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a-Adrenoceptors 

Robert R. Rujf olo, Jr. 

Department of Cardiovascular Pharmacology (MC-304), Lilly Research Laboratories, 
Eli Lilly and Company, Indianapolis, Ind., USA 

Introduction 

The area of research encompassing a-adrenoceptors and a-adrenergic 
drugs has undergone a rapid growth during the past several years. This stems 
in part from the discovery that a-adrenoceptors do not represent one 
homogeneous population. The existence of presynaptic a-adrenoceptors 
which function as 'autoreceptors' to inhibit neurotransmitter release when 
synaptic levels of norepinephrine are high represents a recent major develop­
ment. Building upon this foundation, potent and highly selective a-adrener­
gic agonists and antagonists have been synthesized and utilized to investigate 
a-adrenergic mechanisms, and this has led to a more universally acceptable 
pharmacological subclassification of a-adrenoceptors. Many of these newer 
selective drugs have found clinical applications particularly in the area of car­
diovascular disorders. 

The intent of this review is to summarize the current status of a-adreno­
ceptors and a-adrenergic drugs. Since a-adrenoceptors exist throughout the 
body and subserve a variety of functions ~oo numerous to address in one 
chapter, only those a -adrenoceptors involved in regulation of the cardiovas­
cular system will be discussed since the functions of these receptors are par­
ticularly well understood, and treatment of a variety of cardiovascular dis­
orders may be achieved with drugs which act upon these a-adrenoceptors. 
In addition, examples of most of the generalizations that may be made about 
a-adrenoceptors, as well as most of the exceptions to these generalizations, 
exist in the cardiovascular system which therefore serves as an excellent 
example of the current status of a-adrenoceptors. 
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Fig. 2. Relative selectivities for a 1- and aradrenoceptors of a series of a -adrenoceptor 
agonists (a) and antagonists (b) [modified from 8, 132, 151). 

Pharmacological Subclassification of a-Adrenoceptors 
Since many exceptions exist to the anatomical subclassification ofpost­

synaptic a 1- and presynaptic aradrenoceptors, criteria for a pharmacological 
subclassification have been developed which employ highly selective 
a-adrenergic agonists and anta,gonists as pharmacological tools. Among 
agonists, phenylephrine, methoxamine and cirazoline have been typically 
employed as selective a 1-adrenergic agonists [8, 65, 73] while clonidine, 
a-methylnorepinephrine, UK-14, 304, B-HT 920 and B-HT 933 are known 
as selective aradrenoceptor agonists [151, 153, 154]. The natural neurotrans­
mitter, norepinephrine, is a relatively nonselective agonist while the hormone, 
epinephrine, displays a slight selectivity for aradrenoceptors [8]. 

Antagonists have also proven to be extremely useful tools to probe and 
subclassify a-adrenoceptors. Prazosin, which has been introduced clinically 
to treat hypertension, is a potent and highly selective a 1-adrenoceptor antag­
onist. The dissociation constant of prazosin at a 1-adrenoceptors is typically 
between 1 and 10 nM, and the selectivity for a 1-adrenoceptors ( over a2) is on 
the order of 100- to 1,000-fold [150]. Other potent and selective competitive 
a 1-adrenoceptor antagonists include WB-4101 and corynanthine [73]. 
Yohimbine and rauwolscine are commonly used as potent antagonists of ar 
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Table /. Radiolabeled a-adrenocepto"r agonists and antagonists commonly used in radio­
ligand binding studies to label the a-adrenoceptor subtypes 

Radio ligand 

o.rSelective 
[ 3H]-Prazosin 
[ 3H]- WB-4101 
[1251]-BE 2254 

o.2-Selec1ive 
[ 3H]-Clonidine 
( 3HJ-para-Aminoclonidine 
[3H]-Guaofacine 
[3HJ-Yohi01bine 
[ 3H]-Epinephrine 
[3H]-Norepinephrine 

Nonselective 
[3H]-Dihydroergocryptine 
[3H]-Phentolamine 

Reference 

50 
40 
33,36 

40 
95 
146 
49 
157 
157 

171 
35 

adrenoceptors, with selectivities ranging from approximately 30-fold to more 
than 100-fold [73]. Several of the more common a-adrenergic blocking 
agents, such as phentolamine and tolazoline, are relatively nonselective. The 
a 1 / a 2-adrenoceptor selectivities of several adrenergic agonists and antago­
nists are presented in figure 2. 

As expected, several a-adrenoceptor agonists and antagonists have been 
radiolabeled and proven to be useful ligands to characterize and subclassify 
a-adrenoceptors in binding studies [35, 13 I]. Several tritium and iodine 
labeled a-adrenergic agonists and antagonists with high specific activity and 
proven utility as radioligands are listed in table I. It i~ significant to note that 
3H-norepinephrine and 3H-epinephrine, which are both relatively nonselec­
tive a-adrenoceptor agonists, tend to label predominantly aradrenoceptors 
in radioligand binding studies. 

Classes of a-Adrenergic Agonists 

There are two major classes of a-adrenoceptor agonists: (I) the 
phenethylamines, which include compounds such as norepinephrine, phen-
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not be available for interaction with the a-adrenoceptor for the S(+ )-isomer 
and corresponding desoxy derivative because this functional group is incor­
rectly oriented or absent, respectively. This presumably would account for 
the lower activities of the S(+ )-isomer and desoxy derivative relative to the 
R(-)-isomer and also for the fact that the S( + )-isomer and desoxy derivative 
are equal in activity to each other. The phenethylamines demonstrate a strict 
adherence to the Easson-Stedman hypothesis in all cases studied [85, 86]. 
However, in marked contrast, optically active imidazolines do not adhere to 
this hypothesis at a 1- or aradrenoceptors [104). Thus, while substitution of 
a hydroxyl group ar the ,B-carbon atom of the phenethylamines increases 
a-adrenergic activity by approximately 100-fold [85, 86), similar hydroxyl 
substitution of an imidazoline produces a decrease in activity ofup to IO-fold 
[99, 101, 103, 104, 112). 

In vasa deferentia completely desensitized to the imidazoline, oxymeta­
zoline, phenethylamines such as norepinephrine, phenylephrine and meth­
oxamine still produce maximal responses, whereas other imidazolines such 
as tetrahydrozoline, xylometazoline and naphazoline either produce no 
response or only a marginal response (106). A similar lack of cross-desensiti­
zation between the phenethylamines and imidazolines has been observed in 
vivo by Kobinger et al. (63) for the hindlimb vasculature of the rat. Finally, 
for the phenethylamines, a single meta or para hydroxyl group on the phenyl 
ring is sufficient to confer full agonist activity at a-adrenoceptors [9, 10, 99). 
However, only those imidazolines with a catechol (i.e. 3,4-dihydroxyphenyl) 
are full agonists [99, 101, 105]. In fact, it has recently been demonstrated that 
aromatic hydroxyl substitutions produce major alterations in intrinsic activity 
or efficacy of the imidazolines, but have no affect on this parameter for the 
phenethylamines [99). 

The differences described above are significant and have led several 
investigators to propose that the imidazolines may interact with the 
a-adrenoceptor in a different manner than the phenethylamines [63, 77, 79, 
96, 99, 101- 106, 112]. These differences in activity may reflect differences in 
the manner in which the phenethylamines and imidazolines bind to and/or 
activate the a-adrenoceptor. 

In addition to the two major classes of a-adrenergic agonists discussed 
above, a relatively novel class of azepine derivatives, such at B-HT 920, have 
recently been developed. Although these compounds are neither phenethyla­
mines nor imidazolines, their pharmacological activity parallels that of the 
imidazolines, and most of the azepines studied to date are highly selective for 
aradrenoceptors [59, 149, 154). 
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cussed in detail since they best illustrate the current status of a -adrenocep­
tors. 

Central arAdrenoceptor 
Clonidine is an a-adrenoceptor agonist with antihypertensive activity 

resulting from within in the central nervous system [15, 58, 61, 117, 118, 120, 
161]. The drug is hypothesized to interupt the normal cardiovascular reflex 
loop whose function is to regulate blood pressure and heart rate and maintain 
them within relatively narrow ranges. A highly schematic representation of 
the cardiovascular reflex loop is presented in figure 4. Pressure receptors in 
the carotid sinus and aortic arch _sense changes in peripheral blood pressure 
and initiate the cardiovascular reflex. Afferents from the carotid sinus and 
aortic arch enter the central nervous system through cranial nerves IX (glos­
sopharyngeal) and X (vagus), respectively, and form, in part, the solitary tract 
in the medulla. The first synapse in the cardiovascular reflex loop occurs in 
the nucleus of the solitary tract [ 18], and in this nucleus is believed to be one 
of the primary sites of action of clonidine [22, 42, 69, 70, 93, 94, 119]. Recep­
tors of the arsubtype are postulated to exist postsynaptically on dendrites of 
neurons in the nucleus of the solitary tract. Synapses are made within the 
nucleus of the solitary tract with inhibitory neurons that course to the vaso­
motor center in the reticular formation, and with excitatory neurons which 
send connections to the dorsal motor nucleus of the vagus. When blood pres­
sure is elevated, or when aradrenoceptors in the nucleus of the solitary tract 
are stimulated, several events will occur. Firstly, the inhibitory neurons to the 
vasomotor center are activated and sympathetic outflow, which originates 
from the vasomotor center and innervates the peripheral vasculature, heart, 
and kidney, is reduced. As a result, peripheral vascular tone, heart rate, and 
renin release are decreased producing, in turn, a decrease in total peripheral 
resistance and cardiac output. Secondly, activation of the excitatory neurons 
from the nucleus of the solitary tract which terminate in the dorsal motor 
nucleus of the vagus, causes an enhanced cholinergic outflow to the heart, 
producing a further decrease in heart rate and cardiac output [62]. The result 
of the combined decrease in sympathetic outflow and increase in parasym­
pathetic outflow resulting from central aradrenoceptor stimulation is a 
decrease in blood pressure with a concurrent bradycardia [45, 46]. 

While the antihypertensive activity of clonidine results from its phar­
macological selectivity for central a 2-adrenoceptors in the nucleus of the soli­
tary tract, it is also known that the physicochernical properties of clonidine­
like imidazol(id)ines are also critical to the antihypertensive efficacy of such 

Eye Therapies Exhibit 2187, 11 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



Ruffolo 232 

compounds [for review see 154]. Highly lipophilic imidazolidines, such as 
clonidine, which readily penetrate the blood-brain barrier and gain access to 
their site(s) of action in the brain stem, are potent antihypertensive agents. 
Conversely, many imidazolidines with similar selectivities as clonidine for 
ai-adrenoceptors, but with low lipophilicity, do not readily penetrate the 
blood-brain barrier and are either weak antihypertensive agents, or com­
pletely devoid of all antihypertensive activity. Such compounds are still effec­
tive in lowering blood pressure when injected beyond the blood-brain barrier 
into specific brain regions such as the nucleus of the solitary tract [21, 22) or 
into the cerebral ventricles [141) or cistema magna (81, 88, 110, 113). Since 
these compounds with low Iipophilicity are still active when the blood-brain 
barrier is bypassed, it has been concluded that one major factor affecting the 
antihypertensive activity of clonidine-like imidazolidines following systemic 
administration is their ability to penetrate the blood-brain barrier and this, 
in turn, is highly dependent upon overall lipophilicity. 

Many properties of a molecule will determine overall lipophilicity 
which, as indicated above, is critical for antihypertensive efficacy of cloni­
dine-like imidazolidines. For these particular compounds, the most impor­
tant determinant of lipophilicity is the extent of ionization occurring at 
physiological pH, and this property is governed by the ionization constant 
or pKa [147, I 52, 153]. Imidazolidines in the ionized species possess low lipo­
philicity and will penetrate the blood-brain barrier slowly, whereas the un­
ionized form is highly lipophilic and will penetrate the barrier rapidly. Thus, 
the ratio of the un-ionized:ionized species is a major determinant of the anti­
hypertensive efficacy and potency of many clonidine-like imidazolidines. 
There exists an excellent correlation between the antihypertensive potencies 
of a series of clonidine-like imidazolidines and their pKa [115] such that those 
compounds with low pKa, and which are therefore significantly un-ionized 
at physiological pH, will penetrate the blood-brain barrier rapidly and be 
potent antihypertensive agents, whereas those imidazolidines with high pKa 
and which are extensively ionized at physiological pH will penetrate the 
blood-brain barrier to a lesser extent (or at a slower rate) and be weaker anti­
hypertensive agents. 

Clonidine is not metabolized to a great extent in man [71] and the limited 
metabolism that does occur does not take place in the brain. As a result, ter­
mination of the central antihypertensive effects of clonidine and clonidine­
like imidazolidines is likely to be by diffusion out of the central nervous sys­
tem. It has recently been demonstrated that the pK. of clonidine-like imi­
dazolidines, and therefore their ratios of un-ionized:ionized species, also 
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The antihypertensive activity of a-methyldopa has a similar mechanism 
of action as clonidine [ 162], although physicochemical properties of the mole­
cule play a lesser role. o:-Methyldopa is actively transported into the brain 
by an aromatic amino acid transport mechanism. In the brain, o:-methyldopa 
is sequentially decarboxylated and .8-hydroxylated to form o:-methyl­
norepinephrine which is a potent and selective o:radrenoceptor agonist and 
which interacts with o:radrenoceptors in the nucleus of the solitary tract to 
produce a decrease in blood pressure and heart rate (21, 22]. The effect of 
o:-methylnorepinephrine is not terminated by diffusion out of the central 
nervous system as is the case for clonidine, but rather by enzymatic degrada­
tion by catechol-0-methyltransferase (COMT) and monoamine oxidase 
(MAO). 

Peripheral a-Adrenoceptors 
Vasculature. The predominant innervation to the vasculature is adrener­

gic where postganglionic sympathetic nerve terminals liberate norepineph­
rine in response to electrical stimulation. The liberated norepinephrine will 
activate postjunctional a-adrenoceptors which, in turn, mediate vasocon­
striction and a concomitant increase in total peripheral resistance and bood 
pressure. In addition, the liberated neurotransmitter will activate prejunc­
tional o:radrenoceptors which inhibit further norepinephrine release via the 
negative feedback system. The presynaptic autoinhibitory o:radrenoceptor 
at the vascular neuroeffector junction has been studied extensively [ 131, 132] 
and is similar to the o:radrenoceptor found presynaptically in other tissues. 

The nature of the postjunctional o:-adrenoceptor which mediates vaso­
constriction has been the target of many recent investigations. In most non­
vascular tissues, the postjunctional o:-adrenoceptor is of the o: 1 -subtype. 
While postsynaptic o: 1-adrenoceptors in the vasculature were identified early 
on, recent studies in vitro indicate that postsynaptic o:-adrenoceptors in blood 
vessels may not represent one homogeneous population [23, 26, 53, 91, 97, 
108, 109,111,139,140,143, 158].However,themostimportantcontributions 
concerning the nature of the postsynaptic vascular o:-adrenoceptor(s) have 
come from recent studies in vivo. Drew and Whiting [30J identified two types 
of o:-adrenoceptors mediating pressor responses in the cat and rat. One 
type was prazosin-sensitive and classified as a 1, while the second prazosin­
resistant type was not classified at that time. Subsequent investigations 
occuring simultaneously and independently by several groups [24, 25, 29, 
155] indicated that o:1- and aradrenoceptors are both present in the vascu­
lature of the rat and both subtypes are located postjunctionally and mediate 
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The physiological role of the vascular postsynaptic junctional o: 1-adreno­
ceptors appears to be in maintaining normal vascular tone. Presumably, these 
receptors which are located in the vicinity of the neurovascular junction 
would interact with endogenous norepinephrine liberated from sympathetic 
nerves. In contrast, the physiological role of the extrajunctional o:i-adreno­
ceptors is not fully understood. It has been argued that the extrajunctional 
o:radrenoceptors would not normally internet with liberated norepinephrine 
since they are located at a distance from the adrenergic nerve terminal [66]. 
Langer and Shepperson [66] indicate that the highly efficient neuronal uptake 
pump (fig. 6) keeps synaptic levels of norepinephrine sufficiently low and 
thereby prevents diffusion of the neurotransmitter to the extrajunctional 
sites. It has been proposed that the extrajunctional o:radrenoceptors may 
respond to circulating epinephrine acting as a blood-borne hormone [66]. 
While circulating catecholamines may be below the levels required to exert 
a physiological effect, it has been suggested that in times of stress, these levels 
may be elevated to threshold levels where postsynaptic vascular o:radreno­
ceptors are activated [19, 66). It has also been postulated that the circulating 
levels of catecholamines acting as hormones may not need to be as high as 
expected to elicit effects from extrajunctional vascular o:radrenoceptors 
since these receptors, which are located at a distance from th e sympathetic 
nerve endings, may behave more like 'denervated' receptors and exhibit an 
exaggerated sensitivity to catecholamines [66]. Consistent with this hypoth­
esis is the observation that rat aorta, which is not innervated [84], exhibits an 
exaggerated response to several aradrenoceptor-selective agents, whereas 
aortas from other species which are innervated do not exhibit such an exag­
gerated sensitivity [97, 108, 109, 111). 

It has recently been established that junctional o: 1-adrenoceptors do not 
rely upon extracellular calcium to produce a vasoconstrictor response, 
whereas the extrajunctional o:2-adrenoceptors are highly dependent upon 
extracellular calcium to produce vasoconstriction (fig.6) [151, 159, 160). As 
a result, o: 1-adrenoceptor-mediated vasoconstriction is not altered by the new 
class of compounds, the calcium entry blockers (or calcium slow channel­
blocking agents), whereas vasoconstriction mediated by extrajunctional a2-

adrenoceptors is highly sensitive to blockade by the calcium entry block­
ers [159, 160). It has been postulated that the efficacy of the calcium entry 
blockers in hypertension, angina, and certain vasospastic disorders, such 
as Raynaud's syndrome, may result from the ability of these agents to in­
hibit the vasoconstrictor response mediated by extrajunctional o:2-adreno­
ceptors. 
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Heart. The cardiac adrenergic neuroeffector junction is in many respects 
similar to neuroeffector junctions in other tissues as far as a-adrenoceptors 
are concerned. Presynaptic a 2-adrenoceptors on postganglionic sympathetic 
nerve terminals have been identified in isolated hearts from many species. 
As in other organs, the presynaptic ai-adrenoceptors, when activated, medi­
ate an inhibitory effect on neurotransmitter release [27, 44]. In vivo studies 
in pithed rats also indicate the existence of presynaptic aradrenoceptors 
which modulate stimulation-evoked norepinephrine release [28, 66]. As such, 
a-adrenoceptor antagonists may produce positive inotropic and chrono­
tropic responses [5; 6] by enhancing neurotransmitter liberation [ 134, 135] 
which results from loss of the autoinhibition mediated by presynaptic ar 
adrenoceptors. In electrically driven hearts, in vivo and in vitro, selective a 2-

adrenoceptor agonists, such as clonidine, decrease heart rate in conjunction 
with inhibition of transmitter release (1 28, 129]. 

The predominant adrenergic receptor located postsynaptically in the 
heart is the /31-adrenoceptor which mediates a large positive inotropic and 
chronotropic response [3, 11 ]. However, the existence of postsynaptic 
a-adrenoceptors was suggested many years ago [37-39, 168]. Recent studies 
indicate that postsynaptic a-adrenoceptors do exist in the hearts of many 
mammalian species, including man, and mediate a positive inotropic 
response with little or no change in heart rate [3, 7, 78, 82, 83, 125, 126, 163-
166; for reviews, see 4, 11, 121]. The mechanism by which cardiac a-adreno­
ceptors increase force of contraction has not been established, but it appears 
not to be associated with the accumulation of cAMP or stimulation of adeny­
late cyclase (2, 12, 13, 89] and in this respect, a-a,drenoceptors differ from 
/31-receptors in the myocardium. Other differences between the a- and 
/3-adrenergic effects in the heart include the rate of onset and duration of 
action which are particularly long for a-adrenoceptor-mediated inotropic 
effects (14, 124]. Differences in various electrophysiological actions mediated 
by a- and /3-adrenoceptors have also been observed [38; for review see 11 ]. 
Furthermore, while /31-adrenoceptor-mediated inotropic responses occur at 
all frequencies of stimulation, the effect mediated by a-adrenoceptors is 
apparent only at low rates [4, 11]. 

The subtype of the cardiac a-adrenoceptor has been the topic of some 
controversy. Using classical techniques to characterize the postsynaptic car­
diac a -adrenoceptor, Schumann and Endoh [123] and Schumann et al. [125] 
observed differences between postsynaptic a -adrenoceptors in the heart and 
postsynaptic a-adrenoceptors in other organs. Most of the physiological and 
radio ligand binding data indicate that the postsynaptic a-adrenoceptor of the 
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heart is of the a 1-subtype [17, 32, 47, 48, 55, 90, 122, 123, 156, 172]. However, 
since differences may exist between the cardiac a-adrenoceptor and the post­
synaptic a-adrenoceptor in other organs [ 121, 125], in addition to the fact that 
norepinephrine does not stimulate this receptor [ 165), the possibility that the 
cardiac a-adrenoceptor may represent an atypical subset of the a 1 -type must 
be considered [ 137). 

Several recent reports indicate that postsynaptic a 1-adrenoceptors in the 
heart may undergo marked and rapid changes in number in response to vari­
ous disease states. Myocardial ischemia in the cat has been reported to result 
in an acute and reversible increase in postsynaptic myocardial a 1-adrenocep­
tors [ 17). These findings are consistent with the observation that enhanced 
a-adrenergic responses have been obtained in ischemic myocardium [127]. 
Chronic heart failure in the guinea pig produced by aortic constriction like­
wise resulted in an increase in myocardial a 1- (and /3i-) adrenoceptors [54). 
It has been proposed that the increase in the number of myocardial a 1-

adrenoceptors results from an apparent compensatory up-regulation second­
ary to the decrease in endogenous catecholamine levels that accompanied the 
induction of heart failure. Finally, Woodcock and Johnston [173) have 
observed a decrease in the number of myocardial a-adrenoceptors in rats 
made hypertensive by surgical removal of one kidney and contralateral con­
striction of the renal artery. 

Kidney. The existence of a-adrenoceptors in the kidney has been sus­
pected for many years since a -adrenergic drugs produce a variety of renal 
effects. The functions and locations of the renal a-adrenoceptors are now 
only beginning to be understood [for review, see 144]. Radioligand binding 
studies indicate that a 1- and a:radrenoceptors coexist in the kidneys of a 
variety of mammalian species; however, the number, proportion and distri­
bution of each a-adrenoceptor subtype may vary from species to species [51, 
75, 144]. 

The anatomical location of the renal a-adrenoceptors and the functions 
they subserve are not completely understood. It is believed that a-adrenocep­
tors of the a: 1-subtype exist in the renal vasculature and mediate a vasocon­
strictor response [43] and thereby modulate, in part, renal blood flow. In the 
rat, a:i-adrenoceptors of the juxtaglomerular apparatus have been proposed 
to inhibit renin release [87, 144]. a-Adrenoceptors also enhance sodium and 
water reabsorption in the proximal convoluted tubules. While the a-adreno­
ceptor subtype responsible for this effect has not been definitely established, 
recent findings tend to implicate the a:rsubtype [144]. In addition, gluconeo-
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azolines and phenethylamines, and their relative significance at a 1- and ar 
adrenoceptors, are summarized in figure 7. Aromatic ring hydroxylation of 
the phenethylamines and imidazolines is critical for the a 2-adrenergic effects 
of both classes of agonists, but especially so for the imidazolines [99]. At a 1-
adrenoceptors, aromatic ring hydroxylation of the phenethylamines affects 
largely affinity (i.e. binding to the receptor), whereas for the imidazolines, 
both affinity and efficacy (i.e. ability to activate the receptor subsequent to 
binding), but especially efficacy, are affected by aromatic hydroxylation [99]. 
For both classes of compounds, aromatic ring hydroxylation produces the 
following rank order of potencies at a 1-adrenoceptors: 3,4-dihydroxy > 3-
hydroxy >4-hydroxy > non phenolic (i.e. nonhydroxyl substituted). At both 
a 1- and aradrenoceptors, aromatic hydroxyl substitution appears to be more 
critical for the imidazolines than for the phenetylamines. 

The most important substitution at the benzylic carbon atom is also the 
hydroxyl group. Most interesting is the fact that benzylic hydroxyl substitu­
tion produces opposite effects on the activities of the phenethylamines and 
imidazolines [99, 101, 112]. While benzylic hydroxyl substitution of a phen­
ethylamine produces an increase in activity of approximately two orders of 
magnitude [86}, the analogous substitution of the imidazolines results in a 
decrease in activity ofup to 10-fold [99, 101, 112). Recent studies indicate that 
the reason for the opposite effects that benzylic hydroxyl substitution has 
on the phenethylamines and imidazolines is that the phenethylamines 
adhere strictly to the Easson-Stedman hypothesis while the imidazolines do 
not [98, 104), and this represents a major difference between the imidazolines 
and phenethylamines. While benzylic hydroxyl substitution of the phen­
ethylamines no doubt produces an enhancement in agonist activity at both 
a-adrenoceptor subtypes, the effect is greater at aradrenoceptors (99}. 

Substitution at the a-carbon atom can produce dramatic effects in the 
agonist activity of phenethylamines (the imidazolines cannot be substituted 
at this position). The most important substitution at the a-position of 
phenethylamines is the methyl group. This substitution produces a dramatic 
increase in activity at aradrenoceptors while producing no change, or even 
a decrease in activity at a 1-adrenoceptors [98, 114, 133). As a result, 
a-methyl-substituted phenethylamines are highly selective for aradreno­
ceptors relative to their a-desmethyl analogs. This position of substitution, 
therefore, represents a critical point of divergence in the structural require­
ments of a 1- and a 2-adrenoceptors for phenethylamines. Similar observa­
tions have been made for phenethylamines possessing the a-ethyl substitu­
tion [9}. 
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Many phenethylamine and imidazoline derivatives have been syn­
thesized with N-substituents or imidazoline ringsubstituents, respectively. In 
general, N-methyl substitution of phenethylamines produces a slight 
increase in activity at a 1- and ai-adrenoceptors [l, 169]. Larger N-substitu­
ents produce a decrease in activity at both a 1- and aradrenoceptors [1, 169; 
for review see 96]. For the imidazolines, virtually any manipulation or substi­
tution of the imidazoline ring reduces activity at a 1- and aradrenoceptors 
[96]. However, one interesting difference between a 1- and aradrenoceptors 
has been reported for N-substituted imidazolines. While alkyl substitution at 
this position drama·tically reduces or abolishes activity at aradrenoceptors 
[20, 52, 145], such substitutions do not produce a complete loss of activity at 
a 1-adrenoceptors, with a few N-substitutions even slightly enhancing a 1-

activity [80]. 
It is apparent from this brief account of some of the more important 

substitutions of imidazolines and phenethylarnines that marked differences 
in the structure-activity relationships exist between these two classes of ago­
nists. In addition, significant differences exist in the structural requirements 
made by a 1- and aradrenoceptors, within each class of compound. 

Conclusions 

a-Adrenoceptors may be subdivided based on their anatomical distribu­
tion within the synapse. Presynaptic a-adrenoceptors are generally of the ar 
subtype and modulate neurotransmitter liberation via a negative feedback 
mechanism. Postsynaptic a-adrenoceptors are usually of the a 1-su btype and 
mediate the response of the effector organ. While the anatomical subclassifi­
cation ofpresynaptic a2- and postsynaptic a 1-adrenoceptors is generally ap­
plicable, many exceptions to this classification exist since postsynaptic ar 
adrenoceptors have been demonstrated, and presynaptic a 1-adrenoceptors 
have been proposed. A more useful classification of a-adrenoceptor subtypes 
is based on a pharmacological characterization in which selective agonists 
and antagonists are used. Among agonists, phenylephrine, methoxamine and 
cirazoline are markedly selective for a 1-adrenoceptors, whereas clonidine, 
a-methylnorepinephrine and UK_-14,304 are selective for a 2-adrenoceptors. 
Among antagonists, prazosin and corynanthine are highly a 1-selective 
whereas yohimbine and rauwolscine are selective for aradrenoceptors. 

At present, two major classes of a-adrenergic agonists are known and 
have been highly characterized. These classes are the phenetbylamines, 
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which are structurally related to norepinephrine, and the imidazolines, which 
are structurally related to clonidine. A series of azepine derivatives has 
recently been developed and the activity of this class is pharmacologically 
similar to the imidazolines. There are many similarities between the 
phenethylamines and imidazolines, however, major differences between 
these two classes of agonists have been observed and have led to the conclu­
sion that the phenethylamines and imidazolines interact differently with 
a-adrenoceptors. 

a-Adrenoceptors are critical in regulating the cardiovascular system at 
the levels of the central nervous system and peripheral effector organs (i.e. 
heart, vasculature and kidney). Postsynaptic aradrenoceptors in the nucleus 
of the solitary tract regulate the sympathetic outflow which originates from 
the vasomotor center of the medulla and innervates the heart, vasculature 
and kidneys. Also regulated by central aradrenoceptors is the parasympa­
thetic outflow which originates in the dorsal motor nucleus of the vagus and 
innervates the heart. When central az-adrenoceptors are activated, sympa­
thetic outflow is inhibited and parasympathetic outflow is increased with 
the net result being decreases in vascular tone, total peripheral resistance, 
and blood pressure, with a concomitant decrease in heart rate. Post­
synaptic a-adrenoceptors in the vasculature represent a mixed population 
of a 1 !a2-adrenoceptors, with both subtypes mediating vasoconstrictor 
responses. Pharmacological studies indicate that the postsynaptic vascular 
a 1 -adrenoceptors are located in the vicinity of the adrenergic neuro­
effector junction, whereas the postsynaptic vascular a2-adrenoceptors are 
located extrajunctionally. While the physiological role of the different 
populations of postsynaptic a -adrenoceptors has not been established, it has 
been proposed that the junctional a 1-adrenoceptors may respond mainly to 
the neurotransmitter, norepinephrine, liberated by sympathetic nerves, 
whereas the extrajunctional a 2-adrenoceptors may respond to circulating 
epinephrine liberated from the adrenal glands and acting as a hormone, 
as well as exogenously administered a -adrenergic drugs. Recent studies 
indicate that junctional a 1-adrenoceptors utilize intracellular calcium 
to elicit a vasoconstrictor response, whereas the source of calcium 
required for vasoconstriction mediated by extrajunctional az-adrenoceptors 
is extracellular. 

In the heart, presynaptic ar and postsynaptic a 1-adrenoceptors have 
been identified. The presynaptic a2-adrenoceptors inhibit neurotransmitter 
liberation when activated, while the postsynaptic a 1-adrenoceptors mediate 
an increase in the contractile state of the heart with little or no change in heart 
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rate, in constrast to myocardial f.3 1-adrenoceptors which increase both the rate 
and force of contraction. The number and response of myocardial a 1-adreno­
ceptors is known to undergo rapid and reversible changes in response to 
experimentally-induced disease states such as heart failure, myocardial is­
chemia and hypertension. 

Both a 1- and aradrenoceptors have been identified in the kidney and 
their functions are just beginning to be understood. Studies indicate that 
renal a 1-adrenoceptors may regulate renal blood flow and gluconeogenesis, 
whereas renal a 2-adrenoceptors may inhibit renin secretion from the jux­
taglomerular apparatus and enhance sodium and water reabsorption in the 
proximal convoluted tubules. 

Fairly complete structure-activity relationships have been performed for 
the a 1- and aradrenergic effects of the imidazolines and phenethylamines. 
Within each class of agonist, differences in the structural requirements of a 1-

and ai-adrenoceptors have been identified and characterized. In addition, 
major differences in the structure-activity relationships of phenethylamines 
and imidazolines have also been observed and suggest further that these 
two classes of a-adrenergic agonists may differ in their interactions with 
a-adrenoceptors. 

References 

Ariens, E.J.: Steric structure and activity of catecholamines on a- and fl-receptors; in 
Modern concepts in the relationship between structure and pharmacological activity, 
vol. 7, p. 247 (Pergamon Press, Oxford 1963). 

2 Benfey, B.G.: Lack of relationship between myocardial cyclic AMP concentrations and 
inotropic effects ofsympathomimetic amines. Br. J. Pharmacol. 43: 757-763 (1971). 

3 Benfey, B.G.: Characterization of a -adrenoceptors in the myocardium. Br. J. Pharmacol. 
48: 132- 138 (1973). 

4 Benfey, B.G .: Function of myocardial a-adrenoceptors. Life Sci. 31: 101- 112 ( l 982). 
5 Benfey, B.G.; Varma, D.R.: Stimulation of the heart of the spinal dog by phcnoxybenza­

mine. Nature, Lond.191: 919-920 (1961). 
6 Ben fey, B.G.; Varma, D.R.: Studies on the cardiovascular actions of antisympathomimetic 

drugs. Int. J. Neuropharmacol. l: 9- 12 (1962). 
7 Bennett, T.; Kemp, P.A.: Lack of evidence for a temperature-mediated change of adreno­

ceptor type in the rat heart. Arch. Pharmacol. 301: 217-222 (1978). 
8 Berthelsen, S.; Pettinger, W.A.: A functional basis for classification of a-adrenergic recep­

tors. Life Sci. 21: 595- 606 ( 1977). 
9 Besse, J.C.; Furchgott, R.F.: Dissociation constants and relative efficacies of agonists 

acting on a -adrenergic receptors in rabbit aorta. J. Pharmac. exp. Ther. 197: 66-78 
(1976). 

Eye Therapies Exhibit 2187, 23 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



Ruffolo 244 

10 Bevan J.A.: A comparison of the contractile responses of the rabbit basilar and pulmonary 
arteries to sympathomimetic agonists: further evidence for variation in vascular adreno­
ceptor characteristics. J. Phannac. exp. Ther. 216: 83-89 (I 98 I). 

11 Broadley, K.J.: Cardiac adrenoceptors. J. auton. Pharmacol. 2: I 19-145 (\982). 
12 Brodde, O.-E.; Motomura, S.; Endoh, M.; Schumann, H.J.: Lack of correlation between 

the positive inotropie effect evoked by a-adrenoceptor stimulation and the levels of cyclic 
AMP and/or cyclic GMP in the isolated ventricle strip of the rabbit. J. mol. cell. Cardiel. 
JO: 207-219 (1978). 

13 Broddc, O.-E.; Motomura, S.; Schumann, H.J.: Studies on the mechanism of the positive 
inotropic action evoked by epinine on the rabbit isolated papillary muscle at different rates 
of beating. Clin. exp. Pharmacol. Physiol. 6: 41- 51 (1979). 

14 Bruckner, R.; Hackbarth, I.; Meinertz, T.; Schmelzle, B.; Scholz, H.: The postitive ino­
tropic effect of phenylephrine in the presence of propranolol. lncrease in time to peak 
force and in relaxation time without increase in c-AMP. Arch. Pharmacol. 303: 205-211 
(1978). 

15 Constantine, J.W.; McShane, W.K.: Analysis of the cardiovascular effects of 2-(2-6-di­
chlorophenylamino)-2-imidazoline hydrochloride (Catapres). Eur. J. Pharmacol 4: 109-
123 (1968). 

16 Constantine, J.W.; Gunnel, D.; Weeks, R.A.: Alpha1- and alpharvascular adrenoceptors 
in the dog. Eur. J. Pharrnacol. 66: 281- 286 (1980). 

17 Corr, P.B.; Shayman, J.A.; Kramer, J.B.; Kipnis, R.J.: Increased a-adrenergic receptors 
in ischemic cat myocardium. J. clin. Invest. 67: 1232-1236 (1981). 

18 Crill, W.E.; Reis, D.J.: Distribution of carotid sinus and depressor nerves in the cat brain 
stem. Am. J. Physiol. 214: 269-276 (1968). 

19 Cutter, W.E.; Bier, D.M.; Shah, S.D.; Cryer, P.E.: Epinephrine plasma clearance rates and 
physiologic thresholds for metabolic and hemodynamic actions in man. J. clin. Invest. 66: 

94- 101 (1980). 

20 De Jong, A.P.; Soudijn, W.: Relationship between structure and a-adrenergic receptor 
affinityof clonidineand some relatedcyclicamidines. Eur. J . Pharmacol.69: 175-188(1981 ). 

21 De Jong, W.; Nijkamp, F.P.: Centrally induced hypotension and bradycardia after admin­
istration of a-methylnoradrenaline into the area of the nucleus tractus solitarii of the rat. 
Br. J. Pharmacol. 58: 593-598 (1976). 

22 De Jong, W.; Zandberg, P.; Wijnen, H.; Nijkamp, F.P.; Bohus, B.; Versteeg, D.H.G.: Cat­
echolamines in the nucleus tractus solitarii (NTS) and blood pressure control; in Nervous 
system and hypertension, pp. 165- 172 (Wilcy-Flammarion, Paris 1979). 

23 De Mey, J.; Vanhoutte, P.M.: Uneven distribution of postjunctional a 1- and az-like 
adrcnoccptors in canine arterial and venous smooth muscle. Circulation Res. 48: 875-884 
(1981). 

24 Docherty, J.R.; McGrath, J.C.: A comparison of pre- a.nd postjunctional potencies of sev­
eral a-adrcnoceptor agonists in the cardiovascular system and ariococcygcus muscle of the 
rat. Evidence for two types ofpostjunctional a-adrenoceptor. Arch. Pharmacol. 312: 107-
116 (1980). 

25 Docherty, J.R.; MacDonald, A.; McGrath, J.C.: Further subclassification of a-adrenocep­
tors in the cardiovascular system, vas dcfercns and anococcygeus of the rat. Br. J. Pharma­
col. 67: 421- 422 ( 1979). 

26 Downing. O.A.; Wilson, K.A.; Wilson, V.G.: Competitive and noncompetitive blockade 
ofa-adrenoceptors in rat aorta by prazosin. Br. J. Pharmacol. 73: 290-29 1 (1981). 

Eye Therapies Exhibit 2187, 24 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



a-Adrenoceptors 245 

27 Doxey, J.C.; Roach, A.G.: Presynaptic a-adrenoreceptors; in vitro methods and prepa­
rations utilized in the evaluation of agonists and antagonists. J. au ton. Phannacol. /: 13-99 
(1980). 

28 Drew, G.M.: Effects of a-adrenoceptor agonists and antagonists on pre- and postsynapti­
cally located a-adrenoceptors. Eur. J. Pharmacol. 36: 313-320 (1976). 

29 Drew, G.M.: Postsynaptic a2-adrenoceptors mediate pressor responses to 2-N,N-dimeth­
ylamino-5,6-dihydroxy-1,2,3,4-tetrahydronaphthalene (M-7). Eur. J. Pharmacol. 65: 

85- 87 ( 1980). 
30 Drew, G.M.; Whiting, S.B.: Evidence for two distinct types ofpostsynaptica-adrenoceptor 

in vascular smooth muscle in vivo. Br. J. Pharmacol. 67: 207-215 (1979). 
31 Easson, L.H.; Stedman, E.: CLXX. Studies on the relationship between chemical constitu­

tion and physiological action. V. Molecular dissymmetry and physiological activity. Bio­
chem. J. 27: 1257-1266 (1933). 

32 Endoh, M.; Schumann, H.J.: Frequency-dependence of the positive inotropic effect of 
methoxamine and naphazoline mediated by a-adrenoceptors in the isolated rabbit papil­
lary muscle. Arch. Pharmacol. 287: 377- 389 (1975). 

33 Engel, G.; Hoyer, D.: [125Iodo] BE 2254, a new high affinity radioligand fora 1-adrenocep­
tors. Eur. J. Pharmacol. 73: 221-224 (1981). 

34 Furchgott, R.F.: The classification of adrenoceptors (adrenergic receptors). An evaluation 
from the standpoint of receptor theory; in Handbook of experimental pharmacology, 
vol. 33, pp. 283- 355 (Springer, Berlin 1972). 

35 Glossmann, H.; Hornung, R.; Presek, P.: The use ofligand binding for the characterization 
of a-adrenoceptors. J. cardiovasc. Pharmacol. 2: S303- S321 (1980). 

36 Glossmann, H.; Lubbecke, F .; Bellemann, P. : [125!]-HEAT, a selective, high affinity, high 
specific activity ligand fora 1 -adrenoceptors. Arch. Pharmacol. 318: 1- 9 (1981). 

37 Govier, W.C.: A positive inotropic effect of phenylephrine mediated through a-adrcnergic 
receptors. Life Sci. 6: 1361- 1365 ( 1967). 

38 Govier, W.C.: Prolongation of the myocardial functional refractory period by phenyl­
ephrine. Life Sci. 6: 1367-1371 (1967). 

39 Govicr, W.C.: Myocardial a-adrenergic receptors and their role in the production of a 
positive inotropic effect by sympathornimetic agents. J. Pharmac. exp. Ther. I 59: 82- 90 
(1968). 

40 Greenberg, D.A.; U'Prichard, D.C.; Snyder, S.H.: Alpha-noradrenergic receptor binding 
in mammalian brain: differential labeling of agonist and antagonist states. Life Sci. 19: 
69- 76 ( 1976). 

41 Guder, W.G.; Rupprecht, A.: Metabolism of isolated kidney tubules. Eur. J. Pharmacol. 
52: 283-290 (1975). 

42 Haeusler, G.: Clonidine-induced inhibition of sympathetic nerve activity: no indication 
for a central presynaptic or an indirect sympathomimetic mode of action. Arch. Pharrna­
col. 286: 97-11 1 (1974). 

43 Hepburn, E.R.; Bentley, G .A.: The effects of a-agonists on various vascular beds; in Vas­
cular neuroeffector mechanisms, pp.249- 251 (Raven Press, New York 1980). 

44 Hieble, J.P.; Pendleton, R.G.: The effects of ring substitution on the pre- and postjunc­
tional a-adrenergic activity of arylirninoimidazolines. Arch. Pharmacol. 309: 217-224 
(1979). 

45 Hoellce, W.: Antihypertensive agents. ACS Symp. Ser. 27, p. 27 (Am. Chemical Society, 
Washington 1976). 

Eye Therapies Exhibit 2187, 25 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



Ruffolo 246 

46 Hoefke, W.; Kobinger, W.; Walland A.: Relationship between activity and structure in 
derivatives of clonidine. Arzneimittel-Forsch. 25: 786-793 (1975). 

47 Hoffman, B.B.; Letkowitz, R.J.: 3H-WB 4101 - caution about its role as an a-adrenergic 
subtype selective radioligand. Biochem. Pharmacol. 29: 1537-1541 (1980). 

48 Hoffman, B.B.; Lefkowitz, R.J.: Radioligand binding studies ofadrenergic receptors: new 
insights into molecular and physiological regulation. Annu. Rev. Pharmacol. Toxicol. 20: 
581-608 (1980). 

49 Hoffman, B.B.; Michel, T.; Brenneman, T.B.; Letkowitz, R.J.: Interactionsofagonistswith 
platelet aradrenergic receptors. Endocrinology .J JO: 926-932 (1982). 

50 Hornung, R.; Presek, P.; Gtossmann, H.: Alpha-adrenoceptors in rat brain: direct identifi­
cation with prazosin. Arch. Pharmacol. 308: 223-230 (1979). 

51 Jarratt, B.; Louis, W.J.; Summers, R.J.: The characteristics of 3H-clonidine binding to an 
a-adrenoceptor in membranes from guinea pig kidney. Br. J. Pharmacol. 65: 663-670 
(1979). 

52 Jarrott, B.; Summers, R.J.; Culvenor, A.J.; Louis, W.J.: Characterization of a-adrenocep­
tors in rat and guinea pig tissues using radiolabeled agonists and antagonists. Circulation 
Res. 46: 1-15- 20 (1980). 

53 Jauernig, R.A.; Moulds, R.F.W.; Shaw, J.: The action of prazosin on human vascular 
preparations. Archs int. Pharmacodyn. Ther. 231: 81-89 (1978). 

54 Karliner, J.S.; Barnes, P.; Brown, M.; Dollery C.: Chronic heart failure in the guinea pig 
increases cardiac at- and /3-adrenoceptors. Eur. J. Pharmacol. 67: 1 15-118 ( 1980). 

55 Karliner, J.S.; Barnes, P.; Hamilton, C.A.; Dollery, C.T.: Alphat-adrenergic receptors in 
guinea pig myocardium: identification by binding of a new radioligand, [3H]-prazosin. 
Biochem. biophys. Res. Commun. 90: 142-149 (1979). 

56 Kcssar, P.; Saggerson, E.D.: Evidence that catecholamines stimulate renal gluconeogen­
esis through an <X t•type ofadrenoceptor. Biochem. J. 190: 119- 123 (1980). 

57 Kobinger, W.: Alpha-adrenoceptor and the action ofclonidine-like drugs; in Central ad­
renaline neurons, vol. 33, pp. 143- 150 (Pergamon Press, Oxford 1976). 

58 Kobinger, W.: Central a -adrenergic systems as targets for hypo tensive drugs. Rev. Physiol. 
Biochem. Pharmacol. 81: 39-100 (1978). 

59 Kobinger, W.; Pichler, L.: Pharmacological characterization of B-HT 933 (2-amino-
6-cthyl 4,5,7,8-tetrahydro-6H-oxazolo-(5,4-d)-azepindihydrochloride) as a hypotensive 
agent of the 'clonidine-type'. Arch. Pharmacol. 300: 39-46 (1977). 

60 Kobinger, W.; Pichler, L.: Investigation into different types of post- and presynaptic 
a-adrcnoceptors at cardiovascular sites in rats. Eur. J. Pharmacol. 65: 393-402 
(1980). 

61 Kobinger, W.; Walland, A.: Investigations into the mechanism of the hypotensive ef­
fect of 2-(2,6-dichlorophenylamino)-2-imidazoline-HCI. Eur. J. Pharmaco l. 2: 155-162 
(1967). 

62 Kobinger, W .; Walland, A.: Involvement of adrenergic receptors in central vagus activity. 
Eur. J. Pharmacol. 16: 120- 122 (1971). 

63 Kobinger, W.; Lillie, C.; Pichler, L.: Central cardiovasculara-adrenoceptors. Relation to 
peripheral receptors. Circulation Res. 46: 1-21- 26 (1980). 

64 Langer, S.Z.: Presynaptic regulation of catecholamine release. Biochem. Pharrnacol. 23: 

1793- 1800 (1974). 
65 Langer, S.Z.: Prcsynaptic receptors and their role in the regulation of transmitter release. 

Br. J. Pharmacol. 60: 481- 497 (1977). 

Eye Therapies Exhibit 2187, 26 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



a-Adrenoceptors 247 

66 Langer, S.Z.; Shepperson, N.B.: Postjunctional a:1- and aradrenoceptors: preferential 
innervation of a:1-adrenoceptors and the role of neuronal uptake. J. cardiovasc. Pharmacol. 
4: S8- Sl3 (1982). 

67 Langer, S.Z.; Massingham, R.; Shepperson, N.: Presence of post synaptic aradrcnorecep­
tors of predominantly cxtrasynaptic location in the vascular smooth muscle of the dog hind 
limb. Clin. Sci. 59: 225s-228s (1980). 

68 Langer, S.Z.; Shepperson, N.B.; Massingham, R.: Preferential noradrencrgic innervation 
of a 1-adrcnergic receptors in vascular smooth muscle. Hypertension 3: I-1 12-118 
(198 1). 

69 Laubie, M.; Schmitt, H.; Drouillat, M.: Action of clonidine on the baroreccptor pathways 
and medullary sites mediating vagal bradycardia. Eur. J. Pharmacol. 38: 293-303 (1976). 

70 Lipski, J.; Przybylski, ].; Solnicka, E.: Reduced hypo tensive effect of clonidine after lesions 
of the nucleus tractus solitarii in rats. Eur. J. Pharmacol. 38: 19-22 (1976). 

71 Lowenthal, D.T.: Pharmacokinetics of clonidine. J. cardiovasc. Pharmacol. 2: S29-S37 
(1980). 

72 Madj.ar, H.; Docherty, J.R.; Starke, K.: An examination of pre- and postsynaptic 
a-adrenoceptors in the autoperfused rabbit hindlimb. J. cardiovasc. Pharmacol. 2: 619-
627 (1980). 

73 McGrath, J.C.: Evidence for more than one type ofpostjunctional a-adrenoccptor. Bio­
chem. Pharmacol. 31: 467- 484 (1982). 

74 McGrath, J.C.; Flavahan, N.A.; McKean, C.E.: Alpha- I and alpha-2 adrenoceptor 
mediated pressor and chronotropic effects in the rat and rabbit. J. cardiovasc. Pharmacol. 
4: Sl01- S!07 (1982). 

75 McPherson, G.A.; Summers, R.J.: 3H-Prazosin and 3H-clonidine binding toa-adrenocep­
tors in membranes prepared from regions of rat kidney. J. Ph arm. Pharmacol. 33: 189-191 
(1981). 

76 Medgctt, I.C.; McCulloch, M.W.; Rand, M.J.: Partial agonist action ofclonidine on pre­
junctional and postjunctional a-adrenoceptors. Arch. Pharmacol. 304: 215-221 ( 1978). 

77 Miller, D.D.; Hamada, A.; Rice, P.J.; Patil, P.N.: Optically active imidazolines and their 
interactions with a-adrcnergic receptor. Abstracts of the American Chemical Society, 
Division of Medicinal Chemistry, Abstr. 38 (1980). 

78 Mori, K.; Hashimoto, H.; Hasegawa, H.; Nakashima, M.: Influence of temperature on the 
sensitivity of the adrenoceptors in the isolated atria of guinea pigs and rats. Eur. J. Pharma­
col. 55: 189- 197 (1979). 

79 Mottram, D.R.: Differential activity of clonidine and a-methylnoradrenaline on a2-

adrenoceptors. Br. J. Pharmacol. 75: 138P (1982). 
80 Mujic, M.; Van Rossum, J.M.: Comparative pharmacodynamics of sympathomimetic 

imidazolines: studies on intestinal smooth muscle of the rabbit and the cardiovascular sys­
tem of the cat. Archs int. Pharmacodyn. Ther.155: 432- 488 (1965). 

81 Nolan. P.L.; Bentley, G.A.: The effects of intracistemal administration of a-adrcnoccptor 
agonists on the systemic blood pressure and its response to head-up tilting in anesthetized 
cats. C!in. exp. Pharmacol. Physiol. 5: 429- 438 (1978). 

82 Osnes, J.-B.: Positive inotropic effect without cyclic AMP elevation after a-adrenergic 
stimulation of perfused hearts from hypothyroid rats. Acta pharmac. tox. 39: 232- 240 
(1976). 

83 Parr, J.J .; Urquilla, P.R.: Analysis of the adrenergic receptors of pacemaker and myocar­
dial cells. Eur. J. Pharmacol. 17: 1-7 (1972). 

Eye Therapies Exhibit 2187, 27 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



Ruffolo 248 

84 Patil, P.N .; Fudge, K.; Jacobowitz, D.: Steric aspects of adrenergic drugs. XVIII. Alpha­
adrenergic receptors of mammalian aorta. Eur. J. Pharmacol. 19: 70-87 (1972). 

85 Pali!, P.N.; LaPidus, J.B.; Campbell, D.; Tye, A.: Steric aspects ofadrenergic drugs. II. 
Effects of d I-isomers and desoxy derivatives on the reserpine-pretreated vas defercns. 

J. Pharmac. exp. Ther.155: 13-23 (1967). 
86 Patil, P.N.; Miller, D.D.; Trendelenburg, U.: Molecular geometry and adrcnergic drug 

activity. Pharmacol. Rev. 26: 323-392 (1974). 
87 Pettinger, W.A.; Keeton, T.K.; Campbell, W.B.; Harper, D.C.: Evidence for a renal 

a -adrenergic receptor inhibiting renin release. Circulation Res. 38: 338-346 (1976). 
88 Pichler, L.; Kobingcr, W.: Decrease ofpreganglionic sympathetic discharges by intracis­

temally administered a -adrenergic imidazoline compounds. Arch. Pharmacol. 293: R16 
( 1976). 

89 Rabinowitz, B.; Chuck, L.; Kligerman, M.; Parmley, W.W.: Positive inolropic effects of 
methoxaminc: evidence for a-adrcnergic receptors in ventricular myocardium. Am. J. 

Physiol. 229: 582-585 (1975). 
90 Raisman, R.; Briley, M.; Langer, S.Z.: Specific labeling of postsynaptic a 1-adrenoceptors 

in rat heart ventricle by 3H-WB-4I01 . Arch. Pharmacol. 307: 223-226 (l 979). 
91 Randriantsoa, A.; Keitz, C.; Stoclet, J.-C.: Functional characterization ofpostjunctional 

a-adrenoceptors in rat aorta. Eur. J. Pharmacol. 75: 57-60 (1981). 
92 Ress, R.J.; Field, F.P.; Lockley, O.E.; Fregly, M.J.: Effect of clonidine on the contractile 

responsiveness of aortic smooth muscle to norepincphrine. Pharmacology J 8: 149- 154 

(1979). 
93 Rockhold, R.W.; Caldwell, R.W.: Effect of lesions of the nucleus tractus solitarii on the 

cardiovascular actions of ctonidine in conscious rats. Neuropharmacology 18: 347-354 
(1979). 

94 Rockhold, R.W.; Caldwell, R.W.: Cardiovascular effects following clonidine microin­

jection into the nucleus tractus solitarii of the rat. Neuropharmacology 19: 9 I 9- 922 (I 980). 

95 Rouot, B.M.; Snyder, S.H.: 3H-para-Aminoclonidine. A novel ligand which binds with 
high affinity to a -adrenoceptors. Life Sci. 25: 769-774 (1979). 

96 Ruffolo, R.R., Jr. : Structure-activity relationships of a-adrenoceptor agonists; in Adreno­
ceptors and catecholamine action, pp. 1-50 (Wiley & Sons, New York 1982). 

97 Ruffolo, R.R., Jr.; Waddell, J.E.: Receptor interactions ofimidazolincs. a -Adrenoceptors 

of rat and rabbit aortae differentiated by relative potencies, affinities and efficacies of 
imidazoline agonists. Br. J. Pharmacol. 77: 169-176 (1982). 

98 Ruffolo, R.R., Jr.; Waddell, J.E.: Stereochemical requirements of ai-adrenergic receptors 
for a-methyl-substituted phenethylamines. Life Sci. 31: 2999-3007 (1982). 

99 Ruffolo, R.R., Jr.; Waddell, J.E.: Aromatic and benzylic hydroxyl substitution of imidazo­
lines and phenethylamines: differences in activity at a 1- and a 2-adrcnergic receptors. J. 
Pharmac. exp. Ther. 224: 559-566 (1983). 

100 Ruffolo, R.R., Jr.; Dillard, R.D.; Waddell, J.E.; Yaden, E.L.: Receptor interactions of 
imidazolines. III. Structure-activity relationships governing a -adrencrgic receptor occupa­
tion and receptor activation for mono- and dimethoxy-substituted tolazoline derivatives 

in rat aorta. J. Pharmac. exp. Ther. 211: 733-738 ( 1979). 

IOI Ruffolo, R.R., Jr.; Dillard, R.D. ; Yaden, E.L.; Waddell, J.E.: Receptor interactions of 
imidazolines. JI. Affinities and efficacies of hydroxy-substituted tolazoline derivatives in 
rat aorta. J. Pharmac. exp. Ther. 211: 74-79 (1979). 

102 Ruffolo, R.R., Jr.; Miller, D.D.; Patil, P.N.: Some thoughts on the chemical and phannaco-

Eye Therapies Exhibit 2187, 28 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



a-Adrenoceptors 249 

logical aspects of adrcnoreceptors; in Recent advances in the pharmacology of adrenocep­
tors, pp.45-50 (Elsevier/North-Holland Biomedical Press, Amsterdam 1978). 

103 Ruffolo, R.R., Jr.; Patil, P.N.; Miller, D.D.: Adrenergic effects of optically active catechol­
imida;z:olines in pithed rat. Arch. Pharmacol. 323: 221-227 (1983). 

104 Ruffolo, R.R., Jr.; Rice, P.J.; Patil, P.N.; Hamada, A.; Miller, D.D.: Differences in the ap­

plicability of the Easson-Stedman hypothesis to the a 1 - and aradrenergic effects of phen­
ethylamines and imidazolines. Eur. J. Pharmacol. 86: 471-475 (1983). 

105 Ruffolo, R.R., Jr.; Rosing, E.L.; WaddeU, J.E.: Receptor interactions of imidazolines. I. 
Affinity and efficacy for o-adrenergic receptors in rat aorta. J. Pharmac. e)(p. Ther. 209: 
429- 436 (1979). 

!06 Ruffolo, R.R., Jr.; Turowski, B.S.; Patil, P.N.: Lack of cross-desensitization between struc­
turally disimilar a:adrenoceptor agonists. J . Phann. Pharmacol. 29: 378- 380 (1977). 

107 Ruffolo, R.R., Jr.; Waddell, J.E.; Yaden, E.L.: Receptor interactions ofimidazolines. IV. 
Structural requirements for a-adrenergic receptor occupation and receptor activation by 

clonidine and a series of structural analogs in rat aorta. J. Pharmac. exp. Ther. 213: 267-
272 (1980). 

J08 Ruffolo, R .R., Jr.; Waddell, J .E.; Yaden, E.L.: Postsynaptic a-adrenergic receptor sub­

types differentiated by yohimbine in tissues from the rat. Existence of a2-adrenergic recep­
tors in rat aorta. J. Pharmac. exp. Ther. 217: 235-240 ( 198 1). 

109 Ruffolo, R.R., Jr.; Waddell, J.E. ; Yaden, E.L.: Heterogeneity ofpostsynaptico:-adrenergic 
receptors in mammalian aortas. J. Pharmac. exp. Ther. 221: 309-314 (1982). 

I JO Ruffolo, R.R., Jr.: Yaden, E.L.; Waddel], J.E.; Ward, J.S .: Receptor interactions ofimida­
zolines. Alpha-adrenergic and antihypertensive effects of clonidine and its methylene­
bridged analog, St 1913. Pharmacology 25: 187-201 (1982). 

111 Ruffolo, R.R., Jr.; Yaden, E.L.; Waddell, J.E.: Receptor interactions ofimidazolines. V. 
Clonidine differentiates postsynaptic a-adrenergic receptor subtypes in tissues from the 
rat. J. Pharmac. exp. Ther. 213: 551-561 (1980). 

112 Ruffolo, R.R., Jr.; Yaden, E.L.; Waddel], J.E.; Dillard, R.D.: Receptor interactions of 

irnidazolines. VI. Significance of carbon bridge separating phenyl and i midazoline rings 
of tolazoline-like Cl-adrenergic imidazolines. J. Pharmac. exp. Ther. 214: 535- 540 (1980). 

I 13 Ruffolo, R.R., Jr.; Yaden, E.L.; Waddell, J.E.: Receptor interactions ofimidazolines. VII. 
Peripherally mediated prcssor and centrally mediated depressor effects of clonidine and 

a series of mono- and dimethoxy-substituted tolazoline derivatives. J. Pharmac. exp. Ther. 
218: 154-160 (1981). 

114 Ruffolo, R.R., Jr.; Yaden, E.L.; Waddell, J.E.: Stereochemical requirements of ar 

adrenergic receptors. J. Pharmac. exp. Ther. 222: 645-651 (1982). 
115 Ruffolo, R .R., Jr.; Yaden, E.L; Ward, J.S.: Receptor interactions of imidazolines. 

Influence of ionization constant on the diffusion of clonidine and a series of structurally 

related imidazolidines into and out of the central nervous system. Eur. J. Pharmacol. 81: 
367-375 (1982). 

I 16 Sanders, J.; Miller, D.D.; Patil, P.N.: Alpha-adrenergic and histaminergic effects oftolazo­
linc-like imidazolines. J. Pharmac. exp. Ther. 195: 362- 371 ( 1975). 

117 Sattler, R.W.; Van Zwieten, P.A.: Acute hypotensive action of2-(2,6-dichlorophenyla­
mino)-2-imidazoline hydrochloride (St 155) after infusion into the cat's vertebral artery. 
Eur. J. Pharmacol. 2: 9-13 (1967). 

118 Schmitt, H.: The pharmacology of clonidine and related products; in Handbook of 
experimental pharmacology, vol. 39, pp. 299- 396 (Springer, Heidelberg 1977). 

Eye Therapies Exhibit 2187, 29 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



Ruffolo 250 

119 Schmitt, H.; Laubie, M.: Destruction of the nucleus tractus solitarii in dogs: acute effects 
on blood pressure and haemodynamics, chronic effects on blood pressure. Importance of 

the nucleus for effects of drugs; in Nervous system and hypertension, pp. 173-20 I (Wiley­

Flammarion, Paris 1979). 
120 Schmitt, H.; Schmitt, H.: Localization of the hypotensive effect of2-(2,6-dichlorophenyla­

mino )-2-imidazoline hydrochloride. Eur. J. Pharmacol. 6: 8-12 (1969). 
121 Schumann, H.J.: Arc there a -adrcnoceptors in the mammalian heart. Trends Pharmacol. 

Sci.1: 195-197 (1980). 
122 Schumann, H.J.; Brodde, O.-E.: Demonstration of a -adrcnoceptors in the rabbit heart by 

(3H]-dihydroergocryptine binding. Arch. Pharmacol. 308: 191-198 (1979). 
123 Schumann, H.J.; Endoh, M.: a-Adrenoceptors in the ventricular myocardium: clonidine, 

naphazoline and methoxamine as partial o:-agonists exerting a competitive dualism in 

action to phenylephrine. Eur. J. Pharmacol. 36: 413-421 (1976). 
124 Schumann, H.J.; Endoh, M.; Brodde, O.-E.: The time course of the effects of /3- and 

a-adrenoceptor stimulation by isoprenaline and methoxamine on the contractile force 

and cAMP level of the isolated rabbit papillary muscle. Arch. Pharmacol. 289: 291-302 
(1975). 

125 Schumann, H.J.; Endoh, M.; Wagner, J.: Positive inotropic effects of phenylephrine in the 
isolated rabbit papillary muscle mediated both by a - and /3-adrenoceptors. Arch. Pharma­
col. 284: 133-148 (1974). 

126 Schumann, H.J.; Wagner, J.; Knorr, A.; Reidemeister, J .C.; Sadony, V.; Schramm, G.: 

Demonstration in human atrial preparations of a -adrcnoreceptors mediating positive ino­
tropic effects. Arch. Pharrnacol. 302: 333-336 ( 1978). 

127 Sheridan, D.J.; Penkoske, P.A.; Sobel, B.E.; Corr, P.B.: a-Adrenergic contributions to 
dysrhythmia during myocardial ischemia and reperfusion in cats. J. clin. Invest. 65: 161-

171 (1980). 
128 Starke, K.: a -Sympathomimetic inhibition of adrenergic and cholinergic transmission in 

the rabbit heart. Arch. Pharmacol. 274: 18-45 (1972). 
129 Starke, K.: Influence of extracellular noradrenaline on the stimulation evoked secretion 

of noradrenaline from sympathetic nerves: evidence for an a-receptor mediated feedback 
inhibition of noradrenaline release. Arch. Pharmacol. 275: 11-23 (1972). 

130 Starke, K.: Regulation of noradrenaline release by presynaptic receptor systems. Rev. 
Physiol. Biochem. Pharrnacol. 77: 1- 124 (1977). 

131 Starke, K.; Docherty, J.R.: Recent developments in a -adrenoceptor research. J. cardio­
vasc. Pharmacol. 2: S269- S286 (1980). 

132 Starke, K.; Docherty, J.R.: Types and functions of peripheral a-adrenoceptors. J. car­
diovasc. Pharmacol. 4: S3-S7 (1982). 

133 Starke, K.; Endo, T.; Taube, H.D.: Relative pre- and postsynaptic potencies ofa-adreno­

ceptor agonists in the rabbit pulmonary artery. Arch. Pharmacol. 291: 55-78 (1975). 
134 Starke, K.; Mon tel, H.; Wagner, J.: Effect of phentolamine on noradrenaline uptake and 

release. Arch. Pharmacol. 271: 181-192 (1971). 

135 Starke, K.; Monte!, H.; Schumann, H.J.: Influence of cocaine and phenoxybenzamine on 
noradrenaline uptake and release. Arch. Pharmacol. 270: 210-214 (1971). 

136 Starke, K.; Taube, H .; Borowski, E.: Presynaptic receptor system in catecholaminergic 

transmission. Biochem. Pharmacol. 26: 259-268 (1977). 
137 Stene-Larsen, G.: Characterization of the atrial o:-receptor oftbe rnt as a subgroup of the 

postsynaptic a-adrenoceptor. Gen. Pharmacol. 11: 575-581 (1980). 

Eye Therapies Exhibit 2187, 30 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



a-Adrenoceptors 251 

138 Steppler, A.; Tanaka, T.; Starke, K.: A comparison of pre-and postsynaptica-adreoergic 
effectsofphenylephrineand tramazoline on blood vessels of the rabbit in vivo. Arch. Phar­
macol. 304: 223- 230 (1978). 

139 Stevens, M.J.; Moulds, R.F.W.: Heterogeneity of postjunctional a-adrenoceptors in 
human vascular smooth muscle. Archs int. Pharmacodyn. Ther. 254: 43-57 (1981). 

140 Stevens, M.J.; Moulds, R.F.W.: Are the pre- and postsynaptica-adrenoceptors of human 
vascular smooth muscle atypical. J. cardiovasc. Pharmacol. 4: S 129- Sl33 (1982). 

141 Struyker Boudier, H.A.J.; Smeets, G.; Brouwer, G.; Van Rossum, J.M.: Central and 
peripheral adrenergic activity ofimidazoline derivatives. Life Sci. 15: 887- 899 (1974). 

142 Struyker Boudier, H.; De Boer, J.; Smeets, G.; Lien, E.J.; Van Rossum, J.M.: Structure­
activity relationships for central and peripheral a-adrenergic activities of imidazoline 

derivatives. Life Sci. 17: 377-386 (1975). 
143 Sullivan, A.T.; Drew, G.M.: Pharmacological characterization of pre- and postsynaptic 

a-adrenoceptors in dog saphenous vein. Arch. Pharmacol. 314: 249- 258 ( 1980). 
144 Summers, R.J.; McPherson, G.A.: Radioligand studies of a -adrenoceptors in the kidney. 

Trends Pharmacol. Sci. 3: 291-294 (1982). 

145 Summers, R.J.; Jarrott, B.; Louis, W.J.: Displacement of3H-clonidine binding by cloni­
dine analogs in membranes from rat cerebral cortex. Eur. J. Pharmacol. 66: 223-241 ( 1980). 

146 Summers, R.J.; Jarrott, B.; Louis, W.J.: Comparison of3H-clonidine and 3H-guanfacine 

binding to aradrcnoceptors in membranes from rat cerebral cortex. Ncurosci. Lett. 25: 
31- 36 (1981). 

147 Timmermans, P.B.M.W.M.; Van Zwicteo, P.A.: Dissociation constants of clonidine and 

structurally related imidazolines. Arzneimittel-Forsch. 28: 1676-1681 (1978). 
148 Timmermans, P.B.M.W .M.; Van Zwietcn, P.A.: V asoconstriction mediated by postsynap­

tic aradrenoceptor stimulation. Arch. Pharmacol. 313: 17- 20 (1980). 
149 Timmermans, P.B.M.W.M.; Van Zwieten, P.A.: Postsynaptica1-and aradrenoceptors in 

the circulatory system of the pithed rat: Selective stimulation of the a2-type by B-HT 933. 
Eur. J. Pharmacol. 63: 199-202 (1980). 

ISO Timmermans, P.B.M.W.M.; Van Zwieten, P.A.: The postsynaptic a2-adrenoreceptor. J. 
auton. Pharrnacol. J: 171- 183 (1981). 

151 Timmermans, P.B.M. W .M.; Van Zwieten, P.A.: a2-Adrenoceptors: classification, localiza­
tion, mechanisms and targets for drugs. J. med. Chem. 25: 1389-1401 (1982). 

152 Timmermans, P.B.M. W .M.; Brands, A.; Van Zwieten, P.A.: Lipophilicity and brain dispo­
sition ofclonidine and structurally related imidazolidines. Arch. Pharmacol. 300: 217-226 

(1977). 
153 Timmermans,P.B.M.W.M.; DeJonge,A.; VanMeel,J.C.A.; Slothorst-Grisdijk, F.P.; Van 

Zwieten, P.A.: Characterization of a-adrenoceptor populations. Quantitative relationships 
between cardiova.scular effects initiated at central and peripheral a -adrenoceptors. J. med. 

Chem. 24: 502-507 (1981). 

154 Timmermans, P.B.M.W.M.; Hoeflce, W.; Stahle, H.; VanZwieten, P.A.: Structure-activity 
relationships in clonidine-like imidazolidines aod related compounds. Prog. Pharrnacol. 
3: 1-104 (1980). 

155 Timmermans, P.B.M.W.M.; Kwa, H.Y.; Van Zwieten, P.A.: Possible subdivision ofpost0 

synaptic a-adrenoceptors mediating pressor responses in the pithed rat. Arch. Pharmacol. 
310: 189- 193 (1979). 

156 U'Prichard, D.C.: Direct binding studies of a-adrenoceptors; in Adrenoceptors and cat­

echolamine action, part A, pp.131-179 (Wiley & Sons, New York (1981). 

Eye Therapies Exhibit 2187, 31 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



Ruffolo 252 

157 U'Prichard, D.C.; Snyder, S.H.: PH]Epinephrine and [3 H]norepinephrine binding to a 1-

noradrenergic receptors. Life Sci. 25: 769- 774 (1977). 
!58 Vanhoutte, P.M.: Heterogeneity ofpostjunctional vascular a -adrenoceptors and handling 

of calcium. J. cardiovasc. Pharmacol. 4: S91- S96 (1982). 
159 Van Mee!, J.C.A.; De Jonge, A.; Kalkman, H.O.; Wilffert, B.; Timmermans, P.B.M.W.M.; 

Van Zwieten, P.A.: Vascular smooth muscle contraction initiated by postsynaptic az­
adrcnoceptor activation is induced by an influx of extracellular calcium. Eur. J. Pharmacol. 
69: 205- 208 (1981). 

160 VanMeel,J.C.A.; DeJonge, A.; Kalkman, H.O.-; Wilffert,B.; Timmermans, P.B.M.W.M.; 
Van Zwieten, P.A.: Organic and inorganic calcium antagonists reduce vasoconstriction in 
vivo mediated by postsynaptic az-adrenoceptors. Arch. Pharmacol. 316: 288-293 (1981 ). 

161 Van Zwieten, P.A.: The central action of antihypertensive drugs mediated via central 
a-receptors. J. Pharm. Pharmacol. 25: 89-95 (1973). 

162 Van Zwieten, P.A.: Centrally mediated action of a-methyldopa; in Regulation of blood 
pressure by the central nervous system, pp. 293- 301 (Grune & Stratton, New York 
1976). 

163 Wagner, J.; Brodde, O.-E.: On the presence and distribution of a-adrenoceptors in the 
heart of various mammalian species. Arch. Pharmacol. 302: 239-254 (1978). 

164 Wagner, J. ; Knorr, A.; Schumann, H.J.: On the presence of myocardial a -adrenoceptors 
in the atrium of the guinea-pig. Arch. Farmac. Toxicol. 3: 83-92 (1977). 

165 Wagner, J.; Schumann, H .J.; Knorr, A.; Rohm, N.; Chr. Rcidemeister, J.: Stimulation of 
adrenaline and dopamine but not by noradrenaline of myocardial a -adrenoceptors 
mediating positive inotropic effects in human atrial preparations. Arch. Phannacol. 312: 

99-102 (1980). 
166 Walkenhorst, R.; Reinhardt, D.; Arnold, G.: Differentiation of cardiac and peripherala­

and .B-adrenergic responses to dobutamine, etilefrine and xylometazoline in dogs. Phar­
macology 22: 294- 304 (1981). 

167 Westfall, T.C.: Local regulation of adrenergic neurotransmission. Physiol. Rev. 57: 659-
728 (1977). 

168 Wenzel, D .G.; Su, J.L.: Interaction between sympathomirnetic amines and blocking 
agents on rat ventricle strip. Archs int. Pharmacodyn. Ther. 160: 379- 389 (1966). 

l 69 Wik berg, J .E.S.: Pharmacological classifi.ca tion of adrenergic a -receptors in the guinea pig. 
Nature, Lond. 273: 164-166 (1978). 

170 Wilffert, B.; Timmermans, P.B.M.W.M.; Van Zwieten, P.A.: Extrasynaptic location of a 2-

and noninnervated p2-adrenoceptors in the vascular system of the pithed normotensive 
rat. J. Pharmac. ex.p. Ther. 221: 762-768 (1982). 

171 Williams, L.T.; Lefkowitz, R.J.: a -Adrenergic receptor identification by 3H-dihydroergo­
cryptine binding. Science 192: 791-793 (1976). 

172 Williams, L.T.; Lefkowitz, R.J.: a -Adrenergic receptors in rat myocardium. Identification 
of binding of (3H]dihydroergocryptine. Circulation Res. 43: 721'-727 ( 1978). 

173 Woodcock, E.A.; Johnston, C.I.: Cardiovascular adrcnergic receptors in experimental 
hypertension in the rat. Circulation Res. 46: 145-146 (1980). 

174 Yamaguchi, I.; Kopin, l.J.: Differential inhibition ofa1- and az-adrenoceptor-mediated 
pressor responses in pithed rats. J. Pharmac. exp. Ther. 214: 275-281 (1980). 

R.R. Ruffolo, Jr., Ph.D., Department of Cardiovascular Pharmacology (MC-304), 
Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, IN 46285 (USA) 

Eye Therapies Exhibit 2187, 32 of 33 
Slayback v. Eye Therapies - IPR2022-00142 



Subject Index 

Adaptive changes in 5-HT receptors 169 

Adenosine 

affective disorders 199 
receptors I 82 

a-Adrencrgic agonist 239 
activity 239 
classes 227 
structure 239 

Adrenergic receptors 135 
,8-Adrenergic receptors, thermodynamics 23 
o:-Adrenoceptors 227, 243 

anatomical subclassification 225 
cardiovascular system 224, 230 
peripheral 

heart 237 
kidney 238 
vascular 234 

Agonist effects 67 
Anatomical efficacies 79 
Anatomical organization 85 
Anorexia 164 
Antidepressant treatment 185 
Antihypertensive effects 164 
Antiperoxidase immunocytochemistry 148 
Assays of receptors 9 
Autoreccptor subsensitivity 21 I 
Autosynaptic dopamine receptors 207 

Behavior 109 
conditioned 110 
drug-elicited 109 

Benzamide derivatives 95 
Binding 

assays 4 
receptor 5 

Biological assays 4 
Bra.in cell culture 148 

Caffeine 191 
Carcinoid syndrome 172 
Catechols 4 I 
Central o:2-adrenoceptors 231 
Central nervous system 201 
Cholinergic nicotinic receptors 133 
Cholinergic receptors 123 
Classical neuroleptics 92 
Clinical implication of dopamine recep­

tors 218 
Conditioned behavior I 10 
Control of PRL secretion 85 

Depression 171, 182 
Disorders 

neuroendocrine 172 
neurologic 171 

Dissociation constant 73 
agonist 73 
competitive antagonist 77 

partial agonist 74 

Dopamine 86 
agonist activity 86 
antagonist activity 82 

Eye Therapies Exhibit 2187, 33 of 33 
Slayback v. Eye Therapies - IPR2022-00142 




