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RESUMO

Suplementagcdo com L-arginina ameniza escore de lesdes no intestino delgado
de ratos submetidos a quimioterapia com 5-Fluorouracil

O 5-Fluorouracil (5-FU) é um gquimioterapico utilizado frequentemente no tratamento
de tumores, mas pode causar efeitos colaterais, como a mucosite. A L-arginina é um
aminoacido que tem utilizado para amenizar os efeitos colaterais da mucosite. No
entanto, mas nao esta totalmente esclarecido uma dose ideal de suplementacdo. O
objetivo desse estudo foi de avaliar o efeito da suplementacdo com L-arginina no
escore de lesdo no jejuno (porcdo média do jejuno) em ratos submetidos a
guimioterapia com 5-FU. Utilizou-se 32 ratos Wistar, divididos aleatoriamente em 4
tratamentos (8 ratos/grupo) que foram alimentados com racéo (Supralab®, Alisul,
Brazil) e agua filtrada ad libitum. Os grupos receberam: grupo controle (G¢): racdo e
agua,; grupo arginina (Garg): receberam ragéao e 458 mg de L-arginina adicionada na
agua, grupo 5-FU (Gs.py) ragéo, agua e aplicou-se uma dose do 5-FU e o grupo
Arg+5-FU (Garg+s.ru) receberam ragao, 458 mg de L-arginina e uma dose de 5-FU. A
5-FU (200 mg de 5-FU/kg de peso corporal) foi aplicado para induzir a mucosite nos
ratos. 4 dias apos a administracdo do 5-FU, sacrificou-se os ratos para colheita das
amostras do jejuno e examinou-se uma &area de 2.000-2.500 mm? identificando as
lesdes (dilatagéo dos vasos linfaticos, enterdcitos cubicos, achatamento dos vilos,
fusdo dos vilos, edema intersticial e necrose apical dos vilos). As extensdes e
severidade das lesfes foram avaliadas aplicando escore lesional maximo de 39. Os
dados foram analisados por meio da ANOVA one-way e teste Tukey com
significancia de 5%. Os ratos do grupo Gs.py apresentaram maior escore lesional no
jejuno (24,2 + 4,9). O maior escore lesional no jejuno foi observado nos ratos do G5-
FU (24,2 £ 4,9; P < 0,05). Nos ratos suplementados com L-arginina (Garg+s-Fu)
observou-se reducao de 42,2% no escore lesional no jejuno (10,2 £ 4,8; P < 0,05) e
semelhante ao escore lesional do G. (6,4 = 2,8; P > 0,05). Conclui-se que a
suplementacdo com 458 mg de L-arginina amenizou as lesdes no jejuno dos ratos
causadas pela quimioterapia com o 5-FU.

Palavras chave: aminoacido, cancer, mucosite, neoplasia, quimioterapia.



ABSTRACT

Supplementation with L-arginine mitigates lesion scores in the small intestine
of rats under chemotherapy with 5-Fluorouracil

5-Fluorouracil (5-FU), a chemotherapy drug used in tumors treatment, but it can
cause side effects like mucositis. L-arginine is an amino acid that has been tested to
prevent this chemotherapy side effect. However, an optimal dose of supplementation
is not fully understood. Objective to evaluate the effects of L-arginine
supplementation on the lesion scores in the jejunum (middle portion of the small
intestine) of rats under chemotherapy with 5-Fluorouracil. 32 Wistar rats were divided
into 4 treatments (8 rats/treatment), all the groups were fed commercial balanced
feed (Supralab®, Alisul, Brazil) and ad libitum filtered water. The groups received:
Control group (Cg): feed and water; Arginine group (Garg): feed and 458 mg L-
arginine added to the water; Group 5-FU (Gs.ry): feed, water and one 5-FU dose; and
Arg+5-FU group (Garg+s.ru): feed, 458 mg L-arginine added to the water and one 5-
FU dose. 5-FU (200 mg kg/body weight) was used to induce mucositis in the rats.
Four days after 5-FU administration, jejunum samples were collected from the rats
and a 2,000-2,500 mm? area examined for lesions (lymph vessel dilatation, cuboidal
enterocytes, inflammatory infiltrate, flattening and fusion of villus, interstitial edema
and necrosis of apical portion of villi). The extensions and severity of the lesions was
assessed by applying a maximum score of 39. Data were analyzed by one-way
ANOVA followed by the Tukey test, with significance level set at 0.05. The highest
jejunum lesion score was identified Gs.py (24.2 £ 4.9; P < 0.05). It was 42.2% lower
(10.2 £ 4.8; P < 0.05) in Gara+s-Fu, Which was similar to the control group (6.4+£2.8; P
> 0.05). In Wistar rats, daily supplementation with 458 mg of L-arginine mitigates
jejunum lesions caused by chemotherapy with 5-FU.

Keywords: amino acid, cancer, mucositis, neoplasia, chemotherapy.
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Abstract

5-Fluorouracil (5-FU), a chemotherapy drug used in neoplasm treatment, can cause
mucositis. L-arginine is an amino acid that has been tested to prevent this
chemotherapy side effect. Objective to evaluate the effects of L-arginine
supplementation on the lesion scores in the jejunum (middle portion of the small
intestine) of rats under chemotherapy with 5-Fluorouracil. 32 Wistar rats were divided
into 4 treatments (N = 8 per treatment), all the groups were fed commercial balanced
feed (Supralab®, Alisul, Brazil) and ad libitum filtered water. The groups received:
Control group (Cg): feed and water; Arginine group (Gar): feed and 458 mg L-
arginine added to the water; Group 5-FU (Gs.ry): feed, water and one 5-FU dose; and
Arg+5-FU group (Garg+s.ru): feed, 458 mg L-arginine added to the water and one 5-
FU dose. 5-FU (200 mg kg/body weight) was used to induce mucositis in the rats.
Four days after 5-FU administration, jejunum samples were collected from the rats
and a 2,000-2,500 mm? area examined for lesions (lymph vessel dilatation, cuboidal
enterocytes, inflammatory infiltrate, flattening and fusion of villus, interstitial edema
and necrosis of apical portion of vill). The extensions and severity of the lesions was
assessed by applying a maximum score of 39. Data were analyzed by ANOVA
followed by the Tukey test, with significance level set at 0.05. The highest jejunum
lesion score was identified Gs.py (24.2 = 4.9; P < 0.05). It was 42.2% lower (10.2 £
4.8; P < 0.05) in Gars+s-Fu, Which was similar to the control group (6.4+2.8; P > 0.05).
In Wistar rats, daily supplementation with 458 mg of L-arginine mitigates jejunum
lesions caused by chemotherapy with 5-FU.

Keywords: amino acid, chemotherapy, mucositis, cancer, neoplasia.
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Introduction

The chemotherapy drug 5-fluorouracil (5-FU) has been used for more the 40
years in the treatment against cancer. However, because of its low specificity for
tumor cells, 5-FU also attacks healthy body cells [1], producing side effects in 80
percent of the cases [2].

5-FU acts by inhibiting thymidylate synthesis which is an essential precursor for
the formation of thymidine triphosphate which is a deoxyribonucleotide required for
the synthesis and repair of DNA and also incorporates fluorouridine triphosphate in
RNA that compromises RNA functions, thereby interfering with DNA replication,
repair and transcription [3] may induce apoptosis in tumor cells [2] and also as
healthy intestinal cells, resulting in mucositis.

Mucositis is one of the main adverse effects 5-FU treatment, affecting almost all
the patients subjected to high chemotherapy levels [4]. The clinical symptoms of
mucositis are gastrointestinal disorders such as esophagitis, nausea, vomiting,
edema, abdominal pain, constipation and diarrhea [5,6]. Mucositis compromises the
health of the patients [1] to the point of leading to chemotherapy interruption because
of patient weakness and vulnerability to infections [2].

Studies on nutrition have gained a great interest in the search for treatments that
minimize chemotherapy effects. Some nutrient in fact can ameliorate undesirable
side-effects of the treatment and improve the health and quality of life of cancer
patients [7]. L-arginine, for instance, is an amino acid that can reduce apoptosis
[8,9,10], benefit the immune response [11] and anti-tumor defense [12,13], protect
the intestinal mucosa, promote the recovery of the intestinal barrier [12], prevent the
increase in intestinal permeability and bacterial translocation [14] resulting from 5-FU-

caused lesions the intestinal mucosa, thus favoring wound healing [15].
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Despite the evidences of L-arginine efficiency, the optimal dose and
administration time to benefit cancer patients is yet to be determined, as is the
limitations of this supplement during chemotherapy. In this context, the study tested
the hypothesis that supplementation with 458 mg of L-arginine attenuates the lesions

caused by 5-FU in small intestine mucosa of Wistar rats.

Materials and Methods

According to the National Council for Control of Animal Experimentation —
CONCEA [16], the experiment was approved by the Committee on Animal Use
Ethics of UNOESTE (protocol 2755). The experimental procedures followed the

Guide for the Care and Use of Laboratory Animals [19].

Delineamento Experimental

Thirty two male Wistar rats, Rattus novergicus, 60 days old, with 161.5 £ 9.0 g
mean body were used. The rats were randomly assigned to 4 experimental groups
(8 rats/group) held under the same environmental conditions, with 12/12 h light/dark
cycle, nearly 23°C room temperature [19]. All the groups were fed commercial
balanced feed (Supralab®, Alisul, Brazil) and ad libitum filtered water. The groups
received: Control group (Cg): feed and water; Arginine group (Garg): feed and 458
mg L-arginine added to the water; Group 5-FU (Gs.ry): feed, water and one 5-FU
dose; and Arg+5-FU group (Garg+s-Fu): feed, 458 mg L-arginine added to the water
and one 5-FU dose.

In the first 7 days of the experiment the rats were allowed to adapt to the
experimental conditions and supplementing L-arginine. The arginine dose provide

was based on the daily recommendation of 10 g arginine for athletes [17] and
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extrapolated allometrically for Wistar rats [18]. L-arginine aspartate, supplied as
effervescent tablet without vitamin C (Targifor®, Sanofi, Brazil), was diluted in the
rat drinking water.

After 7-day adaptation, the experiment onset (Day 0) was determined by the 5-
FU application. A single 5-FU dose of 200 mg kg/body weight was administered
intraperitoneally, as recommended by Leocadio et al. [9] for mucositis induction in
rats.

The consumption of L-arginine was determined daily throughout the
experiment by measuring water intake. To that end, water volume was before and
after 24-h being placed in the cage. Mean daily water consumption was determined
for each experimental group and then divided by the number of rats in each group to
determine individual water intake.

Similarly, daily feed intake was determined by weight difference between
provided and rejected food after it remained for 24 h in the feeder. Mean daily food
consumption was determined for each experimental group and then divided by the
number of rats in each group to determine individual water intake.

The commercial diet provided contained (guaranteed levels per feed kilogram):
22.0% crude protein; 2.5% ether extract; 6.0% fiber; 10% mineral matter; 1.2%
calcium; 0.7% phosphorus; 3,000 mg methionine; 7,000 U vitamin A; 50 mg vitamin
C; 2,000 IU vitamin Ds; 15 IU vitamin E; 1.0 mg vitamin Ks3; 2.0 mg vitamin Bj; 6.0
mg vitamin B,; 3.0 mg vitamin Bg; 9.0 mg vitamin Bi,; 1.0 mg folic acid; 12.0 mg
pantothenic acid; 0.5 mg biotin; 500.0 mg choline; 20.0 mg niacin; 9.0 mg copper;

40.0 mg iron; 0.7 mg iodine; 90.0 mg manganese; 0.4 mg selenium; 50.0 mg zinc.
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Small intestine sampling and istological assay

Four days after 5-FU application, the rats were killed with sodium thiopental
(Thiopentax®, Cristalia, Brazil) at a dose of 100 mg kg™ body weight [19] to collect
small intestine samples, in the middle jejunum.

The intestine samples were fixed in 10% buffered formaldehyde, dehydrated
by immersion in a graded series of alcohol and embedded in paraffin wax. Using a
precision microtome, the paraffin blocks were cut into 3-um thick sections, placed
on glass slides and stained with hematoxylin-eosin. An area of 2,000-2,500 mm2
was observed in each sections under optical microscope (Nikon), at 400x
magnification, for lesion identification. The score of each lesion was obtained by
multiplying the severity factor by lesion extension, and the score per organ provided
by the sum of individual lesions in a section. The lesions considered were lymph
vessel dilatation, cuboidal enterocytes, flattening and fusion of villus, interstitial
edema and necrosis of apical portion of vill). The severity factor (or degree of
severity) was considered 1 for mild lesions, 2 for moderate lesions and 3 for severe
lesions. The extent of each lesion (intensity or frequency observed) was assessed
and scored as 0 = no lesion, 1 = low measure, 2 = intermediate extent, 3 = large

extent. Maximum lesion score was set at 39, as recommended by Gerez et al.[20].

Statistical analysis

After confirming normality of data distribution (Shapiro Wilk test), body weight
of the rats, feed and water intake and intestine lesion results were analyzed by one-
way ANOVA followed by the Tuckey test to contrast the means. The tests were

performed by the ERE software. Significance level was set at 0.05.
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Results

On experiment onset, the test and control groups showed similar weight. At
the end of the experiment, however, rats from Gs.ry and Garg+s.ru Were lighter than
those from Garq (P < 0.05).

Feed intake was also similar among the groups on experiment onset, but after
chemotherapy it decreased in Garg+s-ru (P < 0.05). With respect to water intake, it
was higher in Gag and Gag+s.ru before and after chemotherapy (P < 0.05).

Gs.py rats, which were subjected to 5-FU chemotherapy without L-arginine,
showed the highest lesion score in middle jejunum (P < 0.05) (Figure 1). In contrast,
Garg+s-Fu lesions were 42.2% lower than in Gs.ry (P < 0.05) and similar to the control
group (P > 0.05). Lesion score in Gag Was also similar to the control group (P >

0.05).

Discussion

Figure 2 illustrates jejunum lesions in Wistar rats from Gs.ry and Gargss-ru @and
the respective degrees of severity. It also shows an intact jejunum sample from the
Garg-

Daily supplementation with 458 mg L-arginine decreased the scores of middle
jejunum lesion caused in the rats by chemotherapy (Figure 1). This result is positive
for cancer patients under chemotherapy because suggests a treatment that can
reduce the risk of intestinal infections and improve their quality of life.

The increased water intake by the Gag and Gag+sru rats before and after
chemotherapy was probably due to palatability improvement caused by the addition
of the L-arginine tablet in the water. However, it did not affect feed intake or body

weight, which were similar between GArg and the control group. Therefore, the
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reduction in body weight and feed intake observed in Gs.ry and Garg+s.Fu rats probably
resulted from the mucositis caused by 5-FU treatment. The disorder likely caused rat
discomfort during feeding.

According to Sonis et al.[22], mucositis is a complex process of cell and
molecular changes that can be divided into five phases: initiation, up-regulation,
signaling and amplification, ulceration and healing. The initiation phase begins after
application of 5-FU, with direct DNA damage in the basal epithelial cells and in
signaling and amplification, proinflammatory cytokines exert a direct detrimental
effect on mucosal target cells and also play an indirect role in the amplification of
mucosal injury initiated by chemotherapy. This fact may have occurred in the Gs. gy
rats by 5-FU-induced enterocyte apoptosis and caused the highest lesional score in
the middle portion of the jejunum (Figure 1) and mononuclear inflammatory infiltrate
in the submucosa (Figure 2) were similar to those described by Costa et al.[10] and
Fukui et al.[6]. The most severe mucositis cases they can lead to bacterial
translocation and sepsis [4,21]. A fact that can put patients' lives at risk during
chemotherapy.

In the present study, the physiological processes underlying the protective
effect of L-arginine on the intestinal mucosa of Gag+s.ru rats was not investigated.
This protective effect, however, is possibly associated with the several actions that L-
arginine on the intestinal mucosa, such as preservation of cell DNA integrity after 5-
FU application [23], which may decrease apoptosis induction [24]. L-arginine also
stimulates the production of nitric oxide and, combined to that, it maintains the
integrity of the intestinal mucosa by increasing blood and nutrient flow in the injured
tissues [23], can stimulate the proliferation of enterocytes and increase the height of

the villi and intestinal crypts [24], reducing the inflammatory process in the intestinal
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mucosa caused by 5-FU [9,25,26,27] and the risk of bacteremia and sepsis [23].
According to Jhon et al. [28], arginine supplementation can be used to reduce the
severity of retinoid-induced hypertriglyceridemia [29]. According to Ma et al.[30]
colorectal tumors decrease significantly after treatment with L-arginine.

Although supplementation of L-arginine may ameliorate intestinal lesions
caused by chemotherapy with 5-FU, thereby promoting patient’'s health during
chemotherapy, decreasing the costs and days of hospitalization, other studies are
necessary to confirm and make clearer the physiological effects of this nutrient that
are associated with neoplasms with chemotherapy.

In conclusion, supplementation with 458 mg of L-arginine ameliorates the small

intestinal lesions caused by 5-FU chemotherapy.
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Chapter of figures and tables

TABLE 1. Feed and water intake (mean + sd) in Wistar rats subjected to 5-FU treatment and dietary L-

arginine supplementation.

Experimental

Body weight (g) Feed intake (g/day) Water intake (mL/day)

groups
Before 5-FU  After 5-FU Before 5-FU  After 5-FU Before 5-FL After 5-FU
treatment treatment treatment treatment treatment treatment
Control 163,9+19,0°° 242,8+7,4" 66,3+3.7"°  62,3+3,7" 33,5+0,3°  33,4#0,5°
Garg 152,1+14,9"  227,4+7,3" 69,3+3,3"  65,9+4,1" 57,5¢3,8"  57,8x2,7"
Ge.ru 156,5+22,3"®  172,2+7,0° 66,2+2,4"®  61,5+0,5" 36,4+0,6°  31,3+3,1°
Gargs 57U 175,4+14,9° 192,3+7,4° 63,0+0,5° 58,2+0,3° 58,8+1,1"  48.1+0.3°

~® Different uppercase letters in a column indicate statistical difference between groups.
Control = commercial balanced feed + water. Gs.r, = commercial balanced feed + water + 5-FU

application. GArg = commercial balanced feed + water with 458 mg L-arginine + 5-FU application.
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FIG 1- Lesion score in middle jejunum in Wistar rats subjected to 5-FU treatment and

dietary L-arginine supplementation.
AP Different uppercase letters in a bar indicate statistical difference between groups.
Control = commercial balanced feed + water. Gs.r, = commercial balanced feed + water + 5-FU

application. GArg = commercial balanced feed + water with 458 mg L-arginine + 5-FU application.
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FIG 2- (A) Photomicrography of the middle jejunum of Wistar rats of the Gs.ry group showing
apical necrosis and flattening of the villi and mononuclear inflammatory infiltrate in the
submucosa (HE, 100x). (B) Photomicrography of the middle jejunum of Wistar rats of the Gs.
Fu group presenting apical necrosis and mononuclear inflammatory infiltrate in the
submucosa (HE, 200x). (C) Photomicrography of the middle jejunum of Wistar rats of the
Gargssru group presenting a discrete mononuclear inflammatory infiltrate in the submucosa
(HE, 100x). Photomicrography of the middle jejunum of Wistar rats of the Gag group
presenting preserved enteric tissue (HE, 100x).

Control = commercial balanced feed + water. Gs.r, = commercial balanced feed + water + 5-FU

application. GArg = commercial balanced feed + water with 458 mg L-arginine + 5-FU application.
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ANEXO B - INSTRUCOES PARA AUTORES: NUTRITION AND CANCER

JOURNAL

Nutrition and Cancer: An International Journal uses an online submission and
review system, ScholarOne, through which authors submit manuscripts and track
their progress up until acceptance for publication. Authors will enter pertinent
information into the system and submit the following files: (a) cover letter file
(including verification that the article has not been submitted concurrently to any
other journals); (b) manuscript file (Word or WordPerfect format [PC compatible])
containing the entire text of the article, including title page, abstract, all text,
references, footnotes, and appendixes; (c) figures and tables, which should be
submitted as separate files. Please log on to http://mc.manuscriptcentral.com/nc/ for
information and instructions regarding registration and manuscript submission.

All parts of the manuscript should be typewritten, double-spaced, with margins
of at least one inch on all sides. The manuscript should be organized in the following
manner: title page, abstract, text, acknowledgments and notes, references,
appendixes, tables, and figure captions (figures and tables should be submitted as
separate files). Consecutive numbering of all pages is requested, with the title page
as page one. Title page should provide the name of author and co-authors. The first
author’s last name plus the page number belong in the upper right corner of each
page.

Authors are urged to include their full names, complete with first and middle
initials, to avoid confusion, which often arises when authors are identified by surname
and initials only. Authors’ academic degrees should not be included. The full names

of institutions and subsidiary laboratories should be given, along with a mailing
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address (including postal number). If several authors (maximum 10 authors) and
institutions are listed, it should be clearly indicated with which institution each author
is affiliated. For text style, authors should follow Scientific Style and Format: The CBE
Manual for Authors, Editors, and Publishers (6th edition, 1994) in matters of spelling,
capitalization, punctuation, hyphenation, and general style; Current Procedural
Terminology and International Classification of Diseases for terms relating to
diseases, operations, and procedures; IUPAC-IAB Combined Commission on
Biochemical Nomenclature for chemical and biochemical terms and abbreviations;
and Index Medicus for journal abbreviations in references. Metric equivalents are
preferred.

The hospital or academic institution and city where the work was done, the
source of financial support, an acknowledgment (if desired) of those who aided in
research and preparation of the manuscript, and a mailing address for reprints (if
available) should appear at the end of the text (before references). All trade names of
drugs should be referenced with the generic name and the name, city, and state of
the manufacture.

Each manuscript must be accompanied by a statement that it has not been
published elsewhere and that it has not been submitted simultaneously for
publication elsewhere. Authors are responsible for obtaining permission to reproduce
copyrighted material from other sources and are required to sign an agreement for
the transfer of copyright to the publisher. All accepted manuscripts, artwork, and
photographs become the property of the publisher. Please consult our guidance on
keywords here.

References:
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The list of references should be typed double-spaced and numbered
consecutively as they appear. List only five authors before et al. Authors are
responsible for accuracy and must check every reference in the manuscript and
proofread again in page proofs.

Journal references should be given in the following order: author, article, title,
journal abbreviation, volume number in Arabic numerals, inclusive pages, and year. If
the paper has been seen only in abstract form, this should be indicated at the end of
the original reference by the addition of the abbreviation (abstr), followed by the
abstracting source (including volume, page, and year). The order for book references
is as follows: author, title, edition number (if other than the first), city, publisher, year,
and volume (if more than one). If the reference is a chapter in a book, the order
changes as follows: author of the chapter, title of the chapter, book title, edition,
editor(s), city, publisher, year, and inclusive pages of the chapter.

lllustrations:

lllustrations (line drawings, halftones, photos, photomicrographs, etc.) submitted
should be digital files following these guidelines:

* 300 dpi or higher

« Sized to fit on journal page

* EPS, TIFF, or PSD format only

« Submitted as separate files, not embedded in text files

Color illustrations will be considered for publication; however, the author will be
required to bear the full cost involved in their printing and publication. The charge for
the first page with color is $900.00. The next three pages with color are $450.00
each. A custom quote will be provided for color art totaling more than 4 journal

pages. Good-quality color prints should be provided in their final size. The publisher
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has the right to refuse publication of color prints deemed unacceptable. Authors may
be asked to resubmit artwork for production purposes if the digital files are of too low
a resolution.

Checkilist:

Several stylistic items are commonly overlooked by authors, thus entailing
wasted time and expense at the processing and publication stages. Authors may find
it helpful to refer to the following checklist before transmitting manuscripts to our
office: 1) grant information, if appropriate; 2) exact affiliation of each author given; 3)
abstract included (200 words maximum); 4) all nonstandard abbreviations defined in
text; 5) exact location (city and state or country) supplied for sources of special
chemicals or preparations; 6) all references listed in order of appearance and typed
double-spaced.

Please include 3-5 "key words" after the abstract, including words such as
‘experimental’, ‘clinical', and 'epidemiological’ to aid in searches.

Proofs and Reprints:

Page proofs are sent to the designated author using Taylor & Francis’ Central
Article Tracking System (CATS). They must be carefully checked and returned within
48 hours of receipt. Reprints of individual articles are available for order at the time
authors review page proofs. A discount on reprints is available to authors who order
before print publication. Authors for whom we receive a valid e-mail address will be
provided an opportunity to purchase reprints of individual articles, or copies of the
complete print issue. These authors will also be given complimentary access to their

final article on Taylor & Francis Online.
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will deposit manuscripts funded by the NIH to PubMed Central on behalf of authors
who report such funding to Routledge Journals staff at time of article proof review.
The NIH’s Public Access Policy mandates NIH-funded authors to submit their peer-
reviewed author manuscripts to PubMed Central, at the point of acceptance, to
appear on PMC no later than 12 months after final publication.

Routledge Journals will deliver to PMC the final peer-reviewed manuscript.
Routledge Journals will also authorize the manuscript's public access posting 12
months after final publication in print or electronic form. Following the deposit by
Routledge Journals, authors will receive further communications from NIH with
respect to the submission.

Authors have the right to post their version of the submitted manuscript (pre-
print), or their version of the final published article (post-print) on their personal or
institutional web site. Post-print web postings are subject to an embargo of 12
months. In line with Routledge Journals author publication agreements, authors
should not post manuscripts directly to PMC or other third party sites for any
systematic external distribution by a third party (such as to a listserv or database

connected to a public access server).



