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%1 Life Skills Profile (LSP) & Schizophrenia Quality of Life Scale (SQLS) #s & U° Quality of Life Scale (QLS)
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$2 Brief Assessment of Cognition in Schizophrenia (BACS) & Quality of Life Scale (QLS) (48B3 (3T#t 26) 0
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ABSTRACT

Introduction: The purpose of this study was to
determine if the functional single nucleotide
polymorphisms of 156259 C(-1019)G in the
promoter region, which regulates serotonin
5-HT,, receptor transcription, affects the
ability of antipsychotic drugs to improve
attention in patients with schizophrenia.
Methods: Subjects were neuroleptic-free and
meeting DSM-IV-TR criteria for schizophrenia.
Psychopathology and attention were evaluated
with the Scale for the Assessment of Positive
Symptoms (SAPS) and the Scale for the
Assessment of Negative Symptoms (SANS)
at baseline and 3 months after treatment
with atypical antipsychotic drugs (AAPDs).
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DNA was extracted from peripheral blood
following standard procedures. Genotyping
was performed with HS-Taq assay (LaboPass™).
Results: Data were available from 30 subjects
(male/female=19/11), in which 17 had the CC
genotype, three had the GG genotype, and 10
were heterozygous. The 3-month treatment
with AAPDs was associated with significant
improvements in positive and negative
symptoms, but not attention as measured by
SANS-Attention subscale in the entire subject
group. There were no significant differences
in the degree of improvements of SAPS and
SANS scores between the CC genotype group
and the (C/G plus G/G) combined group. On
the other hand, improvement of attention
was significantly greater for the former group
compared to the latter group (P<0.016),
suggesting a detrimental influence of the
G-allele. Conclusions: These results provide
additional support to the role of 5-HT,,
receptors in some of the cognitive disturbances
of schizophrenia. Further studies with a larger
number of subjects are warranted.

Keywords: atypical antipsychotic drugs;
cognition; pharmacogenetics; schizophrenia;
SNPs; 5-HT, ,
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INTRODUCTION

Disturbances of cognitive function, such as
verbal memory, attention, executive function, and
verbal fluency, have been reported to determine
outcome in patients with schizophrenia.l?
Among the domains of cognition, attention/
vigilance has been widely studied as a measure
of impaired frontal lobe function, which is
characteristic of schizophrenia.!¥ Therefore,
efforts to address specific domains of cognition,
such as attention, are needed in the treatment
of schizophrenia.

A growing number of investigations have
been directed to several types of serotonin
(5-HT) receptors, such as 5-HT,, and 5-HT,,
receptors, in the pathophysiology and treatment
of schizophrenia.*® Postmortem!®!! and positron
emission tomography'213 studies report altered
expression of 5-HT,, receptors in frontal and
temporal cortical regions in patients with
schizophrenia and related psychoses, while
others!* do not. Accordingly, ipsapirone (a
5-HT,, partial agonist)-induced plasma cortisol
response has been found to be blunted in female
patients with schizophrenia.!S These findings
are consistent with the concept that 5-HT,,
receptors play an important role in the cognitive
disturbances of schizophrenia.®417

Based on these lines of evidence, we
previously conducted a series of studies on
the effects of the addition of 5-HT,, partial
agonists (eg, buspirone® and tandospirone!819)
to ongoing treatment with typical or atypical
antipsychotic drugs on cognitive function in
patients with schizophrenia. In a randomly
assigned, placebo-controlled, double-blind study,
augmentation therapy with buspirone was found
to selectively improve cognitive performance
on the digit symbol substitution test, a measure
of attention/speeded motor performance, but
not other domains of cognition, in subjects

with schizophrenia treated with atypical
antipsychotic drugs (AAPDs).? However, positive
and negative psychotic symptoms were not
significantly affected.? As genetic variations have
been suggested to affect cognitive performance,
pharmacogenetic approaches may provide
further insights into treatment development.?

Polymorphisms of genes encoding specific 5-HT
receptor subtypes, such as 5-HT,,, 5-HT,,, and
5-HT,, have been suggested to predict response
to treatment with antipsychotic drugs.?!2
Among these polymorphisms, functional single
nucleotide polymorphisms (SNPs) of 5-HT,,
receptors, eg, 156295 C(-1019)G in the promotor
region of the 5-HT, , receptor, have been a focus of
extensive research on psychiatric diseases.’92225-27
C(-1019)G regulates 5-HT, , receptor transcription,
and subjects with G-allele homozygotes show
elevated 5-HT,, receptor density in presynaptic
raphe neurons, which is associated with major
depression and anxiety. On the other hand,
C-allele carriers elicit a better response to treatment
with AAPDs?225 or antidepressants,?3! although
controversy exists.3?

Intrinsic 5-HT,, agonist activity of the
AAPDs, by causing an increase in dopamine
(DA) and/or acetylcholine release, has been
suggested to provide a basis for the ability of
these compounds to improve specific domains
of cognition,3334 such as attention.” In support
of this view, the 5-HT,, antagonist WAY 100635
inhibits the increase in DA release produced
by AAPD:s, such as clozapine and ziprasidone,
which are themselves 5-HT,, partial agonists,3335
as well as olanzapine and risperidone, which do
not directly interact with 5-HT,, receptors.3336
These observations indicate that the ability of
AAPDs to enhance cognition is dependent on
the 5-HT,, receptor function, irrespective of type
of compounds.

In view of accumulated evidence, discussed
above, it was hypothesized that the C(-1019)G
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polymorphism of the S5-HT,, receptor gene
is associated with response to treatment
with AAPDs in terms of cognitive function
governed by frontal lobe function, such as
attention. However, there has been no study
of the relationship between the C(-1019)G
polymorphism and the ability of antipsychotic
drugs to treat this specific aspect of cognition.
The purpose of this study, therefore, was to
determine if AAPDs improve attention more
effectively in patients with schizophrenia who
have C/C genotype than those who carry the
G-allele (C/G or G/G genotype).

MATERIALS AND METHODS

Subjects

Records were obtained from Japanese patients
meeting the Diagnostic and Statistical Manual
of Mental Disorders, 4th Edition Text Revision®’
(DSM-IV-TR) criteria for schizophrenia treated at
the University Hospital of Toyama Outpatient
Clinic. Diagnosis was made with a structured
clinical interview by means of the Structured
Clinical Interview for DSM-IV Axis I Disorders.3®
Subjects were diagnosed by a consensus of at
least two experienced psychiatrists, as reported
previously.??#0 Patients known to be abusing
alcohol or other illicit drugs, or those with
epilepsy, brain damage, or neurologic disorders,
were excluded from the study. This study was
carried out in accordance with the latest version
of the Declaration of Helsinki. Written informed
consent was obtained after the explanation
of the study. The protocol was approved by
Ethical Committee of University of Toyama
School of Medicine. At baseline, the subjects
had not received any medication for more than
1 month, and were actively psychotic with the
Scale for the Assessment of Positive Symptoms
(SAPS)*! (sum of the Global Scales) score of more

than 4. SAPS and the Scale for Assessment of
Negative symptoms (SANS)#? were performed by
experienced psychiatrists who were not informed
of medication status. Interrater reliability was
>80%.3%40

Immediately after the baseline assessment,
antipsychotic medication with olanzapine
(once daily) or perospirone (an atypical
antipsychotic drug marketed in Japan*’) (four
times/day) was started and titrations were
completed during the initial 6 weeks, based on
previous reports®4 (see Table 1 for dosage). The
choice of medication was at the discretion of
treating psychiatrists, who adjusted the dose
to optimize improvement in psychopathology,
while attempting to keep the side effects of the
drug tolerable. Concomitant medications were
restricted to small doses of benzodiazepines
(diazepam equivalent doses of <6 mg/day).
Three months after the start of the treatment,
clinical assessments were repeated.

Based on the a priori hypothesis, genotype
effect on the change of the SANS-Attention
subscale score, in addition to the SAPS-Total and
SANS-Total scores, was analyzed.

Genotyping

Genotyping was performed by technicians
blinded to clinical status. DNA was extracted
from peripheral blood samples following
standard procedures. Polymerase chain
reaction (PCR) was carried out using Tag DNA
polymerase (LaboPass™ HS-Taq, LaboPass,
Seoul, Korea). The C(-1019)G promotor region
polymorphism of the 5-HT1A receptor gene was
identified by following pair of primers (forward
primer: S’"CCTCTCCTTGTCCTTTGA3J’; reverse
primer: S’GTCAGACCAAGGTTGTAAC3'). PCR
amplification for a total 30 pL reaction volume
contained 20 ng genomic DNA, 0.2 uL HS-Taq
(2.5 U/pL), 2.4 pL ANTPs, 1.0 pL of each primer.
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The reaction product underwent electrophoresis
on a 2.0% agarose gel, from which alleles were
identified.

Data Analysis

Statistical analysis was carried out using SPSS
version 18 (IBM, Chicago, IL, USA). A t-test (two-
tailed) was conducted to investigate the effects
of genotype on changes of psychopathology and
attention scores. Significance was considered
when P<0.0S. Data are expressed as mean+SD.

RESULTS

Clinical data from 30 patients were available
for analysis (Table 1). For these subjects, SAPS-
Total (sum of the Global Scales), SANS-Total
(sum of the Global Scales), and SANS-Attention
subscale scores at baseline were 5.6+4.2, 11.6+3.7,
and 1.8+1.3, respectively. Seventeen subjects had

Table 1. Demographic data and influence of the serotonin
5-HT,, receptor C(-1019)G polymorphism on the effect
of antipsychotic drugs on symptom changes in patients
with schizophrenia.

5-HT,, recepror
genotypes, mean+SD  Pvalue

C/C C/GorG/G

Sex, male/female 12/5 7/6 NS
Age, year 31.9+411.1 31.2+11.3 NS
Onser of illness, year 214475 256482 NS
Neuroleptic dose* 3.744.2 2.5%1.5 NS
Score change
ASAPS -3.1433 -24+30 064
ASANS -3.2437 -21+34 022
AAttention -1.1£1.3 0.0£1.7  0.016

Attention=SANS-Attention subscale score;
NS=nonsignificant; SANS=Scale for the Assessment
of Negative Symptoms—Sum of the Global Scales;
SAPS=Scale for the Assessment of Positive Symptoms-
Sum of the Global Scales; A=change in.

*Risperidone equivalent dose (mg/day) at 3 months.

the CC genotype, three had the GG genotype,
and 10 were heterozygous.

Owing to the small number of the GG group,
statistical analyses were conducted between
subjects with the CC genotype versus those with
the GG genotype or heterozygous genotype.

In all subjects, 3-month treatment with
antipsychotic drugs was found to significantly
improve positive symptoms, as evaluated
by the SAPS (t=4.4, P<0.001) and negative
symptoms, as evaluated by SANS (t=3.7,
P=0.001); while attention, as measured by the
SANS-Attention subscale score, was not affected
(t=1.5, P=nonsignificant). As shown in Table 1,
there were no significant differences in the
degree of change in SAPS and SANS-Total scores
between the CC genotype group and (C/G plus
G/G) combined group, although the former
group showed a numerically better response to
treatment. On the other hand, the CC genotype
group showed a significantly better response in
terms of attention, as compared to the (C/G plus
G/G) group (Table 1).

DISCUSSION

Consistent with the a priori hypothesis, the
results of this study suggest antipsychotic drugs
ameliorate impaired attention of schizophrenia
more effectively in patients having the C/C
genotype at C(-1019)G of 5-HT,, receptors than
those having the G/G or G/C genotype. The
presence of the G-allele was associated with, on
average, no improvement in attention.

To our knowledge, this study is the first
to investigate the effect of the C(-1019)G
polymorphism on the ability of AAPDs to
improve a specific aspect of cognition in
schizophrenia, and extends previous findings
that the C(-1019)G SNP is associated with a
response to treatment with various antipsychotic
drugs in terms of negative?”?S and depressive??
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symptoms. Specifically, both of these studies?%2*
report that the presence of the G-allele, ie, G/G
or G/C genotype, predicts a limited response to
treatment with AAPDs. Thus, the results of the
present study may provide a rational treatment
strategy for attention impairments characteristic
of schizophrenia.

It is possible that the increase in
somatodendritic 5-HT,, receptor expression
associated with the G-allele** may mediate
decreased efficacy of AAPDs. Also, our findings
are in concert with the suggestion that the
C(-1019)G polymorphism in the 5-HT,, receptor
predicts structural and functional characteristics
in cortical regions receiving projection of
5-HT neurons, such as parahippocampal gyrus
and prefrontal cortex, as these brain areas are
responsible for some of the key domains of
cognitive function, eg, verbal learning memory,
working memory, attention/information
processing, and social cognition.”** Whether
the C(-1019)G polymorphism is associated with
the ability of antipsychotic drugs to treat other
cognitive domains deserves further studies.

The limitations of the present study include
a small sample number that might have caused a
lack of robust level of significance and variability.
For example, it might explain the absence of a
significant effect of C(-1019)G SNPs on negative
symptoms, in contrast to the results in previous
studies.???® Secondly, the measure of attention
used here is “nonspecific” and not a cognitive test
per se; the use of a specific neuropsychological
test should enhance sensitivity and specificity
to detect possible changes of attention.
Furthermore, the two test drugs, perospirone
and olanzapine, have different affinities for
5-HT,, receptors; olanzapine shows minimal
direct affinity for these receptors.*s However, the
increase in DA release produced by it is blocked
by 5-HT,, antagonists (eg, WAY 100635),3%3¢
indicating this antipsychotic drug indirectly

stimulates 5-HT,, receptors.**¢ Pretreatment
with WAY 100635 also suppresses the increase
in DA concentrations induced by perospirone,
an AAPD having a high affinity for 5-HT,,
receptors.?’

CONCLUSION

In conclusion, these results provide additional
support to the role of 5-HT,, receptors in some
of the cognitive disturbances of schizophrenia,
and facilitate the treatment strategy to effectively
improve attention. Further studies with a larger
number of subjects are warranted.

ACKNOWLEDGMENTS

The authors declare no conflict of interest.
Tomiki Sumiyoshi organized the study and
wrote the manuscript. Masahiko Tsunoda and
Hiroko Itoh performed genotyping and data
management. Yuko Higuchi, Toru Itoh, and
Tomonori Seo conducted clinical evaluation.
Michio Suzuki and Masayoshi Kurachi
conducted the literature searches.

This work was supported by grants-in-aid for
Scientific Research from Japan Society for the
Promotion of Science and grants-in-aid from
the Ministry of Health, Labour and Welfare,
Japan. These funding bodies had no further role
in the study design; in the collection, analysis,
and interpretation of data; in the writing of the
report.

REFERENCES

1. Green MF Kern RS, Braff DL, Mintz J.
Neurocognitive deficits and functional outcome in
schizophrenia: Are we measuring the “right stuff”?
Schizophr Bull. 2000;26:119-136.

2. McGurk SR, Meltzer HY. The role of cognition in
vocational functioning in schizophrenia. Schizophr
Res. 2000;45:175-184.

@ Springer Healthcare

— 104 —



Adv Ther (2010) 27(5): .

3. Sumiyoshi T, Park §, Jayathilake K, Roy A, Ertugrul A, 15. Lee MA, Meltzer HY. 5-HT(1A) receptor dysfunction
Meltzer HY. Effect of buspirone, a serotonin1A partial in female patients with schizophrenia. Biol
agonist, on cognitive function in schizophrenia: a Psychiatry. 2001;50:758-766.
randomized, double-blind, placebo-controlled study.

Schizophr Res. 2007,95:158-168. 16. Sumiyoshi T, Meltzer HY. SerotoninlA

o Mill M. 1 ) . treatment : ;eoceptors in memory function. Am J Psychiatry.

. illan . Improving e treatment o 04;161:1505.
schizophrenia: focus on serotonin (5-HT)(1A)
receptors. ] Pharmacol Exp Ther. 2000;295:853-861. 17. Borg]. Molecular imaging of the 5-HT(1A) receptor
in relation to human cognition. Behav Brain Res.

5. Bantick RA, Deakin JF, Grasby PM. The 5-HT1A 2008;195:103-111.
receptor in schizophrenia: a promising target for
novel atypical neuroleptics? J Psychopharmacol. 18. Sumiyoshi T, Matsui M, Nohara S, et al
2001;15:37-46. Enhancement of cognitive performance in

6. Meltzer HY, Sumiyoshi T. Does stimulation schizophreinia by addition of tandosEirone

. ’ . to neuroleptic treatment. Am Psychiatry.
of 5-HT(1A) receptors improve cognition in 2001;158:171;2-1725. ] 4 &4
schizophrenia? Behav Brain Res. 2008;195:98-102.

. . . 19. Sumiyoshi T, Matsui M, Yamashita [, et al.

7. ;un:e);?)sthl :ljlliubemkova-Vailnesot\;? v, Htﬁmcﬁk {,lBert Effect of adjunctive treatment with serotonin-

- oninlA - receptors € pathophiysiology 1A agonist tandospirone on memory functions
of schizophrenia: develgpmgllt of no.veI. cognition- in schizophrenia. ] Clin Psychopharmacol.
enhancing therapeutics. Adv Ther. 2008;25:1037-1056. 2000;20:386-388.

8. Lesch KP' Gut!(nechr L'f Focus on ]The S'HTIA 20. Harvey PD. Pharmacological cognitive
;ﬁc;l;;itl;ggiﬁg()l&gg;oaen% ;ﬁzg;zg::::g:aﬁ“} ezt(;g;ncegxzeng ;n schizophrenia. Neuropsychol Rev.
Neuropsychopharmacol. 2004;7:381-385. 19:324-335.

9. Drago A, Ronchi DD, Serretti A. 5-HTIA gene 21. Lane HY, Chang YC, Chiu CC, Chen ML, Hsieh MH,

’ varign ts a’n dpsy chiatric' disorders: ar.eview of current Chang WH. Association of risperidone treatment
literature and selection of SNPs fo.r future studies. Int response with a polymorph%'sm in the S-HT(2A)
J Neuropsychopharmacol. 2008;11:701-721 receptor gene. Am ] Psychiatry. 2002;159:1593-

’ e ) 1595.

10. Hashimoto T, Nishino N, Nakai H, Tanaka C.

Increase in serotonin SHT1A receptors in prefrontal 22. geyno}dlsl C;P'S Ariangﬁ 11’ ngtr;II?;frAnm LA,
and temporal cortices of brains from patients with € nlos ' he.m - nlrect of 5- d d receptor
chronic schizophrenia. Life Sci. 1991;48:355-363. gene polymorphism on negative and depressive

symptom response to antipsychotic treatment of

11. Sumiyoshi T, Stockmeier CA, Overholser JC, Dilley drug-.naiv.e psychotic patients. Am ] Psychiatry.
GE, Meltzer HY. Serotonin 1A receptors are increased 2006;163:1826-1829.
in postmortem prefrontal cortex in schizophrenia.

Brain Res. 1996;7082209-214. 23. Reynolds GP, Yao Z, Zhang X, Sun J., Zhang
Z. Pharmacogenetics of treatment in first-

12. Kasper S, Tauscher J, Willeit M, et al. Receptor episode schizophrenia: D3 and 5-HT2C receptor
and transporter imaging studies in schizophrenia, polymorphisms  separately ~ associate  with
depression, bulimia and Tourette’s disorder-- positive and negative symptom response. Eur
implications for psychopharmacology. World J Biol Neuropsychopharmacol. 2005;15:143-151.
Psychiatry. 2002;3:133-146.

24, Richtand NM, Welge JA, Logue AD, Keck PE, Jr,

13. TauscherJ, Kapur S, Verhoeff NP, et al. Brain serotonin Strakowski SM, McNamara RK. Dopamine and
5-HT1A receptor binding in schizophrenia measured serotonin receptor binding and antipsychotic
by positron emission tomography and [11C]WAY- efficacy. Neuropsychopharmacol. 2007;32:1715-
100635. Arch Gen Psychiatry. 2002;59:514-520. 1726.

14. Frankle WG, Lombardo I, Kegeles LS, et al. Serotonin 25. Wang L, Fang C, Zhang A, et al. The --1019 C/G
1A receptor availability in patients with schizophrenia polymorphism of the 5-HT1A receptor gene is
and schizo-affective disorder: a positron emission associated with negative symptom response to
tomography imaging study with [11CJWAY 100635. risperidone treatment in schizophrenia patients. J
Psychopharmacology (Berl). 2006;189:155-164. Psychopharmacol. 2008;22:904-909.

@ Springer Healthcare

— 105 —



Adv Ther (2010) 27(5): .

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Huang YY, Battistuzzi C, Oquendo MA, et al. Human
5-HT1A receptor C(-1019)G polymorphism and
psychopathology. Int ] Neuropsychopharmacol.
2004;7:441-451.

Kishi T, Tsunoka T, lkeda M, et al. SerotoninlA
receptor gene is associated with Japanese
methamphetamine-induced psychosis patients.
Neuropharmacol. 2010;58:452-456.

Serretti A, Artioli P, Lorenzi C, Pirovano A, Tubazio
V, Zanardi R. The C(-1019)G polymorphism of
the 5-HT1A gene promoter and antidepressant
response in mood disorders: preliminary findings.
Int ] Neuropsychopharmacol. 2004;7:453-460.

Lemonde S, Du L, Bakish D, Hrdina P, Albert PR.
Association of the C(-1019)G 5-HT1A functional
promoter polymorphism with antidepressant
response. Int ] Neuropsychopharmacol. 2004;7:501-
506.

Hong CJ, Chen TJ, Yu YW, Tsai SJ. Response to
fluoxetine and serotoninlA receptor (C-1019G)
polymorphism in Taiwan Chinese major depressive
disorder. Pharmacogenomics J. 2006;6:27-33.

Yu YW, Tsai §J, Liou Y], Hong CJ, Chen T]J.
Association study of two serotoninlA receptor
gene polymorphisms and fluoxetine treatment
response in Chinese major depressive disorders.
Eur Neuropsychopharmacol. 2006;16:498-503.

Baune BT, Hohoff C, Roehrs T, Deckert ],
Arolt V, Domschke K. Serotonin receptor
1A-1019C/G variant: impact on antidepressant
pharmacoresponse in melancholic depression?
Neurosci Lett. 2008;436:111-115.

Chung YC, Li Z, Dai ], Meltzer HY, Ichikawa
J. Clozapine increases both acetylcholine and
dopamine release in rat ventral hippocampus:
role of 5-HT1A receptor agonism. Brain Res.
2004;1023:54-63.

Sato M, Ago Y, Koda K, et al. Role of postsynaptic
serotoninlA receptors in risperidone-induced
increase in acetylcholine release in rat prefrontal
cortex. Eur ] Pharmacol. 2007;559:155-160.

Ichikawa ], Ishii H, Bonaccorso S, Fowler WL,
O’Laughlin IA, Meltzer HY. 5-HT(2A) and D(2)
receptor blockade increases cortical DA release via
5- HT1A receptor activation: a possible mechanism
of atypical antipsychotic-induced cortical dopamine
release. ] Neurochem. 2001;76:1521-1531.

Diaz-Mataix L, Scorza MC, Bortolozzi A, Toth
M, Celada P, Artigas F. Involvement of 5-HT1A
receptors in prefrontal cortex in the modulation of
dopaminergic activity: role in atypical antipsychotic
action. ] Neurosci. 2005;25:10831-10843.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition
(Text Revision) . Washington DC: APA; 2000.

First MB, Spitzer RL, Gibbon M, Williams JBW.
Structured Clinical Interview for DSM-IV Axis I
Disorders. New York: New York State Psychiatric
Institute; 1997.

Higuchi Y, Sumiyoshi T, Kawasaki Y, Matsui M,
Arai H, Kurachi M. Electrophysiological basis
for the ability of olanzapine to improve verbal
memory and functional outcome in patients
with schizophrenia: A LORETA analysis of P300.
Schizophr Res. 2008;101:320-330.

Sumiyoshi T, Higuchi Y, Itoh T, et al. Effect of
perospirone on P300 electrophysiological activity
and social cognition in schizophrenia: a three-
dimensional analysis with sLORETA. Psychiatry
Res Neuroimag 2009;172:180-183.

Andreasen NC. Scale for the Assessment of
Positive Symptoms (SAPS). Iowa City: University
of lowa; 1983.

Andreasen NC. Scale for the Assessment of
Negative Symptoms (SANS). Iowa City: University
of lowa; 1983.

Parsey RV, Oquendo MA, Ogden RT, et al. Altered
serotonin 1A binding in major depression: a
[carbonyl-C-11]JWAY100635 positron  emission
tomography study. Biol Psychiatry. 2006;59:106-
113.

Erdmann J, Shimron-Abarbanell D, Rietschel M,
et al. Systematic screening for mutations in the
human serotonin-ZA receptor gene: identification
of two naturally occurring receptor variants and
association analysis in schizophrenia. Hum Genet.
1996;97:614-619.

Sumiyoshi T. A possible dose-side effect
relationship of antipsychotic drugs: Relevance to
cognitive function in schizophrenia. Expert Rev
Clin Pharmacol. 2008;1:791-802.

Sumiyoshi T, Matsui M, Yamashita I, et al. The
effect of tandospirone, a serotoninlA agonist, on
memory function in schizophrenia. Biol Psychiatry.
2001;49:861-868.

Yoshino T, Nishijima K, Shioda K, Yui K, Katoh
S. Perospirone, a novel atypical antipsychotic
drug, potentiates fluoxetine-induced increases
in dopamine levels via multireceptor actions in
the rat medical prefrontal cortex. Neurosci Lett.
2004;24:16-21.

— 106 —

@ Springer Healthcare



Psychopharmacology (2010) 212:267-276
DOI 10.1007/s00213-010-1951-3

ORIGINAL INVESTIGATION

Effect of tandospirone, a serotonin-1A receptor partial
agonist, on information processing and locomotion

in dizocilpine-treated rats

Vera Bubenikova-Valesova  Jan Svoboda -
Jiri Horaeek - Tomiki Sumiyoshi

Received: 4 February 2010 / Accepted: 3 July 2010 /Published online: 31 July 2010

© Springer-Verlag 2010

Abstract

Rationale Augmentation therapy with serotonin-1A receptor
(5-HT1A) partial agonists has been suggested to ameliorate
psychotic symptoms in patients with schizophrenia.
Objective and methods The objective of the present study
was to examine the effect of repeated administration of
tandospirone (0.05 and 5 mg/kg) on locomotor activity in a
novel environment and on sensorimotor gating in rats
treated with the N-methyl-D-aspartate receptor antagonist
MK-801, which has been used in animal models of
schizophrenia. Furthermore, we sought to determine wheth-
er the effect of tandospirone on these behavioural measures
is blocked by WAY 100635 (0.3 mg/kg), a 5-HT1A
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receptor antagonist, and whether there is an interaction
between haloperidol (0.1 mg/kg; a dopamine-D2 receptor
antagonist) and tandospirone.

Results Tandospirone at 5 mg/kg, but not 0.05 mg/kg,
decreased locomotor activity in saline or MK-801-treated
rats, which were not affected by co-treatment with WAY
100635. Haloperidol decreased locomotion both in saline
and MK-801-treated animals, and this effect was not
evident in the latter group receiving the higher dose of
tandospirone. Tandospirone (5 mg/kg)-induced disruption
of sensorimotor gating in saline or MK-801-treated
animals was reversed by WAY-100635, but not by
haloperidol.

Conclusions These findings suggest that behavioural
changes induced by tandospirone are not fully blocked by
5-HT1A antagonists and that tandospirone (5 mg/kg)
potentiates the effect of MK-801. Overall, these findings
point to an interaction between NMDA and 5-HT
receptors. Part of the effect of tandospirone on locomotor
activity may be mediated by the actions of its active
metabolites on other neurotransmitter systems,

Keywords Tandospirone - Schizophrenia -
NMDA receptor - MK-801 - Locomotion - PPI -
Haloperidol

Introduction

Serotonin (5-HT) receptors have been suggested as provid-
ing potential roles in psychosis and cognition via an
influence on various neurotransmitter systems. Among the
5-HT receptor subtypes, 5-HT1A receptors exist as autor-
eceptors on raphe cell bodies and modify endogenous 5-HT
synthesis and release (Hjorth and Sharp 1991; Sharp and
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Foster 1991), and they also exist as postsynaptic receptors
which directly affect the activity of non-serotonergic
neurons in a variety of brain areas (Tanaka ct al. 1995).

Tandospirone, an azapirone, is a selective 5-HTIA
partial agonist and displays approximatcly 60% of the
effect of the full agonist 8-OH-DPAT (Hamik et al. 1990).
Anxiolytic properties of tandospirone, as marketed in
Japan, have been demonstrated in human and animal
studies (Nishikawa et al. 2007; Nishitsuji et al. 2004;
Nishitsuji et al. 2006; Sugimoto ct al. 1998). Furthermore,
Sumiyoshi and colleagues (Bubenikova-Valesova et al.
2007b; Sumiyoshi et al. 2000; Sumiyoshi ct al. 2001b;
Sumiyoshi et al. 2001a; Sumiyoshi ct al. 2007a) conducted
a scrics of studies on the effect of the addition of
tandospirone to ongoing treatment with small to moderate
doses of antipsychotic drugs on cognitive function in
patients with schizophrenia. Specifically, they found that
the addition of tandospirone (30 mg/day) to the typical
antipsychotic drug regime for 4-6 weeks improved cogni-
tive function in patients with schizophrenia (Bubenikova-
Valesova et al. 2007b; Sumiyoshi et al. 2000; Sumiyoshi
et al. 2001b; Sumiyoshi et al. 2001a; Sumiyoshi et al.
2007a).

The glutamatergic neurotransmitter system has been
suggested as playing an important role in the actiopatho-
genesis of schizophrenia, based on findings on various
aspects of neural substrates ranging from molecular
interactions to the neuronal network in the human brain
(Goff and Coyle 2001; Kristiansen ct al. 2007). Morcover,
administration of non-competitive antagonists of N-methyi-
p-aspartate (NMDA) glutamate receptors (phencyclidine,
ketamine, and MK-801) has been reported to induce
behavioural abnormalities related to symptoms of schizo-
phrenia, such as impairment of information processing and
attention, as well as hyperlocomotion in response to a novel
environment, which are all ameliorated by antipsychotic
use (Bubenikova-Valesova et al. 2008a; Amitai et al. 2007,
Bubenikova-Valesova et al. 2008a; Bubenikova ct al. 2005;
Bubenikova-Valesova et al. 2008b).

In this study, we investigated the cffect of repeated
administration of tandospirone on deficits in sensorimotor
gating and locomotion in rats treated with thc NMDA
receptor antagonist MK-801. Sensorimotor gating was
measured by prepulse inhibition (PPI) of the acoustic
startle response. This task consisted of a brief presentation
of a high intensity sound stimulus to cause a normal startle
reflex response. When this stimulus is preceded by a weak,
non-startling stimulus (a prepulse), the subsequent startle
response is attenuated (Koch 1999). Deficits in sensorimo-
tor gating have been observed in patients with scveral
neuropsychiatric disorders, including schizophrenia and
bipolar disorder (Gogos et al. 2009; Swerdlow et al.
2006). Locomotor activity in response to a novel environ-
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ment after administration of NMDA antagonists has been
widely used in modelling the positive symptoms of
schizophrenia. Although hyperlocomotion is not entircly
dependent on dopaminergic activation, it is blocked by
antipsychotics (van den Buuse 2010).

It was reported that haloperidol blocks the effect of
5-HT1A agonists on information processing (van den
Buuse and Gogos 2007). In other studies, 5-HT1A agonists
were shown to ameliorate haloperidol-induced catalepsy
(Ohno et al. 2008; Ohno et al. 2009). To the best of our
knowledge, there is little information on whether 5-HT1TA
partial agonists, such as tandospirone, interact with D2
receptors in a similar way to the full agonists at 5-HTITA
receptors or not. There is also a paucity of animal
experiments to determine whether the combination of
haloperidol with tandospirone shows an antipsychotic-like
profile, despite clinical observations indicating an advan-
tage of augmentation therapy with partial 5-HT 1A agonists
in patients treated with typical antipsychotic drugs, such as
haloperidol.

The principal purpose of this study was to test the
hypothesis that moderate stimulation of 5-HT1A receptors
with or without the influence of antipsychotic drugs would
amcliorate sensorimotor deficits in psychosis-like states
(Bubenikova-Valesova et al. 2007b; Sumiyoshi et al. 2008).
Furthermore, we sought to determine whether the effect of
tandospirone on these behavioural measures is blocked by
WAY 100635, an antagonist at 5-HTIA receptors, and
whether an interaction occurs between tandospirone and the
typical antipsychotic drug haloperidol, which is a
dopamine-D2 receptor antagonist.

Materials and methods
Drugs

The treatment regimen with MK-801 was based on our
previous report (Bubenikova-Valesova ct al. 2007b).
The N-methyl-p-aspartate receptor antagonist MK-801
(Sigma-Aldrich, Czech Republic; Dizocilpine maleate;
[5R,108]-[+]-5-methyl-10,11-dihydro-SH-dibenzo[a,d]
cyclohepten-5,10-imine), at a dose of 0.1 mg/kg, was
dissolved in saline. The rats received an i.p. injection of
MK-801 at a volume of 2 ml/kg for 4 days. The last
injection was applied i.p. 15 min prior to the tests.
Tandospirone (a gift from Dainippon Sumitomo Pharma
Co., Ltd., Japan) was dissolved in saline at a volume of
2 ml/kg. The rats received a s.c. injection of tandospirone at
0.05 or 5 mg/kg for 4 days and a s.c. injection 30 min prior
to the tests. Haloperidol (Sigma-Aldrich) at 0.1 mg/kg was
dissolved in 15 ul of acetic acid and was added to saline at
a volume of 2 ml/kg. The haloperidol (s.c.) was adminis-
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tered 60 min before the experiments. The WAY 100635
(0.3 mg/kg, s.c.; Sigma-Aldrich, Czech Republic) (N-[2-[4-
(2-methoxyphenyl)- 1-piperazinyl]-ethyl]-N-(2-pyridinyl)
cyclohexanecarboxamide) was applied 30 min before the
experiments. All animals received the same volume of
vehicle per 1 kg of body weight. The control animals
received the corresponding vehicle.

Animals

Male Wistar rats (200-250 g, Hannover breed, Kondrovice,
Czech Republic; n=356) were used in this study. Two rats
per cage were housed in a temperature-controlled room
(21-22°C), with a 12:12 h light/dark regime (lights on at
7:00 a.m.) with free access to food (ST-1 diet) and water.
Each rat was only tested once. All manipulations were
performed according to the Guidelines of the European
Union Council (86/609/EU) and followed the instructions
of the National Committee for the Care and Use of
Laboratory Animals,

Apparatus and behavioural procedures
Locomotor activity in a novel environment

Locomotor activity, expressed as total distance travelled
during 30 min in a box (68x68x30 cm) located in a
soundproof room, was measured using a video tracking
system for automation of the behavioural experiments
(Noldus, Netherlands, EthoVision Colour Pro-Version
3.1), as described previously (Bubenikova-Valesova et al.
2007b).

Prepulse inhibition of acoustic startle response

All testing occurred within a startle chamber (SR-LAB, San
Diego Instruments, California, USA). The rats were initially
tested by a short session (5 min acclimatisation period plus
five single stimuli; 120 dB) 2 days before the experiment.
Briefly, the acclimatisation period (75 dB) was presented
alone for 5 min. After this, the test began with five initial
startle stimuli (125 dB) followed by four different trial
types presented in a pseudorandom order: (1) single pulse:
125 db broadband burst, 40 ms duration; (2) prepulse:
13 dB, 20 ms duration above the background noise 100 ms
before the onset of the pulse alone; (3) prepulse alone:
13 dB, 20 ms duration above the background noise; (4) no
stimulus. A total of five presentations for each trial type
were given with an inter-stimulus interval varying from 25
to 30 s. The PPI was calculated as the difference between
the average values of the single pulse and prepulse-pulse
trials and was expressed as a percentage of the PPI
[100 — ('mean response for prepulse — pulsetrials /startle

response forsinglepulse trials) x 100 |. Data from the four
single pulse trials at the beginning of the test session were
not included in the calculation of the PPI and acoustic
startle response values. Animals showing average startle
amplitudes lower than 10 mV were removed from the
calculation of the PPI and were marked as non-
responders (about 3% of the total number). The number
of removed animals did not differ between the treatment

groups.
Data analysis

Data are presented as means+SEM. Data from the PPI,
startle response and open-field locomotion were first
evaluated using three-way analysis of variance (ANOVA)
with the dose of tandospirone (0, 0.05, 5 mg/kg) as the
factor level and the co-treatment agents MK-801 and
WAY100635 (or haloperidol) as between-subject factors.
Then, separate two-way ANOVAs were conducted for
groups with and without MK-801 treatment, followed by
Tukey’s Honestly Significant Difference (HSD) post-hoc
test. A separate evaluation of tandospirone and MK-801
treatment was also performed using two-way ANOVA.
Statistical significance was accepted at p<0.05 in all
instances. We used ten animals per group in all experiments
except for the WAY 100635/MK-801 group (n=9) and the
tandospirone 0.05 mg/kg/WAY 100635/MK-801 group
(n=8) in the open-field locomotion.

Results

Effect of sub-chronic administration of MK-801
and tandospirone on the startle response and PPI

Two-way ANOVA found main effects of tandospirone
[F(2,54)=17.28, p<0.0001] and MK-801 [F(1,54)=7.14,
2<0.001] on PPI, but the interaction between them was not
significant F(2,54)=2.68, p<0.0001]. Tukey’s HSD post-
hoc test revealed tandospirone at 5 mg/kg decreased PPI
both with and without MK-801 co-treatment (p<0.01)
(Fig. 1a).

Tandospirone [F(2,54)=8.38, p<0.001], but not MK-801
[F(1,54)=0.01, NS], was found to have an effect on startle
amplitudes; tandospirone vs. MK-801 interaction was not
significant [F(2,54)=0.33, NS] (Fig. 1b).

Effect of sub-chronic administration of MK-801
and tandospirone on locomotor activity

As two-way ANOVA demonstrated, locomotor activity was

affected by both tandospirone [F(2,54)=13.88, p<0.0001]
and MK-801 [F(1,54)=4.56, p<0.05]; interactions between
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Fig. 1 Effect of sub-chronic administration of tandospirone on
schizophrenia-like behaviour induced by MK-801. Tandospirone
decreased PPI with and without MK-801 (a). The startle response
was increased by tandospirone at 0.05 mg/kg in saline and in MK-
801-treated rats (b). Tandospirone (5 mg/kg) decreased locomotor
activity in saline and MK-801-treated rats (c). *p<0.05; ***p<0.001
by Tukey’s post-hoc test

the two factors were insignificant [F(2,54)=1.06, NS].
Tukey’s HSD post-hoc test found that tandospirone at
5 mg/kg suppressed locomotion (p<0.05) (Fig. 1c).

The 5-HT1A receptor antagonist (WAY 100635) blocked
the effect of tandospirone on PPI and the startle response
with/without MK-801 co-treatment

Three-way ANOVA found significant effects of tandospir-

one [F(2,107)=18.65, p<0.0001], MK-801 [F(1,107)=
15.3, p<0.01] and WAY 100635 [F(1,107=17.22, p<
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0.0001] on PPI, while tandospirone vs. MK-801 vs. WAY
100635 interaction was not significant [F(2,107)=1.73,
NS]. Moreover, there were also significant tandospirone
vs. MK-801 [F(2,107=6.09, p<0.01] and tandospirone vs.
WAY 100635 [F(2, 107=9.31, p<0.001], but not MK-801
vs.WAY 100635 interactions.

Subsequent two-way ANOVAs were separately con-
ducted to assess the groups with and without MK-801. The
main effects of tandospirone [F(2,53)=23.13, p<0.0001]
and WAY 100635 [F(1,53)=8.91, p<0.01], but not their
interaction [F(2,54)=2.32, NS], on PPI were significant
among the groups without MK-801. Tukey’s HSD post-hoc
test revealed a progressive disruption of PPI with increasing
dose of tandospirone (0.05 mg/kg, p<0.05, compared to the
saline/saline group; 5 mg/kg, p<0.001). This disruption
was partially reversed by WAY 100635 only at 5 mg/kg
tandospirone (p<0.01, compared with the tandospirone at
5 mg/kg alone group) (Fig. 2a).

Among the MK-801 co-treated groups, tandospirone
was found to potentiate MK-801-induced PPI impair-
ment [F(2,54)=7.27, p<0.01], while WAY 100635
blocked this effect [F(1,54)=8.95, p<0.01]. There was
also a significant tandospirone vs. WAY 100635 interac-
tion [F(2,54)=7.12, p<0.01]. The post-hoc test revealed
that tandospirone potentiated the effect of MK-801 only at
5 mg/kg (p<0.001), and that this potentiation was fully
blocked by WAY 100635 p<0.001) (Fig. 2a).

When analysing data from the startle response,
three-way ANOVA did not find the following inter-
actions significant tandospirone vs. MK-801 vs. WAY
100635 [F(2,108)=0.17, NS], tandospirone vs. MK-801
[F(2,108=0.58, NS], and MK-801 vs. WAY 100635
[F(2,108)=0.18, NS], contrasting with significant tan-
dospirone vs. WAY 100635 [F(2,108=6.94, p<0.01]
interaction. Although ANOVA rejected the main effect of
MK-801 [F(1,108)=0.44, NS], it confirmed the effects of
tandospirone [F(2,108)=9.35, p<0.001] and WAY 100635
[F(2,108)=61.42, p<0.0001].

The separate two-way ANOVA tests revealed significant
effects of tandospirone [F(2,54)=3.49, p<0.05] and WAY
100635 [F(1,54)=33.34, p<0.0001], as well as a significant
interaction between them [F(2,54)=3.55, p<0.05], in rats
without MK-801 treatment. Application of 0.5 mg/kg
tandospirone moderately, but not significantly, increased
the startle response compared to saline/saline rats. This
response was significantly reduced by co-treatment with
WAY 100635 (Fig. 2b).

The two-way ANOVA test for rats with MK-801 treatment
also revealed significant effects of tandospirone [F(2,54)=6.51,
p<0.01] and WAY 100635 [F(1,54)=28.14, p<0.0001], as
well as a significant interaction between them [F(2,54)=3.56,
p<0.05]. In this case, application of 0.5 mg/kg tandospirone
led to a significantly stronger startle response compared to
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saline/saline rats, which was fully blocked by WAY 100635
(Fig. 2b).

Effect of the 5-HT1A receptor antagonist (WAY 100635)
on locomotor activity after co-administration
of tandospirone with/without MK-801 co-treatment

Three-way ANOVA conducted on locomotor activity
revealed that the following interactions were not significant,
tandospirone vs. MK-801 vs. WAY 100635 [F(2,105)=
0.91, NS], tandospirone vs. MK-801 [F(2,105=2.58, NS],
and MK-801 vs. WAY 100635 [F(2,105)=0.74, NS]. On
the contrary, a significant interaction was found for
tandospirone vs. WAY 100635 [F(2,105=3.57, p<0.05]
interaction as well as main effects of tandospirone [F
(2,105)=44.99, p<0.0001] and MK-801 [F(1,105)=15.22,
p<0.001], but not WAY 100635 [F(1,105=3.6, NS].

MK-801

Subsequent two-way ANOVAs were conducted to assess
groups with and without MK-801 separately. Administra-
tion of tandospirone decreased locomotion [F(2,54)=26.52,
p<0.0001)] and WAY 100635 potentiated this effect [F
(1,54)=7.04, p<0.05; tandospirone vs. WAY 100635
interaction F(2,54)=0.86, NS] in non-MK-801-treated rats.
Post-hoc analysis indicated tandospirone (5 mg/kg) alone
(»<0.01) or in combination with WAY 100635 (p<0.001)
decreased locomotion compared to the saline/saline group.

Among the MK-801 co-treated groups, two-way ANOVA
revealed that tandospirone [F(2,51)=22.1, p<0.0001], but not
WAY 100635 [F(1,51)=0.35, NS], affected locomotor
activity. The interaction between them was not significant
[F(2,51)=2.68, NS]. Tukey’s HSD post-hoc test revealed that
rats treated with MK-801+tandospirone (5 mg/kg)+WAY
100635 (p<0.01) walked less than saline/MK-801 controls
(Fig. 2¢).
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Haloperidol had no effect on tandospirone or the startle
response and PPI with/without MK-801 co-treatment

Three-way ANOVA on startle response data demonstrated
that the following interactions were not significant tandospir-
one vs. MK-801 vs. haloperidol [F(2,108)=1.02, NSJ;
tandospirone vs. MK-801 [F(2,108)=1.91, NS]J; tandospirone
vs haloperidol [F(2,108)=1.02, NS]; and MK-801 vs.
haloperidol [F(1,108)=0.99, NS]. Whereas the analysis
revealed a significant effect of tandospirone [F(2,108)=11 .4,
p<0.0001], the effects of MK-801 [F(1,108)=1.38,NS] and
haloperidol [F(1,108=0.99, NS] remained insignificant.

We examined interactions between tandospirone and
haloperidol on PPI in rats with/without MK-801 co-
treatment. Three-way ANOVA indicated a significant inter-
action between tandospirone and haloperidol interaction [F
(2,107)=3.18, p<0.05] while tandospirone vs. MK-801 vs.
haloperidol [F(2,107)=2.94, NS], tandospirone vs. MK-801
[F(2,107)=1.86, NS], and MK-801 vs. haloperidol interac-

Fig. 3 The effect of haloperidol a

* %

tions [F(1,107)=0.003, NS] were not significant. Moreover,
there were main effects of tandospirone [F(2,107)=12.0,
p<0.0001] and MK-801 [F(1,107)=11.72, p<0.001], but not
haloperidol [F(1,107=0.36, NS]J.

In the rats that were not given MK-801, two-way ANOVA
revealed a significant effect of tandospirone [F(2,54)=16,24,
»<0.001] but not haloperidol [F(1,54)=0.38, NS] and the
interaction between these two was also not significant [F
(2,54)=1.05, NS]. Tukey’s HSD post-hoc test revealed that
tandospirone at 5 mg/kg reduced PPI with (»p<0.01) and
without (»<0.001) co-treatment with haloperidol (Fig. 3a).

The interaction between tandospirone and haloperidol on
PPI was significant in MK-801-treated rats [F(2,53)=3.79,
p<0.05]. Tandospirone at a dose of 5 mg/kg worsened MK-
801-induced PPI impairment (p<0.05), and haloperidol
completely blocked tandospirone/MK-801-induced PPI
disruption (p<0.05). There was also a significant main
effect of tandospirone [F(2,53)=3.18, p<0.05], but not
haloperidol [F(1,53)=0.10, NS] on PPI (Fig. 3a).
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Neither tandospirone [F(2,54)=2.41, NS] nor haloperi-
dol [F(1,54)=2.20, NS] treatment yielded any effect in rats
without MK-801 co-treatment. Moreover, the interaction
between tandospirone and haloperidol interaction was not
significant [F(2,54)=2.26, NS]. Likewise, tandospirone [F
(2,54)=1.33, NS] and haloperidol [F(1,54)=0.02, NS] did
not show a significant effect on the startle response in rats
co-treated with MK-801. Although the interaction between
tandospirone and haloperidol was significant [F(2,54)=
4.08, p<0.05], Tukey’s HSD post-hoc test did not identify
any difference between the groups (Fig. 3b).

Effect of haloperidol on locomotor activity
after co-administration of tandospirone
with/without MK-801 treatment

‘When analysing locomotor activity in the open field, three-
way ANOVA did not identify any significant interactions
between tandospirone vs. MK-801 vs. haloperidol [F(2,107)=
1.06, NS, tandospirone vs. MK-801 [F(2,107)=0.98, NS], or
MK-801 vs. haloperidol [F(1,107)=2.81, NS]. However, the
interaction between tandospirone and haloperidol interaction
was significant [F(2,107)=18.93, p<0.0001]. Furthermore,
main effects of haloperidol [F(1,107)=81.01, p<0.0001] and
tandospirone [F(2,107)=3.89, p<0.05], but not MK-801 [F
(1,107)=3.33, NS], were significant,

Subsequent two-way ANOVA revealed significant
effects of tandospirone [F(2,54)=3,68, p<0.05] and halo-
peridol [F(1,54)=49,86, p<0.0001], and a significant
interaction between these [F(2,54)=11,27, p<0.0001] on
locomotion in rats without MK-801. Tukey’s HSD post-hoc
test found that tandospirone at a dose of 5 mg/kg decreased
locomotor activity compared with the controls (p<0.001).
Haloperidol by itself decreased locomotor activity com-
pared with the saline control treatment (p<0.001). Admin-
istration of haloperidol also decreased locomotion in rats
treated with tandospirone at both 0.05 mg/kg (p<0.001)
and 5 mg/kg (<0.001) (Fig. 3c).

There was significant interaction between tandospirone and
haloperidol in MK-801-treated animals [F(2,53)=9.37, p<
0.001]. Administration of haloperidol significantly decreased
locomotor activity in MK-801-treated rats [F(1,53)=38.54,
2<0.001]. Tukey’s HSD post-hoc test showed that haloper-
idol decreased locomotor activity in tandospirone (0.05 mg/
kg)/MK-801-treated rats (p<0.001), but not in tandospirone-
treated rats (5 mg/kg). There was no main effect of
tandospirone treatment [F(2,53)=1.97, NS] (Fig. 3¢).

Discussion

Repeated administration of tandospirone at 0.05 or 5.0 mg/
kg decreased PPI in rats that were not treated with MK-801

(Fig. la). To the best of our knowledge, the effect of
tandospirone, a selective 5-HT1A partial agonist, on PPI
has not been reported in either animals or humans.
Stimulation of 5-HT1A receptors by 8-OH-DPAT (full
agonist) or buspirone (partial agonist) decreases PPI
(Bubenikova-Valesova et al. 2007b; van den Buuse and
Gogos 2007). The effect of tandospirone at 5 mg/kg on PPI
was prevented by the acute administration of WAY 100635,
a selective 5-HT1A antagonist (Fornal et al. 1996),
suggesting that tandospirone decreased PPI via selectively
by acting on 5-HT1A receptors. Repeated administration of
5-HT1A receptor agonists desensitises 5-HT1A autorecep-
tors in the raphe nucleus, but not the postsynaptic receptors
in projection areas (Hensler 2003). Therefore, it is possible
that tandospirone elicited its effects on PPI via the
postsynaptic 5-HT1A receptors, which were blocked by
WAY 100635 (Fig. 2a). Interestingly, tandospirone at a
dose of 0.05 mg/kg in repeated, but not in acute,
administration (data not shown) induced PPI deficits, which
were not affected by WAY 100635.

The level of the startle response indicates emotions and
attention in rodents. A high startle response disrupts
sensory and cognitive processing and is followed by an
increase in the heart rate and the activation of other
sympathetic systems (Yeomans et al. 2002). Tandospirone
at a dose of 0.5 mg/kg increased the acoustic startle
response, which was blocked by WAY 100635, An increase
in the acoustic startle response was not evident at 5 mg/kg.
We suggest that the increase in the startle response by
tandospirone could influence the level of PPIL

Locomotor activity in the novel environment was
decreased by tandospirone (5 mg/kg; Fig. 1c), which is in
accordance with a report by an independent group of
investigators (Miller et al. 1992) as well as with our
previous findings using another 5-HT1A partial agonist
buspirone (Ahlenius et al. 1993; Bubenikova-Valesova et
al. 2007a; Haller et al. 2001). However, this is opposite to
the response with the full agonist 8-OH-DPAT, which
increased locomotor activity (Bubenikova-Valesova et al.
2007a), an effect that was suggested as being mediated by
stimulation of the postsynaptic 5-HT1A receptors (Mignon
and Wolf 2002). The inhibitory effect of buspirone on
locomotion could be explained by its antagonist actions at
D2 receptors (McMillen et al. 1983; McMillen and
McDonald 1983), while tandospirone has little affinity for
these receptors (Hamik et al. 1990).

The inhibitory effect of tandospirone on locomotion was
potentiated by the acute administration of WAY 100635
(Fig. 2c). It is assumed that the effects of tandospirone or its
metabolites on other neurotransmitter systems are respon-
sible for the ability of this compound to decrease locomotor
activity. Tandospirone and buspirone are metabolised to 1-
(2-pyrimidinyl)-piperazine (1-PP) in rodents and humans
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