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Abstract

Rationale—Clinical literature suggests a link between substance abuse and sleep disturbances. 

Quetiapine, an atypical antipsychotic has shown efficacy in treating sleep disturbances, with 

clinical studies showing promise for quetiapine as a treatment for cocaine abuse.

Objective—The goal of this study was to examine the effects of quetiapine on cocaine self-

administration and behavioral indices of sleep in monkeys.

Methods—Seven adult male rhesus monkeys, fitted with Actical® activity monitors, were 

trained to respond under a choice paradigm of food (1.0-g pellets) and cocaine (0.003–0.3 mg/kg 

per injection) presentation. First, monkeys received acute pretreatment (45 min) with quetiapine 

(25–75 mg, p.o.) prior to choice sessions; three cocaine doses were studied in combination with 

quetiapine. Next, the effect of chronic (14–16 days) quetiapine treatment (25–250 mg, p.o., BID) 

was examined in combination with the lowest preferred cocaine dose (≥ 80% cocaine choice). 

Behavioral indices of sleep, based on activity measures obtained during lights-out, were recorded 

throughout the study.

Results—Acute quetiapine decreased cocaine choice in four of the seven monkeys. Chronic 

quetiapine treatment resulted in initial decreases, but tolerance developed to these effects. Acute 

doses of quetiapine did not improve sleep efficiency the following night, nor did chronic 

quetiapine. The first night after discontinuing quetiapine treatment resulted in significant 

decreases in sleep efficiency and increases in nighttime activity.

Conclusions—These findings do not offer support for the use of quetiapine as a monotherapy 

for treatment of cocaine abuse nor as an adjunct therapy to treat sleep disturbances associated with 

stimulant abuse.
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INTRODUCTION

Cocaine dependence represents an important area of concern to healthcare professionals and 

scientists. At present there are no medically approved treatments for cocaine addiction. 

Clinical literature suggests a link between substance abuse and sleep disturbances (e.g., Puhl 

et al. 2009; Morgan et al. 2006) although the direct relationship remains to be elucidated 

(Volkow et al. 2008, 2012). It has been hypothesized that treating an individual’s sleep 

disturbances could be beneficial in attenuating physiological consequences of cocaine 

abstinence (Morgan et al. 2008) and therefore improve the duration of abstinence.

Quetiapine is an atypical, second generation, antipsychotic which has approved labeling 

from the Food and Drug Administration (FDA) for the treatment of several affective 

disorders including schizophrenia, acute manic or mixed episodes associated with bipolar I 

disorder and as an adjunctive treatment of major depression (Borison et al. 1996; Malhi and 

Berk 2002; Emsley and Oosthuizen 2003; Prieto et al. 2010; FDA 2011; Lexicomp Online 

2013). It has been proposed that quetiapine exerts its activity primarily through a 

combination of DA D2/D3 and serotonin (5-HT) 2 (5-HT2) receptor antagonism, although it 

acts at multiple neurotransmitter systems (Goldstein, 1999; Reeves and Brister 2007; Riedel 

et al. 2007; Lexicomp Online 2013). In addition to its proposed efficacy in sleep 

disturbances and other off-label indications, results from clinical studies have shown 

promise for quetiapine as a treatment for cocaine abuse (Brown et al. 2002, 2003; Sattar et 

al. 2004; Kennedy et al. 2008).

While it remains possible that quetiapine will be an effective pharmacotherapy for cocaine 

addition, previous preclinical studies involving monkeys and antipsychotics as potential 

treatments for cocaine abuse, including studies involving food-cocaine choice, have reported 

negative outcomes (e.g., Woods et al. 1978; Woolverton and Balster 1979, 1981; Nader et 

al. 1999; Negus 2003), consistent with clinical findings (e.g. Kampman et al. 2003). 

However, not all preclinical studies have been negative. Howell et al. (2006) reported that 

olanzapine could decrease cocaine self-administration in rhesus monkeys at doses that had 

not noticeable effects on other behaviors. Thus, the purpose of the present study was to 

examine the effects of acute and chronic quetiapine, administered via the oral route, in 

monkeys self-administering cocaine in the context of an alternative non-drug reinforcer. In 

addition, this self-administration paradigm has been shown to significantly affect sleep 

efficiency in monkeys (Brutcher and Nader 2013); if quetiapine, unlike other antipsychotics, 

is effective in decreasing cocaine choice, the mechanism may be due to the ability of 

quetiapine to influence several behavioral indices of sleep in monkeys. Similarities in sleep 

architecture between rhesus monkeys and humans make them an excellent model for 

studying human sleep (Daley et al. 2006).

METHODS

Subjects

Seven adult (age 16–18) male rhesus monkeys (Macaca mulatta) with an extensive 

behavioral history (Hamilton et al. 2010, 2011) including cocaine self-administration under 
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a concurrent cocaine-food choice paradigm (Brutcher and Nader 2013) served as subjects. 

Monkeys were weighed weekly and healthy body weights were maintained (determined by 

veterinary staff and somewhat less than free-feeding weights) by food earned during 

experimental sessions and by supplemental feeding of LabDiet Monkey Chow and fresh 

fruit no sooner than 30 minutes after the session; water was available ad libitum in the home 

cage. Each monkey was fitted with an aluminum collar (Model B008, Primate Products, 

Redwood City, CA) and trained to sit in a standard primate chair (Primate Products). All 

experimental manipulations were performed in accordance with the 2011 National Research 

Council Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral 

Research and were approved by the Wake Forest University Institutional Animal Care and 

Use Committee. Environmental enrichment was provided as outlined in the Animal Care 

and Use Committee of Wake Forest University Non-Human Primate Environmental 

Enrichment Plan.

Surgery

Each monkey was prepared with a chronic indwelling venous catheter into a major vein 

(femoral, internal or external jugular) and subcutaneous vascular port (Access Technologies, 

Skokie, IL) using aseptic surgical procedures. Anesthesia was induced with 

Dexmedetomidine (0.04 mg/kg, i.m.) and ketamine (5 mg/kg, i.m.) and maintained with 

ketamine (5 mg/kg) as needed. Vital signs were monitored for the duration of the surgery. 

Briefly, a catheter was inserted into a peripheral vein to the level of the vena cava. The distal 

end of the catheter was passed subcutaneously to a point slightly off the midline of the back, 

where an incision was made. The end of the catheter was then attached to the vascular 

access port and placed in a pocket formed by blunt dissection. Anesthesia was reversed 

using atipamezole (0.2 mg/kg, i.m.). Prior to each self-administration session, the back of 

the animal was cleaned with betadine and 95% EtOH, and the port was connected to the 

infusion pump located outside the chamber via a 20-gauge Huber Point Needle (Access 

Technologies). Prior to the start of the daily experiment, the pump was operated for 

approximately 3 s to fill the port and catheter with the concentration of cocaine (or saline) 

available during the session. Each port and catheter was filled with heparinized saline 

solution (100 U/ml) after every experimental session to prolong catheter patency.

Apparatus

The apparatus for operant responding consisted of a ventilated, sound-attenuating chamber 

(1.5×0.74×0.76 m; Med Associates, East Fairfield, VT) designed to accommodate a primate 

chair. Two photo-optic switches (5 cm wide) were located on one side of the chamber with a 

horizontal row of three stimulus lights 14 cm above each switch and a food receptacle 

between the switches. Illumination of the white lights above each switch served as 

discriminative stimuli for each reinforcer (see below); illumination of the red lights occurred 

during reinforcer presentation. The food receptacle was connected with tygon tubing to a 

pellet dispenser (Gerbrands Corp., Arlington, MA) located on the top of the chamber for 

delivery of 1.0-g banana-flavored food pellets (Bio-Serv, Frenchtown, NJ). An infusion 

pump (Cole-Palmer, Inc., Chicago, IL) was located on the top of the chamber.
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Experiment 1. Effects of quetiapine on cocaine self-administration—For these 

studies, food reinforcement (three 1.0-gram banana-flavored pellets) was contingent upon 

completing the response requirement on one switch, while cocaine (0.003–0.3 mg/kg per 

injection) was contingent on responding on the other manipulandum. For both reinforcers, a 

fixed-ratio (FR) 30 schedule of reinforcement was used; switching between manipulanda 

reset the FR value to 30. There was a 30-sec time-out (TO) after each reinforcer presentation 

Each session began with a forced trial for each reinforcer. For this, the white discriminative 

stimulus was illuminated above one switch (randomly determined at the start of each 

session) and 30 responses resulted in the presentation of either 3 food pellets or a 10-sec 

infusion of the dose of cocaine available that session. There was a 30-sec TO followed by 

illumination of the other white discriminative stimulus for completing the FR 30 on that 

switch. Monkeys always completed the two forced trials prior to the start of each 

experimental session. Also, following five consecutive same-reinforcer choices there was a 

forced trial on the opposing switch; this forced trial did not count towards the 30 maximum 

choice trials. Sessions ended after 30 total reinforcers or 60 min. The same cocaine dose or 

saline remained constant for at least 5 consecutive sessions and until choice was deemed 

stable (within 20% for 3 consecutive sessions without trends). Following completion of the 

entire cocaine dose-response curve, the lowest preferred dose (defined as the lowest cocaine 

dose that engendered ≥ 80% reinforcers being received on the cocaine-associated switch), 

based on 3-day means of stable performance, was identified for each monkey.

After completion of the cocaine dose-response curve, the effects of acute pretreatment with 

quetiapine (25–75 mg, P.O. in a food treat), given 45 minutes prior to the session, was 

examined in each monkey. The first dose tested in each monkey was 25 mg quetiapine. For 

two monkeys, this dose resulted in significant effects on cocaine choice, so no other doses 

were tested acutely. For R-1663, 25 mg quetiapine had no noticeable effect, but 50 mg 

quetiapine resulted in the monkey falling asleep in the primate chair prior to the session, so 

only 25 mg data are shown (Table 1). For all other monkeys, increasing doses of quetiapine 

were tested (25, 50 and 75 mg) until there were effects on cocaine choice or observable 

effects on the monkey. The effects of acute quetiapine administration were examined with 

three cocaine doses in each monkey; quetiapine was typically given once a week and if 

cocaine choice was affected, that quetiapine dose was retested.

Following these experiments, the effects of twice-daily quetiapine treatment was examined 

in each monkey using the lowest preferred dose of cocaine. Monkeys self-administered their 

lowest preferred cocaine dose until responding was deemed stable prior to beginning the 

chronic treatment. Chronic oral administration of quetiapine (25–250 mg, BID) began with 

an evening dosing (at approximately 1500) and the AM dose occurred 45 min prior the 

session; the initial dose tested was the highest dose administered acutely. Cocaine choice 

sessions and twice daily quetiapine treatment continued daily (Mon–Sun). If the quetiapine 

dose did not affect choice responding for 3 consecutive sessions, the dose was raised by 25 

mg. The entire chronic treatment lasted 14–16 days. Chronic quetiapine treatment was 

terminated (withdrawal, WD in the figures) by omitting the PM treatment, so the choice data 

will have one additional quetiapine treatment point than the sleep data, with that point 
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represented as WD in the figure. Unfortunately, choice studies were not conducted the next 

morning after terminating quetiapine treatment.

Experiment 2. Effects of quetiapine on behavioral indices of sleep—In order to 

quantify nighttime activity, each monkey was fitted with an Actical® (Phillips Respironics, 

Bend, OR) activity monitor, an omnidirectional accelerometer that measures the subject’s 

physical activity, secured to the collar. Actigraphy measures have been used to assess sleep-

wake patterns in rhesus macaques (Barrett et al. 2009) and in humans (Ancoli-Israel et al. 

2003; Kushida et al. 2001; Sadeh et al. 1995; Sadeh and Acebo 2002) and are considered a 

valid index of human sleep (Sadeh et al. 1995; Kushida et al. 2001). Further, recent review 

indicated pharmacological and non-pharmacological changes in sleep measures can be 

detected using actigraphy (Sadeh 2011). Of note, activity measures (or lack thereof) can 

only be inferred as sleep since it is possible that the monkey is awake but not moving. 

Activity was recorded in 30-sec epoch lengths (2880 epochs/day) and the period of activity 

during the lights-out cycle was quantified. For quantification of sleep measures data were 

downloaded and analyzed using Actiware Sleep 3.4 (Mini-Matter Co. Inc., Bend, OR) 

software. Sleep efficiency, defined as total sleep time as a percentage of the period of time 

with the lights out (600 min) was examined for both acute and chronic quetiapine treatment, 

as was total nighttime activity (see Brutcher and Nader 2013 for more details).

Data Analysis

The primary dependent variables were the percent cocaine choice (defined as the number of 

reinforcers earned on the drug switch divided by the total completed choices on both 

switches, multiplied by 100), the number of food reinforcers and injections earned per 

component, sleep efficiency and total nighttime activity. For individual monkeys, t-tests 

were used to analyze the effect of acute quetiapine treatment on cocaine choice. To examine 

the effect of chronic quetiapine on cocaine choice, a one-way repeated measures ANOVA 

was used for each monkeys’ lowest preferred dose. For monkey R-1563, the lowest 

preferred dose (P) changed during the study so his data are shown, but excluded from mean 

data and from statistical analyses. For all analyses, p<0.05 was considered statistically 

significant.

Drugs

(−)-Cocaine was supplied by the National Institute on Drug Abuse (Bethesda, MD) and 

dissolved in sterile 0.9% saline; different cocaine doses were studied by changing the 

concentration of cocaine delivered over 10 seconds. Quetiapine tablets (25 and 50 mg) and 

powder were obtained from LKT Laboratories Inc. (St. Paul, MN). Oral doses up to 100 mg 

were given by placing tablets inside a treat (e.g. banana, Starburst); for higher doses, 

quetiapine powder was weighed and placed inside the treat. Quetiapine was administered 

orally 45 min prior to experimental sessions (~ 0700) and during twice daily treatment, the 

second dose was administered approximately 8 hrs later (~ 1500). An investigator (R.E.B.) 

observed the monkey consume the treat and if a monkey did not eat the treat or only ate part 

of the treat, the data were not included.
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RESULTS

Experiment 1. Effects of quetiapine on cocaine self-administration

Under baseline conditions, the frequency of cocaine choice increased in a dose-related 

manner, with individual-subject variability in the sensitivity of cocaine preference over three 

1.0-g food pellets (Fig. 1, open symbols). For three of the seven monkeys, the lowest 

preferred dose was 0.01 mg/kg cocaine, for one monkey it was 0.03 mg/kg and for three 

monkeys it was 0.1 mg/kg cocaine. Total trials completed (food + cocaine choice trials) did 

not vary as a function of cocaine dose (see Table 2). Pretreatment with acute doses (Table 1) 

of quetiapine resulted in significant (p < 0.001) decreases in the percentage of cocaine 

choice in four out of seven monkeys; in one monkey (R-1663) the lowest quetiapine dose 

(25 mg) had no effect, but the next higher dose (50 mg) resulted in complete sedation. The 

ability of quetiapine to reduce cocaine choice did not appear to be dependent on the potency 

of cocaine (i.e., the lowest preferred dose) (Fig. 1; closed symbols). If quetiapine had an 

effect, it was most likely at the lowest preferred dose, except in R-1661. For two animals, 

increasing the cocaine dose did not attenuate the effects of acute quetiapine (R-1662, 

R-1567). Examination of the average number of reinforcers earned, for cocaine and food, at 

all three doses tested revealed no significant difference between baseline cocaine self-

administration and following acute quetiapine treatment (Table 2).

Chronic quetiapine treatment was studied when monkeys self-administered their lowest 

preferred cocaine dose, so at the start of treatment most reinforcers were associated with 

cocaine (Fig. 2, filled squares). Treatment with quetiapine rarely showed reallocation of 

responding from the cocaine-associated switch to the food-associated switch; R-1662 and 

R-1567 are the exceptions. In these two monkeys, chronic quetiapine reduced cocaine 

choice to approximately 50%. For the remaining five monkeys, quetiapine did not affect 

choice until doses were administered that decreased overall number of reinforcers per 

session. In these cases, tolerance developed to the effects on reinforcement frequency and 

choice returned to >80% cocaine by the end of quetiapine treatment (Fig. 2).

Experiment 2. Effects of quetiapine on behavioral indices of sleep

Sleep efficiency was approximately 97% (Table 3) and was not different across three 

cocaine doses (preferred dose and one-half log-unit above and below that dose). Quetiapine, 

given as a single acute dose, did not affect the sleep efficiency the evening following 

cocaine self-administration (Table 3). Chronic twice-daily quetiapine treatment significantly 

(F(2,10) = 9.25, p < 0.01) affected sleep efficiency (Fig. 3, left panel); post-hoc analyses 

indicated that following one day of termination from quetiapine treatment, sleep efficiency 

was significantly (p<0.05) below that observed while on QTP treatment. Examination of 

individual-subject data (Fig. 4) revealed improvements in sleep efficiency primarily in 

monkeys with baseline sleep efficiency measures less than 98% and little change in 

monkeys that were already near maximal in sleep efficiency. One day after quetiapine 

treatment was terminated, sleep efficiency decreased in all monkeys (Fig. 4, gray squares). 

There was also a significant effect (F(2,10) = 11.28, p < 0.01) of QTP treatment on 

nighttime activity (Fig. 3, right panel) and post-hoc tests indicated that activity was 

significantly greater during WD than under baseline and during QTP treatment (p < 0.05).
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DISCUSSION

The present study investigated quetiapine, an atypical antipsychotic that has shown efficacy 

in treating sleep disturbances, as a potential treatment option for cocaine addiction using a 

monkey model of cocaine abuse. Acute oral administration of quetiapine resulted in 

decreases in cocaine choice in some, but not all the monkeys. When tested chronically 

(twice daily oral administration), quetiapine showed positive effects in two of seven 

monkeys, but tolerance developed to the reductions in cocaine choice in most of the 

subjects. Neither single acute administration of quetiapine nor chronic treatment improved 

sleep efficiency the following night, and discontinuation of quetiapine treatment resulted in 

significant disruptions in sleep efficiency and increases in nighttime activity, perhaps 

indicative of withdrawal symptoms. These findings do not offer support for the use of 

quetiapine as a monotherapy for treatment of cocaine abuse nor as an adjunct therapy to treat 

sleep disturbances associated with stimulant abuse.

To our knowledge, these are the first studies to examine the potential of quetiapine as a 

treatment option for cocaine addiction in a rhesus monkey model of cocaine abuse, although 

these results are inconsistent with reports showing positive results of quetiapine for reducing 

substance abuse (Brown et al. 2003; Sattar et al. 2004; Pinkofsky et al. 2005; Potvin et al. 

2006). One explanation for the divergent effects on cocaine use is that many of the studies 

showing positive results with quetiapine are in the presence of a comorbid psychiatric 

condition. The lifetime prevalence rates of substance abuse in patients with bipolar disorder 

are as high as 60% (Regier et al. 1990; Strakowski and DelBello 2000). Decreases in the 

quantity of substance abuse have been noted following administration of antipsychotic 

medications to control psychotic symptoms (Volkow et al. 2002). These findings suggest 

that in the absence of a psychotic disorder quetiapine treatment may lack efficacy in treating 

cocaine abuse. To support this hypothesis, a recent study which included patients with 

comorbid bipolar disorder and alcohol dependence, revealed that quetiapine decreased 

alcohol consumption, craving for alcohol and psychiatric symptom intensity (Martinotti et 

al. 2008). Interestingly, in that study, quetiapine was used as a monotherapy and not given as 

adjunctive pharmacological treatment. Other studies report the efficacy of quetiapine as 

adjunctive therapy. A retrospective chart review examining the potential benefits of 

quetiapine in substance dependence disorders (alcohol, marijuana, amphetamine and 

cocaine) revealed a mean decrease in Likert score (a measure of craving) with negative 

breathalyzer and urine test results (Sattar et al. 2004). Quetiapine was also examined as add-

on therapy in a group of outpatients with bipolar disorder and cocaine dependence. It was 

reported that quetiapine administration significantly decreased drug cravings and the amount 

of money spent on cocaine, with a trend toward a reduction on days of cocaine use (Brown 

et al. 2002). However, contrary to the above hypothesis, quetiapine efficacy was also 

investigated for the treatment of cocaine dependence in individuals who lacked clinical 

symptoms of affective disorders and the results showed quetiapine significantly decreased 

craving for cocaine, with a downward trend in the money spent on cocaine (Kennedy et al. 

2008). Additional studies using different preclinical models of cocaine abuse may be 

necessary to fully evaluate the efficacy of this treatment in deceasing cocaine self-

administration.

Brutcher and Nader Page 7

Psychopharmacology (Berl). Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



It is possible that quetiapine may be beneficial in treating substance abuse by inhibiting 

sleep disturbances associated with drug addiction. Quetiapine is commonly used off-label 

for a variety of conditions, one of which is insomnia (Hartung et al. 2008; Philip et al. 2008; 

Wine et al. 2009; Dolder and McKinsey 2010), although results from a meta-analysis 

described quetiapine efficacy as inconclusive (Maher et al. 2011). There are, however, 

several studies showing positive results of quetiapine for treating insomnia (Robert et al. 

2005; Wiegand et al. 2008; Tassniyom et al. 2010; Endicott et al. 2012; Sheehan et al. 

2012). Clinical treatment guidelines recommend use of antipsychotics in patients with 

concomitant psychiatric disorders and insomnia (NIH 2005; Schutte-Rodin et al. 2008). A 

recent study showed that sedation associated with quetiapine administration was reported in 

100% of the participants receiving quetiapine in the absence of psychatric symptoms, which 

decreased to 75% by the end of week 1 of treatment to 29% at the end of week 6 (Kennedy 

et al. 2008). In the present study, the high baseline measures of sleep efficiency most likely 

precluded any significant improvements following quetiapine administration. A study 

examining the efficacy of mirtazapine (a sleep-promoting agent) in patients with comorbid 

depression and cocaine dependence showed that mirtazapine was superior to placebo in 

improving sleep, however it was not more effective than placebo in reducing cocaine use 

(Afshar et al. 2012). Importantly, the present findings indicated that following 

discontinuation of chronic quetiapine administration there was evidence of disruptions in 

sleep efficiency, suggesting development of physical dependence over two weeks of 

treatment.

The present findings support earlier work (Brutcher and Nader 2013) indicating that 

variables that affect cocaine-induced changes in sleep do not necessarily affect cocaine self-

administration. While the choice paradigm provides an index of reinforcing strength that is 

sensitive to recent pharmacological and environmental manipulations (Banks and Negus 

2012), it may be a less sensitive baseline for studying variables that disrupt sleep compared 

to simple schedules of reinforcement. For example, using an FR schedule of reinforcement, 

Andersen et al. (2013) reported significant correlations between methamphetamine intake 

and several behavioral measures of sleep. In contrast, Brutcher and Nader (2013) found no 

effect of sleep disruption on cocaine choice and, in the present study, no effect of enhancing 

sleep efficiency on cocaine choice. Future studies using higher cocaine doses or longer self-

administration sessions that result in pronounced disruptions in sleep efficiency may be 

needed to fully evaluate the use of quetiapine to treat cocaine-related disruptions in sleep in 

combination with another drug to treat cocaine addiction (Karila et al. 2011; Fox et al. 

2012).
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FIGURE 1. 
Effect of acute quetiapine (25–75 mg) treatment (filled symbols) on the percent of baseline 

cocaine choice (open squares) for individual monkeys. *p < 0.001
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Figure 2. 
Effect of chronic quetiapine (doses annotated across top of each graph in mg) treatment on 

the number of food (open, inverted triangles) and cocaine (filled symbols) reinforcers earned 

for individual monkeys.
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FIGURE 3. 
Effect of chronic quetiapine (black bar) and one day of withdrawal (WD) from quetiapine 

(gray bar) on nighttime sleep efficiency (left panel) and nighttime activity (right panel) 

following self-administration of the lowest preferred dose of cocaine (white bar). *p < 0.05 

compared to QTP, §p < 0.05 compared to BL, n=6
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Figure 4. 
Effect of chronic quetiapine treatment (doses annotated across top of each graph in mg) on 

% sleep efficiency under baseline (BL; open circle), following cocaine self-administration 

sessions (filled symbols) and one day after withdrawal of quetiapine treatment (WD; gray 

square) for individual monkeys.
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Table 1

Doses of quetiapine for both acute and chronic treatment studies.

Monkey Acute QTP Dose (mg) Chronic QTP Dose (mg)

R-1563 25, 75 250

R-1567 25 25

R-1568 75 200

R-1570 25 100

R-1661 25–75 100

R-1662 25, 50 100

R-1663 25, 50 100
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Table 3

Mean sleep efficiency (± SEM) for the preferred (P) dose of cocaine and doses one-half log-unit above (−1/2) 

and below (+1/2) that dose under baseline (BL) and following acute quetiapine (QTP).

Dose BL§ QTP¶

−1/2 96.9 ± 0.8 96.78 ± 0.62

P 96.8 ± 0.7 96.20 ± 0.94

+1/2 97.0 ± 0.4 98.27 ± 0.28

§
n=7

¶
n=6
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