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Abstract:

Background: Antidepressant drugs, like fluoxetine, a selective serotonin reuptake inhibitor, desipramine, a nonselective nor-

adrenaline reuptake inhibitor, and mirtazapine, an antagonist of noradrenaline a2 auto- and heteroreceptors, are widely used for the

treatment of depressive symptoms in cancer patients. Since these antidepressants have different activities targeting the immune sys-

tem, they might also modulate tumor growth in cancer patients.

Methods: In the present study, we investigated the effects of administration of antidepressant drugs: fluoxetine, desipramine and

mirtazapine on B16F10 melanoma tumor growth. These drugs were administered intraperitoneally (ip) for 17 days after subcutane-

ous injection of B16F10 melanoma cells to male C57BL/6J mice.

Results: Fluoxetine significantly inhibited melanoma solid tumor growth and desipramine tended to decrease this parameter

whereas mirtazapine had no effect.

Conclusion: The inhibitory effect of fluoxetine on melanoma growth was associated with an increased mitogen-induced T cell pro-

liferation which may at least partly participate in the mechanism of the antitumor effect of this antidepressant. It appears that the in-

hibitory effect of fluoxetine on tumor growth is not related with changes in cytokine levels except for IL-10.
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Introduction

A diagnosis of cancer throws a patient into an ex-

tremely stressful and difficult situation. The preva-

lence of depression among patients with cancer is es-

timated at from 10 to 71%, and varies by cancer type

[25]. Cancer-related depression is associated with

faster tumor progression and shortened survival time

[23, 34]. The number of patients with cancer treated

with antidepressant drugs has dramatically increased

worldwide in the past two decades [9, 29, 30].

Antidepressant drugs, such as tricyclic antidepres-

sant drugs (TCA) and selective serotonin reuptake in-

hibitors (SSRIs) relieve the symptoms of depression,

anxiety and chronic pain in the majority of patients [35,

37]. Moreover, antidepressants alleviate pain, alone or

in combination with narcotics, and improve sleep, ap-

petite and energy [21]. They can reduce the severity

and frequency of hot flashes in patients treated with

chemotherapy, protect non-malignant cells from toxic-

ity of ionizing radiation and chemotherapy, reverse

chemotherapy-induced vomiting [22].

On the other hand, some reports have suggested

that antidepressants may promote formation and

growth of tumors, raising concern about prescribing

such medication on a  regular basis [37].

The aim of this work was to evaluate the effect of

chronic treatment with three antidepressants repre-

senting various pharmacological groups: desipramine,

fluoxetine or mirtazapine on the neoplastic pathology

in mice. With that purpose, we evaluated the effect of

repeated administration of antidepressants on B16F10

melanoma solid tumor growth. Furthermore, in order

to better understand the association between antide-

pressant effects on tumor pathology and immune sys-

tem activity, the T-cell proliferative response to con-

canavalin A (Con A), and the production of anti- and

pro-tumoral cytokines: interleukin (IL)-1, IL-10, in-

terferon (IFN)-g and vascular endothelial growth fac-

tor (VEGF) were also studied.

Materials and Methods

Animals

Experiment was performed in the Basque Country

University School of Medicine & Dentistry on sev-

enty five 3–5 months old male C57BL/6J mice ob-

tained from Charles River, Barcelona, Spain. Animals

were housed up to five per cage, at 22°C and 40% hu-

midity under a 12 h light-dark cycle, with free access

to water and standard food. All tests were approved

by the Animal Care and Use Committee at the Basque

Country University School of Medicine & Dentistry,

Leioa, Spain, which met the International Guide for

the Care and Use of Laboratory Animals.

Cell culture

B16F10 is a selective variant cell line obtained from

pulmonary metastasis syngeneic to C57BL/6J mice.

Mouse B16F10 melanoma cell line was obtained from

ATCC (Manassas, VA, USA). Melanoma cells for

subcutaneous (sc) administration were cultured in

the Basque Country University School of Medicine

& Dentistry, Leioa, Spain. B16F10 cells grew in

monolayers, adherent to the bottom of culture flasks

filled with RPMI 1640 supplemented with 10% fetal

calf serum, penicillin (100 U/ml) and streptomycin

(100 µg/ml). The cultures were maintained at 37°C in

5% CO2. Cells in the exponential growth phase were

harvested at 80% confluence, briefly exposed to

0.05% trypsin solution and pipetted to obtain homo-

geneous cell suspension. The cell suspension was

centrifuged, washed once with phosphate-buffered sa-

line (PBS) and resuspended in PBS at a concentration

of 2 × 106 cells per ml. Cell viability was determined

by the trypan blue exclusion test. Only single-cell

suspensions with 95% viability were used for inocula-

tion.

Induction of subcutaneous B16F10 melanoma

growth

C57BL/6J males were divided into five groups, five ani-

mals per group. Mice were inoculated sc with 3 × 105

B16F10 cells suspended in 0.15 ml of PBS into the

left flank region [7, 16]. Tumor growth was monitored

for 18 days. The experiment was repeated three times.

Animals for estimation of immunological parameters

were sacrificed by decapitation on 18th day after tu-

mor cells inoculation, blood and spleen were col-

lected from each animal.
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Antidepressant drug treatment

There were two control and three experimental

groups. Experimental C57BL/6J mice received daily

ip injections of desipramine (10 mg/kg, Research Bio-

chemicals International, USA), fluoxetine (10 mg/kg,

Lilly Laboratories, USA) or mirtazapine (20 mg/kg,

Organon, The Netherlands) for 17 days. Desipramine

and fluoxetine were dissolved in sterile water. Mir-

tazapine was suspended in 1% aqueous solution of

Tween 80. Control group for desipramine and fluoxet-

ine groups received ip injection of sterile water

whereas control group for mirtazapine studies re-

ceived 1% aqueous solution of Tween 80. First drug

injection was given 2 h after injection of tumor cells,

last drug injection – 24 h before sacrificing of ani-

mals. Control animals received vehicle throughout the

whole experimental period.

Proliferative response of splenocytes to

mitogen stimulation in vitro

Spleens were aseptically dissected out. Immediately

after sacrifice, spleens in PBS-EDTA (1% w/v) were

minced using a pair of scissors and passed through

a fine steel (70 µm diameter) mesh to obtain a homo-

geneous cell suspension. After centrifugation (380 × g

at 4°C for 10 min), the pelleted cells were washed

three times in PBS and resuspended in RPMI 1640

complete medium. Splenocytes were cultured for 72 h

at a concentration of 4 × 106 cells/ml in the presence

or absence of 2.5 µg/ml of Con A. Proliferation was

quantified by means of the MTT (3-(4,5-dimethyl-

thiazol-2-yl)-2,5-diphenyltetrazolium bromide; Sigma

Aldrich) assay described by us earlier [18] and the ab-

sorbance was evaluated after 4 h in an ELISA reader

(Bio-Rad, USA) at 570  nm.

Determination of cytokines

Blood was centrifuged and plasma was collected and

stored at –70°C for analysis of cytokines at a later

date. Splenocyte suspensions were seeded at a con-

centration of 4 × 106 cells/ml in 24-well Corning tis-

sue culture plates, and were then stimulated with

a mixture of a Con A solution (2.5 µg/ml) and lipo-

polysaccharide (LPS) solution (from Escherichia coli,

serotype O26:B6, Sigma-Aldrich) (5 µg/ml) or re-

mained unstimulated. Cell-free supernatants were col-

lected 48 h later and stored at –20°C. IL-1b, IL-10

and IFN-g levels were estimated in plasma and in su-

pernatants whereas VEGF was assayed only in

plasma. All the enzyme-linked immunosorbent assays

(ELISA) were based on monoclonal-monoclonal an-

tibody pairs and were performed using DuoSet ELISA

Development Kits (R&D Systems, Abingdon, UK).

Statistical analysis

For a statistical analysis of the results, Statistica 9.0

software (Statsoft, Tulsa, USA), run on a PC-

compatible computer, was used. Normality of the dis-

tribution of variables and the homogeneity of vari-

ances were checked by Shapiro-Wilk’s and Levene’s

tests, respectively. The data were evaluated by a one-

way analysis of variance (ANOVA) followed by Dun-

nett’s tests (separately, for desipramine- and fluoxet-

ine-treated animals in comparison to vehicle-treated

control mice and for mirtazapine-treated animals in

comparison to appropriate control mice). The p val-

ues lower than 0.05 were regarded as statistically sig-

nificant.

All of the colorimetric assays were conducted in

tetraplicates (estimation of cytokines) or sextuples

(MTT assay).

Results

The effect of antidepressant drug administration

on B16F10 melanoma solid tumor development

In order to investigate the effect of antidepressant

drugs on melanoma growth in vivo, B16F10 tumor

cells were subcutaneously inoculated into syngeneic

C57BL/6J mice and during the next 17 days the ani-

mals were systematically treated with antidepressants

or appropriate vehicle. The wet weight of these tu-

mors was estimated after the animals were sacrificed.

Animals treated with desipramine or fluoxetine, but

not mirtazapine, displayed reduced tumor growth

compared to the appropriate control animals although

only for fluoxetine this effect was statistically signifi-

cant (F [2, 42] = 11.849, p < 0.001). A decrease in tu-

mor volume in the group of mice treated with

fluoxetine reached 75% inhibition of overall tumor

volume in comparison to the control saline-treated tu-

mor bearing male C57BL/6J mice (Fig. 1).
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Proliferative activity of splenocytes of

tumor-bearing mice

ANOVA revealed significant effects of desipramine

and fluoxetine treatment on proliferative activity of

splenocytes from C57BL/6J mice bearing solid

B16F10 tumor (F [2, 42] = 9.11, p < 0.001). The pro-

liferative activity of splenocytes estimated by the

MTT assay in response to Con A stimulation was sig-

nificantly higher in C57BL/6J males bearing B16F10

melanoma and treated with desipramine or fluoxetine

(by about 52 and 50%, respectively) in comparison

with saline treated control mice bearing B16F10

melanoma (Fig. 2A).

ANOVA showed no effect of mirtazapine treat-

ment, on this parameter (Fig. 2B).

Production of cytokines

ANOVA revealed a significant drug treatment effect

on plasma IL-1b level (F [2, 42] = 10.7844, p <

0.001). Plasma IL-1b was significantly decreased in

desipramine- (by 43%, p < 0.01), but not fluoxetine-

treated tumor-bearing animals (Fig. 3A).

ANOVA revealed a significant desipramine and

fluoxetine treatment effect on IL-1b production by

splenocytes (F [2, 42] = 7.223, p < 0.01). The pro-
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Fig. 1. The effect of antidepressant drugs on B16F10 melanoma growth in vivo. C57BL/6J mice were injected sc with 3 ´ 105 B16F10 cells sus-
pended in 150 µl of sterile PBS into the left flank region. A series of three experiments (5 mice per treatment) was carried out to determine tumor
size. Animals were treated ip with a daily dose of desipramine (DES) (10 mg/kg), fluoxetine (FLX) (10 mg/kg) or mirtazapine (MIRT) (20 mg/kg).
After 18 days mice were sacrificed and tumor size was evaluated. Data represent the mean value and SEM. The effects of the different treat-
ments on the tumor weight were compared by an analysis of variance (ANOVA), followed by Dunnett’s test, *** p < 0.001

Fig. 2. The effect of antidepressant drugs – desipramine (DES) (10 mg/kg), fluoxetine (FLX) (10 mg/kg) or mirtazapine (MIRT) (20 mg/kg) on
proliferation of spleen lymphocytes. Spleen lymphocytes were isolated from antidepressant-treated or untreated B16F10-bearing mice,
18 days after tumor cells injection. After isolation spleen lymphocytes (4 ´ 106 cells/ml) were cultured for 72 h in the presence of Con A. Lym-
phocyte proliferation was measured by MTT assay. Data represent the mean value and SEM. The effects of the different treatments on prolifera-
tion of splenocytes were compared by an analysis of variance (ANOVA), followed by Dunnett’s test, ** p < 0.01, *** p < 0.001



duction of IL-1b by splenocytes was significantly

increased in desipramine- and fluoxetine-treated

C57BL/6J mice bearing solid B16F10 tumor by 33

(p < 0.04) and 63% (p < 0.001), respectively (Fig.

3C).

ANOVA revealed significant effects of desi-

pramine and fluoxetine treatment on plasma (F [2, 42]

= 111.7967; p < 0.001) and supernatant IL-10 levels

(F [2, 42] = 15.7572; p < 0.001). The reduction of

plasma IL-10 was as high as 78% and 96% for desi-

pramine and fluoxetine treatment, respectively (Fig.

4A). Splenocytes from desipramine- and fluoxetine-

treated animals produced 43 and 68% less IL-10, re-

spectively (Fig. 4C).

ANOVA revealed significant effects of desi-

pramine and fluoxetine treatment on plasma (F [2, 42]

= 8.0838; p < 0.01) and supernatant (F [2, 42] =

8.9502; p < 0.001) IFN-g levels in C57BL/6J mice

bearing B16F10 solid tumor. Plasma IFN-g levels

were decreased in desipramine- and fluoxetine-

treated mice by 46 and 39%, respectively (Fig. 5A)

whereas IFN-g production by splenocytes was de-

creased by about 40% for both drugs in comparison to

tumor bearing saline-treated control mice (Fig. 5C).

ANOVA revealed significant drug treatment effects

on plasma VEGF level in C57BL/6J mice bearing

B16F10 solid tumor (F [2, 42] =13.74, p < 0.001).

Plasma VEGF level was significantly increased by

fluoxetine (by almost 87%) in C57BL/6J mice bear-

ing solid B16F10 tumor (Fig. 6A).

There was no significant mirtazapine effect on

IL-1b IL-10, IFN-g levels both in the spleen and

plasma (Figs. 3B, 3D; 4B, 4D; 5B, 5D) and on plasma

VEGF levels (Fig. 6B) in C57BL/6J mice bearing

solid B16F10 tumor.

Discussion

The main findings of this study are that: 1) fluoxetine

inhibits B16F10 melanoma growth and that this effect
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Fig. 3. The effect of antidepressant drugs on IL-1b levels in peripheral blood (A, B) and on IL-1b production by Con A- and LPS-stimulated
spleen lymphpocytes (C, D) obtained from B16F10-bearing C57BL/6J mice. Animals were treated ip with a daily dose of desipramine (DES)
(10 mg/kg), fluoxetine (FLX) (10 mg/kg) or mirtazapine (MIRT) (20 mg/kg). After 18 days mice were sacrificed, blood and splenocytes were col-
lected for cytokine analysis. Data represent the mean value and SEM. The effects of the different treatments on cytokine levels were compared
by an analysis of variance (ANOVA), followed by Dunnett’s test, * p < 0.05, ** p < 0.01, *** p < 0.001
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Fig. 5. The effect of antidepressant drugs on IFN-g levels in peripheral blood (A, B) and on IFN-g production by Con A- and LPS-stimulated
spleen lymphpocytes (C, D) obtained from B16F10-bearing C57BL/6J mice. Animals were treated ip with a daily dose of desipramine (DES)
(10 mg/kg), fluoxetine (FLX) (10 mg/kg) or mirtazapine (MIRT) (20 mg/kg). After 18 days mice were sacrificed, blood and splenocytes were col-
lected for cytokine analysis. Data represent the mean value and SEM. The effects of the different treatments on cytokine levels were compared
by an analysis of variance (ANOVA), followed by Dunnett’s test, ** p < 0.01

Fig. 4. The effect of antidepressant drugs on IL-10 levels in peripheral blood (A, B) and on IL-10 production by Con A- and LPS-stimulated
spleen lymphpocytes (C, D) obtained from B16F10-bearing C57BL/6J mice. Animals were treated ip with a daily dose of desipramine (DES)
(10 mg/kg), fluoxetine (FLX) (10 mg/kg) or mirtazapine (MIRT) (20 mg/kg). After 18 days mice were sacrificed, blood and splenocytes were col-
lected for cytokine analysis. Data represent the mean value and SEM. The effects of the different treatments on cytokine levels were compared
by analysis of variance (ANOVA), followed by Dunnett’s test, ** p < 0.01, *** p < 0.001



is accompanied by an increased proliferative activity

of splenocytes, inhibition of IL-10 and IFN-g and ac-

tivation of IL-1b production by splenocytes; 2) mir-

tazapine has no effect on melanoma growth as well as

on the immune system activity.

Inhibitory effects of fluoxetine on melanoma

growth were also observed in our previous studies on

S91 melanoma growth in female DBA/2 mice, al-

though this effect was dependent on the number of tu-

mor cells injected sc. Fluoxetine efficiently inhibited

tumor growth when 0.3 × 106 S91 tumor cells were

injected, but had no effect when threefold higher

doses of the tumor cells were inoculated [17]. Frick et

al. [10] showed that chronic fluoxetine treatment not

only inhibited lymphoma growth but also increased

latency of appearance of solid tumors and increased

survival of mice. Fluoxetine also inhibited jejunal and

colonic tumors in rats and xenografts of human colo-

rectal and prostate tumor to athymic nude mice [1,

38]. Moreover administration of fluoxetine for 2 years

in the diet did not increase tumorigenesis [3]. Sertra-

line, another SSRI, inhibited human colorectal carci-

noma HT29 xenografts in CD1 nude mice [12].

The dramatic inhibition of solid tumor growth by

fluoxetine may be explained by the toxic effects of

fluoxetine on melanoma cells and/or by its inhibitory

effects on proliferative activity of these cells, and by

the stimulatory effects of fluoxetine on cell-mediated

immunity. Probably, fluoxetine acts directly on tumor

cells to inhibit melanoma progression and has the

ability to selectively congest in melanoma cells. Tu-

mor cells in animals undergoing anti-tumor therapy

can die by apoptosis and/or necrosis. Apoptosis is

a form of cell death in which a programmed sequence

of events leads to the ingestion of cell remains by sur-

rounding cells without releasing harmful substances.

Necrosis is an accidental cell death without a precise

control mechanism, which results in the breakdown of

the cell membrane and release of intracellular com-

pounds into the surrounding tissue [27]. Melanoma

cells show low levels of spontaneous apoptosis and

are relatively resistant to drug-induced apoptosis [32],

which is likely to underlie drug-resistance of mela-

noma. Recently, a selective sensitivity to the cytotoxic

effects of fluoxetine was observed in the pheochro-

mocytoma cell line obtained from the rat adrenal

gland (rat PC12 cell line). Han and Lee [14] showed

that fluoxetine increased the loss of the mitochondrial

transmembrane potential, cytochrome c release,

caspase-3 activation, formation of reactive oxygen

species, induced over-expression of Bax, reduced

Bcl-2 level in PC12 cell line, whereas amitriptyline

and tranylcypromine induced opposite effects. How-

ever, pro-apoptotic effect of another tricyclic antide-

pressant chloropramine (Anafranil) specially in com-

bination with imatinib mesylate (Gleevec) was found

in the rat C6 glioma [4]. Arimochi and Morita [2] re-

ported that fluoxetine revealed cytotoxic actions in

human HT29 colon carcinoma cells. Fluoxetine was

able to induce apoptosis in rat glioblastoma and hu-

man neuroblastoma cells [20, 33]. B16F10 melanoma

cells are probably particularly sensitive to pro-

apoptotic and pro-necrotic effect of fluoxetine al-

though this suggestion needs verification in in vitro

studies and we have already undertaken these studies.

Antidepressant drugs may also inhibit proliferative

activity of tumor cells. In the present study, we

showed that fluoxetine inhibited proliferation of
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Fig. 6. The effect of antidepressant drugs on VEGF levels in peripheral blood obtained from B16F10-bearing C57BL/6J mice. Animals were
treated ip with a daily dose of desipramine (DES) (10 mg/kg) (A), fluoxetine (FLX) (10 mg/kg) (A) or mirtazapine (MIRT) (20 mg/kg) (B). After
18 days mice were sacrificed and blood was collected for cytokine analysis. Data represent the mean value and SEM. The effects of the differ-
ent treatments on VEGF levels were compared by an analysis of variance (ANOVA), followed by Dunnett’s test, *** p < 0.001



B16F10. Fluoxetine inhibited serotonin reuptake by

tumor cells thereby increasing serotonin level in tu-

mor cell environment but decreasing serotonin level

inside tumor cells and it was shown that such manipu-

lation with serotonin level decreased proliferative ac-

tivity of tumor cells. The serotonin reuptake inhibitors

fluoxetine and zimeldine inhibited the proliferation of

human prostate carcinoma cells in vitro in a concen-

tration-dependent manner. This effect was attributed

to the inhibition of serotonin uptake by prostate cells,

for which serotonin is mitogenic [1]. Krishnan et al.

[15] showed for human cervical and breast cancer

cells that fluoxetine mediated G0/G1 arrest by induc-

ing a functional inhibition of cycline-dependent ki-

nase subunit. A previous study has shown that SSRIs

might interfere with DNA synthesis in Burkitt lym-

phoma cells. The SSRI-induced inhibition of S-phase

entry correlated with relative accumulation of cells in

G0/G1 phase of cell cycle [31]. When compared to

cytotoxic agents e.g., doxorubicin, vincristine and

5-fluorouracil, the SSRIs (paroxetine, sertraline)

showed comparable activity in human colorectal car-

cinoma cell line HT29 or a superior effect in multi-

drug resistant LS1034 cell line [12]. It was shown that

SSRIs-treated cells exhibited a significant decrease in

the Cdc6 gene expression. Cdc6 gene function is re-

quired for the initiation of DNA replication and is

a key regulatory protein during cell cycle progression

[24]. Fluoxetine inhibited proliferation of lung

(A549), colon (HT29), neuroblastoma (SKNAS), me-

dulloblastoma/rhabdomyosarcoma (TE671), astrocy-

toma (MOGGCCM) and breast (T47D) cancer cells in

a dose-dependent manner. Fluoxetine inhibited phos-

phorylation of ERK1/2 kinases in a time- and

concentration-dependent manner, followed by re-

duced phosphorylation of transcription factor c-Myc

in A549 and HT29 cells. After treatment with fluoxet-

ine, A549 and HT29 cells demonstrated a concentra-

tion-dependent decrease in the expression of c-fos, c-

jun, cyclin A, cyclin D1 and an increased expression

of p21waf1 and p53 genes, which resulted in slowing

of the cell cycle [36].

Recently, it has been shown that, among SSRIs, only

fluoxetine can elevate the extracellular norepinephrine

and dopamine levels in the prefronatal cortex, suggest-

ing that fluoxetine is not completely selective for the

serotonin reuptake system [6] and interacts with the

norepinephrine reupatke system in the brain, as well.

Therefore, it seems likely that fluoxetine causes the

antiprolioferative action on tumor cells interacting with

a target associated with the action of not only sero-

tonin but also norepinephrine or dopamine.

We may speculate that the inhibition of tumor

growth by drugs administrated after tumor cell injec-

tion is connected with drug-induced neurogenesis in

solid tumors. Tumors are able to release neurotrophic

factors, as already observed in some human cancers,

although such studies have not been performed for

melanomas [26]. Antidepressant drugs via stimulation

of production of this neurotrophic factors, may in-

crease neurogenesis in solid tumors. These nerve cells

can release neurotransmitters to which tumor cells are

susceptible and which modulate tumor cell prolifera-

tion. It was shown that chronic desipramine admini-

stration to experimental animals significantly ele-

vated the serum norepinephrine concentration whereas

norepinephrine may modulate tumor growth.

The inhibition of tumor growth in animals treated

with fluoxetine after tumor cell injection is probably

the result of not only a direct toxic effect on mela-

noma cells but also an indirect effect via stimulation

of anti-cancer immune-response. In the present study,

it was shown that fluoxetine increased Con A-induced

T-cell proliferation. Similar stimulatory effects were

observed by Frick et al. [10], but that study was per-

formed on animals without tumor cells after oral ad-

ministration of fluoxetine for four weeks. In our

former studies, we also observed the increase in pro-

liferative activity of splenocytes in response to Con A

after two and four weeks of desipramine and one or

two weeks of fluoxetine ip administration to C57BL/

6J mice [18, 19].

In the present studies, no changes in plasma level of

IL-1b and a significant increase in mitogen-induced

ability of splenocytes to produce this cytokine was ob-

served in fluoxetine-treated subcutaneous B16F10

melanoma-bearing animals. Other studies suggest an

involvement of IL-1a in the progression of this experi-

mental tumor although the lack of a direct antiprolif-

erative activity in vitro against B16F10 cells was also

shown [5]. Treatment of subcutaneous tumor-bearing

mice with intraperitoneal IL-1a administration resulted

in a dose-dependent inhibition of tumor growth with

the greatest activity obtained with the maximum toler-

ated dose of IL-1a [5]. On the other hand, IL-1a did

not modify the number of metastases after intravenous

injection of B16F10 melanoma cells [5, 8].

The increase in IL-1b level is connected with an in-

creased activity of interleukin-1 converting enzyme. On

the other hand, IL-18, a cytokine with strong antitumor
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activity in experimental models requires processing

by interleukin-1 converting enzyme for expressing its

activity [28], so we may speculate that also an in-

crease in not estimated by us IL-18 takes place in

fluoxetine-treated tumor bearing C57BL/6J mice.

In the present paper, an increase in IL-1b production

was observed only in animals treated with antidepres-

sants after tumor cell inoculation, whereas the produc-

tion of IFN-g and IL-10, cytokines typical of Th1 and

Th2, respectively, was decreased. The increase in IL-1b

production indicates the activation of macrophages.

The increase in IL-1b level, via stimulation of IL-2

production in T cells, may also be responsible for the

increase in proliferative activity of these cells.

The level of IL-10 plays an important role in

modulation of melanoma tumor progress. Among

others it was shown that IL-10 may directly promote

B16-melanoma growth by induction of tumor and

vascular cell proliferation [11]. The inhibition of solid

tumor growth observed in the present study may be

connected with an decreased ability of splenocytes to

produce IL-10.

On the other hand, an optimal concentration of

IFN-g and IL-10 is needed for proper anti-tumor re-

sponse. In the present paper, IFN-g and IL-10 produc-

tion were strongly inhibited 18 days after sc mela-

noma cell injection and 24 h after the last antidepres-

sant drug application. Although the levels of

cytokines were examined only at one time point, we

may speculate that during solid melanoma tumor

growth the level of cytokines were optimal for stimu-

lation of anti-tumor response and inhibition of the tu-

mor growth.

In the present studies, chronic fluoxetine admini-

stration significantly increased plasma VEGF level in

tumor-bearing mice. VEGF is a potent mitogen and

survival factor for endothelial cells and an important

factor promoting angiogenesis and development of

metastasis also in experimental melanoma [40]. On

the other hand, recent studies have shown that VEGF

is also an essential mediator of the neurogenic and be-

havioral action of antidepressants [39], whereas inhi-

bition of VEGF action blocks the antidepressant ef-

fects of fluoxetine on sucrose preference, immobility

in the forced swim test, and latency to feed in the

novelty suppressed feeding paradigm [13]. We may

speculate that although fluoxetine increased periph-

eral level of VEGF, it might inhibit local, tumor cell-

dependent VEGF production or expression of VEGF

receptor sub-types on melanoma cells, but this sug-

gestion needs further studies. Moreover, fluoxetine,

via increasing blood VEGF level, increased concen-

tration of antidepressant drugs in tumor microenvi-

ronment and enhances drug-induced cytotoxicity

against melanoma cells. The present study showed

that although fluoxetine significantly increased serum

VEGF level, it also inhibited primary tumor growth.
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