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Abstract: Background: Cardiovascular disease (CVD) is the main cause of death in hemodialysis (HD) patients and oxidative stress is an
important risk factor for CVD. Superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) are primary antioxidant enzymes
in human cells acting against toxic reactive oxygen species (ROS) and their reduced activity may contribute to oxidative disorders in HD
patients. Alpha lipoic acid (ALA) as a potent strong antioxidant may affect these enzymes. Objective: We examined the effects of ALA
supplementation on antioxidant enzyme activities in HD patients. Method: In this double-blinded, randomized clinical trial, 63 HD patients
(43 males and 20 females; age range: 22-79 years) were assigned into the ALA group (n: 31), receiving a daily dose of ALA (600 mg), or a control
group (n: 32), receiving placebo for 8 weeks. Body mass index (BMI), antioxidant enzymes, aloumin (Alb) and hemoglobin (Hb) were determined
before and after intervention.

Results: At baseline, the mean blood activities of SOD, GPx, and CAT in ALA group were 10324366, 18.9+5.09 and 191+82.7 U/gHb which
increased at the end of study to 11494502, 19.1£7.19 and 208+86.6 U/gHb respectively. However, only the increase of SOD was statistically
significant in comparison with placebo group (P = 0.04). The mean levels of Alb, Hb, weight and BMI were not significantly changed in study
groups (P>0.05). Conclusion: ALA may be beneficial for HD patients by increasing the activity of antioxidant enzymes; however, further studies

are needed to achieve precise results.
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Introduction

Chronic kidney disease (CKD) is a worldwide health prob-
lem with a high incidence rate that will progressively
develop into end-stage renal disease (ESRD) [1]. Cardiovas-
cular disease (CVD) is the main cause of death in patients
with ESRD, including patients undergoing hemodialysis
(HD). The physiopathology of cardiovascular events in
HD is multifactorial [2]; however, accumulated evidence
suggests that an increased oxidative stress is an important
risk factor for CVD in this population [1, 2].

Reactive oxygen species (ROS) are highly reactive and
unstable substrates produced by oxygen metabolite [1].
Oxidative stress is a state of imbalance between excessive
oxidant formation and lack of antioxidants as a defense
mechanism [1]. Primary antioxidant enzymes in human
cells that seem to be necessary for cell protection are super-
oxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) [1]. The reduced activity of SOD [3-6],
GPx, and CAT [7], have been described in chronic renal
failure that seems to contribute to the occurrence of
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oxidative disorders [3, 6]. Furthermore, HD patients
usually have low intakes of dietary antioxidant micronutri-
ents such as vitamin E, vitamin C, selenium and zinc [3].
Oxidative stress, as a non-traditional risk factor, not only
explains the high incidence of CVD in CKD, but also
becomes a new target in therapeutic intervention [1]. In this
context, various natural compounds with pleiotropic
actions such as antioxidants are of interest. Antioxidants
are now widely used as a therapy to reduce oxidative stress
in many diseases [1]. One antioxidant agent that is usually
used in oxidative stress related disease is alpha lipoic acid
(ALA) [8-10]. ALAis a naturally occurring compound which
is de novo synthesized in mitochondria and acts as an essen-
tial cofactor for certain dehydrogenase complexes [8].
In pharmacological doses (200-2400 mg/day) [11], ALA
acts as a potent strong antioxidant [9]. It is widely used
in diabetes mellitus (DM) [12-14], hypertension [15],
Alzheimer’s disease [16], Down syndrome [17] and some
types of cancer [18]. Furthermore, growing evidence
has demonstrated a nephroprotective role for ALA [8].
We have previously shown that ALA supplementation
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may have beneficial effects in HD patients by reducing
inflammation [19].

Owing to high prevalence of antioxidant disturbance in
HD patients, there is an increasing need to investigate the
potential of effective antioxidants to be used in addition to
routine therapies for improving oxidative stress in these
patients. To the best of our knowledge, no adequately pow-
ered studies have examined the efficacy of ALA on antiox-
idant enzymes in HD patients [20]. In keeping with this
strategy, we evaluated the effects of ALA supplementation
on antioxidant enzyme activities in hemodialysis patients.

Materials and Methods

Subjects

63 patients (43 Males and 20 Females; with age range,
22-79 years) with ESRD were selected for the study

(Fig. 1). The patients were clinically stable; and undergo-
ing maintenance HD initiated >6 months previously
(mean * SD, 51.7 + 38.9 months and ranged from 6 to 152
months) at a rate of 3 times/wk for 3.5-4.5 h per session.
Exclusion criteria were being <20 years old, having
gastrointestinal disorders, hepatitis and any infectious
diseases, smokers, kidney transplantation candidates,
pregnant and lactating mothers, those receiving any NSAID
(Non-Steroidal Anti-Inflammatory Drug), SAID (Steroidal
Anti-Inflammatory Drug), valproic acid or ALA, vitamin C
and E supplements within the last month. The study
protocol was approved by the Ethics Committee of
Tabriz University of Medical Sciences. It was registered in
the Iranian Registry of Clinical Trials website
(IRCT138902041197N4). This website is a WHO Primary
Registries and conforms to International Clinical Trail
Registry Platform (ICTRP). Written informed consent was
obtained from all patients.

Included

(n=63)

y

Randomization

ALA Placebo
(n=31) (n=32)
v Follow up for 8 weeks Follow up for 8 weeks y
( 7 withdrew \ 4 withdrew
e 1 patient due to kidney e 2 patients died
transplantation

e 2 patients hospitalized
e 4 patients not followed
the protocol of study

— J
!

Completed trial

(n=24)

Figure 1. Flow chart for patient enrolment, randomization and retention.
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Study design

A computer-generated random sequence was kept in a
remote secure location and administered by an indepen-
dent third party who was not involved with the clinical con-
duct of study until all study data were collected and verified.
Patients and those involved in enrolling participants,
administering interventions and assessing outcomes were
blind to group assignments. The patients were randomly
assigned into the supplemented group (n=31), receiving
alpha lipoic acid oral capsule (each capsule included 600
mg ALA) once a day after breakfast [21] or a control group
(n=32) receiving one placebo capsule for 8 weeks. Placebo
capsules were made up of starch and were carefully
matched in appearance with the active treatment. The
participants were asked to keep their usual dietary intake,
physical activity and medication during the study period
unchanged. Patients were monitored weakly for any side-
effects of ALA supplementation. Compliance was assessed
by pill count. Height was measured using a non-stretchable
tape to the nearest 0.1 cm with subjects standing erect
bare-feet with heels touching and the eyes directed straight
ahead. Weight was measured to the nearest 0.1 kg using a
Seca scale, and the subjects mounted with light cloths and
bare feet, after the HD session. Body-mass index (BMI)
was calculated by dividing weight (in kg) by the square of
height (in meters).

Clinical parameters

Fasting blood samples were collected for measurement of
biochemical markers before the dialysis session at baseline
and after 8 weeks of supplementation. Blood samples were
divided into two parts: First part was kept in plain tubes and
second part in ethylenediaminetetraacetic acid (EDTA)
tubes. Samples (plain tube) were centrifuged and serum
was extracted. Serum and whole blood samples were kept
at —70 °C.

Hemoglobin (Hb) was measured by Cell Counter Device.
Biochemical measurements including GPx and SOD were
measured in whole blood by spectrophotometric kit
(Ransel, Randox laboratories ltd, UK) and autoanalyzer
apparatus (Abbott, model Alcyon 300, USA). Meanwhile,
CAT was measured by Abei [22] method. Serum albumin
(Alb) was measured using bromocresol green method [23]
by Pars Azmoon Kkit.

Statistical analysis

Statistical analysis was performed using SPSS version 13.0
and the descriptive data were reported as means and SDs.
Ay test was used to compare qualitative variables between
the two groups. The normal distribution of variables was
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Table I. Baseline characteristics of study groups
Characteristics ALA group Placebo group  *P value

(n=24) ** (n=28) **
Age (year) 53.8+13.2 54.0 + 13.9 0.96
iSex n (%) 0.86
Male 16 (66.7%) 18 (64.3%)
Female 8 (33.3%) 10 (35.7%)
{Diabetes n (%) 7 (29.2%) 9 (32.1%) 0.82
Time on dialysis (month)  59.2 + 40.7 51.9 £ 40.7 0.58

(7-127) (6-152)

Weight (kg) 65.0 £ 11.7 67.0 £ 13.6 0.58
Height (cm) 159 + 7.41 159 + 8.25 0.98
BMI (kg/m?) 26.4 + 418 26.1 + 4.75 0.58

BMI: Body mass index

*independent t-test

**Baseline data are shown just for study subjects who completed the
study

Ty test

tested by the Kolmogorov-Smirnov test, and also consider-
ing the mean and SD. Comparisons within groups were
performed using paired samples t-test and comparison
between groups was performed by independent t-test for
normally distributed parameters and the Mann-Whitney
test for nonparametric data. ANCOVA test was used to
adjust for the effects of confounding factors (baseline
values of biochemical parameters). p-value <0.05 was
considered significant.

Results

From a total of 63 subjects who met the inclusion criteria
and entered the study, 7 patients in ALA group and
4 patients in placebo group were dropped-out from the
study. As indicated in Fig. 1, data were reported for
52 patients (24 in ALA group and 28 in placebo group).
All treatments were well tolerated and no serious adverse
events were reported in this trial. There were no significant
differences on baseline characteristics between two groups
as presented in Table I. Biochemical parameters at baseline
and after 8 weeks of supplementation are listed in Table II.
Baseline values of these parameters were not significantly
different between the two groups.

At the end of study, the mean activity of SOD increased
in ALA group and decreased in placebo group when it was
compared with baseline. The reduction of SOD in placebo
group was statistically significant (p=0.04) (Table II).
Between two groups analysis by independent t-test also
showed that increased activities of SOD in ALA group was
significant in comparison with placebo group (p=0.04), as
shown in Table III. This finding was also significant after
adjusting for baseline values of SOD (p=0.02).
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Table Il. Comparison of biochemical parameters before and after supplementation

Biochemical parameters ALA group Placebo group
(n=24) (n=28)

Baseline Week 8 *P Baseline Week 8 *P
SOD (U/gHb) 1032 + 366 1149 + 502 .30 1021 + 384 862 + 414 +.04
GPx (U/gHb) 18.9 + 5.09 19.1 £7.19 .84 17.6 £ 3.51 17.4 + 2.58 .79
CAT (U/gHb) 191 + 82.7 208 + 86.6 .36 171 £ 41.2 180 + 54.8 43
Hb (g/L) 11.6 £ 2.55 11.7 £ 2.83 .84 12.3 £ 2.02 12.3 +1.97 .99
BMI(kg/m?) 25.4 £ 418 25.4 + 4.21 .64 26.1 £ 4.75 26.4 + 4.49 .27
Weight (kg) 65.0+11.7 64.9+12.0 .76 67.0+13.5 67.7£12.9 .28
Alb(g/dl) 4.05 + 0.30 4.07 + 0.34 .82 4.16 + 0.27 4.06 + 0.31 91

SOD: Superoxide dismutase; GPx: glutathione peroxidase; CAT: catalase; Hb: hemoglobin; BMI: Body mass index; alb: albumin

*p values are based on the paired t-test.
fstatistically significant (P<.05)

Table Ill. Comparison of changes in biochemical parameters between
two groups

Biochemical ALA group Placebo group *p
parameters (n=24) (n=28)

SOD (U/gHb) 117 + 537 —158 + 392 1.04
GPx (U/gHb) 0.26 + 6.26 —0.22 + 4.35 .75
CAT (U/gHb) 17.4 +91.0 9.30 £ 61.2 .70
Hb (g/L) .10£2.40 0.00 + 2.87 .90
BMI (kg/m?) —0.05 + 0.46 0.28 + 1.35 .26
Weight (kg) 0.07 +1.08 0.73 + 3.50 .26
Alb (g/dl) 0.02 + 0.36 —0.09 £ 0.28 42

SOD: Superoxide dismutase; GPx: glutathione peroxidase; CAT: catalase;
Hb: hemoglobin; BMI: Body mass index; alb: albumin

(-) means: decrease

*p values are based on the independent sample t test for normally dis-
tributed parameters and Mann- Whitney test for nonparametric variables.
fstatistically significant (P<.05)

At the end of intervention, the mean GPx concentrations
increased in ALA group and decreased in placebo group, but
the changes of GPx were not statistically significant in both
groups (Table II). Furthermore, between the groups
analysis by independent t-test showed that the changes in
GPx were not also statistically significant between two
groups (Table III).

As illustrated in Table II, although the activities of CAT
increased in the study groups, these changes were not
statistically significant.

The changes in weight, BMI, Alb and Hb concentration
are summarized in Table II. No significant alterations were
also observed in these parameters within each group during
the study.

Discussion

Oxidative stress is an important risk factor for CVD in
HD patients. The first lines of defense against ROS in
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erythrocytes are enzymes, such as SOD, catalase, or GPx,
by which the ROS are turned into less reactive species [4].

SOD neutralizes O, by transforming it into hydrogen
peroxide (H,0,), thereby preventing the formation of
aggressive compounds such as peroxynitrite (ONOO™)
and hydroxyl radical (HO®) [24].

As documented, HD is a case of excessively depleted
antioxidant status [8]. Decrease in SOD activity was
demonstrated in patients on HD, a change that seems to
contribute to the occurrence of oxidative disorders [3, 4].
Mekki et al. also reported that plasma SOD activity was
lower in HD compared to chronic renal failure (CRF) and
peritoneal dialysis patients [5]. Decreased SOD levels in
HD patients are related to some possible factors such as
inflammation [24]. Inflammation is more prevalent in HD
patients [25]. The reduced SOD activity in HD patients
may be an adaptation to oxidative stress and this situation
exists probably because of the prevention to H,O, forma-
tion which could generate the toxic HO® [4]. Moreover,
low plasma activity of SOD could be the consequences of
food restriction. It has been reported that HD patients
usually have areduced intake of fruits and vegetables which
are rich sources of antioxidants such as vitamins (A, C, E),
trace - elements and polyphenols [5].

Dietary supplementation with ALA has been successfully
employed in a variety of in vitro and in vivo models of
diseases associated with oxidative stress [8, 26]. Gastroin-
testinal absorption of ALA appears to be quite variable. Most
commercially available ALA supplements are a mixture of
both R and S enantiomers that have different bioavailabil-
ity. The efficiency of ALA uptake was also lowered by its
administration in food, suggesting uptake competition with
other nutrients for the carrier protein(s) involved [21].

In this study, ALA administration significantly increased
the activity of SOD by 11.3% (117 U/g Hb) after 8 weeks
when compared with the result of placebo group
(P=0.04). No research was found in the available published
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data about the effect of ALA supplementation on blood
activities of SOD in HD patients to be compared with the
results of this study. However, in Wang and colleagues
study on diabetic rats, the decreased activities of SOD in
the serum and renal cortex, were significantly improved
by ALA treatment [27]. Stankovic et al. also observed similar
results in NAFLD male mice treated with ALA [28]. Xu et al.
evaluated the effects of flaxseed oil and ALA combination
therapy in patients with nonalcoholic fatty liver disease
(NAFLD) and observed a remarkable increase in the
activities of SOD [29]. The exact mechanism for this action
of ALA is unknown; however, it may be attributed to the
indirect antioxidant properties of ALA. ALA and its reduced
form dihydrolipoic acid (DHLA) create a potent redox
couple that has been called “universal antioxidant”, this
redox couple appears to be able to regenerate other antiox-
idants [26]. ALA can increase the SOD levels through the
activation of sirtuin 1 (SIRT1) and sirtuin 3 (SIRT3) [30].

GPx is an antioxidant enzyme that scavenges H,0, and
lipid peroxides, and may thus protect the cells from the
deleterious effects of peroxides [5]. The activities of GPx
in HD patients were investigated in many studies and low
levels were reported in most of them [5, 7]. Roehrs and
colleagues reported that the increase of lipid peroxidation
was negatively correlated with GPx activity deficiency
demonstrating that ROS generation can contribute to
decreased GPx activity. This decrease in GPx activity may
represent an early consequence of active nephron mass
reduction, reinforcing the suggestion that the renal tubule
is the predominant site of synthesis of GPx. Thus, in HD
patients when renal impairment is increased, GPx activity
is lower [2]. Furthermore, low levels of GPx in HD patients
may be due to unbalanced diet in this population [5].

In our study, after 8 weeks of supplementation, the
activities of GPx increased in ALA group and decreased in
placebo group, but the changes were not statistically signif-
icant. Similarly Asci et al. reported that GPx activities
increased insignificantly with ALA treatment in rats with
amikacin-induced nephrotoxicity [31]. Xu et al. reported
that flaxseed oil and ALA combination therapy in NAFLD
patients significantly increased the activities of GPx [29].

CAT isanantioxidant enzyme that catalyses the dismuta-
tion of hydrogen peroxide to oxygen and water [32]. It also
oxidizes different toxins, such as formaldehyde, formic
acid, phenols and alcohols [33]. Changes of CAT levels in
HD patients were reported in many studies; however, the
results of different studies are sometimes contradictory.
Several studies reported that activities of CAT are low in
HD patients [5, 7] which may be due to oxidative stress or
food restrictions. Some of studies reported an elevated
levels of CAT [2, 4] justifying that CAT increases in HD
patients to compensate for the oxidative stress that results
from the HD process [2].

© 2019 Hogrefe

In our study, ALA supplementation in HD patient for 8
weeks did not exert a significant effect on CAT. Noresearch
was found in the available published data about the effect of
ALA on blood activities of CAT to be compared with the
results in this study. However, Asci et al. showed that ALA
significantly increased the plasma levels of CAT in rats with
amikacin-induced nephrotoxicity [31]. In Xu et al. study,
flaxseed oil and ALA combination therapy in patients with
NAFLD, also resulted in a remarkable increase in the
activities of CAT as compared with placebo group [29].
Insignificant alteration of GPx and CAT levels in our
patients may be due to inadequate dose of ALA or short per-
iod of study. Moreover, the relatively small sample size of
the study may hinder beneficial effects in this population
[8]. It also may be attributed to the fact that ALA acts
synergistically with other endogenous antioxidants; so
antioxidant disturbance in HD patients limiting ALA’s
ability to perform its complete antioxidative role [8].
Previous published results of this study showed that the
mean concentrations of MDA (malondialdehyde) were
2.65 mmol/L (supplemented group: 2.81 + 1.24; placebo
group: 2.49 + 1.06 mmol/L), which indicated a condition
of oxidative stress in these patients. After 8 weeks, the
serum concentration of MDA increased in both groups;
however, the increased level in ALA group was approxi-
mately 3 times lower than the placebo group (0.09 vs.
0.24 mmol/L). This may be attributed to the anti-
inflammatory and antioxidative actions of ALA. Therefore,
itseems that ALA consumption may inhibit further increase
in MDA levels by ameliorating the inflammation and
oxidative stress. Inhibition of NF-kB activation may be a
possible mechanism for the anti-inflammatory actions of
ALA. NF-kB is a transcription factor that is activated by
oxidative stress and inflammation and induces expression
of many genes involved in inflammation. The serum
concentration of TAS (total antioxidant status) did not
change significantly in both groups that may be because
of the consumption of ALA as an antioxidant [19].

We found that the weight, BMI, Hb and albumin of the
patients remained stable during the study. BMI is a simple
and useful marker in the assessment of body size. Although
an increased BMI is associated with higher mortality in
general population, many epidemiologic studies have
shown that overweight and obesity may play a protective
role in HD patients [34, 35]. The albumin level is an
important predictor of mortality in HD patients, and the
presence of hypoalbuminemia may increase lipid peroxida-
tion and contribute to oxidative stress in these patients [34].
Decreased serum albumin levels are a sign of malnutri-
tion which is more prevalent in this category of patients
[34, 36]. Noori et al. indicated that combined administra-
tion of ALA and pyridoxine improves albuminuria in
diabetic nephropathy [37].
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Although, based on the results of the present study, sup-

plementation with ALA may be beneficial for HD patients
by increasing SOD; further studies with more sample size,
long period of study and/or higher doses of ALA are needed
to achieve precise results.
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