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Presynaptic | /.0
neuron Postsynaptic

neuron

D

An action potential in the presynaptic
neuron triggers Ca’* channels in the
axon terminal to open.

Influx of Ca* causes synaptic vesicles to
release neurotransmitters into the
2+ synaptic cleft.

Voltage-gated Ca** channel

".4

Neurotransmitters \

Axon terminal of
presynaptic neuron

Synaptic cleft
: o Neurotransmitters bind to receptors on
, the postsynaptic neuron.

——’—@‘ lon channels open, leading to a local

potential and possibly an action
potential.

Neurotransmitter
receptor

Postsynaptic
neuron
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molecules
) Assaiabi Degrades virus  Blocks virus
V"all - s viruse: nucleic acid replication
nucleic aci

Virus

Virys: Virus release
infection

Attachment of IFN
to special receptor

Infected
cell
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2. Macrophages and dendritic cells
phagocytize pathogens and release
cytokines, which stimulate the
inflammatory response.

1. Injured tissue cells and mast cells
release histamine, which causes

4. Blood clotting walls off
capillary and prevents
blood loss.
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histamine and other =

chemicals Vs 5
.

IgE receptor

plasma cell mast cell
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ion or display.

3. Neutrophils and monocytes (become
macrophages) squeeze through the
capillary wall and phagocytize pathogens.
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Gastric Secretions

(a) Secretory Cells of the Gastric Mucosa

Gastric Mucosa Cell Types
Opening Eﬁ D) T2
4 Neielef 7 VL7 Mucous
of gastric ————%=— 1) surface cell

gland

Mucous
neck cell

Parietal
cells

like cell

Chief cells

Enterochromaffin-
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F ion of Secretion

Mucus

Bicarbonate

Gastric acid (HCI)
Intrinsic factor

Histamine

Pepsin(ogen)

Gastric lipase

Somatostatin

Gastrin

Physical barrier between
lumen and epithelium

Buffers gastric acid to
prevent damage to
epithelium

Activates pepsin;
kills bacteria

Complexes with vitamin
By, to permit absorption

Stimulates gastric
acid secretion

Digests proteins
Digests fats

Inhibits gastric acid
secretion

Stimulates gastric
acid secretion
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Stimulus for Release

Tonic secretion;
irritation of mucosa

Secreted with
mucus

Acetylcholine,
gastrin, histamine

Acetylcholine,
gastrin

Acetylcholine, acid
secretion

Acid in the stomach

Acetylcholine,
peptides,
and amino acids
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Low blood oxygen

Liver

Kidney
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Red bone marrow
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Hydrophilic hormone (first messenger) binds
to its receptor in the plasma membrane.
Enzyme

P Hormone |
/J

Receptor activates a (eg,aG:protein)

peripheral protein.

@ Peripheral protein
activates an enzyme.

Second

@ Enzyme catalyzes — messenger |

formation of a
second messenger. l

@ The second messenger l
initiates a series of
events in the cell that l
leads to changes in its
activity.

Cytosol Y

(a) Hydrophilic hormone and second-messenger system

@ Hydrophobic hormone
diffuses into the target cej.\
) o /— Hormone

P
BUBBBBUB UL UL

\J
") Intracellular
\ { receptor

Target cell
{m plasma

membrane

@ Hormone binds to an
intracellular receptor
and enters the nucleus
of the cell.

@ Hormone-receptor
complex interacts
with the DNA to

initiate a cellular y > f
change. £ 2
Nuclear ;
Nk .
A % i
Nuclear

gif

- Nucleus

pore l
[

(b) Hydrophobic hormone and intracellular receptor mechanism
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/— Released mucus

Mucus
droplets

Cytosol

Golgi
apparatus

Rough ER

Nucleus

Simple columnar Gobletcells
epithelial cells (unicellular
glands)

Product being released

by exocytosis Shed and ruptured

epithelial cells
releasing product
Secretory vesicles

Product accumulating
in secretory epithelial
cell

Epithelial cell
undergoing mitosis
to replace shed cell

(a) Merocrine secretion (b) Holocrine secretion

@ Ribosomes on RER
synthesize proteins.

e RER makes membrane e Golgi apparatus receives
components and folds and vesicles from the SER and
modifies proteins; these RER; it modifies and packages

SER makes lipids, some
of which are moved to
the Golgi apparatus in
transport vesicles.

products are then packaged the products in these vesicles
into transport vesicles. for their destinations.
Lysosome

,rm.ew
Fag °

Transport
vesicle from
SER

@ Enzymes may
be sent to
lysosomes,
which then
digest materials
taken in by
endocytosis.

@ Phospholipids
and membrane
._ J - incorporated into
L [
@’N/ﬂ_@
Secretory —M

the plasma
membrane.

Secretory
products are
released from the

proteins may be
cell by exocytosis.
vesicle
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axons in the infundibulum,

Hypothalamus

Infundibulum

Subthalamus

Pituitary gland Mammillary

body

Brainstem

b o *'.‘:VJLG"-' mY w\:.&

O) neurons make either ADH or oxytocin.
Hypothalamus

Infundibulum
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The hormones are secreted into the blood when
the hypothalamic neurons fire action potentials.

Posterior pituitary

Blood vessels
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b the d posterior pituitary
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() Hypothalamic neurons secrete releasing and inhibiting
hormones into the hypothalamic capillary bed.
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Anterior pituitary
capillary bed

() Hormones travel through portal veins in the infundibulum.

@ Hypothalamic hormones exit the anterior pituitary capillary
bed to bind to receptors on anterior pituitary cells.

I\

NI omas LS Lw adlS' 598 (635 w0 (WS 9 (o Fadgad ¢ oY Uigma £

(@) Hypothatamic hormones stimulate or
inhibit secretion of hormones from the
anterior pituitary cells.

Anterior pituitary
To systemic circulation w__——>"

(b) between the d anterior pituitary
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/— Hypothalamus
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Sella turcica of

X sphenoid bone
. (a) Locations of hypothalamus and pituitary
15 gland in the brain
Optic chiasma Hypothalamus
Anterior pituitary (_D— Infundibulum
(adenohypophysis) T
\ ) Posterior pituitary
(b) Structure of hypothalamus, and anterior and posterior
pituitary glands
V'Y
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The pituitary is actually two glands with different
embryological origins that fused during development.

(a) The pituitary gland sits
in a protected pocket of
bone, connected to the
brain by a thin stalk.

Infundibulum is the
stalk that connects

Posterior pituitary is
an extension of the
neural tissue.

Anterior pituitary is a
true endocrine gland of
epithelial origin.

(b) The anterior pituitary is a true endocrine gland that secretes six classic

\ from the control release of the
anterior pituitary hormones. The hypothalamic hormones reach the anterior
pituitary through a specialized region of the circulation called a portal system.

‘5 Neurons synthesizing

trophic neurohormones
release them into
capillaries of the portal
system.

Capillary bed

é Portal veins carry the

trophic neurohormones
directly to the anterior
pituitary, where they act
on the endocrine cells.

Artery

POSTERIOR PITUITARY

Capillary bed

é Endocrine cells release

their peptide hormones
into the second set of
capillaries for distribution
to the rest of the body.

act I I I L pins (LH & FSH)
l GH TT,H ACTH l 1_‘_1

ANTERIOR PITUITARY
Veins

( [ /\ BN
} \ \/ | 4 =T
y o= L ~
/‘ Ovary Testis
Mammary glands Musculoskeletal system | Thyroid gland Adrenal cortex | Gonads

the pituitary to the brain.
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(d) The process of labor is controlled by a positive
feedback loop that ends with delivery.
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Fetus
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Uterine
contractions
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(b) The hormonal control of milk secretion and release

Prolactin controls milk secretion, and oxytocin causes
smooth muscle contraction to eject milk.

/'/—\
_/High\~

Sound of — > ( bran )

child's cry \oenty
\\\~

Oxytocin neuron

&_n*mkﬁfj‘.e-*wuwj

Portal system

B 2.
/ Anterior ( Z‘ﬁ?:;’ )
-\pituitary N

N

Inhibition of
prolactin cells
is removed.
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| uonewiJoyul A1osuas Bulpuaosy ,;
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Baby - Mechanoreceptors
suckling in nipple
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(a) The thyroid gland is a butterfly-shaped gland, located just below

(b) Section of thyroid gland. Thyroid hormone synthesis takes
the larynx. It secretes thyroid hormones and calcitonin.

place in the colloid of the thyroid follicle.

Follicular cells
secrete thyroid
hormone.

C cells secrete

calcitonin. S8z 0“0
R Y\
Colloid is a ~ &@)ao 2
glycoprotein. ==

(c) Thyroid hormones are made from iodine and tyrosine.

Blood Na* Ty T4

A Na*-I" symporter brings
I"into the cell. The pendrin |-

transporter moves I~ into
the colloid.

2, 3

Follicular cell synthesizes Protein
enzymes and thyroglobulin synthesis
for colloid. \
9, s separate T; and T,
~~ Enzymes, . from the protein.
QThyrog!obulin )
/
Follicular
Tyrosine cells taken back into
N the cell in vesicles.
H H >
I Py k) Thyroid peroxidase
Ho ol - adds iodine to
H NH, OH tyrosine to make
Thyroglobulin Tzand Ty,
Triiodothyronine (T3)
2 tyrosine + 3 @
Thyroxine (T,) l

2 tyrosine + 4 (1) MIT <— (1)+ tyrosine

DIT «<— (1) + MIT

»@.}%}é L

H NH
HoH 0 Ty <— MIT + DIT

HO 0 ¢-c-C_ T, «<— DIT +DIT
H NH, OH %

Colloid

KEY

MIT = monoiodotyrosine
DIT = diiodotyrosine

T, = triiodothyronine
T, = thyroxine
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N (a) Goiter. Excessive stimulation of
the thyroid gland by TSH causes B 1. . &, . s P U . .
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Blood
vessel

Trachea '

(a) Gross structure of thyroid gland (b) Thyroid follicles

containing colloid LM (390x)
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Bone Enzymes and H* Components of the bone
degrade the bone ECM. ECM enter the osteoclast.
(a) An osteoclast on the surface of bone (b) The process of bone resorption by an osteoclast
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The adrenal medulla secretes epinephrine into the blood.

T — Adrenal cortex is a true endocrine gland.
: Adrenal medulla is a modified o e = . & aoe . e o
\_sympathetic ganglion. " D Jw )S.].A&{ )" LR W] Jﬁ&u«’ d;’o 9 d’wﬁ M 93 }'
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Adrenal gland
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The chromaffin
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neuron.
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If your medical history and
examination suggest a

pheochromocytoma, your W\(J ’ ,, -

health care provider will do \. £ E‘ ‘ 1
urine and blood tests to measure i\ ! -
hormone levels. CT or MRI and other

scans may be done to look for the tumor. forumkonkurln



Sy

STIMULUS
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¥
- FIRST-TIER
o CONTROL
3
g SECOND-TIER
CONTROL
o3
£
s
b
THIRD-TIER
CONTROL
EFFECTS

Yy

(a) Patient before development of

Morning Stress (higher Sympathetic
hours brain centers) nervous system

l

-7

Receptors in hypothalamus detect stimuli.

Anterior pituitary secretes ACTH.

Hypothalamus secretes CRH.

|

from muscle from adipose
I tissue tissue

Increased availability of fuel molecules

Cushing’s syndrome

HPA —
axis
v Cortisol
5 Negative feedback
Adrenal cortex secretes cortisol.
Stimulatory l v l l Inhibitory
Gluconeogenesis in Release of Release of Inflammatory
the liver amino acids fatty acids response
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As the cortisol level rises, ngH..l.jgs ugﬂjgﬂ .A

the hypothalamus
decreases CRH secretion
and the anterior pituitary
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(b) Patient 3 years after the onset of Cushing’s syndrome
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Aldosterone release from adrenal cortex

— 1

Na* and CI” move from fluidin 1 K*istransported : Histransported

the kidney tubules to the fromtheblood | from the blood
blood to maintain electrolyte intothefluidin | intothe fluidin
balance. H,0 follows, helping the kidney ! the kidney
' tubules.

I
|
|
:
|
to maintain blood pressure. ! tubules.
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K* and H* are excreted in urine
to help maintain electrolyte
and acid-base balance.
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(a) Gross anatomy of the pancreas

Pancreatic acini

(b) P of the p:
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STIMULUS
Blood glucose level
increases above its
normal range. =|

—t 3 }Normal

range
EFFECTOR/RESPONSE _\ RECEPTOR
- _— - IN HOMEOSTATIC RANGE P
d glu uptake f gl amino | * Bcells of the pancreas
Ip! As the blood glucose
by cells add;,and fats level returns to normal, detect the increased blood
feedback to b cells glucose concentration.
o © Glycogen decreases insulin ~ =
- secretion. 1 ¢
£ 4 Bells
Amino acids > ® j ]_ o QX £ —
> 3| range 2
A 2 ’
Fats CONTROL CENTER Sucot
Blood vessel

e s
\ B cells increase insulin secretion.
)

(@ by insulin to high blood gl
STIMULUS
Blood glucose level
decreases below its
normal range.
= 3 | onesa
~ range
EFFECTOR/RESPONSE -\ RECEPTOR
Y i IN HOMEOSTATIC RANGE A
glycoge ' acelisofthe pancreas
into glucose As the blood glucose the decreased blood
glucose concentration.

07 acells

range @

level returns to normal,
feedback to a cells
decreases glucagon
. secretion.
. > G— j— Normal

Newl
synthesized Glucose
Glycogen Glu:ose glucose CONTROL CENTER
Blood vessel

\ f acellsincrease glucagon secretion. A /
Fﬁlucngon
o

(b) Response by glucagon to low blood glucose concentration

Pancreatic islet
(endocrine cells)
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Glucose Insulin

)
(5 I )
9

Glucose Insulin
channel receptor

Nucleus

Body cell

COMMON

DIABETES
SYMPTOMS

Diabetes symptoms might

be so mild they go unnoticed.

Get yourself screened if
you notice some of these
symptoms, even if you
feel well: early detection
and treatment can reduce
risk of complications.

Body cell

Pocket Guide to DIABETES | Heonnii.ﬁy
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0. ® Glucose outside
o 2o o Jofcel
o0
%) e © 10 06
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o & ]
¢ 2 2

© ‘3 ° *. % Glucose enters
EIY ©  cell through
. 9% glucose channel
Insulin on receptor 2
open glucose channel °, ¢ ©

Nucleus .
Glucose inside

of cell

oﬁ '

Blurred vision Feeling hungry  Feeling thirsty all the
all the time time (despite drinking
lots of water)

L I

~— v
Frequent Losing weight Poor healing of
urination wounds and/or

infection

11 \ A AE
o S " j

Feeling tired Numbness or Feeling of nausea
and weak tingling in hands, and/or vomiting
arms, feet and legs
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(a) Thymus in newborn and adult

Newborn thymus:
glandular epithelium

Thyroid
gland

Lung

Adult thymus:

mostly adiposeand | Il 1

other connective
tissues
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STIMULUS

A regulated physiclogical
variable deviates from its —
normal range. = |

S~

Normal
range

EFFECTOR/RESPONSE IN HOMEOSTATIC RANGE \

As the variable returns to
The hormone triggers a response in normal, feedback to the
its target cells that moves conditions control center decreases —
toward the normal range. the effector response. ]
e .T ]» Normal
Target cells —\___\ 4

m CONTROL CENTER

The stimulated control center (often the

endocrine cell) increases or decreases
\ its secretion of a particular hormone.
\
»

\ Hormone
.
) ) molecule
ALy

vAN

Regulated variable
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