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Abstract: This study was designed to investigate the effects of combined administration of lipoic acid and
pyridoxine on albuminuria, oxidative stress, blood pressure, serum advanced glycation end-products,
nitric oxide (NO), and endothelin-1 in patients with diabetic nephropathy. Thirty-four patients were
randomly assigned to either a supplement group or a placebo group. The patients in the supplement
group received 800 mg lipoic acid and 80 mg pyridoxine daily for 12 weeks, whereas the placebo group
received corresponding placebos. Urinary albumin, serum malondialdehyde (MDA), and systolic blood
pressure decreased significantly in the supplement group compared to the placebo group (p<0.05).
Serum NO increased in the supplement group compared to the placebo group (p<0.05). Serum pento-
sidine and carboxymethyl lysine decreased significantly in the supplement group at the end of week 12
compared to baseline (p<0.05). No statistically significant differences were observed between the two
groups in mean changes of serum endothelin-1, glucose, and diastolic blood pressure. The present study
indicates that combined administration of lipoic acid and pyridoxine improves albuminuria in patients
with diabetic nephropathy by reducing oxidative stress, advanced glycation end-products, and systolic
blood pressure. The reduction in microalbuminuria may be of benefit in retarding the progression of
diabetic nephropathy.
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Introduction

The earliest sign of diabetic nephropathy, a chronic,
progressive kidney disease that develops in about
20-50 % of all people with diabetes, is microalbu-
minuria [1-4]. Without specific treatment, levels
of microalbuminuria slowly increase, resulting in
macroalbuminuria in these patients, who eventually
reach end-stage renal disease. This is why diabetic
nephropathy is the most common cause of renal
failure in most countries in the world [1-4]. Also,
the risk of developing cardiovascular disease is 2-3
times higher in diabetic patients with microalbu-
minuria compared to persons with normal albumin
excretion, whilst in diabetic patients with macroal-
buminuria, the risk is increased at least 10-fold [1].
High serum concentrations of advanced glycation
end-products (AGEs), oxidative stress, and hyper-
tension are three important risk factors for diabetic
nephropathy [5-7].

At present, administration of antihypertensive
drugs, preferably angiotensin-converting enzyme in-
hibitors (ACEI) and/or angiotensin receptor-blockers
(ARB), coupled with sodium- and protein-restricted
diets, are used as common treatments for diabetic ne-
phropathy. In spite of these renoprotective treatments,
the prevalence of diabetic nephropathy and eventu-
ally, renal failure, is still high in diabetic patients [1, 8].

Two studies have indicated that various forms of
vitamin B6, including pyridoxamine and pyridoxal
phosphate, could reduce AGE formation and prevent
progression of albuminuria in diabetic rats [9,10]. Si-
multaneously, other investigations showed that lipoic
acid, a powerful antioxidant with water- and lipid-
soluble characteristics [11], considerably reduced
albuminuria in diabetic rats [12, 13]. However, in
human studies, the administration of vitamin B6 (as
pyridoxamine) or lipoic acid alone did not significantly
decrease the albuminuria in diabetic patients [14, 15].
Therefore, in the present study, we investigated the
effects of the combined administration of lipoic acid
and vitamin B6 (as pyridoxine) on albuminuria in
patients with diabetic nephropathy. In addition, to
determine the mechanisms of the effects of this com-
bination on albuminuria, we studied the effects of the
combined administration of lipoic acid and pyridoxine
on serum AGE:s (including pentosidine and carboxy-
methyl lysine), NO and endothelin-1, blood pressure,
and oxidative stress.

Materials and Methods

This study was a randomized, double-blind, placebo-
controlled trial.

Subjects and Ethical Aspects

The minimum sample size estimation for each group
was 15 at a power (1-B) of 90 % and o = 0.05 for a two-
arm parallel study with two-tailed testing to detect a
difference of 55 mg/L in urinary microalbumin concen-
tration with a pooled standard deviation of 47 mg/L,
obtained from the study of Morcos [15]. Thirty-four
patients (13 men and 21 women) with type II diabetes
in the age range of 34 to 78 years were selected us-
ing convenience sampling from the outpatient clinic
of the Endocrinology Division at Taleghani hospital
in Tehran, Iran. Patients were selected according to
the following criteria: Urinary albumin excretion of
30-1000 mg/g creatinine, confirmed at least twice with
a one-month interval, serum creatinine <1.2 mg/dL,
absence of hematuria, urinary tract infection, other
renal diseases, symptomatic autonomic neuropathy,
previous organ transplant, and heart failure. We ex-
cluded subjects that had received pyridoxine, lipoic
acid, and vitamin E and/or C supplements within one
month prior to the beginning of the study.

The study protocol was approved by the Ethics
Committee of the National Nutrition and Food Tech-
nology Research Institute of Iran (Reference Number:
P/25/47/6253). The study was in adherence with the
Declaration of Helsinki. Written informed consent
was obtained from all patients.

Protocol

Patients, after stratification according to their base-
line level of albuminuria, were randomly allocated
to either a lipoic acid-plus-pyridoxine-treated group
(LA+PY) or placebo group by blocked randomiza-
tion.

Subjects in the LA+PY group received 800 mg li-
poic acid as 2 capsules (each containing 400 mg pure
racemic (R/S) lipoic acid) and 80 mg vitamin B6 as 2
tablets (each containing 40 mg pure pyridoxine hy-
drochloride) daily for 12 weeks, whereas the placebo
group received corresponding placebos containing
lactose. The capsules and tablets were taken as two
doses in the morning and evening.

Vitamin B6 tablet and corresponding placebos were
produced by the Iran Hormone Company, Tehran,
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Iran. Lipoic acid capsules and corresponding placebos
were provided by the research unit of the 13-Aban
drug store, Tehran, Iran.

Subjectswere advisednottochange theirdietaryhab-
its,physicalactivities,anddrugregimens. Atbaselineand
the end of week 12, an early morning urine sample and
8 mL of blood were collected from each patient after a
12- to 14-hour fasting period. Blood samples were kept
at room temperature (20—25°C) for 20—30 minutes.
After clotting, the samples were centrifuged at 2000
rpm for 10 minutes. The samples of serum and urine
were separated into small aliquots and were frozen at
-70°C, until they were used. All assays were carried
out in duplicate on samples thawed only once.

Measurements

Serum glucose and urinary creatinine were assessed
using various colorimetry methods by commercial
kits (Pars Azemoon, Tehran, Iran) with the aid of a
Selectra2 Autoanalyzer (Vital Scientific, Spankeren,
The Netherlands). Intra-assay coefficients of varia-
tion (CV) for serum glucose and urinary creatinine
were 2.8 % and 1.2 %, respectively. Urinary albumin
concentration was measured using enzyme-linked
immunosorbent assay (ELISA) kits (Orgentec Di-
agnostika, Mainz, Germany), with an intra-assay
CV of 2.6 %. Serum concentration of MDA was as-
sessed using colorimetry method by commercial kits
(Cayman Chemical, Ann Arbor, MI, USA), with an
intra-assay CV of 6.2 %. Serum concentrations of
pentosidine and carboxymethyl lysine were assessed
using ELISA kits (USCN Life Science & Technol-
ogy, Wuhan, China). Intra-assay CVs for serum
concentrations of pentosidine and carboxymethyl
lysine were 7 % and 6.9 %, respectively. Serum NO
concentration was determined using the colorimetry
method by commercial kits (Active Motif, Tokyo,
Japan), with an intra-assay CV of 7 %. Serum endo-
thelin-1 concentration was measured using ELISA
kits (Biomedica, Vienna, Austria), with an intra-assay
CV of 7.8 %.

Patients were weighed at baseline and the end of
weeks 6 and 12. In addition, the dietary intakes of
subjects were assessed using a 3-day dietary recall
(2 weekdays and 1 weekend day) at baseline and the
end of weeks 6 and 12. Patients’ diets were analyzed
by Nutritionist IV software (N Squared Computing,
San Bruno, CA, USA).

For blood pressure measurements at baseline and
after three months’ supplementation, participants
were first asked to rest for 15 minutes, when a trained

physician measured the blood pressure twice in seat-
ed participants, with a 10-minute interval, by using a
standard mercury sphygmomanometer, and thereafter
the mean of 2 measurements was considered as the
participant’s blood pressure.

Compliance

To ascertain patients' compliance, we provided each
patient with a fixed number of capsules and tablets
and instructions to return the unused capsules and
tablets at the end of the study. Based on the number
of returned capsules and tablets by each patient, their
degree of compliance was determined, and the degree
of compliance for our patients was over 90 %. In this
study, no adverse events were reported.

Statistical Analysis

Statistical analysis of data was performed using the
Statistical Package for the Social Sciences (SPSS, Inc.,
Chicago, IL, USA) for Windows version 16.0. A y” test
was used to compare qualitative variables between the
two groups. Since all quantitative parameters accord-
ing to the Kolmogorov-Smirnov test had normal distri-
butions, we used a #-test and paired ¢-test to compare
parameters between and within groups, respectively.
In addition, because dietary and anthropometric pa-
rameters were measured 3 times during the study,
analysis of variance for repeated measurements was
used to compare data between these time points. The
results are expressed as mean + standard error (SE),
and differences were considered statistically signifi-
cant at p<0.05.

Results

The baseline characteristics of patients did not differ
significantly between the two groups (Table I).

The anthropometric and the dietary factors showed
no statistically significant differences between the two
groups at the baseline and the end of weeks 6 and 12.
In addition, these factors did not significantly change
within each group during the study (Table II).

The biochemical parameters showed no statistically
significant differences between the two groups at the
baseline (Table III).

Urinary albumin concentration was reduced sig-
nificantly in the LA+PY group at the end of week 12
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compared to baseline (p<0.05), whereas no statisti-
cally significant change was observed in the placebo
group. The decrease of urinary albumin concentra-
tion in the LA+PY group was statistically signifi-
cant in comparison with the placebo group (p <0.05;
Table III).

Serum MDA concentration decreased signifi-
cantly in the LA+PY group at the end of week 12
compared to baseline (p<0.05), whereas no statis-
tically significant change was observed in the pla-
cebo group. The reduction of serum MDA con-
centration in the LA+PY group was statistically
significant in comparison with the placebo group
(p<0.05; Table III).

Serum pentosidine and carboxymethyl lysine de-
creased significantly in the LA+PY group (p<0.05)
at the end of week 12 compared to baseline, whereas
no statistically significant change was observed in the
placebo group. The reductions in serum pentosidine
and carboxymethyl lysine in the LA+PY group were
not statistically significant in comparison with the pla-
cebo group (Table III).

No statistically significant change was observed in
fasting serum glucose within each group during the
study (Table IIT).

Serum endothelin-1 did not significantly change
within each group during the study (Table III). Se-
rum NO concentration increased significantly in the
LA+PY group at the end of week 12 compared to
baseline (p<0.05), whereas no statistically significant
change was observed in the placebo group. The increase
of serum NO concentration in the LA+PY group was
statistically significant, compared to the placebo group
(p<0.05; Table III).

Diastolic blood pressure showed no statistically
significant change within each group during the study,
whereas systolic blood pressure decreased significantly
in the LA+PY group, compared to the placebo group
(p<0.05; Table III).

Serum creatinine in LA+PY group and placebo
group at the baseline were 1.01 +0.03 mg/dL and
0.95+0.04 mg/dL, respectively. At the end of study,
these values were 1.01+0.04 mg/dL in the LA+PY
group and 0.93+0.06 mg/dL in the placebo group.
There were no statistically significant differences
between the two groups in serum creatinine at the
baseline and the end of study.

Discussion

In our study, urinary albumin concentration decreased
significantly to 74 mg/g creatinine in the LA+PY
group. We have found no study to date investigat-
ing the effect of combined administration of lipoic
acid and pyridoxine on urinary albumin concentra-
tion in diabetic nephropathy, to compare with the
results of our study. The reduction of urinary albumin
in our study may be partly due to administration of
pyridoxine. This finding is in agreement with those of
Degenhardt et al. [10] and Nakamura et al. [9], who
showed that urinary albumin concentration in diabetic
rats treated with the various forms of vitamin B6, in-
cluding pyridoxamine and pyridoxal phosphate, was
significantly lower compared to non-treated diabetic
rats. In a study of Williams et al., however, daily admin-
istration of 100 mg pyridoxamine for 24 weeks to pa-

Table I: Baseline characteristics of patients in the lipoic acid plus pyridoxine- treated group and the placebo group.

Characteristics LA+PY Placebo
(n=17) (n=17)

Age (years)! 60.0+2.0 61.0+3.0
Duration of diabetes (years)" 13.0+1.5 14.0+1.5
Sex

Men 7.0 (41.0%) 6.0 (35.0%)

Women 10.0 (59.0 %) 11.0 (65.0 %)
Smokers 0.0 (0.0%) 1.0 (6.0 %)
Type of treatment for diabetes

Insulin 7.0 (41.0%) 9.0 (53.0%)
Oral hypoglycemic agents 10.0 (59.0 %) 8.0 (47.0%)
Anti-hypertensive drugs
(ACE-I or ARB) 7.0 (41.0%) 8.0 (47.0%)

!Age and duration of diabetes are presented as mean + SE.

ACETI: angiotensin converting enzyme inhibitors
ARB: angiotensin receptor blockers
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Table II: Anthropometric and dietary factors in the lipoic acid plus pyridoxine-treated group and the placebo group.'
Factors Groups Baseline Week 6 Week 12
Weight (kg) LA+PY 75.0+3.5 75.0+£3.5 75.0£3.5
Placebo 70.0+3.0 70.0+3.0 70.0+3.0
BMI (kg/m?) LA+PY 28.0+1.3 28.0+1.3 28.0+1.3
Placebo 27.0+1.2 27.0+1.2 27.0+1.2
Energy (kcal/d) LA+PY 1639.0+125.0 1640.0+124.0 1634.0+123.0
Placebo 1628.0+£77.0 1628.0+£76.0 1620.0+£75.0
Protein (g/d) LA+PY 69.0+£6.0 71.0+6.0 68.0+£6.0
Placebo 62.0+£5.5 64.0+5.0 62.0+5.0
Carbohydrate (g/d) LA+PY 223.0+16.0 222.0+15.0 222.0+£16.0
Placebo 226.0+£13.0 226.0+£12.0 227.0+£13.0
Fiber (g/d) LA+PY 11.0+0.8 11.0+£1.0 11.0+£1.0
Placebo 12.0+1.1 12.0+1.1 12.0+1.0
Fat (g/d) LA+PY 52.0+£6.0 52.0£5.0 52.0£5.0
Placebo 52.0+3.0 52.0£3.0 51.0£3.0
SAFA (g/d) LA+PY 16.0+1.8 16.0+1.8 16.0+1.6
Placebo 15.0+£0.9 15.0+0.8 15.0+0.7
MUFA (g/d) LA+PY 17.0+2.6 17.0+2.5 17.0+2.5
Placebo 16.5+1.8 16.0+1.7 16.0+1.8
PUFA (g/d) LA+PY 15.0+1.3 15.0+1.2 15.0+1.3
Placebo 18.0+1.3 18.0+1.3 17.0+£1.1
Cholesterol (mg/d) LA+PY 163.0+20.0 167.0+18.0 162.0+19.0
Placebo 179.0+£32.0 179.0+33.0 179.0+33.0
Vitamin E (mg/d) LA+PY 85+1.6 9.0+14 9.0£1.5
Placebo 7.7+1.3 8.0+£1.2 79+1.1
Vitamin C (mg/d) LA+PY 77.0+£11.0 77.0+£11.0 78.0+11.0
Placebo 78.0+8.0 77.0+8.0 77.0+8.0
Vitamin B6 (mg/d) LA+PY 1.1+0.09 1.1+£0.10 1.1+0.09
Placebo 1.1+£0.15 1.0+0.14 1.0+0.14

All values are presented as mean + SE.
'n=17 for all values.

BMI: body mass index; MUFA: monounsaturated fatty acids
SAFA: saturated fatty acids; PUFA: polyunsaturated fatty acids

tients with diabetic nephropathy did not significantly
decrease urinary albumin concentrations compared
to a placebo group [14].

The decrease of urinary albumin in our study may
also be partly due to the administration of lipoic acid,
as reported by Melhem et al. [13] and Winiarska et al.
[16], who found that urinary albumin concentration in
diabetic animals receiving lipoic acid was significantly
lower compared to untreated diabetic animals. Also, in
the Morcos et al. study, daily administration of 600 mg
lipoic acid to diabetic patients for 18 months decreased
urinary albumin concentration from 29 mg/L at baseline
to 15 mg/L at the end of the study, a reduction that was
not statistically significant [15]. Therefore, previous
studies showed that the administration of vitamin B6 or
lipoic acid alone significantly decreased albuminuria in
diabetic animals, but not in diabetic patients. However,

the present study showed that combined administration
of lipoic acid and vitamin B6 (as pyridoxine) could re-
duce albuminuria in patients with diabetic nephropathy.

In the present study, the reduction of albuminuria in
the LA+PY group may be due to a decrease in oxida-
tive stress, AGE formation, systolic blood pressure, and
arise in serum NO concentration. Oxidative stress and
AGE compounds, by various mechanisms, play roles
in the development of diabetic nephropathy. Firstly,
AGEs stimulate gene expression of various growth fac-
tors, including transforming growth factor-f, connec-
tive tissue growth factor, and platelet-derived growth
factor in the kidney [17, 18], which mediate production
of extracellular matrix proteins such as collagens I, I1I,
IV, V, VI, laminin, and fibronectin [6, 7, 17, 19, 20].
Accumulation of extracellular matrix proteins causes
thickening of the glomerular basement membrane, glo-
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Table I1I: Serum concentrations of fasting glucose, MDA, pentosidine, carboxymethyl lysine, NO, endothelin-1, systolic
and diastolic blood pressures, and urinary albumin in the lipoic acid plus pyridoxine-treated group and the placebo

group.'
Parameters Groups Baseline Week 12 Changes®
Fasting serum glucose (mmol/L) LA +PY 8.5+0.3 8.7+0.4 02+0.3
Placebo 8.8+0.3 8.5+0.3 -0.3+04
MDA (umol/L) LA+PY 4.8+0.6 3.6+0.5% -12+051%
Placebo 41+0.3 41+0.3 0.0+0.3
Pentosidine (ng/mL) LA+PY 18.2+4.6 11.3+£2.0% -6.8+2.8
Placebo 10.4 £1.3 93+1.4 -1.1+1.2
Carboxymethyl lysine (ng/mL) LA+PY 13.8+1.1 11.5+£0.9* -2.3+1.0
Placebo 11.5+0.8 10.9+0.8 -0.6+0.7
NO (umol/L) LA+PY 30.6+£0.4 31.6+0.6 * 1.0£0.5%
Placebo 30.9 £0.7 30.6+0.4 -0.3+04
Endothelin-1(fmol/mL) LA+PY 1.1+0.2 0.9+0.1 -02+0.1
Placebo 1.1+£0.3 0.9+0.2 -0.2+0.1
Systolic blood pressure (mmHg) LA+PY 142.0+4.5 140.0+5.0 -2.0+1.0%
Placebo 133.0+4.5 135.0+4.5 1.5+1.0
Diastolic blood pressure (mmHg) LA+PY 77.0+£2.8 77.0+£2.8 0.0+0.3
Placebo 72.0+2.2 72.0+2.1 0.0+0.4
Urinary microalbumin LA+PY 236.0+£75.0 162.0+£44.0 * -74.0+34.0 %
(ME/E eatinine) Placebo 181.0+£52.0 208.0+61.0 27.0+16.0

All values are presented as mean + SE.
'n=17 for all values.

2 Changes reflect week 12 — baseline values.
*) p<0.05 vs. baseline

1) p<0.05 vs. the placebo group

NO: nitric oxide; MDA: malondialdehyde

merulosclerosis, hyperfiltration, increased glomerular
blood pressure, and finally microalbuminuria [17]. Sec-
ondly, AGE formation on extracellular matrix proteins
reduces their ability to interact with negatively charged
proteoglycans and increases vascular permeability to
albumin [7]. Thirdly, AGEs induce gene expression
of vascular endothelial growth factor, which increases
glomerular permeability and microalbuminuria [7, 19].
Finally, oxidative stress causes a decrease in NO bio-
availability [21, 22] and an elevation in angiotensino-
gen expression [21], both of which increase glomerular
blood pressure and microalbuminuria.

Increased tissue or serum AGE concentration is an
important cause of diabetes complications [7] and it
has been shown that accumulation of carboxymethyl
lysine and pentosidine in glomeruli is correlated with
the severity of diabetic nephropathy [5]. In the present
study, serum concentrations of carboxymethyl lysine
and pentosidine were significantly reduced by 17 %
and 39 % in the LA+PY group, respectively. These
reductions in the LA+PY group were not statistically
significant in comparison with the placebo group. This
may be due to the short duration of the study; in a lon-
ger study, these reductions may become statistically

significant in comparison with the placebo group. We
found no study on the effects of combined administra-
tion of lipoic acid and pyridoxine on serum AGEs,
especially carboxymethyl lysine and pentosidine, in
diabetic nephropathy, to compare with the results of
our study. However, the reductions of serum carboxy-
methyl lysine and pentosidine in the LA+PY group
may be due principally to the administration of pyri-
doxine. Few studies in diabetic rats have indicated that
various forms of vitamin B6, including pyridoxamine
and pyridoxal phosphate, could reduce AGE forma-
tion [9,10]. In addition, Williams et al. showed that dai-
ly administration of 500 mg pyridoxamine to patients
with diabetic nephropathy for 20 weeks significantly
reduced plasma carboxymethyl lysine concentration
[14]. Various forms of vitamin B6 reduce AGE forma-
tion by three possible mechanisms [23]. Firstly, they
prevent conversion of protein-Amadori to AGEs via
complexing with catalytic metal ions; secondly, various
forms of vitamin B6 inhibit protein modifications by
scavenging reactive carbonyl compounds of glucose
and lipid degradation and thirdly; they may inhibit
metal-catalyzed oxidative steps in protein modifica-
tions by reactive carbonyl compounds [23].
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In our study, the reduction of serum AGE:s in the
LA+PY group may also be partly due to the adminis-
tration of lipoic acid. In the oxidative stress state, reac-
tive oxygen species (ROS) react with carbohydrates,
polyunsaturated fatty acids, or amino acids and yield
reactive carbonyl compounds, which subsequently re-
act with proteins and form AGE:s [20, 24]. Therefore,
the administration of lipoic acid reduces oxidative
stress and consequently causes a decrease in AGE
formation. In agreement with our study, Thirunavuk-
karasu et al. reported that the administration of lipoic
acid decreased AGE formation in rats [25].

Oxidative stress is increased in diabetic patients and
itis considered as a major cause of diabetes complica-
tions [7,26,27]. In our study, compared to the placebo
group, serum MDA in the LA+PY group decreased
significantly by 25 %, which may be due principally to
the administration of lipoic acid, which is a powerful
antioxidant. This result is in agreement with the find-
ings of other studies [16, 28—-30].

The combined administration of lipoic acid and
pyridoxine did not reduce fasting serum glucose in
diabetic nephropathy in our study, and we found no
research in this field in diabetic nephropathy, to com-
pare with the results of our study. However, Muel-
lenbach et al. showed that combined administration
of lipoic acid (92 mg/kg) and pyridoxamine (60 mg/
kg) to obese Zucker rats, resulted in the reduction
of fasting plasma glucose [31]. The disagreement of
Muellenbach et al.'s finding with that of our study
may be due to the administration of very high doses
of lipoic acid and pyridoxamine to rats, whereas these
doses are not allowed in humans. Few studies on the
effect of lipoic acid alone on fasting plasma glucose
are available, and their results are in agreement with
that of our study [32-34].

High blood pressure significantly increases the
risk of the progression of nephropathy in diabetic
patients [21]. In our study, serum concentration of
endothelin-1, as a vasoconstrictor agent, did not
significantly change in the LA+PY group, whereas
serum concentration of NO, as a vasodilator agent,
increased significantly in the LA+PY group com-
pared to the placebo group. The elevation of serum
NO in the LA+PY group may be due principally to
administration of lipoic acid and the reduction of
oxidative stress. There are several interactions be-
tween ROS and NO leading to a decrease in NO
bioavailability. In oxidative stress, ROS including
free radical superoxide anion (-O,") rapidly reacts
with NO and yields reactive nitrogen species such as
peroxynitrite (ONOQO"), associated with a decrease
in NO bioavailability [21, 22].

Duringthe presentstudy, diastolicblood pressure did
notsignificantly change within each group, whereas sys-
tolicbloodpressureinthe LA+PY groupwasreduced by

2 mmHg; the reduction that was statistically signifi-
cant compared to the placebo group may be because
of the decrease of oxidative stress by the lipoic acid
supplement and the consequent increase in serum
NO. In agreement with our results, Thirunavukkarasu
et al. showed that the administration of lipoic acid
decreased blood pressure in male Wistar rats [35].

We did not measure the serum concentrations of
pyridoxine and lipoic acid, and this was a limitation
of our study.

In conclusion, the present study indicates that
combined administration of lipoic acid and pyridox-
ine improves albuminuria in patients with diabetic
nephropathy by reducing oxidative stress, advanced
glycation end-products, and systolic blood pressure.
The reduction in microalbuminuria may be of benefit
in retarding the progression of diabetic nephropathy,
but further studies would be needed to determine
that benefit.

Acknowledgments

This study was supported by the National Nutrition
and Food Technology Research Institute of Iran.

The authors thank the personnel of the outpatient
clinic of the Endocrinology Division at Taleghani
hospital, and those of the 13-Aban drug store and
Iran Hormone Company for their invaluable assis-
tance, and the personnel of the research laboratory
of the Research Institute for Endocrine Sciences for
their technical assistance. The authors also gratefully
acknowledge the cooperation of the participating
patients, without whom this investigation would not
have been possible. We would also like to acknowl-
edge Ms. Nilufar Shiva for the language editing of
the manuscript.

References

1. International Diabetes Federation, International
Society of Nephrology. (2003) Diabetes and Kidney
Disease: Time to Act. International Diabetes Federa-
tion, Brussels.

2. Ruggenenti, P. and Remuzzi, G. (2000) Nephropathy
of type 1 and type 2 diabetes: diverse pathophysiol-
ogy, same treatment? Nephrol. Dial. Transplant. 15,
1900-1902.

Int. J. Vitam. Nutr. Res. 83 (2) © 2013 Hans Huber Publishers, Hogrefe AG, Bern



84

10.

11.

12.

13.

14.

15.

N. Noori et al.: Effect of Lipoic Acid and Pyridoxine on Nephropathy

Gross, J.L., Azevedo, M.J., Silveiro, S.P., Canani,
L.H., Caramori, M.L. and Zelmanovitz, T. (2005) Di-
abetic nephropathy: diagnosis, prevention, and treat-
ment. Diabetes Care 28, 164-176.

Schena, F.P. and Gesualdo, L. (2005) Pathogenetic
mechanisms of diabetic nephropathy. J. Am. Soc.
Nephrol. 16, 30-33.

Heidland, A., Sebekova, K. and Schinzel, R. (2001)
Advanced glycation end products and the progres-
sive course of renal disease. Am. J. Kidney Dis. 38,
S100-S106.

Forbes, J.M., Cooper, M.E., Oldfield, M.D. and
Thomas, M.C. (2003) Role of advanced glycation
end products in diabetic nephropathy. J. Am. Soc.
Nephrol. 14, S254-S258.

Yamagishi, S.I. and Imaizumi, T. (2005) Diabetic vas-
cular complications: pathophysiology, biochemical
basis and potential therapeutic strategy. Curr. Pharm.
Des. 11, 2279-2299.

Wilmer, W.A., Rovin, B.H., Hebert, C.J., Rao, S.V.,
Kumo, K. and Hebert, L.A. (2003) Management of
glomerular proteinuria: a commentary. J. Am. Soc.
Nephrol. 14, 3217-3232.

Nakamura, S., Li, H., Adijiang, A., Pischetsrieder, M.
and Niwa, T. (2007) Pyridoxal phosphate prevents
progression of diabetic nephropathy. Nephrol. Dial.
Transplant. 22, 2165-2174.

Degenhardt, T.P., Alderson, N.L., Arrington, D.D.,
Beattie, R.J., Basgen, J.M., Steffes, M.W. et al. (2002)
Pyridoxamine inhibits early renal disease and dys-
lipidemia in the streptozotocin-diabetic rat. Kidney
Int. 61, 939-950.

Packer, L., Kraemer, K. and Rimbach, G. (2001) Mo-
lecular aspects of lipoic acid in the prevention of dia-
betes complications. Nutrition 17, 888—-895.

Melhem, M.F., Craven, P.A. and Derubertis, F.R.
(2001) Effects of dietary supplementation of a-lipoic
acid on early glomerular injury in diabetes mellitus. J.
Am. Soc. Nephrol. 12, 124-133.

Melhem, M.F., Craven, P.A., Liachenko, J. and De-
Rubertis, F.R. (2002) a-Lipoic acid attenuates hy-
perglycemia and prevents glomerular mesangial ma-
trix expansion in diabetes. J. Am. Soc. Nephrol. 13,
108-116.

Williams, M.E., Bolton, W.K., Khalifah, R.G., De-
genhardt, T.P., Schotzinger, R.J. and McGill, J.B.
(2007) Effects of pyridoxamine in combined phase 2
studies of patients with type 1 and type 2 diabetes and
overt nephropathy. Am. J. Nephrol. 27, 605-614.

Morcos, M., Borcea, V., Isermann, B., Gehrke, S., Eh-
ret, T., Henkels, M. and et al. (2001) Effect of o-lipoic

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

acid on the progression of endothelial cell damage and
albuminuria in patients with diabetes mellitus: an ex-
ploratory study. Diab. Res. Clin. Pract. 52, 175-183.

Winiarska, K., Malinska, D., Szymanski, K., Dudziak,
M. and Bryla, J. (2008) Lipoic acid ameliorates oxida-
tive stress and renal injury in alloxan diabetic rabbits.
Biochimie 90, 450-459.

Mason, R.M. and Wahab, N.A. (2003) Extracellular
matrix metabolism in diabetic nephropathy. J. Am.
Soc. Nephrol. 14,1358-1373.

Shah, S.V., Baliga, R., Rajapurkar, M. and Fonseca,
V.A. (2007) Oxidants in chronic kidney disease. J.
Am. Soc. Nephrol. 18, 16-28.

Bohlender, J.M., Franke, S., Stein, G. and Wolf, G.
(2005) Advanced glycation end products and the kid-
ney. Am. J. Physiol. Renal Physiol. 289, F645-F659.

Uribarri, J. and Tuttle, K.R. (2006) Advanced glyca-
tion end products and nephrotoxicity of high-protein
diets. Clin. J. Am. Soc. Nephrol. 1, 1293-1299.

Kanwar, Y.S., Wada, J., Sun, L., Xie, P., Wallner,
E.I, Chen, S. et al. (2008) Diabetic nephropathy:
mechanisms of renal disease progression. Exp. Bio.
Med. 233, 4-11.

Zhou, X.J., Vaziri, N.D., Zhang, J., Wang, H.-W. and
Wang, X.Q. (2002) Association of renal injury with
nitric oxide deficiency in aged SHR: Prevention by
hypertension control with AT1 blockade. Kidney
Int. 62, 914-921.

Voziyan, P.A., Khalifah, R.G., Thibaudeau, C.,
Yildiz, A., Jacob, J., Serianni, A.S. et al. (2003) Modi-
fication of proteins in vitro by physiological levels of
glucose. J. Biol. Chem. 278, 46616—46624.

Miyata, T., Kurokawa, K. and Van Ypersele De Stri-
hou, C. (2000) Advanced glycation and lipoxidation
end products: role of reactive carbonyl compounds
generated during carbohydrate and lipid metabolism.
J. Am. Soc. Nephrol. 11, 1744-1752.

Thirunavukkarasu, V., Anitha Nandhini, A.T. and
Anuradha, C.V. (2005) Lipoic acid improves glucose
utilisation and prevents protein glycation and AGE
formation. Pharmazie 60, 772-775.

Lee, H.B., Yu, M.R,, Yang, Y., Jiang, Z. and Ha, H.
(2003) Reactive oxygen species — regulated signal-
ing pathways in diabetic nephropathy. J. Am. Soc.
Nephrol. 14, S241-S245.

Mohamed, A.K., Bierhaus, A., Schiekofer, S.,
Tritschler, H., Ziegler, R. and Nawroth, P.P. (1999)
The role of oxidative stress and NF-kB activation in
late diabetic complications. BioFactors 10, 157-167.

Int. J. Vitam. Nutr. Res. 83 (2) © 2013 Hans Huber Publishers, Hogrefe AG, Bern



28.

29.

30.

31.

32.

N. Noori et al.: Effect of Lipoic Acid and Pyridoxine on Nephropathy 85

Borcea, V., Nourooz-Zadeh, J., Wolff, S.P., Kleves-
ath, M., Hofmann, M., Urich, H. et al. (1999) alpha-
Lipoic acid decreases oxidative stress even in diabetic
patients with poor glycemic control and albuminuria.
Free Radic. Biol. Med. 26, 1495-500.

Obrosova, 1.G., Fathallah, L., Liu, E. and Nourooz-
Zadeh, J. (2003) Early oxidative stress in the diabetic
kidney: effect of DL-alpha-lipoic acid. Free Radic.
Biol. Med. 34, 186-195.

Maritim, A.C., Sanders, R.A. and Watkins, J.B., 3rd.
(2003) Effects of alpha-lipoic acid on biomarkers of
oxidative stress in streptozotocin-induced diabetic
rats. J. Nutr. Biochem. 14, 288—-294.

Muellenbach, E.A., Diehl, C.J., Teachey, M.K., Lind-
borg, K.A., Archuleta, T.L., Harrell, N.B. et al. (2008)
Interactions of the advanced glycation end product
inhibitor pyridoxamine and the antioxidant alpha-
lipoic acid on insulin resistance in the obese Zucker
rat. Metabolism 57, 1465-1472.

Jacob, S., Ruus, P., Hermann, R., Tritschler, H.J.,
Maerker, E., Renn, W. et al. (1999) Oral administra-
tion of RAC-a-lipoic acid modulates insulin sensitiv-
ity in patients with type-2 diabetes mellitus: a place-
bo-controlled pilot trial. Free Radic. Biol. Med. 27,
309-314.

33.

34.

35.

Evans, J.L., Heymann, C.J., Goldfine, I.D. and Gavin,
L.A. (2002) Pharmacokinetics, tolerability, and fruc-
tosamine-lowering effect of a novel, controlled-re-
lease formulation of alpha-lipoic acid. Endocr. Pract.
8,29-35.

Kamenova, P. (2006) Improvement of insulin sensi-
tivity in patients with type 2 diabetes mellitus after
oral administration of alpha-lipoic acid. Hormones
(Athens) 5,251-258.

Thirunavukkarasu, V., Anitha Nandhini, A.T. and
Anuradha, C.V. (2004) Lipoic acid attenuates hyper-
tension and improves insulin sensitivity, kallikrein
activity and nitrite levels in high fructose-fed rats. J.
Comp. Physiol. B. 174, 587-592.

Hadi Tabibi, PhD

Department of Clinical Nutrition & Dietetics
Faculty of Nutrition Sciences and Food Technology
National Nutrition and

Food Technology Research Institute

46, West Arghavan St.

Farahzadi Blvd., Shahrak Qods

P.O. Box: 19395-4741, Tehran

Islamic Republic of Iran

hadtabibi@yahoo.com

Int. J. Vitam. Nutr. Res. 83 (2) © 2013 Hans Huber Publishers, Hogrefe AG, Bern



