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Abstract

The aim of this study was to investigate erythrocytes rheological behaviour, membrane dynamics and erythrocytes
susceptibility to disintegration upon strong oxidative stress induced by dialysis or by external H,O, among patients with
CRF. EPR spectrometry was used to investigate alterations in physical state of cellular components. Generated ROS
production induced: (1) significant increase of membrane fluidity in CRF erythrocytes treated with H,O, (p < 0.005) and at
60 min of haemodialysis (p < 0.05), (2) significant decrease of cytoskeletal protein—protein interactions (p < 0.005) and (3)
cellular osmotic fragility (p <0.0005). H,O, exacerbated these changes. Erythrocytes from CRF patients have changed
rheological behaviour and present higher susceptibility to disintegration. Erythrocytes membrane characteristics indicate
that CRF patients possess younger and more flexible cells, which are more susceptible to oxidative stress. This may
contribute to the shortened survival of young erythrocytes in CRF patients.
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Abbreviations: CRFE, chronic renal failure; HD, haemodialysis; EPR, electron paramagnetic resonance; MSL, 4-maleimido-
2,2,6,6-tetramethylpiperidine-1-oxyl; ISL, 4-iodoacetamide-2,2,6,6-tetramethylpiperidine-1-oxyl; 5-,12-,16-DS, 5-,12-,
16-doxylstearic acid; RBC, red blood cell; AChE, acetylcholinesterase; ROS, reactive oxygen species; RNS, reactive nitrogen
spectes; NO, nitric oxide; H,O,, hydrogen peroxide; SOD, superoxide dismutase; GSSG-R, glutathione reductase; GSH,
glutathione; PBS, phosphate buffered saline; MDA, malondialdehyde; NaCl, sodium chloride; AGEs, advanced glycoxidation
end-products; AOPB advanced oxidation protein products; LMW-C, low molecular weight carbonyls; HNE, 4-hydroxy-
nonenal; PUFA, polyunsaturated fatry acid.

Introduction

It has been reported that free radicals play a crucial
role in the pathophysiological pathways of different
clinical and experimental renal diseases. Patients
maintained on haemodialysis (HD), in particular
those treated with cellulose membranes (e.g. cupro-
phan membranes), are chronically exposed to the

oxidative stress as a result of predialitic-neutrophil
activation through the action of complement-activated
compounds [1]. Erythrocytes in chronic renal failure
(CRF) patients are damaged mechanically by shear
stress generated during flow through the dialyser and
peristatic pumps and chemically by reactive oxygen
species (ROS). Collision of erythrocytes and other
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blood cells as well as artificial materials leads to
physical damage to the plasma membrane and shear
induced erythrocyte haemolysis.

Reactive oxygen species such as hydrogen peroxide,
hypochlorus acids and oxygen radicals: hydroxyl,
superoxide and nitrogen oxide are released by pha-
gocyting cells during the contact of blood with
dialysis membranes [2,3]. The highest concentration
of reactive oxygen species was detected at 20 min of
haemodialysis [4,5]. Furthermore, free radicals pro-
duction stimulated with phorbol ester increases dur-
ing period of haemodialysis in the blood and inside
the cells [6,7]. Physical and chemical plasma mem-
brane damages lead to the release of haemoglobin,
which in reaction with hydrogen peroxide can form
ferryl or hydroxyl radicals, which are powerful
oxidizing agents. However, the most prominent and
effective representatives of oxidative stress in CRF
patients are: isoprostanes, oxysteroles, 4-hydroxyno-
nenal (HNE). For example, oxysteroles initiate ather-
osclerosis and increase the risk of coronary heart
disease [8,9]. It was shown that both in serum and in
cellular membrane not only polyunsaturated fatty
acids (PUFA) are oxidized but also oxysterols [8,9].
However, creation of isoprostanes, which are de-
tected in haemodialized patients, is related to inflam-
mation [10,11].

Oxidative stress, which is associated with chronic
renal failure, modifies molecules such as amino acids,
lipids, carbohydrates and proteins [12]. The in-
creased lipid peroxidation in plasma and erythrocytes
as well as in plates and mononuclear cells has been
reported in haemodialysed patients. Advanced gly-
coxidation end-products (AGEs), carbonyls (LMW-
C) and advanced oxidation protein products (AOPP)
are also examples of changes that occur in kidney
failure as well as in haemodialysis treatment [12].

The above reported examples of biochemical
alterations accompanying chronic renal failure may
explain higher incidence of complications such as
anaemia, atherosclerosis, accelerated ageing, cataract
and dialysis-related amyloidosis [12—-15].

ROS production in CRF patients can be addition-
ally exacerbated by the depletion of antioxidative
defenses [16,17]. Other causes of developed oxidative
stress are advanced age, chronic inflammatory state,
excessive parenteral iron administration and defi-
ciency of vitamins C, E and selenium. In these con-
ditions the main erythrocyte metabolic pathways are
inefficient. For example, decreased level of NADPH
and GSH and increased activity of glutathione
reductase (GSSG-R) have been described [18].

Considering that erythrocyte biosynthesis capacity
is very limited and that these cells have poor repair
mechanisms, exposition to the oxidative stress may
be mainly reflected in physical and/or molecular
modifications. Oxidative stress can induce changes
in composition and structure of erythrocytes compo-

Effect of haemodialysis and oxidative stress 41

nents, which can affect their interactions, membrane
structure and functions [19]. Moreover, lipid perox-
idation causes depolarization of lipids bilayer and
yields changes in the structural organization of
membrane lipids that is reflected in membrane
fluidity and, in consequence, can be important for
physiological functions of erythrocyte. Those pro-
cesses may contribute to the alterations in the
enzymatic activity of membrane bound proteins and
may result in protein—protein as well as protein—lipid
interactions. Results obtained based on the EPR
studies evidenced that during cell ageing n vivo
rigidification of membrane lipids was observed,
suggesting changes in lipid—protein interactions as
an important factor in the decrease of lipid fluidity in
aged cells [20]. Furthermore, acetylcholinesterase
(AChE) activity also reflects changes in the chemical
and physical properties of hydrophobic environment
of the membrane and is changed with cellular age
[21]. For example, in CRF patients higher activity of
AChE was reported that is connected with intrave-
nous erythropoietin (glycoprotein which stimulates
erythrocytes production) [22]. Thus, it can be con-
cluded that CRF patients had a higher number of
young erythrocytes, which were less dense with
higher membrane flexibility. Similar results are re-
ported by other studies [23—-25]. Besides, in CRF or
dialysed patients many erythrocytes changes can
occur after the cell enters the circulation [22].
Some of these changes are responsible for premature
removal of the senescent cells [26].

Normal erythrocytes have a life-span of 120 days
and reach this age contrary to uremic erythrocytes.
Survival of the CRF patients cells is decreased as in
patients treated with haemodialysis [7] because
uremic erythrocytes are eliminated from the circula-
tion earlier and a process of new cell production
occurs to compensate for early loss of old cells.
Hence, the uremic blood is enriched with younger
cells. We suggest that increased susceptibility of
erythrocytes to oxidative changes may be responsible
for their shortened survival.

The aim of this study was to evaluate erythrocyte
susceptibility to disintegration and to estimate
the changes in erythrocyte membrane dynamics
before, during and after haemodialysis. Furthermore,
the influence of oxidative stress induced by hydrogen
peroxide (H,O,) on physico-biochemical properties
of erythrocytes membrane and cellular susceptibility
has been presented among patients with CRF com-
pared to the healthy subjects. As markers of erythro-
cytes alterations, the conformational changes of
membrane proteins (mainly in the complex of spec-
trin-actin) and membrane dynamics described by
membrane fluidity were estimated. The latter one
is an important factor of cellular rheological beha-
viour and membrane microviscosity. Additionally, we
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investigated erythrocytes internal viscosity and osmo-
tic fragility.

Materials and methods
Chemicals

4-maleimido-2,2,6,6-tetramethylpiperidine-1-oxyl
(MSL), 4-iodoacetamide-2,2,6,6-tetramethylpiperi-
dine-1-oxyl (ISL) 5-,12-,16-doxylstearic acids (5-
DS, 12-DS and 16-DS) were obtained from Sigma
Chemical Co. (St. Louis, MO). All other chemicals
were analytical grade products from POCh (Gliwice,
Poland).

Subjects

The study population consisted of eight patients with
mild-to-advanced chronic renal failure (CRF), who
were treated at the Department of Internal Medicine
at the Medical University in Lodz. Among them six
patients had glomerulonephritis, one had diabetic
nephropathy and one had polycystic kidney disease.
Patients were dialysed with the use of cuprophan
dialysers DIACAP CE 1600. The mean age of
recruited patients was 58 (4 11) years. All patients
received erythropoietin. The control group of healthy
subjects was recruited among volunteers of the Out-
patient Center of Medical University in LLodz. The
mean age of the control group was 46 (+ 15) years.

Erythrocytes and erythrocyte ghosts

Venous blood samples were collected (in standard
sterile polysteryne vacuum tubes with heparine 16 U/
ml of blood) before dialysis, at 20 and 60 min of
dialysis session and 4 h after dialysis. Packed cells
were suspended in phosphate buffered saline (PBS)
to a haematocrit of 50%. Isolated erythrocytes from
healthy donors as well as from patients with CRF
before haemodialysis were treated with 100 um H,0,
at room temperature for 1 h and then washed with
PBS, pH 7.4.

Erythrocyte ghosts were prepared by the method of
Dodge et al. [27] with the modification including
hypertonic lysis using 20 mMm sodium phosphate
buffer (pH 7.4) at 4°C. The ghosts were successively
washed with 20, 10 and 5 mm phosphate buffer (pH
7.4) and finally suspended in 5 mm phosphate buffer
(pH 7.4) at 4°C.

Spin labelling of erythrocytes and erythrocyte ghosts

Erythrocytes were labelled with 5-,12-,16-doxylstearic
acid (5-DS, 12-DS and 16-DS) by introduction of the
doxyl derivatives in ethanol into the erythrocyte
suspension and incubated for 30 min at room tem-
perature. The final ethanol concentration in the
erythrocyte suspension was less than 0.05% (v/v).
From the EPR spectra the ratio %z, 1/hy was calculated,

with % ; representing the height of the low-field line
and /g representing the height of the middle-field line
of the spectrum. This ratio is correlated with lipid
bilayer fluidity and serves as a semi-quantitative
measure of acyl side chain flexibility [28].

To investigate conformational changes of mem-
brane proteins, 4-maleimido-2,2,6,6-tetramethylpipe-
ridine-1-oxyl (MSL) and 4-iodoacetamide-2,2,6,6-
tetramethylpiperidine-1-oxyl (ISL) were used, which
bind covalently to the —SH groups of membrane
proteins. Erythrocyte membranes were labelled with
MSL or ISL using 2 pl of ethanol solution with
100 mm MSL or ISL per 1 ml of membrane
suspension (~3 mg/ml of protein), and incubated
for 1 h at 4°C. Unbound spin label was removed
through several washings with cold phosphate buffer.
The effect of induced oxidative stress on the ratio of
weakly-to-strongly immobilized residues of erythro-
cyte membrane-bound MSL spin labels (%/h;) was
studied [29].

In the case of ISL, the mobility of attached spin
label was estimated by calculating the rotational
correlation time (z.) according to the Kivelson [30]
formula.

Electron Paramagnetic Resonance (EPR) spectra
were obtained at room temperature (22°C) using
a Bruker ESP 300 E spectrometer, operating at a
microwave frequency of 9.73 GHz. The instrumental
settings were as follows: centre field 3480G; scan
range 80G; modulation frequency 100 kHz; modula-
tion amplitude 1G.

Osmotic fragility

Osmotic fragility was estimated according to the
spectrophotometric method described by Marimoto
et al. [31]. Changes in osmotic fragility were pre-
sented as a concentration of sodium chloride (NaCl),
for which 50% of erythrocytes in the investigated
groups underwent haemolysis (C (50%)).

Erythrocyte internal viscosity

Erythrocyte internal viscosity was monitored as
described by Morse [32] using tempamine, which
easily goes through the membrane and stays unbound
inside of erythrocyte. Tempamine solution: 1 pl of
0.1 mol/l was added to the isolated erythrocytes and
next erythrocytes were washed with 5 mmol/l buffer,
pH = 7.4, containing 80 mmol/l potassium ferricya-
nide. Potassium ferricyanide as a broadening agent
was used to eliminate the signal derived from an
excess amount of extracellular spin label. From EPR
spectra the erythrocytes internal viscosity was calcu-
lated according to the following formula:

_ 7(RBC)

= 1
n t (H,0) Ma,0 (1)
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where 7.(RBC) is rotational correlation time inside
the erythrocyte, 7.(H,O) is rotational correlation time
in water and 77,0 1S Water viscosity equal to 1cP.

Staristical analysis

Normality of distributions was tested using the
Shapiro-Wilk test. The significance of the difference
between couples of means (control and investigated
probes as well as the differences among the probes)
was assessed by the Tukey test at « < 0.05 significance
level.

Results

The lipid membrane fluidity was estimated at differ-
ent depths of lipid bilayer using three spin labelled
fatty acids: 5-, 12- and 16-doxylsteric acid.

Table I presents the results, which indicate sig-
nificant differences in lipid fluidity between erythro-
cytes from CRF patients treated with H,O, and
healthy subjects on the depth of the 5 and 12%
carbon atom of the phospholipids chain (p < 0.005).
On the other hand there were no statistically sig-
nificant changes in the deeper region on the 16%
carbon atom of the phospholipids acyl chain. A
significant decrease in lipid fluidity was detected on
the depth of the 12™ carbon atom of the phospholi-
pids chain in erythrocyte from CRF patients (p <
0.05). Table II shows results from the examination
of the effect of haemodialysis on erythrocytes mem-
brane fluidity that indicate significant differences
between control and patients with CRF at 60 min
of haemodialysis on the depth of the 12™ and 16
carbon atoms of the phospholipids chain (p < 0.05).
In this case, no significant changes were detected in
the polar region of membrane bilayer but a tendency
of increasing fluidity during haemodialysis was ob-
served.

We detected a remarkable increasing tendency in
lipid fluidity on the different depth of membrane
bilayer as an effect of haemodialysis at the different
time of this process in comparison with the control
group. However, 4 h after the dialysis session a
decreasing tendency in lipid fluidity was observed.
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The values of %, ,/hy parameter were comparable
with values obtained at 20 min of haemodialysis.

Physical state of membrane proteins was estimated
using maleimide and iodoacetamide spin labels,
which form covalent bounds with —-SH groups [33].
An increase of ~35% of the A/hg ratio was observed
in ghosts isolated from CREF erythrocytes in compar-
ison with control. Treatment of both groups of
erythrocytes with H,O, led to an increase in the A,/
hs ratio. Stronger changes were observed in control
erythrocytes (40%) than in erythrocytes from CRF
patients (19%).

Table III presents the effect of H,O, on the
conformational changes of cytoskeletal proteins.
The analysis of maleimide spectrum and calculation
of the hy/hs ratio show a statistically significant
increase of this parameter in erythrocytes from CRF
patients and control healthy subjects as well as the
difference between erythrocytes from CRF patients
treated with H,O, and control healthy subjects
treated with H,O, (p <0.005). The increase in this
parameter indicates a decrease in cytoskeletal
protein—protein interactions and an increase in seg-
mental motion of spin-labelled proteins. This con-
firms results about the changes, which were found for
the calculated parameter of rotational correlation
time. Values for 7. tend to be negatively correlated
with the ratio Ay/h,. A decrease (~19%) in the
relative correlation time (increase in the motion of
spin label residue) of ISL in the ghosts from CRF
erythrocytes in comparison with control was ob-
served. However, we found a significant decrease
(~14%) of correlation time in the group of erythro-
cytes from healthy subjects upon H,O, treatment
(p <0.05). Thus, the decrease in 7. was observed in
erythrocytes from CRF patients and in erythrocytes
from CRF patients treated with H,O, when com-
pared to healthy control subjects (p < 0.005). These
changes indicate an increase in the segmental motion
of labelled proteins in patients with CRF and
similarly in erythrocytes from CRF patients treated
with H,O, (Table IV).

Changes in erythrocytes membrane dynamics and
organization caused cellular haemolysis estimated by
osmotic fragility assay. They are shown in Table V.
The results suggest that induced ROS production

Table I. Effect of hydrogen peroxide on erythrocytes membrane fluidity from healthy subjects and patients with CRF before dialysis

(mean +SD).
Lipid fluidity on the different depth of erythrocyte membrane bilayer %, 1/A,

Spin labels Control Control+H,0, CRF CRF+H,0,

5-DS 0.27140.023, n =26 0.279+40.015, n =8 0.282+0.017, n =24 0.395+0.062***, =9
12-DS 0.426+0.034, n =26 0.448+0.011, n=8 0.416+0.013*, n =24 0.511+0.028***, n =9
16-DS 0.676 +£0.021, n =23 0.686+0.039, n=8 0.679+0.021, n =25 0.661+0.009, n=9
***indicates significant difference between erythrocytes from healthy subjects and CRF patients treated with H,O, at p <0.005.
*indicates significant difference between erythrocytes from healthy subjects and CRF patients at p <0.05.

RIGHTS



Free Radic Res Downloaded from informahealthcare.com by Newcastle University on 12/03/11
For personal use only.

44 ¥. Brzeszczynska et al.

Table II. Effect of haemodialysis on erythrocytes membrane fluidity in patients with CRF (mean +SD).

Lipid fluidity on the different depth of erythrocyte membrane bilayer %, 1/ko

Spin labels Control 20 min HD 60 min HD 4 h after HD
5-DS 0.271+0.023, n =26 0.284+0.019, n=9 0.283+0.012, =8 0.289+0.013, n =8
12-DS 0.426+0.034, n =26 0.431+0.038, n =14 0.46+0.029*, n=11 0.433+0.044, n=9
16-DS 0.676 +£0.021, n =23 0.685+0.023, n =14 0.701 +£0.025*, n =14 0.682+0.033, n =8

*indicates significant difference between healthy subjects and patients with CRF at 60 min of haemodialysis at p <0.05.

during haemodialysis leads to the oxidative altera-
tions in membrane components, which were signifi-
cantly reflected in cellular lysis. The results indicate a
significant increase in erythrocyte membrane osmotic
susceptibility in CRF patients and in erythrocytes
from CRF patients treated with H,O, as well as
healthy subjects treated with H,O, (p < 0.0005).

We did not observe significant changes in erythro-
cyte internal viscosity. This suggests that induced
oxidative stress did not cause detrimental changes in
the internal components. However, a decreasing
tendency was observed for control and urine erythro-
cytes treated with hydrogen peroxide.

Discussion

The aim of this study was to investigate erythrocyte
susceptibility to disintegration and to estimate the
changes in erythrocyte membrane composition as
well as its rheological behaviour.

We investigated membrane fluidity at different
times during haemodialysis as well as 4 h after this
treatment. Analysis at 20 min of haemodialysis was
motivated by a previously reported results about an
increase in the production of superoxide anion and
hydroxyl radical [34]. Moreover, after 20 min of
ongoing dialysis a change in superoxide dismutase
(SOD) activity and elevation of the malondialdehyde
(MDA) level in the plasma of CRF patients has been
reported [35]. However, 60 min of ongoing haemo-
dialysis was chosen because at this time of treatment
the highest amount of retained toxins is removed.
Furthermore, the investigations of erythrocytes mem-
brane were also performed 4 h after dialysis treat-
ment. In HD patients oxidative stress appears to be a
consequence of the accumulation of pro-oxidant
compounds in the blood, depletion of antioxidants

and activation of neutrophils or platelets relevant to
blood-membrane interactions, which trigger ROS
production. However, introduction of hydrogen per-
oxide was aimed at investigating erythrocyte mem-
brane properties in CRF as well as in HD patients
compared to healthy subjects. It has been dictated by
the elevation of cellular membrane susceptibility to
oxidized factors in both groups of patients.

Hydrogen peroxide was chosen because in the
human body it can act as a cytotoxic agent, usually
at the level >50 um. Depending on its concentration,
length of exposure and used cell type, it can lead to
cellular damage, apoptosis or necrosis [36]. Hydro-
gen peroxide is a rather poorly reactive molecule to
directly induce lipid peroxidation. However, its toxi-
city occurs through the Fenton reaction, with oxida-
tion of transition metals and production of hydroxyl
radical. In erythrocytes, the haemoglobin can be
oxidized leading to the generation of its ferryl form,
which is a strong oxidant that directly initiates lipid
peroxidation and oxidative alterations in cellular
membrane [37,38].

Our results reveal changes in erythrocyte mem-
brane integrity at 60 min of haemodialysis and in
CRF patients erythrocytes treated with hydrogen
peroxide. Induced oxidative stress during dialysis
increased lipid fluidity. Introduction of hydrogen
peroxide to the erythrocytes of CRF patients also
triggered similar results.

Lipid fluidity examination showed that erythro-
cytes from CRF patients present higher susceptibility
to induced oxidative stress than erythrocytes col-
lected from a healthy control group. Induced oxida-
tive stress during haemodialysis or by introduction of
hydrogen peroxide in erythrocytes from CRF patients
led to lipid peroxidation causing depolarization of the
lipids bilayer and triggering changes in the structural

Table III.  Effect of hydrogen peroxide on conformational state of erythrocytes membrane proteins labelled with MSL from healthy subjects

and patients with CRF (mean +SD).

Conformational state of erythrocyte membrane proteins //hg

Control Control+H,0,

CRF CRF+H,0,

2.244+0.292, n =8 3.41940.319%**, n =6

3.28540.262***, n =7 3.92240.322%**, 5 =7

***indicates significant difference between erythrocytes from CRF patients and control healthy subjects and between erythrocytes from
CREF patients treated with H,O, and control healthy subjects treated with H,O, at p <0.005.
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Table IV. Effect of hydrogen peroxide on rotational correlation time for ISL bound to erythrocytes membrane proteins from healthy

subjects and patients with CRF (mean +SD).

Rotational correlation time (z.) (s)

Control Control+H,0,

CRF CRF+H,0,

7.83+0.88, n=6 6.77240.549%, n=5

6.36 £0.285***, =7 6.508+0.606***, n =8

***indicates significant difference between erythrocytes from CRF patients and control healthy subjects and between erythrocytes from
CREF patients treated with H,O, and control healthy subjects at p <0.005.
*indicates significant difference between erythrocytes from healthy subjects treated with H,O, and control at p <0.05.

organization of membrane lipids that is reflected in
membrane fluidity. Lucchi et al. [39,40] observed a
significant increase of MDA production after incuba-
tion with the oxidative stress-inducing agent t-butyl
hydroperoxide in patients dialysed with Cuprophan
membrane. In our study on the level of the 12%
carbon atom of the acyl chain in erythrocytes from
CREF patients, a significant decrease in lipid fluidity
was detected. It can be explained by the presence of
double bonds in this region, which upon peroxidation
lead to the formation of hydroperoxides or may create
lipid-lipid and lipid—protein bindings. This may
be the reason for membrane rigidity on the depth of
the 12™ carbon atom of the phospholipids chain.
Detected presence of echinocytes in CRF patients
[41] additionally confirms our results. However,
introduced hydrogen peroxides induced lipid fluidity
through the disintegration of peroxidized lipids. In
erythrocyte from end-stage CRF patients the increase
of MDA level was detected after incubation with t-
butyl hydroperoxide, which means higher sensitivity
to the oxidative stress [40].

In uremia, erythrocytes exhibit an increase of
MDA, which suggests that the increase of lipid
fluidity in CRF patients is correlated with lipid
membrane peroxidation [12]. As a result of this
process the fragmentation of lipid acid chain, loss of
membrane material and change in the ratio of
cholesterol and phospholipids additionally explains
the reason for increasing lipid fluidity [22,42]. As
a consequence, these processes further deteriorate
physiological functions of erythrocyte and may be
the reason of cellular lysis. Furthermore, these
changes in lipids composition and physical properties
of the membrane may result in erythrocyte ageing or
premature removal from the circulation [22].

Changes in lipid membrane fluidity can result due
to formation of conjugated hydroperoxide or frag-
mentation of unsaturated fatty acids chain in lipid
molecules. The level of hydroperoxide was 3.2-fold
higher in haemodialysed patients than in healthy
subjects. The level of leukotriene was 1.7-fold above
the control and the activity of 5-lipooxygenase was
2.4-fold higher than in control donors [43].

In order to extend our analysis of membrane dy-
namics we investigated the conformational state of
membrane proteins. Through the analysis of the
structure and composition of lipid—protein interface
it is possible to provide full information about
changes in membrane properties and organization.

Using a MSL spin label, we observed significant
changes in conformational state of erythrocyte cytos-
keletal proteins. In our study the influence of
exogenous hydrogen peroxide on membrane proteins
resulted in a significant increase of the ratio hy/Ag,
indicating an increase of spin label mobility, which
was bound with membrane proteins after incubation
with added oxidant. The A,/h; ratio generally in-
creases during protein denaturation and degradation
(e.g. by proteinases) [44,45], which is connected with
the increase of segmental motion of spin-labelled
proteins. Therefore, we interpret our results as the
effect of the dissociation of spectrin—actin complex, in
view of the fact that 75-90% of the total amount of
attached spin labels is bound to this complex [29,46].

It has been shown that membrane proteins in
erythrocytes are more sensitive to oxidative stress
than lipids [47]. The ratio of &/hs was ~ 35% higher
in the membranes isolated from CRF patients than
in control. This result clearly shows profound
changes in membrane cytoskeleton of erythrocytes
in uremia.

Table V. Effect of hydrogen peroxide on osmotic fragility of erythrocytes from healthy subjects and patients with CRF (mean +SD).

C (50%) (mmol/dm?)

Control Control+H,0,

CRF CRF+H,0,

71.25+0.25, n=17 76.58+£0.59**** 5 =12

78.56 +0.38****, 5 =8 87.524+0.61****, =8

****indicates significant difference between erythrocytes from CRF patients and control healthy subjects and between erythrocytes from
CREF patients treated with H,O, and control healthy subjects treated with H,O, at p <0.0005.
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It is worthwhile to mention that an increase in the
h/hg ratio was much higher in control erythrocytes
(40%) than in erythrocytes from CRF patients (19%)
upon H,0O, treatment, but CRF erythrocytes were
damaged earlier in the blood of uremic patients. This
may suggest that we observed a saturated state in
membrane protein oxidation. The ‘total oxidative
stress’ induced in uremia and hydrogen peroxide in
CRF erythrocytes was 61% higher than in healthy
controls.

Furthermore, conformational changes in mem-
brane proteins confirmed results from membrane
fluidity, indicating that erythrocyte membranes from
CRF patients were more susceptible to oxidative
changes induced by an external agent. The calculated
parameter for CRF erythrocytes treated with H,O,
was 61% higher compared to healthy controls and
only 19.4% higher compared to CRF patients. It
becomes more understandable that erythrocytes of
CREF patients present higher susceptibility to oxida-
tive alterations and cellular membrane destabiliza-
tion. These results confirm similar findings from
erythrocytes treated with H,O, in whole blood
in vitro where increases in protein degradation have
been reported [48].

The obtained results are supported by the values of
rotational correlation time for iodacetamide spin
label. Results show a significant decrease of rotational
correlation time of iodocetamide spin label. It sug-
gests that developed medical conditions had signifi-
cant modulatory actions on the physical state of
cytoskeletal proteins.

We explain the conformational changes of cytoske-
letal proteins as the result of the oxidative process
induced by hydroxyl radical generated in Fenton
reaction after erythrocyte incubation with H,O,.
Hydroxyl radical can initiate protein —SH groups
peroxidation, that is associated with the promotion of
both fragmentation and aggregation of membrane
proteins and reflects conformational changes in the
actin—spectrin complex [47]. The possible role of
nitric oxide (NO) and reactive nitrogen species
(RNS) in pathologic conditions of CRF patients
(including uremia) has previously been suggested
[49]. If NO is generated in these pathologic condi-
tions through, for example, leucocyte activation, then
peroxidation of erythrocyte membrane protein thiols
can be conducted [50].

Our results show that generated strong oxidative
stress by introduced external agent and direct contact
of erythrocytes with dialysis membrane induces
alterations in erythrocyte membrane composition as
well as in its dynamics, which was reflected in cellular
haemolysis. We found a significant rise in erythrocyte
membrane osmotic fragility in erythrocytes from
CREF patients. The observed decrease in membrane
osmotic resistance was additionally deepened by
added hydrogen peroxide. This observation helps

explain the higher susceptibility of erythrocytes from
CREF patients to oxidative stress. The measurement of
osmotic fragility of erythrocytes is frequently used for
diagnosis of haemolytic disease, alterations and
destruction in plasma membrane as well as investiga-
tions of permeability through the membrane [51].
Higher osmotic fragility was observed after haemo-
dialysis but it was suggested that parathyroid hor-
mone is probably a major factor affecting erythrocytes
osmotic fragility in CRF patients [52].

In conclusion, our experiment showed significant
alterations in erythrocyte membrane composition and
susceptibility caused by enhanced oxidative stress in
CRF patients. Inducing oxidative stress by an ex-
ternal agent or exposing erythrocytes to chronic
mechanical trauma during dialysis provoked deeper
cellular membrane destabilization. The observed
changes can contribute to the decrease of erythro-
cytes life span in CRF patients or other complications
like anaemia, cardiovascular diseases or atherosclero-
sis. In light of our findings, the increased membrane
fluidity and decreased cytoskeletal protein interac-
tions characterize rheological behaviour of young
cells and may explain the increase of the number of
younger and more flexible erythrocytes (less dense
cells) in CRF patients [20,22,24-26,53]. Strong lipid
peroxidation was reflected by changes in membrane
fluidity and led to the occurrence of cellular lysis as a
consequence of the described processes. Therefore,
membrane biochemical and biophysical alterations of
the structure can be responsible for shortened survi-
val of young erythrocytes in CRF patients.

Acknowledgements

We would like to thank Dr Patricia Ashby for helpful
comments on this paper.

References

[1] Himmelfarb J, Lazarus JM, Hakim R. Reactive oxygen species
production by monocytes and polymorphonuclear leukocytes
during dialysis. Am J Kidney Dis 1990;17:271-276.

[2] Klebanof SJ. Oxygen metabolism and toxic properties of
phagocytes. Ann Int Med 1980;93:480.

[3] Nguyen AT, Leyhias C, Zingraff J, Herbelin A, Noret C,
Descamps-Latscha B. Hemodialysis membrane-induced acti-
vation of phagocyte oxidative metabolism detected i vivo and
in vitro within microamounts of whole blood. Kidney Int
1985;28:158-167.

[4] Gwozdzinski K, Janicka M. Oxygen free radicals and red
blood cell damage in acute renal failure. Biochem Soc Trans
1995;23:6358.

[5] Gwozdzinski K, Janicka M, Brzeszczynska J, Luciak M.
Changes in red blood cell membrane structure in patients
with chronic renal failure. Acta Biochim Pol 1997;44:99-108.

[6] Lerma JL, Taberno JM, Gascon A, De Castro S, Macius JF.
Influence of age and hemodialysis on the production of free
radicals. Ger Neph Urol 1995;5:93-96.

RIGHTS

1r



(7]

(8]

[9]

[10]
[11]

o [12]

8

N

-

5

z [13]

o

=

=

i (14]

g

&

z

3>\

ES [15]

g8

£T

TR

S

S [16]

i

§ [(17]

B

g

[t

§ 18

2 (18]

@

L

g

@

8 [19]

(VN
[20]
21]
22]
23]
[24]
[25]

Tepel M, Echelmeyer M, Orie NN, Zidek W. Increase
intracellular reactive species in patients with end stage
renal failure: effect of hemodialysis. Kidney Int 2000;58:
867-872.

Siems W, Qest S, Carluccio F, Wiswedel I, Hirsh D, Augustin
W, Hampi H, Riehle M, Sommemburg O. Oxidative stress in
chronic renal failure as cardiovascular risk factor. Clin
Nephrol 2002;58:12-19.

Siems W, Qest S, Peter D, Augustin W, Carluccio F, Grune T,
Sevanian A, Hampl H Wiswedel I. Oxysterols are increased in
plasma of end-stage renal disease patients. Kidney Blood
Press Res 2005;28:302-306.

Siems W, Qest S, Carluccio F, Wiswedel I, Hirsh D, Augustin
W, Kraemer K, Hampl Sommemburg O. Oxidative stress in
cardio-renal anemia-syndrome: correlations and therapeutic
possibilities. Clin Nephrol 2003;60:22-30.

Wiswedel I, Hirsh D, Carluccio F, Hampl H, Siems W. F2-
Isoprostanes as biomarkers of lipid peroxidation in patients
with chronic renal failure. Biofactors 2005;24:201-208.
Antolini F, Valente F, Ricciardi D, Baroni M, Fagugli RM.
Principal component analysis of some oxidative stress para-
meters and their relationships in hemodialytic and trans-
planted patients. Clin Chim Acta 2005;358:87-94.
Loughrey CM, Young IS, Lightbody JH, McMaster D,
McNamee PT, Trimble ER. Oxidative stress in haemodialy-
sis. QJM 1994;87:679-683.

Mekki K, Bouchenak M, Lamri M, Remaoun M, Belleville J.
Changes in plasma lecithin: cholesterol acyltransferase activ-
ity, HDL(2), HDL(3) amounts and compositions in patients
with chronic renal failure after different times of hemodialysis.
Atherosclerosis 2002;162:409-417.

Krasniak A, Drozdz M, Pasowicz M, Chmiel G, Michalek M,
Szumilak D, Podolec P, Klimeczek P, Konieczynska M,
Wicher-Muniak E, Tracz W, Khoa TN, Souberbielle JC,
Drueke TB, Sulowicz W. Factors involved in vascular
calcification and atherosclerosis in maintenance haemodialy-
sis patients. Nephrol Dial Transplant 2007;22:515-521.

Cao G, Prior RL. Measurement of oxygen radical absorbance
capacity in biological samples. Met Enzym 1999;299:50-62.
Nguyen-Khoa T, Massy ZA, De Bandt JP, Kebede M, Salama
L, Lambrey G, Witko-Sarsat V, Driiecke TB, Lacour B,
Thévenin M. Oxidative stress and haemodialysis: role of
inflammation and duration of dialysis treatment. Nephrol
Dial Transplant 2001;16:335-340.

Stepniewska J, Dolegowska B, Ciechanowski K, Kwiatkowska
E, Millo B, Chlubek D. Erythrocyte antioxidant defense
system in patients with chronic renal failure according to the
hemodialysis conditions. Arch Med Res 2006;37:353-359.
Ibrahim FF, Ghannam MM, Ali FM. Effect of dialysis on
erythrocyte membrane of chronically hemodialyzed patients.
Ren Fail 2002;24:779-790.

Bartosz G. Aging of the erythrocyte. IV. Spin-label studies of
membrane lipids, proteins and permeability. Biochim Biophys
Acta 1981;644:69-73.

Bryszewska M, Watala C, Torzecka W. Changes in fluidity
and composition of erythrocyte membranes and in composi-
tion of plasma lipids in type I diabetes. Br J Hematol
1986;62:111.

Prall YG, Gambir KK, Cruz IA, Blassingale J, Ampy FR.
Acetylcholinesterase activity in chronic renal failure. Life Sci
2000;66:835-845.

Yawata Y, Howe R, Jacob HS. Abnormal red cell metabolism
causing hemolysis in uremia. Ann Intern Med 1973;79:362—
367.

Joske RA, McAlister JM, Prankerd TA]. Isotope investigations
of red cell production and destruction in chronic renal
disease. Clin Sci 1956;15:511-522.

Nathan DGE, Schupak F, Stohlman JR, Merill JP. Erythro-
poiesis in anephric man. J Clin Invest 1964;43:2158-2165.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]
[37]
[38]

[39]

[40]

[41]

(42]

[43]

[44]

[45]

Effect of haemodialysis and oxidative stress 47

Bocci V. Determinants of erythrocyte ageing: a reappraisal. Br
J Haematol 1981;48:515-522.

Dodge JT, Mitchell C, Hanahan DJ. The preparation and
chemical characteristics of haemoglobin-free ghosts of human
erythrocytes. Arch Biochem Biophys 1963;100:119-130.
Morrisett JD, Pownall HJ, Plumlee RT, Smith LC, Zahner
ZE, Esfahani M, Wakil S]. Multiple thermotropic phase
transition in escherichia coli membranes and membrane
lipids. J Biol Chem 1975;250:6969-6976.

Fung LW. Analysis of spin labelled erythrocyte membrane.
Ann NY Acad Sci 1983;414:162-167.

Kivelson D. Theory of ESR line width of free radicals. ] Chem
Phys 1960;33:1094-1106.

Marimoto Y, Tanaka K, Iwakiri Y. Protective effects of some
neutral amino acids against hypotonic hemolysis. Biol Pharm
Bull 1995;18:1417-1422.

Morse PD. Determinining intracellular viscosity from the
rotational motion of spin labels. Met Enzym 1986;127:239—
249.

Berliner LJ. The spin label approach to labeling membrane
protein sulfhydryl groups. Ann NY Acad Sci 1983;414:153—
161.

Janicka M, Gwozdzinski K, Weclewska U, Luciak M, Pawlicki
L. Role of oxygen free radicals in erythrocyte damage in
chronic renal failure. Curr Top Biophys 1996;20:72-75.
Trznadel K, Pawlicki Z, Kedziora J, Blaszczyk J, Buczynski A.
Superoxide anion generation, erythrocytes superoxide dis-
mutase activity and lipid peroxidation during hemoperfusion
and hemodialysis in chronic eremic patients. Free Radic Biol
Med 1990;8:429-432.

Halliwell B, Clement MV, Long LH. Hydrogen peroxide in
the human body. FEBS Lett 2000;486:10-30.

Aust S, Morehouse LA, Thomas CE. Role of metals in
oxygen radical reaction. Free Rad Biol Med 1985;1:3-25.
Halliwell B. Drug antioxidant effects. Basis for drug selection?
Drugs 1991;42:569-605.

Lucchi L, Bergamini S, Botti B, Rapana R, Ciuffreda A,
Ruggiero P, Ballestri M, Tomasi A, Albertazzi A. Influence of
different hemodialysis membranes on red blood cell suscept-
ibility to oxidative stress. Artif Organs 2000;24:1-6.

Lucchi L, Bergamini S, Iannone A, Perrone S, Stipo L,
Olmeda F, Caruso F, Tomasi A, Albertazzi A. Erythrocyte
susceptibility to oxidative stress in chronic renal failure
patients under different substitutive treatments. Artif Organs
2005;29:67-72.

McGrath LT, Douglas AF, Mclean E, Brwn JH, Doherty CC,
Johnston GD, Archbold GP. Oxidative stress and erythrocyte
membrane fluidity in patients undergoing regular dialysis.
Clin Chim Acta 1995;31:179-188.

Sakthivel R, Farooq SM, Kalaiselvi P, Varalakshmi P.
Investigation on the early events of apoptosis in senescent
erythrocytes with special emphasis on intracellular free
calcium and loss of phospholipid asymmetry in chronic renal
failure. Clin Chim Acta 2007;382:1-7.

Maccarrone M, Taccone-Gallucci M, Meloni C, Cococceta
N, Manca di Villahermosa S, Casciani C, Finazzi-Agro A.
Activation of 5-lipoxygenase and related cell membrane
lipoperoxidation in hemodialysis patients. ] Am Soc Nephrol
1999;10:1991-1996.

Hensley K, Carney J, Hall N, Show W, Butterfield DA.
Electron paramagnetic resonance investigations of free radi-
cal-induced alterations in neocortical synaptosomal mem-
brane protein infrastructure. Free Radic Biol Med
1994;17:321-331.

Trad CH, Butterfield DA. Menadione-induced cytotoxity
effects on human erythrocyte membranes studied by electron
paramagnetic resonance. Toxicol Lett 1994;73:145-155.

RIGHTS

Ay



Free Radic Res Downloaded from informahealthcare.com by Newcastle University on 12/03/11
For personal use only

48

[46]

[47]

(48]

[49]

F Brzeszczynska et al.

Bellary SS, Anderson KW, Arden WA, Butterfield DA. Effect
of lipopolysaccharide on the physical conformation of ery-
throcyte cytoskeletal proteins. Life Sci 1995;56:91-98.
Gwozdzinski K. Ionizing radiation-induced structural mod-
ification of human red blood cells. Radiat Environ Biophys
1991;30:45-52.

Pieniazek A, Brzeszczynska J, Gwozdzinski K. Comparison of
carbomylation and oxidative damage in membrane proteins in
human red blond cells. Proceedings of the XI Biennial
Meeting of the Society for Free Radical Research Interna-
tional; 1620 July 2002; Paris. MEDIMOND Inc.; 2002.
p 685-688.

Clermont G, Lecour S, Lahet JJ, Siohan P, Vergeley C,
Chevet D, Rifle G, Rochette L. Alteration in plasma
antioxidant capacities in chronic renal failure and hemodia-

(50]

(51]

(52]

[53]

lysis patients: a possible explanation for increased cardio-
vascular risk in these patiens. Cardiovasc Res 2000;47:618—
623.

Pietraforte D, Mallozzi C, Scorza G, Minetti M. Role of thiols
in the targeting of S-nitroso thiols to red blood cells.
Biochemistry 1995;34:7177-7185.

Kogawa H, Yabushita N, Kageyama K. Osmotic fragility test
of erythrocytes with a coil planet centrifuge. CR Seances Soc
Biol Fil 1998;192:997-1006.

Wu SG, Jeng FR, Wei SY, Su CZ, Chung TC, Chang W],
Chong HW. Red blood cell osmotic fragility in chronically
hemodialysed patients. Nephron 1988;78:28-32.
Rosenmund A, Binswanger U, Straub P. Oxidative injury to
erythrocytes, cell rigidity, and splenic hemolysis in hemodia-
lyzed uremic patients. Ann Intern Med 1975;82:460-465.

RIGHTS

Ay



