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Abstract 

The functional profiles of brain 5-HT,, and 5-HTz,,c receptors were assessed by quantitating changes in the immediate early genes 
- c-j& ngflc and tisl, following receptor activation with either S-OH-DPAT (8-hydroxy-2_(di-n-propylamino)tetraiin) or DOi 
(l-(2,5-dimethoxy4iodophenyl)-2-aminopropane). Stimulation of either class of 5-HT receptor elicited an induction of all three 
immediate early genes to varying extents in cortex, hippocampus and cerebellum, but not in striatum. The responses to 8-OH-DPAT 
peaked earlier than those to DOI. WAY 100135 ( N-tertiobu~l-3-[4-(2-methoxyphenyl)-pi~r~~nyl]-2-phenyiprop~a~de~. the putative 
MIT,, receptor antagonist blocked the 8-OH-DPAT effect but not the responses to DOI. WAY 100135 by itself also elicited a reiativeiy 
smaller genomic response. Ketanserin completely abolished the DO&induced genomic responses. The results support the earlier findings 

that 5-HT,, receptor sites are abundant in frontal cortex and hippocampus. In addition, the robust genomic responses to P-OH-DPAT as 
well as Northern hybridization with a cDNA probe for 5-HT,, mRNA in the cerebellum clearly implicate the functional expression of 
5-HT,, receptors in this brain region. The responses to the 5-HT, receptor agonist7 QOI support a @eater abundance of these receptors in 
the cortex, and relatively lower levels in hippocampus and cerebellum. The results suggest a differential induction pattern among the three 
immediate-early genes depending on the brain region and the 5-I-IT receptor subtype involved. 
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1. Introduction 

Serotonin (5-HT [5-hydroxytryptamine]) exerts its ef- 

fects through several different receptor subtypes, each of 
which is coded for by a distinct gn,ne, and possess distinct 
pharmacological properties and physiological functions 
(Hoyer et al., 1994). Of the many receptor subtypes, the 
5-HT,, and 5-HTZA,C receptors have been most exten- 
sively characterized, largely due to the availability of 
specific agonists for these sites. S-OH-DPAT Ghydroxy- 
2-(di-n-propylamino)tetralin) and DOI ( I-(2,5-dimethoxy- 
4-iodophenyl)-2-aminopropane) selective agonists for the 
5-HT,, and 5-HT,,,, receptors respectively, and ke- 
tanserin is a selective 5-HT,,,, antagonist. No effective 
5-HT,, selective antagonist has been available until re- 
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cently when the phenyl piperazine compound, WAY 

100135 ( N-tertiobutyl-3-[4-(2-methoxyphenyl)-pipera- 

zinyll-2-phenylpropanamide) was showr? to meet that need 
(Routledge et al., 1993; Fletcher et al., 1993). Selective 
ligand binding studies and in situ hybridization which map 
the respective mRNA’s have shown that the 5-HT receptor 
subtypes are differentially localized in the mammalian 
central nervous system (Palacios et al., 1990). 

Stimulation of neurotransmitter receptors results in a 
complex series of events which converge on the nucleus to 
elicit a rapid increase in the transcription of several genes 
collectively called immediate early genes (Dragunow et 
al., 1989). Among the multitude of immediate early genes 
that have been described are c-fos and c-jwt which are the 
cellular counterparts of viral oncogenes (Sagar et al.. 1988). 
ngfla, Jb and Ic which were originally identified as those 
induced by nerve growth factor (Morgan and Curran, 
1991j, and a family of genes (risk. 7, 8, IO and 21) 
induced by the phorbol ester TPA (12-Q-tetrade- 
canoylphorbol 13-acetate), hence called TPA inducible 
sequences, or iis (Lim et al.. 19871. The protein products 
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of these genes function as transcription factors to modulate 
the expression of other genes, generally referred to as ‘late 
effector genes’. The activation of immediate-early genes 
constitutes one of the primary steps of the mechanism by 
which stimuli at the cell membrane are transduced into 
short and long-term responses to neuronal activation (Sheng 
and Greenberg, 1990). Furthermore, there is evidence that 
not all immediate-early genes respond uniformly to a given 
stimulus, but there is differential response, depending on 
the nature of the receptor or the stimulus. This SUppOrtS the 
suggestion that distinct combinations of genes could confer 
specificity in cellular response to different stimuli. 

The basal expression of most immediate early genes is 
minimal. As such, the rapid and robust increase in re- 
sponse to a stimulus is easily detected. For these reasons, 
assay for th,: induction of immediate early gene expression 
has come to be regarded as a useful tool to map neuronal 
activation. In the present study, 5-HT,, or 5-HTzA,c 
receptor agonist-induced immediate early gene expression 
was used to profile the distribution of the receptor sub- 
types, and their activation patterns, in four different re- 
gions of rat brain. Three different immediate-early genes 
(c-fis, ngtic and risk) were included in the study to 
determine whether the genomic response to 5-HT receptor 
stimulation is uniform or different across the different 
brain regions. The results indicate a spatial and temporal 
pattern of differential gene expression depending on the 
receptor subtype, brain region or the immediate early gene 
involved. 

2. Materials and methods 

2. I. Animals and treatmerus 

Male Sprague-Dawley rats (200-225 g) were used. 
They were maintained on a 12 h light-dark cycle, with a 
constant supply of food and drinking water. 

Ketanserin, 8-OH-DPAT and DOI-HCI were purchased 
from Research Biochemicals International, MA. WAY 
100135 was a gift from Wyeth Research Ltd., Berkshire, 
U.K. 

On the day of the experiment, the rats were moved to a 
different room, allowed to acclimate for 1 h, and were 
rapidly injected i.p. with either the selected drug or saline 
according to the following regime: a single injection of 
8-OH-DPAT (4 mg/kg in 0.3 ml saline); DO1 (4 mg/kg 
in 0.3 ml saline), or 0.3 ml saline. The choice of the dose 
of each agonist or antagonist was based on existing data in 
the literature. In testing the effects of antagonist-agonist 
combinations, each rat was administered two injections, 20 
min apart, according to one of the following regimes: (a) 
ketanserin (4 mg/kg in 0.3 ml saline) followed with 
8-OH-DPAT, (b) ketanserin followed with DOI, (c) WAY 
100135 (10 mg/kg in 0.3 ml of saline, subcutaneous) 
folIowed with 8-OH-DPAT? (d) WAY 100135 followed 

with DOI, (e) saline followed with 8-OH-DPAT, (f) saline 
followed with DOI, (g) ketanserin followed with saline, (h) 
WAY 100135 followed with saline, and (i) saline followed 
with saline. Rats were sacrificed by rapid decapitation, at 
times corresponding to either 30 or 90 min after the 
injection of the 5-HT receptor agonist or saline (control). 
The rats were rapidly decapitated and the 4 brain regions, 
frontal cortex, hippocampus, striatum and cerebellum were 
dissected and immediately frozen on dry ice until they 
were processed for extraction of RNA, about 2 h later. 
Four rats were included in each treatment regime/time 
point group. 

2.2. RNA Extractkm and analysis 

Total RNA from the individual brain regions was ex- 
tracted by the guanidine isothiocyanate method (Chomcz- 
ynski and Sacchi, 1987). Ten pg of each sample of RNA 
was size fractionated by electrophoresis on 1% agarose; 
6% formaldehyde gel. The uniformity of loading of the 
samples was assessed based on ethidium bromide staining. 
Only those gels satisfying this condition were used in 
blotting and Northern analysis. RNA on the gel were 
transferred onto a nylon based membrane (Nytran: Schlei- 
cher and Schuell) by capillary transfer, and fixed by 
exposure to UV irradiation (Stratagene, CA) for 2 min. 
Following a 2 h prehybridization at 42°C in 50% for- 
mamide, 5 X SSC (1 X SSC = 0.3 M NaCl, 0.03 M Na 
citrate); 5 X Denhardt’s solution (1 X Denhardt’s = 0.02% 
bovine serum albumin, 0.2% polyvinyl pyrillidone, 0.2% 
Fic,.$:> .. . ,,.?d 0.1% sodium dodecyl sulfate, hybridization 
was done in the same solution together with 10% dextran 
sulfate, denatured salmon sperm DNA (100 pg/ml) and 
10 X IO6 cpm of total activity of appropriate 3’P-labeled 
probe. Hybridized membrane was washed once at room 
temperature for 20 min in 2 X SSC; 0.1% SDS followed 
by a second wash at 55°C in 0.2 x SSC; 0.1% SDS. 
Membrane was exposed to X-ray film (Fuji) with an 
intensifying screen at - 70°C for 3 to 5 days. The relevant 
signals on the autoradiogram were quantitated by laser 
scan densitometry (Zeineh, Biomed Instruments, CA). 

The initial Northern hybridization analyses established 
that each of the probes that was used hybridized to a single 
species of mRNA. Therefore, in the subsequent experi- 
ments involving the combined antagonist-agonist treat- 
ments, the RNA was anaiyzed by dot-blot hybridization, 
using a dot-blot apparatus (Schleicher-Schuell) according 
to the method described by Davis et al. (1986). The 
hybridization conditions employed were similar to those 
described above. 

2.3. Probes 

A 500 bp, Apa I restriction fragment of the human c-fos 
cDNA was used as the probe for detecting c-fos mRNA. 
Similarly, fisl and rrgflc mRNA were detected using 500 



or 450 bp restriction fragments of the respective cDNA’s 
(kindly supplied by Dr. D. Filer of New York University 
Medical Center). The probe for the SHT,, receptor was a 
900 bp Bum HI-PSr I restriction fragment of the rat cDNA 
(kindly provided by Dr. Olivier Civelli, Oregon Health 
Science Center), while the M-IT, receptor probe was a 
1100 bp BamHI restriction fragment of rat cDNA (kindly 
provided by Dr. D. Pritchett of the University of Pennsyl- 
vania!~ Probes were prepared by radio-labeling the cDNA 
fragments by the random primer labeling method. 

3. Results 

3.1. Effect of &OH-DPAT or DOI on immediute ear!\ 
gene expression 

Representative Northern blots which show the effects of 
8-OH-DPAT or DOI on the expression of C-fos, tisl and 
ngflc mRNA in four different brain regions, at 30 or 90 
min post treatment, are presented in Fig. 1. The mean 
percent quantitative change in each of the three species of 
mRNA in the cortex, hippocampus and cerebellum, in 
response to S-OH-DPAT, expressed as percent stimulation 
above the mRNA levels in saline injected control rats are 
presented in Fig. 2. A highly significant (P < 0.05) stimu- 
lation of c-fos and rzgfrc gene expression was evident in 
the cortex ii98-221%), hippocampus (259-3339) and in 
the cerebellum (188-274%), at 30 min post treatment. The 
response was either sustained (hippocampus), or slightly 
reduced (cortex and cerebellum) at 90 min post-treatment. 
No significant response was seen in the striatum at either 
time point. Stimulation of tisl gene expression, on the 
other hand, was comparatively lower, yet significant (P < 
0.05) in cortex (182%i;), hippocampus (83%) and cerebel- 
lum (109%). 

Stimulation of the expression of the three genes at 30 
min following DO1 treatment was much weaker (ranging 
from 49-157%), when compared with that following 8- 
OH-DPAT (Figs. I and 3). Acute injection of DO1 resulted 
in a dramatic stimulation of c-fis, at 90 min post-injection. 
in the cortex (3270/c), hippocampus (281%) and in the 
cerebellum (190%70), each of which was highly significant 
(P < 0.05). A stimulation of similar magnitude was also 
seen in ngflc gene expression; cortex (290%,7), hippocam- 
pus (233%) and cerebellum (190%). A significant tisl 

gene expression following DOI, however, was limited to 
the cortex (219%; P < 0.05) and cerebellum (125%: P < 
0.051, only. None of the three genes was induced to a 
significant level in the striatum after DOI treatment. 

3.2. Effect of pretreatment with either WAY 100135 or 

ketanserirz on the immediate early gene responses to 8- 
OH-DPAT 

The mean quantitative changes of the three immediate 
early gene mRNA’s in response to the combined treatment 

of WAY 100135 followed 20 min later with S-OH-DPAT, 
relative to that in the saline-saline control group. are 
presented in Fig. 2. Prior treatment with WAY 100135 
resulted in a decrease in the S-OH-DPAT induced stimuta- 
tion of all three genes; L.$OS (reduced from 221 4 22 to 
102 + 24.259 + 16 to 91 1_ 115, and 188 + 17 to 65 + 11% 
in cortex, hippocampus and cerebellum, respectively), 
ngflc (reduced from 198 + 12 to 62 f 14, 333 + 16 to 
93 + 10 and from 224 + 36 to 69 + 15 percent in cortex, 
hippocampus and cerebellum, respectiveiy) and hi (re- 
duced from 157 + 8 to 46 f 14 and 109 i 7 to 52 f 8 
percent in cortex and cerebellum, respectively). The differ- 
ence between group mean f SE of 8-OH-DPAT alone and 
WAY 100135 + S-OH-DPAT in each case was statistically 
significant (p < 0.05) as determined by ANOVA followed 
by Dunnett’s multiple range test. The trend was similar at 
90 min post-injection. Ketanserin treatment, on the other 
hand, did not change the response to S-OH-DPAT. Rats 
injected with WAY 100135 followed by saline showed a 
small (mean of 57%) but significant I P < 0.05) increase in 
the immediate early gene expression in the cortex and 
hippocampus. In the cortex, all three genes were stimu- 
lated (P < 0.05) by WAY 100135, whereas in the hip- 
pocampus, it was limited to c-fos only (P < 0.05). 

3.3. Effect of pretreatment with either WAY 100135 or 
ketunserin on the immediate early gene resporues to DOI 

Fig. 3 presents the mean quantitative changes in c-fos. 
tisl and ngflc mRNAs following DOI with or without 
prior treatment with ketanserin, expressed as percent stim- 
ulation over that of the saline-saline controls. Prior treat- 
ment with ketanserin completely abolished the DOI in- 
duced stimulation of all 3 genes in the cortex. hippocam- 
pus and cerebellum. The 5-HT,. antagonist, WAY 100135 
did not alter the expression of c-fos and risk and rzgflc in 
response to DOI. Ketanserin, by itself, failed to induce the 
expression of these three genes in any of the brain regions 
that were examined. 

3.4. Expression of the 5-HT,,4 and 5-HT, receptor mRNA 

b fcxrr brairl regions 

Northern analyses to detect 5-HT,, and 5-HT,, recep- 
tor mRNA in rat frontal cortex. hippocampus. cerebehum 
and striatum were performed (data noi shown). The 5-HT,, 
cDNA probe bound to a mRNA of approximately 4.0 kb. 
strongly in cortex, hippocampus and cerebellum, and 
weakly in the striatum. An additional weak band of ap- 
proximately 3.3 kb was also detected in cortex. hippocam- 
PUS and cerebellum. The 5-HTzA receptor probe hybridized 
to a 5.2-5.5 kb (approximate size) message in comx 
hippocampus and cerebellum, but not in the shiatum. 
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Fig. 1. Representative Northern blots to illustrate the effects of injection of SAL (saline, 0.3 ml i.p.1, DPAT (8OH-DPAT, 4 mg/kg i.p.) or DOI (DOI, 4 
mg/kg i.p.) on the expression of A. c-fos, B. ngflc and C. tisl mRNA in rat frontal cortex (Cx) hippocampus, (HP), Striatum (St), and cerebellum (Cb), at 
20 or 90 min post-injection. Northern blot hybridization of total RNA (10 pg per lane) from two individual rats, probed with the respective “P-labeled 
cDNAs, are presented. The positions of the 18s (2.0 kb) and 285 (4.8 kb) ribosomal RNA are indicated. Arrows indicate the positions of the respective 
immediate-early gene mRNA’s. 
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The results of this study indicate that activation of the 
5-HT,, or the 5-HT2A,zc receptor subtypes elicits substan- 
tial immediate-early gene responses in rat brain. Previ- 
ously, Leslie et al. (1993) have demonstrated similar re- 
sults with SHT,,,, receptor activation. An increase in 
j&-like immunoreactivity in rat brain has also been shown 
to be triggered by the 5-I-W releasing agent, fenfluramine 
(Richard et al., 1992). Wowever, the present report is the 
first to demonstrate immediate early gene induction by 
selective activation of 5-HT,, receptors. Interestingly, the 
peak response to 5-I-IT,, receptor stimulation occurred 

earlier, when compared with that resulting from 5-HT, 
receptor activation. The reason for the differential lag-time 

c-f05 ngnc tisl c-ros ugnc tial 

30 min 90 min 

Fig. 2. Stimulation of c-fos, ngflc and rirl mRNA in frontal cortex (0). 
hippocampus (HP!. and cerebellum (Cb). at 30 or 90 min fol!owing 
treatment with DPAT (8-OH-DPAT. 4 mg/kg i.p.) WAY +DPAT (WAY 
100135, 10 mg/kg s.c. followed 20 min later with I-OH-DPAT, 4 
mg/kg i.p.1, WAY +DOI (WAY 100135, IO mg/kg SC. followed 20 
min later with DOI. 4 mg/kg) or WAY (WAY 100135. 10 mg/kg S.C. 
followed with saline), expressed as Q stimulation above saline (0.3 ml 
i.p.) injected rats. Each bar represents meanf SE of data from four 
individual rats. * P < 0.05 when compared with sa!ine + 8-OH-DPAT 
treatment within each immediate-early gene and post-injection time point. 
by ANOVA followed by Dunnett’s test. + P < 0.1 when compared with 
saline injected control rats, by Student’s r-test. 

lisl c-fos ngnc tisl 

300 

200 

loo 

0 

c-lo5 ngnc tisl c-m wf2c tia 

30 min 90 min 

Fig. 3. Stimulation of c-fis, nsflc and risk mRNA in frontal cortex (Cx). 
hippocampus (Hp) and cerebellum (Cb). at 30 or 90 min following 
treatment with DO1 (saline followed 20 min later with DOI: 4 mg/kg 
i.p.1. KETi-DOI (Ketanserin; 4 mg/kp i.p. followed 20. minutes later 
with D01: 1 mg/kg i.p.). WAY+DOI (WAY 100135; IO mg/kp S.C. 
followed 20, min later with DOI) or KET (ketanserin. 4 me/kg i.p. 
followed 20 min later with saline), expressed as percent stimulation above 
saline (0.3 ml i.p.1 injected rats. Each bar represents mean&SE of data 
from four individual rats. * P < 0.05 when compared with (I-OH-DPAT 
injected rats, within each immediate-early gene and post-injection time 
point, by ANOVA followed by Dunnett’s test. 

is presently not clear, but may be related to differences in 
the signal transduction mechanisms associated with each 
receptor subtype (Hoyer et al., 1994). Alternatively, this 
differential lag-time may be a function of pharmacokinetic 
factors. In any event, it parallels the difference that is 
apparent in the behavioral responses to 5-HT,, and 5-I-R, 
receptor stimulation. For example, 8-OH-DPAT induced 
locomotor responses in rats are seen as early as 10 min 
post-treatment (Lund et al., 19921, whereas the classical 
5-HT? receptor mediated responses described as the ‘wet 
dog shake’ and head twitch. on the other hand, are slower 
in onset (Green and Backus, 1990). 

The immediate early gene responses to 8-OH-DPAT 
were most prominent in the frontal corzex and in the 
hippocampus, except for risl in hippocampus. In the cere- 
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bellum, on the other hand, the c-fos and tisl responses 
were relatively weaker, although the ngflc response was 
more robust. None of the three genes was induced by 
either g-OH-DPAT or DOI in the sttiatum. 8-OH-DPAT is 
a highly selective, high-affinity 5-HT,. receptor agonist 
(Hamon et al., 1990), and has been shown to elicit many 
functional responses attributed to 5-HT,. receptor activa- 
tion. The selective 5-HT,, receptor mediated genomic 
response is further supported by its suppression by the 
phenyl piperazine derivative, WAY 100135, but not by 
ketanserin. WAY 100135 was shown to have high affinity 
for both somatodendritic and postsynaptic 5-HT,,, recep- 
tors (Routledge et al., 1993). Therefore, the present re- 
sponse pattern to 8-OH-DPAT appears to reflect the re- 
gional distribution of 5-HT,,4 receptors. Receptor auto- 
radiography supported by in situ hybridization to localize 
5-HT,, mRNA (Palacios et al., 1990) has indeed identified 
the hippocampus and cortex to be two regions rich in 
5-HT,, receptors. However. these studies have failed to 
demonstrate the presence of 5-HT,, receptors in the cere- 
bellum. Therefore, the present results which demonstrate 
Fi-OH-DPAT-induced genomic responses which are sensi- 
tive to WAY 100135 together with the evidence for the 
presence of 5-HT,, receptor mRNA in the adult rat cere- 
bellum suggest that a 5-HT,, receptor is present in the 
cerebellum. Previous work has identified the 5-HT,, re- 
ceptor in the immature cerebellum by receptor binding, 
immunocytochemistry and mRNA detection approaches 
(Miquel et al., 1994; Matthiessen et al., 1992; Matthiessen 
et al., 1993). The receptor appears, however, not to be 
easily detectable by ligand binding in the adult cerebellum. 
The genomic response to 8-OH-DPAT, may, however, in 
part, also be mediated via the somatodendritic 5-HT,, 
receptors, the activation of which may lead to a cerebellar 
response through a different neurotransmitter pathway. The 
ability to detect direct or indirect functional responses that 
are not amenable to receptor binding analyses, indeed, is 
one of the advantages of the use of the genomic response 
approach in receptor studies. 

Previous neurochemical, pharmacological and behav- 
ioral studies of 5-HT,. receptor function have provided 
evidence for the selectivity of WAY 100135 as an antago- 
nist of this receptor subtype (Fletcher et al., 1993). Fur- 
thermore, these studies have shown that this compound, 
compared with other 5-HT,, receptor antagonists, is de- 
void of significant agonist activity. However, our results 
demonstrate a small but significant genomic response to an 
acute injection of WAY 100135. This genomic response 
may be a testament to the sensitivity of assessing immedi- 
ate early response genes. Future studies with the silent 
5-HT,, antagonist, WAY 100635 will help resolve this 
issue (Forster et al., 1995). Alternatively, the response may 

be brought about by the blockade of the inhibitory somato- 
dendritic autoreceptors resulting in increased 5-HT release 
from nerve terminals leading to the activation of post 
synaptic 5HT receptors. Enhanced 5-HT release following 

WAY 100135 treatment has been shown previously 
(Starkey and Skingle, 1993). It is also possible that WAY 
100135 may interact with other sites which influence 
immediate early gene induction. Nonetheless, the speci- 
ficity of its antagonistic action on the 5-NT!, receptor is 
supported by its lack of effect on the response to DOI. 

The inductior, of immediate early gene expression by 
DO1 in the cortex, hippocampus and cerebellum was com- 
pletely abolished by ketanserin, indicating that it is a 
5-HT, receptor mediated effect. The regional distribution 
of the response agrees with the known distribution of 
5-HT, receptors based on ligand binding and in situ 
hybridization studies (Palacios et al., 1990). as well as by 
receptor-mediated C-81s gene induction (Leslie et al., 1993). 

Both short and long-term consequences of transmem- 
brane signalling are evidently mediated by changes in gene 
expression. Some genes are activated within minutes of 
stimulation, while others are induced, or are repressed 
more slowly, via a mechanism dependent on new protein 
synthesis (Sheng and Greenberg, 1990). Analysis of recep- 
tor mediated gene expression has also indicated possible 
differences in the types of genes which are either stimu- 
lated or repressed depending on the nature of the stimulus. 
Iwaki et al. (1990) found that the stimulation of either IY,- 
or /3-adrenoceptors could activate the c+s gene in cardiac 
myocytes. whereas ~$268 gene is activated by the (Y, 
receptor only. Present results also suggest a possible trend 
of differential immediate early gene response. In the cor- 
tex, all three genes studied are induced by either 5-HT,, or 

5-HTZA,C receptor activation. However, in the hippocam- 
pus, only c$os and ~zgflc are induced, but not tisl, by 
either of the receptor subtypes. In the cerebellum, both 
5-HT,, and 5-HT,,,, receptor activation causes the induc- 
tion of all three genes. Neither 8-OH-DPAT nor DO1 is 
capable of inducing the expression of any of the three 
genes in the striatum. Previous studies have demonstrated 
the capacity of the rat hippocampus to respond to different 
stimuli with much greater c-&s response than that ob- 
served by us with 5-HT-receptor activation (Bading et al., 
1993; Massieu et al., 1992). This indicates that the rat 
hippocampils does possess the adequate transcriptional ca- 
pacity for higher levels of c-fos induction. As such, the 
relatively lower response observed in the present studies 
may reflect differences which are related to the nature of 
the stimulus, or the dose of the agonist. It will be of 
interest to examine this aspect of receptor mediated gene 
expression further to determine the possible existence of a 
stimulus-specific and a predictable pattern of differential 
gene activation. The latter, would support the idea that, 
although immediate early gene induction is a response 
common to a wide variety of stimuli, the specificity of 
cellular response to a given stimulus may be the result of 
the activation of a specific set of genes (Dragunow et al., 
1989). 

In conclusion, the activation of the 5-HT,, or the 5-HT2 
serotonin receptor subtypes induces the expression of im- 



mediate early genes. Based on this criterion, the activities 
of both of these receptor subtypes arc localized to the 
cortex. hippocampus and cerebellum of rat brain. The 
present results also suggest a spatial and temporal pattern 
of immediate early gene expression in response to central 
SHT,, and 5-HTZ receptor activation. In view of the 
failure to demonstrate of S-OH-DPAT binding in the adult 
cerebellum in previous studies, the finding of a genomic 
response to the drug, the demonstration of SHT,, receptor 
mRNA in this brain region and previously demonstrated 
functional effects of SHT,, receptor stimulation (Maura 
and Raiteri, 1996) clearly attest to the significance of the 
serotonergic system in this brain region. 

The gift of WAY 100135 by Wyeth Research (U.K.) is 
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grant from the Medical College of Pennsylvania’s Intramu- 
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