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Effects of fish oil alone and combined
with long chain (n-6) fatty acids on
some coronary risk factors in male
subjects

Olle Haglund, Rolf Wallin, Séren Wretling,* Bjo'rn Hultberg, Tand Tom Saldeen

Department of Forensic Medicine, University of Uppsala, Uppsala, Sweden; *National Food
Administration, Uppsala, Sweden; afiBepartment of Clinical Chemistry, University of Lund,
Lund, Sweden

The effects of fish oil alone were compared with those of fish oil combined 1:1 with evening primrose oil rich in
long chain (n-6) fatty acids in a double-blind cross-over study. After administration of fish oil there was a highly
significant increase in 20:5 (n-3) (eicosapentaenoic acid) and 22:6 (n-3) (docosahexaenoic acid) and a
significant decrease in (n-6) fatty acids in plasma phospholipids. After consumption of the fish oil/evening
primrose oil mixture, the increase in (n-3) and the decrease in (n-6) fatty acids were considerably smaller.
Triglycerides in serum decreased by 36% < 0.01) after the fish oil and by 29%°(< 0.05) after the fish
oil/evening primrose oil mixture. Atherogenic index decreased by 2% (.05) after fish oil/evening primrose

oil and by 6% P = ns) after fish oil alone. This difference was statistically significadt<( 0.05). Plasma
homocysteine was reduced by 10P6<( 0.05) after the fish oil/evening primrose oil mixture and decreased 4%

(P = ns) after the fish oil alone. Plasma fibrinogen decreased after both oils. The combined oils did not raise
plasminogen activator inhibitor-1 (PAI-1) antigen at all, whereas after fish oil there was a 49% (.05)
increase. Fish oil increased the ratio C20:4 to C20:3, an index of delta-5-desaturase, byP28%0.001) and
reduced the ratio of C20:3 to C18:2, an index of delta-6-desaturase, by 8% (.001), whereas the fish
oil/evening primrose oil mixture left these indexes unchanged. A high index of delta-5-desaturase has been found
to be correlated to increased insulin sensitivity. In conclusion, combination of fish oil and evening primrose olil
had a more favorable effect on the atherogenic index and caused no increase in PAI-1 antigen. The effects on
triglycerides and PAI-1 of the fish oil and the mixture appears to be a result of their (n-3) fatty acid con¢ént.
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Introduction also holds true to some extent for the prevention of some
inflammatory diseasesThere are two series of essential
polyunsaturated fatty acids (PUFAs): Alpha-linolenic acid
(18:3 n-3) is the parent compound of (n-3) fatty acids, and
linoleic acid (18:2 n-6) of (n-6) fatty acids. Long-chain (n-3)
fatty acids such as eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA), as well as (n-6) fatty acids [mainly
linoleic and its derivative gamma-linolenic acid (18:3 n-6)],
have been reported to possess lipid-lowering propeties.
increase in (n-3) fatty acids mainly decreases serum triglyc-
Address correspondence and reprint requests to Prof. Tom Saldeen,endeg,S and Increases high den-SItY |Ip0pr0t€l_n (HDL) choles-
Department of Forensic Medicine, University of Uppsala, Dag Hammar- t_erOI’ _wher_eas an Increase in linoleic acid and gamma-
skjolds vag 17, S-752 37 Uppsala, Sweden. linolenic acid mainly decreases total cholesterol and low
Received March 23, 1998; accepted July 21, 1998. density lipoprotein (LDL) cholesterdl.

Dietary fats have a profound impact on plasma lipids and
lipoproteins, and this may explain many of the effects of

lipids on risk factors for several major diseases in affluent

societies: To prevent ischemic heart disease (IHD), substi-

tution of polyunsaturated and monounsaturated fatty acids
for saturated fatty acids is generally recommentiddhis
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In several previous studies we found a considerable Table 1 Characteristics and pretreatment values of the study group
decrease in triglycerides after administration of fish’of

This was accompanied by a slight increase in HDL choles- ,’:‘Ac;}]Of subjects ](2)
terol_ and a decrease in f|br_|nogen. However, in many of our \ySmen (postmenopausal) 5
studies there was a sﬁght increase in glucose and signs o_f ge (years) 51+ 52
moderate decrease in fibrinolysis, as measured by an in-Age range (years) 42-68
crease in plasminogen activator inhibitor-1 (PAI-1) activity Weight (kg) 79.8+1.3
Body mass index (kg/m?) 278+1.3

and antige?1° The effects of fish oil on glucose ho-

: . . \Waist hip ratio (waist circumference/ 0.93 = 0.02
meostasis and on fibrinolysis have been used as reasons for i, circumference)
not recommending this oil to persons with impaired glucose smokers' 2
tolerance and decreased fibrinolyisi?Our previous stud-  Serum triglycerides (mmol/L) 1.8+02
ies showed that by increasing the vitamin E content of the gotal ngftem Intsenljm (mrDcL;VL) ?;1 f 8_?
fish oil° and supplementation with the B vitamins folic acid 22 ieq LCDLofr?o%Stégmse)r 2 35103
idoxin€t®th tentially adverse effects of fish oil rooniG Nl ! 1=xo0.
and pyndoxmé, these potentially N Ol Atherogenic index 41+04
could be partially diminished. Increased homocysteine in Plasma glucose (mmol/L) 59+02
plasma has been reported to be an independent fisk factoSerum insulin (WU/mL) 75+1.8
for IHD.13 Serum C peptide (ng/mL) 25+0.2
Th ’ | of th d d . heth Plasma 4-hydroxynonal (nmol/L) <D.L.*
€ goal 0 t e p_resent stu y was to etermlne_vy et. €l Total homocysteine in plasma (nmol/L) 9.3+1.0
the effects of fish oil could be improved by combining it  Serum neopterin (nmol/L) 6.1 +0.2
with evening primrose oil, which is rich in long chain (n-6) Plasma fibrinogen (g/L) 3.0+02
fatty acids such as gamma-linolenic acid, as a 1:1 mixture, Plasma tPAantigen (ng/mL) 6.4 0.7
Plasma PAI-1 activity (AU/mL) 26.8 = 3.9

Therefore, we compared the effects of fish oil alone and a
fish oil/evening primrose oil combination on fatty acids in
plasma phospholipids, blood lipids, glucose, homocysteine, |

g R . . Current smokers.

fibrinogen, and fibrinolysis in a double-blind cross-over =g chojesterol — HDL cholesterol — 0.45 x triglycerides.

manner. S(Total cholesterol — HDL cholesterol)/HDL cholesterol.

“Below detection level.

HDL-high density lipoprotein. LDL-low density lipoprotein. tPA-tissue
Materials and methods plasminogen activator. PAI-1-plasminogen activator inhibitor-1.

Plasma PAI-1 antigen (ng/L) 269 £ 5.0

Participating in the study were 12 volunteers, 10 men and 2

postmenopausal women, who were healthy or had slightly to _... ' oo . .

- e sition of the fish oil is shown inTable 2 The oil had been
moderately increased blood lipid levels. Mean age of th_e 9roup iabilized against oxidation by natural antioxidafitand also
was 51 years (range 42-68 years) and mean body mass index Wa%ontained 1.5 IU vitamin Ed-tocopherol) per gram of oil. The

above average (27:8 1.3 kg/nf). No persons with known alcohol cholesterol content was less than 3 mg/g. Dioxin was below the

abuse or high gamma-glutamyl-transferase were accepted. Char- . : o
acteristics and the pretreatment laboratory values of the studydetECtlon level £0.74 pg/kg). The fatty acid composition of the

) 1:1 mixture of fish oil and evening primrose oil is shownTiable
group are shown iffable 1 Two types of treatment—30 mL of . . - o .
fish oil and 30 mL of a 1:1 mixture of fish oil and evening 2. The mixture contained approximately 16% saturated fatty acids,

0, i 0,
primrose oil—were used. In a double-blind cross-over manner 16% monounsaturated fatty acids, and 65% polyunsaturated fatty

X . acids (ESKIMO-8 Cutan, Cardinova). Of the total fatty acids
patients received one type of treatment for 4 weeks, followed by a ) ' i o
washout period of 5 weeks, after which the other treatment was 20% were of the (n-3) type and 44% of the (n-6) type. The mixure

given for 4 weeks. Six of the participants started with one type of a:so contgmsd 1'5b|IU/ g vitamin %gocophferol).aThfe volugtgeis
treatment and six with the other. also received a tablet containing 25 mg of pyridoxine and 0.4 mg

- . . of folic acid (Vitamin B, Cardinova) daily during both treatment
The participants were carefully instructed not to change their . . - . 2
diets anpd wa)[/) of living during trile trial, including the Wgshout periods. The oils were provided in bottles containing 105 mL, and

priod and a0 0 reco and report ary st changes i (1 5L Perien of e 1 ofone bt (lng i some of e
their diets or lifestyle. Thus, the fish oil added to their ordinary diet

. . . day. The bottles were stored in a refrigerator at 2 to 6°C. These
could result in an increased energy intake of 1,050 KJ (248 Kcal) o . - .
per day. This may represent an increase of total dietary intake by measures precluded any oxidation of the fish oil. Compliance was

10% and a concomitant increase in the fat energy percent bydetermlned by interviewing the subjects, by the amount of fish oil

approximately 6 units. Before the blood sampling, the subjects had le;t aﬁﬁrl.th% treatment periods, and by the fatty acids in plasma
fasted for 10 hours. They also were instructed to refrain from phospholipids.

alcohol consumption for 2 days, from vigorous physical training .

for 1 day, and from the use of acetylsalicylic acid (aspirin) or B100d sampling

similar medication for at least 1 week before the sampling. Blood v/enous blood samples were taken without stasis after 15 minutes
was always drawn at approximately 8:0@ to minimize the effect  of rest, with the subject in the supine position. Glucose was
of diurnal variation. Blood samples were taken before and after the gssayed in fresh plasma. For other analyses, plasma and serum

various treatment periods. Informed consent was obtained and theyere kept for periods of up to 1 month at —=70°C until analyzed.
study was approved by the local ethics committee.

The fish oil that was used (ESKIMO®3 Cardinova, Uppsala,
Sweden) contained approximately 25% saturated fatty acids, 25%
monounsaturated acids, and 45% polyunsaturated fatty acids in theFor the determination of fatty acids in plasma phospholipids,
form of triglycerides. Of the total fatty acids, 38 to 48% were of plasma lipids were extracted with chloroform, to which 0.005%
the (n-3) type, 19% EPA, and 13% DHA. The fatty acid compo- butylated hydroxytoluene had been added as an antioxidant. The

Analysis of blood samples
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means of COATEST PAI (Kabi Diagnostica), using the chro-
mogenic substrate S-2403. The color is read spectrophotometri-

Table 2 Fatty acid composition (% wt/wt) of the fish oil and of a
mixture of fish oil and evening primrose oil (FO/EPO)

cally at 405 nm. PAI-1 antigen was measured by an enzyme-linked

Fatty acid Fish oil FO/EPO immunosorbent assay (TintElize™ PAI-1, Biopool), with a double
antibody technique.

14:0 6.8 3.4

12;8 12:? 1% Indexes of desaturase activity

126'??(?:_8;;9(’ ?8; 121 The ratios of C20:4 to C20:3 and C20:3 to C18:2 are product-

18:1 (n-9. n-7) 113 93 precursor ratios for the reactions controlled by delta-5-desaturase

20-1 (n-95 10 0.5 gnd delta-6-desaturase, respectively. They have been used as

22:1 (n-11) 1.2 06 indexes for delta-5-desaturase and delta-6-desattitase.

3, monounsaturated 23.7 15.5

18:2 (N-6 1.5 37.8 -

1&38}4; 18 09 Statistics

122 ﬁggg 2&2 8 . 82 Student’st—test fqr paired observations was used to compare values

16.4 (n-3) o5 13 in the same subjects before and after the intervention period. In the

18:4 (n-3) 53 10 tables _the percentage changes and statistical significance r_efer to

20:4 (n-6) 0.9 05 the paired differences. A p-value less than 0.05 was considered

20:4 (n-3) 0.7 0.4 significant. The data in the accompanying tables and figures are

20:5 (n-3) EPA 19.1 9.6 expressed as meanSEM. To test the difference in effect between

22:5 (n-3) 2.8 1.4 the two treatments, possible interaction between the two treatments

22:6 (n-3) DHA 13.0 6.5 was first excluded. Then the change for each subject was compared

3 polyunsaturated 45.3 65.4 using at-test according to Hills and Armitacgfé.

Others 5.9 3.0

> (n-6) 2.4 43.6

3 (n-3) 411 20.9

Results

GLA-gamma-linolenic acid. ALA-alpha-linolenic acid. EPA-eicosap-

entacnoic acid. DHA- docosahexaenoic acid. The relative proportions of various fatty acids in plasma

phospolipids and the quotients between some fatty acids are
shown inTable 3andFigure 1 After intake of fish oil there
lipid esters were separated by thin layer chromatography. After was a considerable increase in long-chain PUFAs of the
transmethylation the fatty acid methyl esters were separated by gagn-3) series (20:5 EPA and 22:6 DHA) and a concomitant
liquid chromatography® Triglycerides, total cholesterol, and decrease in (n-6) fatty acids (18:2, 20:3, and 2@P4<
HDL cholesterol concentrations were determined in serum by 0.001 for all). The EPA/arachidonic acid ratio increased
enzymatic methods, using Boehringer-Mannheim kits 126012 and from 0.2 to 1.2 P < 0.001) and the EPA/DHA ratio from
124084 (Munich, Germany) modified for use in a Multistat 11l 0.4 to 1.2 P < 0.001). After intake of fish oil/evening
F/LS apparatus (Instrumentation Laboratories, Lexington, MA primrose oil mixture, the decreases in (n-6) fatty acids and

USA).*® Serum HDL cholesterol was obtained in the supernatant th h in fatt id tient derabl
after selective precipitation with sodium phosphotungstate and € changes In fally acid guotients were considerably
smaller Table 3 and Figure 1). Oleic acid (18:1 n-9)

magnesium chlorid&® For calculation of LDL cholesterol, Friede- T
wald’s formula was used: total cholesterol — HDL cholesterol — Significantly decreased by 14% (< 0.001) and 23%R <
0.45 X triglycerides. The atherogenic index was calculated as: 0.001) after treatment with fish oil and fish oil/evening
(total cholesterol — HDL cholesterol)/HDL cholesterol. primrose oil, respectivelyTiable 3andFigure 1). After fish
Glucose in plasma was measured with a Refldtr@lucose oil, 20:3 (n-6) decreased by 57% & 0.001) whereas the

assay (Boehringer Mannheim). The plasma value is 10 to 15% decrease after the oil mixture was only 8%.

higher than the value in whole blood. The accuracy of the testwas  pe|ta-6-desaturase index decreased by 38% (0.001)
checked with special reference probes. Insulin in serum was ager fish oil alone, whereas after the fish oillevening
measured by the Pharmacia Insulin RIA 100 (Pharmacia Diagnos- primrose oil mixture there was an increase of 1% ns).

tics AB, Uppsala, Sweden). C peptide in serum was assayed by - -
RIA-gnosf hc-Peptide (Hoechst, Frankfurt/Main, Germany). Delta-5-desaturase index increased by 9&%<( 0.001)

For measurement of total plasma homocysteine, blood samples@fter the fish oil with no change after the oil mixture.
were collected in evacuated tubes containing EDTA. The tubes ~ Serum triglycerides were decreased by 36%6<( 0.01)
were centrifuged within 10 minutes and the plasma was stored atafter the fish oil Figure 2). The corresponding decrease
—70°C until analyzed according to the method of Brattstro  after the fish oil/levening primrose oil mixture was 29%
etal'’ (P < 0.05). However, the difference between the two

Fibrinogen in plasma was measured as clottable fibrinogen by treatments was not statistically significant. The cholesterol
theTri‘;ituheOdpgs'r\‘T::ﬁz‘;g r?”gct?v'gi’z-r (PA) acivity was measured and calculated LDL concentrations showed small changes:

i 10) —B0, 1 0, -10 I

amidolytically using a commercial kit (COA-SETt-PA, Kabi afzteﬁ ?Eg fiﬁo’éﬁsgﬁgtllﬁéy’ozﬁn?ni?xﬁfgdHéf’Crﬁc?l%i?g;/jly’

Diagnostica, Méndal, Sweden). The kit uses the chromogenic . : : ;
substrate S-2251 and the produced color is read spectrophotometri-Increased by 6% and 5%, respectively, after the fish oil and

cally at 405 nm. tPA antigen was measured by an enzyme-linked fish oil/evening primrose oil mixture. Fish oil/evening
immunosorbent assay (Biopool, Umed, Sweden), using a doublePrimrose oil intake resulted in a 12% reductidgh< 0.05)
antibody technique according to the instructions of the manufac- in the atherogenic index, and the fish oil alone produced a
turer. PAI-1 activity in plasma was assayed amidolytically by somewhat smaller decrease of 6%gure 2. The differ-
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Table 3 Fatty acid composition of plasma phospholipids before and after treatment with fish oil (FO) and a 1:1 mixture of fish oil and evening primrose
oil (FO/EPQ), 30 mL/day for 4 weeks

Before FO After FO Before FO/EPO After FO/EPO
16:0 225+ 0.5 232+ 05 232 + 0.5 232+ 05
16:1 (n-7) 0.3+ 0.1 0.3 + 0.1 0.4 = 0.1 0.3 + 0.1
18:0 11.2 + 0.4 121 + 0.2 11.3+0.2 11.9 + 0.2
18:1 (-9) 7.4 +03 6.3+ 0.2 7.6+05 5.8 + 0.2
18:1 (n-7) 2.7 + 0.1 2.5+ 0.1 2.5+ 0.1 2.4+ 0.1
18:2 (n-6) 172+ 0.6 12.1 = 0.7 17.3+ 0.6 14.8 + 0.6
18:3 (n-6) <0.1 0.2 +0.0 <0.1 <0.1
18:3 (n-3) <0.1 0.5 = 0.1 <0.1 0.3 + 0.1
20:1 (n-9) 1.2+ 0.1 1.0 = 0.1 1.0 = 0.1 1.0 = 0.1
20:3 (n-6) 2.3+ 0.1 1.0+ 0.1 2.5+ 0.1 2.3+ 0.1
20:4 (n-6) 7.5+0.3 6.3+ 0.2 7.3+03 6.8 + 0.22
20:5 (n-3) 1.7 +0.2 7.5+ 05 1.7 +0.2 4.7 + 0.3
22:0 1.6 = 0.1 1.5+ 0.1 1.6 = 0.1 1.5 = 0.1
22:5 (n-3) 2.6+ 0.1 3.0 = 0.1 2.7 + 0.1 2.9 + 0.1
22:6 (n-3) 46+04 6.4 + 0.3 4.9+03 6.1 + 0.2
24:1 (n-9) 2.5+ 0.1 2.8 + 0.1 25+ 03 2.5+ 0.1
S (n-6) 27.0 + 0.6 19.6 + 0.5 271 +0.5 23.9 + 0.5
S (n-3) 8.9+ 03 17.4 = 0.5 9.3+ 03 14.3 + 0.41
C20:4 (n-6)/C20:3 (n-6) 3.3 6.5 2.9 3.0
C20:3 (n-6)/C18:2 (n-6) 0.13 0.08" 0.14 0.16
C20:5 (n-3)/C20:4 (n-6) 0.23 1.19" 0.23 0.69'
C20:5 (n-3)/C22:6 (n-3) 0.37 117 0.35 0.77"

Note: Relative proportions of various fatty acids in plasma. n = 12.

P < 0.001.

2p < 0.01.

ence between the two treatments was statistically significant Relative proportions of fatty

(p < 0_05)_ acids in plasma phospholipids
After intake of fish oil/evening primrose oil mixture the 10 ®

plasma glucose concentration was unchanged, and after the
fish oil alone there was a small nonsignificant increase by
4% (Figure 2. Insulin in serum Eigure 2) and C peptide in
plasma (data not shown) showed only small nonsignificant
changes.

Homocysteine in plasma was significantly decreased by
10% (P < 0.05) only after the period on the oil mixture O Before and _ Before and 0 Beforeand _ Before and
(Figure 2. In 11 of 12 cases there was a decrease in after fish oil  after FO/ERO after fish oil _ after FO/EPO
homocysteine with this mixture. With the fish oil there was

TR
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18:1 (n-9) (%)
’0
o

18:2 (n-6) (%)
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a small nonsignificant decrease of 4%. However, the differ- - s gig
ence between the two treatments did not reach statistical < S | X
significance. H LI
Fibrinogen in plasma decreased by 108<( 0.05) and g I
8% (P < 0.05) after intake of fish oil and fish oil/evening 2 ,‘
primrose oil, respectivelyRigure 3. tPA antigen did not ; E
change with either oil. PAI-1 activity was increased by 50% O Beforeand  Before and O Beforeand _ Before and
(P < 005) after ConSUmption Of the flSh 0|| and by 23% after fish oil  after FO/EPO after fish oil  after FO/EPO

after fish oil/evening primrose oil consumptioRigure 3.
PAI-1 antigen was significantly increased by 49% €
0.05) after intake of fish oilKigure 3), but was unchanged
after the period on the fish oil/evening primrose oil mixture.
Of the fibrinolysis parameters, only the difference for PAI-1
antigen was statistically significant between the two treat-
ments P < 0.05).

8 ww

b

20:5 (n-3) (%)
22:6 (n-3) (%)

L X i 0
Before and Before and Before and Before and
i . after fish oil  after FO/EPO after fish oil  after FO/EPO
Discussion * p<0.01
*2% p<0.001

It is generally agreed that to prevent IHD and many
inflammatory diseases, some saturated fatty acids should bQ=igure1 Relative proporations of fatty acids in plasma phospholipids.
replaced by polyunsaturated and monounsaturated fattyFO/EPO, fish oil/evening primrose oil mixture.
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oL ol B B precursor of anti-inflammatory prostaglandins of the
inc22,23
T pOos S SRR skt Serlli?ssﬁ oil and fish oil/evening primrose oil significantly
« p0O1 . . L
decreased triglycerides in serum by 36% and 29%, respec-
Figure 2 Effects of 4 weeks administration of 30 mL fish oil and a tively. These changes correspond well to the decrease in
mixture of fish oil and evening primrose oil (FO/EPO) (1:1) on triglycer- triglycerides seen in a previous study using 30 and 15 mL,
ides, high density lipoprotein (HDL) cholesterol, atherogenic index, respectively, of fish oif, and the effect of fish oil/evening

glucose, insulin, and homocysteine. primrose oil is thus probably due to its content of (n-3) fatty

acids. The effects on total cholesterol and LDL cholesterol

acids? There is considerable controversy about the relative were rather small with both oils. The fish oil/levening
importance of (n-3) and (n-6) PUFAs in the prevention of primrose oil mixture produced a 12% (< 0.05) decrease
IHD and inflammatory diseas&$:23 These views are evi-  in the atherogenic index. The corresponding decrease with
dent in the different recommended dietary allowances that fish oil was 6%, which is smaller than has been seen in our
are published, with a recommended quotient between (n-6)previous studies after consumption of fish %if° The
and (n-3) fatty acids varying from 10 to?32-24 significantly larger decrease in the atherogenic index after

The goal of the present study was to determine whetherthe oil mixture @ < 0.05) may reflect a somewhat better
the positive and the potentially negative effects of fish oil effect of linoleic acid and gamma-linolenic acid on total and
could be modulated by addition of evening primrose oil. LDL cholesterols. However, it cannot be excluded that the
After intake of fish oil there was a highly significant lower content of saturated fatty acids in the oil mixture may
increase in EPA and DHA in plasma phospholipid fatty have contributed to this effect.
acids, with a concomitant decrease in (n-6) fatty acids. = There has been much concern about the potential dete-
There were also considerable increases in the EPA/arachi+ioriation of glucose homeostasis on consumption of fish
donic acid and EPA/DHA ratios after intake of fish oil. oil. In a previous study blood glucose increased less when
After the period on fish oil/evening primrose oil mixture the 80 mg pyridoxine and 10 mg folic acid were added together
corresponding changes were much smaller. These effectswith the fish oil compared with unsupplemented fish8il.
might be brought about by substitution of EPA and DHA for In the present study 25 mg pyridoxine and 0.4 mg folic acid
(n-6) fatty acids in the phospholipids, by competition for were given together with both oils, resulting in only a small
delta-6-desaturase and delta-5-desaturase, and by increas€d%) increase in plasma glucose after fish oil alone, whereas
oxidation of fatty acid€® Both oils produced a decrease in intake of the fish oil/evening primrose oil mixture produced
(n-6) fatty acids, though to a varying extent. Fish oil/ no change at all. Intake of fish oil led to a nonsignificant 4%
evening primrose oil also supplies gamma-linolenic acid, decrease in serum insulin, and intake of fish oil/evening
which is elongated to dihomo-gamma-linolenic acid, the primrose oil mixture produced a corresponding 2% increase
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in insulin. Elevated insulin and increased insulin resistance fatty acids have a greater affinity for these enzymes,
have been demonstrated to be a risk factor for A4®’ The inhibiting, for example, the formation of arachidonic acid
question as to whether fish oil should be given to patients from linoleic acid. Recently, the interaction of free fatty
with type Il diabetes has not yet been settled. There is someacids with cytoplasmic and nuclear steroid hormone recep-
evidence that fish oil increases the gluconeogenesis in thetors has received great attenti&ie® For cell functioning,
liver and increases insulin sensitivityVariations in insulin both (n-6) and (n-3) PUFAs are needed and they require
sensitivity have been found to be related to differences in each other for optimal function. At the level of desaturases,
the membrane content of long-chain polyunsaturated fatty in the competition for eicosanoid-producing enzymes and in
acids.” Thus, the ratio of 20:4 to 20:3, an index for thejr reaction with, for example, the intracellular steroid
delta-5-desaturase activity, directly correlated to insulin receptor superfamily, there are complex, partially unknown
sensitivity® Interestingly, this index increased by 96% i iaractions between the two series of PUEAS

after fish oil alone, but was unchanged after the oil mixture, * 11,010 'is much support for the view that overactivity of
which might |_nd|cat¢ an "?‘dvamage. for (F"3) fatty amds_qver some arachidonic acid pathways greatly contributes to many
(n-6) fatty acids on insulin sensitivity. Fish oil has positive i jiseases in affluent countrids2"With the intro-
effects on several other risk factors present in diabetic duction of agriculture and with the industrial revolution,

patients. Supplementation with pyridoxine and folic acid . . !
and a higher concentration of vitamin E in the fish oil may there was an Increase in saturate_d faf[ and (n-_6) fatty acids
and a decrease in (n-3) fatty acids in the diets of more

reduce the risk for deterioriation of glucose homeostasis. ; - .
There is a need for well-controlled long-term studies with afflueént populations. These dietary changes—together with

small doses of (n-3) fatty acids to clarify these questions. SMoking, hypertension, obesity, some forms of stress, and
Interestingly, the fish oil/evening primrose oil mixture decreased physical activity—are believed to have contrib-
produced a 10% R < 0.05) decrease in the plasma uted to the increase in many chronic .d|sea?§dshas.also _
homocysteine concentration. In 11 of 12 subjects homocys- been proposed that the best preparation of fatty acids might
teine decreased with this treatment. In the twelfth volunteer be one containing a combination of EPA/DHA and gamma-
plasma homocysteine was greatly increased before treatdinolenic acid?®® This bypasses the sensitive delta-6-desatu-
ment, probably because of some defect in homocysteinerase, supplies important (n-3) fatty acids, and inhibits the
metabolism. Recently, fish oil was found to reduce homo- production of arachidonic acid. Gamma-linolenic acid is
cysteine in hyperlipemic metf.Hypercholesterolemic men  elongated to dihomo-gamma-linolenic acid, which is the
have been found to have increased levels of homocysteineprecursor of anti-inflammatory prostaglandins of the

in the LDL and other lipoprotein fractions of plasma. series?223
A decreased fibrinolytic capacity has been suggested to  In conclusion, although it produced a relatively large
be a risk factor for IHD and peripheral vascular dise®de. decrease in serum triglycerides, the fish oil/evening prim-

this study and in most other studies fish oil produced a rose oil mixture had a somewhat more favorable effect on
moderate increase in PAI-1 activity and antigéri*In the the atherogenic index and caused a smaller increase in
current study fish oil and fish oil/evening primrose oil pAI-1 antigen than fish oil alone. In addition, there was a
increased PAI-1 activity in plasma by 50  0.05) and  gmaller decrease in PAI-1 activity after the fish oil/evening
23%, respectively. Fish oil increased PAI-1 antigen by 49% primrose oil mixture. The effects on triglycerides and
(P < 0.05). Interestingly, the fish oil/evening primrose oil fipinolytic parameters of the fish oil and the mixture
mixture did not change PAI-1 antigen at all. The effects on 5in1y‘appears to be a result of their (n-3) fatty acid content.
fibrinolytic parameters of the_flsh oil and the_ mixture thus The larger decrease in atherogenic index after fish oil/
appears to be a result of their (n-3) fatty acid content. The o 0ino"orimrose oil may reflect a better effect of (n-6) than
significance of an elevated level of plasma PAI-1 in general (n-3) fatty acids on total and LDL cholesterol. The increase

and after consumption of fish or fish oil is not well known. . . : : .
It has been suggested that the increase in PAI-1 on intake of ! delta-5-p|esa_turase _mqlex by f!Sh oil .possmly reflects
increased insulin sensitivity. The interactions between the

(n-3) fatty acids might be a compensatory reaction without two series of PUFAs warrant further studies. This might aid

which there would be an increased risk of bleedihdn . _ . .
in the optimal formulation of recommended dietary allow-

support of this, Eskimos, who have a low incidence of IHD, _ : . A
also show increased levels of PAI-1 activif/. ances of fatty acids and in the design of fatty acid mixtures

In a previous study® 30 mL of fish oil supplemented  for various therapeutic aims.
with 80 mg pyridoxine and 10 mg folic acid attenuated the
rise in PAI-1 antigen after pure fish oil. In the present study,
fish oil supplemented with only 25 mg pyridoxine and 0.4 Acknowledgments
mg folic acid resulted in almost the same attenuated level of ) o ) )
PAI-1 antigen, suggesting that the lower doses used in the\We would like to thank Mrs. Birgitta Alving and Ms. Ritva
present investigation may be sufficient. Jokela for their expert technical assistance and Dr. Riitta
The members of the two different series of PUFAs Luostarinen for blood sampling. The test kits assaying t-PA
exhibit many complex interactions at several levels. They activity and PAI-1 activity were kindly supplied by Dr.
have different affinities for enzymes regulating the produc- Steffen Rose, Kabi Diagnostica, Mimdal, Sweden. Deter-
tion of prostanoids and leukotrien€sThe products often ~ minations of serum lipids were kindly performed by Bengt
show considerably different actioA$The different PUFAs Vessby and Merike Boberg, Department of Geriatrics,
also compete for the desaturase enzyi@senerally (n-3) University of Uppsala.
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