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Abstract: Trazodone is an antidepressant which behaves as a selective 5-HT2 antagonist
and 5-HT reuptake inhibitor. The lack of information on its effects in vivo prompted us to
evaluate α2-adrenoceptors by means of the specific binding of [3H]-rauwolscine, and the 5-HT
transporter (SERT) by means of the binding of [3H]-paroxetine ([3H]-Par), in platelets of
depressed patients, before and after one month of treatment with trazodone (75–300 mg/day).
Twenty-five outpatients of both sexes with a diagnosis of major depression, as assessed by the
Structured Clinical Interview for DSM IV, were included in the study. Depressive symptoms were
evaluated by means of the Hamilton Rating Scale for Depression: the total score (mean ± SD)
was 20 ± 6 at baseline (t0) and 7 ± 4 after one month of treatment (t1). Platelet membranes, [3H]rauwolscine and [3H]-Par bindings were carried out according to standardized protocols. The
results showed that the Bmax values of [3H]-Par were statistically lower at t1 than at t0 (733 ± 30
vs 1471 ± 99, P , 0.001), while the Kd and the [3H]-rauwolscine binding parameters remained
unchanged. The findings of this study suggest that in vivo trazodone modifies the number of
the SERT proteins and that, perhaps, most of its antidepressant properties are related to this
activity.
Keywords: trazodone, depression, serotonin, platelets, α2-adrenoreceptors, [3H]-rauwolscine,
serotonin transporter, [3H]-paroxetine

Trazodone is a compound deriving from phenylpiperazines widely-used in the
United States and Europe since the beginning of the 1980s as an antidepressant
characterized by lower anticholinergic properties and lower cardiac conduction effects
than tricyclics.1–4 Trazodone behaves like an antagonist of serotonin (5-HT) receptors of type 2 (5-HT2) and of α-adrenoreceptors, as well as like an inhibitor of 5-HT
reuptake.5,6 Together with nefazodone, it belongs to the class of the so-called 5-HT2
antagonists and 5-HT inhibitors (SARIs).
The inhibition of the reuptake increases the intrasynaptic 5-HT levels leading to
indiscriminate stimulation of all 5-HT receptors. If the first activity is related to the
antidepressant effect, the second is at the basis of some side-effects typically displayed
by selective serotonin reuptake inhibitors (SSRIs). Indeed, raphe 5-HT1 stimulation
is responsible for the antidepressant efficacy, while proencefalic 5-HT2 stimulation
induces agitation, anxiety and sexual dysfunctions. Therefore, compounds such as
trazodone that inhibit 5-HT reuptake, but antagonize only specific 5-HT receptors,
seem to reduce significantly some side-effects deriving from an excessive increase of
5-HT concentrations and receptor stimulation.7
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The antidepressant properties of trazodone have been
demonstrated in different clinical placebo-controlled studies
and compared also with those of other antidepressants.4,8,9
From such trials, it emerged that it is an effective compound with a good tolerability profile similar to that of
placebo: in fact, the incidence of side-effects ranges between
15 and 30% in both trazodone and placebo users. The
anticholinergic side effects, particularly dry mouth, blurred
vision, constipation, and urinary retention are rare, as they
are those due to α-adrenoreceptor blockade, such as hypotension and sedation. Interestingly, trazodone treatment has been
seldom associated with priapism,10,11 a characteristic that can
be used to revert the sexual dysfunctions provoked by other
psychotropic drugs.12
Although the pharmacodynamic aspects of trazodone
are well known, no information is available on its effects on
peripheral noradrenergic and serotonergic markers in vivo. For
three decades, platelets have been widely used in biological
psychiatry as a reliable, peripheral model of serotonergic
neurons.13 In particular, blood platelets and neurons share a
similar 5-HT reuptake system, the 5-HT transporter (SERT)14,15
and other receptors, such as α2-adrenoceptors. Therefore, our
study aimed to evaluate α2-adrenoceptors, by means of the
specific binding of [3H]-rauwolscine, a selective antagonist of
their levels, and the 5-HT transporter (SERT) by means of the
binding of [3H]-paroxetine ([3H]-Par), in platelets of depressed
patients, before and after one month’s treatment with trazodone.
In addition, we explored the possible correlation between
kinetic parameters of [3H]-rauwolscine and [3H]-Par bindings
and demographic or clinical characteristics of the patients.

Materials and methods
Subjects
Twenty-five outpatients (12 women, 13 men, between 23
and 50 years of age, mean ± SD: 32.3 ± 9.5), recruited at the
Dipartimento di Psichiatria, Neurobiologia, Farmacologia e
Biotecnologie, University of Pisa, Italy, with a diagnosis of
major depression, as assessed by the Structured Clinical Interview for DSM IV,16 were included in the study. Fifteen patients
were suffering from recurrent unipolar depression and 10
from bipolar disorder (BD): in particular, three suffered from
BD of type 1 and seven from BD of type 2. The [3H]-Par
binding assay was carried out in all patients, while the [3H]rauwolscine binding was carried out in only 21 (10 women, 11
men, age between 23 and 48 years; mean ± SD: 35.8 ± 10.5).
None had taken tricyclic antidepressants in the last year,
three had taken SSRIs (citalopram, sertraline, escitalopram)
30 days before the enrollment and two were currently taking
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mood stabilizers (valproic acid and gabapentin). Depressive
symptom severity was evaluated by means of the Hamilton Rating Scale for Depression (HRSD):17 the total score
(mean ± SD) was 20 ± 6 (range: 17–32) at baseline (t0) and
7 ± 4 (range: 4–13) after one month of treatment (t1). The
doses of trazodone ranged between 75–300 mg/day.
All patients had no concomitant medical illness, as shown
by a general check-up and by blood and urine tests which
were within the normal range.
The study was approved by the Ethics Committee at Pisa
University and an informed written consent was completed
by all patients.

Platelet separation
Venous blood (25 mL) was collected from fasting
subjects between 08.00 and 09.00 a.m, during the months
of November–December and then mixed with 3 mL
of anticoagulant: sodium citrate (2.2%) and citric acid
(1.2%). A second sample was collected after a month of
monotherapy with trazodone.
Platelets membranes were prepared according to a
standardized protocol. Platelet-rich plasma (PRP) was
obtained by low speed centrifugation (150 × g for 15 min at
20°C). Platelets were precipitated from PRP by centrifugation
at 1,500 × g for 15 min at 20°C and stored at −80°C until
binding assay which was carried out within two weeks.
On the day of assay, platelets were homogenized in 10 mL
buffer 50 mM Tris-HCl, 5 mM EDTA, pH 7.7, containing
protease inhibitors (20 µg/mL trypsin inhibitor: 200 µg/mL
bacitracine, 160 µg/mL benzamidine), with an ultrathurrax
homogenizer and centrifuged at 48,000 × g for 15 min at 4°C.
The ensuing pellet was suspended again in 10 mL buffer
50 mM Tris-HCl, 5 mM EDTA, pH 7.7 and centrifuged
twice at 48,000 × g for 15 min at 4°C. The ensuing pellet
was suspended in an assay buffer (50 mM Tris-HCl).

[3H]-Rauwolscine binding assay
The [3H]-rauwolscine binding was carried out according
to the methods of Corsano et al.18 Platelet membranes
(0.2–0.5 mg proteins), suspended in an assay buffer, were
incubated with 0.5 nM [3H]-rauwolscine (Sigma, Milan,
Italy; specific activity: 71 Ci/mmol) for 60 min at 25°C in
a final volume of 1 mL. The specific binding was evaluated
with 10 mM cold clonidine (Sigma). To test the saturability
of [3H]-rauwolscine specific binding sites, the platelet membranes were incubated with eight increasing concentrations
of [3H]-rauwolscine, ranging between 0.1 and 5 nM. After
60 min, the incubation was halted by the addition of 5 mL
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of cold buffer. Samples were rapidly filtered under vacuum
through glass fiber filters Whatman GF/C, washed four times
with 5 mL cold buffer, and placed in vials with 4 mL of
scintillation cocktail. Radioactivity was measured by means
of a beta-counter (Packard 1600 TR).

[3H]-Par binding assay
The [3H]-Par binding was carried out according to the
method of Marazziti et al.19 The incubation mixture consisted of 100 µL of platelet membranes (50–100 µg protein/
tube), 50 µL of [3H]-Par (Perkin-Elmer Life Science, Milano,
Italy; specific activity: 19.1 Ci/mmol) at six concentrations
ranging between 0.01 and 1 nM and 1.85 mL of assay buffer
(50 mM Tris HCl, 120 mM NaCl, 5 mM KCl, pH 7.4).
Specific binding was obtained as the binding remaining in
the presence of 10 µM fluoxetine (Sigma) as a displacer. All
samples were assayed in duplicate and incubated at 22°C for
1 hour. The incubation was halted by adding 5 mL of cold
assay buffer. The contents of the tubes were immediately
filtered under vacuum through glass fibre filters GF/C and
washed 3 times with 5 mL of assay buffer. Filters were then
placed in vials with 4 mL of scintillation cocktail (Ready
Safe scintillation cocktail; Beckman Coulter, Carlsbad,
CA, USA) and radioactivity was measured by means of a
beta-counter (Packard LS 1600). Proteins were measured
according to the method of Peterson.20

Statistical analyses
Equilibrium-saturation binding data, the maximum binding
capacity (Bmax, fmol/mg protein) and the dissociation constant
(Kd, nM) were analysed by means of iterative curve-fitting
computer programmes EBDA (Biosoft, Cambridge, UK).
The difference between Bmax and Kd, at the two assessment
times was measured by means of the Student’s t-test
(two-tailed, paired). The effect of age and sex on biological
parameters was evaluated by means of the covariance analysis
(ANCOVA). The possible correlations between biological
findings and psychopathological data were analyzed according
to the Pearson’s method. All analyses were carried out using
SPSS; version 12.1; (SPSS Inc, Chicago, IL, USA).

Results
No significant effects of age, sex or diagnosis on [ H]-Par or
[3H]-rauwolscine binding were observed.
As far as the [ 3 H]-Par binding is concer ned,
the Bmax values (mean ± SD, fmol/mg protein) showed a
statistically-significant decrease at t1, as compared with t0
(733 ± 30 vs 1471 ± 99, P , 0.001), while the Kd values
3
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(mean ± SD, nM) did not change at the two assessment
times (Table 1).
Similarly, no difference was detected in Bmax or Kd values
of [3H]-rauwolscine binding of the depressed patients before
and after one month of treatment with trazodone.
No correlation between biological parameters and HRSD
total score or single items was observed. No difference
between unipolar and bipolar patients, or drug-free or
previously-treated patients was detected.

Discussion
The present study, exploring the possible effects of onemonth’s treatment with trazodone on platelet SERT, as
assessed by the [3H]-Par binding, and α2-adrenoceptors,
measured by means of the [3H]-rauwolscine binding, of
depressed patients, led to different findings. First, the binding parameters, Bmax and Kd, of [3H]-rauwolscine, a selective
α2-antagonist, were not modified by the treatment with trazodone. This is consistent with the pharmacological properties
of trazodone: in fact, in vitro this compound does not provoke
any effect on α2-adrenoceptors, while it interacts with α1- and
5-HT2 receptors21 and shows a certain inhibitory activity on
5-HT reuptake.22,23 This is confirmed by our observations of
a significant decrease (about 50%) of the Bmax of [3H]-Par
binding after one month of treatment. The change of Bmax with
no modification of the Kd, which is the inverse of the affinity
constant, suggests that trazodone provokes a decrease in the
number of the SERT proteins, without affecting its affinity
characteristics. Previously, it has been shown by different
authors that SSRIs or tricyclics may modify [3H]-Par binding
parameters in vivo, although data are quite controversial.24–28
In particular, the Bmax of [3H]-Par binding, at t0 was similar in
27 depressed patients and control subjects, albeit significantly
lower in those patients at the first episode, and decreased after
three months of treatment with fluoxetine or clomipramine.27
The same result was obtained in a sample of 24 depressed
children and adolescents after six weeks and also after
Table 1 [3H]-Par and [3H]-Rauwolscine bindings parameters
(Bmax, fmol/mg protein and Kd, nM, mean ± SD) in platelets of
depressed patients
Bmax (fmol/mg prot)

Kd (nM)

[ H]-Par (N = 25)
t0
t1

1471 ± 99
733 ± 30*

0.11 ± 0.4
0.1 ± 0.2

[3H]-Rauwolscine (N = 21)
t0
t1

168 ± 33
169 ± 20

0.78 ± 0.2
1.02 ± 0.4

3

Note: *significant, P , 0.001.
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six months of sertraline.26 On the contrary, sertraline given
for six months to a small sample (n = 10) of adult depressed
patients seemed to provoke an increased Bmax of [3H]-Par binding, while paroxetine led to the opposite findings in another 10
patients.28 Although generally no change of the Kd has been
detected, in one study this parameter was reported to increase
after six weeks of treatment with fluoxetine or lofepramine
in, respectively, 22 and 18 depressed patients,24 or to decrease
in 45 depressed patients following SSRIS or tricyclics for at
least one month.29 Therefore, in spite of these controversies
regarding which parameter is modified by which drug, it seems
that, in any case, the interference with the platelet SERT is
essential for the development of the antidepressant effect.7
Along this line, it is interesting to highlight that all patients
enrolled in our study showed a significant decrease of the
Bmax of [3H]-Par binding, in parallel with the improvement of
depressive symptomatology, as revealed by the decrease of the
HRSD total score. A significant correlation between changes
in [3H]-Par Bmax and change in HRSD total score after four
and eight weeks of treatment with paroxetine or fluoxetine
was measured in a previous study in 21 depressed patients.25
On the contrary, we could not detect this, perhaps because of
the small sample size. For the same reason, maybe, we did
not find any difference between unipolar or bipolar patients,
or patients who were drug-free or had been treated one month
previously, or were currently taking mood stabilizers: these
last drugs, however, do not seem to interfere with [3H]-Par
binding.19
In conclusion, our study shows that trazodone modifies
the number of the SERT proteins in platelet membranes
and suggests that these changes may underlie its short-term
antidepressant properties and, perhaps, might be used as a
predictor of response. Further studies should clarify whether
this is the case also of long-term treatments.

Disclosures
The authors report no conflicts of interest in this work.

References

1. Gerner R, Estabrook W, Steuer J, Jarvik L. Treatment of geriatric
depression with trazodone, imipramine, and placebo: a double-blind
study. J Clin Psychiatry. 1980;41:216–220.
2. Rakel RE. The greater safety of trazodone over tricyclic antidepressant
agents: 5-year experience in the United States. Psychopathology. 1987;
20:57–63.
3. Schatzberg AF. Trazodone: a 5-year review of antidepressant efficacy.
Psychopathology. 1987;20:48–56.
4. Fabre LF. United States experience and perspectives with trazodone. Clin
Neuropharmacol. 1989;12:11–17.

258

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Dovepress
5. Carson CC 3rd, Mino RD. Priapism associated with trazodone therapy.
J Urol. 1988;139:369–370.
6. Kraus RL, Li Y, Jovanovska A, Renger JJ. Trazodone inhibits T-type
calcium channels. Neuropharmacology. 2007;53:308–317.
7. Stahl SM. Essential Psychopharmacology: Neuroscientific basis and
practical applications (Ed. 3). New York, NY: Cambridge University
Press; 2008.
8. Schuckit MA. United States experience with trazodone: a literature
review. Psychopathology. 1987;20:32–38.
9. Papakostas GI, Fava M. A meta-analysis of clinical trials comparing
the serotonin (5HT)-2 receptor antagonists trazodone and nefazodone
with selective serotonin reuptake inhibitors for the treatment of major
depressive disorder. Eur Psychiatry. 2007;22:444–447.
10. Correas Gómez MA, Portillo Martín JA, Martín García B, et al.
Trazodone-induced priapism. Actas Urol Esp. 2000;24:840–842.
11. Gartrell N. Increased libido in women receiving trazodone. Am
J Psychiatry. 1986;143:781–782.
12. Marazziti D. Psicofarmacoterapia Clinica (Ed. 4) Roma, Italia: Fioriti
editore; 2006.
13. Stahl SM. The human platelet. A diagnostic and research tool for the
study of biogenic amines in psychiatric and neurologic disorders. Arch
Gen Psychiatry. 1977;34:509–516.
14. Lesch KP, Wolozin BL, Murphy DL, Riederer P. Primary structure of
the human platelet serotonin uptake: identity with the brain serotonin
transporter. J Neurochem. 1993;60:2319–2322.
15. Qian Y, Melikian HE, Rye DB, Levey AI, Blakely RD. Identification and
characterization of antidepressant-sensitive serotonin transporter protein
using site-specific antibodies. J Neurosci. 1995;15:1261–1274.
16. First MB, Spitzer RL, Gibbon M, Williams JBW. Structured Clinical
Interview for DSM-IV Axis I Disorders-Patient edition (SCID-I/P,
Version 2.0, 4 97 revision). New York, NY: New York Biometrics
Research, New York State Psychiatric Institute; 1997.
17. Hamilton M. A rating scale for depression. J Neurol Neurosurg
Psychiatry. 1960;23:56–62.
18. Corsano S, Strappaghetti G, Barbaro R, Giannaccini G, Betti L,
Lucacchini A. Synthesis of new pyridazinone derivatives and their
affinity towards alpha1-alpha2-adrenoceptors. Bioorg Med Chem.
1999;7:933–941.
19. Marazziti D, Rossi A, Gemignani A, et al. Decreased p latelet
3
H-p aroxetine binding in obsessive-compulsive patients.
Neuropsychobiology. 1996;34:184–187.
20. Peterson GL. A simplification of the protein assay method of
Lowry, et al. which is more generally applicable. Anal Biochem.
1977;83:356–366.
21. Owens MJ, Morgan WN, Plott SJ, Nemeroff CB. Neurotransmitter
receptor and transporter binding profile of antidepressants and their
metabolites. J Pharmacol Exp Ther. 1997;283:1305–1322.
22. Katasonow AB, Brusow OS, Beljaew BS, et al. The effect of imipramine
and trazodone on the re-uptake of (3H) serotonin by thrombocytes in
patients with endogenous depression: changes in antidepressive therapy.
Psychiatr Neurol Med Psychol. 1989;41:210–217.
23. Baumann P. Clinical pharmacokinetics of citalopram and other selective
serotonergic reuptake inhibitors (SSRI). Int Clin Psychopharmacol.
1992;6:13–20.
24. Lawrence KM, Katona CL, Abou-Saleh MT, et al. Platelet 5-HT
uptake sites, labelled with [3H] paroxetine, in controls and depressed
patients before and after treatment with fluoxetine or lofepramine.
Psychopharmacology (Berl). 1994;115:261–264.
25. Bakish D, Cavazzoni P, Chudzik J, Ravindran A, Hrdina PD. Effects of
selective serotonin reuptake inhibitors on platelet serotonin parameters
in major depressive disorder. Biol Psychiatry. 1997;41:184–190.
26. Sallee FR, Hilal R, Dougherty D, Beach K, Nesbitt L. Platelet serotonin
transporter in depressed children and adolescents: 3H-paroxetine platelet
binding before and after sertraline. J Am Acad Child Adolesc Psychiatry.
1998;37:777–784.

Neuropsychiatric Disease and Treatment 2010:6

Dovepress

29. Hrdina PD, Bakish D, Ravindran A, Chudzik J, Cavazzoni P, Lapierre YD.
Platelet serotonergic indices in major depression: up-regulation of
5-HT2A receptors unchanged by antidepressant treatment. Psychiatry
Res. 1997;66:73–85.

Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/ by 107.23.176.162 on 22-Feb-2019
For personal use only.

27. Alvarez JC, Gluck N, Arnulf I, et al. Decreased platelet serotonin
transporter sites and increased platelet inositol triphosphate levels
in patients with unipolar depression: effects of clomipramine and
fluoxetine. Clin Pharmacol Ther. 1999;66:617–624.
28. Stain-Malmgren R, Khoury AE, Aberg-Wistedt A, Tham A. Serotonergic
function in major depression and effect of sertraline and paroxetine
treatment. Int Clin Psychopharmacol. 2001;16:93–101.

Trazodone, [3H]-paroxetine and α2-adrenoreceptors

Dovepress

Neuropsychiatric Disease and Treatment

Publish your work in this journal
Neuropsychiatric Disease and Treatment is an international, peerreviewed journal of clinical therapeutics and pharmacology focusing on
concise rapid reporting of clinical or pre-clinical studies on a range of
neuropsychiatric and neurological disorders. This journal is indexed on
PubMed Central, the ‘PsycINFO’ database and CAS, and is the official

journal of The International Neuropsychiatric Association (INA). The
manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

Neuropsychiatric Disease and Treatment 2010:6

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

259

