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Abstract The use of vitamin E-bonded cellulose mem-
brane dialyzers has been reported to cause a decrease in
oxidative lipid marker levels (Nakai et al., Ther Apher Dial
14:505-540, 1; Nakai et al., J Jpn Soc Dial Ther 45:1-47,
2; Mashiba et al., Arterioscler Thromb Vasc Biol
21:1801-1808, 3). However, few studies have identified
this effect with vitamin E-bonded polysulfone membranes,
and no studies report the same effect on alpha (1) anti-
trypsin—LDL complex, a new oxidative lipid marker. This
prompted us to examine the influence of use of VPS-HA
vitamin E-bonded polysulfone high-flux membrane dia-
lyzers on this new oxidative lipid marker. The subjects
were 17 patients who had been dialyzed with VPS-HA
for 12 months. The subjects’ baseline characteristics were
as follows. Their average age was 65.6 & 13.1 years,
comprising 8 males and 9 females; hemodialysis vintage
was 83.8 £ 85.4 months. Eight had chronic glomerular
nephropathy and five had diabetic nephropathy. The pri-
mary outcome was defined as alpha (1) antitrypsin—-LDL
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complex level after 12 months, as a post-study using VPS-
HA. Secondary outcomes included triglycerides, total
cholesterol, HDL cholesterol and LDL cholesterol levels.
The data were analyzed pre-study and after 3, 6, 9 and
12 months for alpha (1) antitrypsin-LDL complex, and
pre-study and post-study for the other indicators. Twelve
months after switching to VPS-HA, alpha (1) antitrypsin—
LDL complex, total cholesterol and LDL cholesterol had
significantly decreased. Triglycerides and HDL cholesterol
had not significantly changed. Hemodialysis therapy with
VPS-HA was shown to decrease alpha (1) antitrypsin—-LDL
complex, an index of oxidative stress, and also to decrease
some lipid markers.

Keywords Vitamin E-bonded polysulfone membrane
dialyzer - Alpha (1) antitrypsin—-LDL complex - LDL
cholesterol

Introduction

An overview of regular dialysis treatment in Japan as of 31
December 2008 reported by the Japanese Society for
Dialysis Therapy showed that more than half of hemodi-
alysis patients were being dialyzed with high-flux poly-
sulfone (PS) membrane [1]. Of the deaths among long-term
hemodialysis patients, 39.8 % were reported to be due to
cardiovascular disorders (heart failure, cerebrovascular
disorders, myocardial infarction) centered on the heart [2].

Recent reports suggest alpha (1) antitrypsin (AT) low-
density lipoprotein complex [alpha (1) AT-LDL complex]
[3], which promotes arteriosclerosis, to be implicated in
oxidative LDL in circulatory system diseases. Alpha (1)
AT-LDL complex is comprised of alpha (1) AT and LDL
cholesterol and appears to be a type of oxidative LDL that
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undergoes oxidative degeneration because of lipids accu-
mulated by macrophages in atherosclerotic lesions [3].
Alpha (1) AT-LDL complex may thus be a useful marker
of arteriosclerosis. It has been reported that activation of
complements, discharge of granulocytic elastase, lipid
peroxidation of red blood cell membranes, production of
oxidative LDL and coagulation in the dialyzer are sup-
pressed when using vitamin E-bonded membrane dialyzers
[4-7]. However, few patients dialyzed with vitamin
E-bonded membrane dialyzers have been studied, and their
clinical effectiveness is thus unknown.

We focused on alpha (1) AT-LDL complex in oxidative
LDL, which is related to circulatory system malfunction,
and examined lipid markers using a vitamin E-bonded
high-flux PS membrane dialyzer.

Materials and methods

This study was approved by the Kawashima Hospital
Ethics Committee on Human Research. All patients gave
their prior informed consent to this study. Seventeen
patients using conventional dialyzers were enrolled as
subjects of this study. The baseline characteristics of the
subjects were as follows: average age 65.6 + 13.1 (44-84)
years; gender, 8 males and 9 females; average hemodialysis
period, 83.8 4+ 85.4 (7-336) months; primary disease: 6
with chronic glomerulonephritis, 5 with diabetic nephrop-
athy, 2 with nephrosclerosis and 4 with other conditions.
All subjects had been dialyzed with conventional dialyzers
before switching to VPS-HA vitamin E-bonded high-flux
polysulfone membrane dialyzer for 12 months.

Alpha (1) AT/LDL complex was assayed at 0 months,
1 month, 3 months, 6 months, 9 months and 12 months.
Triglycerides (TG), total cholesterol (T-cho), HDL cho-
lesterol (HDL) and LDL cholesterol (LDL) were measured
at 0 and 12 months.

The levels of alpha (1) AT-LDL complex were mea-
sured in the following way. The isolation of VLDL plus
LDL from serum was performed as described previously
[8]. A 1.5-mL aliquot of polyanion solution (0.053 M
MnCl, and 0.002 % heparin sodium) was added to 50 pL
of serum. The mixture was incubated for 30 min at room
temperature, then centrifuged for 15 min at 2,000xg. The
supernatant was decanted and the precipitate dissolved in
250 pL of 2.5 % NaCl. Enzyme-linked immunoassay was
then carried out: anti-human AT antibody (Dako, Den-
mark) was dissolved in 50 mmol/L Tris-HCl1 buffer (pH
8.4) to a final concentration of 5 pg/mL. A 100-pL aliquot
of the solution was then placed in each well of a 96-well
microplate array (Corning Inc., USA) and then immobi-
lized overnight at 4 °C. The microplates were rinsed three
times with PBS containing 0.05 % Tween 20, and the

reaction was blocked with 1 % casein in TBS (100 mmol/l
Tris-HCI buffer, 150 mmol/L. NaCl, at pH 8.0) at 100 pL/
well. The precipitate samples (50 pL/well) were then
added. The microplates were incubated for 2 h at 37 °C
and then rinsed five times with PBS containing 0.005 %
Tween 20. As the secondary antibody, biotinylated Fab’
anti-human apoB monoclonal antibody (Ikagaku Co., Ltd.,
Japan) was diluted to 1 pg/mL in 1 % casein TBS and then
placed in the microplates at 100 pL/well. The mixture in
the microplates was allowed to react for 1 h at 37 °C. The
microplates were then rinsed five times with PBS con-
taining 0.005 % Tween 20. Peroxidase-labeled avidin
(Vector Laboratories Inc., USA), as the tertiary antibody,
was diluted 20,000-fold in 1 % casein TBS and added to
the microplates at 100 pL/well. The mixture was then
allowed to react for 30 min at 37 °C. The microplates were
rinsed five times with PBS containing 0.005 % Tween 20.
The residual activity was measured as the difference in
optical absorbance between 450 and 620 nm after adding
100 uL. of TMB Microwell Peroxidase Substrate (KPL
Inc., USA) to each well. The reaction was terminated by
adding 1 mol/L. phosphoric acid. Serum AT-LDL levels
were calculated as a function of LDL after determining
LDL levels using the reagent measurement kit [3].

We determined that since hypolipidemic drugs risked
acting as confounding factors, all patients should maintain
the same dosages and types of hypolipidemic drugs they
were being prescribed before the study began.

To eliminate the influence on the data of confounding
factors, all patients also maintained the same hemodialysis
conditions before starting to use VPS-HA as an interven-
tional dialyzer. We regarded the following as potential
confounding factors: dry weight, HD dosage (except for
hemodialysis sessions with symptoms), sodium and cal-
cium concentration of the dialysate, and dialysate
temperature.

The HD conditions were as follows. HD sessions were
performed thrice-weekly for 4 h at a blood flow rate of
2459 + 12.8 (200-250) mL/min, conforming to standard
Japanese hemodialysis conditions. Dialysate with sodium,
calcium and acetate concentrations of approximately 140,
3 and 10 mEq/L, respectively, was supplied by a centrally
supplied dialysate system at a flow rate of 500 mL/min.
The water for preparation of the dialysate was purified
using a reverse osmotic filter, an ultrafiltrate filter and an
endotoxin retention filter.

All the subjects had been undergoing hemodialysis
using the following conventional dialyzers. Six patients
had used EK (ethylene vinyl alcohol, Kawasumi Labora-
tories Inc., Tokyo, Japan), four patients had used BG-PQ
(polymethyl methacrylate, Toray, Tokyo, Japan), four
patients had used FB-U beta (cellulose triacetate, Nipro,
Osaka, Japan), one patient had used CX-U (polysulfone,
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Toray, Tokyo, Japan), one patient had used PES-D alpha
(polyethersulfone, Nipro, Osaka, Japan), and one patient
had used FDY-GW (polyethersulfone polymer alloy,
Nikkiso, Tokyo, Japan). The surface area of the conven-
tional dialyzers’ membrane was 1.68 + 0.16 m”.

Statistical analyses were performed using XLSTAT
(ver. 2011, Addinsoft SARL, Paris, France). Primary and
secondary outcome measures were compared using the
Mann-Whitney U test and the Tukey-Kramer post hoc
multiple comparison test. A two-tailed P < 0.05 was
regarded as statistically significant.

Results

The ultrafiltration volume, dialysate temperature and
room temperature were 2.5 &+ 0.9 (1.17-4.45) L/session,
36.3 £ 0.4 (35.0-36.5) °C and 27.8 £+ 0.1 (27.7-27.8) °C
through the research period, respectively. Prior to the study, all
the subjects were being administered one or more of the fol-
lowing antihypertensive medications: calcium channel
blockers (8 patients), angiotensin-converting enzyme inhibi-
tors, alpha-blockers (1 patient), beta-blockers (1 patient),
angiotensin receptor blockers (3 patients) and other types (1
patient). As ESAs, epoetin beta or darbepoetin alpha was used.

Before the study, conventional dialyzers had been used
for 6.0 = 1.4 (3.4-7.8) months. During the present study,
the dialyzer membrane area was 1.64 + 0.19 m?, since
conventional 1.6 m? dialyzers were replaced with VPS-HA
dialyzers that have an area of 1.5 m?. There were six patients
from class III to IV and one patient from class V to IV
according to the Japanese reimbursement system. Thirteen
patients had never been administered hypolipidemic drugs.
One patient was administered hypolipidemic drugs before and
during the study. Two patients were given decreased doses of
hypolipidemic drugs during VPS-HA treatment.

Changes in each lipid marker were compared using
VPS-HA. Alpha (1) AT-LDL complex, total cholesterol
and LDL cholesterol were significantly decreased at
12 months (Figs. 1, 2, 3, respectively). At 12 months, the
value of alpha (1) AT-LDL complex had changed from
2.40 £ 0.50 to 1.48 + 0.45 mg/mL, that of total choles-
terol had changed from 188.2 4+ 37.8 to 161.2 £ 30.2 mg/
mL and that of LDL cholesterol had changed from
103.0 £ 23.6 t0 90.6 £ 18.6 mg/mL. Triglycerides did not
significantly change from 165.6 £ 73.1 to 136.8 £ 65.9
mg/mL at 12 months (data not shown), and HDL choles-
terol did not significantly change from 46.0 = 19.9 to
38.2 + 14.3 mg/mL at 12 months (data not shown). Alpha
(1) AT-LDL complex decreased significantly and steadily
(Fig. 4, 2.40 £ 0.50 at 0 months, 2.17 £ 0.52 at 1 month,
1.70 £ 0.46 at 3 months, 2.04 £ 0.60 at 6 months,
1.66 £ 0.62 at 9 months and 1.48 + 0.45 at 12 months).
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Fig. 1 Box and whisker plots of alpha (1) antitrypsin—-LDL complex
between pre-using and post-using VPS-HA. Statistical analysis was
performed using the Mann-Whitney U test
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Fig. 2 Box and whisker plots of total cholesterol between pre-using
and post-using VPS-HA. Statistical analysis was performed using the
Mann-Whitney U test
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Fig. 3 Box and whisker plots of LDL cholesterol between pre-using
and post-using VPS-HA. Statistical analysis was performed using the
Mann-Whitney U test
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Fig. 4 Box and whisker plots of alpha (1) antitrypsin—LDL complex
using VPS-HA. Statistical analysis was performed by the Tukey-
Kramer post-hoc multiple comparison test. P < 0.05 is regarded as
statistically significant

We tried to obtain additional clinical data for pre- and
post-dialysis serum concentration and fluid waste concen-
tration of each lipid marker. The values for alpha (1) AT
LDL complex were 0.0 mg/mL in the fluid waste, 1.3 £
0.4 mg/mL in the pre-dialysis serum and 2.3 £ 0.6 mg/mL
in the post-dialysis serum. Similarly, those for total cho-
lesterol were 0.0 mg/mL in fluid waste, 170.9 + 35.1 mg/mL
in the pre-dialysis serum and 204.6 £ 48.3 mg/mL in the
post-dialysis serum. In addition, those for LDL cholesterol
were 0.0 mg/mL in fluid waste, 101.2 £ 26.5 mg/mL in the
pre-dialysis serum and 126.1 £ 38.0 mg/mL in the post-
dialysis serum.

Discussion

The vitamin E-bonded membrane, as well as the conven-
tional membrane, has a diffusion layer [9]. It thus appears
that both membranes inhibit the adsorption of serum pro-
tein via the same mechanism. There are few reports on
vitamin E-bonded PS membrane dialyzers, except on the
antioxidant effects of vitamin E-bonded low-flux cellulose
membranes. In our present study, alpha (1) AT-LDL
complex, used as a lipid marker and an index of oxidative
stress, significantly decreased when using VPS-HA.

The molecular weight of alpha (1) antitrypsin—-LDL com-
plex is around 660 kDa, that of LDL cholesterol is around
2,000 kDa and that of total cholesterol was estimated to be
greater than 660 kDa. In the results of the additional clinical
trial, no lipid markers were detected in the fluid waste. All
lipid markers showed an elevation in serum concentration

from pre-dialysis to post-dialysis. Because the molecular
weights of all lipid markers prevent them from passing
through the membrane fiber pores, we concluded that all lipids
markers were concentrated by hemodialysis therapy. We
calculated the value of each lipid marker by dividing it by its
value in body fluid. The results showed the front-back ratio of
each lipid marker to exceed 1.0. We concluded that this is not
due to a mechanism such as adsorption estimated from the
values of the front-back ratio of each lipid marker and leak out
in the waste fluid, but due to another mechanism.

It has been suggested that the radical chain reaction is related
to the peroxidation of lipids [10]. We conclude that the
mechanism of decrease does not depend on dialysis (diffusion
and filtration) or adsorption: another mechanism is at work
here. Satoh et al. [7] and Morimoto et al. [11] have reported a
decrease in MDA and oxidative LDL with the use of conven-
tional vitamin E-bonded membrane dialyzers. We therefore
conclude that the mechanism of alpha (1) antitrypsin—LDL
complex depends on the antioxidant status, by way of pro-
tecting against the oxidation of lipids during hemodialysis.
There are no reports on administration of hypolipidemic drugs
to hemodialysis patients even when they are treated with alpha
(1) antitrypsin—LDL complex instead of vitamin E-non-bonded
membrane dialyzer. When VPS-HA is used, it appears to act as
aradical scavenger that stops the radical chain reaction. It is the
vitamin E-bonded membrane that acts in this way, since vita-
min E reacts with lipid peroxide radicals. It appears that oxi-
dative lipid markers of oxidative stress decrease because the
vitamin E-bonded membrane is involved in stopping the radical
chain reaction inside the patient’s body. Alpha (1) AT-LDL
complex as an oxidative stress factor also decreased in this
study. Although it was reported in the JOMS Study that alpha
(1) AT-LDL complex is not related to metabolic syndrome
complex, oxidation LDL for alpha (1) AT-LDL complex is
likely to be a future focus of interest [12]. We thus believe that
hemodialysis therapy using VPS-HA, a radical scavenging
membrane dialyzer, significantly decreases oxidative stress, as
evidenced by lower levels of alpha (1) AT-LDL complex in
hemodialysis patients. A recent study by Koremoto et al. [13]
describes improved intradialytic hypotension in diabetic he-
modialysis patients using VPS-HA. We plan to investigate the
relationship between oxidative lipid markers specific to arte-
riosclerosis and those specific to arteriosclerosis and intradia-
lytic hypotension, if they can be identified, in a subsequent
long-term study of the relationship between oxidative lipid
markers and intradialytic hypotension.

Conclusion
VPS-HA significantly decreased alpha (1) AT-LDL com-

plex as an oxidative stress marker. LDL cholesterol and
total cholesterol also decreased.
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