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Competitive effectiveness and relative K, values of polyunsaturated fatty acids were de-
termined in the acyl-CoA: lysophospholipid acyltransferase systems in platelet membranes. Some
CoA esters of fatty acids such as 18:2n-6 (linoleic), 18:3n-3 (a-linolenic), 18:3n-6, 20:3n-6
(dihomo-y-linolenic) and 20:5n-3 (eicosapentaenoic) were found in vitro to be relatively good
competitive inhibitors of arachidonate (20 :4n-6) incorporation into phosphatidylcholine, while in
the acylation of lysophosphatidylinositol, 18:2n-6, 20: 2n-6, 20: 3n-6, 20: 5n-3 and 22:4n-6 were
relatively good inhibitors. When vegetable oil-supplemented diets rich in 18:2n-6 or 18:3n-3 were
fed to rats, these fatty acids were converted to highly unsaturated fatty acids such as 20:4n-6 and
20:5n-3, and were esterified to phospholipids in platelets. The kinetic parameters determined in
vitro were useful in predicting grossly the relative abundance of eicosanoid precursors (20 : 4n-6 and
20: 5n-3), but not that of 18-carbon polyunsaturated fatty acids. It was found that arachidonate
was conserved but n-3 fatty acids were excluded relatively more strictly in phosphatidylinositol than
in phosphatidylicholine in platelets of rats on diets containing different proportions of 18:2n-6 and
18:3n-3. :
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Fatty acid patterns of phospholipids are known to be quite different among different
tissues or organs (high organ specificity) but very similar in the same organs of different spe-
cies (low species specificity). Polyunsaturated fatty acids such as arachidonate (20:4n-6) and
eicosapentaenoate (20 : 5n-3) are esterified mainly at the 2-position of phospholipids in plate-
lets as well as in liver' ~* and this selective esterification has been shown in liver to be catalyz-
ed mainly by acyl-CoA: lysophospholipid acyltransferase systems.*> We and others have
determined the specificities for acyl-CoAs of these acyltransferase systems in platelets,®~®
and these enzyme systems appeared to assimilate polyunsaturated fatty acids into phospho-
lipids in platelets as well.

When platelets are stimulated, these polyunsaturated fatty acids are liberated from
phospholipids, which then serve as substrates and inhibitors of eicosanoid synthesis.® ~'?
Three pathways have been postulated for the liberation of polyunsaturated fatty acids from
phospholipids: a) by direct action of phospholipase A,,'*!* b) by the action of phospholipase
C followed by diacylglycerol lipase and monoacylglycerol lipase,'®~'® or ¢) by the action of
phospholipase C followed by diacylglycerol kinase, phosphatidate-specific phospholipase A,
and lysophospholipase or phosphatidate-specific phospholipase A,.!° 2! So far, the relative
importance of these pathways in the liberation of polyunsaturated fatty acids in stimulated
platelets has not been defined.'8-2272® Among the liberated fatty acids, arachidonate is con-
verted to thromboxane (TX)A, with potent aggregatory activity, while eicosapentaenoate
(20:5n-3) may be converted to TXA, with little aggregatory activity.**>® Moreover,
20:5n-3 competitively inhibits the conversion of arachidonate to TXA, at the step of
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cyclooxygenase.'®™ ¥ The competition between arachidonate and other polyunsaturated
fatty acids is assumed to occur also at the step of esterification into phospholipids.®!’ There-
fore, the relative abundance of these fatty acids can influence the aggregability of plate-
lets. Since higher animals depend entirely on the diet for the supply of n-3 and n-6 series
polyunsaturated fatty acids, dietary fatty acids can influence platelet aggregability. Recent
findings on the preventive effects of fish oil rich in eicosapentaenoic acid against thrombosis
clearly proved the presence of such competitive mechanisms.®+132%)

The purposes of the present experiments were: (i) to define how various polyunsaturated
fatty acids are esterified selectively through 1-acyl-glycerophospholipid acyltransferase sys-
tems, (ii) to find out from a practical point of view which fatty acids are good competitive
inhibitors of arachidonate incorporation through the acyltransferase systems in vitro, and (iii)
to examine if the kinetic parameters determined in vitro have any significance in predicting the
diet-induced changes in platelet phospholipid acyl chains.

Materials and Methods

Fatty acids used were products of Serdary Research Laboratories. [1-!*C]Arachidonic acid was obtained from
Amersham International and [2->H]glycerol was from New England Nuclear. Coenzyme A was from Kyowa Hakko
Co., Ltd. (Tokyo). Coenzyme A thiol esters of unsaturated acids and ['*Clarachidonic acid were synthesized by a
modification®® of Seubert’s procedure.*® 1-Acylglycerol-3-phosphocholine (1-acyl-GPC) and 1-acylglycerol-3-
phosphoinositol (1-acyl-GPI) labeled with tritiated glycerol were prepared biosynthetically using Saccharomyces
cerevisiae culture as described previously.>® Phosphorus was determined as described by Eibl and Lands.?® Specific
radioactivities were 3500 cpm/nmol for [*H]1-acyl-GPC, 4000 cpm/nmol for [*H]1-acyl-GPI and 2000 cpm/nmol for
['*Clarachidonoyl-CoA as determined by using a liquid scintillation spectrometer (Searle Mark I1) with a toluene/
Triton X-100/water scintillant.3®

Platelet membranes were prepared as described previously.® Protein was determined by the method of Lowry et
al " Maximum velocities for various acyl-CoAs were determined in the presence of a single acyl-CoA and a single
acceptor under the optimized conditions. Competitive effectiveness of acyl-CoA was determined in the presence of
*H-labeled acceptor, '*C-labeled arachidonoyl-CoA, various amounts of non-labeled other acyl-CoA and enzyme
protein. The assay mixture for the acyl-CoA : I-acyl-GPC acyltransferase system consisted of 150 um [*H]1-acyl-GPC,
20 um ['*Clarachidonoyl-CoA, 20, 40 or 80 um other acyl-CoA and 0.1 mg of platelet membrane protein in 0.5 ml of
0.1 M Tris—HCI (pH 7.5). Under the optimized conditions, reactions were linear for at least 5 min. After incubation at
25°C for 3 min, reactions were terminated by adding chloroform-methanol (1:2). Products extracted by the Bligh
and Dyer method®® were separated by thin layer chromatography (TLC) on Silica gel G with chloroferm—
methanol-water (65:25:4) as a solvent. The assay mixture for the acyl-CoA : 1-acyl-GPI acyltransferase system
consisted of 100 um [*H]1-acyl-GPI, 15 um ['*Clarachidonoyl-CoA, 20, 40 or 80 um other acyl-CoA and 0.1 mg of
platelet membrane protein in 0.5 ml of 0.1 MTris—=HCI (pH 8.5). After incubation at 25°C for 2 min, reactions were
terminated by adding chloroform—methanol (1:2). Products extracted with acidified chloroform-methanol were
separated on Silica gel 60 plates (Merck) with chloroform-methanol-acetic acid—water (25:15:4:2) as a solvent.

Radioactivities (*H and '*C) in phosphatidylcholine and phosphatidylinositol were determined by the sample
channel ratio method as described previously.®"

Semi-purified diets (Nihon Clea Co., Ltd.) supplemented either with perilla seed oil or with safflower seed oil
were fed to spontaneously hypertensive rats*® for 8 weeks. The proportions of saturated, oleic (18:1n-9) linoleic
(18:2n-6) and a-linolenic (18 : 3n-3) acids were 10.6, 12.3, 12.8 and 64%, for the perilla oil diet, and 11.3, 10.4, 78.0
and 0.05%; for the safflower oil diet, respectively. Platelets were isolated according to the method of Billah ez a/.2® and
lipids were extracted with chloroform—methanol. Phosphatidylinositol and phosphatidylcholine were separated by
two-dimensional TLC.*® Fatty acids of the isolated phospholipids were analyzed as methyl esters by gas
chromatography.

Results

When maximum velocities for the respective acyl-CoAs were determined under the
optimized conditions, the acylations of 1-acyl-GPC were most rapid with 20:5n-3, 20:3n-6
and 20:2n-6, followed by 18:1n-9, 18:2n-6, 18:3n-3, 20:3n-3 and 20:4n-6 (Table I, the
column for V,,,). Acyl-CoAs with 22 carbons were relatively poor substrates. On the other
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TaBLE 1. Kinetic Parameters for Acyl-CoAs in the Acylations of 1-Acyl-GPC and 1-Acyl-GPI

1-Acyl-GPC acyltransferase 1-Acyl-GPI acyltransferase
Acyl-CoA Vaax  EqC CE ICs, K34 K V nax EqC CE IC,, K24 K
UM UM um UM
16:1n-7 1.3 >250 0O — 0.08 2.8 o0 — > 500 —
18:1n-9 257 >25 O — — 33 >250 0 > 500 —
18:2n-6 23.4 45 044 e 0.49 8.0 59 025 >500 0.29
18:3n-3 25.7 43 046 — 0.48 4.6 >250 0 > 500 0.12
18:3n-6 9.8 24 0.86 250 - 2.06 6.8 100  0.15 >500 0.16
20:2n-6 36.0 240  0.08 e 0.13 33 68 0.22 130 0.48
20:3n-3 244  >250 O — 0.07 1.7 >25 0 220 0.24
20:3n-6 394 42 047 — 0.33 5.6 29  0.51 > 500 0.75
20:4n-6 26.8 20 1.00 — 1.06 9.5 13 1.20  >500 0.72
20:5n-3 40.1 28 0.70 — 0.48 6.4 67 022 >500 0.27
22:1n-9 0 o0 - 320 — 0.5 >250 0 170 —
22:2n-6 2.1 e} — > 500 — 0 >250 0 390 —
22:3n-3 4.9 0 — > 500 — 1.1 >250 0 > 500 —
22:4n-6 5.1 >250 0 32 0.43 0.6 63 024 97 2.58
22:6n-3 4.6 0 — 37 —— 0 >25 0 430 —

Vimax values (nmol/min/mg of protein) for various acyl-CoAs were determined in the presence of a single acyl-CoA and a single
acceptor under optimized conditions. EqC, CE, concentrations required to give 50% inhibition (ICs,) and relative K, values (the ratio
of the K, for arachidonoyl-CoA/the K|, for given acyl-CoAs) were defined and determined as described in the text. Fatty acids are
abbreviated by the carbon chain length: the number of double bonds. The position of the first double bond number from the methyl
terminus is designated as n-9, n-7, n-6 or n-3. —: not detectable.
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Fig. 1. Determined of CE of Acyl-CoAs in the Acylations of 1-Acyl-GPC and 1-
Acyl-GPI in Porcine Platelet Membranes
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The assay mixture consisted of 3H-labeled acceptor (1-acyl-GPC or 1-acyl-GPI), '*C-
labeled arachidonoyl-CoA, and various concentrations of non-labeled acyl-CoA at a fixed
concentration of membrane protein. The incorporation of ['“Clarachidonate expressed as
percent of the acylation of [*H]1-acyl-GPC (—QO—) or [*H]l-acyl-GPI (—@—) was plotted
as a function of the exponential of the concentrations of added other acyl-CoAs. EqC was
defined as the concentration of other acyl-CoA that yielded 509 of the total acylation of
arachidonate incorporation. Typical examples are shown.

hand, the acylations of 1-acyl-GPI were much lower with all the acyl-CoAs examined than in
the acylations of 1-acyl-GPC. The CoA esters of 20:4n-6, 18:2n-6, 18:3n-3 and 20: 5n-3
were relatively good substrates in the acylation of 1-acyl-GPI but again 22-carbon acyl-CoAs
showed very low activities as substrates when maximum velocities were compared.
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As a next step, we planned to estimate relative effectiveness of various acyl-CoAs as
competitive inhibitors of arachidonoyl-CoA esterification. However, typical enzyme kinetics
could not be used in the acyltransferase systems since the enzymes are membrane-bound and
substrates bind to membrane proteins and phospholipids non-specifically,*® which made it
difficult to determine absolute concentrations of available substrates, particularly at lower
concentrations. Instead, we employed double label experiments using *4C-labeled
arachidonoyl-CoA and *H-labeled acceptors in the presence of various concentrations of non-
labeled acyl-CoA and a fixed amount of membrane protein as an enzyme source.
Arachidonate incorporation was measured in terms of the amount of '*C-label in diacylphos-
pholipid, total acylation by *H-label in diacylphospholipid and the incorporation of
nonlabeled added acyl-CoA obtained as the difference between 3H and '*C (Fig. 1). Some
acyl-CoAs such as 16:1n-7 and 22:3n-3 had no effect on arachidonate incorporation into
phosphatidylcholine and phosphatidylinositol, while others such as 18:2n-6, 20:3n-6 and
20:5n-3 were competitively incorporated into phospholipids, resulting in the decrease in
arachidonate incorporation.

From the data shown in Fig. 1, the concentrations of nonlabeled acyl-CoA which exhibit
509; of arachidonate incorporation could be calculated and these concentrations were defined
as equivalent concentrations (EqC). At this concentration of a given acyl-CoA, arachidonate
and the given acyl-CoA can be incorporated equally. The competitive effectiveness (CE) was
defined as the ratio of the concentration of arachidonoyl-CoA used to the EqC of the given
acyl-CoA; the larger the CE value is, the more effective the given acyl-CoA is as a competitive
inhibitor. As shown in Table I (the columns for EqC and CE), some acyl-CoAs such as 18 : 2n-
6, 18 :3n-3, 20: 3n-6 and 20: 5n-3 in the acylation of 1-acyl-GPC, and also 18 :2n-6, 18 : 3n-6,
20:2n-6, 20:3n-6, 20:5n-3 in the acylation of 1-acyl-GPI showed relatively higher V.
values and also higher CE values. However, 20:2n-6 in the acylation of 1-acyl-GPC and
18: 3n-3 in the acylation of 1-acyl-GPI had relatively higher V___ but lower CE values. On the
other hand, 18:3n-6 in the acylation of 1-acyl-GPC and 22:4n-6 in the acylation of 1-acyl-
GPI had relatively lower V_,,, but higher CE values. The absence of parallelism between the

18:2n-6 18:3n-3 20:3n-6
2 1
1
~ 0
=
>
=
20:5n-3 22:2n-6 22:3n-3
2
1
0 2 4 6 0 2 4 6 0 2 4 6

S1/S2
Fig. 2. Determination of Relative K, Values

The incubation system was the same as described in Fig. 1. The ratio of the rates of
incorporation of a given acyl-CoA (v,) and arachidonoyl-CoA (v,) was plotted against the
ratio of the concentrations of the given acyl-CoA (S,) and arachidonoyl-CoA [S, =20 um
for 1-acyl-GPC (——O—) or S, =15 uM for 1-acyl-GPI (—@—)]. The relative K,, values (K,
for arachidonoyl-CoA/K,, for the given acyl-CoA) shown in Table I were estimated from the
slopes and the maximum velocities given in Table I as described in the text. Typical
examples are presented.
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V max Values and CE values is interpreted kinetically as being due to the variations of the
relative K, values,®! as will be described below.

The absolute K, values for acyl-CoAs cannot be determined accurately for these
enzymes in membrane-bound form for the reasons described above. Instead, we derived a
kinetic equation to estimate the relative K, values (not the absolute K, values). Assuming a
single enzyme to be involved in the incorporation of two given acyl-CoAs, the ratio of
velocities (v, /v,) is a function of the ratio of substrate concentrations (S,/S,), the ratio of V.,
values and the ratio of K, values. '

UI/UZ =(V:nax/ Vrznax) X (K?n/K:n) X (Sl/SZ)

Plotting v,/v, vs. S,/S, gives straight lines (Fig. 2) and the relative K, values (KZ/K}L) could
be calculated from the slopes in Fig. 2 and V,, values given in Table I. The relative K values
determined this way are shown in the last column of Table I. For some acyl-CoAs, v,/v, vs.
S,/S, plots did not give straight lines and the ratios of K, values could not be calculated
(Table I). It should be noted that more than 20-fold differences exist in the relative K, values
of the acyl-CoAs examined. These differences, as well as differences in V,,,, values, are
considered to affect the CE values.

Ideally, the total acylation of 1-acyl-GPC and 1-acyl-GPI should be constant in the range
of added acyl-CoA concentrations examined. However, a significant inhibition of total
acylation was seen with 22:4n-6 or 22:6n-3 in the acylation of l-acyl-GPC, while a slight
inhibition was observed with 20:2n-6 or 22:4n-6 in the acylation of l-acyl-GPI; the
inhibitions by other acyl-CoAs were essentially not significant since the IC,, values
(concentrations required to cause 509, inhibition of total acylation) were very high (Fig. 3). In
contrast, 20:3n-6 stimulated the total acylation of 1-acyl-GPC significantly. This kind of
inhibition and stimulation of total acylation should be taken into account in choosing
effective competitive inhibitors, although such an inhibition may not occur in vivo.

The fatty acids which can effectively compete with arachidonate but do not inhibit the
total acylation in the esterification step could be candidates for decreasing arachidonate in
platelet phospholipids and thereby decreasing the platelet aggregability. From the data shown
in Table I, several fatty acids may be effective for this purpose. However, precursors of
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Fig. 3. Total Acylation of 1-Acyl-GPC and 1-Acyl-GPI in the Presence of
Arachidonoyl-CoA and Various Concentrations of Other Acyl-CoA

The incubation systems were the same as in Fig. 1. The total amounts of acylation were
determined from the *H radioactivity in phosphatidylcholine (—(O-—) and phosphatidylino-
sitol (—@—). Typical examples are presented.
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TaBLE II. Predicted and Observed Compositions of Major Unsaturated Fatty
Acids in Platelet Phospholipids

18:2 18:3 20:3 20:4 20:5 Total Total 18:2 18:3 20:3 20:4 20:5 Total Total
n-6 n-3 né6 n6 n3 n6é6 n3 n6 n3 n6 n6é6 n3 n6 n3

(A) Perilla oil diet (B) Safflower oil diet
Fatty acids 128 64.0 nd 02 nd 130 640 780 005 nd 02 nd 782 0.05
of diet (%)
Fatty acids of
plasma lipid (%)
Fatty acids of
platelet PC (%)
Fatty acids of
platelet PI (%)

103 1.0 tr 156 141 259 19.2 151 tr tr 352 1.5 50.3 1.6
76 1.1 0.5 40 32 121 49 63 02 06 10.9 0.2 19.5 0.6

0.8 tr 1.2 263 59 287 69 1.2 tr 03 345 t 384 02

S,/S, 066 006 — 1 090 — — 043001>001> 1 004 — —
Predicted 034 004 001> 1 072 — — 022001>00l> 1 003 — —
(v,/v, in PC)

Observed ratio 190 028 013 1 08 — — 057002 006 1 002 — —
in PC

Predicted 0.18 001 001> 1 023 — — 012001>00l> 1 00l — —
(v,/v, in PI)

Observed ratio 003 001> 004 1 02 — — 003001>001 1 00l< — —

in PI

Platelets were isolated from rats fed either the perilla oil diet or the safflower oil diet and the fatty acid compositions of lipids were
analyzed by gas chromatography. The relative concentrations of acyl donors (S,/S,) were calculated from the proportions of fatty
acids in the total lipid, where S, represents the proportion of 20: 4n-6. The v, /v, values were calculated by applying the S, /S, values to
Fig. 2. Phosphatidylcholine (PC) and phosphatidylinositol (PI) of platelets from rats fed perilla oil diet (A) or safflower oil diet (B)
were examined. The abbreviations nd and tr denote not detectable and trace amount, respectively.

arachidonate such as 18:2n-6, 18:3n-6 and 20:3n-6 may be excluded from the candidates,
since the administration of such precursors would increase arachidonate in the long run and
be practically of little use. Other n-6 fatty acids such as 22 : 4n-6 may also be excluded since the
retroconversion system would work to produce arachidonate.*!*?) Based on these criteria,
only 18:3n-3 and 20: 5n-3 remain as such candidates among the fatty acids examined, 20 : 5n-
3 being expected to be a better competitive inhibitor. The administration of 18 :3n-3 would
produce 20:5n-3 after desaturation and elongation but 18:3n-3 itself is expected to be a
weaker competitive inhibitor of arachidonate incorporation into phosphatidylcholine and
phosphatidylinositol.

To test the validity of the above considerations, semi-purified diets supplemented with
vegetable oil rich in 18:2n-6 or 18:3n-3 were fed to rats and the fatty acid compositions of
platelet phosphatidylcholine and phosphatidylinositol were determined (Table II). Dietary
18:2n-6 and 18:3n-3 were significantly desaturated and elongated in rats and were esterified
to phospholipids in platelets. The major unsaturated fatty acid was 20 : 4n-6 in phosphatidyl-
inositol, whereas in phosphatidylcholine 18 :2n-6 and 20 :4n-6 (as well as 20: 5n-3 in the case
of perilla oil-diet) were found in comparable amounts.

Assuming that the relative concentrations of polyunsaturated fatty acids available for
incorporation into phospholipids in platelets are the same as those in the plasma total lipids
under steady-state conditions, S,/S, values were calculated from the fatty acid composition
(%) of the total plasma lipids shown in Table II. By applying the S,/S, values to Fig. 2, the
predicted proportions of other fatty acids (v,/v, values) were estimated (predicted values
shown in Table II). As can be seen in Table 11, the predicted values were grossly correlated
with the observed proportions of fatty acids in phosphatidylcholine and phosphatidylinositol
in the case of relative proportions of eicosanoid precursors (20:4n-6 vs. 20:5n-3). On the
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other hand, considerable discrepancies were observed in the cases of 18:2n-6 and 18:3n-3.
Docosahexaenoate (22: 6n-3) and 20: 3n-6 were minor components of these phospholipids.

The two kinds of diets contained similar amounts of saturated and monoenoic fatty
acids, the major difference being in the proportions of 18:2n-6 and 18 : 3n-3. Despite a large
difference in the proportions of 18:2n-6 and 18: 3n-3 in the diets, the difference in the n-3/n-6
ratios of platelet phospholipids was relatively small. Arachidonate (20:4n-6) was highly
conserved in phosphatidylinositol, while the fatty acids of phosphatidylcholine were relatively
more variable than in phosphatidylinositol (Table II).

Discussion

It has been established that V', value alone does not predict the behavior of a given
fatty acid, but K, value as well as the availability of substrates must also be considered in the
esterification step to form phospholipids.’>*!*¥) Due to the membrane-bound nature of
acyltransferase systems, the micellar nature of substrates and non-specific binding of
substrates to membrane proteins and phospholipids, techniques used in typical enzyme
kinetics could not be applied directly to acyltransferase systems, but more indirect methods as
used here have been applied to obtain relative K, values for acyl-CoAs under competitive
conditions.>-31+43

Fatty acid patterns of tissue phospholipids show very little species specificity among
higher animals, but a high degree of organ specificity has been recognized. Moreover, fatty
acid patterns are quite different among different phospholipid classes. These facts might
indicate the presence of a high degree of organ specificity rather than species specificity in the
properties of acyltransferase systems as partly described previously.**#%) As expected, the
values of competitive effectiveness determined for acyltransferases were quite different in liver
and platelets (Fig. 4). Thus, it is not easy to predict the fate of a given fatty acid when ingested.
However, it is practically of no use to perform feeding experiments for many kinds of fatty
acids in order to find good competitive inhibitors of arachidonate metabolism. The
experiments as shown here might be useful as the first screening for such fatty acids. Relatively
good correlations observed between the predicted values for the 20: 5n-3/20:4n-6 ratio and
the compositions of these acids in platelet lipids (Table II) proved the usefulness of this
method and supported the idea that these fatty acids were incorporated into phospholipids
mainly through the acyl-CoA :lysophospholipid acyltransferase systems. Eighteen-carbon
unsaturated fatty acids and docosahexaenoate are known to be incorporated via the de novo
synthetic pathway in liver.*> This is probably the reason why kinetic parameters determined

systems were compared with that in the rat liver
acyltransferase system determined previously.* (J,
rat liver l-acyl-GPC AT, [EZ, platelet 1-acyl-GPC
ATS, g, platelet 1-acyl-GPI ATf.

2
w
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)]
5 |
2
A
3
= Fig. 4. Comparison of CE of Some Acyl-CoAs
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g CE of some acyl-CoAs in platelet acyltransferase
g
O

18 : 3n-3 EmEmT
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in vitro for the acyl-CoA :lysophospholipid acyltransferase systems did not fit well with the in
vivo phenomena. In order to elucidate the overall mechanism by which various fatty acids are
esterified to different phospholipids in platelets, many other enzymes such as acyl-CoA
synthetase,**” acyltransferase systems involved in de novo synthesis of phospholipids in
different organs and phospholipases must also be examined.

Based on these results, 20:5n-3 and 18:3n-3 can be chosen among the fatty acids
examined, (except for some n-6 fatty acids) as good competitive inhibitors of arachidonate es-
terification. Feeding 20:5n-3 has been shown by many workers to be effective in decreas-
ing platelet aggregability®!32948 =59 and we have recently reported beneficial effects of feed-
ing 18:3n-3 to rats.?:51:52
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