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Unesterified Fatty Acids and Lipid Transport in Dogs.* (22406) 

JOHN J. SPITZER AND HARVEY I. MILLER.  (Introduced by Gilbert Dalldorf.) 
Division o f  Laboratories and Research, S e w  York State Department of Health, Albany. 

This study was undertaken to investigate 
the relative importance of two lipid transport 
mechanisms, lipoproteins and unesterified 
fatty acids. 

Materials and methods.  Alimentary lipe- 
mia was produced in male,, mongrel dogs by 
feeding 40 ml of cod liver oil. Blood samples 
were osalated! promptly refrigerated, and 
centrifuged in the cold. Unesterified fatty 
acids were determined by the method of Da- 
vis ( 1 ) as modified by Grossman ( 2 ) . Esteri- 
fied fatty acids were estimated by the pro- 
cedure of Stern and Shapiro(3). The sugar 
content of the plasma was determined by the 
method of Somogyi (4) with Selson’s colori- 
metric adaptation( 5 ) .  All analyses were in 
duplicate. 

Results.  During absorption, most fats are 
transported in the blood stream as neutral lip- 
ids. It seemed important to know whether 
under these conditions the dog also uses the 
other common transport mechanism, unesteri- 
fied fatty acids. Fig. 1 presents one of the 
experiments in which esterified and unesteri- 
fied fatty acids were determined simultane- 
ously during fat absorption. Both esterified 
and unesterified fatty acids increase in concen- 
tration, the latter usually somewhat more 
slowly. The fasting dog (Fig. 1) fails to show 
these changes. 

I t  has been shown(6-8) that the injection 
of heparin raises the level of unesterified fatty 
acids in the blood. We undertook to learn 
whether protamine reverses this action. Fig. 
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2 shows the rise of the unesterified fatty-acid 
level following the injection of heparin into 
lipemic dogs, the appearance of clearing fac- 
tor.+ and the lowering of the esterified fatty- 
acid level of the plasma.$ All 3 effects can 
be detected in the blood from the femoral 
artery and vein, right side of the heart, he- 
patic, portal, renal, and jugular veins. The 
administration uf protamine to these animals, 
subsequent to heparin, has the opposite ef- 
fect, a decrease in the unesterified and a rise 
in the esterified fatty-acid levels and the dis- 
appearance of clearing activity from the 
plasma. I t  can also be seen that the complete 
disappearance of clearing activity from the 
plasma does not occur immediately after the 
injection of pratamine. A definite, but de- 
creased, clearing activity persists for 2 to 3 
minutes. This suggests that the in vivo in- 
activation of clearing factor by protamine 
may be more complicated than a simple bind- 
ing of heparin. These experiments imply that 
the action of heparin and of protamine in- 
volves both lipid transport mechanisms, es- 
terified and unesterified fatty acids. 

Since unesterified fatty acid transport is 
probably of secondary importance during fat 
absorption when lipids of exogenous origin 
travel in the blood stream, it seemed impor- 
tant to investigate conditions under which en- 
dogenous lipids are transported in the blood. 

t These effects can also be demonstrated in non- 
lipemic dogs and in dogs fasting for 2 to 3 days. 

3 “Clearing activity of the plasma,” as shown in 
the Figure, is the clearing in optical density units of 
1 ml of a cottonseed-oil emulsion by 0.5 ml of plasma 

tional Institutes of Health. after 5 hours’ incubation at room temperature. 
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One such condition is prolonged starvation. 
Fig. 3 is a representative experiment in which 

48 to 72 hours of starvation caused a marked 
elevation of the unestecified fatty-acid level 
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FIG. 2. Effects of heparin and protamine in a lipemic dog. 
FIG. 3. Sugar, esterified, and unesterified fatty-acid levels in plasma of a fasting dog. 
FIG. 4. Sugar and fatty-acid concentration in plasma of a dog injected with CCI,. 

(A) and a fasting (B) dog. 
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of the plasma, a slight decrease in the amount 
of the esterified fatty acid, and a very slight 
hypoglycemia. After feeding, all returned to 
normal. 

Acute carbon tetrachloride poisoning was 
selected as another condition accompanied by 
considerable endogenous fat transport. The 
animals received injections of 10 ml of CClA 
subcutaneously on two consecutive days, 
which resulted in an initial drop followed by 
a marked increase in the unesterified fatty- 
acid level of the plasma. A small increase in 
the amount of esterified fatty acids also oc- 
curred. Fig. 4 is a representative experiment. 
There was histologic evidence of typical acute 
lesions in the liver. 

Discussion. During alimentary lipemia, 
both esterified fats and unesterified fatty 
acids increase. Conditions may be different 
in animals absorbing a mixed meal rather 
than only lipids. Dole(9) and Gordon and 
Cherkes( 10) observed that ingestion of car- 
bohydrates lowers the plasma unesterified 
fatty-acid level. This is also suggested by 
our occasional observation that dogs may 
have very low unesterified fatty-acid levels 
after the ingestion of a complete meal even 
though lipemia occurs. Results of the pres- 
ent investigations on the increase in unesteri- 
fied fatty acids during lipemia are in accord 
with Grossman’s findings for rats and hu- 
mans(2,l l) .  

During starvation, the total plasma lipid 
does not change in the dog as it does in some 
other species( 12,13). It has long been sus- 
pected that the partition of fats changes un- 
der these circumstances( 12). Our results 
show that fasting dogs transport fat primarily 
as unesterified fatty acids. In dogs poisoned 
with CC14 as in rats(l4) a similar transport 
seems to occur. 

An arterio-venous difference in unesterified 
fatty acids occurred in the majority of ani- 
mals in the present studies. The lack of a 
greater consistency in the finding mi@ re- 
flect dynamic changes in unesterified fatty 
acids, especially of fat-absorbing animals. 

These investigations, together with others 
in progress, indicate that when lipids are used 
as readily available energy source or are trans- 

ported in the course of other metabalic func- 
tions, a portion of the lipid is transported and 
utilized as unesterified fatty acids. Alterna- 
tively, the esterified fats may undergo lipoly- 
sis followed by use in this form. In either 
case, clearing factor or a similar enzyme may 
play a decisive role in the metabolic channel- 
ing of lipids. 

Summary. Plasma neutral fats and unes- 
terified fatty acids were investigated in dif- 
ferent conditions of increased lipid transport 
in the dog. During fat absorption, in addi- 
tion to the increase in neutral fats, unesteri- 
fied fatty acid also increases. Heparin and 
protamine influence both transport mechan- 
isms in the post absorptive state, the former 
increasing the unesterified fatty acids and de- 
creasing the esterified fatty acids: the latter 
opposing this effect. Starvation for from 48 
to 72 hours and acute CCl4 poisoning raise 
the unesterified fatty-acid level markedly. 
The results indicate the metabolic importance 
of unesterified fatty acids in lipid transport 
and the possible role of clearing factor in 
regulating lipid metabolism. 
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