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Abstract

Senescence is associated with a decreased activity of enzyme delta-6 desaturase, which converts li-
noleic acid to gamma-linolenic acid. This enzymatic defect may alter the composition of plasma and
membrane lipids, and influences the biosynthesis of renal prostaglandins. Exogenous supplementation
of GLA during 3 months increases the plasma level of dihomo-gamma-linolenic acid (p<0.002), and to
a smaller degree, the level in erythrocyte membrane lipids. This treatment was associated with a
beneficial reduction of cardiovascular risk factors (arterial hypertension, total cholesterol,
apolipoprotein B, HDL-cholesterol, apolipoprotein A-I) and the renal function has become stable
reached. Epogam treatment also increased the biosynthesis of renal prostaglandins, especially that
of prostaglandin E

2
, which has a vasodilatory effect on vessel walls and reduces the elevated blood

pressure.
Conclusion: Dietary supplementation of essential fatty acids such as gamma-linolenic acid to old sub-
jects has beneficial effect on their health condition. (Tab. 6, Fig. 5, Ref. 37.)
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Senescence in humans is characterized by the appearance of
several cardiovascular complications such as atherosclerosis, is-
chemic heart disease, arterial hypertension, stroke and decrease in
renal function. Aging is also associated with various metabolic
defects such as decreased activity of delta-6-desaturase (7, 9�11,
21, 24, 25), which converts cis-linoleic acid (C 18:2n-6) to gam-
ma-linolenic (GLA, C 18:3n-6) and alpha-linolenic acids (ALA,
18:3n-3) to stearidonic acid (18:4n-3) (2) (Fig. 1). However, aging
affects more the affinity of the enzyme with respect to the (n-6)
series substrates than to (n-3) series substrates (26). Therefore a
deficit in delta-6-desaturase may contribute to disequilibrium in
plasma and membrane lipids as well as in prostaglandin biosynthe-
sis. It has been suggested that the resulting deficiency may be one
of the key factors involved in aging (1, 21, 24).

The aim of this study

was to test whether a prolonged supply of exogenous gam-
ma-linolenic acid to older subjects: a) may overcome the presu-
med enzymatic defect and may improve the plasma and mem-
brane lipid profiles, b) may ameliorate their cardiovascular, re-
nal and metabolic states and renal synthesis of prostaglandins

(PG) and thus improve the general health state in older subjects
(5, 8, 15�18, 20, 29�31).

Subjects and methods

Subjects
Ten mobile elderly subjects were included into the study, 1

man and 9 women of mean age of 83±8 (SD) years (range 69�90)
who were hospitalized initially at the Geriatric Department. All
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subjects were without specific metabolic or degenerative disea-
ses and were in satisfactory mental states: They all gave written
consent to the study. The study protocol was approved by the
Ethic Committee of Hôtel-Dieu Hospital, Paris. After the initial
hospitalization, they were discharged from hospitaland followed
up by ambulatory treatment with a daily suplement of 320 mg of
gamma-linolenic acid given as Epogam capsules (Scotia Phar-
maceuticals Ltd) 4x2/day; each capsule containing 500 mg of
evening primrose oil supply 40 mg of GLA and 10 mg of vita-
min E. The composition of primrose oil (27) has been shown in
Table 1.

Clinical investigation
This was a three-month open study with an inclusion peri-

od on day 0 (D0) and three-month treatment with clinical and
biochemical monitorings on D30 and the study was ultimated
on D90. The clinical examination assessed body weight, arte-
rial blood pressure (BP) twice, and heart rate in the supine and
upright (sitting) position, and general physical and psycholo-
gical states.

Biochemical examinations
Biochemical evaluation included: 1) the measurement of plas-

ma electrolytes, Na, K, and alkali reserve from 5 ml of hepari-
nized blood; 2) creatinine, total cholesterol, HDL cholesterol,
apolipoprotein (apo)A 1 and apolipoprotein (apo)B from 5 ml of
blood sampled in a dry tube, 3) sampling of 10 ml of blood in
EDTA for the measurement of plasma and membrane (erythro-
cyte) fatty acids; 4) renal investigation including morning
(4 hours) urinary sample for the measurement of urinary Na, K,
creatinine and urinary PG: 6-keto-PGF

1 alpha 
(metabolite of prosta-

cyclin PGI
2
), PGE

2
, PGF

2 alpha 
and Thromboxane (Tx) B

2 
(meta-

bolite of TxA
2
). The samples for the measurement of plasma and

membrane lipids and urinary samples for the measurement of
PG were frozen at -30 °C, and sent to corresponding laboratories
to be measured.

Methods
Arterial blood pressure was measured by sphygmomanome-

ter. Plasma and urinary electrolytes and plasma lipids were mea-
sured by usual automated techniques at the Biochemistry De-
partment of the St. Perine Hospital. Plasma and erythrocyte mem-
brane fatty acids (C14�C22) were measured by automated gas
chromatography at Efamol Research Institute, Kentwille, Nova
Scotia, Canada (37). Urinary PG was measured by radioimmu-
noassay after previous extraction and chromatographic separa-
tion by HPLC (19, 20) at the Eicosanoid Laboratory of Brous-
sais Hospital. The statistical analysis was performed by non pa-
rametric Friedman test.

Results

A. Clinical results
The arterial systomic, but especially the diastolic blood pres-

sure, were moderately but not significantly decreased over the
3-month period, as shown in Table 2 and Figure 2. Heart rate
was unchanged during the treatment in both, supine and upright
positions, the mean being about 70�72 beats/min. The body
weight was stable in all subjects and there were no apparent other
clinical modifications. The treatment with Epogam capsules was
well tolerated throughout the study: two patients reported an
acceleration of intestinal transit but there were no other apparent
side effects.

Fig. 1. Enzymatic transformation of essential fatty acids and the ge-
neration of prostaglandins 1,2,3 series by the cyclooxygenase path-
way from corresponding polyunsaturated fatty acids.

Palmitic acid C 16:0 6.6 %
Palmitoleic acid C 16:1n-7 0.1 %
Stearic acid C 18:0 1.7 %
Oleic acid C 18:1n-9 10.9 %
Linoleic acid C 18:2-6 71.5 %
gamma-linolenic acid C 18:3n-6 8.6 %
alpha-linolenic acid C 18:3n-3 0.2 %
arachidic acid C 20:0 0.3 %
gadolenic acid C 20:1n-9 0.1 %

Tab. 1. Composition of evening primrose oil expressed in % of total
fatty acids.
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B. Biochemical results
B.1. Plasma Na, K, alkali reserve were unchanged. Values

for plasma creatinine were as follows: D0 73±17, D30 75±17,
D90 77±19 µmol/l. The effect of Epogam treatment on plasma
lipids is shown in Table 3. There was a decrease in total cho-
lesterol with a simultaneous increase in HDL-cholesterol and
apoA1, however, none of these changes were statistically signi-
ficant. No changes in triacylglycerol and apoB concentrations in
serum were confirmed. Renal functions: Diuresis, natriuresis,
kaliuresis and creatinine clearance were not significantly chan-
ged during the time of Epogam treatment.

B.2. Urinary prostaglandins
The results are shown in Figs 3 and 4. The basal 6-keto-

PGF
1 
alpha excretion was low and not influenced by treatment.

On the other hand, all other prostaglandins measured, and espe-
cially PGE

2 
increased non significantly after 30 and 90 days of

treatment (+86 %), however without statistic significance.

B.3. Plasma essential fatty acids
The effect of Epogam treatment on plasma fatty acids is

shown in Table 4 and Figure 5. The treatment with exogenous
supply of gamma-linolenic acid increased significantly the plas-
ma levels of dihomo-gamma-linolenic acid (p<0.02), non-signi-
ficantly the adrenic acid (p<0.12) and decreased significantly
the leic acid (p<0.02) and non significantly the docosahexaeno-
id acid (p<0.06). The other fatty acids were not sinificantly mo-
dified, including the linoleic acid.

B.4. Membrane fatty acids
The analysis of erythrocyte membrane fatty acids before and

after the treatment with Epogam shows Table 5. There was a
moderate non significant increase in membrane dihomo-gam-
ma-liniolenic acid (+16 %) and linoleic acid (+11 %) and non
significant decrease in both docosapentaenoic acids. Otherwise,
there were no significant modifications in membrane lipids.

 D0 D30 D90 p

Supine BP mmHg

systolic 144±12 140±15 142±16 NS
diastolic 87±13 84±11 83±14 NS

Sitting BP mmHg

systolic 144±12 139±15 142±16 NS
diastolic 86±12 83±11 81±13 NS

Tab. 2. The effect of Efamol treatment on arterial blood pressure
(x±SD).

86

84

82

80

78
D 0 D 30 D 90

mmHg
UPRIGHT (SITTING) DIASTOLIC BP

D0 D30 D90 p

Cholesterol mmol/l 6.07±1.30 5.66±0.77 5.81±1.06 NS
HDL mmol/l 1.81±0.50 1.90±0.50 1.90±0.51  0.15
Triglyceridesmmol/l 1.21±0.46 1.24±0.89 1.37±0.95 NS
ApoA

1
g/l 1.35±0.30 1.38±0.35 1.51±0.30 NS

ApoB g/l 1.05±0.28 1.02±0.26 1.12±0.37 NS

Tab. 3. The effect of Efamol treatment on plasma lipids.

Fig. 2. Effect of Efamol on sitting diastolic blood pressure (BP) after
30 and 90 days of treatment. The results are expressed by mean va-
lue±SD.
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Fig. 3. Effect of Efamol treatment on urinary excretion of prostaglan-
dins 6-keto-PGF1 alpha and PGE2.
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Fig. 4. Effect of Efamol treatment on urinary excretion of thrombo-
xane B2 and PGF2 alpha.
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Discussion

The age-dependent reduction of delta-6-desaturase (7, 9�
11, 21, 24, 25) may produce metabolic defects in the synthesis
of n-6 essential fatty acids in old subjects (21), especially that of
gamma-linolenic acid as well as higher unsaturated fatty acids
such as dihomo-gamma-linolenic acid and arachidnic acid. The
objective of our study was to overcome this possible enzymatic
defect by the exogenous supply of gamma-linolenic acid in form
of evening primrose oil (Epogam). The mean plasma concentra-
tion of gamma-linolenic acid before the treatment was low in
comparison with otherstudies (Tab. 6).

The 3-month treatment with Epogam in 10 old subjects in-
creased significantly the plasma levels of dihomo-gamma-lino-
lenic acid in all of them, especially after the first month (Tab. 4,
Fig. 5). It should be noted that the initial levels of dihomo-gam-
ma-linolenic and arachidonic acids before treatment were higher

than in published American studies (Harrison study, World stu-
dy) (Tab. 6), but similar to the data of Lassere et al (35). These
differences may depend on defferent dietary habits in different
populations. The significant increase in dihomo-gamma-linole-
nic acid is produced by the exogenous supply of gamma-linole-
nic acid and its elongation, but may also be due to the increased
activity of delta-6-desaturase itself, because gamma-linolenic acid
supplementation in old animals stimulates the enzyme (26, 28).
Therefore the administration of GLA in form of evening primrose
oil can reverse the decline in delta-6-desaturase activity (6, 26).
This helps to increase not only the essential fatty acids of (n-6)
series but also those of the (n-3) series, the effect of which would
reverse the fall in membrane unsaturation index and membrane
fluidity associated with aging (6) and improve the synthesis of PG
(3, 4). However in our study the increase in dihomo-gamma-lino-
lenic acid was associated with a moderate decrease in (n-3) acids
such as eicosapentaenoic and docosahexaenoic acids (13) (Tab. 4).
A similar observation was reported in humans by Darcet et al (8,
12). This may be due to the saturation of the delta-5-desaturase
activity by an increased afflux of dihomo-gamma-linolenic acid.
The significant decrease of oleic acid may be a consequence of
the inhibition of delta-9-desaturation. The explanation of adrenic
acid increase is more hypothetical: it could be due to the decrease
in eicosapentaenoic acid which may open on part of the elongase
activity to the n-6 chain allowing the transformation of arachido-
nic acid into adrenic acid. Arachidonic acid concentration was
apparently not modified by the treatment. However it has been
shown that the 5-desaturase step which converts dihomo-gamma-
linolenic acid to arachidonic acid is rate limiting and particularly
slow in humans (24), the fact of which may explain the small
variation of plasma arachidonic acid concentration.

Membrane fatty acids
An increase in dihomo-gamma-linolenic acid in erythrocyte

membrane phospholipids was also achieved but it was non sig-

Fatty acid D0 D30 D90 p

C 14:0 myristic   0.49±0.14   0.48±0.15   0.39±0.11   0.20
C 16:0 palmitic 26.65±1.29 27.08±0.75 27.32±1.00   0.30
C 16:1n-7 palmitoleic   1.64±0.46   1.83±0.43   1.66±0.40   0.67
C 18:0 stearic   8.31±1.68   8.69±1.22   8.85±0.43   0.50
C 18:1n-9 oleic 10.95±1.76 10.24±1.18 10.59±0.04 <0.02
C 18:2n-6 linoleic 23.60±4.0 23.80±3.7 23.30±2.8   0.67
C 18:3n-3 α-linolenic   0.243±0.057   0.238±0.059   0.244±0.073   0.98
C 20:2n-6 eicosadienoic   0.426±0.146   0.392±0.152   0.433±0.179   0.31
C 20:3n-6 dihomo-τ-linolenic   3.60±0.72   4.26±0.89   4.12±1.02 <0.002
C 20:4n-6 arachidonic 13.39±1.90 13.61±2.06 13.29±2.70   0.90
C 20:5n-3 eicosapentaenoic   1.52±0.51   1.31±0.69   1.33±0.50   0.30
C 22:4n-6 adrenic   0.371±0.148   0.397±0.113   0.411±0.099   0.12
C 22:5n-6 docosapentaenoic   0.46±0.30   0.43±0.15   0.44±0.11   0.50
C 22:5n-3 docosapentaenoic   1.03±0.15   1.01±0.24   1.02±0.22   0.27
C 22:6n-3 docosahexaenoic   5.83±0.92   5.44±0.76   5.35±1.40   0.06

Tab. 4. Plasma essential fatty acids before (D0) and after 30 (D30) and 90 (D90) days of treatment with evening primrose oil (Epogam).
Results expressed in % of total fatty acids.

4,3

4,1

3,9

3,7

3,5

3,2
D 0 D 30 D 90

%
p<0,002

PLASMA DIHOMOGAMMA-LINOLENIC ACID (C 20:3n-6)

Fig. 5. Effect of Efamol treatment on plasma levels of dihomo-gam-
ma-linolenic acid after 30 and 90 days of treatment. Results are ex-
pressed in % of total fatty acids.
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nificant (16 % increase) (Tab. 5). Red blood cells cannot synthe-
size phospholipids �de novo�: in contrast to other cells. They
can only exchange their membrane phospholipids with phospho-
lipids of plasma lipoproteins. The result show that this exchange
is probably slow and modest. The increase of membrane diho-
mo-gamma-linolenic acid was associated with a decrease in both
docosapentaenoic acids.

Plasma lipids
The modification of plasma lipids induced by the treatment

are not significant, probably because the number of patients is
small and the Friedman test is a relatively severe test. In spite of
this we observed interesting biological improvements: Total plas-
ma cholesterol decreased after 30 and 90 days of treatment from
6.07 to 5.66 and 5.81 mmol/l respectively (Tab. 3). A similar

moderate decrease in total cholesterol after treatment with gam-
ma-linolenic acid was described by Darcet et al (12). In our study,
we observed a moderate non significant increase in HDL cho-
lesterol and apo A I plasma concentration after Epogam treat-
ment. The concentration of apo A-I increased simultaneously
with the increase in dihomo-gamma-linolenic acid concentra-
tion in plasma. Similar changes in lipid parameters were pub-
lished by other authors as well (17, 23).

This decrease in plasma cholesterol may be due to the hy-
pocholesterolemic action of gamma-linolenic acid and linoleic
acid as well (22), as the latter represents 71 % of acids present
in evening primerose oil (Tab. 1). It was also shown that lino-
leic acid may decrease the total cholesterol, LDL-cholesterol
and apoB, and may increase in apoA1 (r=0.54, p=0.10). There-
fore the decrease in total cholesterol and an increase in apoA 1

Fatty acid D0 D30 D90 p

C 14:0 myristic   0.51±0.24   0.51±0.07   0.55±0.19   0.89
C 16:0 palmitic 27.50±7.8 27.80±3.6 29.00±8.00   0.72
C 16:1n-7 palmitoleic   1.13±0.55   1.16±0.37   1.06±0.14   0.31
C 18:0 stearic 15.90±2.0 16.10±2.6 16.40±3.2   0.72
C 18:1n-9 oleic 17.20±3.3 16.80±2.2 17.40±3.4   0.64
C 18:2n-6 linoleic   7.80±2.8   9.30±2.4   8.70±2.8   0.46
C 18:3n-3 α-linolenic   0.20±0.03   0.25±0.04   0.23±0.08   0.51
C 20:2n-6 eicosadienoic   0.32±0.08   0.32±0.04   0.36±0.09   0.85
C 20:3n-6 dihomo-τ-linolenic   1.27±0.81   1.42±0.20   1.48±0.91   0.50
C 20:4n-6 arachidonic 12.30±5.4 12.80±3.9 11.90±6.0   0.72
C 20:5n-3 eicosapentaenoic   0.79±0.19   0.60±0.28   0.78±0.23   0.51
C 22:4n-6 adrenic   2.97±0.98   2.92±0.95   2.57±0.91   0.46
C 22:5n-6 docosapentaenoic   1.54±0.52   1.47±0.44   1.18±0.31   0.12
C 22:5n-3 docosapentaenoic   2.15±0.44   1.51±0.58   2.22±0.42   0.14
C 22:6n-3 docosahexaenoic   4.53±2.71   4.27±1.55   3.94±2.67   0.89

Tab. 5. Erythrocyte membrane essential fatty acids before (D0) and after 30 (D30) and 90 (D90) days of treatment with evening primrose oil
(Epogam). Results expressed in % of total fatty acids.

Fatty acid Epogam Harrison World
study study study
n=10 n=32 n=434

C 16:0 palmitic 26.65±1.29 26.72±1.71 26.84±2.34
C 18:0 stearic   8.31±1.68   9.12±2.02 10.04±2.88
C 18:1n-9 oleic 10.95±1.76 12.07±1.31 13.69±3.16
C 18:2n-6 linoleic 23.60±4.00 26.82±3.73 25.68±4.05
C 18:3n-3 α-linolenic   0.243±0.05   0.010±0.03   0.045±0.13
C 18:3n-6 τ-linolenic   0.152±0.04*   0.246±0.011   0.242±0.28
C 20:3n-6 dihomo-τ-linolenic   3.60±0.72   2.94±0.68   2.56±0.59
C 20:4n-6 arachidonic 13.39±1.90 11.10±1.52 10.84±2.23
C 20:5n-3 eicosapentaenoic   1.52±0.51   1.41±0.76   1.39±2.34
C 22:4n-6 adrenic   0.37±0.14   0.32±0.13   0.28±0.23
C 22:5n-6 docosapentaenoic   0.46±0.30   0.30±0.25   0.17±0.21
C 22:5n-3 docosapentaenoic   1.03±0.15   1.06±0.26   0.97±0.32
C 22:6n-3 docosahexaenoic   5.83±0.92   4.33±0.97   4.45±1.69

Tab. 6. Comparison of plasma essential fatty acids in Epogam study and in two American studies before any treatment. Results expressed in
% of total fatty acids.
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in our study may be due to the synergic action of both linoleic
and gamma-linolenic acids. This plasma cholesterol lowering
effect of linoleic and gamma-linolenic acids is of clinical im-
portance, especially in old subjects because high cholesterol
level inhibits delta-6 desaturase (23) and profounds GLA defi-
ciency in older subjects with all the concequences on their
metabolism.

Urinary prostaglandins
Our results show an increase in all prostaglandins measured

at the end of the study except for 6-keto-PGF
1 alpha 

(Figs 3, 4).
This means that renal cyclooxigenase is not yet affected in our
subjects by aging. This conclusion is also corroborated by rela-
tively high basal values of these prostanoids before treatment at
D0, which are not depressed (20). On the contraty, the mean
basal urinary excretion of 6-keto-PGF

1 alpha 
at D0 was low, as we

observed in old subjects of similar age (20), and it was not influ-
enced by Epogam treatment. These results may suggest a redu-
ced activity of prostacyclin synthase. Our data are in good agre-
ement with experimental data showing that it is prostacyclin
synthase which is the first enzyme depressed by aging (31, 34),
and not cyclooxygenase, because PGE

2 
synthesis may be increa-

sed at the same time (36). This was the case also in our study.
The selective inhibition of PGI

2 
biosynthesis is neither amelio-

rated by an excess of exogenous arachidonate (33) nor by PGH
2

endoperoxide as substrates (3), which confirms the primary in-
hibition of prostacyclin synthase. These data may explain the
poor response of renal prostacyclin synthase to gamma-linole-
nic acid supply in our study.

On the contrary, the evening primrose oil preparation stimu-
lated the biosynthesis of TxA

2
, PGF

2 alpha 
and PGE

2 
by 28 %, 42

% and 86 % respectively (Figs 3, 4). An important increase in
vasodilator and natriuretic PGE

2 
may contribute to the decrese

in arterial blood pressure and to the maintenance of renal func-
tions. We did not measure the urinary PGE

1 
excretion, nor its

concentration in plasma, but it is known that the exogenous sup-
ply of gamma-linolenic acid increases PGE

1 
synthesis (12, 24,

32). Therefore an increased generation of this PG in our study is
likely as well. As PGE

1 
is not only a vasodilator and natriuretic

but also a potent antiaggregant agent, its generation may be be-
neficial to old subjects.

Clinical effects
Epogam treatment moderately reduces the arterial, but espe-

cially the diastolic blood pressure (Fig. 2, Tab. 2). Normally,
arterial blood pressure increases with age. The period of treatment
is relatively short (3 months) but still this hypotensive effect
may be beneficial. Our results are less significant in comparison
with the study of Dillon (14), who observed a significant decre-
ase in diastolic blood pressure after 3 months of treatment with
dietary supplementation of gamma-linolenic acid. However his
population was not so old as ours. Heart rate was not changed by
the treatment. The body weight and renal functions remained
stable throughout the study. The treatment was tolerated well
with good compliance to the protocol. Only two subjects had

moderately accelerated intestinal transit and one subject had more
frequent micturitions.

In summary, the treatment was associated with a beneficial
reduction of cardiovascular risk factors as represented by the
decrease in arterial blood pressure and plasma cholesterol and
the increase in HDL cholesterol and apoA I. The exogenous sup-
ply of gamma-linolenic acid increased the levels of higher unsa-
turated essential fatty acids and substrates for the biosynthesis
of PG. The increased renal PGE

2 
biosynthesis represents a sup-

plementary renal and cardiovascular benefits.

References

1. Adam O, Wolfram G, Zollner N. Prostaglandin formation in man
during intake of different amount of linoleic acid in formula diets. Ann
Nutr Metab 1982; 26: 315�323.

2. Achard F, Benistant C, Lagarde M. Interconversion and distinct
metabolic fate of eicosapentaenoic, docosapentaenoic and docosahexa-
enoic acids in bovine aortic endothelial cells. Biochim Bipohys Acta
1995; 1255: 260�266.

3. Achard F, Gilbert M, Benistant C, Benslama S, Decuitt DL, Smith
WL, Lagarde M. Eicosapentaenoic and docosahexaenoic acids reduce
prostaglandin H synthase + expression in bovine aortic endothelial ce-
lls. Biochem Biophys Res Comm 1997; 241: 513�518.

4. Benistant C, Achard F, Ben Salama S, Lagarde M. Docosapentae-
noic acid (22:5n-3) metabolism and effect on prostacyclin production in
endothelial cells. Prostaglandins, Leukotrienes and Essent fatty acids
1996; 55: 287�292.

5. Berry EM, Mirsh J. Does linolenic acid influence blood pressure.
Amer J Clin Nutr 1986; 44: 336�340.

6. Biagi PL, Bordoni A, Hrelia S, Celadon M, Horrobin DF. Gamma-
linolenic acid dietary supplementation can reverse the aging influence
on rat liver microsomes delta-6-desaturase activity. Biochem Biophys
Acta 1991; 1083: 187�192.

7. Blond JP, Henchiri C, Bezard J. Delta 6- and delta 5-desaturase
activities in liver from obese zucker rats at different ages. Lipids 1989;
24: 389�395.

8. Bonaa KH, Bjerve KS, Straume B, Gram IT, Thelle D. Effects of
eicosapentaenoic and docosahexaenoic acids on blood pressure in hy-
pertension. A population-based intervention trial from the TROMSO
Study. New Engl J Med 1990; 322: 795�801.

9. Brenner RR, Peluffo RO. Influence of dietary protein on 6- and 9-
desaturation of fatty acids in rats of different ages and in different sea-
sons. J Nutr 1974; 104: 894�900.

10. Brenner RR. regulatory function of delta-6-desaturase � key enzy-
me of polyunsaturated fatty acids synthesis. Adv Exp Med Biol 1977;
83: 85�101.

11. Brenner RR. Endocrine control of fatty acid desaturation. Biochem
Soc Trans 1991; 18: 773�775.

12. Darcet P, Driss F, Mendy F, Delhaye N. Exploration du métabo-
lisme des acides gras, des lipides totaux plasmatiques et de l�agrégation
plaquettaire d�une population d�hommes agés a l�aide d�une alimenta-
tion enrichie en acide gamma-linolénique. Ann Nutr Alim 1980; 34:
277�290.

13. Decsei T, Koletzko B. Fatty acid composition of plasma lipid clas-



Hornych A et al: Effect of gamma-linolenic acid on plasma ... 107

ses in healthy subjects from birth to young adulthood. Europ J Pediat
1994; 153: 520�525.

14. Dillon J.C. Essential fatty acids metabolism in the elderly: effects of
dietary manipulations. Lipids in Modern Nutrition 1987; 93�106.

15. Gavornik P. Ateroskleroza a ine choroby tepien. Bratislava, Come-
nius University 1999, 216 p.

16. Gavornik P. Vseobecna angiologia. Bratislava, Comenius Universi-
ty 2001, 268 p.

17. Guivernau M, Menza N, Barja P, Roman O. Clinical and experi-
mental study on the long-term effect of dietary gamma-linolenic acid on
plasma lipids, platelet aggregation, thromboxane formation and prosta-
cyclin production. Prostaglandins Leukot Essent Fatty Acids 1994; 51:
311�316.

18. Haastrup A, Gadegbekn CA, Zhang D, Mukhin YV, Greene GL,
Jaffa AA, Egan BM. Lipids stimulate the production of 6-keto-
prostaglandin F 1 alpha in human dorsal hand veins. Hypertension 2001;
38: 858�863.

19. Hornych A, Krief C, Bariety J. Radioimmunoassay measurement
of thromboxane B2 in human plasma and urine. Prostaglandins Leuko-
trienes Med 1982; 8: 467�480.

20. Hornych A, Forette F, Bariety J, Krief C, Aumont J, Paris M.
The influence of age on renal prostaglandin synthesis in man. Prostaglan-
dins Leukot Essent Fatty Acids 1991; 43: 191�195.

21. Horrobin DF. Loss of delta-6-desaturase activity as a key factor in
aging. Med Hypothesis 1981; 7: 1211�1220.

22. Horrobin DF, Manku MS. How do polyunsaturated fatty acids lower
plasma cholesterol levels? Lipids 1983; 18: 558�561.

23. Horrobin DF, Yuang YS. The role of linoleic acid and its metaboli-
tes in the lowering of plasma cholesterol and the prevention of cardio-
vascular diseases. Int J Cardiol 1987; 17: 241�255.

24. Horrobin DF. Gamma-linolenic acid. Rev Contemporary Pharma-
cother 1990; 1: 1�41.

25. Hrelia S, Borodoni A, Celadon M, Turchetto E, Biagi PL, Rossi
CA. Age-related changes in linoleate and α-linoleate desaturation by rat
liver microsomes. Biochem Biophys Res Comm 1989; 163: 348�355.

26. Hrelia S, Bordoni A, Motta P, Celadon M, Biagi PL. Kinetic ana-
lysis of delta-6-desaturase in liver microsomes: Influence of gamma-
linolenic acid dietary supplementation to young and old rats. Prostaglan-
dins Leukot Essent Fatty acids 1991; 44: 191�194.

27. Hudson BJF. Evening Primerose (Oenothera Spp) Oil and Seed.
JAOCS 1984; 61: 540�543.

28. Cho HP, Nakamura MT, Clarke SD. Cloning, expession and nutri-
tional regulation of the mammalian delta-6-desaminase. J Biol Chem
1999; 274: 471�477.

29. Iacono JM, Dougrerty RM, Puska P. Reduction of blood pressure
associated with dietary polyunsaturated fat. Hypertension 1982; Suppl
3: III34�III42.

30. Iacono JM, Dougherty RM. Lack of effect of linoleic acid on the
high density lipoprotein cholesterol fraction of plasma lipoproteins. Amer
J Clin Nutr 1991; 53: 660�664.

31. Iacono JM, Dougherty RM. Effects of polyunasturated fats on blo-
od pressure. Ann Rev Nutr 1993; 13: 243�260.

32. Jenkins DK, Mitchell JC, Manku MS, Horrobin DF. Effects of
different sources of gamma-linolenic acid on the formation of essential
fatty acids and prostanoid metabolites. Med Sci Res 1988; 16: 525�
526.

33. Kent RS, Kizchel BB, Shand DG, Whorton AR. The ability of
vascular tissue to produce prostacyclin decreases with age. Prostaglan-
dis 1981; 21: 483�490.

34. Kung CF, Luscher TF. Different mechanism of endothelial dys-
function with aging and hypertension in rat aorta. Hypertension 1995;
25: 194�200.

35. Lassere M, Mendy F, Spielman D. Effects of different dietary inta-
kes of essential fatty acids on 20:3n-6 and 20:4n-6 serum levels of hu-
man adults. Lipids 1985; 20: 227�233.

36. Larrue J, Daret D, Henri J, Razaka G. Eicosanoides et vieillisse-
ment artériel. Ann Cardiol Angiol 1991; 40: 259�264.

37. Manku MS, Horrobin DF, Huang YS, Morse N. Fatty acids in
plasma and red cell membranes in normal humans. Lipids 1983; 18: 906�
908.

Received February 19, 2002.
Accepted March 13, 2002.


