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ABSTRACT

High doses of vitamin E close to the upper limit of toxicity (UL) but still recommended and
considered as harmless and beneficial, can possibly cause a number of adverse effects.

In a 14-day study, in which male mice were exposed to intra peritoneal doses of 100 and 200 mg
vitamin E (alpha-tocopherol)/kg bw/day, biomarkers of oxidative stress related processes (ROM,
TTL), and biomakers of tissue toxicity (ALP, ALT, AST, LDH) and inflammation (MCP-1, IL-6, TNF-
a, PAI-1 and resistin) were determined.

Oxidative stress parameters in plasma did not change, whereas some biomarkers of inflammation
were statistically significantly higher on exposure to vitamin E. In the liver, beneficial effects on
tissue biomarkers were observed, whereas the inflammation biomarkers showed an U-shaped
relation with the dose of vitamin E. In the kidney, the biomarkers of tissue damage showed mixed
effects, whereas a substantial increase in the inflammation biomarkers was observed. In the brain,
the biomarkers of tissue toxicity showed beneficial effects, whereas the inflammatory biomarkers
showed an increase or an U-shaped behaviour with increasing doses of vitamin E.

Especially, a dose of 200 mg of vitamin E/kg bw/day showed a number of adverse effects in
several tissues. These results confirm our previous study in male mice with exposure of vitamin E
by feed. Since the dose of 200 mg of vitamin E/kg bw/day is lower than the upper limit for vitamin
E, the UL should be re-evaluated, in view of the effects in kidney and brain.
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ABBREVIATIONS

UL : Upper limit of toxicity

BAP : Biological antioxidant potential

IL-6 : Interleukin-6

MCP-1 : Monocyte chemoattractant protein-1
tPAI-1 : Total plasminogen activator inhibitor
ROM : Reactive oxygen metabolites

TNF alpha : Tumor necrosis factor-alpha

TTP : Total thiols in proteins

1. INTRODUCTION

In many reports, vitamin E is considered as
having beneficial effects on several physiological
processes in the body because of its antioxidant
properties [1,2,3]. In addition, the risk of
developing chronic diseases can be reduced by
an optimal vitamin E status in tissues [4,5,6,7,8].
As a result, vitamin E supplementation is very
popular in general population, being one of the
most used vitamins in supplements [9,10,11]. In
a previous study, however, we have reported
both the beneficial and the adverse effects of
higher doses of vitamin E in mice, administered
by feed of 550 mg/kg diet, corresponding with 25
times the recommended daily intake [12]. In the
kidney of male mice, tissue enzymes along with
inflammation biomarkers were increased by
higher vitamin E doses [12]. Also, some recent
human studies reported that the intake of high
doses of vitamin E can have detrimental effects,
such as a higher risk for prostate cancer [13,14]
and even a higher mortality [15,16,17,18,19].
Therefore, the intake of supplements with high
doses of vitamin E is questioned, because
vitamin E can act as an antioxidant and as a pro-
oxidant as well [20,21].

In this study, we investigated another way of
administration of vitamin E to see whether this is
important for the toxicological effects observed
earlier. Therefore, vitamin E was administered by
intra peritoneal by two relatively high but still
below the upper level of toxicity doses of vitamin
E in male mice.

2. MATERIALS AND METHODS

2.1 Experimental Animals and Exposure
Protocol

Male balb/c mice (N=22) weighing 20-25 g were
exposed to vitamin E (Medana Pharma, Kaunas,
Lithuania) by intra peritoneal injection for 14

48

days. The two experimental groups (N=8 in each
group) received 100 and 200 mg alpha-
tocopherol/kg body weight (bw)/day in peanut oil
(0.1 mL). The control group (N=6) received
peanut oil only (0.1 mL). The peanut oil
contained 0.15 mg vitamin E/g oil. The mice were
kept in separate cages. 16 Hours after the last
injection, the mice were anaesthetized and
terminated. The organs (liver, kidney and brain)
were removed and immediately cooled on ice.

All procedures were performed according to the
Republic of Lithuania Law on the Care, Keeping
and Use of Animals (License of State Veterinary
Service for working with laboratory animals No
0200).

2.2 Preparation of Organ Samples

Liver, kidney and brain samples were weighed
and homogenized in three volumes (w/w) of
homogenization buffer (50 mM Tris-HCI, pH 7.6;
5 mM MgCl;; 60 mM KCI; 25 mM sucrose).
Tissue homogenates were centrifuged at 3000
rpm for 10 min (1000xg) in a Beckman J2-21
centrifuge. The supernatant was immediately
frozen at -80°C and the pellet was discarded. All
the samples were shipped from Kaunas to
Bilthoven on dry ice. The samples were received
frozen and stored at -80°C until analysis.

2.3 Preparation of Blood Samples

Whole blood was collected after mouse
decapitation into Eppendorf test tubes. Blood
was centrifuged at 4000 rpm for 10 min
(1600%g). Heparin plasma samples were
immediately frozen at -80°C. All samples were
shipped from Kaunas to Bilthoven on dry ice. The
samples were received frozen and stored at
-80°C until analysis.

2.4 Biochemical Analysis

Reactive oxygen metabolites (ROM), biological
antioxidant potential (BAP) and total thiols in
proteins (TTP) were determined with an auto-
analyzer (LX-20 Pro, Beckman-Coulter,
Mijdrecht, the Netherlands). ROM and BAP were
determined using kits from Diacron, Grosseto,
Italy, and TTP was determined with a kit from Rel
Assay, Gaziantep, Turkey. These three assays
were adapted for use with the LX20 auto-
analyzer [22] and checked for long-term storage
stability [23]. Intra assay coefficients of variation
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were 2.1% for ROM, 1.5% for BAP and 2.7% for
TTP.

Enzyme activities of ALP, ALT, AST and LDH
were measured with dedicated kits from
Beckman-Coulter for the LX-20 Pro auto-
analyzer. Intra assay coefficients of variation
were 2.4% for ALP, 1.6% for ALT, 1.2% for AST
and 2.9% for LDH.

Interleukin-6 (IL-6), tumor necrosis factor alpha
(TNF-a), plasminogen activator inhibitor-1 (PAI-
1), MCP-1 and resistin were determined with a
Mouse Adipokine kit (Millipore, Amsterdam, The
Netherlands) using the Luminex technique. Intra
assay coefficients of variation were 6.4% for IL-6,
4.9% for TNF-a, 7.4% for PAI-1, 10.0% for MCP-
1 and 5.2% for resistin.

2.5 Statistical Analysis

The data were analyzed by means univariate
ANOVA using Excel. Results were expressed as
the mean * standard error of mean. Statistical
significance was set at P<0.05.

biomarkers of redox status. Because of the
limited amount of plasma that was available, the
following biomarkers were selected: ROM for the
assessment of oxidative stress by measuring
hydro peroxides, BAP for the evaluation of total
antioxidant status and TTP for the total thiols in
plasma. In addition, five inflammation biomarkers
with the Luminex technique.

The effects of exposure to vitamin E on the
biomarkers ROM, BAP and TTP are shown in
Fig. 1. The exposure to both doses of vitamin E
did not have any statistically significant effects on
these biomarkers. All P-values were in the range
of 0.188-0.934.

The effects of vitamin E on inflammatory
parameters are shown in Fig. 2. The treatment
with vitamin E resulted in substantially higher
concentrations of MCP-1, total PAI-1 and
resistin. The increase in these inflammation
parameters was statistically significant with a P-
value of 0.044 for MCP-1 (200 mg dose vs.
control), P=0.017 and P= 9*E-6 for PAI-1 (100
mg and 200 mg doses vs. control, respectively)
and P=1*10-5 for resistin (200 mg dose vs.

3. RESULTS control). Concentrations of IL-6 and TNF-a did
not change statistically significantly under
3.1 Plasma exposure to vitamin E. The ANOVA results were
P=0.0034, 0.798, 0.593, 0.0014 and 1.46*E-6 for
The effect of exposure to relatively high doses of MCP-1, IL-6, TNF-a, PAI-1 and resistin,
vitamin E was studied by measuring plasma respectively.
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Fig. 1. Plasma concentrations of ROM (expressed in U/L), BAP (expressed in mEg/L) and TTP
(expressed in ymol/L) after administration of vitamin E. The concentration of BAP was divided
by a factor of 10 to fit in the figure

49



Jansen et al.; EJNFS, 8(2): 47-58, 2018; Article no.EJNFS.2018.006

60
* O control
dede xk
50 @ 100mg Vit E
o
W200mg Vit E
5 40
©
= 30
v
z
o 20
(=)
10
0
MCP-1 IL-6 TNFa total PAI-1 Resistin

Fig. 2. Plasma concentrations of MCP-1, IL-6, TNF-a, resistin (expressed in pg/mL), and PAI-1

(expressed in pg/mL). The concentrations of MCP-1, PAI-1 and resistin were divided by factors

2, 200 and 50, respectively, to fit in the figure. Statistics: * p<0.05 vs. control group; ** p<0.005
vs. control group

3.2 Liver

Effects of vitamin E on the liver were investigated
by measuring activities of enzymes ALP, ALT,
AST and LDH, the total antioxidant status (BAP),
total thiols (TTP), and biomarkers of
inflammation.

In the liver, the general view is that the exposure
to vitamin E has a beneficial effect on most of
these biomarkers, as is shown in Fig. 3. A dose

200 mg of vitamin E caused a decrease in the
activity of ALP (P=0.01), AST (not statistically
significant) and LDH (P=0.012) In addition, the
total thiols, reflecting redox status, increased with
the higher doses of vitamin E, with P-values of
0.004 and 0.0001 after exposure to 100 and 200
mg vitamin E, respectively. The total antioxidant
status decreased unexpectedly with P=0.0011
and 0.0010 after exposure to 100 and 200 mg
vitamin E, respectively.
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Fig. 3. Liver supernatant activities of ALP, ALT, AST, LDH (expressed in IU/g protein) and
concentrations of BAP (expressed in mEq/g protein) and TTP (expressed in pmol/g protein).
The activities of ALP, ALT, AST and LDH and the concentration of BAP were divided by factors
0.2, 10, 10, 100 and 2, respectively to fit in the figure. Statistics: * P<0.05 vs. control group; **
P<0.01 vs. control group; *** P<0.001 vs. control group
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In the liver, the 200 mg dose of vitamin E caused
an increase in the inflammation biomarkers
compared to the effects of the 100 mg vitamin E
dose, which was statistically significant for
MCP-1 (P=0.002), IL-6 (P=9*E-5) and TNF-a
(P=0.029.

Although there were no statistically significant
effects of the 100 mg group with the control
group, the inflammation biomarkers seems to
behave in a biphasic phase with increasing
vitamin E doses, except for total PAI-1 (Fig. 4).

3.3 Kidney

In the kidneys, the activities of enzymes ALP and
AST decreased upon exposure to vitamin E with
P-values of 0.0005 and 0.0085 (for ALP) and
5*10-4 and 2.7*10-6 (for AST). However, the
activity of LDH increased with P-values of 0.0014
and 0.0002, for 100 and 200 mg vitamin E,
respectively. BAP decreased with statistical
significance for 200 g vitamin E (P=0.036) and
TTP increased statistically significantly with 100
mg vitamin E (P=0.002) but not with 200 mg
vitamin E.

The concentrations of inflammation biomarkers in
the kidney were higher for higher doses of
vitamin E. Statistical significance was observed
for MCP-1 (P=0.047) and IL-6 (P=0.0003) in the
100 mg vitamin E group. In the 200 mg vitamin E
group, all biomarkers of inflammation were
statistically significantly higher than in the control

group, with P-values of 0.012, 3.1*E-5, 0.016,
0.043 and 8.3*E-5 for MCP-1, IL-6, TNF- q, total
PAI-1 and resistin, respectively.

3.4 Brain

In the brain, the activities of enzymes ALP, ALT
and AST decreased upon exposure to vitamin E
with P-values of 4.6*10-6 and 1.0*10-7 (for ALP),
0.029 (for ALT, the highest dose of vitamin E
only), and 0.0036 and 0.0003 (for AST). The
activity of LDH also increased in the brain with P-
values of 0.0014 and 0.0023 for 100 and 200 mg
vitamin E, respectively. BAP decreased with
statistical significance for a dose of 200 mg
vitamin E (P=0.025) and TTP increased
statistically significantly for 100 and 200 mg
vitamin E (P=1.7*10-4 and 3*10-4, respectively),
as in the liver and kidney.

The biomarkers of inflammation in the brain
tissue showed a tendency to increase with the
higher doses of vitamin E, except for MCP-1 and
total PAI-1. IL-6 concentrations increased in a
dose-related manner for both doses of vitamin E;
200 mg of vitamin E caused a statistically
significant increase with a P-value of 0.033. Both
TNF-a and resistin showed a biphasic behaviour
with vitamin E: i) a statistically significant
decrease of resistin concentration for 100 mg of
vitamin E (P=0.0012); ii) an increase in TNF-a
and resistin for the 200 mg of vitamin E (P-values
of 0.035 and 0.024, respectively).
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Fig. 4. Liver supernatant concentrations of MCP-1, IL-6, TNF-a, resistin (expressed in pg/mL),
and PAI-1 (expressed in pg/mL). The concentrations of TNF-a and total PAI-1 were divided by a
factor of 0.5 and 2, respectively, to fit in the figure. Statistics: * P<0.05 vs. control group; #
P<0.05 vs. 100 mg vitamin E group; ## P<0.005 vs. 100 mg vitamin E group; ### P<0.001 vs.
100 mg vitamin E group
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Fig. 5. Kidney supernatant activities of ALP, ALT, AST, LDH (expressed in IU/gprotein) and
concentrations of BAP (expressed in mEqg/g protein) and TTP (expressed in pmol/g protein).
The activities of ALP, AST and LDH and the concentrations of BAP and TTP were divided by a
factor of 20, 10, 100, 2.5 and 0.4, respectively, to fit in the figure. Statistics: * p<0.05 vs. control
group; ** p<0.01 vs. control group; *** p<0.001 vs. control group
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Fig. 6. Kidney supernatant concentrations of MCP-1, IL-6, TNF-q, resistin (expressed in pg/mL),
and PAI-1 (expressed in pg/mL). The concentrations of TNF-a, total PAI-1 and resistin were
divided by a factor of 0.5, 2 and 4, respectively, to fit in the figure. Statistics: * P<0.05 vs.
control group; *** p<0.001 vs. control group

In summary, the measured biomarkers with their
effects on plasma, liver, kidney and brain have
been summarized in Table 1. The general view is
that the biochemical biomarkers (ROM, ALT,
AST, LDH) showed no consistent effects on
vitamin E supplementation, although BAP and
TTP showed small, but consisted effects in all
tissues, whereas ALP showed a consistent
decrease in all tissues. In contrast, most of the
inflammation biomarkers (MCP-1, IL-6, TNF-a,
PAI-1, resistin) showed an increase in all tissues,
especially in the kidney.

52

4. DISCUSSION

In the present sub-acute study with male mice,
the effects of relatively high doses of vitamin E
were investigated in plasma, liver, kidney and
brain tissue extracts. In plasma, biomarkers of
oxidative stress processes, such as
hydroperoxides (ROM) and total thiols (TTP),
and biomarkers of inflammation were measured.
Hydroperoxides and total thiols have been
proven to represent several physiological
processes, in which oxidation is involved. These
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were measured in several large-scale human
studies on total mortality, cardiovascular disease,
cancer [24,25,26,27,28,29] and frailty [30], and
also in mice studies [12,31]. In the present study,
these biomarkers (ROM and TTP) in plasma
were not affected by 14-day exposure to 100 and
200 mg of vitamin E.

Besides these oxidation-related biomarkers, also
the inflammation biomarkers were determined.
The cytokines IL-6 and TNF-a were not affected,

which is in agreement with the observation that
the oxidative stress biomarkers also did not
change. Oxidative stress and inflammation
processes are closely related, as was shown in
our previous studies on aluminium exposed
mice, where we indeed observed a concomitant
increase of ROM, IL-6 and TNF-a [32]. However,
the concentrations of three other inflammation
parameters, MCP-1, PAI-1 and resistin, were
statistically significantly higher after exposure to
100 and 200 mg vitamin E/kg bw/day.
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Fig. 7. Brain supernatant activities of ALP, ALT, AST, LDH (expressed in IU/gprotein), and
concentrations of BAP (expressed in mEq/g protein) and TTP (expressed in expressed in
umol/g protein). The activities of AST and LDH and the concentration of BAP were divided by a
factor of 25, 50 and 5, respectively, to fit in the figure. Statistics: * P<0.05 vs. control group; **
P<0.01 vs. control group; *** P<0.001 vs. control group
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Fig. 8. Brain supernatant concentrations of MCP-1, IL-6, TNF-q, resistin (expressed in pg/mL),
and PAI-1 (expressed in pg/mL). The concentrations of MCP-1, TNF-a, and total PAI-1 were
divided by a factor 2, 0.5, and 10, respectively to fit in the figure. Statistics: * P<0.05 vs. control
group; ** P<0.005 vs. control group; # P<0.05 vs. 100 mg vitamin E group
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Table 1. The effects of vitamin E
supplementation of the various tissues

Plasma Liver Brain
0
0

0

Kidney

ROM
BAP
TTP
ALP
ALT
AST
LDH
MCP-1
IL-6
TNF-a
PAI-1
resistin 0
“0” means no statistically significant effect, “+” means
an increase of the biomarker and “-“means a decrease
of the biomarker on supplementation of vitamin E. No
data means that the biomarker was not measured

+ !
+ !

+ +o00 +

COoO+++ 1 00O
++ ++ 4+ 1 O
O+ +0O + !

+

In the tissues of liver, kidney and brain, we
looked at the biomarkers of enzyme induction
(ALP, ALT, AST and LDH) the total antioxidant
status (BAP) and the redox status (TTP). The
enzymes are usually measured in liver toxicity
studies, but damage in other tissues are also
reflected by an induction of these enzymes,
although at a lower level. Exposure to vitamin E
showed in general that the tissue enzymes had
lower activity at a higher dose of vitamin E,
indicating a lower toxicity. An exception is the
LDH activity in the kidney and brain, which
increased on exposure to both doses of vitamin
E. BAP decreased in all tissues, which was
somewhat unexpected in the face of anti-
oxidative properties of vitamin E. The
concentration of total thiols (TTL) was higher on
exposure to vitamin E, which means a favorable
effect of this vitamin. However, exposure to a
higher dose of vitamin E (200 mg) caused
lowering of the redox status, which was reflected
by a possible biphasic behavior in kidney and
brain tissue, although not statistically significant.
Because of the limited number of mice in the
exposed groups (N=8), a possible statistical
significance of the observed effects is possibly
prevented and the borderline statistical
significance can be questioned. However, we
think that most of the effects observed in this
study are large enough to draw conclusions on
vitamin E toxicity. At least the effects we observe
with the 200 mg dose of vitamin E in kidney
tissue (all inflammation biomarkers) and in brain
tissue (IL-6) are very substantial and statistically
sound.
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In addition, the biomarkers of inflammation
(MCP-1, IL-6, TNF-q, total PAI-1, resistin) were
determined. In all tissues, the high dose of
vitamin E (200 mg) caused an increase in most
of the inflammation biomarkers, whereas the
lower dose of 100 mg caused an increase mainly
in kidney tissue. Apparently the kidney is more
sensitive to vitamin E exposure then liver and
brain. This observation confirms our previous
study with oral expose of vitamin E [12]. The
increase of inflammation biomarkers (IL-6 and
TNF-a) in the tissues was not reflected in the
circulation (serum). Probably the extend of
induction in the tissues is not large enough to
observe also an increase in serum.

The increase in inflammation biomarkers can be
considered as adverse because they are linked
to unwanted effects related to several diseases,
such as neurological complaints [33,34,35],
cardiovascular diseases [36,37,38], diabetes
[39,40,41,42,43], and injuries of the liver
[44,45,46], kidney [47] or lung [48].

The beneficial effect of the recommended dietary
allowance (RDA) doses of vitamin E on these
parameters, often observed as a decrease of
inflammation  status, becomes completely
opposite when higher doses of vitamin E are
used. In addition, the increase in inflammation
parameters is dose-dependent, being a strong
evidence of these adverse effects.

The Food and Nutrition Board of the National
Academy of Sciences specified the RDA of
vitamin E as 15 mg/day and established the
upper intake level of toxicity (UL) as 1000
mg/day [49,50]. The UL is the upper level that is
unlikely to pose risk of adverse health effects to
95% of the general population. This UL was
established in rodent studies starting from a
lowest observed adverse effect level (LOAEL) of
500 mg vitamin E/kg bw/day [51]. This dose is
much higher than the doses of 100 mg and 200
mg vitamin E/kg bw/day that were used in the
present study.

There are some concerns about a long-term
safety of the established UL 1000 mg/day of
vitamin E [52,53]. In Miller's study [52], a
possible increase in mortality and in the
incidence of heart failure was observed at a dose
of 900 IU/day (about 600 mg) of vitamin E.
Therefore, an UL of vitamin E toxicity of 1000
mg/day may be too high.
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The European Food Safety Authority (EFSA)
also evaluated the UL for vitamin E. They
considered the study of Meydani et al. [54] as the
most relevant study and deduced an UL
for vitamin E at 300 mg/day for human adults
[55].

There are conflicting reports on the beneficial or
adverse effects of vitamin E supplementation.
Some studies have found positive or no effect
[7], or are inconclusive [6,8], whereas others
showed toxic effects on prostate cancer [13] and
hemorrhagic stroke [16].

In the present study, we observed adverse
effects of vitamin E as the increase of
inflammation biomarkers in the circulation (MCP-
1, PAI-1 and resistin) and in tissues (in addition
also IL-6 and TNF-a). The findings of the
previous mice study in which vitamin E was
supplied in the feed, being the adverse effects
observed in the kidney [12], were confirmed by
the present study in which vitamin E was
supplied by intraperitoneal injection in oil.
Therefore, a possible re-evaluation of the UL for
vitamin E should be considered.

5. CONCLUSIONS

In a short-term study (14 days), male mice were
exposed to an intra peritoneal dose of 100 and
200 mg vitamin E (alpha-tocopherol)/kg bw/day.
Biomarkers of oxidative stress related processes,
and biomakers of tissue toxicity and inflammation
were determined.

In the liver, some beneficial effects on
biomarkers of enzyme induction were observed,
whereas the inflammation biomarkers showed an
U-shaped relation with the dose of vitamin E. In
the kidney, the largest effects of toxicity were
observed by a substantial increase in all
inflammation biomarkers. This confirms the
observed effects in the kidney of an oral study
with vitamin E. In brain tissue, inflammatory
biomarkers IL-6, TNF-a and resistin showed also
an increase or an U-shaped behaviour with
increasing doses of vitamin E.

Especially, the dose of 200 mg of vitamin E/kg
bw/day which is lower than the upper limit for
vitamin E, caused a number of adverse effects in
all tissues, but most pronounced in kidney and
brain. Also in view of the results in other reported
studies, the upper limit of toxicity of vitamin E
should be re-evaluated.

55

ETHICS

This study was performed according to the
Republic of Lithuania Law on the Care, Keeping
and Use of Animals (License of State Veterinary
Service for working with laboratory animals No
0200).

ACKNOWLEDGEMENT

The present study was performed within projects
S/340006 and V/090143 of the National Institute
for Public Health and the Environment and the
Netherlands Food and Consumer Product Safety
Authority, respectively.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Burton GW, Traber MG. Vitamin E:
Antioxidant  activity, biokinetics, and
bioavailability. Ann Rev Nutr. 1990;10:357-
382.

Traber MG. Vitamin E regulatory
mechanisms. Ann Rev Nutr. 2007;27:347-
362.

Etsuo N. Role of vitamin E as a lipid-
soluble peroxyl radical scavenger: In vitro
and in vivo evidence. Free Rad Biol Med.
2014;66:3-12.

Knekt P, Reunanen A, Jarvinen R,
Seppanen R, Heliovaara M, Aromaa A.
Antioxidant vitamin intake and coronary
mortality in a longitudinal population study.
Am. J. Epidemiol. 1994;139:1180-1189.
Singh U, Devaraj S, Jialal I. Vitamin E
oxidative stress and inflammation. Ann
Rev Nutr. 2005;25:151-174.

Galli F, Azzi A. Protein damage and
infammation in uraemia and dialysis
patients. Biofactors. 2010;36:33-42.

Abner EL, Schmitt FA, Mendiondo MS,
Marcum JL, Kryscio RJ. Vitamin E and all-
cause mortality: A meta-analysis. Curr
Aging Sci. 2011;4:158-170.

Joshi YB, Pratico D. Vitamin E in aging
dementia and Alzheimer's disease.
Biofactors. 2012;38:90-97.

Stampfer MJ, Hennekens CH, Manson JE,
Colditz GA, Rosner B, Willett WC. Vitamin
E consumption and the risk of coronary
disease in women. N Engl J Med.
1993;328:1444-1449.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Jansen et al.; EJNFS, 8(2): 47-58, 2018; Article no.EJNFS.2018.006

Gahche J, Bailey R, Burt V, Hughes J,
Yetley E, Dwyer J, Picciano MF, McDowell
M, Sempos C. Dietary supplement use
among US adults has increased since
NHANES Il (1988-1994). NCHS Data
Brief. 2011;61:1-8.

Fabian E, Bogner M, Kickinger A, Wagner
KH, Elmadfa I. Vitamin status in elderly
people in relation to the use of nutritional
supplements. J Nutr Health Aging.
2012;16:206-212.

Jansen E, Viezeliene D, Beekhof P,
Gremmer E, Ivanov L. Tissue-specific
effects of vitamin E supplementation. Int J
Mol Sci. 2016;17:1166.

Klein EA, Thompson IM, Tangen CM,
Crowley JJ, Lucia MS, et al. Vitamin E and
the risk of prostate cancer the selenium
and Vitamin E cancer prevention frial
(SELECT). JAMA. 2011;306:1549-1556.
Ochi H, Takeda S. The two sides of
vitamin E supplementation. Gerontology.
2015;61:319-326.

Miller ER, Pastor-Barriuso R, Dalal D,
Riemersma RA, Appel LJ, Guallar E. Meta-
analysis: High-dosage vitamin E
supplementation may increase all-cause
mortality. Ann Intern Med. 2005;142:37-46.
Schurks M, Glynn RJ, Rist PM, Tzourio C,
Kurth T. Effects of vitamin E on stroke
subtypes: Meta-analysis of randomised
controlled trials. BMJ. 2010;341:c5702.
Bjelakovic G, Nikolova D, Gluud LL,
Simonetti RG, Gluud C. Antioxidant
supplements for prevention of mortality in
healthy participants and patients with
various diseases. Cochrane Database
Syst Rev. 2012;3:CD007176.

Bjelakovic G, Nikolova D, Gluud C.
Antioxidant  supplements to prevent
mortality. JAMA. 2013;310:1178-1179.
Moyer VA. On behalf of the US Preventive
Services Task Force Vitamin mineral and
multivitamin supplements for the primary
prevention of cardiovascular disease and
cancer:US preventive services task force
recommendation statement. Ann Intern
Med. 2014;160:558-564.

Rietjens IMCM, Boersma MG, de Haan L,
Spenkelink B, Awad HM, Cnubben NHP,
van Zanden JJ, van der Woude H, Alink
GM, Koeman J. The pro-oxidant chemistry
of the natural antioxidants vitamin C
vitamin E carotenoids and flavonoids.
Environ Toxicol Pharmacol. 2002;11:321-
33.

56

21.

22.

23.

24,

25.

26.

27.

28.

290.

Vrolijk MF, Opperhuizen A, Jansen EHJM,
Godschalk RW, Van Schooten FJ, Bast A,
Haenen GRMM. The shifting perception on
antioxidants: The case of vitamin E and b-
carotene. Redox Biol. 2015;4:272-278.
Jansen EHJM, Beekhof PK, Cremers
JWJM, Viezeliene D, Muzakova V,
Skalicky J.  Short-term  stability of
biomarkers of oxidative stress and
antioxidant status in human serum. ISRN
Biomark. 2013;316528.

Jansen EHJM, Beekhof PK, Viezeliene D,
Muzakova V, Skalicky J. Long term
stability of cancer biomarkers of oxidative
stress redox status homocysteine CRP
and liver enzymes in human serum.
Biomark Med. 2015;9:425-432.

Vassalle C, Pratali L, Boni C, Mercuri A,
Ndreu R. An oxidative stress score as a
combined measure of the pro-oxidant and
anti-oxidant counterparts in patients with
coronary artery disease. Clin Biochem.
2008;41:1162-1167.

Leufkens AM, van Duijnhoven FJB, Woudt
SHS, Siersema PD, Jenab M, Jansen
EHJM, Pischon T, Tjgnneland A, Olsen A,
Overvad K, et al. Biomarkers of oxidative
stress and risk of developing colorectal
cancer: A cohort-nested case-control study
in the EPIC study. Am J Epidemiol.
2012;175:653-663.

Schottker B, Saum KU, Jansen EHJM,
Boffetta P, Trichopoulou A, Holleczeck B,
Dieffenbach K, Brenner H. Oxidative stress
markers and all-cause mortality at older
age: A population-based cohort study. J
Gerontol A Biol Sci Med Sci. 2015;70:518-
524.

Jansen E, Ruskovska T. Serum
biomarkers of (anti)oxidant status for
epidemiologische studies. Int J Mol Sci.
2015;16:27378-27390.

Schottker B, Brenner H, Jansen EHJM,
Gardiner J, Peasey A, Kubinova R, Pajgk
A, Topor-Madry R, Tamosiunas A, Saum
KU, Holleczek B, Pikhart H, Bobak M.
Evidence for the free radical/oxidative
stress theory of ageing from the chances
consortium: A meta-analysis of individual
participant data. BMC Med. 2015;13:300.
Schottker B, Saum KU, Jansen EHJM,
Holleczek B, Brenner H. Associations of
metabolic inflammatory and oxidative
stress markers with total morbidity and
multi-morbidity in a large cohort of older
German adults. Age Ageing. 2016;45:127-
35.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Jansen et al.; EJNFS, 8(2): 47-58, 2018; Article no.EJNFS.2018.006

Saum KU, Dieffenbach AK, Jansen EHJM,
Holleczek B, Hauer K, Brenner H.
Association between oxidative stress and
frailty in an elderly German population:
Results from the ESTHER cohort study.
Gerontology. 2015;61:407—-415.

Jansen E, Viezeliene D, Beekhof P,
Gremmer E, Rodovicius H, Sadauskiene |,
Ivanov L. Biomarkers of selenium toxicity
after sub-acute exposure in mice. J Molec
Biom & Diagn. 2013;4:150.

Viezeliene D, Beekhof P, Gremmer E,
Rodovicius H, Sadauskiene |, Jansen E,
Ivanov L. Selective induction of IL-6 by
aluminum-induced oxidative stress can be
prevented by selenium. J Trace Elem Med
Biol. 2013;27:226-29.

Vatassery GT, Bauer T, Dysken M. High
doses of vitamin E in the treatment of
disorders of the central nervous system in
the aged. Am J Clin Nutr. 1999;70:793-
801.

Kim JS, Gautam SC, Chopp M, Zaloga C,
Jones ML, Ward PA, Welch KM.
Expression of monocyte chemoattractant
protein-1 and macrophage inflammatory
protein-1 after focal cerebral ischemia in
the rat. J Neuroimmunol. 1995;56:127-134.
Hickman SE, El Khoury J. Mechanisms of
mononuclear phagocyte recruitment. In:
Alzheimer's disease. CNS & Neurological
Disorders Drug Targets. 2010;9:168-173.
Wu D, Koga T, Martin KR, Meydani M.
Effect of vitamin E on human aortic
endothelial cell production of chemokines
and adhesion to monocytes. Atheroscl.
1999;147:297-307.

Lin Y, Huang R, Santanam N, Liu YG,
Parthasarathy S, Huang RP. Profiling of
human cytokines in healthy individuals with
vitamin E supplementation by antibody
array. Cancer Lett. 2002;187:17-24.
Verma S, Li SH, Wang CH, Fedak PW, Li
RK, Weisel RD, Mickle DA. Resistin
promotes endothelial cell activation:
Further evidence of adipokine-endothelial
interaction. Circulation. 2003;108:736-740.
Grant MB, Ellis EA, Caballero S, Mames
RN. Plasminogen activator inhibitor-1
overexpression in nonproliferative diabetic
retinopathy. Exp Eye Res. 1996;63:233-
244,

Gruden G, Cavallo-Perin P, Bazzan M,
Stella S, Vuolo A, Pagano G. PAI-1 and
factor VIl activity are higher in IDDM
patients with microalbuminuria. Diabetes.
1994;43:426-429.

57

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Skrha J, Hodinar A, Kvasnicka J,
Hilgertova J. Relationship of oxidative
stress and fibrinolysis in diabetes mellitus.
Diabet Med. 1996;13:800-805.

Bursell SE, Clermont AC, Aiello LP, Aiello
LM, Schlossman DK, Feener EP, Laffel L,
King GL. High-dose  vitamin E
supplementation normalizes retinal blood
flow and creatinine clearance in patients
with type 1 diabetes. Diabetes Care.
1999;22:1245-1251.

Lazar MA. Resistin- and
associated metabolic diseases.
Metab Res. 2007;39:710-716.

Marra F, DeFranco R, Grappone C, Parola
M, Milani S, Leonarduzzi G, Pastacaldi S,
Wenzel UO, Pinzani M, Dianzani MU, Laffi
G, Gentilini P. Expression of monocyte
chemotactic protein-1 precedes monocyte
recruitment in a rat model of acute liver
injury and is modulated by vitamin E. J
Invest Med. 1999;47:66-75.

Kusminski CM, da Silva NF, Creely SJ,
Fisher FM, Harte AL, Baker AR, Kumar S,
McTernan PG. The in vitro effects of
resistin on the innate immune signaling
pathway in isolated human subcutaneous
adipocytes. J Clin Endocrinol Metab.
2007;92:270-276.

Malyszko J, Malyszko JS, Pawlak K,
Mysliwiec M. Resistin a new adipokine is
related to inflammation and renal function
in kidney allograft recipients. Transplant
Proc. 2006;38:3434-36.

Nagaev |, Bokarewa M, Tarkowski A,
Smith U. Human resistin is a systemic
immune-derived proinflammatory cytokine
targeting both leukocytes and adipocytes.
PLoS ONE. 2006;1(1):e31.

Holcomb IN, Kabakoff RC, Chan B, Baker
TW, Gurney A, Henzel W, et al. FIZZ1 a
novel cysteine-rich secreted protein
associated with pulmonary inflammation
defines a new gene family. EMBO J.
2000;19:4046-4055.
Available:https://odsodnihgov/factsheets/Vi
taminE-HealthProfessional/

Rosenbloom M; 2016.

Available:http://emedicine.medscape.com/
article/126268-overview

Wheldon GH, Bhatt A, Keller P, Hummer
H. D1-alpha-tocopheryl acetate (vitamin
E): A long term toxicity and carcinogenicity
study in rats. Int J Vit Nutr Res
1983;53:2872-96.

obesity-
Horm




52.

53.

Jansen et al.; EJNFS, 8(2): 47-58, 2018; Article no.EJNFS.2018.006

Miller ER, Pastor-Barriuso R, Dalal D,
Riemersma RA, Appel LJ, Guallar E. Meta-
analysis: High-dosage vitamin E
supplementation may increase all-cause
mortality. Ann Intern Med. 2005;142:37-46.
Bjelakovic G, Nikolova D, Gluud LL,
Simonetti RG, Gluud C. Antioxidant
supplements for prevention of mortality in
healthy participants and patients with
various diseases. Cochrane Database Syst
Rev. 2012;3:CD007176.

54.

55.

Meydani SN, Meydani M, Bluymberg JB,
Leka LS, Pedrosa M, Diamond R,
Schaefer EJ. Assessment of the safety of
supplementation with different amounts of
vitamin E in healthy older adults. Am J Clin
Nutr. 1998;68:311-318.

European Food Safety Authority. Tolerable
upper intake levels for vitamins and
minerals. Atheroscl. 2006;147:297-307.
Available:http://wwwefsaeuropaeu/en/ndat
opics/docs/ndatolerableuilpdf

© 2018 Jansen et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

58



