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Abstract:

New arylpiperazines with a four-methylene spacer containing a terminal pyrimido[2,1-f] theophylline fragment (4–6) were

synthesized, and their 5-HT�� and 5-HT�� receptor affinities were determined. All these compounds displayed a high affinity for

5-HT�� receptors (K� = 0.5 – 21.5 nM), and low affinity for 5-HT�� ones. The results of in vivo experiments showed that compounds

4–6 revealed potential agonistic activity at presynaptic 5-HT�� receptors, whereas their functional activity at postsynaptic 5-HT��

sites was diversified. In fact, compounds 4, 5 and 6 behaved like partial agonists, antagonists or agonists of postsynaptic 5-HT��

receptors, respectively. The pharmacological properties of the tested compounds were discussed in comparison with those of the

three methylene-analogs (1–3) described earlier.
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Introduction

Recently, it was found that anellation of a five-, six-

or seven-membered ring at the 7,8-position of theo-

phylline changed the profile of its central nervous sys-

tem activity. The pharmacological evaluation of a se-

ries of novel tricyclic theophylline derivatives with an

imidazo-, pyrimido- or diazepin[2,1-f]theophylline

moiety demonstrated their sedative effect on the CNS

[5, 13–16].

Arylpiperazine derivatives display diverse pharma-

cological activity which can be mediated by different

subpopulations of serotonin (5-hydroxytryptamine,

5-HT), dopamine and adrenergic receptors [7]. Among

them, long-chain arylpiperazines (LCAPs), have been

recognized as 5-HT receptor ligands, in particular

5-HT1A and 5-HT2A ones [9, 11].

In the course of developing of new 5-HT1A and/or

5-HT2A ligands, we obtained a series of LCAPs con-

taining a complex heterocyclic terminal fragment

based on the pyrimido[2,1-f]theophylline moiety [4].

In order to explore the influence of such a modifica-

tion on serotonergic activity, the original, tricyclic ter-

minus was combined with the extensively studied

arylpiperazines (i.e. unsubstituted, m-Cl, o-OCH3
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phenylpiperazines or pyrimidopiperazines) via a three-

unit spacer chain [17]. All the tested compounds were

found to be potent 5-HT1A receptor ligands (Ki =

2.1–42 nM). Moreover, some of them behaved like ei-

ther antagonists (1) [4] or agonists (2) [17] of that re-

ceptor subtype, whereas their 5-HT2A receptor affinity

was usually lower (Ki = 126–8140 nM) [4, 17].

Those divergent results prompted us to further in-

vestigate that group of compounds. Since LCAPs

with a four-unit spacer generally display higher affin-

ity for 5-HT1A receptors and in many cases different

intrinsic activity than shorter-chain ones [9], we de-

cided to obtain three most representative butyl ana-

logs (4–6) of the previously described ligands (1–3)

(Tab. 1), to establish if there is a chance to obtain new

ligands with not only high affinity but also interesting

profile of intrinsic activity. In order to examine the in-

fluence of these modifications on pharmacological

properties, 5-HT1A and 5-HT2A receptor affinity and

5-HT1A receptor functional profile were determined

for the obtained compounds.

Materials and Methods

CHEMISTRY

Melting points were determined in open capillaries on

a Büchi 353 melting point apparatus and are uncor-

rected. 1H-NMR spectra were determined with a Var-

ian BB 200 (300 MHz) instrument. Chemical shifts

are expressed in ppm downfield from the internal

TMS as a reference. Mass spectra (MS) were recorded

using a Finnigan MAP 95-S mass spectrometer (EI

mode, 70 eV). The purity of the products was con-

firmed by TLC method on silica gel 60 F254 plates

(Merck) with the use of the appropriate solvents (Tab.

2). After development of chromatograms, the plates

were inspected under UV light (� = 254 nm). The new

products were purified by recrystallization and were

analyzed by C, H, N, quantitative micro method. Ele-

mental analyses were carried out with an Elementar

Vario EL III and were within ± 0.4% of the theoretical

values (supplementary materials).

The synthesis of the investigated compounds is shown

in Figure 1. The starting 9-H-pyrimidin-8-on[2,1-f]theo-

phylline (I) was obtained according to the previously

described procedure [18]. Subsequent alkylation of I

(4.94 g, 0.02 mol) with 1,4-dibromobutane (8.63 g,

0.04 mol), in biphasic system with 0.45 g triethylben-

zylammonium chloride (TEBA) as an interphase cata-

lyzer, in the presence of anhydrous potassium carbon-

ate (5.52 g, 0.04 mol) in 50 mL of acetone, yielded

9-(4’-bromo)-butyl intermediate II. Target compounds

4–6 were obtained upon condensation of the halogen

derivative II (0.95 g, 0.0025 mol) with 2-fold excess

of the appropriate arylpiperazine in 15 ml of boiling

2-methoxyethanol (2-CH3O-EtOH). The crude products

were crystallized from ethanol to yield free bases. For

biological assays, the obtained bases were converted

into hydrochloride salts in anhydrous ethanol saturated

with gaseous HCl. The precipitated salts were recrystal-

lized from anhydrous ethanol and their molecular for-

mulas were established on the basis of an elemental

analysis. The physicochemical properties of the target

compounds are given in Table 2.

II: obtained in 59% yield; mp 173–175°C (etha-

nol). Rf : S1 = 0.48, S2 = 0.56; 1H-NMR (CDCl3) �

(ppm): 1.95–2.02 (m, 4H, CH2CH2CH2CH2), 3.42 (s,

3H, N3–CH3), 3.45–3.48 (m, 2H, CH2CH2CH2CH2),

3.61 (s, 3H, N1–CH3), 4.28–4.32 (t, 2H, N–CH2,

J = 7.8 Hz), 6.27–6.30 (d, 1H, C7–H, J = 7.7 Hz),

8.50–8.52 (d, 1H, C6–H, J = 7.7 Hz); MS (EI) m/z

(relative intensity) 383 ([M + 2]+, 26), 381 ([M]+, 26),

302 (22), 260 (11), 248 (38), 247 (100), 219 (3),

218 (9), 217 (2), 191 (9), 190 (15), 162 (24), 135 (16),

82 (28), 55 (61). Anal. (C14H16N5O3Br) C, H, N.

4: 1H-NMR (CDCl3) � (ppm): 1.61–1.82 (m, 2H,

CH2CH2CH2CH2), 1.85–1.92 (m, 2H, CH2CH2CH2CH2),

2.45–2.52 (m, 2H, CH2CH2CH2CH2), 2.62–2.65 (m, 4H,

N(CH2)2), 3.19-3.23 (m, 4H, (CH2)2N), 3.43 (s, 3H,

N3–CH3), 3.61 (s, 3H, N1–CH3), 4.28–4.33 (t, 2H,

N–CH2, J = 7.4 Hz), 6.28–6.30 (d, 1H, C7–H, J = 7.7 Hz),

6.82–6.93 (m, 3H, Ph), 7.25–7.28 (m, 2H, Ph),

8.49–8.52 (d, 1H, C6–H, J = 7.7 Hz); MS (EI) m/z

(relative intensity) 464 ([M + 1]+, 10), 463 ([M]+, 34),

448 (8), 357 (6), 331 (16), 302 (4), 260 (3), 248 (7),

247 (8), 175 (100), 160 (7), 147 (7), 132 (18),

105 (22), 104 (16), 84 (13), 70 (11), 42 (7). Anal.

(C24H29N7O3) C, H, N.

5: 1H-NMR (CDCl3) � (ppm): 1.60–1.88

(m, 4H, CH2CH2CH2CH2), 2.45–2.50 (m, 2H,

CH2CH2CH2CH2), 2.65 (m, 4H, N(CH2)2), 3.08

(m, 4H, (CH2)2N), 3.43 (s, 3H, N3–CH3), 3.61 (s, 3H,

N1–CH3), 3.85(s, 3H, OCH3), 4.28–4.33 (t, 2H,

N–CH2, J = 7.1 Hz), 6.27–6.30 (d, 1H, C6–H,

J = 7.7 Hz), 6.84–7.01 (m, 4H, Ph), 8.50–8.52 (d, 1H,

C6–H, J = 7.7 Hz); MS (EI) m/z (relative intensity)

230 �����������	��� 
������ ����� ��� �������



494 ([M + 1]+, 13), 463 ([M]+, 43), 478 (10), 357 (3),

331 (6), 302 (7), 247 (15), 206 (15), 205 (100),

190 (21), 177 (15), 162 (12), 136 (15), 120 (9),

84 (11), 70 (20), 55 (10), 42 (8). Anal.

(C25H31N7O4)C, H, N.

6: 1H-NMR (CDCl3) � (ppm): 1.59–1.69 (m, 2H,

CH2CH2CH2CH2), 1.82–1.92 (m, 2H, CH2CH2CH2CH2),

2.46–2.51 (m, 2H, CH2CH2CH2CH2), 2.64 (m, 4H,

N(CH2)2), 3.07 (m, 4H, (CH2)2N), 3.43 (s, 3H,

N3–CH3), 3.61 (s, 3H, N1–CH3), 4.28–4.33 (t, 2H,

N–CH2), 6.27–6.30 (d, 1H, C7–H, J = 7.7 Hz),

6.93–7.23 (m, 3H, Ph), 7.32–7.36 (m, 1H, Ph);

8.49–8.52 (d, 1H, C6–H, J = 7.7 Hz); MS (EI) m/z

(relative intensity) 498 ([M + 1]+, 19), 497 ([M]+, 59),

482 (32), 460 (30), 357 (8), 331 (18), 302 (10),

260 (3), 247 (19), 211 (33), 209 (100), 194 (7),

166 (11), 149 (8), 132 (15), 70 (8), 55(5), 42 (4).

Anal. (C24H28N7O3Cl) C, H, N.

PHARMACOLOGY

In vitro experiments

5-HT1A and 5-HT2A receptor binding assays

The affinity of the investigated compounds for 5-HT1A

and 5-HT2A receptors was evaluated on the basis of

their ability to displace [3H]-8-OH-DPAT [8-hydr-

oxy-2-(di-n-propylamino)tetralin; 222 Ci/mmol, Am-

ersham] and [3H]-ketanserin (66.4 Ci/mmol, NEN

Chemicals), respectively. Radioligand binding experi-

ments were performed on the rat brain using the fol-

lowing structures: the hippocampus for 5-HT1A recep-

tors, and the cortex for 5-HT2A ones, according to the

previously published procedures [3].

In vivo experiments

The experiments were performed on male Wistar rats

(250–300 g) or male Albino Swiss mice (24–28 g).

The animals were kept at a room temperature (20 ± 1°C)

under a natural day-night cycle (September–Decem-

ber), and were housed under standard laboratory con-

ditions. They had free access to food and tap water

before the experiment. Each experimental group con-

sisted of 6–8 animals/dose, and all the animals were

used only once. All the experiments were performed

between 9.00 a.m. and 2.00 p.m. 8-OH-DPAT hydro-

bromide (Research Biochemical Inc.) and N-{2-[4-

(2-methoxyphenyl)-1-piperazinyl]ethyl}-N-(2-pyridi-

nyl)cyclohexanecarboxamide trihydrochloride (WAY

100635, synthesized by Dr J. Boksa, Institute of Phar-

macology, Polish Academy of Sciences, Kraków, Po-

land), compounds 4 and 5 were used in the form of
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aqueous solutions. Compound 6 was suspended in

a 1% aqueous solution of Tween 80. 8-OH-DPAT and

WAY 100635 were injected subcutaneously (sc), com-

pounds 4–6 were given intraperitoneally (ip) in a vol-

ume of 2 ml/kg (rats) and 10 ml/kg (mice). The ex-

perimental procedures were approved by the Local

Bioethics Commission at the Institute of Pharmacol-

ogy, Polish Academy of Sciences in Kraków.

The obtained data were analyzed by Dunnett’s test

(when only one drug was used) or by the Newman-

Keuls test (when two drugs were administered).

Body temperature in mice

The effect of the tested compounds given alone on the

rectal body temperature of mice (measured with an

Ellab thermometer) was recorded 30, 60, 90 and

120 min after their administration. In a separate ex-

periment, the effect of WAY 100635 (0.1 mg/kg) on

the hypothermias induced by compounds 4–6 or

8-OH-DPAT was tested. WAY 100635 was adminis-

tered 15 min before compounds 4–6 or 8-OH-DPAT,

and rectal body temperature was recorded 30 min and

60 min after injection of the tested compounds. The

results are expressed as a change in body temperature

(�t) with respect to the basal body temperature as

measured at the beginning of the experiment.

Lower lip retraction (LLR) in rats

LLR was assessed according to the method described

by Berendsen et al. [2]. The rats were individually

placed in cages (30 × 25 × 25 cm), and were scored

three times (at 15, 30 and 45 min after administration

of the tested compounds) as follows: 0 = lower incisors

not visible, 0.5 = partly visible, 1 = completely visi-

ble. The total maximum score amounted to 3/rat. In

a separate experiment, the effect of the studied com-

pounds on the LLR induced by 8-OH-DPAT

(1 mg/kg) was tested. The compounds were adminis-

tered 45 min before 8-OH-DPAT, and the animals

were scored 15, 30 and 45 min after 8-OH-DPAT ad-

ministration.

Results and Discussion

The in vitro radioligand binding studies with aryl-

piperazines containing a terminal pyrimido[2,1-f]the-

ophylline fragment and a tetramethylene aliphatic

spacer (4–6) showed that those compounds were po-

tent ligands at 5-HT1A recognition sites (Tab. 1).

Compound 5, containing o-methoxyphenyl piperazine
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Comp. n R Ki ± SEM (nM)

5-HT1A 5-HT2A

1* 3 H 25.0 ± 2 4680 ± 50

2** 3 o-OCH3 10.4 ± 1.2 3882 ± 418

3** 3 m-Cl 32.8 ± 1.6 1080 ± 40

4 4 H 21.5 ± 0.5 1990 ± 130

5 4 o-OCH3 0.5 ± 0.3 1070 ± 80

6 4 m-Cl 8.8 ± 0.5 153 ± 5

*[4] **[17]

N

N N

N
N

O

O

O

(CH2) N N
n

R

Tab. 1. Chemical structure and 5-HT
��

/5-HT
��

receptor binding data
of compounds 1–6

Tab. 2. Physicochemical properties of the investigated compounds

Comp. M.p. [� C] Yielda (%)
Cryst.

solventa

Molecular formula
(mol. weight)

� Rf
a

base salt

4 172
–174

261
–263

64
ethanol

C24H29N7O3 x 2HCl 0.85 S1

(536.54) 0.18 S2

5 109
–111

255
–257

78
ethanol

C25H31N7O4 x HCl 0.80 S1

(530.07) 0.18 S2

6 158
–160

250
–252

88
ethanol

C24H28N7O3Cl x HCl 0.87 S1

(534.49) 0.13 S2

�
for free bases;

�
calculated from an elemental analysis; Solvent sys-

tem: S
�

– benzene : acetone : methanol (1:1:1; v/v/v), S
�

– ben-
zene : acetone (1:1; v/v)



was the most active at 5-HT1A receptors (Ki = 0.5 nM),

while derivatives with unsubstituted (4) or m-chloro-

-substituted phenylpiperazine (6) showed slightly

lower affinity for those sites (Ki = 21.5 and 8.8 nM,

respectively). The analogs of the tested compounds

4–6 with a trimethylene spacer (1–3) showed, as had

already been reported earlier [4, 17], slightly lower

5-HT1A receptor affinity (Ki = 10–33 nM). In that

group of trimethylene spacer analogs, the substitution

of the o-methoxy group to the phenyl ring (2) also led

to higher affinity (Ki = 10 nM) for 5-HT1A receptors

compared to unsubstituted (1) or m-chloro (3) deriva-

tives. These findings are in line with the previously

reported structure–activity relationships for a group of

LCAPs [9]. The 5-HT2A receptor affinity of the target

compounds 4 and 5 (like in the case of 1–3) was low

(Ki > 1000 nM) (Tab. 1), whereas analog 6 (m-chlo-

rophenylpiperazine derivative) displayed relatively

higher affinity for that receptor subtype (Ki = 153 nM).

was the most active at 5-HT1A receptors (Ki = 0.5 nM),

while derivatives with unsubstituted (4) or m-chloro-

-substituted phenylpiperazine (6) showed slightly

lower affinity for those sites (Ki = 21.5 and 8.8 nM,

respectively). The analogs of the tested compounds

4–6 with a trimethylene spacer (1–3) showed, as had

already been reported earlier [4, 17], slightly lower

5-HT1A receptor affinity (Ki = 10–33 nM). In that

group of trimethylene spacer analogs, the substitution

of the o-methoxy group to the phenyl ring (2) also led

to higher affinity (Ki = 10 nM) for 5-HT1A receptors

compared to unsubstituted (1) or m-chloro (3) deriva-

tives. These findings are in line with the previously

reported structure–activity relationships for a group of

LCAPs [9]. The 5-HT2A receptor affinity of the target

compounds 4 and 5 (like in the case of 1–3) was low

(Ki > 1000 nM) (Tab. 1), whereas analog 6 (m-chlo-

rophenylpiperazine derivative) displayed relatively

higher affinity for that receptor subtype (Ki = 153 nM).

In order to examine the functional activity of the

tested compounds 4–6 at 5-HT1A receptors, two in

vivo tests were applied: the hypothermia model in

mice and the LLR test in rats. 5-HT1A receptor ago-

nists, including 8-OH-DPAT, as well as partial ago-

nists were shown to produce hypothermia in mice

[10] and lower lip retraction in rats [2]. Pharma-

cological analyses of the hypothermic response to

8-OH-DPAT in mice permitted a conclusion that it

was specifically connected with the stimulation of

5-HT1A receptors located on 5-HT neurons (i.e. pre-

synaptically), since that effect of 8-OH-DPAT was

abolished by such antagonists of 5-HT1A receptors as,

WAY 100635 [6], WAY 100135 [19] or MP 349 [20],

or by the destruction of 5-HT neurones with the neu-

rotoxin [8, 10]. LLR induction in rats is considered to

reflect the activation of 5-HT1A receptors present on

postsynaptic (i.e. non-5-HT-containing) neurons. In

fact, the LLR induced by 8-OH-DPAT was inhibited

by 5-HT1A antagonists [6, 12, 19], but was not

changed by the lession of 5-HT neurons [1]. The abil-

ity of compounds 4–6 to induce hypothermia in mice

and LLR in rats was evaluated in comparison with the

5-HT1A receptor agonist 8-OH-DPAT. WAY 100635

was used as a standard 5-HT1A receptor antagonist. In

these tests, model compounds with a trimethylene ali-

phatic spacer, 1 and 2 (the functional activity of 3 was

not evaluated), behaved like antagonists of postsynap-

tic and a full agonist of 5-HT1A receptors, respec-

tively [4, 17]. In the present study, the tetramethylene

derivatives 4–6 (2.5–5 mg/kg) produced a dose–de-

pendent hypothermia in mice (Tab. 3). The maximum

hypothermic effect, i.e. –1.6oC, –2.0oC and –1.3oC,

respectively, appeared 30 min after injection of the

highest tested dose of those compounds. On the basis
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Tab. 3. The effect of the tested compounds on body temperature in mice

Treatment Dose (mg/kg) �t ± SEM (�C)

30 min 60 min 90 min 120 min

Vehicle
4

– 0 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1

2.5 –1.0 ± 0.1b –1.0 ± 0.2b –0.8 ± 0.2a –0.9 ± 0.2a

5 –1.6 ± 0.3b –1.2 ± 0.2b –1.1 ± 0.2b –1.0 ± 0.2b

5 2.5 –1.5 ± 0.2b –0.9 ± 0.1b –0.8 ± 0.1a –0.4 ± 0.1

5 –2.0 ± 0.3b –1.4 ± 0.2b –1.1 ± 0.2b –0.9 ± 0.2a

Vehicle – –0.1 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1

6 2.5 –1.3 ± 0.3b –0.8 ± 0.1b –0.7 ± 0.1a –0.4 ± 0.1

5 –1.4 ± 0.1b –1.0 ± 0.1b –1.0 ± 0.1b –0.8 ± 0.1b

8-OH-DPAT 5 –1.2 ± 0.1b –1.0 ± 0.1b –0.8 ± 0.1b –0.2 ± 0.1

WAY 100635 0.1 –0.1 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.1 ± 0.1

The tested compounds were administered 30 min before the test. Absolute temperatures were within a range of 36.2 ± 0.3
�
C; n = 6–8 mice per

group,
�

p < 0.05,
�

p < 0.01 vs. respective vehicle



of the obtained data, a submaximal dose of com-

pounds 4–6 (2.5 mg/kg) was chosen for further stud-

ies. 8-OH-DPAT (5 mg/kg) decreased body tempera-

ture in mice by ca. 1oC, whereas WAY 100635

(0.1 mg/kg) did not affect it (Tab. 3). Table 4 shows

the influence of the 5-HT1A receptor antagonist WAY

100635 on the hypothermia induced by 4–6 and

8-OH-DPAT. It was found that WAY 100635 inhibited

the hypothermic effects evoked by the tested com-

pounds and 8-OH-DPAT, and allowed us to conclude

that, like in the case of the hypothermia induced by

8-OH-DPAT, the activation of 5-HT1A receptors (pos-

sibly, located presynaptically) was responsible for the

hypothermic effects induced by compounds 4–6. In

the LLR test in rats, the tested derivatives 4–6

(5–10 mg/kg) showed diversified functional activity.

Compound 4 with an unsubstituted phenyl ring exhib-

ited features of a partial agonist of postsynaptic

5-HT1A receptors, derivative 5 with an o-methoxy

substituent behaved like an antagonist of those sites,

while analog 6 with m-chlorophenyl showed activity

characteristic of postsynaptic 5-HT1A receptor ago-

nists. In fact, after the highest used dose, analogues 4

and 6, like 8-OH-DPAT, induced LLR in rats (the

maximum scores were 1.3–1.8 respectively).

At the same time, however, derivative 4 reduced

(by 46%) the LLR induced by 8-OH-DPAT (Tab. 5).

Like WAY 100635, compound 5 given alone did not

evoke LLR in rats, but totally blocked the LLR in-

duced by 8-OH-DPAT (Tab. 5).

In conclusion, the present study indicates that the

elongation of the aliphatic spacer in model structures

from three (1–3) to four methylene groups (4–6) im-

proved 5-HT1A receptor affinity, especially in the case

of o-methoxyphenylpiperazine derivatives (5 vs. 2),

and affected the functional activity in vivo of these

new 5-HT1A receptor ligands. Compound 4 exhibited

features of an agonist of presynaptic and a partial ago-

nist of postsynaptic 5-HT1A receptors (its trimethyl-

ene analog (1) was devoid of agonistic activity at

postsynaptic 5-HT1A sites [4]). Compound 5 behaved

like an agonist of presynaptic and an antagonist of

postsynaptic 5-HT1A receptors. Interestingly, its tri-

methylene analog (2) was classified as a full 5-HT1A

agonist [17]. Of the new derivatives, full 5-HT1A re-

ceptor agonistic properties were displayed by com-
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Tab. 4. The effect of WAY 100635 on the hypothermia induced by the
tested compounds in mice

Treatment and dose (mg/kg) �t ± SEM (� C)

30 min 60 min

Vehicle + vehicle –0.1 ± 0.1 0 ± 0.1

Vehicle + 4 (2.5) –0.9 ± 0.2b –0.9 ± 0.1b

WAY 100635 (0.1) + 4 (2.5) –0.7 ± 0.1b –0.2 ± 0.1B

Vehicle + vehicle –0.2 ± 0.1 –0.1 ± 0.1

Vehicle + 5 (2.5) –2.1 ± 0.3b –1.4 ± 0.2b

WAY 100635 (0.1) + 5 (2.5) –1.4 ± 0.2bA –0.8 ± 0.2aA

Vehicle + vehicle –0.3 ± 0.1 –0.1 ± 0.1

Vehicle + 6 (2.5) –2.1 ± 0.1b –1.1 ± 0.1b

WAY 100635 (0.1) + 6 (2.5) –1.5 ± 0.1bB –0.8 ± 0.1b

Vehicle + vehicle 0.1 ± 0.1 0.1 ± 0.1

Vehicle + 8-OH-DPAT (5) –1.0 ± 0.1b –0.7 ± 0.1b

WAY 100635 (0.1) + 8-OH-DPAT (5) –0.1 ± 0.1B –0.2 ± 0.1A

WAY 100635 was administered 15 min before the studied com-
pounds. Body temperature was recorded 30 min and 60 min after in-
jection of the tested compounds. Absolute initial body temperatures
were within a range of 36.4 ± 0.3

�
C; n = 7–8 mice per group;

�
p < 0.05,

�
p < 0.01 vs. respective vehicle + vehicle group;

�
p < 0.05,

�
p < 0.01 vs. respective vehicle + tested compound group

Tab. 5. Induction of lower lip retraction by the tested compounds (A)
and their effect on the 8-OH-DPAT-induced LLR (B) in rats

Treatment Dose mg/kg Mean ± SEM LLR score

A B

Vehicle – 0.1 ± 0.1 2.8 ± 0.1

4 5 0.7 ± 0.2a 1.3 ± 0.1b

10 1.3 ± 0.2b 1.5 ± 0.2b

5 5 0 1.0 ± 0.3b

10 0 0.2 ± 0.1b

Vehicle – 0.1 ± 0.1 2.8 ± 0.1

6 5 1.6 ± 0.2b 2.3 ± 0.1

10 1.8 ± 0.2b 2.4 ± 0.3

WAY 100635 0.1 0 0.2 ± 0.1b

The investigated compounds were administered 15 min before the
test (A), or 45 min before 8-OH-DPAT (1 mg/kg); n = 6 rats per group.
�

p < 0.05,
�

p < 0.01 vs. vehicle (A) or vs. vehicle + 8-OH-DPAT (B)



pound 6 (the functional activity of the trimethylene

analog 3 was not tested). The observed in vitro activ-

ity and functional profile of the tested compounds

seem interesting, especially with respect to their po-

tential anxiolytic and/or antidepressant effects, and

are valuable for further studies in this group of

5-HT1A receptor ligands.
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