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Abstract

Genetic and pharmacological studies have suggested that brain-derived neurotrophic factor (BDNF) may be associated with the pathophysiology
of bipolar disorder (BD). The present study investigated serum BDNF levels in manic, depressed, euthymic BD patients and in matched healthy
controls, using an enzyme-linked immunosorbent assay (sandwich-ELISA). Serum BDNF levels were decreased in manic (p =0.019) and depressed
(p=0.027) BD patients, as compared with euthymic patients and controls. Serum BDNF levels were negatively correlated with the severity of
manic (r=—0.37, p=0.005) and depressive (r = —0.30, p =0.033) symptoms. These findings further support the hypothesis that the BDNF signaling

system may play a role in the pathophysiology of BD.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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Bipolar disorder (BD) is a prevalent, highly disabling illness,
characterized by the presence of manic and depressive symp-
toms [1]. Although genetic and familial studies strongly suggest
that a neurobiological basis may underlie the pathophysiol-
ogy of BD [13], its exact etiology is poorly understood. Gene
studies have consistently demonstrated that genetic heritabil-
ity increases the predisposition to BD [3]. In addition, several
family based association studies have reported that polymor-
phisms in the brain-derived neurotrophic factor (BDNF) gene
may be involved in the pathophysiology of BD [7,14,17,23].
In particular, one single nucleotide polymorphism, caused by
the substitution of valine to methionine at codon 66 (val66met),
has been associated with poorer neuropsychologial performance
[20] and better response to lithium prophylaxis [21]. Pharma-
cological studies have demonstrated that the mood stabilizers
lithium and valproate modulate intracellular signaling pathways
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associated with neuronal plasticity and survival [2]. Further, it
has been demonstrated that chronic administration of lithium and
valproate increased BDNF expression in rat brain [6] and that
the induction of the BDNF/TrkB pathway underlies some neuro-
protective effects of lithium [9]. Previous studies have reported
that serum BDNF is reduced in major depression (unipolar) dis-
order [10,22] and in drug-naive and lithium-treated manic BD
patients [16]. The present study aims to investigate serum BDNF
levels in BD patients during mania, depression and euthymia, as
compared to healthy controls.

The present study was approved by the local ethics com-
mittee (Hospital de Clinicas de Porto Alegre, Porto Alegre,
Brazil) and all subjects provided written informed consent
before entering in the study. Thirty-two euthymic, 21 depressed,
and 32 manic patients were recruited from the Bipolar Disorders
Program—Hospital de Clinicas de Porto Alegre, Porto Alegre,
Brazil, and the Inpatient Psychiatric Unit—Hospital Univer-
sitdrio de Santa Maria, Santa Maria, Brazil. Diagnoses were
carried out using the Structured Clinical Interview for DSM-IV-
Axis I (SCID-I) [5]. In this study, only BD type-I patients were
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Table 1
Characteristics of bipolar disorder patients and healthy controls

Control group Bipolar patients p-value
Euthymic Manic Depressed

Gender (female) 65.6% 62.5% 43.8% 71.4% 0.162"
Mean age (S.D.), years 40.69 (12.12) 40.28 (11.99) 40.13 (12.6) 40.71 (9.25) 0.997*
Mean years of schooling (S.D.) 8.69 (3.64) 9.94 (4.80) 7.69 (3.65) 7.53 (4.77) 0.117"
Mean number of medications (S.D.) - 2.41 (0.95) 3.41(1.39) 2.86 (1.23) 0.016"
Mean age of first mood episode (S.D.) - 23.13 (11.38) 27.19 (10.87) 21.24 (13.89) 0.320™"
Mean years of illness (S.D.) - 17.34 (11.88) 12.78 (9.62) 19.50 (14.17) 0.209™"
Mean HDRS score (S.D.) - 4.28 (4.16) 5.16 (3.39) 22.81 (4.36) 0.001"
Mean YMRS score (S.D.) - 3.16 (5.44) 34.47 (7.06) 5.10 (3.19) 0.001*"
Presence of psychotic symptoms - 12.5% 68.8% 28.6% 0.001"
Mean serum BDNF (S.D.) 0.20 (0.07) 0.19 (0.08) 0.14 (0.04) 0.15(0.13) 0.019*
pg/pL Protein 0.027°

HDRS, hamilton depression rating scale; YMRS, young mania rating scale; BDNF, brain-derived neurotrophic factor.

* Chi-square test.

™ One-way ANOVA test.

4 Manic vs. euthymic/control.

b Depressed vs. euthymic/control.

enrolled. Manic and depressive symptoms were assessed using
the Young Mania Rating Scale (YMRS) [25] and the Hamilton
Depression Rating Scale (HDRS) [8], respectively. Patients were
considered euthymic if they scored <7 on both YMRS and HDRS
scales. Manic and depressed patients fulfilled criteria for current
manic or depressive episode, respectively, according to SCID-I.
The control group consisted of 32 healthy volunteers matched
by age, gender and education, who manifested interest in par-
ticipating in the study. Psychiatric assessment was carried out
using SCID-I, non-patient version. Control subjects were non-
smokers, were not on medication, and had no history of major
psychiatric disorders, dementia, mental retardation, cancer or
tumor in their first-degree relatives.

Five milliliters of blood were withdrawn from each subject by
venipuncture into a free-anticoagulant vacuum tube. The blood
was immediately centrifuged at 3000 x g for 5 min, and serum
was kept frozen at —80 °C until assayed. BDNF serum levels
were measured with sandwich-ELISA, using a commercial kit
according to the manufacturer’s instructions (Chemicon, USA).
Briefly, microtiter plates (96-well flat-bottom) were coated for
24 h with the samples diluted 1:2 in sample diluents and stan-
dard curve ranged from 7.8 to 500 pg of BNDF. Plates were
then washed four times with wash buffer, added monoclonal
anti-BNDF rabbit antibody (diluted 1:1000 with sample dilu-
ents), and incubated for 3 h at room temperature. After washing,
a second incubation with anti-rabbit antibody peroxidase conju-
gated (diluted 1:1000) for 1h at room temperature was carried
out. After addition of streptavidin-enzyme, substrate and stop
solution, the amount of BDNF was determined (absorbance set
in 450 nm). The standard curve demonstrates a direct relation-
ship between optical density (OD) and BDNF concentration.
Total protein was measured by Lowry’s method using bovine
serum albumin as a standard.

The outcome measures of the four groups were compared
using the one-way ANOVA test for heterogeneity. The indi-
vidual differences were assessed using a Tukey test if the

ANOVA was significant. Pearson’s correlation coefficient was
performed to examine the relationship between YMRS and
HDRS with serum BDNF levels. p-values <.05 were considered
significant.

The characteristics of BD patients and controls are summa-
rized in Tables 1 and 2. BD patients and controls did not differ
in terms of gender, age or years of schooling. BD patients were
similar in age of first mood episode and length of illness. As
expected, manic patients had significantly higher rates of manic
symptoms than depressed and euthymic patients (p =0.001) and
depressed patients had significantly higher rates of depressive
symptoms than manic and euthymic patients (p=0.001). In
addition, manic patients had significantly more psychotic symp-
toms (presence of delusions or hallucinations) than depressed
or euthymic BD subjects (p =0.001). Serum BDNF levels were
lower in BD patients during both manic (p =0.019) and depres-
sive (p=0.027) episodes, as compared with euthymic patients
and healthy controls (Fig. 1, Table 1). This finding suggests that
the effects of pharmacological treatment on BDNF levels may
be associated with mood stabilization. In addition, serum BDNF
levels were negatively correlated with YMRS (r=—0.37, Clos¢,
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Fig. 1. Serum BDNF levels in BD patients and healthy controls. Legend: one-
way ANOVA; Tukey posttest; p=0.019; p=0.027.
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Table 2
Current medications of bipolar disorder patients
Mood Patient Medication
Euthymia 1 Lithium
2 Valproate, chlorpromazine and fluoxetine
3 Lithium, carbamazepine and risperidone
4 Lithium, clozapine, risperidone and sertraline
5 Lithium, levomepromazine and biperiden
6 Lithium, carbamazepine and sulpiride
7 Lithium and risperidone
8 Lithium, chlorpromazine and fluoxetine
9 Carbamazepine
10 Lithium, risperidone and paroxetine
11 Lithium
12 Lithium and valproate
13 Valproate
14 Lithium, valproate and pimozide
15 Lithium and carbamazepine
16 Lithium and valproate
17 Lithium and clonazepam
18 Valproate and carbamazepine
19 Lithium, valproate, risperidone and
amytripitiline
20 Lithium
21 Lithium and chlorpromazine
22 Lithium, sulpiride and sertraline
23 Valproate
24 Lithium, valproate and sulpride
25 Lithium and valproate
26 Lithium, valproate and chlorpromazine
27 Lithium, valproate, haloperidol and bupropion
28 Lithium and clonazepam
29 Valproate and olanzapine
30 Lithium, haloperidol and biperiden
31 Lithium, risperidone and clonazepam
32 Valproate and bupropion
Mania 33 Lithium and chlorpromazine
34 Lithium, chlorpromazine, haloperidol and
biperiden
35 Lithium, chlorpromazine, haloperidol and
biperiden
36 Lithium, chlorpromazine, diazepam, haloperidol
and biperiden
37 Lithium, haloperidol, diazepam and biperiden
38 Lithium, haloperidol, diazepam and biperiden
39 Valproate, haloperidol, diazepam and biperiden
40 Lithium
41 Lithium, haloperidol, diazepam and biperiden
42 Haloperidol and biperiden
43 Lithium, chlorpromazine, haloperidol, diazepam
and biperiden
44 Lithium, haloperidol, levomepromazine,
diazepam, and biperiden
45 Lithium, valproate, haloperidol, diazepam and
biperiden
46 Lithium, haloperidol, diazepam and biperiden
47 Lithium, haloperidol, levomepromazine,
diazepam, and biperiden
48 Lithium, chlorpromazine and biperiden
49 Lithium, carbamazepine, haloperidol and
biperiden
50 Lithium and diazepam
51 Lithium and diazepam
52 Carbamazepine, haloperidol, chlorpromazine
diazepam and biperiden
53 Lithium
54 Lithium and diazepam

Table 2 (Continued)
Mood Patient Medication
55 Lithium and diazepam
56 Valproate, haloperidol and diazepam
57 Lithium
58 Lithium, haloperidol, diazepam and biperiden
59 Valproate, haloperidol, diazepam and biperiden
60 Lithium and diazepam
61 Lithium, valproate, chlorpromazine, diazepam
and biperiden
62 Lithium, carbamazepine, haloperidol and
biperiden
63 Lithium, haloperidol, diazepam and biperiden
64 Lithium and diazepam
Depressed 65 Lithium
66 Lithium, carbamazepine and haloperidol
67 Valproate and chlomipramine
68 Lithium, carbamazepine and haloperidol
69 Lithium, clonazepam and imipramine
70 Valproate and haloperidol
71 Lithium, carbamazepine, clozapine, and
clonazepam
72 Lithium, carbamazepine, lamotrigine and
clonazepam
73 Valproate and carbamazepine
74 Lithium, valproate, levomepromazine and
diazepam
75 Carbamazepine and chlorpromazine
76 Lithium and imipramine
77 Valproate, carbamazepine, chlorpromazine and
clonazepam
78 Lithium, carbamazepine, tioridazine and
clonazepam
79 Valproate and thioridazine
80 Lithium and clonazepam
81 Lithium, carbamazepine, risperidone,
clonazepam, and biperiden
82 Valproate, risperidone and clonazepam
83 Valproate and risperidone
84 Lithium and chlorpromazine
85 Valproate and chlorpromazine

[—138.21; —25.55], p=0.005) and HDRS (r=—0.30, Closq,
[—81.27; —3.60], p=0.033) scores. The presence of psychotic
symptoms did not correlate with serum BDNF levels (p >0.05;
one-way ANOVA).

To the best of our knowledge, this is the first study that
assessed serum BDNF levels in BD patients during manic,
depressive and euthymic phases. We were able to demonstrate
that serum BDNF is decreased in BD patients during manic
and depressive episodes. However, euthymic BD patients had
similar serum BDNF to healthy controls. These findings sug-
gest that changes of BDNF levels may be state-related rather
than trait-related. Our results are in accordance with previous
studies suggesting that changes in BDNF signaling may be asso-
ciated with the pathophysiology of BD and pharmacological
response [13,21]. Furthermore, we found that serum BDNF had
a significant negative correlation with the severity of manic and
depressive symptoms. It cannot be ruled out that the use of med-
ication may alter the levels of BDNF. However, it is unlikely
that medication would account for the correlation between the
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levels of BDNF and the severity of manic and depressive symp-
toms. Our results are in accordance with a recent report that
BDNF levels were reduced during the manic episode of patients
with BD, and the level of serum BDNF was negatively corre-
lated with the severity of the manic symptoms [16]. Using a
peripheral cell model, Karege et al. [12] recently reported that
downregulation of PKA signaling decreased BDNF expression
in lymphoblasts of BD patients. In addition, three indepen-
dent studies reported that serum BDNF levels were reduced in
unipolar depressive patients and were negatively correlated with
the severity of depressive symptoms [10,22]. Studies designed
to compare serum BDNF levels between bipolar and unipolar
patients during depressive episodes are needed to further clarify
this matter.

It is well known that BDNF exerts an important role in the
modulation of cognitive processes such as learning and memory.
It has been reported that BDNF modulates basal synaptic trans-
mission and long-term potentiation in rat hippocampus [19].
Egan et al. [4] elegantly demonstrated that BDNF val66met
polymorphism is associated with impaired episodic memory,
abnormal overactivation of caudal hippocampus and decreased
hippocampal N-acetyl-aspartate (a marker of neuronal integrity)
in human brain. Moreover, it has been recently found that BDNF
val66met polymorphism is associated with decreased hippocam-
pal volume in humans [24]. Indeed, several studies have con-
sistently demonstrated that cognitive impairment is a frequent
finding in BD patients [18].

There are some limitations in the present study. Firstly, we
measured BDNF levels in serum. Although the specific cellular
sources of plasma BDNF are still unknown, it has been reported
that platelets, vascular endothelial cells and neurons may con-
tribute to the circulating BDNF content [15]. In addition, it has
been demonstrated that BDNF can cross the brain—blood bar-
rier, and there is a high positive correlation (r=0.81) between
serum and cortical BDNF levels [11]. Therefore, it has been
suggested that the changes of plasma BDNF levels may partly
reflect the changes of brain BDNF secretion [15]. Secondly,
we have studied medicated BD subjects. Since it is well estab-
lished that psychotropic medications may change BDNF level,
we cannot rule out the effects of medications on the present
findings. Studies comparing BDNF levels in medicated vs.
unmedicated BD patients, and also before and after pharma-
cological treatment are warranted to control for this potential
confounder.

In conclusion, we found that serum BDNF levels were
decreased in BD patients during manic and depressive episodes,
as compared with euthymic BD patients and healthy controls.
We were also able to demonstrate that serum BDNF levels were
negatively correlated with the severity of manic and depressive
symptoms. Our findings further support the hypothesis of BDNF
involvement in the pathophysiology of BD.

Acknowledgements

This study was sponsored by CNPq-Brazil, CAPES
Foundation-Brazil and FIPE-HCPA.

References

[1] R.H. Belmaker, Bipolar Disorder, N. Engl. J. Med. 351 (2004) 476—
486.

[2] J.T. Coyle, R.S. Duman, Finding the intracellular signaling pathways
affected by mood disorder treatments, Neuron. 38 (2003) 157-160.

[3] N. Craddock, M.C. O’Donovan, M.J. Owen, The genetics of schizophre-
nia and bipolar disorder: dissecting psychosis, J. Med. Genet. 42 (2005)
193-204.

[4] M.F. Egan, M. Kojima, J.H. Callicott, T.E. Goldberg, B.S. Kolachana, A.
Bertolino, E. Zaitsev, B. Gold, D. Goldman, M. Dean, B. Lu, D.R. Wein-
berger, The BDNF val66met polymorphism affects activity-dependent
secretion of BDNF and human memory and hippocampal function, Cell
112 (2003) 257-269.

[5] M.B. First, R.L. Spitzer, M. Gibbon, J.B. Williams, Structured Clinical
Interview for DSM-IV (SCID-I), Biomedics Research Department, New
York, 1998.

[6] T. Fukumoto, S. Morinobu, Y. Okamoto, A. Kagaya, S. Yamawaki,

Chronic lithium treatment increases the expression of brain-derived neu-

rotrophic factor in the rat brain, Psychopharmacology (Berl) 158 (2001)

100-106.

B. Geller, J.A. Badner, R. Tillman, S.L. Christian, K. Bolhofner, E.H.

Cook Jr., Linkage disequilibrium of the brain-derived neurotrophic fac-

tor val66met polymorphism in children with a prepubertal and early

adolescent bipolar disorder phenotype, Am. J. Psychiatry 161 (2004)

1698-1700.

[8] M. Hamilton, A rating scale for depression, J. Neurol. Neurosurg. Psy-
chiatry 23 (1960) 56-62.

[9] R. Hashimoto, N. Takei, K. Shimazu, L. Christ, B. Lu, D.M. Chuang,
Lithium induces brain-derived neurotrophic factor and activates TrkB
in rodent cortical neurons: an essential step for neuroprotection
against glutamate excitotoxicity, Neuropharmacology 43 (2002) 1173—
1179.

[10] F. Karege, G. Perret, G. Bondolfi, M. Schwald, G. Bertschy, J.M.
Aubry, Decreased serum brain-derived neurotrophic factor levels in
major depressed patients, Psychiatry Res. 109 (2002) 143-148.

[11] F. Karege, M. Schwald, M. Cisse, Postnatal developmental profile of
brain-derived neurotrophic factor in rat brain and platelets, Neurosci.
Lett. 328 (2002) 261-264.

[12] E. Karege, M. Schwald, P. Papadimitriou, C. Lachausse, M. Cisse, The
cAMP-dependent protein kinase A and brain-derived neurotrophic factor
expression in lymphoblast cells of bipolar affective disorder, J. Affect.
Disord. 79 (2004) 187-192.

[13] R.H. Lenox, T.D. Gould, H.K. Manji, Endophenotypes in bipolar disor-
der, Am. J. Med. Genet. 114 (2002) 391-406.

[14] EW. Lohoff, T. Sander, T.N. Ferraro, J.P. Dahl, J. Gallinat, W.H. Berret-
tini, Confirmation of association between the val66met polymorphism
in the brain-derived neurotrophic factor (BDNF) gene and bipolar I dis-
order, Am. J. Med. Genet. B Neuropsychiatr. Genet. 139 (2005) 51-53.

[15] M. Lommatzsch, D. Zingler, K. Schuhbaeck, K. Schloetcke, C. Zingler,
P. Schuff-Werner, J.C. Virchow, The impact of age, weight and gender
on BDNF levels in human platelets and plasma, Neurobiol. Aging 26
(2005) 115-123.

[16] R. Machado-Vieira, F. Kapczinski, D.O. Souza, L.W.C. Portela, V. Gen-
til, Neurochemical evaluation of neurotrophic factors and markers of
neuronal damage during manic episodes in drug naive and lithium treated
subjects: the possible role of severity of symptoms, Bipolar Disord. 7
(Suppl. 2) (2005) 27-117, P139.

[17] M. Neves-Pereira, E. Mundo, P. Muglia, N. King, F. Macciardi, J.L.
Kennedy, The brain-derived neurotrophic factor gene confers suscep-
tibility to bipolar disorder: evidence from a family based association
study, Am. J. Hum. Genet. 71 (2002) 651-655.

[18] I.J. Osuji, C.M. Cullum, Cognition on bipolar disorder, Psychiatr. Clin.
North Am. 28 (2005) 427-441.

[19] S.L. Patterson, T. Abel, T.A. Deuel, K.C. Martin, J.C. Rose, E.R. Kan-
del, Recombinant BDNF rescues deficits in basal synaptic transmission
and hippocampal LTP in BDNF knockout mice, Neuron 16 (1996)
1137-1145.

[7

—



A.B.M. Cunha et al. / Neuroscience Letters 398 (2006) 215-219 219

[20] J.K. Rybakowski, A. Borkowska, P.M. Czerski, M. Skibinska, J. Hauser,
Polymorphism of the brain-derived neurotrophic factor gene and perfor-
mance on a cognitive prefrontal test in bipolar patients, Bipolar Disord.
5 (2003) 468-472.

[21] J.K. Rybakowski, A. Suwalska, M. Skibinska, A. Szczepankiewicz, A.
Leszczynska-Rodziewicz, A. Permoda, PM. Czerski, J. Hauser, Pro-
phylactic lithium response and polymorphism of the brain-derived neu-
rotrophic factor gene, Pharmacopsychiatry 38 (2005) 166—170.

[22] E. Shimizu, K. Hashimoto, N. Okamura, K. Koike, N. Komatsu, C.
Kumakiri, M. Nakazato, H. Watanabe, N. Shinoda, S. Okada, M. Iyo,
Alterations of serum levels of brain-derived neurotrophic factor (BDNF)
in depressed patients with or without antidepressants, Biol. Psychiatry
54 (2003) 70-75.

[23]

[24]

[25]

P. Sklar, S.B. Gabriel, M.G. Mc Innis, P. Benett, YM. Lim, G. Tsan, S.
Schaftner, G. Kirov, I. Jones, M. Owen, N. Craddock, J.R. DePaulo, E.S.
Lander, Family based association study of 76 candidate genes in bipo-
lar disorder.BDNF is a potential risk locus. Brain-derived neurotrophic
factor, Mol. Psychiatry 7 (2002) 579-593.

PR. Szeszko, R. Lipsky, C. Mentschel, D. Robinson, H. Gunduz-Bruce,
S. Sevy, M. Ashtari, B. Napolitano, R.M. Bilder, J.M. Kane, D. Gold-
man, A.K. Malhotra, Brain-derived neurotrophic factor val66met poly-
morphism and volume of the hippocampal formation, Mol. Psychiatry
10 (2005) 631-636.

R.C. Young, J.T. Biggs, V.E. Ziegler, D.A. Meyer, A rating scale for
mania: reliability, validity and sensitivity, Br. J. Psychiatry 133 (1978)
429-435.



	Serum brain-derived neurotrophic factor is decreased in bipolar disorder during depressive and manic episodes
	Acknowledgements
	References


