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BASIC PHARMACOLOGY

Sertraline Causes Strong Coronary Vasodilation: Possible
Relevance for Cardioprotection by Selective Serotonin
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Summary. Objective: Although Selective Serotonin Re-
uptake Inhibitors (SSRIs) are important antidepressant
drugs, knowledge of their vaso active effects is limited. Vaso
active effects of the SSRI sertraline were studied in rings
of rat aorta, human Internal Mammary Arteries (IMAs) and
in Langendorff perfused rat hearts.

Methods: The effects of sertraline (0.1 to 300 ymol - L—1)
on precontracted rat aortic and IMA rings were evalu-
ated in organ bath chambers. Precontraction was elicited
by serotonin (5-HT; 10 gmol-L~1), phenylephrine (PE; 10
pmol - L~1) and potassium chloride (KCI; 50 mmol - L—1). In
addition, the effects of sertraline on PE induced contrac-
tion curves were established by subjecting vascular rings
to increasing doses of PE (1 nmol-L~! to 10 ymol-L~1)
in the presence of sertraline or vehicle. Finally, the ef-
fects of sertraline on ex vivo coronary flow in rat hearts
were examined using a retrograde Langendorff perfusion
model.

Results: Sertraline elicited dose-dependent relaxation,
independent of the substance used for precontraction
(p < 0.025). Sertraline showed a rightward shift of dose-
response curves to PE (p < 0.01). Vasodilatory effects
of SSRIs were endothelium independent. In perfused
rat hearts, sertraline (0.3 to 10 pmol-L~1) showed a
concentration-dependent increase in coronary flow that re-
turned to baseline levels after wash-out of the antidepres-
sant (p = 0.005).

Conclusions: One of the SSRIs, sertraline, showed
marked vasodilatory effects in rat aorta and human IMAs.
Sertraline elicited vasodilatation in coronary arteries dur-
ing perfusion of rat hearts. These hemodynamic effects may
explain the observed beneficial effects in myocardial is-
chemia and infarction.

Key Words. 5-HT (5-hydroxytryptamine, serotonin), phar-
macology, smooth muscle relaxation, vasodilation, sertra-
line, SSRI

Introduction

Coronary artery disease (CAD) and depression repre-
sent the top contributors to the burden of diseases in
the year 2010 [1]. Moreover, both diseases often coexist
within the same person [2]. Therefore, increasing atten-
tion is paid to antidepressant interventions in patients
with CAD.

Since their introduction in 1987, the use of Selective
Serotonin Reuptake Inhibitors (SSRIs) has increased
dramatically [3]. Accordingly, it can be expected that
SSRIs will be prescribed increasingly to CAD patients,
including patients in the aftermath of coronary artery
bypass surgery (CABG) [4]. However, our knowledge
of the cardiovascular effects of SSRIs is mainly based
on animal studies in a variety of vascular beds [5-8]. In
addition, SSRIs revealed conflicting results with both
vasodilatory [5,9] and vasoconstrictory responses [7].
Unfortunately, vaso active effects of drugs on different
arteries are not always comparable. The net result is
dependent on the species, route of administration, ex-
perimental conditions, presence of functional endothe-
lium, etcetera.

Based on these considerations, we investigated the
vaso active effects of sertraline, one of the most fre-
quently prescribed SSRIs, on human Internal Mam-
mary Arteries (IMAs), which are employed as bypass
grafts in coronary surgery. Moreover, we set out to
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evaluate, for the first time, the effects of sertraline on
coronary flow in isolated perfused rat hearts.

Material and Methods

The effects of sertraline were tested on three different
types of vasculature:

— Rat aorta
— Human IMAs
— Rat coronary artery bed

Rat aorta and human IMAs were tested in vitro us-
ing ring preparations of these blood vessels mounted in
organ baths, and rat coronary artery bed was tested
ex vivo during Langendorff experiments. All proce-
dures were reviewed and approval was obtained from
the Animal Research Committee (rat studies) and the
Institutional Review Board (IMA-study) of the Univer-
sity Hospital Groningen.

Sampling of the blood vessels
Male Wistar rats (n = 26; 322-584 g; Harlan, Zeist, The
Netherlands) were anaesthetized with isoflurane in 2%
oxygen. The thoracic descending aorta was removed
and placed in a Krebs-buffer solution of the following
composition (mMol - L~1): NaCl (120.4), KC1 (5.9), CaCly
(2.5), MgCl; (1.2), NaH2PO, (1.2), glucose (11.5), and
NaHCO03(25.0), aerated with 95% O and 5% COs.
Human arterial segments were harvested of IMAs
that were discarded from patients undergoing elective
Coronary Artery Bypass Graft surgery (n = 22 in to-
tal, mean age 63 years, 73% male). The majority of the
patients used frequently prescribed cardiac medication
(e.g., statins, B-blockers, ACE-inhibitors, aspirin), but
none of the patients received antidepressant medica-
tion. IMA vessels were stored after surgery in Krebs-
buffer at 4°C until preparation (time to preparation was
maximal 16 h).

Preparation of blood vessels

Methods have been described previously [10,11].
Briefly, the blood vessels were cleaned of adhering tis-
sue and cut into rings of 2 mm in length. The number
of rings taken from each vessel varied from 5 to 16 (rat
aorta) and from 3 to 11 (human IMA). In experiments
in which the role of the endothelium was studied, 50%
of the rings were subjected to removal of intimal sur-
faces by inserting a steel wire into the lumen and gen-
tly rolling the rings. Rings were mounted in an organ
bath containing the above-mentioned buffer at 37°C,
connected to anisotonic displacement transducer, given
a preload of 1.4 g, and allowed to equilibrate for at least
60 min. Rings were then stimulated with 10 umol - L.~}
of the ay-adrenoceptor agonist phenylephrine (PE) (2—
3times with intermediate washing) to test vessel viabil-
ity and for determination of a control response for ref-

erence of contractile responses; rings not appropriately
responding to repeated challenge with 10 umol - L~ PE
(i.e., contraction < 100 um) were excluded from the ex-
periments. Functional integrity of the rings with intact
endothelium was confirmed routinely by the presence of
relaxation induced by 10 umol - L~! metacholine (ME)
in PE-precontracted rings.

Experiments in arterial rings

After washing and restabilization, the contractile and
dilatory effect of sertraline was studied at baseline and
after precontraction, respectively. To this end, increas-
ing concentrations of sertraline (0.1 to 300 pmol - L~1)
were administered cumulatively either to unstimu-
lated rings at baseline or rings stimulated with one
of three different vasoconstrictor agents (i.e. either
10 pumol - L~! PE, 50 mmol - L~ KCI, or 10 pumol - L1
5-HT). The effect of sertraline was always studied in
comparison to the effect of vehicle (dimethyl sulfide ox-
ide, DMSO0), similarly given to parallel rings under the
same conditions.

In an additional series of experiments, we also tested
the effect of pre-incubation (90 min) with different
concentrations of sertraline (0.1-10 umol - L~1) or ve-
hicle (DMSO) on contractions induced by increasing
concentrations of PE (1 nmol-L~! to 10 gmol-L™1).
To eliminate any confounding effects of vaso ac-
tive substances released from the endothelium, we
only used endothelium-denuded rings for the latter
experiments.

Isolated perfused rat heart

Male Wistar rats (n = 12, Harlan, Zeist, The
Netherlands) were anaesthetized with isoflurane in 2%
oxygen and heparinized (500 IU-kg~! administered via
the tail vein). The hearts were rapidly excised and im-
mersed in ice-cold 0.9% NaCl. Retrograde perfusion
of the aorta, essentially by the Langendorff method
was achieved immediately using a modified Tyrode so-
lution equilibrated with 95% Oz and 5% COq, as de-
scribed previously [12]. This buffer was filtered through
a 1.2 um pore-size filter before reaching the heart.
Perfusion pressure was maintained at 60 mmHg and
temperature (measured at the aortic cannula tip) was
kept between 38.0 and 38.5°C. The hearts beat spon-
taneously throughout the experiment. Coronary flow
(volume of perfusion fluid per unit of time) was mea-
sured by a microprocessor, which controlled the per-
fusion pressure by adjusting the peristaltic perfusion
pump.

After an equilibration period of 10 min, base-
line measurements were made, and subsequently
concentration-response relations were determined
with increasing concentrations of either sertraline (0,3
to 10 umol-L™1) or vehicle (DMSO). Each concen-
tration was added to the perfusion fluid and mean
changes in coronary flow were measured within 5 min.
Baseline coronary flow as well as sertraline- and



vehicle-induced changes in flow were corrected for
heart weight (ml-min~!-g~1).

Compounds

Sertraline hydrochloride was a gift from Pfizer Inc
(Groton, USA). Pfizer Inc was not financially involved,
or concerned with either the study design, data anal-
ysis or writing process; acetyl-g-methylcholine
chloride was purchased from Aldrich-Chemie
(Steinheim, Germany); 5-hydroxytryptamine (5-
HT) and l-phenylephrine hydrochloride (PE) from
Sigma (St Louis MO, USA), and compounds for the
buffer solutions from Merck (Darmstad, Germany).
Sertraline hydrochloride was dissolved in DMSO
(dimethyl sulfide oxide). The DMSO concentration for
the highest concentration sertraline stock solution
was 20%, yielding a maximal final concentration
DMSO of 0.2% in the organ bath. All other com-
pounds were dissolved and diluted in water or saline,
where appropriate, and prepared daily from stock
solutions.

Calculations and statistical analysis
Responses of individual rings were expressed as a per-
centage of precontraction. Comparisons between the
complete concentration-response curves were made by
repeated measures analysis of variance with a cor-
rection for multisample aspherity as recommended by
Ludbrook [13] (General Linear Model procedure). Com-
parisons between responses to specific concentrations
were made using Student t test. For both statistical
procedures, SSPS 11.1 for Windows was used. Unless
stated otherwise, all data are expressed as mean =+ stan-
dard error of the mean (SEM). Differences were con-
sidered significant at a level of p < 0.05. Figures were
plotted by SigmaPlot 8.0 for Windows.

Results

Prior to vascular experiments, the viability test with
10 wmol - L~! PE caused appropriate contraction in 222
out of 249 rat aortic rings (89%) and 104 out of 148 hu-
man IMA rings (70%). As expected, ME was unable to
induce vasodilation in the endothelium denuded rings:
mean change (% of precontraction) of endothelium in-
tact rings versus endothelium denuded rings was —69
=+ 5.3 versus 0.2 £+ 1.3 for rat aortic rings (p < 0.001)
and —54 + 9.5 versus —7 + 5.2 for human IMA rings
(p < 0.001).

Ejffects of sertraline in rat aortic and human
IMA rings

Administration of sertraline to unstimulated ring
preparations at baseline did not result in contractile re-
sponses (data not shown), but did cause significant dila-
tion in rings previously stimulated with a vasoconstric-
tor agent. The level of precontraction between arterial
rings subsequently subjected to sertraline versus those
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subsequently subjected to vehicle (i.e. control rings) did
not statistically differ (neither after PE or KCI, nor af-
ter 5-HT; all tests: p > 0.05). In all cases, sertraline
induced a dose-dependent relaxation of precontracted
vascular rings compared to vehicle (p < 0.05 for all
tests; Figs. 1 and 2 for rat aortic rings and human IMA
rings, respectively). In almost all of the comparisons be-
tween sertraline and vehicle, sertraline started to sig-
nificantly dilate the aorta at concentrations higher than
10 umol - L1, resulting in full-reversal of precontrac-
tion at higher concentrations. Moreover, there were no
significant differences between rubbed and unrubbed
rings (all tests p > 0.25), indicating that presence of
a functional endothelium was not a prerequisite for
sertraline-induced dilation. The property of sertraline
to antagonize constriction in human and rat artery was
confirmed in the reversed experiment, in which pre-
incubation of ring preparations with sertraline signif-
icantly suppressed contractile responses elicited with
PE (Figs. 3a and b).

Ejffect of sertraline on coronary flow in the
isolated rat heart

After the stabilization period of 10 minutes, baseline
coronary flow was comparable in hearts assigned to re-
ceive vehicle and those assigned to receive sertraline
(respectively 11.5 and 12.4 ml-min~!-g~%; p = 0.6).
Sertraline, but not vehicle, significantly increased coro-
nary flow in a dose-dependent fashion (p = 0.005;
Fig. 4). After a 10 min wash-out period at the end of the
experiment, the coronary flow fully returned to base-
line levels, pointing to a reversible sertraline-induced
coronary vasodilation.

Discussion

In the present study, we assessed the effects of
the antidepressant sertraline on vascular tone in
ring preparations of human IMA and rat aorta. Ser-
traline caused concentration-dependent dilation in
preconstricted arteries in both species and exerts no
contractile effects at baseline. Moreover, high dose
sertraline was able to fully reverse the level of vascular
constriction, independent of the type of vasoconstrictor
used. Sertraline additionally showed the ability to
antagonize PE-induced constriction in the reversed
experiment. Together with the fact that sertraline
also dose-dependently increased coronary flow in the
isolated rat heart, we conclude that the SSRI sertraline
may act as an endothelium independent vasodilator
drug, not only in rat arteries (including in the coronary
vascular bed), but also in human arteries.

To our knowledge, this is the first study on the vaso
active effects of a SSRI on human IMAs and coro-
nary flow in Langendorff experiments. The observed
vasodilatory effects of sertraline are in line with studies
investigating the vaso active effects of SSRIs in other
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Fig. 1. Sertaline induced relaxation in rat aortic rings. Rings
were pre-constricted with either (a) 10 umol - L= PE (b) 50
mmol-L~1 KClor (c) 10 umol - L= 5-HT before sertraline was
administered in cumulative fashion. Comparisons were made to
parallel control rings treated with vehicle. Relaxations are
expressed as a percentage of constriction, and the data represent
the mean = SEM; lines represent the pooled results obtained
with endothelium-denuded and—intact preparations (presence
of the endothelium did not alter the responses, see also text).
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Fig. 2. Sertaline induced relaxation in human IMA rings.
Rings were pre-constricted with either (a) 10 umol - L~! PE (b)
50 mmol-L~1 KClor (c) 10 umol - L= 5-HT before sertraline
was administered in cumulative fashion. Comparisons were
made to parallel control rings treated with vehicle. Relaxations
are expressed as a percentage of constriction, and the data
represent the mean £ SEM; lines represent the pooled results
obtained with endothelivm-denuded and—intact preparations
(presence of the endothelium did not alter the responses, see also
text).
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Fig. 3. Phenylephrine (PE) induced constriction in (a) rat
aortic rings and (b) human Internal Mammary Artery rings.
Presence of sertraline (10 umol - L~1) compared to vehicle
(DMSO) significantly attenuated constrictory responses
resulting in a rightward shift of the concentration-response
curve (p = 0.002 for rat aortic rings and p = 0.01 for human
Internal Mammary Artery rings). Constrictions are expressed
as a percentage of maximum constriction assessed during
viability tests with PE (10 umol - L~1), and the data represent
the mean + SEM; lines represent the results obtained with
endothelium-denuded preparations (see also text).

vessels. For example, from the data described by Co-
hen and Wiley [5]it can be deduced that fluoxetine had a
vasodilatory effect in rat aorta after precontraction
with norepinephrine and 5-HT. In 1983, Seabrook
and Nolan [14] reported about a fluoxetine-induced
rightward shift of a 5-HT dose-response curve
in rat mesenteric arteries. A recent report of
Ungvari et al. [8] describes the finding that fluox-
etine elicited dilation of rat cerebral arteries. Ser-
traline produced concentration-dependent relaxation
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Fig. 4. Change in coronary flow (corrected for heart weight (g)
in Langendorff rat hearts during perfusion with vehicle (DMSO,
n = 5) or sertraline (n = 7). Sertraline (0,3 to 10 umol - L~1)
elicited a dose dependent increase in coronary flow (p = 0.005).
After wash-out of the compound, coronary flow returned to
baseline levels. * p < 0.05 vs. baseline; # p < 0.05 vs vehicle.

of precontracted mesenteric artery rings [15]. Al-
though previous findings in rat aortic preparations
were mixed [5,7,9], our data clearly provide evidence
for the vasodilatory effects of sertraline. The fact
that vasodilatory effects were also observed in stud-
ies with fluoxetine, suggest a possible class effect of
SSRIs.

The mechanism responsible for the vasodilatory re-
sponses of SSRIs has not been fully elucidated yet.
Studies by Ungvari et al. [8] using fluoxetine suggest
interference of this SSRI with L-type calcium channels
to prevent Ca?t entry. This is in line with our present
finding that sertraline reduced contractions induced
by high extracellular K+, i.e. a condition which elicits
smooth muscle contraction by promoting extracellular
Ca?t influx. In addition, sertraline also reduced con-
traction after PE- and 5-HT, which also depend on
(IP3 mediated) calcium mobilisation/release from in-
tracellular sites. Thus, if inhibition of calcium-entry
through L-type calcium channels would be the primary
mechanism, sertraline would not be expected to attenu-
ate these receptor-mediated contractions as observed.
Therefore, it may be that the dilatory actions of sertra-
line resulted from interference with intracellular cal-
cium signaling pathways in addition to blockade of cal-
cium influx through L-type calcium channels, as was
suggested after studies with fluoxetine [16]. Thus, in
contrast to the alleged interference of sertraline with 5-
HT metabolism to exert its antidepressive action [17],
its vasodilatory effect seems not be mediated by the
large family of 5-HT receptors [18], which in turn im-
plies that its vasodilatory response may represent a
pleimorphic effect of sertraline.
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The results have to be considered in relation to
study limitations. Compared to in vivo therapeutic
plasma concentrations of sertraline (approximately
0.1 pumol - L), vasodilation in this i vitro study was
elicited by relatively high concentrations of sertraline
(i.e.1-30 umol - L~1). In general, it seems that drug con-
centrations in the organ bath need to be higher than in
vivo to elicit an identical response. For instance, this
holds true for the angiotensin receptor blocker losar-
tan of which it has been repetitively shown that, in or-
gan baths, the in vitro response of vessel rings occur
at supraphysiologically concentrations [19]. It seems
that in vitro findings obtained from studies in organ
baths are well capable of predicting a general effect
of a compound, but not the precise dose-response in
vivo. Further in vivo research is needed to confirm a po-
tential vaso active effect of sertraline at therapeutical
levels.

Patients with CAD often suffer from depression.
Unlike tricyclic antidepressants, SSRIs seem to be a
safe and efficacious treatment for depression in these
patients [20,21]. In fact, it was observed that SSRI-
use is associated with reduced odds of myocardial
infarction [22,23]. The antiplatelet and endothelium-
protective properties of SSRIs might represent an at-
tractive explanation for this observation [24]. Our study
shows that, besides these antiplatelet and endothelium-
protective properties, SSRI-mediated vasodilation and
attenuation of vasoconstriction may be an additional
explanation for presumed protective effects. Further
research is warranted to explore the effects of ser-
traline and other SSRIs on vascular function. In par-
ticular, it needs to be investigated whether these
laboratory findings can be translated to the clinical
setting.
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