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Abstract
Despite high rates of marijuana abuse in schizophrenia, the physiological interactions between
tetrahydrocanabinol (THC) and antipsychotic medications are poorly understood. A well-
characterized feature of schizophrenia is poor gating of the P50 auditory-evoked potential. This
feature has been translationally modeled by the DBA/2 mouse, which exhibits poor suppression of
the P20-N40 AEP, the rodent analogue of the human P50. Previous work has demonstrated that
this deficit is reversed by the antipsychotic clozapine. It is unknown, however, if this effect is
altered by THC administration. Using a conditioning-testing paradigm with paired auditory
stimuli, the effects of clozapine and dronabinol (a pharmaceutical THC formulation) on inhibitory
P20-N40 AEP processing were assessed from in vivo hippocampal CA3 recordings in anesthetized
DBA/2 mice. The effects of clozapine (0.33 mg/kg) and dronabinol (10 mg/kg) were assessed
alone and in combination (0.33, 1, 1.83, or 3.33 mg/kg clozapine with 10 mg/kg dronabinol).
Improved P20-N40 AEP gating was observed after acute administration of 0.33 mg/kg clozapine.
Co-injection of 0.33 mg/kg clozapine and 10 mg/kg THC, however, did not improve gating
relative to baseline. This effect was overcome by higher doses of clozapine (1 and 1.83 mg/kg), as
these doses improved gating relative to baseline in the presence of 10 mg/kg THC. 10 mg/kg THC
alone did not affect gating. In conclusion, THC does not prevent improvement of P20-N40 gating
by clozapine.
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1. Introduction
A daunting challenge facing clinicians who attempt to treat patients with schizophrenia is
the large number of comorbidities that present alongside the illness, including increased
rates of diabetes, heart disease, obesity, and substance abuse (Buckley et al. 2009; Mitchell
et al. 2013; Volkow 2009). Substance abuse in particular is one of the most prevalent
comorbid conditions, with nearly half of patients presenting with a lifetime history of
substance abuse disorders (Volkow 2009). One of the most commonly abused drugs in
schizophrenia is cannabis, with 50% or more of patients dependent on the substance
according to DSM-IV criteria, and up to 80% of patients reporting current or recent use,
depending on the study (Volkow 2009). The relationship between cannabis use and
schizophrenia is complex and not well-understood. A meta-analysis by Moore et al. (2007)
demonstrated higher risk for developing schizophrenia in subjects who used marijuana in the
past. Other studies have shown that marijuana use may exacerbate existing symptoms (e.g.
Bersani et al. (2002). In contrast, other groups have argued that cannabis use is not causally
related to the illness (Costain 2008; Hambrecht and Hafner 2000).

An added concern regarding cannabis abuse in schizophrenia is how tetrahydrocannabinol
(THC), the principal psychoactive constituent of marijuana, may neuropharmacologically
interact with antipsychotics and alter their therapeutic effectiveness. Cannabis can worsen
positive symptoms in medicated patients (Foti et al. 2010; Zammit et al. 2008), suggesting it
may dampen antipsychotic effectiveness. However, THC may improve negative symptoms,
reduce stress and anxiety, improve social outcomes, and even improve cognition in patients
(Potvin et al. 2006; Rabin et al. 2011; Salyers and Mueser 2001; Yucel et al. 2012). The
ineffectiveness of antipsychotic medication at treating negative and cognitive symptoms has
led some researchers to speculate that patients use marijuana as a form of “self-medication”
(Khantzian 1997; Schneier and Siris 1987).

Although the symptomatic correlates of cannabis administration are clinically and
therapeutically informative, the underlying heterogeneity of schizophrenia makes it
problematic to neuropharmacologically interpret the effects of THC in the illness by
measuring symptoms alone. To better understand how THC affects brain function,
researchers have used techniques such as scalp electroencephalography (EEG) to measure
neurophysiological responses to stimuli. Starting with the observations of Bleuler (1911) as
well as McGhie and Chapman (1961), researchers have frequently observed that
schizophrenia patients are hyper-responsive to sensory stimulation, most commonly in the
auditory domain. Patients are particularly impaired in the ability to “tune out” repetitive
auditory stimuli such as a fan blowing or a clock ticking. Physiologically, this phenotype
may be associated with reduced “P50” gating in the illness. P50-gating is an
electrophysiological phenomenon in which individuals reduce their early (~50 ms post-
stimulus) neuronal response to the second of a pair of repeated identical auditory clicks. This
suppression is typically quantified by the “P50 ratio”, or ratio of the magnitude of the
second response (S2) over the first response (S1), i.e. S2/S1. Healthy subjects, on average,
present with P50 ratios less than 0.50, whereas patients with schizophrenia often present
with ratios of 0.75 or greater (Adler et al. 1982). This abnormality may be correlated with
impaired selective attention (Smucny et al. 2013).

One advantage to studying P50 gating is its translational applicability. By recording directly
from the hippocampal CA3 subfields of various mouse strains, gene knockouts, and
pharmacologic models, researchers have been able to better characterize the molecular
underpinnings that are involved in auditory P50 gating in a P50 analogue called the P20-
N40 auditory evoked potential. The DBA/2 mouse, a strain that displays multiple putative
symptom analogues of schizophrenia (e.g. cognitive dysfunction) and shows reduced α7
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nicotinic receptor expression, shows particularly poor hippocampal P20-N40 gating relative
to most other strains (Stevens and Wear 1997). Interestingly, this deficit can be reversed by
the atypical antipsychotic clozapine (Simosky et al. 2003). This clozapine effect is blocked
by nicotinic receptor (NAChR) antagonists, suggesting that clozapine may improve gating
through a cholinergic mechanism (Simosky et al. 2003). Specifically, it is hypothesized that
activation of α7 NAChRs facilitates the release of the inhibitory neurotransmitter gamma-
aminobutyric acid (Callstrom et al.), enhancing suppression of neuronal response (Miwa et
al. 2011; Simosky et al. 2003).

Despite the widespread use of cannabis in schizophrenia, its effects on auditory gating,
particularly when co-administered with antipsychotics, are not well understood. The goal of
the present study was to better understand the interaction between acute THC and clozapine
administration in mice that show poor gating (analogous to schizophrenia patients) at
baseline. To that end, this study examined the effects of dronabinol (Marinol), a
pharmaceutical formulation of Δ9 tetrahydrocannabinol (THC), on clozapine-induced
improvement of P20-N40 gating in DBA/2 mice. We hypothesized that THC would impair
the ability of clozapine to improve gating, based on its demonstrated ability to reduce
GABA release (Katona et al. 1999) and attenuate pharmacologic modulation of inhibitory
neurotransmission.

2. Materials and methods
2.1 Mice

Male DBA/2 mice were purchased from Harlan (Indianapolis, IN) and group housed in
shoe-box cages on Aspen chip bedding until recording. Mice were 7–10 weeks old at the
time of recording. Food (Purina Rodent Chow) and water was available ad libitum during
housing. Animals were maintained under a 12-hour light/dark cycle (lights off at 6 pm).
“Principles of Laboratory Animal Care” (NIH Publication No. 85-23, revised 1985) were
followed. The Institutional Animal Care and Use Committee of the Denver Veterans Affairs
Medical Center and/or the University of Colorado Anschutz Medical Campus approved the
experimental protocols.

2.2 In vivo hippocampal P20-N40 recordings
Adult DBA/2 mice (20–25 g; n = 46) were anesthetized with 400 mg/kg chloral hydrate i.p.
and 400 mg/kg pyrazole i.p. Mice were then placed in a stereotaxic apparatus, and hollow
ear bars with attached earphones were positioned adjacent to the mouse’s ears. Body
temperature was maintained at 37 °C with a heating pad. A teflon-coated stainless-steel
recording electrode (0.127 mm in diameter) was inserted into the pyramidal layer of
hippocampal area CA3 at 1.8 mm posterior to bregma, 2.7 mm lateral to the midline and
1.5–1.7 mm below the surface of the dura (Paxinos and Franklin 2001). Final location was
identified by the presence of complex action potentials typical of hippocampal pyramidal
neurons (Miller and Freedman 1995). A similar reference electrode was placed on the dura,
contralateral to the recording electrode, just anterior to bregma. Tones (3000 Hz, 10 ms, 70
dB SPL) were presented in pairs separated by 500 ms with 10 s between tone pairs. A
baseline period of 50 ms preceded each tone pairing. Recordings were segmented from −50
to 350 ms after stimulus onset. Eighteen sets (5 m duration/set) of averaged responses to 16
tone-pairs were recorded per animal. Of these eighteen sets, 6 sets were taken before drug
administration as a baseline, and the remaining 12 were taken after drug administration.
Thus, responses were measured for up to one hour post injection.

Each averaged response was amplified 1000 times, bandpass filtered between 1–500 Hz, and
sent to a computer software program (SciWorks, DataWave, Loveland, CO) for data
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analysis and storage. The maximum negativity between 20 and 60 ms after each auditory
stimulus was selected (i.e. the P20-N40) and measured relative to the preceding positivity.
This complex has been shown to have less variability than either component alone (P20 or
N40) (Hashimoto et al. 2005).

The number of mice per group were as follows: for 0.33 mg/kg clozapine (only) n = 9, for
0.33 mg/kg clozapine + 10 mg/kg dronabinol n = 9, for 1 mg/kg clozapine + 10 mg/kg
dronabinol n = 9, for 1.83 mg/kg clozapine + 10 mg/kg dronabinol n = 9, or 3.33 mg/kg
clozapine + 10 mg/kg dronabinol n = 2, and for 10 mg/kg dronabinol (only) n = 8.

2.3 Drugs
Clozapine (0.33, 1, 1.83, or 3.33 mg/kg) was dissolved in saline (pH ~5.5) (80 μl for every
20 g of body weight) and injected i.p. Dronabinol (10 mg/kg) was dissolved in sesame oil
(80 μl for every 20 g of body weight) and injected i.p. One drug was injected immediately
after the other.

2.4 Statistical Analysis
For these studies, the most relevant components of the P20-N40 AEP response of the DBA/2
mice were the amplitude of the response to the first auditory stimulus (the S1 amplitude) and
the amplitude of the response to the second auditory stimulus (the S2 amplitude). The
magnitude of inhibitory processing of the S2 response was determined by calculating the S2/
S1 ratio, or the S2 amplitude divided by the S1 amplitude. Effective gating is characterized
by S2/S1 ratios significantly lower than 1. The S2/S1 ratio is the predominant measure used
to assess the efficacy of a drug in normalizing deficit P20-N40 AEP inhibitory processing.

For these experiments, 6 sets of baseline recordings (16 trials/set, with each set 5 minutes
apart) were followed by up to 12 identical sets of post-drug administration recordings. The
effects of drug(s) administration on the P20-N40 AEP (S1 amplitude, S2 amplitude, S2/S1)
were analyzed using repeated measures analyses of variance (ANOVA), with time as a
within-subjects factor and dose/drug combination as a between-subjects factor. A priori
hypotheses comparing the effects of doses/drugs were tested using the main effect of dose/
drug as well as the dose/drug * time interaction. In addition, a priori contrast analyses using
Fisher’s LSD post-hoc tests were conducted for each dose to compare the mean of the
“baseline” (pre-drug) AEP measures and the mean of the “treatment” (post-drug) AEP
measures. Using the a priori contrast analysis maximized the statistical power for detecting
expected baseline versus treatment differences (statistical power was preserved because this
test was run prior to making multiple comparisons with the other statistical tests used). For
each ANOVA, post-hoc tests for each dependent variable were only conducted if the
ANOVA demonstrated a main effect of time for that variable.

Baseline (first six time points) S1 vs S2 amplitudes were analyzed using a separate repeated
measures ANOVA to examine the main effect of stimulus (S1 or S2).

3. Results
3.1 DBA/2 baseline recordings

Consistent with previous studies, DBA/2 mice failed to suppress S2 amplitudes during
baseline (drug-free) recordings as evidenced by no significant main effect of stimulus (S1 or
S2) on response amplitude for any experimental group (Supplementary Table 1) and mean
S2/S1 ratios of approximately 1 (Figs. 2, 3, and 4, first 6 time points). “Normal” inhibitory
processes, in contrast, typically produce S2/S1 ratios of less than 0.5, as evidenced by other
strains of mice (e.g. C3H) (Adams et al. 2008).
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3.2 Effect of clozapine
A previous study by our group found that 0.1, 1, 3.33, and 10 mg/kg of clozapine improved
gating in DBA/2 mice (Simosky et al. 2003). In the present study, we decided to first
examine the effect of 0.33 mg/kg clozapine on gating in these mice, as this dose was just
above the minimally efficacious dose. Representative AEP S1 and S2 response curves after
clozapine administration are presented in Fig. 1, and results presented in Fig. 2. Using this
dose, no significant effect of time on S1 amplitude (F(17,136) = 1.50, p = 0.10) or S2
amplitude (F(17,136) = 1.65, p = 0.060) was observed (Fig. 2a–b). However, a significant
main effect of time was observed on S2/S1 ratio (F(17,136) = 2.79, p = 0.001) (Fig. 2c).
Post-hoc tests showed that at several time points, drug administration demonstrated
significantly reduced S2/S1 ratios relative to the average baseline S2/S1 ratio (Fig. 2c).

3.3 Effect of THC and clozapine co-administration
Next, to test the hypothesis that co-administration of THC would reduce the ability to
clozapine to improve gating in DBA/2 mice, we administered 10 mg/kg of dronabinol (i.p)
in conjunction with 0.33 mg/kg of clozapine (i.p.) and examined P20-N40 AEP gating. The
10 mg/kg dose of THC has previously been shown to decrease prepulse inhibition in the
ddY species of mice, an effect that is reversible by antipsychotics (Nagai et al. 2006). Under
these pharmacologic conditions, no significant main effect of time was observed for S1
amplitude (F(17,119) = 1.49, p =0.11) or S2 amplitude (F(17,119) = 0.90, p = 0.58). A main
effect of time was observed for S2/S1 ratio (F(17,119) = 1.95, p = 0.020). Post-hoc tests
revealed that only one time point showed a significant (p < 0.05) decrease in S2/S1 ratio
relative to the average baseline S2/S1 ratio (Fig. 2c), in contrast to effect of 0.33 mg/kg
clozapine alone.

Comparing effects between drug treatment groups (clozapine alone vs clozapine + THC), no
significant time * group interaction (F(17,255) = 0.70, p = 0.81) or main effect of group
(F(1,15) = 0.044, p = 0.84) was observed for S1 amplitude. Similarly, no significant time *
group interaction (F(17,255) = 0.85, p = 0.63) or main effect of group (F(1,15) = 2.32, p =
0.15) was observed for S2 amplitude. For S2/S1 ratio, no significant time * group interaction
was observed (F(17,255) = 1.46, p = 0.11). A significant main effect of group, however, was
observed (F(1,15) = 6.20, p = 0.021). The effect was driven by reduced post-drug S2/S1
ratios in mice that received clozapine alone relative to the mice that received clozapine in
combination with THC (Fig. 2d).

3.4 Clozapine dose-response curve in the presence of THC
We next examined the effect of co-administration of higher doses of clozapine (1, 1.83, and
3.33 mg/kg, i.p.) and THC on P20-N40 AEP gating. These doses of clozapine are more
clinically relevant as they are closer to the doses typically given to schizophrenia patients
(see Discussion). For the group of mice that received 1 mg/kg clozapine and THC, no main
effect of time was observed on S1 amplitude (F(17,119) = 0.45, p = 0.97). Significant main
effects of time, however, were observed on S2 amplitude (F(17,119) = 2.10, p = 0.011) and
S2/S1 ratio (F(17,119) = 2.55, p = 0.002). Unlike the 0.33 mg/kg clozapine dose, post-hoc
tests showed that at several time points, 1 mg/kg clozapine and THC co-administration
significantly reduced S2 amplitudes and S2/S1 ratios relative to average baseline S2
amplitude and S2/S1 ratio, respectively (Fig. 3b–c). For the group of mice that received 1.83
mg/kg clozapine and THC, no main effect of time was observed on S1 amplitude (F(17,119)
= 1.51, p = 0.10). Significant main effects of time, however, were observed on S2 amplitude
(F(17,119) = 4.28, p < 0.001) and S2/S1 ratio (F(17,119) = 4.49, p < 0.001). Post-hoc tests
showed that at all time points, drug administration demonstrated significantly reduced S2
amplitudes and S2/S1 ratios relative to average baseline S2 amplitude and S2/S1 ratio,
respectively (Fig. 3b–c).
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Comparing effects between groups (0.33, 1, and 1.83 mg/kg clozapine, all co-administered
with THC), no significant time x group interaction (F(34,357) = 0.66, p = 0.93) or main
effect of drug (F(2,21) = 0.59, p = 0.57) was observed for S1 amplitude. Similarly, no
significant time x group interaction (F(34,357) = 1.19, p = 0.22) or main effect of drug
(F(2,21) = 1.22, p = 0.31) was observed for S2 amplitude. In contrast, a nearly significant
time x group interaction (F(34,357) = 1.43, p = 0.06) and significant main effect of drug
(F(2,21) = 9.13, p = 0.001) was observed for S2/S1 ratio. The effect was driven by reduced
S2/S1 ratios, relative to baseline, for the 1 and 1.83 mg/kg clozapine doses relative to the
0.33 dose (Fig. 3d).

The combination of 3.33 mg/kg clozapine and 10 mg/kg dronabinol induced fatal seizures in
2 animals. As a result, this dose pairing was not used in additional animals, nor did we
examine the effects of pairing higher doses of clozapine with THC.

3.5 Effect of THC
Finally, we examined the effect of the 10 mg/kg dose of THC alone on P20-N40 AEP gating
in DBA/2 mice. 10 mg/kg dronabinol (i.p.) produced no significant main effect of time on
S1 amplitude (F(17,119) = 1.24, p = 0.24), S2 amplitude (F(17,119) = 1.17, p = 0.30) or S2/
S1 ratio (F(17,119) = 1.64, p = 0.065) (Fig. 4), suggesting that this dose of drug did not
significantly affect any P20-N40 AEP gating-related measure in DBA/2 mice.

4. Discussion
To our knowledge, this is the first study to examine the modulatory effects of THC alone or
on combination with an antipsychotic on sensory gating. Here, we assessed the effects
clozapine alone and in combination with a known active dose of THC (Nagai et al. 2006). In
agreement with our hypothesis, co-injection of the compound impaired the ability of
clozapine to improve gating at a low dose of the antipsychotic. Higher doses of clozapine,
however, produced robust improvement of gating in the presence of THC, suggesting that
this effect may be overcome with increasing concentrations of the antipsychotic.

To place these findings in a (speculative) conceptual framework, it may be helpful to
consider a recent hypothesis regarding the neurobiological mechanism of auditory gating.
As described by Miwa et al. (2011), in a paired-stimulus paradigm, the first stimulus
activates excitatory pyramidal cells and inhibitory interneurons in the hippocampus. After a
delay, interneuronal activity in turn facilitates an inhibitory state in the excitatory cells. As a
result, when the second stimulus is presented, these excitatory cells are less able to respond,
resulting in a net decrease in response to the second stimulus relative to the first.
Pharmacologically, release of GABA can be enhanced by activation of α7 nicotinic
acetylcholine receptors expressed on hippocampal interneurons (Buhler and Dunwiddie
2001; Frazier et al. 1998), and reduced by activation of presynaptic cannabinoid 1 receptors
(Katona et al. 1999). Thus, activation of nicotinic and cannabinoid receptors may have
opposite effects on inhibitory neurotransmission in hippocampal gating-related circuitry.

The described neurochemical circuitry can help explain the interaction between clozapine
and THC in the present study. Clozapine increases acetylcholine release fivefold in the rat
hippocampus as measured by in vivo microdialysis (Shirazi-Southall et al. 2002) possibly
through blockade of 5-HT3 receptors relieving serotonergic inhibition of cholinergic
neurons (Adler et al. 1998; Nagamoto et al. 1996). Furthermore, clozapine’s effects on
gating are blocked by the α7 receptor antagonist α-bungarotoxin, suggesting that the
antipsychotic exerts its gating effects via a cholinergic mechanism (Simosky et al. 2003). A
parsimonious explanation of the present findings, therefore, is that clozapine is facilitating
release of GABA in the hippocampus through indirect activation of α7 nicotinic receptors
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on interneurons, and that this effect is opposed by THC through presynaptic inhibition of
GABA release on the same or neighboring population(s) of interneurons. The finding that all
significant effects on S2/S1 ratios were driven by suppression of the S2 response (as
opposed to strengthening of the S1 response) further suggests that pharmacologic gating
modulation occurs due to changes in response inhibition to the second stimulus in this study.
Nonetheless, we cannot rule out that THC and clozapine may exert opposing effects through
contrasting modulation of dopaminergic transmission. Cannabinoids have been shown to
increase dopamine release (Cheer et al. 2004), whereas antipsychotic medications (including
clozapine) are often potent dopamine receptor antagonists. The pharmacologic interactions
between clozapine and THC are likely complex and worthy of further investigation.

Although this study may have clinical implications in that it suggests that clozapine may
improve gating in the presence of THC, the dose-specificity of the effect is unclear. On the
one hand, comparison of approximate plasma levels at the range of drug doses used in this
study suggests that THC may not affect gating at clinically relevant doses of clozapine. The
standard patient dose regimen for clozapine is to start treatment at 12.5 mg/day and then to
gradually increase the dose in 25–50 mg increments until a steady-state dose of 300–450
mg/day is reached (www.drugs.com/dosage/clozapine.html). This dose results in maximal
drug concentrations of 350–420 ng/ml (Savoy et al. 2010). Mice, however, require clozapine
doses of well over 3 mg/kg to reach this plasma concentration (Savoy et al. 2010). THC is
self-administered in highly variable amounts between individuals, as people often self-titer
their own doses, making it difficult to compare the 10 mg/kg dose given to mice in the
present study to a “typically” self-administered dose. It is likely, however, that the dose
received by the mice in the present study exceeds the average self-administered acute human
dose; a recent study found that 3 mg/kg injection of THC resulted in peak plasma levels of
325 ng/ml in mice (Varvel et al. 2005), whereas a high potency marijuana cigarette (19 mg)
resulted in a mean plasma concentration of 77 ng/ml in human subjects (Ohlsson et al.
1980). On the other hand, the fact that patients demonstrate highly variable responsiveness
to clozapine (with treatment-resistant patients prescribed up to 3-fold higher doses than
average) (Meltzer et al. 2008) and sensitivity to cannabis (Goldberger et al. 2010) suggests
that any conclusions regarding dose-dependent effects in humans must be considered
preliminary. Moreover, the finding that THC in combination with the highest clozapine dose
(3.33 mg/kg) induced seizures in DBA/2 mice suggests that the precise physiological effects
of co-administration of these drugs should be monitored in patients. Indeed, several studies
have demonstrated an association between clozapine and increased seizure risk and
epileptiform discharges in schizophrenia across a wide range of doses (Devinsky et al. 1991;
Freudenreich et al. 1997; Nielsen et al. 2013), although no seizures were reported in a
previous study of DBA/2 mice that administered up to 10 mg/kg of the drug (Simosky et al.
2003).

In the present study, 10 mg/kg dronabinol alone did not impair or improve P20-N40 gating
in DBA/2 mice. This result was expected given that DBA/2 mice are already impaired in
P20/N40 gating, and that THC does not improve gating in schizophrenia (Rentzsch et al.
2007) or rats that show poor gating at baseline (Dissanayake et al. 2008). Nonetheless, this
dose of THC is likely higher than that typically self-administered in humans. The effects of
other doses of THC on gating in these animals (as well as their interactions with clozapine
and other antipsychotics) should be investigated in future studies.

Although an important step towards understanding the physiological effects of antipsychotic
and THC co-administration, this study should be assessed in the context of its limitations.
We cannot rule out the possibility that the anesthetic used (chloral hydrate) may influence
the observed results. THC has been shown to reduce the sedative effects of chloral hydrate
(Sofia and Knobloch 1973). Clozapine, furthermore, may interact with choral hydrate to
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reduce activity in raphe neurons to a greater extent than either drug alone (Trulson and
Trulson 1983). Given that the raphe nucleus mediates serotonin release (and thereby may
influence cholinergic transmission), it is possible that chloral hydrate may enhance the pro-
gating effects of clozapine. The present findings must therefore be interpreted with caution,
particularly in regards to the human equivalents of the dose-dependent effects. Secondly,
this study focused on acute co-administration of clozapine and THC; the interactions
between the two drugs may differ when used chronically. For example, long-term marijuana
use is associated with structural changes in the brain (e.g. reduced hippocampal volume)
(Batalla et al. 2013) as well as reduced expression of cortical CB1 receptors (Hirvonen et al.
2012). These long-term changes may potentiate or diminish the acute effect of cannabis
administration.

In conclusion, the results of the present study suggest that THC does not prevent
improvement of P20-N40 gating by clozapine in DBA/2 mice. To our knowledge, this is the
first study to examine the interactions between THC and clozapine on auditory gating in
DBA/2 animals. These results suggest that although THC may attenuate clozapine-induced
improvement of gating at low doses of the antipsychotic, this effect may be overcome by
higher, potentially more clinically relevant doses of clozapine. Future studies in human
patient populations may examine dose-dependent interactions of clozapine and THC on
sensory gating.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. THC’s effects on clozapine-induced gating improvement was examined in
DBA/2 mice

2. 0.33 mg/kg clozapine alone improved gating

3. 10 mg/kg THC attenuated the effect of 0.33 mg/kg clozapine

4. 10 mg/kg THC did not prevent gating improvement by 1 or 1.83 mg/kg
clozapine
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Fig. 1.
Representative waveforms demonstrating differential effects of clozapine alone (0.33 mg/kg,
i.p.) vs. the combination of clozapine (0.33 mg/kg, i.p.) and dronabinol (10 mg/kg, i.p.) on
P20-N40 gating in DBA/2 mice. Waveforms on the left side represent pre-drug (i.e.
baseline) responses to the first (S1) and second (S2) stimuli. Waveforms on the right side
represent post-drug responses to the first and second stimuli. Burst response artifacts
represent the auditory stimuli, and tic marks denote the P20-N40 auditory evoked potentials.
In these representative examples, injection of clozapine alone reduced S2/S1 ratio relative to
baseline; however, co-injection of clozapine and dronabinol did not affect S2/S1 ratio
relative to baseline.
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Fig. 2.
Effects of clozapine alone (0.33 mg/kg, i.p.) and the combination of clozapine (0.33 mg/kg,
i.p.) and dronabinol (10 mg/kg, i.p.) on S1 response amplitudes (a), S2 response amplitudes
(b), and S2/S1 ratios (c, d) in DBA/2 mice. The first six points (−30, −25, etc) refer to the
baseline period of recording, prior to administration of drug(s). The last twelve points (0, 5,
10 etc.) refer to the post-drug administration period of recording. Asterisks mark those post-
drug time points at which the S1 or S2 amplitude is significantly different from the average
of the baseline S1 or S2 amplitudes, as determined using Fisher’s LSD (*P<0.05, **P<0.01).
Data are mean +/− SEM, n = 9 per group.
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Fig. 3.
Effect of increasing doses of clozapine (0.33, 1, and 1.83 mg/kg, i.p.) on S1 response
amplitudes (a), S2 response amplitudes (b), and S2/S1 ratios (c, d) in the presence of
dronabinol (10 mg/kg, i.p.) in DBA/2 mice. The first six points (−30, −25, etc) refer to the
baseline period of recording, prior to administration of drug(s). The last twelve points (0, 5,
10 etc.) refer to the post-drug administration period of recording. Asterisks mark those post-
drug time points at which the S1 or S2 amplitude is significantly different from the average
of the baseline S1 or S2 amplitudes, as determined using Fisher’s LSD (*P<0.05, **P<0.01).
Data are mean +/− SEM, n = 9 per group.
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Fig. 4.
Effect of dronabinol on S1 response amplitudes (top), S2 response amplitudes (middle), and
S2/S1 ratios (bottom). The first six points (−30, −25, etc) refer to the baseline period of
recording, prior to administration of 10 mg/kg dronabinol i.p. The last twelve points (0, 5,
10 etc.) refer to the post-drug administration period of recording. No significant main effects
of time were observed on S1 response, S2 response, or S2/S1 ratio. Data are mean +/− SEM,
n = 8.
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