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Resumo

A restricdo alimentar é comumente utilizada na p¢dd de frangos para melhorar o
desempenho e qualidade da carcacga e prevenir prableeprodutivos, metabdlicos e
esqueléticos. Esta pratica, no entanto, afetaetiifes sistemas do organismo, incluindo
o trato gastrointestinal. Os efeitos da restridé&nemtar aplicada durante a primeira ou
segunda semana de vida em frangos sobre a modattogitrato gastrointestinal séo
bem conhecidos. No entanto pouco se conhece sehge efeitos nos processos de
digestdo e absorcdo de nutrientes. Além disso,hddcelatos na literatura sobre os
efeitos da restricdo alimentar e realimentacéo etra® fases do desenvolvimento de
frangos. Assim, este estudo investigou os efeitas restricdo alimentar e da
realimentacao sobre o trato gastrointestinal degfva nas fases inicial (7 dias de idade)
e final (35 de idade) do desenvolvimento. Para otanttilizou-se 4 grupos
experimentaisC7: alimentadaad libitumdurante 7 diafR: 70% restrito durante 7 dias,
C10: alimentadoad libitum durante 10 dias &®F: 70% restrito durante 7 dias e
realimentado por 3 dias. Ao final dos periodos egtricdo e de realimentacdo os
animais foram sacrificados e os seguintes paraméiram analisados: peso dos 6rgaos
do trato gastrointestinal, atividade de enzimascpiticas e intestinais, expressao
génica de enzimas e de transportadores de nusjequentidade da proteina SGLT1
(cotransportador N#glicose) e de captacdo de glicose através da naealapical pelo
cotransportador SGLT1. Os resultados mostraram ajueeso corporal de frangos
restritos durante a fase inicial foi mantido e quée animais restritos na fase final
apresentou pequena perda. No entanto, animaistogesapresentaram diminui¢cdo do
peso dos 6rgdos do trato gastrointestinal e dadatle de enzimas pancreéticas e
intestinais. A expressdo génica de enzimas e toaagjores intestinais aumentou nos

animais restritos enquanto que a quantidade edatlei do transportador de glicose



SGLT1 diminuiram. ApGs realimentagdo por 3 dias,pasametros morfolégicos e
funcionais analisados apresentavam niveis semeklhad do grupo controle, com
poucas excecdes. Além disso, durante o periodo edémentacdo, os animais
previamente restritos apresentaram melhor eficgéaltmentar e maior ganho de peso.
Estes efeitos podem ser atribuidos & maior ingestétiva de alimentos, a recuperacéo
da atividade de enzimas e do transportador SGLIEIn ala maior capacidade de
estocagem de alimento pelo proventriculo e moedgind, as alteracfes observadas em
resposta a restricdo alimentar podem ser consiaedhptativas para o animal, desde
que poupam 0 gasto energético de manutencdo @ogaatrointestinal no periodo de
baixa ingestdo de alimento. Tais alteracdes sddaa reversiveis, visto que apos 3
dias de realimentacdo os parametros avaliados esma@m 0s niveis apresentados pelo

grupo controle.

Palavras-chave: digestorio, frango, restricdo aliare realimentacgéo.



Abstract

Feed restriction is commonly used in chicken prddacto improve the performance
and the carcass quality and to control reproductivetabolic and skeletal disorders.
However, this management affects different systemshe organism, including the
gastrointestinal tract. The effects of feed restoicapplied in the first or second week
after hatching on the gastrointestinal morphology waell known, but there are few
reports about their effects on the nutrient digestind absorption. Moreover, there are
not studies concerning the effects of feed resdncand realimentation in the other
phases of chicken growth. Thus, this study investid the effects of feed restriction
and realimentation on the chicken gastrointestiredt in the initial (7 days old) and
final (35 days old) phase of growth. For this, theimals were divided into 4
experimental group<7: food ad libitumfor 7 daysR: 70% food restriction for 7 days,
C10: food ad libitumfor 10 days an@RF: 70 % food restriction for 7 days, followed by
realimentation for 3 days. Animals were sacrifiaadthe end of each experimental
period (7" and 18' days, according to the group) and the followingapzeters were
evaluated: gastrointestinal organs weight, panicreatd intestinal enzymes activities,
gene expression of enzymes and nutrient transgeprédrundance of NéD-glucose
cotransporter (SGLT1) and D-glucose uptake throthgh brushborder membrane by
SGLT1. The results showed that the younger feeudicts] chickens maintained the
body weight and that the older feed-restricted ldms slightly decreased the body
weight. However, feed-restricted animals decredabedgastrointestinal organs weight
and pancreatic and intestinal enzymes activitiéee dene expression increased in the
feed-restricted chickens whereas the SGLT1 abumdand activity decreased. After 3
days of reestablishment of feeding, the morphokigiand functional parameters

presented similar level to the control group, wWetv exceptions. Moreover, during the
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realimentation period, previously feed-restrictelickens presented a higher feed
efficiency and body weight gain. These effects barattributed to the higher relative
feed intake, to the recovery of the enzymes agtiiitd to the D-glucose uptake and to
the higher food storage capacity of the provenlmgwand gizzard. Thus, the presented
changes in response to feed restriction can beidsresl adaptive for the animal,
considering that they decrease the maintenance obshhe gastrointestinal tract during
the feed restriction period. These changes arel rami reversible, taking into account
that three days after the reestablishment of feethie evaluated parameters reach the

level of the control group.

Key-words: chicken, digestive, feed restrictiorgliaentation
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Introducéao

Os animais enfrentam constantemente variacoes ataisiee fisiologicas e
apresentam mecanismos de ajustes que garantamemstase e a sobrevivéncia. Esta
capacidade de ajuste, chamada de flexibilidadetifgna, € realizada através de
mudancas comportamentais, morfolégicas e fisiodmi¢Overgaardet al, 2002;

Palacios & Bozinovic, 2003; Nay al, 2003).

Entre os desafios a serem enfrentados, estdo iagdes na disponibilidade e
na qualidade dos alimentos. Nestas circunstanesaprocessos de digestdo e absorcao
ajustam-se para manter a taxa de digestdo, e, @weguinte, o fornecimento de
nutrientes e energia para todos os sistemas dasisngos (Diamond, 1991; Secor,
2001). De fato, a manutencdo das funcbes do temtrajntestinal € muito importante

para crescimento, desenvolvimento e saude dos snima

A restricdo alimentar e o jejum s&o eventos quespodcorrer na vida dos
animais naturalmente, em fung&o da menor dispahaloié de alimentos na natureza, ou
induzida pelo manejo, como o imposto a frangosdocas com o objetivo de reduzir
desordens metabdlicas e problemas reprodutivosaiada, para o controle do peso
corporal (Niret al., 1996; Tottoriet al, 1997; Lee & Leeson, 2001; Camadcéioal.,
2004). No entanto, a restricdo alimentar desenaadespostas importantes nos
processos de digestdo e absorcdo de nutrientes, wanaque afeta o trato

gastrointestinal.

De fato, a restricdo alimentar causa atrofia daasaicdiminuicdo do numero
de células, da taxa de proliferacdo celular e atonds apoptose celular (Susbidaal,

2003). Consequentemente, ocorre diminuicdo no ges@rgdos do trato digestorio, na
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atividade de enzimas intestinais e pancreaticaso enimero de transportadores

intestinais (Palet al, 1995a, b; Karasov & Pinshow, 1998).

A atividade enzimatica tem sido comumente estudhdtante a restricao
alimentar. Porém, sdo encontradas diferentes respagie podem ser atribuidas a
variacdes na duracdo e intensidade da restrichwratar, além da idade dos animais
(Ferraris & Diamond, 1997). A restricdo alimentarpbsta a frangos durante 4 ou 7
dias reduz a atividade especifica das enzimas edaias, tripsina, amilase e lipase, e
nao afeta a atividade de sacarase e maltase mo j¢paloet al, 1995b). Pinheiret al
(2004) observaram aumento da sacarase intestinglase pancreatica e lipase
imediatamente apds a restricdo alimentar de 30%nteir7 dias, enquanto que
Fassbinder-Orth & Karasov (2006) verificaram efedi® restricdo alimentar de 54%

durante 7 dias sobre a atividade da maltase noethaode frangos.

A realimentacdo, ap0s o periodo de restricdo alanentambém tem
despertado interesse, visto ser um periodo no geakspera a recuperacdo da
morfologia e func¢ado do trato gastrointestinal. Exdarnas, observou-se recuperacao da
superficie mucosa a partir do terceiro dia de meatitacdo apds jejum de 3 dias (Gallo,
2003). Também foi observado que a realimentacdoeatanos 6rgdos do trato
digestorio, a expressdo do transportador de gli&SET1 e recupera VAarios outros
parametros diminuidos durante o periodo de restiatignentar (Palet al, 1995a, b;
Gallo, 2003; Pinheiret al, 2004). Além disso, ocorre aumento na atividaslerzimas

pancreaticas e intestinais (Palo, 1995b; Gallo32B8@ssbinder-Orth & Karasov, 2006).

Embora os efeitos da restricdo alimentar sejam amgite estudados nas
fases iniciais do desenvolvimento dos frangos (Ralal, 1995a, b; Lee & Leeson,
2001; Pinheircet al., 2004; Fassbinder-Orth & Karasov, 2006), posecabe sobre o

efeito na fase final do crescimento desses animais.
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Sabe-se que a demanda interna dos animais vaaatdur desenvolvimento
ontogenético, assim como a morfofisiologia do tigdstrointestinal. Na fase inicial do
desenvolvimento de aves, as variagdes na morfol§imcao do trato gastrointestinal
sdo atribuidas a mudanca na fonte de nutrientes apgclosdo (Overton & Shoup,
1964; Buddington & Diamond, 1989; Maiorkaal, 2006). De fato, o desenvolvimento
do trato gastrointestinal na primeira semana da ¥ccritico para o crescimento do
animal. Contudo, o trato gastrointestinal contiauaodificar-se ap6s a segunda semana
de vida, de modo a manter as taxas de digestasoecab de nutrientes (Vazquetzal,

1997; Gilbertet al,, 2007).

Portanto, estudos sobre os efeitos da restricéteatar em diferentes idades
se justificam pela mudanca constante da morfolegiancdo digestivas ao longo do

desenvolvimento.

Nos ultimos anos, o advento das técnicas de belogilecular permitiu maior
compreensao dos processos de digestao e absor¢@ongastrointestinal. Entretanto,
encontramos apenas dois estudos em nivel molesalze os efeitos da restricdo
alimentar na expressdo génica e atividade de emzentansportadores intestinais.
Gilbert et al. (2008) avaliaram os efeitos da restricao alimeméaexpresséo génica da
aminopeptidase, do transportador de di e tripepsidPEPT1), dos transportadores de
glicose (SGLT1 e GLUT2) e de 4 transportadoresstirtais de aminoacidos no jejuno
de frangos. Dentre todos os genes estudados, apérsassportador de di e tripeptideos

(PEPT1) foi afetado pela restricao alimentar, auaredo a abundancia de RNAm.

No outro estudo, foram avaliadas, em conjunto,essao génica e atividade
do transportador SGLT1 em frangos jejuados durérdeas (Gal-Garbeet al, 2000).
Estudos como este sdo importantes para se determipnarrelacdo entre niveis de

RNAmM e atividade de transportadores e enzimas.dia@e de Gal-Garbet al. (2000)
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nao foi observada correlagdo entre a expressaaeg@niatividade do transportador
SGLT1. Segundo Ferraris & Diamond (1997), a abucidade transportadores SGLT1
na membrana apical do enterdcito é independentdved de RNAmM do transportador
SGLT1 em varias espécies. No entanto, para outnessgde enzimas e transportadores
intestinais, como aminopeptidase, GLUT2 e GLUT5awariagdo na expressao de

RNAmM esta correlacionada a sua expressao protéica.

Assim, €& de extrema importdncia o desenvolviment eftudos que
correlacionem as respostas moleculares e biogqusneicgue possam complementa-las

com alteragc6es morfolégicas e com seus efeitogsmbrganismo como um todo.

Portanto, este estudo teve como objetivo estudaefesos da restricdo
alimentar sobre o trato gastrointestinal de frangas nivel morfoldgico, bioquimico e
molecular. A restricdo alimentar foi imposta nasefaprecoce e tardia do crescimento.
Para tanto, foram realizados 3 experimentos apigdesn nos capitulos de 1 a 3, em
artigos redigidos de acordo com as normas paracaghb na revist8ritish Journal

of Nutrition:

|. Feed restriction and realimentation affect the rgasestinal tract and

performance in chickens of different ages

Il. Feed restriction affects the gene expression ektimtal enzymes and nutrients

transporters in chickens of different ages

|. Effects of feed restriction and realimentation o@i -®-glucose cotransporter in

jejunum of domestic chicken (realizado durantegstdanduiche realizado na
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Faculdade de Farmacia, da Universidade de Barcetobasupervisdo da Profa.

Dra. Joana Maria Planas Rossell6)
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Reviséo bibliografica

1. Estrutura e caracteristicas gerais do trato gasbintestinal de aves

O sistema digestorio desempenha funcbes importardesanutencdo da
homeostase, destacando-se entre elas o fornecirmentmuo de agua, eletrdlitos e
nutrientes ao organismo. Esta funcao é possikditsda adequada captacéo e posterior

digestao e absorcao de nutrientes procedentegunhcao.

Os processos bioquimicos finais para utilizacdordisentes e producao de
energia sao bastante similares quando se compfaeerdes animais. No entanto,
existem grandes diferencas quando se considerarasteristicas estruturais dos tratos

digestorios.

Sendo assim, podemos dizer que a fisiologia derastdigestorio de aves &
bastante similar a dos mamiferos. No entanto, to wégestorio das aves apresenta
orgéos diferenciados, como proventriculo, moeléoaca. Em algumas aves pode ser
encontrado também o papo. Além disso, as aves empaes modificacdes, como o
desaparecimento dos dentes, conversdo da maxilandogferos em bico, trituracédo
realizada pela moela e desenvolvimento dos ceadsv@se, 1980). Figado, pancreas,
vesicula biliar e intestino delgado apresentamlaiidades estruturais e funcionais com

os de mamiferos.

Independente da diversidade, em todas as aves @sesSppDS mais
importantes de digestdo quimica e de absorcdo ttfeemtes ocorrem no intestino
delgado. O intestino delgado das aves, assim conw mmamiferos, pode ser dividido
em trés regides: duodeno, jejuno e ileo. O duodeitia-se imediatamente apds a

moela e estende-se até o final da al¢ca duodergljdeepelo jejuno que termina no
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diverticulo de Meckel, que é um vestigio do sadelivico. Imediatamente apds,

encontra-se o ileo que termina quando se inicianeoss.

2. Epitélio intestinal

A parede do intestino delgado apresenta uma esdr@specializada, o
epitélio, pelo qual ocorre absorcdo e parte dasthgedos nutrientes. O epitélio &
formado por muitos tipos celulares, entre os gsaisestacam as células caliciformes,
que secretam muco, as células enddcrinas, quetaacriferentes hormoénios, e 0s

enterdcitos.

Os enterdcitos sdo as células responsaveis peboegaos de digestdo e
absorcao de nutrientes. S&o células colunareszadas, nas quais sdo observadas uma
membrana apical e uma membrana basolateral. A na@alapical, em contato com o
limen intestinal, apresenta projecdes digitiforraeamadas de microvilosidades, que
aumentam em 14 a 40 vezes a superficie absortsta. embrana contém enzimas,
chamadas de membrana ou de parede, importantagesiad dos nutrientes presentes
na luz intestinal. Os enterdcitos apresentam tamip@nmos, canais ou proteinas
transportadoras localizadas nas membranas apiozdadateral que realizam a absorgéo

dos nutrientes.

Além das vilosidades, também sdo encontradas néliepas criptas de
Lieberkiihn, onde se originam as células indifemas que se desenvolverdo em
algum dos tipos celulares apresentados acima. Aidmedue estas células se
diferenciam, elas desempenham sua funcdo e migradirecdo ao 4pice da vilosidade,

sendo eliminadas na luz intestinal por descamacao.
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3. Digestao e absorcao de carboidratos

Os carboidratos correspondem a maior parte dogentds na alimentacéo
de frangos (Batal & Parsons, 2004) e fornecem é@mngygra oS processos vitais do
organismo, como a manutencao da temperatura compaias funcbes essenciais, para
formacdo de tecido corporal e compostos como haoseprenzimas, proteinas

sanguineas, entre outras.

A digestdo mecéanica dos carboidratos € efetuada pelceracdo e a
trituracdo do alimento no papo e na moela. A dégeguimica do amido, em suas duas
formas, amilose e amilopectina, ocorre principaliem intestino delgado, por atuacao
da amilase pancreatica. A amilase hidrolisa a amjlam polissacarideo que apresenta
apenas ligacbesl-4, formando maltotriose e maltose. Devido a iacafade da
amilase de romper ligacded-6, sua acdo sobre a amilopectina forma também as
dextrinas limites, através da ruptura das unided que se encontram ao redorodab
(Moran Jr, 1985). Os oligo e dissacarideos formadas luz intestinal s&o,
posteriormente, digeridos pela glicoamilase e pelassacaridases presentes na
membrana apical dos enterdcitos formando monosdacar como a frutose, a glicose

e a galactose.

Em frangos, as principais dissacaridases preseat@sembrana apical dos
enterdcitos sdo a sacarase e a maltasedtiali, 2003). As enzimas lactase e trehalase
podem estar presentes apenas em certas fases elovalesnento (Siddons, 1969;
Chotinskyet al, 2001). As diversas regides do intestino possuiéenedtes niveis de
atividade enzimatica, sendo 0 jejuno o que tem maiapacidade de digerir

dissacarideos, seguido do ileo e, por tltimo, aldoo (Uniet al., 1998).

A sacarase (complexo sacarase-isomaltase) € a a&nasponsavel pela

hidrolise de sacarose, isomaltose e, isomaltotridssacarose € um dissacarideo que
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esta presente principalmente em frutas, enquanto agisomaltose se encontra em
polissacarideos de origem animal e vegetal. Estamenapresenta atividade ja em
embrides de frango, aumentado apdés o nascimentow(Br1971). O complexo
sacarase-isomaltase (SI) hidrolisa a unifi€6 dos oligo e dissacarideos resultantes da

digestao realizada pela amilase pancreatica, fatmglicose e frutose.

A maltase (maltase-glucoamilases) hidrolisa asasu®-4 eal-6 dos di e
oligossacarideos liberando glicose. Esta dissaas#ié a mais abundante na membrana

apical dos enterdcitos (Galand & Fostner, 1974).

7

A trealase é responsavel pela hidrélise da treatmseduas moléculas de
glicose. A trealose € menos frequente na alimeotai@s frangos, visto que é
encontrada em algas, fungos, insetos e invertebradoinhos. Sua atividade € baixa ao
nascer e depois do sétimo dia de vida encontraspeseente indicios de sua acao

(Chotinskyet al, 2001).

7

A lactase € a enzima que hidrolisa os derivadodede em glicose e
galactose. Existem indicios de sua atividade darantiesenvolvimento embrionario
(Kedingeret al, 1981) e apds a eclosdo (Siddons, 1969), mas taiidade diminui

com a idade (Chotinskst al, 2001).

O principal produto da digestao de carboidratogkcase. A absorcdo deste
monossacarideo através do epitélio intestinal mmterealizada por via paracelular,
através das unides intercelulares ou, principaleygmbr via transcelular, através dos
enterdcitos. A absorcdo transcelular de monossketesi pode ocorrer por difusdo
simples ou por transporte ativo, com a interacasufistrato com proteinas especificas
da membrana do enterécito. Na membrana apical twéeito ocorre um mecanismo
de transporte ativo, capaz de acumular monossacaridentro da célula contra o seu

gradiente de concentracdo. Trata-se de um mecardenmatransporte pela proteina

23



SGLT1, pelo qual a entrada de acucares esta aeopladjradiente eletroquimico de
ions sodio. Na membrana basolateral o transponidicese para o intersticio ocorre por

difusao facilitada pela proteina transportadora G2U

4. Digestédo e absorcao das proteinas

As proteinas da dieta sdo as principais fontesntiecdéicidos e peptideos
para a sintese de proteinas, obtencdo de energgguéacdo das diversas funcdes
celulares através da sintese de horménios e nansatissores. Uma vez ingeridas, as
proteinas sdo em grande parte digeridas, sendovatasoprincipalmente na forma de

aminodacidos ou de pequenos peptideos (2 a 4 andosic

A digestdo das proteinas inicia-se no proventricaton a secre¢do de
pepsinogénio e acido cloridrico. No proventricubmroe a conversao do pepsinogénio
em pepsina, por acdo do acido cloridrico. O pracéissl de digestdo das proteinas
ocorre no intestino, com acdo das proteases paitagigue sdo secretadas na forma
de proenzimas. Estas s&o ativadas inicialmentemeroquinases, enzimas presentes na
membrana apical do enterdcito, cuja atividade énekida pelo tripsinogénio. As
enzimas ativas resultantes incluem as endopepsidagesina, quimiotripsina, elastase)
e exopeptidases (carboxipeptidases A e B). Os predwesultantes da acdo dessas

enzimas sao aminoacidos e peptideos.

A hidrolise dos peptideos resultantes da digestimliminal ocorre na
membrana apical dos enterdcitos. Este processoité mamplexo, visto que envolve
peptidases especificas para reconhecer os 20 ardoséexistentes, com diferentes

propriedades fisicoquimicas, como solubilidadegaapeso molecular e estrutura. As
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peptidases presentes na membrana apical pertencdmclasses: endopeptidases,

aminopeptidases, carboxipeptidases e dipeptidases.

Dentre as varias peptidases da membrana apicahireopeptidase N é a
principal exopetidase na membrana apical de mansitaves (Schondube & Martinez
Del Rio, 2004). A aminopeptidase cliva aminodcidies cadeia N-terminal dos
peptideos, preferencialmente aminoacidos neutrdmsigos (Taylor, 1993; Riemaeh

al., 1999).

Os produtos finais da digestdo de proteina sdo cémitos livres, di e
tripeptideos. O epitélio intestinal possui mecawisnde transporte eficiente para
absorver ndo apenas aminoacidos livres, mas tardbértripeptideos. Os aminoacidos
livres sdo absorvidos através da membrana apicalediderdcitos por sistemas de
transportes especificos para determinados grup@sniteoacidos. Os di e tripeptideos
sao transportados intactos através da membranal aois enterdcitos por sistemas de
transportes especificos para peptideos, enquastogjtransportadores de aminoacidos
livres exibem especificidade por substratos. Ossprartadores de peptideos podem
transportar todos os 400 a 8000 tripeptideos eegels da combinagdo dos 20
diferentes aminoacidos da dieta (Daniel, 2004). nAlélisso, o transporte de

aminoacidos na forma de peptideos € mais rapido ymidade de tempo que

aminodacidos na forma livre (Adibi & Phillips, 1968)

Di e tripeptideos sao transportados para dentrghida por transportadores
de peptideos, PEPT1, um membro da familia de apomtadores de préton e
oligopeptideos. Além do transporte pelo PEPT1, igeps podem também ser
absorvidos por rotas alternativas incluindo movitoeparacelular e por peptideos

penetradores de células, que sdo capazes de moainuanga através da membrana

25



plasmatica. O transporte intestinal de di e trijgkguts tem sido bem caracterizado em

frangos (Chert al, 2002, 2005; Gilbert al, 2008).

O transportador de di e tripeptideos PEPT1 estaepte na membrana
apical e basolateral dos enterécitos e sua atigidadependente do gradiente de H
favorecido pelo microclima da membrana apical @ p¢ividade da bomba de'/MNa’

da membrana.

Os di e tripeptideos que sao absorvidos intactas ssdseqientemente
hidrolisados pela agédo de peptidases intracelylareque resulta na formacéo de

aminoacidos livres que sdo, entdo, disponibilizgroa a corrente sangtiinea.

5. Digestao e absorcao de lipideos

Os principais lipideos da dieta sé@o os triglicesgjejue constituem 90% da
gordura ingerida. Os acidos graxos provenientedieta ndo podem ser sintetizados
pelo organismo a partir de outras substancias eéngdi@scindiveis para assegurar um
estado nutricional 6timo. A dieta também contémupeqs quantidades de colesterol,
éster de colesterol de fonte animal, ceras de faegetal e fosfolipidio de fonte animal
e vegetal. O colesterol € o constituinte basicordambranas celulares, precursor da
vitamina D e de horménios esterbides. Além dissolimideos desempenham varias
funcdes importantes dentro do organismo, como vasee energia, participa de

sistemas enzimaticos e de transporte de lipidatsodgéo organismo.

Os lipideos sédo pouco sollveis em agua, e estaigadagde determina
processos diferenciados de digestdo e absorcdagestdo de gorduras inicia-se no
estbmago, com o aquecimento dos lipideos a tenmparatorpdrea, mistura e

emulsificacdo em goticulas menores. A gordura assidificada passa para o intestino
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delgado, onde a emulsificagdo € completada com & atp &cidos biliares e

fosfolipideos. Esses produtos da bile reduzem satemle superficie dos lipideos e
permitem que as goticulas de gordura reduzam ermantaon tornando-se acessiveis as
membranas lipoliticas. Os lipideos cobertos pos bdiares estdo sujeitos a acdo das
enzimas hidroliticas. A hidrélise de triglicerideasorre devido a acdo combinada de
enzimas pancreaticas lipase e co-lipase. A lipdse ©s acidos graxos de cada
extremidade da molécula de triglicerideo, resulbama formacao de dois acidos graxos

livres ou ndo-esterificados e um monoglicerideo.

Os produtos finais da digestdo dos lipideos senddm pelo lumen

intestinal, através da camada estavel de aguaabsaovidas por difusdo simples.

6. Flexibilidade fenotipica do trato digestério

Os animais possuem a capacidade de ajustar sedtfppfenem resposta a
selecdo genética, alteracdes na disponibilidadeatidade dos alimentos, processos
patologicos e demanda interna do animal. Essa ickulec € chamada flexibilidade
fenotipica ou plasticidade fenotipica (Moran, 19%2ersma & Lindstrom, 1997,
Piersma & Drent, 2003) e pode ser realizada atredeésiudangcas comportamentais e
fisiologicas (Overgaardt al, 2002; Palacios & Bozinovic, 2003; Nagtal, 2003). A
flexibilidade fenotipica permite que o animal otiias funcdes vitais de acordo com as

mudancas ambientais (Starck, 1996), garantindovebstase.

O trato gastrointestinal apresenta capacidade sf@mneler rapidamente as
demandas ambientais e fisioldgicas ajustando-sa pemnter a taxa de digestao, e
consequentemente o fornecimento de nutrientes ggianpara todo o organismo

(Diamond, 1991; Secor, 2001). Os ajustes realizadwsentam as possibilidades de
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sobrevivéncia dos individuos uma vez que contribymma a reducdo do gasto
energético de manutencao do epitélio intestingh kista o alto gasto energético da
renovacao celular intestinal e da sintese prot@éamond, 1991; Secaat al, 1994;

Secor, 2001).

As variagcfes ambientais que afetam o trato digesp@dem ser alteracdes
na disponibilidade de alimento ou na composicaaamnal (McWilliams & Karasov,
2001) e os ajustes realizados pelo trato digestpndem ser morfoldégicos ou
funcionais. Varias espécies de insetos, peixeseigppassaros e mamiferos podem
alterar o comprimento do intestino em reposta agaes na qualidade e quantidade de
alimento (Starck, 1996; Piersma & Lindstrom, 19%ems & Sikes, 1998). As
dimensdes das microvilosidades e vilosidades intgst as taxas de proliferacéo e de
migracao celular, além de caracteristicas impatadas membranas das células, como
a permeabilidade e a atividade das proteinas talasioras podem alterar-se (Miseth

al., 1980; Yamauchet al, 1996; Waheed & Gupta, 1997; Ferraris & Carey, 200

As mudancgas ocorridas no epitélio intestinal podeon,conseguinte, afetar
a digestéo e a absorcéo intestinal dos nutrieBtesaves, a variacéo na disponibilidade
de um determinado nutriente pode levar a uma gleraa maquinaria necesséria para
sua digestdo e absorcdo. Por exemplo, frangos rdliches com dieta livre de
carboidratos exibem menos enzimas maltase e sagawasarea intestinal que frangos

alimentados com dieta rica em carboidratos (Bivieinal., 1993).

A demanda interna do animal durante o seu desamwio ontogenético
também afeta a morfofisiologia do trato digestoEm aves, o periodo de transi¢cédo de
embrido para os estagios pds-eclosdo € critico palasenvolvimento normal dos
frangos. Embora o trato digestorio seja anatomiocéeneompleto no periodo final de

incubagcdo, a demanda nutricional durante o estaggcoce é acompanhada por
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mudancas adaptativas na morfologia e funcdo do digestorio. A superficie absortiva
muda consideravelmente apds a ecloséo e a taxaliferacdo aumenta, fazendo com
que o peso relativo dos intestinos seja maior apgdosédo, alcancado o méximo de 3 a

7 dias ap0s e, entdo, declinando levemente.

Além disso, ocorre uma mudanca abrupta na fonteutteentes no %dia de
vida das aves, quando a gema, rica em lipideobgitslida por uma dieta exdgena rica
em carboidratos e proteinas (Buddington & Diamob@89). Varios estudos tém
evidenciado hiperplasia, hipoplasia e diferenciagélalar apds a eclosao (Overton &

Shoup, 1964; Maiorkat al, 2006).

Nos primeiros dias apds a eclosdo a absor¢cdo dessacarideos, assim
como a densidade de transportadores SGLT1, na memlapical dos enterécitos &
aumentada (Vazqueet al, 1997; Barfullet al, 2002). Ja foi demonstrado também
aumento na concentracdo das enzimas pancreatidasemtripsina (Krogdahl & Sell,

1989).

Alguns estudos tém mostrado adaptacbes de estmitfitracdo do sistema
digestorio ocorridas em aves migratorias em pesode escassez de alimento.
(McWilliams et al, 2004). S&do observadas alteracdes do tamanhdinatesaxa de
absorcao, atividade hidrolitica de enzimas digastieficiéncia digestiva e tempo de
retencdo dos nutrientes (McWillians & Karasov, 20@iferentemente do que ocorre
com o intestino delgado, figado e pancreas, apenasstbmago ndo apresenta
modificacdo de peso ou tamanho em resposta acéestalimentar (Karasoet al,

2004).

Em frangos, a restricdo alimentar e o jejum tén somimumente utilizados
para reduzir desordens metabdlicas e problemasodefvos, assim como para

controlar o peso corporal (Lee & Leeson, 2001; Gdmat al, 2004). A restricdo
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alimentar inibe os processos de hiperplasia e tngder e promove melhoria na
eficiéncia alimentar (Leesaat al, 1992). Tem sido observada também reducéo na taxa
de mortalidade, aumento da resisténcia dos anind@encas infecciosas e a exposi¢ao

a altas temperaturas (O"Sullivanal, 1991).

A restricdo alimentar adotada no manejo das aegdiéada entre a primeira
e segunda semana de idade das aves. Na primei@aaemanimal é considerado muito
fragil para suportar o estresse da restricdo atimnes ap0s 21 dias de idade ndo ha
tempo suficiente para recuperacéo do peso até cemtordo abate (Plavnik & Hurwitz,
1988). O restabelecimento do alimento apds o peréedrestricdo alimentar promove
aumento na taxa de crescimento corpéreo, denomuegdanho compensatério (at
al., 1990). Animais submetidos a restricdo alimeram posterior realimentagcéo
atingem valores de peso igual ou superior ao deasindo submetidos a restricao
alimentar em uma mesma idade (Plavinik e Hurwi@5194989, 1991, Plavinikt al,
1986; Yuet al, 1990; Fontanat al, 1992). O ganho compensatorio, no entanto, é
influenciado pelo sexo do animal, natureza, seadace duragédo da restricdo e o tempo
de realimentacdo (Wilson & Osbourn, 1960). Assiodgtambém ocorrer reducédo do
peso corporeo apoés restricdo alimentar (Pokniak a@n€jo, 1982; Sims & Hooge,

1990; Zubair & Leeson, 1994).

Durante a restricdo alimentar pode ocorrer melloowersao alimentar em
aves e em outros animais. Esta resposta tem githoidf, em parte, a alta eficiéncia
metabodlica associada a uma pequena massa corfickieson, 1978; Zubair &
Leeson, 1994). Além disso, a velocidade de passageatimento pelo trato digestorio
€ menor, o que aumenta o tempo disponivel paraeaegso de digestdo dos alimentos.
De fato, uma taxa de passagem mais lenta pode maelt@ digestibilidade e,

consequentemente, a eficiéncia de utilizacao dogatos (Sainet al, 1995).
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A presencga de alimento € um estimulo importanta pacrescimento da
mucosa intestinal, embora o intestino se ajustedaagente ao estresse nutricional
(Francis & Schleiffer, 1996). A mucosa gastroiritedtde frangos de corte pode ser
influenciada por fatores tréficos, relacionados @ingestdo e absorgcéo de alimentos e
por suas caracteristicas quimicas e fisicas (Mat@9b). Estudos realizados em aves e
outras espécies mostram que a restricdo alimentarerda o comprimento de
determinados segmentos do trato digestorio (Pioehetsal, 1985; Cruzt al, 2000),

0 peso relativo dos érgaos relacionados com a tdigg§urlan, 1996) e a expressao
génica do transportador de glicose SGLT1 (Gal-Gabal, 2000). Além disso, pode
reduzir o desenvolvimento da mucosa (Petial, 1995), a altura das vilosidades, a
atividade da tripsina, amilase e lipase (Pealoal, 1995; Susbillaet al, 2003) e a
profundidade das criptas (Pinheied al, 2000). Niret al. (1987) e Katanbaét al
(1989) mostraram que galinhas submetidas a periatosrestricdo apresentam
hipertrofia dos 6rgdos que armazenam alimentos ree@iam o peso relativo do

pancreas, jejuno e ileo.

O reestabelecimento da alimentagédo apos periodesti&cao, por sua vez,
promove a recuperacao da mucosa intestinal emmaviase inicial do desenvolvimento
(Palo et al, 1995; Shamoteet al, 1999; Shamoto & Yamauchi, 2000), as quais
apresentam aumento da altura das vilosidades ea<sriptestinais (Nakage, 2000;
Pinheiroet al, 2000) e peso dos érgaos do trato digestério.sApalimentacdo, os
processos de digestdo e absorcdo de nutrientessnasimais jovens também sao
afetados, com aumento da atividade da maltaseagasacintestinais (Pa&i al, 1995)

e expressao do transportador de glicose SGLT1 @adberet al, 2000).
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CAPITULO |

FEED RESTRICTION AND REALIMENTATION AFFECT THE

GASTROINTESTINAL TRACT AND PERFORMANCE IN

CHICKENS OF DIFFERENT AGES
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Abstract

The gastrointestinal tract of young chicken shows amlaptive response to feed
restriction modifying morphology and functions, litst response is not known in older
chickens. Thus, this study investigated the eféédeed restriction on enzymes activity
and gastrointestinal organs weight in chickensaaf &ges: 7 and 35 days old. For this,
the animals were submitted to 70% feed restricfmiiowed by realimentatiorad
libitum for 3 days. The control groups were fad libitum during equal periods.
Animals were sacrificed in the end of feed reswittor realimentation period {7or
10" days, respectively). Gastrointestinal organs (@ntriculus, gizzard, small and large
intestine), pancreas and liver were weighed. Paticrehymotrypsin, trypsin, amylase,
lipase and intestinal sucrase and maltase actwéye evaluated. Feed intake, feed
efficiency and percentage of body weight gain wagtermined during realimentation
period. Feed restriction decreased the organs waigh enzymes activity in both ages,
with few exceptions. After realimentation for thrdays, these parameters returned to
values similar to control group. Feed efficiencgrgentage of body weight gain and
feed intake increased during realimentation peribde present study showed that
during feed restriction occurs reduction of maiatere costs through the decrease of
organs weight and of the activity of pancreatic antéstinal enzymes. After the
realimentation, the increase of feed intake, ac@mgul by the recovery of enzymatic

activity to the control level, provided an improvemh of chicken performance.

Key words: enzymes, feed restriction, performance, realiatem
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Introduction

Feed restriction is a common management strategfiedpin chicken
production in order to control the body weight aeproductive, metabolic and skeletal
disorder§). In fact, many reports on feed restriction in &eits show a decrease of
body weight and carcass fat and an improvemen¢ed efficiency with compensatory
growth after realimentatiéh®. This practice can affect the physiology of system
including the gastrointestinal tract. Indeed, feestricted chickens show a decrease of
gastrointestinal organs weight and activity of fgjualkaline phosphatase, pancreatic
trypsin, amylase and lipd&®. However, in others studies, feed restrictionéased the
intestinal sucrase activify whereas decreased the maltase actityhe difference
among results can be attributed, at least partitdlylifferent feed restriction protocols
employed in these investigations. Realimentatidardged restriction, in turn, caused
the recovery of the weight of all gastrointestinajans and the increase of duodenal
maltas&"°)

The most studies focus on the effects of feediotistin on the gastrointestinal
morphology and function in the first or second wedller hatching® "' However,
the knowledge about the effect of feed restricteorxd realimentation during other
phases of chickens growth is scarce.

It is known that internal demand varies during¢h&ken development, which
can consequently affect the food intake and theddige physiology**?. In fact, many
authors have shown age-related changes in theogdsestinal system, as increase of
pancreatic enzymes and intestinal disaccharidasésdacrease of intestinal passage
time and jejunal Nadependent D-glucose transptrt®,

Thus, the present study aimed to compare the sffaficteed restriction and

realimentation on the gastrointestinal system,uidiclg organs weight and activities of
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intestinal and pancreatic enzymes in two stagehiocken growth. It was also evaluated

the body weight gain, feed intake and feed efficyeduring realimentation.

Material and Methods

A total of 64 male broiler chicks (Cobb) were obtd from a commercial
hatchery (Frigorifico Mabella Ltda, Tatui, Brazdh the hatching day. Animals were
housed in metal batteries in a room with controliBgimination, temperature and
humidity. Until 14 days of age the animals were f&th a common starter diet, and
thereafter, with a grower diet (table 1). Water waitered ad libitum during all
experiment. All procedures were approved by Unitgisthics Committee for Animal
Research.

Feeding regimens were applied in chickens from 717 old (groups
identified by small letters) and 35 to 45d old {gve identified by capital letters). At 7
or 35d old, chicks were weighed and divided intarfgroups, with 8 chickens per one:
r andR - 70% food restriction for 7 days7 andC7 - foodad libitumfor 7 daysyf and
RF - 70 % food restriction for 7 days, followed byaeding for 3 days;10andC10 -
food ad libitumfor 10 days (figure 1).

Animals were weighed daily and the food amount §adpo feed-restricted
chickens was equivalent to 30% of the quantity aored by the fecd libitum group
on the previous day. The effects of treatments wletermined at 14 and 17d old and at
42 and 45d old, according to the group. For this, animals were weighed and killed

by beheading.
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Feed intake and performance
Feed intake, feed efficiency (ratio of weight gaim feed intake) and
percentage of body weight gain were measured dtin@gealimentation periods (from

14 to 17d and from 42 to 45d old).

Organs weight

Immediately following euthanasia, gastrointestirmbans (proventriculus,
gizzard, small and large intestine), pancreas maed Were excised from each chicken.
The organs were cleaned with ice-cold physiologitine solution, dried with filter
paper and weighed. The organs weight was expressabsolute and relative to the

respective body weight (grams/100 g BW).

Enzyme analysis

Pancreas and jejunum, free of residual food, wezeh in liquid nitrogen and
stored in freezer -80°C until required for assay.

The activity of the pancreatic enzymes was detezthiafter the whole organ
was homogenized (1:20 wt/vol) in 50mmol/l Tris-HBUuffer, pH 8, containing 50
mmol/l CaCh. For trypsinogen determinatiof, enterokinase was added to the
homogenate and allowed to convert the enzyme mgpsin. Trypsin activity was then
measured from the hydrolysis of p-nitroaniline froenzoyl-DL-arginine-p-nitroanilide
(DL-BAPNA) at pH 8.2. Units are expressed as nanlemof p-nitroanilide released
per minute per milligram of protein. A similar methwas used for determination of
chymiotrypsit™®, with BAPNA replacing N-glutaryl-L-phenylalaninesptroanilide
(GPNA). The reaction was stopped with 3% acetiad asolution. Amylase was

determined by the iodometric method modified by a@ay'® (In vitro Diagnostica,
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Brazil) and the activity was expressed as amylasts (AU) per microgram of protein.
One amylase units is the amount of enzyme thathytlrolyze 10 mg of starch in 30
min. Lipase activity was obtained by BALB-DNTP meth (In vitro Diagnostica,
Brazil). Accordingly, lipase hydrolyzes the thioastproducing a thioalcohol that reacts
with nitrobenzoic acid, yielding a yellow anion. &leolor intensity is proportional to
enzyme concentration. The enzyme activity was esga@ as International Units (IU)
per microgram of protein.

To determine the activity of intestinal disacchases by Dahlquist methd,
each jejunum segment was opened longitudinallytaednucosa was scraped off with
a glass microscope coverslip. This tissue was nmechidy homogenized after the
addition of 4 parts of ice-cod deionized water. fds¢ and sucrase activity were
assayed by incubating aliquots of the homogenaids thhe appropriate substrate in
malate buffer at pH 6.4. Released glucose was rdeted by the glucose-oxidase
method (Laborlab, Brazil). The enzymes activity veapressed as units per gram of

protein, which was determined by the method of Braff?.

Statistical analysis

Values were expressed as mean + sem. Statistifatatices between feed-
restricted and control groups (r x ¢c7 and R x @€&3Jimented and control groups (rf x
c10 and RF x C10) and feed-restricted and realietegtoups (r x rf and R x RF) were
established by Student’s t-test. Statistical amalyss performed using GraphPad Prism

5.0 (GraphPad Software, Inc, USA). Probability 6205 was taken as significant.
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Results

Feed intake and performancgFigure 2)

During the reestablishment afd libitum feeding, chickens previously feed-
restricted of both ages (rf and RF) presented higkecentage of body weight gain and
feed efficiency (P<0.05) than control animals (@@ C10). In both ages, the relative
feed intake (feed intake normalized to body weightjing the realimentation period

was higher in previously restricted chickens thantwl group (P<0.05).

Absolute organs weight(Figure 3)

In feed-restricted chickens of both ages (r andtii®,absolute weight of all
organs was significantly lower (P<0.05) than conammals (c7 and C7). The absolute
organs weight in younger realimented chickens wagit than control group (c10) and
greater than feed-restricted group (r). No statstdifferences (P<0.05) were found in
absolute organs weight between control (C10) aatimented group in older animals
(RF). The older realimented group of both agesafd RF) presented absolute organs

weight greater than feed-restricted group (r and R)

Relative organs weight(Figure 4)

In both ages, the relative weight of proventricwuss greater (P<0.05) and
the relative weight of liver was lower in feed-regted group (r and R) compared to the
control group (c7 and C7). The gizzard relativeghenf feed-restricted animals (r) was
greater (P<0.05) only in younger chickens and thallsintestine relative weight was
lower in older feed-restricted animals (R) compat@despective control group (C7).

Pancreas and large intestine were not affecte@dxy ffestriction in the both ages.
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After realimentation for 3 days, relative weight pfoventriculus, gizzard,
small intestine and liver of previously feed-resed groups of both ages (rf and RF)
was greater (P<0.05) compared to the respectiveatgroups (c10 and C10). Relative
weight of large intestine and pancreas were gréRted.05) only in older animals (RF).

In comparison to the feed-restricted groups, thenger realimented group (rf)
showed a greater relative weight of gizzard, snmaéistine and liver (P<0.05). In the
older realimented animals (RF) all organs were tgre@<0.05) compared to the feed-

restricted group (R).

Pancreatic digestive enzymegigure 5)

Younger feed-restricted chickens (r) presentedsirny@nd amylase activity
lower (P<0.05) than control group (c7). In oldeedeestricted chickens (R) only
chymotrypsin activity was lower (P<0.05) comparedthe control group (C7). After
realimentation, the pancreatic enzymes in animialoth ages (rf and RF) were similar
(P>0.05) to control groups (c10 and C10). When cmexbh to feed-restricted group, the
trypsin and chymotrypsin activity were higher (F38).only in younger group (rf). The

feed regimens did not affect the lipase activitglnckens of both ages (P>0.05).

Intestinal digestive enzymegFigure 5)

Disaccharidases of younger chickens were affed®ed.05) neither by feed
restriction (r) nor by realimentation (rf). Sucrased maltase activity was lower
(P<0.05) in older feed-restricted chickens (R) carmed to control group (C7). After
realimentation, the disaccharidases activities vearelar to the control group in both

ages (P>0.05).
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Discussion

In the present study, chickens were 70% feed-oéstriin two phases of
growth, from 7 to 14d old and from 35 to 42d oldhefeafter, both groups were given
ad libitumaccess to food for three days. Animals of botrsa@wed capacity for rapid
and reversible changes in digestive enzymes andrgans weight in response to
alterations in feed regimens. In fact, the digestwnzymes activity, which decreased
during feed restriction, reached the level of ocointgroup 3 days after the
reestablishment of feeding. This response was guoapmd by an increase in feed
efficiency, relative feed intake, percentage of yoaekight gain and relative organs
weight.

Feed-restricted chickens of both ages decreasedhbelute weight of all
organs studied. Similar response was showed by &akl©, applying early feed
restriction in chickens from 11 to 14 days old d&min 7 to 14 days old. Other authors
also verified decrease of gastrointestinal organsight in response to feed
restriction®%?2?® This response is expected, considering that entsihave trophic
effects on the gastrointestinal tract, stimulatifog,example, the development of villus
and crypt€?. In fact, many authors showed decrease in vilkight and cell area, cell
proliferation and mitosis rate caused by feed iein(®>2%)

However, when the organ weight was normalized ®kibdy weight, it was
verified that the organs were differently affectéy feed restriction. Whereas
proventriculus increased in chickens of both agles,liver decreased. Pancreas and
large intestine were not affected. Gizzard and kmé&tstine showed responses that
varied according to the animal age. The gizzardtired weight increased in younger
chickens but not in older animals. The small intestiecreased in older chickens and

did not change in chicks.
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It is interesting to note that many authors havefieed hypertrophy of
proventriculus and gizzard in response to feedriotisn®?2%% These organs play
important function as storage organs and it is giotd that feed-restricted animals give
priority to development of this kind of organs, luming the stomach, at the expense of
the demand tissues like breast and tfifyhMoreover, increased capacity of these
organs, accompanied by slow evacuation, providesithrients supply to the intestine
during the periods that the food is not avail§Ble

The results showed that pancreas appears to mrdghe less affected by feed
restriction in the both ages. Pato al®"” showed a similar response in the relative
weight of pancreas and small intestine applyingl fesstriction from 11 to 14 days old
and from 7 to 14 days old. Pancreas plays impofteration in the digestion of protein,
carbohydrate and fat, by secretion of enzymes ith® duodenum. Despite the
maintenance of pancreas relative weight during feestriction, the activity of
chymotrypsin, trypsin and amylase was decreaseelsd hesults are consistent with the
reduction of the proteolytic activity of the pro¥saulus and pancreas in feed-restricted
chickens observed by Susbiéaal *°.

Early feed restriction decreased the trypsin anglase activity while later
feed restriction decreased the activity of chymudng and jejunal maltase and sucrase.
The response verified in younger chickens is cattesgth the results observed by Palo
et al’”? and Fassbinder-Orth & Karas8yvBut, we could not found other studies about
the effect of feed restriction in older chickensowder to compare with the observed
results.

A decrease in enzymes activity was observed, alfhalifferent enzymes have
been affected in both ages. It is known that patmend intestinal enzymes activities

change in response to the age and dietary compd&iti*=® But, the effects cannot be
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explained by variations during the developmentgémeral, amylase activity increases
rapidly during the first 14 days, trypsin and lipaactivity increase from 14 days old,
and chymotrypsin reaches the maximum level at 1js dend then decredd&*”
Maltase activity gradually decreases from hatchom@1l days old and sucrase activity
increases after hatching and then remained unchawogél d 35 and thereafter
decline$®.

However, the response to feed restriction mustaased by low quantity of
food in the gastrointestinal tract. In fact, pamtie proteases, amylase and
disaccharidases activities are proportional to thenount of the specific
substraté'*3"3® Corrind®” considers that the biosynthesis of all digestiveyemes is
markedly decreased in response to moderate fegttties.

After the reestablishment of feeding for three dayder chickens, but not the
younger, were able to reach the absolute organghiveierified in control group.
Variations according to the age can be explainedhieyorgans growth rate during
development. Indeed, during early post-hatchinggdmrointestinal segments present a
faster growth compared to the other organs andei$&*?. However, in both ages, the
relative organs weight of realimented group wageased, with exception of small
intestine and pancreas in younger chicks. Thusmibst studied organs showed a more
rapid recovery than the body weight.

Previously feed-restricted animals presented adnitded efficiency and body
weight gain during the reestablishment of feeding #is improvement in chicken
performance was accompanied by a return of thenealig activity to the level of
control group. The improvement of growth and fettiency can be attributed to high
feed intake and hypertrophy of the gastrointestitralct that occurs following

refeeding®**¥ Also, according to Zubair & Lees8fi, it can be explained to a
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reduced overall maintenance requirements causea Inansient decrease in basal
metabolic rate.

In our study, the relative feed intake by realinegintanimals must have
contributed to higher feed efficiency. In facthaligh the absolute feed intake has been
higher only in older animals (data not shown), thkative feed intake was higher in
chickens of both ages. Increased relative weighprventriculus and gizzard in
realimented chickens, as observed herein, couldowepthe food storage capacity.

Feed efficiency is also related to digestive precet food. The efficient
digestive process can have been attained by a egcmf enzymatic activity to the
control group level, parallel to greater relativeight of small intestine. Moreover,
Ferraris & Care§® reviewed the intestinal sugar transport and hygsited that feed
restriction increases the ratio of transportingntmtransporting cells, increasing the
sugar transport. Thus, it is probable that thisoraemains increased after the
reestablishment of feeding, explaining the higheedf efficiency in realimented
chickens of both ages.

Although previously feed-restricted animals havevam a higher performance
during realimentation period, compensatory grow#s wot observed in this study (data
not shown). Compensatory growth was observed byymathors after feed restriction
period®®4®. Maybe the three days of realimentation were néftcéent to observe this
response.

Thus, the responses presented in this study shawaptive changes in the
gastrointestinal system provoked by feed restmcegnmd realimentation. There was a
decrease in organs weight and enzymes activityy feiv exceptions. These changes
were rapid and reversible, considering that 3 @digs realimentation the organs weight

and the digestive enzymes activity returned tovtilaes presented by the control group.
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These changes can be considered as an adaptivnsespf the chickens, taking into
account the decreasing of the maintenance costeeobrgans and the synthesis of

digestive enzymes in pancreas and small intestineglfeed restriction.
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Table 1. Composition and calculated dietary anslysi

Starter Grower
ltol14d 15to45d
Soybean meal 34.30 30.70
Corn 59.34 62.03
Calcium calcite 0.90 0.89
Dicalcium phosphate 1.80 1.68
Soy oil 2.30 3.29
Salt 0.47 0.47
L-Lysine 0.20 0.25
L-treonine 0.05 0.05
DL-Methionine 0.24 0.24
Mineral-vitamin mix1 0.40 0.40
Total 100.00 100.00

Calculated analysis

ME (MJ/kg) 12.56 12.98
Crude protein (%) 20.80 19.43
Crude fiber (%) 2.88 2.73
Calcium (%) 0.89 0.85
Available phosphorus (%) 0.44 0.42
Methionine (%) 0.53 0.51
Methionine + cysteine (%) 0.81 0.78
Lysine (%) 1.16 1.11

Mineral and vitamin mix (1 to 14 d) supplied pelokram of diet: Cu, 1.25
mg; Fe, 62.62 mg; I, 0.025 mg; Mn, 67.5 mg; Se29.ig; Zn, 68.75 mg; folic
acid 1.25 mg; pantothenic acid, 12.5 mg; BHT 2.5; oigptin, 0.125 mg;
choline chloride, 750 mg; niacin, 37.5 mg; vitandin 12,500 IU; vitamin B,
2.5 mg; vitamin B,, 25 mg; vitamin B, 5 mg; vitamin B, 5 mg; vitamin D3,
2,500 1U; vitamin E, 25 mg; vitamin3{2.5 mg; monensin, 125 mg.

*Mineral and vitamin mix (15 to 45 d) supplied pdogram of diet: Cu, 5 mg;
Fe, 25.05 mg; I, 0.01 mg; Mn, 27 mg; Se, 0.09 mg;55 mg; folic acid 1 mg;
pantothenic acid, 10 mg; BHT 2.0 mg; biotin, 0.1;mpgoline chloride, 600
mg; niacin, 30 mg; vitamin A, 10,000 IU; vitamin,B mg; vitamin B,, 20
mg; vitamin B, 4 mg; vitamin B, 4 mg; vitamin D3, 2,000 IU; vitamin E, 20
mg; vitamin kK, 2 mg; monensin, 100 mg.
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Groups

Control (c7 or C7)

ad libitum

Control (c10 or C10)

. 70% feed restriction
Feed-restricted (rorR) fF:=-=- Sl

ad libitum

ad libitum

Age (days) 7 or 35

. 70% feed restriction
Realimented (rf or RF) fFr=:=-=r=rmrmemememn—e

14 or 42

ad libitum

3 days
17 or 45

Figure 1. Experimental design showing the studiedigs.
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test, K0.05.
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CAPITULO I

FEED RESTRICTION AFFECTS THE GENE EXPRESSION OF

INTESTINAL ENZYMES AND NUTRIENTS TRANSPORTERS IN

CHICKENS OF DIFFERENT AGES
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Abstract

Feed restriction applied in chicken for rearingeaf§ different systems, including the
gastrointestinal tract. In fact, some studies slobanges in enzymes and transporters
activity in feed-restricted animals. However, thare few studies about the effect of
feed restriction and realimentation on gene expyassf enzymes and transporters. This
study investigated these effects in chickens of &ages: 7 and 35 days old. Animals of
each age were 70% restricted for 7 days and radfetibitum for 3 days. The control
groups were fedd libitumduring equal periods. Animals were daily weighad aere
sacrificed in the end of each experimental peridd dnd 18" days, according to the
group). Total RNA of jejunal mucosa was extractedoading to Trizol protocol and
MRNA expression of SGLT1, GLUT2, PEPT1, aminopegdel N (APN), sucrase-
iIsomaltase complex (SI) and maltase was obtainegehlytime RT-PCR. During feed
restriction, body weight was maintained or slightlgcreased in the feed-restricted
chickens of both ages. Feed restriction increaseexpression of SGLT1, PEPT1, and
APN in chickens of both ages and increased theessmn of sucrase-isomaltase
complex only in animals restricted from 35 daysgé. Maltase and GLUT2 expression
did not change in animals of both ages. After reafitation for 3 days, all parameters
showed values similar to the control group. We tmhed that feed restriction increases
the enzymes and nutrient transporters expressidependently of the animal age, and

these parameters return to the control values edftdimentation.

Key words: feed restriction, intestinal enzymes, nutrieahporters, realimentation
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Introduction

Feed restriction and fasting are common managesteattegies in chicken
production, which have proven successful in redyaretabolic disorders, reproductive
problems, skeletal deformities and controlling Huely weight®. When submitted to
feed restriction animals show adjustment of phygjmal functions in order to assure
the survival. This capacity is denominated “phepatyflexibility” and it is performed
by behavioral, morphological and physiological ajedi®.

Among the systems affected by feed restriction he wgastrointestinal
systen‘f’). Changes in quality and quantity of nutrients eff¢he digestive and
absorptive functions, mainly the activity of enzysrend transportef§*?. In fact, feed-
restricted chickens from 7 to 14 days of age shmweiase in the activity of sucrase,
amylase, lipase and trypsin immediately after tbetriction periof®. Also, the
expression of SGLT1 mRNA in jejunum is increaseccimckens of 42 days of age
starved by 3 day¥.

However, there are discrepant results, which capagally attributed to the
diversity of experimental protocols, levels andadiam of feed restrictidf?. Indeed,
different effects on enzymes activities in respaiesieed restriction applied in chickens
were reported in the literature, showing unchafi§eor increased intestinal sucrase
activity(13). Furthermore, more discrepant results are fourmitathe intestinal nutrient
transport in response to semi-starvation, as showéuke review published by Ferraris
& Diamond™).

The gastrointestinal tract can also be affectednbgrnal demand during the
animal development. In fact, the gut surface amdattivity of enzymes and nutrient
transporters change during the development, raeguiti variations of absorption and

digestio "%, Studies about the gene expression of transpoctatrm age-related

67



variation&Y. However, studies about the gene expression ofneeg during the
development and about effects of feed restrictiorgene expression of enzymes and
transporters in chickens are missing.

Thus, this work aimed to evaluate the jejunal esgian of enzymes sucrase-
iIsomaltase complex, maltase and aminopeptidasenatrient transporters SGLT1,
GLUT2 and PEPTL1 in response to feed restriction réadimentation in two stages of

chicken growth.

Material and Methods

A total of 64 male broiler chicks (Cobb) were obtd from a commercial
hatchery (Frigorifico Mabella Ltda, Tatui, Brazdh the hatching day. Animals were
housed in metal batteries in a room with controlifgimination, temperature and
humidity. Water was offeredd libitum during all experiment. All procedures were
approved by University Ethics Committee for Aninkasearch.

Feeding regimens were applied in chickens from A %odays old (groups
identified by small letters) and 35 to 45 days @dups identified by capital letters).
At 7 or 35d old, chicks were weighed and dividew ifour treatment groups (figure 1),
with 8 chickens per group:andR - 70% food restriction for 7 days7 andC7 - food
ad libitum for 7 days;rf and RF - 70 % food restriction for 7 days, followed by
refeeding for 3 days, andlO andC10 - food ad libitumfor 10 days. Until 14 days of
age the animals were fed with a common starter. diter this, it was employed a
grower diet (table 1).

Animals were weighed daily and the food amount sagpo feed-restricted
chickens was equivalent to 30% of the quantity aored by the fecd libitum group

on the previous day. The effects of treatments wletermined at 14 and 17d old or at

68



42 and 45d old, according to the group. For tlme,animals was weighed and killed by

beheading.

Tissue sampling

To determine the expression of intestinal enzynres rautrient transporters,
jejunal mucosa was collected. For this, the jejursggment (from the end of duodenal
loop to the Meckel diverticulum) was opened londitially, mucosa was scraped off

with a glass microscope coverslip and immediatedgdn in -80°C until required assay.

RNA extraction and Reverse Transcription-PolymeraseChain Reaction
(RT-PCR)

Total RNA (n=5 per group) was extracted from jejommucosa using Trizol
reagent (Invitrogen, Brazil) according to the mamatdirer's protocol, and total RNA
concentration was determinated using a spectropteity (NanoDrop ND 1000;
NanoDrop Technologies, USA). One microgram of td@NA was incubated with
DNAse | (1U/pug RNA,; Invitrogen, , Brazil) and thereverse transcribed with
SuperScript Il (200U/ul; Invitrogen) and oligo-d(Pprimer (Invitrogen). Reactions
were performed at 42for 15 min, 56C for 50 min and at #0for 15 min for enzyme
inactivation.

Relative qualitative (q) polymerase chain reac{lB@R) was performed using
an ABI 7500 (Applied Biosystems, USA) with Powerb8ycreen PCR Master Mix
(Applied Biosystems). Reactions were performedamu2volumes and the PCR cycling
conditions were: 95°C for 10 min followed by 40 legcof denaturing at 95°C for 10 s
and then annealing at the temperatures given ideTabfor 1 minute. The primer

sequences, fragment size and annealing tempeffatueach gene are listed in table 2.
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Primers for SGLT1, GLUT2, PEPT1 and APN were bagedhe sequences used by
Gilbert et al® and primer for RB-actina by De Boevetr at*®?. Primers for sucrase-
isomaltase complex and maltase were designed basethe predicted chicken
sequences (Genbank accession No XM_001235991.XMnd22811.2, respectively).

Reactions were optimised to provide maximum angatfon efficiency for
each gene (which were >90%). Each sample was awalyz duplicate, and the
specificity of each PCR product was determined bglting curve analysis and
amplicon size determination in agarose gels. Negatontrols (water replacing DNA)
were run on every plate.

To determine which housekeeping gene should be fosethta normalization,
the geNorm program was u$8d The results indicated that R-actina was the most
stable endogenous control for jejunal mucosa. Ehaive expression of each gene was
calculated using“Ct method with efficiency correctifi?. Mean efficiency values for
each gene were calculated from the amplificatioofiles of individual sample with

LinRegPCR softwalé.

Statistical analysis

Values were expressed as mean + sem. Differencetheinbody weight
between control and experimental groups were exagnity Student’s t-test. Effects in
the body weight within group during both feed resion period and realimentation
period were analyzed by repeated measures ANOVMAowed by Dunnett’s test,
considering as control the initial body weight athk period.

Differences in the gene expression between the-riestdcted and control
groups (r x ¢7 and R x C7), realimented and comjrolips (rf x c10 and RF x C10) and

feed-restricted and realimented groups (r x rf BndRF) were established by Student’s
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t-test. Statistical analysis were performed usintgapBPad Prism 5.0 (GraphPad

Software, Inc). Probability of R0.05 was taken as significant.

Results

Body weight (Figure 2)

In both ages, initial body weight was similar amahg four experimental
groups. The body weight of feed-restricted birasrfrthe first day of feed restriction to
the end of realimentation period was significailys than control groups.

Younger feed-restricted animals showed decreasieedbody weight, but this
difference was significant only in thé“2and 3 days of restriction (9 and 10d old,
respectively), thereafter the body weight increaasgdin, restoring its initial value
(Dunnett’s test, P>0.05). The body weight of olfisrd-restricted animals showed a
significant decrease (5.6%) during all restrictmeriod when compared with the initial
value (Dunnett’s test, P<0.05).

Animals fed ad libitum of either age increased the body weight. Younger
animals showed 93.8 % increase froffl @ay to the final of experiment. The body
weight of older animals increased by 25.8% durlreggame period.

During the realimentation period (3 days), the feestricted animals of both
ages augmented the body weight (Dunnett’s test0Bx0The weight gain was greater
than respective control to the youngest animals5(9249.6%), as well as the oldest
chickens (16.3 x 6.1%). In spite of this respomise,body weight of animals previously

restricted did not reach the value of control group
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Gene expressior{Figure 3)

Immediately following the period of feed restrigtidhe relative expression of
SGLT1, APN and PEPTL1 in jejunum of feed-restricggdups was higher than their
control, in animals of both ages. The sucrase-is@as@complex expression was higher
only in older feed-restricted chickens (Studentsst, P<0.05).

The increase of gene expression in younger feddeatesl animals was
181.4% for APN, 116.7% for SGLT1 and 80.4% for PEPHowever, in older feed-
restricted animals the PEPTL1 transporter presettiedhighest increase (195.9%),
followed by sucrase-isomaltase complex, APN and BIG(159.1, 143.5 and 84.2%,
respectively). Although maltase had presented amease of expression in feed-
restricted groups, it was not different from cohtymup. The GLUT2 expression was
not affected by feeding restriction and realimeaotat

There was no significant difference between thdimemted and control
groups in chickens of both ages (Student’s t-8510).05). In comparison with feed-
restricted animals, younger realimented chickeresgnted a decrease of the relative
expression of sucrase-isomaltase complex (Sl), asalt APN, SGLT1 and PEPT1
expression, while older realimented chickens prieska decrease of SGLT1 and APN

relative expression.

Discussion

The molecular aspects of intestinal digestion d&bgption in feed-restricted
and realimented chickens were evaluated in thidysteeeding regimens was applied in
two ages, 07 and 35 days, to comparing the alofitgdjustment in the expression of
intestinal enzymes and nutrient transporters in diwWierent phases of development. It

was observed different responses of MRNA expressioong the studied enzymes and
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transporters. In fact, there was an increase in RN&pression for SGLT1, PEPT1 and
aminopeptidase (APN), but not for GLUT2 and maltaséeed-restricted chickens of
both ages. Also, the sucrase-isomaltase compleressipn augmented only in feed-
restricted animals in the final phase of growthe Ticrease in gene expression was not
maintained after the reestablishment of feeding.

Up-regulation in the expression of genes involvedutrient digestion and
absorption in response to feed restriction or f@gshas been observed in fishes, birds
and mammal&®=%, In chickens, Gilberét al’*® studied the influence of feed restriction
on peptide, amino acid and monosaccharide trareparid aminopeptidase mRNA
abundance and they observed an increase only tidpspransporter (PEPT1), whose
expression was higher than in chickens given feeess to food. Iharat al®” found
similar response to APN in rat intestine after\stfion.

Aminopeptidase, PEPT1 and SGLTL1 play important molde final digestion
and absorption of dietary nutrients in the brusdibomembrane, providing amino acids
and glucose for cellular metabolism. An increas@rofuction of SGLT1, PEPT1 and
APN mRNA for feed-restricted birds, and a consegueorease in absorption and
digestion, could contribute to the maintenance ghight decrease of body weight, as
observed in this study for feed-restricted chickehisoth ages.

The increase in enzymes and nutrients transpatgnession showed in feed-
restricted chickens was related to a decreaseadnirttestinal weight (Duartet al,
unpublished results). The enhancement of gene &sipre occurs in parallel with a
decrease in the intestinal absorptive surface taashows less villus height, cell area
and cell mitosi§®. According to Ferraris & Diamofid, the intestine of feed-restricted

animals presents a change in the ratio of transggpand non-transporting cells in the
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villus in response to feed-restriction, maintainimgits mucosa mainly mature cells
capable of transport.

However, a close correlation between gene and ipra@epression is not
observed for all enzymes and nutrient transporteriact, in previous study we showed
that feed restriction decreases the amount of SGirdfein andu-methyl-D-glucoside
uptake in the brushborder membrane vesit4€d) This discrepancy was also noted by
Gal-Garberet al™® that observed a high expression of SGLT1 in fetricted chicks
parallel with low affinity and low activity of theransporter. These results indicate that
the brushborder glucose transport and SGLT1 pragpression are independent of
SGLT1 mRNA and can be explained by a post-transorigl regulation of this gefte.
However, for other enzymes and nutrients transpogieesents in the enterocygd,
APN, GLUT5 and GLUT2), changes in mRNA occur in gkl with changes in
number of transporters, suggesting a transcripticuailation of some genés 2"

The over-expression of genes involved in nutriagestion and absorption in
response to feed restriction might be an adaptieehanism that occurs to maximize
the ability to absorb carbohydrates and proteirearfeeding occurs, as suggested by
lharaet al®”. In general, the presence of specific substrateani important factor
regulating enzyme activity and transporter expoessind this regulation depends on
the turnover rate of intestinal célR It is known that jejunal epithelium of chickerss i
replaced in 48 houf¥. Thus, it is probable that a high insertion of yenes and
nutrient transporters occurs in the villus in tirstfday after the reestablishment of
feeding. However, three days after starting reatitatton, the expression of all genes is
restored to the control group level. This respaasxpected, considering that mRNA is

degraded in the upper villus céils
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After realimentation for 3 days, the relative exgzien of APN and SGLT1
was decreased in chickens of both ages when codhpgardeed-restricted groups.
Moreover, realimentation applied from 14 to 17 vas¢e to decrease PEPT1, maltase
and sucrase-isomaltase complex expression compardded-restricted group. Our
results differ from the pattern described by Gat@aet al™®, that showed a higher
increase in the SGLT1 expression in refed animalfdays compared to control and
starved animals for 4 days. The discrepancies legtwer results and the presented by
Gal-Garberet al™ can be explained by the difference on feed restricand
realimentation protocols and housekeeping gene fasetbrmalization.

The evolution of body weight during feed restriatmas different considering
animals of both ages. Animals submitted to feedricti®n from 7 to 14 days
maintained the body weight during the feed restmgtwhile animals restricted from 35
to 42 days decreased slightly the body weight. &ltth, 70% feed restriction can be
considered sevef®, Paloet al®® observed that chickens from 7 to 14 days old
submitted to this level of restriction gain approately 6g per day. After
realimentation, feed-restricted animals of bothsagkowed a higher increase of the
body weight compared to respective control groufihduigh compensatory growth
following feed restriction has been showed by manthor§” *® it did not occur in
this experiment, maybe because of the short tinteaimentation. Moreover, different
responses are expected for different feeding potgpconsidering that compensatory
growth can be influenced by animal age and sevefifgeding restrictiofi.

The results of the present study demonstrateddkdtrestriction increases the
jejunal expression of enzymes and transporterdvedan the digestion and absorption

of nutrients. Although the mechanisms are not fodatj it seems that this increase in
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gene expression is an adaptive response that goadower body weight loss during

feed restriction and a faster body weight gainryirealimentation.
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Table 1. Composition and calculated dietary ansilys

Starter Grower
ltol4d 15to45d
Soybean meal 34.30 30.70
Corn 59.34 62.03
Calcium calcite 0.90 0.89
Dicalcium phosphate 1.80 1.68
Soy oil 2.30 3.29
Salt 0.47 0.47
L-Lysine 0.20 0.25
L-treonine 0.05 0.05
DL-Methionine 0.24 0.24
Mineral-vitamin mix1 0.40 0.40
Total 100.00 100.00

Calculated analysis

ME (MJ/kg) 12.56 12.98
Crude protein (%) 20.80 19.43
Crude fiber (%) 2.88 2.73
Calcium (%) 0.89 0.85
Available phosphorus (%) 0.44 0.42
Methionine (%) 0.53 0.51
Methionine + cysteine (%) 0.81 0.78
Lysine (%) 1.16 1.11

Mineral and vitamin mix (1 to 14 d) supplied pemokitam of diet: Cu, 1.25 mg;
Fe, 62.62 mg; |, 0.025 mg; Mn, 67.5 mg; Se, 0.22p An, 68.75 mg; folic acid
1.25 mg; pantothenic acid, 12.5 mg; BHT 2.5 mg;tibjo0.125 mg; choline
chloride, 750 mg; niacin, 37.5 mg; vitamin A, 1@)5IU; vitamin B, 2.5 mg;
vitamin By,, 25 mg; vitamin B, 5 mg; vitamin B, 5 mg; vitamin B, 2,500 IU;
vitamin E, 25 mg; vitamin K 2.5 mg; monensin, 125 mg.

“Mineral and vitamin mix (15 to 45 d) supplied péogram of diet: Cu, 5 mg; Fe,
25.05 mg; I, 0.01 mg; Mn, 27 mg; Se, 0.09 mg; Z&,rbg; folic acid 1 mg;
pantothenic acid, 10 mg; BHT 2.0 mg; biotin, 0.1;ragoline chloride, 600 mg;
niacin, 30 mg; vitamin A, 10,000 IU; vitamin;B2 mg; vitamin B,, 20 mg;

vitamin B, 4 mg; vitamin B, 4 mg; vitamin BQ, 2,000 IU; vitamin E, 20 mg;
vitamin Kz, 2 mg; monensin, 100 mg.
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Table 2. Information of specific primers used forification in real-time polymerase

chain reaction

: Annealing
: Size
Gene Primer sequence temperature
(bp) g
SGLT1 S5 GCCGTGGCCAGGGCTTA 3 66 61

A5 CAATAACCTGATCGTTGCACCAGTA 3
S 5 CACACTATGGGCGCATGCT 3
GLUTZ2 A\ 5 ATTGTCCCTGGAGGTGTTGGT 3° 68 63

S 5 CCCCTGAGGAGGATCACTGTTGGCATGTT 3

PEPTL A 5 CAAAAGAGCAGCAGCAACGA 3 66 60
apy S5 AATACGCGCTCGAGAAAACC 3 " e
A5 AGCGGGTACGCCGTGTT 3
Sl complex. S 5 ACAGCAAATCGCTTCCGGTT & - e
A5 AAAGCACTTTCCCGCTCACT 3
S 5 TTGCCTCCCGGATACTCAGTGTTT 3°
Maltase 170 59

S 5 TTAGCAGCGCATCCAGGAAGTT 3

R-actina S 5 CACAGATCATGTTTGAGACTT 3 101 55
A5 CATCACAATACCAGTGGTACG 3’
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Groups

Control (c7 or C7)

ad libitum

Control (c10 or C10)

. 70% feed restriction
Feed-restricted (rorR) fF:=-=- Sl

ad libitum

ad libitum

Age (days) 7 or 35

Figure 1. Experimental design showing the groups.

. 70% feed restriction
Realimented (rf or RF) fFr=:=-=r=rmrmemememn—e

14 or 42

ad libitum

3 days
17 or 45
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Figure 2. Effect of feed restriction and realimeiota on the body weight (means *
sem) from 7 to 17d of age (A) and from 35 to 45dagé (B).c7 and C7: food ad
libitum for 7 days;r andR: 70% food restriction for 7 dayg10 and C10: food ad
libitum for 10 days andf and RF: 70 % food restriction for 7 days followed by
realimentation for 3 dayi indicates the ehdeed restriction period. * indicates
significant difference between control and feedrieted animals (Student’s t-test,
P<0.05). Capital letters indicate significant diéfleces within control group and small
letters show significant differences within feedtrieted group (Repeated measures
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control, d 0 and d 7).
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Figure 3. Effects of feed restriction (c7 x r and XCR) and realimentation (c10 x rf and
C10 x RF) in the transcript levels of Sucrase-istesa complex, maltase,
Aminopeptidase (APN), SGLT1, GLUT2 and PEPT1 getetermined by real-time
polymerase chain reaction in jejunal mucosa ofkams.c7 andC7: food ad libitumfor

7 days;r andR: 70% food restriction for 7 days10andC10: food ad libitumfor 10
days andf andRF: 70 % food restriction for 7 days followed by reantation for 3
days. Data are the mean = sem. Data were normagaiast the 3-actina, with results
expressed relative to the control sample using ®@t method with efficiency
correction. * means statistical difference betwegperimental and control group and +
means statistical difference between feed-restti¢R) and realimented group (RF),
Student’s t test, €0.05.
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CAPITULO 1l

EFFECTS OF FEED RESTRICTION AND REALIMENTATION ON N A*-D-

GLUCOSE COTRANSPORTER IN JEJUNUM OF DOMESTIC CHICKE N
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Introduction

The process of assimilation of carbohydrates insthall intestine of chickens
IS very important since starch is the major carlooate of their diet. This nutrient
source is broken down to sugars by the action ayres within the gut lumen and in
the brushborder membrane. The end-products gedebgte¢his process are absorbed
into the cell mediated by transporter proteins.sEhgroteins recognize and transport the
substrates from the lumen to the inside of thea@ibss the brushborder membrane and
thereafter across the basolateral membrane to lbhedb?. Glucose is the most
important end-product of the starch digestion dnsl transferred into the enterocyte by
active transport via a sodium-coupled glucose parter, SGLT. Thereafter, glucose
is transported from the cytosol through basolaterainbrane to the blood by facilitated
diffusion via GLUT2.

The SGLT1 was the first member identified from agyéagene family (SLC5)
and it is one of the most intensively studied menbr transporters. According to
Wright et al®, SGLT1 is a multifunctional protein that plays tfwe of N&d/glucose
cotransporter, Nauniporter, water channel, water cotransporteruaed cotransporter.

There are many evidences that intestinal nutriearisporters are adaptively
regulated by the dietary levels of their substf&teés This regulation can be made by
specific mechanisms such as changes in densitylufoge transporters, and by
nonspecific mechanisms such as changes in plasm@raee lipid compositidH. In
fact, rats fed with a high-carbohydrate diet shaw iacrease in intestinal glucose
transport, in site density of glucose transporésrsvell as in SGLT1 mRNA levété®)
Moreover, the nutrient transport systems are imiteel by the lipid composition and

physical state of the membrane during gut developiig®,
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In chicken production, feed restriction and fastarg common strategies to
reduce metabolic disorders, reproductive problesksletal deformities and to control
the body weight®*®) This management can alter intestinal digestioth apsorption,
considering that the presence of luminal nutrier@gulates these processes in the
intestine. In fact, glucose uptake in chickens risreased as a response to acute
fasting'®. Moreover, the expression of SGLT1 mRNA is enhdn@e the fasted
chickens in parallel to low glucose uptake in BB¥®/ These responses show that
changes in SGLT1 protein and in glucose transpatd seem to be independent of
changes in the level of SGLT1 mRNA. In fact, aciogdto Ferraris and DiamofYy
this discrepancy can be attributed to a post-trgstgmnal regulation of this gene.

However, different results were observed by Galb@eet al*® when studied
realimented chickens after fasting period. In thasinals the glucose uptake and the
SGLT1 expression were higher than control group.

Taken together, these studies indicate that thesnales of food in the
gastrointestinal tract causes a decrease of traespowhich could be explained by a
low energy supply to organism. However, there are $tudies about the effects of feed
restriction and realimentation on the intestinalglDeose transport by SGLT1 in
chickens. Thus, this study aimed to evaluate thak@pofa-methyl-D-glucopyranoside
and the abundance of MB-glucose cotransporter (SGLT1) in jejunal brugileo in

response to feed restriction and realimentatiarhinken.

Material and Methods
A total of 18 male label chicken&éllus gallus domestichisvere obtained
from a commercial hatchery (Llica D"Amunt, Espa@f)21 days old. Animals were

housed individually in metal batteries under coligtbtemperature (at 34°C during the
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1% week after hatching and at 25°C thereafter) andidity, with an 18:6 h light-dark
cycle. Water was offeread libitumduring all experiment. The chickens were fed with
grower chick diet (pollos Label Crecimiento, Nast#\., Espafia) containing 18.5% of
crude protein. The metabolizable energy content 12288 MJ/kg diet. All procedures
were approved by University Ethics Committee foirAal Research.

Animals were acclimatized to the conditions for dalys, before conducting
the following feeding experiments. At 35 d of agkickens were weighted and divided
in four experimental group®R - 70% food restriction for 7 days (n=6};7 - food ad
libitum for 7 days (n=3);RF - 70 % food restriction for 7 days, followed by
realimentation for 3 days (n=6); a@d.0 - foodad libitumfor 10 days (n=3).

Animals were weighed daily and the food amount §adpo feed-restricted
chickens was equivalent to 30% of the quantity oored by thead libitum fed
chickens on the previous day. The animals weréafgaet in the morning of seventh or
tenth day of the experiment, according to the rethpe experimental group, by

beheading without previous withholding of food.

Tissue sampling

The jejunum (from the end of the duodenal loop teckkl’s diverticulum)
was removed, freed from adherent mesenteric tisedeémmediately flushed with ice-
cold saline solution in the presence of phenylmisthifonyl fluoride (0.2mmol/l), LiN
(0.41 pmol/l) and benzamidine (0.1 mmol/l). Themsegt was then placed on an ice-
cold glass plate and slit longitudinally so thatstle of the jejunum flattened out on to

the cold plate. Mucosal scrapings were frozenguidl nitrogen and stored at -80°C.
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BBMYV preparation

BBMV were isolated from jejunal mucosal scrapingy hAn MgCh
precipitation methd®. All the steps were carried out at 4°C. The mucesgpings
were homogenized for 30 s in 30ml of a buffer comtg 100 mmol/l mannitol, 2
mmol/l N-HEPES/Tris, (pH 7.1), 0.2 mmol/l phenylmgisulfonyl fluoride, 0.2 mmol/l
benzamidine and 0.41 pumol/l LiNThe sample was then placed in a Waring blender at
maximal speed and the homogenate was filtered ghrawylon stocking material and
homogenized for 30 s at high speed. Mg@hs added to reach a final concentration of
10 mmol/l. After stirring for 20 min, the suspensiwas centrifuged at 3,000 g for 30
min. The supernatant was centrifuged at 30,000r @%omin. The resultant pellet was
resuspended in 100 mmol/l mannitol, 2 mmol/l HEPES- (pH 7.4), 0.1 mmol/I
MgSQ,, and 0.41 umol/l LiN This suspension was homogenized with a glasoiefl
homogenizer (40 up-down strokes) and centrifuge@0a000 g for 35 min. The final
pellet containing purified BBMV was resuspended anmedium of 300 mmol/l
mannitol, 0.1 mmol/l MgS@Q 0.41 pmol/l LiN, and 20 mmol/l HEPES-Tris (pH 7.5)
and homogenized with a 27-gauge needle. The vesietge frozen, stored in liquid

nitrogen in 150 pl aliquots, and used during aquedf 14 days.

Measurement ofa-methyl-D-glucopyranoside transport

The a-methyl-D-glucopyranosiden(GLc1Me) was used as substrate since it is
a D-glucose specific only for SGLT1. The uptakenehethyl-D-glucopyranoside was
measured at 38°C by a rapid filtration techniguepferiods of time ranging from 1s to
30 min. For each uptake, 10ul BBMV suspension wapadly mixed with 40 pl of the
incubation medium containing 125mmol/l mannitol5X®mol/l NaCl, 0.1 mmol/l Mg

SOy, 0.41 pmol/l LiN;, and 25 mmol/l HEPES-Tris (pH 7.4), 1 mmol/leemethyl-D-
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glucopyranoside, an aliquot ofa-methyl-D-[“C]glucopyranoside. At selected
incubation times, the uptake was stopped by thetiaddof 1ml of an ice-cold stop
solution containing 300mmol/l mannitol, 0.41 pumdliN3, 0.1 mmol/l Mg SQ@, 20
mmol/l HEPES-Tris (pH 7.4). The resulting suspensigas rapidly filtered under
negative pressure through 0.22 p pore size ceflubdsate filters (Millipore, USA) and
washed with 2 ml ice-cold stop solution. The fdtawere dissolved in Biogreen-6-
cocktail (Sharlau, Spain), and the radioactivittameed was measured by scintillation
counter (Packard Tricarb, USA). Nonspecific radindgty binding to the filters was
obtained by adding the stop solution to reactidresuimmediately after addition of the
vesicles. This nonspecific binding was subtractednfthe total radioactivity of each

sample. All the experiments were performed in digé.

SDS-Page and Western blot analysis

Measurements of sodium-glucose transporter isofo(@®GLT1) abundance in
BBMV of chicken jejunum were examined by Westerotbhnalysis as previously
describef®. For this, similar amounts of BBMV protein (3@) were solubilized by
boiling in the presence of SDS and 2-mercaptoethand were subjected to SDS-
PAGE with a 10% linear polyacrylamide gel. Aftee@rophoresis, the proteins were
electrophoretically transferred from the unstaigetito nitrocellulose membranes in a
transfer buffer containing 20 mmolfiris, 150 mmol/l glycine, and 20% methanol;
transfer was done for 1 h at constant voltage & WOat 4 °C using a Trans-Blot
apparatus (Bio-Rad, USA). Non-specific binding sitgere first blocked with PBS
containing 0.05% Tween 20 (TBT) and 4% BSA. Blo&revincubated overnight at 4
°C with a rabbit polyclonal antibody (generouslyndted by Dr. M. Kasahara, Teikyo

University, Tokyo, Japan) raised against a synthpéptide corresponding to amino
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acids 564 to 575 of the deduced amino acid sequehcabbit intestinal SGLT%?
diluted to 1:5,000. The membranes were washed {8 min) with TBT. Then, anti-
SGLT1 antibody was detected by ECL chemiluminiseefBiorad, USA) using a
peroxidase-conjugated antirabbit IgG as a secondayoclonal antibody (1:3,000).
Membranes were also incubated with a mouse anti-aginoclonal antibody following
the same protocol. After detection, the samplesewareasured by scanning

densitometry using Image J analysis software (NUBA).

Statistical analysis

Values were expressed as mean + sem. SignificEetehces between means
of feed-restricted and control group (R x C7), iraahted and control group (RF x C10)
and realimented and feed-restricted group (RF wé&k established by Student’s t-test,

with P<0.05 considered to indicate significant differences

Results

Na'-dependent uptake of methyle-D-glucopyranoside across BBMV
isolated from enterocyteqFigures 1 and 2)

In the presence of 125 mmol/l extravesicular-toawnesicular Nagradient, all
animal groups presented an overshoot at 10 sjgtaatypical transient increase in the
intravesicular concentration of sugar which indésathe capacity of the BBMV to
accumulate hexoses against a concentration gradidrég uptake ofa-methyl-D-
glucopyranoside at equilibrium (30min) was identioaall groups.

Feed-restricted animals (R) showed a lower (P<Ov@b)e in the magnitude

of the overshoot compared to the control groups Thiference represented a decrease
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by 55.1% in response to feed restriction. There measignificant difference (P>0.05) in
the overshoot level between realimented (RF) amdrabgroup (C10). Realimented
animals (RF) presented an increase (P<0.05) in otfmethyl-D-glucopyranoside

overshoot in comparison to feed-restricted anirbgl61.4%.

Abundance of SGLT1(Figure 3)

Figure 3 shows a typical Western blot with rablmtyplonal antibody raised
against the 564-575 amino acid sequence of ralihifT®. The antibody recognized a
single band of 75 kDa. The densitometric analysdicated the same pattern of
responses found far-methyl-D-glucopyranoside uptake into BBMV prepams. The
relative abundance of SGLT1 in feed-restricted @R)mals decreased (P<0.05) by
66.6% compared to the control group (C7). Realie@rgroup (RF) presented similar
value (P>0.05) to the control group (C10), butemparison to feed-restricted animals,
realimented group showed an increase (P<0.05) By0886 in relative abundance of

SGLT1.

Discussion

It is known that the digestive tract is able torain response to differences
in the amount of food ingested to maintain the hastesis and the energy supply for
cells. In this study, we investigated the effects % feed restriction and
realimentation on the molecular level of sugar stiteal absorption. Our results
demonstrated that chickens show alterations ininbestinal glucose absorption in
response to feed restriction and realimentation.

Jejunal N&-dependent a-methyl-D-glucopyranoside uptake and SGLT1

abundance decreased in BBMV of feed-restricted kelms. After realimentation,
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chickens show an increase of N#ependenti-methyl-D-glucopyranoside uptake and
SGLT1 protein expression compared to feed-restti@aimals. This increase was
sufficient to reach the values presented bydddibitum chickens, indicating that the
functions involved in D-glucose absorption werdos=d.

Initial rates and maximal overshoot levels of N@pendent glucose transport
were lower in the feed-restricted group comparetthéocontrol and realimented groups.
The differences in Nadependent D-glucose transport found between festlicted
and the other groups in response to feed restnictias not due to variations in the
purity or size of BBMV preparations, considering tinansport at equilibrium (30 min)
was similar in all groups.

The protocol of feed restriction applied in thiadst caused a decreasedwn
methyl-D-glucopyranoside transport per milligram BBM protein. This result is
consistent with the data of Gal-Garketral®”, which verified that starved chickens
show a lower glucose uptake in BBMV accompaniecdhigyer expression on SGLT1
MRNA when compared to control and realimented gsoégcording to these authors,
these responses are related to higher turnoverdagchdation rate at the microvillus
membrane. However, others authors demonstrateddiadenal glucose absorption
increases in response to acute and intermittentastan in chickensn vivd?. In rats,
some authors showed an increase in the affinitthefsugar transporters in the small
intestine during feed restrictii?®. But, Hopfef’® did not verify effect of feed
restriction on the D-glucose active transport.

Furthermore, we observed that the relative aburel@ahcSGLT1 of chicken
jejunum measured by Western blot decreased after festriction. This response was
well correlated with the decrease observed in nmethy-glucopyranoside transport.

Thus, these results could explain the decrease ramsport of methyi-D-
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glucopyranside, since the molecular mass was gsirhgaveen groups, indicating that
there were no structure changes in SGLT1. Moreoxedecrease of the amount of
intestinal SGLT1 in feed-restricted rats compareath ied rats was also observed by
Panet al®”. In contrast, Haboldt al,*® and Dast al,®® found that fasting caused an
overall increase on intestinal D-glucose absorptdotwithstanding, it is very difficult
compare these results because of great variatiotie ifeed restriction protocols and in
the methods to measure the intestinal transport.

The decrease in the amount of SGLT1 accompanied bgduction in D-
glucose transport in response to feed restrictiam loe attributed to changes in the
morphology of the small intestifi®. Indeed, according to Shamoto & Yamatithi
duodenal villus heights of chicks fasted for 3 dalecreased and this change is
correlated to the intestinal functions.

Thus, the realimentation for 3 days after feedrictgin for 7 days was
sufficient to restore the values ofmethyl-D-glucopyranoside uptake and SGLT1
abundance to the level of control group. The reppw#d digestive structure and
functions in realimented chickens after to be sutadito fasting or feed restriction
were found ranging from few hours to some &y In fact, three days after
realimentation intestinal weight and enzymes antisiof feed-restricted chickens were
restored to the level corresponding to animalsai@dibitum (Duarteet al, unpublished
data). Moreover, long-term fasted chickens increéabe intestinal villus height, cell
area and cell mitosis one day after realiment&tibn

In conclusion, the results demonstrated that tlesl fieestriction affects the
jejunal sugar transport, decreasing SGLT1 abundandeconsequently the transport of
a-methyl-D-glucopyranoside. The results found irs thiudy and by Yamauchkt al®V

can be interpreted as adaptive responses thatderta@nefits of reducing maintenance
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costs of the small intestine during feed restrictigoreover, this study showed that the
reestablishment of feeding restores the glucosakaph the small intestine.

This is the first study on the effects of feed niesbn and posterior
realimentation on the abundance of SGLT1 in thellsméestine and it provides
complementary informations about the adaptive changp the small intestine in

response to food intake.
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Figure 1. Time course of 1mmol/l of-methyl-D-glucopyranoside uptake by
brushborder membrane vesicles (BBMV) of chickerungm under different feed
regimensC7: food ad libitumfor 7 daysR: 70% food restriction for 7 day§10: food

ad libitum for 10 days andRF:. 70 % food restriction for 7 days followed by
realimentation for 3 days. Data are shown for uggakn presence of an initial

125mmol/l NaCl. Results are expressed as meansit se
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Figure 2. Initial rates (overshoot at 10 s) of lnifina-methyl-D-glucopyranoside
uptake by brush-border membrane vesicles (BBM\Whatken jejunum in response to
feed-restriction and realimentatioR7: food ad libitum for 7 days;R: 70% food
restriction for 7 daysC10: food ad libitumfor 10 days andRF: 70 % food restriction

for 7 days followed by realimentation for 3 dayssRBIts are expressed as means + sem.
* means statistical difference between experimeatal control group and + means
statistical difference between feed-restricted agalimented group, Student’s t test,
P<0.05.

102



A
SGLT1 ™

- D

R-aCtin: "— w— e s 43 kD¢

B +
1.5+

C

§=)

S

3

g 1.0+

©

=

5 1

i 1 -

< 0.5

|_

|

O

n
OO T : |

Cc7 R C10

RF

Figure 3. (Panel A) Western blot analysis of sodglaotose transporter isoform 1
(SGLT1) and R-actina, in the brushborder membragsicles (BBMV) of chicken
jejunum fromC7: food ad libitum for 7 days (lane 1)R: 70% food restriction for 7
days (lane 2)C10: food ad libitumfor 10 days (lane 3) aridF: 70 % food restriction
for 7 days followed by realimentation for 3 daysn@ 4). Each lane contained 30ug of
protein. A single 75 kDa band was detected for SGamd a single 43 kDa band for 13-
actina. (Panel B) Relative abundance of SGLT1 weaasured by optical densitometry.
Data show the means + sem of the four experimegalips. * means statistical

difference between experimental and control groogh & means statistical difference

between feed-restricted and realimented group,esitiglt test, R0.05.
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CONCLUSOES GERAIS

* A restricdo alimentar restringe funcdes e pesordads do trato gastrointestinal
de frangos, porém diferentes parametros sdo atetaafases inicial e final do

desenvolvimento;

» Alteragbes da atividade de enzimas e transportaduiie sdo correlacionadas
com alteracdes da expressao génica, sugerindoagdgupos-transcricional dos

genes envolvidos;

* Os efeitos da restricdo sao revertidos rapidamemtty que em trés dias de
realimentacaad libitum os animais recuperam a maior parte dos parametros

afetados, possibilitando melhor performance asda@amaior ingestao.
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Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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