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RESUMEN

Se estudio el efecto de la nutricion materna derkod periodos fetal y de lactancia
(2 ofertas de forraje: alta AOF y baja BOF) y elhgpo materno sobre el
crecimiento potencial y desarrollo muscular dedsya cruza (PUF1 y CRRC), y su
relacion con los cambios en el perfil metabolida gomposicién corporal durante el
primer afio de vida. Durante este periodo, se régmensualmente el peso vivo
(PV) y se colectaron muestras de sangre para rfedioncentracion de glucosa,
proteina total, albumina, insulina e IGF-I. Al ma@nto, destete (142+15 dias) y al
afo de vida, se tomaron muestras del mus8aloitendinospara estudiar diametro
y densidad de fibras y la expresion génic&tR, IGF1R, IGFBP3, IGFBP5, IGF1,
PAX3, PAX7, PPARG SREBF1 Al destete y al afio de vida, se estudio la
composicién corporal estimando los porcentajes @sag proteina y agua en la
carcasa y corporal. La informacién fue analizadi@&zanhdo los dias postparto como
efecto repetido, y a la raza de la madre, ofertdodaje, raza y sexo del ternero
como efectos fijos. El PV fue menor para los teva®&A-PUF1 al destete y al afio
de vida, asociado a menores concentraciones plassée IGF-I, glucosa e insulina
durante la lactancia. Los terne®8-CRBCpresentaron PV similares a los animales
en AOF, sin embargo al nacer se observo menor tasa dsidem de tejido magro,
mayor diametro de fibra y mayor expresion muscdearlGFBP5, pero menor
expresion dPPARGy de SREBF1AI afio de vida, la Insulina plasmética fue mayor
en terneros eAL-PUF1 que en el resto de los grupos, asimismo se obseayor
expresion déGF1R e IGFBP5en el tejido muscular comparado con los ternéios
CRBC.La oferta de forraje durante la etapa fetal y dealacia interactué con el
genotipo materno afectando a corto, mediano y lgngao afectando el PV, la
composicion corporal, los perfiles enddcrinos, idneketro de fibra muscular y la

expresion de genes relacionados al sistema IG#eladipogénesis.

Palabras clave:ganado bovino, pastura, desarrollo del ternesiphigia muscular,
ARNmM del sistema de IGF.
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Calf fetal and pre-weaning nutrition in grazing sysems: metabolic-endocrine
profiles, body composition and Semitendinosus muscle characteristics during

growing phase

SUMMARY

In this research it was evaluated the effect ofemma nutrition during fetal and
lactation periods (2 Forage allowances: High Hiff&l d.ow LoFA) and maternal
genotype, on growth and muscle potential developnmearossbred calf (PUF1 and
CRBC), and their relationship with changes in thetaholic profile and body
composition during the first year of life. Durinfig period, monthly body weight
(BW) were recorded and blood samples were colleidadeasure the concentration
of glucose, total protein, albumin, insulin and IdFAt birth, weaning ( 142 + 15
days) and a year of life (380 £ 15 daggmitendinosususcle samples were taken
to study fiber diameter and density, and gene asma of GHR, IGF1R, IGFBP3,
IGFBP5, IGF1, PAX3, PAX7, PPARG and SREBF1. At wagrand at 380d, body
composition was studied by estimating body and asacfat, protein and water
percentage. Data were analyzed using days postpaaturepeated measures, and
dam breed, forage allowance, calf genotype andasdied effects. BW was lower
in Lo-PUF1 calves at 142d and at 380d associat#d leiver plasma concentrations
of IGF -I, glucose and insulin during lactation.-C&RBC calves had similar BW
compared to HiFA calves, however at birth leanugsdeposition rate and expression
of PPARGand SREBF1was lower while muscular fiber diameter and exgmes of
IGFBP5 was greater. At 380d plasma insulin was highedilPUF1 calves than in
the other groups and showed higher expressiol&GBfiR and IGFBP5 in muscle
tissue compared to Hi-CRBC calves. Forage allowahaing fetal and lactation
periods interacted with maternal genotype affectiregshort, medium and long term,
affecting BW, body composition , endocrine profilesuscle fiber diameter and the

expression of genes related to IGF-system and gdiesis.

Keywords: cattle, pasture development calf muscle histologiRNA IGF syste
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1.INTRODUCCION

1.1.PLANTEO DEL PROBLEMA

El Uruguay es un pais productor de carne bovinkzarndo para su explotaciéon un
61,8% de la superficie total del pais (11.925 mé® de ha), con un stock bovino de
11,4 millones de cabezas y una produccién anug@9¥emil toneladas de carne
vacuna, que representan 1.600 millones de délaresales para el pais segun la
Direccion de Estadisticas Agropecuarias del Ministde Ganaderia, Agricultura y
Pesca (DIEA, 2012). Las exportaciones de carnenbgwproximadamente 250 mil
ton., ascienden a 924 millones de dodlares anubbes.divisas generadas por los
paises que conforman Union Europea (24,6%), Nafa®3¢o0) y Mercosur (15,0%),
junto con Republica Popular China (18,6%) e Is(h@|7%) representan el 85% del

total exportado en dolares de acuerdo al Instél#cional de Carnes (INAC, 2012).

La cria bovina es el inicio de la produccion deneay en Uruguay representa el 49%
de la superficie total utilizada en los sistemagp@luccién ganadera e involucra el
53% de los establecimientos ganaderos (INAC, 2Gie@)do la mayoria (65,2%) de
ellos establecimientos familiares de los cuales & criadores basados en la
utilizacion del campo natural como recurso for@jarsu vez, nuestros sistemas de
cria estan basados principalmente en el uso delgatereford y Angus de acuerdo
al Instituto Nacional de Investigacion AgropecudiMIA, 2011). La investigacion
nacional (Espasandiet al., 2006; Gimenoet al., 2002; Francoet al., 2002) e
internacional (Cundifet al., 1992; Long and Gregory, 1974) ha demostrado que el
uso de las cruzas reciprocas entre estas razasigAngereford) incrementd, entre
otros, la produccion de carne, al mejorar la perforce reproductiva, el peso al

destete, y rendimientos de carcasa.

En los sistemas de cria en condiciones pastordesjo los de Uruguay, las
variaciones climaticas anuales e interanuales,icpltmente precipitaciones y
temperatura, y las diferencias en el crecimientacemal, y en la cantidad y calidad

de la pastura ofrecida (Berretet al, 2000) determinan periodos de balance
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energético negativo en los animales debido a queoesumo de energia no es
suficiente para satisfacer los requerimientos ex&pcriticas de las vacas y terneros
(Laportaet al, 2011; Astessianet al, 2008; Socet al, 2007). En patrticular, los
momentos de mayor déficit coinciden con el Ultireccio de la gestacion, y/o las
primeras semanas de lactancia (Lapettal, 2011; Astessianet al, 2008; Socat

al., 2007). Durante la gestacion y/o lactacion temg@rda nutricibn materna puede
alterar el crecimiento y desarrollo fetal debidode@minuido aporte de sustratos a
través de la placenta (Funstenal, 2010), pudiendo repercutir o no en el peso vivo
(PV) al nacimiento (Greenwood y Cafe, 2007; Hollgn@dde, 1992), y/o destete y
“programar el desarrollo” del ternero (Funsédral.,2010).

El concepto de programacion del desarrollo refeer@a programacion en el largo
plazo de varios sistemas del organismo y procesossipess materno durante la
prefiez o periodo postnatal temprano que deternubeerecimiento, alteracién en
la composicion corporal, disfunciones metabdlicgsolre productividad de la cria
durante toda su vida e incluso a través de gemerexi(Reynolds y Canton, 2012;
Funstonet al., 2010). Si bien estd menos documentado, la progiamadel
desarrollo afecta al ganado de carne, especialmemtsistemas extensivos de
produccion donde las vacas de cria son someti@dasbéentes nutricionales pobres
(Reynolds 2012).

Es asi que este trabajo busca generar conocimgrgonos permita conocer el
impacto (0 no) que el manejo de la nutricibn dwalat gestacion y lactancia
temprana de las vacas de cria puras (Angus y Hdjefcsu cruzas reciprocas tiene
sobre el crecimiento y desarrollo de los ternelesde etapas tempranas, estudiando
algunos de los mecanismos posiblemente involucr@dometabdlicos-enddcrinos y
de expresidn génica). Este conocimiento permitignificar intervenciones (ie.
suplementaciones estratégicas) durante la etaphdi@hanejos diferenciales de la
progenie comprometida, que permitan corregir derdatetapa fetal o postnatal
temprana los posibles efectos de la programaciéndegarrollo, de manera de
incrementar el potencial de cantidad y calidad dme producida. Mas aun, el
contexto actual ha cambiado y se debe evolucioaciamodelos mas productivos
2



para responder a las demandas mas globales deolscips carnicos, justificado

por el valores actuales de la carne, el abasteaingdobal de los mismos y por las
buenas condiciones ambientales, institucionaleanytagias del pais (Secco, 2008).
En esta situacion, se requieren carcasas de mayafb y de composiciones tales
gue aseguran altas calidades en la carne obtemdespecial en parametros como
marmoreo y terneza por su alta influencia en lasidades organolépticas percibidas

por el consumidor (sabor, terneza, jugosidad; Métaal, 1994).

1.2. CRECIMIENTO Y DESARROLLO MUSCULAR EN BOVINOS

La produccién de carne esta basada en el procesoedeniento y desarrollo del
musculo esquelético de los animales (Lefaucle¢wl., 1998). El crecimiento es el
producto de la regulacion e integracion del meiabu a distintos niveles, teniendo
como resultado final la retencion de energia em#ode tejido proteico y graso,
determinando la composicion corporal del animalddgue en los mamiferos, el
55% del PV es debido al tejido muscular esqueléf(®onnetet al., 2010), el
crecimiento y desarrollo del animal va a estarnadtate asociado al crecimiento y
desarrollo del tejido muscular. Esta relacion eng&jgos es el resultado de un
balance dinamico entre el nimero y tamafio de fibrasculares y de las células
adiposas (Bonnedt al.,2010; Rehfeldet al.,1999).

La estructura basica del musculo esquelético sepopnende tres tipos celulares,
miocitos o fibras musculares, adipocitos y fibrebds, que derivan del mismo pool
de células mesenquimatosas progenitoras originamas muasculo durante la etapa
embrionaria. El desarrollo muscular 0 miogéness dévide en tres etapas:

miogénesis primaria momento en el que se formamiafbras primarias que en el

bovino ocurre durante los primeros 2 meses de géstauna miogénesis secundaria
que ocurre en el bovino entre los 2 hasta los 7e8es de gestacion, y finalmente
una fase de hipertrofia muscular que ocurre arpdgtios 6-7 meses de gestacion y

continda durante el crecimiento postnatal. Asimisthoante la segunda miogénesis



también se superpone la adipogénesis intramusgalgunas células progenitoras se
van a diferenciar en adipocitos en lugar de midag(rigura 1; Duet al.,2010).

Muscle fiber hypertrophy
Secondary myogenesis

Primary

myogenesis
R o550

0 1 1 3 4 5 [3 7 B 9 9.5 (Month)
Conception Birth

Figura 1. Desarrollo del tejido muscular en terneros d@#ametapa fetal (en
meses). Adaptado de @aal. 2010.

Las células progenitoras del tejido muscular pmesede la diferenciacion de las
células paraxiales mesodérmicas durante las et@pagranas de embriogénesis
(Bonnetet al., 2010). En la primer miogénesiBigura 2; Bonnetet al., 2010), se
genera el tejido muscular temprano mediante larafifdacion de los primeros
mioblastos mononucleares. Durante la segunda meésgg&muevamente ocurre una
diferenciacion de las células progenitoras para ldgar a nuevos mioblastos
mononucleares, siendo esta etapa la mas critieh @esarrollo muscular ya que se
producen la mayor cantidad de fibras (Russell yu2ie, 1981). Durante la etapa
fetal, los mioblastos formados previamente van @ifprar y transformarse en
células pos-mitéticas mediante la elongacion yoiusie las mismas, con el objetivo
de formar los miotubulos multinucleados (fibras oulares). Durante este periodo,
previo al nacimiento, gracias a las ondas miogérseadetermina la cantidad total de
fibras que va a tener el tejido, haciendo a laaeftafal crucial en el desarrollo del
musculo esquelético, ya que va a determinar lacidgea de crecimiento del musculo

en el periodo posnatal ([t al, 2010).

Durante el crecimiento postnatal, las fibras mumes formadas previamente
durante la gestacion adquieren su capacidad deacoiin, por lo que ya no pueden

dividirse y Unicamente podran aumentar de diamgtipertrofiarse). Para poder
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lograr esta hipertrofia, las fibras necesitan wrémento en el nimero de nucleos
(Campion, 1984) que son aportados por las célulamyénicas mononucleares
llamadas células satélite ubicadas en la periterims fibras. Estas células satélite se
fusionan con la fibra muscular previamente formamamitiendo el incremento de

tamanfo del conjunto (Campion, 1984).

|| | y |
30 dpe 4]‘i'dm &0 dpc 110 dpe 180 dpe 210 dpe 270 dpc

.ﬁ;‘\ e:;\;"\-. > :-\ ‘&
Wwe G 2 7

Miotubos RMiotubos
primarios secundarios

|Miofilbras Fibras

Figura 2. Desarrollo de las fibras musculares (Aadpde Bonnett al.,2010)

Por otra parte, la formacién de células adipostranmusculares a partir de tejido
mesenquimatoso comienza desde la mitad de la ges{&egura 1; Dwet al.,2010).
Las células satélite comienzan a incrementar senp@l adipogénico con la edad
(Taylor-Joneset al, 2002) por lo cual un pequefio porcentaje de asthgas se
diferencian en adipocitos o fibroblastos en vezélalas miogénicas (Aguiaet al,
2008). Los adipocitos tienen la capacidad de segaiementando su namero en el
periodo posnatal (Det al.,2010). Sin embargo, al igual que las fibras muses|, la
etapa fetal es crucial en la determinacion de Iatidad de adipocitos
intramusculares ocurriendo en el periodo posnatatlimulacién de triacilglicéridos
dentro de los adipocitos formados con el conseeuantemento de tamafio (Toag
al., 2009). El numero y tamafio de los adipocitos intrsgulares tienen un

importante rol en las caracteristicas del marm@Yemget al.,2006).

El crecimiento y desarrollo del tejido musculareewentra regulado endocrinamente
(Figura 3; Bass et al. 2000). Se han propuesto a la horrderaecimiento (GH), a
los factores de crecimiento similares a la insutipas | y Il plasmaticos (IGF-I e
IGF-II) y a la insulina como unos de los princigalaediadores en la regulacién la
miogénesis (Hyattt al.,2007). La GH, secretada por la adenohipofisisnpieve la

ganancia de PV por medio del incremento de la mnmagscular al estimular la
5



sintesis de proteina y acido nucleicos por medi@ asstimulacién del transporte de
aminodacidos hacia adentro del musculo esquelétiaarence y Fowler, 1998). Se
ha sugerido que estos efectos de la GH sobre aulaisstan mediados por el IGF-

I (Nkrumabhet al.,2007), mientras que tiene efectos directos selegido adiposo.

El IGF-I es considerado como uno de los factores imgportantes promotores del
crecimiento muscular, la IGF-I circulantes prodacgptincipalmente en el higado por
el estimulo de la GH pero se expresa y produceiémdn forma localizada en el
tejido muscular, sugiriendo un rol tanto endocrmoono paracrino y/o autécrino de
este factor de crecimiento en el desarrollo muscua Roithet al.,2001; Nkrumah
et al., 2007). Este factor de crecimiento, en conjunto ebdGF-Il, estimula la
proliferacion y diferenciacion de las células st#é) ademas de estimular la sintesis
e inhibir la degradacion proteica (Sjorgenh al., 1999). Nkrumah et al. (2007)
demostraron que la concentracion de IGF-I en samggt asociada con
caracteristicas productivas como crecimiento, t¢articas y calidad de carcasa
pudiendo ser explicada por su influencia sobre ainmoreo de la carne (Gardah
al., 2006).

Diversos estudios demuestran que IGF-1 en sangre puede tulapl funciones
especificas del sistema enddcrino, ya que la ajpliceexégena de IGF-I estimulé el
crecimiento de ratas jovenes y la sintesis de imadeen el musculo esquelético en
cerdos recién nacidos (Dav al., 2002). Asimismo, la subnutricion induce un
retraso en el crecimiento debido a un enlentecitoiee la estimulacion de la via
hepatica del eje GH-IGF (Hornickt al, 2000). Louveau y Dividich (2002)
encontraron menores ganancias diarias en aninmadtmntes subnutridos y ésto fue
asociado a una disminucion en la concentracionusaeg de IGF-I. En contraste,
durante un periodo de crecimiento compensatorigolacentracion de IGF-1 en
sangre esta incrementada (Ellenbesmgeal., 1989). Sinembargo, ha sido reportado
(Clemmons, 2009; Philippoet al., 2007) que el IGF-I producida localmente en el
musculo tiene un efecto mayor que el IGF-I circtdasobre el crecimiento del
musculo en ratones. Chen al. (2011) informaron que la expresion de ARNm de
IGF1 era menor en musculoongissimusde lechones en crecimiento limitado, en
6



comparacion con animales de crecimiento normal gdget al. (2011) reportaron
que era menor en el musculo de toros con menomgatede crecimiento y

desarrollo muscular.

Las funciones endocrinas, autécrinas y paracried$Gf-1 estan mediadas a través
de la unién con su receptor tipo 1 (IGF1R) quevactirocesos intracelulares que
afectan la proliferacion y diferenciacion celulBuénet al., 2010; Philippowet al.,
2007), estando la accion de esta hormona asi ca@ndel GH relacionada
directamente a la cantidad y afinidad de sus recept(Lawrence y Fowler, 1998).
Se ha observado que el incremento del Acido Rideiaecmensajero (ARNm) de
GHR o IGF1Ra nivel del tejido muscular esquelético tiene efebeneficiosos en el
crecimiento y desarrollo del tejido muscular. Pmn®lo, a mayor abundancia de
ARNmM de GHR e IGFlen el tejido muscular, aumenta el nimero de laglasl
precursoras de las fibras musculares y de los aitligo(células satélite) (Lewist
al., 2002). Asimismo, Colemaet al. (1995) observaron hipertrofia e incremento en
la regeneracion muscular con un correspondientenmento en la fuerza muscular
debido a una sobreexpresion de IGF-1 en ratonasgémicos con una accion directa

sobre el tejido muscular por medio de su interaccan el IGF1R.

Adicionalmente, seis proteinas de unién o tranggora de los IGF (IGFBP tipos 1
a 6) se han identificado, y a nivel tisular es@EBP pueden inhibir o potenciar la
accion de los IGF prohibiendo su unién con el IGFLkberando los IGF para que
puedan unirse al IGFR1 (Duahal.,2010). Se ha reportado que IGFBP3 e IGFBP5
estan altamente expresadas en musculo y afectere@miento a través de modular
la accidon de la IGF-1 o exhibiendo acciones indepartes a este ligando (Duah
al., 2010). Se ha asociado mayor expresion de ARNmMGIBP3 con menor
crecimiento muscular en fetos porcinos (Tilktyal., 2007) y toros bovinos (Keady
et al., 2011). En contraste, Sadkowsdd al. (2009) reportdé mayor expresion de
ARNmM de IGFBP3 en el musculo de toros con mayor potencial genétieo
crecimiento y desarrollo muscular. La IGFBP5 egriacipal IGFBP secretada por el
musculo esquelético y sus efectos sobre este tefideon consistentes. A pesar de
gue se ha sugerido que esta IGFBP tiene efectasitorips cuando es usada en
7



exceso en cultivosn vitro de mioblastos o en estudios de sobre-expresion en
animales de laboratorio, investigaciones més rezseiman demostrado un rol critico
de esta IGFBP en la diferenciacion de los miobfasfbuan et al., 2010).
Investigaciones comparando toros bovinos de difergrotencial genético, han
mostrado que el ARNm d&FBP5fue menor (Sadkowslat al.,2009) o no cambid
(Keadyet al, 2011) en animales con mayor potencial para mieaito y desarrollo
muscular. Se ha indicado que los resultados adictorios sobre el efecto de las
IGFBP sobre el crecimiento muscular respondentabpae expresion de las IGFBP
durante el desarrollo muscular asi como a la cosgmédn funcional que puede
ocurrir entre ellas (Keadst al.,2011; Lehneret al.,2006)

Como se menciond anteriormente, las células satdlinplen un rol fundamental en
el crecimiento de las fibras musculares mediante apbrte de Acido
Desoxirribonucleico (ADN) en el nucleo. Bajo condites normales, éstas células
estan quiescentes pudiendo ser reconocida por fmes&n de factores de
transcripcion especificos de la familia paired-bBax3 y Pax7 (Zammit y Relaix,
2006). Asimismo estos factores se expresan erélatas fetales progenitoras de la
linea miogénica (Zammit y Relaix, 2006). Durantepetiodo fetal, el Pax3 es un
regulador de la cascada miogénica requerida paradgénesis primaria por medio
de la activacion de otro factor de transcripcioryi®) (Bonnetet al., 2010). Esta
comprobado que la ausencia de estas proteinas,yAHR8/, generan que las células
progenitoras no inicien el programa de miogénesisarde el periodo de
embriogénesis (Relaigt al., 2005). Durante el crecimiento postnatal, Pax3 ¥7Pa
regulan el inicio de la miogénesis a partir decilsilas satélite, activando otro factor
de transcripcion (MyoD) (Bonnet al.,2010). En particular, Pax7 es imprescindible

para la supervivencia de estas células satélitesg¢eDuchossost al.,2010).
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Figura 3. Determinacion, proliferacion, fusionifedenciacion de las células
miogeénicas, células satélite y células adiposéactpres de control. Adaptado de
Basset al.2000.

Por otra parte, durante el proceso de adipogéenesia, serie de factores de
transcripcion se activan e inducen de manera argdaipara promover la sintesis de
proteinas que confieren al adipocito las capacglatetabdlicas que le son propias,
principalmente lipogénesis, lipolisis regulada,duarecion y sensibilidad a hormonas
(Wu et al., 1999; Clarkeet al.,

temprana de los adipocitos esta determinada paxpaesion de las proteinas

1997). Se ha determinado que la diferenciacion

especificasl(ipoproteina lipasade los adipocitos y es regulada por dos factdees
transcripcion: proteinas de unién al enhancer/CABIEBPw) y el receptor de la

activacion de la proliferacion de peroxisomagdPPARG) (Azain, 2004). Durante la
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primera fase de la adipogénesis, C/eB& inducida y se une directamente al
promotor dePPARGe induce su expresion (Wat al., 1999; Clarkeet al., 1997,
Figura 3). La expresion de PPARG promueve aun mé&xpresion de C/ERR
generando ciclos de feed-back positivos. La difgesnon terminal de un adipocito
requiere la accién conjunta de PPARG y C/EBP (Tat al., 1999; Hwanget al.,
1997). La activaciéon de PPARG promueve la diferaeion terminal a través de la
induccién de una serie de genes importantes pahsiarcion y almacenamiento de
triglicéridos, tales como proteinas de union a @igrasas, acil-CoA sintetasa,
proteinas transportadoras de &acidos grasos, lgprtifgina y otros (Rosen y
MacDougald, 2006). Existe evidencia de correlacgopesitivas entre la expresion
de ARNm de estos genes/factores de transcripBiBARGy C/EBBP y el contenido
de grasa intramuscular (Wareg al, 2009). Se han identificado también a las
Proteinas de Union al Elemento Regulador de EsterB@REBFPREBF) como
factores de transcripcién que controlan el metabwi lipidico regulando genes
implicados en las rutas de sintesis y captaciaobissterol, sintesis de acidos grasos,
triglicéridos y fosfolipidos, y genes que contronmetabolismo glucidico (Bobard
et al.,2005). Se ha sugerido que este factor de tramg@nigambién podria regular
la diferenciacion de los adipocitos (¥tial.,2006). En este sentido, se ha reportado
gue SREBP, pueden inducir la transcripd®ARGa través de la unién a regiones
promotoras (Fajast al., 1999). La manipulacion en estos factores de trgtsén
podria potencialmente ser usada para incrementardejposicion de grasa
intramuscular (Wangt al., 2009). Finalmente, tanto la insulina como IGF4Uaa
sobre la diferenciacion de adipocitos (Smigh al., 1988), estimulando la

acumulacion de lipidos.

1.3 NUTRICION EN ETAPA FETAL O POSTNATAL TEMPRANA Y
CRECIMIENTO Y DESARROLLO MUSCULAR

Durante la gestacion, el crecimiento de un aniroabeurre de igual manera en todos
los tejidos del animal. Por ejemplo, durante ebdedlo fetal el tejido muscular tiene

una prioridad baja en la particion de nutrientescemparacion con otros érganos
10



como el cerebro, corazén e higado. Como resultatl@esarrollo del muasculo
esquelético es particularmente vulnerable a laodidilidad de alimentos (Zhet al.,
2006). Por lo tanto, una subnutricion materna deraste periodo puede alterar el
crecimiento y desarrollo de este tejido, por un ondraspaso de alimentos a traves
de la placenta, con efectos a largo corto y plazeesos animales (Reynolds y
Canton, 2012; Funstoat al., 2010; Greenwood y Cafe, 2007). Confirmando el
efecto a corto plazo de la nutricibn durante eliqukr fetal, se reportaron
disminuciones en el PV al nacer, la tasa de crecitoiy la relacion muasculo/grasa
(Jurie et al., 1995), debido a un aumento en la adipogénesisopando asi la
modificacion en la composicion corporal de los ¢éeos (Bisphamet al, 2005).
Contrariamente, en terneros nacidos de vacas septadas con proteina durante el
altimo trimestre presentaron mayores tasas derorecio durante el primer afio de
vida (Ciminskj 2002). Asimismo, la restriccion nutricional afetda caracteristicas
del masculo esquelético. En ovejas gestadas, laustikion resulta en una reduccién
en el nimero de fibras musculares y aumento enaehedro de las mismas en
corderos de 8 meses de edad (Zhu et al., 2006)d¥imos se observo que la
restriccion nutricional durante el primer trimestite la gestacién alter6 el tejido
muscular de su descendencia, aumentando el aatdale las fibras musculares y
disminuyendo la concentracion de proteinas (Longlet2010; Phillipou et al.,
2007).

Durante la etapa posnatal, el crecimiento del alnimadido como la ganancia de
peso, también depende directamente de la nutrigiga, a ser el principal factor en
determinar la proporcion de proteina y grasa caifgformada (Di Marco, 2000). En
particular, durante los primeros meses de vidardeermero, la leche materna es su
principal fuente de alimentacion, estando por talgi@rminando su crecimiento por
la produccion y composicion de la leche maternakjds y Ferrel, 1992). La leche
materna no solamente determinaria la relacion éogréejidos magro y graso, sino
también las caracteristicas de la carne y la comipasy distribucion de la grasa (Di
Marco, 2000). Sin embargo, la produccion de leclrgavcon el grupo genético, la
alimentacion y edad de la vaca (Blanc et al., 2088)e una mejor cantidad/calidad
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de alimentacion mayor seré la produccion de lecatma (Jenkins y Ferrel, 1992),
lo que a su vez incrementa la ganancia de pese@siétd, la ganancia de peso
promedio en el feedlot, el peso y el marmoreo lkbgral mercado (Tonegt al,
2009; Fiss y Wilton, 1993).

Los cambios en el PV estan asociados a cambiossenaracteristicas del tejido
muscular. Un aumento en el PV en los terneros sesbeiado a incrementos en el
diametro de las fibras musculares (Cornfatfal, 1980) ya que a mayor cantidades
y diametros de estas fibras, mayor es la acumulat26ADN, ARN y proteinas en el
tejido muscular (Di Marco, 2000). La nutricion afeta expresion de diversos genes
a nivel del tejido muscular (Lindsey et al., 200Zghnert et al. (2006) hallaron
menor abundancia en el tejido muscular de geneduorados en el desarrollo de
este tejido (ej. MyoD) en animales alimentados aseba pasturas de mala calidad
comparado con animales bien alimentados. Contraritanuna restriccion proteica
reduce la expresion de ARNm teF1 en el tejido muscular en ovinos (Hua et al.,
1993), e incrementa la expresion de ARNM@EELR (Tilley et al., 2007; Tomita et
al. 2001) y deSREBF1(Nadeau et al., 2006). En efecto, Micke et al1{@Qeportd
gue el incremento en la expresion muscular de ARMMNSF1R en los terneros con
menor PV al nacer actuaba como un efecto compeisgbara promover el
desarrollo muscular. Asimismo, Bayol et al. (2082port6 que existen incrementos
en la expresion de ld§&SFBP en ratones sometidos a una subnutricion moderada
durante el periodo fetal como compensacion panmznmentar la accién local de la
IGF-I plasmatica. Estos resultados sugieren quetdra una subnutricion existen
mecanismos de respuesta que incrementan la sefedbdel tejido muscular a la
IGF-I (Tomita et al., 2001) de forma de promovehilgertrofia muscular mediante el
incremento de las células satélite, el incremené la sintesis proteica y
disminuyendo la degradacién (Oksbjerg et al., 2004)

Por otra parte, la expresion de ARNmMRIRARGse incrementa en el tejido muscular
fetal y por ende la adipogénesis intramusculartérensobre-nutriciones (150% de
los requerimientos; Tong et al., 2009). No hay déisti que demuestren un efecto
sobre PPARG y SREBP1 en subnutricion.
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En el caso particular de la expresion de ARNnPéx3y PAX7 no hay estudios
sobre el efecto de la nutricién, no teniendo infacin sobre qué ocurre en el tejido
muscular en los animales sometidos a subnutricirande el crecimiento y

desarrollo del tejido muscular.

1.4.GENOTIPO MATERNO Y CRECIMIENTO DEL TERNERO

Experimentos nacionales que han evaluado las Pazasgus, Hereford y sus cruzas
reciprocas (F1), han demostrado que los ternejos He vacas cruzas presentan
mayores PV al destete, siendo explicado esto pbetieyosis materna y la heterosis
individual (Espasandiet al, 2006). El ternero cruza posee por causa detsuoses,
mayores habilidades para crecer y para aproveahache producida por su madre a
través de su diferente comportamiento de amamagtdmi(Casalet al., 2009).
Asimismo, resultados nacionales muestran un efactargo plazo debido a una
mejor habilidad materna de las vacas cruza, obséos& mayores PV al destete en
terneros criados por vacas cruzas en comparacpimas (Espasandiet al, 2006;
Gimenoet al, 2002), posiblemente asociado a las diferencigg@duccion de leche
y ganancia de los terneros (Casélal, 2009). A su vez estos resultados se han
asociado con mayores rendimientos al momento daelaa, con mayores PV de
carcasa y con mayor area de ojo de bife (Espasastdih, 2006; Francaet al.,
2002).

Resultados similares han sido obtenidos en expetosede cruzamiento a nivel
internacional (Cundiffet al., 1992; Longet al, 1974). A su vez, recientemente,
Oxford et al. (2009) indicaron que los terneros cruza (F1) ptaseuna ventaja en
relacion a los terneros puros (Angus and Herefoodfemporaneos en términos de
PV al nacer, ganancia diaria y PV al destete ernientds desfavorables., dado por la

heterosis y por los efectos del genotipo materpatgrno.
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1.5.HIPOTESIS Y OBJETIVOS DEL TRABAJO

1.5.1Hipétesis

El control de la intensidad de pastoreo del cangtoral mediante el cambio (alta vs.
baja) de la oferta de forraje impacta sobre laiciatr de la vaca de cria durante la
gestacion y lactancia y altera el crecimiento yad®$lo del ternero en el largo plazo
(programando su desarrollo), lo cual podria afeetapotencial de produccion de
carne (en términos de cantidad y calidad). El ctppale la nutricion sobre el

crecimiento y desarrollo del ternero podria depeondateraccionar con la heterosis

materna.

1.5.2.0bjetivo general

Estudiar efecto de la oferta de forraje del camptural desde la concepcién al
destete sobre con el crecimiento y desarrollo darah primer afio de vida de
terneros hijos de vacas puras (A. Angus y Herefgrdg la cruzas reciprocas (F1),

contribuyendo al conocimiento de los mecanismosluorados en la respuesta.

1.5.3. Objetivos especificos

1. Evaluar el efecto de la oferta de forraje de camgtaral (alta vs. baja) desde
la concepcion al destete en el crecimiento dekterrperfiles metabdlicos y
endocrinos, y composicion corporal durante el prira6o de vida del

terneros hijos de vacas puras (A. Angus y Herefpiaizas reciprocas (F1).

2. Evaluar el efecto de la oferta de forraje de camgttaral (alta vs. baja) desde
la concepcion al destete sobre la densidad y drardetlas fibras musculares
y expresion génica (sistema IGF y adipogénesis).€demitendinosdurante
el primer aflo de edad de terneros hijos de vaoas fA. Angus y Hereford)

y cruzas reciprocas (F1).
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1.6. ESTRUCTURA GENERAL DE LA TESIS

Para la realizacion de esta tesis se utiliz6 eh&wo de “Tesis con dos articulos
cientificos como cuerpo central (opcion B).

El primero titulado Calf fetal and early life nutrition on grazing conditions:
metabolic and endocrine profiles and body compostin during the growing
phase” fue publicado en la revistdournal of Animal Physiology and Animal
Nutrition (J. Anim. Physiol. Anim. Nutr., 2013 Aug; 97(4)(0-31) y se presentan los
resultados de PV y composicion corporal asi conpedil de metabdlico-enddcrino
a lo largo del primer afio de vida de terneros chijps de madres puras (A. Angus y
Hereford) o cruzas reciprocas (PUF1 vs. CRRC) pemtolo alta o baja oferta de
forraje de campo natural (AOF vs. BOF) durantedstgcion y lactancia.

El segundo articulo, tituladbCalf fetal and early life nutrition: muscle fiber
characteristics and gene expression during the grang phase”, fue enviada la
revistaLivestock Sciencg actualmente se encuentra en revision. En el miseno
presentan los resultados de namero y tamafo diotas y expresion génica (genes
candidatos para crecimiento/diferenciacién de baafimuscular, adipogénesis y de
las células satélite) del muscuBemitendinos@l nacimiento, destete y al afio de
vida de terneros cruza hijos de madres puras (Agudny Hereford) o cruzas
reciprocas (PUF1 vs. CRRC) pastoreando alta o dfgjda de forraje de campo
natural (AOF vs. BOF) durante la gestacion y lacitan
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Summary

The aim of this study was to determine the effecinatrition during fetal and

lactation periods on calf growth and body compositiand their association with
changes in metabolic and endocrine profiles duthng calf first year of life on

purebred (Hereford and Angus) and crossbred (Fi) ofispring. Forty crossbred
calves and their dams (purebred-PU: Hereford angudnand crossbred-CR: F1)
were used in a randomized block design with a fedt@rrangement of herbage
allowance of native pastures (High: Hi-HA and Lolg-HA, 4 vs. 2.5 kg dry

matter/kg body weight (BW) and dam genotype (PUGR) Calf BW and blood

samples were collected monthly from birth to 380L% days of age and body
composition was estimated by the urea dilution riepe at weaning (142 + 15
days) and 380 days. Calf birth weight did not ditienong groups but from birth to
380 days and BW was reduced (P= 0.046) in Lo-PWpoifig. Although Lo-CR

calves achieved similar BW than Hi-PU and Hi-CRspffng, they showed an
increased fat in detriment of lean tissue depasitki birth, plasma total protein was
less (P=0.04) while plasma glucose, insulin or IGiehded or were greater
(P<0.072) in Hi-HA than Lo-HA calves. Greater (P3®). plasma total protein
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and/or glucose concentrations during the first merdf lactation were observed in
CR offspring associated to the greater dam milkdpetion. Although glucose
concentrations did not differ among calf group®mfteaning, plasma insulin was
greater (P=0.004) in Hi-PU than other groups at 8&@s. Consistent with the
reduced BW, Lo-PU offspring presented the lowestO(B26) plasma IGF1 from
birth to 380 days. Herbage allowance of native gjeasls during calf fetal and
lactation periods interacted with maternal hetertsiaffect, in the short and/or long-
term, calf BW or body composition, and metabolid @ndocrine profiles.

Keywords: cattle, pasture, calf development

Introduction

Nutrition at critical developmental windows, bothrohg the pre- and early
post-natal periods, may alter growth, body compmsitand metabolic function of
the livestock offspring (Wu et al., 2006; Funstdérake, 2010; Bach, 2011). Maternal
undernutrition during gestation may alter fetal wito and development by
moderating fetal substrate delivery through thega (Funston et al., 2010), which
may or may not affect calf birth weight (Hollandda®dde, 1992; Greenwood and
Cafe, 2007). In addition, independent of change®ady weight (BW) at birth,
maternal undernutrition could have long-term meliaboonsequences, as altered
glucose-insulin-insulin-like growth factor-I (IGFIhetabolism (Ford et al., 2007),
that would impact on the offspring performance. (irereased adiposity, reduced
muscle growth, reduced meat quality and reducerbdetive performance; Wu et
al., 2006; Ford et al., 2007; Martin et al., 200i)addition, dam genotype and/or the
interaction between maternal and fetal genotypey afect placental growth,
vascularity, and function (Ferrell, 1991; Funstdnag, 2010), impacting on the
offspring growth (Ferrell, 1991; Greenwood and Cafg07).

During the first months of age, milk is the maimugz of calf nutrition, which
determines that quantity and quality of the milbguced by the dams would have
important influence on calf growth (Jenkins andr€erl992). Moreover, greater

dam milk production and milk feeding levels incredscalf average daily gain
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(ADG) and BW at weaning and slaughter, and mayr attgrient partitioning,
modifying calf body composition (increased learfdbtissue ratio) and organ size
(Fiss and Wilton, 1993; Kamiya et al., 2009). Mgkoduction is modified, among
other factors, by nutrition during pregnancy anctddon (Jenkins and Ferrel, 1992;
Quintans et al., 2010). Undernourished ewes dypimeginancy showed a reduction
in mammary gland weight and therefore, in milk prottbn during the lactation
period (Funston et al., 2010). Both, increased gnem (Quintans et al., 2010;
Martin et al., 2007), and postpartum (Astessianalgt2011) nutrition have been
reported to increase milk production, milk energypuoit or calf ADG in beef cows
in rangelands conditions. Dam genotype also affeatdk yield and composition
(Notter et al., 1978; Jenkins and Ferrel, 1992ptiyeand Cundiff, 1998). Notter et
al. (1978) reported that crossbred F1 Angus x Hedeflams produced more milk
than Angus or Hereford dams.

In the last years there has been an increasecshter the effects of nutrition
during pre- and early post-natal life on producargmals (Funston et al., 2010;
Bach, 2011). Particularly, nutrient and energy ketaf beef cows in rangeland
conditions depends on quantity and quality of hgebproduced by native pastures,
which are subjected to large intra and inter-anmlialate variations, determining
that cows experience poor nutritional environmethtising variable time periods
during pregnancy and lactation. Our hypothesis Weg an increased herbage
allowance of native pastures, and therefore herlvages and height, during the
gestation and lactation periods, would increasé B4l and ADG, and lean to fat
tissue ratio. In addition, this effect of nutriticould interact with maternal heterosis.
Therefore, the objective of this study was to eawduthe effects of herbage
allowance of native pastures from conception tonivegon calf growth, metabolite
and endocrine profiles, and body composition duthmeycalf first year on purebred
(Hereford and Angus) and crossbred (F1) dam ofigpri
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Materials and methods

Location, animals and experimental design

The experiment was conducted on 90 ha of nativestaads (Campos biome)
located at the Prof. Bernardo Rosengurtt Experiaier@tation (School of
Agronomy, Universidad de la Republica, Uruguay; S3284°W) from December
2008 to November 2010. Native pastures were doeunby summer-growing C4
grasses, with few C3 grasses associated with thiemaycle, being the main species
of genus Paspalum, Coelorachis, Piptochetium, Andropogon,ndcipn and
Bothriochloa Animal procedures were approved by the Animal éfxpentation
Committee of Universidad de la Republica (CHEA, giray).

Forty calves and their dams were used in a randmmidock design with two
replications (block 1: sandy loam soil, 60 ha atatk 2: clay loam soil, 35 ha) and
a factorial arrangement of herbage allowance and giznotype. Herbage allowance
(HA) treatments were estimated according to Sobegéx et al. (2005) and
represented 4 and 2.5 kg dry matter (DM)/ kg BWanhual mean (Hi-HA: high
herbage allowance and Lo-HA: Low herbage allowamespectively) that varied
among seasons (Table 1). Herbage allowance wastadjmonthly after measuring
the herbage mass available in each plot (HaydodkSdraw, 1975) by the put-and-
take method (Mott, 1960). Experimental cows (cafmd) were maintained in the
plot throughout the experiment, and “put and takeivs of similar genotype and
physiological status than experimental ones, weatded or removed based on
herbage mass available. Herbage allowance treaameetiermined changes of
herbage mass and height (Table 1). Chemical comnosihroughout the year
averaged 100 £+ 16 and 746 + 37 g/kg of crude praf€P) and neutral detergent
fiber (NDF) for Hi-HA and 112 + 22 and 722 + 30 g/kf CP and NDF for Lo-HA.
Herbage allowance treatments represented 90, DQX0%6, and 80, 90 and 90% of
estimated NRC daily requirements (NRC, 2000) farosel and third trimester of
gestation and lactation, for Hi-HA and Lo-HA, respeely.

Experimental dams were purebred (Hereford, n=13Amglus, n=10; n=5 to 7 per
plot; PU) or crossbred (F1-HxA, n=9 and F1-AxH, 6=h=4 to 5 per plot; CR)
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multiparous cows (5 to 6 year-old) that belonged tgroup of experimental animals
generated as part of a diallel crossbreeding exygeri between Angus and Hereford
breeds conducted for 10 years at the Experimengaio8, which design was based
in the optimized crossbreeding scheme proposed dikn& (1993). These dam
biological types were characterized (averages eyeHy evaluation) by differences
in heifer BW at first service (267b, 276ab, 285a72 + 9.8 kg for HH, AA, AxH,
HXxA, respectively) without differences in cow BCScalving (3.6 £ 0.01 units) and
calf birth weight (32.1 + 3.6 kg) but greater BWwvaganing in F1 than HH and AA
offspring (132c, 156b, 167a, 169a + 9.8 kg for A, AxH, HXA, respectively).
Calf sires were Hereford or Angus, determining tbalves from PU dams were
crossbred (F1: HxA and AxH) while calves from CRmdawere backcross (BC: H-
HxA, H-AxH, A-HxA, and A-AxH) progeny (Table 2). Das were maintained in
the same plot (same herbage allowance treatmeng $lay 2007 and gestated and
lactated one calf every year from 2007 to 2009. present study included calves
that were born during the spring calving seasor2@i9 (October to November).
Thus, calves were subjected to the effect of herbaltpwance treatments from
conception (breeding season 2009-2010) to weaiipgl 2010; 142 + 15 days) and
no further treatments were applied. Ten calves Gfer males and females) were
evaluated per treatment (Hi-PUF1, Lo-PUF1, Hi-CRBf4 Lo-CRBC).

Calves were weaned at 142 + 15 days by definitegasation of their dams. All
calves (males and females) were put together irateven pasture paddock and
supplemented with 1% of BW (approximately 1.2 kgDM) a commercial
concentrate (150 g/kgDM of CP, 11.7 MJ/kgDM of nhbetizable energy, 20
g/kgDM of ether extract) until they reached 1505 Kg BW (approximately 210
days) and no further supplement was used. Maleesalvere castrated one week
after weaning (149 + 15 days). After weaning calwegere managed as a
contemporary group grazing on a native pasture (21596 + 185, 1072 + 114,
and 1606 + 74 kgDM/ha of estimated herbage masdalbr winter and spring,
respectively) with good access to water.
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Table 1. Herbage allowances, and forage mass and height, and cow physiological status through the year.

Fall Winter Spring Summer
Herbage allowance (kg DM kgBW)
Hi-HA! 3 3 4 4
Lo-HA 3 3 2 2
Herbage mass (kg DM 'ha)?
Hi-HA 1302 £189 be 821£180 de 1695 £ 189 be 3547:180a
Lo-HA 2284180 cde 4764180 ¢ 1008 4 180 cde 231411800
Height (cm)?
Hi-HA 20+£04cd 24+044d= 14+04¢c 11.0£0383
Lo-HA 1504 1.6 £04e 27+044d= 8.0£0.30b
Davs of gestation 60to 130 130to 240 24010282
Dayvs of lactation 0to 50 50to 142
Hi-HA =High herbage allowance treatment; Lo-HA= Low herbage allowance treatment. 2lsmeans + s.e.
=0 \eans with different literals differed with p<0.03
Table 2. Schematic representation of calf genotvpesincluded in the study
Genotvpes'
Dams Sires Calves
Purebred
HH AA AxH
AN HH HxA
Crossbred, F1
HxA AA A-Hxa
HxA HxaA H-H=xA
AxH AA A-AxH
AxH HxaA H-HxA

'H= Hereford, A=Angus
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Data and Sample Collection

Dam milk yield and milk composition were individialmeasured at 15 days
postpartum and from 30 days to weaning (142 + 1§sdan 30 d-intervals by
machine-milking according to Quintans et al. (20I)lk samples were collected
for protein, fat and lactose determinations.
Calves were weighted and blood samples were cellact 30-d intervals from birth
(6 to 12 h after birth, after first colostrum inggkto 380 + 15 days. Blood samples
were obtained by jugular venipuncture using tubeth veodium fluoride and
potassium oxalate (Vacutest®; Arzergrande, Italy) eéxtract plasma by
centrifugation (2,000 Xg, 15 min). Plasma was staae -20°C for metabolite and
hormone analyses. Subcutaneous fat thickness (&&3)measured every 30 days
from weaning (142 £ 15 days) to 380 = 15 days liyasbund (Ambivision Digital
AV-3018V Notebook, AMBISEA Technology Corp., LtdChina; bimodal probe of
5.0 and 7.5 MHf) according to Schroder and Stau&r{B006).
Body composition at weaning (142 + 15 days) and 88® days was estimated by
the urea dilution technique (Wells and Preston )19B8efly, calves were infused
with 0.75 mL/kg BW of a urea solution (20% ureali®% saline solution, wt/vol.)
by jugular venipuncture and blood was collecteduimes with heparin (Vacutest®)
before and 12 min after the mean infusion time. @amwere centrifuged (2,000
Xg, 15 min), and plasma was harvested. The plasasastored at -20 C in order to
determine the difference in plasma urea-nitrogeawd®en blood sampled)) and to
calculate urea space (US %). Percentages of enguly Wwater (EBW %) and fat
(EBF %), and carcass water (CW %), fat (CF %) amodgin (CP %) were estimated
by the following multiple regressions describedRuye et al. (1986) using US% and
BW as predictors:

Urea space (US%) = (urea volume x urea concentjaio x BW x 10

% Empty Body Water (EBW%) = 59.1 + 0.22 x US% -40x0BW

% Empty Body Fat (EBF%) = 19.5 — 0.31 x US% + xB®W

% Carcass Water (CW%) =59 + 0.18 x US% - 0.04 x BW

% Carcass fat (CF%) = 21- 0.32 x US% + 0.05 x BW
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% Carcass Protein (CP%) = 16.7 + 0.07 x US% - 8.BW
where urea volume is in mL units of urea injected gnimal, urea concentration in
mg/mL, andAU is the difference between urea in blood postmedurea-infusion in
mg/100mL.

Metabolite and hormone analyses

Metabolite concentrations were determined by sppbstometry with commercial
kits (glucose: Oxidase/Peroxidase, total proteinr@, albumin: Bromocresol green,
UREA/BUN-Color: Urease/Salicilate; BioSystems S.ABarcelona, Spain,
respectively) according to Astessiano et al. (20All)samples were determined in a
duplicate assay for each metabolite. The intrayaasd inter-assay CV for low and
high controls were less than 9 and 17%, respegtiéncentrations of insulin were
measured using a bovine immunoradiometric assaMAIRNS-IRMA; DIA Source
ImmunoAssays S.A., Belgium) and concentrationgG#1 were determined with an
IRMA (IGF1-RIACT Cis Bio International, GIF-SUR-YVETE CEDEX, France)
previously used in ruminants (Adrien et al., 2014).samples were determined in a
single assay for each hormone. For insulin, theayastetection limit was 2.2
pIU/mL, and intra-assay CV for control 1 (22.3 pil)) and 2 (55.5 plU/mL) were
7.4 and 9.7%, respectively. For IGF1, the assagatien limit was 0.9 ng/mL, and
intra-assay CV for control 1 (41.1 ng/mL) and coh® (521.5 ng/mL) were 12.9
and 11.3%, respectively.

Statistical analyses

Data were analyzed using the SAS Systems prograi&sS 0.0V; SAS Institute Inc.,
Cary, NC, USA). Univariate analyses were perforroedall variables to identify
outliers and inconsistencies and to verify normgabt residuals. Milk yield and
composition, calf BW and body composition, and rnelile and hormone
concentrations were analyzed with a mixed modéh wepeated measures using the
MIXED procedure. The model included herbage allosgantreatment, dam

genotype, calf age (repeated measure), their otters, and calf sex as fixed
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effects, block, sire genotype, and calf as randdfaces, and birth date as a
covariable. The original model also included theeraction between herbage
allowance treatment and block but as it was nohiiggint (P > 0.20) it was
removed, and therefore, calf was used as the ewpetal unit. The appropriate
covariance structure (unstructured (UN), compoungmrmsetry (CS), or
autoregressive of first order (AR (1)) and the KamivRogers procedure to adjust
the degrees of freedom of denominator were spedcifidean separation was
performed using the Tukey test, and differenceseveensidered significant at
0.05 and trend when 0.05 <<P0.10. Pearson correlation coefficients to describe
relationships between variables were estimatedgusia CORR procedure. Results

were presented as least square means * poolecsiasrdor.

Results

Cow BW, BCS, milk yield and composition

Cow BW during the period evaluated (-165 to +14¢sdaostpartum) was greater (P
< 0.043) for Hi-HA than Lo-HA (449 vs. 408 * 11 kahd for CR than PU (442 vs.
415 + 11 kg) dams. Cow BCS during gestation (4.43\& = 0.1 units) and lactation
(4.1 vs. 3.6 = 0.1 units) was greater in Hi-HA tHasHA cows but did not differ
between dam genotypes. Cow BCS decreased (P< M1inits during gestation,
reached nadir at calving, and remained low stdidectifter until 142 days.

Milk yield decreased (R 0.001) from 7.2 to 4.5 + 0.3 L/day from 15 to @dys of
lactation and remained stable thereafter until wep(l42 days). Milk yield during
lactation was greater ®0.028) for Hi-HA than Lo-HA and for CR comparedRbt
dams), being milk yield lower (R 0.05) for Lo-PU dams than other dam groups
(Table 3). Milk composition did not differ due terbage allowance treatments or

Table3. Effect of herbage allowance and dam geno! on milk yield and composition
Cows p-vahe!
Hi-PU2 Lo-PU Hi-CR Lo-CR SE HA DG HAXDG
Milk yield (kpfd)2 5.7ab 43b 6.3a 6.0a 04 0.028 0.003 0.096
Fat (%) 3.03 282 316 29 0.17 0.176 0.534 0.89
Pmtein (%) 297 2.88 2.87 293 0.06 0.816 0.678 0.179
Lactose (%) 4199 4194 493 493 .05 0.771 0.562 0.404
Fat(kg/d) 0.17 0.13 0.21 0.16 0.02 0.029 0.1&4 0.946
Protein (kg/d) 0.16 0.13 .19 0.16 0.01 0.043 0.037 095
Lactose (kg/d) 027 022 032 027 0.02 0.039 0.049 0.887
Milk encrgy output (MJ/d) 112 9.1 13.5 11.1 1 0.039 0.046 0.941

'Forallvmiablm,dayeﬁ'ect p <0.001, HA: high and low: 4 and 2.5 kg DM/kg BW in average, respectively), DG: purehred: Hereford and
Angnsvs. Fl-crossbred; PUvs. CR.

abMeans with different literals differed with p<0.05



dam genotypes, however milk fat, protein and laetpslds were greater 0.043)
for Hi-HA than Lo-HA dams (Table 3) and proteindalactose yields were greater
(P < 0.049) observed for CR than PU dams. Milk energipat decreased (R
0.001) from 15 days to weaning (from 14.6 to 8.6.89 MJ/d), was greater (P
0.046) for Hi-HA than Lo-HA, and for CR than PU dsu@Table 3).

Calf growth

Calf birth weight was not affected by herbage alloee treatment, dam genotype, or
their interaction but males were heavier (P = 0)@B4n females (42.3 vs. 37.2 + 2.6
kg) calves. Body weight showed a linear increase (P001) from birth to weaning
(142 days), did not change (P > 0.13) from wean800 days (end of winter to
beginning of spring), and increased (P = 0.001yethiter until the end of the
experiment (380 days, end of spring) (Figure 1)wetning, calf BW tended (P
0.061) to be greater for Hi-HA than Lo-HA and wasajer (P< 0.030) for CR than
PU offspring and for males than females (148 127.3 + 16.3 kg). These
differences of BW at weaning were associated witdaggr (P< 0.028) ADG from
birth to weaning for Hi-HA than Lo-HA (0.79%s.0.720 + 0.024 kg/d), for CRBC
than PUF1 (0.79%s. 0.723 + 0.023 kg/d), and for males than femaldspoihg
(0.802vs. 0.713 + 0.024 kg/d). Calf BW from weaning to 38ayd tended (K
0.095) to be greater for Hi-HA than Lo-HA and foRBC than PUF1 offspring.
However, there was an interaction (P = 0.046) betwerbage allowance treatment
and dam genotype on calf BW from birth to 380 dagst was less for Lo-PUF1
than Hi-PUF1, Hi-CRBC and Lo-CRBC calves (Figure 1)
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Figure 1. Body weight (BW) during the first year of age of calves from purebred (PUF1 Hereford and Angus; triangles) and
crossbred (CRBC; squares) dams grazing high (solid symbols and lines) and low {open symbols and dashed lines) herbage
allowances (4 and 2.5 kg dry matter (DMYkg BW of annual mean, respectively) during gestation and lactation {n = 10 calves per
group). Data are least squares means and SEM.

Calf ADG was correlated with milk yield during tffiest three months of lactation (r
= 0.44 to 0.66 for tand & month; P< 0.05), with fat yield during the first four
months of lactation (r = 0.50 to 0.70 fot' &nd 4' month; P< 0.001), and with
protein and lactose yields during the first two tisnof lactation (r = 0.68 to 0.7/,
< 0.001).

Metabolites and hormones

Plasma total protein concentrations from birth 8D lays were not affected by
herbage allowance treatment, dam genotype, or tin@raction (Figure 2A).
However, plasma total protein was affected<{®.005) by calf age and by the
interaction between herbage allowance and calf agéd,tended (P = 0.09) to be
affected by the interaction between dam genotypk calf age. Concentrations of
total protein decreased from 30 to 142 days, reedhilow until 270 days, and
increased thereafter until 380 days. Plasma tatatem was greater (B 0.04) at
birth for Lo-HA than Hi-HA calves but did not diifedbetween herbage allowance
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treatments thereafter. Concentrations of totalganotvere greater (P = 0.03) during
the first 60 days for CRBC than PUF1 offspring.

Concentrations of albumin from birth to 380 daysreveot affected by herbage
allowance treatment, dam genotype, or their intemadut varied (P = 0.001) with
calf age. Plasma albumin increased from birth tad8@s, remained high until 142
days, decreased from 142 to 180 days, to remairtHeveafter until 380 days (data
not shown).

Plasma glucose concentrations from birth to 38G degre not affected by herbage
allowance treatment, dam genotype, or their intemac However, plasma glucose
was affected (P = 0.001) by calf age and tended (FPO55) to be affected by the
interaction between dam genotype and calf age (€i@B). Concentrations of
glucose were elevated during the first 120 daysredsed from 120 to 180 days,
remained low until 270 days, and increased thezeafttil 380 days. Plasma glucose
tended to be greater (P 0.072) for Hi-HA than Lo-HA offspring at birth. Bu
during the first three months of lactation glucaesecentrations tended to be greater
or were greater for CRBC than PUF1 offspring dudetss (P< 0.019) plasma
glucose in Lo-PUF1 compared to other calf groups.

Concentrations of plasma insulin from birth to 38a@ys were not affected by
herbage allowance treatment, dam genotype, or ititeraction. However, there was
an effect (P < 0.022) of calf age and of the irdBoms (P< 0.055) between herbage
allowance and calf age, dam genotype and calf ag#t,among herbage allowance,
dam genotype and calf age on plasma insulin. Plassudin decreased from birth to
60 days, remained stable from 60 to 240 days, aackased at 380 days (Figure
2C). Concentrations of insulin were only greaterHeHA than Lo-HA at 380 days,
and tended (P = 0.057) to be less at birth and Vesse (P = 0.059) at 380 days for
CRBC than PUF1 offspring, without other differencsing the period evaluated.
These differences between calf groups at birth 38@ days were associated to
reduced (P = 0.016) plasma insulin at birth forGfRBC than other groups and
increased (B 0.004) plasma insulin at 380 days for Hi-PUFIntb¢her groups.
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Plasma IGF1 concentrations from birth to 380 dagsewgreater (P = 0.019) in Hi-
HA than Lo-HA calves (120.8s. 97.0x 6.8 ng/ml) but were affected by the
interaction between herbage allowance treatmendand genotype as plasma IGF1
was less (P = 0.026) for Lo-PUF1 than the otheugsoPlasma IGF1 was affected
(P = 0.005) by calf age as plasma IGF1 decreasad firth to 60 days, remained
low from 60 to 240 days, and increased at 380 d#ygure 2D). However,
concentrations of IGF1 tended (P = 0.06) to bectdfit by the interaction between
herbage allowance treatment and calf age as they greater for Hi-HA than Lo-
HA except at 240 days. Plasma insulin and IGF1 eotnations were correlated (r =
0.40, P < 0.001) and both were correlated withageqr > 0.26, P < 0.001).
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Figuare 2. Plasma total protein (A), glucose (B), insulin (C), and insulin-like growth factor-I (IGF1, D) during the first year of age
of calves from purebred (PUF1: Hereford and Aberdeen Angus; triangles) and crossbred (CRBC; squares) dams grazing high (solid
symbols and lines) and low (open symbols and dashed lines) herbage allowances (4 and 2.5 kg dry matter (DM)kg BW of annual
mean, respectively) during gestation and lactation (n = 10 calves per group). Data are least squares means and SEM.

Subcutaneous fat thickness and estimated body citiopo

Calf SFT tended (P = 0.084) to be greater for Hi-thAn Lo-HA (14.9vs 14.2 +
0.3 mm) and for CRBC than PUF1 (149 14.2 + 0.3 mm) offspring. However,
there was an interaction between herbage allowltaatment and dam genotype on
calf SFT as it was less for Lo-PUF1 than the otiteups (15.1, 14.7, 13.3, and 15.1
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+ 0.3 mm for Hi-PUF1, Hi-CRBC, Lo-PUF1, and Lo-CRB@spectively). In
addition, calf SFT was less (P = 0.017) in malestfemales (14.0s 15.0 £ 0.3
mm). Calf SFT was affected (P < 0.001) by age dsndi change from weaning to
300 days (on average 13.4 £ 0.3 mm) and incredssddfter until 380 days (up to
16.5 £ 0.4 mm).

Estimated EBW%, CW%, and CP% decreased (P < Ofé@h)weaning (142 days)

to 380 days (from 64.5 to 58.8 + 0.7%, from 66.%@8 + 0.8%, and from 19.6 to
17.9 + 0.3%, respectively). In contrast, estimaEF% and CF% increased (P =
0.001) during the same period of time (from 7.8%07 £ 1.1% and from 8.5 6.5

+ 1.2%, respectively). Estimated EBW% and CP% tdn(@e< 0.097) to be greater

for Hi-HA than Lo-HA offspring and this was more rkad in CRBC than PUF1

offspring (Table 4). Estimated EBF% and CF% ten@ed 0.089) to be less in Hi-

HA than Lo-HA calves and this was more evident@®BC than PUF1 offspring

(Table 4).

Table4. Effecis of herbage allowance during the calf fetal and lactation pericds and dam genotype on estimated body composition

Calves p-vahe'
Hi-PUF1* LoPUFl Hi-CRBC Lo-CRBC SE HA DG HAXDG Calfage
EBWY%2 61.1ab 63.8ab 65.8a 61.9b 1.7 0.097 0.369 0.11 <0001
EBF% 11.4ab 11.9ab 3.9b 144a 1.2 0.089 0.38 0.146 <0.001
CP% 18.8ab 18.6ab 193a 18.1b 04 0.083 039 0.151 <0.001
CW% 61.8ab 61.7ab 63.1a 60.0b 1 0.113 035 0.131 <0.001
CF% 11.9ab 12.9ab 9.6b 15.5a 1.7 0.06 0.285 0.167 <0.001

IHa: Herbage allowance treatments (high and low: 4 and 2.5 kg DM/kg BW in average, respectively; Hi-HA vs. Lo-HA).DG: dam genotype
(purebred: [lereford and Angps vs. F1-crossbred; PUvs. CR). 2[1i-PUT1 and Lo-PUP1 =Tl calves from PU dams grazing [i-ITA and Lo-[1A,
respeciively; Hi-=CRBC andLo-CRBC =backcross calves from CR dams grazing Hi-HA and Lo-HA, respectively.

Mstimated bady compasition (expressed as percentage body weight) by urea dilution technique (Wells and Preston, 1 998); FINW%: empty body
water. FRF%: empiy hady fai. CP%: carcass prodein. C'W%: carcass water. CF%: carcass fat

#,b Means with different lilerals differed with p<0.05.
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Discussion
Herbage allowance of native grasslands during ftetihl and lactation periods
interacted with maternal heterosis to affect calV Br body composition, and

metabolic and endocrine profiles.
Neonatal period

Maternal nutrition during gestation has been asgedior not to changes in calf birth
weight (Holland and Odde, 1992; Greenwood and C20€7). In our study, calf
birth weight was not affected by the degree of mmate undernutrition during
gestation in agreement with Rasby et al. (1990) sbggested that major reductions
in dam nutrient intake are needed to affect catthbiveight. In the present study,
cows were in the same nutritional treatment for tyears previous to the study;
therefore, they could have adapted their metabalcsthe nutritional input in order
to supply enough nutrients for the developing fet8snilar to previous reports
(Freetly and Cundiff, 1998), calf birth weight wast affected by dam genotype

when purebred (Angus and Hereford) and the recgbiet dams were compared.

Although there were not differences in calf birtleight between treatments, dam
nutrition during gestation and/or dam genotype ciffé plasma total protein,

glucose, insulin, and IGF1 at birth. Plasma totakgin concentrations at birth were
greater in Lo-HA than Hi-HA offspring. Hammer et. 82007) showed that

undernutrition during gestation lead to an increimsealf serum total protein and
immunoglobulin (IgG) concentrations during the tfir84 h, as offspring of

undernourished dams presented an increased irtdgii transference during this
period of time. This would suggest that their fegaktrointestinal system may be
programmed to be more efficient in extracting rartts, specifically large molecules,
in postnatal period (Funston et al., 2010).

In contrast, Hi-HA calves had greater glucose, lins@and IGF1 concentrations at
birth than Lo-HA calves. Bell (1995) reported thamergy-deprived ewes are
susceptible to hypoglycemia during pregnancy whéads to reductions in uterine
and fetal uptake of glucose. Moreover, fetal hygoginia develops to help to sustain

30



the maternal-fetal gradient in glucose concentnalip restricting the reverse transfer
of glucose to the placenta, and reducing placgttalose consumption (Hay, 1995).
In agreement with this, plasma insulin concentretiovere greater in Hi-HA than Lo-
HA dams during gestation (Laporta, J., unpublisieda), which were in turn
associated to the greater plasma glucose at irtHiHHA than Lo-HA offspring
reported here. Plasma insulin was also greaten-dAdthan Lo-HA offspring, and
this increased insulin in calves better nouristsedonsistent with central role of this
hormone in glucose homeostasis. However, Hi-CRBfSpahg showed reduced
plasma insulin concentrations at birth when comgphaxéh the other calf groups,
indicating that maternal nutrition during gestaticould interact with maternal

heterosis on fetal glucose-insulin metabolism.

In addition, the maternal IGF system can modulbaédelivery of substrates to the
fetus, particularly influencing glucose and aminoidatransference across the
placenta to the fetus (Kniss et al., 1994). SerGfll concentrations were greater in
Hi-HA than Lo-HA dams (Laporta, J., unpublishedajatvhich is consistent with the
greater plasma glucose at birth in Hi-HA offspringported here. It has been
demonstrated in sheep that glucose influence 1&&1 concentrations through
insulin-mediate effects (Oliver et al., 1993; 1996)agreement with these results, in
the present study, the greater plasma glucose rdini in Hi-HA calves were
associated with greater IGF1 concentrations at.birt contrast, Rehfeldt et al.
(2004) showed that although maternal over-nutritansed increased maternal IGF1
concentrations, it did not affect fetal IGF1 corications in pigs.

Post-natal pre and post-weaning periods

In agreement with previous studies (Jenkins andeFet992; Funston et al., 2010;
Quintans et al., 2010), Hi-HA dams showed greatiéc amd solid yields than Lo-HA
dams. This greater milk production could be ex@dimy greater mammary gland
development during gestation (Funston et al., 20b@ddy reserves at calving
(Quintans et al., 2010) and nutrient and energgkmtduring the lactation period
(Jenkins and Ferrel, 1992). In addition, milk prowlon is influenced by dam

genotype (Jenkins and Ferrel 1992) and similarravipus reports (Notter et al.,
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1978) milk yield was greater in CR than PU damisath herbage allowances.

Milk and solid yields were associated with calf ADfaring the first months of
lactation consistent with the positive correlatioetween milk yield, and calf ADG
reported for beef cattle (Totusek et al., 1973;|Bsaal., 1990). Alencar (1989)
reported when calves are more than 60-day oldgéonatake starts to be significant
in terms of energy. Thus, differences in milk antidsyields as well as herbage mass
and height during lactation were reflected in ddfeces in calf BW at weaning

which was less in Lo-PUF1 calves than other groups.

After weaning, calf ADG decreased for all groupsialihcould be associated to a
short-period of stress provoked by calf-cow sepamaf\Weary and Jasper, 2008), a
period of calf adaptation to a diet composed onjyftrage and to the reduced
herbage mass and height of native pastures as tatapedecreased in winter which
affects DM intake (Chapman et al., 2007). After ¢éinel of winter, at the beginning of
spring (240 to 270 days), calf BW started to inseeagain with the increased
herbage mass and height of native pastures. HoywealéBW remained less for Lo-
PUF1 calves than other groups, indicating a lomgrteffect of calf nutrition during
gestation and/or lactation (Stalker, 2006; Catahldass, 2010).

Probably, the greater milk and solid yields of Gitnpared to PU dams, allowed, a
period of compensatory growth (Sainz et al., 19%4gelsamei et al., 2005) in Lo-
CRBC calves, after a moderate restriction (80% B{ONrequirements in this study)
during the fetal period. Compensatory growth magvpke changes in body
composition. Sainz et al. (1995) reported that dadtribution is modified in
compensating animal (less subcutaneous and mamahtfat), and Hornick et al.
(1998) demonstrated that they had greater adipsseet contents but less meat fat.
Similarly, Wu et al. (2006) indicated that fat dspion started earlier or was
increased in restricted animals. These resultsim@greement with our study in
which Lo-CRBC calves reached similar BW at wearang 380 days but presented
more estimated EBF% and CF% and less SFT than HBGCRalves. In addition,
Bartlett et al. (2006) showed that pre-ruminanveslfed with increasing amounts of

dietary protein had decreased fat percentage whidecased protein and water
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percentages. Thus, greater milk protein yields Ho®CR dams could explain the
greater estimated EBW% and CP%, which would indicatgreater lean tissue
deposition of Hi-CRBC calves. However, EBW% and CffoHi-CR calves were

neither different than for Hi-PUF1 nor Lo-PUF1 giftng which could be associated
to the intermediate milk protein yields for Hi-P@rds that allowed an intermediate
lean tissue deposition in Hi-PUF1 calves but propad a delay in time to reach
physiological maturity in Lo-PUF1 offspring as tkegalves did not showed

compensatory growth.

Metabolic and endocrine profiles during the posthpte and post-weaning periods
were associated to changes in calf BW and ADG. Tlplgsma total protein,
albumin, and glucose were elevated and highly bheiduring the first months of
lactation associated to the high efficiency of v$emilk nutrients for body tissue
deposition, reflected in high calf ADG, as milk nehts are processed directly by
abomasum and small intestine where they are albdo@reater plasma total protein
and/or glucose concentrations during the first hendf lactation in Hi-HA and
CRBC offspring reflected the better nutritionalteta(Ndlovu et al., 2007) due to
greater milk and solid yields of their dams andatge herbage mass and height, and
were associated to the greater calf ADG and BWestning. Similarly, Bartlett et al.
(2006) reported that calf plasma glucose conceatratand calf BW were higher as
milk-feeding level increased. During winter, aftereaning, when calf ADG
decreased to a minimum (100 g/d or less), metabobhcentrations remained low
and stable, reflecting a period of reduced nutriatdke as well as the continuous
release of nutrients from ruminal microbial fernsittn (Hugi and Blum, 1997).
Finally, with the beginning of spring and the irtse in herbage mass and height,
plasma total protein, albumin, and glucose incre@astaen calf BW started to

increase again.

It has been proposed that insulin and IGF1 are dfvthe main endocrine factors

associated to calf growth and development, andilatiang concentrations of these

hormones are directly related to nutritional/metabstatus (Hugi and Blum, 1997,

Hyatt et al., 2007). Insulin and IGF1 profiles wéighly associated with each other.
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In agreement with metabolic profiles reported h&@h plasma insulin and IGF1
were elevated early in lactation, decreased aromedning and during the post-
weaning period in winter, and increased again Wit beginning of the spring,
reflecting probably changes in daily energy andemintake as reported previously
(Kamiya et al., 2009; Bartlett et al., 2006; Abdelei et al., 2005).

Although glucose concentrations did not differ agaralf groups after weaning,
plasma insulin were greater in Hi-PUF1 than othreugs at 380 days which could
suggest some degree of insulin resistance as plasubn is elevated in order to
compensate the lack of tissue response to itsratiincrease the use of glucose by
tissues (Ozzane et al.,, 2003). Plasma IGF1 coratearis were greater in Hi-HA
calves, not only during lactation, when probablyriemt intake was greater in these
calves associated with greater dam milk and salidiyction, but also at 380 days
when all calves were in the same nutritional pldi#erences in calf individual feed
intake (not measured in the study) when calves wetbe same nutritional plane
could have contributed to changes in endocrineilpsoélso after weaning. Muscle
and protein deposition is stimulated by IGF1 (Nkalmmet al., 2007), which is
consistent with the greater estimated CP% in Hi¢ddves. In agreement with the
lowest calf BW, and consistent with the role of IGR growth and development, Lo-
PUF1 offspring presented the lowest plasma IGFinftorth to 380 days. These
effects on insulin and IGF1 profiles, that remairsgter weaning when all calves
were in the same nutritional plane, would indicateid or long-term effect of calf
nutrition during fetal and lactation periods onagae-insulin-IGF metabolism and/or

feed intake.

In conclusion, although calf birth weight did noiffet, postnatal calf BW was
reduced in Lo-PUF1 offspring while Lo-CRBC calvesreased fat in detriment of
lean tissue deposition, and these changes wereiaigzbto altered glucose-insulin-
IGF profiles.

34



Acknowledgments

The authors thank Bernardo Rosengurtt Experimddial staff (O. Caceres, M.

Caceres, J. Caceres, and V. Cal), for animal cadeaasistance throughout the field
study and Lic. (MSc) J. Laporta and Bach. P. Maoh&d Pereyra and F. Bideau, for
their help during the experiment. This study wagpsuted by research project INIA-
FPTA/2007 #262 awarded to M. Carriquiry and CSI@iation/2009 awarded to V.

Gutiérrez.

References

1.

Abdelsamei, A.H.; Fox, D.G.; Tedeschi, L.O.; Thopn®l.L.; Ketchen, D.J.;
Stouffer, J. R., 2005: The effect of milk intake loerbage intake and growth of
nursing calvesJournal of Animal Scienc&3,940-947.

Adrien, M. L.; Mattiauda, D. A.; Artegoitia, V.; @aquiry, M.; Bentancur, O.;
Meikle, A., 2012: Nutritional regulation of body rdition score at the initiation
of the transition period in dairy cows under grgzaonditions: milk production,
resumption of postpartum ovarian cyclicity and rbete parametersinimal 6,
292-299.

Alencar, M.M., 1989: Relacao entre producao de ld& vaca e desempenho do
bezerro das racas Canchim e Nel®tevista Sociedade Brasileira de Zootecnia
18, 146-156.

Astessiano, A.L.; Pérez-Clariget, R.; Quintans, §oca, P.; Carriquiry, M.,
2011: Effects of a short-term increase in the tiatral plane before the mating
period on metabolic and endocrine parameters, tegane expression and
reproduction in primiparous beef cows on grazingditions.Journal of Animal
Physiology and Animal Productio®6(3), 535-544. DOI: 10.1111/}.1439-
0396.2011.01178.

Bach, A., 2011: Optimizing performance of the ofisg: Nourishing and
managing the dam and post-natal calf for optimefakdon, reproduction, and
immunity. Journal of Animal Science published online
http://jas.fass.org/content/early/2011/09/16/ja$12@516

35



10.

11.

12.

13.

Bartlett, K.S.; McKeith, F.K.; VandeHaar, M.J.; Dalt.E.; Drackley, J.K.,
2006: Growth and body composition of dairy calvesd fmilk replacers
containing different amounts of protein at two fieedrates.Journal of Animal
Science84,1454-1467.

Beal, W.E.; Notter, D.R.; Akers R.M., 1990: Techmeg for estimation of milk
yield in beef cows and relationships of milk yietdcalf weight and postpartum
reproductionJournal of Animal Sciend@B, 937-943.

Bell, A.W.; Slepetio, R.; Ehrhardt, R.A., 1995: @th and accretion of energy
and protein in the gravid uterus during late pregyan Holstein cowsJournal
of Dairy Scienc&8,1954-1961.

Caton, J.S.; Hess, B.W., 2010: Maternal plane dfittan: impacts on fetal
outcomes and postnatal offspring responsesPiaceedings of the™4Grazing
Livestock Nutrition Conferenc&™-10" July 2010, Western Section American
Society of Animal Science and USDA, Colorado, USA.

Chapman, D.F.; Parsonsb, A.J.; Cosgroveb, G.P.keBar D.J.; Marottiad,
D.M.; Venningae, K.J.; Rutterf, S.M.; Hilla, J.; dimpson, A.N., 2007: Impacts
of spatial patterns in pasture on animal grazindhabm®r, intake, and
performanceCrop Sciencd7,399-415.

Ferrel, C.L., 1991: Maternal and fetal influencas waterine and conceptus
development in the cow: Growth of tissues of the gravid uterusurnal of
Animal Sciencé9, 1945-1953.

Fiss, C.F.; Wilton, J.W., 1993: Contribution of &de cow weight, and milk
yield to the pre weaning, feedlot and carcassstrait calves in three beef
breeding systemsournal of Animal Sciencgl, 2874-2884.

Ford, S.P.; Hess, B.W.; Schwope, M.M.; Nijland, MQilbert, J.S.; Vonnahme,
K.A.; Means, W.J.; Han, H.; Nathanielsz, P.W., 20Bfaternal undernutrition
during early to mid-gestation in the ewe resultsliered growth, adiposity, and

glucose tolerance in male offsprirdgpurnal of Animal Sciendgb, 1285-1294.

36



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Freetly, H.C.; Cundiff, L.V., 1998: Reproductiverfmrmance, calf growth, and
milk production of first-calf heifers sired by sevbreeds and raised on different
levels of nutritionJournal of Animal Sciencés, 1513-1522.

Funston, R.N.; Larson, D.M.; Vonnahme, K.A., 20ffects of maternal
nutrition on conceptus growth and offspring perfanoe: Implications for beef
cattle productionJournal of Animal Scienc88, E205-E215.

Greenwood, P.L.; Cafe, L.M., 2007: Prenatal andvpeaning growth and
nutrition of cattle: long-term consequences forflpgeduction.Animal9, 1283—
1296.

Hammer, C.J.; Vonnahme, K.A.; Taylor, J.B.; RedmierA.; Luther, J.S;
Neville, T.L.; Reed, J.J.; Caton, J.S.; Reynold®.1.2007: Effects of maternal
nutrition and selenium supplementation on absanptib IgG and survival of
lambs. (AbstractJournal of Animal Sciendg5 (supl1),391.

Hay, W.W., 1995: Regulation of placental metaboliéy glucose supply.
Reproduction, Fertility and Developméf{B) 365-375.

Haydock, K.P.; Shaw, N.H., 1975: The comparativedymethod for estimating
dry matter yield of pasturédustralian Journal of Experimental Agriculture and
Animal Husbandr5, 663-670.

Holland, M.D.; Odde, K.G., 1992: Factors affectoaf birth weight: a review.
Theriogenologys8, 769-798.

Hornick, J.L.; Van Eenaeme, C.; Clinquart, A.; Diéd.; Istasse, L., 1998:
Different periods of feed restriction before comgetiory growth in Belgian
Blue bulls: I. animal performance, nitrogen balagmoeat characteristics, and fat
compositionJournal of Animal Sciencés, 249-259.

Hugi, D.; Blum, J.W., 1997. Changes in blood meti&k® and hormones in
breeding calves associated with weanif@urnal of Veterinary Medicine series
A 44, 99-1997.

Hyatt M.A.; Gopalakrishnan, G.S.; Bispham, J.; @gn&.; McMillen, I.C.;
Rhind, S.M.; Rae, M.T.; Kyle, C.E.; Brooks, A.N.pnks, C.; Budge, H.;
Walker, D.; Stephenson, T.; Symonds, M., 2007: ketlenutrient restriction in

37



24.

25.

26.

27.

28.

29.

30.

31.

early pregnancy programs hepatic mMRNA expressiogrowth-related genes
and liver size in adult male shedpurnal of Endocrinology92,87-97.

Jenkins, T.G.; Ferrel, C.L., 1992: Lactation chteastics of nine breeds of
cattle fed various quantities of dietary energgurnal of Animal Scienceo,
1652-1660.

Kamiya, M.; Matsuzaki, M.; Orito, H.; Kamiya, Y.;dkamura, Y.N.; Tsuneishi,
E., 2009: Effects of feeding level of milk replacen body growth, plasma
metabolite and insulin concentrations, and viscergan growth of suckling
calves.Journal of Animal Sciend&0,662-668.

Kniss, D.A.; Shubert, P.J.; Zimmerman, P.D.; LanddrB.; Gabbe, S.G., 1994:
Insulin-like growth factors. Their regulation ofuglose and amino acid transport
in placental trophoblasts isolated from first-trgtex chorionic villi. (Abstract)
Journal of Reproductive Medicird®, 249-56.

Martin, J.L.; Vonnahme, K.A.; Adams, D.C.; Lardy,”RG Funston, R.N., 2007:
Effects of dam nutrition on growth and reproductperformance of heifer
calves.Journal of Animal Sciendgs, 841-847.

Mott, G.O., 1960: Grazing pressure and the measemewf pasture production.
Proceedings of the"BInternational Grassland Congress

Nkrumah, J.D.; Sherman, E.L.; Li, C.; Marques,&ews, D. H.; Bartusiak, Jr.
R.; Murdoch, B.; Wang, Z.; Basarab, J.A.; Moore5.52007: Primary genome
scan to identify putative quantitative trait loorffeedlot growth rate, feed
intake, and feed efficiency of beef cattlournal of Animal Sciencg5, 3170-
3181.

Notter, D.R.; Cundiff, L.V.; Smith, G.M.; Laster,.B.; Gregory, K.E., 1978:
Characterization of biological types of cattle. VMilk production in young
cows and transmitted and maternal effects on pr@ning growth of progeny.
Journal of Animal Sciencés,908-921.

National Research Council (NRC), 2000: Nutrientuisgments of Beef Cattle.
7™ edition, National Academy Press (ed.). Washindddd., USA.

38



32.

33.

34.

35.

36.

37.

38.

39.

Oliver, M.H.; Harding, J.E.; Breier, B.H.; Evans,(?, Gluckman, D., 1993:
Glucose but not a mixed amino acid infusion regdaplasma insulin-like
growth factor-I concentrations in fetal sheBpdiatric ResearcBB4 (1), 62-5.
Oliver, M.H.; Harding, J.E.; Breier, B.H.; GluckmaR.D., 1996: Fetal insulin-
like growth factor (IGF)-1 and IGF1l are regulatédferently by glucose or
insulin in the sheep fetuReproduction, Fertility and Developmesitl), 167 —
172.

Ozanne, S.E.; Olsen, G.S.; Hansenl, L.L.; Tingey,;Wave, B.T.; Wang, C.L.;
Hartil, K.; Petry, C.J.; Buckley, A.J.; Mosthaf&iorfl, L. 2003: Early growth
restriction leads to down regulation of protein dse C zeta and insulin
resistance in skeletal muscle. Journal of Endotwgy177, 235-241.

Quintans, G.; Banchero, G.; Carriquiry, M.; LOp€z, Baldi, F., 2010: Effect of
body condition and suckling restriction with andhaiut presence of the calf on
cow and calf performanc@nimal Production Sciencg0, 931-938.

Rasby, R.J., Wettemann, R.P.; Geisert, R.D.; Ride,; Wallace, C.R., 1990:
Nutrition, body condition and reproduction in bemfws: fetal and placental
development, and estrogens and progesterone imalakurnal of Animal
Scienceb8(12), 4267-4276.

Rehfeldt, C.; Nissen, P.M.; Kuhn, G.; Vestergadid, Ender, K.; Oksbjerg, N.,
2004: Effects of maternal nutrition and porcine vgito hormone (pGH)
treatment during gestation on endocrine and metalettors in sows, fetuses
and pigs, skeletal muscle development, and postgedath. Domestic Animal
Endocrinology27, 267-285.

Rule, D.C.; Arnold, R.N.; Hentges, E.J.; Beitz, .C986: Evaluation of Urea
Dilution as a Technique for Estimating Body, Conipos of Beef Steers in
Vivo: Validation of Published Equations and Compan with Chemical
CompositionJournal of Animal Sciend&3,1935-1948.

Sainz, R.D.; De la Torre, F.; Oltjen, J.W., 199%n@ensatory growth and
carcass quality in growth-restricted and refed kstekrs.Journal of Animal
Sciencer3,2971-2979.

39



40.

41.

42.

43.

44,

45.

46.

47.

Schrdder, U.J.; Staufenbiel, R. 2006: Invited Revienethods to determine
body fat reserves in the dairy cow with specialarégto ultrasonographic
measurement of backfat thicknedsurnal of Dairy Scienc89, 1-14.

Solkner, J. 1993: Choice of optimality criteria fitve design of crossbreeding
experimentsJournal of Animal Scien¢c&1:2867-2873.

Sollenberger, L.; Moore, J.; Allen, V.; Pedreira, €005: Reporting herbage
allowance in grazing experimen@rop Sciencd5: 896—-900.

Stalker, L.A.; Adams, D.C.; Klopfenstein, T.J.; EelwD.M.; Funston, R.N.,
2006: Effects of pre- and postpartum nutrition eproduction in spring calving
cows and calf feedlot performandeurnal of Animal Sciend@,2582-2589.
Totusek, R.; Arnett, D.W.; Holland, G.L.; WhitemahyV., 1973: Relation of
estimation method, sampling interval and milk cosipon to milk yield of beef
cows and calf gainlournal of Animal Sciencg7,153-158.

Weary, D.; Jasper, J., 2008: Understanding weadistgess.Applied Animal
Behaviour Scienc#lQ, 24-41.

Wells, R.S.; Preston, R.L., 1998: Effect of repdateea dilution measurement
on feedlot performance and consistency of estimiabely composition in steers
of different breed typedournal of Animal Sciencés, 2799-2804.

Wu, G.; Bazer, F.W.; Wallace, J.M.; Spencer, T2D0Q6: Board-invited review:
Intrauterine growth retardation: Implications foetanimal sciencesournal of
Animal Scienc@&4, 2316-2337.

40



3. CALF FETAL AND EARLY LIFE NUTRITION: MUSCLE FIBE R
CHARACTERISTICS AND GENE EXPRESSION DURING THE
GROWING PHASE

V. Gutiérrez® A.C. Espasandifi, P. Machadd, A. Bielli®, P. Genoveskand M.
Carriquiry 2

®Departamento de Produccion Animal y Pasturas, Fatutie Agronomia,
Universidad de la Republica, Montevideo, Av. E. £&ar 780, Uruguay.

b Departamento de Morfologia y Desarrollo, Facultadvdterinaria, Universidad
de la Republica, Montevideo, A. Lasplaces 1620 guay.

Corresponding author: Veronica Gutiérrez Castro. mdik
v.gutierrezcastrol2@gmail.com

Phone number: (+598)23572344; Fax number: (+598)2860

Abstract

The aim of this study was to evaluate the effediebage allowance treatment of
native pastures from calf conception to weaningnamscle fiber density and
diameter and gene expression (IGF system and aghieses) during the first year
of age of purebred (PU) (Hereford and Angus) andsiired (F1) dams offspring.
Forty crossbred calves offspring of purebred (PUstl¢rossbred (CRBC) dams
were used in a randomized block design with a fadtarrangement of herbage
allowance of native pastures (High: Hi-HA and Lowg-HA, 4 vs. 2.5 kg dry
matter/kg body weight (BW)) and dam genotype (Pd &f) resulting in 4 calf
groups (Hi-PUF1, Hi-CRBC, Lo-PUF1 and Lo-CRBC). Cabdy weight (BW)
were registered while blood arfgkmitenidinosusnuscle samples were collected
at birth, weaning and at 380 days old to measwuasnmh IGF concentrations and
muscle expression of genes related with the inggrimvth factor (IGF) system
and adipogenesis by quantitative realtime PCR. 84 at birth did not differ
between calf groups but Lo-PUF1 calves were liglier0.05) than the other
three calf groups during the postnatal period. Ligafat tissue ratio tended to be
greater (P=0.08) in HiHA than in Lo-HA calves. Niesfiber density did not
differ among calf groups, but fiber diameter wasager in Lo-HA than Hi-HA
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and in CRBC than PUF1 offspring. Plasma IGF-I @miation was lower
(P<0.05) in Lo-PUF1 than in the other three calf guThelGFBP5 mRNA
expression was greater in Lo-CRBC as compareddamther three groups and
PPARGMRNA expression was greater in Hi-HA than in Lo-HAd in PUF1
than in CRBC offspring at birth whereSREBFIMRNA expression was greater
in Hi-CRBC as compared to the other three grougsrtt and at weaning. At 380
days, after winter restrictionGF receptor type 1 (IGF1RandIGFBP5 mRNA
expression were greater in Hi-PUF1 than in Hi-CR2@ves.

The environment provided by the dams during gestadind lactation is probably
influenced by the nutritional plane and genotypeahaf cow. As a consequence,
changes appeared between calf groups in calf BW{y bcomposition,
Semitendinosus muscle fiber diameter and expressiayenes related with the
IGF-I system and adipogenesis. The effects of tutriduring the fetal and pre-

weaning periods varied according to dam genotypeefisas calf age.

Keyword: muscle histology, IGF-system mRNA, cattle, grazing

1. Introduction

Beef cows in rangeland extensive conditions expege poor nutritional
environments for variable periods of time duringgmancy and lactation, as their
intake depends on quantity and quality of herbagelyced by native pastures,
which is subjected to large intra and inter-anmliatate variations. These periods
of nutrient restriction (during gestation and/octéion) can affect calf muscle
growth and development as well as intramuscula(nfigrbling) and compromise
beef meat production (Du et al., 2010).

Muscle growth and its intrinsic properties deterejiat least in part, the quantity
and quality of the meat produced. Muscle mass islgnaetermined by fiber
number and diameter (Rehfeldt et al., 1999). ledteck, all muscle fibers are
formed during the prenatal stage (early and midages), and muscular

hyperplasia is completed at birth (Du et al., 2000je postnatal skeletal muscle
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development is mainly due to the increase in mufslods size (hypertrophy) with
nuclei contribution of satellite cells (Bayol et.,al2004). In ruminants,
undernutrition during early and mid fetal periogsluced fiber number whereas
undernutrition during the end of fetal and durirggimatal periods reduced muscle
fiber diameter and may reduce calf body weightigh{BW; Zhu et al., 2006;
Greenwood et al., 1998). Similar to myogenesisy@gknesis can be divided into
preadipocyte hyperplasia and adipocyte hypertroplvisich occurs by
accumulation of triacylglyceride (Du et al., 2010).ruminants adipogenesis is
initiated around mid-gestation (Feve, 2005) antaalgh adipocyte hyperplasia
may occur during postnatal growth, the fetal pergod major stage for generation
of intramuscular adipocytes and thereby for intracmlar fat accumulation

potential later on life (Tong et al., 2008).

The somatotropic axis (ST-axis; growth hormone4inslike growth factor; GH-
IGF) is critical in regulating growth, developmeartd differentiation of skeletal
muscle, via both mitogenic and myogenic processesnaetabolic and anabolic
actions (Clemmons, 1998; (Philippou et al., 200tab et al., 2010). ST axis
involves peptide hormones (GH, IGF-1 and IGF-Iheir receptors (GHR and
IGF1R) and IGF binding proteins (IGFBP1 to 6), whican either potentiate or
inhibit IGF action by modulation of their bioavaiéity to receptors (Clemmons,
1998). Recent studies have shown that many geni gomatotropic axis were
differentially expressed in animals selected foeager muscle growth and
differentiation potential (Keady et al., 2011). addition, muscle expression of
several components of ST axisis modulated by pré{@stnatal nutrition in mice
(Bayol et al., 2004) and cattle (Oksbjerg et ab04#). On the other hand,
adipocyte differentiation and lipid metabolism aentrolled, among various
factors, by the transcription factopgroxisome proliferator activated-receptpr-
(PPARQ andsterol regulatory element-binding transcription fac 1 (SREBF}
through the induction of genes which are importéort triglyceride uptake,
synthesis and storage (Du et al., 2010; Yu et28l06). Nutrition in early life
affected muscle expression BPARGand SREBFIMRNA in cattle (Du et al.,
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2010; Graugnard et al., 2009), which suggestederdifit potential for

intramuscular adipogenesis.

Our hypothesis was that control of grazing intgnsit native pastures through
changes in herbage allowance would impact on dantion during gestation and

lactation, thus, altering calf muscle fiber chagastics and gene expression
during the growing period (pre and post-weanindperéfore, our objective was to
evaluate the effects of herbage allowance treatroenttive pastures from calf

conception to weaning on muscle fiber density aiathdter and gene expression
(IGF system and adipogenesis) during the first yéarge of purebred (Hereford
and Angus) and crossbred (F1 Hereford and Angus)aféspring.

2. Materials and methods

2.1. Location, animals and experimental design

The experiment was conducted on 90 ha of nativestaads (Campos biome)
located at the Prof. Bernardo Rosengurtt Experiale@tation (School of
Agronomy, Universidad de la Republica, Uruguay;S3234°W) from December
2008 to November 2010. Animal procedures were amguoroby the Animal
Experimentation Committee of Universidad de la Rdéjpa (CHEA, Uruguay).
Details of the experimental design have been redgsteviously (Gutiérrez et al.,
2013). We determined that maternal nutrient intékee to control of grazing
intensity of native pastures through changes inbdgge allowance) during
gestation and lactation affected not only calf BWdabody composition
(Gutierrez et al., 2013) but also c&tmitendinousnuscle fiber diameter and
expression of genes related with the IGF-I systathadipogenesis. The effects of
nutrition during the fetal and pre-weaning periogsied according to dam
genotype as well as calf age.

Forty calves and their dams were used in a randaimldock design and a
factorial arrangement of herbage allowance and dgenotype. Herbage
allowance treatments were estimated according tiergerger et al. (2005) and
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represented 4 and 2.5 kg dry matter (DM)/ kg BW i-KIA and Lo-HA,
respectively) on an annual mean basis that vaneshg seasons (5, 3, 4, and 4 kg
DM/kg BW and 3, 3, 2, and 2 kg DM/kg BW for Hi-HAnd Lo-HA in fall,
winter, spring, and summer, respectively). Herbagowance treatments
determined changes of herbage mass and heightglaanerage 1914 kg DM/ha
and 4.93 cm vs. 1254 kg DM/ha and 3.45 cm, for Hi-ldnd Lo-HA,
respectively). Herbage chemical composition thraughhe year averaged 100 +
16 and 746 + 37 g/kg of crude protein (CP) and na¢uetergent fiber (NDF) for
Hi-HA and 112 + 22 and 722 = 30 g/kg of CP and NOF Lo-HA. Herbage
allowance treatments represented 90, 100 and 119688, 90 and 90% of
estimated NRC daily requirements (NRC, 2000) faosd and third trimester of
gestation and lactation, for Hi-HA and Lo-HA, resipeely. Experimental dams
were purebred (Hereford, n=13 and Angus, n=10; &4¢yossbred (F1-HxA, n=9
and F1-AxH, n=10; CR) multiparous cows (5 to 6 yeld) that belonged to a
group of experimental animals generated as part diallel crossbreeding
experiment between Angus and Hereford breeds coedidfor 10 years at the
Experimental Station. Calf sires were Hereford agiés, determining that calves
from PU dams were crossbred (PUF1: HXA and AxHpoifgy) while calves from
CR dams were backcross (CRBC: H-HxA, H-AxH, A-HxAdaA-AH) progeny.
Dams were maintained in the same plot (same herdlgeance treatment) since
May 2007 and gestated and lactated one calf eveay fyom 2007 to 2009. The
present study included calves that were born dutireg 2009 spring calving
season (October to November). Thus, calves wergecteld to the effect of
herbage allowance treatments from conception (lmgeseason 2009-2010) to
weaning (April 2010; 142 + 15 days) and no furttreatments were applied. Ten
calves (n = 5 for males and females) were evaluagedreatment (Hi-PUF1, Lo-
PUF1, Hi-CRBC, and Lo-CRBC). Calves were weanet¥a@t+ 15 days of age by
definitive separation from their dams. All calvesales and females) were put
together in a native pasture paddock and supplademtith 1% of BW
(approximately 1.2 kg DM) of a commercial concetarél50 g/kg DM of CP,
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11.7 MJ/kg DM of metabolizable energy, 20 g/kg DMether extract) until they
reached 150 + 15 kg BW (approximately 210 days) aodurther supplement
was used. Male calves were castrated one week\aétaning (149 + 15 days).
After weaning, calves were managed as a contempgraup grazing on a native
pasture (102 ha, 1596 + 185, 1072 + 114, and 1608 kg DM/ha of estimated
herbage mass for fall, winter and spring, respettfjwvith good access to water.

At birth (first 72 h), weaning and 380 + 15 daysagk, calf BW was recorded and
blood and muscle samples were collected. Blood Emmwere obtained by
jugular venipuncture using tubes containing sodiflooride and potassium
oxalate (Vacutest®; Arzergrande, ltaly) and plasmas extracted by
centrifugation (2,000 Xg, 15 min). Plasma was stat-20°C for IGF1 analysis
according to Gutierrez et al. (2013). Muscle sasiplere obtained from the
center of the lef6emitendinosusiuscle through a 3-cm skin incision after local
anesthesia (5 mL, 2% Lidocaine). Muscle samples @Lg, 2 crm) were removed
using a scalpel and divided in two to be conserwedl0 mL of 4 %
paraformaldehide in 0.1 M phosphate buffer for dimjical analyses or
immediately snap-frozen using liquid nitrogen todtered at —80°C until RNA
extraction. At weaning and 380 days of age, leafattdissue ratio was estimated
using the urea dilution technique (Wells and Prestt098) as described by
Gutiérrez et al. (2013).

2.2.Histological analyses

Histological analyses were performed in muscle sampt birth and weaning
(142 days). Muscle samples from the mid-belly migcregion were paraffin-
embedded, sectioned (40n thick; model 2030 Reichert-Jung, Germany) and
stained with hematoxylin-eosin to evaluate musclerphology (Bayol et al.,
2004). Muscle images (16 images/sample; 4 areds sactions) were captured
using an optic microscope (Olympus BX50, Olympuskyo, Japan) equipped
with an INFINITY1-3c camera (3.1 Megapixel Color ©8 Camera, y LUSDK:
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Software Developer’s Kit, Lumenera Corporation, WdaCanada) and analyzed
with the INFINITY Camera Software v5.0.3 (Lumene@orporation). Fiber

density was calculated by examining a minimum d Atuscle fibers per animal
and fiber diameters were determined by averagirg rtteasure of both the
smallest and longest apparent diameters of a mmirai300 muscle fibers per
animal. This was done to minimize errors associati¢ldl any fibers that may not
have been cut exactly perpendicular to fiber dioectMuscle growth rate was
calculated (um) as the increment in diameter peerfiper day from birth to

weaning.

2.3.Quantitative real time PCR

Total RNA was isolated using TRIzol (Invitrogenfd.iTechnologies, Carlsbad,
CA, USA), followed by precipitation with lithium d¢bride and by DNase-
treatment with a DNA-Free Kit (Applied BiosystemsiBion, Austin,TX, USA).
Concentration of RNA was determined by measuringodiance at 260nm
(NanoDrop ND-1000 Spectrophotometer; Nanodrop Teclugies Inc.,
Wilmington, DE, USA), and purity and integrity ofll BRNA isolates were
assessed from 260/280 and 260/230 absorbance asibdy electrophoresis in
1% agarose gel. Isolated RNA was stored at —80%C amalyzed by quantitative
real time PCR. Reverse Transcription was condustéth SuperScript®Ill
Transcriptase (Invitrogen) using random hexamerts lang of total RNA as a
template. The cDNA was stored at -20°C until uséha quantitative real time
PCR.

Primers Supplementary table S} specifically designed to amplify cDNA for the
target genes of interesGHR IGF1, IGF1R IGFBP3 IGFBP5 PPARG
SREBF1 andpaired box -3 and -{PAX3 and PAX7, and endogenous control
genes:3-actin (ACTB hypoxanthine phosphoribosyltransferadPRT) were
used for real time RT-PCR. Before use, primer pobdtize (1% agarose gel

separation) and sequence (Macrogen Inc., Seouleaiowere determined to
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ensure that the primers produced the desired aogiidn products (data not
shown). Real time PCR reactions were performedgugib pL KAPA SYBR®
FAST Universal 2X gPCR Master Mix (Kapa Biosysterms;. Woburn, MA,
USA), equal amounts (200 nM) of forward and revem@mers (Operon
Biotechnologies GmbH; Cologne, Germany), and 3 jllted cDNA (1:7.5 in
RNase/DNase free water) in a final volume of 15 §amples were analyzed in
duplicate in a 72-disk Rotor-GeneTM 6000 (Corbeifte LSciences, Sydney,
Australia). Standard amplification conditions wérenin at 95°C and 40 cycles of
10 s at 95°C, 45 s at 60°C, and 20 s at 72°C. DigBon curves were run on all
samples to detect primer dimers, contaminatiorpresence of other amplicons.
Each disk included a pool of total RNA from musdamples analyzed in
triplicate to be used as the basis for the comparaixpression results (exogenous
control) and duplicate tubes of water (non-temptateatrol).

Gene expression was measured by relative quanitiicgPfaffl, 2009) to the
exogenous control and normalized to the mean esioresof the endogenous
control genes ACTB and HPRT) corrected by amplification efficiency. Both
ACTB and HPRT have been used before as an endogenous contsielgtal
muscle (Feng et al., 2010) and did not vary amoagpdes in this study.
Amplification efficiency for target and endogenozantrol genes was estimated
by linear regression of a dilution cDNA curve (rb=dilutions, from 100 to 6.25
ng/tube; Table 1). The intra and inter-assays CVewess than 7.6 and 12.3%,
respectively.

2.4 .Statistical analyses

Data were analyzed using the SAS Systems progr&mS ©.0V; SAS Institute
Inc., Cary, NC, USA, 20097?7?). Univariate PROC waeeformed on all variables
to identify outliers and inconsistencies and toifyemormality of residuals. Calf
BW, lean to fat tissue ratio, plasma IGF-I, muddber diameter and density and
gene expression data were analyzed with a mixecehwith repeated measures
using the MIXED procedure. The model included hgeballowance, dam
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genotype, calf age (repeated measure), their ctters, calf sex and birth date
(covariate) as a fixed effects, and block, sireaggpe, and calf ID as a random
effects. The appropriate covariance structure (uostred (UN), compound
symmetry (CS), or autoregressive of first order (AR, according to Bayesian
Information Criteria (BIC) and the Kenward-Rogersogedure to adjust the
degrees of freedom of denominator were specifieceatM separation was
performed using the adjusted Tukey test. Pearsarelaton coefficients to
describe relationships between variables were agtin using the CORR
procedure. Results are presented as least squanes mepooled standard error,
and are considered as significantly different ifO®% and a tendency if
0.05<P<0.10.

3.Results

3.1.Calf BW, lean to fat tissue ratio, and mustlaracteristics

Calf BW at birth did not differ among calf groupatlwas lessK<0.05) in Lo-
PUF1 than other three calf groups during the pdatrmpeeriod (Table 1). Lean to
fat tissue ratio decreased<0.01) from 142 to 380 days and tended to be greater
(P=0.08) in Hi-HA than Lo-HA calves (Table 1).

Semitendinosumuscle fiber diameter was duplicatdek(.01) from birth to 142
days whereas muscle fiber density decreag&a®.01) to one third during the
same period of time (Table 1). Muscle fiber diametas less#=0.02) in Hi-HA
than in Lo-HA and greateP€0.04) in CRBC than in PUF1 calves (Table 1).
However, muscle fiber growth rate did not differarg calf groups (Table 1).

3.2.Plasma IGF-I and Semitendinosus muscle genessipn

Plasma IGF-I concentrations decreas€&0(01) from birth to 142 days and
increased®<0.01) from 142 to 380 days, being leBs({.05) in Lo-PUF1 than in
the other three calf groups (Table 2).

49



Table 1. Effect of herbage allowance (HA) and dam genotvpe (G) on calf BW, lean to fat

tissue ratio and Semirendinous muscle fiber characteristics

Treatments® Pvalue”
Hi-PUF1 Lo-PUF1 HI-CRBC Lo-CRBC Al s.e. HA G D HAXG
Calf performence
Calf BW (kg) 0.09 0.05 <0.01 0.04
Birth 396° 382° 386 2.8 384 27
142 davs 138.1° 122.0° 142.6° 139.0° 1393 167
380 davs 22007 206.8 228.8° 23297 2289° 8.1
Lean:fat tissue ratio 0.08 071 =0.01 0.97
142 days 39° 27 41® 29 34 07
380 days 23t 1.5° L6 0.9° 1.6° 06
Muscle characteristics
Fiber diameter (pm) 0.02 0.04 =001 0.19
Birth 42.2° R 40.9° 52.1° 449" 27
142 days 85.3° 80.8° 87.5° 93.5° 89.1* 3.0
Fiber density (cell/mm?) 0.21 083 =001 0.59
Birth 0.53 0.50 0.57 0.45 051* 003
142 days 0.16 0.14 0.14 0.15 0.15°  0.01
Fiber growth rate (um/day) 0.32 031 0.35 0.31 032 002 045 038 - 0.60

‘Herbage allowance treatments: high and low: 4 and 2.5 kg DM/kg BW in average,
respectively; Hi vs. Lo G: dam genotype (purcbred: Hereford and Angus vs. F1-
crossbred; PU vs. CR). D: davs. “The interactions HAxD. GxD and HAxGxD were not
significant (P=0.12) for all variables. "Lsmeans for day ffect including all treatments. *°

Denote Ismeans differences by Tukey analysis.

Muscle expression dbHR andIGFBP5 mRNA increasedR<0.01) from birth to
142 days (weaning), remaining stable thereafteB&ft days whilelGF1 and
IGFBP3 mRNA did not change from birth to weaning and @ased P<0.01)
from weaning to 380 days an@GF1R mRNA increasedHR<0.01) from birth to
380 days (Table 2). Muscle expressionGifiR and IGFBP3 mRNA was not
affected by herbage allowance treatment, dam gpeaty their interaction (Table
2). MusclelGF1 mRNA was not affected by herbage allowance treatmaurt
was less P=0.03) in CRBC than PUF1 calves (Table 2). Expoessif IGF1R
MRNA tended P=0.09) to be affected an@GFBP5mRNA was affectedR=0.01)
by the interaction between herbage allowance tretthdam genotype and calf
age as their expression was grea0(05) in Lo-CRBC than Lo-PUF1 calves at
birth and was les$20.05) in Hi-CRBC than Hi-PUF1 calves at 380 days.

Muscle expression d?PARGmMRNA did not change from birth to weaning, but
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increasedR®<0.01) at 380 days. The expression of this trapstended P=0.07)

to be less in CRBC than PUFL1 offspring, due taettuced P<0.05) expression
in Lo-CRBC than Lo-PUF1 calves. In additidPPARGmMRNA expression tended
(P=0.09) to be affected by the interaction betweahdge allowance and calf age
as it was greater in Hi-HA than Lo-HA at birth (Tal2). Expression cSREBF1
MRNA increasedR<0.01) from birth to 380 days, was greater@.05) in CRBC
than PUF1 offspring and tende®=0.07) to be affected by the interaction
between herbage allowance, dam genotype and calfaagts abundance was
greater in Hi-CRBC offspring than other calf growgishirth and weaning (Table
2).

Muscle PAX7 and PAX3 mRNA did not change from birth to weaning but
increased at 380 day#<0.01) and were not affected by herbage allowance
treatment, dam genotype, or their interaction (@&l

Independently of calf group and age, musgldR mRNA was positive correlated
(P<0.01) with IGF1 (r=0.30), IGF1R (r=0.52), IGFBP3 (r=0.59), andiGFBP5
(r=0.56) mRNA. Expression olGF1R and IGFBP5 were also positively
correlated (r=0.52P<0.01). Muscle fiber density and diameter were tegky

correlated

(P<0.01, r=-0.85). Muscle fiber density was negdyiveorrelated while muscle
fiber diameter was positively correlated witAF1 (P<0.01; r=-0.32 and +0.42,
respectively),IGF1R (P<0.01; r=-0.32 and +0.38, respectively), al@@FBP5
(P<0.01; r=-0.42 and +0.38, respectively), mRNA espren. In addition, muscle
fiber diameter was positively correlated witBFBP3 to IGBP5 mRNA ratio
(P<0.01, r = +0.34).
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Table 2. Effects of herbage allowance (HA) and cow genotype (G) on plasma IGF-1 and Semitendinous gene expression at birth,
weaning and 380 days of age of calves

Treatments] Pvalue
Days Hi-PUFR] Lo-PUFl Hi-CRBC Lo-CRBC All2 s.e HA G D HAx(G HAxD) GxDD HAxGxD
Plasma IGF- (ng/mL} 0.02 038 <001 0.02 005 068 018

Birth 18692  119.8bc  143.1ab  170.2a 155.0a 158
142 85.5d 62.5¢ 107.1cd  78.4de 83.4¢ 157
380 127.9b¢ 91.2d 124.3bc  1267bc  1I7.5b 157

Muscle gene expression

GHR3 036 088 <00/ 062 068 0.25 UN]
Birth 145 0.71 181 1.56 1.38h 0.25
142 252 246 2.88 225 253a 0.23
380 253 215 152 2.05 2.06a 0.23

IGFI 0.19 003 <001 076 074 048 0.29

Rirth L18cd 0.85de  0.95cde 0.46e 0.86b 014
142 1.26bc 1.33be 1.29be 0.74de L16b 013
380 2.23a 1.90ab 1.33be 1.45bc 173 013
IGFIR 085 086 <001 075 086 0.07 0.09
Birth 0.54d 0.74d 1.04cd T.00cd 0.83c 012
142 1.30bc L.59% 1.85ab 1.32be 152 013
330 234a 1.92ah 1.52h 1.86ah 1.9ia i3

IGFBP3 019 039 <001 034 087 018 0.67
Birth 131 0.42 149 125 L17h 035
142 2 11 1.03 133 1.36b 035
380 215 L7 303 257 236a 0.35

IGFBPS 094 094 <001 029 093 034 0.01

Birth 0.93cd 0.53d 0.86cd 1.43bc 0.94b 0.21
142 1.98b 2.52ab 2.63ab 1.8% 2.25a 0.21
380 3.09a 2.18ab 1.62be 2.69ab 2.3% 02
PPARG 053 0.07 <001 012 009 048 019
Birth 0.52bcd  0.40cd 0.61be 0.26d 0.45b 012
142 0.62bc 0.72ab  0.56bed  0.42cd 0.58h 012
380 0.80ab L02a 0.70ab 0.71ab 0.81a 0.2
SRERF1 656 0.05 <0.01 036 04 039 006
Birth 0.55¢ 0.68¢ L15bed  0.86de 0.81b 0.11
142 0.90de  1.04cde 1.77a L03cde  1.19ab 011
380 148abe  1.35abc  I1.3labc  1.67ab 145a 0.11

PAX3 091 0.62 601 016 03 065 0.66
Birth 172 0.52 L5 152 1.32b 045
142 L27 146 1.36 2.63 1.68b 044
380 35 225 201 3.39 2.79a 0.45

PAX7 07 04 001 037 085 013 038
Birth L6 0.78 122 175 1.33b 036
142 1.87 159 1.86 147 1.70b 0.35
380 337 295 1.62 219 2.53a 0.35

IHerbage allowance treatments: high and low: 4 and 2.5 kg DM/kg BW in average, respectively; Hi vs. Lo. G: dam genotype
(purcbred: Hereford and Angus vs. F1-crossbred; PU vs. CR). D: days. 2Lsmeans for day effect, including all treatments
3GHR=growth hormone recepter, IGF1=insulin-like prowth factor 1, IGF1R=IGF receptor type 1, IGFBP3 and IGFBP5=IGF
binding pretein-3 and -5, PPARG— peroxisome proliferator activated-receptor-y, SREBF 1=stercl regulatory element-binding
transcription factor 1, PAX3 and PAX7 = paired box -3 and -7, HPRT=hypoxanthine phospheribosyl transferase, ACTB=B-actin_

ab Denote 1smeans differences by Tukey analysis.

4 Discussion

This study describes short and mid-term changesalf skeletal muscle fiber
characteristics and gene expression after expdsutdferent maternal nutrition

plans during the fetal and pre-weaning periods. dgeermined that maternal
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herbage allowance (due to control of grazing intgref native pastures through
changes in herbage allowance) during gestationlactdtion affected not only
calf BW and body composition (Gutierrez et al., 201lbut also -calf
Semitendinosumuscle fiber diameter and expression of genedectlaith the
IGF-I system and adipogenesis. The effects of tutriduring the fetal and pre-
weaning periods varied according to dam genotypeefisas calf age.

4.1.Pre-weaning period

Growth in mammals is directly correlated to muselass, which is associated
with fiber number and diameter, and both parametansbe modified by nutrition
(Bayol et al., 2004; Du et al., 2010). In the presgork, calf BW at weaning and
thereafter, was smaller for Lo-PUF1, but not for€QBBC, when compared with
Hi-HA calves. However, in contrast to previous tes(\Wu et al., 2006), herbage
allowance (i.e nutrition) did not affe€emitendinosuber density. Nevertheless,
fiber diameter was greater in Lo-HA than Hi-HA aadvduring early growth
period (fetal and lactation stages), being thiedéihce more marked for Lo-
CRBC than Lo-PUF1 calves. The finding of greatersohe fiber diameter has
been reported previously in bovines and sheep wd@n nutrient intake was
restricted during gestation (Du et al., 2010). Aeager skeletal muscle
adipogenesis in Hi-HA calves could have provokegh@dtes to take up more
space in muscle bundles of decreasing fiber diam@brecht et al., 2006).

Alternatively, nutrient restriction during miogéiegould have provoked lower
fiber numbers, thus leading to compensatory growtfiber diameter. Indeed,
muscle PPARG mRNA at birth was greater in Hi-HA than Lo-HA cabs and

SREBFIMRNA at birth and weaning was greater in Hi-CRB@n the other three
calf groups (Hi-PUF1, Lo-CRBC and Lo-PUF1). Prewaeports (Tong et al.,
2008) showed that overnutrition (150% requiremeng)hanced muscle
adipogenesis anBPARGmMRNA expression in fetal muscle. BotAPARGand

SREBF1lare key transcripts involved in adipogenesis, tiyidating adipocyte

differentiation and promoting fatty acid, triglycge and cholesterol uptake and
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storage (Rosen et al., 2002; Horton et al., 2002).

Although, Lo-CRBC calves at weaning showed a simB&/ and a greater
muscle fiber diameter than both Hi-PUF1 and Hi-CRBé&lves, the reduced
estimated lean to fat ratio would indicate that cheisnass was decreased in these
animals as well as in Lo-PUF1 calves. Indeed, gegmaitritional restriction has
been shown to increase subcutaneous, perirenaloamghtal adipose tissue
deposition in steers and lambs (Long et al., 2G0d et al., 2007). In addition,
the reduced lean to fat ratio at weaning togethién the greater expression of
transcripts involved in adipogenesis at birth oramiag in Hi-HA calves,
particularly in Hi-CRBC calves, would show a potahto increase intramuscular

fat, without an increase in other fat depositdigse animals.

The lower BW of Lo-PUF1 was associated to lowerspia IGF-I during pre-
weaning period, probably as a result of their nresdricted nutrition in terms of
energy and protein (Breier et al., 1988) which agrevith the reduced milk
production of their dams (Gutiérrez et al., 20Hasma IGF-I is one of the most
important nutritional hormones involved in promagtimuscle fiber hypertrophy
(Bayol et al.,, 2004). However, it has been reportBdilippou et al., 2007,
Clemmons, 2009) that muscle locally produced IGialve more effect than
plasma IGF-I in promoting skeletal muscle growthiats in mice. However, our
results showed differences in muscle diameter bEiwleo-CRBC and Hi-HA
calves (both, PUF1 and CRBC) with no differenceplasma IGF-I and reduced
local IGF1 mRNA expression, indicating that other mechanigrosld have been

involved.

The endocrine, autocrine, and paracrine functidn&se-1 are mediated through
binding to IGF1R that activate intracellular proses can affect cell proliferation
and differentiation (Duan et al., 2010; Philippdwak, 2007). Greater abundance
of IGFR1 mRNA has been associated to nutrient restrictioning fetal life in
mice (Tomita et al., 2001), in pig (Tilley et a2007) and in bulls with reduced
genetic potential to muscle growth and developn(iéetdy et al., 2011). We did

not detect differences in musd@&F1R mRNA neither at birth nor at weaning.
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These contrasting results could be explained asethdt of the moderate-chronic
nutrient restriction during calf fetal and pre-wemnstages in our study.

In addition, six different IGFBP have been ideswtifj and at a tissue level, IGFBP
can both inhibit and potentiate IGF action by eithhibiting IGF from binding
with IGF1R or by releasing IGF to bind IGF1R (Dugtral., 2010). In the present
study, we measured musd@FBP3 and IGFBP5 mRNA expression as it has
been reported that both are highly expressed irciawsd can affect its growth
by modulating IGF-1 action or by exhibiting indeglemt-ligand actions (Duan et
al., 2010). GreatelGFBP3 mRNA expression was associated with less muscle
growth in porcine fetus (Tilley et al., 2007) anovine bulls (Keady et al., 2011).
In contrast, Sadkowski et al. (2009) reported gneatuscle expressioGFBP3
MRNA in bulls with the greater genetic potentialr fmuscle growth and
development. The IGFBPS5 is the main IGFBP secrbteskeletal muscle and its
effects on muscle growth are not consistent. Rekeawmparing bovine bulls of
different genotypes has shown th@&FBP5 mMRNA expression was either down-
regulated (Sadkowski et al., 2009) or unchangeddiest al., 2011) in bulls with
the greater genetic potential for muscle growth atelelopment. These
contradictory results can be explained by the pattd expression of IGFBP
during muscle development (Lehnert et al., 2007)wa#l as the functional

compensation that can occur between IGFBP (Keadly,2011).

In our study,Semitendinosus IGFBP3RNA at birth or weaning did not differ
among calf groups. HowevelGFBP5 mRNA expression was greater in Lo-
CRBC calves at birth and it increased the most foimt to weaning in Lo-PUF1
calves. This greatdlGFBP5 mMRNA expression in Lo-HA calves was associated
with muscle fiber diameter. Similarly, Bayol et €004) reported thdlGFBP5
MRNA expression increased in mice submitted to maddaundernutrition during
fetal life as a compensation mechanism to incredsedl action of IGF-I.
Moreover, we found a positive correlation betweeunsate fiber diameter and
muscle expression oiGFBP5 mRNA and IGFBP3 to IGFBP5 mRNA ratio

expression. In agreement with our results, Sadkoetsél. (2009) suggested that
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the greater muscléGFBP3 to IGFBP5 mRNA ratio expression may facilitate

muscle differentiation.

4.2. Post-weaning period

After weaning, calf ADG was reduced to near maiatex@ when herbage mass
and height of native pastures decreased with lawewnitemperatures (142 to 240-
270 days of age) to increase again with the beggof spring (240-270 to 380
days of age; Gutierrez et al., 2013). Thereforfierdinces in calf BW lean to fat
ratio, andSemitendinosugene expression presented in this work at 380 days
age would be the results of early calf nutritioetéf and lactation), dam genotype

and compensatory growth (Gutierrez et al., 2013).

After winter restriction, in spite of being all €glroups under the same nutritional
and management conditions, Lo-PUF1 calves wereaht® to compensate the
difference in BW established at weaning between #nd the other three calf
groups. Moreover, lower BW could be associatediialker muscle mass, reduced
percentages of bone and greater percentages iof tfia¢ whole body (Wu et al.,

2006; Greenwood et al., 1998). Indeed, both Lo-PaiRd Lo-CRBC maintained

a smaller lean to fat ratio than Hi-HA calves ab 3fys of age. Reduced BW
and/or lean to fat ratio could have reduced maartea requirements in Lo-HA
calves (NRC, 2000), determining that the effects pofst-weaning nutrient

restriction would be more marked in Hi-HA calf gpsuwhich nutrition was better

during fetal and pre-weaning stages.

Although not different in BW or lean to fat ratibj-PUF1 and Hi-CRBC calves
presented differences in skeletal muscle gene ssiore at 380 days of age (after
winter restriction). IncreasetiGF1R and IGFBP5 mRNA was determined in
muscle of Hi-PUF1 when compared with Hi-CRBC calvésither plasma IGF-I
nor musclelGF1 mRNA differ between these two calf groups, howgevbe
greater locallGF1R mRNA expression in Hi-PUF1 calves, would suggest a

increased muscle sensitivity to IGF-I in resporsertidernutrition (Tomita et al.,
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2001) to promote muscle hypertrophy via satellédl proliferation, increased
protein synthesis and decrease protein degrad@ksbjerg et al., 2004). Indeed,
Micke et al. (2011) reported up-regulated muscleression olGF1R mRNA at
slaughter in calves that were smaller at birth amggested that this increase in
gene expression acted as a compensatory effecroimope muscle growth.
Similarly, increased muscl&sFBP5 mMRNA has been associated with increased
IGF-stimulated myotube differentiation during regeation (Clemmons, 2009;
Ewton and Florin, 1995) that involves the activatiof quiescent satellite cells,
which participate in the reconstitution of damagestue that can occur after
nutrient restriction such as in winter. IndeB4X3 andPAX7 mRNA expression,
which are involved in activation of satellite celBonnet et al., 2010), were

increased at 380 days of age.

In conclusion, maternal nutrition through differeaan herbage allowance during
calf pre-weaning period (gestation and lactati@guced BW in Lo-PUF1 and
increased muscle fiber diameter but decreased &stihiean to fat tissue ratio in
both Lo-PUF1 and Lo-CRBC calves. At birth and/oraw@g, muscle expression
of PPARGand SREBF1ImRNA, was greater in Hi-HA calves, particularly-Hi
CRBC, which could indicate a greater potential noréase intramuscular fat.
Differences iNIGF1R andIGFBP5 mRNA were detected only between Hi-PUF1
and Hi-CRBC calves after post-weaning nutrientrietgdn in winter which could
be related to a differential local response to IGES a compensatory effect to

promote muscle growth.
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4.DISCUSION GENERAL Y CONCLUSIONES GENERALES

4.1.DISCUSION GENERAL

La nutricion materna, debido al manejo de la ofeleaforraje en campo natural
durante la gestacion y la lactancia (AOF. vs BQORderactué con la heterosis
materna, afectando en el corto, mediano y largpopéan el crecimiento y desarrollo
de los terneros, con cambios en el PV, la compwsicorporal y el diametro de las
fibras en el muscul&emitendinosaasociados a cambios en los perfiles enddcrinos,
metabolicos y de expresion muscular de genes oelados con el sistema IGF y
adipogénesis.

4.1.1.Periodo pre-natal

En nuestro trabajo, a pesar de no observar difexeeatre tratamientos en el PV al
nacer de los terneros, el diametro de las fibrdsnmidesculo, las concentraciones
plasmaticas de proteina, glucosa, insulina e I@Falexpresion de ARNm d&F1,
IGFBP5, PPARGY SREBF1difirieron debido a la oferta de forraje y/o ahgépo

materno.

Al nacer, los terneros en BOF presentaron mayoicargmacion plasmatica de
proteina total que los animales en AOF. Hameteal. (2007) demostraron que la
subnutricion durante la gestacion puede llevarceementos en la proteina total e
inmunoglobulinas (Ig) en suero de los terneros meréas primeras 24 h de nacidos,
debido a una mayor transferencia intestinal de EgBos resultados sugieren que el
sistema gastrointestinal se programa para ser fiiéenée en la extraccion de
nutrientes luego del nacimiento (Funstnal, 2010). Sin embargo, los terneros en
AOF presentaron mayores concentraciones plasmategtucosa, insulina e IGF-I
que los terneros en BOF. De manera similar, Ha@gL@ncontré que las ovejas
sometidas a restricciones energéticas durantestaaén presentan hipoglicemia y
una disminucion de la transferencia de glucosateably feto. En acuerdo con el
mayor nivel plasmatico de glucosa en AOF, también observaron mayores
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concentraciones de insulimansistente con su rol como regulador de la horasisst
de la glucosa en mamiferos. Sin embargo, los t@snAOF-CRRC presentaron
menores concentraciones de insulina al nacer gsieotims tres grupos, lo que
indicaria que la nutricion y la heterosis materr@rfan interactuar sobre el

metabolismo fetal de glucosa e insulina.

El sistema IGF maternal puede modular la particénnutrientes hacia el feto,
particularmente influencia la transferencia de ghacy aminoacidos a travées de la
placenta hacia el feto (Knisst al., 1994). Consistentemente con las mayores
concentraciones de glucosa reportadas en estgotraados terneros AOF al nacer,
Laportaet al. (2011) reportd mayores concentraciones de IGF-lasmrmadres en
AOF que BOF durante la gestacion. En ovinos, sgenaostrado que la glucosa a su
vez, tiene un efecto estimulante en la concentnage IGF-1 plasmatica a través de
efectos mediados por la insulina (Oliwadral., 1993; 1996). Es asi que los mayores
concentraciones de glucosa e insulina en terneeodQ@F fueron asociados con

mayores concentraciones de IGF-I.

Sin embargo, al nacer (y posteriormente) los tesé8BOF-CRRC, presentaron
concentraciones de IGF-I mayores a los terneros-BOF1 y no diferentes de los
terneros en AOF. Esta mayor concentracion de IGFellante de los terneros BOF-
CRRC en comparacion con BOF-PUF1 se asocio a unamegpresion local en el
musculoSemitendinosadel ARNm de IGF1 y mayor de ARNm déGFBP5en los
primeros Bayol et al. (2004) encontraron un aumento de la expresion narsde
ARNmM delGFBP5 en ratones sometidos a subnutricién durante ebgerietal, y
sugieren que seria un mecanismo de compensacianapenentar el efecto de la
IGF-I sobre el tejido muscular. En efecto, en dstbajo hemos encontrado una
correlacion positiva entre la expresion de ARNMGIEBP5y el diametro de la fibra
muscular. Existe evidencia en bovinos y ovino derémento del diametro de las
fibras musculares de manera de compensar una disiimnen el nimero de fibras
en el tejido muscular debido a una restriccioniciomal durante la gestacion en el
periodo de miogénesis (Dat al., 2010). Asimismo, una mayor adipogenesis
muscular en los terneros AOF podria haber increadentl tamafio de los adipocitos
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intermusculares e intramusculares disminuyenddéehetro de las fibras musculares
(Albrecht et al, 2006). Consistente con esto, la expresion de AR PPARGY
SREBF] factores de transcripcion claves en la diferanara de adiposos y la
acumulacion de &cidos grasos Yy triglicéridos en hmipocitos (Rosen vy
MacDougald, 2006; Hortoet al., 2002), fue mayor en los terneros de AOF que
BOF al nacer y en AOF-CRRC que en los otros trepag al nacer y destete,

respectivamente.

4.2 .Periodo post-natal

Durante la lactancia, la produccién de leche, anté clave en el desarrollo del
ternero durante sus primeros meses de vida, fueatmésdante y de mejor calidad
(mayor presencia de sélidos: proteina, lactosaagagjren las vacas en AOF y en
vacas CR (Jenkins y Ferrel, 1992; Noterl.,1978). La menor produccion de leche
y sélidos de las vacas puras en BOF se asocio emomPV del ternero al destete
(Bealet al., 1990; Totuselet al, 1973) y con menores concentraciones plasmaticas
de glucosa, proteinas totales e IGF-I en los temBOF-PUF1 que en los otros tres
grupos de terneros, indicando un peor estado mrdkcen los mismos (Ndlovet
al., 2007).

El menor PV estd asociado, por lo general, conmeaor masa muscular, menor
porcentaje de hueso y mayor porcentaje de grasporedr (Wu et al., 2006;
Greenwoodet al, 1998). Si bien al destete los terneros en BORtuvéeron el
mayor diametro de la fibras musculares, los mismossentaron una menor
proporcion de tejido magro:grasa y menor espesogrdea subcutanea, y estas
diferencias fueron mas marcadas en los ternerds-BRRC en comparacion a
BOF-PUF1. Probablemente, la mejor alimentaciénagetérneros BOF-CRRC en
comparacion con BOF-PUF1 durante la lactancia, pesmitio realizar un
crecimiento compensatorio luego de la restricci@denada durante la etapa fetal
(80% de los requerimientos de National Researcm@bUNRC, 2000), lo que llevo
a los cambios en la composicion corporal aumentad® rapidamente el contenido

graso en detrimento del tejido magro (Wual, 2006; Abdelsamegt al, 2005;
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Sainzet al., 1995). Asimismo, la mayor proporcion de tejido neagrasa, el mayor
espesor de grasa subcutanea y la mayor expresi@tutau de ARNm de
transcriptos involucrados en la adipogéned?ARG y SREBF] en etapas
tempranas (nacimiento y/o destete), indicarian dog terneros en AOF,
particularmente AOF-CRRC, presentaron un mayor nuidé de adipogénesis
intramuscular y subcutanea sin incrementar oteggsitos grasos (grasa perirenal,
omasal y mesentérica).

Luego del destete y hasta el primer afio de vidaoemparaciéon con los otros tres
grupos, los terneros BOF-PUF1 mantuvieron un méharasociado a una menor
IGF-I plasmatica al afio de vida, hormona que edérde deposicion de masculo y
proteina (Nkrumahet al, 2007). A su vez, al primer afo, la proporciopdee
magro:grasa se mantuvo menor en terneros BOF qle @é€pecialmente en terneros
BOF-CRRC que AOF-CRRC.

Una reduccién en el PV o en la proporcion de tejidagro:grasa puede reducir los
requerimientos de mantenimiento en los terneros BSDF (NRC, 2000),
determinando que los efectos de la restriccion iciotral luego del destete
(restriccion invernal) pueden ser mas marcadosoentdrneros en AOF ya que
durante los periodos fetal y de lactancia tuviemmgjor alimentacién. En efecto,
luego de la restriccion invernal, al primer afio wi@a, a pesar de no presentar
diferencias en el PV ni en la composicion corpdeagxpresion de ARNm d&F1R

e IGFBP5 fue mayor en el musculdemitendinosde AOF-PUF1 que AOF-CRRC.
La mayor expresion local de estos dos transcrigimoles terneros AOF-PUF1 puede
sugerir un incremento en la sensibilidad del miseula hormona IGF-I circulante
en respuesta a la subnutricibn como mecanismo dgemsacion (Mickeet al,
2011; Tomitaet al, 2001) de forma de promover la hipertrofia muacplor medio
de la proliferacion celular, incremento de la Sisteproteica y disminucion de la
degradacion proteica (Oksbjeeg al, 2004). De manera similar, incrementos en el
ARNmM delGFBP5 ARNmM han sido asociados con la estimulacion d&kl de la

diferenciacion de miotdbulos durante la regeneraciuscular (Clemmons, 2009;
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Ewton y Florini, 1995) que podria ocurrir para nestituir el masculo dafiado

durante la restriccién de nutrientes en invierno.

4.2. CONCLUSIONES GENERALES

La nutricion durante el periodo fetal y de lactanitivo impacto a mediano y largo
plazo disminuyendo el PV en terneros BOF-PUF1 cementando la deposicidon de
grasa frente al tejido magro en BOF-CRRC. Estosbaasren los terneros en BOF,
tanto PUF1 como CRRC, se asociaron a una alteraidios perfiles de glucosa,
insulina, e IGF-1 'y a un mayor diametro de lasdtbmusculares pero a una menor

expresion de los transcriptBARGy SREBFIen el m.Semitendinoso.

4.3.IMPLICANCIAS DE ESTE TRABAJO

Este trabajo fue el primero que se realiz6 en Uaygevaluando el efecto de la
nutricion en la etapa fetal y postnatal temprariaeateero sobre caracteristicas que
pueden influir sobre la cantidad y calidad de ladpccion de carne. Si bien existen
trabajos internacionales que estudian el efecta dabnutricion en etapas tempranas
de la vida del ternero sobre la programacion dehdello, este trabajo tiene la
novedad de lograr distintos niveles nutricionalesdiante el manejo del campo
natural (que representa el 65% de la superficiécddd a la cria bovina) y emplear
las dos razas mas utilizadas para la cria bovire pais (A. Angus y Hereford, 90%
del rodeo nacional) y sus cruzas reciprocas. Aea presenta una aproximacion
integrada al problema, evaluando conjuntamente icamdgn el PV, composicion
corporal, perfiles hormonales y metabdlicos y darésticas histologicas y de
expresion génica del tejido muscular. Pudimos icarifque la subnutricion durante
la gestacion y lactancia asi como el genotipo matdienen impacto sobre el
crecimiento y desarrollo de los terneros en elocgnnediano-largo plazo, pudiendo
afectar la cantidad y calidad de la carne producHstos estudios deberian
continuarse a lo largo de la vida del animal hastéaena, de manera de verificar si
estos efectos persisten.
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