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Abstract: The effects of an adequate supply of vitamin A and iron, in comparison with diets low or absent in vitamin A and low in iron, on the
mRNA expression of some biomarkers of iron homeostasis as hepcidin (Hamp), transferrin receptor-1 (Tfrc), iron regulatory protein-2 (Ireb2)
and ferritin (Fth1) in rats were investigated. 35 male Wistar rats were randomly divided into 5 dietary groups: control, sufficient in iron and
insufficient in vitamin A (FesvAi), sufficient in iron and depleted in vitamin A (FesvAd), insufficient in iron and sufficient in vitamin A (FeivAs) and
insufficient in both iron and vitamin A (FeivAi). After 6 weeks rats showed no significant effects of variations in vitamin A on the expression of
Hamp relative to the control group (FesvAi: 1.37-fold; FesvAd: 1.22-fold); however, iron deficiency showed significant reduction on it relative to
the control group (FeivAs: 71.4-fold, P = 0.0004; FeivAi: 16.1-fold, P = 0.0008). Vitamin A deficiency (FesvAd) affects expression of Fth1
independent of low dietary iron in spleen (0.29-fold, P = 0.002) and duodenum (5.15-fold, P = 0.02). Variations of dietary iron and vitamin A
showed significant effects relative to the control group for expression of Tfrc in spleen (FesvAd: 0.18-fold, P = 0.01; FeivAs: 0.24-fold, P <
0.0001; FeivAi: 0.42-fold, P = 0.014), Ireb2 in spleen (FeivAs: 3.7-fold, P < 0.0001; FeivAi: 2.9-fold, P < 0.0001) and Ireb2 in duodenum (FeivAs:
2.68-fold, P = 0.012; FeivAi: 2.60-fold, P = 0.014). These results show that vitamin A and iron must be supplied together to regulate some of the

main biomarkers of iron metabolism as a strategy to reduce prevalence of iron deficiency anemia.
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Introduction

Micronutrient malnutrition (MNM), or hidden hunger,
occurs when the intake of micronutrients and vitamins is
below the amount required. It is a common problem in devel-
oping and developed countries, and it entails lack or defi-
ciency of iron, vitamin A, iodine, zinc and folate, which are
all critical micronutrients related to adequate development
[1]. Indeed, MNM is believed to cause a more detrimental
impact on cognitive and physical development than calorie
restriction. Regarding their importance, iron and vitamin A
play a fundamental role in children’s development, and
health authorities worldwide remain vigilant for iron defi-
ciency anemia (IDA) and vitamin A deficiency (VAD) [2].
According to the World Health Organization (WHO) in its
report titled Global Prevalence of Anemia in 2011, the most
recent official data source, 42.6% of preschool-age children
are anemic; among pregnant women, the prevalence is
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38.2%. The largest single group in terms of affected individ-
uals is nonpregnant women; based on this group’s 29.0%
rate of anemia, it includes 496.3 million affected individuals
[3]. VAD is the main cause of preventable blindness in chil-
dren and increases the risk of disease and death from severe
infections. In pregnant women, VAD causes night blindness
and may increase the risk of maternal mortality [4]. VAD is a
public health problem, and it has a major impact on young
children and pregnant women in low-income countries [5].
Physiologically, anemia is a condition characterized by
low levels of hemoglobin in blood. It is also associated with
a deficient quality or quantity of red blood cells. There are
a lot of factors that could influence iron absorption as its
status, bioavailability, interactions with other minerals,
chemical form, enhancers and inhibitors of absorption
[6] as plant-derived phytates and tannins [7] and other
micronutrient deficiencies. Bleeding, infections and
genetic conditions are considered non-nutritional causes
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for anemia [8]. Iron deficiency is considered the main
nutritional cause [9], it occurs when hemoglobin levels
are below the established cutoff points (11 g/dL for chil-
dren under 5 years old and pregnant women; 12 g/dL for
children from 5-12 years old, non-pregnant women and
teenage males and 13 g/dL for teenage females) and fer-
ritin levels are below 12 pg/L [10].

At systemic levels and in healthy subjects, iron metabo-
lism is regulated mainly by hepcidin, which is a peptide that
the liver produces. It is encoded by the HAMP (hepcidin
antimicrobial peptide) gene and considered the master reg-
ulator of iron homeostasis. It works by binding to ferro-
portin and inducing its internalization and lysosomal
degradation. Therefore, when aniron overload occurs, hep-
cidin expression is increased and reduces iron efflux from
the enterocyte and macrophages; conversely, in iron defi-
ciency, hepcidin expression is reduced and iron efflux to
the blood stream is increased [11-13].

Vitamin A is another nutritional factor that can affect iron
use; however, the mechanism of that effect is not well-
established. The little evidence available from a mechanis-
tic point of view suggests it affects iron metabolism and not
iron absorption or transport [14, 15]. In the case of iron over-
load and adequate vitamin A levels, retinol stimulates fer-
ritin synthesis, which could be an indirect way to trigger
vitamin A’s antioxidant activity [16]. However, it is possible
that another mechanism exists in which vitamin A regulates
excess iron due to nutritional causes [17]. It was demon-
strated that in VAD with normal levels of iron, hepcidin
expression could be increased [15, 18]. Latter studies
employing in vitro (Caco-2) and in vivo (BALB/c male mice
and Wistar male rats) models revealed that vitamin A indi-
rectly regulates the presence of ferroportin by regulating
hepcidin expression; however, the mechanism is not clear.
The same studies revealed that the expression of other pro-
teins related to iron metabolism, such as DMT1 (divalent
metal transporter-1), DcytB (duodenal cytochrome B) and
TfR (transferrin receptor), was not affected [19].

Based on previous evidence, the present research was
conducted to give a better understanding of the role of vita-
min A on iron metabolism and go deeper on the different
mechanisms related. Our study was an analysis of the
mRNA expression of hepcidin and other main biomarkers
of iron metabolism under various ratios of iron to vitamin
A supply to understand how retinol is related to iron home-
ostasis in young male Wistar rats.

Materials and methods

Animals, diets and biochemical analysis

The study was conducted at the Bioterium of Antioquia’s
University in Medellin, Colombia. Thirty-five 21-day-old
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male Wistar rats (Specific-Pathogen-Free, Neurosciences
Laboratory, Antioquia’s University, Medellin, Colombia)
with a mean body weight of 62.5 + 6.1 g were housed in poly-
carbonate cages with stainless steel wire covers and poly-
carbonate water dispensers. Environmental conditions
included a 12-h light cycle, room temperature of 22 + 2 °C
and relative humidity of 55-65%; the air was renewed 15
times per hour. The animals had free access to demineral-
ized water and food and were weighed every two weeks
on a digital scale with a resolution of 0.1 g (Precisa
BJ2100D, Precisa Gravimetrics AG, Dietikon, Switzerland).
The Ethical Committees of Antioquia’s University
(#108.090217) and La Sabana University (#55.170516)
approved the entire procedure.

The animals were randomly assigned five diets, with
seven animals in each group. The control group received
an AIN-93G growing-rodent diet [20] modified to supply
a sufficient amount of iron as ferric citrate (45 mg/kg)
and vitamin A as retinol acetate (1200 pg/kg); the experi-
mental groups received modified AIN-93G diets: FesvAd
(45 mg/kg iron, no vitamin A), FesvAi (45 mg/kg iron,
120 pg/kg vitamin A), FeivAs (15 mg/kg iron, 1200 pg/kg
vitamin A) and FeivAi (15 mg/kg iron, 120 pg/kg vitamin
A). Table 1 shows the composition and nutritional profile
of the diets. All diets were produced by Research Diets
Inc., New Brunswick, NJ.

After six weeks of feeding, animals were anesthetized by
inhalation with USP isoflurane (Piramal Critical Care, Inc.,
Bethlehem, PA), and whole blood was collected by cardiac
puncture. 2 mL were collected in serum tubes (Vacutest®
gel + cloth activator, Vacutest Kima S.r.l., Arzergrande, Pad-
ua, Italy) for iron and retinol analysis. After blood extrac-
tion, the animals were euthanized with CO, (70%), and
death was ensured by cervical dislocation. Their livers,
spleens and small bowels were kept at —80 °C for further
gRT-PCR analysis. Serum iron concentrations were ana-
lyzed by atomic absorption spectrometry on an Analyst
3100 Analyzer (Perkin Elmer Life Sciences, Wellesley,
MA). Serum retinol concentrations were measured by
HPLC.

Reverse transcription polymerase chain
reaction

The extraction of total mRNA from the tissues was per-
formed using Invitrogen TRIzol reagent (Thermo Fisher
Scientific Life Sciences Solutions, Carlsbad, CA). mRNA
content was assessed in a NanoDrop54 One Microvolume
UV-Vis Spectrophotometer (Thermo Fisher Scientific
Life Sciences Solutions, Carlsbad, CA). 100 nanograms
total mRNA was used for qRT-PCR, using an iTaq54 Uni-
versal SYBR® Green One-Step Kit from Bio Rad (Bio Rad
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Table 1. Ingredient composition (g/kg) and nutritional profile of the diets

Ingredient Control FesvAi FesvAd FeivAs FeivAi
Corn Starch 397.5 397.5 397.5 397.5 397.5
Casein 200.0 200.0 200.0 200.0 200.0
Maltodextrin 10 132.0 132.0 132.0 132.0 132.0
Sucrose 100.0 100.0 100.0 100.0 100.0
Soybean QOil 70.0 0 0 0 0
Cotton Seed Oil 0 70.0 70.0 70.0 70.0
Cellulose 50.0 50.0 50.0 50.0 50.0
Mineral Mix # 36.0 35.0 35.0 0 0
Mineral Mix ° 0 0 0 35 35
Vitamin Mix © 10.0 0 0 10.0 0
Vitamin Mix ¢ 0 10 10 0 10
L-Cystine 3.0 3.0 3.0 3.0 3.0
Choline Bitartrate 2.5 2.5 2.5 2.5 2.5
Ferric Citrate (17.4% Fe) 0.03 0.03 0.03 0.07 0.07
t-Butylhydroquinone 0.014 0.014 0.014 0.014 0.014
Vitamin A palmitate (500.000 1U/g) 0 0.0008 0 0 0.0008
Nutritional profile
Protein % 20 20 20 20 20
Fat % 7 7 7 7 7
Fiber % 5 5 5 5 5
Carbohydrate % 64 64 64 64 64
Iron (mg/kg) 45 45 45 15 15
Vitamin A (ug/kg as retinol acetate) 1200 120 0 1200 120

a AIN-93G-MX; ® AIN-93G-MX deficient in iron: ¢ AIN-93G-VX: ¢ AIN-93G-VX without vitamin A (VA); s: sufficient; d: depleted; i: insufficient.

Laboratories, Hercules, CA, USA). Briefly, 5 uL of SYBR®
Green reaction mix was mixed with 0.125 uL of iScript™
reverse transcriptase, 1 uL of forward primer and 1 pL of
reverse primer at 300 nM each, 1 pL. of mRNA (100 ng/
ul) and 1.875 L of nuclease-free water for a final reaction
volume of 10 puL. Hamp (hepcidin antimicrobial peptide)
in liver, Ireb2 (iron regulatory protein-2) in duodenum and
spleen, Fth1 (ferritin heavy chain) in duodenum and spleen,
116 (interleukin-6) in liver and Tfrc (transferrinreceptor1) in
spleen mRNA expressions were obtained by the reverse
transcription polymerase chain reaction method. A
CFX96 Touch54 Real-Time PCR Detection System (Bio
Rad Laboratories, Hercules, CA, USA) was used. The
reverse transcription reaction was carried out at 50 °C for
1 min, followed by polymerase activation and DNA denatu-
ration at 95 °C for 1 min, then denaturation at 95 °C for 10 s,
annealing at 60 °C for 10 s, and extension at 60 °C for 30 s,
with 40 cycles for all genes. Forward and reverse primers
for each gene are summarized in Table 2. The mRNA
expression was normalized to the housekeeping gene Actb
(B-actin) mRNA expression and is presented by its relative
density to B-actin. Allthe data was processed using the Gene
Study module of the Bio-Rad CFX Maestro v.1.1 software
(Bio Rad Laboratories, Hercules, CA, USA).
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Statistical analysis

Data were presented as mean * standard deviation. Contin-
uous variables were compared between groups by one-way
analysis of variance with a post hoc Tukey’s test. The nor-
mality of data distribution was tested by the Kolmogorov-
Smirnov test; equality of variance was measured using
Levene’s test. P < 0.05 was considered statistically signifi-
cant. SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA)
was used. The number of rats was estimated by a power
analysis to obtain 80% power at a confidence level of 95%
[21].

Results

Biochemical parameters: serum iron and
serum retinol

When intergroup comparisons were made both groups
insufficient in iron (FeivAs and FeivAi) had significant dif-

ferences from the control group (P < 0.05 for both groups).
The group depleted in vitamin A but sufficient in iron
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Table 2. gRT-PCR Primers

Gene Forward primer Reverse primer Reference
Hamp 5-GAAGGCAAGATGGCACTAAGCA-3 5-TCTCGTCTGTTGCCGGAGATAG-3’ [35]
Fth1 5-GCCCTGAAGAACTTTGCCAAAT-3 5-TGCAGGAAGATTCGTCCACCT-3 [36]
Ireb2 5-CTGCATCCCAGCCTATTGAAAA-3’ 5-GCACTGCTCCTAGCAATGCTTC-5 [37]
16 5-GTCAACTCCATCTGCCCTTCAG-3’ 5-GGCAGTGGCTGTCAACAACAT-3’ [36]
Tfre 5-ATACGTTCCCCGTTGTTGAGG-3’ 5-GGCGGAAACTGAGTATGGTTGA-3’ [37]
Actb 5-TGTCACCAACTGGGACGATA-3 5-AACACAGCCTGGATGGCTAC-3 [38]

Hamp, hepcidin antimicrobial peptide; Fth1, ferritin heavy chain 1; Ireb2, iron regulatory protein 2; Tfrc, transferrin receptor 1; Actb, beta actin.

(FesvAd) showed significant differences when compared
when control group (P < 0.05) while the group insufficient
in vitamin A but sufficient in iron (FesvAi) showed not sig-
nificant differences when compared with the control group;
however, when both grupos with any deficiency of vitamin
A (FesvAi and FesvAd) were compared, showed not signif-
icant differences between them in terms of serum iron.

In terms of serum retinol levels all experimental groups
were significant lower than control grup (P < 0.05 for all
of them). When both groups sufficient in dietary vitamin
Awere compared, that one with marginal deficiency of diet-
ary iron (FeivAs) was significant lower than control group.
When groups insufficient in dietary vitamin A (FesvAi and
FeivAi) were compared, they exhibit the lowest value for
serum retinol (0.55 umol.l ) and no significant differences
between them. The results are summarized in Table 3.

Effect of vitamin A status on the mRNA
expression of genes related to iron
homeostasis in the liver, spleen and
duodenum

When compared with the control group, mRNA expression
ofiron regulatory protein 2 (Ireb2) to Actb values in the duo-
denum and spleen showed significant but opposite differ-
ences (P < 0.05) for groups insufficient in iron regardless
of vitamin A supply (FeivAi and FeivAs). Figure 1C shows
the results in the duodenum, in which values were higher
than those of the control group. The amount of FeivAi was
2.6 times the amount in the control group (P = 0.0136),
and the amount of FeivAs was 2.7 times the amount in the
control group (P = 0.0118). In the spleen, as Figure 1D
shows, values were lower than in the control group. The

Table 3. Biochemical parameters

amount of FeivAi was 2.9 times the amount in the control
group (P < 0.0001), and the amount of FeivAs was 3.7 times
that in the control group (P < 0.0001).

Regarding duodenal ferritin heavy chain 1 (Fthl) mRNA
relative expression normalized to Actb in the duodenum
(Figure 1E), the group insufficient in iron but sufficient in
vitamin A (FeivAs) showed significant differences when
compared with the control group, exhibiting higher values
of Fthl mRNA relative expression (5.1-fold, P = 0.0017).
Fthl mRNA relative expression in the spleen showed signif-
icantly lower values (P < 0.05) in comparison with the con-
trol group only for the group with sufficient iron and
depleted in vitamin A (FesvAd), (3.5-fold, P = 0.0018)
(Figure 1F).

Transferrin receptor 1 (Tfic) mRNA expression normal-
ized to Actb in the spleen showed significant differences
(P < 0.05) for groups insufficient in dietary iron and for
group depleted in vitamin A when compared with the con-
trol group (Figure 1G). These groups had lower values than
the control group and the group with sufficient iron and
insufficient vitamin A: FeivAi, 2.4-fold (P = 0.0142); FeivAs,
4.2-fold (P < 0.0001) and FesvAd, 5.6-fold (P = 0.0104).

Discussion

To explore how vitamin A deficiency alters some of the
main biomarkers of iron-homeostasis expression, the pre-
sent research was focused on the expression of the genes
associated with them in young male Wistar rats that
received diets with various doses of vitamin A and/or iron.
The control group received sufficient amounts of both nutri-
ents according to the reference diets for laboratory animals,

Parameter Control FesvAi FesvAd FeivAs FeivAi
Serum iron [pg-dl™"] 255.86 + 43.83 a 219.81 + 15.58 ab 181.30 £ 14.53 b 131.01 + 43.83 ¢ 7474 £18.27 d
Serum retinol [umol-l™"] 1.60 + 0.16 a 0.556+0.10b 0.24 + 0.04 ¢ 1.26 £+0.12d 0.55+0.08 b

n = 7; different letters indicate significant differences between groups (P < 0.05). s: sufficient; d: depleted; i: insufficient.
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Figure 1. Relative expression of mRNA levels of (A) hepatic Hamp (hepcidin antimicrobial peptide); (B) hepatic /(6 (interleukin 6); (C) duodenal Ireb2
(iron regulatory protein 2); (D) splenic Ireb2; (E) duodenal Fth1 (ferritin heavy chain 1); (F) splenic Fth1 and (G) splenic Tfrc (transferrin receptor 1).
Expression were normalized to Actb (beta actin). Data are the means + S.D. (n = 7). *significant differences (P < 0.05) in comparison with the
control group. Error bar = 95% C.I. (A) shows the relative transcript levels of hepatic hepcidin antimicrobial peptide (Hamp) in rat livers normalized
to beta actin (Actb) values. In comparison with the control group, those insufficient and depleted in vitamin A and sufficient dietary iron showed no
significant differences (P < 0.001) in Hamp mRNA expression (FesvAi: 1.37-fold; FesvAd: 1.22-fold). The groups with low levels of dietary iron
showed a significantly lower relative expression than the control group (FeivAi: 16.1-fold, P = 0.0008; FeivAs: 71.4-fold, P = 0.0004). (B) shows that
not all the experimental groups displayed significant differences (P < 0.001) in the mRNA expression of hepatic interleukin 6 (/l6) normalized to
Actb values when compared with the control group.

and the four experimental groups received various combi-
nations of iron (Fe) and vitamin A (vA) at sufficient (s),
insufficient (i) or depleted (d) levels. No group was fully
depleted in iron because it is necessary for development,
and a complete lack of it would result in no viable experi-
mental subjects. Given the relationship between vitamin
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A deficiency and iron homeostasis, biomarkers are impor-
tant, as they indicate the needed supply of both micronutri-
ents together to prevent iron deficiency anemia in such risk
groups as children and women [22].

When results for serum iron in the three groups with suffi-
cient amounts of iron (Control, FesvAi and FesvAd) were

Int J Vitam Nutr Res (2022), 92 (3-4), 223-230
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compared, one may expect that no significant differences
emerged between them; however, the group without vitamin
A (FesvAd) had less iron than the other (Control and FesvAi),
which suggests that a small amount of vitamin A is enough to
maintain an adequate level of serum iron; that result is consis-
tent with previous studies that revealed that iron deficiency
anemia are related to low levels of serum retinol in children
between 1 and 5 years of age [15] and low intake of vitamin
A in children between 5 and 12 years of age [23]. The eficacy
of multinutrient supply has been validated in multiple coun-
tries; in South India, researchers found that the supply of a
multiple-micronutrient-fortified salt reduced anemia, iron
deficiency and serum retinol deficiency and improved the
iron status and retinol status [24]. In Benin, researchers found
a high prevalence of IDA and VAD among rural women and
their children [25], and a strong recommendation was made
to further examine stronger strategies of micronutrient sup-
plementation for at-risk populations.

Regarding serum retinol results, this study revealed that
dietary iron status has an effect on it even with an adequate
supply of vitamin A, but there is no effect when dietary vita-
min A levels are low or absent. Although the focus of this
research was not to evaluate the effect of iron on vitamin
A, previous findings showed a lack of consensus about the
unidirectional effect of iron supplementation on the nutri-
tional status of vitamin A as well as differences between
results in animal models and humans [26].

About inflammation status, previous studies revealed
that vitamin A deficiency and/or iron deficiency enhances
the inflammatory state by increasing I/6 mRNA expression
intheliver [14]. Moreover, it has been established that inter-
leukin-6 regulates hepcidin transcription as a way to control
the circulation of iron in inflammation [27, 28]. However,
the findings of this study showed no evidence of significant
differences in I/6 mRNA expression as an indicator of
inflammation in animals, even with vitamin A deficiency,
iron deficiency or both. This finding does not mean, how-
ever, that no relationship exists between VAD or ID and
inflammation, but under the experimental research condi-
tions, not enough evidence supported it. On the other hand,
the lack of significant differences in mRNA /6 as a biomar-
ker of inflammation allows for comparison with the other
biomarkers or iron status without problems due to their
acute-phase-protein properties.

As a systemic regulator of iron homeostasis, Hamp
mRNA expression in the liver was significantly lower in
iron-deficient groups, which makes sense given that hep-
cidin down-regulates ferroportin on the enterocyte’s baso-
lateral side [29] as a way to regulate iron exports and
thereby prevent oxidative damage. The results showed
impact of vitamin A deficiency on Hamp mRNA expression
only when iron was deficient too, consistent whit the find-
ings of Xiaolei et al [30] when differences between groups
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Figure 2. Heat map showing the relative expression of all the genes
and experimental groups. Green blocks represent high expression, and
red blocks represent low expression. Fth1, ferritin heavy chain 1; Tfrc,
transferrin receptor protein 1; Ireb2, iron regulatory protein 2; Hamp,
hepcidin antimicrobial peptide; Il6, interleukin 6.

with fully or partial deficiency of vitamin A and control
group were not significant, but when both nutrients were
deficient, Hamp mRNA expression was significant lower
than control group. The work of Arruda et al [18] concluded
that Hamp mRNA increased expression could be a direct
effect of vitamin A metabolites or indirect effect mediated
by cytokines due to the inflammatory process; as the results
of this study showed no inflammation, it is possible that the
absence of effect of VAD (at any level) on Hamp mRNA
expression was due to the absence of cytokines.

Regarding molecular regulation of iron homeostasis,
IRP2 is a key regulator of iron metabolism. The results
showed that the groups that received a diet low in iron (Fei-
vAs and FeivAi) had significant differences compared to the
control group. In the duodenum, the relative mRNA expres-
sion of Ireb2 was higher than that of the control group, butin
the spleen, it was lower. Jiang et al [31] revealed that vitamin
A deficiency could aggravate iron deficiency by upregulat-
ing the expression of IRP2; however, the findings of this
study suggest that mRNA Ireb2 expression is not related
only to iron or vitamin A supply as independent factors
but to both combined.

IRP2 is also related to the regulation of ferritin and trans-
ferrin receptor expression. When IRP2 is low, TfR1 expres-
sion is reduced and Fn expression is enhanced. Iron storage
and mobilization is thus regulated [32]. The results showed
that vitamin A was the only factor that impacts ferritin’s
expression; in the duodenum, only the group that received
the diet without vitamin A was significantly higher in ferritin
than the others, and in the spleen, the opposite occurred.
Those results indicate that vitamin A is necessary to mobi-
lize iron from the enterocyte, reducing its storage in ferritin.

Atthe duodenal level, these findings were consistent with
the study if Citelli et al [19] where VAD affected iron mobi-
lization and could lead to oxidative stress. The results
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Figure 3. Combined effect of sufficient supply of iron and vitamin A on the mRNA expression of selected biomarkers of iron homeostasis. The
arrows’ thickness represents the strength of the impact. (+) represents up-regulation. (=) represents down-regulation. Fth1, ferritin heavy chain 1;
Tfrc, transferrin receptor protein 1; Ireb2, iron regulatory protein 2; Hamp, hepcidin antimicrobial peptide; Il6, interleukin 6.

regarding the spleen showed a reduction in iron stores
represented by relative mRNA ferritin expression for the
vitamin A deficient group. That reduction was also demon-
strated in findings of Jiang et al [31] of the previously dis-
cussed study on IRP2 and VAD.

Regarding Tfrc mRNA expression in the spleen, the
results were consistent with expectations in relation to the
results for IRP2 [31]. When comparisons between the
dietary-iron sufficient groups were made, only the group
without dietary vitamin A showed significant smaller differ-
ences, which indicates that, even with an adequate supply of
iron, vitamin A is necessary to enhance the Tfrc mRNA
expression in the spleen. When the low dietary-iron groups
were compared to the control group, both iron insufficient
groups showed significant smaller differences independent
of the vitamin A supply. Those results indicate a combined
effect of iron and vitamin A on the Tfrc mRNA expression in
the spleen.

To give a full picture of the gene expression results,
we built a heat map (Figure 2) [33], with which the up-
regulation or down-regulation combined effect of iron and
vitamin A could be visualized.

When all the results are considered together, the data
show a single effect of vitamin A on the mRNA expression
of ferritin in the duodenum and spleen, of iron on the mRNA
expression of hepcidin in the liver and a combined effect of
both on mRNA expression of transferrin receptor 1 and iron
regulatory protein 2 in the spleen and duodenum, as seen in
Figure 3.

Strengths and limitations

Overall, the main strength of the study is the comparison of
five different ratios of iron and vitamin A and the effect of
them on the iron homeostasis. Additionally, the study has
a strong statistical design adequate to give results of quality
without an excessive number of animals according to the
main principles of ethics for research with laboratory
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animals. However, we recognize that the analysis of addi-
tional tissues as bone marrow and biomarkers as
ferroportin, divalent metal transporter 1 (DMTI1) and
C-reactive protein (CRP) would give complementary infor-
mation to support the main findings. A direct measurement
of IL6 and CRP as inflammation markers using an ELISA kit
would be better to identify the inflammation status. Another
limitation, from the methodological approach, was the
absence of information of losses of iron and retinol in feces
and urine.

Conclusion

The results of the study reinforce the existent relation
between vitamin A and iron as demonstrated by different
authors as Jiang et al [31], da Cunha et al [14], Arruda et al
[18], Mendes et al [34] and Xialoei et al [30]. This study
demonstrated that an adequate supply of dietary vitamin
A could enhance the status of serum iron and, as conse-
quence, helps to reduce the prevalence of iron deficiency
anemia and make the strategies of nutritional intervention
more effective, especially for at-risk populations, such as
children and women of reproductive age. In addition, fur-
ther and deeper research on anemia caused by VAD must
be conducted to give a wider explanation of the phenomena
related to iron and vitamin A deficiencies.
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