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Neuron Anatomy

Multipolar i

efferent
neuron

Functional Categories
Sensory Neurons

Somatic senses

Dendrites

Mrzﬁs:d;lw WY .ts

4

the axon.

Neurons for
smell and vision
(¥4

[ = Schwann
V1 cell
Y/
o
WAXW
Structural Categories
|
Pseudounipolar Bipolar
(a) Pseudounipolar (b) Bipolar neurons
neurons have a single have two
process called the relatively equal
axon. During fibers extending
development, the off the central
dendrite fused with cell body.

Interneurons of CNS

Dendrites

Multipolar

Anaxonic

(c) Anaxonic CNS
interneurons have

no apparent axon. long extensions.

(d) Multipolar CNS interneurons
are highly branched but lack

Efferent Neurons

Dendrites

Axon
Collaterals

Axon
terminal

(e) A typical multipolar efferent
neuron has five to seven
dendrites, each branching
four to six times. A single
long axon may branch
several times and end at
enlarged axon terminals.

3 5Shos S 31 (9,95

{gua sleb gygi . 1

Wil (o0 EBT g jh0 1 (owe sla plail 0392 (g pal puo 1Ty LMD

: Jla palin £gi (5 polds gl ,Shag

13 518 (o anlaB 93 (o Lo &5 (Jobus a5l 0515 SG 95

W 1D Cpdeo 93 y2 9 0391 oy T 3l Tuly Cuyuid

3900 (o0 038l Jobus a5l 8315 95 955 b ke (9 £l by 4 3
)1 3929 Cu yis 51 5l guST L (S1gl by 29) 42

S 3l (5 guST 43 B 1 g il (Slog 3 Jolud o lias] (B 5 A
1S sl ygjgi - 11

S o JBo das wlo ;500 sl ol g b dovalo a1y £150 g 3o s o yd
: la palan £gi 5 pildi 5l ,Shg

3,13 3929 (e O Caows SG )3 &5 (Johaw i 1 8015 (i o5

WL (o0 coabeo (19 Cag p33 51 Ty 9,15 (oo gmeST

: duly gl pygygi - 111

WS (0 585 LI (S g w12 09,98 o

Mg oo bl Jame cmas 8w 43 g 0yl 1,8 gL g 320 > ladd
ke g £9i 5 pols gl Shig

3,105 2929 ke ol Cuoww g 53 & Jghs a1 015 (ki 7955

Wkt (s B 93 2 & Lo yu3 5 Faily guST L Sa S (ol Jsh

(WA Gl )il el (g B 518 b Wilgi (0 (owas 4Bl Eg) aw o /!

JU 0305 (uibjgol wuslusg - WWW.Nomreyar.com



o .... .
® ~/
Zeynali's Biology

3

D

J
3
>
3
4

t

The Cell Membrane

(a) Membrane Phospholipids

Membrane phospholipids form bilayers, micelles,
or liposomes. They arrange themselves so that
their nonpolar tails are not in contact with
aqueous solutions such as extracellular fluid.

}~ Polar head (hydrophilic)
Stylized
model Nonpolar fatty acid tail
(hydrophobic)
!

can arrange themselves as
4

v

forms a sheet.

v v

Phospholipid bilayer Micelles are droplets of phospholipids. Liposomes have
an aqueous center.
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(b) The Fluid Mosaic Model of Biological Membranes

Peripheral proteins can
be removed without
disrupting the integrity of
the membrane.

Phospholipid heads face
the aqueous intracellular
and extracellular
compartments.

Lipid tails form
the interior
layer of the
membrane.

Cholesterol molecules insert
themselves into the lipid layer.

Glycoprotein

This membrane-
Transmembrane spanning protein
proteins cross the crosses the membrane
lipid bilayer. seven times.

Peripheral
protein
Cytoskeleton
proteins

) Phosphate
Cell  Intracellular fluid - NHy Cytoplasmic
membrane loop

(c) Concept Map of Cell Membrane Comp

Selective barrier between cytosol
and external environment

Cell Membrane
consilsts of
\ v v v
Cholesterol Phospholipids, Sphingolipids Carbohydrates Proteins
! [ ¢ J L J
togolhln form .‘ogelh;er form fogethéy form
A4
Lipid bilayer Glycolipids Glycoproteins
T L J
functions as

T
whose /uncrlions include

v v
Structural stability Cell recognition Immune response
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I Channel

[ Proton pump
Symporter
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(a) Passive transport: facilitated diffusion
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(b) Active transport
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@ A Na'/K" pump creates a concentration gradient of sodium ions.

Cytosol

Na* bind to the
Na*/K* pump.

ATP hydrolysis fuels the transport
of Na™ into the ECF, against their
concentration gradient.

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

the transport ofg|ucose.

@ From the ECF,aNa" and a
glucose molecule bind to
another carrier protein.

The carrier protein transports the Na* and
glucose molecule into the cell—the Na*
with its concentration gradient, and the

glucose against its concentration gradient.
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MEMBRANE TRANSPORTERS
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(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

Open channels
or pores
are usually open.

Gated channels
open and close in
response to signals.

/ /

Open Closed

)

W =

Carrier open Same carrier
to ICF open to ECF

can be classified

|
Cotransporters
l

v

Symport carriers move two or
more substrates in the same
direction across the membrane.

11

Uniport carriers
transport only one
kind of substrate.

!

Antiport carriers
move substrates in
opposite directions.

A—h

ATP

P
b

I
G
f |

— o
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Vesicle reaches the plasma membrane.

Zeynd]l s Biology
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Vesicle binds
with the plasma
membrane.

[Geew)

o8
;} Plasma
‘3 membrane
Cytosol

> Y
. Product being

released by

exocytosis
=)
.::? The phospho-
." lipid bilayers of

N the vesicle and
the plasma
membrane fuse.
N Exocytic
vesicle C e e s
4/(/ . —@ Vesicle contents
/. are released
/ — ’\ into ECF.
TEM (400,000x)
(b) Electron micrograph of exocytosis (a) Process of exocytosis
@ Membrane of coated pit folds inward. ® Ligands bind to receptors in pit and membrane folds inward.

ECF

ECF i >—Molecules ’ O Ligand
TN . in ECF Receptor\)'. " /_
5 9%

.(
= \\ S ) oS
//‘e N ,;::\ ’ ST Nl \\\
/ Vi / \
' Protein-coated ; Protein-coated \
pit Plasma J pit Plasma ——
membrane \ membrane
Cytosol \ Cytosol

@ Vesicle forms and
pinches off in the
cytosol.

@ Vesicle loses protein
coat and fuses with
endosome.

1)

@ Once inside the
endosome, the
ingested products are
@returned to the
plasma membrane,
®) sent to a lysosome,
or
(© may exit out of the
opposite side of the
cell.

(a) Pinocytosis
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ECF

Na*/K* pump ‘9 @
©

Cytosol

High Na* “ 0 @ 0
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@ The pump releases the two K" into the cytosol.
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@ ATP is hydrolyzed, the phosphate binds to the pump, and the
pump changes shape.
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(® The phosphate detaches, and the pump changes back toits
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nal shape.
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@ The pump releases the three Na™ into the ECF and binds two K*.

Intracellular fluid
70 mV

Extracellular fluid
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,7’ Trigger il
A zone

ECF

@ A local potential
depolarizes the
axolemma of the
trigger zone to
threshold.

Axoplasm

‘Eﬁa&rsﬁ}:d}‘“}«dﬁ Y g;"“‘u S )

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

Na® channels inactivate and
voltage-gated K* channels activate,
so Na* stop entering and K* exit the
axon— repolarization begins.

Na™ channels return to the resting state
and repolarization continues.

\o

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

Axolemma
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Local potential

Voltage-gated K*
channel in resting state

Voltage-gated Na*
channel in resting state
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Na _OQ A Membrane potential
reverses.

inactivation

Membrane potential
gate closed

returns to negative.
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Voltage-gated Na* K —009y
channel in resting state
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A single channel shown during a

Where more than one channel of a
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During the absolute refractory period, no stimulus
can trigger another action potential.

Absolute refractory period

Action potential

Relative refractory period
During the relative refractory period, only a larger-than-
normal stimulus can initiate a new action potential.
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@ The axolemma depolarizes to threshold
due to local 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

| |
- 1
B + +4

+\ Y+ + Y
® First action potential
Conti ionin axon
Depolarizing Resting
membrane membrane
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@ Second action potential
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Presynaptic / /18
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~ Postsynaptic
neuron
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An action potential in the presynaptic
neuron triggers Ca>* channels in the
axon terminal to open.

Voltage-gated Ca** channel
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release neurotransmitters into the
synaptic cleft.

Wigud (o0 dBuel Jobw L b omas (g oaad JUES! ggiow deage s JoSa 39

MNM:JJ‘M Y d...l:.:. S )

Wigus (0 3031 ol (SLAS (39,0 4 S, ot B2 yb 31 g (8551 By b aiad JWESI sla JeSgo

Synaptic cleft

Neurotransmitters bind to receptors on
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Postsynaptic
neuron

Diffusion and Absorption
Neurotransmitters diffuse away from the synaptic
cleft and are returned to the presynaptic neuron.
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Degradation Reuptake
Neurotransmitters are degraded Neurotransmitters are taken back
by enzymatic reactions in the into the presynaptic neuron.

synaptic cleft.
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Notice that in the lateral view, we can see all of the cranial bones The sphenoid bone articulates with the temporal,
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 Frontal bone

Sphenoid bone

Temporal bone (greater wing)
Squamous -
suture N TN Ethmoid bone

Zygomatic Lacrimal bone

arch

Lacrimal fossa
Lambdoid
suture

External acoustic
meatus 2 i Zygomatic bone

Anterior nasal
spine

Occipital
bone

MNM:JJIJ«:’ WY .ts

Mastoid process Maxilla

Styloid process

Mandibular condyle Alveolar processes
Mandibular notch
Mandibular ramus

Coronoid process

Mental foramen

Mandible
Mandibular angle

(a) External anatomy of skull, lateral view
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articular process

Yo

Inferior articular

Vertebral process

foramen

Anterior
(a) Thoracic vertebra, superior view

(b) Posterolateral vieﬂkh‘ﬂi wm

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.
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Dural sinus
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(a) Cranial meninges

Skull

Blood vessels

Cerebral cortex

Falx cerebri

Dural sinus

(c) Cranial meninges, frontal section

Superior sagittal sinus.
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ventricles
Section of the et =
choroid plexus

Choroid plexus of

fourth ventricle
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CSFin z
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ventricle
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Central canal

Ependymal

Superior sagittal

sinus

Falx cerebri

Tentorium
cerebelli

(b) Dural folds and dural sinuses

Superior sagittal sinus
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\
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Fluid and electrolytes Ependymal cells secrete
leak out of the capillaries CSF into the ventricles.
of the choroid plexuses.

e Periosteal dura

Subarachnoid \4 éi
space : \’/ ,f
==

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

3

Dural
sinuses

Some of the CSF is reabsorbed
into the blod in the dggal ginuses
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(@ PNs: The stimulus s detected by receptors, which
triggers an action potential (see Figure 13.11). .
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BN
e / \ @ PNS to CNS: The central
N process transmits the action
potential to the CNS (spinal
cord and brain, see Figure 13.13). "\
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(® cns: The action
potential travels
to the brain and is
interpreted there
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(see Figure 12.26).
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@) Pns: The action
potential is ge

| conducted along
Nerve endings s peiohetel
e gl
sensory neuron
then transferred to
the central process
(see Figure 13.13).
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Biceps (flexor)
muscle contracts

S
Response
Hand
withdrawn

Triceps (extensor)
muscle relaxes



° o
® )
Zeynali's Biology

-

[Geew)

& adlo b g 3,15 3lad Cuwd (oS e wiSal pns 49 &S cmas \U 5
(UVES R TRL | -SOV) UV o 03,15 paiamo LU 31 93L pw cereerecneenae
wlod o Jlwyl g5 1) omas b ply — aw (3

2,15 (K 555 gl cyabno 3B (49,95 (£95 b— 90 (¥

il o3 ATP adgi 4 08 50T 51088 45— 43 (Y

23 (0 g 1) g5 (S I Jpmndliy oo (39,08 0 o — auw (£

s olaid gl foas WYl

Involuntary reflex: Voluntary control:

Parasympathetic efferent fibers To From
stimulate the detrusor muscle to pons brain
contract and the internal urethral f centers
sphincter to relax, causing micturition.

o Urine fills the
bladder and
stretches its
wall.

Stretch receptors send a
signal via sensory afferent
fibers to the sacral portion
of the spinal cord.

o Interneurons in the spinal cord
communicate the “full bladder”
signal to the micturition center
in the pons.

Urinary bladder

Spinal cord

9 If micturition is appropriate, the
cerebral cortex facilitates this

X
=, 0]
External urethral sphincter ﬁ‘ 1 )= process by allowing the external
-\ c urethral sphincter to relax, and

urine is voided.
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Adrenal gland
— Secrete adrenaline

i Y » | —Decrease secretion Increase secretion

Large intestine

— Decrease motility Increase motility
Small intestine

Empty colon
Empty bladder
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