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The aim of the study was to investigate the level of some prooxidants and the
activity of certain antioxidant enzymes in the blood of patients suffering from
rheumatoid arthritis (RA). For this purpose we determined the level of nitric
oxide (NO) and lipid peroxidation measured as malondialdehyde (MDA) in
blood, as well as the activity of the erythrocyte antioxidant enzyme, superoxide
dismutase (SOD), and of the whole blood enzyme glutatione peroxidase (GPO).
The concentration of Zn in serum was also determined. The results revealed
a significantly increased level of NO in the blood serum of patients with RA,
while the content of MDA was not considerably elevated as compared to
control. Interestingly, there was a positive correlation (r = 0.52) between NO
and MDA levels in the blood of the patients. The activity of SOD in erythro-
cytes of RA patients was by 24.3% lower as compared to control. The level of
Zn was also diminished by 27.6% in the group of patients as compared to
control, as was the activity of another antioxidant enzyme, GPO (by 39.6%).
The present study revealed that increased levels of free radical concentration
and lipid peroxidation in RA patients were not accompanied by significant
changes in the activity of antioxidant enzymes.
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INTRODUCTION

Oxidative stress defined as an imbalance between
oxidants and antioxidants potentially leading to
damage has been associated with a number of mor-
bid states in humans (1). Several studies suggest
that oxidative stress plays a significant role in the
pathogenesis of rheumatic diseases, too (2-4). It was
shown that in inflammatory arthritis and osteoar-
thritis (OA) joint cartilage damage together with
bone damage is induced by inflammatory cytokines
and other mediators such as enzymes, nitric oxide
(NO) and other highly reactive oxygen species (ROS:
superoxide radical, hydrogen peroxide, hydroxyl radi-
cal) produced by activated neutrophils, chondrocytes,
lymphocytes, macrophages, endothelial cells (3, 5,
6). By several observations, a role of NO as well as
of other ROS in chondrocyte apoptosis and matrix
loss was suggested (7). In addition to the existing
opinion about the role of ROS in the pathogenesis
of systemic lupus erythematosus (SLE), recent find-
ings support the hypothesis that cytokine-activated
endothelial cells and an increased inducible NO syn-

thase activity play a central role in the development
of vascular injury that characterizes SLE (8).

In accordance with enhanced oxidation, patients
with rheumatoid arthritis (RA) and other rheumatic
diseases exhibit abnormalities consistent with injury
of membranes by lipid peroxidation. All ROS at-
tack polyunsaturated fatty acids in the membrane
lipids, causing lipid peroxidation which may lead to
a damage of cell structure and function. Decompo-
sition of peroxidized lipids yields a variety of end
products, including malondialdehyde (MDA), el-
evated levels of which have been reported in the
serum and synovial fluid of patients suffering from
RA (2, 9). It has been shown that MDA levels are
reliable indicators of ROS molecular reaction.

As is well known, in order to prevent the dam-
age caused by ROS, multiple enzymatic and nonen-
zymatic defence systems called antioxidants are
present in human cells and tissues. It has been
considered that imbalance between ROS and anti-
oxidants may be a cause of destruction of tissues
and may impact immunological response. In case of
rheumatic diseases it seems to be associated with a
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reduced capacity of enzymatic and nonenzymatic
(vitamins E and C, etc.) antioxidant systems to con-
vert ROS into more inert species. This in part can
be explained by a beneficial effect observed follow-
ing treatment of equine and human OA with super-
oxide dismutase (SOD), an intracellular antioxidant
(10). The hypothesis exists that a low antioxidant
level is a risk factor for RA (3). In case of OA
antioxidants could play a great role in preventing its
progression (8).

Glutathione peroxidase (GPO) and SOD are
important members of the antioxidant team that have
been shown to destroy ROS and other free radicals
by enzymatic mechanisms (12). Some observations
suggest that erythrocytes could also be important in
handling the ROS generated by activated neutro-
phils in the surrounding medium. However, the
protective efficiency of erythrocytes against lipid
peroxidation would depend on the balance between
oxidant species and the availability of antioxidant
defences (13, 14).

Since ROS and antioxidant defence mechanisms
appear to act in concert rather than alone, the aim
of this study was to investigate the level of repre-
sentatives of prooxidants (NO, MDA) and the ac-
tivity of antioxidant enzymes (SOD and GPO) in
the blood of patients suffering from RA in com-
parison with those in the healthy control group. The
concentration of Zn in the serum of patients and
controls was also determined, because it is present
in one form of SOD.

We also analysed the correlation of serum level
of prooxidant indices (NO and MDA) and Zn with
the activities of GPO and SOD as well as their
correlation with disease activity, mean disease dura-
tion and patient’s age.

MATERIALS AND METHODS

Blood samples were obtained from 22 hospitalised
patients suffering from RA. All patients were women,
mean age 53.6 = 11.2. RA patients had an active
disease according to the EULAR criteria (mean
activity 5.3 = 0.86), and mean disease duration was
2.08 = 1.78 years. The patient and healthy control
(10 persons) groups were comparable with respect
to age and gender.

NO was determined photometrically via its oxida-
tion products nitrite and nitrate on microtiter plates.
The nitrate present in the serum was reduced to
nitrite by reduced nicotinamide adenine dinucleotide
phosphate in the presence of the enzyme nitrate
reductase. The nitrite formed reacted with sulfanil-
amide and N-(1-naphthyl)-ethylenediamine dihydro-
chloride to give a red-violet diazo dye. The dye was
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measured on the basis of its absorbance in visible range
at 550 nm. The results were calculated from the cali-
bration curve using the standard solutions. For deter-
mination of NO, a test combination from Boehringer
Mannheim was used.

For the quantitative evaluation of lipid peroxides,
their transformation into a coloured compound un-
der the effect of thiobarbituric acid (TBA) was used.
MDA, the final product of fatty acids peroxidation,
reacts with TBA with the formation of a coloured
complex, which was determined spectrophotometri-
cally (Marcel-PRO spectrophotometer) at wave-
lengths of 530 nm and 580 nm. The MDA concen-
tration was calculated by regression (15).

SOD was determined in erythrocytes by the
colorometric method, using a Ransod SOD pack
(Randox). This method employs xanthine and xan-
thine oxidase (XOD) to generate superoxide radi-
cals which react with 2-(4-iodophenyl)-3-(4-nitro-
phenol)-5-phenyltetrazolium chloride (I.N.T)) to form
a red formazan dye. The colour was measured on
the basis of its absorbance at 505 nm. The super-
oxide dismutase activity was then measured by the
degree of inhibition of the described reaction. He-
parinized whole blood samples were used. Then
0.5 ml of whole blood was centrifuged for 10 min at
3000 rpm and aspirated off the plasma. The ery-
throcytes were washed four times with 3 ml of 0.9%
NaCl solution and centrifuged for 10 min at
3000 rpm after each wash. The washed centrifuged
erythrocytes then were made up to 2.0 ml with re-
distilled water, mixed and left to stand at +4 °C for
15 min. The lysate was diluted with 0.01 mmol/l
phosphate buffer pH 7.0, so that the % inhibition
fell between 30% and 60%.

Glutathione peroxidase (GPO) was determined
in heparinized whole blood using a Ransel GPO
pack (Randox). The method of GPO determination
is based on the oxidation of glutathione by cumene
hydroperoxide. In the presence of glutathione re-
ductase and NADPH the oxidised glutathione is
immediately converted to the reduced form with
concomitant oxidation of NADPH to NADP*. A
decrease in absorbance at 340 nm was measured.

The preparation of serum samples for determi-
nation of Zn is described by de Blas et al. [16]. The
serum was separated within 30 min of blood collec-
tion and stored frozen (-20 °C) until required for
analysis. A sample of 0.2 ml serum was placed in a
digestion tube, and 0.1 ml 65% HNO, and 0.1 ml
95% H,SO, were added. The digestion tubes were
placed in oven and heated gently until the froth
disappeared. After that the temperature was raised
to 130-150 °C until the solution became dark (ca
1h). The samples were cooled to room tempera-
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ture, 0.1 ml 65% HCIO, was added, and heating
was resumed until white fumes began to appear,
but not above 180 °C. After acid digestion, the
samples were not diluted further. The concentration
of Zn in the serum was determined and calculated
by the standard addition method, using an atomic
absorption spectrophotometer.

The results were statistically analysed by the Sta-
tistic for Windows program.

RESULTS AND DISCUSSION

The results revealed that patients with RA had an
almost two and a half times higher level of NO in
blood serum than did control group (28.07 * 2.70
and 11.58 * 1.93 pmol/l, respectively). Unfortunately,
as is shown in Fig. 1 (A, B), the distribution curves
of NO data of the patient and control groups were
not very different. While changes in the content of
NO in RA patients were significant, the level of an-
other representative of prooxidants, MDA, in blood
was not considerably elevated as compared to con-
trol (3.68 = 0.57 and 4.18 = 1.15 nmol/l, respec-
tively). Interestingly, a positive correlation (r = 0.52)
existed between NO and MDA levels in the blood
of RA patients. Similarly, the blood NO and MDA
levels showed a positive although insignificant corre-
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Fig. 1. NO histograms and distribution curves of RA and
control group

lation with the age of patients, duration of illness and
disease activity.

From these results and data reported by other
researchers (2, 4, 15, 18) it is clear that elevat-
ed NO and (to a less extent) MDA levels in the
blood of patients ill with RA and other rheumatic
diseases are indicators of increased ROS produc-
tion. The latter could be responsible for cartilage
degradation, joint damage and changes in immuno-
logic reactivity in RA patients. In addition, a direct
positive correlation observed by us between NO and
MDA levels in the blood of RA patients could
imply an interrelationship among individual prooxi-
dants, which might certainly influence the final out-
come of the disease. It could be very important in
those cases that excessive prooxidant production is
not inhibited by the combined activities of various
antioxidants present in blood and other tissues.

It was shown by us that the activity of SOD in
the erythrocytes of RA patients was by 24.36% lower,
but insignificantly as compared to control. These
findings are in good agreement with the data of
other researchers (2). Some authors have reported
a significant decrease in erythrocyte SOD activity in
RA patients (17). As is shown in Fig. 2 (A, B), the
histograms and the shape of distribution curves of
SOD activity were a little different in RA and con-
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Fig. 2. SOD histograms and distribution curves of RA
and control group
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trol groups. The correlation of SOD activity with
the age of patients, disease activity as well as with
the duration of illness was imperceptible.

The results of Zn determination in serum showed
that its level diminished by 27.6% in the group of
patients suffering from RA as compared to control
(74.86 = 19.75 and 102.09 = 25.00, respectively).
These data could be somehow connected with
changes in the SOD level, because the total enzyme
activity is influenced by the presence of Zn along
with Cu and Mn. Unfortunately, the correlation
between the SOD activity and Zn content in RA
patients, although positive, was very weak (r = 0.25)
and insignificant. As in the cases with SOD activity,
a correlation of Zn content with the patient’s age
as well as with disease activity and duration was
insignificant.

The activity of another antioxidant enzyme, GPO,
in the blood of RA patients was also diminished by
39.6% as compared to control. GPO activity histo-
grams and distribution curves of RA and control
groups are presented in Fig. 3 (A, B). One can see
that they are not identical. Interestingly, in the case
of GPO there was a definite negative correlation
(r =-0.66, p < 0.01) between the duration of ill-
ness and the activity of this enzyme.

Thus, our data showed that in RA patients as
compared to control the levels of prooxidants were
increased, accompanied by suppressed activities of
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Fig. 3. GPO histograms and distribution curves of RA
and control group
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the antioxidative enzymes SOD, GPO and a blood
lower level of Zn.

So, data of the present study show that increased
levels of free radical concentration and lipid peroxida-
tion (measured in blood as NO and MDA, respec-
tively) in RA patients were not accompanied by sig-
nificant changes in the activity of the antioxidant
enzymes SOD and GPO. These results suggest that
the increased oxidant stress present in RA is not
compensated by the protective action of free radical
scavenging enzymes.
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PRO- IR ANTIOKSIDACINES SISTEMOS
KOMPONENTU TYRIMAS LIGONIU, SERGANCIU
REUMATOIDINIU ARTRITU, KRAUJYJE

Santrauka

Tirti pro- ir antioksidacinés sistemos komponenty pokyciai
ligoniy, serganciy reumatoidiniu artritu (RA), kraujyje.
Tam tikslui buvo nustatyta azoto oksido (NO) ir malon-
dialdehido (MDA) koncentracija kraujyje, superoksido
dismutazés (SOD) aktyvumas eritrocituose ir gliutationo
peroksidazés (GPO) aktyvumas kraujyje. Taip pat tirtas
mikroelemento Zn kiekis kraujo serume. Gauti rezultatai
parode, kad NO koncentracija ligoniy, serganiy RA,
kraujo serume rySkiai padidéja, lyginant su kontroline
grupe, kai tuo tarpu MDA kiekio skirtumas tarp abiejy
grupiy buvo nedidelis. Nustatyta teigiama koreliacija (r =
=0,52) tarp NO ir MDA kiekiy RA ligoniy kraujo
serume. Lyginant su kontroline grupe, eritrocity SOD
aktyvumas buvo mazesnis 24,3%, o GPO aktyvumas kraujo
serume — 39,6%. Nustatyta sumazejusi Zn koncentracija
ligoniy kraujo serume (27,6%), palyginus su kontroline
grupe. Pateikti duomenys leidZia manyti, kad reumatoidiniu
artritu serganciy ligoniy kraujyje dél nepakankamo anti-
oksidanty aktyvumo padidé¢ja laisvyjy radikaly koncent-
racija bei lipidy peroksidacija.

Raktazodziai: antioksidatoriai, azoto oksidas, cinkas,
gliutationo peroksidaze, malondialdehidas, prooksidatoriai,
reumatoidinis artritas, superoksido dismutaze
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