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RESUMO

Influéncia da suplementagao com L-arginina na remodelagao cardiaca de ratos
submetidos ao 5-fluorouracil

A remodelacgao cardiaca (REM) é uma condi¢cdo que afeta os cardiomidcitos, vasos
sanguineos e a matriz extracelular (ECM), podendo ser resultante de inumeros
fatores como, cardiomiopatias e drogas antioneoplasicas. O 5-fluorouracil (5-FU) é
uma destas drogas, utilizado no tratamento de canceres de mama, cabega, pescogo
e esOfago, é um quimioterapico antimetabdlito que esta relacionado a cardiotoxidade
por promover isquemia. A L-arginina (ARG), um aminoacido semi-essencial
sintetizado no intestino delgado e nos rins, tem sido empregado como suplemento e
cooperativo na presenca de doencas que afetam o sistema cardiovascular e poderia
ser um recurso terapéutico cardioprotetor aplicado nesta condigdo. Portanto, o
objetivo deste trabalho foi avaliar o efeito de baixas doses de suplemento de L-
arginina na REM de ratos Wistar submetidos a quimioterapia com 5-FU. Foram
utilizados 48 ratos machos com 40 dias de idade, peso corporal médio de 140 + 10g,
divididos em 4 grupos, n= 12 cada grupo: controle (CT): tratados com soro
fisiologico, grupo 5-FU (1 dose de 200 mg), grupo ARG: tratados preventivamente
com ARG (100mg) em agua filtrada e 5-fluorouracil + L-arginina (5-FU+ARG). Apos
a eutanasia, 72 horas da introdug¢do do quimioterapico, o coragado foi pesado,
dissecado e processado para analise histologica e de expressao génica. Os ratos
tratados com 5-FU, ARG e ARG+FU apresentaram reducdo do peso corporal e
nenhum grupo apresentou hipertrofia. Houve uma redugdo da fractabilidade e
melhora da organizagao celular no grupo ARG+5-FU e o grupo tratado apenas com
ARG apresentou fibrose. A expressédo génica dos colagenos (Col) 1a1, 1a2 e 3, do
marcador de vasodilatagdo (Nos 3) e do fator induzivel de hipdxia (Hif1-a)
apresentaram reducdo nos ratos submetidos ao quimioterapico. A associagao 5-
FU+ARG ndo alterou essa diminuigdo. Concluimos que apenas uma sessao de 5-
fluorouracil promoveu uma expressdao génica cardiaca alterada e que sua
associagao com L-arginina n&o reverteu a diminuigdo dos colagenos, do 6xido nitrico
e do fator induzivel de hipdxia.

Palavras-chave: agente antineoplasico; suplementagdo; midcitos; colagenos
fibrilares; remodelacéo ventricular.



ABSTRACT

Influence of L-arginine supplementation on cardiac remodeling in rats
discovered with 5-Fluorouracil

Cardiac remodeling (REM) is a condition that affects cardiomyocytes, blood vessels
and the extracellular matrix (ECM), and may be the result of numerous factors such
as cardiomyopathies and antioneoplastic drugs. 5-fluorouracil (5-FU) is one of these
drugs, used to treat cancers of the breast, head, neck and esophagus, it is an
antimetabolite chemotherapy that is related to cardiotoxicity by promoting ischemia.
L-arginine (ARG), a semi-essential amino acid synthesized in the small intestine and
kidneys, has been used as a supplement and cooperative in the presence of
diseases that affect the cardiovascular system and could be a cardioprotective
therapeutic resource applied in this condition. Therefore, the objective of this work
was to evaluate the effect of low doses of L-arginine supplement on REM in Wistar
rats submitted to chemotherapy with 5-FU. 48 male rats with 40 days of age, average
body weight of 140 + 10g were used, divided into 4 groups, n = 12 each group:
control (CT): treated with saline, group 5-FU (1 dose of 200 mg ), ARG group:
preventively treated with ARG (100mg) in filtered water and 5-fluorouracil + L-
arginine (5-FU + ARG). After euthanasia, 72 hours after the introduction of
chemotherapy, the heart was weighed, dissected and processed for histological
analysis and gene expression. The rats treated with 5-FU, ARG and ARG + FU
showed a reduction in body weight and none of the groups presented hypertrophy.
There was a reduction in fractability and improvement in cell organization in the ARG
+ 5-FU group and the group treated only with ARG showed fibrosis. The gene
expression of collagens (Col) 1a1, 1a2 and 3, of the vasodilation marker (Nos 3) and
of the inducible hypoxia factor (Hif1-a) showed a reduction in rats submitted to
chemotherapy. The association 5- FU + ARG did not alter this decrease. We
concluded that only one session of 5-fluorouracil promoted altered cardiac gene
expression and that its association with L-arginine did not reverse the decrease in
collagen, nitric oxide and the inducible hypoxia factor.

Keywords: antineoplastic agent; dietary supplements; myocytes; fibrillar collagens;
ventricular remodeling.
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Abstract

Objective: The aim of this study was to evaluate the effects of low dose L-arginine
(ARG) supplements on myocardial structures and the gene expression of vasodilator
and hypoxia markers of Wistar rats submitted to 5-fluorouracil (5-FU) chemotherapy.
Methods: Forty-eight male Wistar rats (40 days old, weights of 140g + 10g) were
allocated to four groups (12 rats per group): the control group (CT) received a 0.9%
physiological solution to simulate the 5-FU application of the other groups; the 5-FU
group received a 200mg dose of 5-FU; the ARG group received 100mg of ARG/day
(added to drinking water) for 11 days; and the 5- fluorouracil+L-arginine (5-FU+ARG)
group received a dose of 5-FU supplemented with 100 mg of ARG (drinking water).
Results: None of the rats presented cardiac hypertrophy. The ARG group showed
fibrosis. The 5-FU+ARG group demonstrated reductions of fractal dimensions and
improvements to cellular organization. The 5-FU group exhibited less gene
expression of collagen type 1, alpha1 (Col1a1), collagen type 1, alpha2 (Col1a2),
collagen type 3 (Col3), nitric oxide synthase 3 (Nos3), and hypoxia-inducible factor 1
alpha (Hif-1a).

Conclusion: Acute application of 5-FU promoted alterations in protein-encoding
genes related to collagen, hypoxia, and vasodilator response. In the 5-FU+ARG
group, the ARG supplement did not reverse decreases in collagen or Hif-1a. ARG
also did not stimulate a vasodilator response to the 5-FU-provoked reduction in nitric

oxide (Nos3) gene expression.

Keywords: Antineoplastic Agent; Dietary Supplements; Myocytes; Fibrillar

Collagens; Ventricular Remodeling
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Introduction

With the surge of neoplasm cases around the world, the use of antineoplastic
drugs has increased [1]. In 1957, Duschinsky and collaborators developed 5-FU as
an alternative to treat cancers. It is currently the third most commonly used
chemotherapeutic agent in the treatment of solid malignancies. It is frequently used
in the treatment of several types of cancers, such as colorectal carcinoma, breast
and aerodigestive tract tumors, and breast, head, neck, and pancreas cancers [2-4].
5-FU antimetabolite chemotherapy acts by interfering with the synthesis of DNA and
RNA and inhibiting thymine synthesis [5]. However, 5-FU has low specificity for
neoplastic cells and causes genotoxic effects on normal cells and side effects that
include mucositis, immunosuppression, myelosuppression, and cardiotoxicity [6].

Cardiotoxicity is the second most common effect induced by 5-FU [7]. In the
heart, toxicity from 5-FU can provoke coronary artery spasms (vasoconstriction,
ischemia and hypoxia), angina during exertion or rest, and acute coronary
syndromes (e.g., myocardial infarctions) autoimmune myocardial damage,
thrombogenic effects, increased myocardial oxygen consumption, arrhythmias, and
sudden death [2,3,8]. 5-Ischemia caused by 5-FU can alter the extracellular matrix
(ECM), which disrupts proper cardiac function [9].

ARG, a semi-essential amino acid to the human body, is used to combat
ischemia. Among its various functions, ARG acts as a substrate for the enzymatic
production of nitric oxide (NO), a cardiac vasodilator [10]. Considering the importance
of NO bioavailability in cardiovascular and metabolic disease treatments, the
therapeutic potential of ARG supplements to normalize cellular NO levels and
promote vasodilation has been discussed [4,11,12].

However, high doses of ARG for long periods can cause excessive
production of the nitric oxide vasodilator, leading to cardiotoxicity [6]. In addition, the
optimal ARG dose is still unknown and likely varies according to the attributes of the
patient and target organ. Several studies have reported 1.5 g/day to 4.2 g/day as
appropriate ARG doses for administration in humans [6].

The effects of ARG supplements on structural and molecular mechanisms
are still largely unknown. 5-FU chemotherapy can lead to structural changes, cardiac
ischemia, and hypoxia from coronary vasospasm; thus, examining the potential of

ARG to inhibit these alterations is of great clinical importance for the development of
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new treatment strategies. The aim of this study was to evaluate the effects of low
doses of ARG supplements on myocardial structures and the gene expression of
vasodilator and hypoxia markers in Wistar rats submitted to 5-FU chemotherapy.

Methods

Experimental groups

The experimental protocol was approved by the Ethical Committee on Animal
Use of the University of Western S&o Paulo, Presidente Prudente, Sao Paulo, Brazil
(protocol number 5832).

We used 48 male Wistar rats. They were 40 days old and had mean body
weights (BW) of 140 £ 10 g. The rats were kept in a controlled environment
(temperatures: 23°C £ 2°C; 12/12 h photoperiods) and had access to commercial rat
feed (Supralab, Alisul, Brazil) ad libitum [6]. Rats were randomly distributed into four
experimental groups (12 rats per group). Experimental groups were divided into three
boxes (four rats per box). The control group (CT) received a 0.9% physiological
solution to simulate the 5-FU application of the other groups; the 5-FU group
received a 200mg dose of 5-FU; the ARG group received 100mg of ARG/day
(drinking water) for 11 days; and the 5-FU+ARG group received a dose of 5-FU
supplemented with 100 mg of ARG (drinking water) [6,13].

For ARG supplements, we used effervescent arginine aspartate tablets
(Tagifor®, Sanofi-Aventis) dissolved in drinking water. The concentrations of ARG
used in the experiment were allometrically extrapolated to the rats from the
recommended dose of 1.5 g/d of ARG for humans [6]. The allometric scale calculates
dose changes based on body surface area comparisons, with appropriate
considerations to differences in anatomical, physiological, biochemical, and
pharmacokinetic processes between two species [14]. However, no standards of
dosing and application exist for ARG in the treatment of cardiovascular conditions
[12,15,16].

We controlled ARG consumption by measuring the volume in water before
and after placement in the water dispenser. Every 24 hours, we subtracted the final
volume (surplus) from the initial volume. To obtain the mean consumption of

water/ARG per rat, we divided the resulting volume by the number of rats per box [6].
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We considered the first seven days of the experiment as the adaptation
period; in this period, the rats adapted to the experimental conditions (e.g.,
environment, water, food, ARG supplement standardization). Day zero of the
experiment occurred when the rats started 5-FU and ARG treatments (after the

adaptation period). The rats were euthanized after 72 h of 5-FU application [6].

Evaluation of anatomical parameters

The rats were euthanized (barbiturate overdose: 100 mg/Kg, thiopental) after
their final body weights (FBW) were measured [6]. Hearts were removed and
dissected to separate the atria (AT), right ventricle (RV), and left ventricle (LV). These
parts were then weighed. Anatomical parameters were normalized (AT/FBW,
RV/FBW, and LV/FBW) and used as the hypertrophy index [17].

Histology and fractal analysis

Cardiac tissue samples were fixed in 10% buffered formalin solution for a
period of 48 h. After fixation, the tissues were stored in paraffin blocks, which
enabled coronal histological analysis of the 4-um sections. The histological sections
were stained with hematoxylin-eosin (HE) solution for measurement of cardiomyocyte
cross-sectional areas, according to the standard laboratory histological protocol [18].
We selected 15 histological fields from each rat. To make the cardiomyocyte sets
from different groups as uniform as possible, we selected 50 rounded and central-
core cardiomyocytes in the subendocardial layer of the left ventricular muscle wall
(cross-sectional view). We used the average values of sectional areas obtained from
each group as cell size indicators [18].

The histological sections were also stained with picrosirius red (PSR),
according to standard laboratory histological protocols [18]. For histological slide
analysis, images were captured using a LEICA DMLS microscope (DM750, Leica
Microsystems, Wetzlar, Germany) with 400 x magnification. We used LV sections
stained with PSR to quantify ECM. Analyzes were performed using Image J software,
following the software instructions for collagen quantification [18,19].

We used LV sections stained with PSR to assess tissue fractal dimension
(FD). For FD analysis, the photographs were binarized for reading, and FD was

estimated by the box-counting method using Image J software. The software
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considered the box-counting in two dimensions; this method enables pixel distribution
quantification even without image texture. With this method, two images with the
same pixel distribution (binarized image, gray level image) express the same FD. The
analysis of the fractal histological slides was based on the relation between the
resolution and the evaluated scale, and the result was quantitatively expressed as
the FD of the object, that is FD % (Log Nr/Log r_1; Nr, being the quantity of equal
elements needed to fill the original object, was scale applied to the object). FD was
calculated using ImagedJ software set between 0 and 2, without consideration to

different textures [19].

RNA extraction and target gene expression

The mRNA relative abundance of collagen genes collagen type 1- alpha1
(Col 1a1), collagen type 1 - alpha2 (Col1aZ2), collagen type 3 (Col3), inducible nitric
oxide synthase and endothelial nitric oxide syntase (Nos2) and (Nos3), hypoxia-
inducible factor 1 alpha (HIF-1a), and reference genes glyceraldehyde-3-phosphate
dehydrogenase (Gapdh) and TATA-Box Binding Protein (TBP) were analyzed by RT-
PCR according to a previously described method [20]. Total RNA was extracted from
LV myocardiums with Trizol Reagent (Invitrogen Life Technologies, Carlsbad, CA,
USA) and treated with DNase | (Invitrogen Life Technologies). One microgram of
RNA was reverse transcribed using High Capacity cDNA Reverse Transcription Kit,
according to standard methods (Applied Biosystems, Foster City, CA, USA). Aliquots
of cDNA were then submitted to a real-time PCR reaction using a customized assay
containing sense and antisense primers and Tagman (Applied Biosystems, Foster
City, CA, USA) probes specific to each gene: Col1al (Rn01463848 m1), Col1aZ2
(Rn01526720_m1), Col3 (Rn01437664 g1), Nos2 (Rn00561646_m1), Nos3
(Rn07312037_g1), and Hif-1a (Rn01472828_m1) [20,21].

Amplification and analysis were performed using Step One Plus™ Real-Time
PCR System (Applied Biosystems, Foster City, CA, USA). Expression data were
normalized to reference gene expressions: Gapdh (Rn01775763 g1) and TBP
(Rn01455648_m1). Reactions were performed in duplicate, and expression levels

were calculated using the CT comparative method (2724°T) [20,21].

Statistical analysis
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We used the Shapiro—Wilk test for normality analysis. Data are expressed as
mean = standard deviation or median and 25th and 75th percentile. For comparison
between groups, the nonparametric Kruskal-Wallis test was used followed by Dunn’s
post hoc test. For parametric data, we used the ANOVA test (one-way), followed by
Tukey’s post test. A P <0.05 value was considered significant. GraphPad Prism
Version 5.00 (Graph-Pad Software, La Jolla, CA, USA) software was used [18].

Results

Food and water intake

Before and after chemotherapy, rats from the control, 5-FU, ARG, and 5-
FU+ARG groups had similar food intake (P > 0.05; Table 1). Before and after
chemotherapy, ARG group rats consumed more water than CT group rats (P < 0.05;
Table 1).

Table 1. Food and water intake (mean + SD) in Wistar rats subjected to 5-FU

treatment and dietary L-arginine supplementation.

Food intake (g/day) Water intake (mL/day)
Experimental
Eroups Before After Before After

5FU treatment  5-FU treatment 5-FU treatment  5-FU treatment

CT 29.20%2.0 27.3%2.1 39.25z4.0 41.7%3.0
5FU 28.3015.1 25.7%4.7 36.016.6 39.1213.5
ARG 30.2035.6 23.3#98 51.14%17 5% 49 87%5. 44
5FU+ARG 37.7+16.1 339159 36.811141 34.54%18.1

CT: control, 5-FU: 5-fluorouracil, ARG: arginine, 5-FU+ARG: 5-fluorouracil+ arginine, Values are
means * SD, g/day: grams/day, ml/day: milliliters day, Statistical difference: *ARG before 5-FU
treatment vs. CT before 5-FU treatment; # ARG after 5-FU treatment vs. CT after 5-FU treatment,
ANOVA and Tukey tests.

Evaluation of anatomical parameters

We observed significant statistical differences between the groups in FBW.
The 5-FU group weighed less than the CT; the 5-FU+ARG group weighed less than
the ARG group; and the FU+ARG group weighed less than the CT (Table 2).



234 Table 2. Anatomical data in Wistar rats subjected to 5-FU treatment and dietary L-
235  arginine supplementation.
236
B Experimental Groups
Parameters
CT (n=12) 5-FU (n=12) ARG (n=12) FU+ARG (n=12)
BWF (g) 4144+1195 368.6 + 16.47* 404.2 + 35.05 356.8 + 17.17°#
AT (g) 0.07 (0.06-0.03) 0.06(0.06-0.08) 0.07(0.07-0.08) 0.07 (0.06- 0.07)
AT/BWF (mg/g) 0.29(0.26-0.30) 0.23(0.22-0.26) 0.25(0.23-0.28) 0.25(0.21-0.28)
RV (g) 0.96+0.06 0.91+0.08 0.97+0.11 0.87 £0.04
RV/BWF (mg/g) 0.17(0.15-0.21)  0.17(0.16-0.21) 0.19(0.18-0.21) 0.19(0.18-0.20)
LV (g) 0.69(0.61-0.74) 0.65(0.60-0.72) 0.64(0.58-0.69) 0.71(0.59-0.79)
537 LV/BWF (mg/g) 2.32+0.12 2.48+0.23 242+0.16 246+0.14
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238  CT: control, ARG: L-arginine, 5-FU: 5-fluorouracil, FU+ARG: 5-fluorouracil+ L-arginine. Data are
239 expressed as mean * standard deviation or median and 25th and 75th percentile. N: number of
240  animals, BWF: body weight final, AT: atria weight, LV: left ventricle, RV: right ventricle. Statistical

241

242
243  Cardiomyocyte area analysis
244 Left ventricular myocyte areas did not differ between groups (Figure 1).
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256 Figura 1. Histomorphometric analysis. CT: control, ARG: L-arginine, 5-FU: 5-fluorouracil, FU+ARG:
257 5-fluorouracil+ L-arginine. Kruskal-Wallis test followed by Dunn's post-test.

258

difference: *p< 0,05 vs CT; # p < 0.05 vs. ARG. ANOVA and Tukey or Kruskal-Wallis and Dunn.
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Fibrosis measurement and fractal analysis

Cross-sectional analyzes of left ventricles stained by PSR showed significant
increases in the area of collagen content (fibrosis) in the ARG group when compared
to the CT group (p= 0.0009) (Figure 4). The FD of collagen fibers stained in PSR was
lower in the 5-FU+ARG group than in the 5-FU group (p = 0.012) (Figure 2).
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Figure 2. Histological sections of the left ventricle stained with Picrosirius Red (A). Analysis of the
fractal dimension after the binarization process, colagen fibers are black and the rest of the cell is
white (B). x400 magnification. PSR-stained area (C). Collagen fibers organization (D). CT: control,
ARG: L-arginine, 5-FU: 5-fluorouracil, FU+ARG: 5-fluorouracil+ L-arginine. Kruskal-Wallis and Dunn's
post-test. * p< 0.05.

Expression of target genes

When we evaluated the profiles of gene-encoding proteins related to cardiac
ECM remodeling, we found a lower abundance of Col1a1, Col1aZ2, and Col3 in the 5-
FU group than in the CT group. This was also the case for the 5-FU+ARG group
when compared to the ARG group (p<0.001) (Figures 3A, 3B, 3C).
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277 The 5-FU group showed a significant reduction in cardiac hypoxia marker
278  Hif-1a gene expression when compared to the CT group (p<0.001) (Figure 3D). The
279  5-FU group also showed significantly less gene expression of cardiac vasodilation

280 marker Nos3 when compared to the CT group (p<0.007) (Figures 3E and 3F).
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Figure 3. Expression of target genes. Col1a1- collagen type 1, alpha1 (A); Col1a2- collagen type 1,
alpha2 (B); Col3- alpha 1 collagen type 3 (C); HIf1a- hypoxia 1-alpha inducible factor (D); Nos2- nitric
oxide synthase 2 (E); Nos3- nitric oxide synthase 3 (F). *p<0,001. ap- arbitrary unity. ANOVA and

Tukey or Kruskal- Wallis and Dunn’s testes.

Discussion

Considering the widespread use of 5-FU for patients with cancer, treatments
that attenuate its cardiotoxic effects are urgent. ARG promotes vasodilation,
improving perfusion and the supply of nutrients and oxygen to various organs. It is
also cheap and readily available [10]. Our study demonstrated that only one 5-FU
treatment session resulted in cardiotoxic effects. However, we could not find
evidence that ARG supplements counteract 5-FU cytotoxicity in rats.

Various studies have reported beneficial effects from ARG dietary
supplements. However, the effects of ARG on the structure and function of
pathologically-altered hearts undergoing treatment with 5-FU have not yet been
thoroughly examined.

We observed that 5-FU reduced body weight both with and without ARG
supplements. Song et al. 2013 [22] also demonstrated in mice that 5-FU caused a
significant reduction in body weights that was accompanied by diarrhea. The authors
suggested that 5-FU administration acutely affects animal weight, possibly due to the
activation of inflammatory responses followed by gastrointestinal malfunction [22].

In our study, ARG group rats (ingested ARG without 5-FU) consumed more
water than rats in other groups, which resulted in better hydration. Araujo [23]
showed that this behavior is a result of the palatability of ARG; when ARG is added
to water, its taste is pleasant for rats.

We observed an absence of left cardiac hypertrophy in analysis of
anatomical parameters and cardiomyocytes; this effect may be due to an acute factor
in the chemotherapy. Pahlavani et al. [12] identified right ventricular hypertrophy
promoted by chronic ARG supplementation; the supplement (45 days/ARG) seemed
to induce physiological hypertrophy, as no signs of myocardial fibrosis were observed
[12].

In our study, we observed an increase in fibrosis in the hearts of rats
supplemented with ARG. However, we identified no changes in the expression of the
genes that encode collagen 1 and 3 related proteins. The fibrosis may have been
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provoked by a synthesis of collagen types IV, V, and VI (not investigated in the study)
or minimal degradation due to low metalloproteinase activation [24]. To achieve a
better understanding of these effects, future studies need to elucidate post
translational factors involved in different types of collagen and functional mechanisms
[9].

We observed reductions in FD in the 5-FU+ARG group, which suggests
organization of the extracellular matrix. Through histological slides, we can use
fractal dimensions to identify structural alterations, characterize irregular structures,
and quantify existing alterations [18,25]. Fractal dimensions have been used to
evaluate left ventricles during human heart transplants, neoplasms, and cardiac
variables [18,25]. FD also enables the quantification of differences between
reparative fibrosis and reactive fibrosis. Both fibrosis forms manifest in the
myocardium extracellular matrix. Reparative fibrosis is characterized by the
disorderly filling of collagen in empty spaces (due to myocyte loss). Reactive fibrosis
is characterized by increased orderly deposition of collagen and lack of collagen
filling (due to minimal myocyte loss) [25].

The expression of collagen-related genes was lower in groups submitted to
chemotherapy; ARG did not seem have an effect on expression. The selective and
specific reduction of collagen gene expression was one of the most significant
cellular effects of 5-FU on fibroblasts and likely caused alterations in the balance of
enzymes involved in the extracellular collagen decomposition. After secretion,
collagens likely join other ECM components and are degraded by a family of zinc
endopeptidases. Low metalloproteinase activation in these scenarios [26] decreases
collagen gene expression and may contribute to cardiotoxicity and impaired
functional performance of cardiac cells in chemotherapy [24]. However, post-
transcriptional and functional evaluations are needed to assess the repercussions of
this reduction.

In our study, rats treated with only one dose of 5-FU presented a significant
reduction in the gene expression of cardiac vasodilation marker Nos3; this may
indicate oxidative stress [7,26]. Reductions to NO production and bioavailability are
often combined with an increase in reactive oxygen species (ROS). Inflammation and
endothelial pathophysiology frequently occur in such cases [27]. This occurred

through reactions with ROS and led to the following: reduction of NO bioavailability;
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formation of peroxynitrite; and oxidation of the Nos3 BH4 cofactor, which uncoupled
this enzyme and generated further oxidative stress [28].

ARG was expected to cause a vasodilatory response by acting on the
increase of Nos2 and 3. ARG is the main substrate in the production of nitric oxide
synthases, which are expressed as stimuli and smooth muscle vasodilation. ARG has
shown significant positive effects when used as a supplement to treat hypertension in
humans and animal models. In rat models, ARG supplements seem to regulate
hemodynamics and restore renovascular homeostasis [29]. However, factors such as
the form of administration, dose, and evaluated tissue can justify the differences in
the results.

Although we observed a reduction in Nos3 expression, we did not record an
increase in the hypoxia biomarker. On the contrary, we observed that 5-FU
decreased Hif-1a; this effect was not altered by ARG in the 5-FU+ARG group [30].
Study reported that high levels of ROS activation leads to degradation and low
expression of Hif-1a [30].

We used mRNA encoding protein analysis in the heart to gain insights into
the molecular events underpinning the effects of ARG supplements on structural and
molecular parameters of rats submitted to 5-FU chemotherapy. Gene expression,
due to its specificity and sensitivity, has been increasingly used in diagnostics.
Although the functionality of individual mRNAs is measurable, this measure is
intricately linked to protein expression and activity. Our study does not elucidate the
possible effects of ARG supplements on mRNA alterations or modulations of

transcription and post-transcription factors that amplify the changes caused by 5-FU.

Conclusion

In our study, just one 5-FU chemotherapy session downregulated the
transcription of collagens, vasodilators (Nos2 and Nos3), and Hif-1a target genes.
Low dose of ARG supplements combined with 5-FU did not reverse the cardiotoxicity

caused by chemotherapy.

Funding source: We thank the Institutional Program of Scientific Initiation
Scholarships (PIBIC) from the National Council for Scientific and Technological
Development (CNPq) for financial support (Process No. 125469/2020-9).
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or that is contained in another paper submitted or accepted for publication in Nutrition or elsewhere.
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Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed consent, which should be
documented in the paper. Appropriate consents, permissions and releases must be obtained where an author
wishes to include case details or other personal information or images of patients and any other individuals in an
Elsevier publication. Written consents must be retained by the author but copies should not be provided to the
journal. Only if specifically requested by the journal in exceptional circumstances (for example if a legal issue
arises) the author must provide copies of the consents or evidence that such consents have been obtained. For
more information, please review the Elsevier Policy on the Use of Images or Personal Information of Patients or
other Individuals. Unless you have written permission from the patient (or, where applicable, the next of kin), the
personal details of any patient included in any part of the article and in any supplementary materials (including

all illustrations and videos) must be removed before submission.

Declaration of competing interest

All authors must disclose any financial and personal relationships with other people or organizations that could
inappropriately influence (bias) their work. Examples of potential conflicts of interest include employment,
consultancies, stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. Authors should complete the declaration of competing interest statement using this template and
upload to the submission system at the Attach/Upload Files step. Note: Please do not convert the .docx template
to another file type. Author signatures are not required. If there are no interests to declare, please choose the first
option in the template. This statement will be published within the article if accepted. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of
an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent publication' for more
information), that it is not under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. To verify originality, your article may be

checked by the originality detection service Crossref Similarity Check.

Preprints
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy. Sharing
your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple, redundant or concurrent

publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and
promotes equal opportunities. Content should make no assumptions about the beliefs or commitments of any
reader; contain nothing which might imply that one individual is superior to another on the grounds of age,
gender, race, ethnicity, culture, sexual orientation, disability or health condition; and use inclusive language

throughout. Authors should ensure that writing is free from bias, stereotypes, slang, reference to dominant
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culture and/or cultural assumptions. We advise to seek gender neutrality by using plural nouns ("clinicians,
patients/clients") as default/wherever possible to avoid using "he, she," or "he/she." We recommend avoiding the
use of descriptors that refer to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation,
disability or health condition unless they are relevant and valid. These guidelines are meant as a point of

reference to help identify appropriate language but are by no means exhaustive or definitive.

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal analysis;
Funding acquisition; Investigation; Methodology; Project administration; Resources; Software; Supervision;
Validation; Visualization; Roles/Writing - original draft; Writing - review & editing. Authorship statements

should be formatted with the names of authors first and CRediT role(s) following. More details and an example

Authorship

Corresponding Author: One author is designated the corresponding author (not necessarily the senior author)
who will be approached to clarify any issues, such as those pertaining to materials and methods, or technical
comments. If Nutrition receives feedback from its readers concerning the published paper,the corresponding
author will be contacted. It is this author's responsibility to inform all coauthors of such matters to ensure they

are dealt with promptly.

The corresponding author must affirm in the cover letter at the time of submission that:

1. None of the material in the manuscript is included in another manuscript, has been published previously, or is
currently under consideration for publication elsewhere. This includes symposia proceedings, transactions,
books, articles published by invitation, and preliminary publications of any kind except an abstract of less than
250 words. If there is any question concerning potential overlap, the related material must be included for

evaluation.

2. Ethical guidelines were followed by the investigator in performing studies on humans or animals and should
be described in the paper. The approval of the institutional review board of either animal or human ethics

committee must be cited in the Methods.

3. Each author must have participated sufficiently in the work to take public responsibility for the content of the
paper and must approve of the final version of the manuscript. Authorship should be based on substantive
contributions to each of the following: conception and design of the study; generation, collection, assembly,
analysis and/or interpretation of data; and drafting or revision of the manuscript; approval of the final version of
the manuscript. Authors are required to include a statement in the Acknowledgements to specify the actual

contribution of each coauthor under the above headings.

4. If requested, the authors will provide the data or will cooperate fully in obtaining and providing the data on

which the manuscript is based for examination by the editors or their assignees
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Changes to Authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of accepted
manuscripts:

Changes to author names after acceptance are strongly discouraged and can be accepted only in compelling

circumstances.

Before the accepted manuscript is published in an online issue Requests to add or remove an author, or to
rearrange the author names, must be sent to the Journal Manager from the corresponding author of the accepted
manuscript and must include: (a) the reason the name should be added or removed, or the author names
rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that they agree with the addition,
removal or rearrangement. In the case of addition or removal of authors, this includes confirmation from the
author being added or removed. Requests that are not sent by the corresponding author will be forwarded by the
Journal Manager to the corresponding author, who must follow the procedure as described above. Note that: (1)
Journal Managers will inform the Journal Editors of any such requests and (2) publication of the accepted

manuscript in an online issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange author
names in an article published in an online issue will follow the same policies as noted above and result in a
corrigendum.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that illustrates the
progress of patients through the trial, including recruitment, enrollment, randomization, withdrawal and
completion, and a detailed description of the randomization procedure. The CONSORT checklist and template

flow diagram are available online.

Registration of Clinical Trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal in accordance
with International Committee of Medical Journal Editors recommendations. Trials must register at or before the
onset of patient enrollment. The clinical trial registration number should be included at the end of the abstract of
the article. A clinical trial is defined as any research study that prospectively assigns human participants or
groups of humans to one or more health-related interventions to evaluate the effects of health outcomes. Health-
related interventions include any intervention used to modify a biomedical or health-related outcome (for
example drugs, surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies (those in
which the assignment of the medical intervention is not at the discretion of the investigator) will not require

registration.

Copyright
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Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see more
information on this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript
together with a 'Journal Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution outside the
institution and for all other derivative works, including compilations and translations. If excerpts from other
copyrighted works are included, the author(s) must obtain written permission from the copyright owners and

credit the source(s) in the article. Elsevier has preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a License
Agreement' (more information). Permitted third party reuse of gold open access articles is determined by the

author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or preparation
of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis
and interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If

the funding source(s) had no such involvement then this should be stated.

Open Access

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career researchers
throughout their research journey. The "Learn" environment at Researcher Academy offers several interactive
modules, webinars, downloadable guides and resources to guide you through the process of writing for research
and going through peer review. Feel free to use these free resources to improve your submission and navigate the

publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these).
Authors who feel their English language manuscript may require editing to eliminate possible grammatical or
spelling errors and to conform to correct scientific English may wish to use the English Language Editing service

available from Elsevier's Author Services.
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Submission

Our online submission system guides you stepwise through the process of entering your article details and
uploading your files. The system converts your article files to a single PDF file used in the peer-review process.
Editable files (e.g., Word, LaTeX) are required to typeset your article for final publication. All correspondence,

including notification of the Editor's decision and requests for revision, is sent by e-mail.

Submit your article
All new manuscripts must be submitted through Nutrition's online submission and review Web site

https://www.editorialmanager.com/nut

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more details, visit
our Support site. Note that the editor retains the sole right to decide whether or not the suggested reviewers are

used.

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and
uploading of your files. The system automatically converts your files to a single PDF file, which is used in the
peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file to be
used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-out that can be
used by referees to evaluate your manuscript. It should contain high enough quality figures for refereeing. If you
prefer to do so, you may still provide all or some of the source files at the initial submission. Please note that

individual figure files larger than 10 MB must be uploaded separately.

Formatting author group
Omission of titles after author names is required, since they can create confusion and misunderstandings, and

delay publication time.

References

There are no strict requirements on reference formatting at submission. References can be in any style or format
as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article
title, year of publication, volume number/book chapter and the article number or pagination must be present. Use
of DOI is highly encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the author to correct.

Formatting requirements
There are no strict formatting requirements but all manuscripts must contain the essential elements needed to
convey your manuscript, for example Abstract, Keywords, Introduction, Materials and Methods, Results,

Conclusions, Artwork and Tables with Captions.
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If your article includes any Videos and/or other Supplementary material, this should be included in your initial
submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text in the
manuscript, rather than at the bottom or the top of the file. The corresponding caption should be placed directly

below the figure or table.

Peer review

This journal operates a double anonymized review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of two
independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible for the final
decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors are not involved in
decisions about papers which they have written themselves or have been written by family members or
colleagues or which relate to products or services in which the editor has an interest. Any such submission is
subject to all of the journal's usual procedures, with peer review handled independently of the relevant editor and

their research groups. More information on types of peer review.

Double anonymized review

This journal uses double anonymized review, which means the identities of the authors are concealed from the
reviewers, and vice versa. More information is available on our website. To facilitate this, please include the
following separately:

Title page (with author details): This should include the title, authors' names, affiliations, acknowledgements and
any Declaration of Interest statement, and a complete address for the corresponding author including an e-mail

address.

Anonymized manuscript (no author details): The main body of the paper (including the references, figures, tables
and any acknowledgements) should not include any identifying information, such as the authors' names or

affiliations.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an editable file of
the entire article. Keep the layout of the text as simple as possible. Most formatting codes will be removed and
replaced on processing the article. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-check' functions of
your word processor.

Article structure
Subdivision - unnumbered sections
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Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading should
appear on its own separate line. Subsections should be used as much as possible when cross-referencing text:

refer to the subsection by heading as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a

summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods that are
already published should be summarized, and indicated by a reference. If quoting directly from a previously
published method, use quotation marks and also cite the source. Any modifications to existing methods should

also be described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt with in the Introduction
and lay the foundation for further work. In contrast, a Calculation section represents a practical development

from a theoretical basis.

Results

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results and

Discussion section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or

form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in appendices
should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on.
Similarly for tables and figures: Table A.1; Fig. A.1, etc.

This should include 1) title of paper (use no abbreviations, limit: 120 characters with spaces), 2) running head of
fewer than 55 characters with spaces, 3) full names of all authors with highest academic degree(s); 4) affiliations
of all authors; 4) role of each author in the work (see Authorship); 5) a word count for the entire manuscript
(including figures and tables), and the number of figures and tables, 4) the complete mailing address (including

telephone, fax, and e-mail address of the corresponding author for e-mailing of proofs and reprint requests).
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Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via search
engines. They consist of a short collection of bullet points that capture the novel results of your research as well
as new methods that were used during the study (if any). Please have a look at the examples here: example

Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use 'Highlights'

in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).

Abstracts should be no more than 250 words. The structured abstract for an original investigation should be

organized as follows:

Objective: The abstract should begin with a clear statement of the precise objective or question addressed in the

paper. If a hypothesis was tested, it should be stated.

Research Methods & Procedures: The basic design of the study and its duration should be described. The

methods used should be stated, the statistical data/methods provided and referenced.

Results: The main results of the study should be given in narrative form. Measurements or other information that
may require explanation should be defined. Levels of statistical significance should be indicated, including other

factors crucial to the outcome of the study.

Conclusion(s): State only conclusions that are directly supported by the evidence and the implications of the

findings.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online article.
The graphical abstract should summarize the contents of the article in a concise, pictorial form designed to
capture the attention of a wide readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution of 96
dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images and in

accordance with all technical requirements.

Keywords
5—7 key words or phrases should be provided which should be selected from the body of the text and not

duplicate title words.

Abbreviations
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Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article.
Such abbreviations that are unavoidable in the abstract must be defined at their first mention there, as well as in

the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgments

Collate acknowledgements in a separate section at the end of the article before the references and do not,
therefore, include them on the title page, as a footnote to the title or otherwise. List here those individuals who
provided help during the research (e.g., providing language help, writing assistance or proof reading the article,

etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill &
Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant

number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and awards. When funding is
from a block grant or other resources available to a university, college, or other research institution, submit the

name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-

profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If other units

are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with normal text
where possible and use the solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In
principle, variables are to be presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the text (if referred to explicitly

in the text).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors
build footnotes into the text, and this feature may be used. Should this not be the case, indicate the position of

footnotes in the text and present the footnotes themselves separately at the end of the article.

Artwork
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Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables within a single file at
the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or convert the
images to one of the following formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.

Please do not:
* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
* Supply files that are too low in resolution.

+ Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office
files) and with the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in color in the printed version. For
color reproduction in print, you will receive information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for color: in print or online only. Further information on the

preparation of electronic artwork.

Illustration services
Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but concerned
about the quality of the images accompanying their article. Elsevier's expert illustrators can produce scientific,

technical and medical-style images, as well as a full range of charts, tables and graphs. Image 'polishing' is also
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available, where our illustrators take your image(s) and improve them to a professional standard. Please visit the

website to find out more.

Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and

abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the
article, or on separate page(s) at the end. Number tables consecutively in accordance with their appearance in the
text and place any table notes below the table body. Be sparing in the use of tables and ensure that the data
presented in them do not duplicate results described elsewhere in the article. Please avoid using vertical rules and

shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any
references cited in the abstract must be given in full. Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these references are included in the
reference list they should follow the standard reference style of the journal and should include a substitution of
the publication date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in

press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources
cited. In order to allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and
PubMed, please ensure that data provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When copying references, please

be careful as they may already contain errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article. An example
of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh
W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela.
Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such

citations should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any further

information, if known (DOI, author names, dates, reference to a source publication, etc.), should also be given.
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Web references can be listed separately (e.g., after the reference list) under a different heading if desired, or can

be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text
and including a data reference in your Reference List. Data references should include the following elements:
author name(s), dataset title, data repository, version (where available), year, and global persistent identifier.
Add [dataset] immediately before the reference so we can properly identify it as a data reference. The [dataset]

identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text) to

other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language styles, such as
Mendeley. Using citation plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be automatically formatted in
the journal's style. If no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide. If you use reference management software, please ensure that
you remove all field codes before submitting the electronic manuscript. More information on how to remove

field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following link:
http://open.mendeley.com/use-citation-style/nutrition

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for
Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style or format
as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article
title, year of publication, volume number/book chapter and the article number or pagination must be present. Use
of DOI is highly encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the author to correct. If

you do wish to format the references yourself they should be arranged according to the following examples:

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can be referred

to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in which they appear in the text.
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Examples:
Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon. 2018;19:¢00205.
https://doi.org/10.1016/j.heliyon.2018.e00205

Reference to a book:
[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ,
editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281-304.

Reference to a website:

[5] Cancer Research UK. Cancer statistics reports for the UK,
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13 March 2003].
Reference to a dataset:

[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt disease and
surrounding forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6 should be listed
followed by 'et al.' For further details you are referred to 'Uniform Requirements for Manuscripts submitted to

Biomedical Journals' (J Am Med Assoc 1997;277:927-34) (see also Samples of Formatted References).

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific research.
Authors who have video or animation files that they wish to submit with their article are strongly encouraged to
include links to these within the body of the article. This can be done in the same way as a figure or table by
referring to the video or animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. In order to ensure that your
video or animation material is directly usable, please provide the file in one of our recommended file formats
with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products, including ScienceDirect.

Please supply 'stills' with your files: you can choose any frame from the video or animation or make a separate
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image. These will be used instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and the print version for

the portions of the article that refer to this content.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage more closely
with your research. Follow the instructions here to find out about available data visualization options and how to

include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article to
enhance it. Submitted supplementary items are published exactly as they are received (Excel or PowerPoint files
will appear as such online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to supplementary material during
any stage of the process, please make sure to provide an updated file. Do not annotate any corrections on a
previous version. Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in
the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where appropriate,
and enables you to interlink the data with your published articles. Research data refers to the results of
observations or experimentation that validate research findings. To facilitate reproducibility and data reuse, this
journal also encourages you to share your software, code, models, algorithms, protocols, methods and other

useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement about the
availability of your data when submitting your manuscript. If you are sharing data in one of these ways, you are
encouraged to cite the data in your manuscript and reference list. Please refer to the "References" section for
more information about data citation. For more information on depositing, sharing and using research data and

other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to the
dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with relevant
repositories, giving readers access to underlying data that gives them a better understanding of the research

described.

There are different ways to link your datasets to your article. When available, you can directly link your dataset
to your article by providing the relevant information in the submission system. For more information, visit the

database linking page.
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For supported data repositories a repository banner will automatically appear next to your published article on

ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your manuscript, using

the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and processed
data, video, code, software, algorithms, protocols, and methods) associated with your manuscript in a free-to-use,
open access repository. During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets will be listed and directly
accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into a data
article published in Data in Brief. A data article is a new kind of article that ensures that your data are actively
reviewed, curated, formatted, indexed, given a DOI and made publicly available to all upon publication (watch
this video describing the benefits of publishing your data in Data in Brief). You are encouraged to submit your
data article for Data in Brief as an additional item directly alongside the revised version of your manuscript. If
your research article is accepted, your data article will automatically be transferred over to Data in Brief where it
will be editorially reviewed, published open access and linked to your research article on ScienceDirect. Please
note an open access fee is payable for publication in Data in Brief. Full details can be found on the Data in Brief

website. Please use this template to write your Data in Brief data article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission. This may be a
requirement of your funding body or institution. If your data is unavailable to access or unsuitable to post, you
will have the opportunity to indicate why during the submission process, for example by stating that the research
data is confidential. The statement will appear with your published article on ScienceDirect. For more

information, visit the Data Statement page.

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is similar to MS Word: in addition
to editing text, you can also comment on figures/tables and answer questions from the Copy Editor. Web-based
proofing provides a faster and less error-prone process by allowing you to directly type your corrections,

eliminating the potential introduction of errors.
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If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions for
proofing will be given in the e-mail we send to authors, including alternative methods to the online version and
PDF.

We will do everything possible to get your article published quickly and accurately. Please use this proof only
for checking the typesetting, editing, completeness and correctness of the text, tables and figures. Significant
changes to the article as accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one communication. Please check
carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is

solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free access to the
final published version of the article on ScienceDirect. The Share Link can be used for sharing the article via any
communication channel, including email and social media. For an extra charge, paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for publication. Both corresponding and co-
authors may order offprints at any time via Elsevier's Author Services. Corresponding authors who have
published their article gold open access do not receive a Share Link as their final published version of the article

is available open access on ScienceDirect and can be shared through the article DOI link.
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