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LRNFCLINICAL STUDY

Vitamin E-coated cellulose acetate dialysis membrane: 
long-term effect on inflammation and oxidative stress

Vitamin E: inflammation and oxidative stressL. Takouli1, D. Hadjiyannakos1, P. Metaxaki1, V. Sideris2, V. Filiopoulos1, A. Anogiati2

and D. Vlassopoulos1

1 Nephrology Department, Amalia Fleming Hospital, Athens, Greece
2 Hematology Department, Pendeli Pediatric Hospital, Athens, Greece

ABSTRACT

Background: Chronic inflammation and oxidative stress are prevalent in hemodialysis (HD) patients. We evalu-
ated the long-term effect of a vitamin E-coated cellulose acetate (CAE) membrane on oxidative stress and
inflammation. Methods: Nine patients were switched to CAE membrane for 3 months and then changed back
to polysulfone (PS) membrane again for 6 months. Reactive oxygen metabolites and derivatives (d-ROMs),
total antioxidant capacity (TAC) and superoxide dismutase (SOD) (oxidative stress biomarkers), high-sensitivity
C-reactive protein (Hs-CRP), and interleukin-6 (IL-6) (inflammation biomarkers) were measured. Results:
d-ROMs decreased and TAC rose significantly at the end of the study, whereas SOD increased rapidly and
immediately after the end of CAE treatment. Hs-CRP and IL-6 levels were significantly lowered at the end of
the study. Conclusions: Vitamin E supplementation by vitamin E-coated CAE dialysis membrane suppresses
oxidative stress and inflammation.
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INTRODUCTION

In dialysis patients, an increase in oxidative and
chronic inflammatory state are prominent features.1

These conditions contribute to endothelial dysfunc-
tion and accelerated atherosclerosis and finally to the
high incidence of cardiovascular disease, the single
most common cause of excess morbidity and mortality
in the end-stage renal disease (ESRD) patients under-
going dialysis treatment.2,3 The causes of inflamma-
tion include both factors arising from dialysis itself
(efficiency and biocompatibility issues) as well as other
nondialysis-related factors such as advanced age, dia-
betes, renal disease, and uremia per se.4 ESRD
patients have increased levels of inflammation-related
proteins, such as interleukin-6 (IL-6), tumor necrosis
factor-a (TNF-a), and C-reactive protein (CRP), and
are subjected to enhanced oxidative stress, as a result
of both insufficient antioxidant defense mechanisms
and excessive generation of oxidant compounds.3,5

Despite rapid improvements in dialysis technology
during the last 20 years, the mortality rate in ESRD
patients treated with dialysis has remained unaccept-
ably high; therefore, studies on the effects of various

anti-inflammatory treatment strategies are warranted
to improve outcomes in this patient population.4

The use of vitamin E-coated dialysis membranes (a
multilayer membrane with liposoluble vitamin E on
the blood surface allowing direct free radical scaveng-
ing at the membrane site) exhibited antioxidant effects
as evaluated by a decrease in the serum levels of several
markers of oxidative stress (malonyldialdehyde,
advanced glycation endproducts (AGEs), and 8-
hydroxydeoxyguanosine) in 18 prevalent hemodialysis
(HD) patients treated with this filter for 6 months.6

Another study demonstrated that treatment with vita-
min E-coated polysulfone (PS) membrane for 6 months
reduced predialysis levels of asymmetric dimethylargin-
ine (ADMA), a marker of oxidative stress and endothe-
lial dysfunction, in HD patients.7 Furthermore, vitamin
E-coated dialyzer membrane appeared to downregulate
the expression of monocytes adhesion molecules, as
demonstrated in a prospective cross-over trial in 14 sta-
ble HD patients.8 However, when vitamin E-coated
membranes were recently compared with biocompati-
ble PS membrane, there was no difference of oxidative
stress parameters.9 Thus, the biocompatibility advan-
tage of vitamin E-coated membranes remains unsettled.
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So, this study was designed to elucidate prospec-
tively the long-term effects of a vitamin E-coated
dialysis membrane on both oxidative stress and
inflammation, compared to PS membrane, in a group
of stable patients on regular HD.

METHODS AND PATIENTS

We performed a prospective study in a group of nine
stable HD patients aged 50–71 years (median age 66
years; six men, three women, two with polycystic dis-
ease, and one with nephrosclerosis and six with
unknown origin) on dialysis since 8–142 months
(median duration 52 months). The median dialysis time
per week was 12 h (9–15). Diabetic patients and patients
on angiotensin-converting enzyme (ACE) inhibitors,
statins, corticosteroids, or with evidence of inflammatory
disease were excluded. The hematology, biochemical,
and treatment parameters are shown in Table 1.

At inclusion, all patients were dialyzed three times a
week with low-flux PS membrane for 12 h/week (9–15).
All patients were switched to vitamin E-coated cellu-
lose acetate (CAE) membrane (Terumo 18EE, 1.8 m2,
Terumo Inc., Tokyo, Japan) for 3 months and then
changed back to their previous dialysis membrane for
6 months. All patients underwent HD with low-
molecular-weight heparins and were on carnitine,
sevelamer, vitamin B complex, folic acid, iron sucrose

IV 100–200 μg/month (Venofer®), and erythropoietin
(targeting Hb 11–13 g/dL). All dialysis parameters,
except dialyzers, were kept unchanged throughout the
study. The study was approved by the hospital’s ethics
committee. All patients gave a written informed consent.

The oxidative stress status was assessed by the
determination of reactive oxygen metabolites and
derivatives (d-ROMs), total antioxidant capacity
(TAC), and superoxide dismutase (SOD). The
inflammation status was evaluated by high-sensitivity
CRP (Hs-CRP) and IL-6.

Oxidative stress biomarkers
TAC was measured spectrophotometrically (Hitachi
U-1800 UV–Vis spectrophotometer). Briefly, TAC
was determined using the manual method of Benzie
and Strain,10 which measures the reduction of ferric to
ferrous ion in the presence of antioxidants [ferric
reducing ability of plasma (FRAP) assay].

The final result was expressed as μM of ferrous sul-
fate. The FRAP assay was performed in triplicate on
each sample and the mean of the three values was used
in the analysis. The intra-assay and the inter-assay coef-
ficients of variation were 3.5 and 10.2%, respectively.

d-ROMs were evaluated spectrophotometrically by
the d-ROMs Test™-FRAS 4, Grosseto, Italy. This test
is based on the ability of transition metals to catalyze, in
the presence of peroxides, the formation of free radicals
that are then trapped by an alkylamine. The alkylamine

TABLE 1. Hematology, biochemical, and treatment parameters.

Parameters Baseline 3 months 9 months p

KT/V urea 1.4 ± 0.2 1.4 ± 0.2 1.0 ± 0.2 NS

Hb (g/dL) 12.8 ± 1.0 12.7 ± 0.6 12.8 ± 0.9 NS

White cell counts/mm3 7104 ± 877 7632 ± 880 7472 ± 1175 NS

Platelet counts × 103/mm3 252 ± 103 247 ± 96 232 ± 106 NS

Total protein (g/dL) 6.9 ± 0.5 7.1 ± 0.5 6.7 ± 1.1 NS

Albumin (g/dL) 3.8 ± 0.3 3.9 ± 0.3 3.8 ± 0.3 NS

Total cholesterol (mg/dL) 204.2 ± 72.5 215.3 ± 75.8 203.6 ± 72.1 NS

Triglycerides (mg/dL) 230.8 ± 166.5 282.3 ± 232.8 333.4 ± 433.2 NS

High-density lipoprotein (HDL) cholesterol (mg/dL) 46.1 ± 9.3 44.4 ± 9.3 47.9 ± 10.2 NS

Low-density lipoprotein (LDL) cholesterol (mg/dL) 113.6 ± 40.7 117.8 ± 47.2 94.6 ± 43.2 NS

Ferritin (ng/mL) 315.5 ± 132.5 566.0 ± 253.6 672.8 ± 410.8 <0.05

Uric acid (mg/dL) 6.0 ± 0.7 6.4 ± 1.0 6.0 ± 0.9 NS

Erythropoietin dose (IU/kg/week) 136.3 ± 84.8 150.8 ± 91.4 133.8 ± 93.8 NS

Notes: Values are expressed as mean ± SD.
Statistical significance was set at p < 0.05.
To convert hemoglobin in g/dL to g/L multiply by 10; protein in g/dL to g/L, multiply by 10; albumin (g/dL) to g/L, multiply by 10;
cholesterol in mg/dL to mmol/L multiply by 0.02586; triglycerides in mg/dL to mmol/L, multiply by 0.01129; HDL in mg/dL to mmol/
L, multiply by 0.02586; LDL in mg/dL to mmol/L, multiply by 0.02586; ferritin levels expressed in ng/mL and μg/L are equivalent; uric
acid in mg/dL to μmol/L, multiply by 59.48.
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reacts forming a colored radical detectable at 505 nm
through a kinetic reaction that is linear up to 500 U
CARR (Carratelli Units). The determination of free
radicals can be made with a normal spectrophotom-
eter. The normal range has been determined as
250–300 U CARR.11

SOD activity was determined using commercially
available determination kit (Fluka Chemie GmbH,
Buchs, Switzerland). The kit allows SOD assaying
based on the capacity of SOD or SOD-like materials
to inhibit the reduction of water-soluble tetrazolium
salt to a water-soluble formazan dye by the xanthine–
xanthine oxidase system. The development of the
reaction was monitored spectrophotometrically at 450
nm using a microplate reader (Expert 96, ASYS
Hitech, Eugendorf, Austria). One SOD unit was
defined as the amount of enzyme that inhibited the
reduction of cytochrome c by 50% in a coupled system
with xanthine oxidase at pH 7.8 at 25°C in a 3.0 mL
reaction volume. The final result was expressed as
SOD unit per milliliter. The SOD assay was per-
formed in duplicate on each sample and the mean of
the two values was used in the analysis. The intra-
assay and the inter-assay coefficients of variation were
4.7 and 7.9%, respectively.

Inflammatory biomarkers
Serum Hs-CRP and IL-6 levels were measured using
commercially available enzyme-linked immunosorbent
assay.

Hs-CRP assay uses a kit specific for human CRP
(Bender MedSystems, Vienna, Austria) according to
the manufacturer’s instructions. The CRP assay was
performed in duplicate on each sample and the mean
of the two values was used in the statistical analysis.
The results are expressed in milligram per liter of sam-
ple. The sensitivity of the technique allows the detec-
tion levels as low as alkylamine 3.0 pg/mL. The intra-
assay and inter assay coefficients of variation were 3.8
and 4.7%, respectively.

IL-6 levels were measured using sandwich ELISA
kits specific for human IL-6 (BioMedix IVD, Athens,
Greece) according to the manufacturer’s instructions.
The assays were performed in duplicate on each sam-
ple and the mean of the two values was used in the sta-
tistical analysis. The results are expressed in picograms
per milliliter of sample. The sensitivity of the technique
allows the detection of levels as low as 1.6 pg/mL for
IL-6. The intra-assay and inter-assay coefficients of
variation were 5.5 and 7.6% for IL-6.

Blood sampling
After overnight fasting, blood samples were drawn
from AV fistulas before the second HD session of the
week. Blood samples were collected at baseline, 3, and

9 months. Samples were immediately centrifuged and
the plasma was stored at −80°C until analysis. Iron
supplementation was at least 2 weeks away from blood
sampling for the determination of inflammatory and
oxidative stress biomarkers.

Statistics
Data are presented as mean ± SD. Nonparametric
tests (Wilcoxon-matched pairs and Mann–Whitney
unpaired tests) were applied for statistical analysis.
Statistical significance was set at p < 0.05

RESULTS

Biochemical and hematology parameters
KT/V urea, estimated by Daugirdas formula,
remained stable throughout the study. No significant
variations in Hb, white cell and platelet counts, total
protein, albumin, total cholesterol, triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein
(LDL), parathyroid hormone (PTH), and uric acid
were observed throughout the study.

Oxidative stress biomarkers
d-ROMs levels showed a significant reduction 6 months
after the end of CAE membrane use (Figure 1).

TAC levels were increased in comparison to base-
line values under CAE dialysis and this increase
became significant by the end of 9 months of the study
(Figure 2).

SOD activity was significantly increased on the
third month of CAE membrane use and the levels
remained stable through the end of the study (month 9)
(Figure 3).

Inflammatory biomarkers
A decrease in plasma Hs-CRP levels was observed
after CAE membrane use that became significant by
the end of the study (month 9) (Figure 4).

FIGURE 1. d-ROMs changes during the study.
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IL-6 levels decreased by the end of CAE membrane
use and this decrease was significant at 9 months
(Figure 5).

DISCUSSION

Oxidative stress is highly prevalent in dialysis patients.
It is incriminated in the pathogenesis of anemia and
cardiovascular disease increasing morbidity and
mortality in ESRD.4,12 Interaction between dialysis
membrane and circulating blood neutrophils results in
the release of oxygen-free radicals and oxidizing agents
such as superoxide anions, hydrogen peroxides, and
myeloperoxidase.13

In the general population, inflammation, as evi-
denced by CRP levels, is predictive of mortality from
cardiovascular disease. CRP elevation is related to ear-
lier changes such as elevated levels of IL-6 which may
be a proxy for other inflammatory variables in this
case.14–17 The potential synergy between oxidative
stress and inflammation is of particular interest
because inflammation is a major issue in long-term
morbidity and mortality dialysis.18–20 Several studies
reported that oxidative stress and inflammation might

be linked to dialysis patients. The presence of inflam-
mation and the duration of dialysis could be the most
important factors in oxidative stress generation in this
population.21,22 Consequently, antioxidative treat-
ment might be beneficial in decreasing inflammation
in ESRD. Short-term administration of g-enriched
tocopherols led to a decrease in median CRP level in
HD patients as reported by Himmelfarb et al.23

Chronic inflammation markers are frequently
increased in dialysis patients.18,19,24,25 Oxidative stress
is an important component of the inflammatory pro-
cess.26 It has been suggested that part of the oxidative
stress found in chronic inflammation results from
reactive oxygen species released by dialysis-activated
white cells.27

Vitamin E is the most effective chain-breaking lipid-
soluble antioxidant in biological membranes; it contrib-
utes to the stability of the cell membrane and protects
the cell from damage caused by oxygen-free radicals
and lipid peroxidation products. In an attempt to
directly scavenge free radicals, the use of oral vitamin E
supplementation has been proposed as a therapeutic
strategy. This can also be performed by coating vita-
min E to the dialysis membrane. The CAE membrane
can exert a site-specific and timely scavenging function

FIGURE 2. TAC changes during the study.
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against oxidation-free radicals in synergy with its effect
in decreasing leukocyte activation and oxidation-free
radical production.28 Conflicting results are reported
on the oxidative stress as well as on the inflammation
biomarkers generation during dialysis session with
vitamin E-coated membranes.29–33

Proof of the relationship between inflammation
marker CRP and oxidative stress is important because
of the prominent role for CRP in predicting outcomes
in dialysis patients.24,25,34. As far as it concerns patients
with kidney disease, there is no consensus approach to
assess their inflammatory state. In chronic kidney dis-
ease (CKD), inflammation markers such as ferritin
(positive acute-phase protein) and albumin (negative
acute-phase protein) have been widely used. Serum fer-
ritin levels are increased in malnutrition, in iron supple-
mentation as well as in inflammatory states.35 Albumin is
the predominant oxidatively modified plasma protein in
patients on HD and oxidation of albumin will decrease
plasma antioxidant defenses. However, factors other than
the catabolic consequences of inflammation also affect
serum albumin, in particular nutritional status.36 Mark-
ers like albumin are not reliable indicators of inflamma-
tory status, explaining the nonsignificant variation of
these parameters observed in our study. Iron supplemen-
tation can explain the increase in ferritin levels.

Other clinical indicators of inflammatory status,
such as erythropoietin dose for anemia correction and
WBC count, were not found significantly modified
under CAE membrane dialysis. Our data indicate a
beneficial long-term effect of CAE, as opposed to PS
membrane, on inflammation by a significant decrease
in CRP levels, a more reliable inflammatory biomarker
of acute-phase reaction, especially when measured
with a high-sensitivity assay as it was the case in our
study.37 CRP levels showed a significant decrease by
the end of our study a long time after the end of CAE
membrane use.

Overproduction of proinflammatory cytokines, such
as IL-1b, IL-6, and TNF-a, is also well documented in
dialysis patients.28,30,31 Our study reports a decrease
in IL-6 by the end of CAE dialysis period, which
became significant 6 months later, by the end of the
study. Our results on Hs-CRP and IL-6 levels suggest
a long-lasting effect of the vitamin E-modified mem-
brane on the patients’ inflammation status and this is,
to our knowledge, the first reported evidence of such a
prolonged effect.

SOD, catalase (CAT), and the glutathione (GSH)
system provide most of the protection against damage
by oxygen radicals. We report a significant increase in
SOD levels rapidly and immediately after the 3-month
CAE membrane period is reported.

A Japanese study indicated that a vitamin E-coated
regenerated cellulose dialyzer used for 6 months is

more effective than a PS dialyzer in diminishing oxida-
tive stress to all biomolecules, including lipids, pro-
teins, and nucleic acids during HD especially in DM
patients.6 In our study, using different markers, we
also reported that CAE membrane diminishes oxida-
tive stress in the long term.

d-ROMs levels, which are found higher in dialysis
patients and exhibit a further increase during the dialy-
sis procedure, are the oxidative stress biomarkers more
accurately reflecting dialysis oxidative alterations. We
report a significant reduction in d-ROMs levels in our
dialysis patients that are maintained long after the end
of CAE membrane use. In accordance with our find-
ings is another long-term study which has included 31
HD patients and has demonstrated that biocompatible
PS membranes coated with vitamin E reduces oxida-
tive stress using the ADMA as an oxidative stress
marker.7

TAC determination in dialysis patients is severely
affected by the concomitant fluctuation in plasma
urate levels and therefore must be carefully inter-
preted. However, in our study, plasma urate levels
remained stable. The FRAP method for TAC deter-
mination, which we used, represents the most sensitive
index of plasma antioxidant capacity according to a
recent study evaluating the biomarkers of oxidative
stress in this population.38 Our patients presented a
significant increase in TAC under CAE membrane use
lasting to the end of the study. Our findings are in
accordance with another short-term study of eight
hemodialyzed patients, where the modified dialyzer
with vitamin E led to a significant increase of TAC.39

Also Mydlick et al., in a previous short-term study
(3 months), have reported the beneficial effect of the
vitamin E-coated dialyzer against oxidative stress in 14
HD patients where erythrocyte (ER) antioxidant
enzymes, SOD, GSH peroxidase (GPX), GSH reduc-
tase (GR), and CAT, plasma TAC, RBC GSH, plasma
malondialdehyde (MDA), plasma, and RBC vitamin E
were investigated.30 Our study is a pioneer study
because it has demonstrated not only the beneficial
effects of CAE membrane on oxidation as the above
studies have but also has reported for the first time the
extended duration of these effects.

A relevant limitation in our methodology is the
nonrandomized and uncontrolled nature of our trial.
However, this is, to our knowledge, a pioneering
study on the long-term impact of CAE membranes
on both inflammation and oxidative stress. On this
issue, data from research and clinical trials are
scanty, even on the short-term effects. To the oppo-
site, the use of multiple reliable and well-established
markers of inflammation and oxidative stress as
those applied in our study strengthens our conclu-
sions. The results of this study could serve as a working
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hypothesis for further studies with larger numbers of
patients.

Oxidative stress markers, such as SOD, responded
promptly and significantly to the treatment interven-
tion whereas d-ROMs and TAC were delayed in
achieving significance. This could be due to various
reasons such as our study’s small number of patients
and differences in our markers sensitivity. Another
speculated reason could be that the result is not statis-
tically significant from the beginning, therefore in the
first 3 months of the study, but later. Another specu-
lated reason could be that the result is not statistically
significant from the beginning therefore in the first
3 months of the study.

Inflammation biomarkers decreased slowly to a sig-
nificant level, long after vitamin E-associated dialysis
membrane treatment. As other reports validating our
findings are not available, we cannot conclude on the
significance of this timing of oxidative stress responses
until confirmatory evidence is published. We could
only speculate the same reasons we reported for the
oxidative stress markers, which are the small number
of enrolled patients, the duration of the study, the pos-
sible positive result of released vitamin E in the plasma
after the 3 months.

In conclusion the results of this study indicate
that CAE is more effective than the common PS
dialyzer in diminishing the oxidative stress as well as
the inflammation in dialysis patient. A link of oxida-
tive stress and inflammation is also suggested by our
findings as antioxidant biomarkers responded first
to vitamin E-associated dialysis membrane use
while the effect on inflammation biomarkers fol-
lowed, which can possibly be explained by an asso-
ciation between inflammation and oxidative stress.
Our results could serve as a useful working hypothe-
sis for further studies with a larger number of
patients as well as for extended study duration to
elucidate the potential benefits of these CAE on
oxidative stress/inflammation-related morbidity and
mortality and to conclusively determine the related
factors.
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