
Pharmacological Reports 67 (2015) 267–274
Original research article

Biofunctional studies of new 2-methoxyphenylpiperazine xanthone
derivatives with a1-adrenolytic properties
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A B S T R A C T

Background: The aim of this study was to assess the selectivity of the studied xanthone derivatives for a1-

adrenoceptor subtypes (a1A, a1B, a1D, a1L) in functional experiments in order to verify if they possess any

selectivity for a distinct subtype of a1-adrenoceptor. Moreover, several pharmacological tests were

carried out to assess whether they reveal other than a1-adrenoceptor blocking properties such as:

antagonistic for 5-HT2 receptors, vasorelaxant or spasmolytic.

Methods: The influence on a1A-adrenoceptors was examined in biofunctional studies employing

isolated rat vas deferens, on a1B-adrenoceptors in guinea-pig spleen, on a1D-adrenoceptors in rat aorta,

and on a1L-adrenoceptors in rabbit spleen. Affinity for 5-HT2 receptors was measured in radioligand

binding assay, whereas antagonistic potency for 5-HT2 receptors was studied on isolated rat aorta.

Vasorelaxant effect of tested compounds was assessed in functional study employing rat aorta, whereas

direct spasmolytic activity was investigated using the isolated rabbit small intestine.

Results: The present study provides evidences that the tested 2-methoxyphenylpiperazine xanthone

derivatives are non-selective a1-adrenoceptor blockers. However, at higher concentrations the direct

spasmolytic effect could enhance their hypotensive activity. The obtained results indicate that the

studied xanthones possessed weak calcium entry blocking activity, as well as antagonistic properties for

5-HT2A receptors.

Conclusions: The results of the present study support the idea that the hypotensive activity of the studied

compounds is related to their a1-adrenolytic properties.

� 2014 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier Urban & Partner Sp.

z o.o. All rights reserved.
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Introduction

Pharmacological research on the new xanthone derivatives
with potential biological properties has remained the area of
interest for the past several years and has been documented by a
number of publications. This kind of compounds have been shown
to possess profitable effects on several cardiovascular diseases. It
has been reported that xanthone derivatives possess antiarrhyth-
mic, hypotensive, vasorelaxant, antiplatelet, antithrombotic, anti-
inflammatory, and antioxidant activities [1–5]. The biological
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activities of xanthones are associated with their tricyclic scaffold
(dibenzo-g-pyrones), however vary depending on the nature and/
or position of substituents [6]. Lin et al. [7] have reported that v-
aminoalkoxylxanthones showed significant antiplatelet effect on
the aggregation induced by thrombin, arachidonic acid, collagen or
platelet activating factor, as well as vasorelaxant activity in rat
thoracic aorta. Some of v-aminoalkoxylxanthones, as well as
xanthonoxypropanolamines have also shown hypotensive activity
in normotensive rats [8]. Other research groups have reported the
vasodilator action of 1,5-dihydroxy-2,3-dimetoxy-xanthone,
which are connected with both endothelium-dependent and
endothelium-independent mechanism [9,10]. Furthermore, it
has been found that oxygenated and prenylated xanthones
scavenge oxygen free radicals and inhibit the production of lipid
y Elsevier Urban & Partner Sp. z o.o. All rights reserved.
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Table 1
Schematic structure of the studied 2-methoxyphenylpiperazine derivatives of

xanthone.
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peroxides in myocardial tissues [11]. 3,4,5,6-Tetraxydroxyx-
anthone possessed protective effect on myocardial ischaemia/
reperfusion injury, which could be related to inhibition of TNF-a
and reactive oxygen species production [12]. On the other hand,
among polysulfated derivatives of xanthone dual anticoagulant/
antiplatelet agents have been found [13]. Moreover, our recent
findings suggest that among 4-aminoalkanolo- and 2-phenox-
yethylpiperazinpropoxy-xanthone derivatives new compounds
with antiarrhythmic and/or hypotensive activity may be found
[5,14].

In our previous study, we described a series of the new 2-
methoxyphenylpiperazine xanthone derivatives with prominent
antiarrhythmic and hypotensive activity. These compounds
possess high affinity for a1-adrenoceptors, whereas affinities for
a2- and b1-adrenoceptors are much weaker [15]. Moreover, we
confirmed a1-adrenolytic activity of the studied agents in the in

vitro (isolated rat aorta contracted by phenylephrine) and in vivo

(influence on blood vasopressor response in rats) tests [16]. The
obtained results suggest that antiarrhythmic and hypotensive
effects could be related to their a1-adrenoceptors antagonistic
properties.

Continuing this line of work, we have now assessed the
selectivity of the studied xanthone derivatives for a1-adreno-
ceptor subtypes (a1A, a1B, a1D, a1L) in functional experiments in
order to verify if they possess any selectivity for a distinct
subtype of a1-adrenoceptor. Moreover, several pharmacological
tests were carried out to assess if other than a1-adrenoceptor
blocking properties are involved in the antiarrhythmic and/or
hypotensive effect of the selected xanthone derivatives. Hence,
we analyzed their affinity for 5-HT2 receptors in radioligand
assay, as well as antagonistic potency for 5-HT2 receptors in
isolated rat aorta. We also tested the interaction of the
compounds with voltage-dependent calcium channels in func-
tional study employing rat aorta and we checked if the tested
agents possess direct spasmolytic activity using the isolated
rabbit small intestine.

Materials and methods

Animals and experimental conditions

The experiments were carried out on male Wistar rats (180–
230 g), Outbred CV guinea-pigs (250–300 g), New Zealand rabbits
(1.5–2 kg). Animals were housed in cages in a room at a constant
temperature of 20 � 2 8C. They had free access to standard pellet diet
and water. All the procedures were approved by the Local Ethics
Committee of the Jagiellonian University in Kraków.

Chemicals

Three compounds, 2-methoxyphenylpiperazine derivatives
of xanthone: MH-94 (4-(3-(4-(2-methoxyphenyl)piperazine-1-
yl)propoxy)-9H-xanthen-9-one hydrochloride), MH-99 ((R,S)-4-
(2-hydroxy-3-(4-(2-methoxyphenyl)piperazine-1-yl)propoxy)-9H-
xanthen-9-one hydrochloride), MH-105 ((R,S)-4-(2-acetoxy-3-(4-
(2-methoxyphenyl)piperazine-1-yl)propoxy)-9H-xanthen-9-one
hydrochloride), were synthesized at the Department of Bioorganic
Chemistry, Chair of Organic Chemistry, Jagiellonian University
Medical College (Table 1). The synthesis of the investigated
compounds was described earlier [15].

The following drugs were used: (�)-noradrenaline hydrochlo-
ride, acetylcholine hydrochloride, nifedipine, phentolamine hydro-
chloride, serotonin, yohimbine hydrochloride (Sigma–Aldrich,
Germany), heparin sodium (Polfa, Poland), and thiopental sodium
(Biochemie Gmbh, Austria). Other chemicals used were obtained
from POCh (Poland).
Experimental protocol

Influence on a1A, a1B, a1D and a1L-adrenoceptors

The influence on a1A-adrenoceptors was studied employing
isolated rat vas deferens. Rats were sacrificed by cervical dislocation
under anaesthesia with thiopental sodium (75 mg/kg, ip) and vasa
deferentia were carefully isolated and set up in 30 ml chambers
containing Tyrode solution (NaCl 130 mM, KCl 2.0 mM, CaCl2
1.8 mM, MgCl2 0.9 mM, NaH2PO4 0.42 mM, NaHCO3 25 mM, glucose
5.6 mM) at 37 8C and pH 7.4 with constant oxygenation (O2/CO2,
19:1), subjected to 1 g initial optimal tension for the recording of
isometric contractile responses (FDT10-A force displacement trans-
ducer, BIOPAC Systems, Inc., COMMAT Ltd., Turkey).

The influence on a1B-adrenoceptors was studied employing
isolated guinea-pig spleen. Guinea-pigs were anaesthetized with
thiopental sodium (100 mg/kg, ip) and exsanguinated from the
common carotid arteries. The spleen was removed and cut into
strips of approximately 20 mm, which were set up in organ bath
under a resting tension of 1 g in a Krebs–Henseleit solution (NaCl
119 mM, KCl 4.7 mM, CaCl2 1.9 mM, MgSO4 1.2 mM, KH2PO4

1.2 mM, NaHCO3 25 mM, glucose 11 mM, EDTA 0.05 mM) at 37 8C
and pH 7.4 with constant oxygenation (O2/CO2, 19:1).

The influence on a1D-adrenoceptors was studied employing
isolated rat thoracicaorta. Ratsweresacrificed by cervical dislocation
under anaesthesia with thiopental sodium (75 mg/kg, ip) and the
thoracic aorta was carefully dissected, cleaned of surrounding fat
tissues, denuded of endothelium and cut into approximately 4 mm
long rings. The aorta rings were mounted horizontally under
isometric conditions in organ bath filled with a Krebs–Henseleit
solution at optimal tension of 2 g and allowed to equilibrate.

The influence on a1L-adrenoceptors was studied employing
isolated rabbit spleen. Rabbits were sacrificed by cervical
dislocation under anaesthesia with thiopental sodium (150 mg/kg,
ip). The spleen was removed and cut into strips of approximately
20 mm, which were set up in organ bath under resting tension of 1 g in
a Krebs–Henseleit solution. During a 100 min equilibration period, all
tissues were stimulated with noradrenaline followed by washout
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until the contractile response had become constant. Two cumulative
concentration-response curves to noradrenaline were determined on
each tissue at a 60 min interval in the absence and presence of
antagonist. Tissues were incubated with tested compound for 30 min.
The experiments were conducted in the continuous presence of
propranolol (1 mM) to minimize the involvement of b-adrenoceptors
in the response to noradrenaline [17–22].

Serotonin 5-HT2 receptor radioligand binding assay

The experiments were conducted on the rat cerebral cortex.
[3H]ketanserin 60.0 Ci/mmol, was used 5-HT2A receptors. The
assay procedure has been carried out according to the methods
previously described by Czopek et al. [23]. Ki values were
calculated using the Cheng and Prusoff equation [24].

Influence on 5-HT2 receptors

Another series of experiments were performed in order to
determine the antagonistic potency of the studied compounds to
5-HT2 receptors located in the rat aorta. Rats were sacrificed by
cervical dislocation under anaesthesia with thiopental sodium
(75 mg/kg, ip) and the thoracic aorta was isolated, denuded of
endothelium, cut, mounted and incubated as described above.
After the equilibration period, 60 mM KCl was added to test for
viability and to normalize individual aortic isometric force
response to agonist. After removal of KCl, two cumulative
concentration-response curves to serotonin were determined on
each arterial ring at 60 min in the absence and presence of tested
compounds.

Influence on the contraction induced by KCl

The influence on isolated rat aorta precontracted with KCl in
order to examined their calcium entry blocking properties was
studied as precisely described earlier [25]. Concentration-relaxa-
tion curves were received by cumulative addition of the tested
compounds (MH-94, MH-99, MH-105, nifedipine) to the precon-
tracted aortic preparations.

Influence on isolated rabbit ileum

The direct relaxant activity was studied employing isolated
rabbit small intestine, as described previously [18]. The influence
of every single dose was recorded for 5 min.
Fig. 1. Effect of compound MH-94 ona1-adrenoceptors. Concentration-response curves to

94 (filled symbols). (a) rat vas deferens (a1A-adrenoceptors), (b) guinea-pig spleen

adrenoceptors). Values are expressed as percentage of the maximum contractile response
Data analysis

Concentration-response curves were analyzed using GraphPad
Prism 4.0 software (GraphPad Software Inc., San Diego, CA, USA).
Curves were fitted to all the data by non-linear regression to
determine Hill slopes for the agonist concentration-response
curves and to calculate EC50 values. Schild analysis was performed,
and where the slope was not significantly different from unity, the
pA2 value was determined [19]. Where a slope appeared to be
significantly different from unity, the affinity was estimated with
the equation pKB = log (concentration ratio � 1) � log (molar an-
tagonist concentration) [18].

Concentration-relaxation curves were analyzed using Graph-
Pad Prism 4.0 software. Relaxant responses are expressed as a
percentage of inhibition of the maximal tension obtained with the
contractile agent. The concentration needed to produce 50% of the
maximum relaxation (IC50) was calculated.

Statistically significant differences were calculated using one-
way analysis of variance (ANOVA) and the post hoc Dunnett’s test.
The criterion for significance was set at p < 0.05.

Results

Functional affinity for a1-adrenoceptor subtypes: a1A, a1B, a1D and

a1L

The antagonist activity of test compounds towards a1A-
adrenoceptors was assessed by inhibition of noradrenaline
induced contractions in rat vas deferens. All tested compounds
in a concentration-dependent manner produced a shift to right,
however at higher concentrations reduced the maximum response
(Figs. 1a–3a), which means that they did not show competitive
antagonism. The strongest antagonistic activity revealed com-
pound MH-99 with pKB value of 7.59 � 0.02, whereas for
compounds MH-94 and MH-105 the pKB values were
7.39 � 0.06 and 7.35 � 0.02, respectively.

In contrast, the tested compounds in guinea-pig spleen caused
parallel shifts to the right of noradrenaline concentration-response
curve, indicating competitive antagonism at splenic a1B-adreno-
ceptors, giving a Schild plot with a slope not significantly different
from unity (Figs. 1b–3b). The strongest antagonistic activity
 noradrenaline (NA) in the absence (&) or presence of increasing concentration of MH-
 (a1B-adrenoceptors), (c) rat aorta (a1D-adrenoceptors), (d) rabbit spleen (a1L-

 induced by NA for each experiment. Each point represents the mean � SEM (n = 4–8).



Fig. 2. Effect of compound MH-99 on a1-adrenoceptors. Concentration-response curves to noradrenaline (NA) in the absence (&) or presence of increasing

concentration of MH-94 (filled symbols). (a) rat vas deferens (a1A-adrenoceptors), (b) guinea-pig spleen (a1B-adrenoceptors), (c) rat aorta (a1D-adrenoceptors), (d)

rabbit spleen (a1L-adrenoceptors). Values are expressed as percentage of the maximum contractile response induced by NA for each experiment. Each point represents

the mean � SEM (n = 4–8).
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revealed compound MH-105 with pA2 value of 7.47
(s = 0.93 � 0.01). Weaker antagonistic potency showed compounds
MH-94 and MH-99 with a pA2 values of 7.20 (s = 0.90 � 0.01) and 7.05
(s = 1.07 � 0.02), respectively.

Similarly, the tested compounds in isolated rat aorta antago-
nized noradrenaline evoked contraction and shifted the noradren-
aline response to the right without affecting the maximum
response, indicating competitive antagonism at a1D-adrenocep-
tors in this tissue (Figs. 1c–3c). The strongest antagonistic activity
revealed compound MH-94 with pA2 value of 8.39 (s = 1.14 � 0.02).
Weaker antagonistic potency showed compounds MH-99 and MH-
105 with a pA2 values of 8.25 (s = 1.16 � 0.03) and 8.13
(s = 1.0 � 0.06), respectively.

The tested compounds in rabbit spleen antagonized nor-
adrenaline-evoked contraction and shifted the noradrenaline
Fig. 3. Effect of compound MH-105 on a1-adrenoceptors. Concentration-response curves to

94 (filled symbols). (a) rat vas deferens (a1A-adrenoceptors), (b) guinea-pig spleen (a1B-ad

Values are expressed as percentage of the maximum contractile response induced by NA
response to the right without affecting the maximum response,
indicating competitive antagonism at a1L-adrenoceptors in this
tissue (Figs. 1d–3d). Compounds MH-94 and MH-105 revealed
similarly antagonistic activity with pA2 values of 7.69
(s = 0.98 � 0.01) and 7.68 (s = 0.84 � 0.03), respectively. Weaker
antagonistic potency showed compounds MH-99 with a pA2 values
of 7.54 (s = 0.84 � 0.02). Table 2 summarizes the mean pA2 and pKB

values and slopes determined from Schild plots for the tested
compounds.

Binding for 5-HT2A receptors

The pharmacological profile of the new compounds for 5-HT2A

receptors was evaluated by radioligand binding assays with
[3H]ketanserin as specific ligand. The results indicated that all
 noradrenaline (NA) in the absence (&) or presence of increasing concentration of MH-
renoceptors), (c) rat aorta (a1D-adrenoceptors), (d) rabbit spleen (a1L-adrenoceptors).

 for each experiment. Each point represents the mean � SEM (n = 4–8).



Table 2
Functional affinities of the tested compounds for a1A-adrenoceptors in rat vas deferens, a1B-adrenoceptors in guinea-pig spleen, a1D-adrenoceptors in rat aorta and a1L-

adrenoceptors in rabbit spleen.

Compound a1A-adrenoceptors a1B-adrenoceptors a1D-adrenoceptors a1L-adrenoceptors

pKB� SEM pA2� SEM (slope � SEM) pA2� SEM (slope � SEM) pA2� SEM (slope � SEM)

MH-94 7.39 � 0.06 7.20 � 0.03 (0.90 � 0.01) 8.39 � 0.09 (1.14 � 0.02) 7.69 � 0.02 (0.98 � 0.01)

MH-99 7.59 � 0.02 7.05 � 0.05 (1.07 � 0.02) 8.25 � 0.07 (1.16 � 0.03) 7.54 � 0.02 (0.84 � 0.02)

MH-105 7.35 � 0.02 7.47 � 0.01 (0.93 � 0.01) 8.13 � 0.08 (1.00 � 0.06) 7.68 � 0.07 (0.84 � 0.03)

Antagonist potency of compounds are expressed as pA2/pKB� SEM of 4–8 experimental results. pA2 values were obtained from the linear regression of Schild plot. pKB values were

calculated according to relationship pKB = log(concentration ratio � 1) � log(molar antagonist concentration).
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the tested compounds possess weak affinity for 5-HT2A receptors
with Ki > 500 nM.

Serotonin-induced contraction of isolated rat aortic rings

The antagonistic potency of the studied compounds for 5-HT2

receptors was studied using isolated rat aorta. Compounds MH-99
and MH-105 at the concentration of 1 mM did not influence
contraction induced by serotonin. In contrast, compound MH-94
shifted serotonin concentration-response curve to the right,
however it reduced the maximum response, indicating non-
competitive antagonism (Fig. 4). The pKB value was 6.84 � 0.02.

Influence on the voltage-dependent calcium channels

The studied compounds were tested on isolated rat aorta
precontracted with high-K+ due to investigate their calcium entry
blocking properties. Compounds MH-94 and MH-105 at the range of
concentration 1–300 mM relaxed KCl (60 mM)-precontracted aortic
rings in dose-dependent manner with the IC50 value 21.2 and
30.8 mM, respectively (Fig. 5). However, none of the tested
compounds was able to inhibit the contractile response completely,
only by 77.9 and 64.5%, respectively. Compound MH-99 at that
range of concentration was not able to relax aortic rings. The value of
maximal relaxation was only 21.4 for that compound. Nifedipine,
which is well known voltage-dependent calcium channel blocker,
inhibited completely contraction induced by KCl depolariznig
solution. The IC50 value for nifedipine was 3.75 � 0.2 nM (n = 4).
Under the same experimental condition, urapidil was not able to
induce relaxation of aortic rings [20]. The obtained results suggest that
two compounds, MH-94 and MH-105, may possess weak voltage-
dependent calcium channel blocking properties.

Influence on isolated rabbit ileum

In order to clarify the possible direct relaxant activity of the
tested compounds, an experiment on isolated rabbit ileum was
Fig. 4. Effect of compound MH-94 on 5HT2A-adrenoceptors in isolated rat aorta.

Concentration-response curves to serotonin (5-HT) in the absence (&) or presence

of increasing concentration of MH-94 (filled symbols). Values are expressed as

percentage of the maximum contractile response induced by 5-HT for each

experiment. Each point represents the mean � SEM (n = 4).
performed. The tested compounds MH-94 and MH-105 influenced
significantly the frequency of contractions of rabbit isolated small
intestine only at the highest tested concentration (10 mM),
whereas compound MH-99 influenced the frequency of contrac-
tion also at the concentration of 1 mM. Two compounds MH-94
and MH-99 diminished significantly amplitude of contractions at
concentrations of 1 and 10 mM, whereas MH-105 only at the
highest one. As shown in Figs. 6 and 7, MH-94 decreased the
frequency of contraction by 7.6% (10 mM) and the amplitude by
33.3% (1 mM) and 73.7% (10 mM). Compound MH-99 decreased the
frequency of contraction by 15% (1 mM) and 46.1% (10 mM),
whereas amplitude by 31% (1 mM) and 87.6% (10 mM). MH-105
decreased the frequency of contraction by about 66.1% and the
amplitude by about 77.6% (10 mM). Under the same experimental
condition, urapidil had no significant influence on of rabbit isolated
small intestine [20]. In the control group the frequency was from
10.6 � 0.5 to 12.5 � 0.8/min; the amplitude from 2.7 � 0.3 to
3.4 � 0.6 g, n = 4–6. These results indicate that the compounds had
some direct effects on the smooth muscles at higher concentrations.

Discussion

In previously published paper we described a series of xanthone
derivatives which showed antiarrhythmic and hypotensive activi-
ty, as well as high affinity for a1-adrenoceptors. The prominent
antiarrhythmic and hypotensive activity was found for three
compounds, named MH-94, MH-99 and MH-105. These com-
pounds possess high affinity for a1-adrenoceptors (Ki = 4, 18 and
50 nM, respectively), whereas their affinity for a2-adrenoceptors is
much weaker (Ki = 0.69, 4.3 and 2.1 mM, respectively). They reveal
also weak affinity for b1-adrenoceptors (Ki = 3.2, 7.6 and 11.2 mM,
respectively). These in vitro results reveal that the test compounds
are highly selective for a1-adrenoceptors compared to a2-
adrenoceptors (a2/a1 = 173, 42, 236, respectively) [15]. Our
extended studies indicated that these compounds demonstrated
prominent antiarrhythmic activity in both: prophylactic (given iv

15 min before arrhythmogen) and therapeutic (given iv at the peak
of arrhythmia) model of adrenaline-induced arrhythmia. More-
over, we confirmed their a1-adrenolytic activity in isolated rat
Fig. 5. Effect of the tested compounds and nifedipine on contraction of aortic rings

induced by KCl (60 mM). Values are expressed as mean of 4 experiments for each.



Fig. 6. Effect of the tested compounds on frequency of isolated rabbit ileum

contractions. Values are expressed as mean of 4 experiments for each. Statistical

analysis: repeated measure ANOVA; post hoc Dunnett’s test: ***p < 0.001.
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aorta contracted by phenylephrine, where they indicated compet-
itive antagonism for a1-adrenoceptors. Since all compounds were
able to antagonize the vasopressor response elicited by adrenaline,
noradrenaline and methoxamine and antagonize contraction
induced by phenylephrine in functional studies, we supposed
that the antiarrhythmic and hypotensive effects are related to their
a1-adrenoceptors antagonistic properties [16].

In the present study we assessed the selectivity of the studied
xanthone derivatives for a1-adrenoceptor subtypes in functional
experiments. It is well established, that the a1-adrenoceptor subtype
predominant in the rat vas deferens has been classified as the a1A-
adrenoceptor, whereas contraction to noradrenaline in guinea-pig
spleen is mediated predominantly by a1B-adrenoceptors, and in rat
aorta by a1D-adrenoceptors [17,21,22]. Whereas, it seems that a1L-
adrenoceptor subtype is notnew subtype, butrepresentsa functional
phenotype of a1A-adrenoceptor subtype [22,26,27].

In human the a1A-adrenoceptor subtype is predominant in
prostate and urethra and plays role in mediating the contractile
response of the prostate. a1-adrenoceptor antagonists, such as
alfuzosin, doxazosin, tamsulosin and silodosin are effective in
reducing benign prostatic hyperplasia and lower urinary tract
symptoms. Tamsulosin and silodosin are highly selective a1A-
adrenoceptor blockers, therefore they show little cardiovascular
adverse events [28]. The group of a1-adrenoceptor antagonists are
well known drugs in the treatment of hypertension. Their action at
these receptors prevents the vasoconstrictive effects of catecho-
lamines, resulting in vasodilation and thus a reduction in
peripheral vascular resistance. It is remarkable, that a1-adreno-
ceptor antagonists, including prazosin, doxazosin and urapidil,
have beneficial effects on glucose and lipid metabolism, therefore
they may be particularly useful in patients with concomitant
hyperlipidemia, type 2 diabetes and/or metabolic syndrome
[29]. In the group of a1-adrenoceptor antagonists, there is also
Fig. 7. Effect of the tested compounds on amplitude of isolated rabbit ileum

contractions. Values are expressed as mean of 4 experiments for each. Statistical

analysis: repeated measure ANOVA; post hoc Dunnett’s test: **p < 0.01,

***p < 0.001.
urapidil, which is peripheral postsynaptic a1-adrenoceptor antag-
onist and in addition, it has central agonist action at serotonin 5-
HT1 receptors. Therefore it decreases the central sympathetic
outflow and vagal stimulation, and prevents the reflex tachycardia
often observed with vasodilator therapy [30]. Since urapidil in its
structure contains the 2-methoxyphenylpiperazine moiety, which
is also present in the structure of the tested compounds, it has been
used as reference compound.

Functional studies demonstrate that the tested compounds
revealed antagonistic properties to all subtypes of a1-adrenocep-
tor. The strongest antagonistic activity for a1A-adrenoceptors
showed compound MH-99 with pKB value of 7.59, whereas for
compounds MH-94 and MH-105 the pKB values were 7.39 and
7.35, respectively. All tested compounds indicated competitive
antagonism for splenic a1B-adrenoceptors. The strongest antago-
nistic effect revealed compound MH-105 with pA2 value of
7.47. Weaker antagonistic potency showed compounds MH-94
and MH-99 with a pA2 values of 7.20 and 7.05, respectively.
Similarly, they indicated competitive antagonism for a1D-adreno-
ceptors in rat aorta. The pA2 values for compounds MH-94, MH-99
and MH-105 are 8.39, 8.25 and 8.13, respectively. Comparing the
obtained pA2 and pKB values we could state, that the studied agents
have similar functional affinities for a1A- and a1B-subtypes, while
the affinity for a1D-subtype is approximately 5–16-fold stronger
than for a1B-subtype. Moreover, all compounds show also similar
affinity for a1A- and a1L-subtypes. In view of the foregoing, the
results of functional studies indicate that the tested compounds
are non-selective a1-adrenoceptor blockers, which is in agreement
with our earlier studies and support the idea that their prominent
hypotensive and antiarrhythmic activities are connected first of all
with a1-adrenolytic properties.

However, as they antagonize a1A- and a1D-subtypes, they may
be also beneficial for the treatment of hypertension with benign
prostatic hyperplasia or lower urinary tract disorders [31,32]. It has
been reported that terazosin (non-selective a1-adrenoceptor
antagonist), tamsulosin (selective a1A > a1D-adrenoceptor antag-
onist) and naftopidil (selective a1D > a1A-adrenoceptor antago-
nist) reduce the nocturia, while silodosin (highly selective a1A-
adrenoceptor antagonist) does not decrease the number of night-
time voiding. It suggests that a1D-subtype plays an important role
in the facilitation of voiding reflex [31].

The effects of serotonin in the cardiovascular system are
complex. On the one hand, serotonin induces release of vasodilator
substances such as nitric oxide by stimulating 5-HT1 receptors on
endothelium, on the other hand, vascular smooth muscle
contraction induced by serotonin is mediated by 5-HT2A receptors,
which activates the rho/rho kinase pathway to regulation of
myosin light chain and then vasoconstriction [33]. 5-HT2A

receptors are located also in platelets and their stimulation
potentiates platelet aggregation [34,35]. Moreover, 5-HT2A recep-
tors are also involved in migration and cell proliferation
[36,37]. Therefore, compounds with 5-HT2A antagonistic proper-
ties are of significant interest, because of their potential involve-
ment in mediating many cardiovascular diseases. Studies by
various group using different models have demonstrated that
xanthone possess prominent vasorelaxing and antiplatelet activi-
ties [7,13,38]. One of the possible mechanism of this action could
be interaction with serotonin receptors located in blood vessels.
Wang et al. have reported that 1,5-dihydroxy-2,3-dimetoxy-
xanthone and its metabolite were able to antagonize contraction
produce by serotonin in concentration-dependent manner, how-
ever, in case of parent drug the removal of endothelium
significantly affected the vasodilator responses [8,9]. In another
study g-mangostin, which is prenylated xanthone derivative was
found as specific 5-HT2A receptor antagonist in vascular smooth
muscle cells and platelets [39].
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In the present study we used isolated rat aorta to assess
antagonistic activity to 5-HT2A receptors. After removing the
endothelium, only these receptors are functionally present in rat
aorta and mediate potent vasoconstriction [40]. Among tested
compounds only MH-94 revealed antagonistic activity to 5-
HT2A. However, its antagonistic potency is much lower
(pKB = 6.84) than obtained for ketanserin (pKB = 8.67), which is
well known 5-HT2A-antagonist [40]. Compounds MH-99 and MH-
105 at the concentration of 1 mM did not influence on contraction
induced by serotonin. This is in agreement with radioligand
binding assay, which shows that tested compounds possess weak
affinity for 5-HT2A receptors (Ki > 500 nM).

In the present study, the calcium entry blocking properties were
examined on isolated rat aorta. The contraction elicited by KCl
mainly results from the influx of extracellular Ca2+ induced by
depolarization of cell membrane and subsequent opening of
voltage-dependent calcium channels [41]. It has been reported
that unsubstituted xanthone or simple oxygenated xanthones can
block L-type Ca2+ channels and inhibit calcium influx through
voltage-dependent and receptor-operated calcium channels
[9,42]. However, all tested herein xanthone derivatives revealed
weak Ca2+ entry blocking properties. The received EC50 values are
about 1000 times higher than that of nifedipine, so their inhibitory
effects on the contractile response caused by high K+ are much
weaker.

The results obtained from experiment with isolated rabbit
ileum revealed that the studied compounds showed significant
effect on the spontaneous frequency and amplitude of contractions
of isolated rabbit intestine, but only at higher concentrations
(1 and 10 mM). These results may indicate that the direct effect on
the smooth muscle could enhance hypotensive activity caused by
a1-adrenoceptor blocking properties.

In conclusion, the present study provides evidences that the
tested 2-methoxyphenylpiperazine xanthone derivatives are non-
selective a1-adrenoceptor blockers.

These data support the idea that the hypotensive activity of the
studied compounds is related to their a1-adrenolytic properties.
However, at higher concentrations the direct spasmolytic effect
could enhance their hypotensive activity. The obtained results
indicate that the studied xanthones possessed weak calcium entry
blocking activity, as well as antagonistic properties for 5-HT2A

receptors. Further pharmacological tests are currently being
carried out in order to explore their influence on other serotonergic
receptors (radioligand binding studies and in vivo pharmacological
tests).
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