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Synthesis, in vitro and in vivo 5-HT, ,/5-HT,, serotonin receptor activity
of new hybrid 1,2,3,4-tetrahydro-y-carbolines with 1-(2-methoxyphenyl)pi-
perazine moiety. J. BOKSA, S. CHARAKCHIEVA-MINOL, B. DUSZYN-
SKA, R. BUGNO, A. KLODZINSKA, E. TATARCZYNSKA, E. CHOJNA-
CKA-WOICIK, A.J. BOJARSKI. Pol. J. Pharmacol., 2003, 55, 1013-1019.

A series of 15 new 2-H- and 2-substituted 5-{w-[4-(2-methoxyphenyl)-
piperazinyl]-alkyl}-1,2,3,4-tetrahydro-y-carboline derivatives were prepared,
and their affinity for 5-HT,, and 5-HT,, serotonin receptors was deter-
mined. Most of those hybrid compounds were found to bind with high affin-
ity to 5-HT, , sites (K; <50 nM; 2d, 3a, 3b, 3d, 3e, 4b, 4d, 4e) and moreover
two of them (4d, 4e) were mixed 5-HT,,/5-HT,, ligands. The results of
a lower lip retraction test in rats indicated that the 2-acetyl derivative with
a dimethylene spacer (2d) had features of a postsynaptic 5-HT,, receptor
agonist, whereas its analogues with longer chains (3d and 4d) behaved like
antagonists. Both 5-HT,, receptor ligands (4d, 4e) at high doses inhibited
the (+)-DOI-induced head twitches in mice and were classified as weak an-
tagonists of those receptors.
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INTRODUCTION

Compounds containing a carboline ring system
belong to a large family of biologically active in-
doles which are very important to the function of
the central nervous system [19]. Of the four classes
of carboline derivatives (a, [, v, and d), B-carbo-
lines are the most thoroughly investigated due to
their wide occurrence in nature (i.e. in plant alka-
loids, endogenous human substances) and diversi-
fied pharmacological effects [1].

Among the multiple binding sites recognized by
B-carboline derivatives, responses resulting direct-
ly from their action on the central serotonin (5-HT)
system were also reported [15]. In fact, this phe-
nomenon is not unexpected, because of their struc-
tural similarity to 5-HT molecule in an indole nu-
cleus common for all tryptamines.

In our laboratory, a number of tetrahydro-f-ca-
rbolines (THBCs) were synthesized and evaluated
as 5-HT receptor ligands [6, 7, 16]. Some of them
demonstrated significant affinity for 5-HT, , and/or
5-HT,, receptors, and B-193 was extensively stud-
ied as an antidepressant agent [20, 21].

We currently decided to extend our investiga-
tion to a group of tetrahydro-y-carbolines (THGCs),
since they were definitely less extensively explored
than B-analogues, and since relatively little is known
about their 5-HT binding profile [14]. Indeed, be-
sides 5-HT,, affinity and some examples of 5-HT;
antagonistic properties detected for y-carbolines
(Alosetron [9]), other types of serotoninergic activ-
ity are difficult to find. Only recently some THGCs
have been described as 5-HT;, receptor ligands by
Glennon’s research group [14]. To the best of our
knowledge, the binding of y-carboline derivatives
to 5-HT, , receptors has not been reported so far.

MATERIALS and METHODS

CHEMISTRY

The starting 1,2,3,4-tetrahydro-y-carbolines 1a,
1b and 1c¢ were obtained according to the methods
described by Robinson and Thornley [18], Boekel-
heide and Ainsworth [4] and Buu-Hoi et al. [8], re-
spectively.

Details of preparation of the final products are
shown in Figures 1 (compounds 2a—e and 3a—e)
and 2 (4a—e).

The products were purified by a column chro-
matography (silica gel, CHCl;-CH;0H, 99:1 and
9:1 mixtures), and their structures were confirmed
by 'H NMR spectroscopy (free bases — supplemen-
tary materials). Free bases were converted into fu-
marate salts with fumaric acid in a hot methanol-
acetone solution, and next, ether was added until
the solution became turbid. Molecular formulas were
established for the salts by an elemental analysis
(supplementary materials). The yields, melting points
and molecular formulas are given in Table 1.

PHARMACOLOGY

Radioligand binding studies

The affinity of the investigated compounds for
5-HT, , and 5-HT,, receptors in vitro was assessed
on the basis of their ability to displace [*H]-8-OH-
DPAT (222 Ci/mmol, Amersham, England) and
[*H]-ketanserin (66.4 Ci/mmol, NEN Chemicals,
USA), respectively. Radioligand binding experi-
ments were carried out on rat brain using tissues
from the hippocampus for 5-HT,, receptors, and
from the cortex for 5-HT,, receptors, according to
the previously published procedures [5].
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Fig. 1. Synthesis of the investigated of compounds 2a—e and
3a—e. (A)1-[Cl-(CH2)2-3]-4-(2-methoxyphenyl)piperazine, KF/
AlLO3, CH3CN, reflux, 6 h [17]; (B) Ha, 0.3 MPa, 10% Pd/C,
MeOH, 50C, 5 h; (C) (CH3CO),0 or C¢HsCOCl, 20% NayCO3
aq., CHClg, stirred, r.t., 3 h
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Fig. 2. Synthesis of the investigated of compounds 4a—e. (D) (CH3CO),, AcOH, reflux, 1 h [18]; (E) Br(CHy)4Br, KF/Al,O3,
CH3CN, reflux, 5 h; (F) 2-Methoxyphenylpiperazine (H-MPP), K,CO3, BuOH, reflux, 8 h; (G) 10% KOH in 80% aq. MeOH, reflux,
2 h; (H) a/ Benzotriazole, (CH20)y, CeHg, reflux, 1 h; b/ NaBH4, THF, reflux, 1 h [13]; (I) C¢Hs CH2Cl, K,CO3, EtOH, reflux, 2 h;

(J) CeHs5COCl, 20% NayCOs3 aq., CHCl3, stirred, r.t., 3 h

K; values were determined from at least three
competition binding experiments in which 10-14
sample concentrations, run in triplicate, were used.
The Cheng and Prusoff [10] equation was used for
K, calculations.

In vivo experiments

The experiments were performed on male Wis-
tar rats (280-310 g) or male Albino Swiss mice
(24-28 g). The animals were kept at a room tem-
perature (20 £ 1°C) on a natural day-night cycle
(July—September), and were housed under standard
laboratory conditions. They had free access to food
and tap water before the experiment. Each experi-
mental group consisted of 6-9 animals/dose, and
all the animals were used only once. 8-Hydroxy-
2-(di-n-propylamino)tetralin hydrobromide (8-OH-
DPAT, Research Biochemical Inc.), N-{2-[4-(2-me-
thoxyphenyl)-1-piperazinyl]ethyl}-N-(2-pyridinyl)-
cyclohexanecarboxamide trihydrochloride (WAY
100635, synthesized by Dr. J. Boksa, Institute of
Pharmacology, Polish Academy of Sciences, Kra-
koéw, Poland) and (%)-1-(2,5-dimethoxy-4-iodophe-
nyl)-2-aminopropane hydrochloride [(+)-DOI, Re-
search Biochemicals, Inc.] were used as aqueous
solutions. Compounds 2d, 3d, 3e, 4d and 4e were
suspended in a 1% aqueous solution of Tween 80.
8-OH-DPAT and WAY 100635 were injected sub-
cutaneously (sc), 2d, 3d, 3e, 4d, 4e and (+)-DOI
were given intraperitoneally (ip) in a volume of
2 ml/kg (rats) or 10 ml/kg (mice). The obtained

data were analyzed by a one-way ANOVA, fol-
lowed by Dunnett’s test (when only one drug was
given), or by the Newman-Keuls test (when two
drugs were administered).

Lower lip retraction (LLR) in rats

The LLR was assessed according to the method
described by Berendsen et al. [3]. The rats were in-
dividually placed in cages (30 x 25 x 25 ¢m) 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 visible. The total maximum score
amounted to 3/rat. In a separate experiment, the ef-
fect of the studied compounds on the LLR induced
by 8-OH-DPAT (1 mg/kg) was tested. The com-
pounds were administered 45 min before 8-OH-
DPAT, and the animals were scored 15, 30 and 45
min after 8-OH-DPAT administration.

Head twitch response in mice

In order to habituate mice to the experimental
environment, each animal was randomly trans-
ferred to a 12 cm (diameter) % 20 cm (height) glass
cage, lined with sawdust, 20 min before treatment.
Head twitches of mice were induced by (+)-DOI
(2.5 mg/kg). Immediately after the treatment, the
number of head twitches was counted during 20 min
[11]. The investigated compounds were adminis-
tered 60 min before ()-DOI.
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Table 1. Physicochemical data, and 5-HT;a and 5-HT»4 binding affinities for the tested compounds

compd 0w Yl M okl ol S
ght 5-HT)A 5-HT)s

2a 2 a 90.5 182—-184 Cr4H30N4OC4H404CH;0OH 105+11 4082 +90
538.6

2b 2 b 42.5 89-91 C,sH3,N402C4H404CH;0H 647 £20 3857 + 60
668.7

2¢ 2 c 83.0 106-107 C31H36N402C4H404CH3;0HH,0 134 £21 739 £20
762.8

2d 2 d 60.0 103-106 Cy6H33N40,2C4H404CH30H 33+£5 272+ 30
696.7

2e 2 e 95.8 208-210 C31H34N40,2C4H404 413 +£21 1085 + 60
726.8

3a 3 a 44.1 133-135 C,5H3,N402C4H404CH30HO0.5H,,0 42 +3 1672 + 45
677.7

3b 3 b 93.0 183-185 CrcH34N401.5C4H404 36+7 1842 + 50
592.7

3¢ 3 c 77.5 102-105 C3,H49N402C4H404H,0 64 +2 1429 + 60
746.8

3d 3 d 92.5 169-171 Cy7H34N40,1.75C4H404 8.7+0.8 99+ 10
649.7

3e 3 e 94.0 87-89 C3,H36N40,2C4H404CH30HH,0 83+1.1 471 +£25
790.8

4a 4 a 96.0 181-183 Cy6H34N401.5C4H404 112+11 1378 + 30
592.7

4b 4 b 61.0 103-105 Cy7H36N402C4H404CH3;0HH,0 22+4 260+ 10
714.8

4c 4 ¢ 67.5 187-189 C33Hy4oN402C4H404CH3OHH,O 75+6 1624 + 25
790.9

4d 4 d 79.5 90-92 CysH36N40,1.25C4H404H,0 40+ 7 20+ 3
631.6

4e 4 e 94.0 96-98 C33H3gN40,2C4H404H,0 34+5 43+ 8
804.9

5 — d,5-H 92.0 256-257 Ci3sH14N,O
214.3

6 - d 72.0 oil raw material was used

RESULTS and DISCUSSION successfully applied in our previous investigations,

where the fusion of B-carboline and arylpiperazine

New y-carboline derivatives were designed as  moieties resulted in several potent 5-HT,, and/or
hybrid compounds consisting of two biologically ~ 5-HT,, ligands [7, 16]. Now we combined THGCs
active systems. The same strategy had already been =~ with a 2-methoxyphenylpiperazine (MPP) fragment,
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Table 2. Induction of lower lip retraction (LLR) by the investi-
gated compounds (A), and their effect on the 8-OH-DPAT-
induced LLR (B) in rats

D Mean + SEM LLR score
Treatment m;/i?g
A B
Vehicle - 0.1+0.1 2.8+0.2
2d 10 1.6+0.1° 3.0+0.0
20 1.7+0.20 NT
3d 10 0+0 1.8+ 0.2°
20 0.4+0.2 1.4+0.3°
Vehicle - 0.1+0.1 2.8+0.1
3e 10 0+0 23403
20 0£0 2.1+£0.22
4d 10 0.2+0.1 1.9+ 0.2°
20 0.3+0.1 1.3+0.2°
Vehicle - 0.1+0.1 29+0.2
4e 10 0+0 24+0.2
20 0+0 23402
WAY 100635 0.1 0.1£0.1 0.3+0.2°

The investigated compounds (ip) and WAY 100635 (sc) were
administered 15 min before the test (A), or 45 min before
8-OH-DPAT (1 mg/kg, sc) (B); n= 6 rats per group; ® p < 0.05,
®p<0.01 vs. vehicle (A) or vs. vehicle + 8-OH-DPAT (B); NT —
not tested

since it is known that this system prefers 5-HT),
binding sites. Both those pharmacophoric groups
were linked via an alkyl spacer of different length
(2—4 units), thus, generally the new compounds can
be regarded as long chain arylpiperazines, where
a y-carboline core plays a role of a complex termi-
nal fragment. Additional structural modification
was restricted to R substituents at N2 of the THGC
moiety (Tab. 1).

All the new compounds were examined in vitro
for their affinity for 5-HT, , and 5-HT,, receptors.
The results presented in Table 1 indicate that most
of them are potent 5-HT,, receptors ligands. In
fact, 8 derivatives are characterized by the K; val-
ues lower than 50 nM, and only two compounds
(2b, 2e) can be regarded as moderate agents (K; >
400 nM).

Generally, the lowest affinity for 5-HT, , recep-
tors was detected for compounds with a dimethyl-

ene spacer (series 2), with the exception of acetyl
derivative 2d (K; =33 nM).

The spacer elongation by one methylene unit
resulted in a significant increase in the observed in
vitro activity. The derivatives of series 3 were in-
deed very potent 5-HT, , receptor ligands, the most
active ones being 3d and 3e (K; = 8.7 and 8.3 nM,
respectively). It is worth to note that in the case of
the previously studied B-carboline analogues, the
most in vitro active 5-HT,, ligands were found
among butylene chain analogues [7].

It seems that apart from derivative 2e, the intro-
duction of acyl groups which reduced the basicity
of the N2 nitrogen atom had a positive effect on the
compound binding ability to 5-HT, , receptors. On
the other hand, the investigated THGCs were sig-
nificantly less active at 5-HT,, sites, except for 4d
and 4e (K, =20 and 43 nM, respectively). Moreover,
those two compounds were at the same time potent
5-HT, , agents, and interestingly, such dual ligands
were previously found also in the group of n-butyl-
B-carboline derivatives of MPP only.

Some compounds with high 5-HT, , (2d, 3d, 4d
— with an acetyl; 3e, 4e with a benzoyl substituent)
and 5-HT,, (4d, 4e) receptor affinity were further
examined in functional in vivo assays. In order to
determine a 5-HT, , receptor agonistic effect, com-
pound’s ability to induce LLR in rats was tested.
The LLR in rats, induced by 8-OH-DPAT, a well
known 5-HT,, receptor agonist, depended on sti-
mulation of 5-HT,, receptors located postsynapti-
cally [2].

The ability of the studied compounds to inhibit
that symptom produced by 8-OH-DPAT was re-
garded as postsynaptic 5-HT, , receptor antagonis-
tic activity. The capacity of the tested compounds
to reduce head twitches in mice, observed after ad-
ministration of (£)-DOI, a 5-HT,, receptor agonist
[11], was used to evaluate 5-HT,, receptor antago-
nistic properties.

In the animal model used, the investigated com-
pounds presented a diversified 5-HT,, functional
activity (Tab. 2). Of all the tested ligands, only de-
rivative 2d with a dimethylene spacer behaved like
a postsynaptic 5-HT, , receptor agonist. Indeed, when
given at high doses (10-20 mg/kg), it induced LLR
in rats, however, the intensity of that effect did not
reach maximum possible scores. On the contrary,
the analogs of 2d with tri- (3d) or tetramethylene
(4d) spacer used at doses of 10-20 mg/kg, pre-
sented features of postsynaptic 5-HT, , receptor an-
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tagonists. Those compounds at doses of 10-20
mg/kg inhibited the LLR induced by 8-OH-DPAT
in rats. On the other hand, both the benzoyl deriva-
tives (3e and 4e) were practically inactive in the
LLR test; only at a dose of 20 mg/kg, they very
slightly attenuated the 8-OH-DPAT-induced LLR
in rats. At the same time, WAY 100635 (0.1
mg/kg), used as a standard 5-HT, , receptor antago-
nist [12], completely blocked that effect of 8-OH-
DPAT.

At high doses, compounds 4d and 4e inhibited
the (£)-DOI-induced head twitches in mice (ED5, =
11 (7.9-15.4) and 15 (11.1-20.3) mg/kg, respec-
tively), whereas the reference 5-HT,, receptor an-
tagonist ketanserin blocked that effect at signifi-
cantly lower doses (EDs, = 0.12 (0.07-0.20)
mg/kg). Therefore, compounds 4d and 4e may by
regarded as weak 5-HT,, receptor antagonists.

In summary, we present the synthesis of 15 new
THGC-MPP hybrids and in vitro/in vivo evaluation
of their activity at 5-HT,, and 5-HT,, receptors.
Most of them displayed a high 5-HT, , receptor af-
finity, and two (4d and 4e) were mixed 5-HT,,/
5-HT,, ligands. It is worth to note that such a pro-
file of the serotonin activity of y-carboline deriva-
tives is reported for the first time. The results of
in vivo experiments indicate that in the case of
2-acetyl-THGC derivatives (series d) the length of
the spacer influences functional profile; compound
2d shows features of a postsynaptic 5-HT , recep-
tor agonist, whereas its analogues with longer link-
ers (3d and 4d) behave like antagonists. Despite the
high 5-HT,, affinity of the investigated ligands,
their in vivo potency was relatively weak, thus, fur-
ther structural optimization is necessary to obtain
more active agents.

REFERENCES

1. Airaksinen M.M., Kari I.: beta-Carbolines, psychoac-
tive compounds in the mammalian body. Part II: Ef-
fects. Med. Biol., 1981, 59, 190-211.

2. Berendsen H.H., Broekkamp C.L., van Delft A.M.:
Depletion of brain serotonin differently affects behav-
iors induced by SHT1A, SHTI1C, and SHT2 receptor
activation in rats. Behav. Neural Biol., 1991, 55,
214-226.

3. Berendsen H.H., Jenck F., Broekkamp C.L.: Selective
activation of SHT1A receptors induces lower lip re-
traction in the rat. Pharmacol. Biochem. Behav., 1989,
33, 821-827.

4.

10.

11.

12.

13.

14.

15

16.

17.

Boekelheide V., Ainsworth C.: Curariform activity and
chemical structure. VI. Synthesis in the 3- and y-carbo-
line series. J. Amer. Chem. Soc., 1950, 72, 2132-2134.

. Bojarski A.J., Cegla M.T., Charakchieva-Minol S.,

Mokrosz M.J., Mackowiak M., Mokrosz J.L.: Struc-
ture-activity relationship studies of CNS agents. Part
9: 5-HT, , and 5-HT, receptor affinity of some 2- and
3-substituted 1,2,3,4-tetrahydro-f-carbolines. Phar-
mazie, 1993, 48, 289-294.

. Boksa J., Duszynska B., Mokrosz J.L.: Structure-

activity relationship studies of CNS agents. Part 20:
9-{w-[1-(m-chlorophenyl)-4-piperazinyl]al-
kyl}-1,2,3,4-tetrahydro-p-carbolines: new 5-HT, , and
5-HT,, receptor ligands. Pharmazie, 1995, 50,
220-221.

. Boksa J., Mokrosz M.J., Charakchieva-Minol S., Ta-

tarczynska E., Klodzinska A., Wesotowska A., Misz-
tal S.: 2-H- and 2-acyl-9-{w-[4-(2-methoxypheny)pi-
perazinyl]-alkyl}-1,2,3,4-tetrahydro-p-carbolines  as
ligands of 5-HT;, and 5-HT,, receptors. Pol. J. Phar-
macol., 2001, 53, 501-508.

. Buu Hoi N.P.,, Roussel O., Jacquignon P.: Carcino-

genic nitrogen compounds. Part 39. A new synthesis
of y-carbolines and of 2,10-diazaantracenes. J. Chem.
Soc., 1969, 708-711.

. Camilleri M.: Pharmacology and clinical experience

with alosetron. Expert Opin. Investig. Drugs, 2000, 9,
147-159.

Cheng Y., Prusoff W.H.: Relationship between the in-
hibition constant (K1) and the concentration of inhibi-
tor which causes 50 per cent inhibition (I50) of an en-
zymatic reaction. Biochem. Pharmacol., 1973, 22,
3099-3108.

Darmani N.A., Martin B.R., Pandey U., Glennon R.A.:
Do functional relationships exist between 5-HT1A
and 5-HT2 receptors? Pharmacol. Biochem. Behav.,
1990, 36, 901-906.

Forster E.A., Cliffe I.A., Bill D.J., Dover G.M., Jones
D., Reilly Y., Fletcher A.: A pharmacological profile
of the selective silent 5-HT1A receptor antagonist,
WAY-100635. Eur. J. Pharmacol., 1995, 281, 81-88.
Katritzky A.R., Rachwal S., Hitchings G.J.: Benzo-
triazole: a novel synthetic auxiliary. Tetrahedron,
1991, 47, 2683-2732.

Khorana N., Smith C., Herrick-Davis K., Purohit A.,
Teitler M., Grella B., Dukat M., Glennon R.A.: Bind-
ing of tetrahydrocarboline derivatives at human 5-HTs,
receptors. J. Med. Chem., 2003, 46, 3930-3937.

. Lehmann J., Jiang N., Behncke A.: Indoles. 9. 4-Ary-

lated tetrahydro-beta-carbolines — synthesis and first
pharmacologic data. Arch. Pharm. (Weinheim), 1993,
326, 813-818.

Mokrosz M.J., Boksa J., Charakchieva-Minol S.,
Wesotowska A., Borycz J.: 9-Substituted 1,2,3,4-tetra-
hydro-p-carbolin-1-ones, new 5-HT;, and 5-HT,, re-
ceptor ligands. Pol. J. Pharmacol., 1999, 51, 351-356.
Mokrosz M.J., Mokrosz J.L., Duszynska B., Deren-
Wesotek A., Ktodzinska A., Kowalski P., Charakchie-
va-Minol S., Tatarczynska E., Kowalska T., Majka Z.,

1018

Pol. J. Pharmacol., 2003, 55, 1013-1019



5-HTA/5-HT24 RECEPTOR ACTIVITY OF 1,2,3,4-TETRAHYDRO-y-CARBOLINES

18.

19.

20.

Chojnacka-Wojcik E., Misztal S.: 5-HT, 5 and 5-HT,,
receptor affinity and functional profile of some N-[3-
(4-aryl-1-piperazinyl)propyl] derivatives of indolin-
2(1H)-one, quinolin-2(1H)-one and isoquinolin-1(2H)-
one. Part 30: Structure-activity relationship studies of
CNS agents. Pharmazie, 1997, 52, 423-428.
Robinson J.V., Thornley A.C.: J. Chem. Soc., 1925,
2172-2177.

Saxton J.E.: The Chemistry of Heterocyclic Com-
pounds., A Wiley-Interscience Publication, NewYork,
1994,

Wiczynska B., Antkiewicz-Michaluk L., Pilc A.,
Chojnacka-W¢jcik E., Przegalinski E.: Antidepressant

21.

profile of 9-methyl-2-[3-(4-phenyl-1-piperazinylpro-
pyD]-1,2,3,4-tetrahydro-beta-carbolin-1-one (B-193).
Pol. J. Pharmacol. Pharm., 1989, 41, 331-344.
Wiczynska B., Chojnacka-Wdjcik E., Rokosz-Pelc A.,
Mazela H., Przegalinski E.: Antiserotonin activity of
9-methyl-2-[3-(4-phenyl-1-piperazinylpropyl)]-1,2,3,4-
tetrahydro -beta-carbolin-1-one (B-193). Pol. J. Phar-
macol. Pharm., 1989, 41, 169-181.

Received: November 5, 2003, in revised form: December

9, 2003.

ISSN 1230-6002

1019



	CONTENTS
	Gra¿yna Skuza	923
	REVIEW Œ Role of metabotropic glutamate receptors in animal models of Parkinson™s 
disease.
	Anna Senkowska, Krystyna Ossowska	935
	Influence of acute and chronic 1,2,3,4-tetrahydroisoquinoline administration on the expression of proenkephalin mRNA in the rat striatum.
	Jadwiga Wardas, Ma³gorzata Zapa³a, El¿bieta Lorenc-Koci	951

	Neonatal 5-hydroxytryptamine depletion induces depressive-like behavior in adult rats.
	
Wojciech Kostowski, Pawe³ Krz¹œcik	957

	Effects of gabapentin and antidepressant drug combinations on convulsions and memory in mice.
	Ahsan N. Rizwan, Atif Ali, Yashomati Dua, Shanthi N. Pal, K.K. Pillai	965

	Anxiolytic-like profile of propofol, a general anesthetic, in the plus-maze test in mice.
	
Mehmet Kurt, S. Sirri Bilge, Osman Kukula, Suleyman Celik, Yuksel Kesim	973

	Neuroprotective effect of NPY on kainate neurotoxicity in the hippocampus.
	Maria „mia³owska, Joanna M. Wieroñska, Bernadeta Szewczyk	979

	Effect of L-arginine on memory in rats.
	Andrzej Plech, Tomasz Klimkiewicz, Beata Maksym	987

	Effects of combined treatment with imipramine and metyrapone in the forced swimming test in rats. Behavioral and pharmacokinetic studies.
	Zofia Rogó¿, Gra¿yna Skuza, Jacek Wójcikowski, W³adys³awa A. Daniel	993

	Effect of cyclooxygenase and NO synthase inhibitors administered centrally on antinociceptive action of acetaminophen (Part II).
	Magdalena Bujalska	1001

	Synthesis, in vitro and in vivo 5-HT1A/5-HT2A serotonin receptor activity of new hybrid 1,2,3,4-tetrahydro-g-carbolines with 1-(2-methoxyphenyl)piperazine moiety.
	Jan Boksa, Sijka Charakchieva-Minol, Beata Duszyñska, Ryszard Bugno, Aleksandra K³odziñska, Ewa Tatarczyñska, Ewa Chojnacka-Wójcik, Andrzej J. Bojarski	1013

	Nitric oxide- and prostaglandin-mediated cardioprotection by bradykinin in myocardial ischemia and reperfusion injury.
	Krishna K. Veeravalli, Annapurna Akula, Murali K. Kota	1021

	Evaluation of the antiperoxidative effects of melatonin in ammonium acetate-treated Wistar rats.
	Peter J. Lena, Perumal Subramanian	1031

	Taurine prevents acrylonitrile-induced oxidative stress in rat brain.
	Karthikeyan Mahalakshmi, Gullapalli Pushpakiran, Carani V. Anuradha	1037

	Effects of classic and newer antidepressants on the oxidation pathways of caffeine in rat liver. In vitro study.
	W³adys³awa A. Daniel, Marta Kot, Jacek Wójcikowski	1045

	Influence of classic and atypical neuroleptics on caffeine oxidation in rat liver microsomes.
	W³adys³awa A. Daniel, Marta Kot, Jacek Wójcikowski	1055

	Pharmacokinetics of liposomes designed to carry glucocorticoids.
	Rafal Hrynyk, Gert Storm, Bart Metselaar, Marek Langner	1063

	Effect of neutral endopeptidase inhibition on vascular response induced by exogenous angiotensin I in the isolated rat lung.
	Joanna B. Bartuœ, Stefan Ch³opicki	1071

	Influence of carnosine on the cardiotoxicity of doxorubicin in rabbits.
	Remigiusz Ziêba, Ma³gorzata W¹growska-Danilewicz	1079

	Effects of Bulgarian red and white wines on primary hemostasis and experimental thrombosis in rats.
	Tomasz Wollny, Ewa Chabielska, Ma³gorzata Malinowska-Zaprza³ka, Joanna Nazarko, Wioletta Rozmys³owicz-Szermiñska, W³odzimierz Buczko	1089

	Assessment of efficacy of quercetin-5™-sulfonic acid sodium salt in the treatment of acute chromium poisoning: experimental studies.
	Adam Szel¹g, Jan Magdalan, Maria Kopacz, Anna Ku�niar, Przemys³aw Kowalski, Ma³gorzata Pieœniewska	1097

	Effect of macrolide antibiotics on nitric oxide synthase and xanthine oxidase activities, and malondialdehyde level in erythrocyte of the guinea pigs with experimental otitis media with effusion.
	Bülent Aktan, Seyithan Taysi, Kenan Gümüºtekin, Harun Üçüncü, Ramazan Memiºoðullari, Kürºad Save, Nuri Bakan	1105

	Synthesis of some new 2,5-disubstituted 1,3,4-thiadiazoles containing isomeric pyridyl as potent antimicrobial agents.
	Khosrow Zamani, Khalil Faghihi, Malek S. Mehranjani	1111


	SHORT COMMUNICATIONS
	Involvement of CRF but not NPY in the anxiety regulation via NMDA receptors.
	Joanna M. Wieroñska, Bernadeta Szewczyk, Agnieszka Pa³ucha, Piotr Brañski, Maria „mia³owska	1119


	Blocking impact of clozapine on cocaine locomotor and sensitizing effects in rats.
	
Ma³gorzata Filip, Iwona Papla, Ewa Nowak, Edmund Przegaliñski	1125

	Inhibitory effect of some neuroactive steroids on cocaine-induced kindling in mice.
	Monika Leœkiewicz, Bogus³awa Budziszewska, Lucylla Jaworska-Feil, Marta Kubera, Agnieszka Basta-Kaim, W³adys³aw Lasoñ	1131

	Effect of tamoxifen on bone mineral density and blood lipids in ovariectomized rats.
	Bogus³aw Czerny, Andrzej Pawlik, Zygmunt Juzyszyn, Zofia Myœliwiec	1137
	PRELIMINARY COMMUNICATIONS
	Effect of zinc supplementation on antidepressant therapy in unipolar depression: 
a preliminary placebo-controlled study.
	Gabriel Nowak, Marcin Siwek, Dominika Dudek, Andrzej Ziêba, Andrzej Pilc	1143


	Sigma1 receptor antagonists attenuate antidepressant-like effect induced by co-administration of 1,3 di-o-tolylguanidine (DTG) and memantine in the forced swimming test in rats.
	
Gra¿yna Skuza, Zofia Rogó¿	1149

	Opposite effects of clozapine and sulpiride on the lipopolysaccharide-induced inhibition of the GR-mediated gene transcription in fibroblast cells.
	Agnieszka Basta-Kaim, Bogus³awa Budziszewska, Lucylla Jaworska-Feil, Monika Leœkiewicz, Magdalena Tetich, Marta Kubera, Simon Scharpe, W³adys³aw Lasoñ	1153

	Early exposure to hypertonic solution strongly intensifies the effects of K+ channel opener, rilmakalim, in guinea pig ventricular myocytes.
	Ivan Kociæ, Yuji Hirano, Masayasu Hiraoka	1159

	Note to contributors	1169




