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Long-term vitamin A supplementation at therapeutic doses induces 
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Abstract
The aim of the present study was to compare electrons fl ux and oxidative/nitrosative stress parameters on the heart 
among rats supplemented with vitamin A and one not supplemented long-term. Vitamin A has important roles for the 
cardiovascular system as well as antioxidant properties. However, pro-oxidant properties have been reported. Male adult
rats were treated with four different doses of retinyl palmitate (1000–9000 IU/Kg/day) or saline (control) for 28 days and the
heart was removed for analysis. Electrons fl ux and oxidative/nitrosative stress parameters were evaluated and statistics were 
conducted with Anova one-way followed by Dunnet’s  post hoc  and signifi cance level of p � 0.05. The supplementation 
induced increase on lipids/proteins oxidation and mitochondrial 3-nitrotyrosine content, an imbalance on enzymatic activity 
and a decrease on respiratory chain complexes activities. The results suggest that vitamin A induces oxidative/nitrosative stress 
and mitochondrial impairment on a cardiac level. 

Keywords: Oxidative stress , myocardio , nitrosative stress , respiratory chain , retinol
Introduction

Vitamin A has many important physiological functions 
during the development and adult life by regulating 
cell processes, as proliferation and differentiation, on 
the central nervous system (CNS), reproduction, vision, 
cardiovascular system and others. Besides the cellular 
control capacity, vitamin A has antioxidant properties, 
principally on lipophilic environments, due its liposolu-
bility. Vitamin A is the isoprenoid retinol, which can be 
found as pro-vitamin A, on animal sources (mainly on 
liver meats, as retinyl palmitate) and as pre-vitamin 
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A on vegetal sources (mainly as carotenes, which are 
precursors of retinol) [1]. 

However, our group has demonstrated that it can 
be a mistake categorize vitamin A as an antioxidant 
substance, since it also has pro-oxidant properties. It 
was observed that a few modifi cations on retinol con-
centration lead to oxidative damage on biomolecules 
(lipids, proteins and deoxyribonucleic acid), antioxidant 
enzymes (superoxide dismutase, catalase and glutathi-
one peroxidase) imbalance, mitochondrial impairment 
and modulation of cell proliferation/death pathways 
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through nuclear factor kappa B (NFκB) in a Sertoli 
cells culture model [2–5]. Thereafter, using an  in vivo
model, we found oxidative and nitrosative stress in 
several structures of the central nervous system, as 
well as behaviour disorders and bioenergetic impair-
ment [6–10]. Recently, we gave a good contribution 
for the understanding of retinoids pro-oxidants effects, 
suggesting a cytosolic source of superoxide radical 
(.O2

�) by xhantine oxidase, since retinol competes 
with xanthyne for this enzyme and the given reaction 
release ( .O2

�) [11]. 
Other groups have also demonstrated negative results 

about vitamin A usage, which give support to our fi nd-
ings. Interestingly, a study that treated smokers with 
vitamin A was discontinued because the intervention 
raised the lung cancer incidence among the participants 
[12]. Indeed, many other dysfunctions are attributed 
to the elevated vitamin A intake, such as behavioural 
disturbance and hepatic fi brosis [13,14]. 

Therefore, it is a worry if vitamin A usage is really 
safe, since it is used for many treatments, such as 
psoriasis, cancer, cystic fi brosis and others [15–18]. 
Additionally, vitamin A is suggested as a candidate for 
treatment of myocardial hypertrophy and remodel-
ling, because retinoic acid inhibits angiotensin II 
effects on neonatal rat cardiac myocytes [19]. More-
over, it was demonstrated that there is a mobilization 
of retinol from its physiological resources to the myo-
cardium after infarction, what also indicates this 
molecule as a possible therapeutic agent [20,21]. 

Regarding the large vitamin A usage and its pos-
sible complications, our aim in the present study was 
to compare cardiac electrons fl ux and oxidative/
nitrosative stress parameters among rats treated with 
saline solution and ones treated with different doses 
of vitamin A long-term. 

Materials and methods 

Animals

Adult male rats (90 days old) were used and were main-
tained on a 12 h light–dark cycle with water and food 
ad libitum. All experimental procedures were performed 
in accordance to the National Institute of Health Guide 
for Care and Use of Laboratory Animals. Retinyl palm-
itate (Arovit®), water soluble form, was purchased from 
Bayer (São Paulo, Brazil). All others reagents, when 
not specifi ed, were purchased from Sigma Chemicals 
(St. Louis, MO). 

Experimental design and treatment 

Initially, the animals were randomly divided into the 
supplementation groups: Control (vehicle: saline solution 
0.9%) and four different vitamin A doses (1000, 2500, 
4500 and 9000), expressed as International Units (IU)
per body mass Kilogram (Kg) per day (IU/Kg/day) 
and thereafter were treated for 28 days with retinyl 
palmitate. The retinyl palmitate solution was prepared 
daily using saline solution (NaCl 0.9%) as a vehicle 
and was administrated orally, by intra-gastric gavage, 
in a total 0.8 mL volume, always in the dark cycle 
beginning. 

Samples preparation 

After the respective treatments, the rats were killed by 
decapitation and the heart was carefully removed and 
then cleaned with iced saline solution to remove blood 
excess contamination. For general analysis, the organ 
was homogenized in phosphate buffer for samples (PBS) 
pH 7.4, so the homogenate was centrifuged at 700 �
g to remove debris and the resulting supernatant was 
used as the mother solution. To obtain the cardiac 
mitochondrial membrane-enriched fraction (MMEF), 
in order to assess the mitochondrial electron transfer 
chain (METC) complexes activities, the tissue was 
homogenized in a buffer containing sucrose 250 mM, 
EDTA 2 mM, Tris 10 mM pH7.4 and heparin 50 IU/
mL. The samples were then centrifuged at 1000 � g 
and the supernatants were collected. Thereafter the 
samples were frozen and thawed three times. The pro-
tein content of general analysis and MMEF was mea-
sured by the Lowry et al. [22] method in order to 
correct the results. 

Redox status and damage 

The thiobarbituric acid reactive species (TBARS) test 
were evaluated as an index of lipids oxidation. The 
TBARS consists of an acid-heating reaction of the lipid 
peroxidation end product, malondialdehyde, with thio-
barbituric acid (TBA). The TBARS were determined 
at 532 ηm and the results were expressed as ηmol/mg
protein [23]. For protein oxidation analysis the car-
bonyl content was measured, which is based on the 
reaction of dinitrophenylhydrazine with protein car-
bonyl groups. The results are expressed as ηmol/mg
protein [24]. The total sulphydryl (SH) content, pres-
ent in proteins as well as in glutathione, was measured 
at 412 ηm by its reaction with 5,5’-dithio-bis 2-nitroben-
zoic acid (DTNB) and the results were expressed as 
ηmol/mg protein [25]. 

Non-enzymatic antioxidant potential 

The total reactive antioxidant potential (TRAP) has been 
used as an index of the non-enzymatic antioxidant capa-
city, based on the peroxyl radical (generated by AAPH 
solution, 2,2’-azobis[2-amidinopropane], with luminol) 
quenching by sample compounds. The reading is done 
by chemiluminescence emission. Briefl y, we prepared 
AAPH solution, added luminol (AAPH � luminol, 
radical generating system) and then we waited for the 
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system to stabilize for 2 h to do the fi rst reading. After 
the sample addition, we analysed the readings at the 
lumineter counter for 96-well microplates for nearly 
30 min [26]. The results were transformed in percen-
tual and the area under curve (AUC) was calculated 
by software (GraphPad Software Inc.®, San Diego, 
CA; version 5.00) as described [27]. For the TRAP, 
it is important to note how much lower the AUC is 
and higher the antioxidant potential is, playing an 
inversely proportional relation. The total antioxidant 
reactivity (TAR) was also analysed and it is based on 
the same technical principles of TRAP. The TAR 
results were calculated as the ratio of light in absence 
of samples (I 0)/light intensity right after sample addi-
tion (I) [28]. For the TAR, the values play a directly 
proportional relation to the antioxidant capacity. 
Although TAR and TRAP evaluations are obtained in 
the same experiment, they represent a different obser-
vations, since the TAR is more related to the antioxi-
dant quality (reactivity, the scavenging capacity in a 
short-term period) and the TRAP is more related to 
the antioxidants amount [28]. 

Enzymes activity 

Enzymes activities were also assessed. The superoxide 
dismutase (SOD) catalyses superoxide anion radical 
(.O2

�) dismutation to generate hydrogen peroxide (H 2O2)
and its activity measurement is based on the principle 
that adrenaline undergo auto-oxidation in  .O2

� pres-
ence, so at 480 ηm we determine the SOD activity 
by the exogenous adrenaline auto-oxidation inhibition 
in sample presence [29]. The catalase (CAT) catalyses 
the H 2O2 conversion to water (H 2O) and to deter-
mine its activity we added H 2O2 and analysed the 
capacity of the sample to decrease the H 2O2 amount 
at 240 ηm [30]. Glutathione S-Transferase (GST) activ-
ity was measured in a reaction mixture containing 
1-chloro-2,4-dinitronemzene (CDNB) and glutathi-
one as substrate (GSH) and was calculated by the 
slope of the initial linear portion of the absorbance 
time curve at 340 ηm [31]. 

Indirect enzyme-linked imunosorbent assay (ELISA) 
to 3-nitrotyrosine 

Indirect assay was performed to measure 3-nitrotyrosine 
contents by using a polyclonal antibody to nitrotyrosine 
(Calbiochem®), diluted 1:5000 in PBS pH 7.4 with 
albumin 5%. Briefl y, microtiter plate (96-well fl at bot-
tom) was coated for 24 h (at ∼ 8°C) with the samples, 
thereafter the plates were then washed four times with 
wash buffer (PBS with Tween-20 0.05%), the anti-
bodies were added to the plate and an incubation of 
2 h (at room temperature) was performed. After incu-
bation, four more washings were conducted and a 
second incubation for 1 h (at room temperature) with 
anti-rabbit antibody peroxidase conjugated (diluted 
1:1000) was carried out. Again, four more washings 
were conducted and the substrates (hydrogen perox-
ide and 3,3’,5,5’-tetramethylbenzidine, 1:1, v/v) were 
added. The readings were done at 450 ηm, in a plate 
spectrophotometer. The results were expressed as changes 
in percentage among the groups. 

Mitochondrial electrons transfer chain (METC) 

The electrons transference from the complex I to com-
plex III (complexI-CoQ-III activity) was determined 
by following the increase in absorbance, due to reduc-
tion of cytochrome C, at 550–580 ηm as reference 
range, in a reaction started by nicotinamide adenine 
dinucleotide (NADH) [32]. The electrons transfer-
ence from the complex II to complex III (complexII-
CoQ-III activity) was also determined by following 
the increase in absorbance, due to reduction of cyto-
chrome C, at 550–580 ηm as reference, but its 
reaction is started by succinate [33]. Complex II 
(succinate-2,6dichloroindophenol-oxidoreductase) 
activity was measured by following the decrease in the 
absorbance, due to reduction of 2,6-dichloroindophenol 
(DCIP), at 600–700 ηm as a reference range, in a 
Figure 1.  (A) TBARS levels ( n � 7 for each group) and (B) Carbonyl 
content ( n � 7 for each group). Data are expressed as mean � standard 
error of mean. ∗ Different to control. Differences were determined 
by Anova one-way followed by Dunnet’s  post hoc and the accepted 
signifi cance level was  p �0.05. 
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reaction started by succinate [33]. Succinate dehy-
drogenase (SDH) was measured after adding phena-
zine methasulphate to the same mixture reaction 
used for complex II activity measurement and is also 
analysed by following the decrease in the absorbance, 
due to reduction of 2,6-dichloroindophenol (DCIP), 
at 600–700 ηm as a reference range, in a reaction 
started by succinate [33]. 

Statistical analysis 

All data are presented as mean � standard error of mean 
(SEM), Anova one way was used, followed by Dunnet’s 
post hoc, to determine the differences among groups 
and the signifi cance level considered was  p � 0.05. 
The statistical analysis and the graph making were 
conducted with GraphPad Software Inc.® (San Diego, 
CA; version 5.00). 

Results

As biomolecules oxidative damage parameter, TBARS 
levels were assessed, for lipid peroxidation and carbo-
nyl levels for protein oxidation. An increase in these 
parameters was observed at the highest vitamin 
A dose (FigFigure 1). Additionally, the SH oxidation sta-
tus was assessed, since this group is present in pro-
teins as well as in glutathione molecules and plays 
an important role as a redox parameter. As the func-
tion of GSH oxidation status is involved not only with 
redox mechanisms, indeed it is also related to 
detoxifying actions, we decided to evaluate the GST 
activity. However, no changes were observed for both 
SH and GST (FigFigure 2). 

The non-enzymatic antioxidant properties were 
evaluated by TRAP (antioxidant capacity more related 
to antioxidants amount) and TAR (antioxidant capac-
ity more related to antioxidant quality), but only for 
TAR were differences observed, which happened at 
the three higher doses (FigFigure 3). Antioxidants 
enzymes activities were also analysed and no modifi -
cations were observed for SOD activity, while CAT 
activity decreased at the three higher doses, which 
yielded an enzymatic imbalance that can be seen by 
the increased SOD/CAT ratio (Figure 4). 

To assess the possible RNS effects, in response to 
retinol treatment, the 3-nitrotyrosine levels in the 
total heart homogenate as well as in the MMEF were 
analysed. No differences were observed on total tissue, 
Figure 2. (A) SH content (n � 7 for each group) and (B) GST activity 
(n � 5 for each group). Data are expressed as mean � standard error 
of mean. ∗ Different to control. Differences were determined by Anova 
one-way followed by Dunnet’s post hoc and the accepted signifi cance 
level was p � 0.05.
Figure 3. (A) TRAP (n � 7 for each group) and (B) TAR (n � 7 for 
each group). Data are expressed as mean � standard error of mean. 
 ∗ Different to control. Differences were determined by Anova one-
way followed by Dunnet’s post hoc and the accepted signifi cance 
level was p � 0.05.
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but an increase was found at the two higher doses for 
MMEF (FigFigure 5). Additionally, we analysed the 
respiratory chain complexes activities and detected a 
decrease in electrons transfer from complex I to III 
only at the highest dose, while at the three higher 
doses the electrons transfer was decreased on com-
plexes II–III and the activi ties of complex II and SDH 
were also diminished (FigFigure 6). 
Discussion

The present work evaluated the effects of a long-term 
retinyl palmitate supplementation on rat heart, regard-
ing oxidative/nitroasative stress and electrons fl ux 
parameters. Despite the retinol being largely used for 
treatment of several diseases and conditions, negative 
effects are also attributed to this molecule, which 
become very important studies that help us to better 
understand the possible toxic effects of vitamin A. 

We noted that the highest dose of the treatment was 
able to increase the lipid and protein oxidation, 
observed by the increased levels of TBARS and car-
bonyl. These results are in accordance with previous 
studies developed by our group [8,34,35]. Regarding 
the non-enzymatic capacity, we observed that the 
supplementation diminished the sample antioxidants 
reactivity without changing the amount of sample 
antioxidants, which led us to believe that retinol could 
interfere with glutathione (GSH) metabolism, the 
main redox buffer of the intracellular mean. However, 
no modifi cations were found for SH content or GST 
activity, which indicates that GSH status is not 
modifi ed [36]. 
Figure 4. (A) SOD activity (n � 7 for each group), (B) CAT activity 
(n � 7 for each group) and (C) SOD/CAT ratio (n � 7 for each 
group). Data are expressed as mean � standard error of mean. 
∗Different to control. Differences were determined by Anova one-
way followed by Dunnet’s post hoc and the accepted signifi cance 
level was p � 0.05.
Figure 5. (A) Total 3-nitrotyrosine (n � 5 for each group) and 
(B) MMEF nitrotyrosine (n � 5 for each group). Data are expressed 
as mean � standard error of mean. ∗ Different to control. Differences 
were determined by Anova one-way followed by Dunnet’s post hoc
and the accepted signifi cance level was p � 0.05.
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In agreement to prior studies developed by our 
research group, in the present one, an imbalance on 
SOD and CAT activities was detected, as a result of 
the decreased CAT activity together to an unchanged 
SOD activity. Previously, we had also found changes 
on enzymatic system [34]. The SOD enzyme is 
responsible for .O2

� dismutation to generate H 2O2,
which is removed by some peroxidase enzymes (as 
CAT). If an imbalance occurs, as that yielded by 
decreased SOD/CAT ratio, the H 2O2 accumulates 
and in transition metals it’s presence can generate the 
most potent free radical, the  .OH (hydroxyl), which 
is highly reactive and produces damage on several 
other molecules [37]. Otherwise, it can be one of the 
mechanisms responsible for the oxidative damages, 
which were observed in the present work. 

In function of several studies are relating cardiovas-
cular dysfunctions to the imbalance on reactive nitro-
gen species (RNS), for instance peroxynitrite (ONOO�), 
in a condition known as nitrosative stress, we have 
decided to evaluate the content of 3-nitrotyrosine 
[38]. By assessing the total tissue, we could not 
observe any modifi cation in this marker, but when it 
was analysed the MMEF an increase of 3-nitroty-
rosine was detected. The 3-nitrotyrosine is produced 
by the attack that protein tyrosil residues undergo in 
front of ONOO�, which is formed by the reaction 
between  .O2

� and the radical nitric oxide ( .NO) [39]. 
Prior studies have also demonstrated nitrosative stress 
induced by retinol treatment [6,7]. 

Additionally, as the respiratory chain is an impor-
tant source of .O2

�, substrate for ONOO� formation, 
we decided to measure the activity of the mitochon-
drial complexes responsible for electrons fl ux [37]. 
Our fi ndings, which demonstrated inhibition on respi-
ratory chain complexes (mainly at complex II level), 
are in agreement with our previous studies, which also 
demonstrated decreased complexes activities [7,8,40]. 
In addition, it is suggested that the respiratory chain 
electrons transference inhibition can yield .O2

� [37,41]. 
Taken together, our results suggest that the pro-

oxidants effects of vitamin A are related to an impairment 
on mitochondrial level, since the respiratory chain is 
inhibited and there is an increase on MMEF 3-nitroty-
rosine. However, we have here a possible cycle, in which 
we do not know where it begins. As a fi rst hypothesis, 
we believe that retinol can directly inhibit the respiratory 
chain complexes, because it was previously demonstrated 
that their decreased activities are associated to increased 
.O2

� production. The  .O2
�, generated by complexes 

inhibition, could then activate the nitric oxide shynthase 
(NOS), increasing .NO production. So, these two 
Figure 6. (A) Complex I–III activity (n � 5 for each group), (B) Complex II–III activity (n � 5 for each group), (C) Complex II activity 
(n � 5 for each group) and (D) SDH activity (n � 5 for each group). Data are expressed as mean � standard error of mean. ∗ Different to 
control. Differences were determined by Anova one-way followed by Dunnet’s post hoc and the accepted signifi cance level was p �0.05.
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molecules ( .O2
� and  .NO) can react, forming ONOO�

[42–44]. The second hypothesis is that the cycle begin-
ning would be the direct activation of NOS by retinol 
and the resulting .NO could inhibit the respiratory 
chain complexes activities [41,45–48]. However, more 
studies are needed to confi rm one of these theories. 

In conclusion, our results suggest that vitamin A 
supplementation at therapeutic doses generates oxi-
dative damage and it is associated to RNS metabolism 
disturbance and inhibition of respiratory chain, but 
the mechanisms involved need to be better clarifi ed. 
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