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The effect of dietary a-linolenic acid (18:3n-3) and its ratio 
to linoleic acid (18:2n-6) on platelet and plasma phospho- 
lipid (PL) fatty acid patterns and prostanoid production 
were studied in normolipidemic men. The study consisted 
of two 42-d phases. Each was divided into a C~d pre-experi- 
mental period, during which a mixed fat diet was fed, and 
two 18-d experimental periods, during which a mixture of 
sunflower and olive oil [low 18:3n-3 content, high 18:2/18:3 
ratio (LO-HI diet)], soybean oil (intermediate 18:3n-3 con- 
tent, intermediate 18:2/18:3 ratio), canola oil (intermediate 
18:3n-3 content, low 18:2/18:3 ratio) and a mixture of sun- 
flower, olive and flax oil [high 18:3n~ content, low 18:2118:3 
ratio (HI-LO diet)] provided 77% of the fat (26% of the 
energy) in the diet. The 18:3n-3 content and the 18:2/18:3 
ratio of the experimental diets were: 0.8%, 27.4; 6.5%, 6.9; 
6.6%, 3.0; and 13.4%, 2.7, respectively. There were appre- 
ciable differences in the fatty acid composition of platelet 
and plasma PLs. Nevertheless, 18:1n-9, 18:2n4} and 18:3n-3 
levels in PL reflected the fatty acid composition of the 
diets, although very little 18:3n~3 was incorporated into PL. 
Both the level of 18:3n-3 in the diet and the 18:2/18:3 ratio 
were important in influencing the levels of longer chain 
n-3 fatty acid, especially 20:5n-3, in platelet and plasma 
PL. Production of 6-keto-PGFl~ was significantly 
(P < 0.05) higher following the HI-LO diet than the LO- 
HI diet although dietary fat source had no effect on 
bleeding time or thromboxane B2 production. The present 
study showed that both the level of 18:3n-3 in the diet and 
its ratio to 18:2n4~ were important in influencing long~chain 
n-3 fatty acid levels in platelet and plasma PL and that 
prostanoid production coincided with the diet-induced dif- 
ferences in PL fatty acid patterns. 
Lipids 28, 811-817 (1993). 

Coronary heart disease is a degenerative process involving 
atherosclerosis and thrombogenesis (1,2). Dietary fat affects 
both of these phenomena (3). Polyunsaturated fatty acids 
(PUFA) of the n-3 and n-6 families may influence thrombus 
formation through their effects on the production of pr~ 
stanoids in the endothelial wall and in the circulating plat~ 
lets (4-6). 
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Abbreviations: EDTA, ethylenediaminetetraacetic acid; GLC, gas- 
liquid chromatography; HI-LO, high 18:3n-3 content, low 18:2/18:3 
ratio; IN-IN, intermediate 18:3n-3 content, intermediate 18:2/18:3 
ratio; IN-LO, intermediate 18:3n-3 content, low 18:2/18:3 ratio; LO- 
HI, low 18:3n-3 content, high 18:2/18:3 ratio; PC, phosphatidylcholine; 
PE, phosphatidylethanolamine; PGI, prostacyclin; PL, phospholipid(s); 
PPE, alkenylacyl glycerophosphoethanolamines; PPP, platelet-poor 
plasma; PUFA, polyunsaturated fatty acids; TXA, thromboxane. 

Dietary linoleic acid (18:2n-6) can be desaturated and 
elongated to arachidonic acid (20:4n-6), which is the precur- 
sor of thromboxane A2 (TXA2) and prostacyclin (PGI 2) 
{6,7}. Similarly, dietary a-linolenic acid (18:3n-3) can be de- 
saturated and elongated to eicosapentaenoic acid (20:5n-3), 
the precursor of TXA3 and PGI a (6,7}, but the efficiency of 
conversion has been reported to be relatively low in humans 
{8,9). TXA2 is a potent prothrombogenic agent whereas 
TXA 3 is a weak platelet aggregating agent. By contrast, 
both PGI2 and PGI3 are antithrombogenic (2). 

Most of the research on the antithrombogenic effect of 
dietary fatty acids has focused on dietary 20:5n-3, mainly 
because it is the direct precursor of antithrombogenic pr~ 
stanoids and a powerful inhibitor of n-6 PUFA metabolism 
(9). However, 20:5n-3 and docosahexaenoic acid (22:6n-3) are 
not effective in lowering blood cholesterol levels (10). Thus, 
interest has turned to the possible antiatherogenic and an- 
tithrombogenic role of dietary 18:3n-3. Both 18:2n-6 and 
18:3n-3 share the same enzyme system for desaturation and 
elongation {2,6,7); henc~ there is the possibility for competi- 
tion between them Thus, the relative and absolute amounts 
of these fatty acids in the diet could have an effect on the 
metabolism of n-6 and n-3 fatty acids which, in turn, could 
alter prostanoid metabolism and thrombogenesis. The im- 
portance of the 18:2/18:3 ratio in the diet has been studied 
by several investigators {8,11,12}. However, a comparison of 
the effect of the absolute amounts of 18:2n-6 and 18:3n-3 
and their ratio in the diet on plasma fatty acid patterns and 
thrombogenic tendency in the human has not been reportee[ 

The present study was designed to investigate the effect 
of dietary 18:2n-6 and 18:3n-3 and their ratio on n-3 and n-6 
PUFA patterns in platelet and plasma phospholipids (PL) 
and on bleeding time and on bleeding-time prostanoid for- 
matiorL Fatty acid patterns of phosphatidylcholine (PC), 
phosphatidylethanolamine (PE) and alkenylacyl glycer~ 
phosphoethanolamines (PPE) are reported. PPE has been 
shown to be the major storage site for 20:5n-3, although an 
appreciable amount also is found in the diacyl PC and PE 
fractions of platelet PL (13,14}. 

MATERIALS AND METHODS 

Experimental design. The study consisted of two 42-d 
phases with a 2-mon break between phases. Each phase 
was divided into three periods: a 6-d pre-experimental 
period and two 18-d experimental periods. Eight male sub- 
jects participated in the study. All subjects were fed a 
mixed fat diet during the pre-experimental period of each 
phase In the first experimental period of phase I, two sub- 
jects were randomly assigned to one of four experi- 
mental diets: sunflower and olive oil [low 18:3n-3 content, 
high 18:2/18:3 ratio (LO-HI)]; soybean oil [intermediate 
18:3n-3 content, intermediate 18:2/18:3 ratio (IN-IN)I; 
canola oil [intermediate 18:3n-3 content, low 18:2/18:3 
ratio (IN-LO)]; and sunflower, olive and flax oil [high 
18:3n-3 content, low 18:2/18:3 ratio (HI-LO)]. In the 
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subsequent experimental periods of phases I and II, each 
pair of subjects was switched to a different diet according 
to the following order: LO-HI  to IN-IN; IN-IN to IN- 
LO; IN-LO to HI-LO; and HI-LO to LO-HI.  

Subjects. The subjects, who ranged in age from 20 to 
34 yr, were students at the University of Manitoba. They 
were normolipidemic with plasma total cholesterol levels 
between 3.80 and 5.86 mmol/L at the beginning of the 
study. The subjects engaged in their normal activities and 
resided in their own residences throughout the study. They 
were instructed not to use aspirin during the study and 
to consult the directors before taking any medication. One 
subject left after the completion of phase I, and a replace- 
ment was recruited for phase II. All meals were served 
in the metabolic unit located in the Faculty of Human 
Ecology. The study protocol was approved by the Faculty 
of Human Ecology Ethics Committee, and written con- 
sent was obtained from each subject. 

Diets. A two-day cyclic menu of conventional foods was 
used during the study. Diets used in the study were iden- 
tical in all respects except sources of added fat which ac- 
counted for approximately 26% of total energy (77% of 
the 120 g/d of total dietary fat). The fatty acid composi- 
tion of the diets is presented in Table 1. The LO-HI  and 
the IN-LO diets had similar amounts of oleic acid 
(18:1n-9) and 18:2n-6, but the latter contained about eight 
times more 18:3n-3. The IN-IN diet was similar in 18:3n-3 
content to the IN-LO diet but contained twice the level 
of 18:2n-6. The levels of 18:2n-6 and 18:3n-3 in the HI -  
LO diet were approximately twice those in the IN-LO 
diet, but the 18:2/18:3 ratio was similar to that of the IN- 
LO diet (3.0 vs. 2.7). A one-day composite of each diet was 
collected during each phase of the study. The composites 
were homogenized and aliquots lyophilized for chemical 
analysis. Fat content of the diets was determined by the 
method of Bligh and Dyer (15). Fat ty acid methyl esters 
were prepared using sodium methoxide in methanol (16), 
and the fatty acid composition was determined by gas- 
liquid chromatography (GLC). 

Fatty acid analysis of platelet and plasma PL. Blood 
samples were collected from the subjects into ethylene- 
diaminetetraacetic acid (EDTA)-containing tubes follow- 
ing a 12-h overnight fast at the end of each experimental 
period. The samples were centrifuged at 250 • g, 18~ 
for 15 min to remove the red blood cells. Platelets were 
separated from the resulting plasma by centrifuging at 
1400 • g, 4~ for 15 min. Platelet-poor plasma (PPP) was 
removed from the samples and stored under nitrogen at 
-10  ~ Washed suspensions of the platelets were prepared 
by the method of McKean et al. (17). The final suspen- 
sion was in 1 mL of cold buffer (2 mmol Na2EDTA/L, 
0.15 mol NaC1/L, 0.02 mol Tris hydroxyaminomethane/L; 
pH 7.4). The tubes containing the final suspensions were 
flushed with nitrogen, stored at -22~  and then shipped 
on dry ice to the University of Guelph. The platelet sus- 
pensions were thawed on ice and the lipids extracted by 
the method of Bligh and Dyer (15). The PPP samples were 
thawed in the refrigerator and the lipids extracted im- 
mediately by the method of Folch et aL (18). The PL in 
the platelets and plasma were separated using tw~direc- 
tional thin-layer chromatography on pre-coated plates 
(Merck silica gel 60 HR, Terochem Laboratories Ltd., 
Toront~ Canada). The spotted plates were first developed 
in chloroform/methanol/ammonium hydroxide (65:35:5.5, 

TABLE 1 

Fatty  Acid Composition of the Diets  a 

Diets b 

Fatty acid Mixed fat LO-HI IN-IN IN-LO HI-LO 
Percent of total fatty acids 

14:0 4.5 1.5 1.5 1.5 1.6 
16:0 23.8 13.0 14.5 9.8 11.7 
16:1n-7 1.8 0.8 0.6 0.7 0.6 
18:0 12.4 4.7 5.2 3.8 5.6 
18:1n-9 38.5 56.0 24.8 54.2 29.6 
18:2n-6 12.0 21.9 44.9 19.5 36.0 
18:3n-3 1.0 0.8 6.5 6.6 13.4 
20:0 0.3 0.4 0.3 0.6 0.3 
20:1n-9 0.5 0.4 0.2 1.3 0.1 
22:0 trace c 0.3 0.3 0.4 0.4 
18:2/18:3 Ratio 12.0 27.4 6.9 3.0 2.7 
aMeans of four duplicates (two of each menu). 
bSource of added fat: Mixed fat, 11% corn oil, 22% lard, 22% tallow, 
and 22% shortening; low 18:3n-3 content, high 18:2/18:3 ratio (LO- 
HI), 20% sunflower off and 80% olive off; intermediate 18:3n-3 con- 
tent, intermediate 18:2/18:3 ratio (IN-IN), 100% soybean oil; in- 
termediate 18:3n-3 content, low 18:2/18:3 ratio (IN-LO), 100% canola 
oil; and high 18:3n-3 content, low 18:2/18:3 ratio (HI-LO), 47% 
sunflower oil, 20% olive off and 33% flax oil. 
CLess than 0.05%. 

by vol) and then in a second direction in chloroform]meth- 
anol/formic acid (55:25:5, by vol). Following the first run, 
the plates were dried under nitrogen and placed in a 
chamber containing HC1 fumes for 10 min to hydrolyze 
the alkenyl group from the PPE fraction (19). Following 
development, the plates were sprayed with dichlorofluores- 
cein dye, exposed to ammonia fumes and the lipid factors 
were localized under ultraviolet light. The PC, PE and 
PPE fractions were scraped into test tubes and trans- 
methylated with 6% sulfuric acid in methanol in the 
presence of known amounts of monopentadecanoin as in- 
ternal standard (Nu-Chek-Prep, Elysian, MN) in the case 
of plaf~let PL and with sodium methoxide in methanol 
(16) in the presence of internal standard in the case of the 
plasma PL. Similar areas of gel were scraped from blank 
plates and processed as for the samples. The fatty acid 
methyl esters were separated by GLC as described pre- 
viously for platelets (20) and plasma (21) PL fractions. The 
amounts of fat ty acids in each sample were adjusted by 
subtracting the amounts present in the spots scraped 
from the blank plates, relative to the amount of monopen- 
tadecanoin in each. 

Bleeding time and prostanoid production. Bleeding time 
and the bleeding-time production of TXB=, the stable 
metabolite of TXA=, and of 6-keto-PGFI,, the stable 
metabolite of PGI2, were measured at the end of each ex- 
perimental period. Duplicate bleeding times were mea- 
sured by making incisions 5 mm long and 1 mm deep on 
the volar surface of the arm using a sterile, disposable, 
standardized device (Simplate" General Diagnostics, War- 
ner Lambert, Morris-Plains, N J). A constant pressure was 
maintained with a sphygmomanometer cuff on the upper 
arm inflated to 44 mm Hg. Bleeding time was measured 
with a stopwatch. Blood from the edge of the incision was 
collected into heparinized microhematocrit tubes contain- 
ing 10 ~L of 1 g indomethacin/L for the determination 
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of TXB2 and 6-keto-PGFI~. Immediately following collec- 
tion of the blood, 3000 dpm of [3H]PGE2 (sp. act., 185 
Ci/mmol) was added to each sample in order to correct for 
recovery of TXB2 and 6-keto-PGFl~. The tubes were cen- 
trifuged, the plasma volume measured and the plasma 
removed for prostanoid measurement. Plasma samples 
were loaded onto a Cls Sepak cartridge (Waters Scien- 
tific, Mississauga, Canada). Water (20 mL), 10% {by vol) 
ethanol (20 mL) and petroleum ether (10 mL) were passed 
through the cartridges, and the prostanoids were then ex- 
tracted with 7.5 mL methyl formate. This fraction was 
evaporated under a stream of nitrogen and the sample 
reconstituted in 0.5 mL bovine serum albumin in phos- 
phat~buffered saline. The amounts of 6-keto-PGFl~, and 
TXB2 were assayed by using highly specific anti-6-keto- 
PGFI~ and anti-TXB2 in an enzyme-linked immunosor- 
bent assay (22,23L Bleeding-time values for prostanoid 
production refer to blood collected in the first 4 min after 
incision. TXB 2 is expressed as a concentration (~g/L) 
whereas 6-keto-PGFl~ is expressed in terms of rate of 
production (pg/min) (23,24). 

Statistical analysis. The experimental design of the 
study was a modified Latin square (25). F tests were per- 

formed on the estimated diet effects obtained from regres- 
sion analysis of the data for plasma PL fatty acids, bleed- 
ing times and bleeding-time prostanoid production (25). 
Analyses were performed using the SAS computer pro- 
gram (1984, 1986 SAS Institute Inc., Cary, NC). Diet ef- 
fects on the platelet fatty acid composition were deter- 
mined for adjusted treatment means compared by pro- 
tected least significant differences (26). All means were 
adjusted for the withdrawal of a subject after the com- 
pletion of phase I. 

RESULTS 

Fatty acid patterns of platelet and plasma PL. Fatty acid 
patterns of platelet (Tables 2-4) and plasma (Tables 5-7) 
PL reflected the fatty acid composition of the diets even 
though there were some major differences in fatty acid 
composition between the platelet and plasma fractions, 
e.g., appreciably higher 20:4n-6 and lower 18:2n-6 and 
22:6n-3 levels in platelet than plasma PL. The 18:1n-9 
levels were significantly higher in all PL fractions follow- 
ing the LO-HI  and IN-LO diets, which were appreciably 

T A B L E  2 

M e a n  Platelet Phosphatidylcholine Fatty Acid L e v e l s  F o l l o w i n g  
Different Experimental D i e t s  a 

E x p e r i m e n t a l  d i e t s  

F a t t y  a c i d  L O - H I  I N - I N  I N - L O  H I - L O  

m o l %  of  t o t a l  f a t t y  a c i d s  

16:0 30 .4  • 3.5 a 31.1 • 3.3 a 31 .4  +_ 3.3 a 30 .0  __- 3.7 a 
18:0 12.5 +_ 1.5 a 14.2 +_ 1.7 b 12.5 + 1.4 b 14.6 + 1.9 c 
18:1 26 .0  _+ 0.7 a 20 .6  + 0 .9  b 26 .0  _+ 1.5 a 22.2 +_ 1.9 c 
18:2n-6 8.9 +_ 1.1 a 13.1 +_ 1.65 8.6 --t- 0 .9  a 12.0 ___ 1.0 c 
18:3n-3 0.2 --b 0.1 a 0 .3  +_ 0.1 b 0.3 _ 0.15 0.4 ___ 0.1 b 
20:3n-6  1.5 ___ 0.1 a 1.4 +_ 0.2 a 1.3 • 0 .2  b 1.4 +__ 0.2 a 
20 :4n-6  11.3 • 1.6 a 11.2 -t- 1.5 a 10.4 ___ 0.7 a 11.0 _+ 1.4 a 
20:5n-3  0.1 _+ 0.0 a 0.1 + 0.0 a 0 .2  ___ 0.15 0.2 +_ 0.15 
22:4n-6  0.8 + 0.2 a 0 .8  • 0 .2  a 0.7 ___ 0.15 0.7 • 0.1 b 
22:5n-3  0 .4  +_ 0.1 a 0 .5  _--. 0.1 a'b 0 .5  __. 0.1 b 0 .6  _ 0.1 c 
22:6n-3 0.6 _+ 0.1 a 0 .5  --+ 0.1 a 0 .5  __ 0.2 a 0 .5  ___ 0 .2  a 

a V a l u e s  i n  t h e  s a m e  r o w  w i t h  t h e  s a m e  s u p e r s c r i p t  l e t t e r  (a-c)  do  n o t  d i f f e r  s i g n i f i c a n t -  
l y  (P  > 0.05). A l l  v a l u e s  a r e  m e a n  _+ SD;  n --  8; see  T a b l e  1 for  a b b r e v i a t i o n s .  

T A B L E  3 

Mean Platelet Phosphatidylethanolamine Fatty Acid Levels Following Different 
Experimental Diets a 

E x p e r i m e n t a l  d i e t s  

F a t t y  a c i d  L O - H I  I N - I N  I N - L O  H I - L O  

m o l %  of t o t a l  f a t t y  a c i d s  

16:0 6.4 + 1.0 a 6 .9  -b 0 .8  b 6.6 -t- 1.1a, b 6 .2  __- 1.2 a 
18:0 27 .2  +-- 2 .4  a 29 .2  --+ 2.9 b 26 .9  ----- 1.4 a 30.4 --4"-- 1.7 b 
18:1 17.5 --  1.0 a 11.4 +-- 1.35 20.2 _+ 1.6 c 12.3 +-- 1.35 
18:2n-6  b 4.9 +_ 0.7 7.4 _+ 1.2 4.9 +__ 0.6 6.7 +_ 0.3 
18:3n-3 0.1 + 0.0 a 0 .2  + 0.0 b 0.2 + 0.0 c 0 .2  +_ 0.0 c 
20 :3n-6  1.1 _ 0.2 a'b 1.0 _+ 0.2 c 1.1 • 0 .3  b 1.0 +_ 0.4 a'c 
20:4n-6  31 .8  --  1.8 a 32 .6  +__ 2.0 a 27 .9  --  1.65 32.9  +_ 1.7 a 
20:5n-3  0.2 +_ 0.1 a 0 .2  _+ 0 .0  a 0 .3  ---b 0.1 b 0 .4  +_ 0.15 
22:4n-6  2.2 _+ 0.5 a 2.3 --+_ 0.3 a 1.9 --  0 .3  a 1.8 -{- 0 .5  a 
22:5n-3  1.4 _---{- 0 .4  a 1.5 _--_ 0.25 1.5 +_ 0.35 1.8 +_ 0 .6  c 
22:6n-3  1.6 +__ 0.6 a'b 1.5 • 0 .4  a'c 1.7 -t- 0 .4  b 1.1 +_ 0.2 c 

a V a l u e s  in  t h e  s a m e  r o w  w i t h  t h e  s a m e  s u p e r s c r i p t  l e t t e r  (a-c)  d o  n o t  d i f f e r  s i g n i f i c a n t -  
l y  (P  > 0.05). A l l  v a l u e s  a re  m e a n  +_ SD;  n ---- 8; see  T a b l e  1 for  a b b r e v i a t i o n s .  
b N o t  s u b j e c t e d  t o  s t a t i s t i c a l  a n a l y s i s  d u e  t o  t r e a t m e n t  c o v a r i a t e  i n t e r a c t i o n .  
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TABLE 4 

Mean Platelet Alkenylacyl Glyeerophosphoethanolamine Fatty Acid Levels Following 
Different Experimental Diets a 

Experimental diets 

Fatty acid LO-HI IN-IN IN-LO HI-LO 

mol% of total fatty acids 

18:1 3.6 -- 0.6 a 2.4 -!"-- 0.7 b 4.1 + 0.6 c 2.7 -- 0.5 b 
18:2n-6 b 1.9 -- 0.6 2.5 +_ 0.7 1.7 __. 0.5 2.3 _+ 0.5 
20:3n-6 0.7 -- 0.3 a 0.6 -!"- 0.2 a 0.7 _ 0.2 a 0.7 _ 0.2 a 
20:4n-6 65.7 ___ 3.7 a 65.3 +_ 2.4 a 64.8 ___ 3.2 a 64.2 +- 3.6 a 
20:5n-3 0.5 _+ 0.2 a 0.6 _+ 0.1 a 1.1 4" 0.3 b 1.2 _+ 0.3 b 
22:4n-6 11.9 _ 2.0 a 12.4 +_ 1.7 a 9.9 _ 1.8 b 10.4 -- 1.8 b 
22:5n-3 6.1 _ 1.0 a 7.4 _ 1.5 b 7.2 -b 1.55 9.6 -- 2.0 r 
22:6n-3 4.0 _+ 1.3 a 3.8 +_ 1.0 a 4.7 _+ 1.2 a 3.8 +- 1.1 a 

aValues in the same row with the same superscript letter (a-c) do not differ significant- 
ly (P > 0.05). All values are mean +_ SD; n = 8; see Table 1 for abbreviations. 
bNot subjected to statistical analysis due to treatment covariate interaction. 

h igher  in 18:1n-9 con ten t  (Table 1), t h a n  following the  I N -  
IN  and H I - L O  diets .  Similar ly,  t he  18:2n-6 levels  were 
s ignif icant ly  higher  following the I N - I N  and H I - L O  diets  
t h a n  fo l lowing the  L O - H I  and I N - L O  diets.  A l t h o u g h  
only smal l  a m o u n t s  of 18:3n-3 were incorpora ted  into  PL, 
t he  L O - H I  d ie t  led to  s ign i f i can t ly  lower levels of  18:3n-3 
t h a n  the  o the r  d ie t s  whi le  the  levels  fo l lowing the  H I -  
LO d ie t  were s ign i f i can t ly  h igher  for the  p l a s m a  PL  
(Tables 5-7). Levels  of long-chain  P U F A  in p l a t e l e t  and 
p l a s m a  P L  also were a f fec ted  by the  f a t t y  acid composi-  
t ion  of t he  d ie t s  a l t h o u g h  d i e t a ry  f a t t y  acid c o m p o s i t i o n  
h a d  no effect  on the  20:4n-6 conten t ,  the  pr inc ipa l  P U F A  
in the  P L  fract ion,  excep t  for t he  lower level in p l a s m a  
PC fol lowing the  H I - L O  die t  (Table 5) and in p l a t e l e t  P E  
fol lowing the  I N - L O  die t  (Table 3). However,  d i f ferences  
in P U F A  c o n t e n t  a m o n g  the  d ie t  g roups  were less pro- 
nounced  t h a n  for 18:1n-9, 18:2n-6 and  18:3n-3. In  general,  
the  PL  tended  to  be h igher  in long-chain n-3 P U F A  follow- 
ing  the  H I - L O  diet  and  lower fo l lowing the  L O - H I  d ie t  
a l t h o u g h  d i e t a ry  fat  source  had  l i t t l e  effect  on 22:6n-3, 
t he  m a j o r  n-3 f a t t y  acid in t he  P L  fract ions.  The  ra t io  of 

18:2/18:3 in t he  d ie t  also had  an effect  on P U F A  levels  in 
t he  PL  fract ions .  The  levels  of 20:5n-3 were s ign i f i can t ly  
h igher  fol lowing the  I N - L O  and H I - L O  die ts  t han  follow- 
ing  the  L O - H I  and  I N - I N  d ie t s  in all f rac t ions  for b o t h  
t i s sues  (Tables 2-7). By  con t ras t ,  the  level of 22:4n-6 in 
t he  p la te le t  P P E  fract ion (Table 4) was  s igni f icant ly  lower 
fo l lowing the  I N - L O  and  H I - L O  die ts  t h a n  the  L O - H I  
and I N - I N  diets.  

Thrornbogenic effect of the experimental diets. No dif- 
ferences in b leed ing  t ime  and in b leed ing- t ime  TXB2 pro- 
duc t ion  were obse rved  a m o n g  the  e x p e r i m e n t a l  diets ,  
a l t h o u g h  levels of TXB2 t ended  to be lower fol lowing the  
I N - L O  and  H I - L O  d ie t s  t h a n  fo l lowing the  L O - H I  and  
I N - I N  d ie t s  (Table 8). P r o d u c t i o n  of 6-keto-PGFlo  in 
b lood col lec ted  f rom the  b l eed ing  t ime  wounds  was 
s ign i f i can t ly  h igher  fol lowing the  H I - L O  die t  t h a n  the  
L O - H I  diet.  6-Keto-PGFlo  p roduc t ion  fol lowing the  I N -  
LO and I N - I N  d ie t s  fell m idway  be tw een  the  va lues  on 
the  H I - L O  and  L O - H I  reg imen.  A s  a resul t ,  t he  6-keto- 
PGFI~ to TXB2 ra t io  t ended  to be h igher  fo l lowing the  
H I - L O  and I N - L O  die ts  t h a n  fol lowing the  L O - H I  and  

TABLE 5 

Mean Plasma Phosphatidylcholine Fatty Acid Levels Following 
Different Experimental Diets a 

Experimental diets 

Fatty acid LO-HI IN-IN IN-LO HI-LO 

mol% of total fatty acids 

16:0 32.4 -+_ 3.0 a 33.7 +- 2.7 a 31.8 _ 2.7 a 33.7 +- 3.0 a 
18:0 14.3 +_ 0.8 a 15.3 +_ 0.85 14.7 -b 0.8 a,5 16.3 +-- 0.8 c 
18:1 14.4 +-- 1.1 a 8.8 "4" 0.85 14.9 ---- 0.8 a 9.4 -- 1.1 b 
18:2n-6 22.3 +-- 1.6 a 26.6 "4" 1.3 b 20.9 _ 1.3 a 25.7 +-- 1.65 
18:3n-3 0.2 +-- 0.1 a 0.3 --4"-- 0.1 b 0.4 _+ 0.1 b 0.7 +-- 0.1 c 
20:3n-6 2.3 +-- 0.5 a 1.4 • 0.3 b 1.9 __ 0.3 a 1.4 +_ 0.5 b 
20:4n-6 7.2 _+ 1.0 a 7.0 --+ 0.8 a 7.0 --+ 0.8 a 5.8 +__ 1.05 
20:5n-3 0.3 -!--- 0.2 a 0.3 +_ 0.2 a 0.8 --+ 0.25 0.6 -- 0.2 c 
22:4n-6 0.2 +__ 0.1 a 0.1 "!"-- 0.1 b 0.1 -- 0.15 0.1 +_ 0.1 b 
22:5n-3 0.4 --+_ 0.2 a 0.4 • 0.2 a 0.6 -b 0.2 b 0.5 -- 0.2 a'b 
22:6n-3 2.0 +_ 0.5 a 1.7 +_ 0.5 a 2.0 -- 0.5 a 1.6 -- 0.5 a 

aValues in the same row with the same superscript letter (a-c) do not differ significant- 
ly (P > 0.05). All values are mean +- SD; n -- 8; see Table 1 for abbreviations. 
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T A B L E  6 

M e a n  P l a s m a  P h o s p h a t i d y l e t h a n o l a m i n e  F a t t y  Acid  Leve l s  Fo l lowing  
Different Experimental Diets  a 

E x p e r i m e n t a l  d ie t s  

F a t t y  acid L O - H I  I N - I N  I N - L O  H I - L O  

mol% of to t a l  f a t t y  ac ids  

16:0 11.9 +__ 1.9 a 12.1 +. 1.6 a 11.1 + 1.6 a 11.1 +. 1.9 a 
18:0 28.3 +_ 2.2 a 31.1 -4"_ 1.9 b 28.2 +__ 1.9 a 33.0 +. 2.2 b 
18:1 18.0 +. 1.9 a 11.6 +-- 1.9 b 18.2 __+ 1.9 a 13.0 +. 1.9 b 
18:2n-6 11.9 +_ 2.4 a 15.8 +, 2.2 b 11.5 "4- 2.2 a 14.9 +. 2.4 b 
18:3n-3 0.3 +_ 0.2 a 0.5 +-- 0.25 0.6 ___ 0.2 b 0.9 4 0.2 c 
20:3n-6 1.2 +. 0.2 a 0.9 +. 0,2 b 1.2 +- 0.2 a 0.9 +. 0,2 b 
20:4n-6 17.3 + 2.7 a 16.7 +-- 2.4 a 16.2 +_ 2.4 a 15.1 +, 2.7 a 
20:5n-3 0.4 +_ 0.2 a 0.3 -- 0.2 a 0.9 --4"- 0.2 b 0.8 • 0.2 b 
22:4n-6 0.5 _-4- 0,2 a 0.4 +. 0.2 a'b 0.3 +. 0.2 b 0.4 +. 0.2 a'5 
22:5n-3 0.9 -4- 0.3 a 1.0 +. 0.3 a'b 1.1 _ 0.3 a'b 1.3 +. 0.3 b 
22:6n-3 4.5 +. 1.3 a 4.4 +- 1.3 a 5.0 +. 1.3 a 4.0 _ 1.3 a 

aValues  in the  s a m e  row wi t h  t he  s a m e  supe r sc r i p t  l e t t e r  (a-c) do n o t  differ s ign i f ican t -  
ly (P > 0.05). All  v a l u e s  are  m e a n  +. SD; n -- 8; see  Tab le  1 for abbrev ia t ions .  
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T A B L E  7 

M e a n  P l a s m a  A l k e n k y l a c y l  G l y c e r o p h o s p h o e t h a n o l a m i n e  F a t t y  Acid  Leve l s  Fo l lowing  
Different Experimental Diets  a 

Experimental diets 

Fatty acid LO-HI IN-IN IN-LO HI-LO 

mol% of to ta l  f a t t y  ac ids  

18:1 8.9 +- 1.6 a 5.5 + 1.3 b 8.1 +- 1.3 a 5.0 +. 1.6 b 
18:2n-6 14.8 _+ 2.9 ~-5 17.7 +. 2.65"c 12.4 _+ 2.6 a 18.9 +. 2.9 c 
18:3n-3 0.3 +. 0.2 a 0.5 +, 0.2 b 0.7 "4" 0.2 b'c 0.9 +__ 0.2 c 
20:3n-6 2.0 +_ 0.3 a 1.3 +. 0.3 c 1.8 +. 0.3 a'b 1.5 +. 0.3 b'c 
20:4n-6 45,1 +. 3.1 a 44.2 +. 2.9 a 44.3 _+ 2.9 a 42.7 +. 3.1 a 
20:5n-3 1.4 +_ 0.5 a 1.5 +. 0.5 a 3.4 +. 0.55 2.9 +. 0.55 
22:4n-6 2.5 +. 0.3 a 2.8 +, 0.35 2.2 +- 0.3 a 2.4 +. 0.3 a 
22:5n-3 4.5 + 0.8 a 5.5 +, 0.8 b 5.3 ---+ 0.8 b 6.1 + 0.8 b 
22:6n-3 12.7 +_ 1.3 a 13.9 +. 1.3 a 13.6 +_ 1.3 a 12.9 +__ 1.3 a 

aValues  in t he  s a m e  row wi t h  t he  s a m e  supe r sc r i p t  l e t t e r  (a-c) do n o t  differ s igni f icant -  
ly (P > 0.05). All  v a l u e s  are  m e a n  _ SD; n = 8; see  Table  1 for abbrev ia t ions ,  

T A B L E  8 

Bleeding Times and Bleeding-Time Prostanoid Production Following the Experimental Diets  a 

E x p e r i m e n t a l  d ie t s  

L O - H I  I N - I N  I N - L O  H I - L O  

Bleed ing  t i me  (min) 5.00 • 0.26 a 4.94 ___ 0.23 a 5.27 + 0.23 a 5.07 4" 0.26 a 
B leed ing- t ime  p roduc t ion  of: 

T X B  2 (~g/L) 5.01 +- 0.60 a 5.15 + 0.52 a 3.81 -- 0.52 a 4.11 +_ 0.60 a 
6-Ketc~PGFI~ (pg/min) 2.90 _ 0.51 a 3.64 +_ 0.44 a'b 3.84 +- 0.44 a'b 4,70 _ 0.51 b 

6 - K e t o - P G F I J T B X  2 ra t io  0,81 ___ 0.17 a'b 0.74 __ 0.12 a 1,08 +-- 0.16 a'b 1.52 +_ 0.31 b 

aValues in t he  s a m e  row wi th  the  s ame  supersc r ip t  le t ter  (a-b) do no t  differ s igni f icant ly  {P > 0.05). All va lues  
are m e a n  +_ SEM;  n -- 8; see  Tab le  1 for abbrev ia t ions .  

I N - I N  d i e t s ;  t h e  r a t i o  f o l l o w i n g  t h e  H I - L O  d i e t  w a s  
s i g n i f i c a n t l y  {P < 0 .05)  h i g h e r  t h a n  t h e  r a t i o  f o l l o w i n g  t h e  
I N - I N  d i e t .  

DISCUSSION 

L e v e l s  o f  1 8 : 1 n - 9 ,  1 8 : 2 n - 6  a n d  1 8 : 3 n - 3  i n  p l a t e l e t  a n d  

p l a s m a  P L  f o l l o w i n g  t h e  c o n s u m p t i o n  o f  t h e  e x p e r i m e n t a l  

d i e t s  r e f l e c t e d  t h e  d i f f e r e n c e  i n  t h e  l e v e l s  o f  t h e s e  f a t t y  
a c i d s  i n  t h e  d i e t s .  S i m i l a r  e f f e c t s  o f  d i e t a r y  f a t  s o u r c e s  

o n  t h e  f a t t y  a c i d  c o m p o s i t i o n  o f  p l a t e l e t  a n d  p l a s m a  P L  
h a v e  b e e n  r e p o r t e d  { 8 , 2 1 , 2 7 - 2 9 ) .  T h e  m a g n i t u d e  o f  t h e  d i f -  
f e r e n c e s  i n  t h e  f a t t y  a c i d  c o m p o s i t i o n  o f  t h e  p l a t e l e t  a n d  
p l a s m a  P L ,  h o w e v e r ,  w a s  s m a l l  c o m p a r e d  t o  t h e  d i f -  
f e r e n c e s  i n  d i e t a r y  f a t t y  a c i d  c o m p o s i t i o n ,  e s p e c i a l l y  f o r  
1 8 : 3 n - 3 .  T h e  s m a l l  a m o u n t  o f  1 8 : 3 n - 3  i n c o r p o r a t e d  i n t o  
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the PL could be due to its preferential oxidation for energy 
purposes. Leyton e t  al. (30) found that 18:1n-9 and 18:3n-3 
were oxidized more rapidly than other long-chain fatty 
acids. Restricted incorporation of 18:3n-3 into PL or com- 
petition for the elongase and desaturase enzymes present 
in the liver and other tissues also could be responsible for 
the limited changes observed in platelet and plasma fatty 
acid composition (12, 31). 

The IN-LO and HI-LO diets, which had relatively low 
18:2/18:3 ratios, were associated with significantly higher 
levels of platelet and plasma long-chain n-3 PUFA, in par- 
ticular the level of 20:5n-3, which was double that  follow- 
ing the LO-HI and IN-IN diets. These results confirm 
previous studies (9,12,21,27-29) which indicated that 
humans can desaturate and elongate 18:3n-3 to higher 
homologs and that desaturation-elongation varies with 
the level of 18:3n-3 in the diet (12,21,27-29,31,32) and its 
ratio to 18:2n-6 (12,33,34}. However, the in v i vo  conver- 
sion of dietary 18:3n-3 to 20:5n-3 is not as effective in rais- 
ing n-3 levels in platelet and plasma PL as is direct sup- 
plementation with 20:5n-3 (8,9). The fact that the IN-LO 
diet, which had a lower dietary 18:2/18:3 ratio than the 
IN-IN diet, resulted in significantly higher levels of plate- 
let and plasma 20:5n-3 suggests that  the higher 20:5n-3 
levels associated with the lower 18:2/i8:3 ratio could be 
due to the effective competition of 18:3n-3 for the A6 
desaturase enzyme (35). Results of the present study also 
suggest that  the 18:2/18:3 ratio has to be less than 6.9 
to have a significant effect on the level of long-chain n-3 
PUFA. 

Neither the lower level of 18:3n-3 in the diet nor its ratio 
to 18:2n-6 had any consistent effect on the longer chain 
n-6 homologs in platelet or plasma PL. Lasserre e t  aL (34) 
also found that dietary 18:3n-3 at a level of 1.5% of total 
energy (slightly less than the levels in the IN-IN and IN- 
LO diets in the present study) had no effect on serum 
levels of n-6 PUFA. By contrast, supplementing subjects 
with 30 mL linseed oil per day (approximately 16 g/d of 
18:3n-3, which was similar to the amount present in the 
HI-LO diet) (31) or 60 mL/d (32) led to significant 
decreases in plasma 20:4n-6 levels. 

The dietary fat source also had no effect on plasma 
22:6n-3 levels in the present study. Sanders and Younger 
(8), Renaud e t  al. (27) and Lasserre e t  al. (34) also found 
that dietary 18:3n-3 had no effect on plasma 22:6n-3 levels. 
Mest e t  al. (31}, on the other hand, reported an increase 
in 22:6n-3 level following linseed oil supplementation. 

Individual PL species were analyzed in the present 
study so as to avoid the possibility that a large amount 
of one fraction might conceal changes in the fatty acid 
composition of other fractions. The apparent rates of in- 
corporation of individual fatty acids differed among the 
three PL species reported her~ For instance, appreciably 
higher levels of 20:4n-6, 22:4n-6, 22:5n-3 and 22:6n-3 were 
incorporated into the PPE than into the PC or PE frac- 
tions. However, the pattern of change was similar for the 
three PL species. Likewise, changes in the fatty acid com- 
position of platelet and plasma PL responded in a similar 
way to differences in dietary fatty acid composition in 
spite of major differences in the fat ty acid composition 
of the platelet and plasma PL, eg., higher levels of 20:4n-6 
and lower levels of 18:2n-6 and 22:6n-3 in platelets. 

Renaud e t  al. (27) and Budowski e t  al. (32) reported 
significant decreases in platelet aggregability and platelet 

coagulant activity following an increase in 18:3n-3 intake 
Borchgrevink e t  al. (36), on the other hand, failed to find 
any effect of a linseed oil supplement on bleeding time. 
A study similar to the present (37), however, reported 
longer bleeding times and higher bleeding-time prostacy- 
clin production following a canola oil diet, which provided 
2.7% of total energy as 18:3n-3, than following a mixed 
fat diet (0.4% of energy as 18:3n-3). However, sunflower 
oil (0.3% of energy as 18:3n-3) produced a similar response 
to that of canola oil. In the present study, the experimental 
diets did not affect bleeding times even though bleeding- 
time production of 6-keto-PGFlo was significantly higher 
following the HI-LO diet, in which 18:3n-3 provided 4.6% 
of total energy, than following the LO-HI diet, in which 
18:3n-3 provided only 0.3% of total energy. There is no ob- 
vious explanation for the higher production of 6-keto- 
PGF1, on the HI-LO diet. In fact, the n-6 fatty acid level 
in plasma PC was significantly lower following the HI-  
LO diet; however, plasma PL fatty acid levels may not 
reflect vascular tissue PL composition, the assumed 
source of PGI in the bleeding-time blood analyzed in the 
present study. Although there were no differences in bleed- 
ing-time TXB2 production due to diet, TXB2 production 
tended to be lower following the HI-LO and IN-LO diets, 
both of which resulted in higher 20:5n-3 levels in platelet 
and plasma PL. Morita e t  al. (38) reported a strong in- 
hibition of in v i t ro  TXA2 synthesis by human platelets 
as a result of adding 20:5n-3 to the medium. It  has been 
suggested (6,39) that  higher tissue levels of 20:5n-3 may 
inhibit prostanoid formation from 20:4n-6 through an ef- 
fect on cyclooxygenase activity or the availability of 
20:4n-6. However, Mest et  al. (31) found no relation be- 
tween 20:5n-3 levels in serum PL and in v i t ro  TXA2 pro- 
duction by platelets. The ratio of 6-keto-PGFlJTXB2 was 
highest following the HI-LO diet and lowest following the 
IN-IN diet; the ratio following the IN-LO diet was in- 
termediate between the HI-LO and the IN-IN regimens. 
Since TXA 2 promotes and PGI2 inhibits platelet aggre- 
gation, the balance between in v i vo  production of TXA 
and PGI is important (39). It is interesting to note that  
the levels of 20:5n-3 in the PL fractions were significantly 
higher following the HI-LO and IN-LO diets than follow- 
ing the LO-HI and IN-IN diets but that  the level of 
20:4n-6 was significantly lower only for the platelet PE 
and the plasma PC fractions following the IN-LO and 
HI-LO diets, respectively. 

A significant effect of diet on prostacyclin production 
and on the ratio of prostacyclin to thromboxane produc- 
tion under conditions where there was no significant 
change in the bleeding time requires comment. It is possi- 
ble that the HI-LO diet may have an antithrombotic ef- 
fect (on the basis of altered prostanoid production) without 
producing an increased tendency to bleed, a situation that 
would be very desirable from the point-of-view of coronary 
heart disease. On the other hand, it is possible that the 
apparent beneficial effect of the HI-LO diet, in terms of 
prostanoid production, could be balanced by changes in 
other factors, not measured in this study, so that the over- 
all antithrombotic effect may not be as significant as the 
changes in prostanoid production would suggest. Which 
of these alternative interpretations of our results is more 
pertinent will still require further investigation. 

The results of the present study indicate that  dietary 
18:3n-3 intake has an appreciable effect on the fat ty acid 
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c o m p o s i t i o n  of p l a t e l e t  a n d  p l a s m a  PL.  The  r a t i o  of 
18:2/18:3 in t he  d ie t  a p p e a r s  e spec ia l ly  i m p o r t a n t  in in- 
f luenc ing  n-3 P U F A  p a t t e r n s .  The  changes  in t he  produc-  
t i on  of TXB2 a n d  6 -ke to -PGF1 ,  were found  to  co inc ide  
w i t h  t he  d i f ferences  in t h e  n-3 P U F A  p a t t e r n s  of p l a t e l e t  
a n d  p l a s m a  PL.  
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