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Abstract In the present study, we investigated the durgityoduction
tion of attenuation of the temperature increases produceé

by () 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropani radioligand binding studies, metergoline has been re-
(DOI) and m-chlorophenylpiperazine ntCPP) which ported to have similar high affinity for various 5-HT re-
followed pretreatment with four serotonin (5-HT) antageptor subtypes, including 5-HT and 5-HT,., whereas
onists; metergoline, mesulergine, mianserin and rit&esulergine, mianserin and ritanserin have been reported
nserin. The duration of attenuation oFCPP-induced to have much higher affinity at 5-HJ and 5-HT,, sites
hyperthermia lasted less than 1 day for ritanserin, mahan other 5-HT receptor subtypes (Hoyer 1988). Both 5-
than 1 day for the 5 mg/kg doses of both mianserin and,, and 5-HT,. receptors have been shown to have
metergoline and more than 2 days for the 5 mg/kg dasmilar molecular structures (Julius et al. 1988; Pritchett
of mesulergine. The duration of attenuation of DOI-iret al. 1988), both are coupled to guanine nucleotide regu-
duced hyperthermia lasted less than 1 day for ritanseléory proteins (Hartig 1989) and, furthermore, stimula-
more than 1 day for mianserin, more than 2 days for tfien of each of these receptors increases phosphatidylino-
5 mg/kg dose of metergoline and more than 4 days #iol hydrolysis (Hoyer et al. 1989). These similarities led
mesulergine. Daily administration of a low (1.0 mg/kg the recent nomenclature change in which the former 5-
per day) dose of ritanserin for 14 days led to an atten#, . receptor was renamed 5-5iJ and the former 5-
tion of the temperature increases producednb€PP HT, receptor designated 5-H(Humphrey et al. 1993).
given 24 h after the last dose of ritanserin, but did not There is a variety of evidence from studies in rats that
cause a similar desensitization of DOIl-induced hypehe serotonergic neurotransmitter system can influence
thermia. On the other hand, daily administration of boféeding, locomotor activity, temperature and plasma hor-
low (1.0 mg/kg per day) and high (5.0 mg/kg per dayjones such as prolactin, adrenocorticotropic hormone
doses of mianserin for 14 days caused desensitizatioffAETH), corticosterone and growth hormone. In recent
DOl-induced hyperthermia but did not cause desensitig@ars, the use of 5-HT receptor subtype-selective agonists
tion of mCPP-induced hyperthermia when these agand antagonists has permitted partial characterization of
nists were administered 48 h after the last dose of miageeptor subtypes that mediate these effects. Stimulation
serin. These findings demonstrate functional subsensiti¥5-HT,, receptors produces hypophagia (Schechter and
ity of both 5-HT,, and 5-HT, receptors mediating hy-Simanski 1988; Aulakh et al. 1995a) hyperthermia
perthermia following both acute and chronic administréPranzatelli 1990; Aulakh et al. 1994; Mazzola-Pomietto
tion of 5-HT,,/5-HT, receptor antagonists; some differet al. 1995) and increases in plasma concentrations of
ences in time course and in responses to individual prelactin (Gartside and Cowen 1990), ACTH and cortico-
tagonists at 5-HJ, versus 5-HJ sites were also ob-sterone (Alper 1990). Similarly, stimulation of 5-5{Tre-
served. ceptors also produces hypophagia (Kennett and Curzon
. . . . 1991), hypolocomotion (Kennett and Curzon 1988), hy-
Key words Metergoline - Mesulergine - Mianserin - harthermia (Mazzola-Pomietto et al. 1996) and increases
Ritanserin m-Chlorophenylpiperazine - in plasma concentrations of prolactin (Aulakh et al.
(+)1-(2,5-Dimethoxy-4-iodophenyl)-2-aminopropine 1992y ACTH (Bagdy et al. 1989) and corticosterone
(Fuller 1990).
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propane (DOI) andn-chlorophenylpiperazinen¢ CPP) mesulergine (for metergoline), 1p02 M TRIS and 2 ml methyl-

is_mediated by selective stimulation of 5-jiTand 5- tert-butyl ether were added to a 5 fT(‘j' ?S%Fg%pyleneigg)e- Samples

H _ ; ere vortex mixed ana centrituge min, . e
HTZC_ receptors, respectlve_ly (Mazzola Pom'etm et %[rher phase was transferred to another tube containinguR00
1995; 1996). In these studies, pretreatment with metes-mm phosphoric acid. Following vortex mixing, the samples
goline, mesulergine, mianserin and ritanserin (1 mg/kggre centrifuged and the aqueous phase was injected onto the
injected 30 min prior tan-CPP or DOI was shown to at-HPLC column.

i _ ; For brain tissue, extractions were performed according to a
tenuate both DOl-induced (Mazzola-Pomietio et al. lggrgz)dification of the method of Miller and DeVane (1986). Weighed

and m-CPP-induced (Mazzola-Pomietto et al. 1996) hyzain samples of approximately 600-700 mg were added to 5 ml of
perthermia. In the present study, we investigated the du-M perchloric acid and sonicated (model XL 2020, Heat Sys-
ration of this attenuation of both DOIl-induced amd tems-Ultrasonics, Farmingdale, N.Y., USA) for 60 s at 4°C. To a

o i R0 ul aliquot of brain homogenate, 1p0 1 uM mesulergine (in-
CPP-induced hyperthermia produced by acute admi 9)nal standard for metergoline) or D1 uM metergoline (inter-

. iss
tration of .1'0 mg_/kg an_d 5.0 mg/kg do_ses of met_e_rgollr}% standard for mesulergine), 1002 M TRIS, and 2 ml 2% iso-
mesulergine, mianserin and ritanserin. In addition, Vi@ alcohol in hexane was added. The sample then was vortex
also studied the effects of chronic (13-14 days) adminisixed and centrifuged (20@f) 5 min, 4°C). The hexane phase was
tration of both mianserin and ritanserin on DOI-inducdgmoved and added to a test tube containingl2a® mM phos-

i P phoric acid. Following vortex mixing and centrifuging, the hexane
as well asn-CPP-induced hyperthermia in rats. phase was removed, discarded and al%0iquot of the remaining

agueous phase was injected onto the HPLC column.

Materials and methods Mobile phase

Male Wistar rats (Charles River, Kingston, New York, USAThe mobile phase was a mixture of 0.03 M monobasic potassium

weighing approximately 225 g at the beginning of the study wepbosphate buffer, adjusted to pH 3.0 with phosphoric acid, 30%

used. Animals were housed three per cage in a temperature-eaetronitrile and 20% methanol containing 0.035% triethylamine

trolled (21+£1°C) room with a 12-h light/dark cycle (light on aand 2.69uM EDTA. A constant flow rate of 0.8 ml/min was deliv-

6:00 a.m.). Animals had free access to food and water at all timesed by a LKB Model 2150 HPLC pump (Pharmacia, Piscataway,
For studying the duration of attenuationneCPP and DOI-in- N.J., USA).

duced hyperthermia by metergoline, mesulergine, mianserin and ri-

tanserin, separate groups of animals were injected IP with either ve- ) -

hicle or a low dose (1.0 mg/kg) or a high dose (5.0 mg/kg) of eaBAtrumentation and conditions

5-HT antagonist. The animals were challenged 1, 2, 3, 4 or 6 d§¥ aration was achieved on au. 15 cm lenathx4.6 mm i.d

later with a 2.5 mg/kg dose of eithefrCPP or DOI. The selection Ainon c.8 reversed-phase c?)llurhn (Thomsc?n Instrument Co.,

gL;hvev ozrkS(Tl?Ig(I?hde?sael %ggg &fgz%g'_;"j;igggeedt §|n fggg;revépri_ngfield, Va., USA). Samples were injected onto the column by
' ' y ' _a_Gilson Model 231/401 autosampler (Gilson, Middleton, Wisc.,

For the study of chronic serotonin antagonist treatment, se f : .
rate groups of animals were injected IP with either vehicle oergA) fitted with a 50ul sample loop. Samples were quantitated

low dose (1.0 mg/kg) or a high dose (5.0 mg/kg) of either rit%{’hperometncany using a Model LC-4B electrochemical detector

; . ) jpanalytical Systems Inc., West Lafayette, Ind., USA) with a
nserin or mianserin every day for 6 or 7 days and 13 or 14 daysqpisq, “carhon electrode, TL 8A, at a potential of 0.98 V versus a

DOI or mCPP challenge, respectively. In the case of ritanser
the animals were challenged 24 h after the last injection With’\/%@g%Izigfghe;}ceénggégrrréaetrograms were recorded on a LKB
2.5 mg/kg dose of eithen-CPP or DOI. In the case of mianserin, P )
the animals were challenged 48 h after the last injection with a
2.5 mg/kg dose of eithen-CPP or DOI. Chemicals

Rectal temperature was measured with a rectal probe and digi-
tal thermometer (Sensortek, Clifton, N.J., USA), all recordings bdPLC grade phosphoric acid, monobasic potassium phosphate,
ing made between 10 a.m. and 1 p.m. Each animal received rnt@thyl-tert-butyl ether and HPLC grade acetronitrile were ob-
habituating exposures to the rectal probe, which was inserteihed from Fisher Scientific (Pittsburgh, Pa., USA). Triethyl-
2.5 cm into the colon, while each rat was held lightly by the ta#imine was obtained from Aldrich Chemical (Milwaukee, Wisc.,
The rectal temperature was recorded at baseline and 30 miJ8A). Metergoline and mesulergine were obtained from Research
60 min afterm-CPP or DOI injection, since the peak effectsrfer Biochemicals (Natick, Mass., USA). Water was purified prior to
CPP occurred at 30 min and those for DOI occurred at 60 mise by a Milli-Q purification system (Millipore, Bedford, Mass.,
(Mazzola-Pomietto et al. 1995; 1996). USA).

For investigating the brain and plasma levels of metergoline or
mesulergine, separate groups of animals were killed 60 mi
90 min or 24 h later following IP administration of 5 mg/kg dosélfugs

of either metergoline or mesulergine, respectively. The rats w&ig, fo/10wing drugs were used: metergoline (Farmitalia, Milan, It-
sacrificed by odecap_ltatlon. The brains were dissected out , m-CPP hydrochloride, DOI hydrochloride, mianserin hydro-
stored at —70°C until analyzed for drug levels. The trunk blootsiqe “mesulergine hydrochloride and ritanserin (Research Bio-

was collected in centrifuge tubes containing 0.5 ml ethylened . . ; ; :
> ! ; - h s emicals Natick, Mass., USA). DOW-CPP, mianserin and me-
aminetetraacetic acid. Following centrifugation, plasma samp rgine were dissolved in 0)_9% saline. Metergoline and rita-

were collected and stored at —70°C. The brain and plasma levels Ofiif"\vere dissolved in 100% dimethylsulfoxide (DMSO). The

mesulergine and metergoline were measured by high pressure Mame ini ;
h jected was 0.1 ml/100 g body weight. All drug doses
uid chromatography (HPLC). given in the text refer to the salt.

Extraction procedure Data analysis

For plasma, 0.5 ml of standard or unknown sample, iDO The data were analyzed using one-way analysis of variance ac-
(100 ng) of the internal standard, metergoline (for mesulergine)awmpanied by contrasts (means comparisons) specified a priori
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Table 1 Brain and plasma levels of metergoline or mesulergine at DOI Challenge O Vehicle (DMSO)
various time points following acute administration of a 5 mg/kg, 3.4 Metergoline (Img/kg)
dose of metergoline or mesulergine, respectively. Values are ex- Metergoline (Smefke)
pressed as means+SEM from eight anitials T
z
. : ; ~g 20
Time Metergoline Mesulergine 0%
— ~ 3
. . Lo
Brain Plasma Brain Plasma Eg
(ng/mg)  (ng/ml) (ng/mg) (ng/ml) !g;;o 104 3 i
. 51 = *
60 min 329495 86+24 162+61 9620 £ £
90 min 194+72 88+19 145+78 43124
24 h 0+0 010 00 00 00 . /
1 2 3 Wash-out period before
DOI challenge (day)
DOI Challenge O Vehicle (Saline)
3.0 4 Fl Mesulergine (1mg/kg)
A Mesulergine (5mg/kg)
—_ m-CPP Challenge
& 20 % g O Vehicle (DMSO)
|ORr 1 [ Metergoline (1mg/kg)
T2 . B Metergoline (Smg/kg)
g o * 1.50 4
£E 5 :
g4 - 5
g8 101 H oF
g5 T x “Z 100 ‘
'\:‘3 H g_‘g 004
g5
00 2= 2
! “ T : ° H
1 3 4 6 Wash-out period before E e 050
DOI challenge (day) = =
o .
0.00 d
1

f
2 Wash-out period before
m-CPP challenge (day)

m-CPP Challenge O Vehicle (Saline) Fig. 2A, B Effects of acute pretreatment with low (1.0 mg/kg) or

Al Mesulergine (Imgrkey ~ Nigh (5.0 mg/kg) doses of metergoline or DOI-inducad ¢r m-

B Mesulergine Smg/kg)  CPP-induced B) hyperthermia in rats. Values are expressed as
1.50 means+SEM from six animal®**<0.01, significantly different
5 from vehicle+DOl-treated or vehicle+CPP-treated animeis
g‘;«:% 1.00
§§ For the effects of various doses of mesulergine on
ég 050 | L DOl-induced hyperthermia, analysis of variance showed
=2 H x an overall significant effect on day F(R, 15)=16.5,
- '*L P<0.001], day 2 (2, 15)=8.16,P<0.01], day 3 F(2,
0.00 ' T T » 15)=4.34,P<0.05] and day 4H(2, 15)=4.54,P<0.05]
! 2 3 Wahewpedodbel  but not on day 6F(2, 15)=1.13P>0.05]. Further analy-

sis revealed that on days 1, 3 and 4, both doses of mesul-
(Fsig(j %%,/E )ngggéz g; mg;ruelgtrﬁ}ﬁgtovrv]itgclﬁvivnglugé r;gﬁkrggcolgg\igfergine significantly attenuated DOI-induced hyperther-
induce% gB) hyperthermia ing rats. Values are expressed qua (Fig. 1A). Fo_r the effects of various doses_of mESL_JI-
means+SEM from six animalsP%0.05; *P<0.01; **P<0.001, €fgine onm-CPP-induced hyperthermia, analysis of vari-
significantly different from vehicle+DOl-treated or vehicle+ ance showed an overall significant effect on daf @[
CPP-treated anime's 15)=11.21,P<0.01] and day 2H(2, 16)=7.75,P<0.01]

but not on day 3H(2, 15)=1.69P>0.05]. Further analy-
comparing independently each dose of 5-HT antagami@PP or SIS revealed that on day 1, both doses of mesulergine sig-
DOI to the vehiclem-CPP or DOI. The data used were change fificantly attenuatedn-CPP-induced hyperthermia; on
rectal temperature from baseline at 30 min or 60 min, ak@PP day 2, only the high dose (5.0 mg/kg) of mesulergine
or DOI administration, respectively. All data are reported &gnificantly attenuatedm-CPP-induced hyperthermia
meanstSEM. (Fig. 1B). The baseline values in saline-treated, low dose
and high dose mesulergine-treated animals varied be-
Results tween 37.1°C and 37.6°C on various days and were not

significantly different from saline-treated animals.
The brain and plasma concentrations of both metergolineFor the effects of various doses of metergoline on
and mesulergine were generally higher at 60 thB®I-induced hyperthermia, analysis of variance showed
90 min, and were nondetectable at 24 h (Table 1). an overall significant effect on day F(R, 15)=6.68,
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DOI Challenge O Vehicle (Safine) analysis of variance showed an overall signific&{2]
A 0 M e 15)=5.98,P<0.05] effect on day 1 but not on dayFZ,
15)=0.56,P>0.05]. Further analysis revealed that on day
= T 1, only the high dose (5.0 mg/kg) of mianserin signifi-
0= 204 cantly attenuatet-CPP-induced hyperthermia (Fig. 3B).
g2 . . The baseline values in saline-treated, low dose and high
EE L dose mianserin-treated animals varied between 37.0°C
Eg 109 and 37.8°C. There was a small but significant decrease in
=g the baseline temperature in mianserin-treated animals on
- day 2 but not on day 1.
00 ' - oot seriod before For the effects of various doses of ritanserin on DOI-
! ? DO chatlenge (day) induced orm-CPP-induced hyperthermia, analysis of
variance showed an overall non-significant effect for
both DOI [F(2, 15)=0.17,P>0.05] and m-CPP F(2,
15)=2.14,P>0.05]. The baseline values in saline-treated,
low dose and high dose ritanserin-treated animals varied
m-CPP Challenge O Vehicle (Satine) between 37.0°C and 37.3°C and were not significantly
B Mionserin (qmeke) different from saline-treated animals.

15 For the effects of chronic administration of various
doses of ritanserin on DOI-induced hyperthermia, analy-
sis of variance showed an overall significant effé¢2]
15)=5.43,P<0.05] on day 13. Further analysis revealed
that only the high dose (5.0 mg/kg) of ritanserin signifi-
cantly attenuated DOI-induced hyperthermia (Fig. 4A).
For the effects of chronic administration of various doses
of ritanserin onm-CPP-induced hyperthermia, analysis
: . of variance showed an overall significant effeE(2]
: : Wostvow periedbefore  14)=38.01,P<0.001] on day 14. Further analysis re-
_ ) vealed that both doses of ritanserin significantly attenu-
Eilghg(As' oBmEf;EC;S d%fsggu(t)? ﬂggizmegavgt&'?r‘]’é L%é%rz?/#g) oated m-CPP-induced hyperthermia (Fig. 4B). The base-
CgP-induceg 3? hyperthermia in rats. Values are expressed %Qe Val.ues m_chronlc Sa“n.e'treatEd'. low dose and h'goh
means+SEM from six animals. P<0.01; **P<0.001, signifir JOS€ ritanserin-treated animals varied between 37.6°C
cantly different from vehicle+DOI-treated or vehicle-£PP- and 37.9°C and were not significantly different from
treated anima’s chronic saline-treated animals.
For the effects of chronic administration of various

doses of mianserin on DOI-induced hyperthermia, analy-
P<0.01] and day 2H(2, 15)=4.81,P<0.05] but not on sis of variance showed an overall significant effect on
day 3 F(2, 15)=0.04P>0.05]. Further analysis revealedlay 6 (2, 15)=6.93, P<0.01] and day 13 H(1,
that on both day 1 and day 2, only the high do&@)=19.59,P<0.01]. Further analysis revealed that DOI-
(5.0 mg/kg) of metergoline significantly attenuated DOInduced hyperthermia was significantly attenuated by
induced hyperthermia (Fig. 2A). For the effects of variigh dose on day 6 and by low dose on day 13 (Fig. 5A).
ous doses of metergoline omCPP-induced hyperther-For the effects of chronic administration of various doses
mia, analysis of variance showed an overall significaoft mianserin onm-CPP-induced hyperthermia, analysis
effect on day 1K (2, 15)=3.82P<0.05] but not on day 2 of variance did not show an overall significant effect ei-
[F(2, 15)=2.51,P>0.05]. Further analysis revealed thaher on day 7F(2, 15)=0.56P>0.05] or on day 14H(2,
on day 1, only the high dose (5.0 mg/kg) of metergolinig)=0.04,P>0.05]. The baseline values in chronic sa-
significantly attenuatedm-CPP-induced hyperthermialine-treated, low dose and high dose mianserin-treated
(Fig. 2B). The baseline values in saline-treated, low das@imals varied between 37.0°C and 37.8°C. There was a
and high dose metergoline-treated animals varied keaall but significant decrease in the baseline temperature
tween 37.1°C and 37.5°C on various days and were imothronic mianserin-treated animals relative to chronic
significantly different from saline-treated animals. saline-treated animals.

For the effects of various doses of mianserin on DOI-

induced hyperthermia, analysis of variance showed an
overall significant F(2, 15)=15.45P<0.001] effect on Discussion
day 1 but not on day F(2, 15)=0.89,>0.05]. Further
analysis revealed that on day 1, both doses (1.0 i present study demonstrated that single doses of 5-
5.0 mg/kg) of mianserin significantly attenuated DOI-irHT,,/5-HT,: receptor antagonists, including metergo-
duced hyperthermia (Fig. 3A). For the effects of varioliae, mesulergine, and mianserin but not ritanserin,
doses of mianserin om-CPP-induced hyperthermia,caused long-lasting attenuation of both DOI-induced and
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Fig. 4A, B Effects of chronic
administration of low

(1.0 mg/kg per day) or high
(5.0 mg/kg per day) dose of
ritanserin on DOI-induced

(A) or mCPP-inducedR)
hyperthermia in rats. Values
are expressed as means+SEM
from six animals. P<0.05;

*** P<0.001, significantly
different from chronic vehi-
cle+DOl-treated or chronic ve-
hicle+m-CPP-treated animeis

Fig. 5A, B Effects of chronic
administration of low

(1.0 mg/kg per day) or high

(5.0 mg/kg per day) dose of
mianserin on DOI-induced

(A) or mCPP-inducedRg)
hyperthermia in rats. Values are
expressed as meanszSEM from
six animals. ***P<0.001, sig-
nificantly different from chron-
ic vehicle+DOl-treated animeis
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m-CPP-induced hyperthermia in rats. Our results astagonist studies indicating that hyperthermia induced
consistent with a previous behavioral study in whidly DOl andm-CPP is mediated by selective stimulation
acute administration of mianserin, metergoline and i 5-HT,, and 5-HT, receptors, respectively (Mazzola-
zotifen was shown to block quipazine cue for 48 Pomietto et al. 1995; 1996). Thus, the present findings
(Smith et al. 1990). In two recent reports from this labsuggest either direct receptor blockade, mediated by re-
ratory, we reported evidence from cross tolerance aidual drug, or development of functional subsensitivity
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of both 5-HT,, and 5-HT,: receptors following acute which lasted for 12 h (Leysen et al. 1986). Our results
treatment with the 5-HJ,/5-HT, receptor antagonists. are consistent with this binding data since we did not ob-
Pretreatment with a 1 mg/kg dose of mianserin, ritserve attenuation of 5-HJ-receptor-mediated hyper-
nserin, metergoline or mesulergine injected 30 min priblermia 24 h after acute administration of either the
to mCPP or DOI attenuated botim-CPP-induced 1 mg/kg or 5 mg/kg dose of ritanserin in the present
(Mazzola-Pomietto et al. 1996) and DOI-induced hypestudy. Unlike acute treatment, chronic treatment for
thermia (Mazzola-Pomietto et al. 1995). Therefore, it i8—14 days with a high dose (5 mg/kg) of ritanserin
possible that direct receptor blockade, mediated by residused apparent desensitization of both 5,Hand 5-
ual drug, is responsible for the observed long-lasting HfF, receptors as indicated by a lack of hyperthermic re-
tenuation of both 5-HJ, and 5-HT, receptor-mediated sponse to either DOI an-CPP administered 24 h after
hyperthermia following acute administration of 5-}#/b- the last injection of ritanserin. Our pharmacologic re-
HT, receptor antagonists in the present study. Howevapnse data are consistent with the study of Leysen et al.
this possibility seems unlikely due to the fact that the qd986), which demonstrated decreases jp,Balues of
ration of attenuation of 5-H}J receptor-mediated hyper-[3H]-ketanserin-labeled 5-HJ receptors in the frontal
thermia persisted longer following the low dose of mianertex following chronic oral administration of 10 mg/kg
serin, the high dose of metergoline and both doses of per day of ritanserin. Our results are also consistent with
sulergine as compared to the attenuation of 5:idcep- two reports demonstrating decreases 3d]{mesulerg-
tor-mediated hyperthermia in the present study. In radidtie-labeled 5-HJ. binding sites in rat spinal cord
gand binding studies, mianserin, metergoline and meg®ranzatelli et al. 1993) and brain stem (Pranzatelli and
ergine have been reported to have similar high affinity Tatilor 1994) following chronic (30 days) administration
both 5-HT,, and 5-HT, receptors (Hoyer 1988). Also,of ritanserin (10 mg/kg per day). However, it is of note
both metergoline and mesulergine levels in the braintbat chronic administration of a 1 mg/kg dose of rita-
plasma were undetectable at 24 h following the largeserin produced apparent desensitization of only 5:HT
5 mg/kg dose, of both metergoline and mesulergine, bet not 5-HT,, receptors mediating hyperthermia in the
spectively. Therefore, it is unlikely that the observed longresent study, suggesting a differential effect of this dose
lasting attenuation of both 5-HJ and 5-HT,. receptor of ritanserin, and, furthermore, ruling out the possibility
mediated hyperthermia following acute administration tifat the observed desensitization was due to accumula-
several 5-HT,/5-HT,: receptor antagonists was due tton of ritanserin following its chronic treatment.
direct residual effects of these antagonists. The present study also demonstrated that chronic ad-
Sanders-Bush and coworkers (1987) investigated thaistration of both 1 mg/kg and 5 mg/kg doses of mian-
role of residual drug in mediating the loss @ffi]ke- serin produced desensitization of only 5-§ Dut not 5-
tanserin-labelled 5-HJ, binding sites after acute treatHT,: receptors mediating hyperthermia; this, therefore,
ment with a 5 mg/kg dose of mianserin. These investigales out the possibility that the observed desensitization
tors did not find any association between the levels wés simply due to accumulation of mianserin following
mianserin and the loss of binding sites, and therefai®chronic treatment. Our results are consistent with sev-
concluded that mianserin and other 5-HT antagonists deal binding studies demonstrating down-regulation of 5-
crease 5-HJ, receptors by a uniqgue mechanism, whidHT,, receptors labeled with eitheRH]-spiroperidol
is independent of a direct action of the drug. SimilarliBlackshear and Sanders-Bush 1982)3bt]-ketanserin
Labrecque and coworkers (1995) demonstrated that (lReth and Ciaranello 1991) following chronic adminis-
creases in 5-HJ receptor binding in intact Sf9 cells ortration of mianserin. Furthermore, chronic treatment with
membranes containing the 5-ktreceptor that followed mianserin has been shown to decrease the 5-HEep-
treatment with several 5-HT antagonists including ritter-mediated head shake response to DOI (Brendsen and
nserin, mianserin, metergoline and mesulergine were Bobekkamp 1991) in rats as well as the head twitch re-
due to the presence of residual antagonist. On the omonse to 5-hydroxytryptophan (5-HTP) in mice (Good-
hand, it is possible that the metabolites of the antagonista et al. 1984). Our results are also consistent with
may be responsible for the observed long-lasting attetlwsse of Berendsen and Broekkamp (1991), who failed
ation of both 5-HJ, and 5-HT,: receptor-mediated hy-to observe modification of 5-HE receptor-mediated pe-
perthermia. However, this possibility seems unlikely dudle erections induced by MK-212 following chronic
to the fact that several 5-HT antagonists with widely difreatment with mianserin in Wistar rats. Furthermore,
ferent chemical structures cause a loss of 5sHihd 5- chronic (30 days) administration of mianserin (10 mg/kg
HT,c binding sites (Blackshear et al. 1983; Leysen et per day) did not down-regulate brain stem 5;Kbind-
1986; Labrecque et al. 1995) as well as desensitizeiriy sites (Pranzatelli and Tailor 1994). On the other
HT,, and 5-HT. receptor-mediated hyperthermiahand, our results are not concordant with those of Sand-
Therefore, it seems unlikely that the effects of each ef-Bush and Breeding (1988), who observed decreases
these compounds would be mediated by chemically dif-[3H]-mianserin-labeled 5-H}J receptor density in the
ferent, active metabolites. choroid plexus following chronic (14 days) administra-
Acute administration of ritanserin (1-10 mg/kgdion of mianserin. However, it is of note that the hypo-
caused a decrease in,B but not K, values of $H]-ke- thalamus is involved in the regulation of temperature
tanserin binding in washed frontal cortical membranesile the above mentioned study observed decreases in
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5-HT,c receptor binding in the choroid plexus. AlscAulakh CS, Mazzola-Pomietto P, Hulihan-Giblin BA, Murphy DL

there are other examples in which changes in serotoninggf’f’v‘ie)rsbas‘mg;gr%is't‘gg{gnscg ;Cr’;tgyg]oe%fi‘gg(')?] 'Bdugel_?Tby

receptor binding do not accompany change; n funCt'on'and 5-HT, receptors, gr]tEaJspectiveFI)y. Neuropsychophayrmécolo-

al responses to serotonin agonists (Samanin et al. 1980gy 13: 1-8

Leysen 1984; Smith et al. 1990). Aulakh CS, Mazzola-Pomietto P, Murphy DL (1995b) Long-term
The demonstration of desensitization of 5,lBut not ~ antidepressant treatments alter S)f'Bnd 5-HT,c receptor-

_ ; : o ; mediated hyperthermia in Fawn-hooded rats. Eur J Pharmacol
5-HT,, receptors following chronic administration of the 282 65-70

1 mg/kg dose of ritanserin on the one hand, and desengifijgy G, Calogero AE, Murphy DL, Szemeredi K (1989) Seroto-
zation of 5-HT, but not 5-HT receptors following nin agonists cause parallel activation of the sympathoadreno-
chronic administration of mianserin on the other hand is medullary system and the hypothalamo-pituitary-adrenocorti-

very interesting. Although, there are very close structugaelrgﬁ'dg’é'ﬁ in consclous ﬁ;séfqgggqg‘ﬂ?tgﬁ &:t?(;nz%?gﬁgﬁg

similarities between 5-HJ and 5-HTc receptors as ~~ gyt byt not 5-HT, receptor mediated behaviour in rats fol-
mentioned in the introduction, there are some differencesiowing chronic treatment with 5-HT receptor agonists, antago-
also. For example, denervation of 5-HT neurons and/ornists or anti-depressants. Psychopharmacology 105: 219-224

decreases in brain serotonin produced either by the ser@ggkshear MA, Sanders Bush £ (1982) Seratonin receptor sensi-
. . Ai : _ IVIty alter acute ana cnronic treatment with mianserin. ar-
nin neurotoxin, 5,7-dihydroxytryptamine (5,7-DHT), or ool e Ther 221: 303-308

parachlorophenylalanine (PCPA) failed to elicit superseflackshear MA, Friedman RL, Sanders-Bush E (1983) Acute and
sitivity of 5-HT,, receptors (Conn and Sanders-Bush chronic effects of serotonin (5-HT) antagonists on serotonin

1986) but did produce supersensitivity of 5,HTecep- binding sites. Naunyn-Schmiedeberg’'s Arch Pharmacol 324:
tors (Conn and Sanders-Bush 1987). Daily administratj 125-129
) hn PJ, Sanders-Bush E (1986) Regulation of serotonin-stimulat-

of mianserin (15 mg/kg per day) for 1, 4, 10 or 21 days eq phosphoinositide hydrolysis: relation to the serotonin 5-
caused an increase in 5-ffTreceptor mRNA levels but  HT, binding site. J Neurosci 6: 3669-3675
no change in 5-HJ, receptor mRNA levels assessed byonn PJ, Sanders-Bush E (1987) Central serotonin receptors: ef-

Northern blot solution hybridization, or in situ hybridiza- fector systems, physiological roles and regulation. Psycho-
' pharmacology 92: 267-277

tion analysis (Roth et al. 1990). In two recent reports frcFrﬂller RW (1990) Serotonin receptors and neuroendocrine re-
our laboratory, we observed the development of tolerancesponses. Neuropsychopharmacology 3: 495-502
to 5-HT, receptor-mediated hyperthermia, but not to &artside SE, Cowen PJ (1990) Mediation of ACTH and prolactin

HT,, receptor-mediated hyperthermia following daily ad- "esposes to 5-HTP by 5-feceptors. Eur J Pharmacol 179:

ministration of 5-HT agonists such asCPP, DOI and :
: o oodwin GM, Green AR, Johnson P (1984) 5,H@ceptor char-
DOM (Aulakh et al. 1994; Mazzola-Pomietto et al. 199%; acteristics in frontal cortex and 5-KTeceptor-mediated head-
1996). twitch behaviour following antidepressant treatment to mice.
In summary, this study demonstrates long lasting, ap- Br J Pharmacol 83: 235-242

: P _ _ Hartig PR (1989) Molecular biology of 5-HT receptors. Trends
parent functional subsensitivity of both 5-fiTand 5 Pharmacol Sci 10° 6469

HT,c receptors mediating hyperthermia following acutgoyer D (1988) Functional correlates of serotonin S¢lHogni-

administration of 5-HJ,/5-HT,. receptor antagonists. tion sites. J Recept Res 8: 59-81

Desensitization of 5-H]J, receptors persists longer thahioyer D, Waeber C, Schoeffter P, Palacios JM, Dravid A (1989)

desensitization of 5-HjJ. receptors following acute ad- 5'Hglct.re°?ptof'm$‘d'at%d ls"m“'aRO”hOf '”Os'lto'.pr;osﬁhate
e . . < . . production In pig choroid plexus. pharmacological charac-

ministration of mianserin, metergoline and mesulergine. tgrization. Naunyn-Schmiedeberg's Arch Pharmacol 339:

Furthermore, chronic administration of ritanserin 252258

(1.0 mg/kg per dayx14) causes desensitization of §-HHumphrey PPA, Hartig P, Hoyer D (1993) A proposed new no-

but not 5-HT,, receptors, whereas similar chronic ad- menclature for 5-HT receptors. Trends Pharmacol Sci 14:

e - , i 233-236
ministration of mianserin Caused desensmzauon. of iﬂius D, MacDermott AB, Axel R, Jessell TM (1988) Molecular
HT,4 but not 5-HT,¢ receptor-mediated hyperthermia. characterization of a functional cDNA encoding the serotonin

1C receptor. Science 241: 558-564
Acknowledgement The authors thank Wilma Davis for editorialKennett GA, Curzon G (1988) Evidence thaCPP may have be-
assistance. havioral effects mediated by central 5-fdTreceptors. Br J
Pharmacol 94: 137-147
Kennett GA, Curzon G (1991) Potencies of antagonists indicate
References that 5-HT, - receptors mediate 1-3(chlorophenyl)piperazine-in-
duced hypophagia. Br J Pharmacol 103: 2016-2020
Alper RH (1990) Evidence for central and peripheral serotonergiabrecque J, Fargin A, Bouvier M, Chidiac P, Dennis M (1995)
control of corticosterone secretion in the conscious rat. Neuro- Serotonergic antagonists differentially inhibit spontaneous ac-
endocrinology 51: 255-260 tivity and decrease ligand binding capacity of the rat 5-hy-
Aulakh CS, Hill JL, Murphy DL (1992) Effects of various seroto- droxytryptamine type 2C receptor in Sf9 cells. Mol Pharmacol
nin receptor subtype selective antagonists alone andron  48: 150-159
CPP-induced neuroendocrine changes in rats. J Pharmacol Esypsen J (1984) Problems in in vitro receptor binding studies and
Ther 263: 588-595 identification and role of serotonin receptor sites. Neurophar-
Aulakh CS, Mazzola-Pomietto P, Wozniak K, Hill J, Murphy DL macology 23: 247-254
(1994) Evidence that 1-(2,5-dimethoxy-4-methylphenyl)-d-eysen JE, Van Gompel P, Gommeren W, Woestenborghs R, Jans-
aminopropane (DOM)-induced hypophagia and hyperthermia sen PA (1986) Down regulation of serotonyr&eptor sites in
in rats is mediated by 5-H] receptors. J Pharmacol Exp Ther rat brain by chronic treatment with the serotonin-S2 antagonists:
270: 127-132 ritanserin and setoperone. Psychopharmacology 88:434—-444




151

Mazzola-Pomietto P, Aulakh CS, Wozniak KM, Hill JL, MurphyRoth BL, Ciaranello RD (1991) Chronic mianserin treatment de-
DL (1995) Evidence that 1-(2,5-dimethoxy-4-iodophenyl)-2- creases 5-HJreceptor binding without altering 5-HTecep-
aminopropane (DOI)-induced hyperthermia in rats is mediated tor mRNA levels. Eur J Pharmacol 207: 169-172
by stimulation of 5-HT, receptors. Psychopharmacology 117Roth BL, Hamblin M, Ciaranello RD (1990) Regulation of 5- HT
193-199 and 5-HT, serotonin receptor levels. Methodology and mech-

Mazzola-Pomietto P, Aulakh CS, Wozniak KM, Murphy DL anisms. Neuropsychopharmacology 3[5-6]: 427-433
(1996) Evidence thatt-CPP-induced hyperthermia in rats isSamanin R, Mennini T, Ferraris A, Bendotti C, Borsini F (1980)
mediated by stimulation of 5-HE receptors. Psychopharma-  Hyper- and hyposensitivity of central serotonin receptis:
cology 123: 333-339 serotonin binding and functional studies in the rat. Brain Res

Miller RL, DeVane CL (1986) Analysis of trazodone amethlo- 189: 449-457
rophenylpiperazine in plasma and brain tissue by high-perf@&anders-Bush E, Breeding M (1988) Putative selective ST
mance liquid chromatography. J Chromatogr 374: 388-393 tagonists block serotonin 5-HJ receptors in the choroid

Pranzatelli MR (1990) Evidence for involvement of 5-Hahd 5- plexus. J Pharmacol Exp Ther 247: 169-173
HT, . receptors in the behavioral effects of the 5-HT agonist $anders-Bush E, Breeding M, Roznoski M (1987) 5Hihding
(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI). Neuro- sites after mianserin: comparison of loss of sites and brain lev-
sci Lett 115: 74-80 els of drug. Eur J Pharmacol 133: 199-204

Pranzatelli MR, Tailor PT (1994) Modulation of brainstem 5Schechter LE, Simansky KJ (1988) 1-(2,5-Dimethoxy-4-iodophe-
HT,. receptors by serotonergic drugs in the rat. Gen Pharma- nyl)-2-aminopropane (DOI) exerts an anorexic action that is
col 25: 1279-1284 blocked by 5-HT antagonists in rats. Psychopharmacology

Pranzatelli MR, Murthy JN, Tailor PT (1993) Novel regulation of 94: 342—346
5-HT, receptors: Down-regulation induced both by 5;HJF Smith RL, Barrett RJ, Sanders-Bush E (1990) Adaptation of brain
receptor agonists and antagonists. Eur J Pharmacol [Mol Phar-5-HT, receptors after mianserin treatment: receptor sensitivity,
macol Sec] 244: 1-5 not receptor binding, more accurately correlates with behavior.

Pritchett DB, Bach AWJ, Wozny M, Taleb O, DalToso R, Shih JC, J Pharmacol Exp Ther 254: 484-488
Seeburg PH (1988) Structure and functional expression of
cloned rat serotonin 5-HTeceptor. EMBO J 7: 4135-4140



