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ADRENERGIC AGONISTS & ANTAGONISTS 
 
GENERAL COMMENTS 
 
The next three lectures will focus on therapeutic agents that activate (sympathomimetics) and 
inhibit the sympathetic nervous system.  These drugs act directly or indirectly on the receptors 
that mediate sympathetic function.  These receptors are known collectively as "adrenergic" or 
"adreno" receptors.  Emphasis will be placed on mechanisms and site of drug action, clinical 
utility, major side effects and important contraindications for use of these therapeutic agents.  
Subsequent lectures will focus on drugs that influence the parasympathetic side of the autonomic 
system.  Therefore, the present lecture material will briefly cover some basic concepts in general 
autonomic function.  But the emphasis of these lectures will be on the sympathetic system. Facts 
that are underlined should be the main focus of learning. 
 
I.  Anatomy 
   

A. Autonomic Nervous System – is defined as an involuntary motor system.  It is 
composed of sympathetic (thoracolumbar division), parasympathetic (craniosacral) and enteric 
nervous systems.  The sympathetic and parasympathetic systems are comprised of two sets of 
fibers arranged in series with the exception of the adrenal gland.  Pre-ganglionic cells arise from 
the intermediolateral cell column of the spinal cord and project to clusters of cell bodies, or 
“ganglia” that give rise to post-ganglionic cells that innervate the effector organ.  The adrenal 
gland acts like a ganglion but releases hormone into the circulation. 

    
 Overview of autonomic motor innervation to the organ systems Modified From: Katzung, 

Basic and ClinicalPharmacology, 9th Ed.McGraw-Hill, New York, 2004. 
 
1.  Sympathetic - thoracolumbar division (short pre-ganglionic cells and long-post 

ganglionic cells)   
 

2.  Parasympathetic - craniosacral division (long pre-ganglionic cells and short 
post-ganglionic cells) 
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3.  Enteric nervous system 
 
The enteric nervous system (ENS) innervates the gastrointestinal tract, pancreas and gallbladder   
The ENS can function autonomously, but its activity is modified by both the sympathetic and 
parasympathetic autonomic nervous systems.  Innervation from the sympathetic and 
parasympathetic systems provides  
 

1) a second level of control over digestion  
2) over-ride of the intrinsic enteric activity in times of emergency or stress (e.g., 

fight or flight).   

   
From: Katzung, Basic and Clinical Pharmacology, 9th Ed.McGraw-Hill, New York, 2004. 

 
II.  Neurochemistry of the Autonomic Nervous system 
 

A .Pre-ganglionic fibers release acetylcholine 
 

B.  Post-ganglionic parasympathetic fibers release acetylcholine 
 

C.  Post-ganglionic sympathetic fibers release norepinephrine (NE) 
(NE = noradrenaline; hence “adrenergic”) 
 

  D.  Adrenal medulla releases epinephrine (EPI) and NE (to a lesser extent) into 
the circulation  

 
 E.   Exceptions:  Post-ganglionic sympathetic fibers that innervate sweat glands 

and some skeletal muscle blood vessels that release acetylcholine.   
 
 
III.  Functional Organization of the Autonomic System – Some organs receive dual 
innervation, while other systems do not.   
 
  A.  Parasympathetic - “Rest and digest”, or “rest and recovery”.  
    
Eye – innervation of circular (or sphincter) muscles of pupil - constriction (miosis) 
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Heart – innervates sinoatrial node to reduce heart rate, and AV node to slow conduction. 
 
Bronchioles – innervates smooth muscle of bronchi – causes constriction 
 
GI tract – innervates all portions of the GI tract to promote secretions and motility 
 
Bladder – innervates detrusor muscle, when activated causes bladder emptying 

 
 

B.  Sympathetic - “Fight or Flight”, major effects: 
    
Eye – innervates radial (or dilator) muscle causes mydriasis, innervates ciliary body to stimulate  
production of aqueous humor 
  

  
   

  
 
Katzung, Basic and ClinicalPharmacology, 9th Ed.McGraw-Hill, New York, 2004. 
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Heart - accelerated sinoatrial node pacemaker depolarization (increased heart rate). 
 
 
 

 
 
 
 
Three currents contribute to sinoatrial node membrane potential, 

 
1) inward calcium current 
2) a hyperpolarization-induced inward current or "funny current" (mediated by 

hyperpolarization activated cyclic nucleotide gated channel, a non-selective cation 
channel)  

3) outward K+ current.   
 
Sympathetic activation increases inward calcium current and the funny current to promote faster 
spontaneous depolarization during phase 4 of sinoatrial node action potential and lower threshold 
for activation.  Sympathetic activation also stimulates greater calcium influx into myocytes 
during depolarization culminating in greater contractile force of the heart. 
 
Bronchioles – relaxation of smooth muscle lining the bronchioles 
     
Blood vessels - contraction and relaxation - dependent on receptor population expressed in 
targeted vascular bed (e.g., alpha1 vs. beta2), as well as the ligand mediating the vascular 
response. 
 
GI tract - decreased motility, can override normal enteric nervous system during fight or flight. 
 
Bladder - inhibits emptying by contracting urethral sphincters and relaxing body of bladder 
(detrusor muscle) during urine storage. 
 
Metabolic functions - increases blood sugar (gluconeogenesis, glycogenolysis, lipolysis).   

 
         KES,   2012 
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IV.   Adrenergic Function 
 

A.  Adrenergic Neurotransmission  
 
   1. synthesis- Tyrosine hydroxylase (the rate 
limiting step in DOPA formation.  DOPA is metabolized to 
dopamine (DA). Half the DA produced is transported into 
storage vesicles via the vesicle monoamine transporter 
(VMAT), the other half is metabolized. 

 
2.  Storage in vesicles – Synaptic vesicles 

contain ATP and dopamine β-hydroxylase the latter of which 
converts dopamine to norepinephrine. Adrenal medullary cells 
produce norepinephrine (NE), or epinephrine (EPI).  EPI-
containing cells also synthesize an additional enzyme, 
phenylethanolamine-N-methyltransferase, that converts NE to 
EPI. 
 

3. Release of catecholamines - Voltage 
dependent opening of calcium channels elevates intracellular 
calcium and stimulates the interaction of SNARE proteins to enable vesicle fusion with post-
synaptic membrane and exocytosis of the vesicle contents.   

 
4. Binding of neurotransmitter to post-synaptic or pre-synaptic sites- 

Neurotransmitters bind to receptors localized on pre-synaptic or post-synaptic cell membranes. 
The action of neurotransmitter binding depends upon the receptor type, the second messenger 
system as well as the machinery of the cell type. 

 
 5.  Termination of action -three mechanisms account for termination of action in 

sympathetic neurons: 1) re-uptake into nerve terminals or post-synaptic cell, 2) diffusion out of 
synaptic cleft and 3) metabolic transformation.  Inhibition of reuptake produces potent 
sympathomimetic effects indicating the importance of this process for normal termination of the 
neurotransmitter’s effects.  Inhibitors of metabolism, i.e., inhibitors of monoamine oxidase 
(MAO) and catechol-o-methyltransferase (COMT) are very important in the metabolism of 
catecholamines within the nerve terminal and circulation respectively. 
 
 
V.  Adrenergic Receptors 
 
Adrenergic receptors are coupled to G proteins that mediate receptor signaling by altering ion 
channel conductance, adenylyl cyclase activity and phospholipase C activation, as well as gene 
expression.  Several adrenergic receptor subtypes are targeted in clinical pharmacology including 
α1-, α2-, β1- and β2-receptor subtypes.  β3 receptors are involved in fat metabolism and will 
become an important therapeutic target in the future. 
 

 
 

 
from: B.G. Katzung, In: Basic and 
Clinical Pharmacology, 
Examination and Board Review, 
6th Ed. McGraw-Hill, New York, 
2002  
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A.  Distribution of Adrenergic receptor subtypes 
 

 
 

Modified from: B.G. Katzung, In: Basic and Clinical Pharmacology, Examination and Board Review, 6th Ed. 
McGraw-Hill, New York, 2002  

 
 

B.  Adrenergic Receptor Signaling 
 

1. α1-adrenergic receptors are positively coupled to Phospholipase C (PLC) via 
Gq/11 α protein of the heterotrimeric G protein family to increase IP3/DAG. 
   
Ex:  Vascular smooth muscle contraction.  NE, 
EPI or other α1 -adrenergic receptor agonists 
bind to α1-adrenergic receptor of vascular 
smooth muscle, the Gαq subunit activates PLC, 
which liberates inositol 1,4,5-trisphosphate (IP3) 
and diacylglycerol (DAG).  IP3 activates IP3 
receptor  that also acts as a calcium release 
channel in the sarcoplasmic reticulum.  When 
activated the IP3 receptor releases stored 
calcium into the intracellular space, thereby 
increasing calcium concentrations and 
stimulating smooth muscle contraction. 
 

 
Modified From: Katzung, Basic and 
ClinicalPharmacology, 9th Ed.McGraw-Hill, New 
York, 2004. 
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2.  α2-adrenergic receptors negatively 
couple to adenylyl cyclase via Gαi subunit which 
inhibits cAMP formation. 
   
Ex:  Pre-synaptic α2 receptor activation decreases 
neurotransmitter release (reduced calcium influx).  
Agonist ligand binds to pre-synaptic α2 adrenergic 
receptor and inhibits adenylyl cyclase in the pre-

synaptic cell which reduces cAMP and, in 
turn, reduces activation of phosphokinase 
A (PKA).  Consequently, phosphorylation 
of N-type calcium channels on nerve 
terminals is reduced, thereby reducing 
calcium influx during membrane 
depolarization and reducing vesicular 
release of neurotransmitter. 

 

3.  β1-adrenergic receptors positively couple to adenylyl cyclase via Gαs-proteins – 
increases cAMP 

  
Modified From: Katzung, Basic and ClinicalPharmacology, 9th Ed.McGraw-Hill, New York, 2004. 

 
from: B.G. Katzung, In: Basic and Clinical 
Pharmacology, Examination and Board 
Review, 6th Ed. McGraw-Hill, New York, 
2002  
 
 

 
Modified From:  Katzung, Basic and Clinical 
Pharmacology, 9th Ed. McGraw-Hill, New York, 2004 
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EX:  Positive chronotropy.  Activation of adenylyl cyclase and increase of cAMP can activate 
PKA to promote phosphorylation of calcium channels in the membrane of sinoatrial node cells 
leading to increased inward calcium current and thus faster nodal cell depolarization to the firing 
threshold.  
 
EX:  Positive Inotropy:  Increased cAMP 
leads to increased PKA-dependent 
phosphorylation of L-type calcium 
channels in myocyte membrane which 
leads to enhanced calcium influx and larger 
trigger signal for release of calcium from 
the sarcoplasmic reticulum into the 
intracellular space.  Trigger calcium also 
enters the sarcoplasmic reticulum 
increasing calcium storage such that next 
trigger initiates larger efflux of calcium 
through ryanodine receptors.  
 

 
4.  β2-adrenergic receptors 

positively couple to adenylyl cyclase via 
Gαs protein - increases cAMP  
 
EX:  Vascular smooth muscle relaxation:  cAMP activates PKA which phosphorylates and 
inactivates myosin light chain kinase (MLCK).  Normally MLCK phosphorylates the light chain 
of myosin enabling actin and myosin cross-bridge formation and smooth muscle contraction.  
Phosphorylation of the MLCK enzyme by PKA reduces the affinity of MLCK for Ca-calmodulin 
resulting in reduced activity of the enzyme so its ability to phosphorylate myosin light chain is 
inhibited.  In this case PKA inactivates MLCK.   Therefore, β2 adrenergic receptor activation 
leads to reduced smooth muscle contraction.  β2 adrenergic receptors are highly expressed on 
smooth muscle of the bronchi and some vascular beds and therefore regulates the degree of 
airway constriction as well as peripheral vascular resistance. 

     
From: Katzung, Basic and ClinicalPharmacology, 9th Ed.McGraw-Hill, New York, 2004. 

 

 
from: B.G. Katzung, In: Basic and Clinical 
Pharmacology, Examination and Board Review, 6th 
Ed. McGraw-Hill, New York, 2002  
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α2-adrenergic receptors produce peripheral vasoconstriction through the opposite mechanism.  
In this case, the Gαi subunit, to which the α2 adrenergic receptor is coupled, inhibits adenylyl 
cyclase, which, in turn, inhibits cAMP and PKA.  PKA normally phosphorylates and inhibits the 
activity of myosin light chain kinase.  Therefore, inhibition of PKA leads to activation of MLCK 
and vascular smooth muscle constriction.    

 
Modified From: Katzung, Basic and ClinicalPharmacology, 9th Ed.McGraw-Hill, New York, 2004. 

 
VI. Adrenergic Agonists 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 A.  Direct Acting Sympathomimetics:  Direct acting sympathomimetics (i.e., drugs that 
stimulate the sympathetic system) interact directly with adrenergic receptors to mediate their 
effects.  Sympathomimetic agents have different affinities for adrenergic receptor subtypes.  
Thus, a specific compound may be more or less potent in producing a specific effect depending 
upon the affinity of the compound for a specific receptor subtype.  The endogenous ligands for 
adrenergic receptors are NE, EPI and dopamine (DA).     

 
from: B.G. Katzung, In: Basic and Clinical Pharmacology, Examination and Board Review, 6th 
Ed. McGraw-Hill, New York, 2002  
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Catecholamines contain two hydroxyl groups on a phenyl ring.  This structure makes 
catecholamines susceptible to degradation by metabolic enzymes. Catecholamines differ in the 
substitutions present on the terminal amine and the two methyl groups.  Adrenergic agonists can 
be made more or less selective for various adrenergic receptors by altering the substitutions on 
the methyl and amine groups.  For instance, isoproterenol (ISO), a synthetic catecholamine, has a 
particularly large substitution on the amine group.  This gives the compound selectivity for the β-
adrenergic receptors.  Compounds may also be more or less susceptible to degradation or be 
more or less lipophilic by altering the hydroxyl groups on the phenyl ring.   
 
It is important to recognize the difference in efficacy of the various catecholamines at different 
receptors in order to correctly anticipate their physiological effects.   
 

α1-adrenergic: epinephrine > norepinephrine >> isoproterenol 
   
   α2 adrenergic: epinephrine > norepinephrine >> isoproterenol  

   
β2-adrenergic:  Isoproterenol > epinephrine >> norepinephrine 

 
β1-adrenergic:  Isoproterenol > epinephrine = norepinephrine 

 
It is important to be able to predict the different hemodynamic effects produced by 
sympathomimetic agents given their receptor activity in order to effectively predict whether they 
will be beneficial or potentially hazardous in a particular clinical situation.  
 
 MAP = CO x TPR, where MAP is mean arterial pressure, CO is cardiac output and TPR 
is total peripheral resistance. 
 
TPR has a predominant effect on diastolic pressure (prevailing arterial pressure after the systolic 

wave has passed is mediated by arterial vasoconstriction)  
CO has a predominant effect on systolic pressure (acute increase during systole due to contractile 

force of the heart and blood volume passing through the arterial tree) 
Therefore TPR and diastolic pressure are affected more by adrenergic receptors expressed in 

vasculature while CO and systolic pressure are affected more by adrenergic receptors in 
cardiac tissue. 

 
 

1.   Epinephrine:  Stimulates α1, α2, β1 and β2 receptors (β−receptor effects predominate 
at low concentrations), short acting, due to susceptibility to degradation.  
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Cardiovascular effects:  at low infusion rates (<0.01 
µg/kg/min, dashed lines in figure at right), β2 receptor 
activation causes peripheral vasodilation, thereby 
decreasing diastolic BP;  β1 receptor activation has 
positive inotropic and chronotropic effects thereby 
increasing CO and systolic BP; at higher doses (>0.2 
µg/kg/min, solid lines) effects of α1 receptor activation 
predominate (more receptors) producing peripheral 
vasoconstriction, elevated systolic pressure and elevated 
diastolic pressure. Overall, the cardiovascular effect is a 
slight increase in mean BP at lower doses, with quite 
robust increases at higher concentrations.  
 
Bronchiole effect: β2 receptor - bronchodilation, α1 
receptor - decrease in bronchial secretions 
    
Toxicity: Arrhythmias, cerebral hemorrhage, anxiety, 

cold extremities, pulmonary edema 
 
Therapeutic Uses: Anaphylaxis, cardiac arrest, bronchospasm  
 
Contraindications:  late term pregnancy due to unpredictable effects on fetal blood flow 

    
 

 2.  Norepinephrine:  has high affinity 
and efficacy at α1, α2 and β1 receptors with little 
affinity for β2 receptors, susceptible to 
degradation by metabolic enzymes, short half-
life give by controlled infusion. 
 
Cardiovascular effects:  due primarily to α1-
receptor activation which leads to 
vasoconstriction - increase in TPR, and diastolic 
BP; also produces significant positive inotropic 
and chronotropic effects on heart and increased 
systolic BP due to β1 receptor binding; large rise 
in pressure leads to reflex baroreceptor response 
and decrease in HR which predominates over the 
direct chronotropic effects; Overall increase in 
MAP; NE has limited affinity for β2 receptors 
and so has limited effects on bronchiole smooth 
muscle. 
    
Toxicity: Arrhythmias, ischemia, hypertension 
 
Therapeutic Use:  Limited to vasodilatory shock 

 
from: B.G. Katzung, In: Basic and Clinical 
Pharmacology, Examination and Board 
Review, 6th Ed. McGraw-Hill, New York, 
2002  

 
 
 
 
 

 
from: B.G. Katzung, In: Basic and 
Clinical Pharmacology, 
Examination and Board Review, 6th 
Ed. McGraw-Hill, New York, 2002  
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Contraindications:  pre-existing excessive vasoconstriction and ischemia and late term pregnancy  

 
3.  Dopamine:  stimulates D1 receptors at low concentrations, but also has affinity for β1 

and α receptors which may be activated at higher infusion rates, metabolized readily.  
 
Cardiovascular Effects: activates D1-receptors at low infusion rates (0.5-1.0 µg/kg/min) leading 
to decreased TPR,  at medium infusion rates activates β1-receptors leading to increased cardiac 
contractility and increased HR; at still higher infusion rates (>10µg/kg/min) it stimulates α-
receptors leading to increased BP and TPR. 
 
Toxicity: low infusion rates – hypotension, high infusion rates – ischemia 

 
Therapeutic Use:  Hypotension due to low cardiac output during cardiogenic shock- may be 
advantageous due to vasodilatory effect in renal and mesenteric vascular beds 

 
Contraindications:  uncorrected tachyarrhythmias or ventricular fibrillation 

 
 
VI. Direct acting sympathomimetics (synthetic compounds)  

 
A.  Non-selective β-adrenergic agonists:  

isoproterenol:  potent β-receptor agonist with no 
appreciable affinity for α receptors.  
Catecholamine structure means it is susceptible to 
degradation. 

 
Cardiovascular effects:  β2 receptor activation 
promotes peripheral vasdilation, decreased 
diastolic BP; β1 receptor - positive inotropy and 
chronotropy, leads to transient increased systolic 
BP.  Overcome by vasodilatory effect; Overall 
small decrease in MAP which may contribute to 
further reflex HR increase.   

 
Bronchioles:  β2 receptor – bronchodilation 

 
Toxicity:  Tachyarrhythmias 

 
Therapeutic uses:  Cardiac stimulation during 
bradycardia or heart block when peripheral 
resistance is high.  
 
Contraindications: Angina, particularly with arrhythmias 

 
 

 
from: B.G. Katzung, In: Basic and Clinical 
Pharmacology, Examination and Board 
Review, 6th Ed. McGraw-Hill, New York, 
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B.  Selective β1-adrenergic receptor agonist - 
Dobutamine (adrenergic receptor affinity: β1>β2>α), though 
considered by most to be a β1 selective agonist. dobutamine is a 
catecholamine that is rapidly degraded by COMT. 

 
Cardiovascular effects:  increased CO, usually little effect on 
peripheral vasculature or lung; unique in that positive inotropic 
effect > positive chronotropic effect due to lack of β2-mediated 
vasodilation and reflex tachycardia. However, no agonist is 
purely selective so at higher doses, β2 agonist activity may 
cause hypotension with reflex tachycardia. 

 
Toxicity: Arrhythmias, hypotension (vasodilation), 
hypertension (inotropic and chronotropic effects). 
 
Therapeutic Use:  Short-term treatment of cardiac insufficiency 
in CHF, cardiogenic shock or excess β-blockade  
 
 

 
C.  Selective β2 adrenergic agonists:  terbutaline, albuterol  
 

Cardiovascular Effects:  negligible in most patients due to lack of β1 activity.  However, can 
cause some β1 agonist-like response 
 
Bronchioles: Bronchodilation 

  
Pregnant Uterus:  Relaxation 

 
Toxicity:  Tachycardia, tolerance, skeletal muscle tremor (see figure right), activation of β2-
receptors expressed on pre-synaptic nerve terminals of cholinergic somatomotor neurons 
increases release of neurotransmitter.  This can lead to muscle tremor, a side effect of β-agonist 
therapy. 
 
Therapeutic Use:  Bronchospasm, chronic treatment of obstructive airway disease. 

    
 

D.  Selective α1-adrenergic agonist: phenylephrine 
 
Cardiovascular Effects:  Peripheral vasoconstriction and increased BP, activates baroreceptor 
reflex and thereby decreases HR. 

 
Ophthalmic Effects:  Dilates pupil 

 
Bronchioles:  Decrease bronchial (and upper airway) secretions 

 

 
KES, 2007 
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Toxicity: Hypertension 
 

Therapeutic Use:  Hypotension during anesthesia or shock, paroxysmal supraventricular 
tachycardia, mydriatic agent, nasal decongestant 
 
NOTE: Phenylephrine is not a catecholamine and therefore is not subject to rapid degradation by 
COMT.  It is metabolized more slowly; therefore it has a much longer duration of action than 
endogenous catecholamines. 
 
Contraindications: Hypertension 
 
E.  Selective α2-adrenergic agonists: clonidine 
 
Cardiovascular Effects:  Peripherally, clonidine causes mild vasoconstriction and slight increase 
in BP, also crosses BBB to cause reduced sympathetic outflow thereby reducing vasoconstriction 
and BP (see figure at right).  The loss of sympathetic activity predominates over the direct 
vasoconstrictor effects of the drug leading to overall reduction in blood pressure. 
 
Activation of α2-receptors on pre-motor 
neurons that normally provide tonic 
activation of sympathetic pre-ganglionic 
cells reduces pre-motor neural activity 
by unknown mechanism.  Reduction of 
tonic excitatory input to the sympathetic 
cells reduces sympathetic output to 
vascular smooth muscle. 
     
Toxicity:  Dry mouth, sedation, 
bradycardia, withdrawal after chronic 
use can result in life-threatening 
hypertensive crisis (increases 
sympathetic activity). 

 
Therapeutic Use:  Hypertension when 
cause is due to excess sympathetic drive.  
 
VII. Indirectly acting sympathomimetics:  Indirect acting sympathomimetic agents increase 
the concentration of endogenous catecholamines in the synapse and circulation leading to 
activation of adrenergic receptors.  This occurs via either:  1) release of cytoplasmic 
catecholamines or 2) blockade of re-uptake transporters  
 

A.  Releasing agents: amphetamine, methamphetamine, methylphenidate, 
ephedrine, pseudoephedrine, tyramine.  Most are resistant to degradation by COMT and MAO 

 
 
 
 

javascript:defwindow('supraventricular')
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and therefore have relatively long half-
lives (exception is tyramine which is 
highly susceptible to degradation by 
MAO and thus has little effect unless 
patient is taking MAO inhibitor).  
Amphetamine-like drugs are taken up 
by re-uptake proteins and subsequently 
cause reversal of the re-uptake 
mechanism resulting in release of neurotransmitter in a calcium-independent manner.  The 
resulting increase in synaptic NE mediates the drugs’ effects.  Amphetamine-like drugs readily 
cross the blood brain barrier leading to high abuse potential due to reinforcing effects of central 
dopamine release. 
 
Cardiovascular Effects:  due to NE release, α adrenergic receptor activation causes peripheral 
vasoconstriction and increased diastolic BP; β receptor activation of heart leads to positive 
inotropy and increased conduction velocity and increased systolic BP; increased BP can cause 
decreased HR due to baroreceptor activation, but this can be masked by direct chronotropic 
effect. 
 
Central Nervous System: Stimulant, anorexic agent 
 
Toxicity:  Anxiety, tachycardia 
 
Therapeutic use: Attention Deficit Disorder, narcolepsy, nasal congestion 
 
Contraindications: Hypertension, severe atherosclerosis, history of drug abuse, Rx with MAO 
inhibitors within previous 2 weeks. 
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VIII. β-adrenergic receptor antagonists 
 

 A.  Mechanism of action of the 3 main categories of β-blockers, i.e., non-selective, 
cardioselective and partial agonists.  FYI:  the term "blocker" is equivalent to "antagonist". 

 

  Non-Selective  (β1 and β2) 
Cardioselective 

(β1) 
Partial Agonist  (β1 and β2) 

 PROPRANOLOL, 
TIMOLOL, NADOLOL 

ATENOLOL, 
METOPROLOL PINDOLOL  

Heart Rate and 
Force of 
Contraction (β1) 

Decrease both rate and 
force of contraction 

Decrease both 
rate and force of 
contraction 

Decreases both rate and force 
of contraction.  However, 
bradycardic response is limited 
due to partial agonist activity. 

Peripheral 
Resistance (β2) 

Increase, due to unopposed 
vasoconstriction by α1-
receptors 

Little effect 
because β2-
receptors are not 
blocked 

May be slight decrease because 
of partial β2 agonist properties 

Renin Release 
(β1) 

Decreased release Decreased release Decreased release 

Bronchioles (β2) 

Bronchoconstriction, 
particularly in asthmatics 

Less 
bronchoconstricti
on in asthmatics, 
but still not 
recommended in 
these patients 

Asthmatics have a reduced 
capacity to dilate bronchioles. 

Glucose 
Metabolism (β2) 

Inhibits effects of 
epinephrine, e.g., 
hyperglycemia, anxiety, 
sweating. Use caution in 
diabetics using insulin, 
since masks symptoms of 
hypoglycemia (normally 
due to epinephrine release)  

Little effect 

Reduced response to 
epinephrine because partial 
agonist activity is not as potent 
as endogenously-released 
epinephrine 

 
B.  Non-selective β-blockers:  propranolol, nadolol, timolol, first generation β-blockers 

with potentially harmful side effects for patients with respiratory disease. 
  

Cardiovascular effects:  Reduced heart rate and contractility, reduced renin release leads to 
reduced angiotensin II release and thus reduced vasoconstriction, probably reduced sympathetic 
activation due to central effects in lipid soluble drugs.  Possible peripheral vasoconstriction due 
to blockade of β2 receptors. 
 
Bronchioles: can cause bronchiole constriction in those with asthma or chronic obstructive 
pulmonary disease.  
 
Therapeutic Use: Hypertension, angina, glaucoma, heart failure, arrhythmia, thyrotoxicosis, 
anxiety  
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Toxicity:  Bronchospasm, masks symptoms of hypoglycemia, CNS effects including insomnia 
and depression (most significant with lipid soluble drugs), some can raise triglycerides, 
bradycardia.   

 
Contraindications: Bronchial Asthma, sinus bradycardia, 2nd and 3rd degree heart block, 
cardiogenic shock 

 
 
C.  Cardioselective β1-blockers: metoprolol, atenolol, esmolol, second generation β-

blockers developed for their ability to reduce respiratory side effects. 
 

Cardiovascular Effects:  Same as for non-selective β-blockers with limited effects on peripheral 
resistance. 
 
Therapeutic Use:  Hypertension (metoprolol, atenolol), angina (metoprolol, atenolol), arrhythmia 
(esmolol-emergent control).  Esmolol has very short half-life (~9 min) so is given i.v. in 
hypertensive crisis, unstable angina or arrhythmias when longer acting beta blockers may be 
problematic.  

 
Toxicity:  (typically mild and transient), Dizziness, depression, insomnia, hypotension, 
bradycardia. 
 
Contraindications: Sinus bradycardia, 2nd or 3rd degree heart block, cardiogenic shock  
severe heart failure 
 
 

D.  Partial Agonist: pindolol, partial agonist activity at both β1 and β2 adrenergic 
receptors;  Therapeutic benefit is good when hypertension is due to high sympathetic output (see 
figure A below) since blockade of endogenous agonist (i.e., NE and EPI) will predominate over 
partial agonist effect (see B below) of drug.  Partial agonists have less bradycardic effect since 
some β signal remains, while β signal is blocked by agonists without agonist activity (see C 
below). Used when patients are less tolerant of bradycardic effects.    
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Cardiovascular Effects:  Same as above for non-selective β-blockers, particularly when 
sympathetic activity is high. 
 
Therapeutic Use:  Hypertension in those who are less tolerant of bradycardia and reduced 
exercise capacity caused by other beta blockers without partial agonist activity 

  
Toxicity:  same as for non-selective 

 
Contraindications:  Same as above 
 
IX. α-adrenergic receptor antagonists 
  
A.  Non-selective α-receptor antagonists: phenoxybenazmine (irreversible) and 
phentolamine (reversible). 

  
Cardiovascular Effects:  Inhibit vasoconstriction therefore, decreases BP, increased inotropy and 
chronotropy due to blockade of pre-synaptic α2-receptor and increased release of NE from nerve 
terminals, reflex increase in NE release also occurs in response to hypotension, unmasks 
vasodilatory effect of EPI (which has both α and β2 effects.) 
 
Therapeutic Use: Hypertension associated with perioperative treatment of pheochromocytoma, 
test for pheochromocytoma, dermal necrosis and sloughing with vasoconstrictor extravasation 
 
Toxicity:  Prolonged hypotension, reflex tachycardia, nasal congestion 
 
Contraindications:  Coronary artery disease 

 
 
B.  Selective α1-receptor blockers: prazosin, doxazosin, and terazosin: 

 
Cardiovascular Effects:  Inhibit vasoconstriction, resulting in vasodilation and decreased BP, 
produces less cardiac stimulation than non-selective α-blockers due to preservation of α2-
adrenergic function (see figure below). 
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Modified from T.M. Brody, J. Lamer, K.P. Minnemon, IN:  Human Pharmacology, Molecular to Clinic, Mosby 1998 

    
Therapeutic Use: Hypertension, benign prostatic hyperplasia 

 
Toxicity:  Syncope, orthostatic hypotension 

   
X. Drugs Covered in Lecture (Bold text is information you should know) Do not 

memorize bold half-lives but have a general idea of the drug's half-life relative to 
other drugs in its class, e.g. nadolol vs propranolol. 



 

Generic Name Trade Name Half-life Mechanism of 
action 

Elimination Indication 

      
Epinephrine Adrenaline 

Chloride 
short α and β agonist COMT-urine Anaphylaxis, shock, 

cardiac arrest and heart 
block 

      
      
Norepinephrine Levophed short α-agonist, β1-

agonist 
MOA and COMT -
urine 

Acute hypotension due 
to shock 

      
Dopamine Dopamine ~2min β-agonist, some α-

agonist activity 
MOA and COMT Cardiogenic shock 

      

Isoproterenol Isuprel short β-agonist COMT-urine Transient heart block, 
broncho-spasm during 
anesthesia 

      
Dobutamine Dobutrex 2-3 min β1-agonist COMT-urine Short term Rx for low 

cardiac contractility 
      
Terbutaline Brethine 2.9 β2-agonist Urine Prevent and reverse 

bronchospasm in 
asthma, bronchitis and 
emphysema 

      
Albuterol Ventolin 5 hr β2-agonist Urine Bronchial SM relaxation 
      
Phenylephrine Neo-

synephrine 
< 1 hr α1-agonist MAO Pressor agent for 

anesthesia, nasal 
congestion, dilate pupil 
for eye exam, 
supraventricular 
tachycardia 

Clonidine Catapres 12-16 hrs α2-agonist Urine Hypertension, analgesia 
      
Amphetamine Adderall 10-13 hr Indirect 

sympathomimetic 
Urine ADHD 

      
Methylphenidate Ritalin 2-3 hr Indirect 

sympathomimetic 
Urine ADHD 

      
Ephedrine Ephedrine 3-6 hr Indirect 

sympathomimetic 
Urine Pressor agent with 

anesth. 
      
Methylphenidate Ritalin 2-3 hr Indirect 

sympathomimetic 
Urine ADHD 



 

      
Pseudo-ephedrine Sudafed 4.3-8 hr Indirect 

sympathomimetic 
Liver Nasal decongestion 

Tyramine tyramine Normally 
very short 

Displaces NE MAO  Not therapeutic 

      
Propranolol Inderal 4 hr β-blocker Liver Hypertension, angina 

due to atherosclerosis, 
MI  

      
Timolol Blocaden (po) 

Timoptic 
(opth) 

4 hr β-blocker Liver Glaucoma. 

      
Nadolol Corgard 20-24 hr β-blocker Urine Long-term angina, 

hypertension 
Atenolol Tenormin 6-7 hr β1-blocker Urine Hypertension, angina, 

MI 
      
Metoprolol Lopressor, 

Toprol 
3-7 hr β1-antagonist Liver Hypertension, long-term 

angina rx 
      
Pindolol Visken 3-4 hr β-antagonist (with 

partial agonist 
activity) 

Urine Hypertension 

Esmolol Breviblock ~9 min β1-blocker Esterases in RBC Supraventricular 
tachycardia  

Phenoxy-benzamine Dibenzyline 24 hr (iv) α-blocker Conjugates to 
receptor 

Pheochromo-cytoma 

      
Phentolamine Regitine 19 min α-blocker- Urine Test for pheochromo-

cytoma, rx for pheo. 
before surg., 
Catecholamine 
extravasation 

Prazosin Minipress 2.3 hr α-blocker Liver Hypertension 



 

Doxazosin Cardura 22 hr α1-antagonist Liver Prostatic hyperplasia, 
hypertension 

      
Terazosin Hytrin 12 hr α1-blocker Urine and fecal Prostatic hyperplasia, 

hypertension 
      
Epinephrine Adrenaline 

Chloride 
short α and β agonist COMT-urine Anaphylaxis, shock, 

cardiac arrest and heart 
block 

      
Norepinephrine Levophed short α-agonist, β1-

agonist 
MOA and COMT -
urine 

Acute hypotension due 
to shock 
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