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Pharma lecture 2 notes:
O 9he Boloeadl £l 1S3 Lo 59 39ulL S aDS i R (59 Adlal (Sudasy

@) Tus sl o .. J 91 Bpplonoll Uiagd gl (e datiaing daaso ine §pdloxall
Pt=patient
Dz= disease
R= receptor
Sys= system
CHOLINERGIC RECEPTORS &ACh ACTIONS
: a4 Ach J! 9l cholinergic sys JI @ (0 Jatdo JI 4l receptors JI¢-
1. Muscarinic
2. Nicotinic
: e bl LS 3 4565 postsynaptic R JI e ($o0 s Ul 09 b
1. Presynaptic R (which it’s role is the modification of the release - by inhibition
or by increasing the release )
2. Postsynaptic R
postsynaptic JI buuad §gSo dauss a8 e MY receptors Jl o (S0 WR
Sl eI 8L 9 release Vs U w0 gis pSJ! presynaptic R J! ¢ receptors
&= WJ adrenergic J oSl pudig postsynaptic receptors JI biuad OgSus gis (Soui
JU 925 93 S presynaptic J! bl action Jb beg J! Postsynaptic JI os Sowi
- release
Jaidu> Ach JI JWL g organ and in tissue J! § 82990 postsynaptic R JI 3 pled
response in the tissue or in the section 4o Iuw 9 e
e ACh mediates its effects by activating muscarinic & nicotinic

cholinergic receptors present centrally & peripherally:
sU3l >l egilewl muscarinic and nicotinic receptors J! ded (yis gazme bis nislis Lo (§)
9 lgadl yazy gadseiug 936 cholinergic sys J! el Cdlidiune JI BLLIST wis g Sl Jos
JI 85l agonist ol Cdldiius (49 R JI damdb o (g9 92455 Olis chemiicals !
nicotine J! 8ok agonist WK (5,3 Cdiuws 9 muscarinic R JL Cuew 9 Muscarine
o das N9 Jj;iSJJl e}’suu.a.a o P)&Jl dx.\.{.&ll 2o 92y 08 131'. nicotinic RJL Carond
VL $lHgsulyy Jeb clas 9l agonist <ol dlgalla ¢il dadidl Slgy diazrlye
DR.answer: muscarine is an agonist to muscarinic receptors and nicotine small
dose is an agonist to nicotinic Nn




l. Muscarinic receptors: M 12345

e The muscarinic receptors are 5 types (1-
2-3-4-5)

g daddg JI digS S Ugags Lo 594 goill &

other JIdslud @l Jis boled 439 y2e o

L o actions or has an action in the CNS

Crtagall lgade Jaidds Lo 9ol planag iS Loghy

Cdtiune JI 04395 M1-M2-M3 dod LI daidly

s Souior JI Ayl

- M1 receptors (excitatory)

muscarinic JI S ¢ndle 0958 Olis €
G-protein coupled ¢ 8)le receptors
¢19! busl b>l general J 83g¢ .. receptor
: receptors J

- G- protein coupled receptor
- lon channel receptor
- R attached to Tyrosine kinase
- R attached to nitric oxide
adrenergic receptor J! s> ¢Sl J> ¢
g-protein coupled receptor 4
->R= receptor

MOA( or molecular mechanism of action of the receptor):coupled to Gq

- + PLC > 1 DAG &IP3 >N Ca++

The G-protein is 3 subtypes: Gq (q stand for sth ygSWls lgiegd L), Gs(stimulatory

) and Gi (inhibitory).

Here the M1 attached to the Gq in which it (1) stimulate the PLC (phospholipase
¢ Jand then(2) PLC start acting on secondary messenger which is the DAG
(diacylglycerol )and IP3(Inositol trisphosphate)(3) both increases the calcium
inside the cell beside increasing the protein kinas C (PKC )(4)all end in a specific

response in this tissue
SITE AND ACTION \{

e CNS:
a. Arousal, learning &short-term

ohail) A3LpYL dlai i ¢ sLiY! € arousal JI & J9§«ws CNS through M1 J! J51s ACh J!I
839290  jno oSWis W sdud> memory 45 short term memory J! 9

I 4d §gSth ASinad! JI 9y JI (10 degenerative dz in the CNS (3 ol Ui Sa ¢
loss or degeneration in the cholinergic fibers or cholinergic neurons (ol Lis
loss or degeneration in Us yuas ) short term memory J! (¢ Jggwwe Ach JI &34S9

AN S a3yl Cagmg 8,1 GIAED g1yl (s (08 | sasl3 (00 Joazes it

. Lol

o

b. Controls movement in basal ganglia, in balance with DA.




s3> basal ganglia J!) basal ganglia JUL 839590Jl movement (s control Jox g0
Jl pai ¢} Ach Jlg DA J!I g b 0l351 3 9l Lusl 900 9 (extrapyramidal tract JI ¢
wals o) wSalb 9 ASI Jaiis sbe AChJ! ¢3Y & parkinsonism JI oy bs yglas (naligd
chorea J! 4w &) involuntary movement e lde Ach J!
9303l Jie CNS DZ's JI o JI wodliid! plase LS S Jilogs Lo cns JI
: gastric Jl 092 Lug JI CNS JL 45! parkinsonism

e Gastric:

a. ™ histamine release > 1 HCL
JVHCL J1 )18 oy dggume <36 JI parietal cell JI bogsas- gastric cell Jl oga O oal¢
Blandl Cel acidity JI o J9gumo 092
b. Relax lower esophageal sphincter (LES)
! 9391 il Bymiy Uil lado LES 3 relaxation JI ddeas dd ueludy g3l 9drg b
pSiud (JWL b ge> JI Jdi> antagonist or block & m1 JI Ae) GIT JI e Jadd>
M Ogd pgre Soui o GIT Jb Jud ealbus! &39S g ( Buaall 4>,9) peptic ulcer JI ks
lower 1/3(lower part of the esophagus J! ¢l B2k Ul relaxation J! 4ad) a5 @
4 sphincter J! sy sphincterd! ) Joaid ol disyhay S &S5 giel dlyasll
sU3l relaxed o2 $il (2 9,20)l contraction and relaxation dnsas Cusw Lo (9! gaud
relaxed to be 4= bolus of the food to enter the stomach Olis swallowing J!
its basal tone increases to make a ) ;S (29,20l swallowing JI da Y open
reflux of the content from stomach J! gwJ (contraction in order to be closed
o ON&E a9 M1 JI @4k (e i relaxation JI ¢l ddd=lI&- ¢ & . into esophagus
. mediatorsddt ailwy 34k
0w 851 A& ANS U1 sa> Ao ¢ (2rg) grandd! paud (10 1395 g o dodiall § dads § -
O oo 09 N MR & 2 (10 393l Jarati 00 sympathetic and parasympathetic only
JI 20 3181 g e Aol dlge § 9l ad JI co-transmitters JI Bgows 466 SlSye § chad
WJ the major is ACh g«@ cholinergic sys J! 93l luS> ¢J (a20 Lo major transmitters
major J! adrenergic sys J} pdSJI (i . 9405 release Wgham 456 dlge § release o
dlge § release ¢l W 4w transmitter is the noradrenaline in the nerve ending
J modification Jeas o s 4ot Jasluwgll ol cidlaidl))) «c gy release has 4006
¢ Aol dlgall s it &) (((GIT Jb sl s gall 43S (s 9 tissue Jb bl




- Nitric oxide - vasointestinal active peptide - substance P - enkephalin -ATP

(or adenosine).

e So ANS division are the sympathetic and parasympathetic Along aide with
these co transmitter Which is called the enteric system or (non adrenergic non
cholinergic as these other transmitters interfere with the action of the
cholinergic and adrenergic , because the GIT needs a special way ) 4 {

JU peristalsis Joad casrlises Ul Y walls ) (ol &luw i esophagus JI s Euse
JI 5 SV b uas g relaxation Jole z95 swallowing Ji s g wall Jb (oLl gwall
S ©drg smooth di ks 440 gall (snas OLiad sphincter JL contraction Joexs 8use
Ol cholinergic and adrenergic systems J! modification Jeais JI dotdl widlaidl
other co-transmitter as the JI 3¢>gs X dd 2hyLads M1 J! relaxation JI g2 el
adenosine ,serotonin ,VIP and ATP nitric oxide and other substances found in the
. relaxationJ! ddeas 9dsluw 9 intestine

- M2 receptors (inhibitory)

* coupled to Gi = - adenylate cyclase
-Gi ( the alpha subunit from the i type)
% After the Gi protein inhibit the adenylate cyclase enzyme (which is responsible
of the cAMP) so it’s inhibition will decrease the cAMP( the secondary messenger)
inside the cell and as a result there will be an action

* opening of K+ channels

There is another action maybe has no relation with the G —protein in which M2

causes opening of the potassium channels
SITE AND ACTION J { ¥

e Heart: this is the most imp site of action

a. (-) SAN & AVN = { heart rate So M2 in the heart responsible for the

decrease in all cardiac properties —>firstly inhibition in the specialized cell SAN

and AVN ( and Purkinje fibers) so the heart rate will decrease
lus Lcardiac proprieties J! S Ja>parasympathetic JI ¢ Jud Jodddb US> b (8 €
atrial J! WS (due to 4 APD, 4 RP) oY J& cuud! U udy atrial conductivity J!
conductivity




b. Atria > contractility - (* atrial conductivity). also the atrial contractility
will decrease( here we don’t talk about the ventricles since the ventricles has NO
INNERVATION OF PARASYMATHATIC or VERY LOW/weak INNERVATION OF
PARASYMPTHATIC)

e CNS—>inhibitory

e Presynaptic neurons - inhibit ACh & NA release.
Inhibition of the Ach which we talk about in the previous lecture, also it inhibit
the NA which we will talk about later on in the adrenergic sys.
homogenous dwudeg guuds eiwad! (0 Inhibitory receptor ¢! nerve g3l Jud LuS>
hoan Oledad! (0 OMEI ¢Jl9 auto receptor (or presynaptic receptor )
heterogeneous presynaptic receptor J! Lluwewy inhibition or modification
@S0 the presentation of M2 in the nerve ending of cholinergic sys 2 named as
homogenous presynaptic receptor or auto receptor
And if it was in the adrenergic neuron and causes inhibition on the NA release
-> so named as heterogeneous presynaptic receptor (auto receptor)

- M3 receptors (excitatory)
coupled to Gq - + PLC - 1> DAG& IP3 5> Ca++

=» here the mechanism is the same as M1
SITE AND ACTION \ {4/

e SMF: Us 539390 e L NO J) dalS uis)
- Vascular endothelium =blood vessel - NO release > VD -, BP.
W & innervation g b jw OHudiuw gd BV ¢l dudlall §aplxall (o Byais bo (§)
relaxation of Jox JINOJ release 4 ¢S BV JL Jaiid 10 stimulation s
pdl lakp (plasl JI G35 e VD s JWL 9 the vascular smooth muscle
- Bronchi - spasm bronchospasm (contraction of the bronchial muscle)
L spasm or contraction in all smooth muscles Joxisd excitatory 4 M3 JI &3¢S
NO JI @b s Wil dde 8k Jatdds Lo 4 o3l Cuwd! 9 vascular endothelium JI lis
. spasm > bronchi Jb Yo 3 relaxation Joa Jl 0329
- Eye = - (+ constrictor pupillae)-> miosis — (+ciliary muscle) -
accommodation, , IOP




= Here M3 will stimulate the constrictor pupillae muscle leading to pupillae
constriction (miosis), also as a result of the contraction of the ciliary muscle
(found in the ciliary body)->the lens will be more convex = accommodation of
near vision ((in order to see the near subjects))

-=> Also as a result of the meiosis (which mean iris is expanded) SO widening to
the angle of the aqueous humor drainage(good drainage) leading to decrease in
the IOP

- GIT,Ur.— + wall & relax sphincters & Contractlower esophageal

sphincter (LES) (with M2)

((+ = stimulation = contraction))
Oléwe (rest and digest dwwds 3>) rest JIglogd parasympathetic J! ¢ Lidsl L
S Jd sphincter JI relax c8¢Jl iy 9 contraction sl S GIT JI g6 wall JI el
CIg)l iy 9 Z9ide sphincter J! (&s in order to do the defecation and micturition
M2 J!8aslues LESH contraction (§
LS JI 4ol asluwgll Buslued 43Ls] M1 JI O relaxation slexy JILES JI (i ¢
ggogall 130 3 @2V 4 I 9,8
) e H9ds M2 JI Bdslunss 9 bl M3 G5k ¢ Juazw LES J! & contraction J! Ll ¢
J! 2o contraction glesg wall J! gl sphincter of the esophagus J! wia 092 oo
(wall

e Exocrine glands - 1 All secretions (except milk, bile)
secretions J! e W3 parasympathetic Ji g3l Ju8 US> (N S g0 €
G ¢ 4l s increase of all secretions sas> M3 JI G5k o 131
- salivary secretions -P bronchial secretions — 4 lacrimal secretions —
Qintestinal secretions — f*pancreatic secretion —1* sweat secretions
** Now about the sweat ( we said it is a site exceptional --- as it is inverted by the
sympathetic but the transmitter is Ach and the receptor is Muscarinic so
physiologically the sympathetic is the one that control on the sweat gland but in
the Receptor perspective the Ach and the drugs same to Ach is the one which
act on the muscarinic so when we say that M3 increases all secretions we
include the sweat also.

»¥*  “Psalivary secretions - Qintestinal secretions — P pancreatic secretion in order

to digest.
(Except milk, bile)




As we know from the GIT that bile is produced by the hepatic cell which has no
relation with ANS also ,the milk is in relation with CNS in which it is released
through prolactin hormone (and inhibited by the DA from the hypothalamus) so
both has NO RELATION WITH THE muscarinic receptors or secretions stimulated
by the ANS ((((again other secretion all increase as we said)))

laa S Jary 9 R JS @ e 13) Cun receptor J) 4 ANS Jb 058 wad) 4alS ;  g5S0Y) (pa daai¢-
J) diatia sy MA Cpa gea g g laladiid ) cige ) GES) ) DA e 9 A g o8I ) g 8 ga ) il
. dllac Bial) Jat, duged side effects or adverse effect

e M1 main site is acting on the HCL and the relaxation of the LES
e M2 main site is action on the heart ( specifically the atrium and the specialized cells )

e M3 is veryyyy Imp most of the actions are done through it

Ny JI 4 ASYI e gad logs J1 9 A5WI dsgaze JU i D
Il.  Nicotinic receptors (excitatory): ligand-gated Na+ ion channels:

e ¢=>) 9 ligand-gated Na+ ion channels 4 molecular mechanism J! 0g2 gla>Y
rate or the firing J! $= &l Jitids fon channel JI g3l gnd)le Ul Al Lito gl
muscarinic J! (wSs 098 Jlg ds o J5-du pga094all 9 ion channel &39S ¢ il 05 gslis
secondary messenger J! guai b s g delay 4 S 9l gy Cdg usl> Sl ¢
response e i

e Neuronal (Ny): in all autonomic ganglia, presynaptic & in adrenal

medulla > 1 catecholamines release.

. neuron or in the nerve Jb 83990 ! Nn Jb Wgewng nerve Jb 80990
1. in all autonomic ganglia-> we said before that Ach found in all ganglia and
when it’s released from the preganglionic fiber it will act in the ganglion at
the nicotinic receptor ( so all autonomic ganglia sympathetic or
parasympathetic is a nicotinic RECEPTOR )
2. Presynaptic =
J! § 8299 presynaptic nicotinic receptors Us § J JI 8polall US> g0y
facilitatory ! Ju8 UuS> 9 Ach JI gG release Jb ¢S5 Olis cholinergic neuron
Inhibition of the Ach release Jeoa% JI M2 presynaptic J! S release JI g gw




3. In adrenal medulla - 4 catecholamines release.
Catecholamines: are the adrenalin and noradrenalin C8§s sl (a2l
O Blke 4 JI adrenal medulla g3l Jd US> 404 adrenal medulla JU 83490
JI e gllas nerve e allay b gl Ju Euse modification a> Autonomic ganglion
le® 39290 ganglion 8yke JIF Y s gland JI duds Cybad o5 P Jskae A+NA
JI¢U release J!293 adrenal medulla Jb Wwag=9 )& & autonomic receptor
catecholamines
Il e Jaido 193 U o) 1 i Loid g5 (S 9 dladiid! By oWl HgiSll Jle oS>
nicotinic J! wis g3l 28444 cholinergic sys J 193 Muscarinic and nicotinic receptors
catecholamines J! 3942 stimulation for the adrenal medulla J«= receptor
e Muscle (Ny): at NMJ —>skeletal muscle depolarization = contraction.
N=nicotinic J| Ny J! 30y Lgkass 9 motor end plate sl NMJ J! § muscle JI s Bag=>ge
Liogis Lo (g Mo ol Lgis (Soui e MISS Jb Lalus! >l &39S 9 and the small m =muscle
Jd! Succinylcholine J! )9 skeletal muscles relaxant JI Jie )igads Jaidco JI a9Vl
Baio dxrl> O pw (ASYB VI Soui bo(relaxation Jex
o CNS: ADH release. daidl 0dn ;yo Ul &l ol Jub JI cpidadal]

Actions of ACh: 8592 gadl O iiwe JI S (Ao Jaiduomd cuull 39290 Aawdlyiygs digS
I. Muscarinic actions:
1. CVS:

a. Heart: - {, all HR=>J{, COP & { AVN conduction ( \LSAN & AVN
conduction )

- I atrial conductivity (due to . APD, \/ RP)
b. Blood vessels: VD (NO release) Ach as drug or chemical act by the activation

of the M3 receptors which stimulate the NO and then NO causes the VD
=relaxation

c. Blood pressure: hypotension (because the Ach causes (1) VD in the blood
vessels [ peripheral resistance] (2) decreases the heart rate)




- (remember we said that the systole depend on the COP and peripheral
resistance while the diastole depend only on the peripheral resistance only,, the
COP is controlled by the HR and the contractility and here we (1) decreases the
heart rate so the COP will decrease also and as consequence the systole will
decrease and (2)since the peripheral resistance decreases so the systole and
diastole decreased in > - = so the net effect is hypotension

2. Eye:

a. Miosis - wide angle of filtration = miosis as the result of the
stimulation of constrictor pupillae muscle

b. Spasm of ciliary muscle - - Accommodation for NEAR vision - Open
canal of Schlemm

c. < IOP (and as a result of the widening of the aqueous humor filtration angle
by miosis so the IOP will decrease)

d. P lacrimation as a result of the increase in all secretions we mentioned

before

3. Respiration: - Bronchospasm by the M3 - > bronchial secretions by the
M3 also

4. GIT & Ur.Bladder: - Contract the wall - Relax the sphincters

Baga 94 (e aSdie W ghuda g daga hel J paes (A B3l 4l

(1)Contract the wall and the LES —(2) relax the sphincters — (3)also increase the
HCL secretion and the salivary secretions

5. Exocrine glands: T all secretions (watery secretions) [except milk, bile]

= And as we know from the first lecture that the secretions is 1- watery 2-
profuse

[Il.  Nicotinic actions (ACh large dose):




& & large dose w ddle wle s S nicotinic W stimulation Jexs oSes Ach JI
" i 10 Iarge doses d[? OS] Muscarinic only J! d& Jaido % small dose < Ach J!
muscarinic and nicotinic receptor J! s

1. Hypertension (Nn in autonomic ganglia & adrenal medulla)

muscle in the JUL 83¢2¢0)l Nm JU s &1 nicotinic JI g 393 gadl oSV dud ¢
Jos! L M (1) .neuron JL 859294J1 Nnd! 9 motor end plate or in the NMJ
: e Jl autonomic ganglia & adrenal medulla JbL 833>34J Nn J stimulation

- Sympathetic autonomic ganglia will release = noradrenalin
- The adrenal medulla will release 2> A + NA

=> So the net end result of the A and NA release is the hypertension

2. Skeletal muscle twitches (Nm in neuromuscular junction)

twitches €& Skeletal muscle twitches Joas> NMJ JI ie Nm J stimulation J! 9 (2)
JS Cu (not a homogenous contraction ) Juelgie aécontraction o< 8)ks 92 J!
J! eyelid JI <G &) small muscle Jb Olis Lu>g) contraction Jexi fiber dsgozxo
small 3 oSes contraction J! i gf ( pasell § Slobl) Hasell el a8y lgowin
skeletal muscle fasciculation J!o92 3U ewl! llamuscle of the hand or the finger
88 dose JI 0555 W) 9 hypotension Je=s muscarinic JL &S J&&Y Loy (9o M &
el Jle Jaiiu>exogenous Ach culac! Ul of ¢Jgds § hypertensionJos

9l (p dww upper hand JI ! 96 Muscarinic J! g« muscarinic and nicotinic
ol ol Ul gl) s g9ud90dl s canis LS9 make of the nicotinic action Jeat (s
J! 9 9,1 MgJ L85» 9 muscarinic receptor S <ok Jos! (84>g)nicotinic action J!
atropine J! 0¢» muscarinic receptor J Jgb Joxo

nicotinic gais Achd! &) =195 s Ul ¢J 4 JI atropine reversal Jb (owd doyxi (§ €
both receptors J! s Jitin> Yol ddasl W (1) 93! Jua Jland muscarinic action

JI &S hypotension Jg¥! Jua=sd upper hand J! ¢}l muscarinic JI luS> b 5 o9

J atropine culas! Ul ¢J (2) ek das(muscarinic masking the nicotinic action)

b w9Vl ) muscarinic J Jgb Joa 9l pan> JI yddl e Jos!l o Jlanimal
AS OleSs ACh © animal JI cods> Casy 131 (3)ekd das 9 (nicotinic JI s Jaéw

ol chd Gline nicotinic JI ogd gdis zgidall 495 €SS Jid hypertension gdis jmar>
sl93 &I 9! reverse to the action of the Ach Jos atropine J! ¢! (&= atropine reversal

.
o




Jl ae bz (Ses reversal § adrenergic sys J g0 § Olius Wgd,sl. ggudin
digao 4y ylay adrenaline

S Joxws JI blood vessel Jb Jwogio 9 cat or dog slgw yiseie Jl animal JJ QxS oy
RETRIVE SN IR PN

(3) Ach injection:

as a result of the
hypertension

stimulation of
Sympathetic
normal blood L~ A adrenal medulla
pressure ® ® e autonomic ganglia
hypotension W\/ and the release of
A/NA -leading to
hypertension

(1) Ach
injection

(2)

Atropine

Atropine: is an antagonist for the muscarinic Receptor, it has no action (it block
the muscarinic only)

Atropine reversal —> the reverse of Ach action from hypotension into
hypertension

e The nicotinic actions of exogenous acetylcholine are "masked" by its
muscarinic actions but can be demonstrated by an experiment
performed on the blood pressure of an anaesthetized cat or dog -
"Atropine Reversal" : atropine can reverse effect of all
parasympathomimetics (with muscarinic & nicotinic actions) on A.B.P.

Uses of ACh: Not used clinically

did> 3y2xas rapid hydrolysis ¢lma 95l pgadl (SI Caw o ASY § JKS pustiue i 4
absorbed orally s 892 sai 4424)8 .. very short duration ¢Jl §950 131 euuse! Js-1o
it g specific (o 092 143! 9 RAPID HYDROLYSIS Y IV L“,h-ﬂ b dasg IV ddasid
&> 93l Yl Uses ol (oS (iS1 § zuxsad stimulate all the muscarinic receptors
wide spread drug which = selective i <193 1) WS Al (olye! gl giadSeiul o)




JI 09D G el 8 LB o (55 oS0 € (&bl (21,eVL 98 gilSlineact in all receptors
Ololuseiuwl Ghggle JUWL 9 de o S ¢3Y very short duration

**If Ach is given systemically:

- Not absorbed orally > must be given by I.V.
-Rapidly hydrolysed—> very short duration

- Non specific = stimulates all (M) receptors
Y €1ul muscarinic receptors J! (e Jaidl juds b Ul el Jo Olelusuiwl ¢l b Wil
J' Ach JI sl L Mgd .muscarinic receptors JI e Jaxis 466 9ol ghoay 9 0g3gS
&SV g Ldye 9 exogenous Iy o Ul aud> o 9l endogenous transmitter o9
muscarinic receptor or on the JI Js Jaiads JI 9ol ¢ L9291 e ($ou M x> ¢

dolS <c cholinomimetics JU (0w Ach JI a5 &8V (s Jaxiognicotinic receptor
JI e G lytic 4ol Cuw parasympatholytic J! lgwss 9 ¢ 4l Saomimic

e Cholinomimetics (or parasympathomimetic ) :drugs produce the same effect
of the cholinergic drug or the same effect of the Acetyl choline

CLASSIFICATION OF CHOLINOMIMETICS

:JWUL parasympathetic

!

I. Directly acting (on cholinergic receptors)

|

l l

A. Choline Esters

B. Natural Alkaloids C. Cevemiline

Methacholine
Carbachol
Bethanechol

Pilocarpine

D BuSUl dopudidl 3 MOA JI e Vgl 9Y1 b Cond @

A

IL.IndirectCholine Esterase Inhibitors (ChEIs)

* Reversible:
Edrophonium — Neostigmine —Physostigmine

e Irreversible:

Organophosphorous compounds




9 43L Ach J! @) stimulation glesiy receptordle CSyls 79 A> 2 : Direct acting¢
chemical J! s £lo Coowd Oile gazmoe LMW e Byl dudg c¢ a8V yuid Jaxu Jub

U« the chemical group name dsgazeoll el 9 Lo ygiSWI 6395 935) 399 nature
Olegazaly Claiuall ) LgoYl slowd 092 b Uugy e (o 10xYb ibgiSall) gie Whun>
+(

->So the directly acting group is : cholinergic receptors agonists
(1)Choline Esters (2)Natural Alkaloids

1. Methacholine
2. Carbachol
3. Bethanechol
onilies ualsd! 9 aalydl lue chol Oline &9aY1 slowsl (s Lo sy é-
J! duds 095> choline ester lgow! ¢33 Choline Esters (JoV! ds gazeall digal Ogd
K> o dgllas o Bgd JB 1935 W o) JsS € alaite pgd 045 9 choline group e44 choline
(doglaall s
4. Pilocarpine
5. Cevemiline Jlnd 195 g3l (e 490U 5,53 ae 2,3 y5iSWI ds gamall G2l

Il.IndirectCholine Esterase Inhibitors (ChEls)
Jlstimulation to the receptor Joi )ui& 7y e B Sl Aoy Al ds gazall Sl &-
¢lguw Juiiiwold) stimulation Jeau> JlogaAch Jl g el JAch JI 397> gl ghoasi>
S OLS gis ézbg Jeldazs muscarinic or nicotinic
®In general When we tends to increase a transmitter we :
1- Increase the release

Or

2- We inhibit the degradation
cholinesterase ogaAch JI S OF JI @33Y1 cholinergic system JU 032 b plelié-
G L 9S8 Ach JI S 7y b JWL 9 inhibition gheatys ds gecmell 0dag enzyme
i @ €& muscarinic and nicotinic receptors J! e Jgbl cd9 Jatidn jiiad euun!
IndirectCholine Esterase Inhibitors (ChEIs) JUL dsgozxall 64
indirect cholinomimitics or indirect parasympathomimietic Jb (oud O (Se09P

e Reversible:




Edrophonium — Neostigmine —Physostigmine
e Irreversible:
Organophosphorous compounds

A.Choline Esters

- All are quaternary ammonium compounds
JI JWL a9l Jud 095 penetration of the lipid cell membrane J! g9
J8 035 CNS JI' § penetration J g Jud &g absorption in the git
- More stable than Ach
oo Ul et Gline Ach JI () A oS bo dsd (a2 Ach JI e stable AST dgadl la
Lgodsil

oSwir glas (Sl Jgeol 090 Qi 9 guandd Jouadd! § 498 Wl (o Caplodl LS 9o M b
Uil 95l g 55t Una Jlon slg> ) oSl g0 sy 3 557501 335 JI gyl Jgknl

Methacholine Carbachol Bethanechol
(Methyl ACh. = (Carbamoyl choline - (Methyl
weak nicotinic more lipid soluble) carbachol)
effect) gow! dhids g3LDI (g | U1 eIl Dlgs &

oS Jlscarbamoyl group S gzl
Juiwl o Bks ogn JI|  more o 9l gl oSG | . JgSLyS+ Jdae
Jeheo glaian oS lipid soluble | 55 Ma plai -
S 2929 9 L9, methyl g
weak Jos Juiol! &SI JWL
nicotinic action JI Le gslio
o hicotinic
=Y Jae
oAl puiue
Ok é:d."-_g
Jlog>gls -
carbamoyl
Jigroup
absorption




owsS 5o
(s o)
Oral Partial Complete Complete
absorption As it is As we said the presence | As we said
The highest of the Carbamoyl group |the presence
guaternary makes the drug more of the
ammonium com- | lipid soluble so better Carbamoyl
pound penetration (better makes the
absorption) so it’s very drug more
good to be taken orally lipid soluble
so better
penetration
(better
absorption)
so it’s very
good to be
taken orally
Administration | Oral & SC Oral (good Oral & SC Eye
(injection) bioavailability) & SC Eye | drops
drops AN 3 g
>But keep in mind | Here the penetration is lgle LusS> I
that orally it’s very good e
bioavailability 43 OSes 95 LS g 999
not complete penetration Jox
J! @b o= conjunctiva J
eye drops (locally )

Metabolism by
Ch.E enzyme

The question here
as THEY ARE the
same as Ach(as
they have acetyl
group), are they
also degraded by
the Ch.E enzyme ?
True only

Not hydrolyzed by ChE
These two don’t
although there is

acetyl group ( they
aren’t metabolized by
both types of




So here this drug in

Cholinesterase true or

metabolized by the | Pseudo Cholinesterase)  akxl ewexll g
True ->Maybe metabolized by 19 ‘zsi ‘:.sj 0
Cholinesterase other enzymes but not this excretion JL
only butin a L through
slower rate kidney
compered to the
Ach
Muscarinic Marked muscarinic effect
effect
Nicotinic Weak Marked NO
effect JI 9l (S US g9 Ju3
OSAtropine reversal
ad £l9d ‘si & ez
nicotinic and muscarinic
Ach J! &) 193 = action
oo l9udl 09 carbachol Jlg
920 s OSee JI Joda
J! 9 atropine reversal
o o b methacholine
Je 8,80 &S Ul s
nicotinic receptor very
Bethanechol J! 9 weak
Mol w56 Gogle
Specificity CVS Eyve, GIT ,
S moue W | s CVS Jl 4l oo
Jaiid 9o 9 heart and BV J! Ur. Bladder
IS e | gl Joan> b laido
muscarinic J! actions J!
Yl receptors Jud ealuS>
‘3 d>19 JS ¢l
sgdtissue
055

ks selective
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Uses of Choline esters: Methacholine: it was used in:
Ole) Cdiid! (slgy puseiuy O A9 é)hd o> b -
1. Paroxysmal atrial tachycardia (PAT)
CVS JU d8elg)l gilelusuiwl ST 131 selectivity on the CVS ¢Jl &Y
s soHR JI G 8oLy e JI (wldl an godsei OSeo O decrease HR oo 092 ¢
tachycardia

QParoxysmal : means attack
®QAtrial tachycardia 2 tachycardia caused by the atrial muscle in which here in
this dz the normal atrial muscle started to make the pulse instead of the SA

JIgl 0s%0 als JI 4 fiber which has a faster rate J! $oe (2 9) ! (§ Bus ]
JWUL & 3 4d <yle 9normal muscle Jb a8l § 090 pwatrium JI & upper hand

Soas a4 Jlrate JI Js seizs (L 95 heart JI

QS0 we will give the methacholine so it cause inhibition 2 leading to decrease
the heart rate

2. Peripheral vascular disease (PVD)
As it causes vasodilation, as the receptor found in the blood vessels (and as we
know no parasympathetic innervation )the drug will act on the muscarinic
receptor leading to the release of NO which lead to relaxion =VD
(in this dz pt will have spasm in the small vessel especially fingers and toes note
that smoking increase the susceptibility of this dz also the cold increase it )

3. Diagnosis of Paroxysmal Pheochromocytoma,

Pheochromocytoma : tumor in adrenal medulla ( as consequence of the high
number of cells so the release of A/NA become HIGH)

Pheochromocytoma has two types (((1))))sustained or persistence (releases
A/NA all the time ,it’s diagnose is easy by Measure the A and NA in the blood




and find that it is high ( along side the metabolite of the A and NA are high in the
urine in any time - so it’s diagnose is easy )

and (((2)))Paroxysmal (attack) here in the diagnose if the Pt has done the
laboratories Analyses in the time where there is no attack so you will find every
thing normal. so in order to know the right diagnose we tend to inject the pt
with methacholine — very small dose — and methacholine will stimulate the
adrenal medulla as the methacholine has a weak nicotinic action 2>

If the pt is normal = nth will happen ( no effect on the pt ) as we have given a
small dose and the methacholine effect on nicotinic receptors is WEAK

But if the pt has Pheochromocytoma = this small dose with the nicotinic effect
will stimulate the release of A and NA so | can diagnose the Pt ( and it’s not
harmful for the Pt since these A and NA won’t be high - no hypertension )

¢ used nowadays in diagnosis of bronchial asthma (provocative test)

attacks 8)gsas xS (See lg39S bronchial asthma JI paseild § lgedseiud yuiie gopé
092 J! provocative test J! Joxio chid Olino .. &I pre SS1 92 Y lguuw 9 zudlg (sineg

slag bronchial asthma J! e attack Jes! 8)gle Ul g (Sil5aiadl ol gpamedl Hlos!
Jexd muscarinic receptor in the bronchi J! s Jaidn = muscarinic /gl

attack gloxis b s doy> Culaci Blg asthma gdise Juo! ol 918 bronchospasm

8 aduo attackw dxl> ghasis s 8 piue dey> Y gud 4 9 from the asthma

.4u9ds baronial asthma J! gSee COgJl1da (§ 3990 (i galane Oilelusiwdl b ey

Carbachol & Bethanechol:
As we know the selectivity in those two was in the GIT UR.BLADDER AND EYE SO
9

1. Glucoma (eye drops)

Because it causes meiosis = so widening of the angle so decrease the IOP

3. Non-obstructiveParalytic ileus e.g. postoperative
Postoperative: ddeall day
dudoadl IS 9 dukos His domll Jiiicts Lo Intestine JI § paralysis gais J>l9 of G
s - g8 Hyoels Slaadl S 7y o clonll kg JULD aggressive dsylas slasdl §Suws




Shozi> 03 L9aVW (o U9 glass intestine JI gk Olie Jgons 9 dad Mo
s JWL g git JI ¢Sy>=> sphincter J! M relaxation 9 contraction in the walls
normal movement

2. Non-obstructiveUrine retention e.g. postoperative
J! postoperativecbdeall gl Al glis UIg 9J urinary bladder J oI udié-
< bladder J! Jad! 4 BB urinary retention yayell (Sxe (wgS Sikiliiius urinary
urination Jexs y2sedl Olis contraction for the wall and relax the sphincter Jos!
L9V (o Uy Jaxad dudoall da
J 9l intestine JI &y pus (§ cud! 0550 b (Gx3 non-obstructive gl 935 0N @
J eIl 9 Tumor or large foreign body 3929 Yts obstruction dhele dliai
9 urethra J! J3G stool or foreign body or tumor 399 Jis(urethra J! 3§ ) bladder
& WS Jole
V4 44 contraindicated maing L9391 Jasl )48l #) e Obstruction cawdl ¢f 653

Obstruction in the urinary bladder by stool in guis e ¢J ¢V contraidicated 1
JI ow =il (s stimulation for the wall Jos 8458 Ulg the urethra or by tumor
urinary bladder ¢ rupture o9& a7y JI (Osh L@.‘flﬁgj) 8,5 urinary bladder
rupture

& tumor J! Jie Obstruction dele did guis v yell intestine J pdSJI juds €2
movement JI S pld slaodl 8ySius dxl> §9 intestine JI § 4Sy> Jos! o Ul g2 39
rupture in the intestineé Jsa>xd

asl Lluas obstructiongys el Lis b ol SSWI 9 yaseid day (! Jis pUSiun DI
slgl

4. Neurogenic bladder
. LMNL @iyl gl (physiology Jb lgus- JB jgiSWI) UMNLLg gis 0950 syl JIRR

S tract JI Juio 81 o3l Eusw spinal cord JI 3 S level 43 lesion JI ¢ Saé
spinal J! I &)l sympathetic and parasympathetic division JI s 50 luus
o oo (4l § Lo bladder J! s=29 Neurogenic bladder <k bladder JI JWb 9 cord
visceral JI 332 (e pressure J urine Jb JwiS Oghdl §) dhale (45 O control

i b llldautomatic Vi & Q... 1029 urination Jwasw A 9 pressure




JI pudaid Bug Carbachol & Bethanechol (@b ;e glady lgsd (Souiy el
Movement

5. Congenital megacolon
Jb)) the large intestine Oglill Wy Al eadis 9l gius JWabl Jgdd Ogd g4y &
9! o0 Jw stretch ¢l ps Oghddl 9 JSL dady Jalall OB (((USiw Lgsd gieU peristalsis
contraction J! Jes s 8)udll (g stretch JI il g0 9 SV 2> 9 Movement e
3y ) Jole abdomen JI JB ygiSWI) belly abdomen gews! dliciy (o woll (sxo
(slegll ol le.“ﬂ

6. Gastroesophageal reflux

s SG b day (292001 93l LuS> J48 Gastroesophageal reflux Jb puseiu g0 m&
099 oYl ams reflux s b 9 3w ¢3! Euse LES JI $ (tone JI 83L)) contraction
9! content of the stomach JV (S e 09 Tone JB Plexus JI slg dSiw eadis
ol (4a esophagus J <)y stomach JI b acidity JI SSb b A8 oo s G
Shoms Ol gl Joua Jass Ulg ( git dz’sdb Bis-lg ) heartburn dhomud (uSlan!

LES J! §contraction

Adverse effects and contraindications of choline esters:

Adverse effects contraindications

1-Bradycardia. 1-Bradycardia.

Because we decrease the HR Because it causes bradycardia
2-Slow AV conduction. 2-AV block (heart block). OR AVN
Note that we write AV node not conduction block

atrium, the AV is same as the SA As it causes Slow AV conduction.

node so its rate decrease normally
but the conductivity was increasing
in the atrium (in normal atrium
muscle) again the specialized cell as | 3-Hypotension.

the SA node it’s rate decrease As it causes Hypotension.
leading to bradycardia and AV node | 4-Bronchial asthma.

as it causes Bronchospasm




decrease leading to slow in the
conduction
3-Hypotension.
4-Bronchospasm + 1 secretions
5-1 HCl secretion. Which will ©so
increase the acidity which may
cause peptic ulcer
6- Choline esters passing B.B.B.
worsen parkinsonism
@ As these drugs is the same as Ach
—>the problem in the parkinsonism
is the decrease in DA and the Ach
will have more upper hand ( have
more control )no balance Between
them - more acting of the Ach
which would give the symptoms of
the parkinsonism
@®and here is the same thing these
drugs act on the receptors the same
as the Ach ( Jeiwl J1 83930 36 &)
JeS ) so it may worsen the
Parkinsonism .
I b (f b U8 9 Jyel g
oS3 Parkinsonism ghasus i S
Oliue dugaVl oda dslg (o)l glie Wl of
pgie WS> JI o guis dxl> ¢l Pl
JI p9saall 5 BBB JI e ke o) JLd
Oee Cds o o Jud lgebpenetration
worsen to the manifestation of Je=S
Parkinsonism

7. 1 Secretions: lacrimat., saliva...
@ when the secretions increase
above the normal so this is an
Adverse effect

8. 1 Urination

5-Peptic ulcer.

Because they Increase the HCL
6-Carbachol and bethanechol are
contraindicated in parkinsonism

Because they pass B.B.B. and can worsen
parkinsonism

7-Ischemic heart disease (hypotension -
J/ coronary blood flow).

Why? Because these drugs causes
hypotension and as a result the coronary
blood flow will decrease also which
mean ischemia in the heart so the drug is
increasing the attack (more ischemia)

8-Thyrotoxicosis (increased atrial
conduction = atrial fibrillation).
Why ? thyrotoxicosis means increased
thyroxin hormone and when it increases
(act as the A and NA alongside with
increasing them ) it causes stimulation on
the body including the heart ->causing
tachycardia
Ma .. tachycardia JI Jine lis ASCinadl et a0
e Lo (gl JS s dugadl 5L g3l Jud L3 Ui
A g.m)’l dac S the atrial conduction
435 WJ tachycardia JV conduction J! g
S pals s atrial fibrillation J Jg=eS S
rate o J&id atrium JL 0 degoxe
& irregulars rhythm € irregular rate ¢
97519300 beats per minute ¢ rate J!
Sohie AUSiun i (031 JI Mo irregular 9455
fibrillate 4ofS a2s ventricles JL Al
bomb to Joa jdiy e Jim S w3 S
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M defecation as a result of the
intestine movement
. Nausea,Vomiting, Diarrhea, Colic
all as a result of the intestine
movement
spasm Jexis 9 S9! Lk Sl iyl &
colic ghxd
7. Choline esters with nicotinic =
Lid twitches, frontal headache (with
eye drops)
- Skeletal muscle Fasciculations
In the last point we mean the
Carbachol as it is the only one with
marked nicotinic effect which will
lead to something we already talked
about which is the nicotinic action in
the small muscles as the lid
twitches> JI (nall (2> 3 oL
d.SJJl o
Frontal headache : the skeletal
muscle present in the forehead or in
the skin under spasm
U1 a2 91 globad anyoll uomsd
frontal head/ or frontal part
duyd | eye drops JI ae AS1 Oldvg
Casl Aanll g el CasB Alasmd! yo 1>
peg,dr—y“t Sedforehead U
@ Skeletal muscle fasciculations :
de gozzoupper /for lower limb JUL e
S Uy 848 S oLl eghasfiber

398 dadll

b &) LgS yoldl Joay o8 i the blood
Wl (oldil Joal oo sld degame S US>
Qb JWby a9 impulse I Bu>y JS o5
S ventricles J) Ggd dad pull (oS Fud

J& COP JI Wy L& (ugS pd (Sxs o5 ine 93
Sl © WS g

9-1V and IM injection-> severe
bradycardia & hypotension (treated by
atropine).
->Contraindicated to be given IV and IM
because they will act rapidly and they will
cause sudden and sever bradycardia &
hypotension { { {
fainting & @yl pgd>l b Jgl (Seed
severe bradycardia & <wwo attack
hypotension

IV slgall ola Janiy o lily g3l 12,0 o@D
Jady dalies Olins B pdue Wleyxs and IM
bradycardia & g9 90l 3 Jua> IV and IM
¢ Joxi> ¢ hypotension

el oY atropine (Jaxi>

heart block ¢ amas (Sewy Bradycardia gus
4 ¢S 9 sever hypotension gbis (e 9f
stimulation of the J! 092 Jgu § !

JI cdad ds@&’ muscarinic receptors
muscarinic J! ;S z92 parasympathetic
bradycardia & JI cexlle 8458 atropine JUL
hypotension
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