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ABSTRACT 

 

BACKGROUND: Neuroplastic processes are thought to be involved in the 

pathophysiology of major depression. It has been reported that serum brain-derived 

neurotrophic factor (BDNF) is decreased in depressed patients. 

  

OBJECTIVES:   Compare BDNF levels in depressed patients and healthy controls in 

platelet poor plasma and in washed platelets. Observe the effects of 8 and 24 week 

treatment with S-citalopram on these levels.  

 

METHODS: We assessed the levels of BDNF in platelet poor plasma and in washed 

platelets from 18 major depression patients, and compared them with 14 healthy 

controls.  Blood samples were obtained from patients before and during treatment (8 

and 24 weeks) with a selective serotonin reuptake inhibitor, S-citalopram.   

 

RESULTS: A significant decrease in severity of depressive symptoms was observed 

from the first month of treatment with S-citalopram, and symptoms continued 

decreasing until the 6th month. Plasma BDNF levels in untreated patients appeared 

significantly increased (p<0.01), but reached values similar to those of controls at the 

24th week. In contrast, levels of platelet BDNF appeared significantly decreased 

(p<0.05), but treatment also normalized levels so that values obtained were equivalent 

to those of controls.  
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CONCLUSIONS: Untreated depressed patients showed increased plasma BDNF levels 

and decreased platelet BDNF levels, as compared with control subjects, and tend to 

normalize during treatment with S-citalopram for 24 weeks, with BDNF reaching levels 

similar to those in healthy controls at the 24th week in both samples. We observed that 

improvement in depressive symptoms was accompanied by normalization of plasma 

and platelet BDNF levels. 

 

 

Keywords: major depression; brain-derived neurotrophic factor (BDNF); serum; 

plasma; platelets; S-citalopram. 

 

 

Abbreviation: Brain-derived neurotrophic factor (BDNF); Hamilton Depression Rating 

Scale (HDRS); Enzyme-linked immunosorbent assays (ELISA); Plasma poor in platelet 

(PPP-BDNF); washed platelets-BDNF (Plt-BDNF). 
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INTRODUCTION 

 

Brain-derived neurotrophic factor (BDNF), a member of the neurotrophin family, 

present in both the central and the peripheral nervous system (Lindsay et al. 1994; 

Lommatzsch et al. 1999), has been implicated in the pathophysiology of depression 

(Duman and Monteggia 2006; Duman et al. 1997). Low levels of serum BDNF have 

been described in patients with major depressive disorder who were antidepressant-free 

(Karege et al. 2002a and 2002 b) or naïve (Shimizu et al. 2003). Moreover, BDNF 

levels increased with chronic antidepressant treatment (Shimizu et al. 2003; Aydemir et 

al. 2005; 2006; Gervasoni et al. 2005; Gonul et al. 2005). Some studies (Shimizu et al. 

2003) detected a negative correlation between the severity of depression and serum 

BDNF levels and that the response to the antidepressant treatment correlated with the 

increase in BDNF levels.  

 

BDNF is found in both human serum and plasma (Fujimura et al. 2002; Radka et al. 

1996; Rosenfeld et al. 1995). Interestingly, serum levels of BDNF have been found to 

be 100-200-fold higher than plasma levels (Radka et al. 1996; Rosenfeld et al. 1995), 

and that difference results from BDNF released from platelets during the clotting 

process (Fujimura et al. 2002) as human platelets contain a large amount of the BDNF 

in blood (Fujimura et al. 2002; Pliego-Rivero et al. 1997; Yamamoto and Gurney 1990). 

However, regulation and function of BDNF in peripheral blood is still poorly 

understood. 
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Given the difficulty of studying BDNF levels in the brain directly, there has been great 

interest in the accurate assessment of BDNF activity in the periphery. Serum, plasma, 

and whole blood BDNF content are commonly measured using enzyme-linked 

immunosorbent assays (ELISA) with relatively high specificity and sensitivity. 

Although a few recent studies suggest plasma BDNF content is also decreased in 

depressed subjects (Grassi-Oliveira et al. 2008; Karege et al. 2005; Lee et al. 2007; 

Piccinni et al. 2008), most of the studies have been performed with serum, and only two 

studies (Lee & Kim 2009; Pandey et al. 2010) have investigated differences in BDNF 

levels in platelets between major depression patients and control subjects. To the best of 

our knowledge, no studies have analyzed changes due to treatment in platelet BDNF 

levels.  

 

Selective serotonin reuptake inhibitors (SSRIs) are one of the most common drugs used 

in major depression treatment. Interestingly, platelets possess different receptors for 

serotonin (5-HT2A, 5-HT3) and also the transporter (SERT) in their membranes (Hoyer 

et al. 2002; Stratz et al. 2008; Escolar et al. 2005; Blakely et al. 1991; Hoffman et al. 

1991; Lesch et al. 1993; Ramamoorthy et al. 1993). Several studies have shown 

evidence of a link between increased risk of cardiovascular complications in clinically 

depressed patients (Carney & Freedland 2003) and a possible reduction of this risk after 

treatment with selective serotonin reuptake inhibitors (SSRIs) (Schlienger & Meier 

2003; Maurer-Spurej et al. 2004; Sauer et al. 2003). Moreover, our group has recently 

published an in vitro study in which the effect of serotonin and the SSRI citalopram was 

evaluated on platelet function (Galan et al. 2009). Our studies demonstrated that 

serotonin accentuates platelet activation and potentiates procoagulant responses so 

increasing thrombogenesis on damaged vascular surfaces. Surprisingly, inhibition of 
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serotonin reuptake by the SSRI confirmed the implication of serotonergic mechanisms 

in platelet activation and demonstrated a remarkable antithrombotic action of this drug 

in our experimental studies, as previously suggested by Atar and cols (Atar et al. 2006; 

2007). 

 

The aims of this study were: firstly, to compare BDNF levels in depressed patients and 

healthy controls in platelet poor plasma and in washed platelets; and secondly, to 

observe the effects of 8 and 24 week treatment with S-citalopram on BDNF levels with 

simultaneous control for age. 

 

 

Page 8 of 31Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



7 Serra M. 

 

METHODS AND MATERIALS 

 

Demographic and clinical data 

 

Two groups were established for this study. The first group included major depression 

patients. Eighteen outpatients recruited at the Department of Psychiatry at Hospital 

Clínic, Barcelona, were consecutively enrolled in a longitudinal controlled study for 6 

months. All patients were suffering from a current major depressive episode, single 

episode or recurrent, diagnosed according to Diagnostic and Statistical Manual for 

Mental Disorders Criteria (APA, 2003), using the structured clinical interview for DSM 

IV (SCID) (First et al. 1999). All patients had a 17-item Hamilton Depression Rating 

Scale (HDRS) (Hamilton 1960) total score of 18 or higher. Patients' ages ranged 

between 18 and 65 years. Exclusion criteria consisted of the presence of other major 

axis I disorders, including schizophrenia, bipolar disorders, anxiety disorders, 

substance-related disorders and eating disorders, as well as the presence of any acute 

physical disorders, exposure to any psychotropic drugs in the last month and to drugs 

known to affect either platelets or the coagulation system taken within the previous ten 

days.  

 

The second group was the study control group. Fourteen healthy subjects with no 

history of chronic physical illness, substance abuse or mental diseases and not taking 

regular medications in the last month (including drugs known to affect either platelets or 

the coagulation system within the previous 10 days) were recruited. All subjects were 

free of chronic and acute physical illness during the 2 weeks before the study. 
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Experimental Design 

 

Severity of depression was assessed using the 17-item HDRS, which is valid and 

reliable for the Spanish population. Clinical assessments were conducted at baseline, 

2
nd

, 4
th

, 8
th

, 12
th

, 16
th

, 20
th

 and 24
th

 weeks of treatment. Clinical response was defined as 

HDRS < 50% and remission was defined as HDRS < 8 points. Blood extraction was 

conducted at baseline, and at 8 and 24 weeks of treatment.  

 

After the baseline assessments and baseline blood samples were obtained, all patients 

were orally given S-citalopram as antidepressant therapy. Initially, this was 5 mg/day 

for 4 days, and increased to 10 mg/day on the fifth day. In the following visits, the 

psychiatrist increased the doses as required to a maximum of 40 mg/day. We used 

elevated doses based on the severity of clinical depression and on personal experience. 

In the first weeks, lorazepam was permitted in cases of anxiety or insomnia. 

 

Written informed consent was obtained from each participating patient. The study was 

approved by the Ethics Committee at Hospital Clinic, Barcelona. We included all 

patients that took at least one dose of the drug.  

 

 

Obtaining blood samples 

 

Blood samples were drawn from the antecubital vein of major depression patients and 

of healthy controls; and collected into citrate/phosphate/dextrose (CPD) at a final citrate 

concentration of 19 mM. Blood extractions were performed between 9 and 10 a.m. to 
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minimize the effects of possible circadian rhythm alterations to BDNF concentrations. 

Patients and controls had not been exposed to drugs known to affect either platelets or 

the coagulation system within 10 days prior to blood extraction.  

 

 

Preparing plasma and platelet BDNF samples 

 

Plasma poor in platelet (PPP-BDNF) samples were obtained by centrifugation of 

citrated blood at 2200 rpm (15 min, 22ºC). Platelets were separated by centrifugation 

(1100 rpm, 22º C, 15 min,) to obtain platelet rich plasma. Platelets were then washed, as 

previously described (Diaz-Ricart et al. 2002), by washing three times with equal 

volumes of citrate/citric acid/dextrose (93 mM sodium citrate, 7 mM citric acid and 140 

mM dextrose), pH 6.5, and containing 5 mM adenosine and 3 mM theophylline. The 

final pellet was resuspended at a concentration of 0.8x10
6
 platelets/µl in a Hanks’ 

balanced salt solution supplemented with dextrose (2.7 mM) and NaHCO3 (4.1 mM), 

and maintained for 30 min at 37°C. Platelets were counted in a Beckman/Coulter MD II 

System Hematology Analyzer (Beckman Coulter, CA, USA).  

 

To obtain the sample with platelet-BDNF (Plt-BDNF), washed platelets were diluted 4 

times with lysis buffer (100 mM Tris-HCl, pH 7.4, 2% Triton X-100), containing 10 

mM ethylene glycol bis (β-aminoethylether)-N,N,N′,N′-tetraacetic acid, 4 mM 

ethylenediaminetetraacetic acid, 2 mM phenylmethyl sulfonyl fluoride, 2 mM 

benzamidine, 2 µg/ml leupeptin, 2 µg/ml pepstatin, and 2 mM sodium orthovanadate, as 

protease and phosphatase inhibitors, leaving a final platelet concentration of 0.2x10
6
 

platelets/µl. Platelet suspensions were treated with lysis buffer for 30 min (at 4°C). 
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Triton-insoluble residues, corresponding to the polymerized cytoskeletal fraction, were 

kept together with the supernatant containing free BDNF. PPP-BDNF and Plt-BDNF 

samples were immediately frozen in dry-ice and stored at -20 ºC.  

 

 

Measurement of PPP- and Plt-BDNF 

 

PPP- and Plt-BDNF was measured with the BDNF Emax® ImmunoAssay Kit 

(Promega, Wallisellen, Switzerland), which is designed for the sensitive and specific 

detection of BDNF based on the antibody sandwich principle. Before the assay, a 

further step of acid treatment was performed, according to the manufacturer’s 

instructions, to increase the amount of BDNF by release of the BDNF in the 

membranes. Insoluble residues were pelleted by centrifugation in a microfuge to avoid 

being pipetted with the samples. 

 

The assay was performed according to the manufacturer’s instructions with washing 

between steps to remove excess reagents. All assays were performed in duplicate. 

Briefly, 96-well plates were coated with anti-BDNF monoclonal antibody. After 

blocking unspecific binding sites, undiluted samples and BDNF standards were 

incubated in duplicates. The BDNF in the samples was detected in two steps, first with 

an antihuman BDNF polyclonal antibody, which in turn was detected with an anti-IgY 

antibody conjugated to horseradish as a tertiary reactant. Subsequently, a chromogenic 

substrate was added and colour changed in proportion to the amount of BDNF. The 

reaction was stopped with 1 M HCl and the absorbance measured at 450 nm in a 

MultiSkan Ascent
®
 (Thermo Electron Corporation, Finland). The concentrations of the 
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11 Serra M. 

 

samples in each plate were calculated according to a standard curve. Results were 

expressed as pg/ml. In the case of Plt-BDNF, results were always expressed as content 

of BDNF considering an average physiologic platelet count equivalent to 0.2x10
6
 

platelets/µl. 

 

 

Statistical analysis 

 

Normality of the variables PPP-BDNF and Plt-BDNF levels have been tested 

respectively with the Kolmogorov-Smirmov test (Z=0.851, p=0.464; Z=0.642, 

p=0.804). Data are expressed as Mean ± standard error of the mean (SEM). The 

differences among the various conditions were tested by a general linear model for 

repeated measurements. One-way ANOVA test for independent experiments was 

applied when multiple comparisons were required, and student's t-test for paired data 

was used for comparisons between two different conditions. The level of statistical 

significance was established at least with p<0.05.   
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RESULTS 

 

A total of 18 patients and 14 controls were included in the study. By the 8
th

 week of 

treatment, 2 patients had dropped out as they failed to attend follow-up visits, and by the 

24
th

 week of treatment, 2 further patients had dropped out as they did not complete the 

course of pharmacological treatment. Thus, 14 patients completed the study. As shown 

in Table 1, both patient and control groups were mainly comprised of women. There 

was a statistical difference between patients’ and controls’ HDRS scores (p<0.001), 

which shows that controls did not have symptoms that could interfere in the analysis of 

results.  

 

Patients had experienced, on average, 1.9 previous episodes of depression, while this 

was the first episode for eight subjects. Six patients had had two episodes, three patients 

had experienced a third episode and one had had more than three episodes.  

 

 

Effect of treatment with S-citalopram on the HDRS score 

 

Average doses of S-citalopram were 28 mg/day. One patient was prescribed 

antipsychotic (aripiprazole) due to psychotic symptoms. A significant improvement in 

the mean scores of HDRS was detected from the 4
th

 week of treatment with S-

citalopram, as summarized in Figure 1. At 8
th 

week of treatment all patients were 

responsive, and from the 12
th

 week, all were in remission. However, there was a 

significant difference between patients’ HDRS scores of at the end of study and 

controls’ HDRS scores (3.93 ± 3.95 vs 0.62 ± 1.19, respectively; p<0.01). 
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There was a significant difference in HDRS between first episode patients and recurrent 

patients (p<0.05) at the end of study. First episode patients at the end of study did not 

show significant differences to control subjects regarding HDRS score. In all HDRS 

measures, recurrent patients showed increased scores (more symptoms) with respect to 

the first episode of depression. At baseline measure there were no significant 

differences between naïve and recurrent patients. There was no difference in HDRS 

between male and female participants in any measure.  

 

 

Assessment of BDNF levels in major depression and healthy subjects 

 

Levels of PPP-BDNF from untreated patients appeared significantly increased versus 

healthy subjects (496.8 ± 132.3 pg/ml vs. 311.5 ± 90.6 pg/ml; p<0.01). Levels of PPP-

BDNF decreased during the treatment period. This tendency was less evident, but 

significant, at the 8
th

 week (454.39 ± 167.65 pg/ml vs. 311.5 ± 90.6 pg/ml; p<0.05) but 

reached levels similar to control subjects after 24 weeks of treatment (369.9 ± 151.5 

pg/ml).  

 

In contrast, Plt-BDNF levels of untreated patients appeared significantly lower than 

healthy subjects (458.5 ± 163.9 pg/ml vs. 793.8 ± 232.7pg/ml; p<0.05). As with the 

PPP-BDNF, antidepressive treatment SSRI normalized Plt-BDNF levels. All these 

results are summarized in the Figure 2.  
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There were no differences in PPP- and Plt-BDNF levels between first episode and 

recurrent depressive patients. No significant differences in PPP- and Plt-BDNF were 

found with respect to age.  

 

We analyzed BDNF levels in male and female subjects separately. Plt-BDNF levels 

were significantly lower in both male and female untreated depressed patients compared 

with healthy subjects of both genders (Men: 213 ± 56 pg/ml vs. 640 ± 13.2 pg/ml; 

p<0.05 and women: 540.3 ± 12 pg/ml vs. 788.1 ± 261.7 pg/ml; p<0.05), although PPP-

BDNF levels were significantly increased at baseline in female but not in male 

depressed patients compared with corresponding controls (women: 486.6 ± 145.2 pg/ml; 

p < 0.01). There were no differences in any measure at the 24
th 

week of treatment. 
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DISCUSSION 

 

One finding of the present study is that we have detected lower levels of Plt-BDNF in 

acute major depressive patients when compared to healthy subjects. This suggests an 

involvement of neurotrophic factors in major depression, in line with earlier reports 

(Shimizu et al. 2003; Aydemir et al. 2005), that proposed decreased neuroplasticity in 

depression. Two studies (Lee and Kim 2009; Pandey et al. 2010) found the same results 

before treatment and indicated that reduced platelet BDNF contents circulating as stored 

BDNF could be associated with lower serum BDNF level in patients with major 

depression. However, they did not study the effects of treatment in platelet BDNF 

levels. Our results also show that Plt-BDNF levels in remitted patients were similar to 

values obtained in healthy controls, which could indicate a relationship between 

normalization at a biochemical level and clinical improvement due to biological 

treatment. 

 

Another finding of the present study, although unexpected, is that PPP-BDNF levels 

appear significantly higher in depressive patients with respect to healthy controls. 

Furthermore, we have shown that PPP-BDNF levels in remitted patients were 

equivalent to those measured in healthy controls. These results make our study the first 

one to demonstrate that antidepressant treatment normalizes both PPP- and Plt-BDNF 

levels in patients with major depression. However, there are studies that describe lower 

PPP-BDNF levels in acute depressive patients than in controls (Grassi-Oliveira et al. 

2008; Karege et al. 2005; Lee et al. 2007; Piccinni et al. 2008), or even report no 

differences between control and acute depressive patients (Lee and Kim 2009; Bocchio-

Chiavetto et al. 2010). A recent meta-analysis showed a reduction of BDNF plasma 

Page 17 of 31 Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



16 Serra M. 

 

levels in depression (Bocchio-Chiavetto et al. 2010). It is well known that 

measurements of BDNF levels are highly dependent on the methodology used (Brunoni 

et al, 2008). The accuracy and the reproducibility of BDNF determination in serum has 

been validated (Trajkovska et al. 2007) although standardized protocols for plasma 

collection and BDNF dosage have to be developed. One possible explanation could be 

related to the methodological differences between this work and previous ones. It is a 

fact that plasma levels of BNDF present a high variance. Lommatzsch et al. (2005) 

found that PPP-BDNF levels decreased significantly with increasing age, weight or 

cholesterol, whereas platelet levels did not. Furthermore, there is evidence for the 

stability of BDNF levels in platelets or serum (Trajkovska et al., 2007), whereas in 

plasma it circulates for less than one hour (Kishino et al. 2001; Poduslo et al. 1996).  

 

It has been elegantly demonstrated that the amount of BDNF in serum is nearly 

identical to the amount of BDNF found in washed lysate platelets (Fujimura et al. 

2002). Thus, the difference between serum and plasma BDNF levels seems to reflect the 

amount of BDNF stored in circulating platelets. Indeed, previous clinical studies 

calculated the amount of Plt-BDNF by subtracting the BDNF levels in serum and 

plasma (Lommatzsch et al. 2005; 2007; Trajkovska et al. 2007). Our study would 

support this equivalence showing the same tendency on Plt-BDNF as other studies had 

on serum levels of BDNF (Karege et al. 2002a; 2002 b; Shimizu et al. 2003; Sen et al. 

2008). Platelet BDNF could represent a long-term marker of varying BDNF levels over 

a period of several days. The precursors of platelet or megakaryocyte cells cannot 

produce BDNF, however they can actively take up BDNF from external sources 

(Fujimura et al. 2002), probably derived from both the circulating plasma pool and from 
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resident cells in the brain (Karege et al. 2002b) or other organs (Lommatzsch et al. 

1999; Fujimura et al. 2002; Pan et al. 1998; Nakahashi et al. 2000).  

 

Some studies (Fujimura et al. 2002; Karege et al. 2005) reported an alteration of serum 

BDNF levels in depression patients that could be related to altered BDNF secretion 

from platelets. However, our study shows that serum-BDNF could be independent of a 

defect in platelet release. Increased platelet reactivity in patients with major depression 

has been described (Carney et al. 2003; 2004; Ataoglu & Canan 2009). This state might 

result in a partial release of the platelets contents, including BDNF and other platelet 

activation markers that could consequently be found in the plasma phase. In fact, our 

results show increased levels of BDNF in plasma and decreased levels inside platelets in 

untreated depressed patients compared with healthy subjects. These data would be in 

agreement with a pre-activation state of platelets in major depression. Treatment with an 

SSRI would improve this preactivated state and explain the increase of BDNF inside 

platelets and the parallel decrease in plasma BDNF, even reaching values similar to 

those of healthy subjects. 

 

One of the major strengths of our study involves the use of a single antidepressant drug. 

In the Brunoni (2008) meta-analysis antidepressant type is associated with the 

magnitude of induced neuroplastic changes and therefore contributes to the 

heterogeneity of observed studies. To the best of our knowledge, only two studies have 

investigated the changes in BDNF levels related to escitalopram treatment. The recent 

Matrisciano (2009) study did not find significant changes in BDNF values for 

escitalopram-treated patients after 5 weeks and 6 months of treatment. This result is in 

contrast with the one reported by Aydemir (2006), who found an increase in BDNF 
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serum levels in 20 women affected with major depression after 6 weeks of treatment 

with escitalopram, and there was a concurrent significant decrease in their depressive 

symptoms. BDNF tendencies found in serum in the latter study are in agreement with 

our results in platelets.  

 

In addition, the longest follow-up is the Piccinni (2008) study where patients were 

followed up for 1 year, but they used more than one antidepressant. This work showed 

that the clinical improvement paralleled the normalization of PPP-BDNF after one 

month of treatment; while, at each moment of evaluation, patients' serum BDNF levels 

were lower than those of control subjects. We performed a 24-week treatment follow-up 

at three time-points (baseline, and 8
th

 and 24
th

 weeks). Our results show that Plt-BDNF 

levels in remitted patients reach values similar to those of control subjects and that PPP-

BDNF levels in patients tended to normalize along with the treatment, whereas other 

studies only performed a 6 or 8 week follow-up and therefore might underestimate the 

increase of BDNF levels (Aydemir et al., 2005; 2006; Yoshimura et al. 2007; Basterzi et 

al. 2009; Huang et al. 2008).  

 

A few limitations should be kept in mind when evaluating our results. First, the sample 

size was relatively small, which may have limited our ability to determine meaningful 

differences and we would consider these results preliminary until replication. 

Furthermore, the symptom assessments were limited to HDRS and may have missed 

some components of the depressive syndrome. Further studies are needed to analyze the 

influence of cyclic changes in hormonal status on BDNF levels, which were not 

considered in this study. Another consideration is that the best sample for the study of 

BDNF (plasma, serum or platelets) is not well established. It would be advisable to 
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reach a consensus on standardizing the methodology used to conduct research on BDNF 

in blood samples in order to avoid variability.  

 

A potentially interesting application of Plt-BDNF measures could be as a biomarker of 

antidepressant efficacy. This suggests that the measure may be used to screen for novel 

antidepressant agents or possibly even predict an individual’s response to an 

antidepressant treatment at an early time point after treatment initiation. This could be 

used to monitor the treatment. Our results indicate that Plt-BDNF could be more 

reliable than PPP-BDNF. 

 

 

ACKNOWLEDGEMENTS 

 

This work was partially supported by a grant from Hospital Clínic, Barcelona, by 

Ministerio de Ciencia e Innovación [SAF 2008-05674-C03-03 and Red HERACLES 

RD06/0009/1003], and by Ministerio de Sanidad [FIS CP04-00112, FIS PS09-0664] 

from the Spanish Government. 

 

Registered in Current Controlled Trials as ISRCTN11216093 - Changes in plasma and 

platelet Brain-Derived Neurotrophic Factor (BDNF) levels induced by S-citalopram in 

major depression. 

 

The authors report no biomedical financial interests or potential conflicts of interest.  

 

 

Page 21 of 31 Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



20 Serra M. 

 

 

REFERENCE LIST 

 
 

American Psychiatric Association (APA): DSM-IV-TR Manual Diagnóstico y 

Estadístico de los Trastornos Mentales. Barcelona: Masson, 2003. 

Ataoglu A, Canan F (2009): Mean platelet volume in patients with major depression: 

effect of escitalopram treatment. J Clin Psychopharmacol 29(4):368-71. 

Atar D, Malinin A, Takserman A, Pokov A, van Zyl L, Tanguay JF, et al (2006): 

Escitalopram, but not its major metabolites, exhibits antiplatelet activity in humans. J 

Clin Psychopharmacol 26(2):172-7. 

Atar D, Malinin A, Pokov A, van Zyl L, Frasure-Smith N, Lesperance F, et al (2007): 

Antiplatelet properties of escitalopram in patients with the metabolic syndrome: a dose-

ranging in vitro study. Neuropsychopharmacology 32(11):2369-74. 

Aydemir C, Yalcin ES, Aksaray S, Kisa C, Yildirim SG, Uzbay, et al. (2006): Brain 

derived neurotrophic factor (BDNF) changes in the serum of depressed women. Prog 

Neuropsychopharmacol Biol Psychiatry 30:1256–60. 

Aydemir O, Deveci A, Taneli F (2005): The effect of chronic antidepressant treatment 

on serum brain-derived neurotrophic factor levels in depressed patients: a preliminary 

study. Prog Neuropsychopharmacol Biol Psychiatry 29:261-5. 

Basterzi AD, Yazici K, Aslan E, Delialioğlu N, Tasdelen B, Tot Acar S et al. (2009): 

Effects of fluoxetine and venlafaxine on serum brain derived neurotrophic factor levels 

in depressed patients. Prog Neuropsychopharmacol Biol Psychiatry 33(2):281-5. 

Page 22 of 31Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



21 Serra M. 

 

Blakely RD, Berson HE, Fremeau RT Jr, Caron MG, Peek MM, Prince HK et al (1991): 

Cloning and expression of a functional serotonin transporter from rat brain. Nature 

354(6348):66-70. 

Bocchio-Chiavetto L, Bagnardi V, Zanardini R, Monteni R, Nielsen MG, Placentino A, 

et al. (2010): Serum and plasma BDNF levels in major depression: A replication study 

and meta-analyses. World J Biol Psychiatry. doi: 10.3109/15622971003611319. 

Brunoni AR, Lopes M, Fregni F (2008): A systematic review and meta-analysis of 

clinical studies on major depression and BDNF levels: implications for the role of 

neuroplasticity in depression. Int J Neuropsychopharmacol 11:1169-80. 

Carney RM, Blumenthal JA, Catellier D, Freedland KE, Berkman LF, Watkins LL, et al 

(2003): Depression as a risk factor for mortality after acute myocardial infarction. Am J 

Cardiol 92(11):1277-81. 

Carney RM, Freedland KE (2003): Depression, mortality, and medical morbidity in 

patients with coronary heart disease. Biol Psychiatry 54(3):241-7. 

Carney RM, Freedland KE, Jaffe AS, Frasure-Smith N, Lesperance F, Sheps DS, et al 

(2004): Depression as a risk factor for post-MI mortality. J Am Coll Cardiol 44(2):472-

4. 

Diaz-Ricart M, Arderiu G, Estebanell E, Perez-Pujol S, Lozano M, White JG, et al 

(2002): Inhibition of cytoskeletal assembly by cytochalasin B prevents signaling 

through tyrosine phosphosylation of Syk cortacin and focal adhesion kinase: studies 

under flow conditions. Am J Pathol 160:329-37. 

Page 23 of 31 Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



22 Serra M. 

 

Duman R, Monteggia LM (2006): A neurotrophic model for stress-related mood 

disorders. Biol Psychiatry 59:1116-27. 

Duman RS, Heninger GR, Nestler EJ (1997): A molecular and cellular theory of 

depression. Arch Gen Psychiatry 54:597-606. 

Escolar G, Diaz-Ricart M, Gomez-Gil E, Serra M, Gasto C, Bozzo J et al (2005): 

Serotonergic mechanisms: a potential link between affective disorders and 

cardiovascular risk. Drugs Today (Barc) 41(11):721-43. 

First MB, Spitzer RL, Gibbon M, Williams JBW. Entrevista clínica estructurada para 

los Trastornos del Eje I del DSM-IV- SCID I. Masson, 1999. 

Fujimura H, Altar CA, Chen R, Nakamura T, Nakahashi T, Kambayashi JI et al. (2002): 

Brain-derived neurotrophic factor is stored in human platelets and released by agonist 

stimulation. Thromb Haemost 87:728-34. 

Galan AM, Lopez-Vilchez I, Diaz-Ricart M, Navalon F, Gomez E, Gasto C et al (2009): 

Serotonergic mechanisms enhance platelet-mediated thrombogenicity. Thromb Haemost 

102(3):511-9. 

Gervasoni N, Aubry JM, Bondolfi G, Osiek C, Schwald M, Bertschy G et al. (2005): 

Partial normalization of serum brain-derived neurotrophic factor in remitted patients 

after a major depressive episode. Neuropsychobiology; 51:234–8. 

Gonul AS, Akdeniz F, Taneli F, Donat O, Eker C, Vahip S (2005): Effect of treatment 

on serum brain-derived neurotrophic factor levels in depressed patients. Eur Arch 

Psychiatry Clin Neurosci 255:267–8. 

Page 24 of 31Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



23 Serra M. 

 

Grassi-Oliveira R, Stein LM, Lopes RP, Teixeira AL, Bauer ME (2008): Low plasma 

brain-derived neurotrophic factor and childhood physical neglect are associated with 

verbal memory impairment in major depression-a preliminary report. Biol Psychiatry 

64(4):281-5. 

Hamilton M (1960): A rating scale for depression. J Neurol Neurosurg Psychiatry 

23:56-62. 

Hoffman BJ, Mezey E, Brownstein MJ (1991): Cloning of a serotonin transporter 

affected by antidepressants. Science 254(5031):579-80. 

Hoyer D, Hannon JP, Martin GR (2002): Molecular, pharmacological and functional 

diversity of 5-HT receptors. Pharmacol Biochem Behav 71(4):533-54.  

Huang TL, Lee CT, Liu YL (2008): Serum brain-derived neurotrophic factor levels in 

patients with major depression: effects of antidepressants. J Psychiatr Res 42(7):521-5. 

Karege F, Bondolfi G, Gervasoni N, Schwald M, Aubry JM, Bertschy G (2005): Low 

brain-derived neurotrophic factor (BDNF) levels in serum of depressed patients 

probably results from lowered platelet BDNF release unrelated to platelet reactivity. 

Biol Psychiatry 57:1068 –72. 

Karege F, Perret G, Bondolfi G, Schwald M, Bertschy G, Aubry JM (2002): Decreased 

serum brain-derived neurotrophic factor levels in major depressed patients. Psychiatry 

Res 109(2):143-8. 

Karege F, Schwald M, Cisse M (2002): Postnatal developmental profile of brain derived 

neurotrophic factor in rat brain and platelets. Neurosci Lett 328(3):261-4. 

Page 25 of 31 Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



24 Serra M. 

 

Kishino A, Katayama N, Ishige Y, Yamamoto Y, Ogo H, Tatsuno T et al. (2001): 

Analysis of effects and pharmacokinetics of subcutaneously administered BDNF. 

Neuroreport 12(5):1067–72. 

Lee BH, Kim H, Park SH, Kim YK (2007): Decreased plasma BDNF level in 

depressive patients. J Affect Disord 101:239 –44. 

Lee BH, Kim YK (2009): Reduced platelet BDNF level in patients with major 

depression. Prog Neuropsychopharmacol Biol Psychiatry 33(5):849-53. 

Lesch KP, Wolozin BL, Murphy DL, Reiderer P (1993): Primary structure of the human 

platelet serotonin uptake site: identity with the brain serotonin transporter. J Neurochem 

60(6):2319-22. 

Lindsay RM, Wiegand SJ, Altar CA, DiStefano PS (1994): Neurotrophic factors: from 

molecule to man. Trends Neurosci 17:182-190. 

Lommatzsch M, Braun A, Mannsfeldt A, Botchkarev VA, Botchkareva NV, Paus R et 

al. (1999): Abundant production of brain-derived neurotrophic factor by adult visceral 

epithelia. Implications for paracrine and target-derived Neurotrophic functions. Am J 

Pathol 155(4):1183-93. 

Lommatzsch M, Niewerth A, Klotz J, Schulte-Herbrüggen O, Zingler C, Schuff-Werner 

P, et al. (2007): Platelet and plasma BDNF in lower respiratory tract infections of the 

adult. Respir Med 101(7):1493-9. 

Lommatzsch M, Zingler D, Schuhbaeck K, Schloetcke K, Zingler C, Schuff-Werner P 

et al. (2005): The impact of age, weight and gender on BDNF levels in human platelets 

and plasma. Neurobiology of Aging 26:115-23.  

Page 26 of 31Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



25 Serra M. 

 

Matrisciano F, Bonaccorso S, Ricciardi A, Scaccianoce S, Panaccione I, Wang L et al. 

(2009): Changes in BDNF serum levels in patients with major depression disorder 

(MDD) after 6 months treatment with sertraline, escitalopram, or venlafaxine. J 

Psychiatr Res 43(3):247-54. 

Maurer-Spurej E, Pittendreigh C, Solomons K (2004): The influence of selective 

serotonin reuptake inhibitors on human platelet serotonin. Thromb Haemost 91(1):119-

28. 

Nakahashi T, Fujimura H, Altar CA, Li J, Kambayashi J, Tandon NN et al. (2000): 

Vascular endothelial cells synthesize and secrete brain-derived neurotrophic factor. 

FEBS Lett 470(2):113-7. 

Pan W, Banks WA, Kastin AJ (1998): Permeability of the blood-brain barrier to 

neurotrophins. Brain Res 788:94-7. 

Pandey GN, Dwivedi Y, Rizavi HS, Ren X, Zhang H, Pavuluri MN (2010): Brain 

derived neurotrophic factor gene and protein expression in pediatric and adult depressed 

subjects. Prog Neuropsychopharmacol Biol Psychiatry 34:645-51. 

Piccinni A, Marazziti D, Catena M, Domenici L, Del Debbio A, Bianchi C et al. (2008): 

Plasma and serum brain derived neurotrophic factor (BDNF) in depressed patients 

during 1 year of antidepressant treatments. J Affect Disord 105:279 –83. 

Pliego-Rivero FB, Bayatti N, Giannakoulopoulos X, Glover V, Bradford HF, Stern G 

etal. (1997): Brain-derived neurotrophic factor in human platelets. Biochem Pharmacol 

54(1):207–9. 

Page 27 of 31 Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



26 Serra M. 

 

Poduslo JF, Curran GL (1996): Permeability at the blood–brain and blood–nerve 

barriers of the neurotrophic factors: NGF, CNTF, NT-3, BDNF. Brain Res Mol Brain 

Res 36(2):280–6. 

Radka SF, Holst PA, Fristche M, Altar CA (1996): Presence of brain-derived 

neurotrophic factor in brain and human and rat but not mouse serum detected by a 

sensitive and specific immunoassay. Brain Research 709:122-30. 

Ramamoorthy S, Bauman AL, Moore KR, Han H, Yang-Feng T, Chang AS et al 

(1993): Antidepressant- and cocaine-sensitive human serotonin  transporter: molecular 

cloning, expression, and chromosomal localization. Proc Natl Acad Sci USA 

90(6):2542-6. 

Rosenfeld RD, Zeni L, Haniu M, Talvenheimo J, Radka SF, Bennett L et al. (1995): 

Purification and identification of brain-derived neurotrophic factor from human serum. 

Protein Expr Purif 6(4):465-71. 

Sauer WH, Berlin JA, Kimmel SE (2003): Effect of antidepressants and their relative 

affinity for the serotonin transporter on the risk of myocardial infarction. Circulation 

108(1):32-6. 

Schlienger RG, Meier CR (2003): Effect of selective serotonin reuptake inhibitors on 

platelet activation: can they prevent acute myocardial infarction? Am J Cardiovasc 

Drugs 3(3):149-62. 

Sen S, Duman R, Sanacora G (2008): Serum brain-derived neurotrophic factor, 

depression, and antidepressant medications: Meta-analyses and implications. Biol 

Psychiatry 64:527–32. 

Page 28 of 31Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



27 Serra M. 

 

Shimizu E, Hashimoto K, Okamura N, Koike K, Komatsu N, Kumadiri C et al. (2003): 

Alterations of serum levels of brain-derived neurotrophic factor (BDNF) in depressed 

patients with or without antidepressants. Biol Psychiatry 54:70-5. 

Stratz C, Trenk D, Bhatia HS, Valina C, Neumann FJ, Fiebich BL (2008): Identification 

of 5-HT3 receptors on human platelets: increased surface immunoreactivity after 

activation with adenosine diphosphate (ADP) and thrombin receptor-activating peptide 

(TRAP). Thromb Haemost 99(4):784-6. 

Trajkovska V, Marcussen AB, Vinberg M, Hartvig P, Aznar S, Knudsen GM (2007): 

Measurements of brain-derived neurotrophic factor: methodological aspects and 

demographical data. Brain Res Bull 73(1-3):143-9. 

Yamamoto H, Gurney ME (1990): Human platelets contain brain-derived neurotrophic 

factor. J Neurosci 10(11):3469–78. 

Yoshimura R, Mitoma M, Sugita A, Hori H, Okamoto T, Umene W et al. (2007): 

Effects of paroxetine or milnacipran on serum brain-derived neurotrophic factor in 

depressed patients. Prog Neuropsychopharmacol Biol Psychiatry 31(5):1034-7. 

 

 

 

 

 

Page 29 of 31 Psychopharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



28 Serra M. 

 

 

TABLE 1: Sex, age and depression symptoms of depressed patients and control 

subjects at baseline Controls subjects and depressed subjects no showed differences 

between age and sex, but they showed statistical differences between symptoms. 

    Depressed patients   Control Subjects  p value   

        (n= 18)   (n= 14) 

 

Sex (Female/Male)  15/3   11/3     0.84 

Age (years)      38,50 ± 16,08     39,07 ± 16,12    0.92 

HDRS            24 ± 4,35              0,62  ± 1,19  <0.001 

 

HDRS, Hamilton Depression Rating Scale.  

Age and HDRS scores are shown in mean±SD. 
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FIGURE 1: HDRS total score of the patients at baseline and during treatment with S-citalopram for 
24 weeks. This figure shows the mean values of HDRS. Clinical response was defined as HDRS < 
50% and remission was defined as HDRS < 8 points. Hamilton Depression Rating Scale (HDRS).  
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FIGURE 2:Plasma BDNF levels and levels of platelet BDNF  in depressive patients and controls, at 
baseline and during treatment. This figure shows the mean values of BDNF in pg/ml.  

 
PPP-BDNF: Plasma poor in platelet BDNF. 

Plt- BDNF : Washed platelets-BDNF. 
C: Controls; P0: patients at baseline; P8: patients after 8 weeks of treatment; P24: patients after 

24 weeks of treatment. 
** p<0.01; *p<0.05  
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