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Effects of Saturated and Unsaturated Fatty Acids on Blood Platelet

Aggregation in vitro*
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There is now much evidence that platelets
are involved in intravascular clotting of blood.
The “white head” of a thrombus is an aggre-
gation of platelets that normally would not
adhere to each other in the blood stream.
Platelet adhesiveness and aggregation are
therefore receiving increasing attention, and
many studies have been conducted under in
vitro conditions using a wide variety of agents
(1-4).

Dietary fats have been implicated in the
development of atherosclerosis and throm-
bosis in both animals and man. It has been
well established that the composition and
quantities of blood lipids in man are mark-
edly influenced by dietary fat. Thus increas-
ing attention is being given to relationships
between dietary fats as well as blood lipids
and such phenomena as platelet aggregation
and thrombus formation. Among the plasma
lipids that may be altered by changes in
dietary fat are the unesterified fatty acids.
Long chain fatty acids have been shown to
promote thrombus formation in an in vitro
system of flowing blood(5) and also when
injected intravenously in dogs(6,7). It is
important therefore to study the effects of
various dietary fats and individual fatty acids
on factors involved in platelet aggregation.
Using a turbidimetric method, Haslam found
in vitro that a saturated fatty acid, behenic,
brought about rapid aggregation of washed
human platelets under suitable conditions(8).
Owren et al(9) have reported that the ab-
normal platelet adhesiveness in humans with
known histories of cardiovascular disease is
reduced to normal by oral administration of
linseed oil or purified linolenic acid, and
have presumed that the tendency toward
thrombus formation in such subjects is there-
by reduced also. In view of such findings, the
effects of various saturated and unsaturated
fatty acids, as well as their glyceryl esters,
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on platelet adhesiveness and aggregation in
man and miniature pigs, is being studied in
this laboratory. This paper presents the re-
sults of studies of the effect of sodium salts
of short and long chain saturated fatty acids
and of C;¢ unsaturated fatty acids on the
aggregation of platelets of pig blood, as
measured turbidimetrically.

Materials and methods. The procedure in-
volved a separation of the pig blood platelets
from plasma. Siliconized apparatus was used
during the collection of blood and in all steps
of the preparation of the platelet concentrates.
Nine parts of blood were mixed with one part
of 3.8% (w/v) sodium citrate. The platelet
buttons obtained by differential centrifuga-
tion were washed twice with saline in volumes
equal to the plasma volume and then resus-
pended in the appropriate volume of saline
to give an extinction of 1.00 at 620 mu in
a Bausch and Lomb spectronic 20 spectro-
photometer. Aliquots of this suspension were
used to determine the effect of various fatty
acids on platelet aggregation. Suspensions of
platelets thus prepared showed no spontane-
ous aggregation for more than 12 hours at
room temperature, They remained unaffected
for more than 1 hour after the addition of
calcium chloride at the concentrations used
in the experiments.

Saturated fatty acids, behenic, arachidic,
stearic, palmitic, myristic, lauric, capric and
caprylic and unsaturated fatty acids, oleic,
linoleic and linolenic, all more than 99%
pure, were obtained from stock supplies of
The Hormel Institute fatty acid project and
were converted to 4 mM dispersions of their
sodium soaps by warming with 10% excess
sodium hydroxide and adjusting the pH to
7.4 with 0.1 N HCl. Fine dispersions of the
less soluble sodium soaps were obtained with
the aid of a Branson sonifier operated for
10-15 minutes at 20 kc per second. Solutions
of the soaps of unsaturated acids were made
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under an atmosphere of nitrogen with the
aid of the sonifier.

Platelet aggregation was measured turbidi-
metrically using a modification of the method
described by Born(10). To 3.6 ml of platelet
suspension in an unsiliconized calibrated test
tube was added 0.2 ml of 8 mM CaCl; solu-
tion and then 0.2 ml of the fatty acid suspen-
sion. The optical density of the suspension
was then measured at regular intervals. Dur-
ing the measurements, the tubes were swirled
for 10 sec at 2-minute intervals. It was
observed that, in the absence of CaCly, the
optical density of the platelet concentrates
would remain constant for almost 1 hour,
either with no shaking or with occasional
gentle swirling of the tube by hand.

Rtsults. Tig. 1 shows the effects of satu-
rated fatty acids on platelet aggregation. Be-
henic, arachidic and stearic were all effective
in promoting rapid and complete platelet ag-
gregation. In 30 minutes the optical densities
decreased from 1.00 to 0.1, 0.18 and 0.2, re-
spectively. Platelet clumps became discern-
ible during these changes. Palmitic, myristic
and lauric acids manifested activity after 30
minutes but the aggregation was far from
complete even after 45 minutes. The short
chain fatty acids, caprylic and capric, were
quite inactive in bringing about platelet ag-
gregation in 45 minutes. Thus, under these
conditions, the chain lengths of the fatty
acids have a direct bearing on platelet aggre-
gation.

Figure 2 shows the influence of the Cig
unsaturated fatty acids, oleic, linoleic and
linolenic, on platelet aggregation. Oleic was
almost as effective as stearic but linoleic and
linolenic resembled the short chain fatty acids
in their ineffectiveness.

To determine whether higher concentra-
tions of CaCl, would influence the rate of
aggregation, the experiments with the long
chain saturated fatty acids and linolenic acid
were repeated using an approximately three-
fold increase in CaCly concentration. Fig. 3
indicates that with behenic and stearic acids,
complete aggregation was attained more
rapidly (15 and 20 minutes, respectively),
whereas with linolenic acid no change was
observed.

Because of the report that both purified
linolenic acid and linseed oil caused a lower-
ing of platelet adhesiveness in cardiovascular
patients(9), an examination of the effect of
linolenic acid on platelet aggregation initi-
ated by behenic and stearic acids was made.
The results of 2 experiments with behenic
acid are shown in Fig. 4. Curve A shows
that linolenic acid inhibited the effect of
behenic acid completely when both were
added at the same time in equimolar concen-
trations, When linolenic acid was added 10
minutes after addition of behenic acid (curve
B), the aggregation process was stopped, but
the aggregation that had already occurred
was not reversed.

Following addition of linolenic acid, there
was an immediate slight increase in optical
density from 0.64 to 0.75 and a return to
0.64 in 3 minutes, after which the optical
density remained constant. The increase
therefore could not be attributed to a reversal
of platelet aggregation, but instead repre-
sented a contribution to the optical density
by the linolenic acid dispersion itself. The
results shown in curves A and B were essen-
tially duplicated when corresponding com-
binations of linolenic and stearic acids were
employed.

Because the short chain saturated acids,
capric and caprylic, were similar to linolenic
acid in failing to initiate platelet aggrega-
tion when tested independently, it became of
interest to determine if they could also in-
hibit the effect of behenic acid. Curve C in
Fig. 4 shows that unlike linolenic acid, capric
(caprylic) acid was ineffective in arresting
aggregation in a platelet suspension to which
behenic acid and CaCl; had been added.

Discussion, Platelet aggregation appears to
form the basis for both the physiologic process
of hemostasis and the pathologic process of
white thrombus formation. Several studies
have indicated that a relationship exists be-
tween lipids, platelet aggregation and throm-
bosis(5,6,11,12).

Haslam(8) reported that long chain satu-
rated fatty acids caused rapid aggregation
of washed human platelets in the presence
of CaCl, when suspended in tris-buffer. In
the present investigation, the effects of both
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FIG. 1. Effect of saturated fatty acids on aggregation of washed pig platelets. To sam-
ples of platelets in saline were added 0.2 ml 8 mM CaCl, and the fatty acids in 200 xM final
concentration. A to H are behenic, arachidic, stearie, palmitic, myristic, laurie, eaprylic and
caprie. Final volume 4 ml in each case.

FIG. 2. Effect of unsaturated fatty acids on aggregation of washed pig platelets. To
samples of platelets in saline were, added 0.2 ml 8 mM CaCl; and the unsaturated fatty acid
in 200 4M final coneentration. A, oleic; B, linoleic; and C, linolenic. Final volume 4 ml in
each case.

FIG. 3. Effect of high concentration of CaCl, on the rate aggregation of washed pig plate-
lets brought about by behenie, stearic and linolenic acids. To samples of platelets in saline
were added 0.2 ml 0.025 M CaCl, and the fatty aeids in 200 4M final coneentration. A, be-
henic; B, stearic; and C, linolenic. Final volume 4 ml in each case.

FIG. 4. Effect of linolenic and capric acids on aggregation of washed pig platelets initi-
ated by behenic acid. To samples of platelets in saline were added 0.2 ml of 8 mM CaCl, and
the fatty acids in 200 4M final concentration. A, behenic and linolenic added simultaneously;
B, linolenic added 10 min after addition of behenic; and C, behenic and capric added simul-

taneously. Final volume 4 ml in each case.

saturated and unsaturated fatty acids on
washed pig platelets were studied in saline
suspension because tris-buffer caused aggre-
gation of the platelets in a few minutes. No
aggregation was observed when the fatty
acids were added in the absence of calcium
ions.

The rather high melting points of the
long chain saturated fatty acids and their
poor solubility in aqueous medium are the
main difficulties in designing experiments to
study their effects on platelet aggregation.
These difficulties were overcome by the use
of a sonicator to obtain homogeneous and
stable dispersions of the fatty acids. The
size of the fatty acid micelles is an important

factor in comparing the relative activities of
the individual fatty acids. However, in aque-
ous solutions, the minimum and maximum
sizes of the micelles of ionic soaps reportedly
do not differ greatly and concentration does
not markedly affect micellar size(13).
Whether or not the micellar size is affected
by concentration, a comparison of the rela-
tive activities of the individual fatty acids
seems justified in this study since equimolar
dispersions of the sodium soaps of the fatty
acids were used.

Aggregation is probably the result of a
series of biophysical and biochemical reac-
tions, possibly involving more than one path-
way. Shore and Alpers(14) found that
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stearate and longer chain saturated fatty
acids caused clumping of platelets with re-
lease of serotonin and histamine in rabbit
platelét-rich plasma. Release of ADP by fatty
acids by direct damage to the platelet mem-
brane, as well as activation of adsorbed Hage-
man factor, has been postulated to cause
platelet aggregation(8). The differences in
behavior observed in this study between long
chain saturated fatty acids on the one hand,
and the short chain fatty acids and the un-
saturated fatty acids, linoleic and linolenic,
on the other, in their effects on platelet ag-
gregation need further explanation. Owren
et al(9) found that an increased thrombotic
tendency in patients is associated with an
increased activity of the anti-Willebrand fac-
tor and factor VIII. It may be that the un-
saturated fatty acids prevent platelet aggre-
gation by lowering the activity of the anti-
Willebrand factor. Whereas Owren et al(9)
reported that only linolenic acid was effec-
tive in reducing platelet adhesiveness in hu-
mans with cardiovascular disease, our in vitro
studies with pig platelets have shown that
linoleic is also capable of retarding platelet
aggregation.

Although long chain fatty acids injected
into dogs were thrombogenic and fatal ac-
cording to some investigations, they were
reported to be inactive when incubated with
albumin(6). This suggests that under certain
conditions plasma-free fatty acids may not
be fully or effectively bound by albumin. In
the present study the fatty acid dispersions
were made in saline. Whether solubilization
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of the fatty acids using albumin and other
solubilizers will affect their observed effects
on platelet aggregation needs further study.

Mechanisms by which linoleic and lino-
lenic acids may bring about inhibition of
platelet aggregation alone or in the presence
of long chain saturated fatty acids might be
either by preventing damage to the platelet
membrane, or by lowering the activity of a
factor or factors which promote aggregation.
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Recent interest has been aroused in isola-
tion, identification and measurement of estro-
genic steroids in various fish. Estradiol-178,
estrone and estriol have been identified and
measured in ovaries and blood of several spe-
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