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In this study, we examined the role of 5-hydroxytryptamine (5-HT)
��

and
�
�
-adrenergic receptors in the hypothermia induced by 1-(2-methoxyphe-

nyl)-4-[4-(2-phthalimido)butyl]-piperazine (NAN-190) and its analogs, 1-(2-
methoxyphenyl)-4-[(4-succinimido)butyl]piperazine (MM77) and trans-1(2-
methoxyphenyl)-4-[4-(2-phthalimido)cyclohexyl]piperazine (MP245), which
– like NAN-190 – showed a high affinity for 5-HT

��
and �

�
-adrenoceptors.

Administration of NAN-190 (a partial agonist of presynaptic and an antago-
nist of postsynaptic 5-HT

��
receptors and �

�
-adrenoceptors), MM77 and

MP245 (antagonists of postsynaptic 5-HT
��

receptors), as well as 8-OH-
DPAT (a 5-HT

��
agonist) and prazosin (an �

�
-adrenoceptor antagonist) in-

duced a dose-dependent hypothermia in mice. The silent antagonist of
5-HT

��
receptors, WAY 100635, which abolished the hypothermic effect of

8-OH-DPAT, inhibited the hypothermia induced by NAN-190 administered
at a dose of 1 mg/kg (but not 2 mg/kg) and by MP245 (0.5 and 1 mg/kg), but
failed to change the MM77 (1 and 4 mg/kg)-induced decrease in body tem-
perature in mice. The �

�
-adrenoceptor agonist St 587, which reduced the hy-

pothermic effect of prazosin, inhibited the decrease in body temperature
evoked by NAN-190 at the higher dose and by MP245at both the doses used,
but did not affect the MM77-induced hypothermia in mice.

The obtained results suggest that the hypothermia in mice induced by
NAN-190 and its constrained analog MP245 is connected with stimulation
of 5-HT

��
receptors and with blockade of �

�
-adrenoceptors, participation of

these receptors not being equivalent, though. The origin of the hypothermia
evoked by MM77 is still unknown.

Key words: NAN-190 and its analogs, 5-HT�� receptor ligands, ��-adre-
noceptor ligands, body temperature, mice
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INTRODUCTION

It has been established that serotonin (5-hydro-
xytryptamine, 5-HT) participates in thermoregula-
tion [24]. Administration of 5-HT or 5-HT receptor
agonists has been shown to produce differential
changes in body temperature depending on the type
of 5-HT receptors involved in the effects of these
5-HT ligands. Thus, it has been pointed out that
stimulation of 5-HT��, 5-HT�( and 5-HT � recep-
tors in particular can affect central temperature
regulation [14, 16–18, 37]. It is also well documen-
ted that ��-adrenergic, D�- and D -dopaminergic
receptors are involved in thermoregulation, and
that the hypothermia model in mice is a suitable
procedure for determining the relative potencies of
��-adrenergic, D�- and D -dopaminergic receptor
ligands [19, 32, 33, 35, 40].

The 5-HT�� receptor agonist, 8-hydroxy-2-(di-
n-propylamino)tetralin (8-OH-DPAT), induces hy-
pothermia in mice, connected with presynaptic
5-HT�� receptor activation [10, 17]. That hypother-
mia was abolished by antagonists of 5-HT�� recep-
tors, such as, e.g., WAY 100635 [7, 8], WAY 100135
[6, 28] or MP3022 [22]. On the other hand, the
8-OH-DPAT-induced decrease in body temperature
in mice was not antagonized by NAN-190 (1-(2-
methoxyphenyl)-4-[4-(2-phthalimido)butyl]pipera-
zine; Fig. 1) [23, 39], which is 5-HT�� and ��-adre-

nergic receptor ligand (K� = 0.55 and 0.8 nM, re-
spectively) with an antagonistic activity at these re-
ceptors [4, 9]. Although behavioral and some in vi-
tro studies with NAN-190 have indicated that it is a
5-HT�� postsynaptic receptor antagonist [29–31],
the results of microdialysis and electrophysiologi-
cal experiments show that it is a partial agonist of
presynaptic 5-HT�� receptors [11–13, 34]. In mice,
NAN-190 alone produces a rapid decrease in body
temperature [23, 39], but so far the mechanism of
this effect has been not elucidated.

We have recently described the synthesis and
some pharmacological effects of a few NAN-190
analogs, e.g., 1-(2-methoxyphenyl)-4-[(4-succinimi-
do)butyl]piperazine (MM77; Fig. 1) [20] and trans-
-1-(2-methoxyphenyl)-4-[4-(2-phthalimido)cyclohe-
xyl]piperazine (MP245, a constrained analog of
NAN-190; Fig. 1) [27], either showing a high affi-
nity for 5-HT�� receptors (K� = 6.4 and 8 nM,
respectively). It has also been shown that MM77 –
like NAN-190 – exhibits a high affinity for ��-adre-
noceptors (K� = 11.9 nM) and binds to 5-HT �, D�

and D receptors several times less potently than to
5-HT�� ones [20]. Moreover, we have demon-
strated that – like NAN-190 – compounds MM77
and MP245 show features of postsynaptic 5-HT��

receptor antagonists. Their ED)* values for inhibi-
tion of the 8-OH-DPAT-induced behavioral syn-
drome and a lower lip retraction in rats (5.4–7.0
mg/kg for MM77 and 2.3–7.5 mg/kg for MP245)
were somewhat lower than those determined for
NAN-190 (1.7–2.5 mg/kg), but were of the same
order of magnitude [20, 26, 27]. In mice, MM77 –
like NAN-190 – induces dose-dependent hypother-
mia [20], however, the influence of MP245 on
body temperature has not been tested so far.

The present study was undertaken to evaluate
the role of 5-HT�� and/or ��-adrenoceptors in the
changes of body temperature induced by NAN-190
and its analogs (MM77 and MP245) in mice. In ad-
dition, the affinity of MP245 for 5-HT �, ��-adre-
nergic, D�- and D -dopaminergic receptors, which
can also play a role in the thermoregulatory effects,
was also examined.

MATERIALS and METHODS

In vivo experiments

The experiments were carried out on male Al-
bino Swiss mice (25–30 g). The animals were kept
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Fig. 1. The chemical structure of NAN-190 and its analogs



at an ambient temperature of 20 ± 1°C throughout
the experiment, and had free access to food (stan-
dard laboratory pellets, LSM) and tap water. All the
experiments were conducted in the light phase on
a natural light-dark cycle (from July to December),
between 9 a.m. and 2 p.m. The testing was carried
out on randomized groups of animals. Each experi-
mental group consisted of 7-9 animals/dose, and all
the animals were used only once.

8-Hydroxy-2-(di-n-propylamino)tetralin hydro-
bromide (8-OH-DPAT, Research Biochemicals
Inc.) and N-{2-[4-(2-methoxyphenyl)-1-piperazi-
nyl]ethyl}-N-(2-pyridinyl)cyclo-hexanecarboxami-
de trihydrochloride (WAY 100635, synthesized by
Dr. J. Boksa, Institute of Pharmacology, Polish
Academy of Sciences, Kraków, Poland) were used
as aqueous solutions, and [2-(2-chloro-5-trifluoro-
methyl)phenylimino]imidazolidine (St 587, Boeh-
ringer-Ingelheim, Germany) was dissolved in sa-
line. 1-(2-Methoxyphenyl)-4-[4-(2-phthalimido)bu-
tyl]piperazine hydrobromide (NAN-190; synthe-
sized by Dr. J. Boksa, Institute of Pharmacology,
Polish Academy of Sciences, Kraków, Poland),
trans-1-(2-methoxyphenyl)-4-[4-(2-phthalimido)cy-
clohexyl]piperazine dihydrochloride (MP245; syn-
thesized by Dr. M. Paluchowska, Institute of Phar-
macology, Polish Academy of Sciences, Kraków,
Poland), 1-(2-methoxyphenyl)-4-[(4-succinimido)-
butyl]piperazine dihydrochloride monohydrate
(MM77; synthesized by Dr. M. Mokrosz, Institute
of Pharmacology, Polish Academy of Sciences,
Kraków, Poland) and prazosin hydrochloride (Re-
search Biochemicals Inc.) were suspended in a 1%
aqueous solution of Tween 80. 8-OH-DPAT and
WAY 100635 were injected subcutaneously (sc),
while NAN-190, MP245, MM77, St 587 and pra-
zosin were given intraperitoneally (ip) in a volume
of 10 ml/kg.

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

Body temperature in mice

The rectal body temperature in mice was meas-
ured with an Ellab thermometer. A thermocouple
was inserted at a depth of 2.5 cm into a mouse rec-
tum. The animals (housed individually throughout
the experiment) were not restrained, and the ther-
mocouple was inserted only at the time of measure-
ment. Body temperature was recorded 30, 60, 90

and 120 min after administration of all the tested
compounds given alone. In a separate experiments,
the effect of WAY 100635 (0.1 mg/kg) or St 587 (3
mg/kg) on the hypothermia induced by NAN-190,
MM77, MP245, 8-OH-DPAT or prazosin was ex-
amined. WAY 100635 or St 587 was given 15 min
before the compounds that induced the hypother-
mia. The measurement of mouse body temperature
was carried out at 30 and 60 min after administra-
tion of NAN-190, MM77, MP245, 8-OH-DPAT or
prazosin. The results were expressed as a change in
body temperature (�t), with respect to the basal
body temperature, measured at the beginning of the
experiment.

Radioligand binding studies

5-HT�� and �� binding assays

The affinity of the investigated compounds for
5-HT � and �� receptors was assessed on the basis
of their ability to displace ["H]-ketanserin (63.3
Ci/mmol, NEN Chemicals) and ["H]-prazosin
(25 Ci/mmol, Amersham), respectively. Radio-
ligand binding studies were carried out on a rat
brain using tissues from the cortex for both,
5-HT � and �� receptor types, according to the
published procedures [2, 21].

D� and D� binding assays

Competition binding studies were performed in
rat striatal membranes prepared according to the
previously published procedure [25]. The radio-
ligands used were ["H]-SCH 23390 (75.5 Ci/mmol,
NEN Chemicals) and ["H]-spiperone (15.7 Ci/mmol,
NEN Chemicals) for D� and D receptors, respec-
tively. Both assays were carried out in 96-well filter
plates (containing glass fiber type C, Millipore) and
all filters were pre-soaked with 100 �l of ice-cold
50 mM potassium phosphate buffer (pH 7.4) and
filtered using Millipore Vacuum Manifold prior to
sample addition. For D binding assays, 150 �l ali-
quots of striatal membrane preparations, 50 �l of
radioligand and either 50 �l of buffer (for total
binding assay) or 50 �l of (±)-butaclamol (5 �M) to
determine nonspecific binding or 50 �l of the com-
pounds to be tested were added to each well. Addi-
tionally, to prevent ["H]-spiperone binding to 5-HT �

receptors, ketanserin (50 nM) was included in the
assay buffer. After incubation at 37°C for 30 min,
binding reaction was terminated by vacuum filtra-
tion and washed 3 times with 200 �l of buffer. For
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D� binding assays, the same procedure was fol-
lowed except that (±)-butaclamol was replaced by
cis-(Z)-flupentixol (5 �M) and the plate was incu-
bated at 30°C for 60 min. Radioactivity was deter-
mined by liquid scintillation counting in a Beck-
man LS 6500 apparatus.

K� values from at least three competition binding
experiments were determined, in which 10 drug con-
centrations (run in triplicate) were used. The Cheng
and Prusoff [3] equation was used for K� calculations.

RESULTS

Body temperature in mice

As shown in Table 1, the investigated com-
pounds NAN-190 (0.5–4 mg/kg), MM77 (0.5–4
mg/kg) and MP245 (0.25–1 mg/kg), as well as the
5-HT�� receptor agonist 8-OH-DPAT (2.5–5 mg/kg)
and the ��-adrenoceptor antagonist prazosin (1–2
mg/kg) – used as reference drugs – when given
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Table 1. The effect of the tested compounds on body temperature in mice

Compound
Dose

(mg/kg)

�t ± SEM °C

30 min 60 min 90 min 120 min

Vehicle – –0.1 ± 0.1 0.2 ± 0.1 0.3 ± 0.2 0.2 ± 0.1

NAN-190 0.5 –0.8 ± 0.3 –0.5 ± 0.2 –0.2 ± 0.1 –0.1 ± 0.1

1 –1.1 ± 0.2� –0.7 ± 0.3� –0.5 ± 0.2� –0.2 ± 0.2

2 –1.2 ± 0.2� –0.8 ± 0.3� –0.3 ± 0.2 –0.1 ± 0.1

4 –1.6 ± 0.4� –1.0 ± 0.2� –0.1 ± 0.1 –0.1 ± 0.1

Vehicle – –0.1 ± 0.1 –0.1 ± 0.1 –0.3 ± 0.1 –0.2 ± 0.2

MM77* 0.5 –0.8 ± 0.2 –0.2 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1

1 –1.2 ± 0.2� –0.4 ± 0.1 –0.1 ± 0.1 0.1 ± 0.1

2 –1.1 ± 0.1� –0.5 ± 0.2 –0.3 ± 0.2 –0.2 ± 0.1

4 –1.5 ± 0.2� –1.1 ± 0.2� –0.7 ± 0.2 –0.5 ± 0.2

Vehicle – –0.2 ± 0.2 –0.1 ± 0.1 –0.3 ± 0.1 –0.2 ± 0.1

MP245 0.25 –0.4 ± 0.2 –0.2 ± 0.2 –0.2 ± 0.1 –0.1 ± 0.1

0.5 –1.4 ± 0.1� –0.8 ± 0.1� –0.4 ± 0.2 –0.1 ± 0.1

1 –2.7 ± 0.3� –1.9 ± 0.3� –1.1 ± 0.2� –0.6 ± 0.2

Vehicle – –0.1 ± 0.1 –0.1 ± 0.1 –0.2 ± 0.1 –0.1 ± 0.1

8-OH-DPAT 2.5 –0.6 ± 0.2� –0.4 ± 0.1 –0.3 ± 0.1 –0.1 ± 0.1

5 –1.2 ± 0.1� –0.5 ± 0.1 –0.3 ± 0.1 –0.2 ± 0.1

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

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

Vehicle – –0.2 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1 –0.2 ± 0.1

Prazosin 1 –1.7 ± 0.2� –1.2 ± 0.1� –1.2 ± 0.1� –1.0 ± 0.1�

2 –2.0 ± 0.3� –1.7 ± 0.1� –1.3 ± 0.1� –1.2 ± 0.1�

Vehicle – –0.2 ± 0.1 –0.1 ± 0.1 –0.3 ± 0.1 –0.1 ± 0.1

St 587 3 0.1 ± 0.2 0.0 ± 0.2 –0.1 ± 0.2 –0.1 ± 0.2

The tested compounds were administered 30 min before the test. Absolute initial mean body temperatures were within the range 36.7
± 0.4°C; n = 8–9 mice per group, � p < 0.05, � p < 0.01 vs respective vehicle group. * Data from [20]



alone, they significantly and dose-dependently de-
creased rectal body temperature in mice. The maxi-
mum hypothermic effect, i.e. –1.5°C, –1.4°C, –2.5°C,
–1.1°C and –1.8°C, respectively, appeared 30 min
after injection of the highest tested dose of those
compounds. On the basis of the obtained data, sub-
maximal or maximal doses of those compounds were
chosen for further studies. Neither WAY 100635
(0.1 mg/kg) nor St 587 (3 mg/kg) affected body
temperature in mice.

The decrease in body temperature induced by
the lower dose of NAN-190 (1 mg/kg) was signifi-
cantly attenuated by WAY 100635 (0.1 mg/kg),
whereas the hypothermic effect of its higher dose
(2 mg/kg) was not changed by that 5-HT�� antago-
nist. WAY 100635 (0.1 mg/kg) also produced inhi-
bition of the hypothermic effects of MP245 (0.5
and 1 mg/kg), but did not change the hypothermia
induced by MM77 (1 and 4 mg/kg). At the same
time, the decrease in body temperature induced by
8-OH-DPAT (5 mg/kg) was completely blocked by
WAY 100635 (0.1 mg/kg) (Tab. 2).

Table 3 shows the influence of the ��-adreno-
ceptor agonist St 587 (3 mg/kg) on the hypothermia
induced by NAN-190, MM77, MP245 and prazo-
sin. It was found that St 587 inhibited the hypother-
mic effect induced by NAN-190 (2 mg/kg, but not
1 mg/kg), MP245 (0.5 and 1 mg/kg) and prazosin
(1 mg/kg), but did not affect the hypothermia in-
duced by MM77 (1 and 4 mg/kg).

Radioligand binding studies

We evaluated only the in vitro affinity of MP245
for 5-HT �, ��-adrenergic, D�- and D -dopaminer-
gic receptors; the remaining results shown in Table
4 had been described earlier [9, 20, 27]. Those data
proved that the NAN-190 analogs, compounds
MM77 and MP245 showed a high affinity for
5-HT�� and ��-adrenoceptors (K� = 6.4–29 nM) –
yet lower than that shown by the parent compound
NAN-190 which exhibited a subnanomolar affinity
for these receptors (K� = 0.58–0.8 nM). NAN-190
and MP245 displayed a moderate affinity for D 

receptors (K� = 60 and 180 nM, respectively),
whereas the affinity of MM77 for those receptors
was low. Only NAN-190 demonstrated a slight af-
finity for 5-HT � and D� receptors, whereas in the
case of MM77 and MP245 the K� values were at
a micromolar level only.
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Table 2. The effect of WAY 100635 on the hypothermia in-
duced by the tested compounds in mice

Compound and dose
(mg/kg)

�t ± SEM °C

30 min 60 min

Vehicle + vehicle –0.1 ± 0.1 0.1 ± 0.1

Vehicle + NAN-190 (1) –0.9 ± 0.1� –0.5 ± 0.2�

WAY 100635 (0.1)
+ NAN-190 (1)

–0.2 ± 0.1� –0.1 ± 0.1

Vehicle + vehicle –0.1 ± 0.1 –0.1 ± 0.1

Vehicle + NAN-190 (2) –1.6 ± 0.1� –1.1 ± 0.1�

WAY 100635 (0.1)
+ NAN-190 (2)

–1.3 ± 0.1� –0.9 ± 0.1�

Vehicle + vehicle –0.1 ± 0.1 –0.1 ± 0.1

Vehicle + MM77 (1) –1.0 ± 0.1� –0.5 ± 0.1�

WAY 100635 (0.1)
+ MM77 (1)

–0.6 ± 0.2 –0.2 ± 0.1

Vehicle + vehicle –0.1 ± 0.1 0.1 ± 0.1

Vehicle + MM77 (4) –1.6 ± 0.1� –1.2 ± 0.1�

WAY 100635 (0.1)
+ MM77 (4)

–1.9 ± 0.2� –1.4 ± 0.2�

Vehicle + vehicle –0.1 ± 0.1 –0.1 ± 0.1

Vehicle + MP245 (0.5) –1.4 ± 0.1� –0.8 ± 0.1�

WAY 100635 (0.1)
+ MP245 (0.5)

–0.6 ± 0.1�� –0.3 ± 0.1�

Vehicle + vehicle –0.1 ± 0.1 0.1 ± 0.1

Vehicle + MP245 (1) –2.7 ± 0.3� –1.9 ± 0.3�

WAY 100635 (0.1)
+ MP245 (1)

–1.4 ± 0.2�� –1.0 ± 0.2��

Vehicle + vehicle 0.1 ± 0.1 0.1 ± 0.1

8-OH-DPAT (5) –1.3 ± 0.1� –0.7 ± 0.1�

WAY 100635 (0.1)
+ 8-OH-DPAT (5)

–0.1 ± 0.1� 0.1 ± 0.1�

WAY 100635 was administered 15 min before the compounds
studied. Body temperature was recorded 30 and 60 min after in-
jection of the tested compounds. Absolute initial mean body
temperatures were within the range 36.5 ± 0.3°C. n = 8–9 mice
per group. � p < 0.05, � p < 0.01 vs respective vehicle + vehicle
group, � p < 0.05, � p < 0.01 vs respective vehicle + tested com-
pound group



DISCUSSION

In the present study NAN-190 produced a dose-
dependent hypothermia in mice, which is in agree-
ment with the previously described results obtained
with this species [23, 39] or with rats [29]. Also the
two NAN-190 analogs, MM77 [20] and MP245,
produced a decrease in mouse body temperature.
We also demonstrated for the first time that the hy-
pothermia induced by the low dose of NAN-190
in mice – like that induced by the 5-HT�� receptor
agonist 8-OH-DPAT – was abolished by WAY
100635, a silent 5-HT�� receptor antagonist [8].
The latter observation suggests that the hypother-
mic effect of the low dose of NAN-190 is con-
nected with stimulation of 5-HT�� receptors
(maybe located presynaptically as in the case of the
8-OH-DPAT-induced hypothermia in mice [10,
17]). The earlier studies by WoŸniak et al. [39] and
Moser [23] also described the intrinsic action of
NAN-190 on body temperature, and did not present
any evidence that NAN-190 could antagonize the
hypothermic effect of 8-OH-DPAT – at least in
mice. Therefore, it seems that – like in electro-
physiological [11, 13] and microdialysis [12, 34]
studies – NAN-190 used at a low dose can behave
as an agonist of 5-HT�� receptors in a mouse hypo-
thermia model, as is the case after administration of
8-OH-DPAT. In our experiment, the hypothermic
effect induced by the higher dose of NAN-190 was
not modified by WAY 100635. These findings sug-
gest that, although 5-HT�� receptors mediate the
hypothermic effect of the low dose of NAN-190,
another mechanism is involved in the decrease in
mouse body temperature evoked by the higher
dose. The evidence for non-5-HT�� receptor-me-
diated effects of the higher doses of NAN-190
comes from a number of sources. Przegaliñski et al.
[29] reported that the hypothermia induced by
a high dose (8 mg/kg) of NAN-190 in rats was not
changed by pretreatment with either pindolol or
spiperone. In addition, Williams and Dourish [38]
found that a high dose (3 mg/kg) of NAN-190
given to rats caused motor impairment and disrup-
tion of the feeding behavior by a mechanism un-
likely to involve 5-HT�� receptors. Moreover,
Sharp et al. [34] concluded that the ��-adrenocep-
tors were involved in the inhibitory effect of
NAN-190 (at its higher doses) on 5-HT release.
Radioligand binding studies demonstrated that
NAN-190 had an appreciable affinity for ��-adre-
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Table 3. The effect of St 587 on the hypothermia induced by the
tested compounds in mice

Compound and dose
(mg/kg)

�t ± SEM °C

30 min 60 min

Vehicle + vehicle –0.1 ± 0.1 –0.2 ± 0.1

Vehicle + NAN-190 (1) –0.9 ± 0.2� –0.3 ± 0.2

St 587 (3) + NAN-190 (1) –0.9 ± 0.1� –0.1 ± 0.2

Vehicle + vehicle –0.3 ± 0.1 –0.2 ± 0.1

Vehicle + NAN-190 (2) –2.3 ± 0.2� –1.0 ± 0.2�

ST 587 (3) + NAN-190 (2) –1.3 ± 0.3�� –0.4 ± 0.3�

Vehicle + vehicle –0.2 ± 0.1 –0.2 ± 0.1

Vehicle + MM77 (1) –1.3 ± 0.1� –1.1 ± 0.1�

St 587 (3) + MM77 (1) –1.2 ± 0.2� –0.9 ± 0.1�

Vehicle + vehicle –0.2 ± 0.1 –0.2 ± 0.1

Vehicle + MM77 (4) –1.7 ± 0.2� –1.5 ± 0.1�

St 587 (3) + MM77 (4) –1.6 ± 0.2� –1.6 ± 0.3�

Vehicle + vehicle –0.1 ± 0.1 –0.1 ± 0.1

Vehicle + MP245 (0.5) –1.1 ± 0.1� –0.7 ± 0.1

St 587 (3) + MP245 (0.5) –0.4 ± 0.1� –0.7 ± 0.1

Vehicle + vehicle –0.1 ± 0.1 –0.1 ± 0.1

Vehicle + MP245 (1) –1.6 ± 0.1� –1.2 ± 0.2�

St 587 (3) + MP245 (1) –0.3 ± 0.1� –0.3 ± 0.1�

Vehicle + vehicle –0.2 ± 0.1 –0.1 ± 0.1

Prazosin (1) –1.7 ± 0.2� –1.2 ± 0.1�

St 587 (3) + prazosin (1) –0.8 ± 0.1�� –0.4 ± 0.1�

St 587 was administered 15 min before the compounds studied.
Body temperature was recorded 30 and 60 min after injection of
the tested compounds. Absolute initial mean body temperatures
were within the range 36.6 ± 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

Table 4. Affinity of NAN-190, MM77 and MP245 for the se-
lected receptors

Receptor NAN-190* MM77� MP245

5-H�� 0.58 6.4 ± 0.3 8 ± 2�

5-HT�� 340 ± 20 1510 ± 95 2602 ± 50

�� 0.8 ± 0.04 11.9 ± 1 29 ± 3

D� 760 ± 70 1430 ± 35 950 ± 23

D� 60 ± 6 490 ± 50 180 ± 32

Data from: *[9], �[20], �[27]



noceptors and D dopaminergic receptors [9]; fur-
thermore, in functional studies it behaved like an
antagonist of both those receptor types [4, 38]. Our
present results showed that St 587, an ��-adrenocep-
tor agonist [5, 15] (which – when given alone –
does not change body temperature in mice), inhi-
bits the hypothermia induced by the higher dose of
NAN-190 or prazosin, an ��-adrenoceptor antago-
nist [1, 36], and allow us to conclude that ��-adre-
noceptors are involved in the hypothermic effect
evoked by the higher dose of NAN-190. Dopamin-
ergic D receptor antagonism is not likely to media-
te the NAN-190-induced hypothermia, since such
drugs as, e.g., sulpiride [40], pimozide or spiperone
[16] do not have this effect in mice.

This study also shows that the hypothermia in-
duced by either of the two doses of MP245, a con-
strained analog of NAN-190 with a high affinity for
5-HT�� and ��-adrenergic receptors, is reduced by
WAY 100635. Moreover, pretreatment of St 587 at-
tenuates the hypothermic effect of the lower dose
of MP245 and completely blocks that induced by
the higher dose of this compound, which indicates
that the hypothermia evoked by MP245 results
from activation of 5-HT�� receptors and inhibition
of ��-adrenoceptors. Our earlier data demonstrated
that – like NAN-190 – compound MP245 (confor-
mationally restricted analog of NAN-190) is an an-
tagonist of postsynaptic 5-HT�� receptors; since all
possible conformations of the constrained com-
pounds belong to an extended family we concluded
that extended linear structure of MP245 represents
the bioactive conformation of flexible NAN-190,
responsible for its postsynaptic 5-HT�� receptor
antagonism [27]. The results obtained in the pres-
ent study suggest that also in mouse hypothermia
model, MP245 can mimic the effect of the parent
compound on 5-HT�� receptors (probably pre-
synaptic ones), and probably also ��-adrenergic
ones; however, the lack of conformational data
does not permit us to draw any general conclusions
in the case of ��-adrenoceptor activity.

In contrast to the above findings, we have pres-
ently shown that the hypothermia induced by
MM77 (5-HT��/�� ligand with a distinct postsy-
naptic 5-HT�� receptor antagonistic activity [20]),
another NAN-190 analog studied, is not sensitive
to WAY 100635 or St 587, excluding the contribu-
tion of 5-HT�� or ��-adrenergic receptors to this
effect. Due to the low affinity of MM77 for D� and

D receptors, their participation in the hypothermic
effect of this compound can also be excluded. On
the other hand, many other mechanisms may be in-
volved in the hypothermic effect of MM77. How-
ever, in the case of MM77, only 5-HT��, 5-HT �,
��-adrenergic, D� and D receptor affinity has been
determined, which at this stage of research restricts
the explanation of mechanism of hypothermia in-
duced by MM77.

Summing up, NAN-190 and its two analogs
MP245 and MM77 which show a high 5-HT��/
��-adrenergic receptor affinity and a postsynaptic
5-HT�� receptor antagonistic activity, induce hypo-
thermia in mice. A pharmacological analysis of this
effect indicates that 5-HT�� and ��-adrenergic re-
ceptors play a role in the hypothermia induced by
NAN-190 and MP245 (participation of these recep-
tors not being equivalent, though), but not in that
evoked by MM77. We have demonstrated that
stimulation of 5-HT�� receptors is responsible for
the hypothermic effects of the low dose of NAN-
-190 and either dose of MP245. The hypothermia
induced by the higher dose of NAN-190 and by
either dose of MP245 is apparently due to their
��-adrenoceptor antagonistic effects, as ��-adreno-
ceptor antagonist prazosin had a similar profile.
The origin of the hypothermia evoked by MM77
remains unknown.
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