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Abstract:

Since 20 years the concept of specific imidazoline receptors has remained controversial. The problem with imidazoline receptors is

mostly due to their functional similarity to �-adrenoceptors. In this work, a pharmacodynamic model of isolated rat jejunum

longitudinal muscle strips constricted with acetylcholine (Ach) was applied to separate functional properties of the two types of

receptors. Relaxation of the preparation was measured as a function of concentration of 2-(benzofuranyl)-2-imidazoline (2-BFI),

a specific imidazoline I� receptor ligand, cirazoline, a potent I� receptor ligand and ��-adrenoceptor agonist, phenylephrine, an

agonist of ��-adrenoceptor, moxonidine, a ligand of I� receptor, efaroxan, a ligand of I� receptor and 5-bromo-

6-(imidazoline-2-yl-amino)quinoxaline (UK14304), an agonist of ��-adrenoceptor. Next, the effects of a series of imidazoline-

and/or �-adrenoceptor-binding drugs (prazosin, yohimbine, RS79948, RX821002, idazoxan and efaroxan) on the relaxation of the

Ach-constricted rat jejunum strips, induced by 2-BFI, cirazoline or phenylephrine, were studied. The obtained results demonstrate

the involvement of the postsynaptic imidazoline receptors in rat jejunum motility. These receptors are of I� subtype and are linked to

�-adrenoceptors of the predominantly �� subtype. The �� receptors dominate functionally over the I� in the isolated rat jejnum. The

proposed model might be useful in search for more specific new drugs.
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Abbreviations: A�� – agonist concentration that produces half

of the maximum drug effect, Ach – acetylcholine, E��� – maxi-

mum effect of individual drugs in percent of maximum preparation

response, EC�� – concentration of agonist that produces 25% of the

maximum preparation response, K� – dissociation constant of

agonist-receptor complex, determined by the Furchgott-Bursztyn

method of partial irreversible blockade, Hill’s coefficient-slop of

the function log [E/(E���–E) vs. log A, where E denotes magnitude

of pharmacological effect and A is concentration of the agonist

Introduction

Idea of specific imidazoline receptors emerged in

early 1980s following the observations by Bousquet

and co-workers [6, 8] and by other researchers [42]. It

remains controversial, however, and a group of their

devoted advocates remains rather ignored by the ma-

jority of pharmacological community. On the other

hand, a number of recent evidences makes the idea

more and more attractive [28, 49]. Certainly, its une-

quivocal confirmation could help to guide rationally

the search for centrally acting circulatory agents,

which would be devoid of the faults of the antihyper-

tensive drugs so far used, like sedative side effects

[7]. Moreover, the possible imidazoline receptors

could be original sites of action of new generations of

drugs [12, 36], in particular antidiabetic [13,16], psy-

chotropic [27, 33] and antineurodegenerative drugs

[43].
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Studies with radioligands proved the existence in

the organism of the sites which specifically bind imi-

dazolines (and oxazolines) [9,15]. Three subtypes of

the imidazoline receptor have been postulated: I1, I2

and I3 [14].

The problem with imidazoline receptors is that

functionally these receptors are hardly distinguishable

from �-adrenergic receptors [18, 30, 37]. Also,

physiological role of agmatine [16, 17, 39] and har-

mane [3], two postulated endogenous agonists of imi-

dazoline receptors, remains obscure. Imidazoline re-

ceptors have not been cloned yet [5].

Because the pharmacological models studied since

two decades have not provided unequivocal settle-

ment of the question of imidazoline receptors, in the

present project a model of isolated rat jejunum was

applied.

There are sporadic premises in the literature that

imidazoline receptors might be involved in modula-

tion of intestinal motility. For example, modulation of

gastric acid secretion and of the 5-HT3 or nicotinic

acetylocholine receptors was attributed to I1 site acti-

vation [33]. On the other hand, effects of moxonidine,

a reference I1 receptor ligand, have been considered

as likely mediated by �2-adrenoceptors [25]. Experi-

ments performed with [3H]-idazoxan and with

[3H]-idazoxan and [3H]-clonidine provided evidence

for the presence of imidazoline I2 binding sites in both

gastric and intestinal tissues [32, 50]. What is more, in

vivo studies showed that agmatine, a putative endoge-

nous imidazoline receptor ligand, stimulated gastric

secretion and worsened experimental mucosal injury

in rats [17].

Probable I2 receptors (non-adrenergic idazoxan

binding sites), accompanied with �2-adrenoceptors,

were also identified in rabbit colon [45].

The reports on the presence of agmatine [38] and

the so-callled immunoreactive clonidine-displacing

substance (irCDS) in intestinal tissues might be

treated as supporting the hypothesis of involvement of

imidazoline receptors in intestinal motility [31].

It is worth noting here that an involvement of pre-

synaptic imidazoline receptors in cholinergic motility

of ileum (guinea pig) was excluded [10].

In the experimental model used in the present

study, only the postsynaptic receptors can be taken

into account. As well as the imidazoline receptors,

these may be �-adrenoceptors, however.

�-Adrenoceptors are of importance in control of

digestion [11]. Since Ahlquist’s work [1] it has been

known that �-adenoceptor is mainly excitatory, ex-

cept in the intestine. Postsynaptic �-adrenoceptors are

of �1 type, but �2-adrenoceptors can also be located

postjunctionally [23].

Liu and Coupar [26] postulated �1-adrenoceptors

to be involved in mediating relaxation of the

carbachol-constricted isolated rat ileum longitudinal

muscle. Recently, other authors [28] suggested that

activation of �1-adrenoceptor may affect functional

consequences of imidazoline receptor I2 site-ligand

binding.

To answer the question of engagement of potential

postsynaptic imidazoline receptors in rat jejunum mo-

tility, a representative series of agents were studied

comprising those with presumed agonistic and antago-

nistic activity towards the postulated imidazoline re-

ceptors I1, I2 and I3 and/or towards the adrenergic re-

ceptors �1 and �2. The measured parameter was the

degree of relaxation of the isolated rat jejunum prepa-

ration, which was constricted with acetylcholine at

the concentration of 10–5 M. Non-cumulative agonist

concentration vs. muscle relaxation curves were con-

structed, either the absence and the presence of fixed

concentrations of the supposed antagonists.

Comparative analysis of the obtained data indicates

that imidazoline receptors are involved in rat jejunum

motility. These receptors have features which can be

ascribed to the subtype I2. The �-adrenergic receptors

with properties characteristic of the subtype �1 are

linked to the imidazoline receptors.

Materials and Methods

All the procedures applied were designed in accor-

dance with the generally accepted ethical standards

and the guidelines established by the Ethics Commit-

tee for Animal Experiments of the Medical University

of Gdañsk.

Animals

Male albino Wistar rats, 170–200 g of body weight,

were used throughout the study. They were fed stan-

dard laboratory chow and tap water was available ad

libitum. The rats were allowed to adapt to the con-

trolled laboratory conditions: temperature 20–22°C;

humidity 50%; 12 h per day light cycle for at least one
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week. During the last 24 h before the experiment, the

rats were not fed but had a free access to water. Di-

rectly before the experiment, the rats were sacrificed

by decapitation.

Preparation

The jejunum was excised with exception of the distal

5 cm, then cut along the the axis of the tissue and pre-

pared with a method of Ahtaridis et al. [2]. Longitudal

muscle strips were placed in Tyrode’s solution, aer-

ated with 95% O2 and 5% CO2. The composition of

the solution (pH 7.2–7.4) was: NaCl 136.9; KCl 3.35;

CaCl2 1.36; MgCl2 1.03; NaHCO3 11.9; NaH2PO4

1.48; glucose 5.00 (all concentrations in mM). The

preparations were mounted vertically in an isolated

organ chamber for the isotonic registration of me-

chanical activity.

Drugs

The following drugs were used: 2-BFI [2-(2-

benzofuranyl)-2-imidazoline], cirazoline, efaroxan,

idazoxan, RS79948 [(8aR,12aS,13aS)-5,8,8a,9,10,11,12,

12a,13,13a-dehydro-3-methoxy-12-(ethylsulfonyl)-6H-

isoquino[2,1-g][1,6]naphthyridine hydrochloride], RX

821002 [2-(2-methoxy-1,4-benzodioxan-2-yl)-2-imida-

zoline] and UK 14304 [5-bromo-6-(imidazoline-2-yl-

amino) quinoxaline], all from Tocris, London, UK;

acetylcholine, moxonidine, phenylephrine, prazosin

and yohimbine, all from Sigma-Aldrich, St. Louis,

MO, USA.

Experimental procedure

Tissues were allowed to equilibrate for 30 min in

carbogen-gased Tyrode’s solution (37°C) at a resting

tension of 2 g. The solution’s flow rate was 2 ml/min,

except for the contact time of the tested agents. Vi-

ability and contractility of each strip were examined

by the addition of Ach at concentration of 10–5 M. In-

troduction of Ach caused a sharp transient muscle

constriction, followed by its gradual relaxation. The

maximum observed constriction served as the control.

Only these preparations were subjected to the follow-

ing experiments, which could be constricted in a regu-

lar, reproducible manner.

A properly behaving smooth muscle strip was care-

fully washed in the incubation buffer and left for

20-min incubation. Then, the incubation buffer was

replaced with a solution containing 10–5 M Ach, in

which the preparation was incubated for another

20 min. That resulted in a full constriction of the

preparation. Next, the flow of incubation buffer was

stopped and the tested pharmacological agent was

added. The flow of incubation solution was stopped

for 15 min, what sufficed to attain appropriate relaxa-

tion effect. After that, the flow of a drug-free incuba-

tion buffer was restarted. The preparation was washed

several times and left to equlibrate for 20 min. Then,

the next concentration of the tested agent could be ap-

plied. In that way non-cumulative concentration-

response curves were constructed.

In the first series of experiments, the muscle re-

laxation effects of 2-BFI, cirazoline, efaroxan, ida-

zoxan, moxonidine, phenylephrine and UK14304 on

the acetylcholine-constricted isolated rat jejunum

were measured.

In the second series of experiments, the effects of

fixed concentrations of the selected agents of reported

affinity for imidazoline receptors on the relaxing ac-

tivity of cirazoline were studied.

In the third series of experiments, analogous effects

of the studied agents on the phenylephrine-induced rat

jejunum relaxation were measured.

A final experiment consisted in measuring effects

of a fixed concentration of idazoxan on the relaxation

curve of 2-BFI.

Statistical analysis

The data reported here were obtained in a series of at

least 6 independent experiments for every agent stud-

ied, each performed on a newly prepared rat jejunum

strip. Data points on the concentration-response

curves are presented as the means of 6–10 animals.

Values of agonist concentration that produces half

of the maximum drug effect (A50) and maximum ef-

fect of individual drugs in percent of maximum prepa-

ration response (Emax) for three agonists, 2-BFI, cira-

zoline and phenylephrine, in the absence and in the

presence of antagonists, were calculated from the

standard Clark-Ariëns relationship E = Emax A/(A + KA),

where A denotes agonist concentration, E – corre-

sponding effect in per cent of maximum tissue re-

sponse, Emax, caused by a given drug, KA – dissocia-

tion constant of the drug-receptor complex. Pharma-

cometric analysis included also Hill’s coefficient. All

the calculations were carried out with use of Graph-

Pad Prism 4 software (GraphPad Software Inc., USA).
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For the three agonists, also the dissociation

constant KA of the drug-receptor complex was

determined by the Furchgott-Bursztyn method of

partial irreversible blockade [47] in the presence of

given concentrations of the studied antagonists. The

method consists in relating reciprocals of

equieffective concentrations of the agonist in the

absence (A) and in the presence (A’) of a given

concentration of an antagonist. The following

relationship: (1/A) = (1/q)(1/A’) + (1/KA)(1/q – 1) was

employed to calculate KA from the slope and intercept

of the plot.

For 2-BFI, cirazoline and phenophrine also the

concentration of agonist that produces 25% of the

maximum preparation response (EC25) was calculated

from the agonist concentration-tissue response curves

obtained in the absence and in the presence of the

studied antagonists.

EC25 and KA were calculated based on the

Clark-Ariens theory with the help of Statistica

software (StatSoft Inc., Tulsa, OK, USA).

Results

Figure 1 shows non-cumulative concentration-effect

relationships for 2-BFI, a selective ligand of imida-

zoline I2 receptor [19, 24, 28], cirazoline, a strong

ligand of I2 receptor [39], moxonidine, a selective

ligand of I1 receptor [51], efaroxan, a specific ligand

of I3 receptor as well as an �2-adrenoceptor antago-

nist [12, 39], phenylephrine, an �1-adrenoceptor ago-

nist [11] and UK14304, an agonist of �2-adrenoceptor

[11]. The effect refers to relaxation of isolated rat je-

junum strips constricted with Ach at the concentration

of 10–5 M.

Pharmacometric parameters, which were measur-

able for three agents studied, are collected in Table 1.

Phenylephrine (A50 = 3.32 × 10–6 M) appears to be

about an order of magnitude less active than cirazoline

(A50 = 7.01 × 10–7 M), whereas 2-BFI (A50 = 1.14

× 10–5 M) is nearly two orders of magnitude less ac-

tive and about 20% less efficient. Also, the EC25 val-

ues, reflecting the relaxation potency, are nearly three

times higher for phenylephrine and some one-hundred

times higher for 2-BFI than for cirazoline.

In Figure 2, the relaxing effects of non-cumulatively

increasing concentrations of cirazoline are given, as

obtained in the absence and in the presence of indi-

cated concentrations of individual agents. In Table 2,

the respective pharmacometric parameters of cira-

zoline are given as determined in the presence of the

indicated concentrations of the studied agents.

Figure 3 presents the relaxing effects of phenyl-

ephrine, determined in the absence and in the presence

of the selected imidazolines and/or �-adrenoceptor-

binding agents. Prazosin, yohimbine, RS 79948 and

efaroxan caused rightward shifts to the concentration-

response curves of phenylephrine. The respective

pharmacometric parameters of phenylephrine are col-

lected in Table 3.

Figure 4 illustrates the relaxing effects of 2-BFI,

determined in the absence and in the presence of idazoxan.

The corresponding pharmacometric parameters of

2-BFI are given in Table 4.
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Fig. 1. Non-cumulative curves of the relationship between concen-
tration of cirazoline (�), phenylephrine (�), moxonidine (�), UK
14304 (�), 2-BFI (�) and efaroxan (�) and percent relaxation of iso-
lated rat jejunum constricted with 10

��
M acetylcholine. Data points

are the means ± SEM of 10 experiments for cirazoline and 7 experi-
ments for the remaining agents

Tab. 1. Pharmacometric parameters of relaxing activity of the ago-
nists on the acetylcholine-constricted isolated rat jejunum

Agent A��

[mole/l]
EC��

[mole/l]
E max
[%]

Cirazoline 7.01 (± 0.13) x 10�� 1.74 (± 0.24) x 10�� 55 ± 2

Phenylephrine 3.32 (± 0.46) x 10�� 4.68 (± 0.52) x 10�� 63 ± 15

2-BFI 1.14 (± 0.20) x 10�� 1.66 (± 0.43) x 10�� 38 ± 4



Discussion

As documented in Figure 1 and Table 1, the relaxing

activity of cirazoline in the acetylcholine-constricted

isolated rat jejunum is significantly higher than that

of 2-BFI and phenylephrine. A50 for 2-BFI is 1.14

× 10–5 M and for phenylephrine it is 3.32 × 10–6 M,

whereas the corresponding value for cirazoline is 7.01

× 10–7 M. Compliance with classical receptor theory

of cirazoline behavior is confirmed by almost ideal

Hill’s coefficient, which equals 1.01. Also, the EC25

values for 2-BFI and phenylephrine are significantly

larger than for cirazoline. Maximum effects obtained

with cirazoline and with phenylephrine are closely

similar. However, phenylephrine causes maximum re-

laxation at concentrations of 10–5 M. Maximum effect
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Fig. 2. Non-cumulative curves of the relationship between concentration of cirazoline and percent relaxation of isolated rat jejunum constricted
with 10

��
M acetylcholine in the absence and in the presence of the indicated drugs. Data points are the means ± SEM of 10 experiments for ci-

razoline alone and 7 experiments for cirazoline in the presence of prazosin (A), yohimbine (B), prazosin + yohimbine (C), RS79948 (D),
RX821002 (E) and efaroxan (F). Asterisks denote significance levels of differences in activity between cirazoline alone and cirazoline in the
presence of a given concentration of an imidazoline and/or �-adrenoceptor-binding agent: * p � 0.05, ** p � 0.01, *** p � 0.001



of 2-BFI is smaller and is observed for the agent’s

concentrations approaching 10–4 M.

The relaxing activity of cirazoline was stronger

than that of phenylephrine, although maximum effects

did not differ (Tab. 1). Both efficacy and affinity of

2-BFI was significantly lower than those of cira-

zoline. That observation is in agreement with the re-

ports [39] indicating that binding of cirazoline to the

I2 receptor is stronger than that of 2-BFI, although the

latter agent is the receptor’s selective ligand.

Relaxing activities of efaroxan and moxonidine

were very weak. Also the compound UK14304 did not

induce relaxation of an Ach-constricted rat jejunum.

Analyzing results shown in Figure 2 one will note

that prazosine (Fig. 2A) at concentration of 10–7 M

strongly decreases, and at concentration of 10–6 M

practically abolishes, the effects of cirazoline. Figure

2B shows that effects of cirazoline are weakly antago-

nized by yohimbine, a classical �2-adrenoceptor an-

tagonist. The effective yohimbine concentration is as

high as 3 × 10–6 M. Concentration of yohimbine of

10–7 M did not affect significantly the cirazoline

curve. Also, the combined action of prazosin (10–7 M)

and yohimbine (3 × 10–6 M) is not stronger than that

of 10–7 M prazosine alone (Fig. 2C). The antagonistic

effects of RS 79948, a highly selective �2-adrenoce-

ptor antagonist, at concentration of 10–7 M are evi-

dently weaker than the corresponding effects of pra-

zosin (Fig. 2D). Compound RX 821002, another se-

lective �2-adrenoceptor antagonist of none, weak or

disputable affinity for imidazoline receptors appears

to antagonize relaxing activity of cirazoline similarly

to prazosin (Fig. 2E). Efaroxan decreases the effects

of cirazoline even more strongly than the former

agents (Fig. 2F).

Moxonidine, a selective ligand of imidazoline I1

receptors [51], and UK14304, an agonist of �2-adren-

oceptors [11], do not cause the isolated jejunum re-

laxation. That observations seem to clearly exclude

involment of postsynaptic I1, I3 and 2 receptors in the

effects under study.

Cirazoline is classified as a typical ligand of imida-

zoline I2 receptor [39], having also a marked affinity

for �1-adrenoceptor [7, 11, 35]. Cirazoline is also re-

ported to be an �2-adrenoceptor agonist [40].

Phenylephrine, a non-imidazoline derivative, is

a standard agonist of �1-adrenoceptors [22, 41]. 2-BFI

is the most specific ligand of I2 receptors [19, 24, 28].

Therefore, one can hypothesize that the postsynaptic

imidazoline receptors, probably of the subtype I2, are

present in smooth muscle of rat jejunum. These recep-

tors are similar to and/or are accompanied by the

�-adrenoceptors, especially of the subtype �1.

Liu and Coupar [26] postulated the receptor studied

in an analogous rat jejunum preparation to be an

�1-adrenoceptor. However, a weaker effect of pheny-

lephrine than cirazoline in our experiments can be in-

terpreted as supporting the recent suggestions of
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Tab. 2. Pharmacometric parameters of cirazoline determined in the presence of indicated concentrations of imidazolines and/or
�-adrenoceptor-binding agents

Agent A��

[mole/l]
K

[mole/l]
EC��

[mole/l]
Emax
[%]

Cirazoline + Prazosin 10�� M 1.93 (± 0.22) � 10–5 4.35 (± 2.75) � 10�� 1.25 (± 0.84)� 10�� 54 ± 7

Cirazoline + Prazosin 10�� M 2.90 (± 1.24) � 10�� * 5.47 (± 3.25) � 10�� 1.16 (± 0.29) � 10�� 25 ± 10

Cirazoline + Yohimbine 3 � 10��M 2.98 (± 0.49) � 10�� 5.33 (± 1.58) � 10�� 1.60 (± 0.28) � 10�� 44 ± 7

Cirazoline + Prazosin 10�� M

+ Yohimbine 3 � 10��M

4.01 � 10�� 1.22 (± 1.44) � 10�� 2.40 (± 1.2) � 10�� –

Cirazoline + RS79948 10�� M 4.74 (± 0.55) � 10�� 4.63 (± 3.34) � 10�� 3.59 (± 3.19) � 10�� 42±7

Cirazoline + RS79948 10�� M 1.14 (± 0.68) � 10�� 7.55 (± 0.24) � 10�� – 16±4

Cirazoline + R � 821002 10�� M 1.98 � 10�� * 1.64 (± 1.26)� 10�� 2.14 (± 0.97) � 10�� –

Cirazoline + R � 821002 10�� M 1.14 (± 0.68) � 10�� 7.87 (± 1.53) � 10�� – 16±4

Cirazoline + Efaroxan 10�� M 3.75 (± 0.72) � 10�� 4.92 (± 2.34) � 10�� 1.12 (± 0.87) � 10�� 32±5

Cirazoline + Efaroxan 10�� M 9.82 (± 0.58) � 10�� 2.09 (± 1.32) � 10�� 1.00 (± 0.73) � 10�� 42±4

* In the calculations the highest concentration indicated in Figure 2 was not considered



Bousquet et al. [7] that the receptor involved might be

a hybrid of imidazoline (I2) and � adrenergic (�1) re-

ceptors.

A closer inspection of the plots in Figure 1 indi-

cates that the effects of cirazoline are more or less

a sum of the effects of phenylephrine and 2-BFI. That

would make sense as phenylephrine is a selective ago-

nist of �1-adrenoceptors of a negligible affinity for I2

receptors [19], 2-BFI is a highly I2 receptor-selective

ligand and cirazoline possesses affinity to both �1 and

I2 receptors. Therefore, further experiments were un-

dertaken either to support or to refute that hypothesis.

Prazosin at the concentration of 10–7 M strongly

decreases, the effects of cirazoline (Fig. 2, Tab. 2).

That indicates that there are �1-adrenoceptors in rat

jejunum, which are involved in Ach-induced

constriction, as prazosin is reported to bind strongly

to these receptors [11, 25, 40].

The effects of cirazoline are weakly antagonized by

yohimbine, a classical �2-adrenoceptor antagonist.

The effective yohimbine concentration is as high as

3 × 10–6 M. The concentration of yohimbine of 10–7 M

did not affect significantly the cirazoline curve. Also,

the combined action of prazosin (10–7 M) and yo-

himbine (3 × 10–6 M) is not stronger than that of 10–7

M prazosine alone (Fig. 2C).

The data given in Figure 2D speak against a signifi-

cant engagement of postsynaptic �2-adrenoceptors in

the observed effects. Here, the antagonistic effects of

RS 79948, a highly selective �2-adrenoceptor antago-

nist [12, 48], at the concentration of 10–7 M, are evi-

dently weaker than the corresponding effects of pra-
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Fig. 3. Non-cumulative curves of the relationship between concentration of phenylephrine and percent relaxation of isolated rat jejunum con-
stricted with 10

��
M acetylcholine in the absence and in the presence of the indicated drugs. Data points are the means ± SEM of 7 experiments

for phenylephrine alone and in the presence of prazosin (A), yohimbine (B), RS79948 (C), and efaroxan (D). Asterisks denote significance lev-
els of differences in activity between phenylephrine alone and phenylephrine in the presence of a given concentration of an imidazoline and/or
�-adrenoceptor-binding agent: * p � 0.05, ** p � 0.01, *** p � 0.001
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zosin. On the other hand, compound RX 821002, an-

other selective �2-adrenoceptor antagonist of none

[10], weak [40] or disputable [12, 19] affinity for imi-

dazoline receptors appears to antagonize relaxing ac-

tivity of cirazoline similarly to prazosin (Fig. 2E). Our

results would support the presumptions [29] on some

affinity of RX 821002 for imidazoline receptors.

Experiments with the efaroxan also support the hy-

pothesis on the involvement of imidazoline receptors

in the cirazoline-induced rat jejunum relaxation. Efar-

oxan decreases the effects of cirazoline even more

strongly than the former agents (Fig. 2F). Efaroxan is

a reference ligand of the imidazoline receptor I3 but it

also has affinity for the I1 and I2 receptors [46] and

�-adrenoceptors [12]. Hence, the results obtained

here with efaroxan could be interpreted in favor of the

engagement in the rat jejunum motility of the imida-

zoline receptor I2, in combination with �1-adrenoce-

ptors.

Our results obtained with phenylephrine in the

presence of prazosin, yohimbine, RS 79948 or efaroxan

(Fig. 3, Tab. 3) further support the assumption that the

imidazoline receptors, along with the �-adrenoceptors,

are involved in the relaxation of Ach-constricted rat

jejunum.

Prazosin (Fig. 3A) seemingly affects initial part of

the phenylephrine curve to a lesser extent than the ci-

razoline curve. However, maximum phenylephrine ef-

fects in the presence of prazosin are lower than the

corresponding effects of cirazoline. Comparison of

the results obtained for cirazoline and phenylephrine

(Fig. 2A and 3A, respectively) leads to the conclusion

that �1-adrenoceptors might be more important than

I2 receptors for the rat jejnum motility but both types

of postsynaptic receptors play a role in pharmacologi-

cal response to the agents under study.

Experiments with phenylephrine can shed more

light on the type of �-adrenoceptor accompanying the

imidazoline I2 receptor in rat jejunum smooth muscle.

Phenylephrine has a much higher affinity to �1 than to

�2 receptors [11]. Inhibitory effects of yohimbine

against the relaxation caused by phenylephrine (Fig.

3B) are stronger than against the relaxation due to
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Tab. 3. Pharmacometric parameters of phenylephrine determined at the presence of indicated concentrations of imidazolines and/or
�-adrenoceptor-binding agents

Agent A��

[mole/l]
K�

[mole/l]
EC��

[mole/l]
Emax
[%]

Phenylephrine + Prazosin 10�� M 1.22 (± 1.17) � 10�� 2.69 (± 0.89) � 10�� 8.08 (± 6.32) � 10�� 27 ± 8

Phenylephrine + Prazosin 10�� M 3.48 (± 1.00) � 10�� 1.21 (± 0.59) � 10�� 1.62 (± 1.45) � 10�� 30 ± 9

Phenylephrine + Yohimbine 3 � 10��M 2.07 (± 1.19) � 10�� 3.80 (± 2.41) � 10�� 1.00 (± 1.20) � 10�� 20 ± 6

Phenylephrine + RS79948 10�� M 1.49 (± 0.95) � 10�� 3.18 (± 2.29) � 10�� 1.95 (± 0.94) � 10�� 44 ± 17

Phenylephrine + Efaroxan 10�� M 1.40 (± 0.87) � 10�� 3.41 (± 1.9) � 10�� 5.25 (± 4.12) � 10�� 38 ± 5

Phenylephrine + Efaroxan 10�� M 3.13 (± 0.45) � 10�� 4.62 (±1.50) � 10�� 4.17 (± 1.91) � 10�� 42 ± 8
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Fig. 4. Non-cumulative curves of the relationship between concentra-
tion of 2-BFI and percent of relaxation of isolated rat jejunum con-
stricted with 10

��
M acetylcholine in the absence and in the presence

of idazoxan (10
��

M). Data points are means ± SEM of 7 experiments
for 2-BFI alone and of 5 experiments at the presence of idazoxan

Tab. 4. Pharmacometric parameters of 2-BFI determined in the pres-
ence of idazoxan

Agent A��

[mole/l]
EC��

[mole/l]
Emax
[%]

2-BFI
+ idazoxan 10��M

2.29 (± 0.48)
� 10��

2.95 (± 0.86)
� 10��

65 ± 30



cirazoline (Fig. 2B). That confirms the observed

weaker antagonistic effects of yohimbine on the

imidazoline receptors (more strongly occupied by

cirazoline) than on �-adrenoceptors. (more strongly

occupied by phenylephrine).

Phenylephrine-induced rat jejunum relaxation is

very weakly inhibited by RS 79948, even at its con-

centration as high as 10–6 M (Fig. 3C). As RS 79948

is an antagonist of �2-adrenoceptor [12], its low activ-

ity rather precludes meaningful involvement of the

�2-adrenoceptor in the effects measured. On the other

hand, yohimbine, another classical �2-adrenoceptor

antagonist, more strongly reduces relaxing effects of

phenylephrine than those of cirazoline. That might be

due to a stronger stimulation by cirazoline of the imi-

dazoline receptor, which is not affected by yohimbine.

That argumentation is certainly disputable because

the applied effective concentrations of yohimbine and

RS 799448 are rather high (� 10–6 M).

Figure 3D illustrates effects of efaroxan on the

phenylephrine-induced rat jejunum relaxation. These

effects are evidently weaker than in the case of cira-

zoline. Cirazoline is a recognized ligand of I2 recep-

tors, whereas phenylephrine is not. On the other hand,

efaroxan possesses affinity towards imidazoline re-

ceptors. That all would support the assumption on the

involvement of the imidazoline receptors in rat jeju-

num relaxation.

In Figure 4 and Table 4, the results of the experi-

ments involving 2-BFI and idazoxan, two reference

selective ligands of I2 receptors are presented. As re-

gards generally all the ligands of imidazoline recep-

tors, also idazoxan is not clearly identified to be an

agonist or an antagonist of the I2 receptors, although it

tends to be occassionally suggested as an antagonist

of these receptors [12]. The concentration of idazoxan

of 10–7 M does not abolish the relaxant effects of 2-

BFI, however. On the contrary, Figure 4 indicates

a trend for idazoxan to strenghten the relaxation due

to 2-BFI. The effect is of low statistical significance

but seems to confirm idazoxan activity in the experi-

mental system applied. Thus, the observed imida-

zoline receptor-mediated rat jejnum motility might be

due to the I2 receptor.

The results of pharmacodynamic tests reported

here support the hypothesis on the involvement of

imidazoline I2 receptors, linked to �1-adrenoceptors,

in rat jejunum motility. �1-Adrenoceptors seem to

dominate in that combination.

The hybrid character of the I/� receptor system

observed here and independently reported [7]

certainly complicates the search for the drugs

specifically acting on imidazoline receptors. In such a

situation, several pharmacodynamic models are useful

to identify individual receptor contribution to the

effects measured. For that reason the proposed model

of isolated rat jejunum may be recommended. The

data presented here in support of the existence of

imidazoline receptors certainly substantiate further

studies. Further studies employing rat jejnum

preparation might be useful in elucidating of

a possible role of imidazoline receptors in control of

diabetes [4, 34], cardiovascular [7, 21], psychiatric

[27, 33] and neurodegenerative diseases [12, 43].
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