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How Cells Communicate

Communication

Direct

Synaptic

Paracrine -
—~Q

Endocrine

Copyright © 2011 Pearson Education, Inc.

Chemical Messengers

lons, small molecules

Neurotransmitters

Local hormones

Hormones

Mechanism of Transmission

Direct movement through gap junctions
linking the cytoplasm of adjacent cells

Diffusion from a neuron across a narrow
space (synaptic cleft) to a cell bearing
the appropriate receptors

Diffusion through extracellular fluid to
nearby cells bearing the appropriate
receptors

Carried in the bloodstream to near or
distant cells bearing the appropriate
receptors

Examples

lons flowing between cardiac

muscle cells

Acetylcholine

Prostaglandins

Insulin
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uterus
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(extracellular
fluid)
capillary

release hormone

o\”\ throughout the body
@

| @ The hormone affects

cells bearing receptors
to which the hormone
can bind

0 Endocrine cells

@ The hormone enters the
blood and is carried

® The hormone leaves
the capillaries and diffuses
to all tissues through

the extracellular fluid

@ The hormone cannot affect
cells that only bear receptors to
which the hormone cannot bind
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The Chemical Diversity
of Vertebrate Hormones

Chemical Type Examples

Peptides and proteins
(synthesized from multiple
amino acids)

oxytocin

Amino acid derivatives norepinephrine
(synthesized from one or
two amino acids) HO (I‘H-CHZ—,\JH—(‘J 5
OH
HO
thyroxine
I I
NH
I I ;
Steroids testosterone OH

(synthesized from
cholesterol)

O

estrogen OH

HO
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peptide or amino
acid—derived
hormone

(first messenger)

@

W\
(extracellular
fluid)

€@ The hormone binds to
a receptor on the plasma
membrane of a target cell

-l

N

receptor

(second messenger)

plasma membrane

uv \“\ \‘-‘:U‘
@ Hormone-receptor binding
activates an enzyme that catalyzes

the synthesis of a second messenger,
such as cyclic AMP

cyclic AMP-
synthesizing
enzyme

(cytoplasm)

active
enzyme

e
4

‘\‘

product

@ The activated enzymes
catalyze specific reactions

y

Copyright © 2011 Pearson Education, Inc.

&
Inactive reactant y
enzyme
® The second
messenger activates lope
other enzymes "~ (nucleus)
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steroid hormone (extracellular

N @ The hormone binds to a
receptor in the nucleus or to

a receptor in the cytoplasm
that carries it into the nucleus

fluid)

® The hormone-receptor
complex binds to DNA and
causes RNA polymerase to

bind to a nearby promoter
site for a specific gene

@ A steroid hormone =
diffuses through the
plasma membrane

plasma
membrane ~s

product

@ The mRNA leaves the
nucleus, then attaches to a
ribosome and directs the
synthesis of a specific protein

Copyright © 2011 Pearson Education, Inc.
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Emerging
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37.3 =% Li=0l A<
o Jls =AIL?

LH 24| Hl(endocrine system)= W&H|S

TRROl
2= 1] s2=2 Mdole SdHldezg 24 E L.
ANAGHES ZotH S E=22 AXe E2 J|ls2
LS ¢ pe A 229 HEg ZEEHH.
— A& SR (hypothalamus)= A FSHIME2ID 6l E%
il MENEL 2 4= Y2 B=
« MAZEHIME(neurosecretory cell)= BIEIESE22 4ot
, N&otH, A== &= il 1 s=2=2= 24|
2olE 2 AtFEZ HEL =

— S8t= Ml (pituitary gland)= Al
A= JI|°o EH|H

o LHot=HeE Sot=HNH &Y (anterior pituitary) 2t Tl ot ==

(posterior pituitary)0l2t= & IS REE E2C=2 &
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Hypothalamus

ADH, oxytocin, and regulatory
hormones for the anterior pituitary

| Pineal gland

melatonin
Pituitary gland
§g$ﬁ0§§ﬁU/gg'pRL ESH. LH Parathyroid glands (on the
D oste}ior p/:z‘uiz‘a}y-' ’ ’ posterior surface of the thyroid

oxytocin and ADH gland) parathyroid hormone

Heart
atrial natriuretic peptide

Thyroid gland
thyroxine, calcitonin

Kidneys
erythropoietin

Thymus gland
thymosins

Digestive tract

Adrenal glands (one on | several hormones (see
each kidney) Chapter 34)

medulla: Fat
epinephrine, norepinephrine = (:, Log P :
cortex: ) leptin

glucocorticoids (cortisol), Gonads
mineralocorticoids testes (male):
(aldosterone), testosterone androgens, especially

testosterone
ovaries (female):
estrogens, progesterone

i >

Pancreas islet cells testis

insulin, glucagon

Copyright © 2011 Pearson Education, Inc.



Endocrine Gland  Hormone Type of Chemical Principal Function

Hypothal; Rel and i Peptides ing h the release of hormones from the anterior
(to anterior hormones (at least pituitary; inhibiting hormones inhibit the release of hormones from the
pituitary} seven) anterior pituitary

Anterior pituitary Follicle-stimulating Peptide Females: stimulates the growth of follicles in the ovary, secretion of

hormone (FSH) gen, and pert fath
Males: stimulates the development of sperm
Luteinizing hormone (LH)  Peptide Females: stimulates ovulation, the growth of the corpus luteum, and the
ion of and prog
Males: stimulates the secretion of testosterone
Thyroid-stimulating Peptide Stimulates the thyroid to release thyroxine
hormone (TSH)
Adrenocorticotropic Peptide Stimulates the adrenal cortex to release hormones, especially
hormone (ACTH} glucocorticoids such as cortisol
Prolactin (PRL) Peptide Stimulates milk synthesis in and secretion from the mammary glands
Growth hormone (CH) Peptide Stimulates growth, protein synthesis, and fat bolism; Inhiblts sugar
metabolism
Hypothal, {via ich Peptide Promotes reabsorption of water from the kidneys; constricts arterioles
posterior pituitary)  (ADH)

Oxytocin Peptide Females: stimulates contraction of uterine muscles during childbirth, milk

ejection, and maternal behaviors
Males: may facilitate ejaculation of sperm
Thyroid Thyroxine Amino acid derivative  Increases the metabolic rate of most body cells; increases body
P I growth and devell

Calcitonin Peptide Inhibits the release of calcium from bones; decreases the blood calcium
concentration

Parathyroid Parathyroid h Peptide Increases blood calcium by stimulating calcium release from bones,

b ion by the i i and reab ion by the kid!

Pancreas Insulin Peptide Decreases blood glucose levels by increasing uptake of glucose into cells
and converting glucose to glycogen, especially in the liver; regulates fat
metabolism

Glucagon Peptide Converts glycogen to glucose, raising blood glucose levels

Testes! Testosterone Steroid imul; the devel of lia and male secondary sexual
characteristics; stimulates the development of sperm

Qvaries! Estrogen Steroid Causes the d of female dary sexual ch istics and
the of eggs; the develop of the uterine lining

Progesterone Steroid Stimulates the development of the uterine lining and the formation of
the placenta

Adrenal cortex Glucocorticoids (cortisol)  Steroid Increase blood sugar; regulate sugar, lipid, and fat metabolism; have anti-
Inflammatory effects

Adrenal medull Epinephrine (adi i Amino acid derivatives Increase levels of sugar and fatty acids In the blood; increase metabolic

and norepinephrine rate; increase the rate and force of contractions of the heart; constrict
(noradrenaline} some blood vessels
Mineralocorticoids Steroid Increase reabsorption of salt in the kidney
(aldosterone)
Testosterone Steroid Causes masc of body fe growth
Other Sources of Hormones

Pineal gland Melatonin Amino acid derivath Regul, | reproductive cycles and sleep-wake cycles; may
regulate onset of puberty

Thymus Thymosin Peptide Stimulates maturation of T cells of the immune system

Kidney Erythropoietin Peptide Stimulates red blood cell synthesis in the bone marrow

Renin Peptide Acts on blood proteins to produce a h gl in) that I
blood pressure
Digestive tract? Secretin, gastrin, Peptides Control secretion of mucus, enzymes, and salts in the digestive tract;
cholecystokinin, and regulate peristalsis
others

Heart Atrial natriuretic peptide  Peptide Increases salt and water excretion by the kidneys; lowers blood pressure
(ANP)

Fat cells Leptin Peptide Regul i | function; p blood vessel

growth; required for the onset of puberty

ISee Chapters 41 and 42,
See Chapter 34,

Copyright © 2011 Pearson Education, Inc.
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hypothalamus

@ Neurosecretory cells
of the hypothalamus
produce releasing and
inhibiting hormones

A4

@ Releasing or inhibiting hormones
(green circles) are secreted into

capillaries feeding the anterior lobe
of the pituitary

—

blood flow
pituitary \
(anterior lobe)

endocrine
cell

capillary
bed

@ Endocrine cells of the
anterior pituitary secrete
hormones (red squares)
in response to releasing
hormones; the pituitary
hormones enter the
bloodstream

Copyright © 2011 Pearson Education, Inc.

€ Neurosecretory cells of
the hypothalamus produce
oxytocin and ADH

® Oxytocin and ADH
(blue triangles) are
secreted into the blood
via capillaries in the
posterior pituitary

(posterior lobe)

capillary
bed



-EPO

—

o5 S22

AH A

oo s,

= d|

ilﬂ# K| GO HEIE S22 MM,
S 4J+x| ra LH2H Mo S22 M8 XX
» HEXN=2SE2(FSH), M8d sE22(LH): -==A
Ol & Xt EﬂAEAEﬂ% M =R -2 A AL
HAEZAD T2HAHE MH =X
» AAETN2SE2(TSH): 2dad 2 2610 2aH
222 2HIGHH &
2(ACTH): N 22EIS

» BAINEAI=SE
(cortisol) S 222 2H|6HH

31



LIHXl= O E W=HIH0 &2ZotKl 23
- I 2= 8l(Prolactin): &4l S SAYE FX
- 8&¥3522(GH): 2= MAM=Z0o £Z36}

»

SAHe dEE,

SHEgd, ANE0IE, etz ME St
7EII0l e d&= A=- g0l A=W =S
=2 AJI0 F&F (I12 X0l= GH2 Xt01), GHE
ol S ssE2 AAEL ASEHCZ SHUAME
eSS Rl

AANMEE ) e dE82=220 (e Aok A
S Xz

32



Copyright © 2011 Pearson Education, Inc.



o fwzd f=
o M & Hvl _ﬂ =

H; n0 ) A, M o)
X0 ol mW ) w__m ol
b B Hu— FL
= . TNo = o
°! o Hrm wo Moo
I+ B Rlz ol Mo
< g W= am A
I <[ m_( = = ~ 0
H U e M_Wrﬂx_ow_m o
er OF  XfioJ —0H Em 00 %0 'Y ST
<0 W Wz o. <BEAS 2
IR DT ook @k < 2

=~ o0l g g on &
I )b O

Sl = o e e

10F = o3l 00 10l R0 B0
Bl =" mop AT AW ki
__o_.o ._.o.___ DHO OD O 2 < 4

O

D 1 =MW 2 gy 0OH 00 0K i
MHE Ui P s BOUL
iolF R0 __ o]

0™~ ™ 53 =z 0
JA0 K TR 0%
_ m _ _

34



hypothalamus

@ Neurosecretory cells
of the hypothalamus
produce releasing and
inhibiting hormones

A4

@ Releasing or inhibiting hormones
(green circles) are secreted into

capillaries feeding the anterior lobe
of the pituitary

—

blood flow
pituitary \
(anterior lobe)

endocrine
cell

capillary
bed

@ Endocrine cells of the
anterior pituitary secrete
hormones (red squares)
in response to releasing
hormones; the pituitary
hormones enter the
bloodstream
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€ Neurosecretory cells of
the hypothalamus produce
oxytocin and ADH

® Oxytocin and ADH
(blue triangles) are
secreted into the blood
via capillaries in the
posterior pituitary

(posterior lobe)

capillary
bed



Copyright © 2011

@ Neurosecretory cells
of the hypothalamus
release oxytocin from
endings in the posterior
pituitary

hypothalamus

posterior
pituitary

® Oxytocin is
carried in the blood ~
to the breast

0 Suckling stimulates
sensory receptors in

the breast, which then
send nerve impulses to
the hypothalamus

9 Oxytocin binds to
receptors on the milk
gland muscles, causing
them to contract and
squeeze milk out of the
glands

milk

milk—
producing
cells

duct

nipple

clusters of
milk glands

Pearson Education, Inc.
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esophagus

parathyroid
glands

trachea
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@ Neurosecretory

cells of the hypothalamus
secrete TSH-releasing
hormone

@ Thyroxine i
TSH-releasing
and TSH releas

negative feedback

nhibits
hormone |, / -
e by — releasing

z
\ hormone

@ The releasing hormone causes
the anterior pituitary to secrete
thyroid—stimulating hormone (TSH)

e\

\“

/ endocrine

cells of th
anterior A \\J
pituitary W\
p _thyroid
thyroxine N | {gland

hormone- % 2

producing \9°

/

cells of the  sii @ TSH causes the thyroid to
thyroid \ secrete thyroxine, which
- increases cellular metabolism

throughout the body

Copyright © 2011 Pearson Education, Inc.
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@ Eating
raises blood
glucose

" high blood
glucose _

® High blood
glucose stimulates
insulin release and
inhibits glucagon
release

pancreas

-~ glucagon
\ ® Insulin stimulates
glucose uptake by

body cells; the liver
converts glucose to
glycogen

low blood
glucose
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® Blood
glucose is
increased

@ Glucagon stimulates

cells to burn fat instead of
glucose; the liver converts
glycogen to glucose

7 glucagon

©® Low blood glucose
stimulates glucagon
release and inhibits
insulin release

@ cExercise
and fasting also
reduce blood
glucose

@ Eating
raises blood
glucose

® High blood
glucose stimulates
insulin release and
inhibits glucagon
release

pancreas

® Insulin stimulates
glucose uptake by

body cells; the liver
converts glucose to

glycogen
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muscle

@ Glucose uptake into
cells and conversion of
glucose to glycogen
reduce blood glucose
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© Novocell
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— T2 HAHIE(progesterone)
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The adrenal medulla secretes
epinephrine and norepinephrine

The adrenal cortex
secretes glucocorticoids,
mineralocorticoids,
and testosterone
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