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DETERMINATION FOR FATTY ACID PROPORTIONS
OF SERUM AND LYMPHOCYTE PHOSPHOLIPIDS

Yutaka Nasu (Nagano College of Nursing)
1.Separation of Blood Samples to Mononuclear Cells and Serum
Equipment and Reagents needed

Equipments

1) falcon tubes (sample number X 3)

2) pipettes of 10 or 20ml (sample number X 3)

3) pasteur pipettes

4) glass tubes top covered with black cap (sample number)

Reagents Preparation
1) Phosphate Buffer Saline
2) Limphoprep

Preparation and Actions

1) Put blood samples into the falcon tube.
2) To 12ml of blood samples add the same amount of PBS (Phosphate
Buffer Saline) and mix using the pipet.
(To make the total amount of 25ml is preferable.)
3) Add carefully at the bottom of the sample 3ml of Limphoprep with
pasteur pipet.
4) Centrifuge at 1,600 r.p.m. for 40 minutes.
5) After separation suck up the lymphocytes at the middle phase very
carefully with pasteur pipet and put it to another falcon tube.
6) Suck up the serum phase (the upper phase) and stock in the freezer.
7) Add the lymphocytes so much of Buffer (PBS), mix using the same
pipet, and spin at 800 r.p.m. for 10 minutes.
8) Flow away the Buffer and and add newly, and spin again.
9) Repeat 8) at least one more time.
10) Lymphocyte should be washed into the glass tube with water just
before the extraction.



2.Lipid Extraction

Principle
By making contact with organic solvent, lipid fraction of the serum moves
to solvent phase.

Equipment and Reagents needed

Equipment
1) glass tubes top covered with black cap [sample No. X 3]

2) 1 ml pipet [sample No. X 2], 5 ml pipet [5]

3) thin pipet (Pasteur Pipettes) [sample No. X 2}
4) beaker 50ml [5]

5) mess cylinder 50ml [1], 100ml [1]

6) mess flask 100ml [1], 25ml[1]

7) centrifuger

Reagents Preparation

1) chloroform

2) distilled water

3) Methanol

4) The mixture of chloroform:methanol=1:1
5) nitrogen gas

Preparation and Actions

1) Put 1ml of serum sample into the glass tube and add at first 2.5ml of
methanol and then 1.25ml chloroform. This should be a clear one phase
system.

2) Add 10wl of antioxygen with Hamilton syringe, and after washing the
syringe, add 55 u| of standard phospholipid.

3) Wait and mix gently for 10 to 15 minutes.

4) Add 3.75ml of chloroform and 0.9ml of water (if sample volume is 0.5ml,
then add 1.4ml water), and spin the tube at 3,000 r.p.m., for 10 minutes.
AMPS should not go over 9.

5) After the spin if the mixture separates clearly to two phases holding
protein between phases, suck up the chlorophorm phase (the lower
phase) with thin pipet and put it to another tube.

6) If the separation is not clear, for example the protein settles on the
bottom, suck up the chloroform phase with thin pipet, put it to another



tube and add 1ml of chloroform and 1ml of water, and again make the
spin.

7) After the separation and chloroform phase sucked up, make the
injection with nitrogen gas for the evaporation of chloroform and
continue till chloroform completely goes away.
(This is to be made within almost 15 minutes. But be careful not to touch
the tip for gas to the liquid.)

8) As soon as the injection is over, add 0.05ml (50 1) of chloroform and
methanol (1:1) mixture and bring the test tube to the freezer.

3.Fractionization of Lipid with Thin Layer Chromatography
Equipment and Reagents needed

Equipment

1) Hamilton syringe

2) thin layer

3) chromatography chamber
4) thin pipet

5) thin spatula

6) 1ml of pipet

7) glass tube [sample No. X 2]
8) centrifuger

Reagents Preparation

1) the solvent for thin layer chromatography
hexane:diethyl ether:acetic acid=50:50:1

2) chloroform

3) iodine

4) the mixture of chloroform-methanol-water-acetic acid
chloroform 100

methanol 100
distilled water 20
acetic acid 0.25

5) nitrogen gas
6) PE standard



Preparation and Actions

1) Activate the thin layer at 110 °C for 2 hrs.

2) Prepare the solvent mixture in the chamber and make a few
minutes evaporation.

3) Prepare chloroform for washing Hamilton syringe.

4) Bring the standard and the sample from the freezer.

5) Draw the lines for spotting with a pencil on the thin layer.

6) Spotting

(1) Wash Hamilton syringe with chloroform several times.
(2) Make spots along the left lane with 5wl of standard.
(3) Wash syringe with chloroform several times.

(4) Make spots along the centre lane with 5ul (for example) of sample.
(5) Make spots along the right lane with 50! (for example) of sample.
Do not touch the syringe to ssilica and make spot slowly as the

solvent never spread too widely.

7) Put the thin layer into the chamber and keep it straight up,and do not
make only one side touch solvent earlier than another side. And be
careful the lanes should be a little higher than solvent level.

(With this fractionization, (1)neutral lipids, (2)free fatty acids, (3)free
cholesterol, and (4)phospholipids separate.
We want to get the 4th one. It would be colored with yellow.)

8) After the solvent are absorbed into thin layer to its top, put it out and
dry.

9) After drying, stain only standard lane with iodine.

Staining would damage phospholipid. So to stain with iodine only
standard lane keep other lanes covered with something.

The staining should be made by blowing nitrogen gas through glass tube
holding iodine inside among cotton phases.

10) Draw the square surrounding each sample lane with a pencil and cut the
sillica along the pencil line with needle to isolate each band.

11) Blow water to each square using thin pipet.

12) Cut the wet part of cillica with thin spatula and put the cutted cillica
into the glass tube.

13) Add 1ml of chloroform-methanol-water-acetic acid mixture and shake
a couple of minutes.

14) Spin and down the sillica with 3,000 r.p.m. for 5 minutes.

15) Extract silica one more time with same solvent.

16) Take up the solvent and make evaporation with nitrogen gas.

17) Stock in -20 °C after adding 50l of chloroform-methanol



complex.

4. Transmethylation of Phospholipids

Equipment and Reagents needed
Equipments
1)Incubator
2)glass tube
3)Centrifuger
4)pasteur pipettes
Reagents
1)Methanol containing 1% sulfuric acid
2)Hexane
3)Distilled water
4)Absolute EtOH

Preparations and Actions

1) Evaporate the sample into dryness.

2) Add Tml of Methanol containing 1% sulfuric acid.

3) Keep the sample in black capped tubes overnight at 50 °C.

4) Let the tubes cool, and add 1Tml H20+2ml Hexane,
vortex, or turn around about 50 times.

5) Centrifuge at 2,000 rpm for 5 minutes.

6) Suck the lower phase with pasteur and discard it.
(If the silica pieces are floating, then suck the upper phase and put it to
another tube. Always better to take this way.)

7) Evaporate the upper phase (which is left) and add 1ml of absolute
ethanol.

8) Evaporate this and add 20-30 wl of Hexane.

5.The Methyl Esters of Fatty Acids Analysis in a HP 5890 Gas
Chromatograph Using OV 351 Sillica Capillary Column

Equipment and Reagents needed



Equipments

1)microsyringe

2)gas chromatograph (Oven, Electrometer, Programmer, Injector)
3)integrator (3390A INTEGRATOR HEWLETT*PACKARD)

4)gas cyrinders of nitrogen, hydrogen and air

Reagents
1)chloroform
2)hexane 3)ethanol

Preparations and Actions

|.Setting of Machine

1) Close the oven door.

2) Open the gas cock of Hydrogen gas and Air gas cylinder, but never touch
Nitrogen Gas cylinder.

[1] main cock
[2] sub cock: Adjust Hydrogen to 2.9, and Air to 2, as indicated on the
meter with magic ink.

3) Open the gas tube over the oven. (Take off the cock.)

4) Put the "cool" switch of MODE off.

5) Put the main switches of MODE, PROGRAMMER and ELECTROMETER on,
and also recorder on. Then recorder indicates "ready".

6) Put injector lever to the arrowed place(=275), and when the injector
lamp begins "on and off" successively, everything is ready for beginning
gas chromatograph.

7) Adjust the Hydrogen gas pressure of FRACTOVAP to 1 and Air to 0.8.

8) Put the Ignission switch of ELECTROMETER down, keeping it down TILL
THE TOP HAT OF CENSOR JUMPS UP, and then automatically it will be

recovered. (Sometimes it bombs).

9) Increase Air pressure to 1.

Decrease Hydrogen pressure slowly to 0.5.

10) Programme is already set and never touch them.

Wait for a time setting the integrator till the injector lamp begins on
and off.

[l.Setting of Integrator

1) LIST, LIST

2) ATTENUATERZ2, O, ENTER
3) CHART SPEED, 1, ENTER



4) PEAK WIDTH, 0.1, ENTER

5) THRESHOLD, O, ENTER

6) AREA REJECTION, O, ENTER
7) LIST, LIST

8) LIST, TIME, ENTER

9) INTG, 9, TIME, O, ENTER
10) INTG, -9, TIME, 2, ENTER
11) PK WD, 0.1, TIME, 5, ENTER
12) PK WD, 0.3, TIME, 15, ENTER
13) STOP, TIME 25, ENTER

14) LIST TIME

lll. Operating the Machine

1) Before injection wash syringe with chroloform or absolute EtOH 10
times.

2) Make injection of the sample. (5ul just enough.)
Injection must be made carefully and rapidly. All sample liquid in the
syringe must be injected at a time.

3) Make start of the [1] PROGRAMMER , [2] INTEGRATOR just after the
injection.

4) Write away on the margin of the chart all your knowledges about
working sample.

IV. Ending of Gas Chromatograph Work
1) ELECTROMETER main switch off.
2) PROGRAMMER main switch off.
3) "cool" switch of MODE ON.
4) Open the even door.
5) INJECTOR off.
6) Hydrogen pressure to O.
Air pressure to O.

7) Close the main cocks and sub cocks of each gas cylinder, but never touch
the nitrogen gas cylinder.

8) Integrator off.

9) Wait at least 15 minutes.

10) Close the gas tube.

11) Main switch of MODE off.
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Polyunsaturated fatty acids in
plasma and mononuclear cell
phospholipids of patients

with atopic eczema

Yutaka Nasu ( Nagano College of Nursing, Japan )
Kari K. Eklund ( University of Helsinki, Finland)
Yrjo T. Konttinen ( University of Helsinki, Finland )

INTRODUCTION

It has been known from 1930s that dietary supplementation with essential
fatty acids should be of therapeutic value in atopic eczema. And in these
days it has been found that oral administration of evening primrose oil (EPO)
makes atopic eczema improve.

Recent studies of polyunsaturated fatty acids (PUFA) in plasma and biood
cell components of patients with atopic diseases have indicated disordered
fat metabolism as linoleic acid (18:2n-6) tends to be increased while the

more unsaturated fatty acids, such as gamma-linolenic acid (18:3n-6) and



arachidonic acid (20:4n-6) are present in decreased amounts (Fig 1 ). In
atopic eczema patients, the delta-6-desaturase function should be impaired,
then the amount of linoleic acid should be increased, on the other hand those
of the linoleic acid metabolites should be decreased. And so when the direct
metabolite of linoleic acid, gamma-linolenic acid, is administered for the
patients, then the symptoms of this disease should be disappeared.

It has also found that such an abnormality may not be restricted to
patients with atopic dermatitis but can also be found in cases of
respiratory allergy and other diseases.

On the other hand, Berth-Jones et al. indicates that essential fatty acid
supplmentation has no effect for the improvement of atopic dermatitis
according to their placebo-controled trial.

We had a chance to have several infant patients with atopic eczema and to
make them the treatment with Efamol. At the same time of this treatment,
we tried to measure the fatty acid components in the serum and the
mononuclear cells phospholipid, and also tried to get some blood data
concerning about the inflammation, and tried to make clear the effect of

evening primrose oil and the change of metabolism of essential fatty acids.



MATERIALS AND METHODS

Patients and samples

10 patients with atopic eczema aged from 4,7 to 13,7 (mean age 8,03)
were entered into a trial of evening primrose oil in the treatment of atopic
eczema.

The evening primrose oil used was Efamol, the seed oil from specially bred

strain of Oenothera biennis which yields oil of a constant consumption.

Blood samples were drawn into EDTA-treated tubes, separated within
hours of collection and stored at -20 °C until analysis.

To investigate phospholipid fatty acids in mononuclear cells (MNC), 20mli
blood was drawn into an equal amount of Hank's balanced salt solution. MNC
were isolated by gradient centrifugion in Ficoll-Hypaque (Pharmacia).

8 children were nominated as control group (aged from 6,5 to 12,4 ), and
they were all free of acute or chronic iliness, denied taking either medicinal

or drugs and had no personal or family history of atopy.

Assays

All blood samples were taken after an overnight fast. The specimens for

_24_



trace elements and vitamin analyses were collected simultaneously with
the laboratory tests needed for control of drug therapy and to monitor the
disease activity.

The blood samples for trace element determination were drawn using
stainless steel needles (Venoject, Terumo, Belgium). Serum samples were
stored in polyethene tubes and kept at -20 °C until analyzed. Zinc and copper
concentrations were determined by flame atomic absorption
spectrophotometry (AAS)(Perkin Elmer 300 AAS) using a method developed
by Salmela et al (1984). Selenium concentrations were determined with a
flameless AAS (Perkin Eimer 5000, HGA 400) employing the method
described by Alfthan and Kumpulainen (1985). All the trace element
measurements were made in the same laboratory.

Fatty acid compositions of MNC and serum phospholipids were determined
using a method developed by William W. Christie:
One ml of pure serum was extracted with 3,75ml of chloroform/methanol
(1/2), washed with 3,75 ml of chloroform and 0,9ml of water, centrifuged
for 10 minutes and the lower phase (the chloroform phase) was separated
and evaporated by nitrogen gas.
After the evaporation 0,05ml of methanol/chloroform(1/1) was added, and

fractioned with thin layer chromatography (Kieselgel 60, Merck, Germany)



into neutral lipids, free fatty acids, free cholesterol and phospholipids by
using hexane/diethyl ether/acetic acid (50/50/1) as a solvent. Phospholipid
fraction was scraped into black capped tubes and transmethylated in 1%
H2S04 in dry methanol at 50 °C overnight. The resulting methyl esters of
fatty acids were separated and measured using a Hewlett Packard 5880 gas
chromatography with a 6-foot column packed with 10% silar on chromosorb
WAW 106/230.

The carrier gas was hydrogen (0,5kg/cn). Initial temperature of the oven
being 170 °C, final temperature 240 °C. Retention times and peak areas were
automatically computed by a HP 3390A integrator. Peaks were identified by
comparison with standard fatty acid methyl esters from Nuchek Prep. Inc.
(Elysian, Minnesota, U.S.A.). Figure 2 shows an example of gas
chromatographic chart from certain patient's serum identified each fatty

acid.

Evaluation of the results

The hardware used in this study was a .... computer at University of
Helsinki. Data were listed into DATABASE version. All statistical analysis
were performed using Biomedical dataprocessing program library (BMDP,

version 1994).



In before/after comparisons, the statistical significance was tested using
paired t-test. Standard deviation (SD) was used to indicate dispersion of

results.

RESULTS

Fatty acid concentration

Table 1 shows the mean values of each fatty acid proportion per total fatty
acids in MNC, including samples from control groups, from patients before
treatment and from patients after treatment. We could be available 4
control samples, 8 patients before treatment and 5 patients after
treatment.

No significant differences were seen between control and patients before
treatment. By the treatment of EFA, dihomogamma-linolenic acid (20:4n-6)
was significantly decreased and behenic acid (22:1n-97) significantly
increased.

Linoleic acid (18:2n-6) of patients looked like to be increased compared
with control group and decreased after treatment,though not significantly.

And more unsaturated fatty acids, such as homogamma-linolenic acid and



arachidonic acid looked decreased after treatment. Lindskov and Hoelmer
has reported that in eczema patient MNC, the ratio of 20:4n-6/20:3n-6 in
total lipids ( b ) had been reduced. In this study, however, there could not
find any significant differences of this ratio between control group and
patient group before treatment.(Table 1)

Table 1 also shows the mean values of each fatty acid proportion per total
fatty acids in serum on the same groups as above. The significant
differences were observed on 20:3n-6 between control and patients before,
and also between patients before and patients after. Another significant
difference was found on 20:4n-6 between patients before and patients after.
The ratio of (18:3n-6+20:3n-6)/18:2n-6 ( a ) in patient before was
significantly reduced compared with control, and looked reduced again after
the treatment.

With matched t-test about serum value between patients before treatment
and those after treatment, significant differences were found on 18:1,
20:3n-6, 20:4n-6, (18:3n-6+20:3n-6)/18:2n-6 and 20:4n-6/18:2n-6.  Fig4
shows the change of 20:3n-6 percentage to total fatty acids on each patient,
Fig5 about 20:4n-6, Fig6 about (18:3n-6+20:3n-6)/18:2n-6, Fig7 about
20:4n-6/18:2n-6. Also in Fig8 about 18:2n-6. In many cases it has been said

that linoleic acid (18:2n-6) concentration increases in the serum of atopic



eczema patients, but in our study no significant tendency was observed on

18:2n-6.

DISCUSSION

Atopic eczema is said to be the condition in which an inherited slow rate
of 6-desaturation has been best documented. Normal or elevated
concentrations of LA and ALA are associated with reduced concentrations of
their metabolites in umbilical cord blood, in the plasma and red cells of
children and adults, in milk and in adipose tissue.

Erom our results we could not find any difference about linoleic acid in the
serum between control and patients with atopic eczema.

Schalin-Karrila et al. reported in 1987 that the baseline fatty acid
composition of plasma phospholipids from the patients with atopic eczema
(young adults) did not differ significantly from that in the heaithy subjects,
except for a slightly lower level of oleic acid (18:1n-9).

On the other hand, Manku et al.(1984) had reported that the major dietary
n-6 EFA, linoleic acid, was significantly elevated but all its metabolites

were significantly reduced in the adult patients'plasma. Beforehand Manku



et al. had made clear about the fatty acid composition in plasma in normal
humans.

Strannegard et al. (1987) : The fatty acid composition of serum lecithin
from children with atopic dermatitis was found to be abnormal,
characterized by significantly increased proportion of linoleic acid and
reduced levels of metabolites of this fatty acid.

Lindskoy et al. (1992) : Examined the PUFA content in phospholipids derived
from plasma, red blood cells and mononuclear cells (MNC) in patients with
atopic dermatitis. (adults). In plasma no significant differences were found
between patients and controls. The most significant findings in eczema
patient MNC were reduced ratios of 20:4n-6/20:3n-6 in total lipids and in
phosphatidyl ethanolamine (PE) and of 20:4n-6/18:2n-6 in both total

phosphatidyl choline (PC) and PE.



n-6 EFAs n-3 EFAs

Linoleic 18:2n-6 18:3n-3 Alpha-linolenic
(LA) feita-s-desaturasei (ALA)
Gamma-linolenic 18:3n-6 18:4n-3
(GLA) L L
Dihomogamma- 20:3n-6 20:4n-3
linolenic (DGLA)
Vt:ielta— 5- desaturasel
Arachidonic 20:4n-6 20:5n-3 Eicosapentaenoic
(AA) ~L 'L (EPA)
Adrenic 22:4n-6 22:5n-3
bﬂelta-4—desaturase
22:5n-6 22:6n-3 Docosahexaenoic
(DHA)
1.(Figure1)

Outline of the metabolism of essential fatty acids of n-6 series.

The enzymes which metabolise this series are believed to be also
metabolising n-3 series.
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a certain patient's serum.
According to the retention time peaks were identified by comparison with

standard fatty acid methyl esters.
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Table 1

Fatty acid composition in MNC and in serum of each group.

Values are expressed as the mean + SD.

SERUM MNC
CONTROL PATIENTS BEFORE [PATIENTS AFTER __ [CONTROL PATIENTS BEFORE [PATIENTS AFTER
(n=8) (n=10) (n=9) (n=4) (n=8) (n=5)
MEAN | STDEV | MEAN | STDEV | MEAN | STDEV | MEAN | STDEV | MEAN | STDEV | MEAN | STDEV
14:0 0,003 0,0007] 0,0035] 0,0009] 0,0031] 0,0008] 00033 00016] 00025 0,0007] 0,0025|  0,0008
16:0 02543 0,0127] 02543 00096 02532 00155 01781 00317 0,1781] 0,0403] 0,2027] 0,0337
16:1 0,0055|  0,0017|  0,0063 0001 00082 00009 0,0055] 00017] 0.0041] o00018] 0,0047] 0,0012
18:0 0,1554] 0,0122] 0,1536] 0,0008] 0,1526] 0,0123] 02319 0034 02344 00617] 02716] 0,0375
18:1 0,1054]  00135] 0,1136]  0,0208] 0,1023] 0,0178] o,1019] 00461 0,1063] 0,0364] 0.1387] 0,0346
18:2 0.1914| 00391 0,1872[ 00177 01853 0,0268] 00387] 0.0131] 00447] 0,0187] 00287 0.0117
18:3n-6 0,0015[ - 0,0006] 0,0015] 0,0004] 0,0015] 0,0004] 00023] 00005 0,0023 0,001 0,002]  0,0009
18:3n-3 0,0025] _ 0,0008] 00032} 0,0012] 0,0029] 0,0017| 0,0016{)0,0008]  0,0045/=4)0,0073| _ 0,0005/02)0,0001
20:0 0,0055| 0,0006] 0,0056] 0,0008] 00056 0,0011] 00158 0,0043] 00136] 0,0052] 0,0176] 0.0031
20:1 0,0035] 0,0012]  0,0033] 10,0007 0,003 00007 00068 0,0026] 00076/ 0,0033] 0,0099]  0,0048
20:3 0,0199]  0,0027|  0,0246[7 *0,0029|  0,0305[°" '0,0041]  0,0103]  0,0043|  0,0139 0,004]  0,0072F 0,0049
20:4 0,0664 0,0126 0,0665 0,0101 0,0749 0,011 0,1169 0,0643 0,1197 0,0646 0,0836 0,0698
22:0 0,0116] 0,0015] 0,0109] 00019 0,0111] 00018] 00178] 00038] 00176] 0,0075] 0.0213] 0,0038|
22:1 0,002 0,0006] 00019 0,0007| 00018 0,0007] 0,087 0,0034] 0,0052] 0,0022] 0,0094%% 0,004
240 00148  0,0044] 0,0161] 0,0037] 0,0173] 0,0044] 00204 0,0076 0,018  0,0042] 00218  0,0105
24:1+22:6 0,045 00094] 0,0413] 0,0078] 0,0431] 00085 0,0207] 00111] 00234] 0,009 00245 0,0101
PNy, 4
a 0117  00234] o0,1406/~ 00194 01763 0,0371] 0.3199] 00222 03418] o0,0877] 03162 0,0602
b 3,35 0,5421 2,7291 0,4991 2,4865 0,4686 10,9084 1,5504 9,7236 2,8109 9,8868 3,9587
c 0,3641 0,1036 0,3586 0,0688 0,414 0,0983 2,807 0,8031 2,5955 0,9176 2,5207 1,5031
T-Aesd

¥ 1 p< 10

X 2P <.05

XKX1p 0

* X XX :F<\a1
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Abstract In rheumatoid arthritis various pro-inflamma-
tory metabolites of arachidonic acid (AA), such as
leukotriene B, (LTB,) and prostaglandin E, (PGE,),
contribute to tissue destruction and pain. In contrast to
AA, which is an omega-6 fatty acid, the omega-3 fatty
acids, after having been liberated from the cell membrane
phospholipids, are further converted into the non- or
anti-inflammatory eicosanoids LTB, and PGI;. AA
concentration is an important regulatory step in the
synthesis of both prostanoids and leukotriens. Dietary
supplementation with eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) has therefore been
used to decrease the ratio of AA to EPA or DHA to
obtain beneficial clinical effects. EPA and DHA are
found in animal fat and are quite expensive compared
to their precursor alpha-linolenic acid (alpha-LNA)
found in flaxseed oil. We, therefore, performed a placebo-
controlled trial with alpha-LNA in 22 patients with
rheumatoid arthritis, using a linoleic acid preparation
as a placebo. After a 3-month follow-up, the treat-
ment group showed an increased bleeding time, but
the clinical, subjective (global assessment, classification
of functional status, joint score index, visual analogue
scale, pain tendereness score) and laboratory parameters
(haemoglobin, erythrocyte sedimentation rate, C-reac-
tive protein) did not show any statistical alterations.
AA, EPA and DHA did not change either in spite of a
significant increase in alpha-LNA in the treatment group.

D.C.E. Nordstrom - C. Friman - Y. T. Konltinen
Fourth Department of Medicine, Division of Rheumatology,
Helsinki University Central Hospital, Finland
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Thus, 3-month’s supplementation with alpha-LNA did
not prove to be beneficial in rheumatoid arthritis.

Key words Dietary intervention -
Rheumatoid arthritis

Alpha-linolenic acid

introductlon

Rheumatoid arthritis (RA) is an inflammatory disease
involving multiple synovial joints. RA is associated with
the classical signs of inflammation, including vasodilata-
tion, oedema, pain in movement and joint tenderness.
These symptoms are probably to some extent due to the
local production of pro-inflammatory eicosanoids, in
particular prostaglandins (PG) such as PGE, [1] and
leukotrienes (LT) such as LTB, [2]. Accordingly, non-
steroidal anti-inflammatory drugs (NSAIDs) are widely
used in the treatment of RA. One important mechanism
of action of these NSAID-type drugs is believed to be a
direct enzymatic inhibition of the PGH, synthetase en-
zyme, which catalyses two subsequent reactions: first,
5-cyclo-oxygenazation of arachidonic acid (AA) into a
labile intermediate PGE, immediately followed by con-
version into PGH,; PGH, is further metabolized into
pro-inflammatory prostanoids such as PGE,. Steroids,
administered intra-articularly or systemically, are even
more efficient anti-inflammatory drugs. This seems to be
due to induction of lipomodulin, which binds to cell
membrane phospholipids and prevents the action of the
enzyme phospholipase A,, which otherwise would be
able to cleave AA from cell membrane phospholipids.
Diminished production of AA decreases not only the
production of the above-mentioned prostanoids. but
also the production of alternative AA products, namely
various leukotrienes such as LTB,. These are usually
formed from AA by the enzyme 5-lipoxygenase, which
converts AA into 8R, 15S-di-hydroxyeicosatetraenoic
acid, which is further metabolized into pro-inflammatory
leukotrienes such as LTB, [1].
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Because AA concentration is an important regulatory
step in the synthesis of both prostanoids and leukotrienes
[3], dietary supplementation with eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) has been used
to decrease the ratio of AA to EPA and DHA. In contrast
to AA, EPA and DHA, after having been liberated from
the cell membrane phospholipids, are further converted
into the non- or anti-inflammatory eicosanoids LTB,
and PGI;. The clinical effects are beneficial and are
well documented [4-9]. Because EPA and DHA are
found in animal fat, they are quite expensive compared
to their precursor alpha-linolenic acid (alpha-LNA),
which is found in flaxseed oil. Therefore, nutritional
supplementation by flaxseed oil could be a rational
alternative. It has been speculated that alpha-LNA could
be beneficial by two different means: first, by being elon-
gated into long-chain EPA- and DHA-type fatty acids
(and thus decreasing the AA “load”) and second, by
competing with linoleic acid (LA) for the AS-desaturase
enzyme, which would lead to formation of AA from LA,
and thus, diminish AA and inflammation caused by
metabolites therof. Furthermore, alpha-LNA could have
a steroid-like effect by decreasing production of both
pro-inflammatory prostanoids and leukotrienes [1-3].
Therefore, we decided to perform a double-blind, ran-
domized study comparing alpha-LNA to “placebo”
(Maxseed to safflower seed).

the chief investigator (DN) at the beginning and end of the treat-
ment period (Table 1). Soft tissue tenderness was also measured
using a dolorimeter. The tender points used were those proposed by
Yunus et al. [15], except that we measured the lower lumbar and
cervical spine bilaterally. Pressure was increased gradually by the
physician and removed as soon as the patient indicated discontent
verbally. The pain threshold levels at different sites were normalized
and summed up for pain tenderness scores [16]. In addition, the
bleeding time (by the method of Duke) was measured lo assess
patient compliance.

The fatty acid profile (percentage change in AA, EPA, DHA,
alpha-LNA and LA; Table 2) of serum phospholipids was measured
using the method developed by Metsa-Ketcld et al. [11]. Lipids were
extracted with chloroform/methanol (2:1) and fractionated with
thin-layer chromatography (Kiselgel G, Merck, Germany) into nat-
ural lipids, free fatty acids, free cholesterol and phospholipids by
using petroleum ether/diethyl ether/acetic acid (80/20/1) as a sol-
vent. The phospholipid fraction was scrapped into glass-stopped
tubes and transmethylated in 1.4 M HCl in dry methanol at +85°C
for 2 h. The methyl esters of fatty acids were analysed in a HP 5890
gas chromatography (Hewlett Packard Company, Avondale, USA)
using an OV-351 silica capillary column (Nordion OY, Helsinki,
Finland). The peaks were quantified with a flame ionization detec-
tor and HP3393A integrator.

Table 1 Clinical data and outcome results in alpha-linolenic acid
treatment and linoleic acid placebo groups

Treatment group
(11 patients)
(before/after
treatment values)

Placebo group
(11 patients)
(before/after
treatment values)

Patlents and methods

The study was performed at the outpatient clinic of the Fourth
Department of Medicine, Helsinki University Central Hospital. The
22 patients of both sexes [mean ages; treatment group: 51 years
(range 34--62); placebo group: 53 years (range 40-72)] with RA
(fulfilling the 1987 ARA criteria [10]) were randomly enrolled from
a group that had previously participated in another nutritional
study [11]. All participants gave their informed consent in writing.
The entire study protocol was approved by the ethics committee
prior to initiation. Patients were told not to change their dietary
habits nor antirheumatic medication during the study period of 3
(3.240.8) months.

Flaxseed and safflower powders were kindly provided by Dr.
Paul Stitt (ENRECO, Essential Nutrient Research Company,
Manitowoc, Wisconsin, USA). Patients were randomized into two
groups. The treatment group ingested 30 g of faxseed oil (32%
alpha-LNA) per day for 3 months, while the control group received
30 g of safflower oil (33% linoleic acid). The safflower oil and
flaxseed oil powders were made identical in taste and appearance.
The dosage recommendations followed those given by the manufac-
turer. A larger dosage has been shown to produce diarrhoea, and
some patients experienced loose stools in the present study.

Clinica! assessment {patient’s and investigator’s five-scale glob-
al assessmenl, classification of functional class [12], Kaarela’s joint
score index (measuring joint involvement by swelling or limitation
of motion in proximal interphalangeal, metacarpophalangeal, wrist,
elbow, shoulder, toe, metatarsophalangeal, subtaloid, talocrural,
knee and hip joints on each side and cervical spine; each joint
scoring one and the maximum joint score being 23) [13], subjective
visual analogue scale for pain [14]} and the measurement of the
laboratory values reflecting the activity of disease [sedimentation
rate, C-reactive protein (CRP), haemoglobin] were performed by

Clinical data

Age (years)

Disease duration
(years)

Global assessment
(patient)

Global assessment
(doctor)

Funclional class

Joint score index

Visual analogue scale

51 (range 34-62)
9.6 (range 4-20)

3.0+0.8/29+09
2.840.9/2.840.9
21407/19+0.7

9.347.9/9.147.5
40+2.7/4.0+3.3

53 (range 40-72)
13.8 (4-36)

2.740.5/2.7+0.5
2.340.5/2440.5
1.940.3/1.9+03

11.5+4.2/9.5+4.3
44+18/4642.2

(pain)
Laboratory parameters
Sedimentation rate 3094241/ 3424204/
(mm/h) 35.7+27.1 32.5420.5
C-reactive protein 17.24+ 9.6/ 21.7+119/
(mg/l) 20.3+12.4 21.8416.8
Haemoglobin (g/1) 128.6 +12/ 129.8+ 9.5/
127.2+11.1 132.2+10.8
Bleeding time (min) 31+ 1.2/42+13 314 1.1/22+1.5
Medication n n
NSAID 11 11
Corticosteroids orally 3 4
Sulphasalazine 2 4
Gold 51 32
(intramuscular/oral)
Azathioprine 0 1
Penicillamine 1 1
Methotrexate i 0
Hydroxychloroquine 1 i




Table 2 Change in fatty acid profile in alpha-linolenic acid treat-
ment and linoleic acid placebo groups

Fatty acid Treatment group Placebo group
(before/after treatment) (before/after treatment)
(%. SD) (P value) (%, SD) (P value)
Alpha-linolenic acid 0244029 0.04* 0.01+0.13 0.84
Linoleic acid 1.13+389 041 24 +242 0.008*
Arachidonic acid -004+0.73 0.88 0.08+0.93 0.78
Eicosapentaenoic acid 0.02+0.38  0.87 -0.75+1.31 0.09
Docosahexaenoic acid 0.454+1.30 0.43 ~0.15+1.53 0.74

* P<0.05

The hardware used in the study was an IBM PC/AT. All the
statistical analyses were performed using Biomedical’s data process-
ing program (BMDP, version 1993). In before/after comparisons,
the statistical significance tests were performed using paired r-test
(BMDP3D) of variances. Standard deviation (SD) was used to
indicate dispersion of results and a P value of <0.05 or less was
considered statistically significant.

Results

After 3.2+ 0.8 months of supplementation, the serum al-
pha-LNA acid concentration (0.24+0.29, P=0.04) and
the bleeding time (1.03 +3.13, P=0.35) were increased in
the flaxseed oil group, and the LA concentration
(2.4+2.42, P=0.008) was increased in the safflower oil
group (Tables 1, 2), confirming overall patient compli-
ance. None of the clinical parameters nor the condition of
the patients improved in the flaxseed oil group (Table 1).
Some of the parameters reflecting disease activity im-
proved in the safflower oil group (difference in before/af-
ter values; flaxseed vs. safflower; haemoglobin, CRP).
The pain tenderness score assessed by the dolorimeter did
not change in either group.

The trace element status reflecting nutritional potential
for desaturation (zinc) and for antioxidation (selenium,
zinc) was as follows. The serum zinc was 12.2 + 1.6 pumol/l;
five patients had low serum zinc levels (< 11 pmol/l) [11].
The serum selenium was 116.2+ 21.2 pg/l. Copper con-
centrations may indicate inflammatory activity; the mean
value of 23.7 + 4.2 pmol/l was somewhat higher than the
upper limit of normal values of 22 umol/l [11]. Eleven
patients exceeded this upper limit value.

Discusslon

Inflammation in RA is in part caused by metabolites of
AA and, therefore, it might be expected that a decreased
load of AA could be beneficial. To this end RA patients
were supplemented wiht either alpha-LNA or LA in a
double-blind and randomized manner. Participation in
the study was voluntary and patient compliance seemed
excellent. This was supported by the change, during the
course of the dietary intervention, in the serum phospho-

233

lipid fatty acid profile; after the codes were opened, it was
shown that patients on alpha-LNA specifically had sig-
nificantly increased alpha-LNA serum values (with no
changes in LA levels) and, vice versa, patients on LA had
significantly increased LA values only.

Not only did the dietary intervention have an objec-
tive effect on the serum phospholipid fatty acid profile
(Table 2), but also the bleeding time was affected, being
lengthened in patients on alpha-LNA. This has also been
reported by others [17, 18] and has been considered to be
due to the rapid turnover of the cell membrane phospho-
lipids in the nuclear platelets and thus a rapid change in
lipid mediators, including the pro-aggregatory throm-
boxane A,, released upon platelet activation induced by
surface contact [18)]. This welcomed effect of alpha-LNA
has also been used successfully in the secondary preven-
tion of coronary heart disease [18].

Contrary to expectations, there was no clinical im-
provement in RA patients on alpha-LNA (or LA; Table 1).
In particular, it was of interest that there was no change
in the pain threshold in alpha-LNA-supplemented pa-
tients. It is known that PGE,, PGI, and 8R, 15S-diHETE
(an intermediate in the LTB, metabolism) sensitize the
primary afferent nociceptive fibres to subsequent stimuli
including mechanical pressure {19, 20}. If there had been
a favourable effect on the prostaglandin metabolism, this
could have led to a higher pain threshold in the soft
tissues also. However, this was not the case.

Increased intake of (omega-3) polyunsaturated fatty
acids (PUFA) without adequate antioxidant protection
could result in increased free radical formation and lipid
peroxidation. Thus, when (omega-3) PUFAs are used to
reduce the inflammatory events of RA, their possible
adverse effects should be considered and prevented [21].
It has been shown that in patients with inflammatory
joint disease the synovial fluid concentration of alpha-to-
copherol is significantly lower relative to that of paired
serum samples [22]. This indicates the consumption of
alpha-tocopherol within the inflamed joint, perhaps due
to its role in the termination of lipid peroxidation. PUFAs
are easily oxidized and, therefore, the antioxidant protec-
tion should be properly acknowledged. Normally the
vegetable oils provide lipid-soluble antioxidants in addi-
tion to fatty acids.

Alpha-LNA and LA are the most abundant PUFAs in
Western diets, with LA body levels usually exceeding
those of alpha-LNA. It is therefore possible that a short-
term supplementation for 3 months only was not enough
to significantly increase the alpha-LNA ;LA ratio. If that
were the case, supplementation with alpha-LNA would
not change the EPA and DHA profile. This was sup-
ported by the present observations, because alpha-LNA
supplementation increased the serum alpha-LNA levels
(P =0.04) but had no effect whatsoever on EPA, DHA,
AA or other fatty acids (Table 2). Although minor effects
on prostaglandin levels might be possible [23], this was
not reflected in the clinical status; clinical and laboratory
disease activity parameters were unaltered in patients re-
ceiving alpha-LNA. On the other hand, LA supplemen-
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tation, which might have been expected to lead to an
increased AA load, did not increase the serum AA levels
(but did, however, decrcase EPA and DHA levels;
Table 2) not did it change disease activity scores. Adam
et al. [23] have shown that PG synthesis, but not the
conversion of LA to AA is suppressed by alpha-LNA
ingestion in man.

Some studies have indicated possible clinical benefits
of supplementation by both gamma-linolenic acid of the
omega-6 series and by fish oils of the omega-3 series in the
treatment of RA [24, 25]. Conversion of alpha-LNA to
EPA and DHA in man has been suspected for some time;
recent findings suggest that such a conversion, initiated
by the A®-desaturase, is indeed possible. However, the
extent of such a change is an open question and may be
dependent on zinc. The utilization, metabolism and lipid
peroxidation of fatty acids depend, in addition to vita-
min E, on other nutrients such as zinc. In particular, zinc
controls A®-desaturase activity, catalysing the first step
from linolenic acid to EPA and LA to gamma-linolenic
acid [26]). A low intake of zinc may impair desaturation
and elongation of essential fatty acids. Low zinc levels
apparently increase oxidation of alpha-LNA [27]. It was,
therefore, of interest that the RA patients in this study
had low serum zinc values. Low conversion of alpha-
LNA to EPA and DHA, together with a low alpha-
LNA:LA body ratio, might explain why a short-term
alpha-LNA supplementation did not alter the RA disease
activity.
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INTRODUCTION

The interactions between the interphase of chronic inflammation, medication and diet are not known.
We tackled this problem by combining new tools, Setti-N nutritional database developed at National
Health Institute in Finland and multifactorial statistical analysis, with careful clinical and biochemical

characterization. RA provides a good model for such purposes and was subjected to a detailed study.

Abbreviations used: RA = rheumatoid arthritis; RF = rheumatoid factor; GSHpx = glutathione
peroxidase; SOD = superoxide dismutase; RBP = retinol binding protein; IL-1 = interleukin-1;
DMARD = disease modyfying anti-rheumatic drug; RDA = recommended daily allowance; ROS =

reactive oxygen species

PATIENTS AND METHODS

Clinical characterization: Patients were recruited from outpatient clinic of the Helsinki University

Central Hospital. The extent of joint inflammation was recorded by using Kaarela's joint score index,
based on the presence of joint swelling. Sixteen extra-articular tender points were studied using a
force gauge dolorimeter; after transformation of the read outs to z-units, all were added to a single
tenderness score index. General inflammatory disease activity was assessed using Hb, ESR, CRP and
Waaler-Rose test for RF. Yarious demographic characteristics recorded included age, sex, weight and
height. Drug treatment and disease duration were recorded as well.

Biochemical tests: Blood samples were taken after overnight fast. Serum zinc and copper were

determined by flame atomic absorption spectrophotometry and selenium with a flameless AAS. Plasma

GSHpx was measured using 7 mM t-butyl hydroperoxide as substrate and H,0, as reaction initiator,
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whereafter NADPH to NADP conversion was followed by absorption spectrophotometry. Erythrocyte
SOD activity was analyzed by following superoxide production in xanthine oxidase system in the
presence of NBT. Vitamin A (retinol) was quantitated after HPLC spectrophotometrically by
measuring absorbance at 205 nm whereas vitamin E (alpha-tocopherol) fluorescence intensity was
measured using excitation at 292 nm and emission at 324 nm. Serum RBP and ceruloplasmin were
measured by immunodiffusion.

Dietary assessment: Nutritional therapist or physician gave detailed oral guidance to patients for a
throughout one-week dietary recording in three periods during three weeks. Patients were also
provided with detailed written instruction with examples. The portion sizes were assessed using a
booklet including information of standards in Finland. Supplementation and home-cooking recipes
were recorded. Transformation of nutrients was done suing Setti-N database covering all food items
available in Finland.

Statistical analysis: Univariate linear regression was used for comparision of two variable. If variables
were skewed after logarithmic and square root transformations for Poisson-distributed variables or
Arcus sin transformation for variables presented as proportions, Spearman’s rank correlation was used
instead.

For comparision between groups, t-test was used for normally distributed variables and Mann-
Whitney test for skewed distributions. If there were more than two groups, one-way analysis of
variance and Kurskal-Wallis test, respectively, were used.

To study the independent effects of various recorded variables on continuous variables, such as the
concentration of a trace element or vitamin, multiple linear stepwise regression analysis in a forward
manner was applied. To adjust the material, if necessary, for e.g. age and sex, these were forces into
the model first.

In instead the independent effects of various recorded variables, including concentrations of various
trace elements and vitamins, on categorial variable were assessed, multiple stepwise logistic regression
was applied. The categorial variable thus studied was the treatment with various types of drugs

(NSAID, chloroquine, aurotiomalate, sulfasalazine, corticosteroids; yes/no).

RESULTS AND DISCUSSION

Serum zinc concentration was low in RA (10.2 2.0 vs 11.9 1.8 umol/l, p < 0.001). Linear multiple
regression disclosed e.g. that joint score index (r=-0.403, 39%, p<0.01), Hb (r=0.575, 51%, p<0.001),
CRP (r=0.409, 55%, p<0.01) and RF titer (r=-0.379, p<0.05) explained 59% of the variation of serum
zinc in a age and sex adjusted model. Food intake did not affect serum zinc and serum serum zinc did
not predict medical treatment. These results suggest that disease activity determines serum zinc
whereas nutrition and medication are unimportant as explanatory factors.

In animal models of arthritis, zinc accumulates in liver due to induction of metallothionein.
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Interestingly, this metallothionein is regulated by IL-1 (=catabolin, mononuclear cell factor), a
cytokine reponsible for many local and systemic inflammatory events. Infusion of recombinant IL-1
causes a decrease in serum zinc. This biochemical background and our observations suggest that, in
RA, low serum zinc is caused by IL-1.

Low serum zinc did not compromise erythrocyte Cu,Zn-SOD, which was somewhat increased in
RA (4138 562 vs 3704 342 U/g Hb, p<0.001). Interestingly, there was a correlation between plasma
vitamin A and serum zinc (r=0.383, p<0.005; n=61). We believe that this novel statistical association
has its pathophysiological explanation in that the synthesis of RBP in liver is regulated by zinc.
Accordingly, when we measured RBP in 30 of our patients, we found a correlation between vitamin
A and RBP (R=0.942, p<0.001) as expected, but also between RBP and serum zinc (r=0.440, p<0.02).
This supports the above mentioned hypothesis and implies a marginal deficiency in functional zinc.

Serum copper was high in RA (23.7 5.3 vs 17.6 4.9 umol/l, p<0.001), except in patients over 65
years of age. The raw correlations of serum copper to disease activity parameters (ESR (r=0.323,
p=0.01), CRP (p=0.363, p<0.005), Hb (r=-0.272, p<0.05) were significant but the multiple regression
picked up joint score index as the only significant, independent predicting parameter (r=0.383, 33%,
p<0.01) in age- and sex-adjusted model. Interestingly, serum copper was high in patients on
DMARD (p<0.01), which drugs were not commonly used in patients over 65 (p<0.01).

Serum copper had the highest correlation with cerulolasmin, which suggests this as the major
reason for high serum copper in RA. Interestingly, ceruloplasmin is part of the above mentioned IL-
1/IL-6-mediated acute phase response. The same stimulus may thus be responsible for low serum zinc
and high serum copper in RA. Association with ceruloplasmin assumes even more significance
because of the role of ceruloplasmin as one of the major antioxidants in the aqueous body humours.

It is also noteworthy that the cytoplasmic Cu,Zn-SOD is more sensitive to the availability of copper
than of zinc and accordingly, erythrocyte SOD activity was not decreased but in fact increased.
Cu,Zn-SOD gene has been sequenced and at least in rat lung is induced in response to hyperoxia
(=oxidative stress), which may suggest that the increase in erythrocyte Cu,Zn-SOD is reactive
(erythroid precursors in the bone marrow).

Serum copper was also influenced by nutritional factors, namely zinc intake. This is strongly
suggested by a correlation between plasma copper/copper intake ratio on zinc intake (r=-0.638,
p<0.001) but not on plasma zinc.

Serum selenium was low in RA and the extent of this decrease was associated with the extent of
joint inflammation. Selenium resides at the four active sites of anti-oxidant enzyme GSHpx in a
catalytically active selenocysteine residue at amino acid 47. This is the only firmly established role
of selenium in man. However, plasma GSHpx was similar in RA and controls (308.6 4.2 vs 308.0 10.5
U/l). Again, recent isolation and characterization of GSHpx gene made it possible to study gene

regulation using a promyelocytic human HL-60 cell line. Human GSHpx gene appears to be regulated
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post-transcriptionally, probably co-translationally, in reponse to selenium availability. This together
with our findings may imply that selenium status in not compromized.

Serum vitamin A was low in RA (2.043 0.671 vs 2.336 0.597 umol/I, p<0.05). There was a
significant correlation between serum vitamin A and Kaarela’s joint score index in Spearman’s rank
correlation test (r=0.330, p<0.01). However, when the above mentioned correlation between serum
zinc (-RBP) and vitamin A was taken into multiple linear regression, disease activity lossed its
explanatory value. We extrapolate our findings so that vitamin A is mainly regulated by Zn-dependent
RBP synthesis in liver.

Fat soluble vitamin E is intercalated in biological lipid bilayer membranes so that the hydrophobic
tail anchors the molecule in such an orientation as to position the reactive, anti-oxidant hydroxyl
group at the polar hydrocarbon interphase of the membrane. Here vitamin E excerts is role as the
major lipid peroxidation chain-breaking anti-oxidant. Vitamin E was low in RA (17.78.2vs25354
umol/l, p< ), also if vitamin E/(total cholesterol + triglycerides) was used as a variable. However,
disease activity parameters were poor predictors. Due to its lipophilia, vitamin E stores are mainly in
fat tissue. These vitamin E stores are large compared to RDA. With these vitamin E stores as a
"buffer", serum vitamin E and disease activity parameters are likely to get out of pace i.e. we interprit
our findings as increased consumption of vitamin E by RA-associated lipid peroxidation in vivo.

When vitamin E reacts with fatty acid peroxyl radical, tocopheroxyl radical and fatty acid
hydroperoxide are formed. Tocopheroxyl radical can be reduced back to vitamin E by water soluble
anti-oxidants such as ascorbate or glutathione (recycling of vitamin E) and the seleno-enzyme GSHpx
catalyzes the reduction of unsaturated lipid hydroperoxide to lipid hydroxyacid. Thus, vitamin E and
GSHpx act in concert in termination of lipid peroxidation. However, vitamin E is an essential
nutrient,whereas GSHpx may be regulated at gene level as discussed above. This may be an
explanation of the present finding on low serum vitamin E en face of normal plasma GSHpx.

Sulfasalazin acts as a superoxide scavenger. We found that GSHpx was high in patients on
sulfasalazine compared to other RA patients (343.4 48.2 v5 299.6 32.9, p<0.002). Also in multivariate
analysis sulfasalazine treatment was the best predictor of GSHpx. These findings taken together
suggest that in RA there may be an increased consumption of GSHpx combined with increased
synthesis, a situtation unmasked in sulfasalazine treated patients.

ROS formation in RA has been in particular associated with two different generator systems:
NADPH oxidase in the plasma membrane of neutrophils and monocyte/macrophages (inflammation)
and xanthine oxidase/hypoxanthine system activated by ischcemia/reperfusion. ROS, in particular
OH, can have deletary effects on unsaturated lipis, proteins and DNA. although site specific
production and production in the bulk phase may also serve useful purposes, such as enzyme
activation and microbicidal effects. Oxidant stress seems to cause consumption of anti-oxidants like

vitamin E, vitamin A, GSHpx etc even under physiological conditions - if strenuous physical
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exercises can be regarded as such. Our observations in RA are in line with the earlier observations
on the effect of oxidant stress in e.g. exercise and inflammation. In some conditions the harmful
effects of oxidant stress can be recuperated or prevented by antioxidant treatment, so e.g. retrolental
fibroplasia in premature babies with respiratory distress syndrome, who are exposed to high oxygen.
Whether oxidant damage in RA is primary or secondary or whether it can be modified by e.g. dietary

changes or supplementation regims, is an open but interesting question.

SUMMARY

The interactions at the interphase of nutrition, disease activity and medication in RA were studied.
In linear multiple regression, low serum zinc was predicted to 66% by six disease activity parameters
in age- and sex-adjusted model. Low zinc is most likely due to IL-1-driven, metallothionein-
mediated sequestration in liver. Also high serum copper is explained by the same driving stimulus in
that the highest correlation was on serum ceruloplasmin, which being an acute phase reactant, is also
regulated by IL-1/IL-6. Accordingly, Cu,Zn-SOD, particularly sensitive to the availability of copper,
was not decreased. In contrast, high erythrocyte Cu,Zn-SOD suggests a reactive synthesis in erythroid
precursors, perhaps by O, driven gene activation. Serum selenium was slightly lowered, whereas
plasma GSHpx activity was normal, although human GSHpx gene is regulated by the availability of
selenium.

In patients on sulfasalazine, a superoxide scavenging DMARD, GSHpx was high, unmasking an
underlying increase in GSHpx consumption in RA. This is in accordance with low serum vitamin E
(17.7 8.2 vs 25.3 5.4 umol/I, p<0.05) intepreted to be a result of its consumption at the major lipid
peroxidation chain-breaking anti-oxidant acting in concert with GSHpx. Vitamin A was also slightly
lowered (2.043 0.671 vs 2.336 0.597 umol/I, p<0.05) but this was best explained by the effect of low
zinc on RBP synthesis in liver.

Assessment of food intake using Setti-N nutritional database disclosed that serum vitamin A was
also affected by intake. The only other nutritionally affected process was absorption of copper, which
was decreased by high zinc intake, probably due to induction of metallothionein in intestinal
epithelial cells. In addition to sulfasalazin effect on GSHpx, logistic model showed that DMARD
medication was associated with high serum copper. Otherwise medication and diet did not affect
serum levels of the substances studied.

It is not known at present, whether some of the key antioxidants and trace elements are just markers
of underlying pathophysiological processes or whether they are consumed to the degree as to cause
harm and motivate therapeutic intervention. Reactions and treatment potentials involved, however,
are highly complex.
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