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. t1g, 7. This figure outlines the portions of the tetracyclic ergoline mucleus
’ that have been proposed by various fnvestigators to be the dopminergic :
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t'nqd'c! for"DA:rbcé;’ibrs:';’. Sceman's model

1.
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§the vascular DA receptor. It was envisaged that the amino group interacts with the receptor via
¥hydrogen bonding through the nitrogen lone pair or the hydrogens of the amine. Two sites were
7y ostulated for the binding of the catechol group and, in addition, for the A ring of the aporphines, a”
% < nydrophobic region. In 1979, McDermed et al.?4. postulated their model accounting for enantio-"
jsclectivity, which was mentioned in Section 12.3.13,1. & .. Y
£ Adetailed model of D-2 receptors was postulated in 1980 by Se¢man in an extensive review?!
.;brain DA receptors (Figure 5). The essential features’ were: (i) a hydro N
{sponding to the m-hydroxy group, and possibly an accessory hydrogen-b.
"ito the p-hydroxy group in DA; (i) high fat solubility,
..'f;'fmmcwo_rk of DA analog .introduction ‘of N-alk
“"ihelpful but not esséntial; (iii) a nitrogén atom positioned
fring bearing the hydrogeri-bonding”groups;” (ivja distance [of less than 7.3 A"
gn-hydroxy group and the nitrogen atom; and (v) avoidance of st}éxjichindrahéquptbr y
7 1an < obstacle Q » located near the binding site for the nitrogen atom, which would account for the
-inactivity of octahydrobénzo[ glqiinolines and ngrapomorphines with substituents on'the nitrogén
- larger than ‘propyl. A second region ‘f bulk intoleraiice, ‘called < obstacle P », Tationalized the™!
.inactivity of octahydrobenzo[ h]quinolines and isoapomorphine, i o g U S TR
? Seiler and Markstein!92 (1982) examined the binding of phenolic aminotetralins to the striatal
iD-1 receptor. Their model; which was similar to McDermed’s, has two major binding sites
icomplementary to the m-hydroxy and the nitrogen of the 7-OH( + }-(2R)- and 5-OH(—)2S8)-ATN ",
series. In the 5-OH series, but not the 7-OH series, an accessory binding site could accommodate the s
:N,N-dipropy! substituents. According to this model, DA would interact with the receptor inthef .. .
jrotameric form, and the N,N-dipropyl groups would force the « rotamer to become the preferred ™+
~formation. A year later (1983), Nichols* described a model similar to that of McDermed’s, which BN
: uded enantioselective~stereoselective nitrogen and m-OH sites, a steric boundary and a hydro- .
= phobic site or a region of bulk tolerance. It was suggested that the latter site was of importance for
. D_z or DAZ rCceptOfS. ._'...‘_.~_. - o gy s e e :T'Lf'.n' Y Ay e

r

R

L. Following their extensive studies on aporphine derivatives, Neumeyer et al.® suggested a modeli
..for the DA receptor having the following elements (Figure 6): (i) putative binding sites, M, and M,,
on the receptor surface, complementary to the hydroxyl groups of the meta and para positionsof the . =
:DA element in the aporphines; a binding site (M;) for hydroxyl groups at position 2 of the =~
- aporphines which diminishes affinity; (ii) an electronegative site, B, complementary to the nitrogen of
~agonist molecules; the distance between the m-hydroxy group and the nitrogen atom was calculated
< be 6.9 + 0.4 A; (jii) an obstacle that inhibits the binding of aporphines with a (6aS) configuration;
and (iv) an explanation of enantioselectivity in terms similar to those of McDermed. .
3 The topography of the renal DA receptor (Figure 7) has been investigated by Erhardt (1983).4
Cartesian coordinates were used to indicate the recognition sites of the receptor, which are: @i)a
- single x, y plane containing the amine (A) and catechol recognition sites (H,, and H,); the distance
.- between A and H,, or H, approximates 7A; (ii)a steric parameter, S;, in agreement with
~- McDermed's model; (iii)a second steric parameter,” S, (‘ceiling’), located approximately 2A - . l
*. -sbove the x, y plane; and (iv) an auxiliary lipophilic-binding site, B, located opposite the steric £ i
. parameter, S;. S e et e oL T e i

. . o
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" Table 4.6. Dopamine receptor classification

o Receplortype " - - Dl(CNS)DA (vasculu)' .D,; (CNS) DA, (neuronal) . .- . -
S S e ) _G¥P GTP+Na* - ' St

. ‘ . s e l'ugh aﬂ'. low aﬂ' R hlghaﬂ‘. = low aﬂ' ' ‘ i
- . - (D,) w.‘x_ . .(D‘,aulo) Ca ‘ “ )  _ . |
VT TT ..-.umon R ‘deactivation - o . o . i
o : Selective agonist ) SL&F 38393 4= 103) .. " quinpirole (4-106) . . |
R oL ' . L bromocriptine (4-108)

; . . . . . - . = {-)apomorphine (4-101)

) L : Splecti\;eantégonisl ~ "SCH 23390(4-‘164) ’ K ."As'ulpiride(4—127) ) IR . ‘ | I
- S . butaciamol (4-126) ~_ spiroperidol (4-122). . i




Ste;ic obstacles

I IR ~ . Nebinding site

Figure 9 Topbgraphigl model for DA receptors:®* Seeman's model (1985)

" binding sites for hydrogen bonds with the m-OH and the nitrogen, the extremities of which are
" separated by 8 A; (ii) hydrogen-bonding receptor groups which are directed between 15° and 30°
orthogonal to the surface of the receptor; and (iii) a series of obstacles at 7, 10and 1 o’'clock, which .
account for the inactivity of certain analogues. The ‘bottom’ of the receptor and the ‘back wall’ are,
‘assumed to be hydrophobic surfaces. This model has many advantages, one of which is that it is able
- --to explain the activity of the aminoindans. T L Sl

*" Kaiser® has also been responsible for proposing various models of the DA receptor, beginning in
. 1984 and the latest of which appeared in 1986. This model consists of nine possible binding sites™ .
... (Figure 10), which together account for features of both the D-1 and D-2 receptors. The essential .
_ features of this model are: (i) an electronegative amine site complementary to the side chain nitrogen
* ‘of the dopaminergic pharmacophore (i.e. the m-hydroxyphenethylamine unit); (if) a site, M, com-,
" plementary to the OH meta to the ethylamine chain; (iii) a site, N, interacting with the aromatic_
. nitrogen of the pyrroethylamine pharmacophore of the dopaminergic ergot-like compounds; this
" primary nitrogen-binding site is located 2.0 A away from a secondary binding site, P, for the p-OH
group; (iv) accessory binding sites are proposed for (v) the aromatic ring of the pharmacophore (I, );
(vi) the t-phenyl substituent of 3-benzazepines (I1,); and (vii) the benzo-fused A ring of aporphines °
(11,). Additional sites which are tentatively suggested are: (viii) a lipophilic cavity in the area of steric ; .- -

intolerance, which maximally fits a properly ‘downwards'-orientated n-propyl group; and (ix) a site . .
in a properly oriented ‘upward’ direction that may accept lipophilic groups exceeding the size of an . °
_n-propyl substituent. Present in both D-1 and D-2 subtypes are sites (i), (ii), (iv) and (v). Sites (iii) and
(viii) are related with D-2 activity, whereas (vi) and (ix) are present in D-1 receptors. Grol et al.}%®
(1985) postulated two binding sites, P and M (Figure 11), complementary to the p-OH and m-OH
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DRUGS ACTING ON NEUROTRANSMITTERS ' 147

Table 4.4. Adieiiergic Receptor Differentiation ;-

e matind e “~ Isoproterenol

Receptor response
Effecior organ .
. Vascular system Constriction —_ Dilation
Uterus - Constriction Dilation Dilation
Intestine Decreased motility Decreased motility Decreased motility « .
Heartbeat Increase - ) )
Bronchial muscle Constriction — Relaxation (FWQ'
: : Relative Agonist Sensitivity
NE . 100 25 1-2
5 ) 100 100
! Biochemical effect
cAMP production - + +
Lipolysis - Increase -
Glycogenolysis - - Increase

fibra pre-ainapticij

granuli di
noradrenalina

pecattori
pre-sinaptici

e S

TERMINAZIONE NERVOSA ADRENERGICA

release
noradrenalina

/noradrenalina

[?ibra posl-sinaptica'

recettori )
post-sinapticl

recettori

post-sinaptici
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- cardiovascular homegstasis. The level towards which the
baroreceptor reflexes tend to return the blood pressure is termed
the set-point. ' :

The cardiovascular changes elicited by baroreceptor reflexes
are mostly mediated through cardiac sympathetic and para-
sympathetic nerves (accelerans and vagus),.the splanchnic nerve
to the adrenal medulla and sympathetic vasomotor nerves to the
splanchnic region. There are usually only minor-contributions
from vasomotor nerve activity to the sKin, kidney or muscle.
However, if there is a marked and persistent fall in blood pres-
sure, vasoconstriction in these tissues contributes significantly to

receptor reflexes is shown giagmhaticﬂly in Fig 23.13.

-

Zes

Carotid sinus baroreceptors .

The carotid sinus is an enlarged portion of the internal carotid
artery at its origin from the:common carotid artery. The sensory
" nerve running from these receptors is called the nerve of Hering
or simply the carotid sinus nerve. It enters w2 skull with the
glossopharyngeal (IXth cranial) nerve and runs to the medulla
oblongata. ' :

NERVOUS CONTROL OF BLOOD PRESSURE  23.15

the rise in peripheral resistance. The control circuit of baro-

Occlusion of the common carotid arteries results in a fall of
pressure in the sinus and clicits a rise in blood pressure; this is
known as the carotid sinus pressor reftex. Conversely, application
of pressure jo the carotid sinus elicits a refiex fall in blood
pressure. The mechanism by which pressures in the carotid
sinus reflexly alter the blood pressure was elucidated by the
Belgian physiologist, Heymans. He supplied the carotid sinns of ..
one dog, the recipient, with blood from another dog, the donor.
When the nervous connections between the carotid sinus and L
brain of the recipient were left intact, and the blood pressureof -
the donor ‘dog was increased, that of the recipicnt decyeased; ™ -~
conversely, when the donor’s blood pressure was decteased, that <
of the recipicnt increased. - *- S T

A rise in pressute in the carotid-sinus increases the rate at
which impulses are discharged along the carotid sinus nerve, and
this results in a reciprocal decrease in output from vasocon-
strictor nerves and an increase in cardiac vagal activity. Con-
versely, a fall in the carotid sinus pressure leads to increased
activity in vasomotor and cardiac sympathetic nerves and to
inhibition of vagal tone. - )

The change in the rate of discharge of impulses in the carotid
sinus nerve per unit change in pressure is greatest in the pressurc

v ’ Decreased
~2llin . .
blood pressure stimulation of
P baroreceptors

Te

Increase Lo

o . et 1
cardiovascular sympathetic
control centres activity

A 3

Inhibition <—I

of —“
vagal tone

Increase in [~

Restoration of l in .

heart rate - e

. blood pressure | cardiac
Coa .. J - output |~

* Release of ARt TS ——
catecholamines -
from

Increase in a—j surenai medullae
force of —

cardiac
contraction [

Decrease -

in venous =
capacitance

~

inciease in
peripheral

F1G. 23.13. The baroreceptor reflex ! ops for homeostatic control of blood pressurc. showing the peripheral
receptors responding to a fall in blood pressure. Opposite effzcts are elicited by a rise in blood pressure.
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