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o In a resting cell, there is a higher concentration
of K* (purple circles) inside the cell membrane
and a higher concentration of Na* (pink circles)
outside the cell membrane. Because the
membrane is not permeable to negatively

charged proteins (green) they are isolated to K* leak o a ° O c Na* leak O o

inside of the cell membrane. O
channel channel
@ 0@ 009 @ o

K* concentration gradient

eThere are more K* leak channels than Na* leak O O o O O O
channels. In the resting cell, only the leak ! 1 :
channels are opened; the gated channels (not
shown) are closed. Because of the ion
concentration differences across the
membrane, K* diffuses out of the cell down its
concentration gradient and Na™ diffuses into
the cell down its concentration gradient. The
tendency for K* to diffuse out of the cell is
opposed by the tendency of the positively
charged K* to be attracted back into the cell by
the negative charge inside the cell.

OThe sodium-potassium pump helps maintain
the differential levels of Na* and K* by pumping

three Na* out of the cell in exchange for two K* Sodium-
into the cell. The pump is driven by ATP potassium
hydrolysis. The resting membrane potential is pump

established when the movement of K* out of the Q % O / Q
cell is equal to the movement of K* into the cell. oo 0 o O o O ATP ADP Qo

Na* concentration gradient

PROCESS Figure 8.7 Generation of the Resting Membrane Potential



ION CHANNEL

Ligand-gated Mechanically-gated

Always open Voltage-gated

sl mimi




\a) Resting K* (b) Voltage-gated \c} Ligand-gatad

(d} Signal-gated

channal channel channel channel
| Kﬁ Na* "51 MNa* Na' Nat
EHtE"ur i | A F¥+¥++ v ,-' ~ .ﬂ - = = = = = oo s
Resting | . |
membrang | | | [===| ||| > et
potential .; i
E“ﬁiﬂl o L, - T l_-rl_-' '-_¥_-' + 4 '-_l-r-_ﬂ + 1.'I_T_- ﬁﬂj&/ [
K Na* Na* ¥ Nat K
Always open Opens (transiently)  Opens {closes) in Opens (closes) in

In responsa to change  response to a
in the membrane specific extracellular
potential neurotransmitter

response to a specific
intracellular molacule



(Na-K ATPase )pwlo—mivw oy g ww JUU

® & ©

190mM  SmM  120mM

+ |

ETEITIE I

15mM  150mM  10mM 100 mM

©® @ @ @

Active translocation Three sodium ions Two potassium ions lonic gradients for resting
(needs ATP to pump) pumped out of cell pumped into the cell potential (inside is negative)
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Depolarization
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Nat
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Repolarization

Activa sodium
and potassium
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potential

Hyperpolarization



' rising phase

K et ACTION POTENTIAL

falling phase
» repolarization

Membrane potential (mV)
=

Threshold

{ ©
-~ ' - ' \ |
0 1 2 a
Time (msec) -
stimulation

hyperpolarization

Action potential (nerve impulse) occures at excitable tissues
(mostly neuron fibers or muscle cells) when graded
potential reaches the threshold (gate threshold) —

firing level.

It is all-or-none (it happens or do not happen).



Figure 37 11

'3 IRising phase of the action potential ’ 2] Falling phase of the action potential

+50
Action

- potential
=
5 o =
Ss
cE &
£
g -soTmEenaldy
D
=

Resting potential

(2 ] Depolarization W -100

Time
OUTSIDE OF CELL Sodium Potassium
Q channel channel

(5] Undershoot

INSIDE OF CELL
Inactivation loop —

(1] Resting state

© 2014 Pearson Education, Inc.
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! -
I Action | Fiasma

~ membrane of @ Action potentials arrive at axon terminal.
Pres(y:glaltplic potential —/ Axon terminal . presynaptic cell
4 X .~ @ Voltage-gated Ca?* channels open.
4 q
@ 002* ehannel A \ @ Ca?* enters the cell.
q/ ‘ Synaptic
\ Vel  vesicles |
% : @ Ca?* signals to vesicles.
| 'f' @ " @ Vesicles move to the membrane.
| Neurotransmitter .
' : / Docked vesicles release neurotransmitter
_ AA ’ by exocytosis.
—— 3 4
Synaptic ﬁ ——— ) Neurotransmitter diffuses across the
cleft Docking ¥ Neurotransmitter T gynaptic cleft and binds to receptors.
protein v bound to receptor
= v
I.‘-{ - ~».,__\‘ ! @ 4 ] -""A’v”- ——\‘\ P'asma b ane
4 S — FE—— | membr
Posts::yer:;'aptic [ \” W it | of postsynaptic cell
{ Receptor 'l |

Copyright @ 2006 Pearson Education, Inc., publighing as Benjamin Cummings.



Action potential in Ca?* entry causes Receptor-channels open,

nerve terminal vesicle fusion and Na* enters the postsynaptic
opens Ca’*channels transmitter release cell and vesicles recycle
Presynaptic
action Ootemla' P[esynaptic
v nerve
" terminal
+40

1 U,

p-i i
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Vﬂ@smw @ @
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potential
! : Post-
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Types of neurotransmitters

* Dopamine haio 02555 pb @ Tgym @ flalon &Sl clid @ w3l G omae 50
e Rewards, motivations, motor control _ .
= Frequently associated with addictions “‘:"":‘.")’“(_)‘.’J 4 39‘5Lsﬂjbu| ] Lg“a-GJBL’LJL‘a""! Las Conl Ls]l-’l'-{w ‘_)-a-f-’s)-;dl Dgls o
= Melatonin el . .. . P a2 YN se 21
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» Endorphins Slalen a3l il a5)l35b b 6uiiS S 326 me 186 4SS ol LaBd sy
* Rewards, pain reduction < . :
* Glutamate s 50 oo Ol CllB L ()20
» Regulates learning and memory Jli'bi)ﬂiﬁgﬁrwcshgloh LSLﬂ-gj' ..\g"L: il L;ELLngLSLbJﬂV ‘PL..:,?‘_JLE::’I )'L)“:i
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Types of neurotransmitters and related diseases . _ . i . 1.
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[ HO = >
DA Ho s T - S oy Parkinson's
* e disease Excitatory
Mrleurotranmnsmmitters:
A (Slutamate,
DEpression mnorepinephrime,
doparmimne
Epilepsy
Imnhibitory
rNeuurotramnsmiitters:
Alzheimer's SAaABES, seroaotominm,
disease doparmimns
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The Nervous System

Central Nervous System

Peripheral Nervous System

ssssssssssssssss

Temporal Lobe
(speech recognition)

Autonomic
(Subconscious, control

mmmmmmmmmmm

1111111111111111

315 (Jrisro g (635 o S 90 cmas 6 Kiwd

_ Peripheral Nervous System
Composed of: Composed of:

+ Brain + Cranial nerves

+ Spinal cord + Spinal nerves
Sl » Peripheral nerves

* Relay neurons Contains:

(interneurons)
+ Sensory neurons

* Motor neurons
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Lateral
ventricle

Lateral
aperture

Lateral

Third
ventricle

Posterior
hom

Cerebral
aqueduct

Fourth
ventricle

ventricle

Arachnold villus

Superior
sagittal
sinus

Arachnoid mater

(0) CsF s secreted by »
chorold plexus in y , Subarachnoid
each lateral ventricle. space
Dura mater
@ CSF flows through
Interventricular foramina
Into third ventricle,

Choroid plexus
Third ventricle

Chorold plexus nthird |1

ventrile adds more CSF. \}
(@) csF flows down cerebral gqem?é

aqueduct to fourth ventricle,

Lateral aperture

() choroid plexus In fourth At ‘

ventricle adds more CSF. o Fourth ventricle
CSF flows out two lateral apertures

and one median aperture.
(@) CF fils subarachnold space and Median aperture

bathes external surfaces of brain

and spinal cord.

(8) Atarachnold vil, CSF Is reabsorbed

Into venous blood of dural Central canal

venous sinuses. of spinal cord
Subarachnold
space of

spinal cord
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neocortex ganglia
left
right hemisphere
hemisphere \
prefrontal
cortex

corpus
callosum

cerebellum

hippocampus

brain
stem

spinal
cord

amygdala

pituitary
gland



Corpus Callosum

Commissural
fibers (corpus
callosum)

Cerebrum , o
Ventricles Longitudinal fissure Superior

-,

Lateral
Thalamus ventricle \
Association
Basal nuclei S N\ . \  Gheta
» Caudate >4 N\, '
* Putamen— ~ VL\ = Corona radiata
o &L \ g 3 Fornix
pallidus \ I /“' /_J
! ' W P ==— 3 Internal
Thalamus —— _ - (\K(“\' ’ capsule
Midbrain m 4
Hypothalamus ’ A \ ray matter
. > White matter

Pituitary Gland

Cerebellum ventricle T N\ |
Pons—/ A - ,-.1.‘ PrOIQCtiOI‘

/ (4 ibers
: Decussation
Brain Stem Medulla oblongata

of pyramids
(a)

Pons

Medulla
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Parietal lobe
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Regions of the Human Brain

Central sulcus Primary

Primary somesthetic cortex

motor cortex

Taste area
Premotor area

Somesthetic
association area

Visual
‘ ' association area
Prefrontal area

Al ( » I

T\l A Yo

Visual cortex

Motor speech area

(Broca’s area)
Sensory speech area

(Wernicke's area)
Auditory

association area z
Primary

auditory cortex



Primary motor cortex (M1)
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Fornix

Thalamus

Parietal lobe

Frontal lobe

Pineal body

Corpus
callosum

Occipital lobe

Optic chiasma

Termporal lobe

Pituitary ~ Pons Cerebellum

Medulla
Spinal cord

0 S 99 (i S Wil

Epithelial lining

x.\ of ventricle
Derminal vein
Choroid plexus of

lateral ventricle

Indernal cerebral veins \
Epithelial lining of ventricle Choroid plexuses of thivd veniricle
"~ Third ventricle

-_.—/-—\\._.

Tela

chiorcien Central part {trunk)

of corpus callosum

Body of caudare

nucleus

Stna terminalis
Thalamostriate veir
Choroid plexus
Fornix {body)
Thalamus

Choroid plexus of
third ventricle

Third ventricle

Hyporthalamus
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lateral ventricles : ' fubarachnoid

Ventricles of the Brain

e Lattoral ventricles—,

) foramen

.\'\\ , // of Monro
Anteriof horn . "N . }‘ ~Posterlor |
Interventricular [ | \ “!

/ ’fhird

[nforior ventricle \
hom

" Third ventricle

77 + - Corebral aqueduct
Aperture - l \ > nnects 3 and 4 V
aperturosof L\ ‘ Fourth ventricle Aporture
Vied o Lotera!
Central canal

subarachnold space | §° aperture

of spinal cord

(a) Anterior view (b) Left lateral view



Frontal lobe Motor cortex

Executive functions, | | Movement Sensory cortex 8 Cual LE)-H-HSL\ a3l )' Gﬂ ),,Lé e séﬂ & \.ﬁﬁ)ia.y s )lb- uid\’.f

thinking, planning, Sensations Parletal lobe

organising and Perception, making L. Sy ! it v Lo i ol 2 |
pfot::m SOIV:’ng, sense of the world, ﬂ'})g} U’*'?.-* ‘5‘“ )“‘9 'm'}LSg “ PPt JA% mm lJl) 9
emotions an

arithmetic, spelling

behavioural control, |/

personality E A

S0 aes gl i ]y VO IS 05 (e3uxia (glayluid g Cunl
) i g g a5 w09 o ]y o oo o
S i Cusl Bl g S o g Sl i Jalis oo i A8
g lealo & S gy iou S 0 CBL ) > sl ply (>
Temporal lobe 55)5 § (s> Lﬁlhubv O UL’U)' Lglhubv M)Bua PLA’- dose
m:‘::::r;éunderslandmg. Medulla Oblangm ) ) o _ ‘ L ) )
g o yo o 659 CleMbl Lles il ool o i S 0 B bL)

espiration, B
ol &l 1iaingh 3 Slos ¢ S8 ¢ £ 8O ol Ao &S Ca

Occlpltal lobe
Visi




s Sas gLl s g (S3he Jo o Sl 30 3 320 &8s 2 30 Bl
(V8 ) Cul

POl amae goasl g o5 I8 (gire Jy Vb ) 1 Sl jre

SR S 35yl 1 Sy g gl ¢ Jlard dles 3l calises (claclad

sy ol A5 o0 50 gy Cllad 1348 e 20 ) st 5>

et alan ;) Calises (clacolled oulos 5 1 S3Re s
)15 md Sl o (B3 ged S

B ELS YL o as Cunl 330 S o Sy sE I s
Sre S o milail, CAB Ol 5 O1ss Jlad gl bas o))
eyt ki L) 3575048 yae b el aiilo, ol yolSas)

o ySous g3 Jolin g 3,15 1,3 330 A8l Tty 4O Az tASS<o
e 3550 azste LCuwlesl laws 5O e S pL A ask
el oo 3l Ao yaloas dzesie .ol ) 0S5 (s Cumiog
g ALy plo e 55 uble o cws (gla el bl g g5 c3xe SO
el Il 551, o ColShe g lnazemle Collad B 0uS, o, cwy
DS S lod £ 5G g jRe <SS A0 (155 BgS



Cerebellum
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Central Nervous System (CNS) |
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| Peripheral Nervous System (PNS) |
| Nerves that connect all parts of the body
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l 1 o b by o Il slosgle ) s sloply i o] 1 S A
/ ——————————— N , SSRGS E TSN / SRS LA E=AmRy ' ] LS = - - *
o - i i Iy Gls 5 By g 0 padad o3l Al Ko & baseals
| Sympathetic Division l ::::°;“" | | ::m‘::"s Sy )OS DS o0 el B9 39 0 pala (S e g (83)) Jg“’ ) B
Activates body during emergency situations | u | yvou I " , e o .
' i System (ANS) ' system I iy o Cund Sraomlo 4y a0 jgad (5 i ouae (SABl Wy ldp b
N e o - - - - - - - | Conducts nerve | Conducts nerve )
| impulses from CNS | | impulses from CNS I 9 @ulg dnKul “\""]JLan?‘th"W‘l"'”).‘:’(_s‘”K”' Jﬂﬁ&&&u' dtbd:gu.bla L.u.ll.l.9
[ATRT T T N\ , to organs and | | to muscles |
glands Voluntary control A v . . (¢ . - : :
| Parasympathetic Division | s | Lo Cund o ¥ K6 248 jsbled CunlaSyme & sl )3 Bazale ) i
Controls non-emergency functions | | |
| | | . s | o 5 sl : :
. 2 e } T Canl g5 ISl (] 3 )0 90 000,88 e &y 13 a0 2)5



0l 59ls ansels

ATV VAN TRATYY

)5l osls

LAY
® (58 098
@ ) go)ed

-
. - ‘ . Y
3
\ o) -
‘,\\'l' )"’”wl‘.}"fml q
o> A Jwdodzualecol il
» - )

Cand 1l b ’



Parasympathetic

Stimulates /"
flow of saliné E
Slows .

heartbeat (7

Constricts /1=

Sympathetic
874, Dilates
“ pupil

& ) Inhibits flow
./ of saliva

; \ Dilates

bronchi | | %

Stimulates }
peristalsis ./’
and secretion [ 5%

Stimulates

'\ bronchi

oo R R e R

Inhibits
peristalsis
4 and secretion

Conversion

of glycogen

release of bile S

Contracts [, 7

- - H .
e, Sy o] e b Dol Bt S o B S et N s G S ——E 5

bladder .7

Chain of
sympathetic

e i S ¥ o B oo

lo glucose
Secretlon of
<5 Mw | adrenaline and
J noradrenaline

Y

”F* Inhibits
() bladder
/ N/~ contraction
ganglia )

)Lﬁné 9 (g

595 s s 1S5Sl o g (o) o 5
i Callad S oo dilisa bl 0y o Sl claclled b 48 o |8 S8
il 1S s 188 lls ol 3080 04y 3 ol Al o sl s ol
g3l o a0 o e D g i 5 oS by
o35 4y o g Aila 3 (83 sin y s oyl Coal 00 35 0 K5 loodla s
35 0 i N3y b oy (8 8 il o i3 Cunlog ol

8 oo Sl il B ot S



Oyl (suas ot

W] I8
s gooyf g s 4 e - b
' :|_m‘ §F g g ok

s b g } i 45
et ol gl o
£18 Saf hdisy g B

ol g0 jf e g
s¥p

(0105 a2 ob &t st el ) ]
M 2 b 4 et °;5’):]J L oot - “
4 . g
g ooy il s b S
$¥p
iy e s €

(i) 123+ jh0 4 o5
ol iy (o e U
s

bbby s,




1,400 grams/ BRIGHT SPARKS

3 pounds

BIG THINKERS —

D hoo on it
1.5 pounds Size isn't everything, though, when it

eI PINIIBIIIPINIEIIITITYINVE comes to intelligence. Humaas hove
more cotticol nourons (the merve colls
that moke up the cortex of the b
which puts uz ot the top of the
intelligence ronkings

The size of an onimal's brain, compared
to its body, con give o basic idea

os to its intelligence Th';s Teom th’:zt 180 groms/

a cat (ratio 1:110) is much cleverer than 0.4 pounds

a hippopotamus (ratio 1:2789)

22 grams/
4783 grams/ 0.05 pounds
10.5 pounds

1.600 gromy/
3.5 pounds

Adult

(Y
AN Elephant
Ji
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Dolphin

8 groms/
0.18 pounds

7.800 groms/
17.2 pounds

“w

Hippopotamus

30 groms/

Sperm whale
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BRAIN SIZE AND NELURON COUNT

g=e

Cerebaal comex moss and neuron count foe vanocus mammals.
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