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Abstract: The present study aimed to evaluate
the effect of lipoic acid supplementation
and physical exercise on the activity of the
enzyme Superoxide Dismutase (SOD) and
on signs and symptoms of post-menopause.
Thirty-three postmenopausal participants
were selected to participate in a double-
blind, randomized, controlled clinical trial.
The women were distributed among the
groups: Control - C (9), Lipoic Acid - AL
(13), Physical Exercise - E (5) and Lipoic Acid
+ Exercise - ALE (6). AL and ALE groups
performed daily supplementation with lipoic
acid at a dose of 600mg orally. Groups E and
ALE performed walks 3 times a week, 1 hour a
day. A blood sample was collected before and
after the 4-month intervention for hormonal
evaluation and Superoxide Dismutase
activity. Anthropometry and assessment of
climacteric symptoms were performed before
the first blood collection and monthly. A 2x2
factorial design was used in this test, where
the multiple linear regression model was used
(analysis of covariance) or the generalized
estimation equations model. No evidence was
found on the effect of lipoic acid and exercise
on SOD. However, lipoic acid improved
sexual symptoms and exercise increased
psychological, somatic, anxiety, depression
and vasomotor symptoms on the Greene
scale. The results deserve further studies to
clarify the relationships found.

Keywords: Post-menopause; Acid lipoic;
Physical Oxidative  stress;
Antioxidants.

exercise;

INTRODUCTION

The enzyme Superoxide Dismutase (SOD)
is the main line of antioxidant defense' SOD is
an essential enzyme and scavenges superoxide
radicals and therefore helps protect cells
against by-products of aerobic metabolism * It
is the first cellular enzyme in the antioxidant
system that catalyzes the dismutation of the

superoxide radical anion (O ,") into Hydrogen
Peroxide (H ,O ,) and oxygen molecules®*
and is a sensitive biomarker of antioxidant
capacity for related changes. at age.>¢

Studies indicate that estrogen has
antioxidant properties.>”” However,
menopause, a phase in which there is a
progressive decline in the concentrations of
this hormone, a condition that affects many
body tissues and produces a variety of signs
and symptoms,® is related to a decrease in
antioxidant defense ' and oxidative stress®’
hypoestrogenism interferes with Superoxide
Dismutase® activity. There are reports that
the expression and function of the SOD
enzyme can be regulated by estrogen ¢ more
specifically, by 17B-estradiol ' SOD can be
negatively correlated with E, " status.

However, although the  oxidative
stress attributed to the drop in estrogen
concentrations in menopause is recognized
by science, there is a need for evidence based
on clinical studies in menopause that point
to new strategies to stimulate antioxidant
defenses or clarify existing inconsistencies.

Generally, the study of oxidative stress
in menopause has been carried out with
subjects using hormone replacement therapy
(HRT) > However, HRT is already recognized
by researchers as being complex and
controversial®

In turn, apart from the research of our
group, the amount of investigative work
that seeks answers to the effect of lipoic
acid (LA) alone or associated with physical
exercise on oxidative stress in menopause is
very discreet, even though LA is considered
a good antioxidant'> with an effective role
in the regeneration of other antioxidants,
such as vitamin C, directly, and vitamin E,
indirectly, a scavenger of reactive species
inside and outside cells' and with effects
also on antioxidants such as SOD and
glutathione.' ¢
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The study of lipoic acid is often implicated
with its effect on oxidative stress in the context
of diseases such as hypertension, metabolic
syndrome, diabetic neuropathy and brain
function, including Alzheimers disease,
among others,'*"” and is still frequently
performed, in animal models, as seen in
recent studies.’®" In addition, there are still
inconclusive answers about the type, duration
and intensity of physical exercise and its
impact on antioxidant defenses.'**

Therefore, the present studyaims to evaluate
the effect of lipoic acid supplementation and
physical exercise on the activity of the enzyme
Superoxide Dismutase and on signs and
symptoms of post-menopause. In addition,
the effect of lipoic acid and physical exercise
on estradiol and follicle stimulating hormones
(FSH) was evaluated.

MATERIALS AND METHODS

CHARACTERISTICS OF
PARTICIPANTS AND STUDY DESIGN

Thirty-three participants who completed
between 1 and 8 years of natural amenorrhea,
confirming early post-menopause according
to Stages of reproductive Aging Workshop *"
were selected from an initial sample of 457
women from the Basic Health Units - UBS in
the city of Mossord, RN, Brazil, to participate
in a double-blind, randomized and controlled
clinical study.

All women were non-practitioners of
physical activity, non-smokers or had not
smoked up to 6 months before, did not
consume moderate amounts of alcohol
(more than 15 g of alcohol/day or more
than one alcoholic drink/day), nor used
psychotropic substances, had no personal
history of cancer, diabetes, cardiovascular
disease, Acute Myocardial Infarction - AMI,
Cerebrovascular Accident - CVA, Chronic
Renal Failure - CRF and clinical thyroid,
hepatic and renal pathologies, were non-
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users of hormone replacement therapy, and
did not have long-term medical treatment or
use of drug substances and supplements that
interfere with endogenous antioxidants '%*-2*

The participants were randomly distributed
among the Control - C (9), Lipoic Acid - AL
(13), Physical Exercise - E (5) and Lipoic
Acid + Exercise - EF (6) groups, and were
instructed to inform about the practice of
physical activity. any type of physical exercise
outside the research, changes in dietary habits
or diagnosis of a chronic clinical condition
with or without prolonged drug treatment.

The research protocol presents CAAE
15697813.3.0000.5292 and was approved
under n. 293,506 by the Research Ethics
Committee - CEP of Onofre Lopes University
Hospital - HUOL on June 5, 2013. All subjects
gave written informed consent.

INTERVENTION
Supplementation with Lipoic Acid
Lipoic Acid group received

supplementation with Lipoic Acid (Standard
excipient: 78% starch, 10% talc, 10%
microcrystalline cellulose, 1% magnesium
stearate and 1% aerosil), two 300 mg capsules
(600 mg dose), once a day orally for 4 months.
Lipoic acid and placebo were masterfully
produced by a regulated establishment.

Exercise Program

The Physical Exercise and Lipoic Acid
and Physical Exercise groups performed 3
weekly walking sessions, on non-consecutive
days, lasting 60 minutes, in a public square,
for 4 months and under the supervision
of a physical educator. The Subjective
Perception of Effort Scale, Borg Scale* was
the instrument used to control the walking
speed, daily and individually. The subjective
perception of effort was maintained at a
moderate level (between Relatively Easy and
Slightly Tired).
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The exercise program had an initial
10-minute warm-up plus stretching, a
40-minute walking session, and a further
10-minute cool-down and final stretch.

TECHNICAL PROCEDURES
Anthropometric Data

Anthropometric measurements, Height,
Weight, Body Mass Index (BMI) and Waist
Circumference (WC) were evaluated at the
time of the first blood collection and monthly
for 4 months.

Thewomenwereinstructedtoclimbwithout
shoes on a digital scale with a glass platform,
G-Tech Glass PRO. Height was measured
using a stadiometer ( Sanny brand ) graduated
in millimeters. The BMI value was calculated
using the quotient of weight in kilograms, by
the square of height in centimeters (BMI =
Weight ( Kg) / Height (m ?), according to the
World Health Organization.*

Waist circumference was measured with a
non-elastic measuring tape to the nearest 0.1
cm, with a total length of 150 cm.

Post-Menopause Symptoms

The gynecologists evaluated the climacteric
symptoms of the participants before the first
blood collection and monthly, during the
consultations, for 4 months, using the Greene
Scale.”

The Greene Scale consists of 21 questions
about heartbeat, tension or nervousness,
difficulty  sleeping, excitability, panic
attacks, difficulty concentrating, tiredness
or lack of energy, loss of interest, feelings
of unhappiness, crying spells, irritability,
dizziness, heaviness in the head, tingling
in the body, headache, muscle and joint
pain, loss of sensation in the hands or feet,
difficulty breathing, hot flashes, night sweats
and loss of sexual interest.

The scores also range from 0 to 3 (0
- no symptoms and 3 - intense) and the

symptomatology can be classified according
to subscales of psychological symptoms,
anxiety, depression, somatic, vasomotor and
sexual symptoms.

Laboratory Assessment

The activity of the enzyme Superoxide
Dismutase and the hormonal parameters
were measured before the beginning of the
experimentand at the end of it (after 4 months).
Approximately 20 mL of blood was collected
from all women through venipuncture in the
cubital region, after a 12-hour fast. The blood
was divided into two aliquots, one without
anticoagulant for hormonal measurements
and one with ethylenediamine tetraacetic
acid ( EDTA - anticoagulant) to evaluate the
antioxidant profile.

Biochemical Analysis

FSH and E2 measurements were performed
on a Centaur analyzer, Siemens brand, mod. 1
or 4, by the chemiluminescence method.

Obtaining Erythrocytes

For  determination of  Superoxide
Dismutase enzyme activity in erythrocytes,
samples were isolated from 5ml of peripheral
blood collected in heparinized tubes. First,
the plasma was separated by centrifugation
at 3000 rpm, 4°C for 10min. After removing
the plasma, the concentrated erythrocytes
were washed three times, under the same
centrifugation conditions, with 2 mL of pH
7.4 potassium phosphate buffer solution. The
erythrocytes were stored in a -80°C freezer
until the beginning of their analysis.

Determination of superoxide dismutase

activity

The activity of the enzyme superoxide
dismutase was determined in erythrocytes
from peripheral blood collected with heparin,
according to Woolliams ** using the Ransod

_—_ -



kit (Randox, Ireland, United Kingdom).
The principle of the reaction is based on the
inhibition of formazan red formation by
capturing the superoxide anion by superoxide
dismutase. Activity was measured by
spectrophotometryat505nm (Shimadzu-1650
PC UV-visible, Tokyo, Japan), reading at 37
°C, and the result expressed as U/mg of Hb.

STATISTICAL ANALYSIS

For statistical analysis, the Stata 11.0
program (Stata Corporation, College Station,
TX, USA). Data were expressed as mean +
standard deviation, simple frequency and
percentage. p values < 0.05 were considered
significant.

The statistical tests used were the student’s
t test and the chi - square test to assess the
heterogeneity in the distribution of the
subjects’ characteristics between the groups.

In this test, the 2x2 factorial design was
applied. In the analysis of the efficacy of lipoic
acid and exercise, analysis of covariance was
used. For the variables measured only in
the baseline and final evaluation, a multiple
linear regression model was used, in which
the dependent variable was the difference
between the final value and the initial value
of this variable. The independent variables
were a dummy binary variable encoding
whether the subject received lipoic acid, a
dummy binary variable encoding whether
the subject exercised, the baseline value of the
studied variable, and a term representing the
interaction between lipoic acid and exercise.
When the interaction test was not significant,
this term was eliminated and the estimates
presented correspond to models without
interaction.

For the variables measured at baseline
and at 4, 8, 12 and 16 weeks, the generalized
estimation equations (GEE) model was used
with normal family, link identity and type
1 autoregressive correlation structure, with

dummy independent variables, encoding
whether the subject used lipoic acid and/
or practiced exercise and a term for the
interaction of these two.

RESULTS

The thirty-three study participants had the
following means+ sd for: age, 52.4 + 4.1 years;
time since menopause, 3.5 + 2.2 years and; age
at menopause, 49.0 + 3.2 years.

Most women do not work outside the home
(18 [54.5%]), are not retired (30 [90.9%]),
are married (17 [51.5%]), have completed
high school (13 [39.4%]), never smoked (19
[57.6%]) and use alcohol (20 [60.6%]) (Table
1).

Regarding the effect of LA and physical
exercise on SOD, no evidence was found
(Table 2).

In turn, lipoic acid decreased the score in
the sexual symptom subscale (p=0.001), and
physical exercise resulted in an increase in the
score in the subscales psychological symptoms
(p=0.007), somatic symptoms (p=0.001),
anxiety (p= 0.003), vasomotor symptoms
(p=0.002) and symptoms of depression
(p=0.028) on the Greene scale (Table 3).

The analysis also found no evidence
regarding the effect of LA and exercise on
hormonal variables, E jand FSH (data not
shown).

DISCUSSION

When evaluating the influence of LA on
the activity of superoxide dismutase in the
participants of the present study, no alteration
was observed in this enzyme. It is possible
that the dose adopted in the experimental
protocol (600mg daily) was not enough to
stimulate an increase in SOD activity in the
population studied, middle-aged women,
without the antioxidant protection of E |

In a study that evaluated the effect of LA
(600mg for 3 months) in elderly people over
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Wariable Value*

SiM NAO
Works 15 (45,5) 18 (54,5)
Qutside
Retired 3(9,1) 30(90,9)
Married T 17 (51,5) 16 (48,5)
= 2nd degree 13 (39,4) 20 (60,6)
complete
L amoher 14 (42,4) 19 (57,6)
Alcohol 20 (60,6) 13 (39,4)
Control Acid Exercise Acid P
(C} 'Iipoic ) .[E]. Lipoic + Exercise
N=9 (AL) N=5 (ALE)
N=13 N=6
N % n % n % n %
works
4 444 6 461 3 600 3 50.0 0.99
outside
retired 2 222 1 76 1 200 0 0.0 0.53
married® 4 444 6 461 4 800 3 500 066
>=ind degree
333 4 307 3 600 3 50.0 0.63
complete
Ex smoker T 777 4 307 2 400 1 16.6 0.08
Alcohol 4 444 9 692 1 200 6 100.0 0.1

*Values are given in absolute frequency (relative frequency)
** "Casada" (Maried) was the most scored option for "Civil Status".

Table 1. Socio-demographic characteristics of the study population (n33).

Variable Lipoic acid Exercise Inte_
gration
M 1C95% P m 1C95% P P

SOD 1014 -9434 11462 0844 -56.21 -1656 53.13 0.302 0,292

Mothod: Mutiple linear regression with baseline adjustment (analysis of covariance)
Values of p < 0.05 were considered significant.

Table 2. Effect of lipoic acid and physical exercise on Superoxide Dismutase (n=33).
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Variable Lipoic Acid Breise Integration

m IC95% m IC95% P P
Symptoms

-1.27 -395 140 0351 389 108 669 0.007 0805
psychological
symptoms

085 -217 047 0206 244 106 382 0.001 0791
somatic
anxiety 058 -200 084 0420 229 080 378 0.003 0690
Symptoms 042 120 037 0299 132 049 214 0.002 0285
‘vasomaotor
SYmPOmS - 066 200 067 0330 158 017 298 0.028 0930
depression
symptom

090 -143 037 0.001 047 -080 103 0094 0571
sexual

Mothod: Generalized estimating equations.

Values of p < 0.05 were considered significant.

Table 3. Effect of lipoic acid and exercise on the Greene scale (n=33).

70 years of age with peripheral arterial disease,
there was also no effect on the formation of
hydroperoxides. It has been suggested that
the dose of LA may have been inadequate
and that doses between 200 and 1800mg/day
of this supplement have been considered safe
in humans, with minimal side effects ?° In
an experiment with animals supplemented
with LA to verify if it influences memory,
oxidation and lifespan, SOD activity was also
not altered.'

However, unlike our findings, in a study
with 31 healthy adults, supplementation
with LA (600mg) for 2 months decreased
LDL oxidation and urinary isoprostane, a
biomarker of lipid peroxidation.”® The amount
of urinary F2-isoprostane did not increase in
patients with DM treated with LA (300mg,
600mg and 1200mg), having increased in the
placebo group, although not significantly **
SOD activity in kidneys of diabetic rats treated
with AL was higher than in those patients and

not treated *> and also increased in rats with
hepatic steatosis supplemented with AL **>

Thus, taking into account the difference
between the response to OS of sick elderly
and healthy adults in LA supplementation,
as seen in the studies above, it is suggested
that in future studies, the dose of LA can
be reassessed for the use with middle-aged
women under conditions of hypoestrogenism.
In addition, few studies have evaluated SOD
activity in humans supplemented with LA, a
fact that justifies the deepening of this aspect.

In continuity, physical exercise also did not
influence the activity of superoxide dismutase
in the participants of our study. A probable
cause for the absence of this effect may have
been the intensity of the exercise protocol,
which was not sufficient to stimulate the
production of superoxide anion and, in turn,
induce an increase in SOD activity **

A similar finding was verified in a trial
with oophorectomized rats that performed
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swimming, in which no antioxidant
adaptation was observed in the trained rats,
unlike the control group, which exhibited a
significant increase in superoxide dismutase
activity. Ovariectomy may have made
adaptation difficult 34, more specifically,
hypoestrogenism, an explanation that may
also apply to postmenopausal women in our
study.

However, although our results did not show
changes in SOD with the exercise protocol
adopted, the practice with moderate intensity
is indicated to maintain health and prevent
chronic diseases in old age. Walking is one
of the most recommended exercises and has
shown positive effects on several biochemical
markers, including those related to OS **

Thus, unlike our findings, an effect of
walking on GPx was verified in a study with
the elderly (1 hour of moderate exercise daily
for 6 months), however, SOD, total antioxidant
status and lipoperoxides behaved better in the
tai chi group. ** Antioxidant activity of the
copper/zinc isoform of SOD was improved in
the skeletal muscle of elderly individuals who
performed resistance training 3 times a week
on non-consecutive days ** Healthy middle-
aged women who performed resistance
exercise and spinning regularly also had
better SOD and CAT activity compared to the
sedentary group *-

Therefore, it is suggested that the next
studies that evaluate the effect of exercise on
the antioxidant status of postmenopausal
women, include protocols with more intense
activities, either on the walk itself or in another
type of physical modality.

In turn, in the evaluation of the influence
of LA and exercise on the climacteric
symptoms of the participants of this study,
it was observed that lipoic acid acts on
the sexual symptom of the Greene scale,
specifically improving the loss of sexual
interest.

Studies indicate that sexual function
declines with age, and menopausal symptoms
were one of the most significant determinants
of sexual dysfunction, defined as a disorder
that includes manifestations ranging from
unresponsiveness to any variation in the
intensity and quality of desire, arousal, and
orgasm.*®* Postmenopausal women seem
to show more decreased sexual desire than
those who have not yet reached stage ***"

However, in the presence of lipoic acid,
the loss of sexual interest symptom scores
decreased on the Greene scale. No mention

was found in the literature about this
relationship.
However, evidence indicates that

vulnerability to reduced sexual desire in
menopausal women is associated with low
concentrations of estrogen and testosterone,
aging, worse perceived health, among others
39-40,42.

The association, then, between decreased
loss of sexual interest and LA supplementation
may be related to the antioxidant power
of the latter, reported in the literature ****
replacing the role of estrogen in its influence
on antioxidant defense, particularly, on SOD
> although in the present study there was no
change in this enzyme in the supplemented
women. However, this hypothesis deserves
further investigation.

In turn, in the present study, physical
exercise caused an increase in scores about the
subscale’s psychological symptoms, somatic
symptoms, anxiety, vasomotor symptoms and
symptoms of depression (Greene scale).

Some works differ from ours when they
identified that physical activity had a positive
impact on the physical and mental health
of middle-aged women * and menopausal
women®’. Aerobic exercise, as well as resistance
exercise, performed 3 times a week for 2
months, had a positive effect on vasomotor,
psychosocial, physical and sexual symptoms
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in menopausal women, and aerobic exercise
proved to be superior in terms of amount of
influence *®. Work that performed a 55-minute
aerobic exercise program on 3 days a week
for 6 months found significant reductions
in hot flashes, sweating, anxiety, irritability,
and depressed mood. It has been suggested
that the reduction could be associated with
the type, duration, intensity and frequency of
exercise ¥.

Thus, it is suggested that the negative effect
of exercise on the psychological, somatic, and
vasomotor symptoms of the Greene Scale in
the present study is related to the amount
of exercise established in the protocol of
the present research, considered, therefore,
insufficient to cause positive changes in the
mentioned symptoms.

CONCLUSIONS

Studies with higher doses of LA may
be justified in evaluating its effect on
SOD enzyme activity in postmenopausal
hypoestrogenism. Notwithstanding, there
was no effect of LA and physical exercise on
the enzyme superoxide dismutase, LA had
a positive effect on loss of sexual interest on
the Greene Scale. While exercise collaborated
with the increase in psychological, somatic,
vasomotor, depression and anxiety symptoms
in postmenopausal women.

The results deserve further clinical studies
to clarify the relationships found between LA
and exercise on menopausal symptoms, and it
is also plausible to increase exercise intensity
or verify its effect at different intensities
on antioxidant defense and menopausal
symptoms.
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