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Abstract

Objective: To assess the effectiveness of pre-treatment with aripiprazole and quetiapine to
prevent acute cocaine toxicity in a mouse model of cocaine toxicity.

Methods: This experimental study included three groups (n =25 per group) of mice that were
intraperitoneally injected with normal saline solution, 10 mg/kg quetiapine or 10 mg/kg aripipra-
zole 15 min before 105 mg/kg cocaine hydrochloride. When the cocaine administration was
completed, researchers blinded to the study groups observed the mice in terms of seizures
and death for a further 30 min.

Results: In the cocaine + quetiapine group, the mean + SE time to the first seizure was 10.80
4+2.27 min and seizure activity was detected in 18 mice (72%) by the end of the 30 min. In
the cocaine + aripiprazole group, the mean = SE time to the first seizure was 18.10 £ 1.94 min
and seizure activity was detected in 15 mice (60%) by the end of the 30 min. When compared
with the control group, there was a significant difference between the cocaine + quetiapine and
cocaine + aripiprazole groups in terms of seizure activity. Survival time was increased in the
cocaine + aripiprazole group compared with the control and cocaine + quetiapine groups.
Conclusion: Quetiapine and aripiprazole pre-treatment reduced seizure activity and delayed the
onset of seizures compared with the control group.
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Introduction

Cocaine is responsible for 505 224 visits to
emergency departments in the United
States.! In addition to being the cause of
acute and chronic toxicity, cocaine is also
one of the most common causes of drug-
related deaths.? In the United Kingdom in
2010-2011, 2047 people received inpatient
treatment due to cocaine poisoning.’
According to the US National Institute on
Drug Abuse, approximately 7000 deaths
due to cocaine overdose occurred in the
US in 2015.7

Cocaine leads to repetitive activation of
postsynaptic alpha-beta adrenergic, seroto-
nergic, and dopaminergic neurons by inhib-
iting the carrier protein responsible for
epinephrine, norepinephrine, serotonin
and dopamine re-uptake into presynaptic
neurons.* At toxic doses of cocaine, the
motor centres in the medulla spinalis are
stimulated and the seizure threshold falls,
leading to tonic—clonic seizures.® Seizures
linked with cocaine have been associated
with morbidity and mortality in cocaine
toxicity.® Seizures and status epilepticus
are among the neurological complications
of cocaine overdose in human beings.’
Research has suggested that serotonin is
significantly involved in the formation of
cocaine-induced convulsions.®

The new generation of atypical antipsy-
chotic drugs have recently been used for the
emergency treatment of acute psychosis.’
Aripiprazole and quetiapine, new genera-
tion antipsychotic agents, have antagonist
effects on dopaminergic receptors as
well as on serotonergic receptors.'®!!

The clinical effect of dopamine and seroto-
nergic system antagonism, which is effective
in acute cocaine toxicity, is not fully under-
stood. Antipsychotic treatment has been
shown to reduce the risk of death by 27%
compared with placebo in animal models.°®

This study aimed to determine the effica-
cy of aripiprazole and quetiapine, which to
the best of our knowledge have not previ-
ously been studied, to prevent seizures and
deaths in mice due to cocaine intoxication.

Materials and methods

Study design

This experimental study was undertaken in
the Pamukkale University Experimental
Surgical Application and Research Centre
Laboratory, Pamukkale University of
Medical Sciences, Denizli, Turkey in
October 2017. In order to reduce the
impact of circadian rhythms on the thresh-
old for convulsions, all experiments
were performed during 14:00-18:00.
Experimental protocols followed the
Guidelines of the US National Institutes
of Health with regard to the care and use
of animals for research purposes, the
European Communities Council Directive
of 24 November 1986 (86/609/EEC) and
the Animal Ethics Committee of
Pamukkale University Faculty of Medicine
(no. PAUHDEK-2015/15).

Seventy-five male, 12-week old Balb/c
mice weighing 35-40 g were obtained from
Pamukkale University Experimental
Surgical Application and Research Centre
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(Denizli, Turkey). The mice were housed in
separate cages, maintained at 21°C under a
12-h light/12-h dark cycle with free access
to water and pelleted food. The mice were
randomly divided into three groups (quetia-
pine, aripiprazole and saline control; n =25
per group) according to a computer-
generated randomization schedule. The
researcher (A.Y.) carried out the investiga-
tion without knowing the treatment groups
throughout the entire study.

Study groups and interventions

The three groups of mice were pre-treated as
follows: (i) group 1, 0.5 ml 0.9% saline (con-
trol); (ii) group 2, 10 mg/kg quetiapine
(Astra Zeneca Pharmaceuticals,
Wilmington, DE, USA); and (iii) group 3,
10 mg/kg aripiprazole (Otsuka
Pharmaceutical ~ Laboratories  Europe,
London, UK). The doses of quetiapine and
aripiprazole used in the current study were
in line with the drug doses used in previous
studies.'> ! Drugs in all study groups were
administered as a pre-treatment before the
cocaine treatment. All groups were adminis-
tered 105 mg/kg cocaine hydrochloride
(HCI) via an intraperitoneal injection (dose
was 70% of the lethal dose) 15 min after the
pre-treatment drug  administration.'®'’
Cocaine HCI was obtained from Lipomed
Laboratories (Arlesheim, Switzerland).

Drug administration and procedures

All of the injections were administered
intraperitoneally using a 25G syringe.
Intraperitoneal administration was chosen
because it is the standard method in
rodent cocaine toxicity models.'® Cocaine
HCI was diluted with sterile distilled water
to obtain a 6.3 mg/dl cocaine HCI solution.
Aripiprazole was diluted with dimethyl sulf-
oxide to obtain a 10mg/kg aripiprazole
solution.'> Quetiapine was diluted with
0.9% saline to obtain a 10 mg/kg quetiapine

solution. The mice were injected with all of
the aforementioned drugs intraperitoneally
15 min before the administration of
105 mg/kg cocaine HCL.

Main outcome measures

The mice were placed in separate observa-
tion cages from the beginning of the study.
The preliminary findings in this study were
seizure activity and lethality. Seizures were
defined as convulsions whose indications
included righting reflex, tonic—clonic activi-
ty or popcorn jumping.'® Lethality was
characterized by the emergence of agonal
respiration, seizures enduring over 8.5 min
or failure to ambulate until 30 min follow-
ing the cocaine administration.'"” The
lethality and seizures were assessed in an
observational way. The changes in mice
during the 30-min observation period were
recorded on observational scales previously
prepared for each group separately.

The secondary findings were observed at
the end of this study when the ratio of sei-
zure frequency and the time until the first
seizure were determined. All findings were
logged by blinded researchers (A.Y., R.S.
and A.S.) who monitored the mice over
30min. All of the mice in the study were
sacrificed when the experiment came to an
end at the 30th min.

Statistical analyses

In light of previous research,?® a power cal-
culation estimated that 80% power could
be obtained at a 95% confidence level if at
least 23 mice were included in each group,
assuming that the effect size would be
obtained from the study (w=0.4).

All statistical analyses were performed
using the SPSS® statistical package, version
17.0 (SPSS Inc., Chicago, IL, USA) for
Windows®. The Kaplan—-Meier model was
used to undertake the survival analysis. y>-
test and Fisher’s Exact test were used to
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compare qualitative data. Log-Rank test
was used for analysing times to first seizure
and death. P-values < 0.05 were considered
significant in the Log-Rank test. The
Bonferroni correction was used in the
Log-Rank test for post-hoc comparisons
when the Log-rank test was found to be
significant. P-values < 0.017 were consid-
ered significant in the Bonferroni correc-
tion. For all other tests, a P-value <0.05
was considered statistically significant.

Results

The seizure and mortality rates in the three
study groups are presented in Table 1.
Significant sedation was initially observed
in the two drug groups (quetiapine and

aripiprazole) after intraperitoneal injection.
There was a significant difference between
the cocaine 4+ quetiapine and cocaine +
aripiprazole groups compared with the con-
trol group in terms of seizure activity
(P<0.001 for both comparisons). There
was no significant difference between
the cocaine 4+ quetiapine and cocaine +
aripiprazole groups compared with the con-
trol group in terms of mortality rates.
When the control group was assessed for
seizure activity, the mean & SE time to first
seizure was 2.48+0.21min (95% confi-
dence interval [CI], 2.05, 2.90) (Table 2)
and seizures were was detected in all
25 mice (100%) in this group by the end
of 4min. In the cocaine+ quetiapine
group, the mean £+ SE time to first seizure

Table 1. Seizure and mortality rates triggered by cocaine in a mouse model of cocaine toxicity.

Study groups
Cocaine + Cocaine + Cocaine + Statistical
Variable saline quetiapine aripiprazole® Total significance®
Seizure 25 (100) 18 (72.0) 15 (60.0) 58 (77.3) P <0.001
Death 18 (72.0) 19 (76.0) 19 (76.0) 56 (74.7) NS
Data presented as n of mice (%).
P <0.001 for cocaine + aripiprazole versus cocaine + quetiapine; Fisher’s Exact test.
®y2-test; NS, no significant between-group difference (P> 0.05).
Table 2. Seizure and mortality times triggered by cocaine in a mouse model of
cocaine toxicity.
95% confidence Statistical
Study group Time, min interval significance
Seizure time
Cocaine + saline 248 +0.21 2.05, 2.90
Cocaine + quetiapine 10.80 +£2.27 6.35, 15.25 P<o0.017*
Cocaine + aripiprazole 18.10+1.98 14.30, 21.90 P<o0.017°
Mortality time
Cocaine + saline 14204 1.99 10.28, 18.11
Cocaine + quetiapine 12.60 +2.00 8.67, 16.52
Cocaine + aripiprazole 20.20 £ 1.33 17.59, 22.80 NSs®

Data presented as mean + SE.
Log-Rank test with Bonferroni correction.

PLog-Rank test; NS, no significant between-group difference (P> 0.05).
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was 10.80 £2.27 min (95% CI, 6.35, 15.25)
and seizures were detected in 18 mice (72%)
by the end of 30 min. In the cocaine +
aripiprazole group, the mean &+ SE time to
seizure was 18.10+1.94 min (95% CI,
14.30, 21.90) and seizures were detected in
15 mice (60%) by the end of 30 min. There
was a significant difference between
the cocaine + quetiapine and cocaine +
aripiprazole groups when the time to first
seizure for these two groups were compared
with the control group (cocaine + saline)
(P<0.017 for  both  comparisons)
(Figure 1). There was also a significant dif-
ference between cocaine + quetiapine and
cocaine + aripiprazole groups when these
groups were compared in terms of time to
first seizure (P < 0.017).

When the control group was evaluated
for death, the mean+SE time to death
was 14.20+1.99 min (95% CI, 10.28,
18.11) (Table 2) and death occurred in
18 mice (72%) by the end of 30 min
(Figure 2). In the cocaine+ quetiapine
group, the mean=+SE time to death was

12.60+2.00 min (95% CI, 8.67, 16.52)
and death occurred in 19 mice (76%) by
the end of 30 min. In the cocaine+
aripiprazole group, the mean + SE time to
death was 20.20 £ 1.33 min (95% CI, 17.59,
22.80) and death occurred in 19 mice (76%)
by the end of 30 min. Although there was
no significant difference between the three
the groups in terms of the time to death, the
cocaine + aripiprazole group had a longer
survival time to death compared with the
other two groups based on the Kaplan—
Meier survival curve analysis (Figure 2).

Discussion

This current study demonstrated that que-
tiapine and aripiprazole pre-treatment
reduced the seizure activity and prolonged
the time to first seizure compared with the
control group in an animal model of acute
cocaine toxicity. In addition, the current
study also found that the mortality rate
was not significantly different between the
three groups, but the time to death was
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Figure |. Kaplan—Meier survival curve analyses for time to seizure triggered by cocaine in a mouse model
of cocaine toxicity. The colour version of this figure is available at: http://imr.sagepub.com.
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Figure 2. Kaplan—Meier survival curve analyses for time to death triggered by cocaine in a mouse model of
cocaine toxicity. The colour version of this figure is available at: http://imr.sagepub.com.

increased in the cocaine + aripiprazole
group. To the best of our knowledge, this
is the first study of the effects of quetiapine
and aripiprazole pre-treatment on acute
cocaine toxicity in a mouse model.
A review of the published literature shows
that benzodiazepines and GABAergic drugs

have been studied previously in an
acute cocaine intoxication model.%"
Ziprasidone, an atypical antipsychotic

agent, has been used as a pre-treatment in
several studies evaluating cocaine-induced
seizures and death.'®'® A review of the
published literature did not identify any
cocaine toxicity studies that investigated
the new generation antipsychotic agents
except ziprasidone; and none appear to
have investigated quetiapine and aripipra-
zole in cocaine toxicity.

The seizures caused by cocaine have been
associated with the induction of dopamine-1
(D1) receptors, so cocaine-related mortality
can be minimized through DI receptor

antagonists.”! First-generation antipsychotic
drugs are known to lower the seizure thresh-
old.**?* Regarding the new generation anti-
psychotics, the issue of whether they are
safer than first-generation antipsychotics in
terms of seizure induction is unclear because
of the severe lack of data.***® There has
been research into the effect of quetiapine
on seizures, but this focussed on seizures
seen in a patient receiving stable doses of
long-term quetiapine.?” It has been estab-
lished that 0.1% of schizophrenia and
0.3% of bipolar manic patients treated
with aripiprazole had undergone seiz-
ures.”®* Electroencephalogram abnormali-
ties have been reported to occur with both
typical and atypical antipsychotic use.*°
Another study reported that second-
generation antipsychotic drugs have a
higher risk of seizure activity than first-
generation antipsychotics.>* Ziprasidone, a
new generation antipsychotic drug, was not
effective in preventing seizures in an animal
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model of acute cocaine toxicity, but it was
stated that ziprasidone would be effective in
preventing seizures at the lower doses of
cocaine.'®' Diazepam and Albu-CocH1
protein inhibited cocaine-induced seizures
in a rats model of cocaine toxicity.>'

In this current study, 77.3% of all of the
study animals had a seizure in response to
cocaine treatment. Quetiapine and aripipra-
zole pre-treatment not only significantly
reduced the incidence of seizures but also
significantly prolonged the time to onset
of the first seizure compared with the con-
trol group. The current study also found a
significant difference in the time to the first
seizure between the cocaine 4 quetiapine
and cocaine + aripiprazole groups.
Aripiprazole, unlike other atypical antipsy-
chotics, is a D2 and serotonin (SHT) 1A
receptor partial agonist.’**? Like other
atypical antipsychotics, aripiprazole is a
high affinity antagonist at SHT2A receptors
and a moderate affinity antagonist at hista-
mine and o-adrenergic receptors.®>® In con-
trast, quetiapine is a multiple receptor
antagonist with low D2 receptor affinity
and high 5SHT2A, 5SHTIA, o-1 and -2
adrenergic and histamine HI recep-
tor affinities.>*

Cocaine accelerates the activity of mono-
amine neurotransmitters by  blocking
dopamine, norepinephrine and serotonin
re-uptake pumps in the central and periph-
eral nervous system,> through which car-
diovascular complications, seizures and
deaths occur. Drugs that are antagonists
for dopaminergic, serotonergic and musca-
rinic cholinergic receptors have the poten-
tial to reduce cocaine-related toxicity.>!
Considering these various neurotransmitter
interactions, the current study postulated
that the differences in the duration of sei-
zure prevention and the rate of seizures
between the cocaine + aripiprazole and
cocaine + quetiapine groups were probably
due to differences in D2 and SHT1-A recep-
tor affinities.

In this current study, quetiapine and ari-
piprazole did not significantly reduce mor-
tality due to cocaine toxicity. In addition,
the time to death was not significantly dif-
ferent when the cocaine 4 aripiprazole
group was compared with the cocaine +
quetiapine and control groups, but the
cocaine + aripiprazole group had a longer
survival time to death according to the
Kaplan—Meier survival analysis. Cocaine
boosts dopamine release in many regions
of the brain, and SCH 23390, a selective
D1 dopamine receptor antagonist, reduces
mortality in acute cocaine intoxication.*®
However, haloperidol, a widely used dopa-
mine antagonist, is considered ineffective in
reducing  cocaine-induced  mortality.?’
However, these studies may fall short of
providing insightful results into the cocaine
intoxication phenomenon. Haloperidol has
been reported to produce little effect on
serotonin receptors and has been proven
to be ineffective for cocaine poisoning.>*
In contrast, aripiprazole is a drug that has
a high degree of antagonism for SHT-2
serotonin and dopamine receptors, which
is a possible explanation for why it prolongs
the time to death in acute cocaine toxicity
as observed in this current animal study.

Ziprasidone, which is an antagonist at
the SHT-2 receptor, has been shown to
reduce cocaine-induced mortality.'® The
doses of aripiprazole and quetiapine used
in this current might not have been suffi-
cient to reduce the death rate of the
cocaine-treated mice. Furthermore, in
cocaine toxicity, death is not only caused
by central nervous system effects but also
by cardiovascular system effects.®® Since
the effects on the cardiovascular system
were not assessed in this current study, the
number of seizure-independent deaths
remains unknown, which may have caused
the incidence of death to remain unchanged
between the three groups. More promising
drugs, such as cocaine hydrolases, have
been used for cocaine-induced mortality
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and they have been shown to be effective
in rats.*!

This current study had several limita-
tions. First, it was undertaken as a
pre-treatment study because this is the
appropriate method to use when the average
time of death of the mice in response to
cocaine toxicity is taken into account.
However, this is not how people who are
admitted to the emergency department with
cocaine toxicity would be treated. Secondly,
the study used an animal model of cocaine
toxicity, which may not be applicable to
humans. Thirdly, the study did not measure
the effects of cocaine, quetiapine and aripi-
prazole on dependent variables, such as
heart rate, blood pressure, body tempera-
ture, cardiac rhythm and electroencephalog-
raphy. Similarly, non-convulsant seizures
and cardiac-induced deaths in response to
cocaine toxicity were not measured.

In conclusion, an acute cocaine toxicity
model in mice showed that pre-treatment
with quetiapine and aripiprazole reduced
the incidence of seizures and prolonged the
time to first seizure. The time to death was
prolonged in the group pre-treated with ari-
piprazole, but neither of the drugs protected
the mice from cocaine-induced death. These
findings support previous findings that sero-
tonin and dopamine are contributing to the
toxic effects of cocaine. More studies on the
protective effects of atypical antipsychotics
and new promising drugs such as cocaine
hydrolases in cocaine toxicity are required.
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