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8 NOREPINEPHRINE, EPINEPHRINE, AND
THE SYMPATHOMIMETIC AMINES

Norman Weiner

The sympathetic nervous system is vi-
- tally involved in the homeostatic regulation
of a wide variety of functions, among which
 are heart rate, force of cardiac contraction,
vasomotor tone, blood pressure, bronchial
airway tone, and carbohydrate and fatty
acid metabolism. Stimulation of the sympa-
thetic nervous system normally occurs in
" response to physical activity, psychological
stress, generalized allergic reactions, and
other situations in which the organism is
provoked. Because of the diverse functions
that are mediated or modified by the sym-
- pathetic nervous system, agents that mimic
or alter its activity are useful in the treat-
ment of several clinical disorders, including
hypertension, shock, cardiac failure and
arrthythmias, asthma, allergy, and anaphy-
- laxis.

The host of physiological and metabolic
responses that follows stimulation of sym-
pathetic nerves in mammals is usually me-
diated by the neurotransmitter, norepi-
nephrine. As part of the response to stress,
' the adrenal medulla is also stimulated, re-
b sulting in elevation of the concentrations of
epinephrine and norepinephrine in the cir-
culation. The actions of these two catechol-
amines are very similar at some sites but
-~ differ significantly at others. For example,
both compounds stimulate the myocar-
"~ dium; however, epinephrine dilates blood
- vessels to skeletal muscle, whereas norepi-
nephrine has a minimal constricting effect
on them. Dopamine is a third, naturally
occurring catecholamine. While it is found
. predominantly in the basal ganglia of the
central nervous system (CNS), dopaminer-
. gic nerve endings and specific receptors for
this catecholamine have been identified
- elsewhere in the CNS and in the periphery.
The role of the catecholamines in the CNS
- is detailed in Chapter 12 and elsewhere. As
might be expected, sympathomimetic

amines—naturally occurring catechol-
amines and drugs that mimic their actions—
comprise one of the more extensively stud-
ied groups of pharmacological agents.

Most of the actions of such compounds
can be classified into six broad types: (1) a
peripheral excitatory action on certain
types of smooth muscle, such as those in
blood vessels supplying skin and mucous
membranes, and on gland cells, such as
those in salivary and sweat glands; (2) a pe-
ripheral inhibitory action on certain other
types of smooth muscle, such as those in
the wall of the gut, in the bronchial tree,
and in blood vessels supplying skeletal
muscle; (3) a cardiac excitatory action, re-
sponsible for an increase in heart rate and
force of contraction; (4) metabolic actions,
such as an increase in rate of glycogenoly-
sis in liver and muscle, and liberation of
free fatty acids from adipose tissue; (5) en-
docrine actions, such as modulation of the
secretion of insulin, renin, and pituitary
hormones; and (6) CNS actions, such as
respiratory stimulation and, with some of
the drugs, an increase in wakefulness, psy-
chomotor activity, and a reduction in appe-
tite. All sympathomimetic drugs do not
show each of the above types of action to
the same degree. However, many of the dif-
ferences in their effects are only quantita-
tive, and description of the effects of each
compound would be unnecessarily repeti-
tive. Therefore, the pharmacological prop-
erties of these drugs as a class are described
in detail for the prototypical agent, epi-
nephrine.

History. The pressor effect of suprarenal ex-
tracts was first shown by Oliver and Schifer in
1895. The active pringiple was named epinephrine
by Abel in 1899 and synthesized independently by
Stolz and Dakin (see Hartung, 1931). The develop-
ment of our knowledge of epitiephrine and norepi-
nephrine as neurohumoral transmitters is outlined
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to treat paroxysmal atrial or nodal tachy-
cardia because it raises blood pressure and
thereby reflexly lessens sympathetic car-
dioaccelerator tone and increases parasym-
pathetic cardiodecelerator tone, the com-
bined effects of which may be enough to
terminate the episode of tachycardia.

Mechanism of Direct Action on Sympa-
thetic Effectors. Catecholamines act di-
rectly on sympathetic effector cells by
binding to receptors located in cellular
plasma membranes. It is now generally ac-
cepted that the effects of stimulation of B;-
and B,-adrenergic receptors are at least
largely mediated by the activation of ade-
nylate cyclase and the resultant accumula-
tion and action of adenosine 3’.5'-mono-
phosphate (cyclic AMP). The immediate
consequences of stimulation of a receptors
are less well understood; they appear to
involve, in part, the mobilization of Ca?*
and/or the formation of inositol triphos-
phate (a; receptors) and the inhibition of
adenylate cyclase (@, receptors). This sub-
ject is discussed in Chapters 2 and 4.

The relationships of electrical phenomena, ion
fluxes, and changes of tension in smooth muscle
are complex and differ between smooth muscles.
Visceral smooth muscle contractions are generally
associated with slow waves of partial depolariza-
tion, in some muscles with superimposed action
potentials that travel for some distance along adja-
cent cells. Contractions due to a-receptor stimula-
tion are accompanied in some muscles by graded
depolarization only; in others, there is a concomi-
tant appearance or increased frequency of superim-
posed action potentials. The jonic mechanisms as-
sociated with these changes are also discussed in
Chapter 4. In muscles inhibited by B-receptor stim-
ulation the membrane may become hyperpolarized
and action potentials may disappear or become less
frequent. It is generally believed that such inhibi-
tion is caused by reduction of the cytosolic concen-
tration of free Ca?*. This may be mediated by cy-
clic AMP, but the mechanism is unknown; both
enhanced sequestration and efflux of Ca?* may be
involved. Relaxation of intestinal smooth muscle in
some species is also associated with activation of
a-adrenergic receptors. This may be caused, at
least in part, by hyperpolarization of the cell mem-
brane as a consequence of increased permeability
to K+ and Cl~ (Tomita and Watanabe, 1973). As
mentioned, inhibition of smooth muscle tone by
a-adrenergic agonists can also be mediated by inhi-
bition of acetylcholine (ACh) release from choliner-
gic neurons. Contraction of intestinal sphincter
muscle (and other smooth muscles) by
a-adrenergic agonists appears to result from a more
generalized increase in ion permeability (to Na*,
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K*. CI-, and perhaps Ca*"), and this is associated
with a decreased membrane potential.

Localization of Adrenergic Receptors. There is
increasing evidence to support the notion that oy
and B;-adrenergic receptors are located in the im-
mediate vicinity of adrenergic nerve terminals in
peripheral target organs, strategically placed for
activation during stimulation of adrenergic nerves.
In addition to those located on nerve terminals,
both a,- and B,-adrenergic receptors also appear to
be situated in postjunctional regions that are rela-
tively remote from sites of release of norepineph-
rine. It is hypothesized that the latter receptors are
preferentially stimulated by circulating catechol-
amines. In some instances, the physiological role of
these and other adrenergic receptors (e.g., those on
leukocytes and platelets) is not well understood.

Refractoriness to Catecholamines. Chronic
exposure of catecholamine-sensitive cells and tis-
sues to adrenergic agonists causes a diminution in
their capacity to respond to such agents. This phe-
nomenon is variously termed refractoriness, desen-
sitization, down regulation, or tachyphylaxis.
While descriptions of such adaptive changes are
common in a variety of experimental and clinical
situations, mechanisms are only partially under-
stood. They have been studied extensively in cells
that synthesize cyclic AMP in response to
B-adrenergic agonists. Following the constant ap-
plication of isoproterenol or similar agents to such
cells, the capacity to synthesize cyclic AMP may
be markedly reduced within a few hours. There is
evidence for multiple points of regulation. Under
some circumstances B-adrenergic receptors be-
come phosphorylated and apparently inactivated.
This is presumably a feedback regulatory mecha-
nism that is mediated by cyclic AMP. Under other
circumstances the interaction between the receptor
and adenylate cyclase is impaired by processes that
are not vet understood. In addition, the number of
receptors detectable by radioactive ligand-binding
assays may be reduced (apparently because of their
internalization), triggered in some way by the ago-
nist (see Harden, 1983; Lefkowitz et al., 1984).
Regulation of this type is not unique to adrenergic
receptors; rather, it is the rule in most neural and
endocrine systems.

Chemistry and Structure-Activity Relationship of
Sympathomimetic Amines. B-Phenylethylamine
(Table 8-1) can be viewed as the parent compound
of the sympathomimetic amines, consisting of a
benzene ring and an ethylamine side chain. The
structure permits substitutions to be made on the
aromatic ring, the a- and B-carbon atoms, and the
terminal amino group, to yield a great variety of
compounds with sympathomimetic activity. Nor-
epinephrine, epinephrine, dopamine, and isoproter-
enol have OH groups substituted in the 3 and 4
positions of the benzene ring. Since o-dihydroxy-
benzene is also known as catechol, sympathomi-
metic amines with these OH substitutions in the
aromatic ring are termed catecholamines.

Most directly acting sympathomimetic drugs in-
fluence both a and B receptors, but the ratio of the
a and B activity varies tremendously between
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bEthylnorepinephrine  3-OH,4-0H OH | CH,CH, H B
hIsoproterenol 3-OH,4-OH OH H CH(CH,}, B.C
 [soetharine 3-OH,4-OH OH | CH,CH, | CH(CH,), B
k. etapro_terenol 3-OH,5-OH OH H CH(CH,), B
 Terbutaline 3-OH,5-OH OH H C(CH,), B, U
FMetaraminol 3-OH OH | CH, H P
Phenylephrine 3-OH OH H CH, N.P
) 4-OH H H H
Hydroxyamphetamine 4-OH H | CHy H
4-0H OH | CH; 2 % U
4-OH OHE H -CH(CH,), - C
2-OCH,,5-OCH; | OH | CH, H P
3-CH,OH,4-OH OH H C(CH), B, U
H | CH, H CNS,0
H | CH, CH, CNS,0
H | CH, 3 0
OH | CH, CH, N,P B.C
OH | CH, H N 0
Mephentermine H 4% CH, N.P
Phentermine H 4 * H 0
enfluramine 3-CFy H [ CH, C,Hs 0
opylhexedrine 5* H | CH, CH, N
0
6 *
Phenmetrazine 7 * 8
Fhendimetrazine 8 *
2 3 4
fH:i ?H:‘
—ﬁ:H—(CHz)Z—@-OH —CH2~CH2@OH —fl\l e
CH, cm«@ ClH,;
5 6 7 8
Al AR
—ﬁ—%H~T—C2H3 —ch CH, —ctt CH,
O CHy CH, fH—NH $H—r|\1
A, CH, CH,
i a Activity B Activity
k= Allergic reactions (includes B action) B = Bronchodilator CNS = Central nervous system
= Nasal decongestion C = Cardiac 0 = Anorectic
= Pressor (may include 8 action) U = Uterus

f = Other local vasoconstriction
il (e.g., in local anesthesia)

" Numbers bearing an asterisk refer to the substituents numbered in the bottom rows of the table; substituent 3 replaces the N
om, substituent 5 replaces the phenyl ring, and 6, 7, and 8 are attached directly to the phenyl ring, replacing the ethylamine side

T The a and B in the prototypical formula refer to positions of the C atoms in the ethylamine side chain.
# Prenalterol has —OCH,— between the aromatic ring and the carbon atom designated as j in the prototypical formula.

o
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drugs, in a continuous spectrum from an almost
pure « activity (phenylephrine) to an almost pure 8
activity (isoproterenol). The structure-activity rela-
tionship of directly acting agents is best studied in
isolated systems, where indirect and reflex effects
will not confuse interpretation. Despite the multi-
plicity of the sites of action of sympathomimetic
amines, several generalizations can be made, as
presented below.

Separation of Aromatic Ring and Amino
Group. By far the greatest sympathomimetic ac-
tivity occurs when two carbon atoms separate the
ring from the amino group. This rule applies with
few exceptions to all types of action.

Substitution on the Amino Group. The effects
of amino substitution are most readily seen in the
actions of catecholamines on a and B receptors.
Increase in the size of the alkyl substituent in-
creases B-receptor activity (e.g., isoproterenol).
Norepinephrine has, in general, rather feeble B,
activity; this is greatly increased in epinephrine
with the addition of a methyl group. A notable ex-
ception is phenylephrine, which has a N-methyl
substituent but is almost a pure « agonist. Selective
By-receptor stimulants require a large amino sub-
stituent, but depend on other substitutions for their
selectivity for B, rather than for B; receptors. In
general, the less the substitution on the amino
group the greater is the selectivity for a activity,
although N-methylation increases the potency of
primary amines. Thus, & activity is maximal in epi-
nephrine, less in norepinephrine, and almost absent
in isoproterenol.

Substitution on the Aromatic Nucleus. Maximal
@ and B activity depends on the presence of OH
groups in the 3 and 4 positions. When one or both
of these groups are absent, without other aromatic
substitution, the overall potency is reduced. Phen-
ylephrine is thus less potent than epinephrine on
both « and B receptors, with 8 activity almost com-
pletely absent. Hydroxy groups in the 3 and 5 posi-
tions confer B,-receptor selectivity on compounds
with large amino substituents. Thus, metaprotere-
nol, terbutaline, and other similar compounds relax
the bronchial musculature in patients with asthma
without causing significant direct cardiac stimula-
tion. The response to noncatecholamines is in part
determined by their capacity to release norepineph-
rine from sites of storage. These agents thus cause
mostly effects that are mediated by « and B, recep-
tors, since norepinephrine is a weak B, agonist.
Phenylethylamines that lack both hydroxyl groups
on the ring and the B-hydroxyl group on the side
chain act almost exclusively by causing the release
of norepinephrine from adrenergic nerve terminals.

Since substitution of polar groups on the
phenylethylamine structure makes the resultant
compounds less lipophilic, unsubstituted or alkyl-
substituted compounds cross the blood-brain bar-
rHer more readily and have more central activity.
Thus, ephedrine, amphetamine, and methampheta-
mine exhibit considerable CNS activity. In addi-
tion, as mentioned, the absence of polar hydroxyl
groups results in a loss of direct peripheral sympa-
thomimetic activity.

Catecholamines have only a brief duration of

[Chap. 8]

action and are ineffective after oral administration
because they are rapidly inactivated in the intesti-
nal mucosa and in the liver before reaching the sys-
temic circulation (see Chapter 4). Compounds
without one or both OH substituents, particularly
the 3-OH group, are not acted upon by catechol-O-
methyltransferase (COMT), and their oral effec-
tiveness and duration of action are enhanced.

Groups other than OH have been substituted on
the aromatic ring. In general, potency on « recep-
tors is reduced and B-receptor activity is minimal;
the compounds may even block B receptors. For
example, methoxamine, with methoxy substituents
on positions 2 and 5, has highly selective
a-stimulating activity and in large doses blocks 8
receptors. Albuterol, a selective B,-receptor stimu-
lant, has a CH,OH substituent on position 3 and is
an important exception to the general rule of low
activity.

Substitution on the a-Carbon Atom. This sub-
stitution blocks oxidation by monoamine oxidase
(MAO), thus greatly prolonging the duration of
action of noncatecholamines, the detoxication of
which depends largely on breakdown by MAO.
The duration of action of drugs such as ephedrine
or amphetamine is thus measured in hours rather
than in minutes. Since intraneuronal MAO is an
important enzyme for degradation of phenylethyl-
amines that lack an «-methyl substituent, com-
pounds with such a group persist in the nerve ter-
minal and are more likely to release norepinephrine
from sites of storage. Agents such as metaraminol
thus exhibit a greater degree of indirect sympatho-
mimetic activity.

Substitution on the B-Carbon Atom. Substitu-
tion of an OH group on the B carbon generally de-
creases central stimulant action, largely because of
the lower lipid solubility of such compounds. How-
ever, such substitution greatly enhances agonistic
activity, both at a and 8 receptors. Thus, ephedrine
is less potent than methamphetamine as a central
stimulant, but it is more powerful in dilating bron-
chioles and increasing blood pressure and heart
rate.

Absence of the Benzene Ring. CNS stimulant
activity is reduced without a corresponding de-
crease in « and B activity when the benzene ring is
replaced by a saturated ring (e.g., cyclopentamine,
propylhexedrine), or by a different unsaturated ring
(e.g., naphazoline; Table 8-2). Naphazoline, in
fact, is a powerful a-receptor stimulant, but it dif-
fers from most other sympathomimetic amines in
that it depresses instead of stimulates the CNS,
presumably because it, like clonidine and
oxymetazoline, exhibits preferential effects on o,
receptors (see Chapters 9 and 32).

The proportion of « to 8 activity varies with the
compound: however, in general the amines that do
not possess a benzene ring have rather more
marked a than B activity. Consequently, many of
them are used primarily as nasal decongestants
because of their vasoconstrictor properties.

Optical Isomerism. Substitution on either « or B
carbon yields optical isomers. Levorotatory substi-
tution on the B carbon confers the greater periph-
eral activity, so that the naturally occurring l-epi-
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Table 8-2. CHEMICAL STRUCTURES OF IMIDAZOLINE DERIVATIVES

Naphazoline Tetrahydrozoline

H,

H3C\Ho CH, ch\ CH,
H3C;C CH,— H3C7C CH,—

3C CH3 H,C CH3

Oxymetazoline Xylometazoline

nephrine and [-norepinephrine are ten or more
times as potent as their unnatural d isomers. Dex-
trorotatory substitution on the a carbon generally
provides a more potent compound than the / isomer
in central stimulant activity. d-Amphetamine is
more potent than l-amphetamine in central but not
peripheral activity.

I. Catecholamines
EPINEPHRINE

PHARMACOLOGICAL PROPERTIES

Epinephrine is a potent stimulator of
both a- and B-adrenergic receptors, and its
effects on target organs are thus complex.
Most of the responses listed in Table 4-1
(page 72) are seen after injection of epi-
nephrine in man, although the occurrence
of sweating, piloerection, and mydriasis
depends on the physiological state of the
subject. Particularly prominent are the ac-
tions on the heart and the vascular and
other smooth muscle. So enormous is the
literature on almost every aspect of the
many changes in bodily function caused by
epinephrine that this discussion is limited
largely to the actions of the drug in man and
refers to the more abundant results in ani-
mals when studies in man are limited.

Blood Pressure. Epinephrine is one of
the most potent vasopressor drugs known.
Given rapidly intravenously it evokes a
characteristic effect on blood pressure,
which rises rapidly to a peak that is propor-
tional to the dose. The increase in systolic
pressure is greater than the rise in diastolic
pressure, so that the pulse pressure in-
creases. As the response wanes, the mean
pressure falls below normal before return-

ing to the control level. Repeated doses of
epinephrine continue to have the same
pressor effect, in sharp contrast to amines
that owe a major part of their effect to re-
lease of norepinephrine.

The mechanism of the rise in blood pres-
sure due to epinephrine is threefold: a di-
rect myocardial stimulation that increases
the strength of ventricular contraction (pos-
itive inotropic action); an increased heart
rate (positive chronotropic action); and,
most important, vasoconstriction in many
vascular beds, especially in the precapillary
resistance vessels of skin, mucosa, and kid-
ney, along with marked constriction of the
veins. The pulse rate, at first accelerated,
may be slowed markedly at the height of
the rise of blood pressure by compensatory
vagal discharge. This bradycardia is absent
if the effects of vagal discharge are blocked
by atropine. Minute doses of epinephrine
(0.1 ne/kg) may cause the blood pressure to
fall. The depressor effect of small doses and
the biphasic response to larger doses are
due to greater sensitivity to epinephrine of
vasodilator B, receptors than of constrictor
a receptors.

The effects are somewhat different when
the drug is given by slow intravenous infu-
sion or by subcutaneous injection. Absorp-
tion of epinephrine after subcutaneous in-
jection is slow due to the drug’s local
vasoconstrictor action; the effects of doses
as large as 0.5 to 1.5 mg can be duplicated
by intravenous infusion at a rate of 10 to
30 pg per minute. There is a moderate in-
crease in systolic pressure due to increased
cardiac contractile force and a rise in car-
diac output (Figure 8—1). Peripheral resis-
tance decreases, due to the dominant action
on B3, receptors of vessels in skeletal mus-
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tractility and reduction in left ventricular filling
pressure in the failing heart should augment the
gradient for diastolic coronary blood flow. The re-
duction in heart size also reduces wall tension at
any given level of systolic pressure, and this tends
to reduce oxygen demand. These favorable effects
on myocardial perfusion are less likely to occur in
the absence of cardiac failure. As a consequence,
the use of dobutamine has been recommended for
patients with acute myocardial infarction when
congestive heart failure is superimposed (particu-
larly if peripheral vascular resistance and heart rate
are high) (see Goldstein ef al., 1980). If cardiogenic
shock and severe hypotension are also present,
coronary perfusion may be compromised and,
under these circumstances, a vasopressor or €x-
pansion of plasma volume may also be required.
Such procedures should be instituted only if pulmo-
nary arterial and pulmonary wedge pressures can
be monitored. Dobutamine, as well as other ino-
tropic agents, is contraindicated in patients with
marked obstruction to cardiac ejection, such as in
idiopathic hypertrophic subaortic stenosis.

II. Noncatecholamines

For many years it was presumed that all
sympathomimetic amines produced their
effects by acting directly on adrenergic re-
ceptors. However, this notion was chal-
lenged by the findings that the effects of
tyramine and many other noncatechol-
amines were reduced or abolished follow-
ing chronic postganglionic adrenergic de-
nervation or treatment with cocaine or
reserpine. Under these circumstances, the
effects of epinephrine and especially norep-
inephrine were often enhanced. These ob-
servations led to the proposal that tyramine
and related amines acted indirectly, follow-
ing uptake into the adrenergic nerve termi-
nal, by stoichiometric displacement of nor-
epinephrine from storage sites in the
synaptic vesicles or from extravesicular
binding sites (Burn and Rand, 1958). Nor-
epinephrine could then exit from the adren-
ergic nerve terminal and interact with re-
ceptors to produce the sympathomimetic
effects. The depletion of tissue stores of
catecholamines that follows treatment with
reserpine or degeneration of adrenergic
nerve terminals would explain the lack of
effect of tyramine under these conditions.
In the presence of cocaine, the high-affinity
neuronal transport system for catechol-
.o ~ertain coneeners is inhibited,

| Bt bad S |

and tyramine and related amines are unable
to enter the adrenergic nerve terminal. In
this manner cocaine inhibits the actions of
indirectly acting sympathomimetic amines,
while potentiating the effects of directly
acting agents that are normally removed
from the synaptic cleft by this transport
system (see Chapter 4).

In assessing the proportion of direct and
indirect actions of a sympathomimetic
amine, the most common experimental pro-
cedure is to compare the dose-response
curve for the agent on a particular target
tissue before and after treatment with reser-
pine (Trendelenburg, 1972). Those drugs
whose actions are essentially unaltered
after treatment with reserpine are classified
as directly acting sympathomimetic amines
(e.g., norepinephrine, phenylephrine),
while those whose actions are abolished are
termed indirectly acting (e.g., tyramine).
Most agents exhibit some degree of residual
sympathomimetic activity after the admin-
istration of reserpine, but higher doses of
these amines are required to produce com-
parable effects. These are classified as
mixed-acting sympathomimetic amines;
that is, they have both direct and indirect
actions. The proportion of direct and indi-
rect actions can vary considerably between
different tissues and species. The general
structural features that appear to govern
the pattern of responses obtained have
been described above.

Since the actions of norepinephrine are
more marked on « and B, receptors than on
B, receptors, many noncatecholamines that
release norepinephrine have predominantly
a-receptor-mediated and cardiac effects.
However, many noncatecholamines with
both direct and indirect effects on adrener-
gic receptors show powerful B,-agonistic
activity and are widely used clinically for
the effects that result. Thus, ephedrine, al-
though dependent upon norepinephrine re-
lease for some of its effects, relieves bron-
chospasm by its action on 3, receptors in
bronchial muscle, an effect virtually absent
with norepinephrine. It must also be re-
called that some noncatecholamines, for
example, phenylephrine, act primarily and
directly on effector cells. It is therefore
impossible to predict precisely the charac-
teristic effects of noncatecholamines sim-
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ply on the basis that they all provoke the
release of at least some norepinephrine.

With few exceptions the actions and ef-
fects of noncatecholamines, except those
on the CNS, fit within the framework of a-
and B-receptor activity as listed in Table
4-1 (page 72), and, therefore, only the main
differences in their properties will be pre-
sented. The additional CNS effects, most
prominent with sympathomimetic amines
lacking substituents on the benzene ring,
have been most extensively studied with
amphetamine and, consequently, are dis-
cussed in detail in relation to the properties
and clinical uses of that drug.

False-Transmitter Concept. As indicated
above, indirectly acting amines are taken
up into adrenergic nerve terminals and stor-
age vesicles, where they presumably re-
place norepinephrine in the storage com-
plex. Phenylethylamines that lack a
B-hydroxyl group are retained there poorly,
but B-hydroxylated phenylethylamines and
compounds that subsequently become hy-
droxylated in the synaptic vesicle by dopa-
mine B-hydroxylase are retained in the syn-
aptic vesicle for relatively long periods of
time (Musacchio et al., 1965; Kopin, 1963).
Such substances can produce a persistent
diminution in the content of norepinephrine
at functionally critical sites in the adrener-
gic nerve terminal. When the nerve is stim-
ulated, the content of a relatively constant
number of synaptic vesicles is presumably
released by exocytosis. If these vesicles
contain a considerable proportion of
phenylethylamines that are much less po-
tent than norepinephrine, activation of
postsynaptic adrenergic receptors will be
diminished.

This hypothesis, known as the false-transmitter
concept, is a possible explanation for the hypoten-
sive effect that results from the administration of
inhibitors of MAO. Phenylethylamines are nor-
mally synthesized in the gastrointestinal tract as a
result of the action of bacterial tyrosine decarboxyl-
ase. The tyramine that is formed in this fashion is
usually oxidatively deaminated in the gastrointesti-
nal tract and the liver, and the amine does not
reach the systemic circulation in significant con-
centrations. However, when an MAO inhibitor is
administered, tyramine may be absorbed systemi-
cally. It is transported into the adrenergic nerve
terminal, where its catabolism is again prevented
because of the inhibition of MAO at this site; it is

then B-hydroxylated to octopamine and stored in
the vesicles in this form. As a consequence, there is
gradual displacement of norepinephrine, and stimu-
lation results in the release of a relatively small
amount of norepinephrine along with a fraction of
octopamine. The latter amine has relatively little
ability to activate either a- or B-adrenergic recep-
tors. There is thus a functional impairment of sym-
pathetic nerve transmission following chronic ad-
ministration of MAQO inhibitors.

Despite such functional impairment, patients
who have received MAO inhibitors may experience
severe hypertensive crises if they ingest cheese,
beer, or red wine. These and related foods, which
are produced by a fermentation process, contain a
large quantity of tyramine and, to a lesser degree,
other phenylethylamines. When gastrointestinal
and hepatic MAO is inhibited, the large quantity of
tyramine that is ingested is absorbed rapidly and
reaches the systemic circulation in high concentra-
tion. A massive and precipitous release of norepi-
nephrine can result, with consequent hypertension
that can be sufficiently severe to cause myocardial
infarction or a cerebrovascular accident (see Chap-
ter 19).

The false-transmitter concept can also be in-
voked to explain the hypotension that often follows
infusions of metaraminol. Metaraminol possesses
both direct and indirect sympathomimetic actions
and has been infused for many hours for the main-
tenance of blood pressure in individuals who are
severely hypotensive. When the infusion is termi-
nated, patients may relapse into a severe hypoten-
sive state, despite correction of the factors respon-
sible for their shock. Presumably, the maintenance
of adequate blood pressure at this time is largely
dependent upon intrinsic sympathomimetic activ-
ity. However, a considerable fraction of the norepi-
nephrine in the nerve terminal may have been re-
placed by metaraminol, and the release of this less
potent sympathomimetic amine, along with norepi-
nephrine, is apparently insufficient to produce ade-
quate vasoconstriction. To manage this problem,
patients can be given an infusion of norepinephrine
for a period of time sufficient to allow replenish-
ment of the stores of the neurotransmitter.

Absorption, Distribution, and Fate of
Noncatecholamines. In contrast to the
catecholamines, most of the noncate-
cholamines that are used clinically are ef-
fective when given orally and many act for
long periods. These properties are due in
part to resistance to the inactivating en-
zymes of liver and other tissues and in part
to the fact that relatively large amounts are
given. Phenylisopropylamines, the most
commonly used noncatecholamines, are
widely distributed in tissues, and, in con-
trast to catecholamines, they cross the
blood-brain barrier. This accounts in part
for their relatively powerful CNS activity.



[image: image8.png]166 NONCATECHOLAMINES

Although several pathways, including
p-hydroxylation, N-demethylation, deami-
nation, and conjugation in the liver, take
part in their disposal, a substantial fraction
of these drugs is excreted in the urine un-
changed. Urinary excretion of ampheta-
mine and many other noncatecholamines is
greatly influenced by urinary pH. For ex-
ample, the pK, of amphetamine is 9.9, and
at pH 8.0 only 2 to 3% is excreted. If the
urine is acidic, urinary excretion may be as
much as 80%. Thus, acidification of the
urine by the administration of ammonium
chloride is a logical procedure in the treat-
ment of amphetamine poisoning. Since a
large number of noncatecholamines have
pK, values between 9.0 and 10.3, similar
striking effects of urinary pH can be ex-
pected.

Patients treated with MAO inhibitors
should not take noncatecholamines or in-
gest foods that contain tyramine (see
above). Even sympathomimetic drugs that
are resistant to MAO (e.g., amphetamine
and ephedrine) should not be administered
to such individuals, since these drugs pro-
voke the release of norepinephrine, and the
actions of the neurotransmitter can be po-
tentiated by MAO inhibitors in this circum-
stance (Smith, 1966).

AMPHETAMINE

Amphetamine, racemic B-phenylisopro-
pylamine (Table 8—1), has powerful CNS
stimulant actions in addition to the periph-
eral @ and B actions common to indirectly
acting sympathomimetic drugs. Unlike epi-
nephrine, it is effective after oral adminis-
tration and its effects last for several hours.

PHARMACOLOGICAL PROPERTIES

Cardiovascular Responses. In man and
animals, amphetamine given orally raises
both systolic and diastolic blood pressures.
Heart rate is often reflexly slowed; with
large doses, cardiac arrhythmias may
occur. Cardiac output is not enhanced by
therapeutic doses, and cerebral blood flow
is little changed. The [ isomer is slightly
more potent than the d isomer in its cardio-
vascular actions.
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Other Smooth Muscles. In general, smooth mus-
cles respond to amphetamine as they do to other
sympathomimetics. The contractile effect on the
urinary bladder sphincter is particularly marked,
and has been used in treating enuresis and inconti-
nence. Pain and difficulty in micturition occasion-
ally occur. The gastrointestinal effects of ampheta-
mine are unpredictable. If enteric activity is
pronounced, amphetamine may cause relaxation
and delay the movement of intestinal contents; if
the gut is already relaxed, the opposite effect may
be seen. The response of the human uterus varies,
but usually there is an increase in tone.

Central Nervous System. Amphetamine
is one of the most potent sympathomimetic
amines with respect to stimulation of the
CNS. It stimulates the medullary respira-
tory center, lessens the degree of central
depression caused by various drugs, and
produces other signs of stimulation of the
CNS. These effects are thought to be due to
cortical stimulation and possibly to stimula-
tion of the reticular activating system. In
contrast, the drug can obtund the maximal
electroshock seizure discharge and prolong
the ensuing period of depression. In elicita-
tion of CNS excitatory effects, the d isomer
(dextroamphetamine) is three to four times
as potent as the [ isomer.

In man, the psychic effects depend on the
dose and the mental state and personality of
the individual. The main results of an oral
dose of 10 to 30 mg are as follows: wakeful-
ness, alertness, and a decreased sense of
fatigue; elevation of mood, with increased
initiative, self-confidence, and ability to
concentrate; often elation and euphoria;
increase in motor and speech activity. Per-
formance of only simple mental tasks is
improved; and, although more work may be
accomplished, the number of errors is not
necessarily decreased. Physical perfor-
mance, for example, in athletes, is im-
proved, and the drug is abused for this pur-
pose. These effects are not invariable, and
may be reversed by overdosage or repeated
usage. Prolonged use or large doses are
nearly always followed by mental depres-
sion and fatigue. Many individuals given
amphetamine experience headache, palpi-
tation, dizziness, vasomotor disturbances,
agitation, confusion, dysphoria, apprehen-
sion, delirium, or fatigue. (See Chapter 23.)

Fatigue and Sleep. Prevention and reversal of
fatigue by amphetamine have been studied exten-
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sively in the laboratory, in military field studies,
and in athletics. In general, the duration of ade-
quate performance is prolonged before fatigue ap-
pears and the effects of fatigue are at least partly
reversed. The most striking improvement due to
amphetamine appears to occur when performance
has been reduced by fatigue and lack of sleep. Such
improvement may be partly due to alteration of
unfavorable attitudes toward the task. However,
amphetamine reduces the frequency of attention
lapses that impair performance after prolonged
sleep deprivation, and thus improves execution of
tasks requiring sustained attention. The need for
sleep may be postponed, but it obviously cannot be
indefinitely avoided. When the drug is discontinued
after long use, the pattern of sleep may take as long
as 2 months to return to normal. (See reviews by
Weiss and Laties, 1962; Oswald, 1968.)
Analgesia. Amphetamine and some other sym-
pathomimetic amines have a small analgesic effect
in man and experimental animals; this is not suffi-
ciently pronounced to be useful therapeutically.
However, amphetamine can enhance the analgesia
produced by morphine-like drugs (see Chapter 22).
EEG. In general, amphetamine accelerates and
desynchronizes the EEG. It causes a shift of the
resting EEG toward the higher frequencies in man,
but to a smaller degree than that occurring during
attention. It reduces the amplitude and the duration
of the large delta waves that are present during
sleep after prolonged insomnia and in narcolepsy.
In children with behavioral disorders and abnormal
EEG (6-cycle-per-second rhythm), amphetamine
may improve behavior with or without altering the

Spinal Cord, Reticular Formation, and Respira-
tory Center. Amphetamine facilitates monosynap-
tic and polysynaptic transmission in the spinal
cord. In common with ephedrine, it enhances excit-
atory activity, promotes righting movements and
postural activity, and speeds the recovery of re-
sponses in spinal, decerebrate, and decorticate ani-
mals.

The respiratory center is stimulated by ampheta-
mine in animals, and the rate and depth of respira-
tion are increased. In normal man, usual doses of
the drug do not appreciably increase respiratory
rate or minute volume. Nevertheless, when respi-
ration is depressed by centrally acting drugs, am-
phetamine may stimulate respiration.

Depression of Appetite. Amphetamine
and similar drugs have been widely used in
the treatment of obesity, although the wis-
dom of this use is at best questionable.
Weight loss in obese humans treated with
amphetamine is almost entirely due to re-
duced food intake and only in small mea-
sure to increased metabolism. The site of
- action is probably in the lateral hypotha-
lamic feeding center; injection of ampheta-
mine into this area, but not into the ventro-
medial satiety center, suppresses food

intake (see Blundell and Leshem, 1973). In
man, some drug-induced loss of acuity of
smell and taste has been described, and in-
creased physical activity may also contrib-
ute to the loss of weight. In dogs, the effect
is powerful and may lead to complete star-
vation if amphetamine is given each day 1
hour before the daily meal. The effect is
much less in man, and tolerance to accepta-
ble doses develops rapidly. The effect is
insufficient to reduce weight continuously
in obese individuals without dietary restric-
tion. Amphetamine has little effect in re-
ducing food intake in those persons whose
overeating is impelled by psychological fac-
tors.

Mechanisms of Action in the CNS. Ampheta-
mine appears to exert most or all of its effects in the
CNS by releasing biogenic amines from their stor-
age sites in the nerve terminals. The alerting effect
of amphetamine, its anorectic effect, and at least a
component of its locomotor-stimulating action are
presumably mediated by release of norepinephrine
from central noradrenergic neurons. These effects
can be prevented by treatment of the animal with
a-methyltyrosine, an inhibitor of tyrosine hydroxy-
lase and, therefore, of catecholamine synthesis.
Some aspects of locomotor activity and the stereo-
typed behavior induced by amphetamine are proba-
bly a consequence of the release of dopamine from
dopaminergic nerve terminals, particularly in the
neostriatum. Higher doses are required to produce
these behavioral effects, and this is correlated with
the need for higher concentrations of amphetamine
to release dopamine from brain slices or synapto-
somes in vitro. With still higher doses of ampheta-
mine, disturbances of perception and overt psy-
chotic behavior occur. These effects may be due to
release of S-hydroxytryptamine (5-HT) from tryp-
taminergic neurons and of dopamine in the
mesolimbic system. In addition, amphetamine may
exert direct agonistic effects on central receptors
for 5-HT (see Weiner, 1972).

Metabolic Effects. Although large doses of am-
phetamine markedly increase oxygen consumption
in animals, conventional therapeutic doses cause
either no change, a small fall, or a modest rise (10
to 15%) in the metabolic rate in man. Some patients
show a slight increase in body temperature. The
apparent calorigenic action may be due to restless-

ness caused by the drug.
/_\

Preparations and Route of Adininistration. Am-
phetamine sulfate is a white, water-soluble pow-
der, available in 5- and 10-mg tablets. The d isomer
is available as dextroamphetamine sulfate
(DEXEDRINE, others) in 5- and 10-mg tablets, in an
elixir (1 mg/ml), and in 5-; 10-, and 15-mg slow-re-
lease capsules. Dosage is discussed under specific
therapeutic applications (see below). The ampheta-
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mines are schedule-1I drugs under federal regula-
tions (see Appendix D).

Toxicity and Side Effects. The acute
toxic effects of amphetamine are usually
extensions of its therapeutic actions and, as
a rule, result from overdosage. The central
effects commonly include restlessness, diz-
ziness, tremor, hyperactive reflexes,
talkativeness, tenseness, irritability, weak-
ness, insomnia, fever, and sometimes eu-
phoria. Confusion, assaultiveness, in-
creased libido, anxiety, delirium, paranoid
hallucinations, panic states, and suicidal or
homicidal tendencies occur, especially in
mentally ill patients. However, these psy-
chotic effects can be elicited in any individ-
ual if sufficient quantities of amphetamine
are ingested for a prolonged period. Fatigue
and depression usually follow the central
stimulation. Cardiovascular effects are
common and include headache, chilliness,
pallor or flushing, palpitation, cardiac ar-
rhythmias, anginal pain, hypertension or
hypotension, and circulatory collapse. Ex-
cessive sweating occurs. Symptoms refera-
ble to the gastrointestinal system include
dry mouth, metallic taste, anorexia, nau-
sea, vomiting, diarrhea, and abdominal
cramps. Fatal poisoning usually terminates
in convulsions and coma, and cerebral
hemorrhages are the main pathological
finding.

The toxic dose of amphetamine varies
widely. Toxic manifestations occasionally
occur as an idiosyncrasy after as little as
2 mg, but are rare with doses of less than
15 mg. Severe reactions have occurred
with 30 mg, yet doses of 400 to 500 mg are
not uniformly fatal. Larger doses can be
tolerated after chronic use of the drug.

Treatment of acute amphetamine intoxi-
cation should include acidification of the
urine by administration of ammonium chlo-
ride; excretion of amphetamine is vastly
increased in acidic urine. Chlorpromazine
is effective treatment for the CNS symp-
toms, and additionally its a-receptor block-
ing action reduces the elevated blood pres-
sure. A nitrite, sodium nitroprusside, or a
rapidly acting oa-receptor blocking agent
(e.g., phentolamine) may also be required if
hypertension is marked.

Chronic intoxication with amphetamine
causes symptoms similar to those of acute
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overdosage, but abnormal mental condi-|
tions are more common. Weight loss may;
be marked. A psychotic reaction with vivid
hallucinations and paranoid delusions,
often mistaken for schizophrenia, is the
most common serious effect. Recovery is
usually rapid after withdrawal of the drug,
but occasionally the condition becomes:
chronic. In these persons amphetamine
may act as a precipitating factor hastening;
the onset of an incipient schizophrenia (see
Angrist and Gershon, 1972).

Precautions and Contraindications. The
abuse of amphetamine by the laity as al
means of overcoming sleepiness and of in-;
creasing energy and alertness should be dis-!
couraged. The drug should be used only;
under medical supervision. The additional
contraindications and precautions in the
use of amphetamine are generally similar to;
those described above for epinephrine. Its
use is inadvisable in patients with anorexia,
insomnia, asthenia, psychopathic personal-
ity, or a history of homicidal or suicidal
tendencies.

Dependence and Tolerance. Psychologi-
cal dependence often occurs when amphet-
amine or dextroamphetamine is used
chronically, as discussed in Chapter 23.
Tolerance almost invariably develops to the
anorexigenic effect of amphetamines, and
is often seen also in the need for increasing!
doses to maintain improvement of mood in;
psychiatric patients. Tolerance is striking in
individuals who are dependent on the drug,
and a daily intake of 1700 mg without ap-
parent ill effects has been reported. Devel
opment of tolerance is not invariable, and
cases of narcolepsy have been treated for
years without requiring an increase in the
initially effective dose.

Therapeutic Uses. Amphetamine and dextroan:
phetamine are used chiefly for their CNS effects.
Dextroamphetamine, with greater CNS action and
less peripheral action, is generally preferred to
amphetamine; it is used in obesity, narcolepsy, and
attention-deficit disorder in children. These uses}
are discussed later in this chapter.

METHAMPHETAMINE

Methamphetamine is closely related chemically
to amphetamife and ephedrine (Table 8—1). Small
doses have prominent central stimulant effects
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without significant peripheral actions; somewhat
larger doses produce a sustained rise in systolic and
diastolic blood pressures, due in man mainly to car-
diac stimulation. Cardiac output is increased, al-
though the heart rate may be reflexly slowed. Ve-
nous constriction causes peripheral venous
pressure to increase. These factors tend to increase
the venous return and, therefore, the cardiac out-
put. Pulmonary arterial pressure is raised, probably
secondary to increased cardiac output. Renal blood
flow is also enhanced. Although moderate doses
stimulate cardiac contraction, excessive doses de-
press the myocardium. (See Aviado, 1970.)

Preparations, Route of Administration, and
Dosage. Methamphetamine hydrochloride (DES-
OXYN, METHAMPEX) is the d isomer. It is available
in tablets containing 5 and 10 mg and in sustained-
release tablets containing 5, 10, or 15 mg. The
usual oral dose for central effects varies from 5 to
25 mg daily in single or divided doses, depending
on the formulation used. Methamphetamine is a
schedule-II drug under federal regulations (see Ap-
pendix D).

Therapeutic Uses. Methamphetamine is princi-
pally used for its central effects, which are more
pronounced than those of amphetamine and are
accompanied by less prominent peripheral actions.
These uses are discussed below in the section of
this chapter on therapeutic uses.

EPHEDRINE

Ephedrine occurs naturally in various

plants. It was used in China for at least 2000
years before being introduced into Western
medicine in 1924 (see Chen and Schmidt,
1930). Its central actions are less pro-
nounced than those of the amphetamines.
Ephedrine stimulates both « and 8 recep-
tors and has clinical uses related to both
types of action. The drug owes part of its
peripheral action to release of norepineph-
rine, but it also has direct effects on re-
ceptors and exhibits substantial effects
in reserpine-treated animals and man.
Tachyphylaxis develops to its peripheral
tions, and rapidly repeated doses become
less effective.
- Since ephedrine contains two asymmetri-
al carbon atoms, four compounds are pos-
ible. Only l-ephedrine and racemic ephed-
ine are commonly used clinically; their
harmacological properties and uses are
ssentially similar. The structure of ephed-
ine is depicted in Table 8-1.

; Pharmacological Actions. Ephedrine dif-
1s from epinephrine mainly in its efficacy

after oral administration, its much longer
duration of action, its more pronounced
central actions, and its much lower po-
tency. Cardiovascular effects of ephedrine
are in many ways similar to those of epi-
nephrine, but they persist about ten times
as long. The drug elevates the systolic and
usually also the diastolic pressure in man,
and pulse pressure increases. Pressor re-
sponses are due partly to vasoconstriction
but mainly to cardiac stimulation. The heart
rate may not be altered, but it increases if
vagal reflexes are blocked. The force of
myocardial contraction is enhanced by the
drug, and cardiac output is augmented, pro-
vided venous return is adequate. The renal
and splanchnic blood flows are decreased
whereas the coronary, cerebral, and muscle
blood flows are increased.

Bronchial muscle relaxation is less prom-
inent but more sustained with ephedrine
than with epinephrine. Consequently,
ephedrine is of value only in milder cases of
acute asthma and in chronic cases that need
continued medication. Mydriasis occurs
after local application of the drug to the
eve. Reflexes to light are not abolished,
accommodation is unaffected, and intraoc-
ular pressure is unchanged. Ephedrine and
other sympathomimetics are of little use as
mydriatics in the presence of inflammation.
The drug is less effective in individuals who
have heavily pigmented irides than in those
in whom the iris is light colored;” Other
smooth muscles are generally affected by
ephedrine in the same manner as by epi-
nephrine. However, the activity of the
human uterus is usually reduced by ephed-
rine, regardless of the effect of epinephrine.
Ephedrine is less effective than epinephrine
in elevating the concentration of glucose in
the blood. The CNS effects of ephedrine
are similar to those of amphetamine but are
considerably less marked.

Preparations, Routes of Administration, and
Dosage. Ephedrine sulfate is the | isomer. It is
available in 25- and 50-mg capsules and in syrups;
the oral dose varies from 15 to 50 mg. For contin-
ued medication, small doses are given at 3- to 4-
hour intervals. Sterile solutions (25 and 50 mg/ml)
are available; 25 to 50 mg may be given subcutane-
ously, intramuscularly, or intravenously. Solutions
and a jelly are available for nasal mucosal decon-
gestion. Ephedrine is also available in combination
with other agents for use in asthma, as a nasal de-
congestant, and for topical application to the eye.
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Toxic Reactions. These are similar to the
untoward reactions observed after epineph-
rine, with additional reactions referable to
the CNS effects of ephedrine. Insomnia is
common with continued medication, but it
is readily counteracted by sedatives if nec-
essary. Precautions in the use of ephedrine
are similar to those outlined for epinephrine
and the amphetamines.

Therapeutic Uses. The main clinical applications
of ephedrine are in bronchospasm, in Stokes-
Adams syndrome, as a nasal decongestant, and in
certain allergic disorders. The drug has also been
employed as a pressor agent, particularly during
spinal anesthesia, and for its central stimulant
action in narcolepsy. These uses are discussed
below in the section of this chapter on therapeutic
uses.

MEPHENTERMINE

Mephentermine is N-methyl-w-phenyl-rertiary-
butylamine (Table 8-1). It is one of several pressor
agents that can be used in various hypotensive con-
ditions. Its duration of action is prolonged, and
pressor effects last for up to 4 hours after intramus-
cular doses. Mephentermine acts both directly and
by release of endogenous norepinephrine. Cardiac
contraction is enhanced, and cardiac output and
systolic and diastolic pressures are usually in-
creased. The change in heart rate is variable, de-
pending on the degree of vagal tone; large doses
can depress the heart. The pressor response in-
volves both increased cardiac output and periph-
eral vasoconstriction. In some cases the net vascu-
lar effect may be vasodilatation, which appears not
to involve B receptors (Caldwell and Goldberg,
1970). Coronary blood flow is increased, forearm
blood flow is reduced, and venous tone is in-
creased. Marked mucosal vasoconstriction can be
produced by local application of the drug. CNS ef-
fects are usually modest with the recommended
doses of mephentermine, but they become more
prominent with larger doses. These include drowsi-
ness, weeping, incoherence, and convulsions, and
rapidly disappear on withdrawal of the drug.

Preparations, Routes of Administration, and
Dosage. Mephentermine sulfate (WYAMINE SUL-
FATE) is available in sterile solution (15 and 30 mg/
ml) for parenteral injection. Given intramuscularly
the dose is usually 15 to 45 mg. Slow intravenous
infusions are also given, the rate being varied to
produce the desired pressor effect.

Therapeutic Uses. Mephentermine is mainly
used as a pressor agent in various hypotensive
states, as discussed below.

HYDROXYAMPHETAMINE

The chemical structure of hydroxyamphetamine
differs from that of amphetamine only by the addi-
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tion of a 4-OH group (see Table 8-1). The actions
of hydroxyamphetamine resemble those of ephed-
rine, with the exception that the drug almost en-
tirely lacks CNS stimulant activity. While the drug
has been employed for the treatment of hypoten-
sive states and to maintain an adequate ventricular
rate in the Stokes-Adams syndrome, the only cur-
rent use of hydroxyamphetamine in the United
States is as a mydriatic. Hydroxyamphetamine
hydrobromide (PAREDRINE) is available as a 1%
ophthalmic solution.

METARAMINOL

Metaraminol, 3-hydroxyphenylisopropanolam-
ine (Table 8-1), is used almost exclusively for the
treatment of hypotensive states. It has both direct
and indirect actions and its overall effects are simi-
lar to those of norepinephrine, but it is much less
potent and has a more prolonged action. It lacks
CNS stimulant effects. Metaraminol is absorbed
after oral administration: however, for equal ef-
fects, oral doses must be five or six times greater
than doses given intramuscularly or intravenously.
The pressor effect of an intramuscular dose of 5 mg
lasts for about 1.5 hours.

Cardiovascular Actions. The cardiovascular ac-
tions in man are reflected in a sustained rise in sys-
tolic and diastolic pressures, almost entirely due to
vasoconstriction and usually accompanied by a
marked reflex bradycardia. In normotensive sub-
jects, cardiac output is unchanged or may decrease
slightly, but the force of myocardial contraction is
enhanced. Cardiac output increases strikingly
when slowing of the heart is prevented by atropine.
Increased cardiac output may play a larger role in
patients with hypotension and shock. Metaraminol
increases venous tone and decreases renal and ce-
rebral blood flows, the latter even when blood
pressure is raised as much as 40%. Pulmonary va-
soconstriction occurs, and the pulmonary blood
pressure is elevated by the drug even when cardiac
output is reduced.

Preparations, Routes of. Administration, and
Dosage. Metaraminol bitartrate (ARAMINE) is
available as a sterile solution (10 mg/ml) for intra-
muscular injection, usually in a dose of 2 to 10 mg,
or, after suitable dilution, for intravenous infusion.
The rate of administration is regulated according to
the individual’s response to the drug.

Therapeutic Uses. The principal use of
metaraminol is as a pressor agent in certain hypo-
tensive states, the treatment of which is discussed
below in the section of this chapter on therapeutic
uses.

PHENYLEPHRINE

Phenylephrine differs chemically from
epinephrine only in lacking an OH in the 4
position on the benzene ring (Table 8-1).




