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Abstract Vitamin A is known to regulate some central

nervous system (CNS)-associated functions. Vitamin A at

high doses has been demonstrated to be beneficial in the

treatment of some diseases, for instance acute promyelocytic

leukemia. However, vitamin A and its naturally occurring

metabolites (retinoids) are known to alter neuronal function,

inducing behavioral disorders. Here we provide an evidence

to indicate that vitamin A supplementation, at both thera-

peutic and excessive doses, induces oxidative stress in the rat

substantia nigra. Vitamin A supplementation induced lipid

peroxidation, protein carbonylation, and oxidation of protein

thiol groups, as well as change in catalase (CAT), superoxide

dismutase (SOD), and glutathione peroxidase (GPx) activity.

Surprisingly, locomotory and exploratory activity of rats

were decreased after acute and chronic vitamin A supple-

mentation. Therefore, we may conclude from our results that

vitamin A supplementation is prooxidant to the rat substantia

nigra and effective in altering behavior.
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Introduction

Vitamin A (also referred as retinol) is essential to both

developing and adult central nervous system (CNS),

immune system, epithelial proliferation and vision [1–3],

among others. Vitamin A and retinoids modulate dopamine

pathways and participate in locomotory behavior [4] and to

activate D2 dopamine receptor promoter [5]. Additionally,

retinoids regulate the dopamine-dependent signal trans-

duction in dopaminergic cells, suggesting an important role

of vitamin A upon these cells [6].

However, an increasing body of evidence suggests that

vitamin A may induce neurotoxic effects in humans.

Excessive vitamin A intake either acutely or chronically has

been suggested to induce intra-cranial hypertension, head-

ache, and irritability in adult humans [7, 8]. In addition,

even the intake of low vitamin A doses during pregnancy

has been associated to congenital malformations in the CNS

[9]. The treatment with retinoids at therapeutic doses also

has been demonstrated to induce cognitive disturbances, for

instance depression, in mice [10], and humans [11].

Oxidative stress is a condition in which reactive mole-

cules such as superoxide (O2
�•), peroxynitrite (ONOO�),

hydroxyl (OH•), and other radicals are produced in excess.

It is a chemical alteration of the cellular environment

imposed by exogenous chemicals (e.g., agrochemicals or

pollutants), or resulted from an intrinsic alteration, such as

that in antioxidant defenses [12]. Undoubtedly, reactive

oxygen species (ROS) and reactive nitrogen species (RNS)

participate in so many neurodegenerative diseases includ-

ing, Parkinson’s disease (PD), Alzheimer’s disease (AD),

and amyotrophic lateral sclerosis [12, 13].

Vitamin A may be either anti [14] or prooxidant (see

below), depending on dosage and cellular condition. Our

group has demonstrated the prooxidant effects of retinol

treatment upon cultured Sertoli cells, such as induction of

lipid peroxidation and protein carbonylation, and alteration

in the activity of antioxidant enzymes [15–19]. Further-

more, we found increased levels of oxidative stress in rat
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liver mitochondria exposed to retinol [20]. Interestingly,

retinol induced activation of the Src/MEK/MAPK/CREB

pathway through an oxidative-dependent manner [21].

Substantia nigra is particularly vulnerable to oxidative

stress given the presence of some intrinsic prooxidant

factors. Dopamine degradation, for instance, is a source of

hydrogen peroxide (H2O2) via monoamine oxidase (MAO)

action [22]. Moreover, substantia nigra presents a high iron

and copper content, which facilitate the formation of

hydroxyl (OH•) radical after reacting with H2O2 [12].

Oral vitamin A is therapeutically used at high doses to

treat acute myeloid leukemia [see 23 for review]. In

addition, the excessive intake of vitamin A as supple-

mented foods is a current concern regarding the conse-

quences that may result from this procedure [24]. Then,

based on previously reports indicating a prooxidant role of

vitamin A in different experimental models, we decided to

investigate the effects of acute and chronic vitamin A

supplementation at either therapeutic (1,000 or 2,500 IU/

kg) or excessive (4,500 or 9,000 IU/kg) doses on the redox

status of rat substantia nigra, and on locomotory and

exploratory activity of rats in an open field.

Experimental procedure

Animals

Adult male Wistar rats (Rattus norvegicus) (90 days old;

300 ± 20 g body weight) were obtained from our own

breeding colony. They were caged in groups of five with free

access to food and water and were maintained on a 12-h

light–dark cycle (lights on 7:00 a.m.), at a temperature-

controlled colony room (23 ± 1�C). All behavioral testing

was conducted during the light phase. These conditions were

maintained constant throughout the experiments. All

experimental procedures were performed in accordance with

the National Institute of Health Guide for the Care and Use of

Laboratory Animals and the Brazilian Society for Neuro-

science and Behavior recommendations for animal care.

Drugs and reagents

Arovit1 (retinol palmitate, a water-soluble form of vitamin

A) was purchased from Roche, Sao Paulo, SP, Brazil. All

other chemicals were purchased from Sigma, St. Louis,

MO, USA.

Drug administration

The animals were treated once a day during three different

periods: 3, 7, or 28 days (i.e., acute and chronic vitamin

A-supplementation effects were analyzed). All treatments

were carried out at night (i.e., when animals usually are

more active and take a greater amount of food) in order to

ensure maximum vitamin A absorption, since this vitamin

is better absorbed during or after a meal. The animals were

gavaged with vehicle (0.15 M NaCl), 1,000, 2,500, 4,500,

or 9,000 IU/kg of retinol palmitate, orally, in a maximum

volume of 0.8 mL during each period of interest. Adequate

measures were taken to minimize pain or discomfort.

Preparations of the samples

The animals were sacrificed by decapitation at 24 h after the

last vitamin A administration. The substantia nigra was

dissected out immediately after the rat was sacrificed and

stored at�70�C for posterior analyses. Substantia nigra was

homogenized in ice-cold 0.1 M phosphate buffer (pH 7.4)

using a Potter–Elvehjem-type glass homogenizer. The

homogenates were centrifuged 700g for 5 min to remove

cellular debris. Supernatants were used to all the biochemical

assays described herein. Results were normalized by the

protein content using bovine serum albumin as standard [25].

Thiobarbituric acid reactive species (TBARS)

As an index of lipid peroxidation, we used the formation of

TBARS during an acid-heating reaction, which is widely

adopted as a method for measurement of lipid redox state,

as previously described [26]. Briefly, the samples were

mixed with 0.6 mL of 10% trichloroacetic acid (TCA) and

0.5 mL of 0.67% thiobarbituric acid, and then heated in a

boiling water bath for 25 min. TBARS were determined by

the absorbance in a spectrophotometer at 532 nm. Results

are expressed as nmol TBARS/mg protein.

Measurement of protein carbonyls

The oxidative damage to proteins was measured by the

quantification of carbonyl groups based on the reaction

with dinitrophenylhidrazine (DNPH) as previously descri-

bed [27]. Briefly, proteins were precipitated by the addition

of 20% TCA and redissolved in DNPH and the absorbance

read in a spectrophotometer at 370 nm. Results are

expressed as nmol carbonyl/mg protein.

Measurement of protein and non-protein thiol content

Other form to analyze oxidative alterations in proteins is to

measure the level of protein thiol content. Briefly, sample

was diluted in SDS 0.1% and 0.01 M 5,50’dithionitrobis

2-nitrobenzoic acid (DTNB) in ethanol was added and the
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intense yellow color was developed and read in a spec-

trophotometer at 412 nm after 20 min [28]. Free sulfhydryl

(–SH) content was estimated in supernatants of 20% TCA

precipitated homogenates by the same method. Results are

expressed as lmol SH/mg protein.

Antioxidant enzyme activity estimations

Catalase (CAT) activity was assayed by measuring the rate

of decrease in H2O2 absorbance in a spectrophotometer at

240 nm [29]. The results of CAT activity are expressed as

U CAT/mg protein. Superoxide dismutase (SOD) activity

was assessed by quantifying the inhibition of superoxide-

dependent adrenaline auto-oxidation in a spectrophotome-

ter at 480 nm, as previously described [30]. The results of

SOD are expressed as U SOD/mg protein. Glutathione

peroxidase (GPx) activity was determined by measuring

the rate of NAD(P)H oxidation in a spectrophotometer at

340 nm, as previously described [31]. The results of GPx

are expressed as mM NADPH consumed/min/mg protein.

A ratio between SOD and CAT activity (SOD/CAT) was

applied to better understand the effect of vitamin A-sup-

plementation upon these two oxidant-detoxifying enzymes

that work in sequence converting superoxide anion to

water. An imbalance between their activity is thought to

facilitate oxidative-dependent alterations in the cellular

environment, which may culminates in oxidative stress.

Behavioral task

The behavioral task occurred 15 h after the last treatment,

and was performed between 14:00 and 16:00 hours (i.e.,

during the light phase). Briefly, the animals were gently

placed in an open field and left free to explore it for 5 min

in order to assess their locomotory and exploratory activity.

The open field task was carried out in 60 · 40 cm2 open

field surrounded by 50 cm high walls made of brown

plywood with a frontal glass wall. The floor of the open

field was divided into 12 equal rectangles by black lines.

The number of crossings of the black lines and rearings

was counted. In behavioral tasks, rats were used only once.

Statistical analysis

Biochemical and behavioral results are expressed as

mean ± SD and p-values were considered significant when

p < 0.05. Differences in each experimental group were

determined by the one-way ANOVA. Comparison between

means was carried out using the post hoc Tukey’s test.

Results

Vitamin A supplementation at 1,000 IU/kg increased lipid

peroxidation in the substantia nigra of the rats that were

treated for 3 days (Fig. 1a). However, we found a 3.6- to

4.0-fold increase in lipid peroxidation levels in the sub-

stantia nigra of the rats that were treated with vitamin A at

any dose for 7 days. This effect was maintained in the rats

that received vitamin A for 28 days (Fig. 1a). A 2.0- to 3.0-

fold increase was found in the protein carbonylation levels

in the substantia nigra of the rats that received vitamin A

acutely or chronically (Fig. 1b). Vitamin A supplementa-

tion at any dose decreased (30–60%) the protein thiol

content after all periods of exposition studied here (Fig. 1

c). Vitamin A supplementation at 9,000 IU/kg for 3 days

induced a decrease (42%) in the nigral non-protein thiol

content (Fig. 1d). After 7 days of supplementation, 4,500

and 9,000 IU/kg vitamin A was able to decrease the nigral

non-protein thiol content. After 28 days of supplementa-

tion, any dose tested decreased the non-protein thiol con-

tent in the rat substantia nigra (Fig. 1d).

SOD activity did not change in the substantia nigra of

the rats that were treated with vitamin A for 3 days
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Fig. 1 Effects of acute and

chronic vitamin A

supplementation on lipid

peroxidation (A), protein

carbonylation (B), protein thiol

content (C), and non-protein

thiol content (D) the in adult rat

substantia nigra. Data are

mean ± SD of 7–12 animals per

group performed in triplicate.

Different from the respective

control group ap < 0.05;
bp < 0.01; cp < 0.002;

*p < 0.0001, as determined by

one-way ANOVA followed by

Tukey’s test
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(Fig. 2a). However, vitamin A at 2,500, 4,500, and

9,000 IU/kg for 7 days induced a decrease (40%) in the

nigral SOD activity (Fig. 2a). Chronically, vitamin A

supplementation at 2,500, 4,500, and 9,000 IU/kg

increased SOD activity (Fig. 2a). Acute and chronic vita-

min A supplementation decreased (1.2- to 2.8-fold) CAT

activity (Fig. 2b). GPx activity (Fig. 2c) did not change

after vitamin A supplementation. Finally, the SOD/CAT

ratio was increased (1.3- to 6.0-fold) after acute or chronic

vitamin A supplementation (Fig. 2d).

Locomotory and exploratory activity did not change in

the rats that received vitamin A for 3 days (Fig. 3a). Sur-

prisingly, supplementation with vitamin A at 2,500, 4,500,

or 9,000 IU/kg for 7 days induced a decrease (1.3- to 1.5-

fold) in locomotory activity (Fig. 3a). After 28 days of

treatment, vitamin A at any dose tested induced a decrease

(1.7- to 2.3-fold) in locomotion (Fig. 3a). Vitamin A sup-

plementation at 9,000 IU/kg for 7 days decreased (1.7-fold)

the number of rearings (Fig. 3b). Vitamin A at any dose for

28 days induced a decrease (1.9- to 2.4-fold) in the number

of rearings performed by the rats in the open field (Fig. 3b).

Discussion

Our results show, for the first time, that vitamin A at both

therapeutic and excessive doses alter the nigral redox

environment after both acute and chronic supplementation.

The brain as a whole is sensitive to oxidative stress due to

its high content of peroxidizable fatty acids and relative

decreased antioxidant defenses [12]. However, substantia

nigra is particularly vulnerable to an oxidative insult due

to: (1) its high content of iron and copper ions; (2)

increased H2O2 production via MAO function during the

degradation of dopamine (DA); and (3) DA is a source to

DA-quinones, which react with thiol groups oxidizing it

[32–35].

Here, we found that the level of lipid peroxidation

(TBARS levels) increased after either acute (7 days) or

chronic (28 days) vitamin A supplementation (Fig. 1a). In

addition, an exacerbated level of protein carbonylation was

also detected in this experimental model (Fig. 1b). Dif-

ferent from lipid peroxidation, protein carbonylation, and

decreased protein thiol content (Fig. 1b, c, respectively)

occurred earlier, indicating an increased vulnerability of

nigral proteins to the oxidative insult induced in this

experimental model. Increased TBARS and protein car-

bonylation levels, and decreased protein thiol content

facilitate intra- and inter-molecular cross-links of proteins

[36], which in turn induce conformational changes in

proteins leading to increased hydrophobicity and aggrega-

tion of the protein is very likely to occur. Furthermore,
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these oxidative alterations on proteins favor the formation

of protein aggregates, inducing generalized cellular dys-

function [37].

In situations of increased oxidative stress in substantia

nigra, other than prooxidant molecules attack may also

decreases its protein thiol content. It was demonstrated that

DA-quinones covalently bind to thiol groups in proteins,

oxidizing it [33, 34]. Consequently, this oxidation decreases

the measurable content of protein thiol content (Fig. 1c).

Previous reports suggested that lipid peroxidation partici-

pates in the non-specific DA oxidation, since DA is storage

within acidic vesicles to avoid auto-oxidation, and loss of

membrane integrity facilitates DA release to cytosol [33].

Non-protein thiol content, mainly represented by the

reduced-form of glutathione (GSH), was decreased by

vitamin A at some doses after 3 or 7 days of treatment

(Fig. 1d). This indicates that: (1) there is a decrease in the

reduced form of glutathione given the prooxidant circum-

stances imposed by vitamin A supplementation or (2) a

possible action of a detoxifying system, such as glutathi-

one-S-transferase (which uses GSH to conjugate to xeno-

biotics, eliminating them from the cell), upon vitamin A or

its metabolites in substantia nigra and are conjugated with

GSH to be exported from neuronal cells when in excess

[38]. Non-protein thiol content was decreased by vitamin A

at any dose after 28 days of supplementation, suggesting

that long periods of exposition to vitamin A decrease an

important non-enzymatic antioxidant defense.

In this work, we also show that vitamin A supplemen-

tation induced an imbalance in the ratio between SOD

activity and CAT activity (SOD/CAT ratio) without any

change in GPx activity (Fig. 1a–d). Increased SOD/CAT

ratio suggests that there is an increased H2O2 production,

since SOD metabolizes O2
�• to H2O2, but CAT converts

H2O2 to water at lower rates. In addition, increased H2O2

availability is favored since GPx activity did not change

after vitamin A supplementation. This H2O2 excess may

reacts with iron and/or copper, which are found in high

contents in substantia nigra, and produces OH• via Fenton

reaction [12]. Actually, we found increased levels of oxi-

dative damage markers in this experimental model

(Fig. 1a–d), as mentioned above.

A behavioral analysis revealed that the animals that

received vitamin A supplementation for 7 days walked and

explored less a new place (the open field). Chronically,

there is a drastic decreased in both locomotion and

exploration of open field (Fig. 3a, b). These results indicate

that vitamin A even at therapeutic doses (even considered

high these doses are used therapeutically, as mentioned in

the ‘‘Introduction’’ section) is effective in inducing a

behavioral disturbance in adult rats. There are data

reporting deleterious effects of excessive vitamin A use

regarding behavior in humans [8, 39]. However, further

studies would be useful to elucidate whether oxidative

stress is a causative factor in the behavioral disturbances

observed here.

We did not performed an analysis to investigate reti-

noids levels in plasma or substantia nigra because it is

almost impossible to point to the retinoid responsible for

the effects herein demonstrated, since there is a vast

number of metabolites derived from vitamin A [40].

Moreover, case reports of vitamin A toxicity have shown

serum retinol concentrations within normal limits [41–43],

suggesting that serum retinol could not be a good param-

eter to analyze vitamin A toxicity.

In summary, we show that vitamin A, at therapeutic

doses, is able to impairs the redox homeostasis of sub-

stantia nigra and to induce a disturbance in a nigral-related

behavior. In some parameters, chronic vitamin A was

deleterious to substantia nigra, showing no adaptation of

the neuronal structure to the insult. Then, we suggest that

vitamin A utilization at high doses, even therapeutically,

must be rethought, mainly when administered to children

or elderly, since some cognitive disturbances, which might

be induced by vitamin A, are very difficult to be diagnosed

in these stages of life.
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