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Abstract:

Background: Although several studies show that there is an increased risk of bleeding events during antidepressant treatment with

selective serotonin reuptake inhibitors (SSRIs), few studies show direct effects in vitro of SSRIs on hemostasis.

Methods: This study was undertaken to investigate the effects on platelet adhesion and plasma coagulation (APTT and PT) of two

common SSRIs, citalopram and sertraline, the selective noradrenaline reuptake inhibitor reboxetine, and the serotonin and

noradrenaline reuptake inhibitor venlafaxine.

Results: None of the compounds affected plasma coagulation significantly but all compounds except for venlafaxine inhibited

platelet adhesion by approximately 50% or more at the highest concentration (100 µg/l, p < 0.01). The potency of respective

compound to inhibit platelet adhesion to both collagen and fibrinogen surfaces was in the following order; citalopram > sertraline >

reboxetine. In contrast, venlafaxine caused a weak but statistically significant increased platelet adhesion to fibrinogen.

Conclusion: This study showed that sertraline, citalopram and reboxetine direct and acutely decrease platelet adhesion to both

collagen and fibrinogen in vitro. These results also indicate that increased risk for bleeding complications in antidepressant users

may not only be explained by depletion of serotonin in platelets.
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Introduction

Several studies suggest an increased risk of bleeding

events during antidepressant treatment with selective

serotonin reuptake inhibitors (SSRIs). The documen-

tation is most abundant for gastrointestinal bleedings

[4, 8, 19, 26]. SSRIs also appear to yield additional

platelet inhibition in patients treated with aspirin [23].

However, studies of direct platelet effects of SSRIs

in vitro are few [1, 5, 21, 24, 28] and mainly consist-

ing of platelet aggregation studies. No studies have

focused on direct effects of SSRIs on platelet adhe-

sion or plasma coagulation. In the present study, we

utilized an assay previously used to study platelet ef-

fects of antipsychotics [2, 11] to determine the platelet

effects of two common SSRIs; citalopram and sertra-

line. Two other antidepressants, venlafaxine, a sero-

tonin and noradrenaline reuptake inhibitor (SNRI),

and reboxetine, a selective noradrenaline reuptake in-

hibitor (NRI) with only weak effects on serotonin,

were included for comparison. Venlafaxine has been
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described to have non-selective receptor blocking ef-

fects, which makes this drug different from the other

included drugs [22]. Due to the limited and in part

conflicting data, this study was undertaken to investi-

gate the effects of the four antidepressant drugs: cita-

lopram, sertraline, reboxetine, and venlafaxine on

platelet adhesion, activated partial coagulation time

(APTT) and prothrombin time (PT).

Materials and Methods

Subjects

After informed consent, venous blood samples from

18 healthy volunteers (14 males and 4 females) aged

22–63 years, with a median of 42 years, were col-

lected consecutively in heparinized tubes for platelet

adhesion assays and in tubes containing 3.8% triso-

dium citrate for coagulation assays. Only blood do-

nors declaring that they had not used any drugs for the

past 14 days were included in the study. The study

was approved by the Research Ethics Committee of

Linköping University, Linköping Sweden.

Drugs and chemicals

Stock solutions (5 mg/ml) of citalopram (Lundbeck

A/S, Köpenhamn, Danmark), sertraline (Pfizer, New

York, USA), venlafaxine (Pfizer [Wyeth Pharmaceti-

cals Inc.], New York, USA) and reboxetine (Pfizer

[Pharmacia & Upjohn], New York, USA) were pre-

pared in 10% dimethyl sulfoxide (DMSO) diluted

with 0.9% NaCl (1:9, v/v) and kept at –20°C. Stock

solutions were further diluted in 0.9% NaCl and in all

experiments DMSO was added to obtain a fixed final

concentration of 0.2%. The final drug concentrations

of reboxetine, venlafaxine, citalopram or sertraline

were 1, 10 and 100 µg/l and for reference a blank with

solvent was included.

Experimental procedures

Platelet adhesion was analyzed throughout the study

in the same manner as described recently [11].

Briefly, platelet rich plasma (PRP) was prepared from

the collected blood and diluted 1:4 with 0.9% NaCl.

Microplates previously coated with albumin (negative

control), fibrinogen or collagen were washed and the

wells were supplemented with 50 µl solvent as control

or the test substances. Thereafter, 50 µl of the diluted

PRP was added to each well. Microplates were there-

after treated according to protocol including a 1 h in-

cubation of test compounds with PRP [2] to detect di-

rect effects on platelets. APTT and PT were deter-

mined after 5 min pretreatment with test substances or

solvent according to standard procedures developed

by Instrumentation Laboratory [2].

Statistical analysis

Assays were performed with samples in duplicate and

results are expressed as the mean ± standard error of the

mean (SEM). Statistical calculations were done with

one-way repeated measures ANOVA followed by Dun-

nett’s Multiple Comparison Test and Post Test for Linear

Trend (GraphPad Prism, version 4, GraphPad Software

Inc., San Diego, CA, USA). In all experiments p < 0.05

was chosen to indicate statistical significance.

Results

Citalopram, sertraline and reboxetine at 100 µg/l sig-

nificantly inhibited platelet adhesion to both collagen

and fibrinogen (Fig. 1). For all these drugs, a signifi-

cant linear trend denoting concentration-dependent

effects at 1–100 µg/l was found. The potency of the

highest concentration of respective compound to

inhibit adhesion was in the following order on collagen:

citalopram (74%) > sertraline (65%) > reboxetine

(55%), and as follows on fibrinogen: citalopram

(73%) > sertraline (56%) > reboxetine (49%). In con-

trast, venlafaxine showed no linear trend and caused

a weak but statistically significant increased platelet

adhesion to fibrinogen but not to collagen surface at

1–10 µg/l. None of the compounds caused any signifi-

cant effect on APTT or PK at any concentration stud-

ied (Fig. 2).

Discussion

This study shows that sertraline, citalopram and re-

boxetine at 100 µg/l direct and intensly decrease
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platelet adhesion by approximately 50% or more to

both collagen and fibrinogen in vitro. We found that

the concentration-response curves of these three com-

pounds were comparable with citalopram having the

most pronounced effect and reboxetine the least on

both collagen and fibrinogen. For venlafaxine a weak

increase of platelet adhesion to fibrinogen was, how-

ever, observed.

In agreement with this study, some previous studies

report direct effects in vitro of SSRIs on platelet acti-

vation [16, 21, 24, 28] although none of these have

studied platelet adhesion or plasma coagulation.

Maurer-Spurej et al. reported that the SSRIs citalo-

pram, fluoxetine and paroxetine inhibited ADP-

induced platelet aggregation as well as release of ATP

and serotonin in the same manner [16]. Serebruany et

al. reported that therapeutic concentrations of sertra-

line added in vitro inhibited platelet aggregation as

well as several other platelet activation markers [24].

Furthermore, Tseng et al. recently showed direct in-

hibiting effects specifically on collagen-induced

platelet release of both a-granules and dense granules

as well as TxA2 upon addition of citalopram to iso-

lated platelets [28]. In yet another study, platelets in-
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Fig. 2. Effects of citalopram, reboxet-
ine, sertraline or venlafaxine at various
concentrations on activated partial
thromboplastin time (APTT, O) and
prothrombin time (PT, �). Data are the
mean ± SEM from experiments with
plasma from 6 different healthy donors
for each compound

Fig. 1. Platelet adhesion (%) to colla-
gen (o) and fibrinogen (p) in the pres-
ence of citalopram, reboxetine, sertra-
line or venlafaxine at various concen-
trations. Data are the mean ± SEM
from experiments with platelets from
8�10 different healthy donors for each
compound. ** p < 0.01, *** p < 0.001
compared with solvent



cubated with high concentrations (125–250 mg/l) of

venlafaxine in vitro showed suppressed aggregation

of platelets from normal volunteers in response to

known agonists [21]. On the other hand, venlafaxine

treatment in vivo has been reported to stimulate spon-

taneous platelet aggregation in vitro, an effect not ob-

served for citalopram [27]. In a recent review on the

influence of antidepressants on hemostasis, neither in

vitro nor clinical studies show any coagulation effects

caused by SSRIs [14]. Tharmapathy et al. reported

a normal coagulation status in venlafaxine-treated pa-

tients having increased platelet activation [27].

In contrast to few and heterogeneous in vitro stud-

ies on effects of SSRIs on platelet function, it is well

documented that long term use of SSRIs cause a sig-

nificant decrease in platelet serotonin [3, 15, 18].

However, a case-control study from 2008 involving

2813 cases of upper gastrointestinal bleedings and

7193 matched controls failed to establish a relation

between the degree of serotonin reuptake inhibition

and the risk of upper gastrointestinal bleeding [29].

Numerous publications report bleeding complications

of SSRIs [4, 7, 19, 26, 29] and two case control stud-

ies suggest an increased risk in venlafaxine treated

subjects [9, 19], but we are not aware of any publica-

tion reporting an increased risk for bleeding during re-

boxetine treatment. A study by McCloskey et al. re-

ported similar platelet activation in outpatients receiv-

ing SSRI (here including venlafaxine as a SSRI) as

compared to bupropion treatment [17]. Venlafaxine

has been associated less frequently with an increased

risk for bleeding compared to SSRIs. Moreover, case

reports on ischemic events including infarction after

venlafaxine treatment have been reported, which fur-

ther adds to the dual picture of venlafaxine on hemo-

stasis [13, 20]. Venlafaxine is described as a serotonin

and noradrenaline reuptake inhibitor but have also

been reported to mediate effects through a2-adrene-

rgic receptors in animal studies [10, 22]. Since plate-

lets express a2-adrenergic receptors that increase

platelet activation [12], it is possible that venlafaxine

affects platelets through these receptors and slightly

increase adhesion as observed in the present study.

This present study is limited as it is an in vitro

study on blood from healthy volunteers and statisti-

cally significant decreased adhesion to protein sur-

faces occurred at concentrations considerably above

therapeutic concentrations. However, in vitro models

of complex processes in vivo usually demand higher

concentrations of test compounds and the time of

challenge of the compounds to platelets are much

shorter, one hour in the present study, as compared to

the in vivo situation. The major difference of the pres-

ent platelet adhesion assay compared to other func-

tional platelet assays, such as aggregation and de-

granulation, is the use of a protein surface as activat-

ing agent. In this condition isolated effects of test

compounds on platelets can be detected during the ad-

hesion process [2, 11]. If these effects are weak, they

can be obscured in frequently used platelet functional

assays with classical soluble activators.

In summary, this study suggests that the SSRIs

citalopram and sertraline can inhibit platelet adhesion.

The noradrenaline reuptake inhibitor reboxetine had

a similar but smaller effect and venlafaxine, a non-

selective serotonin and noradrenalin reuptake inhibi-

tor did not inhibit adhesion at all. The increased risk

for bleeding complications in antidepressant users

may not only be explained by depletion of serotonin

in platelets. A serotonin-dependent intracellular sig-

nalling pathway that facilitates platelet activation and

is inhibited by SSRIs has earlier been suggested [6].

Similar intracellular events have been suggested to

explain the effect of the noradrenaline reuptake in-

hibitor reboxetine on serotonin-dependent effects on

neurons [25]. Thus, intracellular effects on a serotonin

pathway may be responsible for the direct inhibiting

effects caused by the SSRIs as well as by reboxetine

observed in the present study.
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