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(f) Parts of a Neuron

Postsynaptic
neuron

Axon Axon (initial
hillock  segment)
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Myelin sheath

Synapse: The
region where an
axon terminal
communicates with
its postsynaptic
target cell
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OLIGODENDROCYTE MICROGLIAL CELL EPENDYMAL CELL

= |
NEUROGLIAL ASTROCYTE

CELLTYPE

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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Cell body

Axon hillock
Internode%

Nodes of Ranvier

Schwann cell

Nucleus of
Schwann cell
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Cross-section of a myelin sheath

Neurolemma Myelin

Axon

Schwann cell beginning
to myelinate the axon

(a) The myelin sheath and myelination in the PNS
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Neuron Anatomy

Multipolar  *
efferent
neuron

Functional Categories

Sensory Neurons

Somatic senses

Dendrites

Mrzﬁs:d;lw WY .ts

the axon.

Neurons for
smell and vision
(¥4

)
\ }‘
b
{ +———sSchwann
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

(d) Multipolar CNS interneurons
are highly branched but lack
long extensions.

(c) Anaxonic CNS
interneurons have
no apparent axon.
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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.

forum.konkur.in

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 .Sy

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 oo (g B 518 b Wilgi (0 owas 4Bl Eg) aw o /!



o .... .
® ~/
Zeynali's Biology

3

D

J
3
>
3
4

t

The Cell Membrane
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(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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KEY Vacuole, =
water, solutes ) Cell wall
I Channel —<3 ‘
[ Proton pump Vacuole Y Plasma membrane
Symporter membrane 2 y
;

o Plasma
membrane

ol

H*-ATPase
proton pump

Protons <°
(+]

(b) Active transport

00

Q 9
° 9 @ 9
9 Q
(a) Passive transport: facilitated diffusion
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Extracellular space
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Na* bind to the ATP hydrolysis fuels the transport
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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

Open channels
or pores
are usually open.

Gated channels
open and close in
response to signals.

/ /

Open Closed

)

=

Same carrier
open to ECF

Carrier open
to ICF

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.

(IR

ATP

P
b

I

©
£
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Vesicle reaches the plasma membrane.

Vesicle binds
with the plasma
membrane.

Plasma

membrane
Cytosol

Product being
released by
exocytosis
The phospho-
lipid bilayers of
the vesicle and
the plasma
membrane fuse.
Exocytic
vesicle e
4;/ —»—@ Vesicle contents
Y 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.
A >— Molecules ECF ’ O Ligand
RO in ECF Receptor CHd /_
= \\ N‘ D? * A=
=5 :e\ = N\
;  Protein-coated \
Plasma J pit Plasma ——
membrane \ membrane
Cytosol

/

' Protein-coated
pit
Cytosol

(a) Pinocytosis

@ 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
(© may exit out of the
opposite side of the
cell.
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(b) Receptor-mediated endocytosis
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"

ECF

Na*/K* pump ‘9 @
©

Cytosol

High Na* “ 0 @ 0
concentration o 0 @ @
f
LowNa - k
\
/ @ @ 9
v 9 9 9
0 © 9 "9y
f
\ i
© ©
9 Y509y 045%0

@ The pump releases the two K" into the cytosol.

N

o~

‘ADP

pump changes shape.

e e 0 @ @ o Ic-gnwcgtration g 0 0
_ [
g ) &,
@ & ‘9 High K+ @ “ *
@ @ a @ e d concentration @ @

(® The phosphate detaches, and the pump changes back toits

original shape.
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@ The pump releases the three Na™ into the ECF and binds two K*.
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Absolute

refractory period

Relative

refractory period

:!z;@ T

Na" and K*
channels
in resting
state
(closed)

Na® Na™ channels in
channels channels resting state,
activated, inactivated, K* channels
K K* channels remain activated
channels activated
activating
slowly

am

Na”and K"

channels
in resting
state
(closed)
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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

i launuu i mmm

+ + + + + + -
Local potential

Voltage-gated Na*
channel in resting state

++++++
“

Voltage-gated K*
channel in resting state

i I
= TN,

i mm i

Y i

SRR
JWWI Ml

(")
Na _OQ A Membrane potential
@90 reverses.

inactivation

Membrane potential
gate closed

returns to negative.

\{

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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Absolute refractory period

During the absolute refractory period, no stimulus
can trigger another action potential.

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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lon permeability

Low
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NS

@ 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

| I
(P \

S S S S S S Y

s 3
-—++++++++++++

@ First action potential
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@ Second action potential
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@ Second action potential @ Third action potential
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Stimulus
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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.

MNM:JJ‘M Y d...l:.:. S )

Synaptic cleft
Neurotransmitters bind to receptors on
the postsynaptic neuron.

Neurotransmitter

d
receptor ® ¢ ;
€p ——’——(‘D lon channels open, leading to a local
N | potential and possibly an action
Postsynaptic > o potential.
neuron

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

Presynaptic
neuron

Synaptic
cleft

YA

k. aptic 4
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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Anterior horn Posterior horn
Y / Posterior root
& E 1@/ Posterior root
$os / ganglion

—

Spinal nerve

— Axon of one
——— \ﬁ ne
= euron
y =
— Anterior root

Spinal cord, transverse section
(a) Anterior and posterior roots and spinal nerve

Epineurium ———_____

Perineurium
Axons withi n\ 4
9 um/
A Y Endoneurium
RN /
,— Myelinated
% X axon of one

Blood vessels ¢ )

Fascicle >

" :
Unmyelinated — & neuron

(SEM, 20%)
axon of one neuron
(b) Photomicrograph of dissected spinal nerve (c) Detailed structure of spinal nerve
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— Q  Ofactory | Eyeball g jv i
y g epithelium \ 5 ’,

N— Facial skin and
' = ~ muscles of
- Oculomotor Il - s mastication
(motor) &

Offactoryl ——  Opticll

(sensory) (sensory) >
Trochlear IV i
(motor)

Trigeminal V =
(mixed) _\\/ Facial muscles,
tongue,

gue,
salivary glands

Facial VIl
(mixed)

Vestibulocochlear Vill

S

Glossopharyngeal IX
(mixed)

Vagus X

(mixed)
Inferior view
of brain and
brainstem Accessory XI
motor)

Hypoglossal Xil
(motor)

Neck and
shoulder muscles

www.konkur.in

k \\N \.t\&ka,\:\\.\.L\,\ Y)w

owas Glol g g9
:Ejspu.!.lﬂ.l:ﬂls..l..l.l.l:l
Wl o o Jlosl oyl 5100 oS 039 155 9 ke Jold

B> (oo fwly p93l ©yg0 il a9 NS (o a1y o (99,3 9 bare I (SBL > O
:uL-.!ﬂnﬂu!mﬂls:l.m:
W 00 e EBU L 320 51 a5 cuas (630 dlawi ol

Wilwy o (o g B pll s 1y o coual 8 g S (635 00 (S 1 1) e (gl Cuonndd (gloaly

Xl (0 s (6 S uin by (b gmST  puaae jli

Wl 20 dadigy (Sign (SWE Lawgi 45 8399 95 2 L b Cuyuid (b youST 5 5l dsgosmo taame ®
LW E g dw Shue wlas!

! pa uhbacl A

Seily oo o (S yy98 il (gl o yuin b B ygunT 1 JSuiite

Wil (0 e 4 BliSwe b @Il 1) (ovas o ol

! s ubacl B

Wil (o0 (> S 09y9 S ST I SSite

LS o Joo 2a8 L b dovalo 4y g5 g j0 1T, (S5 Ol ygid

: Alisn uliacl .C

Wl (o0 (g g (o GBS 93 I Sl

2By o (155 e i TV 5 5 o i VY ol g s olSis
s Blita £ 31 (155 Olas] alod Lol 3igud (oo cuas £33 s s JolS (5300 Sluae!

forum.konkur.in



() [
* /
Zeynali's Biology

Cerebral gray matter Cerebral white matter
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(a) Brain, frontal section

Spinal gray matter  Spinal white matter

(b) Spinal cord, transverse section

Central nervous
system

Brain

Spinal cord

Peripheral
nervous
system

Peripheral
nerves
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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

Posterior Posterior

Spinous
process

Vertebral
arch

Facet of superior
articular process

Yo

Inferior articular

Vertebral process

foramen

Anterior
(a) Thoracic vertebra, superior view

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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Spinal cord ”
%
2%
2%
IL\’V
Body i
X
Intervertebral A
foramen
Intervertebral
disc
WA
Spinal nerve o \
root i
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notch <
y
b

Inferior vertebral y
notch 1

(b) Posterolateral view of three ar;ir.ulated thoracic ver(elf@r um. kO n ku I. | n
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Body of first Base Sacral
sacral vertebra promontory

Sacral canal Facet of superior
articular process
4\

—— Auricular
Transverse surface
lines
Median Lateral
sacral sacral crest

Sacral
foramina

\V

Sacral
hiatus

Apex

Coccygeal
cornu

} Coccyx

(b) Posterior view

(a) Anterior view
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Dural sinus
(superior sagittal sinus)

Dura mater:
Periosteal dura
Meningeal dura

Superior sagittal Dural

Skull ~
sinus e sinuses
—,

Falx cerebri

Dural sinus Falx cerebri

Tentorium
cerebelli

vessels

mater

(a) Cranial meninges (b) Dural folds and dural sinuses

Superior sagittal sinus
Periosteal dura

Arachnoid granulation
- / Meningeal dura
= a

Skull ~— Subdural space

Blood vessels Arachnoid mater

Subarachnoid space

Pia mater
Cerebral cortex

Arachnoid

Falx cerebri
\ trabeculae
\

Dural sinus

(c) Cranial meninges, frontal section

Superior sagittal sinus.

¢ o Periosteal dura
Dura mater

Meningeal dura

Arachnoid mater
Subarachnoid space

Pia mater

Arachnoid granulation

Choroid plexuses of
lateral and third
ventricles

W y \
Section of the =\
choroid plexus
Choroid plexus of — =
fourth ventricle
N i
A

CSFin
ventricle

Central canal
Arachnoid —=
mater

Pia mater

Subarachnoid \4 éi
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.

Fluid and electrolytes
leak out of the capillaries
of the choroid plexuses.

Ependymal cells secrete
CSF into the ventricles.
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Astrocyte foot

processes secrete Tight jutnctllotns
parscnesthet - CLRCR Do
Rromate ight endothelial cells.

junction formation.

Continuous capillaries

Yv

Tight junctions
between cells

lamina

Fenestrated capillaries

Fenestrations
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HOW CANNABIS
INCREASES THE RISK OF

Alcohol Use D|sorder (AUD) in the U.S.
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(@ PNs: The stimulus s detected by receptors, which
triggers an action potential (see Figure 13.11). .
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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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reflex arc

£ Thermal

pain receptor
Receptor
Afferent pathway
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Integrating center
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B Afferent
Efferent pathway

Effector
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B Integrating center

L] .
i Response Biceps (flexor) \ Genaicord)
tiand muscle contracts 0 Efferent
withdrawn pathways KEY
+ = Stimulates
= = |nhibits
—< = Synapse
B Effectors «—< = Excitatory interneuron
*—< = Inhibitory interneuron
—< = Neuromuscular junction
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muscle relaxes
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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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is a dynamic
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Parasympathetic activity Sympathetic activity
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Sympathetic Parasympathetic
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— Dilate Constrict

— Stop secretion Secrete saliva
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Spinal cord

Sympathetic Wil (oo ol Blo b domale O o 5 (0,195 Olowd 5 Jold (0195 (51 Cllad

chain Constrict bronchioles—

+— Dilate bronchioles
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— Speed up heartbeat —+= S S Slow down heartbeat —
W3 (0 (59 S0 Blo S dmale awgi pwis By

Adrenal gland
— Secrete adrenaline

i Y » | —Decrease secretion Increase secretion

Large intestine

— Decrease motility Increase motility
Small intestine

Empty colon
Empty bladder

— Retain colon contents
L— Delay emptying
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