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RESUMO

Para estudar o efeito da desnutricao neonatal sobre o tecido muscular esquelético, foi avaliada
a sensibilidade dos miotubos em cultura a insulina, bem como os parametros biomecanicos
das células musculares cultivadas. Para isso, 12 ratos machos Wistar foram divididos em dois
grupos, nutrido (N), n = 6, e desnutrido (D), n = 6, segundo a dieta oferecida a mae durante o
periodo de lactacao (21 dias) de sua prole. Para o acompanhamento da evolu¢ao ponderal, os
animais foram pesados a cada 5 dias durante o periodo de aleitamento, e uma vez por semana
no periodo apds a lactagdo. Apds o desmame, os animais receberam dieta padrao de biotério
até o dia da coleta do musculo esquelético (60-70 dias). Através da otimizacao de protocolos
anteriores, um novo protocolo para a cultura de células musculares primarias foi estabelecido
com o objetivo de simplificar os procedimentos, reduzir o tempo para a confec¢ao da cultura e
torna-lo menos dispendioso. Assim, as células musculares das patas posteriores dos animais
foram cultivados na presenca de insulina (Ni, Di) ou na auséncia desta (grupos controles Nc,
Dc) e, ao 10° de cultura, foram observados a taxa de proliferacdo celular e o percentual de
incorporacdo de nucleos pelos miotubos entre os animais N e D. Além disso, os parametros
biomecanicos dos miotubos foram caracterizados através da frequéncia de contragdo, do
percentual de amplitude, bem como pelo periodo de contragdo. Ao 21° dia, o peso dos animais
D mostrou-se inferior quando comparado ao peso dos animais N (N = 67.8 £3.0; D =40.7 +
1.9). Esta condigao permaneceu até o dia da coleta dos musculos, entre 60-70 dias (N =394 +
28.4; D =342.7 £ 20.7). A insulina nao interferiu na taxa de proliferacdo dos mioblastos (Nc
= 2.61 £ 0.56; Ni = 2.49 £ 0.51; Dc = 3.12 £ 0.92; Di = 2.77 £ 0.81), mas reduziu o
percentual de incorporagdo de nticleo pelos miotubos dos animais D (D¢ = 11.5 £ 8.9; Di =
7.0 £ 5.6). Miotubos de animais N e D, tratados com insulina, apresentaram maior nimero de
contragdes por minuto (Nc =17.6 £ 1.8, Dc=16.4+3.6; N1=29.2+3.8; Di=282+4.2).0
percentual de amplitude ndo se mostrou diferente entre N e D (p=0.0687). A presenca da
insulina aumentou o periodo de contragdo nos animais N (Ni = 1.2 = 0.9; Dc = 0.8 £ 0.3),
enquanto que no grupo D provocou reducdo (Di = 0.8 + 0.1; Dc = 0.9 £+ 0.2). Houve redugdo
no periodo de contragdo no grupo Di, quando comparado ao grupo Ni (p<0.05). Assim, este
estudo permitiu complementar os conhecimentos sobre o efeito da desnutricao neonatal sobre
a acdo da insulina no tecido muscular, além de possibilitar o surgimento de novas perspectivas
sobre o estudo do musculo esquelético em cultura.

Palavras-chaves: desnutri¢do, programagao metabdlica, musculo esquelético, miotubos,
cultura de células.
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ABSTRACT

In order to study the effect of neonatal undernutrition on skeletal muscle tissue, the sensitivity
of culture myotubes to insulin, as well as the biomechanical parameters of muscle cells
cultivated were assessed. For this purpose, twelve male Wistar rats were divided into two
groups according to the diet provided to the mother during lactation period (21 days) of their
offspring: 6 nourished (N) and 6 undernourished (U). For monitoring the weight gain, the
animals were weighed every 5 days during the suckling period and once a week in the period
after lactation. After weaning, the animals were fed with standard animal diet until the day of
the collection of skeletal muscle (60-70 days). Through improvement in previous protocols, a
new protocol for the culture of primary muscle cells was established with the aim to simplify
procedures, reduce the time for the making of culture and make it less expensive. So, the
muscle cells of the hind legs of the animals were cultured in the presence of insulin (Ni, Ui) or
in its absence (control groups Nc, Uc). At culture day 10, we have observed the cell
proliferation rate and the percentage nuclei incorporation by myotubes between animals N
and U. Furthermore, the biomechanical parameters of myotubes were characterized by the
frequency of contraction, the percentage of amplitude and the period of contraction. At day
21, the weight of animals U proved inferior when compared to the weight of animals N (N =
67.8 + 3.0; U = 40.7 = 1.9). This condition remained until the day of muscle collection,
between 60-70 days (N = 394 + 28.4; U = 342.7 £+ 20.7). Insulin did not affect the rate of
myoblasts proliferation (Nc = 2.61 + 0.56, Ni = 2.49 + 0.51; Uc =3.12 £ 0.92, Ui = 2.77 +
0.81), but decreased the percentage of nuclei incorporation of the myotubes animal U (Uc =
11.5 = 8.9; Ui = 7.0 = 5.6). Myotubes of animals N and U, treated with insulin, presented a
higher number of contractions per minute (Nc = 17.6 = 1.8, Uc = 16.4 £ 3.6; Ni=29.2 £ 3.8,
Ui = 28.2 £ 4.2). The amplitude percentage has not presented difference between N and U (p
= 0.0687). The presence of insulin increased the contraction period in N animals (Ni= 1.2 +
0.9; Uc = 0.8 £ 0.3) while group U showed a reduction (Ui = 0.8 £0.1; Uc = 0.9 £ 0.2). There
was a reduction in the contraction period in Ui group, when compared to Ni (p <0.05). Thus,
this study provided additional knowledge about effect of neonatal undernutrition on insulin
action in muscle tissue, besides allowing the emergence of new perspectives on study of
skeletal muscle in culture.

Key Words: undernutrition, metabolic programming, skeletal muscle, myotubes, cell culture.
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1 APRESENTACAO

A desnutricao neonatal ¢ um dos principais problemas de satde publica que ainda
persiste nos paises em desenvolvimento, nos quais a privagao econdmica leva ao retardo do
crescimento infantil associado a alteragdes metabolicas severas (TORUN; CHEW, 1994). Em
ratos, a deficiéncia nutricional materna no periodo critico de crescimento e desenvolvimento
da prole ¢ capaz de interferir na fungdo dos sistemas organicos em decorréncia de alteragdes
no padrao de eventos celulares, que levam a consequéncias deletérias na maturagao dos
sistemas organicos (BORBA et al., 2000) e no metabolismo. De acordo com Guedes, Melo e
Teodosio (2004), as consequéncias da desnutricdo neonatal, a longo prazo, estdo
correlacionadas de forma proporcional a intensidade e a duragdo das alteragdes nutricionais, €
podem afetar tanto a estrutura quanto o metabolismo de 6rgdos e sistemas, fendmeno
conhecido como programa¢ao metabolica (SRINIVASAN; PATEL, 2008; WEELS, 2003;
GODFREY; BARKER, 2001).

A desnutricdo calorico-proteica estd associada ao déficit funcional da imunidade
mediada por células e da imunidade humoral (CHANDRA, 2002), ao aumento do tempo do
ciclo celular das linhagens da medula 6ssea (GOMEZ et al., 1996) e a modificagdes na taxa
de apoptose (RIVADENEIRA et al., 2001; ORTIZ et al., 2009). O tecido muscular
esquelético, em especial, se mostra sensivel a desnutricdo por apresentar-se susceptivel as
alteragdes na diferenciacao das fibras musculares (IHEMELANDU, 1985; NASCIMENTO et
al., 1990; ALVES; DAMASO; DAL PAI, 2008; OLIVEIRA et al. 1999), cuja formagio é
regulada pela ativagdo, proliferagdo e diferenciacdo de varias linhagens de células miogénicas,
além de depender da expressdao e da atividade de fatores transicionais (DAL PAI-SILVA;
CARVALHO, 2007; MELO et al., 2011).

O controle do processo de fusdo celular tem grande importancia no desenvolvimento
de bioterapias futuras utilizando as células miogénicas precursoras (células satélites). Mas
antes disso, a fusdo de células miogénicas precursoras ¢ um evento chave no desenvolvimento
e na reparacao do musculo esquelético (FALZONI et al., 2000; TAYLOR, 2000; BAILEY et
al., 2001; MELO et al., 2011). Fatores de crescimento como a inervagdo, a IL-4 e sinais
hormonais tal como a insulina, se estabelecem como condi¢des imprescindiveis para o
desenvolvimento dos miotubos (JACQUEMIN et al., 2005) e, consequentemente, do

desempenho da fun¢do muscular.
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O mausculo, por ser alvo da ag¢do da insulina (WOLFE, 2000; LEVINE et al., 1949),
tem suas funcdes mecanicas diretamente relacionadas a atuagdo deste hormonio polipeptidio,
que vao desde o transporte de aminoacidos, de ions, de nucleotideos, do potencial elétrico até
a sintese e degradacdo de proteinas e do metabolismo do RNA (GOLDFINE, 1981;
BRUNETTI ef al., 1989). A regulagao do tamanho do miotubo também ¢ importante para o
bom funcionamento do musculo esquelético, e neste caso, a insulina poderd ser um fator

determinante para o seu desenvolvimento.

Varios fatores de crescimento foram implicados no processo de ativacdo de células
miogénicas, mas a fusdo destas células ¢ um processo complexo que requer uma série de
eventos celulares ¢ moleculares até entdo pouco conhecidos (CHARGE, 2003). O mecanismo
molecular de aumento na assimilacdao de glicose estimulado por insulina, por exemplo, pode
estar relacionado a um aumento na expressao e na atividade de proteinas chaves conhecidas

por regular o metabolismo da glicose no musculo esquelético (ZIERATH, 2002).

O tamanho da fibra muscular foi a primeira medida a ser avaliada sobre a repercussao
da desnutricao no musculo (HALBAN, 1983: apud WALLS, 1960), e em outros trabalhos, a
desnutricdo foi capaz de reduzir o didmetro das fibras musculares ¢ o seu tamanho
(MONTGOMERY, 1962), bem como de alterar a frequéncia dos tipos de fibras
(MARCONDES, 1976). Em decorréncia destes achados, outros estudos envolvendo as
adaptacdes das fibras esqueléticas musculares também tém sido alvo das alteracdes
metabolicas proporcionadas pela desnutricio (HENRIKSSON, 1990; MAXWELL et al.,
1992).

No intuito de responder estas questdes, a comunidade cientifica vem investindo em
pesquisas envolvendo desnutri¢ao e seus efeitos metabdlicos. Apesar da desnutrigdo provocar
deplecdes e disfungdes enzimaticas, mitocondriais (NORMAN; LOCHS; PIRLICH, 2005) e
aumento da sensibilidade a insulina no musculo solear (GRACE et al., 1990), pouco se sabe
ainda, o quanto ela ¢ capaz de afetar a atividade biomecanica muscular. Em trabalho
publicado por Melo ef al. (2011), o modelo experimental de desnutricao utilizado em ratos
Wistar (dieta a base de 8% de caseina durante a lactacdo, AIN-93G) mostrou uma diferenga
na formag¢do de miotubos em animais com idade entre 60 e 70 dias de vida no que se refere a

morfologia e a atividade mecanica destes miotubos em cultura.
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Baseado no exposto, nota-se uma importante disfungdo muscular em decorréncia da
desnutri¢do e a perda de massa muscular contribui inegavelmente para o prejuizo desta
fun¢do. Assim, tais estudos nos motivou a estudar o perfil biomecanico de miotubos de ratos
que foram submetidos a desnutricdo neonatal, € que passaram por um periodo de reposi¢dao
nutricional, visto que grande parte dos estudos ¢ realizada em animais desnutridos, mas que
nao foram recuperados totalmente ou parcialmente da desnutricdo, o que deixa lacunas no
esclarecimento sobre os eventos celulares apds recuperacao total ou parcial do quadro de

desnutri¢ao promovido durante o periodo neonatal.

Além disso, a dificuldade de se encontrar na literatura um protocolo de coleta,
isolamento e cultura de células musculares primarias que fosse de facil reproducao, somado a
variabilidade nos protocolos publicados em artigos de circulacdo internacional, nos levou a
buscar um método mais simples e rapido que fosse capaz de manter a viabilidade celular,

além de promover a formacdo de miotubos em cultura.

Diante do exposto, o presente estudo teve como objetivos avaliar o efeito da
desnutri¢do neonatal sobre o sistema muscular de ratos adultos a partir de culturas de células
musculares primarias; analisar o efeito da insulina sobre a prolifera¢do celular e a formagao
de miotubos em cultura de ratos desnutridos; avaliar os parametros biomecanicos (frequéncia,
amplitude e periodo de contra¢do) de miotubos em cultura e estudar a capacidade de
incorporagdo de nucleos pelos miotubos de ratos desnutridos na presenga de insulina, além de
otimizar o protocolo para coleta e cultura de células musculares utilizado por Melo et al.
(2011), a fim de proporcionar aos pesquisadores uma possibilidade simplificada de realizar

mais estudos que envolvam o musculo esquelético.

Para tais fins, foram utilizadas, no periodo de aleitamento, dieta materna a base de
17% de caseina para o grupo controle, denominado Nutrido (N), bem como a base de 8% de
caseina para o grupo experimental, denominado desnutrido (D). Entre 60 e 70 dias de vida, os
ratos N (n=6) e D (n=6) foram eutanasiados para coleta e cultura das células musculares
primarias. As células foram estimuladas em cultura com insulina, com o intuito de possibilitar
a formacao do combustivel metabolico (glicogénio) nos miotubos ja formados. Filmes foram
realizados para avaliagdo do perfil biomecanico dos miotubos, os quais também foram
imunocitoquimicamente marcados para a observagdo do percentual de nucleos incorporados e,

assim, do potencial de formac¢ao dos miotubos pelos ratos D.
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Ao longo deste processo, € em consonancia com estudo piloto realizado, o protocolo
de coleta e cultura de células musculares foi otimizado para que estudos com células
musculares primdrias em cultura se tornem mais frequentes, em razdo da simplificacao do

protocolo de coleta e isolamento destas células.

Assim, o estudo das eventuais relagdes entre a desnutrigdo neonatal, seguida de
reposicao nutricional e as células miocitarias, podera cooperar no esclarecimento sobre as
consequéncias que este modelo de desnutrigdo acarreta nestas células quando adultas, em
especial nas células satélites, precursoras inicial dos miotubos que estas estdo relacionadas

com o reparo muscular diante da injuria.

Esta pesquisa resultou na redacdo de dois artigos. O primeiro deles, intitulado
IMPROVED PROTOCOL FOR THE COLLECTION AND CULTURE OF WISTAR RAT
PRIMARY SKELETAL MUSCLE CELLS, foi submetido ao The Journal of Physiological
Sciences, ISSN 1880-6546, cuja norma de submissdao se encontra no Anexo D. Neste artigo,
foi descrito o método otimizado de coleta e cultura de células musculares primarias de ratos

Wistar.

O segundo artigo intitulado EFFECT OF INSULIN ON THE FORMATION AND
FUNCTION OF MYOTUBE CULTURES FROM YOUNG ADULTS RATS SUBJECTED
TO NEONATAL UNDERNUTRITION, demonstra o efeito que a insulina exerce em cultura
de miotubos sobre os parametros morfoldgicos e biomecanicos frente a desnutricao neonatal.
Este artigo, por sua vez, foi submetido ao British Journal of Nutrition, ISSN 0007-1145, cuja

norma de submissao se encontra no Anexo E.
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2 REVISAO DA LITERATURA

2.1 Desnutricao

As diferentes formas de ma nutrigado, resultantes do déficit ou do excesso de nutrientes
essenciais e de alto valor biologico, sdo consideradas um grave problema de saude publica.
Caracterizada pela redugao de quantidades ideais de macro e de micronutrientes, e apesar do
atual processo de transi¢do nutricional, a desnutricdo continua sendo um grave problema de
saude publica mundial, uma vez que ela pode desequilibrar grande parte das fungdes
fisiologicas normais do organismo em decorréncia da privacdo de nutrientes essenciais para a
manutengdo da homeostase (GODFREY; BARKER, 2001; BERTRAM; HANSON, 2001;
ARMITAGE et al. 2004, 2005; BURDGE et al., 2007).

De acordo com a Organizacdo das Nagdes Unidas para Agricultura e Alimentacao
(FAO), cerca de 925 milhdes de pessoas no mundo foram acometidas pela desnutri¢do
energético-proteica em 2010, cuja maioria ¢ proveniente de paises de economia emergente

(FAO, 2010).
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Figura 1. Desnutrigdo no mundo em desenvolvimento. Dados de estimativas provisorias para
2010-12. Fonte: FAO, 2012
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A transi¢ao nutricional, na qual se observa um aumento da incidéncia do bindémio
sobrepeso/obesidade, ¢ uma tendéncia epidemioldgica mundial que se contrapde a diminui¢ao
do niimero de pessoas acometidas pela desnutricao (SOUZA, 2010). Mas apesar dos indices
mundiais decrescentes, com cerca de 852 milhdes de individuos desnutridos (14,9% da
populagdo) em 2012 (FAO, 2012), como mostra a Figura 1, a desnutrigdo nao se encontra
erradicada na sociedade brasileira e demais paises em desenvolvimento, sendo ainda
considerada como um fenomeno resultante de processos sociais de exploragdo, na qual o
individuo se submete a uma pauta dietética de baixo valor bioldégico (SCHAIBLE;

KAUFMANN, 2007).

Existem dois tipos bdésicos de desnutricdo. A primeira € mais importante ¢ a
desnutri¢do energético-proteica, que se caracteriza pela baixa ingestdo de alimentos ricos em
carboidratos e proteinas. Este € o tipo mais letal, sendo referida quando o problema da fome
mundial ¢ discutido. O segundo tipo se refere a deficiéncia de micronutrientes, como
vitaminas e minerais (WORLD HUNGER, 2011). A deficiéncia de vitamina A, por exemplo,
pode resultar em cegueira noturna ou adaptacdo ao escuro prejudicada, em anemia, no
aumento da vulnerabilidade as infecgdes respiratorias, no crescimento deficiente e
desenvolvimento 6sseo retardado, podendo ocasionar at¢ a morte (UCHENDU, 2011). A

Figura 2 esquematiza os principais efeitos da desnutri¢do sobre diversas estruturas e sistemas
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Figura 2. Evolucao da desnutri¢do: consequéncia sobre diversos sistemas e estruturas do
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A desnutri¢ao precoce pds-natal, comumente denominada desnutricdo neonatal, ¢ um
subtipo particular de desnutri¢ao que ainda persiste nos paises em desenvolvimento, nos quais
as privagdes econdmicas e sociais levam ao retardo do crescimento infantil associado as
alteragdes metabolicas severas nestas criangas (TORUN; CHEW, 1994). Em ratos, a
deficiéncia nutricional materna no periodo critico de crescimento e desenvolvimento da prole
¢ capaz de interferir na fungdo dos sistemas organicos em decorréncia de alteragdes no padrdo
de eventos celulares, que levam a consequéncias deletérias tanto na aquisi¢do de padrdes
fisiologicos maduros do organismo (BORBA et al., 2000) quanto na ocorréncia de reacdes

metabolicas necessarias @ manutencao da homeostase fisioldgica.

Estudo de Morley e Lucas publicado em 1993 relata a consequéncia da desnutricdo em
diversos sistemas. Segundo eles, a desnutri¢do ¢ capaz de causar vdarias deficiéncias que se
refletem ao longo da vida, tais como a reducdo de for¢a muscular e a fadiga precoce,
deterioragdo da fung¢do muscular respiratoria, cardiaca, sexual e imunologica, além de
predispor ao estado de depressdo, irritabilidade, ansiedade, incapacidade de manter a
concentracdo e reducao do desejo sexual. Em criancas, a desnutrigdo prejudica ainda o

crescimento e provoca atraso na maturagao sexual.

Viarias pesquisas, ao longo dos anos, tém investido em estudos que buscam relacionar
os processos de desenvolvimento que ocorrem durante estagios iniciais de vida com o estado
de saude na vida adulta do individuo. Estes estudos foram intensificados desde a época de
Hipocrates, passando por Forsdahl em 1977 e Barker e Osmond em 1986. Este ultimo, que
estuda temas relacionados ao crescimento e desenvolvimento, foi um pioneiro na realizagdo
de pesquisas que evidenciassem a associacdo do baixo peso ao nascer com a ocorréncia de
doengas relacionadas a sindrome metabolica no adulto como a hipertensao, a diabetes tipo 11 e
doencas cardiovasculares. Anteriormente, tais fatos eram considerados apenas uma hipdtese,
conhecida como Hipotese de Barker. Hoje, entretanto, esta hipotese mantem-se confirmada
depois de varios estudos que mostraram que a subnutri¢ao fetal ou no primeiro ano de vida
(neonatal), principalmente quando seguida de plena recuperagao nutricional ou até excesso de
peso/ obesidade, que representa um fator de risco para o desenvolvimento de doenga

cardiovascular coronariana (BARKER, 1995).

Outros estudos mostram ainda que a desnutri¢do neonatal ¢ capaz de alterar outros
sistemas fisiologicos, tais como o sistema imune, com o enfraquecimento da imunidade

mediada por células e da imunidade humoral (CHANDRA, 2002), o aumento do tempo do



Efeito da desnutricdo neonatal sobre a fungdo e o metabolismo miocitario de ratos adultos jovem
FRAGA, S.N.

23

ciclo celular das linhagens da medula 6ssea (GOMEZ et al., 1996) e modifica¢des na taxa de

apoptose (RIVADENEIRA et al., 2001; ORTIZ et al., 2009).

O tecido muscular esquelético, em especial, se apresenta sensivel a desnutricao
proteica por ser um reservatorio de proteinas no organismo, se tornando alvo de deplecao
quando ha déficit proteico na dieta, o que leva a alteragdes nas fases de crescimento,
desenvolvimento e diferenciagdo das fibras musculares (IHEMELANDU, 1985;
NASCIMENTO et al., 1990; OLIVEIRA et al. 1999, ALVES; DAMASO; DAL PAI, 2008).
Assim, a hipotese de Barker foi refor¢ada, o que significa que as agdes de fatores ambientais,
como a desnutricdo, as quais o organismo ¢ submetido durante periodo fetal e pos-natal
imediato - os estagios iniciais de vida - possivelmente podem programar as fungdes organicas

na vida adulta como efeito tardio da desnutrigao.

2.2 Miogénese e atuagdo dos fatores de crescimento do musculo esquelético

O musculo esquelético ¢ a unidade do sistema muscular derivada de células
precursoras mesodérmicas provenientes dos somitos que se liga diretamente aos 0ssos,
cartilagens, fascias e pele (JUNQUEIRA; CARNEIRO, 2008). Durante o desenvolvimento
embrionario, os precussores celulares do mesoderma para linhagem miogénica sao regulados
por sinais quimicos liberados pelos tecidos adjacentes. Estes sinais estdo envolvidos com a
regulacao do processo de formacao miogénica, € envolvem a ativacdo, a proliferacao e a
diferenciagdo de varias linhagens de células miogénicas dependentes da expressdo e da
atividade de fatores transcricionais, conhecidos como fatores de regulacdo miogénica (DAL
PAI-SILVA; CARVALHO, 2007). Os fatores transcricionais envolvidos nesta missao sao o
MyoD e o Myf5, que sdo ligados a familia myogenic regulation factor (MRF) (HASTY et al.,
1993; NABESHIMA et al., 1993).

Apo6s a diferenciagdo decorrente da expressao dos fatores MyoD e MyfS, as células
miogénicas sdao entdo chamadas de mioblastos ou células musculares jovens. Apos a
expressao do fator MRF-4, pertencente a mesma familia MRF, as células sdo reconhecidas
como miocitos, que sdo células adultas diferenciadas que exercem plenamente as funcdes

atribuidas as células musculares (Figura 3). Estas células contém genes especificos que
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expressam a cadeia pesada de miosina e a creatina quinase, que caracterizam os miocitos

(LOWEY et al., 1969).

Células mesodérmicas embrionarias

l c:l' MyoD e Myf-5

Mioblastos

l <:,| Miogenina e MRF4

MIOTUBOS

Figura 3. Atuacdo dos fatores de crescimento nas fases de desenvolvimento do tecido muscular
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Figura 4. Etapas de formagao dos miotubos. Fonte: Chargé¢, 2003 (modificado)

Durante esta fase, os midcitos permanecem engajados num processo de diferenciagdo,
que culmina com a fusdo com os outros miocitos e a formacao de um sincicio mononucleado
chamado miotubo (Figura 4), que atinge a maturidade celular mostrando-se contratil, ao ser

entdo conhecido como a unidade morfofuncional do musculo esquelético (LAFUSTE, 2004).
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Ao mesmo tempo, durante o desenvolvimento muscular, uma populacao distinta de
mioblastos permanecem indiferenciadas, e fica associada a superficie das fibras musculares
em desenvolvimento, servindo como células fonte musculares quiescentes, as células satélites
(CHARGE; RUDNICKI, 2004). Estas células sdao células tronco unipotentes que estdo prontas
para se diferenciar unicamente em midcitos a partir do momento que sio estimuladas para tal

atividade (McARDLE, 1998).

As propriedades funcionais do musculo esquelético dependem da manutencdo de uma
rede completa de miofibras, motoneurdnios, vasos sanguineos e da matriz extracelular do
tecido conjuntivo. Esse conjunto de estruturas, bem como a organizagdo entre elas, ¢ o que
determina a fun¢do muscular. Entretanto, para que o musculo seja funcional, durante seu
processo de formagdo e diferenciacdo, € necessario a atuagdo de alguns fatores de
crescimento, também conhecidos como somatomedinas ou IGF (ROSENDAL et al., 2002;

PRESTES et al., 2006).

O fator de crescimento insulinico-I (IGF-I) e seus componentes se trata de um
hormonio polipeptideo pertinente ao anabolismo celular e exerce importante efeito sobre o
crescimento somatico e tecidual de muitas espécies. No musculo, o IGF-I exerce efeito central
na hipertrofia e na hiperplasia das fibras musculares, bem como em tecidos associados a sua
func¢do, como os tenddes (LEVINE et al., 1949; PRESTES et al., 2006). Ainda no musculo, o
IGF-1 ¢ responsavel por regular uma variedade de funcdes, incluindo o transporte de
aminoacidos, de ions e de nucleotideos, sobre o potencial elétrico, a sintese ¢ a degradagao de
proteinas, além de regular o metabolismo do RNA (GOLDFINE, 1981; BRUNETTI ef al.,

1989), eventos celulares essenciais para o metabolismo das células musculares.

A regulacao do tamanho do miotubo também ¢ importante para o bom funcionamento
do musculo esquelético e, para isso, outros fatores de crescimento estdo envolvidos nesse
processo. Portanto, além do IGF-I, o fator de crescimento do hepatocito (HGF) estd implicado
no processo de ativacdo de células miogénicas. A fusdo destas células ¢ um processo mais
complexo que requer uma série de eventos celulares orquestrados, como a migracdo € o
alinhamento de células, seu reconhecimento, sua aderéncia e por fim a fusdo da membrana.
Mas atualmente, os mecanismos moleculares que controlam esses processos de fusdo

miogénica sdo pouco conhecidos (CHARGE, 2003).
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Por outro lado, o mecanismo molecular de aumento na assimilagdo de glicose
estimulado por insulina, por exemplo, pode estar relacionado a um aumento na expressao e na
atividade de proteinas chaves conhecidas por regular o metabolismo da glicose no musculo

esquelético (ZIERATH, 2002).

No periodo pos-prandial, a glicose ¢ distribuida em varios tecidos do corpo, nos quais
pode ser utilizada como fonte energética imediata ou estocada como glicogénio (PREISS;
WALSH, 1981). Para que a glicose seja capturada pelas células musculares, ha um processo
de transporte desempenhado por proteinas transportadoras conhecidas como GLUT-1 e
GLUT-4, cujas atividades sdo influenciadas pela insulina. Este evento vem sendo estudado ha
uma tempo por pesquisas que envolvem cultura de células musculares esqueléticas de
humanos e de animais, como o estudo de Klip e Paquet (1990), que utilizou cultura de células
musculares L6 submetida ao tratamento agudo (1 hora) com insulina, e cuja resposta foi uma
elevacdo no recrutamento dos transportadores de glicose para a membrana plasmatica das
células musculares. Entretanto, este estudo também realizou um teste com a exposi¢do
prolongada (24 horas) das células a insulina num meio com a concentracdo de glicose
reduzida, tendo como resposta uma reducdo da expressao do GLUT-1 mRNA e GLUT-1
proteina. Assim, € provavel que seja atribuida a insulina um possivel efeito modulador sobre a

expressao dos transportadores de glicose no musculo.

2.3 Engenharia tecidual e desnutricio

Estima-se que no musculo esquelético de um rato adulto normal, 1 a 2% dos nucleos
das miofibras sdo substituidos a cada semana (SHMALBRUCH; LEWIS, 2000). O musculo
esquelético dos mamiferos tem uma rapida e alta capacidade regenerativa, principalmente em
resposta a um dano severo, como no caso de uma necrose miocitaria. A fase precoce desta
regeneragao estd associada a ativagdo de células mononucleadas, como macrofagos e células
miogénicas. Neste caso, os macrofagos infiltram nos midcitos necrosados para fagocitar os
restos celulares, mas também para participar diretamente no processo de regeneragao
muscular ativando as células miogénicas, embora pouco se conheca a respeito do

relacionamento entre macrofagos e miocitos.
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A proliferacdo celular ¢ um evento necessario a regeneracdo muscular, e a
diferenciagdo e a fusdo miogénica ocorrem tanto com as fibras musculares danificadas, quanto
com os miocitos ja existentes, formando novos miotubos no processo de regeneracao do

musculo.

A engenharia tecidual, técnica que consiste na regeneracdo de 6rgdos por meio do
recrutamento de células do proprio tecido que migram naturalmente para o local injuriado ou
por meio de implante in situ, tem sido atualmente objeto de grande perspectiva para a
resolugdo de injirias teciduais com poucas alternativas terapéuticas (GRIFFITH;
NAUGHTON, 2002; ZHANG et al.,2012). Através das técnicas inerentes a engenharia

tecidual, € possivel reconstruir os tecidos, além de devolvé-los sua fungao.

Neste contexto, o musculo esquelético encontra-se numa posi¢ao privilegiada devido
ao fato dele conter células satélites que sdo capazes de repor as fibras musculares perdidas no
momento da injaria, fundindo-se as demais existentes no musculo e reconstituindo, entdo, os
miotubos (CHARGE; RUDNICKI, 2004). Esse fendmeno ocorre naturalmente por
mecanismos fisiologicos estimulados pelos diversos fatores de crescimento, tais como os
presentes na Figura 3, mas ¢ possivel ter uma melhor eficiéncia na reconstru¢do muscular se

tais células forem inseridas em in situ na lesdo muscular.

Tais afirmagdes sdo refor¢adas pelas publicagdes mais recentes, que mostram um
fendmeno semelhante observado através da aplicacao de Plasma Rico em Plaquetas (PRP) em
lesdes Osseas, ligamentares ¢ musculares (BARBOSA et al., 2008; SILVA; CARMONA;
REZENDE, 2012; VENDRUSCOLO; CARVALHO; MORAES et al, 2012), cujo
mecanismo de agdo se baseia na estimulo da regeneracdo de tais tecidos através da alta
quantidade de fatores de crescimento que contém este material. Entretanto, embora seja
esperancosa a utilizacdo de fatores de crescimento na regeneragdo da injuria muscular, bem
como a utilizagdo de células do proprio musculo, ndo se sabe se o organismo que passou por

desnutri¢do, em algum fase da vida, apresentaria os mesmos resultados.

Sabe-se que a desnutricdo ¢ capaz de alterar eventos metabdlicos, mas pouco se
conhece sobre as possiveis alteracdes nas vias metabdlicas em um organismo desnutrido, em
especial do seu musculo. Por isso, os estudos referentes a engenharia tecidual em animais

desnutridos no periodo neonatal que receberam reposi¢cdo nutricional ao longo da vida serdo
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pertinentes na descoberta de técnicas que auxiliem na reconstru¢do do tecido muscular deste

grupo de organismos.

Assim, estudos que envolvam cultura de células musculares de animais desnutridos no
periodo neonatal, mas que passaram por reposicao nutricional ao longo da vida, podem ser
uteis no desenvolvimento de técnicas de replicacdo de midcitos e formagao de miotubos em
cultura, fazendo com que este novo campo terapéutico possa ser tdo eficaz nos organismos

que passaram por privagao alimentar, como sao nos organismos nutricionalmente normais.

2.4 Nutricao e Programaciao Metabolica

O desenvolvimento normal de organismos multinucleares se baseia em uma série de
eventos sincronizados dirigidos por instrugdes genéticas adquiridas desde a concepgao.
Durante o periodo neonatal (periodo critico de crescimento e desenvolvimento), o organismo
apresenta a habilidade de desenvolver respostas diferenciadas as situacdes ambientais
estranhas ao desenvolvimento normal. Neste contexto, cabem as adaptacdes em niveis
moleculares, celulares e bioquimicos, caracterizadas como resultados de resposta a um
estimulo (stress) nutricional que altera permanentemente a fisiologia € o metabolismo de um
organismo, € que continuam a ser expressos mesmo na auséncia dos estimulos iniciais
(LUCAS, 1991). A este processo, foi dado o nome de programagdo metabdlica, situagdo
fisiologica que resulta em varios problemas de saude frequentes nas sociedades do mundo

atual.

Estudos epidemiologicos realizados desde 1995 (BARKER, 1995) indicam que a
programacao metabolica pode ocorrer em humanos. Neste trabalho, foi reconhecido que o
tamanho desproporcional dos recém-nascidos eram resultados da ma nutricdo materna, e que
este fato estava correlacionado ao risco aumentado de situagdes adversas a saude da prole, tais

como diabetes tipo II, hipertensdo arterial e demais doengas cardiovasculares na vida adulta.

A programacao metabolica resultante da desnutri¢do também tem sido evidenciada em
estudos com roedores realizados anteriormente aos estudos em humanos. McCance (1962)

demonstrou que a quantidade de alimentos ingerida durante o periodo neonatal acarreta
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diversas consequéncias sobre o crescimento e o desenvolvimento. A ma nutricdo
caracterizada pelos baixos teores proteico e/ ou calorico ¢ capaz de alterar a estrutura e
consequentemente a fungdo de varios 6rgaos na prole. Estes achados foram confirmados com
os estudos de Latorraca et al. (1998) e Bennis-Taleb ef al. (1999), que mostraram que a dieta
hipoprotéica em ratas gravidas ¢ capaz de reduzir a vascularizacdo das ilhotas pancredaticas e,
consequentemente, a capacidade proliferativa de células B, que sdo produtoras de insulina
pelo pancreas. Além disso, outro achado demonstrado por este estudo foi a reducdo da

sensibilidade insulinica na presenca de glicose no musculo.

A capacidade metabolica do figado, do musculo e do tecido adiposo da prole também
¢ comprometida pela restricdo proteica materna durante o periodo de gestacdo e lactacdo
(OZANNE; HALES, 1999). Quando a mae ¢ acometida por diabetes gestacional, ¢ comum
observar um nivel elevado de insulina na prole durante o periodo critico de desenvolvimento
(perinatal), fato que geralmente leva a uma permanente ma organizacdo do nucleo
hipotalamico ventromedial, seguida pela intolerdncia a glicose durante a vida adulta
(HARDER et al., 1998). Estes dados nos auxiliam a interpretar o fato dos bebés nascidos de
maes com diabetes gestacional apresentarem uma tendéncia ao sobrepeso pelo menos durante
a infiancia. Todos estes estudos em modelo animal indicam que, definitivamente, a

manipulagdo dietética em breves periodos da vida tem consequéncias variadas na satde de um

individuo adulto.

2.5 Musculo e epigenética

Perturbagdes nutricionais no ambiente uterino sao capazes de interferir na formagao do
embrido, além de repercutir sob varios parametros fisioldgicos na vida adulta, com
modificagdo ou retardo no crescimento, qualitativa e quantitativamente. Tais situagdes podem
predispor o individuo a problemas como a sindrome metabolica ou doengas correlatas na vida
adulta, tais como intolerancia a glicose, resisténcia a insulina, doengas cardiovasculares,
hipertensao e obesidade (GLUCKMAN et al., 2005; LANGLEY-EVANS, 2006; SYMONDS
et al., 2007). Entretanto, quando as perturbagdes nutricionais acometem o individuo no inicio

da vida, especialmente no periodo neonatal, elas também sdo capazes de influenciar a
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fisiologia ao longo da vida adulta.

A epigenética (estudo epigendmico), um campo emergente da pesquisa bioldgica, ¢
um fendomeno reconhecido pelas metilagdes e acetilagdes nas histonas da molécula do acido
desoxirribonucléico (DNA), e estd em pauta nas discussdes sobre como o organismo € capaz
de se programar em resposta a alteracdes ambientais e nutricionais (LIOTTO et al., 2009).
Este fendmeno tem dado um novo sentido a estrutura da cromatina, e desempenha um papel

importante no controle da atividade de transcricdo e expressao dos genes.

Ao contrario das mutagdes genéticas ou polimorfismos, a epigenética nao resulta em
alteragdes na sequéncia de DNA. Além das metilagdes e acetilagcdes que sdo de ocorréncia
comum, sutis modificacdes nas bases nitrogenadas também podem ser responsaveis pela

alteracdo na expressao dos genes (BAYLIN, 2005; ZWETSLOOT; LAYE; BOOTH, 2009).

Modificacdes de histonas podem ser tanto transitorias, responder rapidamente a
alteragdes dentro da célula ou do meio ambiente circundante, ou mantida de forma estavel ao
longo da vida, quando obtidas no inicio da vida fetal (CLAYTON; HAZZALIN;
MAHADEVAN, 2006). Tais modificagdes sdo capazes de induzir, restringir ou silenciar o
desenvolvimento de estruturas somaticas permanentes ou sistema fisioloégico (GUILLOTEAU

et al.,2009).

Assim, na vida pos-natal, os musculos esqueléticos adultos mantém uma populagao
heterogénea de células progenitoras (células musculares satélites), que parecem estar sob o
controle de uma rede transcricional que opera durante a somitogénese (SNIDER;
TAPSCOTT, 2003; PARKER; SEALE; RUDNICKI, 2003). Entretanto, tais c¢lulas mostram
diferencas anatomicas e histologicas nas interacdes com as células vizinhas, além de outras
distingdes morfologicas e funcionais que sugerem a existéncia de redes reguladoras
embrionarias especificas versus progenitores do musculo esquelético adulto (TAJBAKHSH,

2009).

Estes estudos reforcam a hipdtese de que, mesmo que a miogénese acontega no
periodo embrionario-fetal, ¢ possivel que os estimulos ambientais, tais como as alteragdes
nutricionais, sejam capazes de promover alteragdes do desempenho fisioldgico dos tecidos,

inclusive do musculo esquelético.



Efeito da desnutricdo neonatal sobre a fungdo e o metabolismo miocitario de ratos adultos jovem
FRAGA, S.N.

31

Apesar da existéncia de muitos estudos que relacionam o efeito da desnutricdo sobre
os sistemas biologicos, ainda se faz necessario investigar diversas varidveis que estdo
relacionadas ao desempenho muscular dos organismos que sofreram desnutricdo. Por isso,
estudos experimentais que utilizem a desnutri¢ao neonatal através de aleitamento, seguida de
reposicao nutricional, podem esclarecer quais sdo os caminhos metabolicos e epigendmicos
do musculo esquelético para, entdo, serem estabelecidas estratégias biologicas capazes de

superar as possiveis disfun¢des musculares neste grupo.
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3 METODOS

3.1 Desenho Experimental

Estudo do tipo experimental, com desenho metodologico planejado para a comparagao
das variaveis entre os grupos controle (nutrido-N) e teste (desnutrido-D), gragas a

homogeneidade entre eles no que se refere a idade, ao sexo, a raga e a dieta experimental.

3.2 Consideracoes éticas

Este trabalho foi previamente apreciado e aprovado pelo biotério da Universidade de

Tecnologia de Compiégne-Franga, sob protocolo de numero 60-20 (Anexo A).

3.3 Grupos e Dietas

Ratos albinos, da linhagem Wistar, provenientes do Centre d’¢levage Dépré (Saint-
Doulchard, France), foram utilizados com cerca de 90 dias de idade, em sistema de
acasalamento poligdmico (combinac¢do de 1 macho com 2 ou 3 fémeas), para a obtenc¢do dos
animais experimentais. O acasalamento foi realizado em gaiolas de polipropileno (49 x 34 x
l6cm) e 1 dia apds o nascimento, os filhotes foram numericamente padronizados em n=6
filhotes/mae. Para isso, houve tanto redugdo quanto acréscimo de filhotes de outra ninhada
por mae, para que este nimero fosse padronizado em 6.

Apds o nascimento, foram utilizados 12 filhotes machos de varias ninhadas,
selecionados aleatoriamente, e divididos em 2 grupos (n=6) de acordo com a dieta materna
durante os primeiros 21 dias pos-natais (periodo de aleitamento ou de lactagdao). Durante a
lactagdo (Figura 5), 6 ratos foram amamentados por maes que receberam dieta experimental a

base de caseina a 17% (AIN-93G) (Rhoster® - Brasil) — grupo nutrido (N), € os outros 6
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foram amamentados por maes que receberam dieta hipoproteica, a base de 8% de caseina
(AIN-93G) (Rhoster® - Brasil) — grupo desnutrido (D) (Tabela 1). Apods este periodo, os
grupos de animais N e D receberam dieta padrdo de biotério com 18% de proteina (Teklad

Global) até o dia dos procedimentos experimentais.

Figura 5. Filhotes em lactacdo

Tabela 1. Composi¢ao da dieta experimental oferecida a ratas lactantes (periodo de lactagdo -
21 dias apos o nascimento da prole). Fonte: Melo et al. (2012) (modificado)

Quantidade/ kg de dieta

Ingredientes Dieta controle (17% caseina)  Dieta hipoproteica (8% caseina)

Caseina 1793 ¢ 793 ¢g

Mix vitaminico* 10g 10g

Mix de minerais** 35¢g 35¢

Celulose 50g 50g

Bitartarato de colina 25¢g 25¢g
DL-metionina 3g 3g

Oleo de soja 70 mL 70 mL

Amido de milho 6502 g 7502 g

* Conteudo do mix vitaminico (mg/kg de dieta): retinol, 12; colecalciferol, 0.125; tiamina, 40; riboflavina, 30;
acido pantoténico, 140; piridoxina, 20; inositol, 300; cianocobalamina, 0.1; menadiona, 80; 4cido nicotinico, 200;
colina, 2720; acido félico, 10; acido paraaminobenzoéico, 100; biotina, 0.6.

**Conteudo do mix de minerais (mg/kg de dieta): CaHPOy,, 17200; KCI, 4000; NaCl, 4000; MgO, 420; MgSQOy,,
2000; Fe,0,, 120; FeSO4-7H,0, 200; elementos trago, 400 (MnSO4 -H,0, 98; CuSO,4-5H,0, 20; ZnSO,4-7H,0, 80;
CoS0,4-7H,0, 0.16; KI, 0.32; amido suficiente para o prepare de 40 g [por kg de dieta]).
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Ao longo do experimento, os ratos foram mantidos no biotério sob temperatura de
23°C £ 2°C e ciclo claro-escuro 12:12h. Dietas (experimental e controle) e agua foram

oferecidas ad libitum até o inicio dos procedimentos experimentais (Figura 6).

Acasalamento
(Ratos Linhagem Wistar)

Aleitamento
(21 dias pos-natal)

/ N\

Nutrido (N) Desnutrido (D)
(17% caseina) (8% caseina)

N~

Pés-lactacdo

Teklad Global Inicio dos procedimentos de
(60-70 dias) coleta de células
musculares

Figura 6. Grupos experimentais segundo a dieta: nutrido (N) e desnutrido (D)

3.4 Curva de Crescimento

Desde o nascimento, e durante todo o periodo de lactagdo, os animais foram pesados a
cada 5 dias (Hettler Toledo XS4001S). Em seguida, o peso foi aferido uma vez por semana
até o0 60° dia de vida. Uma curva de evolugio ponderal foi construida para comparar o peso
adquirido entre os dois grupos (N e D) e, assim, comprovar a eficacia da dieta experimental

em desnutrir os animais (Figura 7 A-B).
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Figura 7 A-B. (7A) Rato no primeiro dia de lactagdo; (7B) Ratos N (calda marcada) e D no
ultimo dia de lactacdo (21° dia de vida)

3.5 Coleta e isolamento de células musculares primarias

Entre 60 ¢ 70 dias de vida, os ratos foram previamente anestesiados e, em seguida,
procedeu-se a eutandsia com xilazina e ketamina (1:1, 100uL/100g), para a coleta dos
musculos solear, gastrocnémio e quadriceps das duas patas posteriores (Figura 8A).
Inicialmente, os musculos coletados foram submersos na solu¢do A, contendo 15mL de PBS,
0,15g de glicose e 80uL Penicilina/Estreptomicina, a 4°C (caixa térmica contendo gelo),
durante todo o procedimento de coleta (Tabela 2). Em seguida, foram retirados dos musculos
toda gordura e tenddes, para que eles fossem colocados num béquer de 30mL, contendo 15mL
da mesma solucdo (A) para, logo em seguida, serem fragmentados com o auxilio de uma
tesoura (Figura 8B). A solugdo foi, entdo, completada com PBS para o volume de S0mL em

tubo Falcon®.
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Figuras 8 A-B. (8A) Coleta dos musculos das patas posteriores; (8B) Remoc¢ao da gordura e
dos tenddes, com fragmentacdo do musculo

Esta solucdo foi centrifugada (Jouan CR3i) a 1000rpm/4min, a 4°C, ¢ o seu
sobrenadante foi recuperado e centrifugado, nas mesmas condigdes, durante 10min. O pellet
de células recuperado através da centrifugacdo do sobrenadante foi ressuspendido em 1mL de
meio de crescimento (DMEM 1g/L glicose, 10% de soro fetal bovino, 10% de soro de cavalo,
2% L-glutamina 4mM e 1% Penicilina/Estreptomicina) e acondicionado a 37°C na
incubadora, em atmosfera de 10% de CO,. As células recuperadas receberam 15mL da
solucdo C, contendo DMEM 1g/L glicose e 1% Penicilina/Streptomicina (solu¢do B) e 0,03g
colagenase II, e incubadas durante 90 minutos em banho-maria, a 37°C, com agitagcdes em
vortex a cada 10 minutos. Durante os ultimos 10 minutos, as células foram ressuspendidas
manualmente com a utilizagdo de uma pipeta automatica. Esta suspensao de células foi, entdo,
centrifugada durante 20min, a 1000 rpm e a 4°C. Nos casos em que ndo houve separagdo
entre células e sobrenadante, a suspensao foi diluida com 35mL de PBS estéril (S0mL final), e

centrifugada novamente a 4°C, a 2000 rpm, durante 20 min.

Uma vez recuperado o sobrenadante das células, este foi separado para uma posterior
centrifugagdo. Adicionou-se 10mL de solu¢dao D (15mL da solugdo B; 0,04g colagenase tipo
II; 2mL Tripsina; 2mL DNAse tipo I a 1g/L de PBS), ¢ o pellet desta suspensdo foi
ressuspendido com uma pipeta automatica, incubado em banho-maria a 37°C, por 20min e,
em seguida, centrifugado a 1000rpm, a 4°C, por 20 min. O sobrenadante foi recuperado e
reservado em tubo Falcon. Em seguida, 15mL da solugdo D foi adicionado ao pellet e esta
solugdo foi levada novamente ao banho-maria, a 37°C, durante 20min. Homogeneizagdes

manuais foram realizadas a cada 5 minutos.
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A partir desta etapa, com o objetivo de substituir os meios enzimaticos, 15mL de meio
de crescimento foi adicionado, homogeneizado e centrifugado a 1000rpm por 20min. O
sobrenadante foi recuperado num tubo Falcon, e o pellet de células recebeu 30mL de meio de
crescimento. A partir desta etapa, a suspensdo de mioblastos estava pronta para ser filtrada
numa membrana de poros de 50um. Todos os sobrenadantes recuperados foram filtrados no
mesmo filtro, a fim de recuperar o numero maximo de mioblastos. Foi obtido, ao menos,

30mL do filtrado para as culturas e contagem de células.

As células musculares primarias foram finalmente contadas em camara de Malassez, e

semeadas em placas de cultura de 10cm?, tratadas para culturas celulares (Figura 9 A-B).

Figura 9 A-B. Camara de Malassez
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A imagem a seguir (Figura 10), resume as etapas de coleta, isolamento e cultura das

c¢lulas musculares primarias.

Coleta do musculo

J T —
Contagem das células
em camara de Malassez

Filtracdo
(500m)

Culturas em triplicata
(25000 células/cm?’)

Eliminagdo de
gordura e
tendbes

Fragmentagio do
musculo com tesoura

Centrifugagao

I

90 min, banho-marno

Centrifugagio

!

Meio de .
Centrif do
Meiode G cenvitvescio @ [[solugso 0

20 min, banho-morio

Figura 10. Sequéncia da coleta, isolamento e cultura de células musculares

primarias

Tabela 2. Solucdes utilizadas na coleta e cultura de células musculares primarias

Solugao A

Solucao B
(reagentes para as solugdes C e D)

Solug¢ao C

Solu¢ao D

Meio de crescimento

Meio de fusao

15mL de PBS

0,15g de glicose

80uL de Penicilina/Estreptomicina
DMEM 1g/L glicose

1% Penicilina/Estreptomicina
DMEM 1g/L glicose

1% Penicilina/Estreptomicina
0,03g de Colagenase II

15mL da Solugdo B

0,04g de Colagenase II

2mL de Tripsina

2mL de DNAse |

DMEM 1g/L glicose

10% SFB

10% SC

2% L-glutamina 4mM

1% Penicilina/Streptomicina
140mL DMEM 1g/L glicose
10mL Soro de Cavalo

2% Glutamina 4mM

1% Penicilina/Estreptomicina
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3.6 Cultura de células musculares primarias

Cerca de 6h antes do semeio das células, as placas de cultura de 10cm® foram
preparadas, adicionando-se 750uL de matrigel (1:500) em DMEM 1g/L glicose (MELO et al.,
2011) (Figura 11).

Figura 11. Placas de cultura semeadas em triplicata

Em seguida, as células foram semeadas em triplicata numa densidade de 25.000
células/cm® (Figura 11), incubadas a 37°C, 10% CO,, durante 10 dias (Figura 12 A-B). Para
cada animal de cada grupo, foram semeadas trés placas controle, e trés placas as quais foram
adicionadas insulina. O meio de fusdo (DMEM 1g/L de glicose, 5% de soro de cavalo, 2% de
L-glutamina 4mM e 1% de penicilina/estreptomicina) foi adicionado a partir do segundo dia,
no qual as células foram mantidas até o décimo dia de cultura. Este meio foi utilizado para

induzir a fusdo dos mioblastos e assim, formar miotubos.

Figura 12 A-B. Incubadora de células (37°C, 10% COy)
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3.7 Estimulacao dos miotubos com insulina

A insulina foi adicionada no segundo dia de cultura, juntamente com o meio de fusao,
numa concentragdo de 10uU/mL (CASSAR-MALEK et al., 1999) e, a cada troca de meio, a

mesma foi reposta na mesma concentragao (Figura 13).

000
000

Figura 13. Para cada rato, as células foram semeadas em triplicata. C = controle; I =
insulina

3.8 Imunocitoquimica

A imunocitoquimica foi realizada com o objetivo de avaliar o potencial de formacao
dos miotubos, baseando-se no protocolo utilizado por Jacquemin et al. (2005).

Ao décimo dia de cultura, as células foram entdo fixadas em paraformaldeido (PAF) a
4% e, para a marcacdo imunocitoquimica, foi utilizado o anticorpo policlonal Anti-Myosin
Rabbit pAb (Ref. 476126, lote D00075180), segundo o protocolo proposto pela Calbiochem®
(Figura 14 A-B).

14A 14B

Figura 14 A-B. (14A) Miotubos imunomarcados com anti-myosin Rabbit pAb; (14B) Nucleos
contra-corados com DAPI
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De cada amostra dos Grupos N e D, foram obtidas 3 fotos, nas quais foram contados
os nucleos incorporados € ndo incorporados pelos miotubos. Esta contagem foi realizada em
triplicata para ambos os grupos (3 amostras controle e 3 amostras com insulina, por rato), € o
resultado foi obtido através da média entre as 3 contagens. A relacdo encontrada entre a
quantidade de nucleos incorporados versus nicleos ndo incorporados revelou a capacidade de

formacdo de miotubos entre os grupos estudados.

3.9 Analise biomecanica das células musculares em cultura

Em cada placa de cultura, 3 filmes de no minimo 30 segundos foram realizados
através de uma camara digital (Canon A620) acoplada a um microscopio de contraste de fase
(Olympus CKX41, Japan) (Figura 15). Estes filmes foram referentes tanto as 3 amostras

controle, quanto as 3 amostras com insulina de cada rato.

Figura 15. Realizagdo dos filmes em microscopio de contraste de fase

O resultado foi baseado na média entre as trés analises. Para tal, os seguintes parametros
foram analisados (Quadro 1):

1. Frequéncia de contragdo (nimero de contragdes por minuto);

2. Amplitude de contragdo (relacdo entre as medidas da contragdo e do relaxamento

medidas através do percentual de encurtamento do miotubo);
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3. Periodo de contragdo ou duracdo da contracdo analisada (relacdo entre o nimero de
imagens entre a contracdo e o relaxamento pelo numero de imagens por segundo,

obtida pela camara fotografica).

Quadro 1. Formulas utilizadas para o calculo dos parametros biomecanicos

Parametros biomecanicos Representacao Formulas

A s - n° contragoes
Frequéncia de Contracdo F F = Tc X 60

Amplitude de Contragdo A %A = Adistincia x 100

distincia do relaxamento

n° imagens entre contragio e relaxamento
n° imagens por segundo

Periodo de Contragao P P =

Para a andlise dos parametros de contragdo 2 e 3, foi necessario fazer a extragcdo de
duas fotografias por cada filme. Estas fotografias representaram a contragdo maxima do
miotubo (encurtamento), bem como o relaxamento méximo (alongamento) do mesmo. Para
extrair as imagens dos filmes, foi utilizado o programa XnView (versao 1.97, Libformat
5.54), enquanto que, para a analise das imagens, o programa ImageJ (versao 1.37v, USA) se
mostrou eficaz na medida do centro de massa dos pontos escolhidos para analise de cada
imagem.

Esses trés parametros foram capazes de revelar uma ideia biomecanica temporaria dos

miotubos em cultura.

3.10 Padronizacio do protocolo de coleta e cultura de células

Diante da necessidade de otimizar os procedimentos de coleta de células musculares,
um estudo piloto foi previamente realizado com ratos Wistar do grupo controle, na mesma
faixa etdria dos ratos que foram utilizados em nosso experimento, com o objetivo de
simplificar os procedimentos de coleta e isolamento destas células. Através do estudo piloto,

no qual foram utilizados 6 ratos machos, foi possivel padronizar os procedimentos de coleta e
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de cultura de células musculares primarias aqui utilizados e, assim, torna-los mais simples
para serem reproduzidos pela comunidade cientifica.
E importante ressaltar que todas as etapas foram otimizadas no que se refere ao seu

tempo de duragdo para a obtencao do numero maximo de células viaveis para a cultura.

3.11 Analise Estatistica

Os grupos experimentais propostos apresentaram uma mesma distribuicdo nos
parametros avaliados e, portanto, para todas as analises, foi utilizado o teste estatistico nao
paramétrico de Mann-Whitney para comparar as diferencas entre os parametros analisados nos
grupos (N e D), em ambas as condi¢cdes (com e sem insulina). Considerou-se uma

significancia de 95%, e 0<0.05 para todos os casos.
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4 RESULTADOS

O resultado deste estudo estd representado sob forma de dois artigos cientificos,
conforme regulamentacdo do Colegiado de Po6s-Graduagdo em Nutricdo, do Centro de

Ciéncias da Saude, da Universidade Federal de Pernambuco.

Artigo 1: IMPROVED PROTOCOL FOR THE COLLECTION AND CULTURE OF
WISTAR RAT PRIMARY SKELETAL MUSCLE CELLS
Submetido ao The Journal of Physiological Sciences (Qualis B2)

Artigo 2: EFFECT OF INSULIN ON THE FORMATION AND FUNCTION OF
MYOTUBE CULTURES FROM YOUNG ADULTS RATS SUBMITTED TO
NEONATAL UNDERNUTRITION

Submetido ao British Journal of Nutrition (Qualis A2)
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Abstract

Cell culture is a useful technique for in vitro studies due to the ability to evaluate cellular responses to various
stimuli; however, the available culture protocols for muscle cells are difficult to reproduce. Here, we propose a
simple and reproducible protocol for primary muscle cell culture, which was developed based on the observation
of morphofunctional myotube formation, the rate of cell proliferation and the potential formation of myotubes
(myotube morphology and percentage of nucleiincorporated using immunocytochemistry). Although
evaluations of the rate of cell replication showed no significant difference (p>0.05), there was intense cell fusion
for the formation of myotubes from the 6™ day of culture. Immunocytochemical labelling was effective for
identifying myotube formation on the 10" day. Our results indicate that this new protocol could be useful for the

culture of primary muscle cells.

Keywords: muscle cells, myoblasts, cell culture, myotubes and tissue engineering.
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Introduction

Cell culture has been widely used as a tool to reproduce tissues in the laboratory for both basic and
applied research [1], with applications in cell biology procedures, pharmacology for the large-scale production of
biological materials and in the engineering cells and tissues. Tissue engineering consists of the regeneration of
living tissues and organs through cell recruitment of the patient’s own tissue and has great potential for the
resolution of various tissue injuries that have few therapeutic alternatives thus far [2, 3].

The field of cell culture has increased in recent years due to the potential of cells to grow and proliferate
in vitro, providing a favourable milieu for procedures that would otherwise require experimental models animal
[4]. Although there are some variations in the morphophysiological responses of cultured cells, the cells are
usually able to accurately represent the tissue in vivo.

The study of muscle cells in culture is a powerful research technique for assessing the differentiation
of muscle growth at the cellular level. However, the collection and culture of this cell line presents barriers to the
development of muscle tissue engineering, in part due to the difficulty of muscle cell isolation, culture and
differentiation [5] and the difficulty to reproduce the protocols available in the literature.

Knowing that the muscle can regenerate after injury, research on the characterisation and function of
muscle cells has been performed with the goal of understanding the behaviour of these cells. Based on this,
myoblasts were initially studied with regard to the treatment of muscular dystrophy [6], but other applications
have been developed over the years, for example, in cardiology through a study [7] testing a cold injury dog
model, with little known about the regenerative potential of cells at that time. As the results of the study were
encouraging, the researchers engaged in preclinical studies aiming to demonstrate the benefits achieved in the
previous study.

Research to simplify and standardise protocols for the collection, isolation and culture of cells is an
important step in muscle tissue engineering. Primary muscle cell culture, which contains satellite cells (unipotent
adult stem cells), can function as an alternative for easy manipulation and acceptance in autologous
transplantation; specifically, to preserve the genetic and immunological characteristics [8, 9]. However, there are
differences in the protocols available for the use of this cell line.

Based on the difficulty of handling this cell line, we developed this protocol for the collection
and primary culture of muscle cells, simplified and adapted, withthe aim of helpingthe scientific
community with a simple and reproducible method for the culture of muscle cells. This method is a potential
research toolin the development of new technologies for the therapeutic treatment of muscle injury of
various etiologies. Accordingly, we discuss the advantages and disadvantages of the application of the muscle

cell culture method proposed in this study.

Methods

This study was conducted in accordance with the guidelines and regulations of the committee of ethics

and safety of the University of Technology of Compi¢gne-France under protocol n° 60-24. We used 6 male



Efeito da desnutricdo neonatal sobre a fungdo e o metabolismo miocitario de ratos adultos jovem
FRAGA, S.N.

48

Wistar rats, aged between 60 and 70 days, which were housed in an air-conditioned bioterium (22+2°C), with a
12 h light-dark cycle and food and water ad libitum.
The solutions used for collection and culture of the primary muscle cells are detailed in Table 1. To

preserve the properties of the reagents used in each solution, they should be stored at 4°C until use.

Collecting and isolating primary muscle cells of Wistar rats

The rats were first weighed and anaesthetised with xylazine and ketamine (1:1), intraperitoneally in the
at the dosage 100 mL/100 g bodyweight. The soleus and quadriceps muscles of the hind legs were collected in a
sterile container containing 30 mL of Solution A (see Table 1) and maintained at 4°C during the collection
procedure.

The cell processing was performed in a Class II laminar flow hood to maintain the sterility of the cell

cultures. The steps of the protocol the primary muscle cells are described below.

1. The muscles were washed in sterile phosphate-buffered saline (PBS). All the tendinous tissue and fat
were removed with the aid of scissors. The muscles were again washed in PBS before being subjected
to size reduction by manual cutting performed using surgical instruments (a scissors or a scalpel).

2. The muscles were triturated in the presence of PBS, and these smaller fragments, together with PBS,
were transferred to a conical tube. PBS was added to a final volume of 50 mL, and the sample was
centrifuged at 150 x g, for 10 minutes at 4°C.

During the centrifugation, Solutions C and D, which were refrigerated at 4°C, were prepared.

3. The supernatant was discarded, and 15 mL of Solution C was added. This suspension was incubated in
a water bath at 37°C for 90 minutes, with moderate vortex agitation every 15 minutes. The last 10
minutes of the incubation are important for the separation of the cells, and manual homogenisation
using an automatic pipette helps to disperse the still intact portion of the tissue.

4. After 90 minutes, the muscle fragments mixed in Solution C became gelatinous. PBS was added to a 50
mL final volume, and the sample was centrifuged at 599 x g for 20 minutes at 4°C. The supernatant was
discarded.

In cases in which the quantification of the primary muscle cell recovery is required, it is advisable to
retain the supernatants after centrifugation. The supernatants should be diluted again in PBS and centrifuged at
599 x g for 20 minutes at 4°C to identify a cell pellet.

5. A 10 mL aliquot of Solution D was added to the pellet of Step 4 and incubated in a water bath at 37°C
for 30 minutes, with medium-intensity shaking every 15 minutes.

6. PBS was added to a final volume of 50 mL, and this suspension was centrifuged at 599 x g at 4°C for
20 minutes. The pellet was suspended in 15 mL Prime Growth Medium (PGM), homogenised with a
electronic pipette, and centrifuged at 150 x g, 4°C for 20 minutes.

The PGM used in this step only serves to dilute and wash the cells in suspension, inactivating all the

enzymes used to this point. The cells were then suspended in 30 mL PGM.

7. The cell suspension was filtered through nylon of 50 pm pore diameter, placed in a glass funnel. The

cells obtained after filtration were counted in a Malassez chamber.
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Primary muscle cell culture of Wistar rats

On the same day of cell collection, 750 pL of Matrigel® solution (BD Biosciences, Le POnt de Claix,
France) in DMEM 1 g/L glucose (1:500) was added to 10 cm?” culture dishes (Nunclon®, USA). The plates were
stored in an incubator under an atmosphere of 10% CO,, for about 6 hours, before the cells were added; 25.000
cells/cm” were plated in each dish. This number was determined by a pilot study with the L6 cell line (LGC,
CRL-1458™ , England).

For each rat, the cells were seeded in triplicate using 2 mL PGM for dish culture; the cells were
maintained in an incubator at 10% CO,. On the second day, the culture medium was partially replaced with
Fusion Medium (FM) - 1 mL; every two days, only half of the total medium in each culture dish was replaced,
with order to provide growth factors necessary, such as horse serum and others, for growth and differentiation of
muscle cells into myotubes were included. The cells were maintained in culture for 10 days, time necessary to

form myotubes.

Cellular differentiation

The cultures were observed daily, and images were captured for each culture dish every two days to
observe cell fusion and the formation of myotubes using a phase-contrast microscope (Olympus CKX41, Japan)

coupled to a digital camera (Canon A620, Japan).

Recovery and counting of cells on the 10™ day of culture

The cells were recovered using a standard trypsinisation technique. By day 10, two culture dishes for
each animal were used to count the rate of cellular proliferation. For this, the culture medium was removed, and
1 mL of 0.25% trypsin-EDTA (Invitrogen®, USA) was added to each dish; the samples were then incubated for 3
minutes under the same atmospheric conditions as the culture.

The enzymatic activity was stopped by adding 0.5 mL bovine foetal serum (Invitrogen®, USA), and the
cells were centrifuged at 216 x g at 4°C for 4 minutes.

After centrifugation, the supernatant was discarded, and the cells were suspended in 1 mL PGM. The

cells were counted using a Malassez chamber.

Immunocytochemistry

In parallel to the progress of the muscle cell culture, on the 10" day, 6 dishes, one for each animal, were
evaluated using an immunocytochemical technique, with the aim of observing the myotube nuclei [10]. The
myotubes were fixed in 4% paraformaldehyde, and the protocol for the use of polyclonal anti-myosin
(Calbiochem®™) was followed according to the manufacturer’s data sheet. The nuclei were counter-stained with

DAPI.
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This technique allowed a better visualisation of the myotubes.

Statistical analysis

The nonparametric Mann-Whitney test was performed to evaluate the rate of cell replication. The
significance level was p < 0.05. GraphPad Prism 5 software (Graph Pad Software, Inc., San Diego, CA, USA)

was used.

Results

Rate of cell replication

The cells were evaluated for their replication rate on the 10" day of culture. In 18 cell cultures, we
observed a cell growth rate of 2.5 + 0.55 (Fig. 1). However, although the number of cells recovered at the end of
culture was twice the initial number (6.2 x 10° + 1.3), the Mann-Whitney statistical test showed that this result

was not significant (p > 0.05).

Culture and cell differentiation

On the 4™ day of culture, confluence was observed in all the culture dishes, and the first myotubes
resulting from the fusion of primary muscle cells could be observed on the 6™ day (Fig. 2).

In addition to the visualisation of the myotubes, their first contractions were also observed on the 6™ day
of culture. On the 10™ day, the myotubes were numerous and contractile; in addition, it was possible to observe

numerous branches.
Immunocytochemistry

Through immunocytochemical labelling, we observed the myotube morphology and the incorporation
of nuclei (Fig. 3).
Discussion

This study used the primary muscle cells of Wistar rats to test the efficiency of a modified method for
the culture of this cell line. The method tested in this study resulted in viable cells from the time of collection

until the end of culture, and the formation of myotubes and their contraction were achieved. The optimisation of

the length of time for the collection and processing of the cells was important to the success of this method.
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The choice of II collagenase is important in the cultivation of primary muscle cells for performing the
dissociation of the cells, in addition to the preservation of the insulin receptor, which, in this case, is essential for
the cells to be able to absorb the glucose provided by DMEM and, thus, perform their biomechanical function,
i.e., the contraction of the myotubes [11, 12]. Due to this, we have chosen continue using this enzyme.

Previous protocols used for the cultivation of these cells, including the protocol of a study published in
2005 [13], entailed a longer incubation time with II collagenase (3 hours), whereas only 2 hours were used in the
present study. The reduction in the contact time of any cell type with the enzyme used for the dissociation of
tissue is important in maintaining cellular viability because the enzymes used in cell culture are able to disrupt
cytoskeletons, thereby, decreasing the capacity for proliferation and differentiation in culture [14]. Thus, the
decrease in the dissociation treatment time was an important difference in the present protocol, particularly in
view of the replication and myotube differentiation rate observed after 10 days of culture.

In cell culture, ethylenediaminetetracetic acid (EDTA) acts as a chelating agent that binds calcium and
prevents the association of proteins, called cadherins, between cells. These proteins, in turn, are transmembrane
proteins that play an important role in cellular adhesion and provide a link between the cells of the same tissue.
Therefore, we chose to use trypsin without EDTA to ensure free calcium in the culture medium for the myotube
biomechanical function: contraction. Trypsin-EDTA was used at the 10™ day of culture only to assist in the
removal of the cells from their dishes.

The reduction of the initial concentration of horse serum (10%) in the PGM to 5% in the FM was
another modification of the protocols available in the literature. Even with this reduction in the horse serum
concentration, it was possible to observe the differentiation of the muscle cells into myotubes. This result
confirms the findings of previous research [5, 15], which reported that a low horse serum concentration (2%) in
the fusion medium achieved good cell differentiation. These studies, however, included other growth and
differentiation factors, such as linoleic acid, ascorbic acid, biotin, vitamin E and extracellular matrix, which
increase the cost and complexity of the culture, even with using a horse serum concentration that was lower than
that reported here.

The formation of a myotube, the morphological and functional unit of muscle, is the result of several
fusions that are stimulated with FM in cell culture. The contraction of these structures is the phenotypic
expression of differentiated cells arranged into myotubes. The developmental process of excitation-contraction
myotubes has been demonstrated in foetal rat cells using Rhodamine (RYR) and Dihydropyridine (DHPR)
receptors [16]; according to this study, the cluster of such receptors was observed after 30 days in myotubes
cultivated according to a conventional method proposed in that work. Although we did not analyse such
receptors, it was observed in our study that the contraction process of the myotubes was already initiated on the
6™ day of culture, indicating that the adjustments made in our protocol facilitated both structural maturation and
also the functional maturation of the myotubes in an in vitro system.

On the 10™ day, immunocytochemistry using polyclonal anti-myosin was performed to assess the
contractile proteins actin and myosin. Another study [10] used this technique to observe the capability of the
myotubes formed in culture by counting the respective incorporated nuclei, obtaining a percentage compared to
the number of nuclei not incorporated into these structures. In our study, this technique was effective to observe

the exact delineation of the myotubes formed, thus confirming the proposed method of cultivation.



Efeito da desnutricdo neonatal sobre a fungdo e o metabolismo miocitario de ratos adultos jovem
FRAGA, S.N.

52

The use of extracellular matrix is critical to assist in the organisation of the tissue to be formed, and this
study used Matrigel® (BD, USA) as a scaffold to perform this function. Matrigel® is able to promote the transport
of nutrients, growth factors and metabolites and to develop the important role of attachment and cell
differentiation [17]; the dilution used for this matrix (1:500 in DMEM 1 g/L glucose) was consistent with that
was used in other study [18]. This high dilution helped in the homogenisation of the cells seeded on the scaffold.
In addition, the low concentration of Matrigel® made the method less costly. It was also observed that the
addition of Matrigel® to the culture plates on the same day of seeding did not interfere with cellular proliferation
and myotube formation because the culture period required for myotube development (6™ day) is in agreement
with a previous report [18] in which Matrigel® was used since the day before cells seeding and myotubes were
observed between days 4 and 7.

The cellular replication rate on the 10™ day of culture, even though not significant, was relevant to our
study, showing that the cells that proliferated during culture fused to form myotubes, thus confirming the success
of this method. The resulting fusion of the cells was well measured by labelling and immunocytochemistry
through which it was possible to observe each nucleus inside of the myotubes formed, with the nuclei originating
from the replicated myoblasts.

The primary muscle cell culture system presented here is a powerful tool for the development of
myotubes in vitro system. The protocol proposed here proved to be reproducible, and it was possible to obtain
results consistent with previous studies because both the morphology and functionality of myotubes were
confirmed by this technique.

Accordingly, we suggest that this study will serve as the basis for the development of muscle tissue
engineering due to both the method simplification and the quality of the material obtained in culture. Thus, we
propose that this method will contribute to the development of strategies that make possible the treatment of

muscular dystrophy, tumours, and other diseases that promote the loss of skeletal muscle tissue.
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Figure Captions

Fig. 1. Cell number seeded (day 0) and recovered at final culture (10™ day), n=18. The results are the mean
values, with the standard error of the mean represented by vertical bars (significance level 5%) using the
nonparametric Mann-Whitney test.

Fig. 2. Representative picture of the development of primary muscle cell cultures of a random rat. (a) 2™ day of
culture; (b) 4™ day of culture; (¢) 6™ day of culture; (d) 8" day of culture; (e) 10" day of culture.

Fig. 3. (a) Myotubes of a random rat labelled with a polyclonal antibody against myosin. The nuclei were stained
with DAPI. (b) Negative control. (x 100).
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Fig. 2
Click here to download high resolution image

Fig.2
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Fig. 3
Click here to download high resolution image
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Table
Table 1. Solutions used in the primary muscle cell collection and culture
APPROXIMATE
SOLUTION COMPOSITION VOLUME USED
PER RAT

30 mL PBS
0.3 g Glucose

SOLUTION A 30 mL
160 uL Penicillin/Streptomycin m

SOLUTIONB 45 mL DMEM 1 g/L glucose

(Reagent CandD 450 uL Penicillin/Streptomycin 15 mL

solution)

15 mL solution B

SOLUTION C (.03 g II Collagenase 15 mL
15 mL solution B
0.04 g I Collagenase

SOLUTIOND 2 mL Trypsin without EDTA 10 mL
2 mL I DNase (stock solution:10 mg I DNase in 10 mL of PBS)
120 mL DMEM 1 g/L glucose

PCM 15 mL Foetal Bovine Serum
(Prime Growth 15 mL Hors.e Ser.um ' 45 mL
Medium) 2% Glutamine (final concentration 4 mM)
1% Penicillin/Streptomycin
140 mL DMEM 1 g/L glucose
FM 10 mL Horse Serum Variable

(Fusion Medium)

2% Glutamine (final concentration 4 mM)
1% Penicillin/Streptomycin
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Abstract

Maternal nutritional deficiency during the lactation period can influence the formation and
maturation of several physiological systems in adulthood of offspring. Skeletal muscle tissue,
as a protein reserve in the body, is particularly sensitive to protein undernutrition, and its
formation and differentiation is regulated by several transcription factors, such as insulin. In
the present study, we determined whether the presence of insulin in primary muscle cell
cultures of rats that were undernourished in the neonatal period alters the cytological and
biomechanical profiles of the myotubes formed in culture. Lactanting Wistar rats were fed a
casein-based diet from 1-21 days of lactation (state how undernutrition was achieved). When
the offspring were 60-70 days of age, primary muscle cells of the leg
(soleus, gastrocnemius and quadriceps) were harvested and cultured in the presence or
absence of insulin and biomechicanical and cytological parameters measured. The
experimental  diet promoted a  decreasein  weight  gain until adulthood in  the
undernourished rat group and changed the insulin sensitivity of the muscle cells in the
primary cultures. The myotubes from undernourished offspring were narrower and less
branched. Insulin reduced the incorporation capacity of nuclei to form myotubes, increased
the number of contractions per minute and reduced the period of contraction in
undernourished rats. These data highlight the possible metabolic and biomechanical changes

are unchained by nutritional deficiencies in the neonatal period.
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Introduction

Maternal nutritional deficiency during the crucial period of offspring growth and
development can interfere with the formation of several organ systems due to changes in the
pattern of cellular events, with deleterious consequences both for the acquisition of the
physiological patterns of a mature organism'" and for the occurrence of necessary metabolic
reactions to maintain physiological homeostasis. According to a previous study*”, the long-
term consequences on the body will depend on the intensity and duration of the nutritional
changes.

During the critical growth period, known as the plasticity developmental period”, the
nutritional, hormonal and metabolic environments offered by the mother can permanently
programme the structure and physiology of her offspring, a phenomenon known as metabolic
programming®™®. Through this phenomenon, a certain genotype is able to express diverse
morphological and physiological states in response to different environmental conditions

), as shown by a study® in which the authors affirm that mechanisms

during developmen
induced by this programming alter genetic expression. A permanent reduction of the number
of cells in the organs and tissues occurs in consequence of adverse environmental effects,
such as a protein deficiency during this critical period.

Protein-calorie undernutrition is associated with the functional impairment of various

systems and tissues, such as weakening of the cell and humoral immunity®

(10)

, a prolonged cell
cycle of bone marrow lineages"” and changes in the rate of apoptosis''"'?. The skeletal
muscle tissue, as a protein reserve in the body, is particularly sensitive to protein
undernutrition; thus, protein deficiencies that are usually dietary lead to changes in the phase
of growth, development and muscle fibre differentiation'*"?.

The formation of muscle fibres is regulated by several transcription factors, such as
MyoD, myogenin, Myf5 and Myf6""”, while the differentiation of these fibres depends on the
innervation and performance of hormonal factors, such as insulin and IGF-1"*2%. These
hormonal factors are involved in the activation and proliferation of various myogenic cells
and act as important intracellular regulators, such as PI3-K/Akt, resulting in a cascade of
activation of targets required for protein synthesis and, consequently, for myotube formation.

Some studies have contributed to the elucidation of energy changes in the muscle cell
resulting from undernutrition, since it undernutrition is capable of causing enzymatic

deplation, mitochondrial disorders and changes in the transmembrane potential and oxidative

phosphorylation*” and increase sensitivity to insulin in the soleus muscle of undernourished
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rats??. Futhermore, the protein focal adhesion kinase (FAK) regulates insulin action in
skeletal muscle'™, but did not correlate those findings with any undernourished animals.
The fusion of myogenic precursor cells is a key event in the development and repair of

skeletal muscle®*29

, and the control of this process is important for the development of future
biotherapies using myogenic precursor cells (satellite cells). However, few studies investigate
the effects of neonatal undernutrition on cell fusion and biomechanical profiles of muscle
cells in culture.

Thus, the objective of this study was to evaluate the effect of neonatal undernutrition
on cell fusion and myotube formation in culture and to examine the contraction capacity of
myotubes in response to insulin. For that purpose, both morphological and biomechanical

aspects were addressed.

Materials and Methods

Animals and diets

This study was conducted according to the guidelines and regulations laid down in the
committee of ethics and safety of the University of Technology of Compicegne (n° 66-20). We
used 12 male Wistar rats, under the conditions of a controlled temperature (22 + 1°C), 12 h
light-dark cycle and water and food available ad libitum. During lactation (21 days), mothers
received an experimental diet based on 17% casein (Rhoster™-Brasil) — Nourished group (N),
while another group of mothers was subjected toa low-protein diet based on 8%
casein (Rhoster”-Brasil) — Undernourished group (U), according to the recommendations of
the American Institute of Nutrition 93G*”. Were standardized 6 animals per mother, and
offspring were birth weights similar. After this period, at weaning, both the N and U animal
groups received a standard diet with 18%
protein (Teklad Global 18% protein rodent diet; Harlen Teklad-France) until the day of the
experimental procedures, to provide these animals essential elements for their development.
The animals were weighed every 5 days during lactation (0-21 days), and then the weight was

measured every week until the day 60 of life.
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Collection and isolation of primary muscle cells

Between the 60 and 70 days of age, the animals were anesthetised and euthanised with
ketamine and xylazine (1:1, 100 pL/100 g) for the collection of soleus, gastrocnemius and
quadriceps muscles in both of the hind legs. Fat and tendons were removed, and the muscles
were cut into small pieces. Then, the muscles cells were separated into two enzyme solutions
(15 mL DMEM 4.5 g/L of glucose, 1% antibiotic solution, 0.2% type II Collagenase and 15
mL DMEM 4.5 g/L of glucose, 1% antibiotic solution, 0.3% type II Collagenase, 10.5%
Trypsin and 10.5% DNase) for 90 and 30 minutes, respectively. The cells were filtered in a 50
um sieve, counted in a Malassez hemocytometer, and then seeded in Pétri dishes, as

previously described®.

Primary muscle cell cultures

All products for cell culture except Matrigel were from Gibco (InVitrogen®, Cergy-
Pontoise, France). Approximately 6 h before the experiment, 10 cm® Pétri dishes (Nunclon®)
were coated with 750 pL Matrigel® (BD Biosciences, Le Pont de Claix, France) diluted 1:500
in DMEM 4.5 g/L of glucose and kept in a 100% humidified incubator at 37°C with 10%
CO,. Later, the cells were seeded (2.5x10° cells/10 cm” dish) in 2 mL Prime Growth Medium
(PGM) containing DMEM 4.5 g/L of glucose, 10% foetal bovine serum, 10% horse serum, 4
mmol/L L-glutamine and 1% antibiotic solution, and they were grown in a 100% humidified
incubator at 37°C in an atmosphere of 90% air/10% CO, for 48 h. For both the N and the U
animal groups, the dishes were seeded in triplicate, where three dishes were seeded without
insulin (control, Nc and Uc) and three dishes with insulin (insulin, Ni and Ui). The PGM was
then replaced by Differentiation Medium (DM) containing DMEM 4.5 g/L of glucose, 5%
horse serum, 2% L-glutamine and 1% antibiotic solution) and changed every 2 days. Insulin

(10 pU/mL) was added from the 2™ day of culture®®. The cells were cultured for 10 days.
Cell proliferation and immunocytochemistry
To evaluate the rate of cell proliferation after 10 days of culture, cells of all dishes of

cultures, control group and the insulin group of N and U animals, were trypsinised and

counted in a Malassez hemocytometer.
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Immunocytochemistry was assessed to evaluate the potential formation of myotubes,
based on the protocol used with human myoblasts®.

On the 10" day of culture, cells were fixed in 4% paraformaldehyde (PAF), and rabbit
polyclonal anti-myosin antibody (Calbiochem®- Germany) was used according to the protocol
according to the manufacturers instructions.

From each sample of the N and U groups, 3 images were captured randomly and were
used to count the incorporated and unincorporated nuclei in myotubes®. This count was
performed in triplicate for each animal in all groups (3 control samples: Nc and Uc and 3
insulin samples: Ni and Ui of each animal), and the result was obtained using the average of

the three counts. The association between the number of incorporated and unincorporated

nuclei revealed the ability to form myotubes.
Biomechanical analysis of myotubes in culture

In every culture dish, three 30-second films were captured on the 10™ day of culture
using a digital camera with a frequency of 30 frames per second (Canon A620-France)
coupled with a phase contrast microscope (Olympus CKX41-Japan). Images of the
contraction and relaxation of myotube films were captured through the programme XnView
(version 1.97, Libformat 5.54-France) and analysed with the programme Imagel (version
1.37v, USA). Three parameters were analysed based on the measures of distance between the
relaxation and contraction points (xy coordinates) of the chosen points in the studied images:
(1) contraction number (per minute); (2) shortening due to contraction (%) and (3) period of

(30-

contraction®®?. These parameters were calculated according to the formulas given in table

1.
Statistical analysis

For all analyses, we used the nonparametric statistical Mann-Whitney test to compare
the differences among groups. The data are presented as means + SD, and the results were
considered statistically significant for p<0.05. GraphPad Prism 5 software (Graph Pad
Software, Inc., San Diego, CA, USA) was used.
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Results

Growth Curve

During of lactation period, the weight of the Nourished (N) and Undernourished (U)
animals differed from the 6™ day of age (N =17.9 + 1.7 and U = 14.4 + 1.0) (Figure 1). At the
21" day, the weight difference (approximately 27 g) between the N and U groups was
significant (N = 67.8 £ 3.0 and U =40.7 + 1.9).

In the post-lactation period, in which offspring were fed a normal protein diet with
nutritional supplementation, there was also a reduction in weight gain in the U group
compared to the N group (N =394 + 28.4 and U = 342.7 + 20.7) (Figure 2). At the sixth week

after the end of lactation, the weight difference between the groups was approximately 50 g.

Cell proliferation

In all conditions, no difference was found in the rate of cell proliferation in myoblast
cultures (Nc = 2.61 = 0.56; Ni = 2.49 £+ 0.51; Uc = 3.12 £ 0.92 and Ui = 2.77 = 0.81).
However, Figure 3 shows that cell proliferation tended to increase in animals that suffered

undernutrition, regardless of the presence of insulin.

Immunocytochemistry

Immunocytochemistry was used to evaluate the potential formation of myotubes
between the N and U groups (Figure 4). Myotubes were well developed and branched in Nc
and Ni cultures (Figure 4 A and 4 B), and they were poorly developed in Uc and Ui cultures
(Figure 4 C and 4 D). Based on the percentage of nuclei incorporated into myotubes (Figure
5), there was no difference between the Nc and Ni cultures (14.9 + 3.3 and 16.9 + 9.5,
respectively). The presence of insulin did not change the percentage of nuclei incorporated in
Ni cultures (p>0.05). A lower number of incorporated nuclei ware measured in Ui cultures

(7.0 £ 5.6) compared to that in Uc culture (11.5 £ 8.9) (Figure 5).
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Biomechanical analysis

Three parameters were evaluated for the biomechanical analysis of myotubes in
culture: (1) the contraction number, (2) the shortening due to contraction and (3) the period of
contraction.

The contraction number was presented in Figure 6. Comparing groups Nc and Uc, no
difference was found (Nc = 17.6 = 1.8, Uc = 16.4 £+ 3.6). However, comparing control and
insulin-treated cultures, it was observed that approximately 11 contractions more per minute
were found in the Ui and Ni cultures than in the Nc and Uc cultures, respectively (Ni =29.2 +
3.8 and Ui =28.2 £ 4.2).

The shortening percentages due to contraction (Figure 7) were not significantly
different in Uc vs Nc cultures, though values tended to be lower in Uc cultures. Insulin did not
change the results in Ni vs Nc cultures. Even though Figure 7 shows an increase in this
variable in Ui group, there was no statistical difference when compared to the Uc group (p =
0.0687).

The results presented in Figure 8 shows the period of contraction (duration of a
contraction). Were not different in Uc vs Nc cultures. The insulin presence in group N cells
increased the contraction period (Ni = 1.2 + 0.9 vs Nc = 0.8 £ 0.3), while in the U group, a
decrease was observed (Ui = 0.8 = 0.1 vs Uc = 0.9 £ 0.2), with p>0.05. The analyses revealed
that there were reduced contraction periods in the Ui group compared to the Ni group

(p<0.05). The Nu and Uc groups were similar.

Discussion

In this work, we studied the effect of maternal diet with a low protein concentration
during the lactation period on the weight gain of the offspring. Previous studies have shown
that nutritional deficiency during the critical growth period has an effect throughout
adulthood, and the consequences are evident in the weight reduction until the appearance of
metabolic diseases™. In our study, we demonstrated that a maternal diet with 8% casein,
even though it was able to provide essential amino acids®® during the lactation period,
effectively reduced the weight of offspring, confirming studies previously conducted with the

same model of undernutrition®.

The skeletal muscle tissue plays a central role in the energy metabolism of the body®>

and is formed and developed during pregnancy, when the number of muscle fibres has already
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been established. Therefore, maternal nutrition during this period has several effects that may
recur throughout the adult life of the offspring, like explain the epigenetics®®. The immediate
postnatal period also represents a stage in which nutritional manipulation can still alter the
maturation of the muscle fibres formed earlier®”. During muscle development, embryonic
precursor cells undergo differentiation into myotubes (fusion of myoblasts) and maturation in
muscle fibres®**?,

Our study also evaluated cell proliferation and the ability to form myotubes in cell
cultures of rats submitted to undernutrition that were stimulated or not with insulin. However,
the results only reflected the effects of undernutrition on the body, which include a tendency
towards an increasing rate of cell proliferation, such as showed in Figure 5, but without a
significant difference, and reductions of the ability to incorporate nuclei and to form
myotubes.

In the immediate postnatal period, several physiological and metabolic mechanisms
have not yet reached full maturity and continue in the process of maturation. Studies*'*?
have shown that during this postnatal period, the pancreatic islets and neurons of rodents
continue to develop, confirming the hypothesis of a critical window period for development.
Therefore, nutritional changes at this time are able to programme certain metabolic functions
throughout life. Based on reported results, the cell proliferation and formation of myotubes
during this period may be influenced by a maternal protein deficiency during lactation. In a

4(37), our model of undernutrition was able to reduce the number of

study conducted in 200
nuclei in the muscle fibres of offspring whose mothers received protein-restricted diets,
indicating a reduction in muscle cell proliferation. In our study, we did not observe a
difference in cell proliferation among the groups, suggesting that undernutrition does not alter
the mitogenic effect of insulin sensitivity in muscle cells. However, despite an increasing
tendency towards cell proliferation in undernourished animals, our data show that the
presence of insulin still reduced the incorporation of nuclei during myotube formation,
resulting in the development of narrower and less branched myotubes. Although insulin
stimulates myogenesis, its effect can be influenced by undernutrition during lactation. Our
study shows that in group N cultures, insulin did not change the incorporation of nuclei into
myotubes, although the insulin shown a myogenic ability®. Therefore, the effect of insulin is
still susceptible to the nutritional conditions imposed during the critical period of
development, were nutritional changes can affect several molecular and physiological

mechanisms in throughout the life!"®.
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Muscle dysfunction is a common occurrence in malnutrition, and loss of muscle mass

contributes significantly to the damage of this condition. A study*”

that investigated animals
that passed through a prolonged period of malnutrition observed that the animals had
deleterious changes in muscle structure, whereas the dry weight and wet muscle, thickness,
composition and fibre size were not modified. The results reported in this study indicate that
prolonged malnutrition can cause deleterious changes in the structure of this tissue that may
impair its ability to generate force. In our study, we observed a similar result in cultured
primary muscle cells.

Biomechanical parameters were measured at the 10" day of culture; we observed the
contraction number, shortening percentage due to contraction and the period of myotube
contraction. The contraction numbers observed among the groups showed that myotubes of Ni
and Ui animals were increased in the presence of insulin, significantly in both groups when
compared to their respective controls (Nc and Uc). Such results indicate that the myotubes
from U animals had the capability to respond to insulin under these experimental conditions.
To account for the total metabolism of a man, it is estimated that the muscle is capable of
storing 20% more glucose than the liver (glycogen); because of this, insulin is a major player
in muscles’ ability to absorb glucose and to generate glycogen. When phosphorylated, the
insulin receptor IRS-1 increases the affinity of glucose with the GLUT-4 transporter in muscle
cells, thus increasing the main metabolic fuel supply to muscles when starting their
contractions. A limitation in protein intake by the mother during pregnancy and/or lactation in
rats alters the expression of genes involved in lipid homeostasis™”, in glucocorticoid receptor
expression and in the enzymes that can inactivate its expression*. Based on these roles, we
might hypothesise that the model of undernutrition used in this study could have changed the
contraction numbers of the myotubes treated with insulin in both the Ni and the Ui groups.
However, the contraction numbers remained similar between the Nc/Uc and the Ni/Ui groups.
Comparing the groups that received insulin and the control group, there was a greater number
of contractions in the groups with insulin (Ni and Ui), regardless of the diet during lactation.

Striated muscles may develop into various sizes according to the function each
performs; therefore, the amplitude of contraction is proportional to its size. A long muscle has
a higher amplitude, so its ability to shorten is greater than that of a muscle-type penniform
with smaller fibres but a larger potency“®. A recent study using a maternal low protein diet
during lactation showed that myotubes in culture from the offspring were less branched than
their respective controls, similar to our results. In our study, the shortening percentages due to

contraction of all the groups presented were similar, despite a reduction shown on the graph in
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the shortening between the Uc and Nc groups. However, the myotubes in the Ui groups
compared with those in the Uc groups have a slight tendency to increase the shortening
percentage in the presence of insulin, which attests to the ability of myotubes from U animals
to respond to insulin under our experimental conditions. Our results agree with a study
conducted in 2011%; the decrease of the ramifications in myotube cultures from
undernourished rats can contribute to a longer length and consequently can increase the
contraction amplitude (shortening percentage due to contraction) among them.

To complete the analysis of biomechanical parameters, was evaluated the period of
contraction in the myotube cultures, which was measured by the time that a myotube
remained contracted. Muscle contraction is a result of the interaction between the proteins
actin and myosin that requires the availability of Ca>" and glucose as glycogen for performing
this function, both provided by the culture medium. The period of contraction will be
obviously proportional to the amount of glycogen stored in the myotube, which in turn
depends on how much glucose was absorbed. If neonatal undernutrition can alter the
metabolic and physiological functions in adulthood, it is likely that it is also responsible for
the behaviour of glucose uptake by muscles, which involves glucose absorption through the
translocation of GLUT-4 and the expression of insulin receptors in these cells. In our study,
the period of contraction in the Ui group decreased compared to the Uc group. In this case, we
believe that the amount of glycogen in the Ui group was insufficiently available to maintain
the myotube contraction for a longer period of time. Epigenetic studies could explain this
fact®”, as it is based on gene expression secondary to environmental influence. Thus, a
change may have occurred in the expression of the genes that regulate the expression of

insulin receptors in myotubes from undernourished groups.

Conclusions

In conclusion, protein restriction during lactation followed by nutritional
supplementation at weaning altered the morphological and biomechanical profiles in cultures
of adult rat myotubes. Although myocyte differentiation occurred normally, undernutrition
was able to reduce the fusion capacity of primary muscle cells in myotubes, suggesting that
the muscle tissue exhibited a reduced sensitivity to insulin. However, in the case of
biomechanical parameters, undernutrition altered insulin sensitivity, which was demonstrated
by a decrease in the period of contraction that resulted from metabolic changes unchained by

nutritional hostility in the neonatal period.
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Figure Captions

Figure 1. Body weight of pups from mothers fed a low-protein and normal-protein diet
(Nourished, casein 17% or Undernourished, casein 8%) during the lactation period. Analysis
was performed every 5 days (n = 6 in each group). The results are mean values, with the
standard error of the mean represented by vertical bars. (¥*p<0.05) compared with the N group
using the nonparametric Mann-Whitney test.

Figure 2. Body weight of pups from mothers fed a low-protein and normal-protein diet
(Nourished, casein 17% or Undernourished, casein 8%) during the post-lactation period.
Analysis was performed once a week (n = 6 in each group). The results are mean values, with
the standard error of the mean represented by vertical bars. (*p<0.05) compared with the N
group using nonparametric Mann-Whitney test.

Figure 3. Rate of cell proliferation from the 10" day of culture (n = 18 in each group). The
results are mean values, with the standard error of the mean represented by vertical bars. We
used the nonparametric Mann-Whitney test, with p<0.05.

Figure 4. Myotubes of Nourished (N) and Undernourished (U) animals, with insulin (i) and
without insulin (c), labelled with rabbit anti-myosin PAb (Calbiochem®). Nuclei were stained
with DAPI. (A) Nc, (B) Ni, (C) Uc and (D) Ui. (x 100).

Figure 5. Percentages of incorporated nuclei in myotubes (n = 9 in each group). The results
are mean values, with the standard error of the mean represented by vertical bars. We used the
nonparametric Mann-Whitney test, with * p<0.05 between Ui and Uc groups.

Figure 6. Contractions (number/min) of myotubes in culture between N and U animals,
stimulated or not with insulin (n = 18 in each group). The results are mean values, with the
standard error of the mean represented by vertical bars. (*p<0.05) compared with the Nc and
Uc groups using the nonparametric Mann-Whitney test.

Figure 7. Shortening percentage due to the contraction of myotubes in the cultures of the N
and U rats, stimulated or not with insulin. Analysis was performed on the 10" day of culture
(n = 18 in each group). The results are mean values, with the standard error of the mean
represented by vertical bars. Nonparametric Mann-Whitney test, with p=0.0687 between Nc
and Uc.

Figure 8. Periods of contraction in myotube cultures of Nourished (N) and Undernourished
(U) rats, stimulated with insulin (i) or without it (¢) (n = 20). The results are mean values,
with standard error of the mean represented by vertical bars. (¥*p<0.05) compared with Ni
using the nonparametric Mann-Whitney test.
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Table 1. Formulas used to calculate the biomechanical parameters of myotubes in culture

Parameter analysed

Formulas

Contraction number

Shortening due to
contraction

Period of contraction

contraction number
N = 30 x 60

A distances

% SC = - - x 100
relaxation distances

number of images between
contraction and relaxation
number of images per second
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5 CONSIDERACOES FINAIS

As ultimas linhas dessa tese se designam a uma tentativa de reunir os achados desta
pesquisa ao longo do seu desenvolvimento. A principio, tinhamos o objetivo de encontrar um
método que fosse capaz de esclarecer as diferencas morfologicas e funcionais de miotubos em
cultura entre os animais N e D, na presenga ou nao da insulina. Entretanto, ao longo de seu
desenvolvimento, foi percebida a necessidade de otimizar e de padronizar o protocolo de
coleta e de cultura das células musculares primarias de ratos Wistar utilizado em estudos
anteriores (CARRASCO et al., 2003; MELO et al., 2011), em decorréncia da diversidade e

das dificuldades entre os protocolos disponiveis na literatura.

A otimizacao de tal protocolo se mostrou eficiente no desenvolvimento das células
musculares cultivadas assim como os demais protocolos disponiveis na literatura, uma vez
que possibilitou o desenvolvimento morfologico e funcional destas células através da
formacgdo e da contracao dos miotubos em cultura. Entretanto, algumas vantagens observadas
foram destacadas apds a sua otimizacdo, tais como a simplificagdo dos procedimentos, o

tempo reduzido desde o cultivo até a formagdo dos miotubos, bem como o menor custo.

A otimizagdo do protocolo de cultura de células musculares também foi capaz de
viabilizar o desenvolvimento de miotubos em cultura e, portanto, se apresentou como uma
ferramenta importante para a engenharia de tecidos. Além disso, através da metodologia
otimizada nesta pesquisa, foi possivel desenvolver analises dos miotubos, em apenas 10 dias,
que permitiu identificar e caracterizar algumas alteracdes musculares desencadeadas pelo

modelo experimental de desnutricao proposto, principal propdsito deste estudo.

Em pesquisa anterior realizada por Melo ef al. (2011), foi observado que a desnutri¢ao
neonatal, mesmo seguida de reposicao nutricional, ¢ capaz de alterar tanto a morfologia
quanto a fisiologia dos miotubos em cultura de ratos Wistar. Em nosso estudo, o perfil
morfofuncional destes miotubos, tragcado através do método desenvolvido para avaliar os seus
parametros biomecanicos (contragdo e relaxamento) no mesmo modelo de desnutrigdo,
possibilitou a caracterizagdo das alteragdes morfofuncionais encontradas no trabalho

supracitado e, assim, comprova-las.
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O método otimizado nesta tese foi, entdo, capaz de confirmar os resultados do estudo
anterior por meio das medidas de frequéncia de contrag¢do dos miotubos, através da qual foi
avaliado o niimero de contragdes por minuto; da amplitude de contra¢do, que se referiu ao
potencial de encurtamento dos miotubos; e do tempo de contragcdao (periodo de contragdo),
medida que se relacionou a forga muscular. Além disso, € como complementacdo deste
trabalho, o percentual de incorporagdo de nucleos, técnica adotada por Jacquemin et al.
(2005), denotou a capacidade que cada um dos grupos experimentais apresentava em forma-
los e, portanto, se seriam capazes de apresentar maior ou menor for¢a muscular durante o

processo de contragao.

Através de tais procedimentos, foi possivel caracterizar o perfil biomecanico das
células musculares em cultura, e assim confirmar nossa hipotese inicial de que a desnutricdao

neonatal € capaz de alterar a biomecanica do musculo de ratos.

Alguns estudos realizados anteriormente, tais como os de Oliveira et al. (1999); Alves,
Déamaso e Dal Pai (2008), além do estudo de Melo et al. (2011), mostram que a desnutri¢ao
neonatal produz um déficit no ganho energético. Assim, nds esperavamos que a perda
energética promovida pela desnutricdo também fosse refletida nos parametros relacionados a
contragdo e ao relaxamento dos miotubos. Por isso, esta pesquisa procurou verificar a agao
que a insulina exerce no musculo de ratos submetidos a desnutricdo, uma vez que ela ¢
fundamental para a captacao da glicose pelas células musculares, para que esta seja estocada

em forma de glicogénio, a reserva de energia muscular.

Através dos dados coletados sobre a acdo da insulina nas células musculares em
cultura, € possivel afirmar que a desnutricdo neonatal aumenta a sensibilidade dos miotubos a
tal hormodnio peptideo, que culmina na modificacio de alguns de seus parametros
biomecanicos. Este dado comprovou outra hipdtese, a de que o organismo sofre alteragdes de
suas caracteristicas epigendmicas quando exposto a estimulos nutricionais, tal como a
manipulagdo nutricional no periodo neonatal. Com isso, ¢ possivel inferir que, embora a
miogénese aconteca nos periodos embrionario e fetal, o periodo neonatal ainda se comporta
como uma “janela de plasticidade celular” da fase critica de crescimento e desenvolvimento

para o tecido muscular.

Apesar da insulina atuar como fator estimulador da miogénese, € possivel considerar

que a desnutricdo compromete esta funcdo, visto que o estimulo a replicacdo das células



Efeito da desnutricdo neonatal sobre a fungdo e o metabolismo miocitario de ratos adultos jovem
FRAGA, S.N.

86

musculares em cultura nao resultou no aumento da fusao de tais células. Neste caso, a funcao
miogénica da insulina se resumiu apenas ao aumento da replica¢do celular, provavelmente
como uma forma de garantir o nimero de células necessarias para formar os miotubos, ao
passo que a fusdo destas mesmas células, fendmeno inerente a miogénese, ficou
comprometida neste modelo experimental, e acarretou na modificacdo do perfil biomecanico

dos miotubos em cultura destes animais.

Neste sentido, este estudo corrobora com a tese de que os organismos neonatos
também sdo sensiveis as variagdes nutricionais maternas, cujas consequéncias repercutem ao
longo da vida. Entretanto, a maior parte dos estudos que envolvem desnutricdo e o tecido
muscular estd relacionada ao periodo pré-natal, provavelmente devido ao fato da miogénese
acontecer nesta fase da vida. Portanto, a linha de pesquisa que envolve os estudos
epigenéticos pode ser capaz de justificar os resultados aqui apresentados, além de mostrar que
o periodo em que ocorreu a manipulagdo nutricional (periodo neonatal) pode promover
interferéncias significativas na biomecanica muscular, ao contrario do que alguns

pesquisadores acreditavam.

Assim, ¢ importante o desenvolvimento de estudos dispostos a elucidar quais seriam
as modificagdes epigenéticas que justificariam as alteracdes observadas nos miotubos de
animais desnutridos no periodo neonatal, em decorréncia da alteracdo a sensibilidade
insulinica. Talvez estudos que envolvam a dindmica de assimilagdo da glicose, através da
translocacdo do GLUT-4 e a consequente produgdo de glicogénio pelos miotubos, bem como
o padrao de acetilagdo e metilacdo de histonas e de bases nitrogenadas de genes das células
musculares, associados a analise de possiveis polimorfimos dos receptores de insulina nessas
células, constituam novas perspectivas de estudo no campo da repercussdo da desnutricdo

neonatal na vida adulta.

Além disso, tal elucida¢do epigenética do tecido muscular esquelético durante o
desenvolvimento neonatal e na vida adulta, podera ser uma estratégia experimental para gerar
células-tronco musculares, seja por reprogramagdao de células-tronco embriondrias, ou por
induzir pluripoténcia nas células musculares esqueléticas adultas, bem como para elucidar a
capacidade muscular em se contrair e se manter em contragcdo, conforme pesquisa realizada

nesta tese.
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Portanto, ¢ importante continuar esta pesquisa para que 0s questionamentos que
surgiram ao longo desse tempo possam ser respondidos, € que dessa maneira, eles possam
esclarecer de que forma as alteracdes nas células musculares de animais que sofreram
desnutri¢ao podem ser revertidas, para que estas células possam ter o mesmo desempenho das

que nao passaram por esse tipo de agressao nutricional.
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Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol
Med. doi:10.1007/s001090000086
- Book
Hirabayashi Y, Igarashi Y, Merrill AH Jr (2006) Sphingolipid biology. Springer, Tokyo
- Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern
genomics, 3rd edn. Wiley, New York
+ Online document
Doe J (1999) Title of subordinate document. In: The dictionary of substances and their

effects. Royal Society of Chemistry. Available via DIALOG. http://www.rsc.org/doseftitle of
subordinate document. Accessed 15 Jan 1999

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title
Word Abbreviations, see http://www.issn.org/2-22661-LTWA-online.php

TABLES

- All tables are to be numbered using Arabic numerals.
# Tables should always be cited in text in consecutive numerical order.

- For each table, please supply a table title. The table title should explain clearly and
concisely the components of the table.

- Identify any previously published material by giving the original source in the form of a
reference at the end of the table title.

& Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

ARTWORK
* Electronic figure submission
& Supply all figures electronically.

 Indicate what graphics program was used to create the artwork.

- For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MS
Office files are also acceptable.

# Vector graphics containing fonts must have the fonts embedded in the files.

=+ Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.
*Line art

e Definition: Black and white graphic with no shading.

e Do notuse faintlines and/or lettering and check that all lines and lettering within the figures
are legible atfinal size.

e All lines should be atleast 0.1 mm (0.3 pt) wide.

e Line drawings should have a minimum resolution of 1200 dpi.

* Halftone art
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Definition: Photographs, drawings, or paintings with fine shading, etc.
If any magnification is used in the photographs, indicate this by using scale bars within the
figures themselves.

Halftones should have a minimum resolution of 300 dpi.

» Combination art

Definition: a combination of halftone and line art, e.g., halftones containing line drawing,
extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

* Colorart

Color artis free of charge for online publication.

If black and white will be shown in the print version, make sure that the main information will
still be visible. Many colors are not distinguishable from one another when converted to
black and white. A simple way to check this is to make a xerographic copy to see if the
necessary distinctions between the different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.

Color illustrations should be submitted as RGB (8 bits per channel).

* Figure lettering

i To add lettering, itis best to use Helvetica or Arial (sans serif fonts).

- Keep lettering consistently sized throughout your final-sized artwork, usually about 2—3 mm

(8-12 pt).

- Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on

an axis and 20-pt type for the axis label.

& Avoid effects such as shading, outline letters, etc.

+ Do notinclude titles or captions into your illustrations.

* Figure numbering

e All figures are to be numbered using Arabic numerals.

e Figures should always be cited in the text in consecutive numerical order.

e Figure parts should be denoted by lowercase letters (a, b, c, etc.). If illustrations are

supplied with uppercase labeling, lowercase letters will still be used in the figure legends
and citations.

e Ifan appendix appears in your article/chapter and it contains one or more figures, continue

the consecutive numbering of the main text. Do not number the appendix figures, "A1, A2,
A3, etc."

* Figure captions

- Each figure should have a concise caption describing accurately what the figure depicts.

- Figure captions begin with the term Fig. in bold type, followed by the figure number, also in

bold type.

& No punctuation is to be included after the number, nor is any punctuation to be placed at the

end of the caption.

& |dentify all elements found in the figure in the figure caption; and use boxes, circles, etc., as

coordinate points in graphs

+ Identify previously published material by giving the original source in the form of a reference

citation at the end of the figure caption.

* Figure placement and size

e When preparing your figures, size figures to fit in the column width.

e Figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher than 234 mm.
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e The publisher reserves the right to reduce or enlarge figures.
ELECTRONIC SUPPLEMENTARY MATERIAL
Electronic supplementary material will be published in the online version only. It may consist of

e Information that cannot be printed: animations, video clips, sound recordings
e Information thatis more convenientin electronic form: sequences, spectral data, etc.

e Large original data, e.g. additional tables, illustrations, etc.

» Submission

e Supply all supplementary material in standard file formats.

e To accommodate user downloads, please keep in mind that larger-sized files may require
very long download times and that some users may experience other problems during
downloading.

* Audio, video, and animations

e Always use MPEG-1 (.mpg) format.

» Text and presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
e A collection of figures may also be combined in a PDF file.

» Spreadsheets

e Spreadsheets should be converted to PDF if no interaction with the data is intended.

e Ifthe readers should be encouraged to make their own calculations, spreadsheets should
be submitted as .xls files (MS Excel).

* Specialized formats

e Specialized formats such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and
tex can also be supplied.

* Collecting multiple files

e ltis possible to collect multiple files in a .zip or .gzfile.

* Numbering

e [f supplying any supplementary material, the text must make specific mention of the material
as a citation, similar to that of figures and tables (e.g., ". . . as shown in Animation 3").

e Name your files accordingly, e.g., Animation3.mpg.
« Captions

e For each supplementary material, please supply a concise caption describing the content of
the file.

* Processing of supplementary files

e Electronic supplementary material will be published as received from the author without any
conversion, editing, or reformatting.

ETHICAL STANDARDS

Manuscripts submitted for publication must contain a statement to the effect that all human studies
have been approved by the appropriate ethics committee and have therefore been performed in
accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and the Guiding
Principles for the Care and Use of Animals in the Field of Physiological Sciences. It should also be
stated clearly in the text that all persons gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under study should be omitted.

The editors reserve the right to reject manuscripts that do not comply with the above-mentioned
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requirements. The author will be held responsible for false statements or failure to fulfill the above-
mentioned requirements.
+ Conflict of interest

Authors must indicate whether or not they have a financial relationship with the organization that
sponsored the research. This note should be added in a separate section before the reference list.

If no conflict exists, authors should state: The authors declare that they have no conflict of interest.

Guiding Principles for the Care and Use of Animals in the Field of Physiological Sciences

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author
Query Application at Springer's web page where you can sign the Copyright
Transfer Statement online and indicate whether you wish to order OpenChoice,
paper offprints, or printing of figures in color. Once the Author Query
Application has been completed, your article will be processed and you will

receive the proofs.

* Open Choice

In addition to the normal publication process (whereby an article is submitted to the journal and access
to that article is granted to customers who have purchased a subscription), Springer now provides an
alternative publishing option: Springer Open Choice. A Springer Open Choice article receives all the
benefits of a regular subscription-based article, but in addition is made available publicly through
Springer’s online platform SpringerLink. We regret that Springer Open Choice cannot be ordered for
published articles.

* Copyright transfer

Authors will be asked to transfer copyright of the article to The Physiological Society of Japan and
Springer (or grant the Publisher exclusive publication and dissemination rights). This will ensure the
widest possible protection and dissemination of information under copyright laws. Open Choice
articles do not require transfer of copyright as the copyright remains with the author. In opting for open
access, they agree to the Springer Open Choice Licence.

« Offprints

Offprints can be ordered by the corresponding author.

* Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors will be
expected to make a contribution towards the extra costs.

* Proof reading

The purpose of the proofis to check for typesetting or conversion errors and the completeness and
accuracy of the text, tables and figures. Substantial changes in content, e.g., new results, corrected
values, title and authorship, are not allowed without the approval of the Editor. After online publication,
further changes can only be made in the form of an Erratum, which will be hyperlinked to the article.

* Online First

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be cited by
issue and page numbers.

Springer Open Choice
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ANEXO E - Normas para publicagdo no British Journal of Nutrition

Directions to Contributors
British Journal of Nutrition
(Revised January 2012)

The British Journal of Nutrition is an international peer-reviewed journal that publishes original papers and review articles in all
branches of nutritional science. The underlying aim of all work should be, as far as possible, to develop nutritional concepts. The
British Journal of Nutrition encompasses the full spectrum of nutritional science including epidemiology, dietary surveys, nutritional
requirements and behaviour, metabolic studies, body composition, energetics, appetite, obesity, ageing, endocrinology,
immunology, neuroscience, microbiology, genetics and molecular and cell biology. The journal does not publish case studies;
papers on food technology, food science or food chemistry; or papers of primarily local interest.

As a contributor you are asked to follow the guidelines set out below. Prospective authors may also contact the Publications
Office directly on +44 (0)20 7605 6555 (telephone), +44 20 7602 1756 (fax) or edoffice@nutsoc.org.uk (email).

Papers submitted for publication should be written in English and be as concise as possible. If English is not the first language of
the authors then the paper should be checked by an English speaker. The British Journal of Nutrition operates an on-line
submission and reviewing system (eJournalPress). Authors should submit to the following address: http://bin.msubmit.net/
Receipt of papers will be acknowledged immediately.

Papers should be accompanied by a statement of acceptance of the conditions laid down in the Directions to Contributors. The
statement should affirm that the submission represents original work that has not been published previously, that it is not currently
being considered by another journal, and that if accepted for the British Journal of Nutrition it will not be published elsewhere in
the same form, in English or in any other language, without the written consent of the Nutrition Society. It should also confirm that
each author has seen and approved the contents of the submitted manuscript. At the time of acceptance the authors should
provide a completed copy of the ‘Licence to Publish’ (in lieu of copyright transfer), which is available on the Nutrition Society’s
web pages (http://www.nutritionsociety.org/publications/nutrition-society-journals/british-journal-of-nutrition); the Society no
longer requires copyright of the material published in the journal, only a ‘Licence to Publish.” The authors or their institutions
retain the copyright.

The manuscript must include a statement reporting any conflicts of interest, all sources of funding and the contribution of each
author to the manuscript. This statement should be placed at the end of the text of the manuscript before the references are listed.
Conflict of interest exists when an author (or the author’s institution) has financial or personal relationships that inappropriately
influence (bias) his or her actions (such relationships are also known as dual commitments, competing interests, or competing
loyalties); for further detail, see http://www.icmje.org/ethical 4conflicts.html If there are no conflicts of interest this must be
stated. If the work was funded, please state “This work was supported by (for example) The Medical Research Council [grant
number xxx (if applicable)]”. If the research was not funded by any specific project grant, state “This research received no specific
grant from any funding agency in the public, commercial or not-for-profit sectors.”

This journal adheres to the Committee on Publication Ethics (COPE) guidelines on research and publications ethics
http://publicationethics.org/resources/guidelines

When substantial revisions are required to manuscripts, authors are normally given the opportunity to do this once only; the
need for any further changes should at most reflect only minor issues. If a paper requiring revision is not resubmitted within 3
months, it may, on resubmission, be deemed a new paper and the date of receipt altered accordingly.

The British Journal of Nutrition publishes the following: Full Papers, Review Articles, Systematic Reviews, Horizons in
Nutritional Science, Workshop Reports, Invited Commentaries, Letters to the Editor/Nutrition Discussion Forums, Obituaries,
and Editorials.

Full Papers, Reviews, Systematic Reviews, Horizons Articles and Workshop Reports should be submitted to:
http://bjn.msubmit.net/ Please contact the Publications Office on edoffice@nutsoc.org.uk regarding any other types of article.

Review Articles/Horizons in Nutritional Science. These will be handled by the Reviews Editor. Please contact the Publications
Office with any queries regarding the submission of potential review articles.

Systematic Reviews. These will be handled by the Systematic Reviews Editor. Please contact the Publications Office with any
queries regarding the submission of potential review articles.

Letters to the Editor/Nutrition Discussion Forum Letters are invited that discuss, criticise or develop themes put forward in papers
published in the British Journal of Nutrition or that deal with matters relevant to it. They should not, however, be used as a means
of publishing new work. Acceptance will be at the discretion of the Editorial Board, and editorial changes may be required.
Wherever possible, letters from responding authors will be included in the same issue.

Form of full papers submitted for publication. The onus of preparing a paper in a form suitable for sending to press lies with
the author. Authors are advised to consult a current issue in order to make themselves familiar with the British Journal of Nutrition
as to typographical and other conventions, layout of tables etc. Sufficient information should be given to permit repetition of the
published work by any competent reader of the British Journal of Nutrition. The requirements of British Journal of Nutrition are in
accordance with the Uniform Requirements for Manuscripts Submitted to Biomedical Journals produced by the International
Committee of Medical Journal Editors (ICMJE), and authors are encouraged to consult the latest guidelines, which contain a lot of
useful generic information about preparing scientific papers http://www.icmje.org/ and also the CONSORT guidelines for reporting
results of randomised trials http://www.consort-statement.org/ The journal endorses the Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses (PRISMA) Statement, a guideline to help authors report a systematic review and meta-analysis
http:/prisma-statement.org (see British Medical Journal (2009) 339, b2535). A systematic review or meta-analysis of randomised
trials and other evaluation studies should follow the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (http:/prisma-statement.org).

Plagiarism: Text taken directly or closely paraphrased from earlier published work that has not been acknowledged or
referenced will be considered plagiarism. Submitted manuscripts in which such text is identified will be withdrawn from the
editorial process.

Authors are invited to nominate up to four potential referees who may then be asked by the Editorial Board to help review the
work.

Typescripts should be prepared with 1-5 line spacing and wide margins (2 cm), the preferred font being Times New Roman size
12. At the ends of lines words should not be hyphenated unless hyphens are to be printed. Line numbering and page numbering is
required.

Spelling should generally be that of the Concise Oxford Dictionary (1995), 9th ed. Oxford: Clarendon Press. Papers should
normally be divided into the following parts:

(a) Title page: authors’ names should be given without titles or degrees and one forename may be given in full. The name
and address of the institution where the work was performed should be given, as well as the main address for each author.

The name and address of the author to whom correspondence should be sent should be clearly stated, together with telephone
and fax numbers and email address. Other authors should be linked to their address using superscript Arabic numerals.

Any necessary descriptive material about the authors, e.g. Beit Memorial Fellow, should appear at the end of the paper in the
Acknowledgments.

If the paper is one of a series of papers that have a common main title followed by a subtitle specific to the individual paper,
numbering should not be used to indicate the sequence of papers. The format should be ‘common title: specific subtitle’, with a
short common title, e.g. Partitioning of limiting protein and energy in the growing pig: testing quantitative rules against
experimental data.

The title page should also contain a shortened version of the paper’s title, not exceeding forty-five letters and spaces in length,
suitable for use as a running title in the published paper.

Authors are asked to supply three or four key words or phrases (each containing up to three words) on the title page of the
typescript.

(b)  Abstract: each paper must open with an abstract of not more than 250 words. The abstract should be a single paragraph
of continuous text outlining the aims of the work, the experimental approach taken, the principal results and the conclusions and
their relevance to nutritional science.

(c) Introduction: it is not necessary to introduce a paper with a full account of the relevant literature, but the introduction
should indicate briefly the nature of the question asked and the reasons for asking it. It should be no longer than two pages.

(d)  Experimental methods: methods should appear after the introduction.

The notice of contributors is drawn to the guidelines in the World Medical Association (2000) Declaration of Helsinki: ethical
principles for medical research involving human subjects, with notes of clarification of 2002 and 2004
(http://www.wma.net/en/30publications/10policies/b3/), the Guidelines on the Practice of Ethics Committees Involved in Medical
Research Involving Human Subjects (3rd ed., 1996; London: The Royal College of Physicians) and the Guidelines for the ethical
conduct of medical research involving children, revised in 2000 by the Royal College of Paediatrics and Child Health: Ethics Advisory
Committee (Arch Dis Child (2000) 82, 177-182). A paper describing any experimental work on human subjects must include the
following statement in the materials/methods section: “This study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human subjects/patients were approved by the [insert name of the ethics
committee; a specific ethics number may be inserted if you wish]. Written [or Verbal] informed consent was obtained from all
subjects/patients. [Where verbal consent was obtained this must be followed by a statement such as: Verbal consent was
witnessed and formally recorded].”

Experiments involving the use of vertebrate animals. The Editors will not accept papers reporting work carried out using
inhumane procedures. When reporting on experiments involving the use of vertebrate animals, authors must state whether
institutional and national guidelines for the care and use of animals were followed and that all experimental procedures involving
animals were approved by the [insert name of the ethics committee or other approving body; the authors could insert a specific
ethics/approval number following this if they wish]. Please state whether institutional and national guidelines for the care and use
of animals were followed and that all experimental procedures involving animals were approved by the [insert name of the ethics
committee or other approving body; a specific ethics/approval number can be inserted if you wish].

(e) Results: these should be given as concisely as possible, using figures or tables as appropriate.

(f)  Discussion: while it is generally desirable that the presentation of the results and the discussion of their significance
should be presented separately, there may be occasions when combining these sections may be beneficial. Authors may also find
that additional or alternative sections such as ‘conclusions’ may be useful. The discussion should be no longer than five pages.

(g) Acknowledgments: these should be given in a single paragraph after the discussion and should include information on
source of funding, declaration of any conflicts of interest and a brief statement of the contribution(s) of each author, as specified
above.

(h)  References: these should be given in the text using the Vancouver system. They should be numbered consecutively in the
order in which they first appear in the text using superscript Arabic numerals in parentheses, e.g. ‘The conceptual difficulty of this
approach has recently been highlightedu'zm’. If a reference is cited more than once the same number should be used each time.
References cited only in tables and figure legends and not in the text should be numbered in sequence from the last number used
in the text and in the order of mention of the individual tables and figures in the text. At the end of the paper, on a page(s) separate
from the text, references should be listed in numerical order. When an article has more than three authors only the names of the
first three authors should be given followed by ‘et al.” The issue number should be omitted if there is continuous pagination
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throughout a volume. Names and initials of authors of unpublished work should be given in the text as ‘unpublished results’ and
not included in the References. Titles of journals should appear in their abbreviated form using the NCBI LinkOut page
http://www.ncbi.nIm.nih.gov/projects/linkout/journals/jourlists.fcgi?typeid=1&type=journals&operation=Show  References to
books and monographs should include the town of publication and the number of the edition to which reference is made. Thus:

1. Setchell KD, Faughnan MS, Avades T et al. (2003) Comparing the pharmacokinetics of daidzein and genistein with the use of 13C-
labeled tracers in premenopausal women. Am J Clin Nutr 77, 411-419.

2. Barker DJ, Winter PD, Osmond C et al. (1989) Weight in infancy and death from ischaemic heart disease. Lancet ii, 577-580.

3. Forchielli ML & Walker WA (2005) The role of gut-associated lymphoid tissues and mucosal defence. Br J Nutr 93, Suppl. 1, S41—
S48.

4. Bradbury J, Thomason JM, Jepson NJA et al. (2003) A nutrition education intervention to increase the fruit and vegetable intake
of denture wearers. Proc Nutr Soc 62, 86A.

5. Frithbeck G, Gémez-Ambrosi J, Muruzabal FJ et al. (2001) The adipocyte: a model for integration of endocrine and metabolic
signaling in energy metabolism regulation. Am J Physiol Endocrinol Metab 280, E827-E847.

6. Han KK, Soares JM Jr, Haidar MA et al. (2002) Benefits of soy isoflavone therapeutic regimen on menopausal symptoms. Obst
Gynecol 99, 389-394.

7. Uhl M, Kassie F, Rabot S et al. (2004) Effect of common Brassica vegetables (Brussels sprouts and red cabbage) on the
development of preneoplastic lesions induced by 2-amino-3-methylimidazo[4,5-flquinoline (1Q) in liver and colon of Fischer 344
rats. J Chromatogr 802B, 225-230.

8. Hall WL, Vafeiadou K, Hallund J et al. (2005) Soy isoflavone enriched foods and inflammatory biomarkers of cardiovascular risk in
postmenopausal women: interactions with genotype and equol production. Am J Clin Nutr (In the Press).

9. Skurk T, Herder C, Kraft | et al. (2004) Production and release of macrophage migration inhibitory factor from human adipocytes.
Endocrinology (Epublication ahead of print version).

10. Skurk T, Herder C, Kraft | et al. (2005) Production and release of macrophage migration inhibitory factor from human
adipocytes. Endocrinology 146, 1006—-1011; Epublication 2 December 2004.

11. Bradbury J (2002) Dietary intervention in edentulous patients. PhD Thesis, University of Newcastle.

12. Ailhaud G & Hauner H (2004) Development of white adipose tissue. In Handbook of Obesity. Etiology and Pathophysiology, 2nd
ed., pp. 481-514 [GA Bray and C Bouchard, editors]. New York: Marcel Dekker.

13. Bruinsma J (editor) (2003) World Agriculture towards 2015/2030: An FAO Perspective. London: Earthscan Publications.

14. Griinari JM & Bauman DE (1999) Biosynthesis of conjugated linoleic acid and its incorporation into meat and milk in ruminants.
In Advances in Conjugated Linoleic Acid Research, vol. 1, pp. 180-200 [MP Yurawecz, MM Mossoba, JKG Kramer, MW Pariza and GJ
Nelson, editors]. Champaign, IL: AOCS Press.

15. Henderson L, Gregory J, Irving K et al. (2004) National Diet and Nutrition Survey: Adults Aged 19 to 64 Years. vol. 2: Energy,
Protein, Fat and Carbohydrate Intake. London: The Stationery Office.

16. International Agency for Research on Cancer (2004) Cruciferous Vegetables, Isothiocyanates and Indoles. IARC Handbooks of
Cancer Prevention no. 9 [H Vainio and F Bianchini, editors]. Lyon, France: IARC Press.

17. Linder MC (1996) Copper. In Present Knowledge in Nutrition, 7th ed., pp. 307-319 [EE Zeigler and U Filer Jr, editors].
Washington, DC: ILSI Press.

18. World Health Organization (2003) Diet, Nutrition and the Prevention of Chronic Diseases. Joint WHO/FAO Expert Consultation.
WHO Technical Report Series no. 916. Geneva: WHO.

19. Keiding L (1997) Astma, Allergi og Anden Overfglsomhed i Danmark — Og Udviklingen 1987-1991 (Asthma, Allergy and Other
Hypersensitivities in Denmark, 1987-1991). Copenhagen, Denmark: Dansk Institut for Klinisk Epidemiologi.

References to material available on websites should include the full Internet address, and the date of the version cited. Thus:

20. Department of Health (1997) Committee on Toxicity of Chemicals in Food Consumer Products and the Environment. Statement
on vitamin Bg (pyridoxine) toxicity. http://www.open.gov.uk/doh/hef/B6.htm

21. Kramer MS & Kakuma R (2002) The Optimal Duration of Exclusive Breastfeeding: A Systematic Review. Rome: WHO; available at
http://www.who.int/nut/documents/optimal_duration_of_exc_bfeeding_review_eng.pd

22. Hooper L, Thompson RL, Harrison RA et al. (2004) Omega 3 fatty acids for prevention and treatment of cardiovascular disease.
Cochrane Database of Systematic Reviews, issue 4, CD003177.
http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD003177/frame.html

23. Nationmaster (2005) HIV AIDS — Adult prevalence rate. http://www.nationmaster.com/graph-T/hea_hiv_aid_adu_pre_rat
(accessed June 2005).

(j)  Supplementary data: Additional data (e.g. data files, large tables) relevant to the paper can be submitted for publication
online only, where they are made available via a link from the abstract and the paper. The paper should stand alone without these
data. Supplementary data should be supplied as a PDF for the review process and must be cited in a relevant place in the text of the
paper.

Mathematical modelling of nutritional processes. Papers in which mathematical modelling of nutritional processes forms the
principal element will be considered for publication provided: (a) they are based on sound biological and mathematical principles;
(b) they advance nutritional concepts or identify new avenues likely to lead to such advances; (c) assumptions used in their
construction are fully described and supported by appropriate argument; (d) they are described in such a way that the nutritional
purpose is clearly apparent; (e) the contribution of the model to the design of future experimentation is clearly defined.



Efeito da desnutricdo neonatal sobre a fungdo e o metabolismo miocitario de ratos adultos jovem
FRAGA, S.N.

109

Units. Results should be presented in metric units according to the International System of Units (see Quantities, Units and Symbols
in Physical Chemistry, 3rd ed. (2007) Cambridge: RSC Publishing), and Metric Units, Conversion Factors and Nomenclature in
Nutritional and Food Sciences (1972) London: The Royal Society — as reproduced in Proceedings of the Nutrition Society (1972) 31,
239-247). Sl units should be used throughout the paper. The author will be asked to convert any values that are given in any other
form. The only exception is where there is a unique way of expressing a particular variable that is in widespread use. Energy values
must be given in Joules (MJ or ki) using the conversion factor 1 kcal = 4-184 kJ. If required by the author, the value in kcal can be
given afterwards in parentheses. Temperature is given in degrees Celsius (2C). Vitamins should be given as mg or pg, not as IU.

For substances of known molecular mass (Da) or relative molecular mass, e.g. glucose, urea, Ca, Na, Fe, K, P, values should be
expressed as mol/l; for substances of indeterminate molecular mass (Da) or relative molecular mass, e.g. phospholipids, proteins,
and for trace elements, e.g. Cu, Zn, then g/l should be used.

Time. The 24 h clock should be used, e.g. 15.00 hours.

Units are: year, month, week, d, h, min, s, kg, g, mg, ug, litre, ml, pl, fl. To avoid misunderstandings, the word litre should be
used in full, except in terms like g/I. Radioactivity should be given in becquerels (Bq or GBq) not in Ci. 1 MBq = 27-03 uCi (1Bgq = 1
disintegration/s).

Statistical treatment of results. Data from individual replicates should not be given for large experiments, but may be given for
small studies. The methods of statistical analysis used should be described, and references to statistical analysis packages included
in the text, thus: Statistical Analysis Systems statistical software package version 6.11 (SAS Institute, Cary, NC, USA). Information
such as analysis of variance tables should be given in the paper only if they are relevant to the discussion. A statement of the
number of replicates, their average value and some appropriate measure of variability is usually sufficient.

Comparisons between means can be made by using either confidence intervals (Cl) or significance tests. The most appropriate
of such measures is usually the standard error of a difference between means (sep), or the standard errors of the means (St or sem)
when these vary between means. The standard deviation (sp) is more useful only when there is specific interest in the variability of
individual values. The degrees of freedom (df) associated with sep, sem or s should also be stated. The number of decimal places
quoted should be sufficient but not excessive. Note that pH is an exponential number, as are the log(10) values often quoted for
microbial numbers. Statistics should be carried out on the scalar rather than the exponential values.

If comparisons between means are made using Cl, the format for presentation is, e.g. ‘difference between means 0-73 (95 % CI
0-314, 1-36) g'. If significance tests are used, a statement that the difference between the means for two groups of values is (or is
not) statistically significant should include the level of significance attained, preferably as an explicit P value (e.g. P=0-016 or
P=0-32) rather than as a range (e.g. P<0-05 or P>0-05}. It should be stated whether the significance levels quoted are one-sided or
two-sided. Where a multiple comparison procedure is used, a description or explicit reference should be given. Where appropriate,
a superscript notation may be used in tables to denote levels of significance; similar superscripts should denote lack of a significant
difference.

Where the method of analysis is unusual, or if the experimental design is at all complex, further details (e.g. experimental plan,
raw data, confirmation of assumptions, analysis of variance tables, etc.) should be included.

Figures. Figures should not be incorporated into the article file and should be supplied as separate electronic files. Figure legends
should be grouped in a section at the end of the text. Each figure should be clearly marked with its number and separate panels
within figures should be clearly marked (a), (b), (c) etc. so that they are easily identifiable when the article and figure files are
merged for review.

In curves presenting experimental results the determined points should be clearly shown, the symbols used being, in order of
preference, o, ®, A, A, O, m, X, +. Curves and symbols should not extend beyond the experimental points. Scale-marks on the axes
should be on the inner side of each axis and should extend beyond the last experimental point. Ensure that lines and symbols used
in graphs and shading used in histograms are large enough to be easily identified when the figure is reduced to fit the printed page.

Figures and diagrams can be prepared using most applications but please do not use the following: cdx, chm, jnb or PDF. All
figures should be numbered and legends should be provided. Each figure, with its legend, should be comprehensible without
reference to the text and should include definitions of abbreviations. Latin names for unusual species should be included unless
they have already been specified in the text. Each figure will be positioned near the point in the text at which it is first introduced
unless instructed otherwise.

Note that authors will be charged 350 GBP for the publication of colour figures. Authors from countries entitled to free journal
access through HINARI will be exempt from these charges.

Refer to a recent copy of the journal for examples of figures.

Image integrity. Images submitted with a manuscript should be minimally processed (e.g. the addition of labelling). Authors should
retain their original data, as Editors may request them for comparison during manuscript review. If such data are unavailable the
manuscript may be withdrawn from the review process.

Some image processing is acceptable (and may be unavoidable), but the final image must accurately represent the original
data. Authors should provide sufficient detail of image-gathering procedures and process manipulation in the Methods sections to
enable the accuracy of image presentation to be assessed. Grouping or cropping of images must be identified in the legend and
indicated by clear demarcation. Adjustment of brightness, contrast or colour balance is acceptable if applied to the whole image
and to controls and if data do not disappear as the result of the manipulation.

Plates. The British Journal of Nutrition will now also consider the inclusion of illustrations and photomicrographs. The size of
photomicrographs may have to be altered in printing; in order to avoid mistakes the magnification should be shown by scale on the
photograph itself. The scale with the appropriate unit together with any lettering should be drawn by the author, preferably using
appropriate software.
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Tables. Tables should carry headings describing their content and should be comprehensible without reference to the text. Tables
should not be subdivided by ruled lines. The dimensions of the values, e.g. mg/kg, should be given at the top of each column.
Separate columns should be used for measures of variance (sp, St etc.), the  sign should not be used. The number of decimal places
used should be standardized; for whole numbers 1.0, 2-0 etc. should be used. Shortened forms of the words weight (wt) height (ht)
and experiment (Expt) may be used to save space in tables, but only Expt (when referring to a specified experiment, e.g. Expt 1) is
acceptable in the heading.

Footnotes are given in the following order: (1) abbreviations, (2) superscript letters, (3) symbols. Abbreviations are given in the
format: RS, resistant starch. Abbreviations appear in the footnote in the order that they appear in the table (reading from left to
right across the table, then down each column). Abbreviations in tables must be defined in footnotes. Symbols for footnotes should
be used in the sequence: *t$§||9], then ** etc. (omit * or *, or both, from the sequence if they are used to indicate levels of
significance).

For indicating statistical significance, superscript letters or symbols may be used. Superscript letters are useful where
comparisons are within a row or column and the level of significance is uniform, e.g. “"Mean values within a column with unlike
superscript letters were significantly different (P<0-05)’. Symbols are useful for indicating significant differences between rows or
columns, especially where different levels of significance are found, e.g. ‘Mean values were significantly different from those of the
control group: *P<0-05, **P<0-01, ***P<0-001’. The symbols used for P values in the tables must be consistent.

Tables should be placed at the end of the text. Each table will be positioned near the point in the text at which it is first
introduced unless instructed otherwise.

Please refer to a recent copy of the journal for examples of tables.

Chemical formulas. These should be written as far as possible on a single horizontal line. With inorganic substances, formulas may
be used from first mention. With salts, it must be stated whether or not the anhydrous material is used, e.g. anhydrous CuSOy,, or
which of the different crystalline forms is meant, e.g. CuSO4.5H,0, CuSO,4.H,0.

Descriptions of solutions, compositions and concentrations. Solutions of common acids, bases and salts should be defined in
terms of molarity (m), e.g. 0-1 M-NaH,PO,. Compositions expressed as mass per unit mass (w/w) should have values expressed as
ng, pug, mg or g per kg; similarly for concentrations expressed as mass per unit volume (w/v), the denominator being the litre. If
concentrations or compositions are expressed as a percentage, the basis for the composition should be specified (e.g. % (w/w) or %
(w/v) etc.). The common measurements used in nutritional studies, e.g. digestibility, biological value and net protein utilization,
should be expressed as decimals rather than as percentages, so that amounts of available nutrients can be obtained from analytical
results by direct multiplication. See Metric Units, Conversion Factors and Nomenclature in Nutritional and Food Sciences. London:
The Royal Society, 1972 (para. 8).

Cell lines. The Journal expects authors to deposit cell lines (including microbial strains) used in any study to be published in publicly
accessible culture collections, for example, the European Collection of Cell Cultures (ECACC) or the American Type Culture
Collection (ATCC) and to refer to the collection and line or strain numbers in the text (e.g. ATCC 53103). Since the authenticity of
subcultures of culture collection specimens that are distributed by individuals cannot be ensured, authors should indicate
laboratory line or strain designations and donor sources as well as original culture collection identification numbers.

Gene nomenclature and symbols. The use of symbols and nomenclature recommended by the HUGO Gene Nomenclature
Committee (http://www.genenames.org/) is encouraged. Information on human genes is also available from Entrez Gene
(http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene), on mouse genes from the Mouse Genome Database
(http://www.informatics.jax.org/) and on rat genes from the Rat Genome Database (http://rgd.mcw.edu/).

Nomenclature of vitamins. Most of the names for vitamins and related compounds that are accepted by the Editors are those
recommended by the IUNS Committee on Nomenclature. See Nutrition Abstracts and Reviews (1978) 48A, 831-835.

Acceptable name Other names*
Vitamin A
Retinol Vitamin A;
Retinaldehyde, retinal Retinene
Retinoic acid (all-trans or 13-cis) Vitamin A; acid
3-Dehydroretinol Vitamin A,
Vitamin D
Ergocalciferol, ercalciol Vitamin D, calciferol
Cholecalciferol, calciol Vitamin D3
Vitamin E

a-, B- and y-tocopherols plus
tocotrienols

Vitamin K
Phylloquinone Vitamin K;
Menaquinone-n (MK-n)* Vitamin K,

Menadione Vitamin Kj,
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menaquinone,
menaphthone
Vitamin B,
Thiamin Aneurin(e), thiamine
Vitamin B,
Riboflavin Vitamin G, riboflavine,
lactoflavin
Niacin
Nicotinamide Vitamin PP
Nicotinic acid
Folic Acid
Pteroyl(mono)glutamic acid Folacin, vitamin B, or M
Vitamin Bg
Pyridoxine Pyridoxol
Pyridoxal

Pyridoxamine
Vitamin B,
Cyanocobalamin
Hydroxocobalamin Vitamin Byy, Or Byyp
Aquocobalamin
Methylcobalamin
Adenosylcobalamin
Inositol
Myo-inositol Meso-inositol
Choline
Pantothenic acid
Biotin Vitamin H
Vitamin C
Ascorbic acid
Dehydroascorbic acid

*Including some names that are still in use elsewhere, but are not used by the British Journal of Nutrition.

tDetails of the nomenclature for these and other naturally-occurring quinones should follow the Tentative Rules of the IUPAC-
IUB Commission on Biochemical Nomenclature (see European Journal of Biochemistry (1975) 53, 15-18)

Generic descriptors. The terms vitamin A, vitamin C and vitamin D may still be used where appropriate, for example in phrases
such as ‘vitamin A deficiency’, ‘vitamin D activity’.

Vitamin E. The term vitamin E should be used as the descriptor for all tocol and tocotrienol derivatives exhibiting qualitatively
the biological activity of a-tocopherol. The term tocopherols should be used as the generic descriptor for all methyl tocols. Thus,
the term tocopherol is not synonymous with the term vitamin E.

Vitamin K. The term vitamin K should be used as the generic descriptor for 2-methyl-1,4-naphthoquinone (menaphthone) and
all derivatives exhibiting qualitatively the biological activity of phylloquinone (phytylmenaquinone).

Niacin. The term niacin should be used as the generic descriptor for pyridine 3-carboxylic acid and derivatives exhibiting
qualitatively the biological activity of nicotinamide.

Vitamin Bg. The term vitamin Bg should be used as the generic descriptor for all 2-methylpyridine derivatives exhibiting
qualitatively the biological activity of pyridoxine.

Folate. Due to the wide range of C-substituted, unsubstituted, oxidized, reduced and mono- or polyglutamyl side-chain
derivatives of pteroylmonoglutamic acid that exist in nature, it is not possible to provide a complete list. Authors are encouraged to
use either the generic name or the correct scientific name(s) of the derivative(s), as appropriate for each circumstance.

Vitamin Bj,. The term vitamin B,, should be used as the generic descriptor for all corrinoids exhibiting qualitatively the
biological activity of cyanocobalamin. The term corrinoids should be used as the generic descriptor for all compounds containing
the corrin nucleus and thus chemically related to cyanocobalamin. The term corrinoid is not synonymous with the term vitamin
By

Vitamin C. The terms ascorbic acid and dehydroascorbic acid will normally be taken as referring to the naturally-occurring L-
forms. If the subject matter includes other optical isomers, authors are encouraged to include the L- or - prefixes, as appropriate.
The same is true for all those vitamins which can exist in both natural and alternative isomeric forms.

Amounts of vitamins and summation. Weight units are acceptable for the amounts of vitamins in foods and diets. For
concentrations in biological tissues, SI units should be used; however, the authors may, if they wish, also include other units, such
as weights or international units, in parentheses.

See Metric Units, Conversion Factors and Nomenclature in Nutritional and Food Sciences (1972) paras 8 and 14-20. London: The
Royal Society.

Nomenclature of fatty acids and lipids. In the description of results obtained for the analysis of fatty acids by conventional GLC, the
shorthand designation proposed by Farquhar JW, Insull W, Rosen P, Stoffel W & Ahrens EH (Nutrition Reviews (1959), 17, Suppl.)
for individual fatty acids should be used in the text, tables and figures. Thus, 18 : 1 should be used to represent a fatty acid with
eighteen carbon atoms and one double bond; if the position and configuration of the double bond is unknown. The shorthand
designation should also be used in the abstract. If the positions and configurations of the double bonds are known, and these are
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important to the discussion, then a fatty acid such as linoleic acid may be referred to as cis-9,cis-12-18 : 2 (positions of double
bonds related to the carboxyl carbon atom 1). However, to illustrate the metabolic relationship between different unsaturated
fatty acid families, it is sometimes more helpful to number the double bonds in relation to the terminal methyl carbon atom, n. The
preferred nomenclature is then: 18 : 3n-3 and 18 : 3n-6 for a-linolenic and y-linolenic acids respectively; 18 : 2n-6 and 20 : 4n-6 for
linoleic and arachidonic acids respectively and 18 : 1n-9 for oleic acid. Positional isomers such as a- and y-linolenic acid should
always be clearly distinguished. It is assumed that the double bonds are methylene-interrupted and are of the cis-configuration (see
Holman RT in Progress in the Chemistry of Fats and Other Lipids (1966) vol. 9, part 1, p. 3. Oxford: Pergamon Press). Groups of fatty
acids that have a common chain length but vary in their double bond content or double bond position should be referred to, for
example, as C,, fatty acids or Cy, PUFA. The modern nomenclature for glycerol esters should be used, i.e. triacylglycerol,
diacylglycerol, monoacylglycerol not triglyceride, diglyceride, monoglyceride. The form of fatty acids used in diets should be clearly
stated, i.e. whether ethyl esters, natural or refined fats or oils. The composition of the fatty acids in the dietary fat and tissue fats
should be stated clearly, expressed as mol/100 mol or g/100 g total fatty acids.

Nomenclature of micro-organisms. The correct name of the organism, conforming with international rules of nomenclature,
should be used: if desired, synonyms may be added in parentheses when the name is first mentioned. Names of bacteria should
conform to the current Bacteriological Code and the opinions issued by the International Committee on Systematic Bacteriology.
Names of algae and fungi must conform to the current International Code of Botanical Nomenclature. Names of protozoa should
conform to the current International Code of Zoological Nomenclature.

Nomenclature of plants. For plant species where a common name is used that may not be universally intelligible, the Latin name in
italics should follow the first mention of the common name. The cultivar should be given where appropriate.

Other nomenclature, symbols and abbreviations. Authors should consult recent issues of the British Journal of Nutrition for
guidance. The IUPAC rules on chemical nomenclature should be followed, and the recommendations of the Nomenclature
Committee of IUBMB and the IUPAC-IUBMB Joint Commission on Biochemical Nomenclature and Nomenclature Commission of
IUBMB in Biochemical Nomenclature and Related Documents (1992), 2nd ed., London: Portland Press
(http://www.chem.gmul.ac.uk/iupac/bibliog/white.html). The symbols and abbreviations, other than units, are essentially those
listed in British Standard 5775 (1979-1982), Specifications for Quantities, Units and Symbols, parts 0—13. Day should be abbreviated
to d, for example 7 d, except for ‘each day’, ‘7th day’ and ‘day 1'.

Elements and simple chemicals (e.g. Fe and CO,) can be referred to by their chemical symbol (with the exception of arsenic and
iodine, which should be written in full) or formula from the first mention in the text; the title, text and table headings, and figure
legends can be taken as exceptions,. Well-known abbreviations for chemical substances may be used without explanation, thus:
RNA for ribonucleic acid and DNA for deoxyribonucleic acid. Other substances that are mentioned frequently (five or more times)
may also be abbreviated, the abbreviation being placed in parentheses at the first mention, thus: lipoprotein lipase (LPL), after that,
LPL, and an alphabetical list of abbreviations used should be included. Only accepted abbreviations may be used in the title and text
headings. If an author’s initials are mentioned in the text, they should be distinguished from other abbreviations by the use of
stops, e.g. ‘one of us (P. J. H.)...". For UK counties the official names given in the Concise Oxford Dictionary (1995) should be used
and for states of the USA two-letter abbreviations should be used, e.g. MA (not Mass.) and IL (not Ill.). Terms such as
‘bioavailability’ or ‘available’ may be used providing that the use of the term is adequately defined.

Spectrophotometric terms and symbols are those proposed in IUPAC Manual of Symbols and Terminology for Physicochemical
Quantities and Units (1979) London: Butterworths. The attention of authors is particularly drawn to the following symbols: m (milli,
103), W (micro, 106), n (nano, 103) and p (pico, 1012). Note also that ml (millilitre) should be used instead of cc, um (micrometre)
instead of p (micron) and pg (microgram) instead of y.

Numbers. Numerals should be used with units, for example, 10 g, 7 d, 4 years (except when beginning a sentence, thus: ‘Four
years ago...’); otherwise, words (except when 100 or more), thus: one man, ten ewes, ninety-nine flasks, three times (but with
decimal, 2-5 times), 100 patients, 120 cows, 136 samples.

Abbreviations. The following abbreviations are accepted without definition by the British Journal of Nutrition:

ADP (GDP) adenosine (guanosine) 5’-disphosphate
AIDS acquired immune deficiency syndrome
AMP (GMP) adenosine (guanosine) 5’-monophosphate
ANCOVA analysis of covariance

ANOVA analysis of variance

apo apolipoprotein

ATP (GTP) adenosine (guanosine) 5’-triphosphate
AUC area under the curve

BMI body mass index

BMR basal metabolic rate

bp base pair

BSE bovine spongiform encephalopathy
CHD coronary heart disease

Cl confidence interval

CcID Creutzfeldt-Jacob disease

CoA and acyl-CoA co-enzyme A and its acyl derivatives

cv coefficient of variation
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CVvD
Df
DHA
DM
DNA
dpm
EDTA
ELISA
EPA
Expt
FAD
FAO
FFQ
FMN
GC
GLC
GLUT

Hb
HDL
HEPES
HIV
HPLC
g

IHD

IL

IR

kb

K
LDL
MHC
MRI
MS
MUFA
NAD+, NADH
NADP+, NADPH
NEFA
NF-kB
NMR
NS
NSP
OR
PAGE
PBS
PCR
PG
PPAR
PUFA
RDA
RER
RIA
RMR

RNA, mRNA etc.

rpm
RT
SCFA
SDS
SED
SFA
SNP
TAG
TCA
TLC
TNF
UN
UNICEF
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cardiovascular disease
degrees of freedom
docosahexaenoic acid
dry matter
deoxyribonucleic acid
disintegrations per minute
ethylenediaminetetra-acetic acid
enzyme-linked immunosorbent assay
eicosapentaenoic acid
experiment (for specified experiment, e.g. Expt 1)
flavin-adenine dinucleotide
Food and Agriculture Organization (except when used as an author)
food-frequency questionnaire
flavin mononucleotide
gas chromatography
gas-liquid chromatography
glucose transporter
genetically modified
haemoglobin
high-density lipoprotein
4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic acid
human immunodeficiency virus
high-performance liquid chromatography
immunoglobulin
ischaemic heart disease
interleukin
infra red
kilobases
Michaelis constant
low-density lipoprotein
major histocompatibility complex
magnetic resonance imaging
mass spectrometry
monounsaturated fatty acids
oxidized and reduced nicotinamide-adenine dinucleotide
oxidized and reduced nicotinamide-adenine dinucleotide phosphate
non-esterified fatty acids
nuclear factor kappa B
nuclear magnetic resonance
not significant
non-starch polysaccharide
odds ratio
polyacrylamide gel electrophoresis
phosphate-buffered saline
polymerase chain reaction
prostaglandin
peroxisome proliferator-activated receptor
polyunsaturated fatty acids
recommended dietary allowance
respiratory exchange ratio
radioimmunoassay
resting metabolic rate
ribonucleic acid, messenger RNA etc.
revolutions per minute
reverse transcriptase
short-chain fatty acids
sodium dodecyl sulphate
standard error of the difference between means
saturated fatty acids
single nucleotide polymorphism
triacylglycerol
trichloroacetic acid
thin-layer chromatography
tumour necrosis factor
United Nations (except when used as an author)
United Nations International Children’s Emergency Fund
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VLDL very-low-density lipoprotein
Voa 0O, consumption
Vo2max maximum O, consumption
WHO World Health Organization (except when used as an author)

Use of three-letter versions of amino acids in tables: Leu, His, etc.
CTP, UTP, GTP, ITP, as we already use ATP, AMP etc.

Disallowed words and phrases. The following are disallowed by the British Journal of Nutrition:
deuterium or tritium (use *H and *H)
c.a. or around (use approximately or about)
canola (use rapeseed)
ether (use diethyl ether)
free fatty acids (use NEFA)
isocalorific/calorie (use isoenergetic/energy)
quantitate (use quantify)
unpublished data or observations (use unpublished results)

Proofs. PDF proofs are sent to authors in order that they make sure that the paper has been correctly set up in type. Excessive
alterations involving changes other than typesetting errors may have to be disallowed or made at the author's expense. All
corrections should be made in ink in the margins: marks made in the text should be only those indicating the place to which the
corrections refer.

Corrected proofs should be returned within 3 days either by Express mail or email to:

Emma Pearce

Production Editor

Journals Department
Cambridge University Press
The Edinburgh Building
Shaftesbury Road
Cambridge CB2 2RU

UK

Telephone: +44 1223 325032
Fax: +44 1223 325802

Email: binproduction@cambridge.org
If corrected proofs are not received from authors within 7 days the paper may be published as it stands.

Offprints. A copy of the issue and a PDF file of the paper will be supplied free of charge to the corresponding author of each paper
or short communication, and offprints may be ordered on the order form sent with the proofs.
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The British Journal of Nutrition operates an on-line submission and reviewing system (elJournalPress). Authors should submit to
the following address: http://bin.msubmit.net/ If any difficulties are encountered please contact the Publications Office
immediately.

The manuscript submission process is broken into a series of four screens that gather detailed information about your manuscript
and allow you to upload the appropriate text and figure/table files. The sequence of screens is as follows:

1. A form requesting author details, manuscript title, abstract, and associated information and the file quantities. Although
there is the option of saving your information and returning to complete your submission at a later date we strongly advise
you to submit your paper in one session if possible.

2. A screen asking for the actual file locations (via an open file dialogue). After completing this screen, your files will be
uploaded to our server.

3. A completion screen that will provide you with a specific manuscript number for your manuscript. You may be asked to
select the order in which your uploaded files should be presented.

4. An approval screen that will allow you to verify that your manuscript has been uploaded and converted to PDF correctly.

Each converted file must be approved individually to complete your online submission. If the conversion is not correct, you
can replace or delete your manuscript files as necessary. After you have reviewed the converted files, you will need to click

on "Approve Manuscript". This link will have a red arrow » next to it.

Throughout the system, red arrows P reflect pending action items that you should address.
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e  Title, First and Last Names

e  Full Postal Address for Corresponding Author only

e Institutions

. Country

e Work Fax Number for Corresponding Author only (including international dialling code)
e  Email addresses

In addition we require full manuscript details:

Covering Letter

Title (you may copy and paste this from your manuscript)

Abstract (you may copy and paste this from your manuscript)

Manuscript files in Word, WordPerfect, or RTF format.

Ideally manuscript files should have the tables/figures given at the end of the article.

. For illustrations, preferred software packages are Adobe lllustrator, Adobe Photoshop, Aldus Freehand, Chemdraw or
CorelDraw. Preferred formats are TIFF or JPEG, if a TIFF file is not possible save as an EPS or a windows metafile. Figures
should be submitted as separate files, not as part of the main body of the manuscript.

Please provide contact details for up to four potential Referees (email addresses and institutions).

For further information, please contact the Publications Office:
Tel: +44 (0)20 7605 6555
Fax: +44 (0) 20 7602 1756
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