ESCASSEZ DE ALIMENTO E
DESEMPENHO REPRODUTIVO
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Reparticdio (em %) da energia
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535805 Standard metabolism  [20%)

maintenance meatabolizm, Activity,
growth, reproduction (33-38%%)

(Luquet, 1982)



“growth, nutrition, and reproduction are intimately
allied processes...” (Darwin, 1868)

Darwin,C.R. 1868. The \variation of
animals and plants under domestication.
London: 1st ed.

Fisiologia e comportamento reprodutivos:
geneticamente determinados & modulados por fatores
ambientais



MODULADORES EXTERNOS DO SUCESSO
REPRODUTIVO

Diversidade de ambientes: temperatura, fotoperiodo, chuvas,
umidade e fonte de alimento

Influéncia social e nutricional na definicdo do periodo de maturagdo

Estratégias/taticas reprodutivas — p.ex. restricdo dos esforgos
reprodutivos no momento em que as condi¢coes do meio ambiente sdo
adequadas para cuidar e nutrir a prole;

Condi¢des ambientais desfavordveis — maturagdo sexual pode ser
adiada e os esforgos reprodutivos adiados até que as condicoes
melhorem



SAZONALIDADE NA REPRODUCAO: TEMPERATURA
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B. Inst, Pesca, Sao Paulo, 32(1): 57-94, 2006



Quais sao 0s mecanismos que
estabelecem a relacao entre nutricao

e fisiologia reprodutiva?



HIPOFISE DE MAMIFEROS
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INFLUENCIA DE PARAMETROS NUTRICIONAIS
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Fatores que influenciam a sensibilidade dos “desafios
metabdlicos™:

Sexo

Tamanho corpéreo

Do ponto de vista evolutivo, a disponibilidade de alimento é a
principal pressdo seletiva que molda as estratégias
reprodutivas dos animais que se reproduzem sazonalmente”

(Krasnow & Steiner, 2006)



1) Diferenca entre os sexos

Gametogénese: custo

se os machos ndo exibirem cuidado parental, a demanda
energética € muito menor;

Investimento dos machos na gametogénese é baixo — é
vantagem manter-se ativo mesmo em periodos desfavordveis

Gestacdo, lactagdo, manutengdo da prole até que sejam
independentes: alto custo

Espécies oviparas: vitelogénese

Fémeas sdo mais suscetiveis a deficiéncia de alimento,
portanto o limiar de inibicdo de resposta € mais baixo



Behav Ecol Sociobiol (2006) 59: 381-388
DOIL 10.1007/s00265-005-0061-4

ORIGINAL ARTICLE

I. Daunt - V. Afanasyev - J. R. D. Silk - 5. Wanless
Extrinsic and intrinsic determinants of winter foraging

and breeding phenology in a temperate seabird

Temperatura baixa

Diminui a oferta de
alimento

Aumenta o tempo
de forrageamento
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Laying date
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30 Mar
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Diferenca na inclinagcao das retas?

e females
o males

Daily foraging time in February (hrs)

Fig. 4 Relationship between
hours spent foraging in February
and laying date of females and
males



2. Tamanho do Corpo

Mamiferos de menor massa corpdérea sdo em geral mais
sensiveis aos desafios nutricionais;

menor estoque energético;

reduzida capacidade de estocar alimento quando este é
abundante e mobilizar quando é escasso;

Mamiferos de maior massa corpoérea:

Produzem um menor nUmero de filhotes;

Filhotes scio menores em relagdo ao tamanho da mde (quando
comparados aos menores)- menor demanda energética na

lactagdo



Fertilidade associada com obesidade

Vénus de Willendorf - 25.000-23.000 AC
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Qual seria a relagdo direta entre escassez de
alimento e a fisiologia reprodutiva?

....... lembrando novamente o eixo hipotdlamo —
hipéfise- génadas...
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Tipos de GnRH
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Hipotalamo

Moduladores
- Dopamina
- Kisspeptina (Kiss1/GPR54)
- Neuropeptideo Tyrosine (NPY)
- Ac. gama-aminobutirico (GABA)
- Melatonina

® sbGnRH
® sGnRH
cGnRH-II

CC: corpo do cerebelo; Hyp: hipotalamo; MO: medula oblonga: OB: bulbo olfatério; OT: teto éptico: Pit hipofise;
POA: area preoptica; SV: saco vasculoso; Tel: telencéfalo; SC: medula espinhal; VC: valvula do cerebelo;
Retirado e modificado de Zohar f al. 2009



Interacdes moleculares entre metabolitos e sensores que

controlam a producéo e qualidade dos gametas

Fig 1. ¥ Metabolism / Energy source
I ) Pancreas
— O Insulin/
3 . n IGF-1 Adipokines
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\ \ TSy v
Functions in gonads Energy +—* Protein synthesis o, Hormones & steroid o, Lipids &
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‘ - v. -
ovary — Gametes production and quality

(Dupont et al., 2014)



& jhxdbtion ofpssite LH secrafion
(GrRM pulse gunevatar)

& \phibtion ofGnRH secretion by
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® Direct shmuladian of gonadofropin
secrehan o pilatary

Grelina — “hormodnio da fome” @ GnRH

Ghrelin
(SYSTEMIC)\ 7>

Signal forEnergy
Insufficiency

Fig. 1. Diagrammatic presentation of the potential actions of ghrelin in the
control of reproductive function. with special emphasis on the reported effects
of ghrelin on the gonadotropin axis, at the hypothalamic and pituitary levels.
Biological actions of ghrelin may include regulation of GnRH secretion at the
hypothalamus, as well as modulation of basal gonadotropin release and respon-
siveness to GnRH at the pituitary. Modified from Tena-Sempere (2005a).



Plasma [LH]—s

Time —

FIG. 3. Effects of fasting and subsequent refeeding on pulsatile LH
secretion in male rhesus macaques. LH pulsatility is abolished when
food is withheld but is rapidly reinstated when feeding resumes on
the following day. [Adapted from (69).]
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Regional Differences in the Distribution of
Gonadotropin-Releasing Hormone Cells between Rapidly
Growing and Growth-Restricted Prepubertal Female
Sheep™
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Fia. 4. The distribution of GnRH-containing neurons (closed circles)
in schematic drawings of coronal brain sections from a representative
growth-restricted (left panel) and rapidly growing (right panel) lamb.
The drawing illustrates single sections at the level of the DBB (dbb;
first panel), POA (poa: second panel), AH (ah; third panel), and MBH
(fourth panel). The lateral hypothalamus is shown in the third and
fourth panels as the region lateral to the fornix (vertical lines show the
inner margins of the lateral hypothalamus). ms, Medial septum; fx,



Leptina na sinalizag¢do do eixo H-H-G

Feurnai of Physislopy (20025, 5451, pp, 255263 DL 10, L L jphysicl 2002, 025505
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Leptin directly acts within the hypothalamus to stimulate INFUSAO DE
gonadotropin-releasing hormone secretion in vivo in rats 2 LEPTINA
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pulsatile LH secretion. (A) Mean plasma LH concentrations, (B) LH ason plasma levels of LH and PRL ,in fasted female rats

pulss frequency, and (C) LH pulse amplitude in fed and fasted
estradicl-reated OVX fernale rats. Senal blood samples were obtained
while the rats fed normally (Fed) and again when the same animals
were fasted for 48 hours while receiving penpheral injections of the
wehicle (Fast +Viehicle) or leptin (3 pg/g; Fast + Leptin). *P <0.05 vs. Receptores de Leptina em neurbnios que
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Number of rats in each subgroup = 8-11.* Statistically significant
vs. the control group.
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Leptin and reproductive fu

Gary ). Hausman®", C. Richard Ba

USDA ARS, Richard 8 Russefl Research Center, RRC, 950
PUSDA, ARS, US. Meat Animal Reveurch Cemter, Chay Cent

Hypothalamus

Peripheral
Circulation
N i i s il i iy, i i i i, il i i) i ) - e A

Reproduction

Energv —-tl;4 Fat (leptin) >

Fig. 1. Leptin is synthesized in adipose tissues and secreted into the peripheral
circulation. It acts centrally in the hypothalamus to suppress activity of NPY (neuro-
peptide-Y) neurons, which reduces the stimulatory drive on food intake and lessens
NPY inhibition of kisspeptin cell bodies. Acting directly on POMC (proopiomelano-
cortin) neurons, leptin stimulates «-MSH (melanocyte stimulating hormone) release
which functions to suppress food intake and alter growth. Activation of POMC cells
stimulates kisspeptin neurons, which have axons that terminate near NPY and POMC
expressing cell bodies where kisspeptin stimulates and inhibits each, respectively.
Leptin can also act directly on subpopulations of kisspeptin neurons to further increase
the stimulatory drive on GnRH (gonadotropin-releasing hormone) release and
gonadotropin secretion from the pituitary gland. Leptin may further enhance LH
(luteinizing hormone) secretion and support reproduction by acting to increase the
sensitivity of gonadotrope cells in the pituitary gland to GnRH. A fluctuation in energy
balance changes leptin secretion and alters these pathways. Solid lines represent
established pathways. Dashed arrows represent recently proposed mechanisms.




Receptores de
leptina nos ovarios
(humanos)

Figures 2-7. Ant-leptin immunofiuorescent staining in buman granulosa cells (Figure 2). cumulus oophorus cells (Figure 3) and mature
oocytes (Figure 4). Non-specific fluorescence in negative cellular controls exposed to rabbit immunoglobulin (I2)G are shown in Figures 5,
6. and 7.



Manuteng¢do da imaturidade em condig¢oes de
restricdo alimentar:

Insuficiéncia na produgdo de gonadotropinas;
Diminui¢cdo da concentragcdo de esteroides gonadais;
Hipogonadismo;

Impedimento da espermatogénese;

Auséncia ou diminuicdo do ciclo estral;

Auséncia de ovulagdo;

Auséncia do comportamento de corte.



MODELO - LACTACAO

o Hiperfagia
o Mobilizagdo de reservas

o1 Reducdo das atividades fisicas

Controle hormonal: ocitocina e prolactina
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HORMONIOS DA NEUROHIPOFISE: OCITOCINA
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Modificado do Atlas de Fisiologia, 2002



Secrecao de Prolactina pela adenohipoéfise
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http://mammary.nih.gov/reviews/development/Hennighausen001/index.html

Alvéolo (ou acino) da glandula mamaria

Mechanoreceptor
(on nipple)
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Hypothalamus
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Oxytocin

Prolactin

Milk Ejection
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P: aprogesteronainibe a lactac&o durante a gravidez



Frontiers in
Neuroendocrinolgy

SRR i i Moo oo 2000 |nibigao da producao de LH durante a
lactacao — via acao do GnRH:
Integration of the regulation of -diminuigéo da Concentragéo de |eptina;
reproductive funcuon and energy .. e~ .
balance: lactation as a model -diminuicao da responsividade dos
M. Susan Smith """ and Kevin L. Grove * receptores de GnRH nas CélUlaS
gonadotropicas;
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Fig. 1. Patterns of LH secretion in representative lactating rats: role of the suckling stimulus
in the suppression of LH secretion. On day 2 postpartum, the lactating rats are ovariectomized
and litter size is adjusted to 8 pups. The rats are then continuously suckled. On day 9, the
pulsatile pattern of LH secretion is inhibited in the presence of chronic suckling. Removal of
pups on day 9 leads to a resumption of pulsatile LH secretion by day 11. Returning the 8-pup
litters on day 11 reimposes the suppression of LH secretion by day 12.



