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physical act ivi ty under  pleasant  hospital  circum- 
stances, and to our continual efforts to educate them 
about their  disease. Pat ients  who have gained the 
most reassurance have unquest ionably benefitted the 
most. Because so many  non-specific factors have pro- 
foundly  affected our pa t ien t s '  clinical status, it is im- 
possible at th i s  t ime to a t t r ibute  to our d ie tary  man- 
agement any  specific therapeut ic  merit.  In  fact, we 
consider hazardous any  short- term evaluation of a 
therapeut ic  regimen in pat ients  with coronary-ar te ry  
disease. Unti l  it becomes possible to assess the pro- 
gress of the atheromatous process dur ing  life, it will 
be exceedingly difficult to determine whether  a thera- 
peutic measure is effective. I t  has been gra t i fy ing  to 
observe the disappearance of skin xanthomata  in 
patients  with hyperl ipmmia or hypercholestermmia, 
but  we have seen no changes in tendon xanthomata  
despite marked  decreases in serum-cholesterol levels 
as long as two years. I t  is an open question whether  
a theromata  respond to this regimen as do skin xantho- 
mata,  or fail  to be appreciably  influenced like tendon 
xanthomata.  

I t  is our present  conclusion that  recommendations 
for radical changes in food habits, even by  those popu- 
lations most seriously threatened by atherosclerosis, 
should await  a clearer definition of the specific food 
factors which control serum-lipide levels. I t  is en- 
t irely possible that  an unders tanding  of the mechan- 
isms evoked by these factors  will lead to practical  
measures for control of serum-lipide concentrations. 
Only then can large-scale epidemiologieal experiments  
be planned to determine whether  the incidence of 

atheroselerosis and its complications in the human  
species will be affected by  decreasing the levels of 
lipides in the serum. 

T h e s e  s t u d i e s  w e r e  s u p p o r t e d  i n  p a r t  b y  t h e  W i l l i a m s - W a t e r -  
m a n  F u n d ,  t h e  N u t r i t i o n  F o u n d a t i o n ,  a n d  t h e  U.  S. P u b l i c  
H e a l t h  S e r v i c e  ( N a t i o n a l  H e a r t  I n s t i t u t e ,  H - 2 5 3 9 ) .  

T h e  n a m e s  o f  m a n y  h e l p f u l  c o l l e a g u e s  h a v e  b e e n  m e n t i o n e d  
a b o v e .  I n  a d d i t i o n ,  we  w i s h  t o  a c k n o w l e d g e  o u r  g r a t i t u d e  t o  
W .  H e n r y  S e b r e l l  J r .  f o r  h i s  i n t e r e s t  a n d  a d v i c e ,  t o  R .  A .  
R e i n e r s  ( C o r n  P r o d u c t s  R e f i n i n g  C o m p a n y ) ,  a n d  H .  J .  A n d e r -  
s o n  ( C u d a h y  P a c k i n g  C o m p a n y )  f o r  g e n e r o u s  a s s i s t a n c e  i n  
p r o c u r e m e n t  o f  s p e c i a l  f a t s .  
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Progress in the Metabolism of Lipides 1 
RAYMOND REISER, Department of Biochemistry and Nutrition, 
Texas A. and M. College System, College Station, Texas 

N 
OT TOO MANY years ago a review of recent ad- 
vances in fat  metabolism would have presented 
no par t icular  problem. Today the task is a diffi- 

cult one. Between 75 and 100 papers  on fa t  metab- 
olism were presented at the Federa t ion  of American 
Societies for Exper imenta l  Biology held in Chicago 

dur ing the week of Apri l  
15, 1957. The spectrum of 
the subject mat te r  of these 
papers  was very wide, yet 
almost all carried very im- 
por tan t  implications. 

Being faced with this 
dilemma, I have decided to 
limit myself  to about three 
areas in which I have been 
personally interested and 
which will not duplicate 
what the others on this 
p rogram will discuss. 

R a y m o n d  R e i s e r  

Digestion and Absorption 
Until  very recently it 

was assumed that  a glycer- 
ide was either completely 
hydrolyzed dur ing diges- 
tion or it was not hydro- 

lyzed at all. However  there have been some revolu- 
t ionary observations in the s tudy of fa t  digestion in 
recent years. These new concepts were anticipated as 
early as 1935 by Ar tom and Reale (1),  who found 
that  in vitro pancreat ic  fa t  digestion produced no free 
glycerol but only fa t ty  acids and mono- and diglycer- 
ides. This was confirmed independent ly  10 years  
later by Frazer  and Sammons (2). In  the years be- 
tween 1945 and 1950 Desnuelle and others (3, 4, 5), 
in a series of studies, reported that  the action of pan-  
creatic lipase on fa t  produced diglycerides readi ly  
and monoglycerides only in the presence of calcium 
ions, also that  the production of free glycerol required 
calcium ions, bile salts, and a large excess of water.  

These three groups of authors, in about four or five 
papers,  demonstrated that  concepts of all-or-none hy- 
potheses of fa t  digestion are untenable and that  the 
end product  of fa t  digestion is a par t ia l  glyeeride ; the 
t ruth,  as usual, lies between the two extremes. 

These observations brought  up the questions as to 
which of the three positions of the glyceride molecule 
are the most resistant and the most susceptible to 
lipase action and as to whether  there is any  difference 
in specificity toward sa tura ted  or unsa tura ted  or 
long- or short-chain acids. 

1 Presented at the Symposium on Fats  in Nutr i t ion and  Health, Ani- 
mal meeting, Amer ican  Oil Chemists' Society, New Orleans, La.,  April 
30, 1957. 
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F I G U R E  1 

Action of Lipase  on a lVIixture of Tr ig lycer ide  and 
Free  Fa t ty  Acid (6)  

lO% 9o~ 
v ' - - - -  

2 /3  1 /2  1 / 1 0  
~. j ., . _2  

Y w ~  
At  b e g i n n i n g  At  equ i l ib r ium 

E ---- the glycerol moiety 
A ---- fa t ty  acid moiety 

Borgstr5m (6, 7) made a start  on the answer to 
those questions in 1952 and 1954. He treated a mix- 
ture of unlabelled tr iglyceride and C 14 labelled fa t ty  
acids with pancreatic lipase and, af ter  equilibrium, 
separated the free f a t ty  aeids and the mono-, di-, and 
triglycerides chromatographically. He found that  the 
triglycerides had only two-thirds of the activity of 
the original free f a t ty  acid, the diglyceryde one-half, 
and the monoglyeeride one-tenth. He suggested that  
this could be explained by the mechanism shown in 
F igure  1, that is, only the fa t ty  aeids in the 1 and 3 
positions were exchanged and the fa t ty  acid in the 
2 position was insensitive to the enzyme. 

F I G U R E  2 
Action of Lipase  on 1.3 n i p a l m i t o y l  Olein (8)  

L- Lipase  0 -~- 2 P  
> 

Fed F o u n d  
I .V. 30 I .V. 64 I .V. 5 

P ---- Pahnitoyl ,  O ~ Oleoyl, E ---- glyceryL 

Mattson et al. (8) in 1952 went a step far ther  to 
demonstrate convincingly that  lipase in fact  attacks 
the 1 and 3 or pr imary  alcohol linkages of the glycerol 
molecule but is relatively inert  toward the 2 position. 
These authors fed a synthetic 1,3 dipalmitoyl, 2 olein 
and found that  the monoglyeerides of the intestinal 
contents had an iodine number of 64 and the free 
fa t ty  acids an iodine number of only 5. The results 
of this s tudy are presented graphically in Figure  2. 

Finally,  within the last year, Mattson and Beck (9) 
and Savary and Desnuelle (10) have proven beyond 
equivocation that  not only are the 1 and 3 positions 
the only labile ones but  also that  there is no specificity 
with respect to unsaturat ion and chain length. 

Table I gives the iodine values of the di- and 
monoglycerides and fa t ty  acids which result from the 
action of lipase on 1,3 dipalmitoyl, 2 olein, and on 1,3 
distearoyl, 2 olein and shows that  the enzyme does 
not distinguish between pahnitic and stearic acids. 
Comparison of the products  of lipase action on 1,3 
dioleoyl, 2 palmitin with the other two, demonstrates 
that  the enzyme also does not distinguish between 
palmitic or stearic and other acids. 2 

Savary and Desnuelle (10), simultaneously with 

T A B L E  I 

Action of Lipase  on Tr iglycer ides  of K n o w n  S t ruc tu re  (9)  

Iod ine  va lue  

Glyceride Glycerides 
Acids 

P O P  8 
SOS 10 
OPO 85 
O P P  39 

Mono- h i -  

61 44 
56 44 

2 43 
8 22 

Tri- 

29 
27 
56 
31 

P O P  ---- 1,3 d ipalmi toyl  olein 
SOS ---- 1,3 distearoyl,  2 olein 
OPO ---- 1,3 dioleoyl,2 pa lmi t i n  
O P P  =--2,3 dipalmitoyl ,  1 olein 

T A B L E  I I  

Act ion of Lipase  on Tr iglycer ides  of Known  S t ruc tu re  (10)  

Glyceride 

Percentage  of Oleic Acid in  Hydro lys i s  P roduc t s  

Glycerides 
Acids 

Mono- Di- . Tri- 

P O P  5 88 47 32 
OPP  32 4 19 35 
P O 0  55 81 75 64 

P O P  ---- 1,3 d ipahni toyl  olein. O P P  --~ 2,3 dipahnitoyl ,  1 olein. 
P O 0  ---- 2,3 dioleoyl, 1 pahni t in .  

Mattson and Beck (9) but  using a slightly different 
approach, also demonstrated that  the 1 and 3 posi- 
tions are the only labile ones and that  there is no 
distinction made between oleic and palmitic acids. 
F rom the data presented in this table it may be seen 
that  the percentages of oleie acid in the free f a t ty  
acids and in the mono-, di-, and triglyeerides conform 
well with the theoretical values: from OPP the di- 
glycerides would be OP and P P  and thus contain 25% 
oleic acid; f rom P O 0  the diglyeerides would be PO 
and O0 and thus contain 75% oleic acid. These val- 
ues of course, would be t rue only if there were no 
specificity (or distinction) between oleie and pal- 
mitic acids, which appears to be the case. 

Savary  and Desnuelle (10) found that  about 75% 
of the monoglycerides formed were 2-monoglycerides. 
The 25% which were 1-mono were, in their opinion, 
caused by direct action of the lipase on the 2 position 
rather  than  by migration of the acid from the 2 posi- 
tion. I t  has been Mattson and Beek's (9) opinion 
that  migrat ion occurs. 

The question of which species of glycerides is ab- 
sorbed is still a mat ter  of controversy. As far  back 
as 1952 we published results of studies in which we 
fed to rats triglycerides labelled in both the glycerol 
and fa t ty  acid moieties (11). The lymph fat  con- 
tained about 60% of the labelled glycerol as well as 
the labelled fa t ty  acid. Since we were able to demon- 
strate that  any completely hydrolyzed glycerol is not  
utilized in triglyceride resynthesis, this meant that  
glycerides were absorbed. 

By means of another group of studies based on the 
assumption that  an insignificant amount of reesterifi- 
cation or interesterification takes place in the intesti- 
nal lumen during digestion, we concluded that  it is 
the monoglycerides which are absorbed. This assump- 
tion has been challenged by BorgstrSm (12). 

BorgstrSm (12) has demonstrated that,  a f ter  feed- 
ing olive oil with labelled palmitie acid, the labelled 
acid was incorporated into glycerides in the lumen 
of the intestine. Typical  data (13) which were used 
to determine that  a significant degree of re- and inter- 
esterifieation takes place during digestion are given 
in Table III .  

The data represent the average of four experiments 
with humans. About 45 g. of corn oil mixed with 
about 3.5 to 8% free palmitie or oleic acid 1-C 13 were 
given in a test meal, and the intestinal contents were 
aspirated 2 to 4 hours af terward.  

The authors reason that, since the relative specific 
activity of the triglyeerides was 34% of that  of the 
total f a t t y  acids of the intestinal contents (including 
that  in the triglyeerides themselves), 34% of all the 

Since th is  paper  was wri t ten,  a repor t  by P.  Savary ,  J .  Flanzy, and 
P. Desnuelle  has appeared in the Biochim. et Biophys .  Acta, Z4, 414 
(1957 ) ,  in  which this  specificity of pancrea t ic  l ipase was used to 
determine  the glyceride s t ruc ture  of a number  of n a t u r a l  fats.  I n  the 
pig  unsa turated  acids were found  p redominan t ly  in  the 1 and  3 posi- 
t ions.  I n  all other  fats, an imal  or vegetable, the u n s a t u r a t e d  acids  w e r e  
predominan t ly  in  the 2 posi t ion.  
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T A B L E  III 

H u m a n s  Fed  V a r i o u s  A m o u n t s  of P a h n i t i e  Acid 1-C TM W i t h  Corn Oil 
and  the  A m o u n t  and  Re la t ive  Ac t iv i ty  of I n t e s t i n a l  

Contents  E x a m i n e d  ( 1 3 )  

I n t e s t i n a l  L ip ides  a F a t t y  ac id  fed  

T F A  b F F A  b )/[G b D G  s TG b Tota l  F r e e  

P e r c e n t a g e  97.4  46.3 13.3 15.5 22.3 100 6.05 
Rel. Sp. Act. 100 183 19 77 34 173 3118 

a A v e r a g e  va lues  of f o u r  exper iments .  
b :YIG, DG,  TG ~-- mono-, di- a n d  t r ig lycer ides .  T F A  ---- total  f a t t y  acids.  

F F A  ---- f ree  f a t t y  acids.  

ingested corn oil f a t t y  acids was exchanged dur ing 
digestion. By the same reasoning they would say 
tha t  77% of the diglyceride and 19% of the mono- 
glyceride bonds were exchanged. 

This reasoning is faulty.  The relative specific ac- 
t ivi ty  of the total  f a t t y  acids of the intestinal con- 
tents  may  be used as a measure of the percentage of 
ester groups exchanged only if there is complete mix- 
ing of all the f a t t y  acids. In  tha t  case, however, the 
mono-, di-, and tr iglycerides and the free f a t t y  acids 
would all have the same activity,  and in tha t  case 
there would be a 100% ester exchange. Fu r the rmore  
this would relate only to the glycerides in the lumen 
at the t ime and not to the tr iglycerides ingested. 
Similar calculations can be made f rom all experi- 
ments of this type  (6, 12, 13,14). I t  is thus obvious 
that  Borgs t rSm's  experiments  (6, 12, 13, 14) do not 
measure the degree of interesterification in the lumen. 
Unti l  it is demonstra ted that  a significant degree of 
re- or interesterification does occur in the lumen f rom 
other considerations such as rapid  absorption of mono- 
glyeerides and free f a t ty  acids, slow emptying  time of 
the stomach, and the slow reaction t ime of lipase in 
the synthesis of triglycerides, we are justified in 
concluding that  very  little can take place there. 

Our earlier studies were so designed that  relat ively 
small amounts  of tr iglyceride could have been ab= 
sorbed without detection (11). In  order to determine 
if any  tr iglycerides were absorbed, 200 mg. of a mix- 
ture  of 10% tr ipalmit in,  labelled in both the glycerol 
and f a t t y  acids, and  90% t r iunsa tura ted  trig]yceride 
were fed to 200-g. rats  (15). I f  such a mixture  were 
completely hydro]yzed to monoglycerides and free 
f a t t y  acid and were randomly  resynthesized, the re- 
sul tant  fa t  would contain only 0.1% tr ipalmit in.  Any  
t r ipa lmi t in  above 0.1% would be due to lack of 
hydrolysis.  

Table IV  contains the data  of this study. A total 
of 84,215 cts. /min, of labelled glycerol was ingested 
in each of two trials. By  collecting the lymph for  9 
hrs. and extract ing and count ing the act ivi ty of the 
f a t t y  acids of the lymph t r i sa tura ted  glycerides, it 
was found that  75 and 59% of the ingested acid ap- 
peared there. I f  all the labelled palmitic acid of the 
lymph had appeared  as the unhydrolyzed doubly 
labelled t r ipahni t in  fed, the glycerol of that  tr ipal-  
mit in would have had a total of 63,161 and 49,478 

T A B L E  I V  

The  Abso rp t ion  of Unhydro lyzed  T r i p a l m i t i n  ( 1 5 )  

I n g e s t e d  
P e r i o d  t r ipa l -  

m i t i n  
glycerol  

ets./min, b 
1 84,215 
2 84,215 

I n g e s t e d  L y m p h  t r i p a l m i t i n  Absorbed  
palmitieacid glycerol  unhydro-lyzed 

~ i t r ipal"  
_ _  _ _  m i t i n  absorbed I 

cts./min, ets./min. I % 
63,161 I 2 ,100 ] 3.3 

. 59 I 49 ,478 / 1 ,566 I 3.2 

a Theore t ica l  i f  all the  absorbed acids  had  been unhydro lyzed .  
b Mg. x c t s . / m i n . / m g .  

ets./min, in the two trials, respectively. But  the 
actual  counts found were only 3.3 and 3.2% of the 
expected. Therefore  not more than  3.3 and 3.2% 
of the ingested t r ipa lmi t in  could have been absorbed 
with no hydrolysis. 

As the result  of our studies (11, 15, 16,17) and of 
the recent work of others, we have constructed 
the following scheme for the mechanism of fa t  
absorption: 

F I G U I C E  3 

M e c h a n i s m  of F a t  Diges t ion  a n d  Absorp t ion  

I n t e s t i n e  M u c o s a  L y m p h  

5 G1Aa 
! 

5 GIA 
+ 

1OA 

5G1A-~-I 0A-~2gp 

l 
2 G l + 5  G~A8 ~ G2A3 
2 G2Aa~-pb~-gp 

1 
3 G~Aepb ) G3A2pb 

G 1, G ~, and  G 3 have  re la t ive  specific ac t iv i t i es  of 100, 60, a n d  40,  
respect ively .  

gp z glycerol p r ecu r so r .  
pb ~-- phosphory la ted  base.  

Triglyeerides are t ransformed in the intestine to 
monoglycerides and f a t ty  acids. These are absorbed 
into the mucosa, where two molecules of glycerol 
precursor  compete successfully with five molecules 
of monoglycerides, result ing in a loss of two molecules 
of the original glycerol. Most of the newly synthe- 
sized tr iglyeeride passes to the lymph.  Some however 
combines in the ratio of 2:1:1 with a phosphoryl  base, 
such as choline phosphate,  and glycerol precursor  to 
produce three molecules of phospholipide, which 
passes to the lymph. 

There are a number  of practical  factors  which must  
be considered when one discusses the degree of di- 
gestibility of a fa t  but are usual ly neglected. Thus 
in discussing the digestibility of stearic acid, it is 
necessary to take into consideration the chemical form 
in which it is ingested. 

T A B L E  V 

Diges t ib i l i ty  of D i f f e r en t  Glycer ides  of S tea r ic  Acid (18)  

L ip ide  . Diges t ib i l i ty  ( % )  

S tea r ic  acid  1 8 - 2 7  
S tea r in  2 8 - 4 2  
Monos tea r in  7 4 - 8 4  
Monooleoyl-dis tear in  7 0 - 7 4  

This table presents the data of Scribante (18), a 
s tudent  of Fava rge r  who found tha t  under  the same 
conditions stearie acid is 18-27% absorbed, t r is tearin 
29-42%, monostearin 74-84%, and mono-oleoyl- di- 
s tearin 70-74%. 

Since melt ing point  is an impor tan t  factor in the 
digestibili ty of a fat,  its digestibility will va ry  with 
its crystalline form. Thus t r ipalmit in  exists in three 
crystalline forms. The a form melts at  44 ~ the fl' 
fo rm at 56 ~ , and the f l f o r m  at 66 ~ . We have fed a 
t r ipa lmi t in  which appeared  to be most ly  fl' form to 
swine at the 20% level and obtained only 20% 
absorption. 

Clearing Factor 
Afte r  fa t  leaves the mucosa by whatever  mechanism 

it is absorbed and resynthesized, it makes its appear-  
ance in the mesenteric lymph vessels, by  which it is 
carried to the cysterna chyla and thence to the blood 
at the junct ion of the subclavian and jugular  v e i n s  
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in the neck. There has been much speculation con- 
cerning the function of this roundabout  method for 
absorbed fat  reaching the blood and by-passing the 
liver. One older theory is that  newly absorbed fat  
appears to be hemolytic, and this roundabout  trans- 
port  is to dilute it before adding it to the blood. In  
carnivorous animals, including man, fa t  makes its 
appearance in the blood as small droplets known as 
chylomicrons, and much work has been done on fat  
absorption by studying the degree and extent of the 
lactescence these chylomicrons give to blood serum or 
plasma, or by actually plott ing the chylomicron 
count. The peak of the chylomicron count may be 
reached in 3 to 10 hrs., depending on the size of the 
fat  meal, the other constituents of the meal, and the 
individual variation between animals. 

F I G U R E  4 

Mode of Action of Clearing Fac tor  

Dietary fat 

1 
hiucosa 

Lymph  

1 
Blood chylomicrons 
and  ~ lipoproteins 

Albumen [ < 

Tissue 
Lipoprotein 
Lipase 

H e p a r i n  
Blood lipoprotein lipase 
(c l i a r ing  factor)  

a - -  l ipoproteins ~- a lbumen and  fat ty acid. 

The mechanism of the removal of the chylomicrons 
has never been settled. I t  has been thought  that  the 
reticuloendothelium probably plays a major  role and 
that  the chylomicrons become solubilized by being con- 
verted to lipoproteins. I t  has been repeatedly shown 
that a clear serum may have as much fat  as a milky 
serum. I t  is quite possible that  much of the fat  is 
converted to lipoproteins and solubilized as it passes 
through the intestinal mucosa. 

Although chylomicrons are visible in the dark  field 
microscope, recent work indicates that  they are also 
lipoproteins belonging to a group known as low- 
density fl-lipoproteins. These low-density fl-lipopro- 
teins have been implicated as a "causative factor  of 
atherosclerosis," and the mechanism of their  removal 
from blood has received considerable attention. 

In  1943 Hahn  (19) observed that  when heparin is 
injected into an animal, there is a rapid clearing of 
al imentary lipemia. This did not a t t ract  much atten- 
tion at first, but  between 1952 and the present there 
has been a constantly increasing interest in the subject 
because of its implications in atherosclerosis. 

In  summary, the work of the past three years has 
resulted in the following concept of this so-called 
clearing factor  or l ipoprotein lipase. Ingested fat  
appears in the blood in the form of various-sized 
lipoproteins. The fa t  at tached to the larger and 
lighter-weight ones, the fl-Hpoproteins, and the chy- 
lomicrons are acted on by l ipoprotein lipase, which 
originates in the tissues and is excreted into the 
blood under  the stimulus of heparin or a heparin-like 
substance. In  the presence of albumen, which acts 
as a f a t t y  acid acceptor, the triglycerides are hydro- 
lyzed and are t ransported as the albumen fa t ty  acid 
compound. : 

Workers  in this field show significant differences 
between as l i t t le  as .0025 meq. of acid and at tr ibute 
this to f a t t y  acid. As little as 0.0i rag. of a nonfa t ty  
organic acid of molecular weight of 100 present in 

the extracts would be equivalent to this difference. In  
other trials the "glycerol" released by periodate oxi- 
dation was measured. Many compounds are oxidized 
by periodate, and it is quite possible that  traces of 
the products of carbohydrate or fa t  metabolism in 
blood could result in the values found. 

F I G U R E  5 

Synthesis of Triglycerides (20) 

r a t  liver 
Phosphat idic  acid ~ d,~ diglyceride -~ H3PO~ 

mi tochrondr ia  
D,a,fl diglyceride ~- eytidine diphosphate choline 

hii tochron dr ia  
lecithin 

of chicken liver 
chicken l iver 

D,a,fl diglyceride -}- pahnitoyl  C0A - -  ~ tr iglycerides -]- CoASH 
mi tochrondr ia  

Even if we assume that  1 meq. /L of unesterified 
f a t ty  acid does appear  in the blood, this is a very  
small amount  (about 28 mg./100 ml.) and, unless it 
is tu rned  over extremely fast, cannot account for  all 
the fa t  t ransported from adipose tissue for  metabolic 
purposes or the removal f rom the blood of all dietary 
fat. This may be possible, but  it is unlikely and 
should be demonstrable by labelling techniques. 

Another  factor  which makes the concept that  lipo- 
protein lipase is the majo r  mechanism for solubiliz- 
mg chylomicrons unlikely is the fact that  l ipoprotein 
lipase acts only on lipides which are already com- 
bined with protein. I t  thus gets into the picture late 
as a clearing mechanism since the formation of lipo- 
proteins is itself the best clearing mechanism. 

The whole subject of blood clearing as a factor in 
atheroselerosis is itself on ra ther  uncertain ground 
since the ra t  and the dog, which have pronounced 
al imentary lipemia, are resistant to atherosclerosis 
while the rabbit  and pig, which are susceptible to 
atherosclerosis, are resistant to lipemia. 

Resynthesis 
A subject that  has intr igued biochemists interested 

in fat  metabolism is the synthesis of triglyeerides, 
either af ter  the absorption of f a t ty  acids or f rom non- 
fa t  precursors. We are still very  much in the dark 
about this matter.  I t  is clear that  free glycerol is 
not the precursor of glyceride glycerol, at least for  
the resynthesis of tr iglycerides f rom absorbed f a t ty  
acids. However Weiss and Kennedy  (20) have re- 
cently shown that  the same system which synthe- 
sizes lecithin from D,~,fl diglycerides, and cytidine 
diphosphate choline will also synthesize triglycerides. 
from D,~,fl diglycerides and palmitoyl CoA. 

This interesting observation revives the concept 
that  phospholipides are intermediate in tr iglyceride 
synthesis since the diglyceride was obtained from 
phosphatidic acid. 

This still leaves the synthesis of the diglycerides 
unknown, and certainly it  is the synthesis of the 
mono-, then the diglyceride, that  is the real problem. 
This work of Weiss and Kennedy,  interesting as it 
is, still leaves the root of the problem to be solved. 
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Newer Concepts of the Role of Essential Fatty Acids I 
ROSLYN B. ALFIN-SLATER, Department of Biochemistry and Nutrition, University of 
Southern California School of Medicine, Los Angeles, California 

T 
HE RECENT INTEREST in the possible role of un- 
sa tura ted  f a t t y  acids in the regulation of serum 
cholesterol leVels has st imulated a great  deal of 

research to determine whether  a relationship between 
essential f a t t y  acids and cholesterol metabolism exists 
and, if  so, to unders tand what  this relationship is. 

The  c o n n e c t i o n  be tween  
essential f a t t y  acids and 
cho les t e ro l  is no t  a new 
idea but  was suggested as 
ear ly  as 1923, when Bloor 
(6) in his studies of un- 
s a t u r a t e d  f a t t y  ac ids  in 
the plasma of var ious  spe- 
cies of animals  found that  
these unsa tura ted  f a t t y  ac- 
ids existed mainly  in com- 
bination with cholesterol. 
Bloor (7) and other work- 
ers (10, 20) extended these 
o b s e r v a t i o n s  a n d  f o u n d  
that  the unsa tura ted  f a t ty  
acid ester--cholesterol  lin- 
o lea te- -was  the chief ester 
of cholesterol in the plas- 

Roslyn Alfin-Slater ma. Linoleic acid cannot 
be synthesized by the ani- 

mal body, but  it is necessary for  growth and main- 
tenance of normal�9 body processes and is therefore 
called "e s sen t i a l . "  Three f a t t y  acids are classified 
in this way:  linoleic acid, linolenie acid, and arachi- 
donic acid. 

The functions of essential f a t t y  acids are not as 
yet completely known. Essential  f a t t y  acids are nec- 
essary for  growth (15), reproduction,  and lactation 
(16, 17, 18, 25) in the rat.  The lack of essential f a t ty  
acids in the diets of ra ts  causes them to be more 
susceptible to X- i r r ad i a t i on  in ju ry  (11, 14). The 
absence of essential f a t t y  acids f rom the diet also 
produces a deficiency syndrome characterized by  cap- 
i l lary f ragi l i ty  (21), increased skin permeabi l i ty  
(26), a typical  eye condition, scaliness of the paws 
and tail (9), alopecia, and a pla teau in weight. Lev- 
eling off in weight and growth is caused by  reduction 
in the number  of bone pro l i fe ra t ing  cells (5).  As an 
example, normal ly  in the proximal  head of the tibia 
(F igure  1) there is a wide section composed of colum- 
nar  cells in which cell division occurs. This cell divi- 
sion is responsible for  the growth of the bone. In  the 
fat-free animals  this area is markedly  reduced. In  
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addition, in the fat-free animal  at the diaphyseal 
border  there is a thin layer  of bone sealing off the 
epiphyseal  plate, and in the diaphysis there is a loss 
of bone cells, which is replaced by  fa t  globules. 

I n  1953 a fu r the r  result  of E F A  deficiency was 
repor ted f rom this laboratory  (1).  Male rats  had 
been placed on a diet of 16-20 weeks, adequate  in all 
respects but  deficient in fa t  and therefore deficient 
in essential f a t t y  acids. 2 The rationale was that  the 
ra ts  were able to synthesize any  fa t  they require, with 
the exception of essential f a t t y  acids, f rom the two- 
carbon f r agmen t  which is formed as a result  of carbo- 
hydra te  and protein metabolism. On autopsy these 
rats  were found to have abnormal  deposits of cho- 
lesterol in certain tissues of the body (Table I ) ,  
increased amounts  of cholesterol in liver and adrenal,  
and slightly decreased amounts  in the plasma. The 
l iver was f a t t y  in appearance.  Histological sections 
of the liver confirmed the analyt ical  results and 
showed abnormal  deposits of fa t  and a depletion of 
glycogen. Sections of the adrenal  also showed in- 
creased deposition of fat, but  a decrease in the area 
of the cortex (5).  

The most s t r iking effect of E F A  deficiency was 
noticed in the gonadal tissue. Degenerat ion of sper- 
matic development was a common alteration observed 
in EFA-def ic ien t  animals. In  the epididymis the 
lumens of the ducts are filled with mature  sperms 
in the control animals, but there is alnlost a com- 
plete loss of sperms in the lumen of the ducts of the 
EFA-deficient  animals. In  the testes themselves a 
depletion of E F A  produces a degeneration of the 
tubules and a loss of matura t ion  of the p r imary  sper- 
matogonial  cells (5).  

~The fat - free  d ie t  cons i s ted  of 20.0% casein, 70.7% sucrose, 4.0% 
salt  mix, 4.0% cellulose and fat-soluble and water-soluble vitamins in  
a d e q u a t e  amounts. When fat  w a s  added  to the  diet,  it  w a s  done  at  t h e  
expense of carbohydrate. 

Diet Exl~p. 
No. 

3 

4 

5 

6 

12.5% fat  

Fat-free 
(u 

case in )  

Fat-free 
( Commercial 

casein) 

TABLE I 

The Effect of a Diet Deficient in Fat on Cholesterol  Levels  in 
Various Organs of the  R a t  

~0. of 
rats  

10 
9 

8 

7 

1O 

9 

Mg. cholesterol/g. 

Liver 

2.04 
2.08 

3.15 

4.06 

4.72 

4.24 

Mg. 
cholesterol  
per 100 ml. 

Adrenal Plasma 

35.4 55.6 
35.3 63.2 

48.9 38.4 

50.4 50.4 

49.3 41.1 

46.2 44.9 


