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Figure 14.15 Chemical messengers
act over short, intermediate, and
long distances
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(a) Ligand-gated channel

Extracellular fluid

Li'gand\

G protein-

Extracellular fluid

/Ligand (first messenger)

(b) G protein—coupled receptor and associated G protein system

After binding to their ligand, G protein-coupled
receptors typically interact with two other cell-
membrane proteins—a G protein and an
enzyme—to activate enzyme catalytic sites,

Activated
active site
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coupled y ‘. ; Cyclic
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thereby altering membrane electrical charge, Cytoplasm

~ when they bind to their ligands.

(¢} Enzyme/enzyme-linked receptor
Extracellular fluid

Ligand (first
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In this relatively simple
example, binding with
the ligand activates a
catalytic site on the
same molecule.

Activated
active site

 Activation of the
catalytic site inside the
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Cyeclic - ]
GMP cell causes production of
(second the second messenger
Cytoplasm messenger) cyclic GMP,

Figure 2.23 The four types of receptor proteins involved in cell signal-
ing (a) Aligand-gated channel. The particular example shown, a muscle
cell acetylcholine receptor, must bind a ligand molecule at two sites for
the channel to open. (b) A G protein—coupled receptor. Details of the
molecular interactions symbolized by double-headed arrows are dis-
cussed later in this chapter. (c) Enzyme/enzyme-linked receptors are
‘themselves enzymes or, when activated, interact directly with other
membrane proteins that are enzymes. One way or the other, binding

with the ligand activates an enzyme catalytic site inside the cell. The ex-
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(d) Intracellular receptor

The ligand, in this case a

Extracellular fluid steroid hormone,
dissolves in and diffuses
Ligand through the cell
: w"“w,\ membrane.

Cytoplasm

Nuclear envelope %
(simplified)

Intracellular
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Nucleus

The activated
ligand-receptor
complex functions as
a transcription factor
inside the nucleus.
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(b) Internal organs (frontal view)

Ovarian ligamen _
< . Fimbriae
Endometrium

Myometrium

Vagina

(¢) Ovary Theca cells
Dominant follicle-

Granulosa cells
Antrum
Primary oocyte in
cumulus cophorus

Zona
pellucida

Ovulated
secondary

oocyte
Degencrating ’

corpus luteum Ruptured

follicle
Mature corpus luteum




ypotalamusy

/Gn-RH

Adenohypofyzaf 7 T
i r o
' FSH T % 3 1|
LH T :r-_-..._-"""*—\q___.._..f"""‘
I:. l t || 1 I
\ | L
e | |
] .I.E.stradil:ll i |
i
|
l v’[\
1 F'rnge_s.t_ernn : .
l h

i itk

@

i
!
Zran folikuluy @k@ gtS @' 20

ve vajecniku . -
Mezraly , Zrajici  Prasknuti  Zluté [ Imvaluce
folikul i folikul folikulu-  télisko Zlutého

Owulace | télizka

Delazni
shznice “‘J-;,.
5%, K
™Y | aY
' Odlougeni  Regenerace | | Ischémie{
X ] ) -t L
Dry 1 7 _ 14 el 28
Menstruacni  Proliferadni Sekresni

faze faze f47m




(a) Follicular phase (b) Just before ovulation (¢} Luteal phase
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(a) Early development 2-cell stage

Figure 15.11 From fertilization to implan-
Zona tation (o) Fertilization occurs in the ampulla
pellucida region of the oviduct, and mitotic cell divi-
sions to the blastocyst stage take place en
route to the uterus. (b) The trophoblast cells
initiate implantation and development of the
placenta.In humans, implantation is complete
about 10 days after fertilization. () Embryonic
blood moves to and from the placenta
through the umbilical cord. Maternal blood
percolates around projections of the charian
(villi) that contain capillaries,
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_»Endometrium
Maternal /
capillary
{¢) The placenta \0

From fetus

Ovulation

Fimbriae

Lumen
Blastocyst of uterus

From fetus

e Umbilical arteries {from fetus) [ The inner cell mass will .
Umbilical vein (to fetus) giverisstothieembiys.

give rise to the chorion.

The trophoblast will J
Ammnion

Implantation is

Chorionic complete when the

villus Chaorion (fetal & blastocyst is buried
portion of in the endometrium.
placenta)
Tmphoblast Amnionic
celly cavity
Maternal portion Developing =
To of placenta embryo 3
maother 4
From Maternal vein
mother

Maternal artery




Spermatogonia

th) Seminiferous tubules 5 ;
Sertoli cell

5 VS
deferens

Leydig cells

Epididymis
: )
L

Primary
spermatocyte

Nar—1 -

/ Cross section of
Seminiferous semtiniferous tubule
tubule

Secondary
spermatocyte

Residual / A
4

bady
Spermalids

|umen of tubule

(c) A sperm cell

Mitochondria

Cell Acrosome within mid piece Sperm

el

membraneg, | Nucleus
\ ||||I

/
Head” Centriole "Tail




404 CHAPTER 14

Other brain areas such

as the locus ceruleus:
arousal, alertness

I Amygdala and hippocampus:
form memories of emotionally
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activation Seconds Seconds
{norepinephrine
and epinephrine)
\ I ) CT
ACTH

T heart rate
T ventilation

T vasoconstriction of

l ~ 1 hour
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L insulin in blood

T fat catabolism
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Figure 14.10 The mammalian stress
response The stress response includes
activation of both the sympathetic nerv-
ous system and the HPA axis.
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Figure 4.20 Gastrointestinal function afteramealis © and midg
coordinated in part by hormones secreted by material i
‘endocrine cells in the gut epithelium The arrows

; ropriate
represent hormones traveling by way of blood trans- p. p il
port from endocrine cells to target cells. Red and blue passiig at
arrows marked with plus (+) signs symbolize stimula- terial beir
tory Effectst on target cglls._BIardrq arrows marked with B rhagms the stomsz
minus (<) signs symbolize inhibitory effects. The con- The midg
trols shown here are only a small fraction of the total ligesti
: , . digestion
set of nerve, endocrine, and paracrine controls that
coordinate the processes activated by eating.
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The locus ceruleusis a
nucleus of noradrenergic
neurons that are
important in maintaining
attention and responding
to novel stimuli.

Hypothalamus

=

CRH

CRH stimulates the ‘

HPA axis as well as 1
the sympathetic (“ !
nervous system. |

ACTH @

Cytokines

Glucocorticoids Cytokines secreted by
Adrenal gland cells of the immune
' | system stimulate the
) release of CRH.

Glucocorticoids

modulate the immune o

response by muting
the actions that cause

inflammation.
Immune cells




