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Abstract

Objectives: Alpha-2 adrenergic receptors target several behavioral functions. These receptors

may connect with the brain pathways mediating sensorimotor gating system that associate with

psychoses, and the literature that investigate the relationship between alpha-2 receptors and sen-

sorimotor gating system is very limited and some results are controversial. Thus, we aimed to

investigate the role of alpha-2 receptors on prepulse inhibition (PPI) of acoustic startle reflex which

is a measure of sensorimotor gating. Experimental Design: Adult male Wistar rats were subjects.

PPI was measured as the per cent inhibition of the startle reflex produced by a startling pulse stim-

ulus. The average PPI levels were used in the further analyses. Clonidine (0.03–1 mg/kg), an

agonist of alpha-2 receptors, idazoxan (10 mg/kg), an antagonist alpha-2 receptors, and saline

were injected to rats intraperitoneally. PPI was evaluated at two different startle intensity levels

(78 and 86 dB, respectively). Principal Observations: Treatments produced some significant

changes on PPI of startle reflex at all two levels of startle intensity. While clonidine (0.06, 0.25,

0.5, and 1 mg/kg) disrupted significantly PPI, idazoxan (10 mg/kg) did not produce any significant

effect on PPI. However, pretreatment with idazoxan reversed significantly clonidine-induced dis-

ruption of PPI. Neither idazoxan (10 mg/kg) nor clonidine (1 mg/kg) produces any significant

change on locomotor activity in naive rats. Conclusion: Because idazoxan and clonidine also act

through imidazoline receptors, our results suggest that alpha-2 and/or imidazoline receptors are

associated with PPI of acoustic startle reflex in rats. Stimulation of these receptors may cause sen-

sorimotor gating disturbances.
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1 | INTRODUCTION

Alpha-2 adrenergic receptors target several behavioral functions in

central nervous system (CNS). These receptors may connect with the

brain pathways mediating sensorimotor gating system. Deficits in sen-

sorimotor gating may lead to cognitive destruction, disorganization,

and psychotic symptoms (Kapur, 2003). Animal models of impaired

sensorimotor gating, as assessed by prepulse inhibition (PPI) of startle,

have established clear validity at face, predictive, and construct levels

for schizophrenia treatments, neurophysiological endophenotypes, and

potential contributory insults for psychotic symptoms (Swerdlow and

Light, 2016). The literature that investigates the relationship between

alpha-2 receptors and sensorimotor gating system is very limited and

some results are controversial. In a recent study, Oranje and Glenthoj

(2013) showed that clonidine, an alpha-2 receptor agonist drug, nor-

malizes PPI disruption in patients with schizophrenia on stable medica-

tion. However, some authors suggested contradictory findings to this

study. Brown et al. (2012) investigated role of the adrenergic system

on stimulus validity and sustained attention within the auditory system

in a rat model. They showed that blockade of alpha-2 adrenoceptors

significantly improved the animal’s ability to correctly reject nonsignal

events in auditory attentional processing. In this study, alpha-2 adre-

nergic receptor blockade suppressed false alarm responding in rats.

Thus, they suggested that alpha-2 receptor antagonists such as yohim-

bine has potential therapeutic benefits for patients suffering auditory

hallucinations associated with various psychiatric disorders. It has also

been suggested central noradrenergic dysfunctions might appear in

paranoid schizophrenia, as emphasized by higher cerebrospinal fluid
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levels of noradrenaline, and a lack of decrease of plasma 3-methoxy-4-

hydroxy-phenylglycol, metabolite of norepinephrine, after clonidine,

alpha-2-adrenergic agonist, administration (Lembreghts and Ansseau,

1993).

The startle reflex, a fast twitch of the body musculature by an

unexpected and intense tactile, visual, or acoustic stimulus, is commonly

categorized as a defensive response. PPI of startle is the normal reduc-

tion of the startle response caused by an intense audiogenic stimulus

when this stimulus is shortly preceded by a weaker stimulus (Koch,

1999; Swerdlow et al. 2000). Disruptions in PPI have been commonly

linked with schizophrenia and several other psychiatric illnesses, such as

bipolar disorder (Giakoumaki et al. 2007) and Tourette syndrome

(Swerdlow, 2013). Deficient PPI has been extensively studied in patients

with schizophrenia (Braff et al. 2001), and today, it is accepted as an endo-

phenotype of schizophrenia (Gottesman and Gould, 2003; Greenwood

et al. 2007). PPI is also measured as a consistent tool for translational

research on the neurobiological mechanisms of sensorimotor gating defi-

cits (Geyer et al. 2001; Swerdlow et al. 2008; Uzbay et al. 2010).

Besides the dopaminergic approach to schizophrenia which is the

oldest and most established of the schizophrenia hypotheses attribut-

ing symptoms of schizophrenia to a disturbed and hyperactive dopami-

nergic signal transduction in brain (Carlsson, 2003), several reports in

literature provide some evidences for disrupted central noradrenergic

activity in psychosis (Farley et al. 1978; Fitzgerald, 2014; Yamamoto

and Hornykiewicz, 2004). Interestingly, limited studies that investigate

the role of noradrenergic activation on human PPI were reported. In

these studies, Quednow et al. (2004) showed reduced PPI in patients

with depression after 14 days treatment with reboxetine, a noradrena-

line reuptake inhibitor. However, Philips et al. (2000) reported no

effects of a single dose of reboxetine in healthy subjects. However, it

has been found that imipramine (Hammer et al. 2007), a mix noradren-

ergic and serotonergic reuptake inhibitor, and desipramine (Oranje

et al. 2004), a selective noradrenaline reuptake inhibitor, treatment sig-

nificantly decreased PPI in healthy volunteers. In addition, some animal

studies indicated an involvement of noradrenergic system in sensori-

motor gating process, especially in the direction of alpha adrenergic

receptors. In these studies, while direct stimulation of alpha-1 recep-

tors in multiple forebrain locus coeruleus (LC) terminal fields disrupts

PPI (Alsene et al. 2011), anatomical and behavioral deficits in PPI

induced by LC stimulation was blocked by clonidine, an alpha-2 recep-

tor agonist, and prazosin, a postsynaptic alpha-1 receptor antagonist,

(Alsene and Bakshi, 2011) in rats.

In this study, we aimed to investigate the role of alpha-2 adrener-

gic receptors on PPI of acoustic startle reflex, which is a measure of

sensorimotor gating and an animal model for screening antipsychotic

activity.

2 | MATERIAL AND METHODS

2.1 | Animals and laboratory

Adult male (260–300 g) Wistar albino rats were used as the test sub-

jects. The animals were obtained from the €Usk€udar University Experi-

mental Research Unit (USKUDAB). The rats were placed in a quiet

temperature- and humidity-controlled room (22638C and 6065%,

respectively) in which a 12/12-hr light-dark cycle was maintained (light

from 7.00 a.m. to 7.00 p.m.). Food and water were available ad libitum.

All experiments were performed at the same time of day during the

light period (10.00 a.m.202.00 p.m.).

All procedures in this study were performed in accordance with

the Guide for the Care and Use of Laboratory Animals of the National

Institutes of Health (USA) and the Declaration of Helsinki. Local ethical

committee approval was also obtained.

2.2 | Drugs

Clonidine HCl and idazoxan HCl were purchased from Sigma Chemical

(USA). Both drugs were dissolved in 0.9% saline. The doses of clonidine

and idazoxan were administered intraperitoneally (ip) in a volume of

1 ml/kg body weight. The control animals received saline. Drug stocks

were prepared fresh each morning.

The study included 11 groups (n58 for each group). After the pre-

testing session, the animals were randomly assigned to the control

(saline), clonidine (0.0312, 0.0625, 0.25, 0.5, and 1 mg/kg), idazoxan

(10 mg/kg), or combination (10 mg/kg idazoxan plus 1 mg/kg clonidine)

groups. To evaluate the effects of clonidine (1 mg/kg) and idazoxan

(10 mg/kg) in naive rats, the drugs and saline were also administered to

three independent groups of subjects (n58 for each group), and the

locomotor activities were recorded in these groups.

2.3 | Apparatus

PPI was described as the percent inhibition of the startle reflex pro-

duced by a startling pulse in presence of prepulse stimuli, and it was

measured in an acoustic startle reflex system. This device has the com-

ponents of special sound proof boxes with strain cage load cell plat-

forms placed under animal holders inside and speakers with a wide

sound spectrum, and a computer to run the software. PPI was eval-

uated at two different startle intensity levels (78 and 86 dB, respec-

tively) as described previously (Uzbay et al., 2010).

Tests were performed using four SR-LAB startle chambers (San

Diego Instruments, San Diego, CA). Each chamber consisted of a

Plexiglas cylinder (8.8 cm in diameter, 25 cm in length) that was

mounted on a plastic platform within a ventilated and illuminated

enclosure. A piezoelectric accelerometer attached under the plastic

platform detected the movement of the rat within the cylinder.

Startle responses were transduced by a piezoelectric accelerometer,

digitized (0–4095), rectified, and recorded as 100 1-ms readings,

starting at the onset of each startle stimulus. The average of these

100 readings was used as the dependent measure. Background

white noise and acoustic stimuli (pulse and prepulse) were gener-

ated by a loudspeaker that was mounted 24 cm above the cylinder

and controlled by the SR-LAB system. Calibration procedures were

performed periodically for loudspeaker performance and stabilime-

ter sensitivity.
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2.4 | Measurement of startle magnitude and PPI of

startle reflex

The procedures used in the present study have been described in pre-

vious literature (Kayir et al. 2010, 2011; Uzbay et al. 2010).

2.4.1 | Habituation session

After the three-day handling procedure, animals were habituated to

the test apparatus. Each animal was placed in a startle chamber for 5

min, and a 70 dB background noise was present throughout the ses-

sion. After a 5-min acclimation period, rats received six startle pulses

[40 ms, 120 dB (A)], and three of each of the prepulse/pulse trials (20

ms prepulses at 78 and 86 dB) and no-stimulus trials. The average

intertrial interval was 7.5 s (min 3 s; max 12 s), including the no-

stimulus trials. Therefore, the intervals between the trials with a stimu-

lus were an average of 15 s. The habituation session lasted 8 min in

total.

2.4.2 | Procedure

One day after the habituation session, a baseline test was performed.

Animals were placed into the startle chambers for a 5-min acclimation

period. Background white noise (70 dB) was present throughout the

session. The session began with five consecutive startle pulse-alone tri-

als and this was followed by 10 blocks of three trial types in a pseudor-

andom order, and no two consecutive trials were identical:

i. Pulse-alone stimulus (120 dB).

ii. Prepulse (78 dB)1pulse stimulus (120 dB).

iii. Prepulse (86 dB)1pulse stimulus (120 dB).

The pulse-alone stimulus was a broadband white noise at 120 dB

that lasted for 40 ms. Pulse stimuli were preceded by prepulse stimuli

at 78 or 86 dB (pink noise), lasting for 20 ms. Prepulse stimuli were

applied 100 ms prior to pulse stimuli (onset to onset). Prepulse stimuli

levels were selected at intensities that did not elicit a significant startle

reflex when applied alone. Following these 10 blocks of pulse/prepulse

trials, the session ended with 5 startle pulse-alone trials. Ten blocks of

no-stimulus trials (only 70 dB background noises were present, but

standard recordings were taken as though a stimulus were present)

were applied between each trial throughout the session. The interval

between the trials averaged 7.5 s (min 3 s; max 12 s), including the no-

stimulus trials (average of 15 s between the trials with a stimulus). The

same protocol was used for the baseline and the test sessions, which

were performed one day after the baseline session. The protocol lasted

�34 min. The startle reflex was recorded as the average amplitude.

Clonidine (0.0312–1 mg/kg), an agonist drug of alpha-2 receptors,

idazoxan (10 mg/kg), an antagonist of alpha-2 receptors and saline

were injected to rats by ip route. PPI was evaluated at two different

startle intensity levels (78 and 86 dB, respectively) immediately follow-

ing the injections. In case of combination, idazoxan (10 mg/kg) were

administered 30 min before the clonidine (1 mg/kg) injection. Following

the clonidine injection, the subjects were tested without any delay.

2.5 | Measurement of locomotor activity in naive rats

Locomotor activity was measured with an open-field activity monitor-

ing system (MAY 9908 model-Activity Monitoring System-Commat,

Ankara, TR). This system had eight Plexiglas cages (42 3 42 3 30 cm)

equipped with infrared photocells. Fifteen photocell emitter and detec-

tor pairs were located 2 cm above the floor at intervals of 2.5 cm on

opposite sides of each activity cage, and another 15 photocell pairs

FIGURE 1 Effects of clonidine on PPI of acoustic startle reflex in rats. Clonidine at doses from 0.25 to 1 mg/kg disrupted significantly PPI
at both startle intensity levels (for 78 dB: p< .001, p5 .002 and .026, respectively and for 86 dB: p< .001, p< .001 and, p5 .002,
respectively, Tukey test; dB: decibel; n58 for each group; * p< .05, significantly different from control)

OZCETIN ET AL. | 503



were located 8 cm above the floor. Interruptions of the photocell

beams were detected by a computer system, and the location of the

animal was calculated by the software at a temporal resolution of 0.1 s.

If the calculated locations completely changed, these changes were

interpreted as ambulatory activity. Other behavioural responses that

caused interruptions of beams but not changes in location were

recorded as horizontal activity. Vertical activity, such as rearing, was

detected by the photocells located 8 cm above the cage floor. Locomo-

tor activity was recorded as a sum of horizontal, vertical, and ambula-

tory activities of the rats.

Locomotor activity of both control and clonidine (1 mg/kg) or

idazoxan-treated animals were also recorded for 30 min.

2.6 | Statistics

PPI was defined as a decrease in the amplitude of the startle reflex in

the presence of the prepulse stimulus, and it was calculated for each of

the two different prepulse intensities using the following formula:

PPI %51002 (average startle reflex in presence of the prepulse

3 100/average startle reflex without a prepulse).

The effects of systemic drug administrations on %PPI were ana-

lyzed using analysis of variance (ANOVA) with repeated measures with

drug treatment as between-subjects factor and prepulse intensity as

within-subjects repeated measure factor (treatment 3 prepulse inten-

sity), followed by Tukey’s test for post-hoc comparisons. Student’s t

test was used to evaluate the data involved in locomotor activity.

The level of statistical significance was set at p< .05.

3 | RESULTS

Effects of clonidine on PPI have been shown in Figure 1. Repeated

ANOVA revealed that Clonidine treatments produced some significant

changes on PPI of acoustic startle reflex [for treatment: F(5,42)5

14.712, p< .0001; for prepulse intensity: F(1,42)55.505, p5 .024].

However, we did not detect any significant interaction between the

two parameters [F(5,42)50.450, p5 .811]. Post-hoc analysis of the

data by Tukey’s test revealed that clonidine at doses from 0.25 to

1 mg/kg disrupted significantly PPI at both startle intensity levels (for

78 dB: p< .001, p5 .002 and .026, respectively and for 86 dB:

p< .001, p< .001, and p5 .002, respectively; Figure 1).

While clonidine at dose of 0.062 mg/kg significantly disrupted PPI

at intensity level of 86 dB (p5 0.002, Tukey’s test), it did not produce

any significant effect on PPI at 78 dB (p5 0.177, Tukey test). In addi-

tion, clonidine at dose of 0.0312 mg/kg did also not produce any signif-

icant effect on PPI at both intensity levels (78 and 86 dB) (p51.0 and

p59.912, respectively, Tukey’s test; Figure 1).

Effects of idazoxan on clonidine (1 mg/kg)-induced disruption of

PPI have been shown in Figure 2. A combination of idazoxan with clo-

nidine produced some significant effects on PPI [for treatment: F

(3,28)523.046, p< .0001; for prepulse intensity F5 (1,28)521.471,

p< .0001]. We did not detect any significant interaction with the two

parameters [F(3,28)50.024, p5 .995]. Pretreatment with idazoxan

reversed significantly clonidine-induced disruption of PPI at both inten-

sity levels (p5 .003 and p< .001, respectively, Tukey test). Idazoxan

alone did not produce any significant effect on PPI in any testing inten-

sity level (p5 .728 and p5 .665, respectively, Tukey test; Figure 2).

Effects of idazoxan and clonidine on locomotor activity of naïve

rats have been shown in Figure 3. Idazoxan (10 mg/kg) and clonidine

(1 mg/kg) did not cause any significant change in locomotor activity of

animals (p5 .222 and p5 .393, respectively, Student’s t test; Figure 3).

4 | DISCUSSION

The results of this study clearly show that clonidine, an alpha-2 adre-

nergic receptor agonist, produces some significant disruptions of PPI in

FIGURE 2 Reversing effect of idazoxan on clonidine-induced dis-
ruption of acoustic startle reflex in rats. Pretreatment with ida-
zoxan reversed significantly clonidine-induced disruption of PPI at
both intensity levels (p5 .003 and p5 p< .001, respectively, Tukey
test; dB: decibel; n58 for each group; * p< .05, significantly differ-
ent from control; # p< .05, significantly different from clonidine)

FIGURE 3 Effects of clonidine and idazoxan in their combination
doses on locomotor activity in naïve rats. Idazoxan (10 mg/kg) and
clonidine (1 mg/kg) alone did not cause any significant change in
locomotor activity of animals (p5 .222 and p5 .393, respectively,
Student’s t test)
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rats following treatment at a dose range from 0.25 to 1 mg/kg. This

clonidine (1 mg/kg)-induced PPI disruption was reversed by pretreat-

ment with idazoxan (10 mg/kg), which is analpha-2 adrenergic receptor

antagonist. This reversing effect of idazoxan was not due to other non-

specific effects related to its psychotropic properties, such as sedation

or muscle relaxation, because it did not cause any significant changes

of locomotor activity in naïve rats in this study. Furthermore, clonidine

at the combination dose (1 mg/kg) did not cause any significant effect

on locomotor activity. Thus, the reversing effects of idazoxan on PPI

disruption induced by clonidine were specific. Overall, these findings

suggest that alpha-2 adrenergic receptors may associate with PPI of

acoustic startle reflex in rats. Because PPI is a relevant model for study-

ing sensorimotor gating-related deficits and a valuable instrument

reflecting the genetic or neurobiological mechanisms of schizophrenia

(Braff, 2010; Swerdlow and Geyer, 1998), our findings imply that

alpha-2 adrenergic receptor stimulation may have an important role in

pathogenesis of schizophrenia.

More than 40 years since its first expression, the dopamine

hypothesis of schizophrenia is still considered essential for the patho-

physiology of the disorder, even if preclinical and clinical research has

underlined the involvement of signaling of other neurotransmitters,

mainly the glutamatergic and the serotonergic neurotransmitters.

Briefly, the dopaminergic hypothesis states that an increase in dopa-

mine release in the striatum is associated with a reduced dopaminergic

tone in the dorsal prefrontal cortex (PFC) (de Bartolomeis et al. 2013;

Howes and Kapur, 2009). However, noradrenaline and central norad-

renergic system, which is another main monoamine neurotransmitter

have not in detail subjected under the schizophrenia researches.

Although several articles on the involvement of central noradrenergic

mechanism to etiopatogenezis of schizophrenia were published, there

is no consensus yet and some critical points due to involvement of

alpha-2 adrenergic receptors to sensorimotor gating-related mecha-

nisms are still indistinct.

The LC is responsible for �90% of the noradrenergic innervation

of the forebrain and 70% of the total amount of noradrenaline in the

brain (Simpson and Lin, 2007). The LC innervates several forebrain

regions such as the PFC, hippocampus, and amygdala, all areas known

to be involved in sensorimotor gating, as indicated in preclinical studies

(Koch, 1999). Noradrenaline is one of the crucial neurotransmitters

associated with cognition (Clark et al. 1987) generating from the PFC

(Arnsten and Li, 2005; Ramos and Arnsten, 2007). A noradrenergic

involvement in several cognitive deficits was found in patients with

schizophrenia (Friedman et al., 1999; Litman and Pickar, 1996;

Yamamoto and Hornykiewicz, 2004).

Previously, researchers especially focused on the effects of cloni-

dine, analpha-2 agonist, either administered in alone or in combination

with some antipsychotic agents. These studies showed that clonidine

improved cognition. Furthermore, it also attenuated positive and even

negative symptoms (Fields et al., 1988; Freedman et al., 1982; Maas

et al., 1995). However, studies that investigate the effects of clonidine

on PPI of acoustic startle reflex are very limited. Only one clinical study

by Oranje and Glonthoh was published in 2013 (Oranje and Glonthoj,

2013). In this study, the authors showed that clonidine ameliorates and

normalizes PPI deficits in patients with schizophrenia. These findings

are not in line our results indicating clonidine-induced disruption of PPI

in rats. Several reasons are responsible for the conflict statement. First,

PPI deficits may exhibit species dependent variations via alpha-2 recep-

tors between human and rodents. Second, and more importantly, in

this clinical study (Oranje and Glonthoj, 2013), clonidine administered

to the patients together with other antipsychotic agents. We do not

know whether there is an interaction between clonidine and other

drugs or not. However, as clonidine is not commonly used and directly

preferred drug in treatment of schizophrenia, its utilization is limited

with very resistant cases. Furthermore, some studies have also sug-

gested that elevated synaptic concentration of noradrenaline and nor-

adrenergic activity in particular brain circuits involved in schizophrenia

plays a pathophysiological role in schizophrenia (Fitzgerald, 2014;

Yamamoto and Hornykiewicz, 2004; Yamamoto et al. 1994). In addi-

tion, there are some articles in literature implies that while stimulation

of alpha-2 receptors is not a good way for schizophrenia treatment,

contrary, blockage of these receptor subtype may have beneficial

effects in schizophrenia (Brown et al. 2012; Lembreghts and Ansseau,

1993). Thus, our findings have also been supported by these studies.

Traditional concept that alpha-2 receptors are only presynaptically

located, and thus lower noradrenergic tone, is outdated. Thus, it was

shown that alpha-2 receptors are also located postsynaptically in CNS

(Arnsten et al., 1996; Arnsten, 2007). Thus, our observations in the

present study are coherent the hypothesis that elevated noradrenergic

activity is involvement of schizophrenia symptoms. However, we did

not detect that what kind of receptor type (presynaptic or postsynap-

tic) is responsible for our observations. Although postsynaptic alpha-2

receptors seem to be associated with our findings, further studies are

necessary for clarification of this statement. On the other hand, cloni-

dine is not only agonist for alpha-2 receptors, but also interacts with

alpha-1 adrenergic receptors (Iwanaga et al., 1998). It was also showed

that the alpha-1 agonist drugs such as cirazoline disrupted PPI in rats

and this effect was blocked by prazosin, a specific alpha-1 adrenergic

receptor antagonist (Carasso et al., 1998). However, alpha-1 interac-

tions of clonidine are in generally peripheral level. Consequently, our

observation involved in idazoxan, an alpha-2 adrenoceptor antagonist,

completely reversed the clonidine’s effects on PPI without causing any

sedative or stimulant effect in naïve rats; demonstrate that alpha-2

adrenergic receptors may be responsible for clonidine-induced disrup-

tion of PPI in rats.

The doses of drugs used in our study and their administration

times were selected based on the results of our preliminary experi-

ments and previous studies. We preferred 1 mg/kg dose of clonidine

for combination. This dose of clonidine is commonly used in behavioral

studies performed in rats (Barron et al. 1998; Pericić et al. 2001). In

this study, even lower doses of clonidine than 1 mg/kg disrupted PPI

of acoustic startle reflex in rats in both intensity levels (78 and 86 dB).

Combination dose of clonidine did not produce any significant sedative

or stimulant effects on locomotor activity as well. Because Larrauri and

Levin (2012) previously showed some beneficial effects on PPI by ida-

zoxan treatment at doses from 0.5 to 2.5 mg/kg, we did not use lower

doses of this drug for combination.
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Interestingly, a previous study has shown that yohimbine, a selec-

tive alpha-2 adrenergic receptor antagonist, disrupted PPI in rats

(Powell et al., 2005). However, in this study, the authors clearly showed

that yohimbine disrupted PPI via action at serotonergic 5-HT1A recep-

tors, but not alpha-2 receptors. Thus, Powell et al.’s results do not

seem to be conflict with our results. However, as reported by Ruiz-

Orega and Ugedo (1997) 5-HT1A receptors might also be part of the

mechanisms of action of clonidine. In addition, 5-HT1A receptors are

known to play a role sensorimotor gating processes (Geyer et al.,

2001). Nevertheless, we did not investigate the possible role of 5-

HT1A related effects on PPI in our study.

Another limitation in the present study is that idazoxan binds with

equal affinity to alpha-2 adrenergic receptors and to imidazoline I2

receptors in human brain (Convents et al. 1989; Flamez et al. 1997). In

addition, clonidine elicits some peripheral effects, that is, control of

blood pressure via imidazoline I1 receptors (Reis and Piletz, 1997).

Thus, our observation involved in antagonizing effect of idazoxan on

clonidine-induced disruption of PPI could also be associated with imid-

azoline receptors. However, we did not test the influence of imidazo-

line receptors to the idazoxan’s effect in our study. In particular, I2

receptors have recently been increasingly recognized as a potential tar-

get for the development of novel analgesics (Li and Zhang, 2011).

Involvement of imidazoline receptors in PPI or sensorimotor gating

related events is also not known yet.

In conclusion, our findings show that clonidine disrupted PPI of

acoustic startle reflex in rats. Alpha-2adrenergic and/or imidazoline

receptor-related mechanisms may be responsible for this effect.

Involvement of central alpha-2 or imidazoline receptors should be con-

sidered in disorders due to sensorimotor gating deficits such as schizo-

phrenia. Thus, stimulation of these receptors does not seem to be an

available tool for clinical applications in treatment of sensorimotor

gating-related disorders.
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