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Abstract 

Background: The latest estimate by 5 UN agencies is that 821 million people globally are undernourished, which puts 
them at risk of vitamin and other nutrient deficiencies. Vitamin A deficiency remains a widespread public health 
problem among women and children in the developing world the role of vitamin A and its active metabolites in 
pathways involved in antioxidant protection and in the inhibition of important pathways that promote oxidative stress. 

Objectives: Determine if vitamin A deficiency could influence oxidative metabolism in 6-month-old female wistar rats. 

Materials and Methods: Determine the concentration of carbonyl proteins, as a marker of protein oxidation; TBARS, as 
a lipoperoxidation marker; and nitrotyrosine as a marker of oxidative stress dependent on nitric oxide. Quantify the 
expression of CAT, SOD, eNOS and iNOS in the liver and wistar rats deficient in vitamin A for 6 months. 

Results:  An increase in the concentration of carbonyl protein and nitrotyrosine in the liver tissue deficient in vitamin A 
is observed. The expression of SOD, eNOS and iNOS decreased in the group with a private diet of vitamin A. From the 
regression analysis a positive correlation was established between hepatic retinoic acid levels and gene expression of 
eNOS, iNOS and SOD. A positive correlation between serum retinoic acid levels and gene expression of eNOS and iNOS 
was also observed. 

Conclusions: It is possible to ratify the relationship between the development of stress and vitamin A levels; improving 
the understanding of hepatic metabolism and its response to the absence of this vitamin.  

Keywords:  Lipoperoxidation; Nitrotyrosine; Catalase; Superoxide dismutase; Nitric oxide synthetase 

1. Introduction

Globally, the WHO is frequently quoted as estimating that almost 2 billion people are at risk of micronutrient deficiencies 
(vitamins and minerals/trace elements) [1]. Amongst these are approximately 125 million preschool children with 
vitamin A deficiency (VAD), as well as subpopulations at risk of deficiencies of folate, thiamin, vitamin B12, niacin, other 
B vitamins, and vitamin D [1, 2]. Some stages of life present a higher risk of deficiency than others: risks are higher in 
pregnant women, children (from conception to young childhood), adolescents, and the elderly. The latest estimate by 5 
UN agencies is that 821 million people globally are undernourished, which puts them at risk of vitamin and other micro- 
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and macro-nutrient deficiencies [3, 4]. VAD remains a widespread public health problem among women and children 
in the developing world [5], and it increases morbidity and mortality due to increased susceptibility to infection [6]. 

Vitamin A is a non-enzymatic antioxidant necessary for the body's redox balance [7], although its action is varied and 
has extensive intervention in various metabolic pathways, its role as a protector against damage caused by reactive 
oxygen species through the activation of transcription of antioxidant genes such as the Glutathione s-transferase (GPX) 
[8], and superoxide dismutase (SOD) [9]. On the other hand, it is known that it is capable of preventing lipoperoxidation 
of membranes by acting as a sequestrant of various free radicals [10]. In 8-week VAD rats, a decrease in hepatic retinol 
concentration and a significant increase in Thiobarbituric Acid-Reactive Substances (TBARS) levels were found [11]. An 
important mediator of oxidative stress and inflammation is the release of nitric oxide (NO) as a result of the possible 
activation of some or several isoforms of nitric oxide synthase (NOS): inducible (iNOS), endothelial (eNOS) or neuronal 
(nNOS); each of them activated in a site-specific depending on the tissue. Vitamin A inhibits the expression of iNOS in 
murine mesangial cells promoted by the stimulation of these with all-trans retinoic acids (at-RA), observing this as an 
effective anti-inflammatory strategy [12]. Another study on peripheral blood mononuclear cells of patients with 
rheumatoid arthritis, an autoimmune disease characterized by producing an increase in NO release due to increased 
expression of iNOS, an effect that was attenuated by stimulation with at-RA. In this same study, it was determined that 
at-RA also inhibited nuclear translocation of NFκB, a master regulator of pro-inflammatory mechanisms [13]. 

Another study demonstrated that VAD induces a pro-oxidant environment and inflammation in rat aorta [14, 15, 16]. 
All these results show the role of vitamin A and its active metabolites in pathways involved in antioxidant protection 
and in the inhibition of important pathways that promote oxidative stress. 

In our laboratory we have observed that vitamin A exerts antioxidant action and its deficiency increases the values of 
oxidative stress markers and alters the metabolism of lipids in liver, heart, aorta in deficient male rats of 3 months [15, 
17, 18]. 

These antecedents show that VAD could influence the metabolism of different organs. Therefore, a 6-month-old female 
wistar rats were studied in vivo, if VAD predisposes to changes in oxidative stress parameters. 

2. Material and methods 

2.1.  Animals and diets 

Female Wistar rats, bred in our animal facilities (IMIBIO, National University of San Luis, Argentina), were weaned at 
21 days old and immediately randomly assigned to either the experimental group (standard diet, devoid of vitamin A 
[VAD group]), the control (CO) group (standard diet with 4000 IU of vitamin A [8 mg retinol as retinyl palmitate] per 
kilogram of diet) or refeed group (REF). The experimental period was 6 months for VAD and CO and 5 months with VAD 
diet and 30 days with control diet for the REF group. REF group was used to study the reversibility of the possible 
changes caused by the vitamin deficiency. Diets, mineral mix and vitamin mix were prepared according to the AIN-93 
for laboratory rodents [19]. The rats were kept in a 21 ˚C – 23 ˚C controlled environment with a 12-hours light:dark 
cycle. They were given free access to food and water throughout the entire experimental period. After the entire 
treatment period, 4 rats from each group (CO, VAD and REF) were euthanized by CO2 inhalation. The blood was 
collected without anticoagulant in order to obtain the serum. For this purpose, the samples were washed with H2O at 
37 ˚C for 20 min. The serum was then centrifuged 2 times at 3000 rpm for 10 min. Then the liver was separated. The 
tissue fractions were maintained at −70 ˚C. The samples for the determination of retinol were separated and protected 
from light, in order to decrease the photoisomerization of vitamin A. We followed the general guidelines for the care 
and use of laboratory animals recommended by the Animal Care Committee of the National University of San Luis. 

2.2. Retinol concentration analyses 

The retinol concentration was determined by the modified technique Neeld and Pearson [20]. The homogenates of liver 
or mammary gland and serum, was treated with 1 ml of 95 % ethanol to precipitate proteins, and 1.5 ml of petroleum 
ether to extract vitamin A and carotenoids. It was centrifuged at 3000 rpm for 10 minutes at 37˚C. The supernatant was 
read at 450 nm, corresponding to the absorbance of carotenes. Then was dried in an oven at 37 ˚C and the residue was 
taken up in 50 μl of chloroform, 50 μl of acetic anhydride and 500 μl of TFA (Trifluoroacetic) is then added with vigorous 
stirring to 620 nm absorbance and read within 30 seconds. In parallel a standard curve of vitamin A and carotenes 
process was made. Because the β-carotene reacts with TFA, the results were corrected after reading the absorbance at 
450 nm and calculate the corresponding correction factor [19]. 
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2.3. Preparation of tissue homogenate 

Four livers per experimental group were homogenized separately in 150 μl RIPA buffer (Thermo Fisher Scientific Inc., 
Waltham, MA, USA) according to the manufacturer's instructions. Tissue homogenates were centrifuged at 14,000×g for 
15 min at 4 °C to remove nuclei and cell debris. The pellets were discarded whereas the supernatants were collected 
and used to determine the concentration of protein carbonyls and thiobarbituric acid reactive substances (TBARS) and 
nitrotyrosine. The total protein concentration in tissue homogenates was measured by the Biuret method. 

2.4. TBARS 

Measurement of lipid peroxidation TBARS were determined according to the method described by Draper and Hadley 
[21]. The TBARS assay measures malondialdehyde (MDA) production from lipid hydroperoxides. A calibration curve 
was performed using 1,1,3,3-tetramethoxypropane as standard. TBARS were determined by the absorbance at 535 nm 
and were expressed as μmol of MDA per milligram of total proteins (μmol MDA/mg protein) 

2.5. Measurement of protein oxidation  

As a marker of protein oxidation, protein carbonyls were determined by ELISA following the method of Winterbourn 
and Buss [22], with some modifications. Briefly, tissue homogenates were derivatized to 2,4-dinitrophenylhydrazone 
by reaction of carbonyl groups in oxidized proteins with 2,4-dinitrophenylhydrazine in 2 M HCl. 10 µl of the derivatized 
or nonderivatized sample were added to 190 μl of 0.1 M bicarbonate buffer, pH 9.6, in clear 96-well microplates (Corning 
Incorporated, Corning, NY, USA) and incubated overnight at 4 °C. After washing with PBS (0.05 %) Tween-20 (5 %) and 
blocking in PBS at 37 °C for 1 h, the microplates were incubated with 50 μl of rabbit polyclonal anti-dinitrophenyl 
antibody (1:2000 dilution; Thermo Fisher Scientific Inc., Waltham, MA, USA) for 1 h at 37 °C. After three washes, 50 μl 
of goat anti-rabbit IgG-HRP conjugate (1:10,000 dilution; Jackson Immuno Research Laboratories, West Grove, PA, USA), 
was added to each well and incubated for 1 h at 37 °C. Finally, immunocomplexes were quantified using TMB. The 
oxidation reaction of the substrate was stopped with 2 M sulfuric acid and the absorbance was measured at 450 nm 
using a TECAN microplate reader (Infinite M200 PRO, Research Triangle Park, NC, USA). The results were expressed as 
nmol of carbonyl per milligram of total proteins (nmol/mg protein). 

2.6. Nitrotyrosine 

The nitrotyrosine is a NO-dependent oxidative stress marker [23]. Distilled water is used throughout for preparation of 
solutions. The following reagents and solutions were used for experiments: sodium nitrite, phosphate buffered saline 
(PBS), pH 7.4 – 7.5, sodium hydrosulfite (Brueggemann Chemical, Heilbronn, Germany), BioRad Protein Assay Dye 
Reagent Concentrate (Bio-Rad Laboratories, Munich, Germany), primary antibody anti-nitrotyrosine (1:2000 dilution; 
Thermo Fisher Scientific Inc., Waltham, MA, USA) and secondary antibody goat anti-rabbit IgG, HRP-conjugate (1:10,000 
dilution; Jackson Immuno Research Laboratories, West Grove, PA, USA). Citric acid-monohydrate, hydrogen peroxide 
(30 %), potassium chloride, potassium dihydrogen phosphate, sodium chloride, di-sodium hydrogen phosphate, bovine 
serum albumin fraction V (fatty acid free), tri-sodium phosphate-dodecahydrate, sodium dihydrogen phosphate-
monohydrate, Tween 20, hydrochloric acid (37 %) and sodium hydroxide were all purchased from Carl Roth (Karlsruhe, 
Germany). o-pheneylendiamin dihydrochloride, tablet, 60 mg substrate and 3-nitro-L-tyrosine were purchased from 
Sigma – Aldrich (Steinheim, Germany).  

2.7. RNA Isolation and RT-PCR Analysis 

Total RNA was isolated from 150/200 mg of liver using the guanidinium isothiocyanate-acid phenol method as modified 
by Puissant and Houdebine [24]. 10 µg of total RNA were reverse transcribed (RT) at 37 ˚C using random hexamer 
primers and Moloney murine leukemia virus retrotranscriptase (Invitrogen-Life Technologies, Buenos Aires, 
Argentina) in a 20 μL reaction mixture. The RNA was first denatured at 70 ˚C for 5 min in the presence of 2.5 μg of 
random hexamer primers (Invitrogen). For the subsequent RT reaction the following mixture was added: RT buffer [50 
mM TriseHCl (pH8.4), 75 mM KCl, 3 mM MgCl2], 0.5 mM dNTPs, 5 mM DTT, 200 units M-MLV Reverse Transcriptase. 
The reaction was incubated at 37 ˚C for 50 min, and then the reaction was inactivated by heating at 70 ˚C during 15 min. 
The cDNA was stored at 20 ˚C. The mRNA levels of CAT, SOD, iNOS, eNOS and S16 were estimated by RT-PCR using rat-
specific primers and reaction conditions described in Table 1. The PCR reactions were performed using a Biorad 
Thermocycler in a final volume of 20 μL. The reaction mixture consisted of 2 μL of 10X PCR Buffer, 1 μL of 50 mM MgCl2, 
0.4 μL of 10 mM dNTP Mix (Invitrogen), 0.25 μL of 5 U/mL Taq DNA Polymerase (Invitrogen), 0.1 μL of each 2.5 mM 
primer (forward and reverse primers) and 11 μL of diluted cDNA. The PCR reactions were initiated with 5 min 
incubation at 95 ˚C, followed by 40 cycles of 95 ˚C for 60 s, 60 s at the annealing temperatures shown in Table 1 and 72 
˚C for 60 s. Each PCR run included a notemplate control and a sample without RT. All measurements were performed in 
duplicate. RNA samples were assayed for DNA contamination by performing the different PCR reactions without prior 
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RT. Relative levels of mRNA were normalized to the S16 reference gene. The resultant products obtained after PCR were 
separated by electrophoresis on 2 % agarose gel containing GelRed. The image was visualized and photographed under 
UV transillumination. 

Table 1 PCR primers and conditions. 

Tm, melting temperature. 

2.8. Statistical Analysis 

Results were expressed as mean values with their standard device (SD). Statistical comparisons were made transversely 
between different dietary groups. The statistical significance between groups was determined by one-way ANOVA and 
the differences between the individual means were analyzed using Tukey’s post hoc test. Differences having P values 
lower than 0.05 were considered to be statistically significant. Data analysis was done using the Graphpad prism 5 
software. The images were taken with digital camera and the images analyzed with Image J software. 

3. Results  

3.1. Biomarkers of oxidative stress: protein carbonyl, TBARS and Nitrotyrosine levels 

The VAD and REF groups increase the protein carbonyl content in liver tissue, as compared to the CO group (p<0.01) 
(Figure 1A). In addition, no significant modification in TBARS concentration in liver was observed with the different 
treatments (Figure 1B). An increase in nitrotyrosine content was observed in the VAD and REF groups, with respect to 
the CO group (p<0.05) (Figure 2). 

 

Figure 1 Biomarkers of oxidative stress. A) protein carbonyl content, expressed as nmol/mg protein; Results are 
expressed as mean ± SD (n = 4). B) TBARS content, expressed as μmol MDA/mg protein. Results are expressed as mean 
± SD (n = 4). TBARS: thiobarbituric acid reactive substances. 

Prime
r  

Primer  sense  (5’ –3’) Primer Antisense (5'- 3') Tm Fragment 
size 

Concentrati
on 

eNOS CGAGATATCTTCAGTCCCAAG
C 

GTGGATTTGCTGCTCTGTAGG 56° C 164 bp NM_021838.
2 

iNOS GCATGGACCAGTATAAGGCAA
GCA 

GCTTCTGGTCGATGTCATGAGCA
A 

56° C 222 bp NM_010927.
4 

CAT CGACCGAGGGATTCCAGATG ATCCGGGTCTTCCTGTGCAA 60°C 175 bp BC081853 

SOD AGCTGCACCACAGCAAGCAC TCCACCACCCTTAGGGCTCA 60°C 191 bp S41066 

S16 TCCAAGGGTCCGCTGCAGTC CGTTCACCTTGATGAGCCCATT 59 ºC 100 bp NM_013647.
2 
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Figure 2 Nitrotyrosine content in liver, expressed as relative units of nitrotyrosine/mg protein. Results are expressed 
as mean ± SD (n = 4). 

3.2. Effect of VAD on CAT mRNA expression in liver  

The expression of CAT in liver was determined. Figure 3 shows the expression of CAT in liver in the different 
experimental groups. No difference was observed in the expression of the different experimental groups. 

 

Figure 3 Expression of CAT in liver by RT-PCR in the different experimental groups. A) Semi-quantitative analysis of 
CAT expression. B) Gel representative of the gene expression of CAT in the different experimental groups. Expression 
of CAT was performed using specific primers, and was adjusted for expression of the constitutive gene S16, as described 
in Materials and Methods. Representative image of the agarose gel of CAT (175 bp) and S16 (100 bp) products. 

3.3. Effect of VAD on SOD mRNA expression in liver  

The expression of SOD in liver was determined. Figure 4 shows the expression of SOD in liver in the different 
experimental groups, where a decrease in expression was observed in the VAD and REF groups with respect to the CO 
group (p<0.001). 

 

Figure 4 Expression of SOD in liver by RT-PCR in the different experimental groups. A) Semi-quantitative analysis of 
SOD expression. B) Gel representative of the gene expression of SOD in the different experimental groups. Expression 
of SOD was performed using specific primers, and was adjusted for expression of the constitutive gene S16, as described 
in Materials and Methods. Representative image of the agarose gel of SOD (191 bp) and S16 (100 bp) products. 
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3.4. Effect of VAD on eNOS mRNA expression in liver  

The expression of eNOS in liver was determined. Figure 5 shows the expression of eNOS in liver in the different 
experimental groups, where a decrease in expression is observed in the group with deprived diet of vitamin A (VAD 
group) (p<0.05). 

 

Figure 5 Expression of eNOS in liver by RT-PCR in the different experimental groups. A) Semi-quantitative analysis of 
eNOS expression. B) Gel representative of the gene expression of eNOS in the different experimental groups. Expression 
of eNOS was performed using specific primers, and was adjusted for expression of the constitutive gene S16, as 
described in Materials and Methods. Representative image of the agarose gel of eNOS (164 bp) and S16 (100 bp) 
products. 

3.5. Effect of VAD on iNOS mRNA expression in liver  

Expression of iNOS was determined. Figure 6 shows iNOS expression in liver in the different experimental groups, 
where a decrease in expression in the VAD group and an increase after supplementation was observed (p<0.0001). The 
30-day diet with enough vitamin A diet was sufficient for the REF group to return to the control values. 

 

Figure 6 Expression of iNOS in liver by RT-PCR in the different experimental groups. A) Semi-quantitative analysis of 
iNOS expression. B) Gel representative of the gene expression of iNOS in the different experimental groups. Expression 
of iNOS was performed using specific primers, and was adjusted for expression of the constitutive gene S16, as described 
in Materials and Methods. Representative image of agarose gel for iNOS (222 bp) and S16 (100 bp) products. 

3.6. Linear regression analysis between biochemical and molecular parameters 

3.6.1. Correlation between levels of retinoic acid and gene expression of eNOS, iNOS, SOD and CAT. 

With the data of RA in liver published by Vasquez et al. [17], the degree of relationship with the expression levels of the 
genes studied was determined by means of linear regression analysis whose significant results are shown in the Figure 
7. From the regression analysis it was possible to establish a positive correlation between hepatic RA levels and gene 
expression of eNOS, iNOS and SOD. 
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Figure 7 Relationship between liver RA and gene expression of eNOS, iNOS and SOD in VAD model. In each graph, the 
values of “p” obtained from the statistical analysis for each regression are described in the respective lines, establishing 
p<0.05 as significant, the values of “R square” (R2) are also described as a measure of the goodness of fit of the data to 
their respective lines and as a parameter to establish the degree of relationship between the variables. 

3.6.2. Correlation between RA levels of serum and gene expression of eNOS and iNOS. 

With the serum RA data published by Vasquez et al. [17], we wanted to determine the degree of relationship with the 
levels of expression of the genes studied by means of linear regression analysis whose significant results are shown in 
Figure 8. A positive correlation between serum RA levels and gene expression of eNOS and iNOS could be established, 
with no correlation with CAT and SOD (data not shown). 

 

Figure 8 Relationship between Serum RA and eNOS and iNOS gene expression in VAD model. In each graph, the values 
of “p” obtained from the statistical analysis for each regression are described in the respective lines, establishing p<0.05 
as significant, the values of “R square” (R2) are also described as a measure of the goodness of fit of the data to their 
respective lines and as a parameter to establish the degree of relationship between the variables. 

3.6.3. Correlation between nitrotyrosine levels of liver and gene expression of SOD. 

With the nitrotyrosine levels of liver, we wanted to determine the degree of relationship with the levels of expression 
of SOD studied by means of linear regression analysis whose significant results are shown in Figure 9. A negative 
correlation between nitrotyrosine levels and gene expression of SOD could be established. 
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Figure 9 Relationship between nitrotyrosine levels and gene expression of SOD of liver in VAD model. In each graph, 
the values of “p” obtained from the statistical analysis for each regression are described in the respective lines, 
establishing p<0.05 as significant, the values of “R square” (R2) are also described as a measure of the goodness of fit of 
the data to their respective lines and as a parameter to establish the degree of relationship between the variables. 

4. Discussion 

The protective action against oxidative damage of vitamin A and its metabolites through the activation of genomic and 
non-genomic mechanisms is well known. To evaluate oxidative stress there are different biomarkers, among them: 
carbonyls, TBARS and nitrotyrosine [25]. The most prominent biomarkers that reflect oxidative stress are protein 
carbonyls, that is, plasma proteins containing oxidized residues such as aldehydes and ketones; 3-nitrotyrosine, a 
marker for nitrated proteins; and MDA, a lipid peroxidation product derived from the oxidative breakdown of 
polyunsaturated fatty acids [26]. There are no publications, to date, on the effect of long-term VAD in liver on the 
oxidative stress process. The assessment of oxidative damage to proteins can be achieved by using the carbonyl test and 
the nitrotyrosine is a NO-dependent oxidative stress marker [25, 27]. The patients with abetalipoproteinemia have 
malabsorption and a deficiency of fat-soluble vitamins, specifically, vitamins E and A; when supplemented with vitamin 
A there is no change in carbonyl levels [28]. Vitamin A supplementation increased mitochondrial superoxide anion 
radical (O2−) production and induced lipid peroxidation, protein carbonylation and nitration, and oxidation of protein 
thiol groups in mitochondrial membranes isolated from rat cerebral cortex, cerebellum, substantia nigra, striatum, 
frontal cortex, and hypothalamus [29]. In long-term VAD rats an increase in the levels of cabonyl and nitrotyrosine was 
observed with respect to the control group, which could not be reversed with vitamin A supplementation (Figure 1A 
and 2). 

It has been reported that pro-oxidant effects occur in male rats with 3-month VAD [17], in heart [18]. An increase in 
TBARS levels was observed in aorta [14]. It has been shown that the lungs of rats with VAD increased TBARS levels [30]. 
A decrease in hepatic retinol concentration and a significant increase in TBARS levels were found [11]. Barber et al. [31] 
reported that in liver mitochondria, MDA levels were high compared to control rats. Moreover, it is known that retinol 
is able to prevent lipoperoxidation of membranes by acting as a sequestrant of various free radicals [10]. In female VAD 
long-term rats, no change in TBARS levels was observed in the different experimental groups (Figure 2B). 

Oxidative stress may be the result of alterations in the antioxidant mechanism, such as the decrease in activity or 
expression of enzymes such as CAT and SOD. Antioxidant genes such as the GPX gene [8] and SOD [9] have been 
activated by the action of retinoids. In aorta it was reported that the activities of SOD, GPX and CAT were significantly 
reduced in the VAD group, contributing to oxidative damage [14]. A decrease in CAT activity in plasma and liver 
microsomes has also been observed in retinol-deficient rats [32]. Other authors noted that in rats deficient in retinol, 
an increase in lipid peroxidation and a decrease in the activity of CAT in plasma and liver were found [33,34]. In rat 
hippocampus, VAD significantly reduces levels of CAT and GPX mRNA, however, no effect on SOD expression was 
observed [35]. The same authors reported that the refeed with vitamin A, for 15 days, restores the levels of transcription 
of CAT and GPX to the control values. Moreover, rats with VAD for 2 months showed no difference in the levels of SOD 
and CAT in the heart, while in the liver SOD decreased; which was accompanied by lipoperoxidation in the heart, but 
not in the liver [36]. The administration of at-Ral significantly increases the production of intracellular oxygen reactive 
species and regulates the expression of Nrf-2 mRNA [37], which is the master regulator of the expression of the 
antioxidant genes CAT, SOD and GPX in response to cellular oxidative stress. RA has been shown to regulate upward 
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Nrf-2 in neuronal cells [38]. In mice, RA increases nuclear accumulation of Nrf2 and causes lipid peroxidation [39]. James 
et al [40] demonstrated that the administration of vitamin A and RA improves the development and lung function 
associated with a reduction in DNA damage and protein oxidation accompanied by reductions in nuclear Nrf2. The 
administration of vitamin A activates the Nrf2 / ARE pathway to exert protective effects on liver damage [40]. On the 
basis of the bibliography consulted, contradictory results are observed regarding the consequences of VAD, depending 
on the model and the tissue used. In our experimental model, no difference was observed in CAT expression; and if a 
decrease in SOD expression but a month's refeed does not seem to be sufficient to restore the normal expression levels 
of this enzyme (Figure 3 and 4). This decrease in SOD expression could lead the liver tissue to a process of oxidative 
stress due to a lack of antioxidant response through the Nrf2 / ARE pathway. These results are consistent with the 
results of works where it has been shown that RA and atRA exerts their function as an antioxidant and anti-apoptotic 
agent through the maintenance of SOD levels [9]. When the specific activity of both SOD and GPX decreases, this results 
in an accumulation of hydrogen peroxide that stimulates a cascade of lipid peroxidation and oxidation protein processes 
[42]. The results of our model agree with a decrease in the expression of SOD mRNA and an increase in protein oxidation, 
generating an environment of oxidative stress. 

An important mediator of the oxidative stress and inflammation process is the release of NO as a result of the activation 
of iNOS and / or eNOS in the tissues or of nNOS in neuronal tissues through the activation of NF-κβ, one of the regulators 
masters of inflammatory mechanisms. In VAD pro-oxidant effects have been reported due to this state, such as the 
presence of oxidative damage. An increase in the expression of eNOS and iNOS was reported in male aorta [14].  
Although the presence of oxidative stress in the liver has already been demonstrated by Anzulovich et al. [17] in a VAD 
model with three-month-old male rats, enzymes related to the production of reactive nitrogen species such as eNOS and 
iNOS have not been evaluated in liver tissue in any long-term VAD model. In our model, there was a marked decrease in 
the levels of both eNOS and iNOS in the VAD group, with recovery being observed with refeed only in iNOS (Figure 7 
and 8). High concentrations of NO have been shown to regulate their own production in a negative way, modulating the 
expression of iNOS, but not modulating the expression of eNOS [43]. Nitrotyrosine levels are accepted as a reliable 
marker for the production of peroxynitrite, because peroxynitrite has been shown to produce detectable amounts of 
nitrated plasma proteins [44, 45]. Nitric oxide, responsible for blood flow, leads to increased peroxynitrite formation in 
the presence of superoxide [26]. In serum of 3-month VAD rats, an increase in NO was observed [14]. It is well known 
that eNOS is constitutively expressed in hepatic endothelial and vascular tissue, while iNOS is overexpressed in the 
presence of oxidative stress and inflammation by NFkb regulation. This transcription factor is positively regulated in 
the VAD [46]. In the case of eNOS, it has recently been proven that its expression is under the control of the PPARα 
transcription factor [47], which is negatively regulated in the liver at three months of VAD [18]. On the contrary, in heart 
VAD, PPARα is increased, as well as the expression of eNOS and iNOS [48]. All these results would imply that 
downregulation of eNOS gene expression may be mainly due to the low activation of PPARα during VAD. While down-
regulation of iNOS can occur in response to two factors: 1) at high concentrations of NO, since we can show an increase 
in nitrotyrosine levels, which is a NO-dependent marker (Figure 2); and 2) to a greater formation of peroxynitrite in the 
presence of superoxide; The superoxide may be elevated in the long-term VAD liver due to a reduced antioxidant 
capacity due to lower SOD expression (Figure 4), correlation that can be seen in Figure 9.  

To establish the relationship between serum RA levels and liver levels with the gene expression levels of the enzymes 
studied, the corresponding regression and correlation analyzes were performed. It was observed that the expression of 
eNOS and iNOS respond proportionally to serum and liver RA levels (Figure 7 and 8). SOD expression correlates with 
liver RA levels (Figure 7). Demonstrating a direct effect of the long-term VAD on mRNA expression of these enzymes. 

5. Conclusion 

The results obtained in this work confirm the importance of vitamin A in homeostatic maintenance and tissue protection 
as it is key to the control of cellular redox balance as a potent antioxidant and anti-inflammatory. It is possible to ratify 
the relationship between the development of stress and vitamin A levels; and that through detailed knowledge of its 
mechanisms, a better understanding of liver metabolism and its response to the absence of vitamin A will be possible. 
With this, establishing effective therapies, where RA seems to be key to the maintenance of homeostasis and liver health.  
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