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STRUCTURE-ACTIVITY RELATIONSHIPS OF CLONIDINE-
TOLAZOLINE-LIKE COMPOUNDS AT HISTAMINE AND

a-ADRENOCEPTOR SITES

E. MALTA, JENNY S.B. ONG, C. RAPER, PAULINE E. TAWA
& G.N. VAUGHAN
School of Pharmacology, Victorian College of Pharmacy, 381 Royal Parade, Parkville,
Victoria 3052, Australia

I Thirty clonidine- and tolazoline-like compounds with differing phenyl ring substituents were
tested for agonistic actions at histamine HI-receptors (guinea-pig ileum), histamine H2-receptors
(guinea-pig driven right ventricular strips) post-junctional a-adrenoceptors (rat desheathed vas
deferens) and pre-junctional a-adrenoceptors (inhibition of sympathetic stimulation in guinea-pig
driven left atria).
2 All compounds were inactive at histamine HI-receptors, while 21 of the 30 compounds displayed
varying stimulant activity at H2-receptors.
3 At post-junctional a-receptors all 30 compounds produced stimulant actions, whereas at pre-
junctional a-receptors the compounds displayed either agonistic or antagonistic actions.
4 Thus structure-activity relationships (SAR) could only be validated for histamine H2- and post-
junctional a-receptor effects. These studies show that the most potent compounds are those with
2,6-phenyl substituents in which rotation is restricted so that the two rings are aplanar. Electronic
effects of the substituents have a greater influence on activity at H2- than at a-receptors.
5 The major difference in SAR involves the influence of substituents in the 3, 4 or 5 positions on the
phenyl ring. The presence of these substituents abolish significant activity at H2-receptors, while
a-receptor stimulant activity is retained.

Introduction

Clonidine is an imidazolidine derivative that has been
shown to produce both agonistic and antagonistic
actions at pre- and post-junctional a-adrenoceptor
sites (see Starke, 1977; Kobinger, 1978 for reviews;
Medgett, McCulloch & Rand, 1978) and agonistic
actions at histamine H2-receptors (Karppanen &
Westermann, 1973; Csongrady & Kobinger, 1974;
Paakkari, Paakkari & Karppanen, 1976; Medgett &
McCulloch, 1979). A similar spectrum of activity has
also been noted with the imidazolines, tolazoline and
tetrahydrozoline (Black, 1975; Sanders, Miller &
PatiL 1975; Yellin, Sperow & Buck, 1975; Buck,
Katchen, Lavenhar, Nelson & Yellin, 1978). However,
others, for example oxymetazoline and naphazoline,
are devoid of H2-receptor stimulant activity (Sanders
et al., 1975).
Comparisons of structure-activity relationships of

such molecules at histamine H1- and H2-receptors
and at pre- and post-junctional a-receptors have not
been detailed previously. In the present study 24 imi-
dazolidines and 6 imidazolines have been assessed for
actions at the above receptors in order to compare

and contrast the molecular requirements necessary for
agonistic activity. Contractile activity in guinea-pig
ileal preparations was used to monitor H1-receptor-
mediated effects and positive inotropic activity in
guinea-pig right ventricular strips to assess H2-
receptor actions. Contractile activity in desheathed
rat vas deferens preparations was used to assess post-
junctional a-receptor-mediated effects; modulation of
responses to sympathetic stimulation in guinea-pig
left atria was used to monitor pre-junctional a-recep-
tor activity.

Methods

General

In all preparations studied the tissues were suspended
under a 1 g tension and bathed in Krebs solution
(NaCI 6.9, KCI 0.4, MgSO4 0.14, dextrose 2.0,
NaHCO3 2.1, NaH2PO4 0.14, CaC12 0.28 g/l, ascor-
bic acid 20 mg/l) maintained at 370C (except ileum,
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32°C) aerated with 5% CO2 in O2. Responses of the
guinea-pig right ventricular strip, left atrium and rat
vas deferens were monitored isometrically with a
Grass FT03c transducer coupled to a Grass 79D
polygraph, while an isotonic frontal writing lever and
a smoked drum were used for assessment of activity
in ileal preparations. All compounds were investi-
gated in concentrations up to 0.1 mmol/l.

Guinea-pig ventricle strip

Histamine H2-receptor-mediated positive inotropic
actions were monitored on guinea-pig right ventricu-
lar strips (Verma & McNeill, 1977; Kearney, Malta &
Raper, 1979). The preparations were mounted on a
platinum electrode and stimulated at 1 Hz with
square wave pulses of 2.5 ms duration and twice the
threshold voltage required to initiate contractile ac-
tivity. The bathing solution contained propranolol
and mepyramine (both 1 gmolIl) to preclude possible
interference from fi- and Hi-receptor mediated effects.
Preliminary experiments with phentolamine (30
pmol/l) indicated that a-receptor-mediated effects did
not interfere with the inotropic actions.

In each experiment, constant cumulative concen-
tration-effect curves to histamine were first obtained
at 20 min intervals and thereafter a curve to a test
compound was established. Responses to the test
compound were expressed as a percentage of the
maximal response to histamine.
Compounds with intrinsic activities of less than 0.6

(histamine = 1) were tested for antagonistic actions
by the method of Malta & Raper (1974); briefly, the
concentration of the drug producing its maximal
response was incubated with the tissue for 20 min
and thereafter a histamine curve was superimposed.
By this method, antagonism is assessed from shifts
in the superimposed concentration-effect curves to
histamine.

Ileal preparations

Histamine HI-receptor activity was assessed in
guinea-pig isolated ileal preparations obtained from
reserpine-treated animals (2.5 mg/kg, 24 h previously).
The bathing solution contained metiamide (50
jmol/l), propranolol (1 jmol/l), phentolamine (1
jxmol/l) and desipramine (0.5 1tmol/l) to prevent
interference from actions of test compounds at other
sites. Constant submaximal responses (40 to 60%
Emax) to histamine were first obtained at 3 min inter-
vals and thereafter the effects of the test drugs were
monitored.

Guinea-pig left atria

Prejunctional a-receptor-mediated actions of the com-
pounds were assessed by quantitating the reduction in

inotropic response to field stimulation of the intra-
mural sympathetic nerves in atropinized guinea-pig
left atria. The preparations were driven at a frequency
of 2 Hz with pulses of 1 ms duration and twice the
threshold voltage required for initiation of contrac-
tions. A 10 fold increase in this voltage for a period of
60 s produced maximal positive inotropic actions
which were due to the activation of intramural sym-
pathetic nerves. Inotropic responses were abolished in
the presence of either tetrodotoxin (10 ng/ml) or
propranolol (1 prmol/l). Responses to sympathetic
stimulation were elicited at 15 min intervals.

Preliminary experiments showed that the magni-
tude of the evoked responses remained constant over
a 2 h period even though resting contractility tended
to decline. Prejunctional a-receptor mediated actions
of the compounds were assessed from alterations in
the evoked sympathetic responses obtained in the
presence of mepyramine (1 pmol/l) cocaine (10
pmol/l) and atropine (1 pmol/l). Prejunctional
H2-receptors do not appear to influence sympathetic
responses in this preparation, since the H2-receptor
selective agonist, dimaprit ((<0.1 mmol/l) did not
affect responses to sympathetic stimulation. The
H2-receptor antagonists, cimetidine and metiamide
(10 imol/I), produced a small enhancement of the
evoked responses, possibly due to weak prejunctional
x-receptor antagonistic actions (Griffith, Marshall &
Nasmyth, 1978). For this reason they were not
included in the bathing solution.

In each experiment two control responses to sym-
pathetic stimulation were first obtained and then
increasing cumulative concentrations of the drug
under test were added to the bathing solution 5 min
before the next stimulation period. The tissue was not
washed during the course of the experiment. The
results were calculated as a percentage change in
evoked inotropic activity.

Rat vas deferens

Post-junctional a-receptor activity was monitored in
desheathed rat vas deferens preparations obtained
from reserpine-treated animals (1 mg/kg, 24 h pre-
viously). Contractile activity was assessed in the
presence of desipramine (0.5 jmol/l) propranoloL
mepyramine, atropine (all 1 pnol/l) and metiamide or
cimetidine (10 Snol/l). Corticosterone at a concen-
tration of 50 tmol/l did not affect the response to
noradrenaline and was therefore not included in the
bathing solution. Desipramine (0.5 jimol/l) was used
in preference to cocaine to block the neuronal uptake
process, since the latter agent has been shown to pro-
duce a sensitization of the post-junctional a-receptors
in this tissue (Warming, Pennefather & Handberg,
1978).
Dose-response curves to increasing concentrations
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of noradrenaline and the drugs under test were estab-
lished using a 5 min cycle and a drug contact time
sufficient to allow maximum responses (<30 s). In
each experiment two curves to noradrenaline were
obtained at 20 min intervals and thereafter a curve
was established to the drug under test. Results were
expressed as a percentage of the maximal response to
noradrenaline.
The drugs used were cimetidine, metiamide and

dimaprit (Smith, Kline & French); reserpine, desi-
pramine, phentolamine, naphazoline, xylometazoline
and tolazoline (Ciba-Geigy); oxymetazoline (Glaxo-
Allenbury); mepyramine (May & Baker); atropine,
noradrenaline, yohimbine and histamine (Sigma);
propranolol (Imperial Chemical Industries); prazosin
(Pfizer); thymoxamine (Warner); cocaine (Macfarlan
Smith) and the St compounds listed in Table 1
(Boehringer Ingelheim).

Stock solutions of the compounds (10 mmol/1) were
dissolved in 10 mmol/l HCI and suitable dilutions

made up in Krebs solution containing 20 mg/I ascor-
bic acid.

Results

Guinea-pig ventricle strips

Histamine produced positive inotropic responses in
the ventricular preparations, a five fold increase in
tension being obtained with maximal concentrations
of the amine. The mean EC50 concentration for this
action of histamine was 1.06 + 0.88 imol/l (n = 135).
Of the 24 imidazolidine and 6 imidazoline derivatives
tested, 18/24 and 3/6 compounds respectively, pro-
duced positive inotropic actions which were competi-
tively antagonized by the H2-receptor antagonists
metiamide or cimetidine (10 .mol/l). The concen-
tration-effect curves to the active compounds were
generally parallel to those of histamine. Traces from

Table 1 Structures of the imidazolidines and imidazolines used in the present study

Ring substitution

3 2

4 N=

5 6

2,6-diCl
2,6-diBr
2,6-diF
2-Cl, 6-F
2-CL 6-CH3
2,6-diCH3
2-CH3, 6-CH2CH3
2,6-diCH2CH3
2,5-diCl
2-CH3, 5-Cl
2-CH3, 5-F
2,4-diCl

Drug

H
/N-
N-
H

*St375
*St476
St608

Tramazoline
*St96
St681
St371

*St732
St666

*St89
St1943

*St465

(HNO3)
(HCI)
(HCI)
(HCI)
(base)
(HNO3)
(HCI)
(HCI)
(HBr)
(HCI)
(HBr)
(base)

Ring substitution

2-Cl, 4-CH3
2,3-diCl
2-CL 3-CH3
2,3-cyclohexano
2-Cl
2-F
2-CF3
2,4,6-triCl
2,6-diCl, 4-OH
2,4,6-triCH3
3,4-diOH
unsubstituted

3 2 H

4 v CH2 K]

5 6

2,6-diCl
2,3-benzo
2,4,6-triCH3
2,6-diCH3, 4-C(CH3)3
2,6-diCH3, 3-OH, 4-C(CH3)3
unsubstituted

* Compounds marked with an asterisk were used in physicochemical correlations (see Discussion).

Drug

Imidazolidines

*Clonidine
*St464
*Stl912
*St1923
*St93
*St95
St 1697

*St91
*St475
St585
St600

*St363

(HCI)
(HCI)
(base)
(HCI)
(HCI)
(HCI)
(base)*
(HCI)
(HCI)
(HCI)
(HCI)
(HCI)

Imidazolines

Stl913
Naphazoline
St71
Xylometazoline
Oxymetazoline
Tolazoline

(HCI)
(HCI)
(HCI)
(HCI)
(HCI)
(HCI)
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Figure 1 Traces showing the positive inotropic response to cumulative conicentrations of clonidine (Clon) in a

guinea-pig driven right ventricular strip preparation (1 Hz). The graphs show mean concentration-effect curves to
histamine (Hist) and three of the imidazolidines tested (n 3 4 comparisons). Results are expressed in terms of the
maximal response to histamine (Emax) and individual points show mean concentrations for a given percentage
effect.

an experiment with clonidine and mean concentra-
tion-effect curves for a number of the compounds
tested are shown in Figure 1.
Table 2 shows the intrinsic activities and pD2

values of the compounds displaying agonistic effects.
Activity ratios of the compounds with respect to his-
tamine were calculated from individual experiments
(drug EC_o:histamine EC5o) whereas those to cloni-
dine were obtained from the antilog of the difference
in mean pD2 values.
Compounds that were inactive (tramazoline, St363,

St476, St585, St732, St1943, St7l, xylometazoline,
oxymetazoline) as positive inotropic agents and those
which possessed intrinsic activities of less than 0.6
(histamine = 1.0) did not display any antagonistic
activity towards histamine.

Ileal preparations

All compounds, with the exception of St732, failed to

produce HI-receptor mediated contractions in
guinea-pig ileal preparations. St732, a compound that
was found to be inactive at H2-receptor sites, pro-
duced threshold responses at 0.1 mmol/l which were
antagonized by mepyramine (1 pmol/l). None of the
agents studied possessed HI-receptor antagonistic
actions since concentrations up to 0.1 mmol/l failed to
inhibit subsequent responses to histamine.

Guinea-pig left atria

Clonidine (10 nmol/l to 1 jmol/l) produced a

concentration-related inhibition of the inotropic re-
sponse to sympathetic nerve stimulation (mean
EC50 = 0.13 + 0.03 pmol/l), the mean maximal
reduction being 56 + 4% (n = 4). The inhibition pro-
duced by clonidine was reversed by phentolamine (5
timol/l) and yohimbine (0.1 i±mol/l), and was antag-
onized by the prior addition of these agents to the
bathing solution. Thymoxamine and prazosin (10

G1)

0
0.
U,a,)

lo-7
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pmol/l) were without effect on responses to clonidine.
The latter antagonists were also without effect on
inotropic responses to sympathetic stimulation
whereas phentolamine and yohimbine (10 nmol/l to 5
pmol/l) produced an enhancement of the inotropic
responses to sympathetic stimulation, mean maximal
increases in tension of 56 + 10% (n = 3) and 60 + 5%
(n = 4) above control values being obtained respect-
ively. The receptor involved thus appears to be simi-
lar to pre-junctional a-receptors described in other
tissues (see Starke, 1977 for review; Drew, 1976, 1977;
Doxey, Smith & Walker, 1977; Doxey, 1979). Reduc-
tion of sympathetically-induced increases in inotropic
activity in the guinea-pig left atria thus provides
a suitable measure for establishing full concentra-
tion-effect curves for drugs at pre-junctional a-recep-
tor sites. One limitation of this method occurs when
the drugs exert post-junctional fl-receptor-mediated
effects, a situation which does not arise with the
agents used in the present study. Of all compounds
examined, 10 imidazolidine and one imidazoline de-
rivative (oxymetazoline) produced inhibition of sym-
pathetic responses. These inhibitory responses were
reversed by the addition of phentolamine (5 to 50

pmol/l) to the bath. Table 3 shows the mean pD2
*alues (negative logarithm of the concentration pro-
ducing 50% of an individual compound's inhibitory
effect), maximal percentage reduction of the responses
and the activity ratios (antilog [pD2 clonidine - pD2
drug]) for the active compounds. Noradrenaline
could not be tested since this amine produces post-
junctional activation of fl-receptors thereby interfer-
ing with quantitation of the response.
The compounds St7l, St89, St363, St465, St475,

St476, St600, St681 and Stl913 produced concen-
tration-dependent increases in the responses to nerve
stimulation which were of similar magnitude to those
produced by phentolamine and yohimbine. The en-
hanced responses produced with these compounds
were reversed by clonidine (10 pmol/l).

Concentrations of 10 nmol/l to 50 gimol/l of the
remaining compounds produced only small and
inconsistent effects on the responses to sympathetic
stimulation. Under the present conditions it is im-
possible to determine whether the absence of effect of
these agents is due to lack of affinity for the pre-
junctional a-adrenoceptors or to complications result-
ing from dualist activity.

Table 2 Histamine H2-receptor actions of imidazolidines and imidazolines

Drug

Histamine
Imidazolidines
Clonidine
St93
St464
St1912
Stl923
St95
St1697
St9l
St681
St608
St96
St89
St371
St375
St465
St600
St475
St666
Imidazolines
St1913
Tolazoline
Naphazoline

Activity ratio Activity ratio
(Histamine) (Clonidine)

1.00

5.36 (0.35)
6.48 (1.21)
6.87 (1.59)

12.6 (1.30)
18.4 (2.6)
21.3 (4.3)
28.8 (4.1)
30.8 (5.2)
72.0 (9.9)
87.6 (23.1)
87.6 (15.6)
96.7 (12.6)
167.8 (12.8)
182.2 (28.4)
191.7 (22.4).
206.0 (43.0)
244.4 (36.9)
252.4 (22)

5.45 (0.75)
21.7 (2.7)

217.2 (12.3)

0.03

1.00
1.35
1.58
1.86
2.63
1.74
6.76
6.46

10.97
8.91

13.49
7.59

17.78
13.49
27.54
16.60
19.06
38.02

0.95
6.92

22.39

pD2

1.00

1.07 (0.05)
0.98 (0.03)
!.04 (0.05)
1.02 (0.02)
1.00 (0.06)
0.84 (0.10)
1.00 (0.10)
1.00 (0.04)
0.98 (0.02)
0.75 (0.04)
0.89 (0.10)
0.77 (0.16)
0.69 (0.32)
0.32 (0.02)
1.08 (0.08)
0.76 (0.12)
0.40 (0.09)
1.02 (0.05)

1.09 (0.06)
1.09 (0.04)
0.27 (0.05)

5.80 (0.05)

5.25 (0.15)
5.12 (0.04)
5.05 (0.22)
4.98 (0.09)
4.83 (0.08)
5.01 (0.08)
4.42 (0.07)
4.44 (0.06)
4.21 (0.12)
4.30 (0.16)
4.12 (0.08)
4.37 (0.07)
4.00 (0.19)
4.12 (0.18)
3.81 (0.09)
4.03 (0.11)
3.97 (0.14)
3.67 (0.05)

5.27 (0.06)
4.41 (0.10)
3.90 (0.07)

Mean activity ratios with respect to histamine (drug EC50: histamine EC50) and clonidine (antilog [pD2
clonidine - pD2 drug]), intrinsic activities (a, histamine = 1) and pD2 values are shown. Figures in parentheses
indicate s.e. mean obtained from at least 4 experiments.
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Rat vas deferens

Noradrenaline produced concentration-related con-
tractions of the desheathed rat vas deferens prep-
aration (mean EC50 = 0.42 ± 0.07 pmol/l, n = 127).

In contrast to the findings in the other preparations
used, all the imidazolidines and imidazolines tested
induced concentration-related contractions of the vas
deferens which were abolished by phentolamine (5
gmol/l). Figure 2 shows traces from an experiment
using clonidine and mean concentration-effect curves
for some of the compounds tested. Table 4 shows the
mean activity ratios (drug EC50:noradrenaline EC50
and antilog [pD2 clonidine - pD2 drug) intrinsic ac-
tivities (a, noradrenaline = 1.00) and the pD2 values
of the compounds. The drugs ranged in activity from
equiactive, to 100 times less active than noradrenaline
and all had intrinsic activities of less than unity.
Assessment of possible antagonistic actions of the

compounds was attempted; however, as noted by
Mujikc & van Rossum (1965), prolonged contact of the
tissue with these agents induces either desensitization
and/or spontaneous activity such that it is not poss-
ible to establish reliable superimposed responses to
noradrenaline.

Discussion

The results of the present experiments with imidazo-
lidine and imidazoline derivatives indicate that the
compounds lack affinity for histamine HI-receptors
while many have agonistic actions at histamine

H2-receptor sites. While all the compounds tested dis-
played agonistic effects at post-junctional a-receptors,
evaluation of their actions at pre-junctional sites was
complicated by the fact that both agonistic and
antagonistic effects were obtained. Discussion of
structure activity relationships for agonistic actions
must therefore be confined to the effects of the com-
pounds at histamine H2- and post-junctional a-recep-
tors.
At both histamine H2-receptors and post-junctional

a-receptors, molecules possessing a 2,6-dislibstitution
in the phenyl ring are the most active irrespective of
whether the compound contains an imidazolidine or
imidazoline ring. In the imidazolidine series, clonidine
(2,6-dichloro) St464 (2,6-dibromo), St95 (2,6-di-
methyl), St93 (2-chloro, 6-methyl), St1697 (2-methyl,
6-ethyl) and St91 (2,6-diethyl) possess substituents
that are large enough to produce interactions which
are energetically unfavourable with the nitrogen
atoms in the heterocyclic ring. Therefore the most
stable conformation is that in which the two rings are
aplanar (but not necessarily at right angles to each
other). The lower potency of the monosubstituted
compounds (St96, monochloro and St681, mono-
fluoro) may be a reflection of the greater degree of
rotation which is possible in such molecules. The
unsubstituted imidazolidine, St465, which on the
basis of energy barriers would be expected to be a
near planar molecule (Timmermans, van Zwieten,
Meerman-van Benthem, van der Meer & Mulder,
1977b) has a very low activity at both histamine H2-
and post-junctional a-receptors.

In contrast to the unsubstituted imidazolidine,

Table 3 Inhibition of stimulation-induced transmitter release by imidazolidine and imidazoline derivatives

Drug

Imidazolidines
Clonidine
St95
St9l
St371
St1943
St93
St666
St96
St464
Tramazoline
Imidazolines
Oxymetazoline

Activity ratio Maximal %
(Clonidine) reduction

1.00
8.13
8.13
8.13

12.30
19.06
20.89
54.95

208.93
323.59

17.38

56(4)
32 (7)
45(11)
70 (3)
56 (16)
70(20)
35 (15)
65(11)
73 (2)
95(1)

38(9)

pD2

6.93 (0.12)
6.02(0.11)
6.02 (0.08)
6.02 (0.53)
5.84 (0.20)
5.65 (0.19)
5.61 (0.09)
5.19 (0.27)
4.61 (0.08)
4.42 (0.08)

5.69(0.11)

Mean activity ratios (antilog [pD2 clonidine - pD2 drug]), maximal percentage reductions of response to sym-
pathetic stimulation and pD2 values are shown. Figures in parentheses indicate s.e. mean from at least 4 experi-
ments.
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Figure 2 Traces showing contractions to individual concentrations of clonidine (Clon) in a desheathed vas
deferens preparation from the rat. The graphs show mean concentration-effect curves (n 3 4 comparisons) to
noradrenaline (NA) and three of the imidazolidines studied. Responses are,expressed in terms of the maximal
response to noradrenaline (Emax) and individual points show mean concentrations for a given percentage effect.

St465, the imidazoline, tolazoline, shows high activity.
However, in this molecule the orientation of the two
rings and the two hydrogen atoms around the central
'bridging' carbon atom would be in a roughly tetra-
hedral arrangement, thus the phenyl and imidazoline
rings could be in different planes, a factor which
might explain its greater potency.

Consideration of the activities of the compounds at
H2-receptor sites indicate that within the series of
2,6-disubstituted imidazolidines, those which have
halide substitutions (clonidine, St464, St1912) are

more active than those with alkyl substitutions (St95,
Stl697, St9l). This suggests that molecules having
electron-withdrawing (e.g. chloro, bromo, fluoro) sub-
stituents have greater activity than those with
electron-donating groups (e.g. methyl, ethyl). In con-

trast to the actions of the compounds at H2-receptors,
electronic effects appear to have little influence on

activity at post-junctional a-receptor sites. Thus the
2,6-diethyl analogue, St9l, and the 2-methyl, 6-ethyl
compound, Stl697, both of which may be expected to
B.J.P. 69/4-i

donate electrons to the phenyl ring are approximately
equiactive to the dichloro compound, clonidine.
The introduction of substituents in addition to, or

in other than the 2,6-positions of the phenyl ring, lead
to marked differences in the activity of the com-
pounds at histamine H2- and post-junctional a-recep-
tors. Molecules with varying dichloro (St476, St363,
St475) or halo-alkyl (St375, St600, St585) and di-
hydroxy (Stl943) substituents are weak or inactive as

histamine H2-receptor agonists. Compounds with
three or more substituents on the phenyl ring as in
the imidazolidines St89, St666, St732 and the imida-
zolines St7l, xylometazoline and oxymetazoline, also
lack affinity for histamine H2-receptors.

In contrast, activity is retained at post-junctional*
a-receptors when the phenyl ring is substituted in any
position, for example St476 (2,3-dichloro), St6O8
(2-chloro, 3-methyl), St363 (2,4-dichloro) St375
(2-chloro, 4-methyl), St600 (2-methyl 5-fluoro), St475
(2,5-dichloro), St585 (2-methyl, 5-chloro), oxymetazo-
line, naphazoline and xylometazoline all range from

100

w
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0.37 to 8.7 times less active than clonidine. In addition
it does not appear that the nature of the substituent
group (e.g. chloro or methyl) affects the activity.

These results suggest that steric hindrance through
substitution in the 3-, 4- or 5-position may account
for reduced activity of the compounds at H2-receptor
sites, while this factor assumes little importance in
terms of post-junctional a-receptor actions. However
it is possible that other molecular properties may be
affected by substitutions in these positions and that
these may account for the reduced activity at
H2-receptor sites.
Although steric effects alone may determine bio-

logical activity within the series of compounds stud-
ied, other physicochemical properties may also play

an important role. Physicochemical data for 15 of the
imidazolidines studied (Table 1) was available from
the work of Timmermans, Brands & van Zwieten
(1977a) and Timmermans & van Zwieten (1978).
Linear, multiple and polynomial regression analyses
were used to determine possible correlations between
pD'2 values (pD2 values corrected for the degree of
ionization at pH 7.4) with pKa, log P (octanol-
phosphate buffer partition coefficient, pH 7.4) or (log
p)2.
No correlation was found between pD' and either

pKa (0.25 < P < 0.10), log P, (0.25 < P < 0.10) or
(log p)2 (0.5 < P < 0.4) at histamine H2-receptors. A
correlation between pKa and pD'2 values fQr cx-recep-
tor activity just failed to reach statistical significance

Table 4 Postjunctional a-adrenergic receptor actions of imidazolidine and imidazoline derivatives

Drug

(- y
Noradrenaline

Imidazolidines
Tramazoline
St9l
Clonidine
St 1697
Stl912
St464
St 1923
St475
St93
St89
St608
St585
St732
St476
St 1943
St95
St666
St600
St363
St375
St681
St96
St371
St465
Imidazolines
Oxymetazoline
Naphazoline
Xylometazoline
St71
Stl913
Tolazoline

Activity ratio
(Noradrenaline)

1.00

1.70 (0.30)
1.99 (0.24)
3.10 (0.77)
3.13 (0.79)
5.86 (1.15)
6.41 (1.05)
7.52 (1.73)
8.63 (2.05)
10.13 (1.25)
10.45 (0.73)
10.77 (2.12)
10.77 (2.56)
11.27 (1.01)
13.53 (2.26)
13.94 (2.33)
16.01 (4.34)
17.96 (2.72)
18.38 (3.37)
23.61 (3.95)
26.81 (2.83)
31.50 (5.93)
55.25 (6.64)
75.78 (18.52)
97.90 (21.61)

1.16 (0.42)
4.99 (0.90)
8.91 (0.56)

17.80 (1.71)
18.35 (0.87)
51.05 (10.79)

Activity ratio
(Clonidine) a pD2

1.00 6.47 (0.03)

0.11
0.35
1.00
0.30
0.66
0.50
0.76
0.60
1.66
2.24
1.10
1.20
1.41
1.26
2.14
1.62
1.91
2.00
2.29
3.72
2.51
5.13
6.46
8.91

0.18
0.79
0.63
2.34
2.40
5.01

0.62 (0.05)
0.65 (0.04)
0.43 (0.03)
0.66 (0.07)
0.13 (0.01)
0.23 (0.04)
0.28 (0.01)
0.44 (0.06)
0.32 (0.03)
0.20(0.02)
0.23 (0.03)
0.4210.07)
0.31 (0.01)
0.31 (0.02)
0.67 (0.03)
0.49 (0.04)
0.38 (0.04)
0.31 (0.04)
0.27 (0.02)
0.13 (0.01)
0.15 (0.02)
0.23 (0.04)
0.23 (0.06)
0.09 (0.01)

0.48 (0.08)
0.59 (0.06)
0.47 (0.04)
0.34 (0.04)
0.25 (0.03)
0.09 (0.01)

6.52 (0.05)
6.03 (0.06)
5.58 (0.08)
6.10 (0.12)
5.76 (0.15)
5.88 (0.03)
5.70 (0.06)
5.80 (0.16)
5.36 (0.09)
5.23 (0.04)
5.54 (0.13)
5.50 (0.02)
5.43 (0.04)
5.48 (0.12)
5.25 (0.05)
5.37 (0.15)
5.30 (0.06)
5.28 (0.22)
5.22 (0.13)
5.01 (0.05)
5.18 (0.12)
4.87 (0.02)
4.77 (0.10)
4.63 (0.07)

6.33 (0.05)
5.68 (0.06)
5.78 (0.28)
5.21 (0.04)
5.20 (0.03)
4.88 (0.14)

Mean activity ratios with respect to noradrenaline (drug EC50: noradrenaline EC50), and clonidine (antilog [pD2
clonidine - pD2 drug]), intrinsic activities (a, noradrenaline = 1.00) and pD2 values are shown. Figures in paren-
theses indicate s.e. mean obtained from at least 4 experiments.
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(0.1 < P < 0.05); however, a significant correlation
was obtained between pD'2 and log P (pD'2 = 5.538
+ 0.274 (±0.093) log P, r = 0.634, s = 0.351,
F = 8.754, 0.02 < P < 0.01). The latter result is in
accord with previous findings by Timmermans et al.
(1977a) and Medgett, McCulloch & Story (1979) who
studied the actions of clonidine derivatives at 'central'
x-receptors and in the guinea-pig aorta respectively.
These results suggest that both steric and physico-
chemical properties may play a role in determining
activity of imidazolines at a-receptor sites, whereas
steric effects dominate the events for histamine
H2-mediated activity.
The relatively small number of compounds which

display agonistic actions at pre-junctional a-receptors
precludes detailed analysis of structure-activity re-
lationships. However, in general terms it appears that
2,6-disubstituted compounds are the most active and
that activity can be maintained in compounds with
substitutions in other positions on the phenyl ring.
These general results are in accord with those found
for the actions of the compounds at post-junctional
a-receptor sites; however, the relative potencies of the
compounds with respect to clonidine differ to a
marked extent at the two sites.
The actions of the imidazolidine and imidazoline

derivatives at pre-junctional a-receptors are reminis-
cent of partial agonists in that the compounds pro-
duced varying degrees of inhibition of the responses
to sympathetic nerve stimulation. It is of interest that
molecules which possessed low values of intrinsic
activity at post-junctional a-receptor sites in the rat
vas deferens generally enhanced responses to nerve
stimulation in the atria, while those which displayed
relatively higher intrinsic activities generally inhibited
responses to nerve stimulation. Partial agonistic
effects at pre-junctional a-receptor sites have pre-
viously been demonstrated for oxymetazoline and
clonidine (Medgett & McCulloch, 1978; Medgett et
al., 1978).

Although numerous workers have studied pre- and
post-junctional a-receptor actions of various imidazo-
lines and imidazolidines, only Timmermans & van
Zwieten (1977) have tested and developed structure-
activity relationships using a comparable number of
compounds to those tested in the present experiments.
These workers assessed central a-adrenoceptor
actions in terms of decreases in blood pressure in
anaesthetized rats. Structure-activity relationships
were developed after generating equations to relate
the fall in blood pressure to physicochemical proper-
ties of the molecules. They concluded that for potent
activity, the phenyl and imidazoline rings should be
aplanar and that the phenyl ring should contain

2,6-disubstituents, one substituent having a similar
bulk to chlorine and the other of a sufficient size to
maintain the aplanar conformation. In addition they
suggested that the 4-position of the phenyl ring
should remain unsubstituted.
Although there are similarities in the general con-

clusions reached by Timmermans & van Zwieten
(1977) and those found in the present study, there are
a number of differences. These may be related either
to differences in the 'central' a-receptors and those
found in the rat vas deferens, or in the methods used
to generate the results. Thus for instance, in the rat
vas deferens 2,3-, 2,4- and 2,5-dichloro (St476, 363 and
475) have a similar order of potency and are more
active than the 2-chloro substituted compound (St96),
while at central a-receptors these disubstituted com-
pounds vary widely in potency compared to St96. In
our results, the 2,3- and 2,5-disubstituted compounds
have a comparable potency, and thus do not support
the notion that only one side of the phenyl ring is of
importance to a-receptor activity (Timmermans &
van Zwieten, 1977). In addition, 4-substitution does
not appear to be unfavourable to activity in the vas
deferens as was found at central a-receptors (cf.
present results with St89 and St95 with TzlO and
Tz20 of Timmermans & van Zwieten, 1977).

In summary, molecules with 2,6-disubstitutions,
which assume an orientation where the phenyl and
imidazoline or imidazolidine rings are in different
planes, possess the greatest activity at both histamine
H2- and post-junctional a-receptor sites. The electro-
nic effects of the substituents appear to have a greater
influence on actions at H2- rather than the a-recep-
tors. This conformational requirement is similar to
the proposed crystal structure of clonidine (Meerman-
van Benthem, van der Meer, Mulder, Timmermans &
van Zwieten, 1975) in which the ground state confor-
mation of the molecule occurs when the two rings
were aplanar.
The major differences in the SAR of the molecules

at H2- and cx-receptor sites involves the influence of
substitutions in the 3, 4 or 5 positions of the phenyl
ring. Substitution in these positions preclude potent
activity at H2-receptor sites (possibly due to steric
hindrance) while a-receptor activity is maintained.
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