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Abstract

Quetiapine is an atypical or second-generation antipsychotic agent and has been a subject of a series of case report and suggest-
ed to have the potential for misuse or abuse. However, it is not a controlled substance and is not generally considered addictive.
In this study, we examined quetiapine’s dependence potential and abuse liability through animal behavioral tests using rodents to
study the mechanism of quetiapine. Molecular biology techniques were also used to find out the action mechanisms of the drug. In
the animal behavioral tests, quetiapine did not show any positive effect on the experimental animals in the climbing, jumping, and
conditioned place preference tests. However, in the head twitch and self-administration tests, the experimental animals showed
significant positive responses. In addition, the action mechanism of quetiapine was found being related to dopamine and serotonin
release. These results demonstrate that quetiapine affects the neurological systems related to abuse liability and has the potential
to lead psychological dependence, as well.
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reinforcement and reward (Taylor, 2002; Koob and Kreek,

INTRODUCTION 2007). “Reinforcement” refers to an event that increases the
probability of a given action. The meaning of “reward” is simi-
Drug dependence is defined as the loss of control over drug lar, but reward usually refers to a positive sensation, such as
use or the compulsive seeking and taking of drugs despite pleasure (Koob, 1992).
adverse consequences (Koob, 1999). It is caused by drug ac- Several laboratory experiments are commonly used to vali-
tivity in the brain. However, it is also related to physiological date a drug’s dependence potential (Chung et al., 2008). Re-
and social factors. Once a person develops drug dependence, searchers examine the climbing and head twitch behaviors in
it might last their whole life. In this context, research to evalu- pre-evaluation experiments to evaluate a drug’s dopaminergic
ate drugs regarding their potential for dependence, before the and serotonergic effects, respectively. The jumping behavior
drugs to go into common usage, is important. test is typically used to determine a drug’s potential to lead
Animal experiment can be one of the tools for indirectly to physical dependence, especially for the opioids (Way et

measuring drug dependence (Acheson et al., 1999; Varlinska- al., 1969; Saelens et al., 1971; Smits, 1975; Ritzmann, 1981;
ya and Spear, 2002; Doremus et al., 2003; Chung et al., 2008; El-Kadi and Sharif, 1994; Kest et al., 2001). To evaluate and

Morris et al., 2010). There are two types of drug dependence: validate a substance’s potential to result in psychological de-
physical dependence and psychological dependence. Physi- pendence, researchers make considerable use of the condi-
cal dependence refers to the state resulting from chronic use tioned place preference test and self-administration test, for
of a drug-to the point of tolerance-in which negative physical investigating the substance’s rewarding effect and reinforcing
symptoms or withdrawal result from abrupt drug discontinua- effect respectively (Mucha et al., 1982; Gorelick et al., 2004).
tion or dosage reduction (Landry et al., 1992). Psychological Quetiapine is an atypical second-generation antipsychotic
dependence refers to a lack of self restraint regarding drug agent that has an approved labeling from the Food and Drug
use. Two important concepts pertain to this phenomenon are Administration in 1997 for the on-label treatment of schizo-
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phrenia and the on-label short-term treatment (as mono-
therapy or adjunct therapy to lithium or valporic acid) of acute
manic episodes associated with bipolar | disorder (Morin,
2007; Sansone and Sansone, 2010). Quetiapine is sometimes
used off-label, often as an augmentation agent, to treat condi-
tions such as obsessive-compulsive disorder, post-traumatic
stress disorder, restless legs syndrome, autism, alcoholism,
depression, and Tourette syndrome. Additionally, physicians
have used it as a sedative for those with sleep disorders or
anxiety disorders (FDA, 2007). Quetiapine is a dibenzothiaz-
epine derivative, and known to be an antagonist of serotonin,
dopamine, histamine, and adrenergic receptors. However the
mode of action has not been clearly elucidated yet. Distinc-
tively, quetiapine’s transient occupancy and rapid dissociation
from postsynaptic dopamine receptors appear sufficient for
antipsychotic action but insufficient to induce extrapyramidal
symptoms or hyperprolactinemia (Kapur et al., 2000; Tauscher
et al., 2004). This is one reason quetiapine is the most fre-
quently-prescribed antipsychotic agent in the United States
of America (USA). Though quetiapine is not a controlled sub-
stance and is not considered addictive, its drug dependence
potential has been described in several case reports (Pinta,
2007). The available misuse/abuse routes were oral, intrana-
sal, or intravenous, and most cases occurred in people with
some history of multi-substance abuse (Pinta, 2007; Morin,
2007). Some are the cases of inmates in jails or prisons
(Pierre et al., 2004; Hussain et al., 2005). However, little or
no scientific evidence revealing its action of mechanism and
dependence or abuse liability, including animal behavioral ex-
periments, presently exists (Sansone and Sansone, 2010).
We therefore performed various animal behavioral experi-
ments, and used molecular biology techniques to elucidate
the abuse liability and the mechanisms of action of quetiapine
in the present study.

MATERIALS AND METHODS

Animals and drugs

Sprague-Dawley rats (180-220 g) and ICR mice (15-20
g) were obtained from Korea Food and Drug Administration
(AAALAC member, Seoul, Korea) and they were housed in
groups, of adequate size, in a temperature-controlled 23 + 2°C
room with a 12 h light/dark cycle (lights on 08:00 to 20:00).
The animals received a solid diet and tap water ad libitum,
and their treatment conformed to the Guide for the Care and
Use of Laboratory Animals (NRC 1996). We performed all ex-
periments between 09:00 and 18:00. Methamphetamine HCI,
cocaine, and quetiapine were obtained from Sigma (St. Louis,
MO, USA).

Apparatus

The climbing behavior test apparatus was a stainless
steel cylinder with many vertical bars, which an experimental
mouse could climb. Its floor diameter was 12 cm, and each
vertical bar’s length was 24 cm. To evaluate jumping behavior
and head twitch responses, a transparent box, sans ceiling,
measuring 30x30%x40 cm was used.

The conditioned place preference test chamber had three
distinct compartments (white, black, and grey) separated by
automatic guillotine doors. To automate data collection, infra-
red photo-beam detectors were added. The overall inside di-
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mensions were 21x21x68 cm, and the unit's base measured
86.4x25.4 cm. The manufacturer provided the mounting holes
for the ENV-013 IR Infrared Sensor Package (Med Associates
Inc., Georgia, VT, USA), which places six photo-beams across
the white and black zones, 1.25 cm from each end wall, with
5 cm intervals between the beams. The choice compartments
were 28 cm long. One choice compartment was all black, with
a stainless steel grid rod floor consisting of 4.8 mm rods on
16 mm centers. The other compartment was all white, with a
1.25%1.25 cm stainless steel mesh floor.

The self-administration test chamber was purchased from
Med Associates Inc. (Georgia, VT, USA) and measured 29x%
21x24 cm. The chambers contained two levers, an active le-
ver to deliver a drug dose, via the jugular vein, through a con-
nected catheter and an inactive lever, not connected to the
experimental animal. Infusion pumps were placed outside the
chamber and connected to a 10 ml syringe. We connected
the chamber to a computer, to record test data and control the
experimental processes.

Methods

Climbing behavior test: One group of mice was admin-
istered with the negative control (saline, 1 mg/kg, i.p.) or one
of the three doses of quetiapine (5, 7, or 10 mg/kg, i.p.) for 40
to 90 min, respectively. Then for 1 min, their climbing dura-
tion was checked, using a stopwatch. The other group of mice
was pre-treated with the negative control (saline, 1 mg/kg, i.p.)
or one of the three doses of quetiapine (5, 7, or 10 mg/kg,
i.p.) for 40 to 90 min before the test. Then just before testing,
apomorphine (2 mg/kg, i.p.) was administered to each subject
and timed their climbing duration as above. The tests were
repeated three times, with a time-out period of 10 min.

Jumping test: One group of mice was administered the
negative control (saline, 1 mg/kg, i.p.), or one of the three
doses of quetiapine (5, 7, or 10 mg/kg, i.p.) for 40 to 90 min
and followed by naloxone (10 mg/kg, i.p.). Then for 15 min,
the jumping numbers of the animals were counted. The other
group of mice was pre-treated with the negative control (sa-
line, 1 mg/kg, i.p.) or one of the three doses of quetiapine (5,
7, or 10 mg/kg, i.p.) for 40 to 90 min before the test. Next,
morphine (150 mg/kg, s.c.) was administered and followed by
naloxone administration (10 mg/kg, i.p.) 4 h after the morphine
treatment. The jumping number was counted for 15 min. The
experiment was repeated three times.

Head twitch response: One group of mice was adminis-
tered with the negative control (saline, 1 mg/kg, i.c.v.) and one
of the three doses of quetiapine (5, 7, or 10 mg/kg, i.c.v.) for
40 to 90 min before the test, and the numbers of their head
twitches were counted for 2 min. The other group of mice was
pre-treated with the negative control (saline, 1 mg/kg, i.p.)
and one of the three doses of quetiapine (5, 7, and 10 mg/
kg, i.p.) for 40 to 90 min before the test. Then 5-HT (3-4 mg/
kg, i.p.) was administered and the numbers of head twitches
were counted for 2 min. The test was repeated three times, at
10 min intervals.

Conditioned place preference test: Before starting the
experiment, the mice were acclimated to the experimental ap-
paratus and handled for 6 days. The procedure was similar to
that described previously (Bozarth, 1987; Narita et al., 2004).

Each experiment consisted of three phases, as follows.

Pre-conditioning: For 2 days (days 1 and 2) the rats were
allowed free access to both compartments of the apparatus for



15 min (900 s) each day. On day 2, the time spent by the mice
in each compartment was recorded and served as a baseline.
The mice showed preference for the black compartment was
selected for further experiments and divided into two groups.

Conditioning: Conditioning was conducted for 8 days (days
3 to 10), for one session per day. On day 3, one group of the
selected mice was treated with drugs (methamphetamine, 1
mg/kg, i.p., one of the three doses of quetiapine, 0.1, 0.5, and
1 mg/kg, i.p.), and placed in the non-preferred compartment
(white) for 30 min. The other group of mice was treated with
saline, and placed in the preferred compartment (black) for
30 min. The groups were switched everyday and the same
procedure was conducted.

Post-conditioning: On day 11, the mice were allowed to ac-
cess freely both compartments of the apparatus for 15 min
(900 s). The time spent by the mice in each compartment was
recorded, with these values serving as a test line.

Self-administration test: Surgical procedures were as fol-
lows. The rats were anesthetized with pentobarbital sodium
(Entobar®, Hanlim pharmaceuticals). The surgical procedures
adhered to aseptic conditions described previously (Weeks,
1972; Mucha et al., 1982). Briefly, a catheter was inserted into
each rat’s right jugular vein. The catheter exited on the rat's
shoulder. The rats received heparin everyday of the experi-
mental periods. After surgery, each rat recovered for at least
14 days in a controlled cage, receiving a solid diet and tap
water ad libitum.

The testing procedures were as follows. The rats could
self-administer with one of the three doses of quetiapine (0.3,
0.7, and 1.5 mg/kg/0.1 ml per infusion), and a negative con-
trol substance (saline, 0.1 ml per infusion) for 6 s followed by
20 s of time-out, during daily 2 h sessions on a fixed-ratio 1
(FR1) reinforcement schedule. With this schedule, when a rat
presses the active lever, it receives a certain drug dose (0.1
ml) injected into the jugular vein through the catheter. The self-
administration chamber contains two levers linked to a com-
puter program which records the experimental data. The test
was carried out for more than 7 days.

PCR and western blotting: The brain samples for the PCR
analysis and western blotting were obtained from striatum part
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Fig. 1. Climbing behaviors were measured after injection of apomor-
phine to each subject (2 mg/kg, s.c.). The pre-treatments were que-
tiapine (A (5 mg/kg), B (7 mg/kg) or C (10 mg/kg), i.p.), administered
before the apomorphine treatment (after apomorphine treatment:
control', A’ (5 mg/kg), B’ (7 mg/kg), C’ (10 mg/kg), i.p.). Data are ex-
pressed as mean * S.E. (n=15).
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of the rats administered negative control (saline), positive con-
trol (methamphetamine) and three different doses of quetiap-
ine (5, 7, 10 mg/kg) for 8 days. Two genes [tyrosine hydroxy-
lase (TH) and serotonin transporter (Slc6a4)] were detected
using PCR technique, and the same proteins were detected
using western blotting technique. GAPDH was used as con-
trol. Antibodies were purchased from Chemicon International
(Bilerica, MA, USA).

Statistics: The data are expressed as the mean + S.E. The
climbing, jumping, and head twitch data were analyzed via
paired t-tests. Likewise, paired t-tests were used to analyze
the CPP and self-administration data (p<0.05).

RESULTS

Climbing behavior test and jumping test

We measured climbing behavior in experimental mice with
or without pre-treatment of the negative control (saline, 1 mg/
kg, i.p.) or quetiapine (5, 7, or 10 mg/kg, i.p.) to figure out
whether quetiapine affects dopaminergic system. In the group
without apomorphine treatment, there were no differences
between the saline treated group and the quetiapine treated
groups, regardless of drug concentration. In the apomorphine-
treated group, on the other hand, the quetiapine treated group
tended to spend less time for climbing as compared to the
saline treated group. However, the difference between these
two groups was not statistically significant (Fig. 1). In the jump-
ing test, we administered the negative control (saline, 1 mg/
kg, i.p.) or one of the three doses of quetiapine (5, 7, or 10
mg/kg, i.p.) prior to administrating morphine. The mice re-
ceived morphine (150 mg/kg, s.c.) 4 h before naloxone (10
mg/kg, i.p.) administration. As shown in Fig. 2, no mice in the
saline or quetiapine treated groups jumped without morphine
administration. Though animals in the two quetiapine treated
groups (the 5 and 10 mg/kg dosages) which were treated with
morphine showed a tendency of decreasing number of jumps
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Fig. 2. Quetiapine (A) 5 mg/kg, (B) 7 mg/kg or (C) 10 mg/kg, i.p.
was administered prior to morphine administration. Morphine (150
mg/kg, s.c.) was administered 4 h prior to naloxone administration
(after morphine treatment: control’, A’ (5 mg/kg), B’ (7 mg/kg), C’ (10
mg/kg), i.p.). The jumping score in groups (n=15) was measured
for 15 min immediately after the injection of naloxone (10 mg/kg,
i.p.). Each value is the mean £ S.E.

www.biomolther.org



Biomol Ther 21(4),307-312 (2013)

compared with the corresponding saline treated animals but it
was not statistically significant.

Head twitch response

Head twitch response was observed for evaluation of que-
tiapine’s serotonergic effect. One of the three doses of que-
tiapine (5, 7, or 10 mg/kg, i.p.) was treated prior to admin-
istering the serotonin (5-HT, 3-4 mg/kg, i.c.v.). We counted
responses in each of the groups three times, for 2 min each
time, with 10 min intervals. As shown in Fig. 3, no mice in
either the negative control (saline-treated) group or the que-
tiapine treated groups showed a head twitch response in the
absence of serotonin. On the other hand, Fig. 3 also shows
that, with serotonin, two quetiapine-treated groups (5 and 7
mg/kg dosages) showed increased head twitch responses as
compared to the saline treated group and the differences were
statistically significant.

Conditioned place preference

Possibilities of psychological dependency or abuse liability
were evaluated through the two known methods: conditioned
place preference and self-administration. Considering the ove-
rall results, the animal’s place preference clearly changed in
every group during the 8 day-conditioning period. In contrast
with the mice treated with saline, the entire group treated with
drugs (quetiapine and methamphetamine) spent more time
in the undesirable room after the conditioning period. When
compared the differences between the negative control and
drug-treated groups, the animals received quetiapine showed
a dose-dependent place preference pattern. However, the
differences were not statistically significant. Moreover, the
positive control group (methamphetamine, 1 mg/kg) showed
a markedly increased place preference, spending more than
200 s longer in the undesirable compartment compared to the
negative control (saline) group. Fig. 4 shows these results.

Self-administration

The self-administration test was maintained on a fixed-ratio
(FR) 1 schedule for more than 7 days, and the responses on
the active lever were checked on a daily basis. The negative
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Fig. 3. Quetiapine (A) 5 mg/kg, (B) 7 mg/kg or (C) 10 mg/kg, i.p. was
injected prior to serotonin (5-HT, 3-4 mg/kg, i.c.v.) administration (after
serotonin treatment: control’, A’ (5 mg/kg), B’ (7 mg/kg), C’ (10 mg/kg),
i.p.). The score of response in groups (n=15) was measured for 2 min,
3 times, 10 min of interval. Each value is the mean + S.E. *p<0.05,
compared with saline treated group.
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control (saline-treated) group did not show active responses.
Interestingly, the experimental rats in all the three groups of
quetiapine treatment showed increased self-administration
and statistically significant active responses compared with
that of the negative control (saline-treated) group. The self-
administration test result is depicted in Fig. 5.

PCR and western blotting

To verify quetiapine’s effects on dopaminergic and seroto-
nergic system, the expression levels of tyrosine hydroxylase
(TH) and serotonin transporter (Slc6a4) were analyzed by
PCR and western blotting. Both gene and protein expres-
sion were decreased in dose dependent manner in nucleus
accumbens by quetiapine treatment as well as methamphet-
amine treatment. The PCR and western blotting results are
shown in Fig. 6.

DISCUSSION

Quetiapine is frequently prescribed in various psychological
conditions including schizophrenia, manic episodes associat-
ed with bipolar | disorder, obsessive-compulsive disorder, post
traumatic stress disorder and so forth. However, little has been
known about its abuse liability and receptors that it is binding
yet. In the present study, we performed various animal behav-
ioral experiments to demonstrate quetiapine’s mode of action
and potential for inducing physical or psychological depen-
dence. Climbing behavior and head twitch experiments were
performed as pre-evaluating experiments to see if quetiapine
has effects on dopaminergic and serotonergic system, respec-
tively. In climbing behavior experiment, no significant change
was observed. This suggests that quetiapine has low binding
affinity to dopamine receptor, otherwise it dissociates easily
from dopamine receptors (Sumegi, 2008; Erdogan, 2010). Ac-
cording to our experiments on the gene and protein expression
of tyrosine hydroxylase, it turned out obvious that quetiapine
affects dopaminergic system in the brain. In the mean time, a
confident decrease of head twitch response was observed in
the quetiapine treated group (5 and 7 mg/kg), which recon-
firmed the effect of quetiapine on serotonergic system, and
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Fig. 4. These mice were preconditioned for 2 days without drug treat-
ment. Then quetiapine quetiapine (A) 0.1 mg/kg, (B) 0.5 mg/kg or (C)
1.0 mg/kg), i.p., saline ((-) control, 1 ml, i.p.) and methamphetamine ((+)
control, 1 mg/kg, i.p.) were administered to the mice once a day for 8
days. Place preference was measured on the next day after the con-
ditioning period. Data are expressed as mean + S.E. (n=10). *p<0.05,
compared with saline treated group.
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Fig. 5. The animals were administered quetiapine (at 0.3, 0.7 or 1.5
mg/kg/0.1 ml per infusion) for 6 s followed by a 20 s time-out period in
the way of self-administration. Lever responses were performed ev-
eryday for more than 7 days. Data are expressed as mean + S.E. (n=6
or 8), and t-test was used for statistical analysis (*p<0.05 as compared
with the saline treated group).

this is coincident with our results of PCR and western blotting.
These results were well concurred with previous reports that
quetiapine enhances central serotonergic neurotransmission
through its high affinity for serotonergic receptors especially
for 5-HT,, (Goldstein, 1999; Pae et al., 2010).

The jumping behavior test was conducted to check if there
is any physical dependence potential of quetiapine. In our
result, there was a tendency for decrease in the number of
jumping in the two doses of quetiapine treated animals (5 and
10 mg/kg) with morphine, compared with saline treated ani-
mals. Studies have commonly noted that withdrawal jumping
behavior is the most reliable and generally useful for measur-
ing physical dependence in rodents, especially with regard to
opioids (Way et al., 1969; Saelens et al., 1971; Smits, 1975;
Ritzmann, 1981; El-Kadi and Sharif, 1994; Kest et al., 2001).
However, there is a report that has indicated that different neu-
ral substrates may contribute to the various signs and symp-
toms of withdrawal syndrome (Koob et al., 1992). Therefore,
additional research will be needed to confirm quetiapine’s ten-
dency to cause physical dependence.

To evaluate quetiapine’s psychological dependence poten-
tial, the conditioned place preference test and self-adminis-
tration test were performed. For the conditioned place prefer-
ence test, the mice that stayed longer in the black chamber
during the preconditioning test were selected. Though statisti-
cally meaningful data were not obtained, dose-dependent in-
creases in place preference were observed in the quetiapine
administered group. Moreover, in the self-administration test,
significant increases of self-administration were observed in
all groups of quetiapine treated rats. In this experiment, the
experimental rats in all the three groups of quetiapine acquired
self-administration and demonstrated statistically significant
active responses compared with that of the negative control
(saline-treated) group. Based on these results, it seems clear
that quetiapine has potentials for causing psychological de-
pendence in animals.

Concerning quetiapine’s dependency potential and/or
abuse liability, several studies have focused on the drug’s
clinical benefits in patients with mood disorders, anxiety dis-
orders, aggression, etc. (Adityanjee and Schulz, 2002; Brown
et al., 2002; Weisnam, 2003; Monnelly et al., 2004; Sattar et

Chaetal. Dependence Potential of Quetiapine

TH T T T TH e S | 60 kD
GAPDH EEEEEE  GAPDH [~ — — —]«37 kD
(-)(*)A B C (-)*)A B C
15 15
(0] [0}
2 o
€10 £ 1.0
< <
o o
% 0.5 % 0.5
w w
0 0
-+ ABC -+ ABC
TH TH
Sictad El | SoO" — . 64 kD
GAPDH ek  GAPDH s « 37 kD
(-)(*)A B C (-)(*)A B C
1.5 1.5
Q [0}
© >
£1.0 £ 1.0
Ny Ny
o o
% 0.5 % 0.5
L w
0 0
-+ ABC -+ ABZC
Slc6a4 SERT

Fig. 6. Quetiapine (A) 5 mg/kg, (B) 7 mg/kg or (C) 10 mg/kg, i.p.,
negative control ((-), saline 1 ml, i.p.) and positive control ((+), meth-
amphetamine 1 mg/kg, i.p.) were treated to rats for 8 days, and the
striatum part of the brain was collected. Two genes and proteins
(Tyrosine hydroxylase (TH), serotonin transporter (Sic6a4)) were de-
tected using PCR and western blotting techniques. GAPDH was used
as control. Quantitative measures were calculated from the density of
each area using Image J program (NIH, USA).

al., 2004; Pinkofsky et al., 2005). The antihistaminergic, an-
tidopaminergic and antiadrenergic properties of quetiapine
most likely explain its calming and sedating effects (Arango
and Bobes, 2004; Cohrs et al., 2004). It seems that quetiap-
ine’s property of rapid dissociation from dopamine receptors
plays a role in its abuse potential but not in either euphoria or
the dysphoria enhancement associated with drug withdrawal
(Morin, 2007; Sumegi, 2008; Erdogan, 2010).

Drug abuse generally exerts its addictive properties via the
release of dopamine in the reward pathway of limbic system.
Furthermore, stimulation of both the dopaminergic and sero-
tonergic system is implicated in substance abuse. Taken to-
gether the results from conditioned place preference and self-
administration tests, we conclude that quetiapine might have
a potential to induce dependence. This suggests that it would
be worthwhile monitoring usage of quetiapine with precaution
to prevent possible drug abuse in the future.
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