“Referm

oPUT pow Juad tolas! aoliw 3o

Geniculotympanic

nerwv:
e Great petrosal
nerve

Pterygopalatine

Facial ;
ganglion

Inferior salivatory nucleus
nerve

(parasympathetic)

Ambiguous nucleus
(motor)

Mucleus of solitary
tract (sensory)

Small petrosal
nerve

h‘*Auditory tube

Superior or jugular ganglion
(eustachian)

Petrous ganglion
Deep petrosal
nerve (sympathetic)

Communication B
with auricular
branch of X Internal carotid artery

Nodose ganglion

Superior cervical

I _ Tympanic nerve (of Jacobson)
sympathetic ganglion

to tympanic plexus

Carotid body
] Styloglossus muscle

. Communication with facial nerve .
Sinus

Carotid sinus nerve

and nerve plexus

Stylopharyngeal muscle

Common carotid

artery
Sy Sensory branches to soft
Sympathetic root R T palate, fauces, and tonsils
(vasomotor) < T e ne e
Vagal root (motor. ({“
and sensory) 2

J

Tonsils

Taste and /
sensation to

Pharyngeal —>»| s poSterior third of tongue

plexus

To musc!és a.nd mucous
membrane of the pharynx
and soft palate

————— Parasympathetic nerves
ssresese Sensory nerves

Motor nerves

Sympathetic nerves
et Elagw 9355 Elyg ¢ (Slowo aSiudd ¢ il Sbj cuas 1 (A=Y e JSS)

ala e agas S i Ambiguus «.» jl ] (Branchial Efferents) JLsSl, o,y Lo as,
awa | 45 (Parasypathetic preganglionic) slis! olply la 4, . 69, o s> Stylopharyngeus
Sos8 il oy)l5 cuac g tympanic oS jl < a8 5 <L (Inferior Salivatory nucleus) Slos 315
sle ai sy oaie o 5las aw, o (Otic ganglion) sl oaie 4 03,5 55 (lesser petrosal)

g, o (Parotid gland) 45 L oa¢ 4 Postganglionic
S o 28> (SONItAry) (sgjie a5l jobo (yam g jro i jl o 4y Slios 3, sun

V¢eo



SReform

0T pow Juad 1olas! aoliw 4o

cwl (Petrosal ganglion) Lo saie )3 sgge (dad S (slodoho 5| wtd z9) cmas > Slisl oyl sla as,
3oV (oSt 4 Lol jl g K9 oo o (S50 dimd a(SOlItary tract) cosie g )b jl b azd, ol
Iy s Glin] o Sl gl Glsin b 4 ol oo i gy (0 0 5B & s« 3, (VPM)

. \
e 45, (SolItary) (oo diwd Coow 4 Floo Fgaio g (sbiul jgud ¢ by 0jg) ¢ b Lals " cpp plS ¢ sl
HJ‘S)KW&OLA_DI dl—M-\—’):f )I (Slnus NerVe) U’J?MWU‘M 89_»9»_4.&7)] LS’L&’ ALy . By (o
B bps g g3 Hlid ¢ it S S8, L bls)l s o5 (Carotid sinus) uss)8 weuw o (Carotid body)
\ .
odde G b 5l ol s ; Slic s laa sl i) Sli s u s ole ] Sli sl Lo o)
o=l ol 5l g a8 e Jiie Lil oo (g9ie dtwd (SBgh Cond 45 Jlia azun 4 (Superior ganglion) g

Mg (oo S e piB 4w g ge YU 4 Oledb]
AV JSD) g o Jitie calisee (sl oo (32 5l Slia e

LY )
(oo cuas bug (b el8 ; Slie e

\
il Gbj cuas bwg ol 85 ;@mu«o

Sy cuac bl (Epiglottis) @S Ll Slis

(Clinical Pionts) S5 OIS
ool @233l 79) cuas ()5 L olyen (2B 5 Sl cuas (53185 L oljer Yoors (il Sbj cuas ()8)5
29 (0 2wl (X) Sly cuae b 8 o g 039y il Sl uas by e Jsl (Gag Reflex) i S8, )
JUsl 295 o oS o HUid g 0nd ] B by 159,18 ogiaw 4 L8 L ol )3 &S 55 A5 8 gt (w8
D9 (g0 035 Sy bawgs (g3 5Lid I ) Ggpe bluwl g b (s (gals ployp g il b cuas bwg o

(Vagus Nerve) Sy cuas U X z9; cuas

ol zars oo 5 6l shie ol Sboilly cume (235,50 5 Cunl il (gla 4y (s> Sy s
c sl (oh) 795 ded dadme

Gl g pp plS cMac 4 5 5,5 e clite Ambiguus «w.s j (Branchial efferent ) JLSly o)ply sl s,
olyon 4y dazmar zyl8 0 48,5118 wadil zg5 cuas (a5 JSloly slb did dtwd Cpod L (A-YVY SE) Mgy 0
o, ous (Intrinsic) o393 <Mac 4 (Recurrent laryngeal) oy ous assl) cuas )b 5l g osis Sly coas
V-5 (P s

g i duii :Lisl 4 (Dorsal Motor Nucleus) Sy iy (58 o dtwd jl a3 clice Slis! olply slo ais,
sl odie 5l sl (ol odde L 4y g Mt Slowl )b (ol osde o cla dtdy b 4, opl Cddds (> . Xy, (0 oSS
S8 o de s S, sl ;I (Somatic afferent fibers ) ¢, <, ol)) Lo 4,
D8 B (e 4 Sy cuas (auricular) b5 ls buwg bl Jaoxe Lisu ¢ sin (jugular ganglion)
o> 9 359, o (Posterior cranial fossa) ks (¢j4e opis 4slis e 4 (Recurrent Meningeal)



“Referm

oPUT pow Juad tolas! aoliw 3o

=59 a5 By 51y e (gie aAT w )l e by atdy cpl (655 0 Ceond Mfucwbl)wd’lgigbw
Al o yeSde Cuar Ak 4 g6 dw Cuas

Awuricular branch to
posterior auricle
and part of

" external meatus

Meningeal branch to
posterior fossa Vil

Nucleus of solitary tract
Nucleus of spinal tract of V

Pharyr{é eal

@
plexus =] f | Muscles to palate

Ambiguous nucleus

Dorsal motor nucleus of vagus
Superior cervical ff] and pharym
- M sympathetic
Spinal roots of C1 g);nglicn (]
accessory nerve 4 m
Superior "™\, Sensation to
laryngeal nerve lower pharynx

Sternocleidomastoid muscle
Trapezius muscle ",”_'.

. n Epiglottic and
Arytenoid, thyroarytenoid, lingual rami

and cricoarytenoid muscles

Inferior pharyngeal constrictor

Esophagus ——

Glottis

Cricothyroid muscle
Right recurrent laryngeal nerve

Left recurrent laryngeal nerve

Cardiac nerves
—
— Left vagus nerve

Cardiac plexus ,
Aortic arch

Pulmonary plexus

Liver

Gallbladder

Right kidney Small intestine
M Sensory nerves
........ Parasympathetic nerves

Motor nerves

Qidl’bﬁ,d@gﬁdub.\kss‘sw :(A—\\JSM)

Sloos eadie s S sledglw 4 byye (Visceral afferent fibers) jslis! ool ol a i,
> 5 4hy oS5 g Al Al oLl 5 (gp0 ¢ b o> ¢ (3 0 Lo Cuaws 4 5 iz (NOdOS ganglion)
b Sl o 35 058 ) it sl Wl ol ol slo 40 oy s 555 o 283, el Sl
LS S8 g (il wdalS 4 bgye sla (ool g gotd ¢ 058 gludl (230 Gl (e b )l dles (o0 3L

SNpe el o
5ke 435 3 iy St o Gl stie b 1y SolS ol Sl e (g9 (ol Jlis] gl e

(AW JS5) . asiles, oo

VeV



SReform

o PbT pogw Jad 1olas! aoliw 30

ainca U pa bl . a8 e <l Corticonuclear e )b jl jie i85l ols asy AMbIgUUS 4w

D) (550

(Clinical Points) _Suals &S
398 (50 slen D98 el Sly cuac 41l 93 glad
oy g s o pys plS 500y Sloe MR s dosren 0428 05 b desmonr 31 13 Sy cuae ad)b S anls
- Db g0
g (£lod (g9 (o el Ll o p 5 plS ars
298 (o lho )3 CigiS G (Fyo lielb Fl L e
-Gl Sly cuas 4 doso (5)les 5l 5 (B o)l g & > JISAI
033 A9505 (Al 2l Olgtm b g (535 Sl w2l Gl )3 398 (o M Syl oS 0 x> dn) cuae anls
39 (oo Al glho b g opid (dlho sl § 39 o

(Accessory Nerve) Sgu cuas U XI zgj cuas

(AVY JS) ol (256 g (s500 e3> 95 gll> ACCESSOTY Cuac

sl 2 5 a0 Slasl altio domex Sl ol @58 Jome 5 £ ppll e

o, >us (INtrinsic) (395 cMac 4y g 43 clicie AMbIGUUS wwd jl JLSSly ool slo 4ty (gja0 i
3 By Olgin desmen zyl5 3 Aitun ACCESSOTY Cuas ol job dasmes 315 )3 &8 o 4ty () . Add (oo s
Hgd (o Sly cuas

glss S8 oS i Ly iy (o8 (g ()5 G S 5l JLSSL oy Lo aisy (olSS 55
s Gl jl 4y YUy Cuans 4y ACCESSOTY aas (o155 ady) lsiny 48,5 sl ( (S cuae (£ i )
Iy 4o (Jugular foramen) slsg #lyge G2yl 5l (s320 3o b 505 oy 5l sy g 00 doen 3l Magnum
(Trapezius) a&jed dbac 5 (SCM) liws —gysin — s ala e ay Lo ar by ol 0S8 0 S5
(A JSa) %59 (o0

Accessory
nerve

Cranial portion
of nerve XI
(joins vagus nerve)

Spinal portion
of nerve Xi

Sternocleido-
mastoid muscle

Trapezius muscle
(upper third)




“Referm

o PbT pogw Jad 1olas! aoliw 30

(Clinical Pionts) _Suals &S
dae g Sy —gyinr — Sl dlae b 4 s (Accessory NErve) (Spd cuas (#1595 Cuand )3 anls
ot 9 45 o by (B9l aliae (f (SCM) Sty — gz = Sl aliae b 3l 5. 35 (oo (Trapezius) «isjgd
» als (Solsl g osd byl 55 alac o) Trapezius alac s 51,5 ¢ 3,15 1) blis cuomw 4y (8B > lgs
)y B8l sl YL A sy 0,5 Al )lg jlew Lewd Casl dgpuiie Caows ylon

:(Hypoglossal Nerve) ob; y; cuas U XII zg; cuas
cliie ¢ 0l fgyid 0dd (S (c3he A )3 &S dogy e dtud I ) Ssloges ol ply (sl 4ndy ¢ MBl o S > cuac )

daomar Sir Ehge b > JloslSgn thgw ol el - ool el ey (b (A5 o J o] (s 0l
(AW JS3) L9y oo b ©Mas 4 g 03,8 S5 1) demes (Foramen Magnum)

Hypoglossal nucleus

Hypoglossal canal

% Communication with sympathetic ganglion

Communication with vagus nerve

Meningeal branch
(sensory)

.:_ Superior cervical sympathetic ganglion
Nodose ganglion of vagus
Communication with first 2 cervical nerves
Internal carotid artery

Styloglossus muscle
Vertical muscle of tongue

Superior longitudinal
muscle of tongue

Inferior longitudinal
muscle of tongue

Genioglossus muscle
Geniohyoid muscle

29 Hyoid bone

Thyrohyoid muscle

- .
Posterior belly of sl m‘/ Sternohyoid muscle
omohyoid muscle
. @/ Sternothyroid muscle
Anterior belly of omohyoid "

===== Nerves of cervical origin
MNerves of bulbar origin

Yy 2jeas (A JSS)

S ol Sl US4 By cosl Internal Jugular by g (51 55,8 (b o 2] (535 55 cuae () e
S o3,S seme GLij by g (208 5 I 1558 (L b 90 0132 sl o & o) (Digastric) il 9> dlae
Awyd o obj 4]y Gile asy Mylohyiod alae a8 LS

V¢4



SReform

o PbT pogw Jad 1olas! aoliw 30

5 Genioglossus , Styloglossus cMa e 4 525 9 oL; (Intrinsic) 53 cMac plos & cuas oyl
A e cuas Miwd bj (EXtrinsic) s, oMac 5« Hyoglossus

EMac b cuas cqa b azdy ool ol 1 b olyen (C1) 53,5 cuas ool 5l ola sy o (SB9d yume jI owsd 5
wla ai, L (Ansa cervicalis) 53,5 jwed hSis g poalSomd cuac 5l a5l w51 &S col (oY cow
(A=VY JSa) sty (o iy cMaae ol 4 C3 9 C

2y ah) Vb ay Gbj pj cuas ol en 5 01 9, obj 5l (Proprioceptive) Lias s slo 4y (63945 slass

Lgd (o miB (Sre 4T )0 g8 dw cuac 4 byyye gl dlun

(Clinical Pionts) _Suals &S
g oo B yie o gdd deawd Ceaws 4y ) S ) cuas dnls Sl
D5 g0 ySasS dbgie Cuons > ol SMas (Bl cda
0y Sows 93 b il (gl At —(g i B ola Al (Gix0 AT O wolSgud cuns diwd slas Cuowd 0l SO A5 jelailan
sle ady swd o Genioglossus ala e 4 (5 5) olyly sla aidy 48 Lisy a8 Lo cdl)d (sjre
il Cuanw S (gl At — (8 gy iy o anls (ST Gy ST o Bl Jlie Cuoww jl ladd |y ol dtus — (g8
355 Jras > ST edny a5k iy ) 35 () 99 atlgs Jlasy S ST g <09 a0y by e )3 Byl
A Anlgs oo danls lie caown by Genioglosus alac

tobj om
. \ . Py Y -

39 (o el il

X 5 TX VTV slass clasl ol s 5005 3 oy y 5 525 55305 45 o |y i (oo 5]
LS e Sy

9 Je ldlye ¢ (Function) s, 5" Jee « (Functional Components) 5,8 Jos cljp! I (ol aoMs
S (o0 0amlie (i3 o> 1) 5500 Slac]



SReform

603357 pow Jad tolas! aoliw 3o
Name Components Function Opening in Skull
| Olfactory Sensory (SVA) Smell Openings in cribriform
plate of ethmoid
1l Optic Sensory (SSA) Vision Optic canal
m Oculomotor Motor (GSE, GVE) Lifts upper eyelid, turns eyeball up- Superior orbital
~ward, downward, and medially; con- fissure
stricts pupil; accommodates eye
I\ Trochlear Motor (GSE) Assists in turning eyeball downward Superior orbital
| and laterally fissure
) Trigeminal*
Ophthalmic division ~ Sensory (GSA) Cornea, skin of forehead, scalp, eye- Superior orbital
lids, and nose; also mucous mem- fissure
brane of paranasal sinuses and nasal
cavity
Maxillary division Sensory (GSA) Skin of face over maxilla; teeth of Foramen rotundum
upper jaw; mucous membrane of
nose, the maxillary sinus, and palate
Mandibular division ~ Motor (SVE) Muscles of mastication, mylohyoid, an-  Foramen ovale
terior belly of digastric, tensor veli
palatini, and tensor tympani
Sensory (GSA) Skin of cheek, skin over mandible and
side of head, teeth of lower jaw and
temporomandibular joint; mucous
membrane of mouth and anterior
part of tongue
Vi Abducent Motor (GSE) Lateral rectus muscle—turns eyeball Superior orbital
laterally fissure
Vil Facial Motor (SVE) Muscles of face and scalp, stapedius Internal acoustic mea-
muscle, posterior belly of digastric tus, facial canal, sty-
and stylohyoid muscles lomastoid foramen
Sensory (SVA) Taste from anterior two-thirds of
tongue, floor of mouth and palate
Secretomotor (GVE) parasym-  Submandibular and sublingual salivary
pathetic glands, the lacrimal gland, and
' glands of nose and palate
VIl Vestibulocochlear
Vestibular Sensory (55A) From utricle and saccule and semicir Internal acoustic
cular canals—position and move- meatus
ment of head
Cochlear Sensory (SSA) Organ of Corti—hearing
IX Glossopharyngeal Motor (SVE) Stylopharyngeus muscle—assists in
swallowing
Secretomotor (GVE) parasym-  Parotid salivary gland Jugular foramen
pathetic
Sensory (GVA, SVA, GSA) General sensation and taste from pos-
terior one-third of tongue, and phar-
ynx; carotid sinus (baroreceptor)
and carotid body (chemoreceptor)
X Vagus Motor (GVE, SVE) Heart and great thoracic blood vessels;  Jugular foramen
Sensory (GVA, SVA, GSA) larynx, trachea, bronchi, and lungs;
alimentary tract from pharynx to
splenic flexure of colon; liver, kid-
neys, and pancreas
Xl Accessory
Cranial root Motor (SVE) Muscles of soft palate (except tensor Jugular foramen
veli palatini), pharynx (except sty-
lopharyngeus), and larynx (except
cricothyroid) in branches of vagus
Spinal root Motor (SVE) Sternocleidomastoid and trapezius
muscles
Xl Hypoglossal Motor (GSE) Muscles of tongue (except palato- Hypoglossal canal
glossus) controlling its shape and

movement

*The trigeminal nerve also caries proprioceptive impulses from the muscles of mastication and the facial and extraocular muscles.
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Glycolysis

Glucose-E-phosgphate

Fructose—-6-phosphate ATP

Fructose—1,6-bisphosphate  ADP

Glyceraldehyde-3-phosphate =— Dihydroxyac stone-phosphate

NAD® + Pi
MADH + H*
Pha
GOP + CO,
Oxidative
phosphorylation
GTP
Mitochondrial
inner membrane
¢ NADH + H*

Respiratony
chain

| Matrix

ATP synthetase
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CNS

-CADP
] ATF
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spheenolpyruvate NADH + H
ADP MAD®
Ty )] Lactat
Pyruvats Pyruvate
ATP CoA-SH + NAD" (and other
+CO, NADH + CO, 2-gxoacids)
ADP Acetyl-CoA Acetoacetyl-CoA
+ Pi H,0 :
A-SH |
Oxaloacetate Co b-Hydroxybutyrate
Citrate Ketone bodies coo
% |
lalate CH— NHg"
|
i .
arats Tricarboxylic Isocitrate C!:lg )
acid cycle N anine +
. e and other
a-amino acids
wat MADH + CO,
X
2-Oxoglutarate
Fi ADH + H* + NHY
: Succinyl-Coh CoASH NADH + H" +
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MADH
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NAD™ + H,0
coo-

|
CH— NH,*

CHy Glutamate

|
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}
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ADP + Pi + H*

I
CO— NH,

Pathways responsivle for energy supply and the removal of ammcenia in the CNS.

Aming
acid
catabolism
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Fatty acids
B-Oxidation |
: Acetyl CoA
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yTCb in ext: rahepatic tissues that
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ate dehydrogenase; 6 = Sue-
A: acetoacetate CoA transferss se; 7
Hofgse, I

Acetyl CoA
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B—Hydroxybutyrata —,.-@-» Acstoag:
NAD* . inyl CoA
®
o) Jr Succinate
Acetyl Cm—‘ﬁ—T—— Acetoacetyl CoA
CoASH
t Extrahepatic tissues
Y JSS Synthesis of Katona Bedies by the Liver
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& U A composite diagram indicating a Schwann cel
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and aids in compaction of the membranes throug

far to PNS myelin except that Po would take the place
vers of membrane surrounding the axon: PLP protrudes into th

e extracellular space
h hydrophobic interactions. MBPs help to st

abilize the structure from within the membrane.
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Fresynaptic Neuren
) "Kinase 1l Ca2+.Cm-Kinase Ii
0 Jsw B s B L
‘Ca%*-CaM_

Model of the mechanism by which calcium ions

and calmodulin kinase 11 regulate the function of ‘4
synaptic vesicles. CaM

Green circles within the skeletal mesh represent

bound, nonphosphorylated synaptic vesicles. Cate,
Synapsin on these vesicles with P has been phos-
phorylated and they are in the free pool. Some of
them can attach to the presynaptic membrane and |
release neurotransmitters into the synaptic cleft. L Synaptic Cleft
Released neurotransmitiers can react with receptors Car. - :
(red) on the posisynaptic membrane. The process of o = = - e ——
recovery of synaptic vesicles and repackaging is also Wm:::@:@'@t@:mvww
schematically ilustrated. Posisynaptic Neuron

L"', - : : Syn’abtic' Synaptic vesicle

vesicle membrane

CAM (..‘
kinase I1 % y

Rabphilin i
Cysteine
Syna pio\l::h)sin ;‘;En

(3
Synapsin -

Synaptobrevin

(VAMP) '
(63) Physophilin

[B]0

Rabphilin Rab 3 {%\

4
e-5NAP @

B-SNAP

Cytoplasm

unc-18
| \__ syntaxin
2+ Z = Plasma membrane of
e 1‘)? ? e presynaptic terminal

channel L \
O D0 T 3 25 %mmmﬁ

mn ¢ S
< “\j@"@m‘%—ﬁ@\&ﬁ@ ’r% MNeurexin I =

Synaptic
cleft

F A

1 JS&%  Figure 5.10 Presynaptic proteins potentially involved in neurotransmitter
- release. (After Jessell and Kandel, 1993.)
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List of neurotransmitters showing their precu,
postsynaptic neurones and their metabolic fate

_eusptors, the types of response they evoke in

' Mataborio fate.

Acetylcholine Choline, acetate Nicotinic Fast Opens Na*/K* Hydrclysis by
channgls acetylcholinestsrass
Muscarinic 1,3 Slow Phosphalipase C
Muscarinic 2 Slow Adenyl cyclase
opens K* channels
Adenosine 5'-AMP A, Slow  Adenyl cyclasel Uptake and
KT, Ca®l phosphorolysis
A, Slow Adenyl cyclasel
Adrenaline Tyrosine o, Slow Phospholipase C piake and cxidation
{and noradrenaline) o, Slow Adenyl cyclasel by moncaming
. KT, cael oxidase
B..B, Slow Adenyl cyclase
Dopamine Tyrosine D, Slow Adenyl cyciaseT ptaka and oxidation
phospholipase C by monocaming
D, Slow Adenyl cyqiase"v oxicdase
K-T, Ca®-d
GABA Glutamate GABA, Fast Cpens CI- Uptake and GABA
channgls aminoiransferase,
GABAS Slow Adeanyl cyclased etc.
kT, Cazrl
Glutamate Glutamine or N-methyl- Fast Opens Na*/K* Cenversion to
2-oxcglutarate  o-a2spariate channels glutarmine (glial),
X oxidation to
3 2-oxoglutarate
(neurones)
Glycine Sering .- Glycine Fast Opens CI Uptake
channels
Histamine Histidine H, Slow Phospholipase C, Uptake and
H, Slow Adenyl cyclase| oxidation by
monoaming oxidass
5-Hydroxy-tryptamine Tryptophan S-HT, Fast Opens Na~/K* Uptake and oxidation
channels by monoaming
Al 5-HT,, .,z Slow Adenvl cyclase«‘» oxidase
5-HT,¢ Slow Phospholipase C
Neuropeptides Amino acids Various Slow Phospholipase C, Hydrolysis by
adenyl cyclasel neuropeptidases

Note: For aden cvelase T = stimulation, 4 = inhiti

1y

for icn channels T = coen. L = inhitition.
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Meurotransmitter
binds

WETEOLG
o

flow G-protein is G-protein subunits or T
:ﬁss T \ ? activated intracellular messengers
modulate ion channels
¥ s A neurotransmitter can affect the activity of a postsynaptic cell via
two different types of receptor proteins: ligand-gated ion channels and metabotro-
pic receptors. (A) Ligand-gated ion channels combine receptor a.m:l channel func-_
tions in a single protein complex. (B) Metabotropic receptors activate the G-proteins,
which can modulate ion channels directly or indirectly through intracellular effector
' second messengers.
CNS
a
Voltage-sensitive Ca®*
channel (open)
As the action potential
- reaches the nerve terminal
Eoscepkor ki 1 ¥ _ _ Ca®* channels are opened by
channel (closad) + + iy + - - +
g - depolarization
Ca?* T catt ca T 7 T F ca
Receptor linked to CI- hasl. St ot P
channel (closed) \:.\ /‘/ The influx of Ca?* %\
3 Ca’*é " stimulates exocytosis 58 Gads =
Neurotransmitter after ; \ of neurotransmitter G
release from synaptic -5} from synaptic vesicles [+
vesicles [
Na* Neurotransmitter
Receptor linked to Na* + 4 = diffusesl across the
channel (open) after binding E’_’Cﬂ- il ’ + wﬂ synaptic gap and -
» neurotransmitter - G - = binds to receptors 5
‘ : on the postsynaptic
s Receptor linked to CI- Na* e
channel (open) after binding
neurotransmitter If the receptor is linked to a Na* If the receptor is linked to a CI-
channel, the postsynaptic neurone channel, the postsynaptic neurone is

s
Examples of the actions of
neurotransmitters binding to fast-
acting postsynaptic receptors.

is stimulated because the membrane
is depolarized. Examples of
neurotransmitters that fulfil this role
are glutamate and acetylcholine (when
bound to a nicotinic receptor).

ARYA

inhibited by the hyperpolarization.
Examples of neurotransmitters that
act in this way are GABA (bound to
the GABA, receptor) and glycine.
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As the action potential
reaches the nerve terminal

depolarization

The influx of Ca®*
stimulates exocytosis
of neurotransmitter
from synaptic vesicles.

“WeurdmrarsTiten Tevepan inhedtes
phospholipase C by a G protein.
Activation of the phospholipase C
produces inositol trisphosphate (IP;)
which opens a K* channel causing

Ca®* channels are opened by

CNS

.

Prolem kinase

K*

ATP  Cyclic AMP
+ PPi

Masrrdranrmittern renantar linkerl to adeny).
cyclase by a G protein. Activation of the
adenyl cyclase produces cyclic AMP which
activates protein kinase A causing the
opening of a K* channel by phosphorylation.

ATP

This causes inhibition by hyperpolarization.

inhibition by hyperpolarization.

g Examples of the effects of neuratransmitters binding to slow
postsynaptic receptors acting through a G protein. PIP, = phosphatidylinositol
bisphosphate; DAG = diacylglycerol

Receptor for
neurotransmitter

T
0

G protein

G protein linked to
phosphelipase C

G protein linked to
adenyl cyclase

K* channel (open)

K* channel [open as a
result of phosphorylaticn)

Neurotransmitter after
release from synaptic
vesicles
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Depa E -==» Melanins
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tyresing BH,
hydraxylase

ydroxylase BH,
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| Adrenal
medulla

|
\\_ Norepinephrine

S-Ade
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Storage vesicle

{ Chromogranin —H

Al
L3k V-ATPase

ATP
s}m- R

YMATZ¥

.

ARV ~Transport of catecholamines into
storage vesicles. This is a secondary active
transport based on the generation of a proton
gradient across the vesicular membrane.
NT+ = positively charged neurotransmitier
(catecholamine); DBH = dopamine B-hydrox-
ylase: VMAT2Z = vesicle membrane trans-
porter 2; V-ATPase = vesicular ATPase.

DA

Enzymatic inactivaiion of catecholemines. Besides enzymatic inacfivetion, which is mostly intracellular, the rapid uptoke of cat-

echolamines into the cell is critically imperiant for the termination of their biclogical acfions. MAO, Mencamine oxidase;
COMT, eatechel O-methyliransferase. )

HO >_<

CH—CH,—NH;

C[H-—CHO

-
@
Ko =
(=] (=]
=
I
=y
= >
= =
P =]
o=
T
[=]
K I
\ro
O
(=]
S

CH

Norepinephrine

SAM
ComT7 - CoMT
H;CO H,C0
HO CH—CH,—NH; HO —
@ | 1 1 me CJH -
OH OH
Normetanephrine
i Aldehyde
Wl «@ | dehydragenase
HO H,C0

HO

©

"
CH—CH,—NH] HO CH—C00™
| 1
OH OH

Epinephrine Vanillylmandelic acid
HO H;CO

~
. MAQ, COMT
CHy—CHy—NH : H —C0o0-
. . : Aldehyde dehydrogenase O@CHI oo

Dopamine . Homovanillic acid

HO

©
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Mitochondrion

Menoamine oxidase

Postsynaptic
\ neuron
1 ]
\ % R CCepLor

Presynapiic
neuron
I | e |

e

i
14
ti
!
i Norepi-
. nephrine
: i 7 receptor
Norepinephrine ) A \
A

VYIS

(a) The pathyway for reuptaike an
neurotransmitters. The
indicated.

d vesicular repackaging of the catecholamine
sites of action of desipramine, tranyleypromine,

and reserpine are
= ‘ ‘ CHE_ICH‘_NHi i __ﬁ__hNicolinamidemoie!y
J coo™ . of NAD(P)
R N
H
Tryptophan

BH,
’ typtophan b
20 BH,

hycroxylase

PLP 'f“o- DOPA decarboxylase
% CH; = CH, = NH,

MNH,4
HC,
Serolonm .

1' i
‘ CHy=C-H
Acetyl CoA
CoASH

MAQ-A

N
5-hydroxyindole-
i b‘""": acetaldehyde
HO, . :
CH, - cvz—Nch = CH;! NAD*
/” tNADH
;.'\l{ HO N ! O =
N-Acetyl Serotenin | é-o
ﬁsam \\/1\1\/'
SAH H
O S-hydrexyindole
/” CH,— CHa—NH- C CH, acetic acid
VE JSd MEIatDnin Y
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CHy = CHy= Nl

Y _CH,~CH,=NH;  Brain I—ZK
\-.\'. —7«\!—* CH{N\\/A"N

NF SAM  SAH 3

histidine methyl transferase  Mathylhistamine

Histamine nist }
Peripheral = J' &H.;*’]‘ MAD-B

tissues A [RRRERS v

-
1
4 O

Methylimidazole acetic acid

! e\t oo parinheral tissues. SAM = S-adenosylmethionine:
¢ histamine: note the different pathways for brain and peripheral tissues. SAM yln
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receptors are typical 7-transmembrane segment
receptor proteins. Binding of acetylcholine to
these receptors activates G proteins, which inac-
tivate adenvlyl cyclase, activate phospholipase
C, and open K* channels.
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Table 22-1 Receptor Types Active in Somatic Sensation

Receptor type Fiber group’ Fiber name’ Modality
Cutaneous and subcutaneous mechanoreceptors Touch
Meissner’s corpuscle Aa,p RA Stroking, fluttering
Merkel disk receptor Ao,B SAI Pressure, texture
Pacinian corpuscle Aa,B PC Vibration
Ruffini ending Aa,B SAII Skin stretch
Hair-tylotrich, hair-guard Aa,B G1,G2 Stroking, fluttering
Hair-down Ad D Light stroking
Field Ao,B F Skin stretch
Thermal receptors Temperature
Cool receptors A% 1 Skin cooling (25°C)
Warm receptors C wv Skin warming (41°C)
Heat nociceptors A m Hot temperatures (>45°C)
Cold nociceptors (& v Cold temperatures (<5°C)
Nociceptors Pain
Mechanical AB I Sharp, pricking pain
Thermal-mechanical A3 I Burning pain
Thermal-mechanical i 3% Freezing pain
Polymodal & v Slow, burning pain
Muscle and skeletal mechanoreceptors Limb proprioception
Muscle spindle primary Aa Ia Muscle length and speed
Muscle spindle secondary Ap I Muscle stretch
Golgi tendon organ Ax Ib Muscle contraction
Joint capsule mechanoreceptors AB II Joint angle
Stretch-sensitive free endings Ad m Excess stretch or force
'See Table 22-2.

*Pacinian corpuscles are also located in the mesentery, between layers of muscle, and on interosseous membranes.
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