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Which ones are -isomers and which ones are -isomers? 
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Which one is a cis isomer? Which one is a trans isomer? 
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Cardiac output

Electrical circuits (Ohm�s law):

Current (amperes)  Resistance (ohms) = Potential Difference (Volts)

V (volts)

+
-R (ohms)  

Current (I, amperes)

ACE inhibitors
Angiotensin AT1 receptor blockers

Sympatholytic agents
Vasodilators
Diuretics

Diuretics
Calcium channel blockers

Beta-blockers 

BPPeripheral resistance+ =

Control 
regulation

Centrally-acting alpha2-agonists
DA1 agonists 

Sympatholytic agents

I. Review of anti hypertensive drug therapies

(a) �Ohm�s law� 

Subtype Endogenous agonist potency order
BP-related actions

of agonist

1
Epinephrine ≥ norepinephrine >> 

isoprenaline
Smooth muscle 

contraction

2
Norepinephrine ≥ epinephrine >> 

isoprenaline

Smooth muscle 
constriction and 
neurotransmitter 

inhibition

1
Isoprenaline > epinephrine >> 

norepinephrine
Heart muscle 
contraction

2
Isoprenaline > epinephrine >> 

norepinephrine
Smooth muscle 

relaxation

â3
Isoprenaline = norepinephrine > 

epinephrine
Enhance lipolysis

(b) Adrenergic receptors and the blood pressure
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II. Classification of the antihypertensive drugs included in 

CH29 (based on MOA)

A. Peripherally acting sympatholytics

(1). -adrenergic receptor blockers

(2). -adrenergic blockers

(3). Mixed /-blockers

B. Centrally acting sympatholytics

(1). Methyldopa and methyldopate ester hydrochloride

(2). 2-adrenergic agonists

C. Vasodilators

(1). Direct-acting vasodilators

(2). Potassium channel openers

(3). Phosphodiesterase inhibitors

(4). Nitrodilators

(5). Ganglionic blockers

III. Peripherally acting sympatholytics

A. Mechanism of action

B. Drug development

(a) Mechanism of adrenergic agonist 
selectivity 

(b) First generation

 Nonselective 

(c) Second generation

 Cardio selective (Relatively 1-
selective)

(d) Third generation

 Mixed 1/1 adrenergic blockers
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A. Mechanism of action
(a)  Inhibition of normal sympathetic effects
(b) Reducing cardiac output

Cardiac output

ACE inhibitors
Angiotensin AT1 receptor blockers

Sympatholytic agents
Vasodilators
Diuretics

Diuretics
Calcium channel blockers

Beta-blockers 

BPPeripheral resistance+ =

V (volts)

+
-R (ohms)  

Current (I, amperes)

C. Drug development
(a) Mechanism of adrenergic receptor selectivity 
(b) First generation

 Nonselective 
(c) Second generation

 Cardio selective (Relatively 1-selective)
(d) Third generation

 Mixed 1/1 adrenergic blockers

Subtype
BP-related actions

of agonist

1 Smooth muscle contraction

2 Smooth muscle constriction and neurotransmitter inhibition

1 Heart muscle contraction

2 Smooth muscle relaxation

â3 Enhance lipolysis



5

Subtype Endogenous agonist potency order

1 Epinephrine ≥ norepinephrine >> isoprenaline

2 Norepinephrine ≥ epinephrine >> isoprenaline

1 Isoprenaline > epinephrine >> norepinephrine

2 Isoprenaline > epinephrine >> norepinephrine

â3 Isoprenaline = norepinephrine > epinephrine
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(a). Mechanism of adrenergic agonist selectivity
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Phe290
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Review

Molecular interactions

Covalent bond

Ionic (electrostatic) 

attraction

Hydrogen bond 

Van de Waals attraction
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S(-)Propranolol

Potency: 100 folds 

S(-) Timolol
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Data from: Jamali F, et al. Data from: Jamali F, et al. J Pharm SciJ Pharm Sci 78:695, 1989.78:695, 1989.

O NH
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CH3
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R(+)Propranolol
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CH3

CH3
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CH3

O NH

CH3

CH3
HO H

CH3

S(-)Penbutolol
Potency: 100 folds 

R(+)Penbutolol

Hassan Y et al Chirality 1(4):301,2004

(b) First generation
Nonselective -blockers 

-adrenoreceptor
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Nadolol contains 3 chiral carbons 
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Acebutolol Atenolol
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(c) Second generation-Cardio selective (Relatively 1-selective)

Labetalol Carvedilol
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(d) Third generation-Mixed 1/1 adrenergic blockers

(e) 1- selective adrenergic blockers
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Cardiac output BPPeripheral resistance+ =

Control 
regulation

Centrally-acting alpha2-agonists
DA1 agonists

Sympatholytic agents

IV. Centrally acting sympatholytics

A.MOA

B. Methyldopa and methyldopate ester hydrochloride

HO

HO
H2N CH3

COOR L-Methyldopa R=H

Methyldopate ethyl ester hydrochloride 

R=C2H5

HO

HO

OH

CH3

NH2 -Methylnorepinephrine 

Direct acting stereoisomer
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Clonidine

Guanabenz

Guanfacine

Cl
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Glucuronide conjugation

Sulfate conjugation

Glucuronide conjugation

Sulfate conjugation

Glucuronide conjugation

Sulfate conjugation

Mercaptoric conjugation

C. 2- selective adrenergic agonists

 Centrally acting sympatholytics

Tyrosine
DOPA

Dopamine

DOPA decarboxylase 

Tyrosine hydroxylase

Epinephrine Norepinephrine

Dopamine beta-hydroxylase

Metyrosine, a competitive tyrosine hydroxylase 
inhibitor 

HO

COOH

H3C NH2 HO

COOH

H3C NH2

HO

HO
H3C NH2

HO H

HO
H3C

NH2

HO H
HO H

HO
H3C

HO H
HO H

N H

H3C

COOH

HO
CH3H2N

L-enantiomer R-enantiomer
HO

COOH

H3C NH2

Metyrosine, L-enantiomer is 

active and R-enantiomer is not

Why 
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Tyr

Tyr

DOPA

DA

Tyrosine hydroxylase

DA

DA

Aromatic L-amino acid 
decarboxylase Monoamine oxidase & 

Aldehyde dehydrogenase3MT

HVA

Cetechol-O-methyltransferase

Tyr: Tyrosine 

DOPA: L-dihydroxyphenylalanine 

DA: Dopamine 
DOPAC: L-dihydroxyphenylacetic acid 

DOPAC

Monoamine oxidase

3MT: 3-O-methoxytyramine 

HVA: 3-methoxy-4-hydroxy-phenylacetic acid 

DA

Storage vesicle

MgATPase
(-)

Reserpine
 A natural product

 Inhibitor of MgATpase

Reserpine

Guanethidine 

N
NH NH2

NH

Guanadrel 

O

O

H 
N

NH

NH2

H 
N

NH

NH2HO

OH

Guanadrel metabolism 

Structural similarity between guanethidine and guanadrel
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V. Vasodilators

A. Direct-acting vasodilators

B. Potassium channel openers

C. Phosphodiesterase inhibitors

D. Nitrodilators

E. Ganglionic blockers

A. Direct-acting vasodilators

Hydralazine hydrochloride 
(Metabolism of hydralazine) 

NHNH2

N

N

N

N

HN NH C

O

CH3

+

NHNH2

N

N
HO

N-glucuronide conjugate O-glucuronide conjugate
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B. Nitrodilaters-Sodium nitroprusside

 Inorganic compound

 Generating NO 

Sodium nitroprusside

2-

Na2   2H2O

O N
Fe

CN
CN

CN

CN

NC

NO cGMP  GMP

Activation of Myosin-LC phosphatase 

Myosin-LC

Vascular smooth muscle relaxation

C. Phosphodiesterase inhibitors

Inamrinone

H2N

O

NH

N

NC

O

NH

N

CH3

Milrinone

H3C N N S
O O

O

CH3

O

HN

N

N
N

CH3

CH3

Sildenafil

NO cGMP  GMP

Activation of Myosin-LC phosphatase 

Myosin-LC

Vascular smooth muscle relaxation


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D. Potassium channel openers

NO cGMP  GMP

Activation of Myosin-LC phosphatase 

Myosin-LC

Vascular smooth muscle relaxation

Intracellular Ca++ 

Opening of K+ channels 

mV

+

+
+
+
+
+
+

+
_

_
_

_
_

_

_
_
_
_
_

Vm = Vin � Vout

[K+] = 400 mM 

[K+] = 20 mM 

Hyperpolarization  

Closing of Ca++ channels  

Ca++-Calmodulin  

Myosin light-chain 
kinase (MLCK) 

Hyper 
polarization

Myosin-LC kinase 
(Activated)

Depolarization

Myosin-LC phosphate

Contraction

ETA, ETB

(+)

(+)

(-)

1Angiotensin  
receptor

Ca++

Ca++ channel 
blockers

Ca++

K+ channel

K+

K+

Myosin-LC 

Myosin-LC  kinase

(+)

CaM

Ca++CaM

Extracellular side

Intracellular side 
of Vascular smooth 

muscle cell

(-)

1 antagonists

(-) NE

(+)

ETA, ETB

antagonists

(-) ET-1

(+)

Angiotensin receptor
antagonists(-)

Angiotensin II

(+)

Angiotensin I  

Ca++ channel 

ACE (+)

ACE inhibitors

(-) K+ channel 
openers

(-)

(+)

(+)
(+)

Mechanism of action
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Minoxidil and minoxidil metabolism

Minoxidil N-O-sulfate

N N NH2

NH2

N
O

N N NH2

NH2

N
O SO3

N

NH2

NH2N

N
O

OH

OH

OH

COO

O

Minoxidil N-O-glucuronide

Diazoxide (Potassium channel openers) and diazoxide metabolism

Cl
O

S
NH

N CH3

O
Cl

O O
S
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N CH2OH
Diazoxide

Metabolism

Cl
O

S
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N

O

COOHChlorothiazide (Diuril)

H2NO2S S
O O

N

N 

H

Cl

E. Ganglionic blockers

Mecamylamine and Trimethaphan

Acetylcholine receptor antagonists

Sympathetic system

S
m
ooth m

uscle
cardiac m

uscleG
land cell

Autonomic ganglion

Nicotinic receptors

Muscarinic receptors

Muscarinic receptors
Ach

Ach

Ach

Norepi.

- or -adrenergic
receptors

Preganglionic Postganglionic



14

Sympathetic control Parasympathetic control

Eye

Thoracic

Cervical

Lacrimal and sallivary glands

Lung

Heart

Liver Stomach

Pancreas

Adrenal medulla
Small intestine

Large intestine, rectum

Bladder

Reproductive organs

Oculomotor III

Vagus nerve X

Sacral

Lumbar

Facial (VII), 
Glossopharyngeal IX

Splanchnic nerve

Superior cervical ganglion

Stellate ganglion

Celiac ganglion

Superior mesenteric ganglion

Inferior mesenteric ganglion

Pa
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ng
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n

T1

L3


