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ABSTRACT

Background. Little is known about the relation between iron and folic acid (FA) supplementation and inflam-
mation. The aim of this study was to evaluate the effects of iron and folate deficiency and supplementation on 
blood morphology parameters, and to assess the role of iron and folate transporters in inflammation. 
Materials and methods. A four-week period of FA and iron deficiency in Wistar rats was followed by ran-
domization into a group fed with a diet deficient in FA and supplemented with Fe (DFE), a group fed a diet 
deficient in Fe and supplemented with FA (DFOL), a group fed a diet supplemented with Fe and FA (FEFOL), 
a group fed a diet deficient in Fe and FA (D), and a group fed a control diet (C). The blood Crp concentration 
and blood count were determined. The expression of SLC11A2, SLC46A1, SLC19A1, and TFR2 proteins 
was assessed using the western blot method. 
Results. After ten days on the experimental diets, the rats in the DFOL group had a 21% higher concentra-
tion of white blood cells (WBC) than the FEFOL group did (p < 0.05). We did not observe any differences 
between the groups in terms of C-reactive protein (Crp) concentration. We also did not find any other dif-
ferences between the groups in other morphological parameters. Analysis of the correlation between blood 
count parameters and the expression of iron and folate transporters gave conflicting results. 
Conclusion. To conclude, iron and folate supplementation may affect WBC concentration in the blood. 
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INTRODUCTION

In recent years, research interest on the relation be-
tween nutrition and inflammation has been increasing. 
Numerous food products have recently been reported to 
inhibit inflammation (Ahluwalia et al., 2013), and there 
is increasing evidence that dietary quality and micronu-
trient intake may have both proinflammatory and anti-
inflammatory effects on the body (Kantor et al., 2013). 

Inflammation is an immediate protective response 
of the body to cell damage, tissue injury, pathogens, or 
toxic agents. Prolonged and chronic low-grade inflam-
mation can lead to the development of inflammatory 
diseases such as asthma, atherosclerosis, and rheu-
matoid arthritis (Minihane et al., 2015). Many media-
tors and cell products are involved in inflammatory 
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reactions. Agents such as leucocytes, granulocytes, 
monocytes, cytokines, C-reactive protein, and others 
are used as biomarkers of inflammation (Germolec et 
al., 2018). However, there is no agreement on which of 
these factors is the most accurate biomarker of inflam-
mation (Calder et al., 2011). 

For young women’s health, an adequate intake of 
iron and folate is particularly important, and these are 
components of many supplements for pregnant wom-
en. As a constituent of hemoglobin, iron is involved 
as a cofactor in many enzymatic reactions, as well as 
in oxygen transport and erythropoiesis (Anderson and 
Frazer, 2017). Both iron deficiency and iron overload 
have detrimental effects on health and may also pro-
mote inflammatory reactions. Iron levels in the body 
are thus tightly regulated by numerous mechanisms, 
mostly related to iron absorption, which maintain ho-
meostasis of this trace element. Iron deficiency mim-
ics the effects of hypoxia and may stimulate cytokine 
synthesis (Renassia and Peyssonnaux, 2019). On the 
other hand, iron overload may generate reactive oxy-
gen species that cause cellular damage (Anderson and 
Shah, 2013). It has also been observed that iron status 
is strongly associated with many inflammatory chronic 
diseases, such as obesity, diabetes, and metabolic syn-
drome (Ford and Cogswell, 1999; Jiang et al., 2004; 
Vari et al., 2007). Folate, also known as vitamin B9, is 
involved in many metabolic reactions and participates 
in purine and pyrimidine synthesis (Greenberg et al., 
2011). Supplementation with folic acid, which is a syn-
thetic form of folate, is recommended for young wom-
en, as it can prevent many birth defects such as spina 
bifida (Scientific opinion…, 2014). It has also been 
observed that folate status is associated with oxidative 
stress (Talari et al., 2016) and this mechanism may also 
affect CRP levels. However, results of previous studies 
have given conflicting results on whether FA can lower 
CRP (Asemi et al., 2016; Spoelstra-de et al., 2004). 
Folates may also counteract oxidative stress by lower-
ing the level of homocysteine (Racek et al., 2005).

The absorption and transport of iron and folate 
are dependent on the transporters of these micronu-
trients, as well as on other proteins involved in their 
metabolism. In the duodenum, iron absorption is 
driven by Divalent Metal Transporter (SLC11A2), 
while in the liver iron transport is mediated by Trans-
ferrin Receptor 2 (TFR2). Folate absorption in the 

duodenum is supported by proton-coupled folate 
transporter (SLC46A1), whereas Reduced Folate Car-
rier (SLC19A1) is involved in uptake of the reduced 
form of folate in the liver.

The aim of this study was to evaluate the effects 
of iron and folate deficiency and supplementation on 
blood morphology parameters, as we have previously 
shown that the relation between iron and folate trans-
porters and their metabolism is inconclusive. We ad-
ditionally wanted to assess the role of iron and folate 
transporters in inflammation. We hypothesized that 
iron and folate supplementation may modify blood 
parameters and thus iron and folate transporter levels 
may be associated with inflammation.

MATERIALS AND METHODS

Animals and diets
The experimental procedures were conducted in 
compliance with international procedures for labora-
tory animals. All the experimental procedures were 
reviewed and approved by the Bioethical Commis-
sion for Animal Care and Use in Poznań, Poland (ap-
proval no. 59/2016). One hundred and fifty female 
Wistar rats at eight-weeks of age were purchased from 
Charles River Laboratories (Germany). The animals 
were housed in cages with a 12 h light–dark cycle 
in an environmentally controlled room at 20–22°C 
and a humidity of 55–65%. Following the acclima-
tization period, the rats were randomized to one of 
the following groups: the control group (C, n = 30, 
Fe = 50 mg/kg, FA = 2 mg/kg), fed a standard ani-
mal diet (AIN-93M) or an experimental group, fed 
a diet deficient in iron and folic acid (D, n = 120, Fe 
= 0 mg/kg, FA = 0 mg/kg) for 28 days. In the second 
stage, the rats in group D were randomly assigned to 
one of four subgroups whose diets were respectively 
deficient in FA and supplemented with iron (DFE, 
n = 30, Fe = 150 mg/kg), deficient in iron and sup-
plemented with FA (DFOL, n = 30, FA = 6 mg/kg), 
supplemented with both iron and FA (FEFOL, n = 30, 
Fe = 150 mg/kg, FA = 6 mg/kg), and deficient in 
both iron and folic acid (D, n = 30, Fe = 0 mg/kg, 
FA = 0 mg/kg). The supplemented diet had 3 times 
greater doses than in the standard diet. The rats in the 
control group, as before, were fed standard AIN-93M  
(C, n = 30). All experimental procedures have been 
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described in detail elsewhere (Radziejewska et al., 
2020). All of the rats were allowed free access to wa-
ter. Food intake and body mass were measured every 
day using an electronic scale. After 2, 10, and 21 days, 
the rats were sacrificed and biological samples, includ-
ing the blood, liver, and duodenum, were collected.

Tissue and blood sampling
The animals were fasted overnight and sacrificed by 
decapitation. The liver and duodenum were frozen 
in liquid nitrogen immediately and stored at –80°C. 
Blood was collected using a BD® Vacutainer® tube 
with SST™ II Advance gel (serum) and BD Vacutain-
er EDTA Tubes (blood for morphology) and then the 
serums were centrifuged at 3000 g for 15 min at 4°C. 
The serums were frozen and stored for further analysis 
at –80°C.

Protein isolation
The proteins were isolated from 200 mg of duodenum 
and liver tissue. The samples were homogenized in an 
ice‐cold RIPA buffer (containing 50 mmol Tris-HCl, 
pH 8.0, with 150 mM NaCl, 1.0% NP-40, 0.5% sodi-
um deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 
10 mM NaF, and 1 mM Na3VO4) supplemented with 
a protease inhibitor cocktail. Proteins were obtained 
by centrifugation of the homogenates at 10,000 g 
for 10 min at 4°C. The concentrations of the proteins 
were determined using a BCA kit (Thermo Scientific, 
Waltham, MA, USA).

Western blot analysis
Samples containing 20 µg of total protein were re-
solved in 4% acrylamide stacking gel and 12% resolv-
ing Tris-HCl SDS-PAGE gel for 1.5 h at 125V. The 
samples were subsequently blotted onto a nitrocellu-
lose membrane (BioRad, USA). The membranes were 
blocked by incubation with 3% BSA in TBST solu-
tion for 1 hour. The membranes were then incubated 
with primary antibodies (SLC46A1 Antibody, Aviva 
Systems Biology, USA; SLC11A2 Antibody, Santa 
Cruz Biotechnology, USA; Polyclonal rabbit anti- 
-RFC, Alpha Diagnostics, USA, Mouse Anti-Human 
Transferrin Receptor, Invitrogen, USA), diluted to 
1:1000 in TBST and supplemented with 1% of BSA 
at 4°C overnight. The membranes were then washed 
three times for 3 minutes with TBST buffer and 

incubated with a secondary antibody diluted to 1:5000 
for 1 h. ECL substrate (Thermo Scientific, USA) was 
used to visualize the signals. The bands were deter-
mined using a chemiluminescence system on a Chemi-
Doc MP Imaging System (BioRad, USA). The results 
were normalized to β-actin protein levels.

Morphological parameters
Whole-blood morphological analysis was performed 
in a commercial laboratory using a Sysmex XT-4000 
system (Synevo). The following morphological pa-
rameters were analyzed: white blood cells (WBC), 
monocytes, neutrophiles, and lymphocytes.

Statistical analysis 
Data are shown as group means with standard devia-
tions. Group differences were assessed using one-way 
ANOVA. The Shapiro-Wilk test was used to examine 
the normality of the data distribution. Correlations 
between morphological parameters and transcript/
protein levels were determined using Spearman’s rank 
correlation coefficients. Calculations were performed 
with Statistica software (StatSoft). 

RESULTS

The concentrations of C-reactive protein and morpho-
logical parameters were measured after 2, 10, and 21 
days of the animals being fed the experimental diets. 
After ten days on the experimental diets, the rats in 
the DFOL group had 21% higher WBC concentrations 
than those in the FEFOL group (p < 0.05; Table 1). We 
did not find any other differences between the groups 
in terms of the other morphological parameters.

There was a negative correlation between SLC11A2 
protein level and platelet (Plt) concentration in 
the DFE group at the second time-point (r = –0.76, 
p < 0.05; Table 2). In the same group, there was also 
a negative correlation between Plt and SLC46A1 pro-
tein concentration after ten days of supplementation 
(r = –0.70, p < 0.05; Table 2).

At the third time-point, the SLC46A1 protein in the 
DFOL group correlated negatively with the monocyte 
concentration (r = –0.73, p < 0.05; Table 3). We also 
observed a negative correlation between the SLC19A1 
protein and Crp concentrations after 10 days of sup-
plementation in the DFOL group (r = –0.80, p < 0.05; 
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Table 3). In the DFOL group, the SLC46A1 protein 
level was correlated negatively with the lympho-
cyte concentration after 21 days of supplementation 
(r = –0.68, p < 0.05; Table 3).

In the FEFOL group, there was another strong 
positive correlation between RBC concentration and 
SLC46A1 after ten days of supplementation (r = 0.89, 
p < 0.05; Table 4). In the same group and at the same 
time-point, we also observed a positive correlation be-
tween Mchc concentration and TFR2 level (r = 0.71, 
p < 0.05; Table 4). After 10 days of supplementation, 
SLC11A2 protein correlated positively with WBC 
concentrations in group D at the second time-point 
(r = –0.67, p < 0.05; Table 5). We did not observe any 

correlations between WBC concentration and any pro-
tein concentrations in group C (Table 6). 

DISCUSSION

One of the strongest environmental influencers of 
chronic systemic inflammation is diet (Ahluwalia 
et al., 2013), so we also wanted to assess the role of 
iron and folate levels in inflammation. For this rea-
son, the expression of folate and iron transporters was 
measured in the duodenums and livers of the rats. To 
our knowledge, this is the first time that the expres-
sion of these transporters has been analyzed in this 
context. The present study provides evidence that the 

Table 1. Group differences in serum concentrations of C-reactive protein and morphological parameters

DFE DFOL FEFOL D C
P-value

mean SD mean SD mean SD mean SD mean SD

First time-point (day 2)

CRP, mg/l 0.03 0.03 0.01 0.01 0.02 0.02 0.01 0.00 0.02 0.01 NS

WBC, g/l 6.14 2.27 5.78 1.96 6.95 1.25 5.62 1.84 7.04 2.82 NS

Monocytes, g/l 0.21 0.12 0.26 0.11 0.26 0.10 0.19 0.07 0.16 0.12 NS

Neutrophil, g/l 1.22 0.42 1.45 0.73 1.16 0.44 1.34 0.41 1.48 1.15 NS

Lymphocytes, g/l 4.60 1.94 3.92 1.88 5.43 1.09 3.98 1.93 5.23 2.32 NS

Second time-point (day 10)

CRP, mg/l 0.06 0.02 0.05 0.02 0.05 0.02 0.06 0.04 0.03 0.01 NS

WBC, g/l 5.98a,b 1.40 7.09a 1.41 4.23b 1.38 5.63a,b 1.83 7.04a,b 2.80 0.01

Monocytes, g/l 0.14 0.06 0.21 0.10 0.19 0.08 0.17 0.08 0.13 0.13 NS

Neutrophil, g/l 1.26 0.42 1.41 0.47 1.09 0.17 1.36 0.41 1.48 1.16 NS

Lymphocytes, g/l 4.54 1.10 5.34 1.48 2.89 1.28 3.94 1.85 5.22 2.33 NS

Third time-point (day 21)

CRP, mg/l 0.09 0.05 0.08 0.03 0.08 0.03 0.06 0.04 0.07 0.03 NS

WBC, g/l 6.11 1.49 7.00 1.29 6.00 1.36 5.63 1.95 6.26 1.54 NS

Monocytes, g/l 0.22 0.14 0.22 0.09 0.19 0.13 0.14 0.07 0.17 0.09 NS

Neutrophil, g/l 1.28 0.43 1.57 0.50 1.13 0.38 1.48 1.18 1.23 0.19 NS

Lymphocytes, g/l 4.53 1.54 5.16 1.04 4.62 1.19 3.95 1.39 4.80 1.42 NS

P-values show the significance levels for the differences between dietary groups within sections. 
CRP – C-reactive protein, WBC – white blood cells, NS – not significant.
a,bMean values within a row with different superscript letters are significantly different.
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Table 2. Spearman’s rank correlations between morphological parameters and SLC11A2, SLC46A1, SLC19A1, and TFR2 
protein levels in the DFE group

Crp WBC Neutro-
phils

Lympho-
cytes

Mono-
cytes RBC Htc Mcv Mch Mchc Plt

Second time-point (day 10)

SLC11A2 protein –0.42 0.20 0.50 –0.07 0.15 0.17 0.13 0.07 –0.23 –0.26 –0.76

SLC46A1 protein –0.42 0.32 0.55 0.07 0.23 0.27 0.17 0.13 –0.19 –0.37 –0.70

SLC19A1 protein 0.08 –0.22 0.08 –0.31 –0.09 0.08 –0.18 0.37 0.49 0.29 –0.38

TFR2 protein –0.26 0.38 0.08 0.50 0.52 –0.19 –0.02 –0.21 –0.20 0.22 0.52

Third time-point (day 21)

SLC11A2 protein 0.10 0.10 –0.62 0.24 0.02 –0.19 –0.20 0.10 –0.02 0.29 0.05

SLC46A1 protein –0.02 0.38 0.07 0.24 0.50 0.33 0.17 0.10 0.33 0.44 –0.31

SLC19A1 protein 0.10 –0.37 –0.13 –0.15 –0.33 –0.15 –0.39 –0.53 –0.42 0.38 0.33

TFR2 protein 0.22 –0.50 –0.38 –0.35 –0.28 –0.27 –0.10 0.18 0.15 0.38 0.55

Crp – C-reactive protein, WBC – white blood cells, RBC – red blood cells, Htc – hematocrit, Mcv – mean corpuscular volume, 
Mch – mean corpuscular hemoglobin, Mchc – mean corpuscular hemoglobin concentration, Plt – platelets.

Table 3. Spearman’s rank correlations between morphological parameters and SLC11A2, SLC46A1, SLC19A1, and TFR2 
protein levels in the DFOL group

Crp WBC Neu Lym Mono RBC Htc Mcv Mch Mchc Plt

Second time-point (day 10)

SLC11A2 protein –0.34 0.14 0.31 0.05 0.62 0.43 0.34 0.10 0.02 0.16 –0.24

SLC46A1 protein 0.24 0.10 –0.21 0.29 –0.05 –0.17 –0.65 –0.26 0.07 0.33 0.00

SLC19A1 protein 0.23 –0.24 –0.05 –0.26 0.30 0.06 –0.45 0.04 0.07 0.12 –0.19

TFR2 protein 0.17 –0.03 –0.07 –0.02 –0.59 –0.47 –0.29 –0.32 –0.50 –0.15 0.08

Third time-point (day 21)

SLC11A2 protein –0.02 –0.33 0.00 –0.28 –0.70 0.08 0.00 0.13 0.12 0.33 –0.64

SLC46A1 protein 0.03 –0.62 0.02 –0.68 –0.73 0.12 0.25 0.17 0.15 0.31 –0.23

SLC19A1 protein –0.80 –0.09 0.01 –0.22 –0.49 0.09 –0.36 –0.57 –0.67 –0.04 –0.20

TFR2 protein –0.26 0.27 0.24 0.25 0.27 –0.43 –0.12 –0.07 –0.23 –0.58 0.09

Crp – C-reactive protein, WBC – white blood cells, RBC – red blood cells, Htc – hematocrit, Mcv – mean corpuscular volume, 
Mch – mean corpuscular hemoglobin, Mchc – mean corpuscular hemoglobin concentration, Plt – platelets.
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Table 4. Spearman’s rank correlations between morphological parameters and SLC11A2, SLC46A1, SLC19A1, and TFR2 
protein levels in the FEFOL group

Crp WBC Neu Lym Mono RBC Htc Mcv Mch Mchc Plt

Second time-point (day 10)

SLC11A2 protein 0.04 0.60 0.20 0.70 –0.50 –0.22 –0.80 –0.60 –0.50 0.31 0.36

SLC46A1 protein –0.36 –0.80 –0.60 –0.90 0.30 0.89 0.40 0.20 0.30 –0.31 –0.05

SLC19A1 protein 0.06 0.38 –0.51 0.48 –0.02 0.32 0.05 –0.67 0.43 0.70 –0.16

TFR2 protein –0.25 0.29 –0.07 0.36 0.60 –0.30 0.40 –0.24 0.43 0.71 0.17

Third time-point (day 21)

SLC11A2 protein –0.52 0.55 0.26 0.31 0.00 0.60 0.71 0.67 –0.11 –0.22 –0.33

SLC46A1 protein –0.63 0.19 0.26 0.05 –0.33 0.20 0.40 0.14 –0.23 0.09 0.10

SLC19A1 protein 0.15 –0.01 –0.25 0.05 0.36 0.00 0.01 –0.22 –0.34 –0.13 0.09

TFR2 protein 0.22 0.33 0.04 0.27 0.14 0.23 –0.27 –0.24 –0.21 0.13 0.45

Crp – C-reactive protein, WBC – white blood cells, Rbc – red blood cells, Htc – hematocrit, Mcv – mean corpuscular volume, 
Mch – mean corpuscular hemoglobin, Mchc – mean corpuscular hemoglobin concentration, Plt – platelets.

Table 5. Spearman’s rank correlations between morphological parameters and SLC11A2, SLC46A1, SLC19A1, and TFR2 
protein levels in the D group

Crp WBC Neu Lym Mono RBC Htc Mcv Mch Mchc Plt

Second time-point (day 10)

SLC11A2 protein –0.48 –0.67 0.33 –0.75 0.70 –0.12 –0.20 –0.13 0.16 0.46 0.07

SLC46A1 protein –0.40 –0.57 0.33 –0.73 0.82 –0.13 –0.27 0.08 0.37 0.54 –0.10

SLC19A1 protein 0.01 –0.39 0.62 –0.32 –0.19 –0.32 –0.32 –0.09 –0.01 0.22 0.14

TFR2 protein 0.64 0.09 –0.33 0.37 0.01 –0.10 0.20 –0.25 –0.47 –0.22 0.50

Third time-point (day 21)

SLC11A2 protein 0.55 –0.17 –0.23 0.03 –0.83 –0.13 0.18 0.32 0.33 0.11 0.42

SLC46A1 protein 0.22 –0.13 –0.47 0.23 –0.78 –0.17 –0.06 –0.06 –0.08 0.05 0.62

SLC19A1 protein –0.17 –0.47 0.20 –0.62 0.49 0.10 –0.19 –0.12 –0.10 –0.54 –0.66

TFR2 protein 0.23 –0.42 –0.36 –0.07 –0.18 0.02 –0.47 –0.35 –0.39 –0.47 –0.32

Crp – C-reactive protein, WBC – white blood cells, Rbc – red blood cells, Htc – hematocrit, Mcv – mean corpuscular volume, 
Mch – mean corpuscular hemoglobin, Mchc – mean corpuscular hemoglobin concentration, Plt – platelets.
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relationship between blood count parameters and the 
expression of iron and folate transporters is inconclu-
sive and further research is needed to investigate this 
area.

There are many indicators used as inflamma-
tory markers. One of these is Crp, a well-established 
marker of systemic inflammation. As an acute-phase 
protein produced in the liver, it has many pathophysi-
ologic roles in low-grade inflammation (Farhangi et 
al., 2013). Increased white blood cell count is also 
a reliable marker of inflammation and infection (Wirth 
et al., 2018). Low-grade inflammation can affect plate-
let production and activation, potentially leading to 
enhanced platelet aggregation (Larsen et al., 2015). 
On the cellular level, monocytes connect low-grade 
inflammation and altered lipid metabolism through 
production of proinflammatory cytokines (Wrigley et 
al., 2011). 

Both iron deficiency and iron excess are deleteri-
ous to health. It has been shown that both rats fed an 
iron-deficient diet and those fed an iron supplemented 
diet showed increased oxidative stress (Walter et al., 
2002). Observational studies have shown folate defi-
ciency to be associated with higher Crp concentration 
in the serum of young women (González-Fernández 

et al., 2017). Moreover, a meta-analysis from 2018 re-
vealed that FA supplementation can lower serum Crp 
concentration (Fatahi et al., 2019). A number of mech-
anisms have been proposed as an explanation of this. 
Firstly, folic acid supplementation decreases homo-
cysteine concentration, which may result in decreased 
oxidative stress. Homocysteine acts as a trigger of in-
flammatory factors, expressed through the activation 
of nuclear factor kappa B (NF-kB) and poly(ADP-ri-
bose) polymerase (PARP) (Papatheodorou and Weiss, 
2007). In our previous article, we demonstrated that 
rats in the DFOL and FEFOL groups fed a diet sup-
plemented with folic acid had significantly lower ho-
mocysteine concentration than the rats in group D. 
However, we did not observe differences in the Crp 
concentration between groups at any point in time. At 
the second time-point, however, we observed a signifi-
cantly higher WBC concentration in the DFOL group 
than in the FEFOL group, probably caused by the iron 
deficient diet. The FEFOL group had a 150 mg/kg 
dose of iron in the diet, compared to the DFOL group 
that were fed a diet that did not contain iron.

SLC11A2, also known as DMT1, is a divalent met-
al transporter that is involved in both iron transport and 
absorption. It has previously been shown that Slc11a2 

Table 6. Spearman’s rank correlations between morphological parameters and SLC11A2, SLC46A1, SLC19A1, and TFR2 
protein levels in the C group

Crp WBC Neu Lym Mono Rbc Htc Mcv Mch Mchc Plt

Second time-point (day 10)

SLC11A2 protein 0.56 0.36 0.11 0.69 0.50 0.26 0.12 –0.12 0.00 –0.20 0.33

SLC46A1 protein 0.55 0.58 0.08 0.72 0.10 0.30 0.10 0.11 0.41 0.10 0.25

SLC19A1 protein 0.33 0.55 0.04 0.56 –0.13 0.21 –0.07 0.02 0.24 0.28 –0.37

TFR2 protein 0.07 0.01 –0.11 0.03 0.03 –0.37 –0.38 –0.23 –0.13 0.54 –0.41

Third time-point (day 21)

SLC11A2 protein –0.82 –0.20 –0.68 –0.13 0.00 0.28 0.03 –0.35 –0.46 –0.36 –0.38

SLC46A1 protein –0.82 –0.75 0.08 –0.70 –0.08 0.20 –0.12 –0.30 –0.14 0.08 –0.37

SLC19A1 protein 0.36 –0.39 0.31 –0.30 –0.05 0.38 0.04 –0.27 0.06 0.48 0.44

TFR2 protein –0.12 –0.53 0.31 –0.42 –0.44 –0.41 –0.15 0.21 0.29 –0.12 –0.47

Crp – C-reactive protein, WBC – white blood cells, Rbc – red blood cells, Htc – hematocrit, Mcv – mean corpuscular volume, 
Mch – mean corpuscular hemoglobin, Mchc – mean corpuscular hemoglobin concentration, Plt – platelets.

http://dx.doi.org/10.17306/J.AFS.2021.0921


Radziejewska, A., Suliburska, J., Kołodziejski, P., Zuk, E., Chmurzynska, A. (2021). The effects of folate and iron deficiency followed 
by supplementation on blood morphology and inflammation biomarkers in rats. Acta Sci. Pol. Technol. Aliment., 20(2), 213–222. 
http://dx.doi.org/10.17306/J.AFS.2021.0921

220 www.food.actapol.net/

expression is increased during iron deficiency, in or-
der to improve iron absorption (Trinder et al., 2000). 
In turn, iron supplementation decreases the SLC11A2 
level to impair iron absorption and protect the body 
from iron toxicity (Shirase et al., 2010). We observed 
that expression of SLC11A2 in the DFE group was 
negatively correlated with Plt concentration. This is 
inconsistent with the fact that Plt concentrations re-
flect the iron level in the body (Kulnigg-Dabsch et 
al., 2012). It is likely that this is a consequence of 
the fact that during iron supplementation, the level 
of SLC11A2 decreases. We also observed a negative 
correlation between the SLC11A2 level and monocyte 
concentration in the DFOL group at the third time-
point. This may confirm the hypothesis that during 
iron deficiency, higher levels of SLC11A2 may lower 
inflammation markers.

SLC46A1 is a transporter involved in folate ab-
sorption in the duodenum. We observed that 21 days 
of folic acid supplementation affected the negative 
correlation between SLC46A1 and lymphocytes in the 
DFOL group, and also in the FEFOL group at the sec-
ond time-point. Thakur found that folic acid deficiency 
and subsequent supplementation with folic acid does 
not affect SLC46A1 levels (Thakur et al., 2015), and 
this was consistent with our previous results (Radzie-
jewska et al., 2020b). However, Henry et al. showed 
that both a folate deficient diet and a folate supplement-
ed diet reduced the number of circulating lymphocytes 
(Henry et al., 2017). However, they used 10 mg/kg of 
FA in the diet, which is a higher dose of this nutrient 
than we used, ours being 6 mg/kg FA in the diet. 

We also observed a negative correlation between 
SLC19A1 and Crp concentration in the DFOL group 
at the third time-point. We suspect that during supple-
mentation, a higher expression of SLC19A1 accompa-
nies the higher level of folate serum, which decreases 
Crp concentration (Fatahi et al., 2019).

In group D at the second time-point, the level 
of SLC11A2 protein correlated negatively with the 
concentration of WBCs. During iron deficiency, the 
expression of SLC11A2 increases; the negative corre-
lation with WBC seen here may reflect iron and folate 
deficiency, which promotes oxidative stress. Also, the 
level of TRFR2 protein positively correlated with Crp 
concentrations, which may confirm that iron deficien-
cy promotes an increase in inflammation.

One limitation of our study is that we did not deter-
mine other inflammatory markers, such as tumor ne-
crosis factor, interleukin 6, interleukin 10, or ferritin. 
These well-known markers are commonly used in re-
search into the association between diet and inflamma-
tion. In the future glutathione peroxidase activity may 
also be investigated as a ROS scavenging enzyme.

CONCLUSION

To conclude, a diet deficient in iron and FA and sub-
sequently supplemented with iron or FA, or both, may 
alter the level of WBCs, but not that of Crp or other 
blood count parameters. Our correlation analysis of 
the relationship between blood count parameters and 
the expression of iron and folate transporters proved 
inconclusive. Further research is needed to assess the 
effect of these transporters on blood count parameters 
and inflammation markers.
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