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FUNCTION ® Anchor neurons and blood vessels * Myelinate certain axons ® Actas phagocytes * Line cavities
* Regulate the extracellular environment in the CNS * Cilia circulate fluid around
* Facilitate the formation of the blood-brain brain and spinal cord

barrier * Some secrete this fluid
* Repair damaged tissue
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The Cell Membrane

(a) Membrane Phospholipids
Membrane phospholipids form bilayers, micelles, P°'a’ head (hydrophilic)
or liposomes. They arrange themselves so that
p, = = 3 Styllz
their nonpolar tails are not in contact with Nonpolar fatty acid tail
aqueous solutions such as extracellular fluid. (hydrophobic)
can arrange lhemselves as
v v
Phospholipid bilayer Micelles are droplets of phospholipids. Liposomes have
forms a sheet. They are important in lipid digestion. an aqueous center.
i Z
R/
(b) The Fluid Mosaic Model of Biological Membranes
Peripheral proteins can p Glycoprotein
be removed without l6 .(
disrupting the integrity of ) ) 5
the membrane. ) ) This membrane-
G J Transmembrane spanning protein
4 proteins cross the crosses the membrane
lipid bilayer. seven times.
g d 3164164 18
Phospholipid heads face [)'S¢ % 41§ 219)1=
the aqueous intracellular || 2]|< 9 3/ f
and extracellular - o[ q !
= compartments. } ¢ 2 ¢/
3 = Lipid-anc_,hored
y proteins Peripheral
Lipid tails form f protein
the interior Cytoskeleton
layer of the Cytoptesim pr{)tteins
membrane. i /
) Phosphate
Cholesterol molecules insert 5 Cell  Intracellufar fluid NHp Cytoplasmic
themselves into the lipid layer. membrane loop
(c) Concept Map of Cell Membrane Comp
Cell Membrane
consilsts of
\ v v v
Cholesterol Phospholipids, Sphingolipids Carbohydrates Proteins
L g | J L J
T T
togolhlu form .‘ogelh:r form fogem:r form
A4
Lipid bilayer Glycolipids Glycoproteins
T L J
functions as =
whose functions include
Selective barrier between cytosol ¥ i
and external environment Structural stability ~ Cell recognition  Immune response
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@ A Na'/K" pump creates a concentration gradient of sodium ions.

ECF

. 090 399 0539
i N\ 20 Qu N —09?

1 i§t

st i

) ADP

Na* bind to the ATP hydrolysis fuels the transport
Na*/K" pump. of Na™ into the ECF, against their

concentration gradient.

J J— Na*e

Cytosol

99957

. @ A carrier protein uses the potential energy of the sodium ion gradient to power
the transport of glucose.

TI}T;' “ ‘ ‘—Na* Glucose ‘ ‘ a
oo\ @ @ 0@ 9

T il i
9 { 9 &J" {

J

D @ d @ d @ ® J

From the ECF,aNa" and a The carrier protein transports the Na* and
glucose molecule bind to glucose molecule into the cell—the Na*
another carrier protein. with its concentration gradient, and the

glucose against its concentration gradient.
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MEMBRANE TRANSPORTERS

|

l

!

(a) Channel proteins create a water-filled pore.

(b) Carrier proteins never form an open channel between
the two sides of the membrane.

ECF

Cell
membrane

ICF

can be classified

Gated channels Open channels
open and close in or pores
response to signals. are usually open.

/ /

Open Closed

1 N
&ﬁgj — \&/

Carrier open Same carrier
to ICF open to ECF
|

can be classified

|
Cotransporters
l

v !

Uniport carriers Symport carriers move two or Antiport carriers
transport only one more substrates in the same move substrates in
kind of substrate. direction across the membrane.. opposite directions.

11 A1

ATP

P
a ye
b

— o
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// — ’\.—.G) Vesicle contents
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into ECF.

TEM (400,000x)

(b) Electron micrograph of exocytosis (a) Process of exocytosis ml? ) ‘5)9)‘2 > dslw W’:‘l"‘ W (S')%‘ 6%59)‘0‘!3 (Sb 094)95
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@ Membrane of coated pit folds inward. @ Ligands bind to receptors in pit and membrane folds inward.

ECF S Molecules ECE SRR igan: . .
; >_|nECF i /Lg 2 :@b OS}"‘!’.}*—‘“S"\‘T @
— === S e T S N P R T
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@ Vesicle forms and
pinches off in the
cytosol.

@ Vesicle loses protein
coat and fuses with
endosome.

@ Once inside the
endosome, the
ingested products are
(@ returned to the
plasma membrane,
(®) sent to a lysosome,
or

o’ P
(© may exit out of the \ >:‘ . Lysosome ey
opposite side of the =7 } [ 3 Al
cell. \__,// 2
(a) Pinocytosis (b) Receptor-mediated endocytosis
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ECF @— Na*
00 2°° o«
9 9

0.0 0, 0

Favored
direftion i g
giff|f<usion i -‘“2‘333‘? 4.
) o
9 ) ° @ o o
9 9
Cytosol (= )
K+
@ 09 o o°°°o >
Na®* —Q
g @ © ® @ K' leak

'Y WAL {
Wi | ) i
o
. o 90
9 Qo
%E 000 %40 4 0°

lon concentration
gradients (due to

z?r\;ocrt?gn the activity of the

of Na*  Na'/K’ pump) favor

diffusion  diffusion of K™ out
of the cell and Na*
into the cell.

@ ©
@ o
@ Na* leak @

channel
K™ diffuse
through leak
channels more
easily than do
Na®.
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High Na*

concentration o

® W9

o ECF

&«
") 0@“
f

Low Na*

K

=

\

Na*/K* pump @ ‘@

@ @ e @ Cytosol
The pump binds three Na* from the cytosol. \

® 9 9
9 9

"

f

|

©
©® 9 w9
999% 00 @
@ The pump releases the two K" into the cytosol. @ ATP is hydrolyzed, the phosphate binds to the pump, and the
\ pump changes shape.
e @ o @ u Low K+ @ 0 0 @ o “ @
e @ o concentration 0 0 @ 0 @
. o= }
J g
s @ @ () 3@ High K+ @ “ @ @ o @
O concentration
[}; o 00 o ®
(@ The phosphate detaches, and the pump changes back toiits (® The pump releases the three Na into the ECF and binds two K*.
original shape.
Intracellular fluid
70 mV
Extracellular fluid
(& - 4
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refractory period

Relative
refractory period
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Na*and K* Na* Na®
channels channels channels
inresting activated, inactivated,
state K K" channels
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Na™ channels in Na” and K”
resting state, channels
K* channels in resting
remain activated state
(closed)
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p ./} Trigger ¥
zone

ECF Voltage-gated Na*
channel in resting state

Voltage-gated K*

channel in resting state
Axolemma

@ A local potential
depolarizes the

axolemma of the
trigger zone to
threshold.

++++++-- ------

Local potential

Axoplasm

@ Voltage-gated Na* channels activate, *)
Na* enter, and the axon section
depolarizes.

Membrane potential
@90 reverses.

4
K —@ 90000 e
00 999

— - + + +
(3 Na* channels inactvate and ﬁggugemmw. ,’ummmml:mmumm:ue. ’

” ; fummmmuu
et e (IS AN AN

axon— repolarization begins. Na*
inactivation
gate closed

Membrane potential
returns to negative.

v

Voltage-gated Na* K —@@0@ ®
Na™ channels return to the resting state channel in resting state  I°) ooo

and repolarization continues.

+
+
+

+ o+ + 4+ o+
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+
= +
A

it
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i
BRI

@ The axolemma may hyperpolarize
before K" channels return to the resting
state; after this, the axolemma returns
to the resting membrane potential.

*tmmmmumumnmnm
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(©) The axolemma depolarizes to threshold
due tolocal potentials.

@ As Na™ channels activate, an action potential
is triggered and spreads down the axon.

@ The next section of the axolemma depolarizes

to threshold and fires an action potential as the

previous section of the axolemma repolarizes.

@ The current continues to move down the
axon, and the process repeats,

saltatory conduction in myelinated axon

Depolarizing Resting
membrane membrane

@ First action potential

Conti ion in i axon
Depolarizing Resting
membrane membrane
IR T 1
S+t + b+ A+ + 4 +
+

S 2 A

(@ First action potential
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Presynaptic /| /0
neuron " Postsynaptic
neuron

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

Voltage-gated Ca** channel

Influx of Ca®* causes synaptic vesicles to
release neurotransmitters into the

= synaptic cleft.

Axon terminal of {(
presynaptic neurcN

Synaptic cleft

Neurotransmitters bind to receptors on
the postsynaptic neuron.
Neurotransmitter

S - (] 2 ¢ 9 ”
receptor . e o’ ~ .
P ( y O ———@ lon channels open, leading to a local
%4 Y i {- N potential and possibly an action

Postsynaptic potential.

neuron

Diffusion and Absorption
Neurotransmitters diffuse away from the synaptic
cleft and are returned to the presynaptic neuron.

Presynaptic
neuron

€ ¢ ¥

Synaptic
cleft

Postsynaptic
neuron

Reuptake
Neurotransmitters are taken back
into the presynaptic neuron.

Degradation
Neurotransmitters are degraded
by enzymatic reactions in the
synaptic cleft.
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lon channels open and
positive charges enter the
postsynaptic neuron, causing
an excitatory postsynaptic
potential (EPSP).

lon channels open and the
postsynaptic neuron gains
negative charges or loses
positive charges, causing an
inhibitory postsynaptic

Neurotransmitter

Ligand-gated o Ligand-gated
Na* channel © ¥ 6 Kfchannel

A ‘.

um’ jﬁ%u{uh potential (IPSP).
O )
Postsynaptic ° (+) o o 00 e ® Postsynaptic
neuron (+) o [(+) Ligand-gated Ligand-gated o © neuron
Ca** channel CI” channel
_ 0 small depolarization _ 0 Small hyperpolarization
= =
¢E (EPSP) ¢
g3 =
SE s5- Threshold e ). Threshold_
g g
23 =g 7
Q Q
=90 -90

Time (ms) Time (ms)

(a) The membrane potential of the (b) The membrane potential of the
postsynaptic neuron moves postsynaptic neuron moves
closer to threshold. away from threshold.

Axosomatic synapses
(connection between
axon and cell body)

Axodendritic
/ synapses (connection
\ between axon and
dendrite)

Axoaxonic synapses

:
& e 3 T\

‘ = = (connection between j/

am \; axon and axon) / Y

N\ [ Npa?
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Anterior horn Posterior horn
S ;
) - - Posterior root

3 Posterior root
z - = / ganglion
e ¥ ——
- ( ‘fé‘ = Spinal nerve
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Axon of one

,/I
Spinal cord, transverse section
(a) Anterior

Anterior root

Epineurium ——n—____ ﬂ,\

\__,
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N
0 2
£ % Endoneurium
,— Myelinated
X axon of one

Perineurium
Axons wilhin\
B /
Blood vessels g
Unmyelinated — N\ neuron
axon of one neuron

Fascicle

)

(b) (c) Detailed structure of spinal nerve
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Cerebral gray matter Cerebral white matter

(a) Brain, frontal section
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Notice that in the lateral view, we can see all of the cranial bones
and many of the facial bones. This is also the best view to see the
bones that contribute to the zygomatic arch and how the
temporal bone and mandible articulate.

Coronal suture

Parietal bone

Temporal bone

Squamous
suture

Zygomatic
arch

Lambdoid
suture

External acoustic
meatus

Occipital
bone

Mastoid process

Styloid process

Mandibular condyle
Mandibular notch
Mandibular ramus
Coronoid process

(a) External anatomy of skull, lateral view

s Posterior

, Spinous
process

Vertebral Lamina

Vertebral

foramen \ Body

-
Anterior
(a) Thoracic vertebra, superior view
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Mandibular angle

Pedicle
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The sphenoid bone articulates with the temporal,
parietal, and frontal bones, forming a “weak spot” called
the temple. This is a dangerous location for a head injury
because bones fracture more easily along sutures.

Frontal bone

Sphenoid bone
(greater wing)

Ethmoid bone
Lacrimal bone
Lacrimal fossa

48

R 7 "F Nasal bone
X — Zygomatic bone
[ L Anterior nasal

‘\ spine
‘% Maxilla

\

Alveolar processes
Mental foramen

Mandible

Posterior Anterior
- Spinal cord
/ 7 £ Body
- \
Transverse process Y i =, : Intervertebral
e q foramen
Facet of superior Intervertebral
articular process disc
Spinal nerve
Inferior articular root
process Superior vertebral
notch
Spinous process
Inferior vertebral
notch

(b) Posterolateral view of three articulated thoracic vertebrae
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Sacral canal Facet of superior
articular process
74\

Auricular
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sacral vertebra

Base Sacral
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Apex —‘ hiatus
Coccyx
Coccygeal .
cornu \ ¥
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(a) Anterior view (b) Posterior view
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Dural sinus

(superior sagittal sinus)

Falx cerebri

Dural sinus

(a) Cranial meninges

Skull

Blood vessels

Cerebral cortex

Falx cerebri

Dural sinus

(c) Cranial meninges, frontal section

Superior sagittal sinus

Choroid plexuses of
lateral and third
ventricles

CSFin
ventricle

Capillary

Ependymal

Fluid and electrolytes
leak out of the capillaries
of the choroid plexuses.
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Dura mater:
Skull Periosteal dura

Section of the - S
choroid plexus
Choroid plexus of
fourth ventricle
]
{

Ependymal cells secrete
CSF into the ventricles.

Superior sagittal Dural
sinus i sinuses

Falx cerebri

Tentorium
cerebelli

vessels

Pia
mater

(b) Dural folds and dural sinuses

Superior sagittal sinus
Periosteal dura

Meningeal dura

i o Arachnoid mater
% Subarachnoid space
Pia mater

Arachnoid granulation

Arachnoid
trabeculae

o Periosteal dura
. Dura mater
B — Meningeal dura

Arachnoid mater
Subarachnoid space

Pia mater

Arachnoid granulation

Central canal
Arachnoid
mater

Pia mater

Subarachnoid
space

Some of the CSF is reabsorbed
into the blood in the dural sinuses
via the arachnoid granulations.

(3 csF circulates through and
around the brain and spinal
cord in the subarachnoid space.
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HOW CANNABIS

INCREASES THE RISK OF

L Alcohol Use Disorder (AUD) in the U.S.

NIH - NIAAA "Alcohol
%
g
.
%

of the 6.2% who
have AUD only...

6.2% of the 6.2%

Have Alcohol Use
Disorder (AUD)

° °
and includes and includes
9.8% of men w 7.4% of men

) FHEHealth

Signs of Alcohol Addiction

Tt %1 9 s« it

Secretive Inflexibility Lying About Financial Stealing, Money Disregard for
Behavior With Plans Plans Troubles or Substances Isolating Others
@ FHEHealth
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