i s n o t e d in c o m p a r i n g
s u r f a c t a n t activity a g a i n s t gram ( - ) strains. In t h e s e c a s e s
cationic a g e n t s are active a g a i n s t most o r g a n i s m s w h i l e
a n i o n i c a n d n o n i o n i c m a t e r i a l s ( e s t e r s , a m i d e s a n d m i n i -
m i d e s ) have n a r r o w e r g e r m i c i d a l activities. E x c e p t w h e r e
n o t e d for f a t t y a c i d s and t h e i r esters, a m i n e s , a m i d e s a n d
a m i n i m i d e s r e a c h o p t i m a l b i o c i d a l activity w i t h c h a i n
l e n g t h s o f C14-C16 (81,82). In the case o f a m i n i m i d e s
c h e m i c a l a g e n t s w i t h r a t h e r diverse p o l a r g r o u p s , all were
active at a c h a i n l e n g t h o f C16 ( 8 3 ) .

All o f t h e s e s t u d i e s e m p h a s i z e the p r i o r i t y o f the h y d r o -
c a r b o n c h a i n as c o m p a r e d t o the p o l a r g r o u p in d e t e r m i n i n g
s u r f a c t a n t b i o c i d a l activity a g a i n s t a given species. It is
generally r e c o g n i z e d that the antimicrobial p r o p e r t y o f a n
a l i p h a t i c s u r f a c t a n t is d e p e n d e n t on c h a i n l e n g t h . This
relationship is c o m p l e x s i n c e it varies in a n o n l i n e a r f a s h i o n
a n d s o m e w h a t d e p e n d e n t o n the s p e c i f i c c l a s s o f o r g a n i s m
t e s t e d . This n o n s p e c i f i c d rug a c t i o n i s bes t u n d e r s t o o d in
t e r m s o f F e r g u s o n ' s principle ( 8 4 ) . This principle i s m o d i -
fied to inc lude the statement that o n a s c e n d i n g a h o m o -
l o g o u s series, a l t h o u g h the p o t e n c y s h o u l d increase, e q u i p o -
tent concentrations s h o u l d r e q u i r e i n c r e a s i n g t h e r m o d y -
n a m i c concentrations, a n d b e y o n d one p a r t i c u l a r m e m b e r
the s e r i e s s h o u l d b e c o m e less active. More s i m p l y , the
a n t i m i c r o b i a l e f f e c t o f an a l i p h a t i c s u r f a c t a n t b e c o m e s
o p t i m a l a t s o m e specific c h a i n l e n g t h . This o p t i m u m l e n g t h
wi l l vary d e p e n d i n g u p o n the p o l a r g r o u p a n d test o r g a n i s m
used .

W h e t h e r o r n o t i s o b r a n c h e d f a t t y a c i d s are more active is
controversial. R e c e n t s t u d i e s i n d i c a t e that b r a n c h e d c h a i n
a c i d s , like t h o s e o f the straight c h a i n a c i d s , are s p e c i f i c w i t h
r e g a r d to the test o r g a n i s m . T h e r e a p p e a r s t o be little
overall difference in bactericidal e f f e c t w h i c h can be
a s c r i b e d t o b r a n c h i n g ( 8 5 ) .

With a g i v e n c h a i n l e n g t h , t h e p o s i t i o n o f the h y d r o -
p h i l i c g r o u p ( s ) is a n i m p o r t a n t v a r i a b l e in d e t e r m i n i n g
s u r f a c e p r o p e r t i e s a n d biological activity. The k i n d , geo-
m e t r i c i s o m e r , a n d p o s i t i o n o f u n s a t u r a t i o n c a n i n f l u e n c e
biological activity. I n g e n e r a l , the acetylenic-containing

f a t t y a c i d s are more active than the t h y l e n i c m e m b e r s . In
the e t h y l e n i c series, the cis form is m o r e effective a g a i n s t
microorganism than the t rans form ( 8 6 ) .

W h e t h e r u n s a t u r a t i o n was i m p o r t a n t to biological
activity was greatly d e p e n d e n t u p o n the l e n g t h o f alkyl
chain. This fact has n o t been s t r e s s e d in e a r l i e r reports.
U n s a t u r a t e d f a t t y a c i d s w i t h c h a i n l e n g t h o f C12 or l o w e r
w e r e generally less active than the s a t u r a t e d derivative.
U n s a t u r a t e d f a t t y a c i d s with c h a i n l e n g t h o f C14 to Cl8
w e r e more active than the s a t u r a t e d c o m p o u n d . The
u n s a t u r a t i o n c o n t r i b u t e s the most b i o l o g i c a l activity to the
l o n g e r c h a i n f a t t y a c i d ( T a b l e I). Whether or n o t the
position o f u n s a t u r a t i o n was i m p o r t a n t to b i o c i d a l activity
f o l l o w s this s a m e t r e n d , i.e., the position o f u n s a t u r a t i o n
h a d n o i n f l u e n c e on C l l : l f a t t y a c i d s activity ( 8 7 ) , s o m e
importance to C l 2 : t derivatives a n d r e a c h e d m a x i m u m
e f f e c t in C t s : t c o m p o u n d s ( 8 6 ) . This was true w h e t h e r
u n s a t u r a t i o n was ethylenic o r acetylenic ( 8 6 ) . In g e n e r a l
the acetylenic derivatives were slightly more active than
e t h y l e n i c isomers. In the C 1 2 : 1 s e r i e s the most active
i s o m e r was the A I 0 C 1 2 : 1 , w h i l e in the C 1 8 : 1 s e r i e s the
A2, A7 a n d A s w e r e more inhibitory t o g r o u p A S t r e p -
t o c o c c u s than were the o t h e r C~ s : l a c i d s .

The a d d i t i o n o f a s e c o n d e t h y l e n i c b o n d to C 1 8 : 1
f u r t h e r increases the b i o c i d a l activity ( 2 6 ) . In contrast t o
m o n o - u n s a t u r a t e d f a t t y a c i d s , the a d d i t i o n o f a s e c o n d
d o u b l e b o n d i n c r e a s e s the activity o f the f a t t y acid but
w i t h o u t c o n c e r n t o specific positions o f the s e c o n d e t h y -
l e n i c b o n d . The a d d i t i o n o f a t h i r d ethylenic b o n d , as in
l i n o l e n i c a c i d , m a d e the f a t t y a c i d less active (86).

W h i l e the lipophilic ( h y d r o c a r b o n ) portion of the
s u r f a c t a n t i s i m p o r t a n t to biological f u n c t i o n in general, the
p o l a r g r o u p also c o n t r i b u t e s t o b i o c i d a l activity.

It was o f interest t o k n o w w h a t the chemical r e d u c t i o n
o f the c a r b o x y l g r o u p t o a l d e h y d e a n d a l c o h o l wou ld do to
the activity o f the f a t t y a c i d . In g e n e r a l , the o r d e r o f
increasing antimicrobial activity was C O O H , CHO, C-OH
( 7 9 ) . While the r e d u c t i o n of the c a r b o x y l g r o u p l e a d to a
more active s p e c i e s , the o x i d a t i o n o f l a u r i e acid to the
diacarboxylic a c i d p r o d u c e d a less active c o m p o u n d . Wyss
et al. ( 8 7 ) r e p o r t e d a s i m i l a r f i n d i n g . The esterification o f
the f a t t y a c i d w i t h a m o n o - h y d r i c a l c o h o l p r o d u c e d a n
inactive ester. In contrast , esterification c a r r i e d o u t with a
p o l y h y d r i c a l c o h o l a n d y i e l d i n g a m o n o e s t e r lead t o b i o -
c i d a l c o m p o u n d s m o r e active than the p a r e n t a c i d ( 8 1 , 8 7 ) .
This distinction o f m o n o e s t e r formation is extremely
i m p o r t a n t s i n c e di- a n d tri-esters w e r e m u c h less active ( 8 0 ) .

That e s t e r s o f p o l y h y d r i c alcohols w o u l d have antimi-
c r o b i a l activity was c o n t r a r y t o the p r e s e n t s t a t e o f the ar t .
K a b a r a ' s research r e s u l t s i n d i c a t e d that i t was the m o n o -
e s t e r a n d n o t the di-, tri-, e t c . , w h i c h was the active s p e c i e s
(79-83, 88).

While a n u m b e r o f mono-esters i n d i c a t e d activity, the
most u s e f u l derivative was the m o n o l a u r i n (Lauricidin).
F o r t u n a t e l y this c o m p o u n d is n o w commercially available
(Med-Chem L a b s , M o n r o e , MI) a n d in h i g h p u r i t y ( > 9 0 % ) .
The l a t t e r is i m p o r t a n t s i n c e o t h e r commercial s a m p l e s
p r o v e d to be inactive.

O n e o f the biological limitations o f L a u r i c i d i n is that its
antimicrobial s p e c t r u m is l i m i t e d to g r a m (+), y e a s t s , f u n g i
a n d m o l d o r g a n i s m . H o w e v e r , o t h e r f o o d grade materials
s u c h a s tert-butylated a n i s o l e ( B H A , the c o m m o n antioxi-
d a n t ) a n d / o r ethylendiaminetetracetic a c i d ( E D T A ) w h i c h
have w e a k activity o f t h e i r o w n are a d d i t i v e o r even syner-
g e s t i c w i t h L a u r i c i d i n against gram ( - ) o r g a n i s m . The high
activity o f t h e s e m i x t u r e s a l l o w s us to des ign antimicrobial
s y s t e m s specifically effective against certain m i c r o -
organisms. T a b l e II s h o w s a n e x a m p l e o f increased activity
o f a L a u r i c i d i n proprietory m i x t u r e , L a u r i b i e a s c o m p a r e d
t o a n o t h e r we l l k n o w n f a t t y a c i d , s o r b i c a c i d .

This is only one e x a m p l e o f a monoester, L a u r u i d i n
b e i n g u s e f u l a s a f o o d preservative. The r e a d e r i s en-
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couraged t o read a new monograph printed by the Society
(1). The monograph "Pharmacological Effects of Lipids"
explains the multifacet areas for the use of fat derivatives
for other than their caloric values.
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