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ABSTRACT
The 5-hydroxytryptamine (5-HTh agonist (±)-1-(2,5-dimethoxy-
4-iodophenyl)-2-aminopropane (001) and antagonist ketanserin
were evaluated for acute and chronic effects on the 5-HT2
receptor-mediated head-twitch response (HTR) in mice. A single
dose of 001 resulted in tolerance to the DOl-induced HTR at 24
hr but supersensitivity at 48 hr. This apparent supersensitivity
persisted up to 144 hr after the first 001 injection. Chronic once
daily 001 administration Significantly reduced the HTR frequency
(days 2-6), which then returned slowly to control levels by
treatment day 13. A 48-hr withdrawal from this chronic regimen
produced a similar supersensitivity to that observed after a single
001 injection upon a 48-hr challenge. This effect also persisted

up to 144 hr after cessation of chronic treatment. Acute pretreat-
ment with a single injection of ketanserin significantly reduced
the DOl-induced HTR frequency when tested 24 and 48 hr, but
not 120 hr, after injection of the antagonist. After withdrawal
from chronic ketanserin treatment, the DOl-induced HTR was
significantly reduced at 24 hr but significantly increased at 48 hr.
This enhanced effect subsided when mice were tested with 001
72 hr after cessation of chronic antagonist treatment. These
data suggest that the serotonergic system adapts to chronic
exposure of either agonists or antagonists in a fashion distinctly
different from that exhibited by other monoamine neurotransmit-
ter systems.

Advances in radioligand binding techniques and the availa-
bility of synthetic tritiated compounds (such as PHl-5-HT and
['Hlsptperone) in the 1970s sparked a continuing flurry of
interest that has led to the present classification of the sero-
tonergic receptor system. To date at least four different popu-
lations of 5-HT receptor binding sites have been identified
(Glennon, 1990; Schmidt and Peroutka, 1989). These popula-
tions include 5-HT" 5-HT2, 5-HT3 and 5-HT4 sites. In addition,
5-HTl receptors can be subdivided into 5-HTIA' 5-HTIB, 5-
HT,C and 5-HTlD sites. Moreover, 5-HT3 receptors may also
be heterogeneous and consist of a number of subsites (Richard-
son et al., 1985). The molecular, biochemical and physiological
correlates for some of these receptors have recently been re-
viewed (Schmidt and Peroutka, 1989). The 5-HT receptor
system appears to be involved in the control/modulation of a
variety of normal physiological processes such as appetite,
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blood pressure, sexual behavior and sleep. In addition, altera-
tion in 5-HT receptor function has been linked to central
nervous system disorders such as aggression, anxiety, depres-
sion, migraine and neurodegenerative disorders including Par-
kinson's disease, Huntington's disease and Alzheimer's disease
(for a review see Glennon, 1990).

The 5-HT2 receptor site is probably the most widely studied
site in the 5-HT receptor family. Agents which activate these
receptors are thought to possess hallucinogenic activity (Glen-
non et al., 1984). In fact, a significant correlation (r > 0.9)
appears to exist between 5-HT2 binding affinities and human
hallucinogenic activities for various analogs. Moreover, the
latter authors have shown that there appears to be a similar
correlation (r > 0.9) between 5-HT2 receptor affinity and
production of certain behaviors in rodents. In rodents, 5-HT2
selective and nonselective drugs can induce a stereotypic
twitch-like movement of the head which is generally referred
to as the HTR. This effect is thought to be due to stimulation
of central 5-HT2 receptors. The HTR can be produced by a
variety of different neurotransmitters, hormones and environ-
mental conditions (e.g., immersion of rodents in ice-cold water).
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However, the head-twitch behavior produced by 5-HT agonists
is antagonized by 5-HT2-selective antagonists (for a review see
Handley and Singh, 1986). Furthermore, Ortmann et 01. (1982)
reported that a direct relationship exists between 5-HT2 site
affinity and antagonist potency for the inhibition of the induced
behavior.

Monoamine adaptation theory implies that persistent agonist
stimulation by the endogenous neurotransmitter or prolonged
exposure to synthetic agonists normally results in receptor
down-regulation. On the other hand, chronic deprivation of
receptor excitation (e.g., denervation or persistent antagonist
exposure) tends to induce up-regulation of receptors. Several
radioligand binding studies designed to investigate the adaptive
changes in the 5- HT 2 receptor system after chronic exposure
to different 5- HT 2 antagonists, such as mianserin (Blackshear
and Sanders-Bush, 1982), ritanserin and setoperone (Leysen et
al., 1986; Twist et ol., 1990b) have revealed down-regulation of
5-HT2 receptors. This paradoxical antagonist-induced down-
regulation does not follow the monoamine adaptation dogma.
Some behavioral studies tend to confirm the chronic effects of
the "selective" antagonists on the 5-HT2 receptor function. For
example, HTR frequency induced by the nonselective 5- HT
agonist 5-methoxy-N,N-dimethyltryptamine has been reported
to be reduced after chronic exposure to mianserin (Blackshear
and Sanders-Bush, 1982). Other behavioral studies, however,
indicate induction of supersensitivity after withdrawal from
chronic 5-HT2 antagonist treatment (Mogilnicka and Klimek,
1979; Stoltz et al., 1983). Studies of 5-HT-stimulated phos-
phoinositide hydrolysis, a cellular response that is linked to the
5- HT 2 receptor recognition site, indicate either a decrease
(Conn and Sanders-Bush, 1986; Sanders-Bush et al., 1989;
Kendall and Nahorski, 1985) or an increase (Twist et al., 1990a)
in 5-HT-induced inositol phosphate turnover after chronic
antagonist treatment.

In addition, chronic administration of a more selective 5-
HT2 receptor agonist, such as DOl, has also been shown to
decrease 5-HTz receptor density (Bukholtz et al., 1988; Me-
Kenna et al., 1989). Moreover, Leysen and Pauwels (1990) have
reported recently that prolonged exposure to DOM (an analog
of DO I) not only reduces 5-HTz receptor capacity in rat frontal
cortex, but can also reduce 5-HT-induced inositol phosphate
hydrolysis in vascular muscle cells in culture. In a recent
communication it was reported that once daily chronic DOl
administration caused an initial down-regulation of 5-HT2
receptor function (a decrease in HTR frequency) which re-
turned slowly to control levels upon daily agonist administra-
tion (Darmani et al., 1990a). Moreover, evidence was provided
for supersensitivity after withdrawal from the chronic agonist
regimen.

Thus, chronic administration of either 5-HT2 receptor ago-
nists or antagonists can induce a decrease in 5-HTz receptor
number. Therefore, induction of a supersensitive state after
withdrawal from such treatments is a paradox. On the basis of
published biochemical and behavioral data, we hypothesized
that the fi-H'T'j-induced HTR does not follow the accepted
monoamine theory of receptor adaptation. The purpose of the
present investigation was to examine the validity of the above
hypothesis.

Methods
Animals and drugs. Male albino ICR mice (Dominion Laborato-

ries, Dublin, VA), weighing 16 to 18 g at the beginning of the experi-
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ments, were used throughout the study. The animals were kept on a
12-hr light/dark cycle at a room temperature of 22 ± 1°C with ad
libitum supply of food and water. All of the behavioral experiments
were performed between 10:00 A.M. and 6:00 P.M. Ketanserin tartrate
and DOl HCI were purchased from Research Biochemicals, Inc. (Na-
tick, MA). DOl was dissolved in distilled water, whereas ketanserin
was dissolved in HCI acid, back titrated to pH 5.2 with sodium bicar-
bonate solution and diluted further with distilled water. Drugs were
injected i.p. in a volume of 10 ml/kg.

Measurement of HTR. The HTR is a very distinctive behavior
and usually cannot be mistaken for such behaviors as head-shakes
(lateral movement of the head from side to side) or head-jerks (up and
down jerking). The HTR was scored during 2-min intervals by trained
observers using multiple tally counters.

Behavioral experiments with agonists. In order to habituate the
mice to the test environment, each animal was transferred randomly
20 min before treatment to a 40 X 25 X 16 ern plastic cage lined with a
thin layer of sawdust. To determine the acute effects of DOl, mice (n
= 12) were injected with a 2.5-mg/kg i.p. dose of DOL This dose has
been shown previously to produce a robust HTR in mice (Darmani et
al., 1990b). The HTR was scored cumulatively at 2-min intervals for
the next 20 min after DOl injection. The data obtained after the first
injection were used as control for subsequent injections of DOL In
order to investigate the possible development of either acute tolerance
or supersensitivity by a single dose of DOl, mice were injected with a
single 2.5-mg/kg dose of DOL These animals were then divided into
four groups which were then challenged with a second dose of DOl (2.5
rug/kg) either 48 (n = 11), 72 (n = 12), 144 (n = 12) or 192 (n = 12)
hr after the initial single acute DOl injection. After injection of the
challenge dose, the DOl-induced behavior was scored for each animal
for the next 20 min as described previously.

To investigate the effects of repeated agonist administration, mice
were injected with DOl (2.5 mg/kg i.p., ri = 14), once daily for 13 days
and the induced-HTR frequency was scored as described above after
each daily injection. The results from day 1 were used as control. In
order to investigate the effectiveness of DOl after withdrawal from
such a prolonged treatment, mice were treated once daily for 13 days
with either distilled water (n = 19) or 2.5 mg/kg of DOl (n = 34). After
the 13th day, the treatment was stopped and the mice were divided
into four groups. Each group contained vehicle (n = 4-5)- and DOl (n
= 10-14)-treated mice. Different groups of mice were then challenged
with DOl (2.5 mg/kg) either 48, 96, 144 or 240 hr after cessation of
chronic treatment. The behavior was scored after the challenge dose of
DOl as described for the acute studies. The chronically water-exposed
groups were then pooled and their mean score ± S.E.M. was used as
controls. Two other groups of animals were treated in a similar manner
with either water (n = 19) or DOl (n = 14) for 13 days. Both groups
were challenged with DOl 48 hr later (i.e., day 15) and the induced
behavior was scored. The chronically DOl-exposed group received
further injections of DOl on days 16, 17 and 18. The induced-HTR was
scored after each injection. Treatment was ceased for 5 days before
these animals received another challenge dose of DOl (2.5 mg/kg) on
day 23. The induced behavior was again recorded.

Behavioral experiments with antagonists. For the determina-
tion of the acute effects of antagonist treatment on DOl -induced HTR,
mice were injected with either vehicle (n = 8) or ketanserin (1.0 mg/
kg i.p., ri = 18). These animals were divided into three groups, each of
which consisted of a number of vehicle (n = 2-3)- and ketanserin (n =
6)-treated mice. These groups of mice then received an injection of
DOl (2.5 mg/kg i.p.) at either 24, 48 or 120 hr after the injection of
ketanserin or its vehicle. The induced behavior was scored for the next
20 min at 2-min intervals after the DOl injection. The DOl-induced
HTR scores for vehicle-pretreated groups were pooled, and their mean
score (±S.E.M.) was used as control. To investigate the effects of
repetitive administration of ketanserin, mice were injected once daily
for 5 days with either ketanserin (1.0 mg/kg i.p., n = 18) or vehicle (n
= 8). Animals were divided into three groups as described for acute
studies and then received an injection of DOl (2.5 rug/kg i.p.) at either
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24, 48 or 72 hr after cessation of ketanserin treatment. The induced
behavior was scored and analyzed similar to that described for the
acute studies.

Statistics. Data were analyzed by one-way analysis of variance and
a 2-way analysis of variance with repeated measures. Post-hoc analysis
was done by either Dunnett's t test or Scheffe's F test.

Results

Effects of a challenge dose of DOl at various time
intervals after its first injection. In the first 20 min after a
single administration, DOl (2.5 rug/kg) produced 37 ± 2 HTRs
(fig. 1). When the animals were challenged with a second 2.5-
mg/kg DOl dose 48 hr later, the total HTR frequency was
significantly increased by 51% (P < .05). The cumulative in-
crease in HTR score attained significance (P < .05) as early as
the 6th min of the observation period and persisted throughout
the experiment. When a second group of animals was chal-
lenged with DOl 72 hr after the initial injection, the total HTR
score was still significantly (P < .05) increased (46% greater
than on day 1). A third group of animals received the challenge
DOl dose 144 hr after the first injection and produced 48 ± 3
HTRs (a 29% increase over day 1, which was statistically
significant, P < .05). However, the cumulative HTR frequency
was only significantly different from day 1 values for observa-
tion time intervals 16 to 20 min (data not shown). Animals
that were injected with the second DOl dose 192 hr after the
first injection produced a maximal frequency of behavior that
was similar to day 1 control (fig. 1). It is interesting to note
that their cumulative HTR scores between the 2- to 6-min time
intervals were significantly lower than their corresponding
values on day 1. Recording of cumulative HTR score in such
repetitive short-time intervals reveals significant differences
between control and treated groups which would be unnoticed
if the total frequency of the behavior was counted in one 20-
min period.

Effects of repeated once daily injections of DOl for 13
days. A single injection of DOl on day 1 produced a total of 39
± 2 head twitches in the 20-min observation period (fig. 2).
When these mice were challenged with the same DOl dose 24
hr later (day 2), the total HTR score was significantly reduced
by 41% (i.e., 23 ± 1, P < .05). This significant decrease was
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Fig. 1. Time-dependenteffects of a challenge dose of 001 (2.5 mg/kg)
on the induced HTRfrequency at 48, 72, 144 or 192 hr after its single
administration.Results are givenas the frequencyof behavior(mean ±
S.E.M.)produced within20 minafter its injection.'Significantlydifferent
from controlby Dunnett's t test at P < .05.
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Fig. 2. Effects of 13 daily001 injections(2.5 mg/kg once a day) on the
induced HTRfrequency. Results are shown as the cumulativemean ±
S.E.M.HTRscore at 2-minintervalsforthe first20 minafter 001 injection
for each treatment day. ·Significantlydifferentfromcorresponding2-min
time intervalson day 1 (Dunnett's t test, P < .05). On day 5 the HTR
score for the stated time intervalswere not significantlydifferentfrom
respective controls and therefore was not includedin the figure. How-
ever, inboth publishedand unpublishedfindingsfromour laboratory.the
animalsexhibitedsignificantreductions in HTRfrequency on treatment
day 5.

apparent from the onset of the observation period. During the
daily observation period, the total HTR frequencies on days 3
and 4 (30 ± 2 and 29 ± 2 HTRs, respectively) were significantly
less than that on day 1. As can be seen in figure 2, the
differences relative to day 1 control were apparent from the
onset and persisted throughout the observation period. On day
5 the pattern and intensity of responding was not significantly
different from that observed on day 1. However, on day 6 the
total HTR score (31 ± 3) was significantly (P < .05) less than
that on day 1. On this day, the cumulative scores for some time
intervals were not significantly different from the correspond-
ing time periods on day 1. From day 7 to day 13, the daily DOl
injections produced the same total HTR frequency that was
observed on day 1. However, on day 7, the cumulative HTR
scores between 2- to 16-min observation periods were signifi-
cantly different from the corresponding scores on day 1. The
duration of this difference was reduced slowly with increasing
daily DOl injections so that on day 13 the cumulative HTR
frequency was only significantly different from the correspond-
ing day 1 controls at time intervals of 0 to 6 min (fig. 2).

Effects of a challenge dose of DOl after the 13-day
DOl treatment regimen. Forty eight hours after cessation of
chronic treatment, a challenge dose of DOl produced 57 ± 2
HTRs in the 20-min observation period which was 68% greater
(P < .05) than that produced by DOl in the vehicle-treated
controls (34 ± 1) (fig. 3). Different groups of DOl-treated
animals were challenged with DOl 96, 144 or 240 hr after
cessation of chronic treatment. The challenge injection of DOl
produced significant (P < .05) increases in HTR at 96 and 144
hr, but not at 240 hr (fig. 3). The significant difference in
cumulative HTR count between the vehicle-exposed controls
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Fig. 3. Effects of a challenge dose of 001 (2.5 mgjkg) on HTR frequency
at various time intervals after cessation of a 13-day 001 treatment (2.5
mgjkgjday). Results are given as the total HTR frequency observed
immediately after 001 injection. These HTR scores are compared with
the HTR frequency produced by 2.5 mgjkg of 001 after cessation of
daily vehicle treatment (C) by the Dunnett's t test (*P < .05).

and DOl-pretreated animals was generally apparent from the
third observation time interval, which then persisted through-
out the duration of the observation period. The DOl challenge
240 hr after cessation of chronic agonist treatment produced a
total HTR frequency that was not significantly different from
control. However, the HTR counts were significantly lower
than vehicle controls between the 3rd- and 8th-min observation
time intervals. In order to examine further the effects of DOl
during this withdrawal period, the chronically DOl-treated
group that was challenged 48 hr after cessation of chronic
treatment was treated further with once daily DOl injections
on days 16, 17 and 18. On these days the HTR frequencies for
the DOl-exposed group were significantly reduced relative to
day 15 DOl-exposed animals (table 1). However, the HTR
frequency on these days was not significantly different from
water-exposed animals on day 15. After day 18, the DOl treat-
ment was discontinued for 5 days. Thus, on day 23 these mice
were again challenged with DOl and exhibited a significant
increase in HTRs.

Effects of acute administration of ketanserin on DOl·
induced HTR. A single injection of ketanserin (1 mg/kg)
administered 24 hr before DOl resulted in only 25 ± 2 head
twitches which was 32% less (P < .05) than that in a corre-
sponding vehicle-pretreated group (fig. 4A). Furthermore, a
greater degree of reduction (57% of control) in HTR frequency
(21 ± 1, P < .05) was observed when ketanserin-treated mice
were injected with DOl 48 hr after the antagonist injection.
However, when DOl was injected 120 hr after the ketanserin
injection, the behavior was similar to that observed in the
control group (fig. 4A). Because the HTR frequency elicited by
a challenge dose of DOl can be either decreased or increased
when DOl is administered 24 or 48 hr after its initial adminis-
tration, respectively, it was of interest to determine the possible
effects of a challenge dose of DOl in animals which were treated
initially with DOl and then 1.5 hr later with ketanserin (1.0
mg/kg). The challenge dose of DOl 24 hr after the combination
Dfrl-ketanserin treatment resulted in significantly reduced be-
havior (23 ± 1 HTRs) relative to vehicle-treated controls (fig.
4B). This degree of reduction (62% of control) is similar to that
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Fig. 4. Effects of 001 administration(25 mgjkg) after either a single
administrationof ketanserin (1.0 mgjkg)(A) or a combinationof 001 (2.5
mgjkg) and ketanserin (1.0 mgjkg) injection(8) (001 was administered
first and 1.5 hr later ketanserin was injected. The 001 challenge dose
was then administered at the indicated time intervals after ketanserin
injection).The total score (mean ± S.E.M.)obtained at 20 minafter the
challenge 001 injectionwas compared by the Dunnett's t test with the
HTRfrequency induced by 001 in vehicle-pretreatedcontrols (e). 'Sig-
nificantlydifferentat P < .05.

observed with DOl in the ketanserin pretreated group (68% of
control) (fig. 4A). However, unlike the reduction in the fre-
quency in the ketanserin pretreated group, the ketanserin- +
DOl-treated animals exhibited no reduction (P < .05) in HTR
count (40 ± 4) when they were challenged 48 hr later with DOl
after the initial treatment (fig. 4B). Similar to the ketanserin
pretreated group, DOI- + ketanserin-treated animals produced
a frequency of behavior similar to that of vehicle control when
they were challenged with DOl 120 hr after their initial respec-
tive treatments (fig. 4, A and B).

Effects of chronic ketanserin administration on DOI-
induced HTR. When administered 24 hr after cessation of
chronic ketanserin treatment, DOl produced a frequency of
behavior (22 ± 2 HTRs) which was significantly less (61% of
control) than that induced in respective vehicle control (36 ±
1) (fig. 5). The degree of significance was apparent from the
4th min of observation (P < .05). However, when DOl was
administered 48 hr after cessation of the chronic ketanserin
regimen, the HTR frequency (56 ± 3) was significantly in-
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Fig. 5. Effectsof 001 administration(2.5 mgjkg)after cessation of daily
treatment with ketanserin (1.0 mgjkgjday for 5 days). Results are
presented as total HTRscore (mean ± S.E.M.)produced by 001 during
the 20 min after its injection. 'Significantlydifferent from HTR score
produced by 001 after dailyvehicleexposure (C)(P< .05).

creased by 56% relative to that of control (fig. 5). The signifi-
cance of difference was apparent from the 6th min and persisted
throughout the 20-min observation period (P < .05). When
another group of chronically ketanserin-treated mice was in-
jected with DOl 72 hr after termination of antagonist treat-
ment, the animals produced only 34 ± 2 HTRs which was not
significantly different from the corresponding controls (fig. 5).

Discussion

It is now well established that DOl, a phenylisopropylamine,
can induce the HTR both in mice (Darmani et al., 1990b) and
in rats (Arnt and Hytell, 1989), presumably via stimulation of
5-HT 2 receptors. The most important finding of the present
investigation is that, when a challenge dose of DOl was admin-
istered to mice 48 hr after an initial injection, a significant
increase occurred in the frequency of the induced behavior.
This supersensitivity persisted up to 6 days after the initial
single DOl injection. However, the degree of supersensitivity
decreased with time so that at 8 days after the initial injection
the induced HTR frequency was not significantly different from
the initial values on day 1. Supersensitivity did not occur if
mice were challenged with DOl within 24 hr after the initial
injection. In fact, a significant decrease in HTR frequency was
observed after a 24-hr challenge dose which is consistent with
published reports (Darmani et al., 1990a).

As was reported previously (Darmani et al., 1990a), daily DOl
injections in the present investigation also reduced the HTR
up to 6 days, which then slowly returned to day 1 control
frequency by day 13. In addition, the present study shows that,
although the total cumulative counts from day 7 to day 13 are
not significantly different from day 1, other 2-min observation-
interval cumulative scores are significantly different from cor-
responding controls. The times at which differences occur
slowly diminish from the 16- to 18-min observation period on
day 7 to the 2- to 6-min period on day 13. These results highlight
the advantage of persistently monitoring the induced behavior
at short intervals, and further indicate significant reductions
in the functional sensitivity of 5-HT2 receptors, which would

/
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be unnoticed if the behavior was recorded in one 20-min obser-
vation interval. However, the mechanism responsible for this
shift in the effect period is unclear.

A challenge dose of DOl 48 hr after cessation of daily DOl
injections induced a degree of supersensitivity similar to that
observed after a 2-day challenge dose after a single injection of
DOL This supersensitive state also persisted for a similar length
of time and disappeared completely 10 days (240 hr) after
cessation of chronic treatment. The supersensitivity condition
can revert to normal sensitivity if animals are reinjected with
DOL For example, upon DOl challenge 48 hr after the chronic
DOl regimen HTR was reduced to water control values when
these mice were reinjected with DOl on days 16, 17 and 18. In
addition, the supersensitive state was once again evident on
day 23 (i.e., when persistent DOl treatment had ceased on day
18 and animals were subsequently challenged with DOl on day
23). Thus, the induction of a supersensitive state is a reversible
process, and its recurrence is dependent upon the time lag
between the challenge dose and the last DOl injection after
cessation of treatment.

Several investigators have reported significant reductions in
5-HTz receptor density (22-43%) after chronic DOl treatment
(Buckholtz et ai., 1988; McKenna et al., 1989; Leysen et al.,
1989). This reported reduction in receptor capacity does not
correlate with the supersensitivity exhibited in the present
investigation, when mice were challenged with DOl 48 hr after
cessation of chronic agonist treatment. Thus, the present re-
sults suggest that down-regulation of 5-HT2 receptors can lead
to an increase in HTR frequency. Similar changes between
receptor density and function also appeared to occur after a
single DOl injection. For example, several investigators have
reported that administration of a single, moderate dose of DOl
does not affect 5-HTz receptor content in the rat frontal cortex
(McKenna et al., 1989;Buckholtz et al., 1988). However, in the
present behavioral investigation, a second DOl injection 24 hr
after its initial administration reduced HTR frequency signifi-
cantly by 41%. Moreover, 48 hr after the initial DOl injection,
a challenge dose of the drug increased the HTR score by 51%.
Thus, the change in receptor function induced by a single
injection of DOl does not appear to follow the reported lack of
change in 5-HT2 receptor density.

The present data underscore the complexity of the adaptive
mechanisms of the 5-HT system. Leysen et al. (1989) reported
that administration of 5-HT2 agonists in rats can cause a rapid
decrease in HTR frequency and down-regulation of 5-HTz
receptors. Furthermore, they showed that a rapid desensitiza-
tion of 5-HT-induced inositol phosphate formation occurs in
vascular muscle cells in culture upon prolonged agonist expo-
sure (Leysen and Pauwels, 1990). This reduction in 5-HT2
receptor transduction returned to normal levels within hours
after termination of agonist exposure, whereas 5-HT2 receptor
number recovered slowly to normal levels by 6 to 10 days. Thus,
on agonist exposure, the ability of 5-HT 2 receptor systems to
induce reversible up- or down-regulation of its function in
relatively short periods of time suggest that changes in the
sensitivity of the transduction mechanism may also have pro-
found effects on the induction of behavioral response. There-
fore, it is possible that desensitization and sensitization pro-
duced by daily administration of DOl could involve a combi-
nation of receptor/effector uncoupling as well as alterations in
the the number of 5-HT2 receptors.

Acute administration of antagonists appears to reduce both
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5-HT 2receptor density and affinity (Blackshear and Sanders-
Bush, 1982; Blackshear et al., 1986; Leysen et al., 1985, 1986).
Behavioral studies also suggest a decrease in 5-HT2 receptor-
mediated behaviors after antagonist treatment (Blackshear and
Sanders-Bush, 1982; Ortman et al., 1982; Smith et al., 1990).
Our present results provide further evidence for such a decrease
in 5-HT2 receptor function, inasmuch as acute administration
of ketanserin significantly reduced the HTR frequency when
the behavior was induced by DOl 24 to 48 hr after antagonist
injection. This effect was not apparent when mice were injected
with DOl 120 hr after antagonist administration. However, the
effects of a combination of DOl and ketanserin pretreatment
are not additive. In addition, no significant effect was observed
when animals were challenged with DOl either 48 or 120 hr
after initial agonist/antagonist pretreatment. It appears that
the agonist administration before ketanserin injection prevents
the long-lasting effects of acute ketanserin treatment. The fact
that a challenge dose of DOl 48 hr after a single agonist
injection induces supersensitivity and subsensitivity after acute
antagonist administration suggests that these opposing effects
offset each other.

Chronic administration of 5-HT 2 receptor antagonists or
antidepressants with affinity for 5-HTz sites tends to reduce 5-
HT2 receptor density (Blackshear and Sanders-Bush, 1982;
Blackshear et al., 1986; Kendall and Nahorski, 1985; Leysen et
al., 1986; May et al., 1986; Sanders-Bush et al., 1989; Twist et
al., 1990b). However, the chronic effects of such agents on 5-
HT2 receptor behavioral function are less clear. For example,
chronic exposure has been reported to either attenuate (Black-
shear and Sanders-Bush, 1982) or enhance (Friedman et al.,
1983; Mogilnicka and Klimek, 1979; Stoltz et al., 1983) 5-HT2-

induced HTR. Induction of supersensitivity by agonists in the
presence of reduced 5-HT2 receptor number after withdrawal
from such chronic antagonist exposure is once again a paradox.
Although direct evidence is lacking, it is possible that chronic
antagonist exposure can differentially affect receptor capacity
and signal transduction. It has been known for some years that
acute administration of 5-HT2 antagonists inhibit 5-HT-stim-
ulated phosphoinositide hydrolysis (Conn and Sanders-Bush,
1987). In addition, more recently the latter investigators have
suggested that, after acute antagonist treatment, adaptation of
the transduction system more accurately correlates with behav-
ior rather than changes in 5-HT2 receptor density (Smith et
al., 1990). Prolonged exposure to antidepressants (e.g., amitrip-
tyline, imipramine or desipramine) or 5-HT2 receptor antago-
nists such as mianserin also tend to reduce 5-HT-induced
phosphoinositide turnover (Kendall and Nahroski, 1985; Conn
and Sanders-Bush, 1986; Godfrey et al., 1988; Sanders-Bush et
al., 1989). However, recently Twist et al. (1990a) have reported
that chronic ritanserin exposure produces a differential in-
crease in 5-HT-induced phosphoinositide hydrolysis and a con-
comitant decrease in 5-HT2 receptor density.

To account for the anomalous adaptation of 5-HTz receptor
density after chronic exposure to antagonists, Leysen et al.
(1989) proposed that 5-HT2 receptors normally exist in a su-
persensitive state and cannot develop further supersensitivity.
Our current results argue against the inability of development
of supersensitivity after chronic administration of either 5-HT2
agonists or antagonists. Furthermore, the present investigation
along with other published data suggest that acute administra-
tion of either agonists or antagonists affect the functional
sensitivity of 5-HT2 receptors rather than their density. On



Parman; ~l ai,

chronic administration, agonists or antagonists can independ-
ently affect both receptor density and sensitivity. Such an
hypothesis can explain our present behavioral results where
discontinuation of repeated administration of both agonists
and antagonists induced supersensitivity in the presence of the
previously reported reduced receptor density. Furthermore, de-
pending upon the properties of serotonergic drugs, the present
hypothesis suggests that serotonergic drugs can have the ability
to change independently receptor sensitivity and density in the
same or opposite directions. Thus, the behavioral outcome from
agonist and antagonist administration will probably depend
upon a combination of changes in receptor sensitivity and
receptor density.
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