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Abstract: Despite extensive research, the effects of a-tocopherol supplementation remain controversial. Few studies
have been focused on obese and overweight people. We examined the effects of a-tocopherol (AT) on the oxidative status
and metabolic profile in overweight women. Sixteen overweight women between the ages of 40-60 years old, received
AT, 800 IU/day during 12 weeks, followed by a 6-week washout period. Blood samples were taken at the beginning and
then every 6 weeks until the end of the study. AT, retinol, malondialdehyde (MDA), total antioxidant status (TAS),
selenium-dependent glutathione peroxidase (GPx) and CuZn-superoxide dismutase (SOD) were quantified to evaluate the
oxidative stress. The metabolic profile was estimated by measuring glycated hemoglobin (HbAlc) in erythrocytes and
glucose, phosphate, magnesium, lipid and lipoprotein concentrations in serum. Under AT administration HbA1c, serum-
MDA levels and erythrocyte GPx activity were markedly reduced. TAS, AT and Mg”" concentrations in serum and SOD
activity in erythrocytes were higher after AT treatment. Body weight; glucose, lipid and retinol concentrations, or blood
cells count were unchanged. Lipid peroxidation was considerably reduced in AT treated women and also improved serum
antioxidant status was observed, but the imbalanced response between erythrocyte SOD and GPx activities could affect

normal response to oxidative stress.
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Introduction

In spite of widespread supplementation use of
vitamin E, there is not a complete understanding of its
potential benefit. Some reports have shown beneficial
effects in experimental models based upon AT
antioxidant property to inhibit lipid peroxidation [1, 2].
However, others in vivo studies have suggested that AT
can also act as a prooxidant molecule under certain
circumstances [3, 4]. In the last two years, a study
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showed AT safety across a broad range of doses [5],
while a pair of meta-analysis concluded that high doses of
vitamin E may increase the risk of mortality [6,7].

Obesity and being overweight are associated to
insulin resistance which could appear previous to type 2
diabetes mellitus. Some years ago, it was shown that
oxidative stress is increased in type 2 diabetic patients and
in some studies [8], antioxidant therapy has shown
beneficial effects, improving glycemic control [9, 10].
The relation between overweight and obese subjects and
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oxidative stress has not been widely studied. Yet, it has
been proven that antioxidant plasma concentrations are
reduced in individuals at increased risk of diabetes [11].
Others studies have reported that Body Mass Index
(BMI), correlates with systemic oxidative stress [12, 13],
and that fat accumulation, closely correlates with the
markers of systemic oxidative stress in non-diabetic
human subjects [14]. Accordingly, antioxidant
supplementation could be used as an effort to ameliorate
the development of such pathology. However, there is a
little documentation about the effects of AT on
overweight or obese subjects [15].

Some studies have shown difficulty in getting
appropriate AT plasma concentrations from foods [16];
and worse, many women do not consume vegetable oils
and other vitamin E-rich food because its hypercaloric
content is not attractive for modern weight control. In
Mexico, the prevalence of AT deficiency among aged
women was 30% according to the National Nutrition
Survey in 1999, ENN, 1999 [17]. This finding suggests
that understanding AT effects on middle-aged,
overweight women is of capital importance.

Materials and Methods
Subjects

Ethical permission for all studies was obtained from the
Hospital General de Zona No 46 of the Instituto Mexicano
del Seguro Social (IMSS) Research Ethics Committee in
Villahermosa, Tabasco, México. Studies were conducted
according to Declaration of Helsinki principles. Subjects
gave written, informed consent before participation. Sixteen
healthy female subjects, between 40-60 years old, with the
characteristics shown in Table 1 were recruited from workers
at the hospital. Participants were hospital employees as
nurses, secretaries and medical doctors.

Table 1: Baseline characteristics of overweight healthy
women (n=16)

Characteristic Mean + SD
Age (years) 51.8 £4.47
Body weight (Kg) 61.59 +6.77
Height (m) 1.53 £0.04
BMI (Kg/m?) 26.18 £2.85
(Sglﬁg)blood pressure* (mmHg) 112.5 + 8.56
Diastolic blood pressure* (mmHg) 71.13 £ 8.56
FSH (mIU/ml) 57.90+32.65

*(mmHg)

All the studied subjects were healthy as determined by
a medical history questionnaire, physical examination and
normal results from clinical laboratory tests. Additional
criteria included menstrual period cessation or irregular
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menstruation, elevated follicle stimulating hormone levels
(=230 pU/ml), mean body mass index over 25 but less than
30 (BMI; in Kg/m?), hot flashes and one or both ovaries
remaining. Exclusion criteria included hormonal therapy;
cardiovascular, hepatic, gastrointestinal, or renal diseases;
diabetes, hypertension, obesity, hyperlipidemia,
supplemental vitamin use at least three months before the
start of the study, along with intake of garlic or fish oil,
alcoholism, smoking, or poorly accessible veins.

A dietary evaluation was conducted by a dietitian at
the beginning and at the end of the study. All participants
completed a 1-day food record and the dietary intake was
calculated. Subjects were encouraged to maintain their
diet and activities without modification throughout the
study period. Participants received AT, 800 IU/day,
during 12 weeks, followed by a 6-week washout period.

Reagents and Blood Sample Collection

AT was purchased from Nutricia Manufacturing,
USA, in capsules containing 400 IU of vitamin E as D-o-
tocopherol acetate. Sulfuric and phosphotungstic acid, 2-
thiobarbituric acid, 1,1,2,3,-tetracthoxypropane and other
chemicals were purchased from Sigma Chemical
Company (St Louis, MO, USA).

Venous blood samples were obtained from
participants at the beginning of the study, at 6 and 12
weeks of the AT treatment and at the end of the washout
period (18 weeks). In all cases, blood samples were taken
between 7:00-8:00 am after a 12 hour fasting period.
Routine blood clinical determinations and erythrocyte
enzyme activities were determined the same day of
sample collection. Serum aliquots were preserved at -
70°C for up 10 days for other determinations.

Clinical Chemistry

Hemoglobin concentration and blood cells count
were measured using a Cell-Dyn 3700 counter from
Abbott Diagnostics. Plasma triglycerides were assayed
by the peroxidase-coupled method [18], total plasma
cholesterol was measured by the Allain enzymatic method
[19]. High density lipoproteins (HDL) cholesterol was
determined after precipitation of LDL, very low-density
lipoproteins and chylomicrons using MgCl, and dextran
sulphate. LDL-cholesterol concentration was calculated
from the above data using the Friedewald formula [20].

Glycated hemoglobin (HbAlc) was measured by a
turbidimetric immunoinhibition method. In the reaction,
HbAlc antibodies were combined with hemoglobin Alc
from the sample to form soluble antigen-antibody
complexes. Polyhaptens from the reagent were bound
with the excess of antibodies and the resulting
agglutinated complex was measured turbidimetrically.
Serum Mg”* was determined by a spectrophotometric
method using Magon, 1-azo-2- hydroxy-3-(2, 4-
dimethylcarboxanilido)naphthalene-1’-(2-hydroxybenzene).
All the mentioned and other routine clinical assays were
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performed using a Synchron CX7 Clinical System, from
Beckman Coulter with a daily quality control program for
precision. Human follicle stimulating hormone (FSH) was
measured by enzymatic immunoassay on a Abbott Axsym
System (Abbott Laboratories, USA).

Oxidative Stress

The oxidative stress evaluation included the
measurement of endogenous antioxidant capacity as well
as biomarkers of lipid peroxidation. Total antioxidant
status (TAS) in serum represents the cumulative effects of
all antioxidants. It was measured by a commercial kit
(Randox Lab., Grumlin, UK) based on the ability of
antioxidants in the sample to inhibit the oxidation of
ABTS® (2,2’-azino-di-[3-ethylbenzthiazoline sulphonate]
to ABTS®++ by metmyoglobin. The suppression of a
stable, blue green color production is proportional to the
total antioxidant concentration.

Selenium dependent-glutathione peroxidase (GPx)
activity in erythrocytes was measured by a commercial kit
(Randox Lab), based on the method of Paglia and
Valentine, using cumene hydroperoxide as substrate [21].
CuZn-superoxide dismutase (SOD) activity from
erythrocytes was measured by a commercially available
kit (Randox Lab), based on the method of McCord and
Fridovich [22]. AT and retinol concentrations were
measured in serum by the high performance liquid
chromatography (HPLC) method of Sowell et al, after a
lipid extraction with a hexane-ethanol mixture [23].
Malondialdehyde (MDA) in serum was determined by its
reaction with thiobarbituric acid (TBA). To prevent
artificial autooxidation, butylated hydroxytoluene (BHT)
in a final concentration of 15 pmol/L was added to the
reaction mixture. To improve the extraction of the MDA-
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TBA adduct, 5 M HCI was used before the extraction
with n-butanol according to Wasowicz et al [24]. A
1,1,3,3 tetraethoxypropane hydrolyzed solution was used
to prepare a standard curve and a microplate reader to
measure the absorbance at 532 nm.

Statistical Analysis

Statistical analysis was performed with the use of
GRAPH-PAD PRISM (version 3.0; GraphPad Software,
San Diego). A one way, repeated measure analysis of
variance (ANOVA) for the time component of the
experiment was performed. Tukey post-hoc analysis was
used where appropriate to test the differences between the
groups. A value of p <0.05 was accepted as significant.

Results
Clinical Characteristics

Table 1 shows the baseline clinical characteristics of
the patients included in this study. As noted, all subjects
had a sufficient ingestion of vitamins and minerals,
including AT from the diet. The calculated daily energy
intake was 1600 Kcal/d. All the participants were
overweight according to the definition of the World
Health Organization. Figure 1 shows basal normal levels
of AT (1204£343.2 pg/dL). As expected, AT
concentration increased after supplementation (p<0.001)
which confirmed a good compliance of the participants.
Table 2 shows normal baseline values of glycemic-lipidic
metabolites in the subjects. According to the clinical
interview, a good tolerance to AT was reported. No
patients reported digestive disorders that could be
attributed to this substance.
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Figure 1: Effects of AT supplementation on lipid peroxidation and TAS markers. Serum MDA:Wk 0 vs wk 6, p>0.05; 0 vs 12, p<0.05; 0
vs 18, p<0.001. Serum TAS: Wk 0 vs wk 12, p<0.001; 0 vs 18, p<0.001; 6 vs 18, p<0.05. Erythrocyte Cu/Zn-superoxide dismutase
(SOD): Wk 0 vs wk 6, P<0.001; 0 vs 12, p<0.001; 0 vs 18, p>0.05. Erythrocyte Se-GPx (GPx): Wk 0 vs wk 6, p<0.01; 0 vs 12, p<0.001;
0 vs 18, p<0.001. AT levels: Wk 0 vs wk 6, p<0.001; 0 vs 12, p<0.001; 12 vs 18, p<0.05. SOD/GPx ratio: Wk 0 vs wk 12 and 0 vs 18, p

<0.001; 6 vs 12, p<0.05; 6 vs 18, p<0.001. n = 16.
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Table 2: Modification of biochemical metabolic markers following 6 and 12 weeks of oral supplementation with a-tocopherol 800
[U/day to overweight female subjects (n = 16). A washout period of 6 weeks followed the AT treatment.

Week 18
Parameter Week 0 Week 6 Week 12 (Washout) p
Glucose 96.88+6.722 98.384+6.479 97.13+5.427 93.81+8.183 NS
Ovs6, p<0.001
Ovs 12, p<0.001
Ovs 18, p<0.001
Glycated hemoglobin (%) 3.894+0.2175 3.625+0.274 3.131+0.2414 3.244+0.1590 6vs 12, p<0.001
6vs 18, p<0.001
12 vs 18, p>0.05
Uric Acid 4.669+0.6416 4.325+0.591 4.28140.7556 4.594+0.8410 NS
Cholesterol 196.9+33.75 192.2436.60 196.7435.11 194.0+42.52 NS
Low density lipoproteins 108+33.28 107.24£34.96 110.6+£34.90 117.2+41.38 NS
High density lipoproteins 56.50+13.36 53.06+9.19 53.1949.955 48.75+11.76 NS
Cholesterol/ High density 3 14,0768 3718405009 3823409976 41290970 NS
lipoproteins
Triglycerides 162.1+66.18 159.80+72.71 164.7+66.98 140.2+48.73 NS
Phosphates 3.650+0.547 3.49440.763 3.869+0.490 3.40+0.4351 NS
Ovs12, p<0.01
Magnesium 2.089+0.2157 2.104+0.1120 2.305+0.1423 2.024+0.2055 6vs12, p<0.05
12 vs 18, p <0.001
Retinol 45.86+7.966 44.60+7.682 47.6+8.1 43.5+6.9 NS

Metabolic Profile

No changes in glucose concentrations were observed
after AT supplementation (Table 2). Nevertheless, HbAlc
levels decreased time-dependently during the 12-weeks
period of AT supplementation (week 0 vs 6, and week 0
vs 12, week 6 vs 12; p<0.001). During the washout period
AT values remained low (week 12 vs week 18; p>0.05;
week 0 vs week 18; p<0.001) (Table 2). The lipid profile,
including lipoprotein concentration, was not modified
after AT treatment. Serum Mg’ increased slightly at
week 6 but was significantly different at week 12 of AT
treatment (week 0 vs 6; p>0.05; week 0 vs 12; p<0.01).
During the washout period, values returned close to
baseline concentrations (week 0 vs 18, p >0.05; week 12
vs 18; p<0.001).

Oxidative Stress Markers

Figure 1 shows the effects of AT on oxidative stress
biomarkers. Serum concentration of MDA was not
different from baseline level at week 6 but was
significantly lower at week 12 after AT treatment (week 0
vs week 6, p >0.05; week 0 vs week 12; p<0.05). After
the washout period it remained low with respect to
baseline value (week 0 vs week 18; p<0.001).

AT serum concentrations were duplicated after 6
weeks of supplementation but were only 30% higher at
week 12 (week 0 vs week 6; p<0.001, week 6 vs week 12;
p<0.01). As expected, a reduction occurred at the end of
the washout period (week 12 vs week 18; p<0.05). Serum
retinol concentrations were not modified during the
experimental period (data not shown). The TAS serum
concentration showed a tendency to increase after AT
treatment (Figure 1).

This increase was only significant at week 12 (week
0 vs week 12; p<0.001). The increased levels remained
high after the washout period (week 0 vs week 18;
p<0.001). Erythrocyte SOD activity increased after the
AT treatment at week 6 and stayed at this level until week
12 (week 0 vs week 6; p<0.001, week 0 vs week 12;
p<0.001). After the washout period these levels
diminished to baseline values (week 0 vs week 18;
p>0.05) (Figure 1). A continuous reduction in erythrocyte
GPx activity was observed throughout the AT treatment
(week 0 vs week 6; p<0.01, week 0 vs week 12; p<0.001).
These diminished values remained the same after the
washout period. As a result of the SOD increase and GPx
reduction the ratio of SOD/GPx in erythrocytes
progressively augmented under AT treatment (weeks: O
vs 12 and 0 vs 18; p<0.001; weeks: 6 vs 12, p<0.05;
weeks: 6 vs 18, p<0.001) (Figure 1).
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Discussion

Several reports have concluded that the best effect of
AT supplementation could result from its intake before
the onset of chronic diseases. Under these conditions, AT
more efficiently reduces the initial oxidation caused by
reactive oxygen species [25]. In the present study, AT
effects on mildly overweight women was explored. The
importance of studying subjects in the slightly overweight
BMI range has been expressed in some studies, where a
high prevalence of metabolic syndrome is observed [26].
Metabolic syndrome is a multifactorial condition
associated with high mortality rate and major
cardiovascular events [27]. The key pathogenic
mechanism of this syndrome is attributed to insulin
resistance which is related to being overweight in most
cases. A close link among the metabolic syndrome, a state
of chronic low-level inflammation and oxidative stress
has been established [28]. In general, pro-oxidative
conditions in the cell lead to production of reactive
aldehydes such as malondialdehyde (MDA).

The serum-MDA concentrations found in this study
were not unlike from those in a group of healthy women
with normal weight (BMI=24.5, n=30, MDA=3.26+0.6
nmol/ml). Yet, other studies have found a linear relation
between fat accumulation and oxidative stress. In a group
of obese subjects, a strong association between increased
abdominal fat storage and MDA serum concentrations was
observed. In that particular report, patients with obesity
(BMI=33+6) and metabolic syndrome were included [29].
In this study, serum MDA reduction was observed on week
12 of AT treatment and this decreasing tendency was
maintained after the washout period. This finding is
consistent with Upritchard, who reported lipoperoxidation
reduction in healthy subjects after 111 mg/d AT during 11
weeks [30].  Furthermore, Sutherland reported 11%
reduction on plasma 8-isoprostane concentration after
vitamin E 800 IU/d by three months and 1,200 IU/d for an
additional three months in overweight subjects [31]. Yet,
some authors have not found such a reduction on healthy
subjects [32]. Moreover, a pro-oxidant effect of AT (1,200
[U/d for 4 wk) associated with increased DNA damage has
been observed in patients with type 2 diabetes [4].
Therefore, further studies are still needed to clarify the
effects of high doses of vitamin E.

Although not as specific as 8-isoprostane
determination to evaluate lipoperoxidation, MDA
determination by the TBA reaction is the most extensive
method reported in the literature. In applying this method,
BHT was used as an antioxidant to inhibit the artifact
formation of lipid peroxides. During the assay an
acidification was used before the extraction of the MDA-
TBA adduct to improve recuperation [24].

In this trial, we did not discover modification on
serum fasting glucose levels; nevertheless, we did observe
a HbAlc percentage diminished in a time-dependent
fashion along the AT treatment and it remained low at the
end of the washout period. In another study of
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uncontrolled female type 2 diabetics, we did not observe
changes on glycemic control markers after six weeks of
800 Ul/d AT supplementation [33]. The effect of AT on
glycemic control is unclear, while some studies have
reported a HbAlc reduction after AT treatment [9, 34],
others do not support this result [35].

An increment of serum Mg”" levels after 12 weeks of
AT supplementation was observed. At the end of the
washout period, these values decreased to baseline levels.
The relevance of this finding is derived from the
knowledge that Mg®" and Ca®" are cations that participate
in regulating cellular glucose homeostasis and insulin
sensitivity [36]. The Mg*" supplementation has shown a
beneficial effect in type 2 diabetes mellitus and chronic
fatigue syndrome [36, 37]. In patients with chronic
fatigue syndrome, Mg®" supplementation produced an
increment in serum vitamin E [38]. Also, vitamin E
treatment increased intracellular Mg”" concentration in
type 2 diabetic patients [39]. The hypothesis is that the
effect of AT on intracellular magnesium content leads to a
reduction in intracellular calcium content, resulting in an
improved smooth vascular cell relaxation.

The participants in this study exhibited AT normal
plasma levels at the Dbaseline. During AT
supplementation, these levels increased depending on
time (Figure 1), confirming the compliance. The observed
increment in serum TAS levels after AT could be
attributed to the increased AT concentration.

An increase in erythrocyte SOD and a reduction in
GPx activities were observed after AT supplementation in
this study. Consequently, an increase in the SOD/GPx ratio
was also estimated. It is understood that SOD catalyzes the
dismutation of superoxide anion to hydrogen peroxide and
GPx, the conversion of H,O, to H,O. Any increase in SOD
catalytic activity produces an excess of H,O, that must be
efficiently neutralized by Gpx. The accumulation of H,0O,
when it is not efficiently converted to H,O may be
detrimental to cells. For this reason, disequilibrium
between SOD and GPx activity ratio has been proposed as
a marker of oxidative stress [40, 41]. During our study, we
expected that increased plasma AT concentrations would
preserve the consumption of GSH and GPx enzyme
activities in erythrocytes, which result in a conservation or
increase of this marker. We do not have an explanation for
the reduced GPx activity observed. Reports about enzyme
activity changes are controversial. Vitamin E
supplementation (280 mg/d) for 10 weeks increased GPx
and glutathione reductase activities but decreased SOD
activity and GSH content in erythrocytes from non-
smoking men [42]. Other studies have shown no effect of
vitamin E, in adolescents with type 1 diabetes. Vitamin E
supplementation (1,200 mg/d for three months) did not
modify the defective intracellular antioxidant enzymes
production in skin fibroblasts [43]. In addition, in rats fed
salmon oil, high doses of vitamin E diminished the
activities of erythrocyte GPx and catalase [44].

This study has some limitations that should be
knowledge. As the study was done only on women, we
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cannot be certain that similar effects could be achieved in
men. The age ranges of the participants are included
among the period with the higher overweight incidence in
our country [45]. Our study was conducted without a
strict dietary control. This condition should be included in
future research in order to understand the complicated
interactions among AT supplementation and the activities
of antioxidant enzymes. Moreover, a group of control
group with placebo would have been desirable.

Conclusions

In conclusion, the AT at doses used here, was well
tolerated and showed potential clinical benefits from the
reduction on serum lipid peroxidation, the increase in
serum TAS, SOD activity and serum Mg®". But the
implication of the imbalance between erythrocyte-SOD
and -GPx activities is not clear and requires further
research because it could eventually affect the normal
response of healthy people to oxidative stress.
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