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El testiculo
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Espermatogénesis

Interstitial cells

Seminiferous
tubules
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Spermatozoa
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Célula de Sertoli:
-Receptor Andrégeno
-Receptor FSH



Acrosoma
T

. Ndcleo

__ Mitocondrias

-

—

b

Acrosoma, contine enzimas que
facilitan el acceso al oocito 2°.

Cabeza

Pieza Media Mitocondrias que genera el ATP
necesario para la locomocion.

Cola

Cola, flagelo que impulsa el
espermetazoide en su trayecto.



Espacio
peritubular




Célula de Leydig:
-Receptor LH




Factores hormonales

Hormonas hipotalamicas

Hormonas adenohipofisarias

Estimula la secrecion de testosterona por las células
de leydig.

. Actuan sobre los tubulos seminiferos (celulas de
Sertoli), estimula la espermatogénesis.

Hormonas testiculares
Producida por las células de Leydig.
. Producida por la células de Sertoli.
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Behavioral
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 Responsable de las caracteristicas
distintivas del cuerpo masculino

e Durante el desarrollo fetal:

— Induce la formacion de los 6rganos genitales
masculinos

— Descenso de los testiculos



e Tras la pubertad:
— Aumento del tamano de pene, escroto y testiculos
— Distribucion masculina del pelo corporal
— Calvicie
— Efectos sobre la voz
— Aumento de secrecion sebacea
— Aumento del desarrollo muscular
— Aumento del crecimiento 0seo
— Cierre epifisario
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Cholesterol
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Testosterone |
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} Testosterone B Ul
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Extracellular space | 0 o ) A
Boron and Boulpaep: Medical Physiology, 2e Updated Edition
Copyright © 2012 by Saunders, an imprint of Elsevier Inc.

N Sertoli cell d




Seminal
vesicles

Sperm
production

L L

Badid formation
., Penis
' Scrotum
{1 Urethra
X | Prostate
DHT
Intrauterine

DHT

= DHT

Pubertal
development

differentiation

DHT

e EE
Liver

| Epididymis
| Vas deferens
i Seminal
. vesicles
g | Feedback
) % suppression
DHT & /¥, | of gonado-
| f’ tropin
el secretion
2
Imprint
Ex—= | L | male pattern
- - 'v < | of gonado-
DHT=» | /| - J| tropins, sex
[« '\ | drive, behavior

Ez
Y LY

T VLDL s
TLDL |
L HOL {; .

b

Red blood Muscle Abdominal Skeleton
cells mass visceral fat

[T

I T T . T P

g f = fage

Larynx
(male voice)



REGULACION

CNS

Behavorial
effects

Anterior
pituitary

- Hypothalamus

3 T

Testis

Leydig cell @ Sertoli
cell
Testosterone
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Virillizing effects Spermatogenesis

Inhibin



Regulacion hormonal

La inhibina disminuye la liberacion
(hipotalamica) de GnRH y de FSH
(producida por las células gonadotrofas de
la adenohipofisis).

La testosterona disminuye la liberacion de

Gn
La
La

Rk
S

H inicia

y de LH.

a espermatogénesis.

_H

estimu

a la secrecion de testosterona.



Mormal sel point determined
by low lovels of
circulating T. not intratesticular T




Senescence
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/ Helicine arteres

Trabecular smaath
muscle
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{ritrargic) {tactile, visual, auditory, psychic)

Type § PDE inhibitors
NO fe.g., Viagra)
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Snusoidal cCavernous spaces
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Contraction of muscies
around base of penis




FISIOLOGIA DEL OVARIO



Reproductive system
Uterine tube
Ovary

Uterus
Vagina
Urinary system

Bladder
Urethra




ANTERIOR

Transverse

plane

Uterine (Fallopian)
tube

Ovary

7
Rectouterine pouch~
(pouch of Douglas) |

Suspensory.
ligament

Ureter

lleumn

Sigmoid colon

POSTERIOR

Superior view of transverse section

@ John Wilay & Sans. Inc.

Rectus abdominis
muscle

Urinary bladder

Uterus

Round ligament
Ovarian ligament
Mesovarium
Broad ligament

Vermiform
appendix

Cardinal ligament

Uterosacral
ligament
Cecum

Common iliac
artery

Infundibulum of ; Suspensory
uterine tube Ampulla of uterine tube ligament

Isthmus of uterine tube Fimbriae of
uterine tube

Fundus of uterus

. Uterine
(Fallopian)
tube
Qvary

Uterine cavity ;
Ovarian

Endometrium i t
Myometrium égamda "
: ; roa
Perimetrium ligament
Body of
Internal os s

Ureter
Isthmus
Uterosacral

Cervix of uterus

Cervical canal ligament
Lateral fornix External os
Vagina

Rugae

Posterior view of uterus and associated structures



FSH>LH

Gestation

Senescence

Childhood Puberty Adult-reproductive

Infancy

period



Table 55-4 The Menopausal Syndrome and Physical
Changes in Menopause

Menopausal Syndrome Physical Changes in Menopause

Vasomotor instability Atrophy of the vaginal
epithelium

Hot flashes Changes in vaginal pH

Might sweats Decrease in vaginal
secretions

Mood changes Decrease in drculation to

vagina and uterus

Short-term memory loss Pelvic relaxation

Sleep disturbances Loss of vaginal tone

Headaches

Loss of libido Cardiovascular disease
Osteoporosis

Alzheimer disease







Reserva ovarica

Ovarian reserve Growth Ovulation
~300,000 primordial ——p ~30,000 primordial ——» ~450 dominant
follicles at menarche follicles follicles

Atresia Atresia
~270,000 primordial follicles About 30,000 primary,

secondary, or
tertiary follicles



oocyte
Primordial
follicle
Germinal
vasicle with
Desarrollo de foliculo primordial
a secundario, pre-antral
Primary
follicle
Secondary
preantral

follicle
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Fisiologia del ovario

estimula la adenohipdfisis para la secrecion

de LH y FSH.

estimula la secrecion de estrogenos y
progesterona una vez se ha formado el cuerpo

luteo.

estimula |la secrecion de estrogenos y
maduran foliculos.
engrosa el endometrio.

regu
secretac

an la secrecion de FSHy LH
a por el cuerpo luteo, inhibe la

secrecion de FSH

- al final del ciclo.

activa secrecion de FSH.

muy poco en mujer, estimula
crecimiento y division de las células germinales



Binding of GnRH to G-protein-
linked receptor activates the
PLC pathway and the release of
Ca®" from internal stores.

The 1 [Caz‘]i triggers
exocytosis and release
of gonadotropin.

p The activated PLC
= also leads to the
Ca“" released from formation of DAG...
internal stores activates =
Ca®" channels leading to : 4 \
sustained f[Ca™"];. , = o e % ...which stimulates PKC.

|

~ |Follicular phase:

L

E estrogen
3 P i

Gonadotropins are "
synthesized, dimerized, Luteal phase: estrogen
and glycosylated in the and progesterone
secretory pathway, f
regulated by the rhythm - Inhibin (from ovary)
of GnRH. . -

Activin (from ovary)

LH and FSH are off dimers. The o

subunits are identical. The j S
subunit determines specificity. Efr{n:ﬁm?;:tﬂ ta;%:i SR torhn
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Fisiologia del ovario

Ciclos Menstrual y Ovarico

Acciones coordinadas tienen lugar simultaneamente en
endometrio y en ovario.

Ovarian
cycle

Endometrial
cycle

Follicular phase Luteal phase
Menses Proliferative phase | Secretory phase
2 6 8 10 12 14 16 18 20 22 24 26 28-0

Days
Boron and Boulpaep: Medical Physiology, 2e Updated Edition
Copyright © 2012 by Saunders, an imprint of Elsevier Inc.



Ciclos Menstrual y Ovarico

- Dia 1 del ciclo: 1er dia de menstruacion, que dura 4-5 dias.
Endometrio se va degradando. Estrégenos, progesterona, LH y
FSH estan a niveles bajos.

- Dia 5: Fase Proliferativa. Hasta ovulacion, endometrio comienza a
proliferar. Estrogenos aumentan, liberan GnRH,yasuvez LHy
FSH, que maduran foliculos ovaricos.

- Dia 14: Ovulacion, en respuesta a T de LH. Fase Secretora entre
la ovulacion y la siguiente menstruacién. Con los T niveles de
Estrogenos y Progesterona endometrio se hace grueso vy
glandular, se prepara para embarazo. El foliculo maduro se
convierte en cuerpo luteo que secreta Estrogenos y Progesterona.

- Dia 21: Endometrio mejor preparado para la implantacion. Si el
6vulo no ha sido fecundado cuerpo lGteo se desintegra y
Estrogenos y Progesterona




En cada ciclo menstrual se produce la maduracion de un évulo

Primordial Secondary Germinal

follicle {(antral) follicle  epithelium
Primary
(preantral) follicle .

Frontal plane Tunica albuginea

QOvarian cortex

Follicular fluid
in antrum

Mature (Graafian)

Blood vessels in .
follicle

hilus of ovary

Ovarian medulla

Corpus
hemorrhagicum
(ruptured follicle)

Corpus albicans

Corona radiata

Ovulation
discharges a
secondary oocyte

Mature corpus Blood clot Early corpus
luteum luteum

Frontal section

@ John Wilay & Song, Inc.



Al principio del ciclo la FSH estimula el crecimiento de un ovulo

Hormone concentration ——

e

o -

i o o e g |

andary Germinal
ral) follicle  epithelium

0 2 46 8

10 12 144618 20 22 24 26 28 BY

antral) follicle

Days

Tunica albuginea

Ovarian cortex

Follicular fluid
in antrum

Mature (Graafian)

Blood vessels in follicle

hilus of ovary

Ovarian medulla

Corpus
hemorrhagicum
{ruptured follicle)

Corpus albicans

Corona radiata

Ovulation
discharges a
secondary oocyte

Mature corpus  Blood clot Early corpus
luteum luteumn

Frontal section

& John Wiley & Sons, Inc.



Modelo de dos células de la esteroidogenesis en el foliculo dominante

Basal lamina

= FSH
FSH receptor | [ | LH receptor

- Androstenedione -

“" Blood vessel



become important
| during the luteal
LH 4
\ g 17o-Hydroxylase
/ and 17,20-desmolase

i q activities are absent.
FSH

[Testosterone |

Aromatase activity
is absent.

Boron and Boulpaep: Medical Physiology, 2e Updated Edition
Copyright © 2012 by Saunders, an imprint of Elsevier Inc,



El ovario incrementa la produccion de estréogenos

Blood vessels in
hilus of ovary

Corpus albicans

& John Wiley & Sons, Inc.

Primordial Secondary Germinal
follicle {antral) follicle  epithel

Primary
(preantral) follicle

Mature corpus  Blood clot Early corpus
luteum luteurn

Frontal section

Hormone Xoncentration ——»
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| estrégenos
N/
/
F 4
- FSH
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Ovulation
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Secondary Germinal
{antral) follicle  epithelium

Primordial
follicle

Primary
(preantral) follicle :

ns

Mature corpus  Blood clot

luteum

luteumn

Frontal section

Un aumento brusco de LH hace
gue se libere el 6vulo

Early corpus
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En la segunda parte del ciclo el

cuerpo luteo produce Primordial Secordary - Cemiel

estrogenos y progesterona Primary

(preantral) follicle

Tunica albuginea

Ovarian cortex
Follicular fluid
in antrum
_ Mature (Graafian)
Blood vessels in .
hilus of ovary foiiclo
Ovarian medulla
Corpus albicans {h::%puu:hagicum
(ruptured follicle)
Corona radiata
Ovulation
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secondary oocyte
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Al final del ciclo disminuyen

todas las hormonas sexuales R ikt A

Primary
(preantral) follicle

Hormone concentration —
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Ovulation
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Fisiologia del ovario

Regulacion hormonal del ciclo reproductor femenino
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Fisiologia del ovario

Regulacion hormonal, variaciones ciclicas del endometrio

GnRH — Hypothalamus

. Anterior
Follicular phase F3 } pituitary gland Luteal phase
% b
2~ Primordial Primary Secondary Mature Ovulation Corpus luteumn Corpus
% follicles  follicles follicle (Graafian) albicans
c follicle Corpus
5 o ® e oy hemor- % :
sl e® e © & o rhagicum " ¥ W
\ L) Progesterone and estrogens
of "':/ )
2
> Estrogens
— .f"; ! ’
E L) Ve,
= .. @ ; S ’ e
) e f | ) <
5 ave® Y %5 %
E Stratum mqﬁai | |_ %,
o | functionalis ¥ “~'|’ :
E v( ! 5
o Stratum [~ ¥ ' | {
=i I basalis L I |II g }H| | | I k( |
Days 5 6 7 8 910111213141516171819202122232425262728 1 2
Menstrual Precvulatory 4 Postovulatory
phase phase Ovulation phase
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Uterine lumen

Endometrium

O ENDOMETRIO

Days0 35 89 14 1518 25 281 35
> Basal z Phase | Menstrual Follicular — Ovary Luteal — Ovary Menstrual
OR OR
Proliferative — Uterus Secretory — Uterus
-«—— Approximately 14 days —
Early Advanced | & | Early Advanced Late
=
2 (pre-
b menstrual)
o
T
[m]

Koeppen & Stanton: Beme and Levy Physiclogy, 6th Edition,
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reser

Functional_

layer

Basal
layer
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FASES DEL CICLO CAMBIOS CAMBIOS
HORMONALES TISULARES
OVARICO | ENDOMETRIAL | HIPOFISIS OVARIOS OVARICOS ENDOMETRIALES
Crece el Paredes del
FOLICULAR MENSTRUAL l FSH, LH l Estradiol y | foliculo endometrio se
(d. 1-4) progesterona | Primario desprenden,
hemorragia.
estradiol, | Desarrollo del T Espesor
FOLICULAR PROLIFERATIVA | secrecion foliculos F. de Graaf endometrio,
(d. 5-13) de FSH (estimulados desarrollo de
por FSH, LH) arterias espirales.
(por estradiol)
Pico LH, Rotura F.Graaf,
OVULATORIA | PROLIFERATIVA | estimulado l Estradiol expulsion
(d. 14) por ovocito a la Sin variacién
estradiol trompa falopio
LH, FSH Cuerpo luteo Desarrollo
LUTEINICA SECRETORA [l)or TProgesterona (por LH) glandular
(d. 15-28) retroinhibic | y estrogeno, | regresion endometrio. (por
ion por los | después caen | cuerpo luteo progesterona)
esteroides

Fisiologia Humana, Stuart Ira Fox
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4. E and inhibin negatively
feed back on FSH.

FSH ~_

Pituitary

./

2. Pituitary responds to
falling E and P by
increasing FSH secretion.

6. High E has positive
feedback on gondatropes—
LH (and some FSH) surges.

8. High P, E and inhibin
negatively feed back on LH
and FSH, returning them to

~

0

Progesterone

Estradiol-178

™~

basal levels.

14

28

1. Corpus luteum
dies, Eand P
levels fall.

5. Declining FSH levels
progressively cause atresia of
all but 1 follicle — leading to
selection of dominant follicle,
which produces high levels of E.

9. The corpus luteum
progressively becomes less
sensitive to basal LH - dies if
levels of LH-like activity
(i.e., hCG) do not increase.

3. FSH recruits a cohort of large antral
follicles to enter rapid growth phase.
Follicles secrete low amounts
of E and inhibin.

7. LH surge induces meiotic maturation,
ovulation and luteinization. The corpus
luteum produces high P, along with E

and inhibin.




EMBARAZO Y LACTANCIA



Late follicular phase d15 Early luteal phase Late luteal phase

Blastocyst hatches
from zona pellucida
and implantation

begins on day 22-23
(67 days
after fertilization)
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Acrosmal Expanded cumulus with
hyaluronic acid-rich matrix
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First palar body

—— Famale pronucleus

= Migration of pronuclei
* Raplication of DNA

= Breakdown of both
pronuchel

+ Chiarmasamas align
alang metaphate plate +

X
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Fisst cleavage




Path of sperm:
Corona radiata

|

Zona pellucida

|

Plasma membrane
of secondary
oocyte

\ e '/f f E%zmgf;;oon}

Cytoplasm of
secondary oocyte

First polar body  Spindle of meiosis Il

(a) Sperm cell penetrating a secondary oocyte
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Conception

2. Cleavages
(first cleavage
completed about 30
hours after fertilization)

3. Morula
(3—4 days after fertilization)

1. Fertilization

(occurs about 4. Blastocyst
12-24 hours (4'»—5 days after
fertilization)

after ovulation)

5. Implantation
(occurs about
6 days after
fertilization)

Ovulation

Uterus:
Endometrium
Myometrium

Frontal section through uterus, uterine tube, and ovary

& John Wiley & Sonz, Inc.

Blastomeres

Zona pellucida

(a) Cleavage,
two-cell stage
(36 hours)

MNucleus Cytoplasm

(b) Cleavage,
four-cell stage
(48 hours)

{c) Morula
(96 hours)

Zona pellucida

(d) Blastocyst,
external view
(5 days)

Inner cell mass
Trophoblast

(e) Blastocyst, Blastocele

internal view
(5 days)

& Jobm Wilsy & Sons, Inc.




>-G days
Uterine gland Capillary

Utering epithelium
Hypoblast

Blastocyst cavity
colmase Y Gytotrophoblast

9-10 days 11-12 days

Primary villis ~ Amniotic  Trophoblastic Secondary villus  Extraembryonic
cavity lacuna mesaderm

Extraembryonic Primary Secondary  Extraembryonic  Remalns of primary
masodarm yolk sac yolk sac forming cogélom yolk sac
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Fisiologia del ovario

Hormonas secretadas por la placenta

HORMONAS

EFECTOS

Gonadotropina coriénica humana (hCG)

Similar a LH, mantiene cuerpo luteo (52
semana). Supresiéon rechazo inmunolégico al
embridn.

Somatomamotropina coridnica (hCS)

Similar a PRLy GH. En la madre | utiliza A.G para
obtener energia, ahorra glucosa para su
utilizacion por el feto.

Progesterona Mantiene endometrio durante embarazo,
estimula la formacion de glandulas mamarias.
Estrogenos Mantiene endometrio durante embarazo,

estimula formacidn glandulas mamarias, inhiben
secrecion PRL, sensibilidad uterina a la OT.
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Fisiologia del ovario

Gonadotropina coridonica humana (hCG)
e Secretada por la placenta durante la gestacion
e Circula por la madre y el feto

= Human chorionic
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A BLOOD FLOW EXPRESSED AS PERCENT
OF COMBINED CARDHAC QUTPLIT

To show fetal blood supply more clearly,
the atria have been shown below the
ventricles in this diagram.
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Table 56-3 Maternal and Fetal Oxygen Levels

Site Po, (mm Hg) Hemoglobin Saturation
Maternal Values

Uterine artery 100 57.5%
Intervillous space 30-35 57%-67%
Uterine vein 30 57%

Fetal Values

Umbilical arteries 23 B0.5%;

Umbilical vein 20 85.5%
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A CLOSURE OF FORAMEN OVALE
AND DUCTUS ARTERIOSUS

B OXYGEN SATURATION / F.:,
IN THE NEWBORN

The atria have been shown below
the ventricles in this diagram.

W = O, saturation
00 | = mm Ho

At birth, the ductus
arteriosus...

...and the foramen
ovale both close.

Right—"| \
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veins X
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Antiinsulin action hPL

Decreased maternal
glucose use

INSULIN-RESISTANT STATE

Proteolysis

Fatty acids for

‘maternal use
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FASES DEL PARTO

Table 56-6 Stages of Labor

Stage Characteristics Physiological Changes
0 Uterine tranquility and refractoriness to contraction
1 Uterine awakening, initiation of parturition, extending to Increase in the number of gap junctions between
complete cervical dilatation myometrial cells; increase in the number of OT receptors
2 Active labor, from complete cervical dilatation to delivery
of the newborn
3 From delivery of the fetus to expulsion of the placenta
and final uterine contraction




Fisiologia del ovario

PARTO

Estrogenos y progesterona acciones antagonicas en el parto.
Progesterona: Insensibilidad al utero a las PG y OT.
Hiperpolarizacion del miometrio.

Cuello uterino cerrado.

Estrogenos: Excitabilidad de las células miometriales.
Estimula sintesis de PG.

Los estrogenos favorecen el parto, que se iniciara cuando se
disminuya el nivel de progesterona.



Fisiologia del ovario

Para el parto son necesarias las contracciones potentes del
utero, estimuladas por:

Estimula la contraccion del utero.
Potencia la accion de OT.
Pueden inducir el parto en cualquier estado de la gestacion.
(semanas 7/10) desde el utero, placenta, células fetales.
Contraccion uterina.
Promueve sintesis de PG.

(semana 20 hasta la 36).
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ETAPAS DE LA LACTANCIA

-Mamogeénesis: desde 12
semana embarazo, hasta
poco despues del parto
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MAMOGENESIS Y HORMONAS QUE INTERVIENEN
EN EL CRECIMIENTO DUCTAL Y ALVEOLAR...?

e ESTROGENOS

* HORMONA CRECIMIENTO
 CORTISOL

e ESTROGENOS

* CORTISOL

PROLACTINA
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LACTOGENESIS: HORMONAS
* ESTROGENTSY PROGESIERONA

e HORMONA CRECIMIENTO
e CORTISOL

PROLACTINA

e T3YT4

e PTH
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PROLACTINA : ESTIMULA LA GENERACION DE LECHE
PERO SI PREVIEMENTE HAN CAIDO LOS NIVELES DE
ESTROGENOS Y PROGESTERONA

== Estrogens
- Progesterone
=== Prolactin

Intermittent secretion
of prolactin during
nursing
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GALACTOCINESIS- Eyeccion 1

oxitocina




GALACTOCINESIS- Eyeccion 2
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GALACTOCINESIS- Eyeccion 3
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LACTOPOYESIS Y GALACTOCINESIS

HIPOTALAMO ——» PROLACTINA
OXITOCINA

SUCCION
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GALACTOPOYESIS: LA PRODUCCION DE LECHE
DURANTE LA LACTANCIA

CORTISOL
Y PROLACTINA



COMPOSICION DE LA LECHE

Table 56-8 Composition of Human Colostrum, Human Milk, and Cow's Milk (per Deciliter of Fluid)

Component Human Colostrum Human Milk Cow's Milk
Total protein (g) 27 0.9 3.3
Casein (9% of total protein) 44 44 B2
Total fat (g) 29 45 3.7
Lactose (g) 5.7 71 4.8
Caloric content (kecal) 54 70 69
Calcium (mg) 31 33 125
Iron (pg) 10 50 50
Phosphorus {mg) 14 15 96
Cells (macrophages, neutrophils, and lymphocytes) 7-8 x 10¢ 1-2 x 10° —
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