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The Effects of the Adenosine Receptor Antagonists on the Reverse
of Cardiovascular Toxic Effects Induced by Citalopram /n-Vivo Rat
Model of Poisoning

Miijgan Biiylikdeligoz, Nil Hocaoglu, Kubilay Oransay, Yesim Tungok, Sule Kalkan

Department of Medical Pharmacology, Dokuz Eyliil University Faculty of Medicine, izmir, Turkey

Background: Citalopram is a selective serotonin re-
uptake inhibitor that requires routine cardiac monitor-
ing to prevent a toxic dose. Prolongation of the QT
interval has been observed in acute citalopram poison-
ing. Our previous experimental study showed that cita-
lopram may be lead to QT prolongation by stimulating
adenosine A1 receptors without affecting the release of
adenosine.

Aims: We examined the effects of adenosine receptor
antagonists in reversing the cardiovascular toxic effects
induced by citalopram in rats.

Study Design: Animal experimentation.

Methods: Rats were divided into three groups ran-
domly (n=7 for each group). Sodium cromoglycate (20
mg/kg) was administered to all rats to inhibit adenosine
A3 receptor mast cell activation. Citalopram toxicity
was achieved by citalopram infusion (4 mg/kg/min) for
20 minutes. After citalopram infusion, in the control
group (Group 1), rats were given an infusion of dex-
trose solution for 60 minutes. In treatment groups, the
selective adenosine Al antagonist DPCPX (Group 2,
8-cyclopentyl-1,3-dipropylxanthine, 20 pug/kg/min) or
the selective A2a antagonist CSC (Group 3, 8-(3-chlo-
rostyryl)caffeine, 24 pg/kg/min) was infused for 60

minutes. Mean arterial pressure (MAP), heart rate
(HR), QRS duration and QT interval measurements
were followed during the experiment period. Statisti-
cal analysis was performed by ANOVA followed by
Tukey’s multiple comparison tests.

Results: Citalopram infusion reduced MAP and HR
and prolonged the QT interval. It did not cause any
significant difference in QRS duration in any group.
When compared to the control group, DPCPX after
citalopram infusion shortened the prolongation of the
QT interval after 40, 50 and 60 minutes (p<0.01). DP-
CPX infusion shortened the prolongation of the QT
interval at 60 minutes compared with the CSC group
(p<0.05). CSC infusion shortened the prolongation of
the QT at 60 minutes compared with the control group
(p<0.05).

Conclusion: DPCPX improved QT interval prolon-
gation in citalopram toxicity. The results of this study
show that mechanism of cardiovascular toxicity in-
duced by citalopram may be related adenosine Al re-
ceptor stimulation. Adenosine Al receptor antagonists
may be used for the treatment of citalopram toxicity.
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The citalopram, a selective serotonin re-uptake inhibitor
(SSRI) is widely prescribed for the treatment of depression,
obsessive-compulsive disorder or panic disorder (1). SSRIs
are the second most common cause of antidepressant poison-
ings. Citalopram is the only SSRI that needs routine cardiac
monitoring to prevent overdose when compared other SSRIs
like fluoxetine, fluvoxamine, paroxetine and sertraline. Elec-
trocardiagraphic abnormalities, especially prolongation of the
QT interval, have been observed in overdose or following
treatment with citalopram (2-8).

Adenosine is an endogenous nucleoside that has well-
known negative inotropic, chronotropic and dromotropic ef-
fects via the stimulation of adenosine A receptors (9-11). The
vasodilator effect is mediated by stimulation of the adenosine
A, receptor (12,13).

In an experimental study, Pousti et al. (14) indicated that the
negative inotropic and chronotropic effects induced by citalo-
pram can be explained by the inhibition of adenosine re-uptake
or the activation of adenosine A, receptors. Also, Oransay et
al. (15) demonstrated that CSC infusion before citalopram ad-
ministration did not prevent the reduction in MAP and HR, the
prolongation of the QT interval or affect the QRS duration.
However, DPCPX, a selective adenosine A, receptor antago-
nist, administered before citalopram infusion, did not prevent
the reduction of MAP and HR or the prolongation of the QRS
duration, but significantly prevented the prolongation of QT the
interval. Additionally, citalopram infusion did not change plas-
ma adenosine concentrations significantly. These results show
that citalopram may lead to QT prolongation by stimulating ad-
enosine A, receptors without affecting the release of adenosine.

Therefore, aim of this study was to investigate the efficacy
of adenosine receptor antagonists in ameliorating the cardio-
vascular toxicity of citalopram in rats.

MATERIALS AND METHODS

This randomized controlled experimental study was per-
formed with male Wistar rats (n=21, 250-280 g). In this study,
all investigators were followed the Guiding Principles in the
Care and Use of Laboratory Animals together with the Rec-
ommendations from the Declaration of Helsinki. This project
was approved by the Dokuz Eyliil University Faculty of Medi-
cine Animal Care and Investigational Committee.

Surgical procedure
Before the experiments, all rats were fasted overnight and
allowed free access to water. Rats were anaesthetized by in-
traperitoneal injection of urethane and chloralose (500 mg/kg
and 50 mg/kg, respectively, Sigma Chemical, St. Louis, MO,
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USA). The trachea was cannulated caudally to the larynx us-
ing an 8 gauge nasogastric cannula to allow for spontaneous
breathing. The right common carotid artery, left external jugu-
lar vein and left femoral vein were cannulated with heparin-
ized polyethylene tubing (PE 50 OD mm [in.] 0.97 [0.038] ID
mm [in.] 0.58 [0.023]). The animal body temperature was kept
at 37°C during the experiment. All drugs were infused using a
perfusor (Perfusor Compact S; Braun, Melsungen, Germany,
infusion rate: 0.05 ml/kg/min) on each animal (16).

Outcome parameters

The MAP was monitored by a pressure transducer (MLT844
Physiological Pressure Transducer; Interlab LTD, Istanbul, Tur-
key). The data acquisition system (Powerlab / 8SP Data Acqui-
sition System; AD Instruments, Oxford, United Kingdom) was
used for recording MAP, HR and electrocardiogram parameters
(QRS duration and QT interval) for each rat for 60 minutes. All
measurements were performed by a blinded investigator.

Experimental protocol

After completion of the cannulation procedure, all animals
were permitted to stabilize for 15 minutes. Then, rats which
had a MAP under 100 mmHg were excluded from the study.
Rats were divided into three groups (n=7 each). Before the
beginning of the study, sodium cromoglycate (20 mg/kg,
Sigma Chemical, St. Louis, MO, USA) was administered to
all rats intravenously to block A, receptor-mediated hypoten-
sive responses (15). After 3 minutes of sodium cromoglycate
pretreatment, citalopram (Fako-Actavis Company, Istanbul,
Turkey) toxicity was achieved in all rats with an infusion for
20 minutes (4 mg/kg/min) (15). Drugs were administered as
following:

Group 1 (control, 5% dextrose, n=7): Following the citalo-
pram infusion, 5% dextrose infusion was administred for 60
minutes. To avoid sodium loading with normal saline, we used
5% dextrose.

Group 2 (DPCPX, n=7): Following the citalopram infusion,
20 pg/kg/min of DPCPX (Sigma Chemical, St. Louis, MO,
USA) infusion was administered for 60 minutes (16).

Group 3 (CSC, n=7): Following the citalopram infusion, 24
pg/kg/min of CSC (Sigma Chemical, St. Louis, MO, USA)
infusion was administered for 60 minutes (16).

We did not test the effect of DMSO (dimethyl sulfoxide, a
vehicle; Aldrich Chemical, St. Louis, MO, USA). In our pre-
vious studies, 10% DMSO did not change the cardiovascular
parameters (15).

Drugs
Urethane (300 mg/mL), a-chloralose (40 mg/mL) and so-
dium cromoglycate (12 mg/mL) were prepared in distilled
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water. DPCPX (4 mg/mL) and CSC (6 mg/mL) were prepared
in 10% DMSO.

Statistical analysis

We used percent changes in the MAP, HR, QRS duration
and QT interval for the statistical analysis. Data were assessed
by repeated measures of ANOVA followed by Tukey’s mul-
tiple comparison tests for within-group comparisons. ANO-
VA and Tukey’s multiple comparison tests were also used to
analyze the differences among groups (Graph Pad Instat™,
1990- 1994, GraphPad Software V2.05a 9342; San Diego,
CA, USA). The presentation of the results shows mean val-
ues (mean =+ SEM) and 95% confidence intervals (95% Cls).
p<0.05 was accepted as statistically significant.

RESULTS

There were no statistically significant differences among the
baseline measurements in the groups for any of the cardiovas-
cular parameters or body weight (p>0.05, for all parameters).

The effects of sodium cromoglycate on cardiovascular
parameters

After the stabilization period, sodium cromoglycate did
not cause any differences in the cardiovascular parameters
(p>0.05) in the dextrose, DPCPX and CSC groups. When the
effects of sodium cromoglycate on all cardiovascular param-
eters were assessed, no significant differences were found
among groups (p>0.05, Table 1).

The effects of citalopram on cardiovascular
parameters

In all experimental groups, the citalopram infusion de-
creased MAP (p<0.001, Table 1) and HR (p<0.001, Table 1)
significantly and prolonged the QT interval (p<0.01, Table 1).
However, it did not cause any significant changes in the QRS
duration (p>0.05, Table 1) in the dextrose, DPCPX and CSC
groups. When the effects of the citalopram on MAP, HR, QRS
duration and QT interval were compared, no significant differ-

ences were found among groups (p>0.05, Figure 1-4).

The effects of dextrose and selective adenosine
receptor antagonists on cardiovascular changes induced
by citalopram

In the control group, dextrose infusion after citalopram infu-
sion significantly increased the MAP and HR after 10 minutes
(for MAP; p<0.05 and for HR; p<0.001, for all minutes, re-
spectively), but it did not have a significant effect on the QRS
duration or QT interval (p>0.05, Table 1).

305
120 =#=Control
-=-DPCPX
100 =~CSC

40

20

0

Baseline  End of the

citaplopram
infusion

Changes of mean arterial pressure (%)
(=N
[=]

10 min 20 min 30 min 40 min 50 min 60 min

Time (minute)

FIG. 1. The effects of dextrose and adenosine receptor antagonists on
mean arterial pressure (MAP) after citalopram infusion among groups
DPCPX: 8-cyclopentyl-1, 3-dipropylxanthine, a specific adenosine A, receptor
antagonist; CSC: (8-(3-chlorostyryl) caffeine; selective adenosine A,, receptor
antagonist
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FIG. 2. The effects of dextrose and adenosine receptor antagonists on
heart rate (HR) after citalopram infusion among groups

DPCPX: 8-cyclopentyl-1, 3-dipropylxanthine, a specific adenosine A, receptor
antagonist; CSC: (8-(3-chlorostyryl) caffeine; selective adenosine A,, receptor
antagonist

In the DPCPX group, DPCPX infusion after citalopram
administration increased MAP after 10 minutes (p<0.01) and
increased HR after 10 minutes (p<0.01), but it did not have
a significant effect on QRS duration (p>0.05). It shortened
the QT interval significantly at 30, 40, 50, and 60 minutes
(p<0.05, Table 1).

In the CSC group, CSC infusion after citalopram infusion
did not have a significant effect on the MAP, HR or QRS dura-
tion (p>0.05). It shortened the QT interval significantly only
at 60 minutes (p<0.05, Table 1).

All rats in the experimental groups survived the experiment.

A comparison of the cardiovascular effects among
groups
The infusion of DPCPX after citalopram infusion did not
improve the MAP or HR, and also prolonged QRS duration
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TABLE 1. The effects of dextrose and adenosine receptor antagonists on cardiovascular parameters after citalopram infusion within groups

Citalopram
Sodium infusion 10 20 30 40 50 60

Baseline cromoglycate (20 minutes) minutes minutes minutes minutes minutes minutes
MAP (mmHg)
Group 1 (Control) 115.6£3.3 115.0+4.9 72.0+4.1% 92.1+4.6b 92.9+4.4bb 92.3+4.8b 93.0+4.4bb 92.3+3.8" 92.243.1°
Group 2 (DPCPX) 112.543.3 113.0£6.1 66.3+4.3% 93.8+4.6™ 99.1£5.0°° 98.9:£6.20° 93.3+8.9% 97.2+6.7%® 94.249.1%
Group 3 (CSC) 108.9£3.8  116.0+4.4 71.545.6% 80.2+7.8 85.549.7 85.1+10.1 83.3+10.4 83.7+11.3 80.1£10.5
HR (bpm)
Group 1 (Control) 390.1+12.1 366.3+13.9 228.9+25.9% 305.0+£13.6°® 317.7£12.9%  319.0+13.9°®  324.4+12.9%°  324.4+]13.1°®  324.4+]3.8"°
Group 2 (DPCPX) 377.7+12.4 351.7412.3 189.9+25.0® 271.9+13.0% 293.3+15.2%0  292.0+19.2°®  293.1+19.4%*  294.6+17.8*  289.9+19.2°%
Group 3 (CSC) 383.6+5.5 368.4+79 254.1£29.8*  279.7+13.9 277.4+20.6 284.1+19.2 284.6+20.2 308.3+6.1 311.1+11.6
QRS (ms)
Group 1 (Control) 22.942.2 229423 23.8+1.7 24.3+1.9 23.1£1.9 23.1£2.2 22.9+2.2 23.742.4 24.94+2.8
Group 2 (DPCPX) 25.3+0.8  25.1+0.5 26.6+1.4 26.7£0.9 26.5+1.0 25.8+0.8 25.8+0.7 25.6+0.8 25.6+0.6
Group 3 (CSC) 25.540.6  26.3£0.6 27.7£0.8 26.8+0.9 26.6+0.4 26.2+0.6 26.6+0.7 25.8+0.6 25.440.8
QT (ms)
Group 1 (Control) 44.6£1.3  44.4+1.2 64.5+1.6™ 62.6+2.9 59.743.3 58.343.8 62.8+2.4 64.3+3.2 63.243.8
Group 2 (DPCPX) 47.9+2.6  46.7£2.9 63.8+1.1° 62.3+£3.4 61.4+2.6 49.9+3.7° 50.143.8° 48.2+2.7° 44.3+].00
Group 3 (CSC) 445409  46.6£0.9 65.2+1.0® 64.9£1.0 59.3+3.9 55.9+4.4 55.7+4.2 53.143.8 52.0+3.0°

MAP: mean arterial pressure; HR: heart rate; ms: milisecond; DPCPX: 8-cyclopentyl-1, 3-dipropylxanthine, a specific adenosine A, receptor antagonist; CSC: 8-(3-chlorostyryl)

caffeine; selective adenosine A, receptor antagonist
% p<0.01; : p<0.001; significance versus the baseline value

b p<0.05; *: p<0.01; *: p<0.001; significance versus the baseline at the end of citalopram infusion
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FIG. 3. The effects of dextrose and adenosine receptor antagonists on
QRS duration after citalopram infusion among groups

DPCPX: 8-cyclopentyl-1, 3-dipropylxanthine, a specific adenosine A" receptor
antagonist; CSC: (8-(3-chlorostyryl) caffeine; selective adenosine A, receptor
antagonist

significantly when compared to the control group (p>0.05,
Figure 1-3). DPCPX infusion shortened the prolongation of
the QT interval induced by citalopram infusion at 40, 50 and
60 minutes (105.5+8.6%, 140.9+4.0%, 95% CI 10.13 to 60.70,
p<0.01, at 40 minutes; 102.5+7.8%, 143.8+3.3%, 95% CI
16.35-66.10, p<0.01, at 50 minutes; 94.2+5.4%, 141.0+4.8%,
95% CI 25.62 to 68.07, p<0.001, at 60 minutes; Figure 4)
compared to dextrose infusion.
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FIG. 4. The effects of dextrose and adenosine receptor antagonists on
the QT interval after citalopram infusion among groups

** p<0.01, ***p<0.01; DPCPX versus control group

#p<0.05; CSC versus control group

¥ p<0.05;

DPCPX: 8-cyclopentyl-13-dipropylxanthine, a specific adenosine A, receptor
antagonist; CSC: (8-(3-chlorostyryl) caffeine; selective adenosine A,, receptor
antagonist

After citalopram infusion, CSC did not improve the MAP or
HR, and also prolonged the QRS duration significantly when
compared to the control group (p>0.05, Figure 1-3). CSC infu-
sion shortened the prolongation of the QT interval induced by
citalopram infusion at 60 minutes (117.1+7.2%, 141.0+4.8%,
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95% CI 2.662 to 45.11, p<0.05, Figure 4) compared to dex-
trose infusion.

DPCPX infusion shortened the prolongation of the QT inter-
val induced by citalopram infusion at 60 minutes (94.2+5.4%,
117.1£7.2%, 95% CI -44.18 to -1.734, p<0.05, Figure 4) com-
pared to CSC infusion.

DISCUSSION

In our toxicity model, citalopram infusion significantly de-
creased MAP and HR and also prolonged the QT interval, but
there was no significant difference in the QRS duration in all
groups. After citalopram administration, adenosine A1l recep-
tor inhibition with DPCPX shortened the prolongation of the
QT interval at 40, 50 and 60 minutes, and adenosine A, recep-
tor inhibition with CSC shortened the QT interval at 60 min-
utes when compared to dextrose administration. Furthermore,
when we evaluated the improvement QT interval prolongation
with DPCPX or CSC administration, DPCPX was shortened
significantly the QT interval prolongation at 60 minutes.

Citalopram overdose can cause life-threatening cardiotoxic-
ity. In a recent meta-analysis, there was a statistically signifi-
cant association between an increase in the QTc interval and
using SSRIs; additionally citalopram, is associated with QTc
prolongation more than most other SSRIs. (3,4). In a normal
ventricle, repolarization occurs via the cardiac rapid delayed
rectifier current, IKr. Drug-induced QT interval prolongation
and forsades de pointes are associated with the inhibition of
cardiac potassium (K+) channel proteins encoded by the hu-
man ether-a-go-go related gene (hERG) (4). In cellular elec-
trophysiological studies, it has been shown that citalopram has
a high degree of potential to inhibit the K* current which is
responsible for the action potential repolarization phase in the
heart; the prolongation of the QTc interval induced by a toxic
dose of citalopram is associated with this condition. Also, it
has been shown that citalopram causes a prolongation in ac-
tion potential time, a prolongation of the QTc interval, as well
as an increase in forsade de pointes risk and sudden death
by inhibiting G-protein activated inward rectifier potassium
channels (GIRK) and hERG potassium channels (17-22).

In the cardiac system, activation of adenosine A1 receptors
by adenosine produces negative chronotropic, dromotropic
and inotropic effects. Adenosine Al receptor-mediated action
exists in two types: one involves indirect or anti-adrenergic
effects (cAMP-dependent) and the other involves direct ef-
fects (cAMP-independent). In the indirect pathway, adenosine
antagonizes the action of B-adrenergic agonists. Adenosine
produces anti-adrenergic activities over delayed rectifier po-
tassium currents (IK). The inhibition of catecholamine-related
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IK currents prolongs the action potential. In the direct path-
way, the activation of K+ channels by adenosine causes the
hyperpolarization of sinoatrial (SA) node cells, shortening of
the action potential of atrial cells and depressing the action
potential of atrioventricular nodal cells (23-25).

In our study, 5% dextrose and DPCPX infusions significant-
ly reversed citalopram-induced reductions in MAP and HR.
CSC infusion did not cause a significant change in MAP or
HR. In an isolated atrium study, it was found that the adenos-
ine A, receptor antagonist (DMPX; 3.7 dimethyl-1- dipropar-
gylxanthine) did not prevent citalopram-induced negative ino-
tropic and chronotropic effects, but DPCPX and theophylline
(a non-selective adenosine A /A, receptor antagonist) blocked
these effects. The effects of citalopram have been explained
by adenosine re-uptake inhibition or by activation of A re-
ceptors in this study (14). In our previous study, it was found
that administration of DPCPX and CSC before citalopram
infusion did not prevent citalopram-induced reductions in
MAP and HR (15). Our results suggest that DPCPX improves
citalopram-induced hypotension and bradycardia through
eliminating the negative inotropic and chronotropic effects of
endogenous adenosine via adenosine A, receptors. The cor-
rection of MAP and HR with 5% dextrose can be explained
since SSRIs do not cause treatment-resistant hypotension like
TCAs (16,22), and SSRIs are safer than TCAs because of their
low cardiotoxic, anticholinergic and antihistaminergic side ef-
fects and their low risk of hypotension (22). The 5% dextrose
infusion may have corrected the hemodynamic parameters by
increasing the intravascular volume.

In our study, the prolongation of the QT interval induced by
citalopram was shortened significantly by DPCPX (after 30
minutes) and by CSC (after 60 minutes). In our previous study,
Oransay et al. demonstrated that CSC administration before
citalopram infusion did not prevent the prolongation of the QT
interval. However, DPCPX administration before citalopram
infusion significantly prevented the prolongation of the QT in-
terval. Researchers have shown that a toxic dose of citalopram
does not increase plasma adenosine levels but rather potentiates
the cardiovascular effects of endogenous adenosine (15). Our
results support the notion that adenosine A, receptor stimulation
can play a role in the mechanism of QT interval prolongation,
and are compatible with our previous study.

In conclusion, the reversal of citalopram-induced QT inter-
val prolongation by DPCPX indicates that adenosine A, re-
ceptor stimulation may play a role in the pathophysiology of
cardiovascular toxicity induced by citalopram. Selective ad-
enosine A receptor antagonists can be used as an antidote to
reverse citalopram-induced QT interval prolongation. Regard-
ing the mechanism of citalopram-induced QT interval prolon-
gation, inhibition of IKr currents by adenosine A, stimulation
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most likely plays a role. Further studies are needed to inves-
tigate the role of potassium channels in adenosine-mediated
citalopram toxicity.
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