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Effect of reuse of polysulfone membrane on oxidative
stress during hemodialysis
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ABSTRACT

Patients with chronic renal failure, especially those on long-term hemodialysis (HD), have a high incidence of premature
cardiovascular disease. Oxidative stress, which occurs when there is an excessive free radical production or low antioxidant level,
has recently been implicated as a causative factor in atherogenesis. Hourly changes in malondialdehyde (MDA) and antioxidant
enzymes, vitamins, lipid profile and ferric reducing ability of plasma (FRAP) were studied with the first use and immediate subsequent
reuse of polysulfone dialysis membrane in 27 patients on regular HD treatment. Data were corrected for hemoconcentration and
standardized to measure the rate of change. Increase in MDA and erythrocyte catalase along with decrease in plasma vitamin
E and FRAP levels and no change in glutathione peroxidase levels were observed as a result of both fresh and reuse dialysis.
These findings indicate a net oxidative stress in both fresh as well as dialyzer reuse sessions. There was no significant change
in oxidative stress in both fresh and reuse sessions. The oxidative stress with reuse dialysis was less when compared to first use

dialysis, but the difference was not statistically significant.
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Introduction

Chronic renal failure (CRF) is a state of increased
oxidative stress (0S).[" Oxidative stress is a state in which
reactive oxygen species can cause oxidation of cellular
and matrix macromolecules including sugars, proteins,
deoxyribonucleic acid bases, and lipids. Increasing
evidence suggests that OS may have a significant role in the
development of complications in patients with end stage
renal disease (ESRD) requiring dialysis. Patients with CRE,
including those receiving regular long-term hemodialysis
have high incidence of premature CVD. Oxidative stress
plays an important role in the pathogenesis of vascular
injury and progression of atherosclerosis and thus related
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to endothelial dysfunction (ED) and cardiovascular
outcomes in patients with chronic kidney disease and
patients on maintenance hemodialysis.!

Oxidative stress is assessed either by measuring markers
of the oxidative damage to polyunsaturated fatty acids,
such as malondialdehyde (lipid peroxides) or by inference
from the levels of antioxidants. The antioxidants, which
counter the attack of reactive oxygen species include
intracellular antioxidant enzymes such as super oxide
dismutase (SOD), glutathione peroxidase (GP), and
catalase and non enzymatic chain-breaking antioxidants
present in the plasma like vitamin E, A, and C. The majority
of the studies have found increased lipid peroxidation in
plasma and erythrocytes,>* decreased plasma GB™4 no
change in plasma vitamin E, and varying changes in
erythrocyte SOD and GR!®”! These results point out to the
likely presence of increased oxidative stress in patients
on MHD.

Hemodialysis per se has also been shown to increase
the oxidative stress, with reactive oxygen species being
generated on the surface of the dialyzer membrane by
the activation of polymorphonuclear leukocytes.®®! Even
a single session of hemodialysis increases lipid peroxides
and decreases antioxidants.''>!? However, there are only
a few reports on effect of reuse of the dialyzer membrane
on oxidative stress.!'>*] Most of the studies with the
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reuse of dialyzer are experimental studies probing into
the reactive oxygen species production as an index of
the polymorphonuclear leukocyte (PMNL) function!*
and the complement activation!'®! as a result of reuse of
the dialyzer rather than difference in the oxidative stress
situation between fresh and reuse dialysis.

Hence, a time-course analysis of changes in MDA levels
along with antioxidant enzymes and vitamins was taken
up to evaluate oxidative stress as a result of hemodialysis
with fresh use of the polysulfone membrane and during
its subsequent reuse sessions.

Materials and Methods

Twenty-seven patients with end stage renal disease on
maintenance hemodialysis for 3 months or more, were
recruited after informed consent. Of these, 16 were males
and 9 were females with a mean age of 50.4 + 10.7 years
(age range: 31-75 years). The causes of ESRD were
diabetic nephropthy (40.7%), hypertensive nephropathy
(29.6%), chronic glomerulonephritis (11.11%), ischemic
nephropathy (3.73%), chronic interstitial nephritis
(3.73%), and unknown (11.11%). Patients with acute
infection were not included in the study group. The
dialysis program consists of 4 h dialysis sessions three
times a week.

Dialysis with the polysulfone membrane using bicarbonate
dialysate was conducted with a dialysate flow rate of
500 ml/min and a blood flow rate of 200-250 ml/min.
Water for the dialysate was purified by reverse osmosis.
Anticoagulation was done with 2000 IU of heparin at the
start of dialysis followed by continuous administration
at a rate of 500-1000 IU/h. For each 4-h dialysis
session, blood samples were collected at the start of
dialysis (preHD), 1, 2, 3 h, and at the end of dialysis
(post HD) from the arterial end of the dialyzer. Samples
were centrifuged at 3000 rpm for 15 min, plasma
separated and the erythrocytes were washed four times
with saline before lysing with cold distilled water to
prepare the hemolysate. Samples were analyzed either
the same day or stored at —-80°C until further analysis.
Plasma samples were analyzed for malondialdehyde
(MDA), triglycerides, vitamin E, ferric reducing ability
of plasma (FRAP) while the hemolysate was used to
measure erythrocyte glutathione peroxidase and catalase
activities. Malondialdehyde, as an index of changes
in lipid peroxidation, was estimated as thiobarbituric
acid reactive substances (TBARS).I'”! Vitamin E was
measured by high-performance liquid chromatography.t&!
Plasma total antioxidant capacity as ferric reducing
ability of plasma,"? glutathione peroxidase™” (GP),

and catalase!?!! by continuous spectrophotometric rate
determination. Triglycerides were estimated by standard
methods using commercial kits on the Beckman coulter
Synchron CX9 (Beckman coulter Inc., Fullerton CA) fully
automated analyzer. Hemoglobin was estimated by the
cyanmethemoglobin method using commercial Kkits.

Statistical analysis

Continuous variables were expressed in mean+SEM.
values were corrected for hemoconcentration using
creatinine, cholesterol, and albumin levels appropriate
to the parameter. The data were transformed into
percentage taking the predialytic value as 100% in
order to nullify the effect of uremia and reflect change
due to the dialysis session. Analysis of variance for
repeated measures was performed to assess the overall
time course change due to dialysis. A P value of <0.05
was considered significant. Statistical analysis was
performed using Microsoft Excel and SPSS version 11.5
for Windows.

Results

Baseline characteristics of patients is given in Table 1.
The mean =+ SE of the oxidant and antioxidant parameters
is given in Table 2. The direction of change along with
significance of the parameters studied is given in Table 3.
A significant increase in plasma MDA was found with both
fresh and reuse (P<0.05), along with significant decrease
in the antioxidants like Vitamin E and FRAP (P<0.05).
The catalase activity showed a significant increase while
no change in the GPX activity was observed in fresh or
reuse sessions.

Figures 1-3 show the time course changes of these

Table 1: Baseline characteristics of patients

Parameter Mean+SD
Age (years) 50.4 +10.7
Height (centimeters) 159.0 +7.88
Weight (kg) 55.3+9.3
Hemoglobin (g/dl) 9.6+1.9
Packed cell volume (%) 29.9+6.4
Calcium (mg/dl) 9.4+04
Phosphorus (mg/dl) 46+1.3
Alkaline phosphatase (IU/L) 178.7 £+ 109.3
Uric acid (mg/dl) 51+0.9
Total bilirubin (mg/dl) 0.84+0.36
Direct bilirubin (mg/dl) 0.17+0.16
SGOT (IU/L) 34.8 £25.17
SGPT (IU/L) 30.8 +24.1
Total protein (g/dl) 7.2+0.52
Albumin (g/dl) 3.6 £0.32
Cholesterol (mg/dl) 147.6 £ 31.7
Triglycerides (mg/dl) 115.1 £40.7

SGOT = Serum glutamate oxalate transaminase, SGPT = Serum glutamate
pyruvate transaminase
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Table 2: Mean+SEM of oxidant and antioxidant parameters studied

Parameter Fresh Reuse

Pre-HD* First Second Third Post- Pre-HD* First Second Third Post-HD**

hour hour hour HD** hour hour hour

Plasma MDA/CREAT  0.068 + 0.076 + 0.076 = 0.074 = 0.079 0.067 = 0.068 + 0.074 + 0.073 + 0.080 =
(umol/mg) 0.008 0.010 0.009 0.009 0.009 0.009 0.011 0.011 0.010 0.012
Plasma TGL 10222+ 69.44 + 73.30 = 84.15 + 98.26 + 96.85 + 72.04 + 80.59 + 93.67 = 104.22 +
(mgy/dl) 12.00 6.65 6.98 8.08 9.24 12.98 9.90 11.26 15.05 16.68
Plasma vitamin E 10.60 = 8.02 = 711« 7.76 £ 6.15+ 9.14 + 8.60 8.44 + 8.45 + 7.28 £
(mg/L) 1.58 1.31 0.85 1.40 0.96 1.34 1.46 1.47 1.58 1.45
Plasma FRAP 0.37 = 0.29 + 0.22 + 0.21 + 0.23 + 0.31 = 0.31 = 0.28 + 0.27 = 0.22 +
(wmol/lit) 0.05 0.03 0.08 0.02 0.04 0.03 0.05 0.04 0.04 0.08
Erythrocyte GPX 13.47 = 13.44 + 11.36 = 13.69 = 10.84 = 15.87 = 13.81 = 13.65 % 14.72 12.68 =
(Units/Gm of Hb) 1.60 1.99 1.45 1.92 1.39 2.46 1.93 2.67 2.36 1.38
Erythrocyte CAT 454437 + 5259.96 + 5595.32 + 5236.42+ 5624.76 + 4374.33+ 4793.41+ 484119+ 5228.85+ 3988.65 =+
(Units/mg of Hb) 490.44 487.29 395.59 406.99 545.50 393.51 468.57 342.58 395.81 379.68

*Just before the start of dialysis **immediately after dialysis. MDA/CREAT = Malondialdehyde corrected for creatinine; TGL = Triglyceride; FRAP = Ferric reducing

ability of plasma; GPX = Glutathione peroxidase; CAT = Catalase

Table 3: Analysis of variance for repeated measures
showing significance of changes due to haemodialysis

Within fresh Within-reuse Between
fresh and
reuse
Pvalue Direction Pvalue Direction P value
Malondialdehyde 0.017 Increase 0.002 Increase 0.475
Triglycerides 0.001 Decrease 0.001 Decrease 0.365
Vitamin E 0.003 Decrease 0.012 Decrease 0.538
Glutathione 0.704 No 0.301 No 0.763
peroxidase change change
Catalase 0.001 Increase 0.018 Increase 0.159
Ferricreducing  0.001 Decrease 0.001 Decrease 0.262

ability of plasma

Data collected hourly during dialysis were corrected for hemoconcentration
and clearance through the dialysate and converted to percentages with
predialytic value taken as 100%. Analysis of variance for repeated measures
was used to test the significance of net changes due to dialysis. See materials
and methods for details of statistical analysis

parameters as a result of dialysis with fresh use and
subsequent reuse. As shown in Figures la and b, an
increase in plasma MDA levels is seen with both fresh use
and subsequent reuse with the polysulfone membrane
and is reflected in the changes is triglycerides levels
that showed a decrease as a result of both fresh and
subsequent immediate reuse. The antioxidants especially
plasma Vitamin E and FRAP levels showed a decrease as
a result of both fresh and subsequent immediate reuse
sessions [Figure 2a and b], while an increase in the
catalase activity was seen with in fresh and the reuse
session. However, no significant change in the GPX
activity was observed as a result of both fresh and reuse
of the polysulfone membrane [Figure 3a and b].

Discussion

Plasma malondialdehyde (MDA) is a small water-soluble
molecule and is cleared by the dialysis.'! Hence, if there is
no generation, the levels of MDA are expected to decrease
like creatinine at the end of the dialysis session. CKD and
ESRD represent a state of increased OS attributed to the

uremic state, chronic infections, malnutrition, and iron
overload. These factors are likely to act as confounding
factors. In order to overcome this, we have converted the
data into percentage taking predialytic levels as 100% so
as to measure only the changes that occur due to dialysis.
A significant increase in MDA levels were observed
after correcting for creatinine (P<0.05), suggesting
production of malondialdehyde during dialysis, pointing
toward generation of free radicals. It supports the view
that plasma MDA is both generated and cleared during
dialysis.[10:11.22]

Most of the studies that reported an increased oxidant
stress found that the effect was observed mainly during
the first hour of dialysis,®! and in accordance we also
observed that the rise in plasma MDA levels corrected
for clearance was more in the first hour of dialysis when
compared to the later phase of dialysis.[32324 Reuse of
membranes is said to be associated with less complement
activation than fresh membranes as a result of fixation
of plasma proteins to the membranes and hence lead to
less ROS production.!* We found an increase in MDA as
a result of reuse of the membrane (P<0.05).

The main lipid substrates for oxygen-free radicals are
unsaturated fatty acids in the triglycerides. The increase
in MDA in the first hour is paralleled by a decrease in
triglycerides [Figure 1a], which is the evidence for production
of MDA from triglycerides. In our study, the time course of
changes in plasma triglycerides levels showed a decrease as
aresult of both fresh (P<0.001) and subsequent immediate
reuse (P<0.001) with the polysulfone membrane. This is in
agreement with the literature.>!

Formation of MDA is a chain event as the MDA formed
attack more fatty acids. This chain of events is broken
by chain breaking antioxidants, vitamin E, thiols, and
vitamin C. Vitamin E prevents lipid per oxidation by
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Figure 1: Time course of changes in the parameters study during a 4 h dialysis with the polysulfone membrane. Data collected hourly during dialysis were
corrected for hemoconcentration and converted to percentages with the predialytic value taken as 100%. The results are presented as mean+SEM (n=27).

1a and 1b. Changes in MDA and TGL with fresh and reuse, respectively; MDA: Malondialdehyde, TGL: Triglycerides
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Figure 2: Time course of changes in the parameters study during a 4 h dialysis with the polysulfone membrane. Data collected hourly during dialysis were
corrected for hemoconcentration and converted to percentages with the predialytic value taken as 100%. The results are presented as meantSEM (n=27).
2a and 2b changes in vitamin E and FRAP with fresh and reuse, respectively FRAP-ferric reducing ability of plasma
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Figure 3: Time course of changes in the parameters study during a 4 h dialysis with the polysulfone membrane. Data collected hourly during dialysis were
corrected for hemoconcentration and converted to percentages with predialytic value taken as 100%. The results are presented as meantSEM (n=27).
3a and 3b. Changes in GPX and CAT with fresh and reuse, respectively. GPX-glutathione peroxidase, CAT-catalase

being preferentially oxidized instead of fatty acids and
gets consumed in this process. Therefore, a decrease in
the levels is due to consumption in its attempt to reduce
the effect of oxygen free radicals generated during

hemodialysis. In our study, the time course of changes in
plasma Vitamin E levels showed a decrease as a result of
both fresh (P<0.001) and subsequent immediate reuse
(P<0.012) dialysis with the polysulfone membrane."
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Total antioxidant capacity is an indicator of plasma
resistance against oxidant agents. The major contributors
to the total antioxidant capacity of plasma are urate,
ascorbate, vitamin E, and plasma protein.2%! We have
measured this status in the form of ferric reducing
ability of plasma (FRAP). A significant decrease in fresh
(P=0.001) and reuse (P<0.001) in FRAP levels were
observed in our study, which is in accordance with earlier
reports. [27:28]

Super oxide dismutase (SOD), glutathione peroxidase
(GPX), and catalase (CAT), together with glutathione
(GSH), form the main line of defense against ROS in
erythrocytes. Super oxide dismutase dismutases the super
oxide radicals to hydrogen peroxide. Increase in formation
of H,0, as a result of dismutation of superoxide radicals
by SOD causes the increase activity of GPX and catalase.
However, due to the difference in Km, the contribution
of GPX and CAT in detoxification of H,O, is different.
GPX acts at low H,0, concentration whereas CAT plays a
role when GPX pathway reaches saturation. A significant
increase in catalase activity was seen with fresh
(P=0.001) and reuse (P<0.001) without any change in
the GPX activity in either fresh (P=0.704) or with reuse
(P=0.301) of the dialyzer. However, low catalase activity
was reported by Mimc—Oka et al.™ The increase in the
catalase activity observed in our study might be due to
low levels of GPX observed in dialysis patients coupled
with increased generation of hydrogen peroxides above
the capacity of GPX. Data regarding the GPX activity in HD
are conflicting. Some studies have reported an increase
in the GPX activity while others have reported no change.

Thus, our study shows increase in oxidative stress with
both fresh and reuse dialysis. Moreover, there was no
significant decrease in oxidative stress with reuse of the
dialyzer membrane. As shown in Figure la, maximum
increase in MDA levels occurred during the first hour
of dialysis. However, with reuse [Figure 1b], increase
occurred from second hour onwards, which indicates
the possible role of facors other than between blood
and membrane interaction. These finding are supported
by the change in vitamin E levels, the immediate chain
breaking antioxidant. A sharp decrease in vitamin E
levels occurred at first hour coinciding with the increase
in MDA levels with fresh use of the dialyzer [Figure 2a],
but the decrease seen with reuse was uniform, though it
shows an increase at 1 h [Figure 2b], that was found to be
statistically insignificant (data not shown). Observation of
data shown in Table 2 shows a lesser degree of oxidative
stress with reuse of the dialyzer when compared to fresh
use of the dialyzer. This may be due to a slightly better
antioxidant status as observed by the levels of Vit E, FRAB

and catalase in reuse of the dialyzer when compared to
their status in fresh use of the dialyzer [Figures 3a and
b] and is able to better combat the load of free radicals
generated during the reuse session. This is in agreement
with previous reports that demonstrated a lesser degree
of oxidative stress with reuse of the dialyzer.** Dialyzer
reuse has been shown to have beneficial effects on whole
blood superoxide anion generation'® and cause an
improvement in oxidative stress.!¥

Conclusions

The results of our study with fresh use dialyzer show a
net oxidative imbalance in the form of increase in plasma
MDA levels, catalase activity, and a decrease in plasma
vitamin E and FRAP levels as a result of dialysis session.
Hence, it may be concluded that a single session of
hemodialysis adds to the OS of the uremic state. However,
despite evidence in the literature for persistence of
oxidative stress with reuse no increase in mortality risk
was observed in patients. 033!
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