- Remmgton The | |
I Scnence and Practice
. of Pha rmacy'._f |

_ Voh”ne|P'

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

DOCKET

_ ARM

Entered accordmg to Act of Congress, in the year 1885 by Joseph P Remmgtot\
inthe Office of the leranan of Congress at WashmgtonDC |

Copyright 1889 1 894 1905 1907,1917, by Joseph P‘Remlngton .
Copyright 1926, 1936 by the Joseph P Remmgton Estate
Copyrxght 1 948 1951, by The Phlladelplua College of Pharmacy and Science

Copynght1956 1960 1965 1970 1975, 1980, 1985, 1990 1995, by’l‘hePhlladelphla College of
Phaxmacy and Sc1ence

AUl Rights Reserved, ’

Lil)rary of Cdngress Catalog Card No. 60-53334

ISBN 0-912734-04-3

Theuse of .stmcturalfomula.s‘  from USAN and the USP chtummy ofDrug Names is by
perrr'),sswn of The USP Convention. The Conventzon is not responsible for any NACCUTACY.
cOntamed herezn, ' .

Norice—This text is not intended to represent, nor shallit be interpreted to be, the equivalent
. of or a substitute for the official-United States Pharmacopeia (USP) and / or the National
Formulary (NF). In the event of any difference or discrepancy between the current official "
'USP or NF'standards of strength, quality, purity, packaging and labeling for drugs and -

representaiions of them herein, the context and 'e'ﬁeqt oftheofficial campendia shall prevail.

" Printed in the Uriited Siates of America 5y the Mack Printing Company, Eastqri, Pennsylvania

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

CHAPTER 57

sympathomimetic Drugs

Donald M Franz, PhD

professor of Phamacology
school of Medicine, University of Utoh
Solr Lake Ciry, UT 84432 -

The next five chapters treat specifically of autonomic drugs,

and several other chapters (eg, Chapters 53,55, 71, and 74) ..

include descriptions of ¢r references to a number of auto-

nomic drugs. ConSequently,it will be-helpful to review briefly .
" the autonomic nervous system and the classification of drugs

that act on or simulate components of that system:

Autenomic Nerveus System and Autonomic Drugs

The autonomic ( ain-vn?lzérz:(z:;y) nervous sysiem: generally

is defined: as that system of motor (efferent) nerves which
contains cell bodies and corresponding synapses (ie; ganglia)
outside of the cerebrospinal axis. . The definition includes the

sensory (afferent) nerves that subserve functions mediated by .

the autonomic motor nerves, although a given sensory nerve
also” may subserve somatic moter hmchom This systeni

modulates or controls the activities of smooth (invdluntary) -

- muscles of the body, including those that control the caliber of

blood.vessels, the Heart muscle and the digestive, salivary,”

sweat and some endorrine glands. - Unconsciously (without

conscious control), it tends to maintain a constant state (ho-

meostasis) 6f the vital functions of the body, constantly adjust-
ing one or more factors to attempt to maintain equilibrium or
restore an equilibrium upset by external or.internal influ-
ences; cerebral blood flow, body temperature, visual accom-
' modatmn blood sugar and body fluid composition, Tor.
.exaraple, are kept remarkably constant by means of servoad-
justments mediated through the autonomic nerves. How-
ever, it should be noted that the somatic (voluntary) nervous
system also unconsciously subserves vital functions such.as
respiration, posture, swallowing, motor reflexes, body tem-
perature and many less vital but important uncenscious modu-
lations of skeletal muscle Lone; however, the degree of con-
seicus modulation of this control is much greater than in the
autonomic nervous system. These involuntary somatic mo-
tor functions are coordinated with autonomic functions,
There are two main motor divisions to the autonomic ner-
vous systems—the sympathetic (thoracolumbar) and the
“parasympathetic (craniosacral) divisions. Most organs or
systems (effectors) receive innervation from both these divi-
sions; generally; but not invariably, the two divisions qualita-
tively are opposed in their actions on a given effector. An
_ abridged list of responses is presented in Table 1.
The opposition of the two divisions of the autonomic ner-
vous system reflects the fact that-the chemical substances
(mediator, transmitter or neurohumor) liberated by the post-

genglionic nerve terminals are not the same for the two -

divisions. Parasympathetic postganglionic nerves liberaie
acetylcholine and, hence, are’ called cholinergic nerves.
Most sympathetic postganghomc nerves liberate norepine-

Dhine; however, sympathetic postganglionic fibersto the sweat -
glands arid a few fibers to the vascular beds of theimouth, face -
are -

and skeletal muscles liberate acetylcholme (ie,
cholinergic). The adrenal medulla, which is innervated by
"sympathetic preganglionic nerves, hberates mostly epineph-
rine, also known as adrenaline; since adrenaline originally was

thought to be the sympathetlc ‘transmitter, norepmephrme-

releasmg nerves are termed adre?wrgzc
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- agenl is.an adrenergic blocking agent.
“the anticholinesterases, which enhance AUI().N)m!( transmis-

‘receptors.

_of receptors:

At the ganglia, preganglionic nerves of cither division liber-
ate acetylcholme (ie, are cholinergic), but the character of the
acetylcholing ganglionic receptors is dilferent from those in”
the neuroeffectors, so that the two types of veeeptors are not
blogked by the same drugs.  Somatic motor neyves also liber-

‘ate acetylcholine (ie, are ¢holinergie) and aré similar to auto-

r\omlc preganglionic. nerves in this regard.’

“Autonomic drugs are classified ace ordm}, to their relationto
the chemical mediator that they either mimic orblock.  Thus,
a drug is cholinergic il it either mimics or blocks stimulation’
by cholinergic nerves.  The termscholinomimetic and adre-
nomimetic have been advanced for the appropsiate mimetic
agents.. There also prevails an older terminology.  Hence,
adrenomimetics are usually calied sympathoniimetics (this
chapter) and chelinomimetics are often called parasyrmpatho-
winietics (Chapter 58); the term parasyimpathomimetic ap- *
plies to those drugs that act upon the ¢holinergic neuroefTec-
tors (ie, are muscarinic), not the ganglionic synapses.-
Agents thal block the receptors are called blocking agents,

according to the nature of the chemical transmitter withwhieh ™

they competé. Thus, there are adrenergic blocking agents
(Chapter 89) and artiznuscarinic agents (Chapter 60), the
latter term again restrieted to those drugs that bloek acetylcho-
line at the neuroeffeetor receptors. Those agents that block
acetyleholine at the ganglionie synapses are simply called
ganglionic blocking agents (Chaptes 5h); their somatic mo-
tor counterparts.(generally loosely inchided among the auto-
nomic drugs) are called nowranuscidar blocking agenlts
(curarimimetics) (Chapter 61). The suflix [ytic sometimes
is used in lieu of the word blocking; thus, a sympatholytic
Also, agents, such as

sion by preserving the transmitter from enzymatic destruc-
tion, are endowed with no definitive designalion’ the anticho-
linesterases (Chapter "58) are classified awkwardly as
cholinomimetics or parasympathomimetics.

An autonomic mediator not only is liberated at different
sites and exerts different elfects but also may act on different
The actions of acetylcholine on the exocrine
glands, smooth muscle and heart differ from those on autc--

nomic ganglia and the volunlary neuromuscular junction.
-The former (and not the latter) effects are blocked by atropine,

whereas the latter (and not the former) are ‘blocked by
tubocurarine. Since muscarine exerts the former actions (and
not the latter), the corresponding receptors are called musca-
rindc; since nicotine exerts the lalter reactions.(and not the .
former), the corresponding recéptors are called nicotinic.
Three maif types of muscarinicreceptors are important: M,-

- receptors predominate in the CNS and on gastric parietal cells .

where stimulation increases gastric secretion; Mg-receptors
predominate in the heart and My-receptors are found in secre-
tory glands and most smooth muscle..

-In the adreriergic system there are also CWO main types
« andB. There are two types of a- adreno- ..
receptors: o; and ay The. o;-adrenoreceptors suhserve
smooth muscular stimulant functions, adrenergic sweating
and adrenergic salivation. The oy,- ad‘renoreceptors serve to
inhibit the presynaptic release of norepinephrine and other
mediators.and the postsynaptic activation of adenyl cyclase
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Table 1-~Response of Human Eife aeas o
Autonomic Merve lnp .
K uympathétlc Parasympathetic
Effector nerve . nerve
system, impulses impuises
Systemic blood vessels Gonstrict Innervate few systemic
) : Dilate” - vessels, but dilate
~ Pulmonary blood vesse]s Constrict Dilate
Cororary blood vesscls Dilate Dilate
Bronchioles Dilatet | Constrict
- Stomach motility and tone  Decrease Increase
Gastric secretion Little effect Increase
Intestinal motility and lone  Decrease | Increase
Constrict Dilate

Urinary bladder sphincter
Heart . Decrease rate and
strength, block

Constrict )

. Stimulate Lo L
. watery saliva
Not innetvated®
Stimulate

Increase rate
and strength

Dilate

Stimulate to
viscid saliva

Stimilate

Not inngrvated

Pupil of eye .
‘Salivary glands

Sweat glands
Lacrimal glands

« Constriction is produced in most vascular beds by stimulation of
"+ a-receptors.  Dilation is produced primarily in skeletal muscle and the
liver by stimulatioh of B-receptors.
b Adrenergic nerves do not, innervate directly bronchiolar smooth nmuscle
but instead act on ¢holinergic nerve lerminals Lo decreasé the release of
- acetylcholine.

Most. swe'vL gl(mds u"nalnmuullr/ are sympathetic but funciivnally
T are musm WL, . ’

(and hence inhibit postsynaptic responses).. The g-adrenore-
ceptors are subdivided into B,- and By-adrenoreceptors, and
perhaps more. They are characterized and defined by differ-
_ences in.responsiveness to sympathomimetics axid blocking
drugs.- f;-Adrenoreceptors effect cardiac stimuldtion and li-
polysis; B,-adrencreceptors subserve adrenergic smooth
- muscle relaxation (eg, vasodilatation, bronchodilatation and
intestinal and uterine relaxation) and giycolysis. Both a-ad-
renoreceptors are blocked by pheno;yben,.( mine.  o,-Adre-

noreceptors are blocked selectively by prazosin and ey~

receptors by yohimbine and rauwolscine,  f-Adrenoreceptors are
blocked by propranolol. B-Adrenoreceptors are blocked soime-
what selectively by metoprolol and B, receptors somewhat selec-
tively by butoxamine. Dopamine excites dopamine recep-
tors that ate found in kidney andmesenteric blood vessels and
are blocked by haloperidol; this receptor does not appear to
be actxvated by other adrenergic bn‘nulam:s

Sympathomimetics

The abbreviated list of functions alfected by sympathetic
nerves, shown in Table 1, indicates the potential complexity of
the pharmacology of the sympathomimetics. It is, in fact,
considerably more complex than might be surmised from the
table, not, only because of the several different receptors with
different functions and structure-activity requirements,

© also because some sympathomimeétics do not even act directly
uponthese receptors; these actindirectly by releasing norepi-
- neplrine from adrenergic nerve terminals. f‘umhmmore,
some. sympathomimetics can pass thraugh the blood-brain
barrier-into the central nervous system, where they may elicit
a variety of effects. Consequently, it is not possible to de-
scribe the actions, uses, adverse effects, etc of a prototype
sympathominetic that will apply to all sympathomiraetics.
The text below discusses prototypic actions rather than proto-
typic drugs, iv order to.explain the varied behavior among the
sympathomimetics. The dependent uses, adverse effects and
-precautions are discussed in relation to the actions, in crder
that the phar mac(}dynamlc bases of these may be compre-
hended better. :
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- and during spinal anesthesia.

“used to relieve uveal congestion.

bhut-

. use,

Peripheral Actions and Uses
£ .

Not-sllsympathomimetics are capable of activating all ad- -
renergic and dopaminergic recepiors; even arnong those which
are, there is-marked variation in the relative intensities of
activation of the several receptor types. Thus dopamme

stimulates doparninergic receptors strongly, B;-adrenorecep-
tors moderately, c-adrenoreceptors weakly and- By-adrenore-
ceptorsnegligibly.  The predosinant ;ympﬁfhet\c newrotransnit~
ter, norepinephrine, stimulates -a;- and. B,-adxeumeccpt@rs

‘strongly, ay-adrenoreceptors moderately, By-adrenoreceptors

weakly and dopaminergic receptors negligibly. Epinéphrine
stimulates all of the «)-, my-, B~ and Py-adrenoreceptors
strongly and dopaminergic receptors negligibly. Obviausly,
then, the pharmacodynamic profiles of these three natural
ympwthomimetir differ considerably from one ahother. )
Several sympathomimetics act selectively on 2 single type of

-receptor.

a-Adrenoreceplor Agomrts—u -Agonists cause arterio-

. lar and vencus constriction and, hence, have 2n acfion to

increase blood pressure.  This vasopressor action iswsed to
swpwort blood pressure in hypotequn states, such as in
orthosialic hypolension, carolid sinus syndrome, shock
- Inthe tréatment of hypovole-
mic shock, the constriction of the capacitance vessels (ie,
large veins) increases the venous return to the heart and,
hence, the cardiac output, but once the blood voluine is re-
pleted, o-agonists. may-not be necessary. In fact, the use of -
c-agonists inahy kind of shock (except anaphylaxis) is usually
counterproductive, because there is already ischemia of cer-
tain critical organslike the kidney and bowel, and vagoconstric-
tion exacerbates the ischemia in these two organs and contrib-
utes to irreversible damage and life-threatening complications. .
The systemic vasoconstrictor effects also are employed in
the management of a variety of serious allergic conditions,
such as giant urticaria, serum sickness, drug reactions;
angioneurolic edema, and anaphylaxis. For these uses,
epinephrine is the drug of choice. Also, the vasopressor
effects of selective a-agonists (ie, devoid of significant B-activ-
ity) are sometimes us€d to elicit compensatory vagal reflexes,
which slow the heart and depress atrioventricular conduction
and, hence, terminate pe: roxysmalsupraveniricular (atrial).
ornodal tachycerdia.
" The c-agonists are applied topically to induce local vasocon-
striction in the nasopharyngeal, scleroconjunctival and otic
blood vessels in v asomotor rhinitis, acute rhiniiis, acute
chpa nasopharyngilis, acute sinustis, eustac}nan sal-
pingitis, conjunctivitis, scleritis, hcwfeve? otitis media,
barolitis media, etc. 'This use to suppress hyperemia and
the related edema is called decongestion.  Conjunctival and
scleral decongestion may relieve irritative blepharospasm.
a-Agonists that are capable of penetrating the cornea may be
a-Agonists also are ap-
nlied topically as styptics to arvest superficial hemorrhage.
Lastly, they may be combined with local anesthetics; vago-
constriction keeps the loca) anesthetic at the injection site for.
alonger time.

Topically administered asagonists are used to stimulate the
radial smooth muscle of the iris and, hence, cause mud"r 1asis
for ophthalimologic examination or to break posterior syn- .
‘echice in uveitis.  Their effects on the ciliary body are slight,
and they do not cause gigniﬁcant cycloplegia or inc¢rease
intraocular pressure, even in susceptible persons. However,

" their mydriatic effects are additive with those of antimusca-

rinic drugs, with which they are sometimes combined, to
produce maxirmun mydriasis for, optimal examination of the
eyegrounds. -.Inopen-angleglaucoma, intraocular vasocon-
striction czuses an increase in the outflow of aqueous humor
and, hence, in the intraocular pressure; they are soretimes
used in combination vﬂLh carbonic anhydrase inhibitors in this
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sis of ] chLc 4&@11051&(@ mmnephogp}mte ({;A f\’fLF‘) In the
heart, es»’
stovage, i part the résult of mediation by cAMP.

Use is rade of the cardiostirnulatory eifects of B-agonists.
They may be adrainistered by intracardiac injection o restore
the heart beat incurdiac arvest and Aeart block with synco-
pal seizures (as in Adams-Stokes syndrome) and by intrave-
nious injection to sustain restore d,m_ythm or o prevent a
recarrence of arrests; however, f,-agonisis are nof the treat-
ment of choice, and physical and clet,trlc:ei measures talie
precedence. More ¢ often, B-agonists are used for their pOoSi-
tive ingtropic actions in the treatment of acute heart failure

and in cardiogenic or other types of shock, in which contrac-
tlxtv ofien s diminiched.
the ireatment of shock, not only because they favor arrhyth-
mias, which are an especial t‘muﬁ, in cardiogenic shock, but
alsn because they promote a metabolic acidosis th;ougn the
lipolytic action.

By-Adraneyeceptor Agomiste—The By-agonis

sis, by activating th
the intracetiular levels

enviyl cyclase system and increasing
AMP. Thus, they dilate the bron-
ioles, arterioles in cular beds which are invested with
figrece paorq {such 43 in sleedatal ruscle, eplanchaic and coro-
pary but not renslcr cutaneous heds) and veins, and they relax
the uterus mc{ intestines. The glycogenolyiic effects i liver
and ruscls, respectively, result in hyperglyCemia angd hyper-
lactic acidemia..
1<ed to treat ivisulin overdozage.

“pure’ - f,-agonists without sorae \]“P?\_G of By~ %boms activ-

iy,

Most By-agonists are used as bronchodilstors in the treat-
mwent of bronchinl asthina, emphysema, browchitis and
twonchieciasis, often in combination with theophylline.
They also increase ciliary activicy and iquefy tenacious raucus
and, so, have a mild e“pcctemnt aciion. These effects are
usually beneficial, but they may cause mucus plugs.

. Tachyphylaxis to the bronchediiator effects sometimes oc-
curs, egpecially if they are used Lontmumrdiv oL in exeess of
recommended dosage or frequency. .

Selective Py-agonists, when adiministered mymhaiahun il
dilate br onchlo]eﬁz with aminimum of hypotensive side effects.
However, some degree of cardiostimulation can sccur with
current drugs. Muscle tremor, by an action on the skeletal
muscle spindles, also commonly OCLUYS.

Certain B-agonists may be used as vasodilators in the treat-
went of peripheral vascular diseases.  There are two precon-
ditions for efficacy: (1) the disease process must predomi-

nanely have a vasospasiic and not obliterative component and -

(2) the vessels involved must have an effective population of
Bereceptors.  Tfficacy, thus, is limited essentially to selected
cases of tniermittent clawdicalion and thrombophlebitis.
Some of the presumed selective Ba-agonists for peripheral
vascular disease relax vascular smooth muscle partly by a
direct smcoth muscle depressant raechanism. .

By-Agonists may be used to relax the uterus md dday
delivery in premature labor. - Although they do depress the
premature contractions for a time, rhev seldom avoid subse-
quent premature delivery.

Dopaminergic Agoniste—Dopamine is the only o zarkcted
Sympathomimetic with significant dopaminergic actions in
the penphery in the periphery, dopamine recepiors are
brominent in the splanchnic and renal vascular beds where
they’ mediate vasodilatation. Dilatation in these bedc is im-
Dortant in the treatment ofshock and acute heart Sailure,
since these beds often afe constricted critically in these
conditions. Doparmine is used in the management of these
disorders, :

Coml‘ﬂmmﬂﬁgumatA'L‘\mrmfwMostawxpamom.m sticsact
upon two or more receptor types, and the net effects are the
algebraic sum of the o=, B;- and Pg-activities. - Ir describing
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wllv, B-agonists also increase calelum irflui and -

Howeve r, they are less than ideal in

s relax
smooth muscle and iduce hepatic and muscle glycogenoly-

The hyperglycemic actions are sometimes -
At present, there ave no

SYMPATHOMIMETIC DRUGS g83

tes of a bympathominetie, it is necessary to indi-
= ggonist activities in order to understand the-

the propert
cate the rel

“overall effects,

Cendrat N{vrumm Sys f}mf}tlctvimzs and ises .

The actions of sympathomimetics in the: central nervous
system are exceedingly complex. - Noradren#rgic and dopa-
rainergic nerves ore disseminated widely throughout the cen-
¢ral nervous systemn, and dopaminergic nerves are crucial to
some "brain functions. A limited number of epinephrine
(adrenaling) nerves also are found in several areas.  Not only
are there a-, B-adrenergic and dopamine receptors at the
synapses; but the zr‘i'ions subserved may be either excitatory
or inhibitory at & specific structure, which structure may, in
turn, haVe hcxhtatory or inhibitory influehces on other
structures. - Furthermore,. some sympathomimetics appear

to activate serotoninergic and possibly histaminergic recep-

tors in the central nervous system; Also, some centrally
acting sympathomimetics appear to act as agonists at some
loci and transmitter-releasing agents at other loci.  One drug,
thus, may display simultaneously a number of activities.

The most prominent central nervous system effects of cen- .
trally acting sympatnomimetics are various manifestations of
stimudation, which may give rise to nervousness, sleepless-
ness, hyperactivity, irritability and increased respiration. ~In
some users they may inducé anxiety and in others a kind of

‘euphoria that gives the user a feeling of accomplishment,

expecmmon and afféctations for which sorne sympathomimet-
ics may be abused widely.  They allay the perception but not
the reality of fatigue, and users often dnve themselves to
physical ard emotional exhaustion (the ‘‘erash™). Large
doses can cause hallucinations, and leng, continued use may

vesult in paranocia and other dangerous behavior, as well as

exhaustion. Some tolerance to the euphorie aud certain other
central nervous system actions gecurs.,

The effects to promote wakefulness are used in the treat-
naent of narcolepsy. - They seldom are used any longer to
treat central nervous system depression from overdoses of
dmgu although the antagonism of resplmtory depression is

-gometimes dramatic.

“The centrally acting sympathomimetics may be bmeﬁcml in
certain disorders of movement.  Inparkinsonism they often .
diminish rigidity, relieve oculogyric crises and improve sleep.
They also may provide relief in spasmodic torticollis. ” They
also have a beneficial effect on mood in depressive states, but
they have been superseded by other drugs.  In the atltention
dﬂf cit feyperitinelic diserder (ADHD) they have a paradoxi-
cal calming effect, but this use is contro: yersial because of
perceptions of overuse,

A very widely used and greatly abused Pi"fect is that of the
suppression of appetilie (anorexiant, anorectic or anorexi-
genic effect).  The drugs.may induce temporary weight loss
in exogencus cbesity. However, the weight loss is usually
the least in those who need it most and sefdom-exceeds 10 1b,
the effectiveness usually ldasts but a few weeks (ie, tolerance
develops)-and there is danger of abuse; abuse potential varies
among the sundry anorexiant drugs. At best, anorexiant
drugs should be used only in a training progiam to condition
the patient to new eating habits. Everrso, the patient usually
resuraes hyperphagic hehavior eventnally and may even show
arebound-like gain in weight. )

Centrally acting sympathomimetics may exert autonomic
actions by acting both in the periphery and upon the various .
autonomic nervous centers in the brain.,  Stimulaits used for
their pressor effects usually act.in'the periphery, but central
syrmpathoadrenal stimulation may augment such effects and

. may be an important facter in the cardicvascular effects of

intoxication. Some centrally acting sympathomimetics are”
used to support blood pressure.in the carolid sinus syn- -

~ drome or orthostalic hypotension, the oral efficacy and con-

venient duration of action offer advantages that paytially offset
disadv
to sup,
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