\
ZF
T,

Treriimanit®

ranasdsenaumsdanizn

113301 1AREINIMIIMISHINE 1

(MEDICAL PHARMACOLOGY |)

Frd type = sympathetlc aclions
Elué bypd + BArALYmpAtRALIC 2Bk

EYE

Tontraction of irts radiat
usehe (puph ditates)
zmzachen ol rls wphingier
—~useis pupH contracte)
2 anteaction of clilary muncie
w=x accommodaies for nesr vision)

LACRIMAL GLANDS

Stimulates tears
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anlwTAsnahalszamide effector cells uazansfamssiifeangnisanduiilaBay ndwuiarila
bazflonsine  AAEALGMEYEY  neurotransmitters WA sruulsvandmluiRkiseaniy
parasympathetic 130 cholinergic system W&~ sympathetic ER adrenergic system AR TTLIL
parasympathetic nandainantanzandn cholinergic agents WASATTNNARRITLIL sympathetic Fundn
adrenergic agents TA1 mimetic savie viuefianisinusegrisidiunisnszsi g cholinomimetic 1ia
adrenomimetic UAztEAT Iytic favineviaa blocking wanefiaiumsiauanemtnasluszinis vl
cholinergic blocking 99 parasympatholytic agents WAL adrenergic blocking 12 sympatholylic agents
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wananiugailMwinliuaminannraangmania effector organs g IWin1sineuunniu Buniu agonists
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wazaennname effector organs Tiinamatasas it antagonists

Receptor W14 cholinergic a1 TN cholinergic recepior 159 cholinoceptor Ua> receptor N
adrenergic 271R3en adrenergic receptor H adrencceptor receptor ﬁﬂgj postsynaplic membrane Wil

9, ar o or e ‘ 3ot =l = dl uai . . =
grnszsfuliasanumulismauiuABe will receptor Bnaliauiivagi postsynaptic nerve ending 3¢
presynaptic receptor ﬁmﬁﬁﬁﬂ@ﬂmu&uﬁmmm@ neurotransmitter #udspanuiladl nerve impulse
wazinalanaiinarasmnsnsduamsy neurotransmitters Smiiy negative feedback mechanism el
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neurotransmitter UAIRENNNAIWALAD AIFUATHATNIZE presynaptic adrenergic receptor M liiasn s
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Neurotransmitter AnAsannunain cholinergic fiber 1 acetylicholine (ACh) uazfivdIaanun
41N adrenergic fiber LU norepinephrine 147 adrenal medulla azifu epinephrine Wudaulini nsiEan
cholinergic 78 adrenergic W WU neurotranmitter intd LWszLn fiber T sympathetic system
11183 norepinephrine WAMAY acetylcholine LWALUa"Y preganglionic fiber VNEW Lax¥ postganglionic
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cotransmitter, neuromodulator, 199 primary transmitter ﬁmﬂlii@m?ﬁl@‘uzmmm"am?m:ﬁumw;‘:uu

UseamanTual® answanillsiun ATP, enkephiling, substance P, somatostatin, gonadotropin- releasing



hormone, cholecystokinin, calcitonin, gene-realted peplide, galanin, dopamine, GABA, nitric oxide,

serotonin, vasoactive intestinal peptide (VIP) , Uax neurcpeptide Y (NPY)

Sralnstem or |
| “spinal cord

gﬂﬁ 3.1 Efferent neuron of the
Autonomic nervous system

(Ref: Harvey et al., 2006)
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1. Cholinomimetic Agents
Choline Esters
Acetyicholine
Bethanechol
Natural Alkatoids
Pilocarpine®
Muscarine
Anticholinesterase Agenis
Reversible Anticholinesterases
Edrophonium®
Physostigmine
Neostigmine®
Pyridostigmine*

Irreversible Anticholinesterases
Carbamates

1-naphthyt N-methylcarbamate adrenergic (Carbaryt)



2-isopropoxyphenyl N-Methylcarbamate (Baygon)

Organophosphorus compounds
Nerve gases LBl soman, sarin, tabun
Parathion

Paraoxon

Malathion

2. Cholinergic Blocking Agents
Muscarinec Blocking Agents
Atroping”

Scopolamine”

Derivatives of Belladonna Alkaloids
Homatropine™

Methantheline

Propantheline®
Oxyphencycliming”
Cyclopentolate

Tropicamide

Ganglionic Blocking Agents
Depolarizing

Nicotine

Nondepolarizing
Hexamethonium

Trimethaphan

Neuromuscular Blocking Agents
Depolarizing

Succinylcholine
Nondepotarizing

d - Tubocuraring®

Alcuronium®

Pancuronium®



Gallamine

Atracurium

3. Adrenomimetic Agents

Catecholamines

Epinephring”

Norepinephrine

Dopamine

[soproterenol™

Dobutamine

Nancatecholamines

Amphetamine

Ephedrineg®

Phenylephrine

Metaraminol®

Methoxamine

Mephenterming

Satbutamol®

Terbutaline*

Metaproterenol

4. Adrenergic Blocking Agents

4.1 Alpha - adrenergic Blocking Agents
4.1.1 trreversible
4.1.1.1 Phenoxybenzamine
4.1.1.2 Dibenamine
4.1.2 Reversible

4.1.2.1 Phentolamine
4.1.2.2 Tolazoline

4.1.2.3 Prazosin

4.2 Beta - adrenergic Blocking Agents

4.2.1 Nonselective



4.2.1.1 Propranolol®
4.2.1.2 Pindolol*
4.2.1.3 Nadolol
4.2.1.4 Timolol

4.2.2 Cardioselective (batal)
4.2.2.1 Metoprolol
4.2.2.2 Atenolol

4.3 Adrenergic Neuron Biocking Agents
4.3.1 Guanethidine*

4.3.2 Reserping”

4.4 Centrally Adrenergic Blocking Agents

4.4.1 Clonidine”
4.4.2 Methylodopa®

Ratk type = sympathelic actions
Bive type = perasympathetic actions

LACRIMAL GLANDS

EYE
Contraction of iris radiat

SBlimulates tears

SALIVARY GLANDS

muscle (pupi! dilates)

Centraction of iris sphinctes

muscle {pupil contragks)
Controction of ciltary muscle

(lens pegommedatns for near vision)

TRACHEA AND BRONCHIOLES

Ditates .
Lonsiricin, Increases seoretions

Thick, viscid secretion
Copious, watery secretion

‘ HEART

ADRENAL MEDULLA
Epinephrine and norepinephrine secreted |

KIDNEY

Increased rate; increased contractility
Decreased yate; decreased contractitity

GASTROINTESTINAL

Secretion of renin (4 increases
iy decreases)

Decrease In muscle motlility and tone;
centraclion of sphincters

Increased muscle motility and tone

URETERS AND BLADDER / GENITALIA (FEMALE)
Relaxes detrusor; contraction i f‘\, , il Relaxation of uterus
of trigone and sphincter i BLOOD VESSELS
Ceniraction of detrusor, e {skeletal muscle}
selaxation of trigene and sphincier Dilatalion
GENITALIA (MALE)

Stimulates ejaculation BLOOD VESSELS

Btimulales eraciion

(skin, mucous membranes an
splanehnlic area

Constriction

gﬂﬁ 3.2 Action of sympathetic and parasympathstic nervous systems on effector organs.

(Ref: Harvey et al., 2006)



AUTONOMIC SOMATIC
Sympathelic innervation  Sympathetic Parasympathetic
of adrenal medulla
Acetylcholine Acetylcholine Acetylcholine Na gangtia
=] & B
Nicotinic Nicotinlc Hleotinic
receptor receptor recoptor
Adrenal medufla
Epinephrine reloased N i .
p im% e Lot arepinephrine Acetylcholine Acetylcholine
o _"5' 12
m ﬁgl} Muscarinlc /////fl%\ %
receptor recepior recaptor = reggprt;: R
e e .
Effector organs Striated muscle

;a:ﬁﬁ 3.3 Summary of the neurotransmitters released and the types of recepiors found within the

1.

autonomic and somatic nervous systems. {(Ref: Harvey et al., 2006)

CHOLINOMIMETIC AGENTS

AGONISTS

DIRECY
| ACTING

- Acelylchaline
[— Bethanechol
- Carbacho!
— Covimeline
\w Pilocarpine

J INDIRECT

ACTING .-
‘(reversible} -

CHOLINERGIC 1

L Ambenomium
— Donepezll

- Edrophonitan
- Galantamine
- Neostigmine
t— Physostigmine
i— Pyridostigmine
- Rivastigmine
L Tacrine

.+ INDIRECT-. -
ACTING: " -
- {irreversible}’

|- Echothivphate
- tsofiurophate

‘REACTIVATION
. OF ACETYL-
" CHOLINE "
ESTERASE.

— Pralidoxime

1.1 CHOLINE ESTERS
ACETYLCHOLINE

Acetylcholine (ACh) Lilu neurohumoral transmitter
Apithd prototype ﬁlﬂ&ﬁ’mﬁu‘ﬁ usi il snen dlasann
QVibnIzanENn Lm:qw%f%u Lﬁﬂqmngﬂﬁﬁmmmaﬂw
sandalmeaulag acetylcholinesterase {specific or true
ChE, AChE) uax butyrylcholinesterase (cholinesterase,
serum, esterase, pseudo- ChE, ChE) qw’gﬁj@\a ACh ot
WEruA 1 3ui videdeandn 1 millisecond Izgmvnane
ANRENTIALTY LLﬂ:Qm%unﬁuma‘mauﬂu@wm effector

organ FERDNNINIZEUNN adrenergic AINTNH 1
d’
nalnnsaangns
ACh Tussnnefiuasasnunanny aned szam
o s Al ]
A TFHNARD

1. autonomic effector sites 4 postganglionic
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gﬂ%ﬂ 3.4 Summary of cholinergic agonists parasympathetic fibers NM@URA
2. sympathetic WAZ parasympathetic ganglion cells AT adrenal medulla il preganglionic
sympathetic fibers 11AugA
S & - Y ,
3. motor end - plates NRATHLUARY TILRLNASE somatic motor nerves

4. synapses UL AN

SYNTHESIS OF
ACETYLCHOLINE

* Yransport of cholino s
Inhitsied by Romicholinium.

'ch_u:tﬁa:Jt: Chaline
i Hat Na*

UPTAKE INTO
STORAGE VESICLES
* Acetylchotine is protecied

trom degradalion in the
vesicle.

OF CHOLINE

* Chollne Is leken &
up by the neuran. f

Synoptic
vyn.slgle

recoplor Rsleass I3 blocked by

bolullnurm toxin.

Splder venom sauses

GRADATH‘;N. o%ﬁ L .h'cew'chnn_ngf@
DE AN Ty
ACETYLCHOLINE . Ghellng %

* Acotylcholing is rapidiy Sl
hgdlrlr.\iyzed by alsattgl- BINDING TO THE
chollnesterase In the
synaptic cleft. RECEPTOR
bttt T = Postsynepile receptor is

activeied by bindin,

i 2 ' of the necrotransmitler.

© INTRACELLULAR RESPONSE

gﬂ‘ﬁ 3.5 Synthesis and release of acetylcholine from the cholinergic neuron. AcCoA= acetyl CoA

(Ref. Harvey et al., 2006)

m Muscarinic receptors

Muscarine  Acetylcholine  Nicoline

r @

High W Low '
affinity iy

E Nicotinic receptors

Muscarine Acetylcholine  Nicotine

gﬂﬁ 3.8 Type of cholinergic receptors
- @

{Ref: Harvey et al., 2006)
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Effector Organ

Adrenergic Impulse

Receptor Type

Responses

Cholinergic Impulses

Responses

Eye
Radial muscle
Iris sphincter muscle

Iris ciliary muscle

Heart
S-A node

Alria

A~V node

His-Purkinje system

Ventricles

Arterioles

Coronasy

Skin and mucosa

Skeletal muscle

Cerebral

Pulmonary

Salivary glands

Renal

a,. o,

o, o,

R

g R

o, O,
., G

1 ?

B‘n'B'c‘

Contraction {mydriasis) ++

Relaxation for far vision +

Increase in hear rate +-+

Increase in contractility and

conduction velocity ++

Increase in automaticity and
conduction velocity ++
Increase in automaticily and

conduction velocity +++

Increase in contractility,

conduction velocity, automa

ticity and rate of idioventricu lar

pacemakers +++

Constriction +;
Dilatation ++
Constriction +++
Constriction +-+;
Dilatation ++
Constriction (slight)
Consiriction +;
Dilatation
Constriction +++
Constriction +++;

Dilatation +

Contraction (rmiosis) +++

Contraction for near vision +++

Decrease in heart rate ; vagal
arrest +++

Decrease in contractility and
shoriened action-potential
duration -+

Decreass in conduciion velocity;
A~ block +++

Littie effect

Slight decrease in contractility

claimed by some

Constriction +;Dilatation

Dilatation

Dilatation +

Dilatation

Ditatation

Dijatation ++
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Effector Crgans

Adrenergic Impulse

Cholinergic Impuises

Receptor Type Responses

Responses

Veins {Systemic)

Lung

Tracheal and bronchial

muscle

Bronchial glands

Stomach
Motility and tone
“Sphincters
Secretion
intestine
Motility and tone
Sphincters

Secretion

. Gallbladder and ducts

Kidney

Renin secretion

Urinary bladder

Detrusor

Trigene and sphincter

Ureter

Motiity and tone

Lo terus

. Sexorgans, male

3in
Pilomotor muscles

Zweat glands

o

1

BP

Constriction ++:

Dilatation ++

Relaxation +

Decreased secretion;

increased secretion:

Decrease (usually] +
Contraction (usually) +

inhibition

Decrease +
Centraction (usually) +
Inhibition (7)
Refaxation +

Renin sécretion ++
Decrease +

Increase ++

Relaxation (usually) +

Contraction ++

Increase

Pregnant :
Contraction (CL,);
Relaxation { ﬁz)

Nonpregnant

Relaxation (BQ)

Ejaculation +++

Contraction +-+

. . 2
Localized secretion” +

Contraction ++

Stimulation +++

increase +++
Relaxation {usually) +

Stimulation +++

increase +++

Relaxation (usually} +
Stimulation ++
Contraction +

Contraction +++

Relaxation ++

Increase (?)

Variable'

Erection +++

Generalized secretion ++4+
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G e

Adrenergic Impulse

Effector Organs

Receptor Type

Responses

Cholinergic Impulses

Responses

Spleen capsule o

-

Adrenal meduiia

Skeletal muscle B,

Liver Cl

Parp:reas
Acini o
tglets (calls) o,
P,
Fat cels a. BB,
Salivary glands o
ﬁz
Lacrimat glands o
Nasopharyngezal glands
Pineal gland [3
Posterior pituitary |31

Constriction +++

Relaxalion +

Increased contraclility;
glycogenolysis; K+ uptake
Glycogenolysis

P
Gluconeogenesis” +++

Decreased secretion +
Decressed secretion +++
increased secretion +

Lipolysis +++

Potassium and water secretion +
Amylase secretion +

Secretion +

Melatonin synthesis

Antidiuretic hormone secretion

Secretion of epingphrine and

norepinephrine (nicotine effect)

Secretion ++

Potassium and water  secretion
T4+

Secretion +++

Secretion ++

2. fldeuaTUssu (“adrenergic sweating®)

3. Hamuuanmnaiuluded species Ana iRgsiumiinves receptor luawlaingn & uss § responses

ANEVNSLNATINEN

[MEUe ACh URZ cholinomimetic agent wiisnaniilu

=

1. Muscarinic effects Lﬂuﬂﬂ%ﬁ&dmﬁﬁiﬂ autonomic e
2. Nicotinic effects iunraaimilannvivesdanaasd nicotine AnlWnnARNIZFiu autonomic ganglia

1 14
B = e ' o
AT neuromuscular junction KTavILTEN motor end — plates 1N uieans UATUIAAINAL block HaZ

issasuaniunienziiy

10

=

wynewe 1. Buiuszeslu menstrual cycle, BT84 estrogen Uax progesterone uNseUaladin uay LMﬁme‘%w’;

#

ffector cells mﬁﬂuﬁquﬁﬂl’a@é/ﬂmﬂ’aﬂﬁ muscarine
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Cholinergic receptor Fanithd muscarinic 1Az nicetinic receptors m'}uﬁﬂﬁuﬁ'ﬂmqm Rl
nasAnEn i lulena uazAnanTEnandaaven nicotinic receptor utlsnanifi subtype 2 oiis Ae
Nm E]gj‘?; neuromuscular junction L&z Nn @gj‘ﬁ autonomic ganglia, adrenal medulla WaZ CNS @914
muscarinic receptors WLNBanLu M,, M,, M, 48z m,, m,, m,, m,, m; weAantsndsanenuas molecutar
cloning MINANGIL i M,, M, M Baanuri m,, m, mg, Aunidenas muscarinic subtype 5137 luidimian
wrnaaslFdn M, viza i, W7 autonomic ganglia sz CNS M, 4az m, AL la uas M, IAZ m, AU
smooth muscle W&z secretory glands 4o m,, m, flinsuraszBanuiusy ¥ 5 subtypes I
CNS uaz tissue e siinlivans subtypes

maﬁﬂanqwgmu muscarine 81al3en muscarinic agenis Lm:mmaﬂqm%rmﬁ@u nicroting 813
(361N nicrotinic agents HARATTLILIAT fiail

szunvuFenlatin thladusndnaddeidun negative chronotropic effect Laz8auLs AN
negative inotropic effect Inel negative inotropic effect 1L atrial muscle 897 ventricle Tu‘ﬁu’w}@\‘i
P A- V block sidavilavgmsiuls dulafineaned vnldanumdadinan

s=uLnela vaeARUMARA secretion NN

FTULMARUBINT ATMEE usalunnsius uasindead sz ua=a lg
i mmdaindesni

svLumadudanas ureter Snstusadfai dratlasnzinetusnnisindaniio detrusor 1as
naznziiaansdusi dav trigone was extemnal sphincter ARNLIFR

7 BuEaARIAz N IHIIUAIANAY (miosis) 4N sphincter muscle aasneaNTusa ciliary
muscle TGN inteaocular pressure AARY AN Fienine samtinane sauwite faslumnadueng

ua=lu tracheobronchial tree 5 secretion NN

BETHANECHOL
il carbamyl ester 483 choline Lla.itgﬁ hydrolyze img] acetylcholinesterase e nonspecific
cholinesterase A4i half fife £177 #1910 muscarinic actions dulin) eannyarauitvawtsiussul
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AaR1ybfuas Choline Esters

1
=t

714 Choline Esters Tngann2a e NEWanaLS

ayiasaszu A lafimiagyivinhiuin Aosdudlu
el
1. vaviin iesninlivaonaumasi
2. Hyperthyroidism merzaiwanienaifia

atrial fibrillation Hiide ennguil
3. Coronary insufficiency Ldm’f‘«l’mmm coronary blood flow
4. Peptic ulcer liaaNnnlLnszANTE N sABNAAT

di Srar ) g
e lFuenguil

1.2 NATURAL ALKALOIDS
SRANROUATIARSNETTHNTNR LWNgW chotinomimetic

I#ur pilocarpine BvlFanluda s mon iviuasanidn s

2 , , 4 v o

T8 Pilocarpus WA~ muscarine Falsannwinte

s . = . .
Amanita muscaria LAY species Tndpes species inocyhe

Bond cleaved
by acetylchofin- E
eslerase

o g
IR e
HyC—C—0—CH,CH, —N*= CH,
~

C
Acetyicholine s

o} €
I 1“3 s Cht
HN—C—0 = CH™ CHy —N*~CH

Bathanechol Cl—g
(derivative of
acatylcholing)

Ester of carbamic acid; |
resists hydrolysis by
acetylcholinesterase

o

1l - Chs

H i ~C—0—CH,CH, —~N¥~CH,
.

Carbachol CHs
{derlvative of
acetylchpline)

Hg €\ ,.CHEi 1~ CH3
0¥ ™0 N’/’

Pilacarpine
{natural product)

. = s ,
W clitocybe WUHLFUIUGY 5% 3.7 Comparison of the struciures
of some cholinergic agonists

(Ref: Harvey et al., 2006)

Eye treated
with pilocarpine

5117 3.8 Some adverse

a1

RS

effects observed with Untreated eye

Cholinergic drugs

(Ref: Harvey et al., 2006)

Eye treated
with atrapine

Nl

<
519 3.9 Actions of pilocarpine and atropine

on the iris and ciliary muscle of the eye.
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Pilocarpine Miusannvintigdtunify mowsiulugnmanas ldneiuiissanuansznuse
szuviu] InsannzadnaBerzunuisuladin uazsiaunitediaouisenniluin midsazesnuan
Muscarine lildUssTamdnnansunnd wiazifammilafulsznuidnld vinbitinana tsnlva

pruldon@au tandAsey noalddn Uandies feade viesnaaniium valawiu nousmdedinmn uas fen

1.3 ANTICHOLINESTERASE AGENTS
Anticholinesierase agents %8 cholinesterase inhibitors Lﬂumﬁqﬁué%m,@uifﬂﬁ
acetylcholinesterase (AChE) fiazll hydrolyze ACh ¥l ACh azausgiidinn cholinergic
receptors {11 %qtﬂumaﬂfﬂqnwﬂ@:ﬁm 194 ACh 88°917N77 central a2 peripheral nervous
system nadunelmitiiiudonsn Anatungu reversivle l6un edrophonium , physostigmine,
neostigmine, pyridostigmine ﬁqw%rg’u sz Temilunaanasume douansfduienimiogne
0199 Gunnga ireversible 16un organo - phosphorus compounds FoTusneinuaag 1y
parathion, paraoxon, malathion UWAZWAN nerve gases LW taban, sarin, soma 183l AChE ‘ﬁgﬂ

wr 1 T
Taunatiazd] activity IXludtmaliadniedamnmnoiidu @yl

1.3.1 REVERSIBLE ANTICHOLINESTERASE AGENTS
EDROPHONIUM (Tensilon®)
\flu monoe - quarternary amine @ﬂﬂqmﬁfﬁugﬁm 2-3 wn Wasnnuaeylfidulml AChe

aaniih 8aszlfine uargniidnemslaga

dszTaminiemann
H3Tiadelen myasthenia gravis Taitlu
¥ L
neuromuscular disease agnanilslnanduiieans

re] 1 & L .
denisaauusuasandne I edrophonium

2 9

A o &r 5] g -9 ‘j‘l ar
nigwaeann Sutlulsatnsuileataaznau

o e

= £ = o
HNANTH iLmL‘}Jumﬁ‘:ﬂzmmﬁuj

Echothiophale |

Edrophonium | ﬁ
Neostigmine J
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gllﬁ 3.13 Summary of actions of some cholinergic agonists.

(Ref: Harvey et al., 2006)
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g‘dﬁ 3.14 Summary of cholinergic

antagonist (Ref. Harvey et al., 2006}
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gﬂ?l 3.15 Sites of actions of cholinergic antagonists (Ref: Harvey et al., 2008)

17




<0 = 1 @r )
Lt msidRsusdadlusieme wazmetunis
Belladonna alkaloids gnaadulfizaamniasivaning inubadiens widmwmnsfiamiidann half
fe 184 atropine Usrannu 2.5 Falsgndudiendasnozithudaslunlu 12 4970 Tnaunsdruaanunlu
- - i
71liFn atropine 1ing secretion e W uiEnnudiasnn Besanyininm
S s o
BN NAEINeN ’
] ‘é = e . 2 + 3 2 =
sruuUszamdaunats auna i luARN atropine nezpulszamnana uwit lfmnegannazil
manazes wdemusaenisna maneldufinaues choline esters %38 anti- ChE liflnssialszannans
: . [l 2 94 &r o Qre=d [+ =
iz atropine dssidnuszanansldignn kaannmimezsulszamnanainlifivnelad uazuneasadn
X X ,
Gy unageTuazilanniinssdlnszdns, disorientation, haltucinations, 178 delidum faUIAgININAZNA
Urzamnansiilann waz medullary paralysis snel# atropine Tuwwadunans anensiladunaznduile
pdanilulsawniiudu annsnegudauunisirdeulinuazanussareand il
sruumyuAeulaiin v lasuiauantesluszazusn seundle i luinegainlaansuiatung
saniiie atrial arrhythmia Tagiawizatinadisluiin vae atrioventricular dissociation Tudfluny (dusnaiin
o - ™ o . 1 o Mo -
- anRusnefaLeg Iraannzad WEsNUTNN blush area B98N atropine flush Ganalndlinsuuiue
“atropine HuAonERinlnd&ulalinuanes uazAnAimnann choline esters iR Taeldwunming
| TULMNALETNT B/ secretion LAZNNTUUMAIBAINIZIWAZaMNT wazA A lERun
sruLvnaAumngia U secretion masavnaRLaNgla tazsvnlfuaenausafUuANTey
: \ e o - . . ! @
TneawizotadslumaivaanauRuanwon parasympathomimetic ez deatunansluunameftly
< /71 histamine
i vinligdusnaeng (mydriasis) uazi@t accommodation (cycloplegia) aanisinls ciliary
14
muscle ARNLF HaRaRTHoNABLWILEN 3 anfins
9 d?i’ =t ] [ - o — -
niuitiaFay sansliusuazniemewines ureter upznazimnzilasnas Jovs antispasmodic
\ntiasise biliary tract dounsgnlidasiing
1 d‘ = 1 o dﬂl o % & dl e o 1 dil b
Faninuazguni iuienie aansduuie domlnsfauliasannidulainueasusudal

apnungeasin i iiesniagauineg @eduasoaugnauenmniluaueseiaddoinl

a

i} c‘i‘: kg
THMEGIUVUNE

Atropine

Acetyichollne
Scopolamine ﬁ%\% "
e

Hallucinations and

20 mg-

0.5mg

. ditation of pupil; some

blurring of near vislon

Shight cardiac slowing;
some dryress of the
mouth; inhibition of
sweating

ey TP 3 *>10.0 mg delivium; come
receplor @
£
= o , Y
31% 3.16 Competition of atropine and g
. . . =
scopolamine with acetylcholine for the 5 Rapld heart rate; 519 3.17
. 2 50 mg palpitation; marked o
muscarinic receptor g dryness of mouth; Dose-dependent

effects of atropine



SCOPOLAMINE (Hyoscine) Sfffamr'ne 3

et s rci‘ b2 =4 .
iudaaastisivi e nimnszna Hyoscyamus niger Waz

Scopolia carniofica qw‘ﬁwm scopolamine &14N31 atropine

nafaszamnateazinliitainnsdnedu euphoria, amnesia

- Fornausea  Motion
dusto... Sickness

druazvdl ususasariminlsiinimssiu Taenawnzasnia
P R I3 | = ‘ . . .
\WaiANNIRLLATULISNNEY 31% 3.18 Scopolamine is an effective

Anti-motion sickness agent.

HOMATROPINE
\lu semisynthetic compound & potency Uszaint 1 1410
. L [ o E =
Pf atropine BBNHNTLM ‘{"Diﬁumuﬂ@mm’mfmymm’mﬂ’m WRZH

cycloplegia qviaBglL 3 F1

METHANTHELINE (banthine®), PROPANTHELINE (Probanthine®)

%\‘l@iﬁ’jtﬂu quarternary ammonium compound & nicotinic
blocking effect 17nNN77 atropine mum@ﬁ@@’]’%ﬁ impotence @Wﬂqw%r
ganglionic block UAZILAITIUR AN paralyze respiration mnqw%
neuromuscular block HAFHNIUFUBWNTNINNGN atropine

" propantheline potent nd7.methantheline 2-5 Win

OXYPHENCYCLIMINE (Daricon®)

& . . = = ' k] P
iU tertiary amine Hinva lnumsasiandnsila ey

3 ot 1 i g - d

M aaesunnndnaziilu competitive antagonist 519 3.19 Adverse effects commonly
184 ACh 9111 spasm 28 IUALENT NEUNA ureter observed with cholinergic
waznagn lAasiinasaszuudu wenanas Waunags antagonist

CYCLOPENTOLATE (Cyclogyl®), TROPICAMIDE (Mydriacyi®)
viag s sdunsiziven teriary amine Mvsannwinldigirumuany wazil cycloplegia

af S o ! . . P
cyclopentolate Hnnaagurzannd 24 F2lus €91 tropicamide 1szannd 6 G2l

UseTamiinisaaiin wm9 antimuscarinic agents

1. 1#il antispasmodic

19



2. ldveanmsvinliZginusnanng uasll cycloplegia ddnnlunsmatauasimnlananunentio
3. goluntmenaan gl preanesthetic medication iass secretion T aiuas

wig latlaariun9iin laryngospasm scopolamine Q’Qﬁqm%rﬂﬁ@um?mim: amnesia Aot LAY
14 atropine 728U neostigmine “lummﬁ’qwé curarization UAYAR Il atropine lLighsan
parasympathomimetic action 184 neostigmine

aNTITUAERINAN NN anticholinesterase VIaRESINRAUNGTTIA
uiaINIsDeslsANA NI

. 8 8 = Sred
scopolamine THufanniaumnsn wite ok

N o A

. v u o Sl , oy = . o
atropine Murinvisralszamaiafliferla 1y lueeil vagal tone 4 1fim sinus 1iie

nodal bradycardia $ANTLANNMAUAT WAT cardiac output BN kABE49=3sUA A

GANGLIONIC BLOCKING AGENTS
ansnguin IiRansinaansgeiunszualszaminludszam Tnauheenitiu
depolarizing ganglionic blocking agents WAZ non depolarizing (competitive) gangtionic blocking
agents At depolarizing 1w nicotine usiuunasiasyiniifianienssfususzam draumunn
- Y PR . " Iy » TR 4 , el . i
RzEN9NILFL IUInE AL depolarizing W&IRNAYNITIRI9N Bafamulugaand repotarization
1 k4

uasieszUUAneT) ludueu e nSnanssnuyiarnGunishiauaswiBueiia waeeed
RIS = <R (o v P L . L. o
BiAndretiauesdn Al s liminmasuwns dauman non depolarizing ganglionic

. o ] ] . ar ey 0 1=t . .
blocking agents TR119nsdeieesnszudlszamimlndszamdmnluis vin i il depolarizing
$VANAD hexamethonium kA irimethaphan, mecamylamine, nicotine Tunranmanusiulaiin

] -:4 . . | o =Y

19Nl e 3 hypertensive crisis vidataauasauslainluszeusnues acute
dissecting aortic aneurism &= 14U autonomic hyperreflexia Tawi un9in AUy dsgauLL

grvinanevin IRanNviney 2esdszany Suwisiaunnifiulyl

Drug Therapeutic uses

Afropine” In ophthaimology, to produce mydriasls
. and cycloplegiz prior to refraction

| . . '
‘51."” 3.20 Summary Of ChOIIﬂ@ngC To treal spastic disorders of the Gi
& _ and lower urinary tract

antagonists. Muscarinic To treat organophosphate poisoning

e blockers o To suppress respiratory secretions
* Contraindication in narrow- prior to surgery

Scopolamine In obatelrics, with morghine to
angle gtaucoma produce amnesla and sedation

To prevert motion sickness

(Ref: Harvey et ai.,, 2006)
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e 20% Fignismnuslad 8lmide half life azanandnng 2-5 win

atracurium wiasuuaufumsfieanay difoeans laeenind esterase lumanasn uaslngnis
Wasuulaans huanaes Tnglidetaeulsd v Wingrsdundniin fedssunnsimiiaes
pancuronium LiAstFesfelmlunsiucing

gallamine gniue g iamelmnfauioma 30 ueilng

selzaminneaatin 4a4 Neuromuscular Blocking Agents
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1. #ngu depolarizing T Windusisnanasiludesdie iy maudlanszaninvianfeuld
endotracheal tube, Y11 laryngoscopy, bronchoscopy 138 esphagoscopy Inesas T v

2Naay uazanalHiilevn electroconvulsive therapy TuauldTsndn etlasiudummenasn

t .. ) [ [ & % ':‘l, G 1 p ]
2. 974 nondepolarizing Tt Tunisnda und M ldnduileanaratusalas ideel¥anaan

snnAuly | .
Therapeutic . Onset and Duration ..~ <. © -~ o " Therapeutic
Disadvantages of ‘ of Actionof . = »  Advantages of
Neuromuscular : Neuromuscular: Neuromuscular

- Blocking Agents

Blocking Agents Blocking Age_ﬂfé‘é“j; :

Time to maximal blockade (min) |

i iTimeto recoves® (min)

Mivacurium has an cnset of action [
slmillar to that of cisatracurium, bu
racovery from blockade is more
rapid, making mivacurium useful
for short surglcal procedures. i
The drug is hydrolyzed by plasma E
cholinestarase.

Benzy'iisoqu'inoﬂnimﬁi compounds .

e s RMivacurium ..
Tubocuraring may Induce T
histamine release and
promete ganglionlc blockade
The drug can also lower
{ blood pressurs. Betause of
{these slde eflects, tubo-
leurarine s rarely used as a

Cigatracurium F_:_, e

\Tubocurarine “ -

Meatocuring 107

Cisatracurium is useful in
mechanical ventilation
of critically 1l pationts,

Cisatracurium spontaneously
degrades In plasma and Is the
only nondepolarizing neure-
muscular blocking drug whose
dose need not be reduced In
patients with renal failure.

Doxacurium: ﬁa_ :

Aminosteroid :can"n'péu'hds'-;. L

Rapid onset of action makes
rocurontumm useful for tracheal
Intubation in patients with
gastric contents.

" Bocaronium gy B

" Vecuronium, |

A vagotytic
{increased heart rate)

Postoperative muscle pain s
common; hyperkalemia and
1 increased Intrancular and
intragastric pressure may
1 eeeur. Brug may trigger
71 malighant hypesthermia.

' Dicholine ester
Succlayl- .|

-™Yime 1o recover 25% of maximal resporise.

gﬂﬁ 3.24 Onset and duration of action of neuromuscular blocking drugs (center column}, with a

summary of therapeutic considerations. (Ref: Harvey et al., 2006)
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ADRENERGIC

AGONIST
3. ADRENOMIMETIC AGENTS STS

DIRECT-ACTING

Aibuterof
Clonidine
Dobutamine*

adrenomimetic agents WuasBeA RN mszsurasszam

Ruwnisirmieniinann epinephrine, norepinephrine it

I Dopamine*
“neurotransmiters 11519M8 adrenomimetic agents wiltaanitlunguy - Epinephrine*
: - Formotero!
_catecholamines WAz noncatecholamines mulassaiwuesluianag |- fsoproterenal:
: |- Metaproteranol
L. Methoxamine
o o - Norspinsphring*
nalnNsaanOVELAS NV EMNUNATINENUDY - Phenylephrine
. - Piruterpd
el 8
- adrenomimetic agents HlA 3 wuu L salmeteror
cd P o - Tamsutosine
1. Directly acting drugs 8805 adrenoceptors T8¢ L Yertutatine

plasma membrane 194 sympathetic effector cells Tneifss INDIRECT-ACTING }

- Amphelamine

2. Indirectly acting drugs @@ﬂqw%']\,mim’%ﬂﬂﬂi:ﬁu adrenergic - Tyramine
: B . . o . L] PIRECT and INDIRECT
nerve T norepinephrine anidulangiszdnn aavin ACTING (mixed action)
Lo = - ~  Ephagrine
AONOVETIURZONTOLUTY WATZH tachyphylaxis
; ., ¥ ; o
Anlalingn arlfuatiauad lasan 51l#1 3.25 Summary of adrenergic
norepinephring AnFanazudavius i agonist. Agents marked with an
3. Mixed- acting drugs fc‘]’r]ﬂqm%ﬁa direct wax indirect asterisk(*) are catecholamine

Adrenergic recepiors fafivaeatin l6un alpha,,
alpha,, beta,, beta, InsioTanzsinriiariug
receptors WiszatuNTisuRNsail uasasuAazfinnangvbse receptors s ldwinriu
alpha, receptor @‘Eﬁ postsynaptic 1 excitatory i liifiaN131197u 491 alpha, receptor @E{}l‘ﬁ
presynaptic Futhit feedback inhibit Aenseigansuds norepinephrine afiunnmanda us
UANKN receptor‘ﬁ RUWL presynaptic aanunsows /4R postjunctional ¥ia nonjunctional &l
fissue URNLTHA 11U ’Luamufﬁmﬁmmiﬂ?:ﬁu aipha, receptor 71 postiunctional lusnaazan
sympathetic outflow a0 CNS s lirousidadinasianas iuanen clonidine Sautummiaig
paaiinrudnity TegTudsuanuuensives receptors wani nitaneaniiy alpha,,,
alpha,, . alpha,,, alpha,, ThiudFesdinmsaly

Beta receptors uthaaniili beta, i betazwuﬁﬂﬁmﬁaﬁﬂuﬁuj Tugzazudanian
beta, receptor falome norepinephrine N7 epinephrine i 10 i1 LLﬂ:gﬂﬁiﬂm‘i block U89

propanoiol wulFUan Wi adipose tissue
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c Adrenoceptors

Norepinephrine

Nicotinic Nicotinic Epinephirine Isoproterenat
receptor receplor ~
=dl o E
‘ _—
m
Adrenal medulia « Receptor
High Low
affinity affinity
o . =] 5 Adrenoceptors
- . [ d . . Epinaphrine
Epinephrine release Norepinephrine soproterency Norepinaphrine
into the biood

— g =

L

5 e R -
=, v Bl B
Adrenergic Adrenergic.
receptor receptor 8 Receptor
High L.
Effector organs alicity oy
= , , o . o .
gﬁ‘w 3.26 Site of action of adrenergic agonists. gﬂ'ﬂ 3.27 Types of adrenergic receptors.

ADRENOCEPTORS

oy
' T _ inhibltion of | Tachycardia . Vasoditation
- Vasoconsiriclion norepinephiine }'i . -
| Increased peripherai release - Increased lipolysis B gelgiphgraiafégiasﬁ?ice
resistance Inhibki £ . . .
sl - -1~ Increased myocardial — Bronchodilation
- Increased blood pressure nsulin re ase}-. SRR contractility o . Increased muscle
~ Mydriasls TR — Increased releage and liver glycogenolysls
: - of renin_ — Increased release
L increased closure of ) of glucagon

internal sphincter of R - 5
;he bladdgr ) L : : —  Relaxed uterlne
) T . . . smooth musecle

wy Receptors
Activation of the
receptor decreases

./t production of cAMP,
le .2t leading to 2n Inhibition
ol further release of
.1 norepinephrine from
'j the neurocn.

gﬁﬁ 3.28 Major effects mediated by Ol and B adrenoceptors.
{Ref: Harvey et al., 2006)

gﬂﬁ 3.29 Second messengers mediate the effects of O receptors.

DAG = diacylglycerol; 1P; = inositol triphosphate

o lnosttides.

(Ref: Harvey et al., 2006) o4 Beceptors

Activation of the recepior increases
produetion of DAG and IP; teading
to gn Increase in Intracetlular
caleiurs ions.

t
i
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. BYNTHESIS OF
NOREPINEFPHRINE

» Hydroxylation of tyrosine is
the rate-limiting step.

Ur]ne <: metabotltes
Tymslna :K .

UPTAKE INTO
STORAGE VESICLES

o Bopamine enters a vesicle
and is converted to
norepinephrine.

o Norepinephring is protected
from degradation In the
vesicle.

Transport into the vesicle is
Inhiblted by reserplne,

Inactive €T

Urine *
metabolites <] Sl

x HE‘LEA.S.E‘OF e et
NEUROTRANSMITTER
o Influx of calcium causes

fusion of the vesicle with
the cell mambrane.

Release is blocked by
guanethidine and bretylivm.

REMOVAL OF ,

NOREPINEPHRINE
Released norepinephrine Is
repidly taken into the neuron, j

& Reuplake Is Inhibited by
cocailne and imipramine.

: Prasynapﬂ“q.
7 receptor

‘BINDING TO
RECEPTOR

» Postsynaplic receptor
&P is actlveted by tha :
; ri Inactive binding of neuro-
; MRE \— metabolites

lransmitter,

Catechol-0-
methylteansforase
COMT)

METABOLISM

& Norepinephrinels
methylated by COMT
and oxidized by MAO.

INTRAGELLULAR RESPONSE.

g‘dﬁ 3.30 Synthesis and release of norepinephrine from the

INDIFECT-ACTING

1 Brug enhances release
aof norepinephrine from
\| veslcles.

Adrenergic neuron.{MAQC = monoamine oxidase)

{Ref: Harvey et al., 2006)

1 MIXED-
ACTING [
Brug acls both £
diremly Brd

21171 3.31 Site of action of direct-, indirect-, and mixed-acting

Adrenergic agonists. (Ref: Harvey et al., 2006)

| Drug directly
activales rar:eptor
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CATECHOLAMINES
SYMPATHOMIMETIC AMINES Hilasaa¥raillu benzene ring (slagulfi 3.32) sadns

- Sy 5l .y ]
ethylamine side chain fnnsununlen aromatic ring, alpha WA beta — carbon atoms WAz
daeiutlu amino group a1s¥aglungu catecholamines £ OH unuinsLd 3 uaz 4 T
benzene ring Bud norepinephrine, epinephrine, dopamine, isoproterenol, WRZ dobutamine

3 susridu neurotransmitter Twiwng d9u 2 Aavdadunsfaninzd (g 3.33)

AT
2 B « HO o~ cH ~CHy—N
3 CH—CH—NH g oMy
4 6 }IQ lli R FPhenyiephrine
3
217 3.32 Tsaadneues sympathomimetic amines o M
3 : ymp ' 7 CH =CH= N
E\JI CHy  CHg
Ephedrine
o . , oH H
gﬂ‘w 3.33 Structures of several important adrenergic | HO UCH-C%_N-:
H
agonists. Drugs containing the catechol HO 3% _
Narepinephrine;, %
ring are shown in yallow. 1
| % o w R
(Ref: Harvey et al., 2006} HO A~ cH-cmn”  \§
o “eng\
HO ™%
Epineptrine "%
_ oH H
HO’\Q,CH—CHQ—N:
. EPINEPHRINE {Adrenaline) HO c\

. . = < !
Epinephrine JnBnszsiuiis alpha uay eoprolarencl

.~ beta adrenergic receptors WHNNIN UAINIAN

Affinity for |} receptars

increases as group

on the amine nitrogen
aets larger,

Sl e L e

1 adrenal medulla Lﬁ@ﬁﬂ’l?ﬂ‘;‘:ﬁm:m} adrenergic

- Tgapdaria epinephrine LA norepinephrine

: - o : o HO . CH,~CHy-n

- msandn maaaundadludieme ussnisdudne :{ J “H
HO ™ ™

& o R \ Moy Sy
ghiudszniu epinephrine Azl lfmandiaanns Dopamine

wmsnzgnidasuulasegsmE lunnasiuains
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Norepinephrine (levarterenol, I-noradrenaline, Levophed®)
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Terbutaline (Bricanyl®)
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'CATECHOLAMINES

o Rapid onzet of action

o Brief duratioh of action
o Not administered orally

® Do not penetrate the blood-
braln barrier

NONCATECHOL-
AMINES

Compared to catecholamines:

o Longer duration of action

® Al can be administered
orally

. g‘ﬂﬁ 3.41 Summary of the adrenergic agonists. (Ref: Harvey et al., 2006)

4]

Drug " Receptor Therapeutic uses
o specificity:
. Epinephrine | . a0 Acute asthma
: : . . ﬁz. . .
y B : Treatment of open-
Co angle glaucoma
Anﬁ phylactic shock
In local anesthetics to
Increase duration of action
* - Norepinephrine oy, o Treatment of shock
S i
Isoproterenci B B2 As a cardiac stimulant
Doparnine Dopaminargic Treatment of shock
a By Treatment of congastive
st heart failure
Ralse blood pressure
Treatment of congastive
Bobutamins B heart faliure
FPhenylephrine o As a nasal decongestant
C Raise blood pressure
Trealment of paroxysmal
supraventricular tachycardia
Methoxamine o Treatment of supraventricular
tachycardla
Clonlidina >} Treatment of hypertension
Metaproterenof s> By Z:&ag:le;::’ :f bronchespasm
Terbutaiine By Treatment of bronchospasm
Albuterol - (short acting}
. Salmeterol B - Treatment of bronchospasm
Formoterol 2 {long acting)
Amphetamine o, i CNS As a CNS stimulant in trestment
S : . ) of children with attention
defick syndrome, narcolepsy,
and appetiie control
Ephedrine o, B, CNS- Treatment of asthma_.

- . As a nasal decongestant

Raise blood pressure



4. Adrenergic Blocking Agents
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1 Alpha-adrenergic block agents
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] Carbonic anhydrase Acetazolamide® @ Proximal convoluted tubule
inhibitor Dichlophenamide @ inhibit the carbonic
Methazolamide anhydrase enzyme
2 Loop diuretic or High Furosemide () ® Thick ascending limb
ceiling diuretics Ethacrynic acid ® Inhibit the Na+- K'I' -cr
Torsemide symport
Bumetamide

(Axosemide, Piretanide,Tripamide)

3 Thiazide and thiazide-like | Hydrochlorothiazide (0) @ Distal convoluted tubule

diuretics Chlorothiazide ® Inhibit the Na - CI
Chlorthalidone Symport
Indapamide
Metolazone
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K+ - Sparing diuretics Triamterene @ Jate distal tubule 140
Amiloride (V) ** Collecting duct

@ Inhibit the renal epithelial

+
Na channels
Aldosterone antagonists Spironolactone(V) @ Late distal tubule 118
+ e e .
(K - Sparing diuretics) (Canrenone, Eplerenone Collecting duct

Potassium canrenoale)

® Competitively inhibit the
binding of aldosterone to the

mineralocorticoid receptor

(MR)
6 Osmotic dretics Manniiol¥+%¥ ® Toop of Henle i major
Isosorbide site of action

Glycerin
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1% 0 YOWNGN Mitotic and antiglaucoma agents ; **  amiloride U0 gRsHENTY Hydrochlorothiazide; *+* 1igg¥ n w04

hfji.l Solution for osmotic therapy

THIAZIDES

i @ Inhlblt reabsorption of Nat and CI™ n the distal
conveluted tubule, resulling in retention of water,

ACETAZOLAMIDE

A carbonic anhydrase inhibitor that inhibits ihe reabsorption
of HCO5 in the proximal convoluted tubule,

Wealk diuretic properties, 1 @ Most commonily used diuretics,

SPJHONOLACTONé,
AMILORIDE,
TRIAMTERENE

& Spironolactone, an
! aldosteronse antagonist,
4 Inhibits the aldosterone-
it medlated reabsorption of
Na* end secration of K*,

BUMETANIDE, FUROSEMIDE,
TORSERIDE, ETHACRYNIC ACID

The loop diuretics Inhibit the
Na*/K*2C1 cotransport In the
ascending loop of Henle, resultin
in retention of Nat, CI, and water
i the tubule.

These algents can prevent g
loss of K* that occurs with
thiazide or ioop diuretics, §

. Besi:en'din-g
loop of
Henle

7
These drugs are the most

efficacivus of the diuretics.

Figure 22.2
Major focations of jon and water exchange in the nephron, showing sites of action of the diuretic drugs.

: 1 2 H Ao‘ . .
317 4 Tas9a519904 nephron ALAUWNUINITOBNGNTUD diuretic drags (Ref: Harvey e al,, 2006)
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Wi 1Fn1enatinez §Ude carbonic anhydrase 190N U membrane # brush border 53UALNS

E 1
1584 carbonic anhydrase Tu cytoplasm f proximal tubule Lﬂuﬁmwmﬁamm:ﬁ]u primary sitec 3%
#iHa divresis TIUHR coliecting duct il secondary site

ol interstitial

>C0z +HO"

L

LM BL

FIGURE 28-2 NaHECO, reabsorption in proximal tubile and mechanism of divretic action of carbonic anhydrase (CA)
inhibitors. A, amiporter; S symporier; CH, ion channel. (The actual reaction catalyzed by carbonie anhydrase is OH™ +

CC, ~ HCO,: however, H,0 - OH™+ H* —and HCO,™ + H* — H,CO,, so the net reaction is HO + CO, «» H,CO,.}

Numbers in paremheses indicate stoichiometry. BL and LM indicate basoimeral and luminal membranes, rcepecuv«_ly
The sizes of type for Na*, K=, and H* reflect relative concentrations.

na lnms ﬂﬂ%uﬂﬁ'ﬁ Na' iing HCO, Tag apical membrane Na /H’ exchanger 11
4
proximal convoluted bule cell HALAR INN1S @6ﬂi}%‘ﬁﬂi’e’]~381ﬁ7ﬂﬂﬁt’t’ﬂ$ carbonic

anhydrase (CA) inhibitors ( A = antiporter , S = symporter, CH = ion channel
(Ref: Brunton et al., 2008)
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(Ref: Harvey et al., 2006)

Figure 22.10

Relative changes in the composition
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FIGURE 28-3 NaCi reabsorption in thick ascending lmb and mecharism of divretic action of Nu*-K*-2Cl™ sym-
port inhibiters. 5, symporter; CH, ion channel, Numbers in parentheses indicate steichiometry, Designated voltages are
the potential differences aoross the indicated membrane or cell. The mechanisms illustrated here apply to the medutlary,
conical, and postmacular segments of the thick ascending limb. BL and LM indicate basolateral and luminal membranes,
respectively.
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(Ref: Brunion et al., 2008)
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basclateral and leminal membranes, respectively.
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Figure 22.4

Relative changes in the composition of
urine induced by thiazide diuretics.
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Cirthosis.

-Naphrotic
-syndrome

-

Loop diuetic: Titrate single daily dose up o ¢

Loop diuretic; increase frequency of oeﬂingdose
furosemide, up to-3X daily; Bumetanide, up

K*-spating diuretics.
if CrCY > 76 &.urinary [Na) K] ral

(Note: May.add K*-sparing diuretic to
and/or Thiazide diuretic at any point fnalgoi
for K* homeostasis.).. .

 While maintaining other dlureti

FIGURE 28-7 “Brater’s algorithm” for diuretic therapy of chronic renal failure, nephrotic syndrome, congestive
heart failure, and circhosis. Follow algorithm unti} adequate response is achieved. If adequate response is not obtained,
advance to the next step. For Hlustrative purposes. the thiazide divretic used in Brater's algorithm is hydrochiorothiazide
(HCTZ), An altemnative thiazide-type divretic may be substituied with appropriate dosage adjustment so as to be phar-
macologically equivalent 1o the recommended dose of HCTZ. Do not combine two K'-sparing diuretics because of the
fisk of hyperkalemia. CrCl indicates creatinine clearance in mlfmin, and ceiling dose refers (o the smallest dose of
diuretic that produces a near-maximal effect. Ceiling doses of loop diuretics and dosing regimens for continuons intra-
venous infusions of toop divretics are disease-state-specific: see Brater (1998) for recommended dosages, Doses are for
adolts only.

gﬂ‘ﬁ 17 aslFeduilaanizIunisinun chronic renal failure, nephrotic syndrome, congestive

heart failure and cirthosis. (Ref: Brunton et al., 2008)

ADH ANTAGONISTS

1519 collecting tubule %z”iﬁﬂeﬂﬁ’ﬁywhuuaﬂmm:ﬁ antidiuretic hormone (ADH) ‘Vlé’ﬂ
mmm&auiéfﬁnmmaaﬂqwﬁﬁu permeability U949 collecting tubule doih nazfufssd s
@921 nephron HAWIINAIUA permeability Y89 membrane dehld  ADH pongni laevild
IN® vesicle woatnelueadidaien vesicle fUNTIU84 principal cells N19F1Y Tumen tAaIT Y
water channel Lﬁn membrane permeability G]"Ei‘lj"l 1311?1&“?’11‘}1515 mmé’a ADH Qﬂﬂ?ﬂﬂuiﬂﬁl serum
osmolarity UAE volume status  filo11nsangmiiilu ADH antagonist iheztinnldhlse Tomiifu
sriuilaaz 18 us ADH antagonist Aiignimmnznzssisaglusgninisdnuuariann Tu

ﬂ@ﬁgﬁuﬁm’ nonselective agents Fathie 2 ‘D’ﬁ@llé)l!fi Li' uag demeclocycline llﬁgﬂﬁmﬂ%’sﬁu
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R =1 T 3 1 9} ar x:;c& = 1 =1
ADH antagonist ifiganie Temaminiugu1$inuaniziill ApH nmnu Tl w3o syndrome of
inappropriate ADH secretion (SIADH) Taale Lithium carbonate 182 monitor 5¥AV0E11NATA
3 9] 8f s o T gt = 1 c? a o3 I} aF .
IWdsedueionnit | mmoVL duduniilazifaiuvyosemiols demeclocycline YuIA 600-
1200 mg aaiu 17IRszdumluplasma 2 pgime zxlimaRndwazliiuiesndw Li' n1sldon
g
as a ] gt ) . - . -
242 9101Aa01015 I RUT 2 aaf A Aa 11210199 (nephrogenic  diabetes insipidus) 1B

M

hypernatremia 8619TUMS I NTDSAHVIRAIG91 thiazide diuretic 11914 2 Wiiia ARF 14 uag
519 Uit szoze19:M1191Aa chronic interstitial nephritis 1AI¥UAYU 81A158U7 MAAI0 LT
Ny t o o o . P=s 1 Y \ o o
laun @8 (tremulousness) D17 UINDYY T (mental obtundation) AuAotiale foufusovALGy

leukocytosis Pl demeclocychne 11!%"]3’;8‘13 AR
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