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Abstract Prepulse inhibition (PPI) of the startle reflex 
provides an operational measure of sensorimotor gating. 
Deficits in PPI are observed in schizophrenia patients 
and can be modelled in animals by administration of 
noncompetitive NMDA antagonists such as phencycli- 
dine (PCP) or dizocilpine (MK-801). Previous studies in- 
dicate that the atypical antipsychotic clozapine restores 
PPI in PCP-treated animals while the typical antipsy- 
chotic haloperidol does not. Olanzapine (LY170053) is a 
novel putative atypical antipsychotic that shares many 
pharmacological and behavioral properties with cloza- 
pine. The present study assessed the ability of olanzapine 
(0, 1.25, 2.5, 5.0 or 10.0 mg/kg) to antagonize deficits in 
PPI produced by PCP (1.5 mg/kg) and dizocilpine 
(0.1 mg/kg). At the two highest doses, olanzapine signif- 
icantly increased PPI in PCP- and dizocilpine-treated an- 
imals without affecting PPI or baseline startle reactivity 
by itself. These results support the notion that olanzapine 
is functionally similar to clozapine and may have utility 
as an atypical antipsychotic agent. 
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Introduction 

The atypical antipsychotic clozapine possesses many 
characteristics that distinguish it from the traditional or 
"typical" neuroleptics such as haloperidol. Clozapine re- 
duces positive as well as negative symptoms of schizo- 
phrenia, is effective in the treatment of neuroleptic-resis- 
tant schizophrenia patients and is associated with a very 
low incidence of extrapyramidal side effects (Kane et al. 
1988). Much attention has been focussed in recent years 
on the development of new compounds that possess the 
unique beneficial effects of clozapine but that do not lead 

Vaishali E Bakshi - Mark A. Geyer (~)  
Departments of Neurosciences and Psychiatry, 
University of California at San Diego, La Jolla, CA 92093-0804, 
USA 

to agranulocytosis, the major side effect of clozapine that 
limits its clinical use. Olanzapine (LY170053, 2-methyl- 
4-(4-methyI-l-piperazinyl)-lOH-thieno[2, 3-bill, 5]ben- 
zodiazepine) is a novel thienobenzodiazepine that close- 
ly resembles clozapine in terms of its pharmacological 
and behavioral profiles but to date has not been reported 
to produce agranulocytosis. Like clozapine, olanzapine 
has been tbund to antagonize dopamine (D 1, D 2, D4), se- 
rotonin (5-HT2) and cholinergic receptors (Moore et al. 
1993) and has been shown to be functionally similar to 
clozapine in several preclinical behavioral tests. For ex- 
ample, olanzapine increases punished responding in an 
operant conflict procedure, substitutes for clozapine in a 
drug discrimination paradigm, and is devoid of cataleptic 
effects at behaviorally active doses (Moore et al. 1992). 

Because these earlier studies suggest that olanzapine 
and clozapine are similar, it has been suggested that 
olanzapine may be a novel atypical antipsychotic that 
could succeed clozapine in the treatment of schizophre- 
nia (Moore et al. 1992). The effects of olanzapine in pre- 
clinical tests that more directly model certain deficits ob- 
served in schizophrenia, however, remain to be deter- 
mined. One paradigm that has face, construct, and pre- 
dictive validity for the information processing deficits 
seen in schizophrenia patients is prepulse inhibition 
(PPI) of the startle reflex (Geyer et al. 1990; Swerdlow et 
al. 1994). In PPI, presentation of a weak stimulus (the 
prepulse) immediately prior to an intense startling stimu- 
lus (the pulse) results in a diminution in the magnitude 
of the startle response to the pulse. PPI is reduced in 
schizophrenia patients and can be disrupted in animals 
by a variety of pharmacological agents including the 
noncompetitive NMDA antagonists phencyctidine (PCP) 
and dizocilpine (MK-801) (Geyer et al 1990). Interest- 
ingly, disruptions in PPI produced by noncompetitive 
NMDA antagonists are reversed by clozapine but not tra- 
ditional antipsychotics such as haloperidol (Geyer et al. 
1990; Bakshi et al. 1994; Schwarzkopf et al. 1994). It 
has been suggested that the unusual multifaceted phar- 
macological profile of clozapine may underlie its unique 
ability to antagonize PCP- and dizocilpine-induced deft- 



cits in PPI  (Bakshi  et al. 1994). It is thus o f  impor t ance  
and interest  to de te rmine  i f  o lanzap ine  migh t  also antag-  
onize  defici ts  in PPI  p roduced  by  the noncompet i t ive  
N M D A  antagonis ts  PCP and d izoci lp ine .  

Materials and methods 

A total of 148 male Sprague-Dawley rats weighing 300-350 g 
(Harlan Laboratories, San Diego, Calif.) were housed in groups of 
two or three in clear plastic cages in a climate-controlled animal 
colony and were maintained on a reversed day/night cycle with 
lights off at 7:00 a.m. Food (tlarlan Teklad, Madison, Wisc.) and 
water were freely available throughout the experiments except 
during behavioral testing. Animals were handled gently by t~e ex- 
perimenter 1 week before testing to minimize stress during the ex- 
periment. Each animal was tested only once. Phencyclidine hydro- 
chloride and dizocilpine maleate ({(+)-5-methyl-10,11~dihydro- 
5H-dibenzo[a,dlcyclohepten-5,10-imine}; MK-801) were pur- 
chased from Research Biochemicals Incorporated (Natick, Mass.) 
and were dissolved in 0.9% saline. Olanzapine (Eli Lilly, India- 
napolis, Ind.) was initially dissolved in 0.1 N HC1 and saline and 
then titrated with 0. t N NaOH to a final pH of 6.0. All doses are 
expressed as the salt. 

Two days before testing, all animals underwent a brief startle 
session consisting of 17 PULSE ALONE trials of 120 dB and 
three PREPULSE+PULSE trials in which the prepulse intensity 
was 12 dB above the background noise (presented in pseudo-ran- 
dom order) in order to establish equally matched treatment groups. 
SUu'tle boxes and the baseline startle session have been detailed 
previously (Bakshi et al. 1994). The following test session, con- 
sisting of two components separated by 1 min of background noise 
(65 dB, on throughout the session), was utilized for all experi- 
ments. The first component was designed to match the test session 
employed previously to detect successfully a reversal of PCP-in- 
duced deficits in PPI by clozapine (Bakshi et al. 1994). The sec- 
ond component was designed to test for possible olanzapine-in- 
duced increases in PPI, since it has previously been shown that 
low intensity prepulses elicit a level of PPI that can be augmented 
by clozapine (Swerdlow and Geyer 1993). Because the main pur- 
pose of the present investigation was to assess the ability of 
olanzapine to antagonize PCP-induced deficits in PPI, the compo- 
nent based on the Bakshi study was presented first. In the first 
component, a 40-ms, 120-dB burst was presented either alone 
(PULSE ALONE trial) or was preceded 100 ms by 20-ms bursts 
that were 68, 71, or 77 dB (3, 6, or 12 dB above the background 
noise) (PREPULSE+PULSE trials). In addition, several NO 
STIMULUS trials were presented. The second component of the 
test session also consisted of five distinct trial types: a 120-dB 
PULSE ALONE trial; three PREPULSE+PULSE trials (prepulses 
were 1, 2 or 4 dB above background noise); and a NO STIMU- 
LUS trial. In each component, all trials were presented several 
times (for a total of 48 trials in each component) in a pseudo-ran- 
dom order and an average of 15 s separated consecutive trials. 

Two experiments were conducted using separate groups of ani- 
mals. In the first, animals were pretreated with either saline or 
1.25, 2.5, 5.0, or 10 mg/kg olanzapine (IP) and 20 min later with 
either saline or PCP (1.5 mg/kg, SC) and 10 min later, placed in 
startle chambers for behavioral testing. In the second experiment, 
either saline or olanzapine (10 mg/kg, IP) was administered 
15 rain prior to injection of either saline or dizocilpine (0.1 mg/kg, 
SC). Fifteen minutes after the final injection, animals were placed 
into startle chambers. Doses of PCP and dizocilpine were selected 
on the basis of their ability to robustly disrupt PPI in previous 
studies (Geyer et al. 1990; Bakshi et al. 1994). 

Data from components 1 and 2 were analyzed initially using 
separate four-factor analyses of variance (ANOVA) with pretreat- 
merit and treatment as between-subjects factors and block (first 
and second halves of each component) and trial type as repeated 
measures. When the block factor did not significantly interact with 
any other factor, the results of three-factor ANOVA are reported 
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(pretreatment, treatment, and trial types). All post-hoc compari- 
sons of means were conducted using Tukey's test. Alpha was set at 
0.05. Although PPI was disrupted by the NMDA antagonists for 
PREPULSE+PULSE trials in which the prepulse intensity was 2 
or 3 dB above the background noise (no PPI was observed for any 
treatment group at the 1-dB preputse intensity), olanzapine did not 
produce any statistically reliable effects on PULSE ALONE, 
NOSTIM or PREPULSE+PULSE trials in which the prepulse in- 
tensity was 1, 2, or 3 dB above the background noise. For the sake 
of brevity, these data are not presented. 

Results 

Figure  1 i l lus t ra tes  the effects  o f  several  doses  o f  o lanza-  
pine  on defici ts  in PPI  p roduced  by  1.5 mg /kg  PCR Ana-  
lyses  of  var iance  for the first  [F(1, 102)=270.73,  
P<0.001]  and second  I F ( l ,  102)=64.54, P<0.001]  com-  
ponents  o f  the test sess ion revea led  main  effects o f  PCP 
treatment .  Fur ther  ana lyses  showed that  PCP signif icant-  
ly r educed  PPI  for  all  P R E P U L S E + P U L S E  trial  types  
dep ic ted  in Fig.  1 (P<0.01).  In  contras t  to PCR olanza-  
pine  by  i tself  d id  not  have any s ta t i s t ica l ly  s ignif icant  ef- 
fects  on PPI  in e i ther  the first  I F ( l ,  102)=0.71, NS] or  
second  [F(1, 102)=1.11, NS]  componen t  of  the start le 
session (data  not  shown).  A s ignif icant  pre t rea tment  
x t rea tment  interact ion,  however ,  was obse rved  for  the 
first  componen t  o f  the test  sess ion [F(4,  102)=4.04, 
P<0.005] ,  and a s ignif icant  tr ial  t ypexpre t r ea tmen t  
x t rea tment  in terac t ion  [F(8,  204)=4.49,  P<0.001]  was 
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Fig. 1 Effects of olanzapine on PCP- or MK-801-induced deficits 
in PPI. Values represent mean+SEM for each treatment. Doses in 
mg/kg. SAL saline, OLAN olanzapine, PCP 1.5 mg/kg phencycli- 
dine, MK-80I 0.1 mg/kg dizocilpine. +P<0.05, ++P<0.01, com- 
pared to SAL/PCP group; **P<0.01 compared to SAL/SAL 
group. Inset, data from 12-dB PREPULSE+PULSE trials in sec- 
ond half of component 1. **P<0.01 compared to SAL/SAL 
group,+P<0.05, compared to SAL/MK-801 group 


