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What are the elements of a homeostatic control system?

Person hiking in the desert
loses water by evaporation

 Body fluids become
more concentrated

[ Sensor
Internal receptors
sense change in
internal environment

Integrating center

Information is assessed
and response is coordinated

Kidney conserves Thirst mechanisms in
water by making the brain stimulate
concentrated urine drinking behavior

Figure 12-1 Homeostatic control system



Ii NERVOUS SYSTEM —‘

CENTRAL NERVOUS SYSTEM

Brain

PERIPHERAL NERVOUS SYSTEM

Sensory neurons

— Motor neurons —|

Somatic
(voluntary)

3

'

Autonomic

(involuntary)
l

Sympathetic  Parasympathetic

N #F

Skeletal
muscle

Heart muscle, smooth
muscle, and glands

|

A

EFFECTORS

Figure 12-2 Organization of the human nervous system



Myelin sheath

(a) Motor neuron

Figure 12-3 Generalized structure of a motor neuron



Action potential

Threshold level
is reached ——=

I—l—I e e

Initial resting introduced Resting potential
potential reestablished

Voltage across membrane
{millivolts)

Figure 12-4 Electrical properties of neuron



@ Resting state:
The sodium channel
has two gates. At
rest, one gate, the
Na* inactivation
gate, is open and
the other gate, the
Na™ activation gate,

Na* activation

is closed. The gate Na* inactivation W
on the potassium gate
channel is also closed.
+30
! 0
m\v
70—

Ce o

2 +
Na™ activation (Y K* gate
gate closed LY / closing
'

Na*
inactivation ¢
gate opening (¥

+30
-70
Timeg —
@) The end of the action potential:
The potassium gate swings shut. The cell
will not be able to undergo another action

potential until the sodium inactivation
gate opens again.

Key:
¢ =Na"
= K+

O (-"

AN

& Extracellular fluid

K* gate @ The start of the action potential:
A stimulus causes the membrane
¥ Voltage- voltage to rise. When threshold is
—— gated K* reached, the activation gate on the
A channel sodium channel opens and sodium
rushes into the cell. The membrane
~ voltage rises.
Cytosol Na* activation C ¢
gate opens (SRS
ﬁr | R \‘r
) Y ol
& | A &
(@
Na* enters .S
the axon ¢
+30
0
mv
-70
Time —s

€ The peak of the
action potential:
The potassium gate
swings open and
potassium leaves the
cell, carrying positive
charge with it. The
inside of the cell
becomes more negative.

inactivation ¢ . The inactivation gate on
gate closes L% the sodium channel
swings shut.
+30
0 _/
my
-70

Figure 12-5 The molecular events in the cell membrane
during the passage of an action potential
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SYMPATHETIC PARASYMPATHETIC
L .
Dilates pupil of the eye Constricts pupil of the eye

{1
M
il

Decreases ||

saliva production { }

e Increases
X\ﬁ saliva production
=)
[
\
" / \l \ Trac@ ¢
Dilates ) 4\;\75 N\ Constricts
i + y “xBronchi’,
airways to lungs 4 7 \
f
|
/

AT \ airways to lungs
S | ".‘ Lungs|

Slows heart rate

Liver,

+ Pancreas
/
nhibits Stimulates
digestive tract digestive tract
— Stomach
Decreases Increases
movement of food movement of food
Adrenal
and —&
gland =}
Releases

epinephrine N
Kidney

Male ejaculation

Male erection

ternal genitals

Figure 12-6 Sympathetic% &% and
parasympatheticE'J"Jz B nervous system




HYPOTHALAMUS

* Releasing and release-inhibiting
- hormaones regulate the pituitary
s hormones

PINEAL GLAND

*» Melatonin helps establish
daily rhythms and response
to light /dark cycles

k -\H:*h"'"*‘—— PITUITARY GLAND
= ; * Many hormones that influence
growth, metabolism, repraoduction,
— water balance

/ THYROID GLAND
o * Thyroid hormones

regulate metabolism
\ 4 and growth

e THYMUS GLAND

\ * Plays a role in defending
against pathogens

PARATHYROID GLANDS
(behind thyroid gland)
* Parathyroid hormone
regulates calcium
levels in blood

ADRENAL DIGESTIVE TRACT
(SUPRARENAL) * Many hormones that
GLANDS o regulate digestion and
* Mineralocorticoids appetite

regulate salt and water

levels; also glucocorticoids KIDNEY

provide resistance to
stress. Epinephrine
mobilizes body to
respond to danger

* Erythropoietin
regulates production
of blood cells

/ OVARIES
; * Sex steroids, estrogen, and

progesterone control reproduction

PANCREAS
and female secondary sexual

* Insulin and glucagon ( le :
regulate blood sugar @L characteristics
levels 2 TESTES

* Testosterone controls reproduction and male
Anterior view secondary sexual characteristics

Figure 12-7 Hormone-producing glands and organs and their
primary hormones



Hypothalamic
cells that secrete
neurchormones

—ypothalamus

Situitary gland -
ANTERIOR e -

HYPOTHALAMUS Portal

> system
Capillaries near the
hypothalmus

Artery leading to the
- hypothalamus

Portal veins that connect
one set of capallaries in

el the hypothalamus to a

: i) 1 7 o second set of capillaries
POSTERIOR PITUITARY & E\l / SH < rﬁ{: 2 at the anterior pituitary
GLAND L i &) LS S

ANTERIOR PITUITARY
GLAND

Capillaries surrounding
the posterior pituitary
Jland

POSTERIOR ANTERIOR

Second set of capillaries at the anterior pituitary

Figure 12-8 The hypothalamus and the pituitary gland



HORMONE PRODUCED il TARGET TISSUES & FUNCTIONS

Hurman growth hGH stimulates general

hormone (hGH) - body growth and
regulates metabolism

Thyroid-stimulating TSH stimulates thyroid
hormone (TSH) ——— gland to secrete
its hormones

FSH stimulates sperm
. . ) production by testes
Follicle-stimulating
hormone (FSH) LH stimulates secretion
of testosterone by testes

FSH stimulates production
of eggs in ovaries and
secretion of estrogens

Luteinizing by ovaries
hormone (LH)
LH stimulates secretion
of estrogens by ovaries,
ovulation, and secretion
of progesterone by ovaries
Prolactin PRL initiates milk
(PRL) production in suitably
prepared mammary glands
Adrenccorticotropic

ACTH stimulates adrenal
hormone (ACTH) — ﬂ cortex to secrete
hormones that control

mineral metabolism

Melanocyte-stimulating MSH increases skin

hormone (MSH) ——— samsssas  pigmentation

Figure 12-9 Hormones produced by the anterior pituitary.



Mouth

* secretion

* digestion of
carbohydrates

Testh

Salivary gland

Tongue
Esophggus Salivary glands
o motility

Stomach

* secretion

. e digestion of proteins
Liver e motility

Pancreas

Gallbladder Large intestine
e some absorption (water)

* some secretion (mucous)

Small intestine
e secretion

e digestion

* absorption
* motility

Rectum

Anus

Figure 12-10 digestive tract and its accessory glands



Diaphragm

Esophagus

Pyloric valve

Surface folding
increases area

Figure 12-11



Esophagus

Ring of contraction

Ring of contraction

Ring of contraction

Pyloric valve
Some chyme
leaves through the
(a) Peristalsis in the stomach pyloric valve

() Segmentation in the small intestine

Figure 12-12



Villi

Microwill
W
(d) A single
cell from
the surface
of one villus
' \ Brush
E y border
& Ny ¢
7 |
N Vo 4 Capillaries
0 XA X3 XA X 70 4 ¢
$0,0,,00,05 900,0,°08,0,° 0 205, 0.9
Muscle layer - . [ <4 .u. . [ 4 .n ’ [ > .u. . [ <4 ’u P ool g'
| e = = —
4
(1) The wall of the small intestine (c) A single villus

Figure 12-13



— Bronchi

blood
cells

.Notch formed A
by the heart

(a@)The lungs (¢) Alveolus Capiliary (<) Diffusion
Alveolar

capillaries

(h) Alveoli

Figure 12-14



To the
From the UPPer body
upper body 2

— Arteries

Vena cava
Aorta
Pulmonary arteries — g )
(to the right lung) . — Pulmonary arteries
B~y (to the left lung)

Pulmonary veins
(from the right lung)
Pulmaonary veins
(from the left lung)

Sinoatrial node Left atrium

Right atrium Bicuspid valve

Semilunar valves

Tricuspid valve
P Left ventricle

Right ventricle

From the =) Oxygen-poor blood
lower body  To the =) Oxygen-rich blood
lower body

Figure 12-15



Renal

Proximal convoluted tubule

corpuscle
{ | = with
Peritubular capillary network glomerulus
™ /
Blood
FLOW OF FLUID entering
Capsule ofﬂrena] corpuscle ![ o l

Distal
Proximal convoluted tubule convoluted
Tl tubule
Descending limb of the
loop of Henle
Ascendingulimb of the
loop of Henle a7 Loop of Henle
ndin
Distal convoluted tubule Fesbce ding
(drains into collecting duct) 1 im

Loop of Henle

o ascending
limb

7 Collecting
(b Nephron duct

U Tubular element

Ureter of nephron

Vascular element

. To bladder of nephron
(a) Kidney

Figure 12-16
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(et) Entire skeletal muscle

Myosin filament Actin filament
(thick filament) (thin filament)
T i B i
-~y s ——
:um “ _E,__..
!.Myosin heads A

Actin movement Actin movement
. o ™

(e) Thin and thick filaments

Skeletal muscle

. A\ Neuron
g Blood capillary

(b) Several bundles
of fibers Blood
vessels

Sarcoplasmic
reticulumn

o Y Myoﬁbril/

(c) Muscle
fiber

() Several myofibrils

Figure 12-18



Regulatory proteins
© Relaxed muscle

Actin (thin filament) —— 9 An action potential

)
- reaches the muscle,
Myosin (thick filament) ¢ ﬁ and the sarcoplasmic
2 WY a ? reticulum releases Ca®*
Muscle relaxes when <
- W P

into the contractile

Ca?* level decreases. machinery of the cell.
&% Ca?* binds to regulatory
g proteins, which cpen

’ A ADP| @ '\ myosin binding sites.
O Splitting of ATP transfers oA
energy to myosin head )
and reorients it. { 3) Myosin heads
bind to actin.
L = o Q = o T
@ Contraction continues . o .
if ATP is available and __PEEE
Ca2* level in the cell
is high.
O Myosin heads
- = — swivel toward center
: = on of sarcomere (power
6 ATP binds to the myosin 1 stroke). ADP iép
head and detaches it released. The muscle
from actin. contracts.

Figure 12-19
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ek Skeletal system

| idgfi i Eaxial skeleton:
pEFrskull,
?ﬁf?ﬁf’vertebrae,
Jﬂédhl?f'sternum,
ﬁ’f?f’ribs
BIT@?’ #:appendicular skeleton:
pectoral girdle,
ﬁFﬁlL ‘pelvic girdle,
Hrﬁ fore limbs,
=¥ hind limbs
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Gonadetropin

releasing hormone Hypothalamus
(GnRH)
v
' Posterlor
\ pituitary
1 gland -
i . Anterior pituitary gland

Feedback loop
(may be positive or
negative feedback)

(e
LH =ay FSH
Loy,

(

Figure 12-20



Urinary bladder

Vas
deferens

VY o Nl ‘ g

Penis

Epididymis
Rectum Testis

Figure 12-21



Opening to the uterus (cervix)

Ovary

Fallopian tube
Uterus

== . Urinary
L\ R & =7/ bladder

Clitoris

Urethra

Rectum Anus Vagina

Figure 12-22



Levels of
hormones
from the
anterior
pituitary

Ovarian
cycle

Q

Follicular phase

Owulation

Luteal phase

Ovarian
hormone
levels

Estrogen

Progesterone

Endometrium

—

F—Menstruation—

Figure 12-23
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Figure 12-24



Neutrophils

=

60 - 70% of all

Phagoocytic cells. Destroy bacteria.

c leukocytes
N
Eosinophils
oS ” Phagocytize antigen-antibody
%" UL 2 - 4% of all complexes. Also destroy some
4 A N leukocytes types of parasitic worms.
BaSOPh'IS Release histamine and other chemical
e 1/5 - 1% of al defenses. Playl a role in allergic reactions.
e Ehiias When basophils leave the bloodstream
¥ S uiss L and enter the tissues, they are called
L mast cells.
Lymphocytes Several subtypes exist. Two subtypes, B cells
50 - 95% of and T cells, make antibodies as part of the
0 - 25% of all specific immune response. Other subtypes
leukocytes kil a wide variety of microbes. Others are
helper cells, aiding in antibody production.
Monocytes
Leave the bloodstream and enter the tissues,
‘!‘ ) 3 - 8% of all where they are called macrophages. Primarily
{ i[‘\ leukocytes act as phagocytic cells.
i

Figure 12-25
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