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Abstract 
The study aimed to assess in vitro the short-term effects exerted by fluoxetine, sertraline and venlafaxine on certain physiological properties 
in two different study models: U937 monocytes and erythrocytes isolated from patients treated with the above-mentioned molecules. Results 
on U937 cell suspensions revealed the depolarization of the cell membrane induced by the three antidepressants. The maximal depolarization 
effect was registered after 15 minutes of cell exposure and was concentration-dependent, in a non-monotonic manner. The effect was also 
dependent on the tested compound, fluoxetine presenting the strongest depolarizing effect compared to sertraline and venlafaxine. The 
erythrocyte susceptibility to lipid peroxidation and glucose-6-phosphate dehydrogenase activity were assessed on red blood cells isolated 
from patients with depressive disorder. Our results revealed that antidepressant treatment induced the antioxidant defense, by decreasing 
erythrocyte susceptibility to lipid peroxidation and increasing glucose-6-phosphate dehydrogenase activity. The effect is more intense in the 
case of severe pathology and less evident in the case of moderate or minor disorder, as expressed by MADRS (Montgomery–Åsberg 
Depression Rating Scale) score. Our results could indicate that selected antidepressants at therapeutic concentrations, besides their known 
pharmacological effects, exhibit a protective effect against oxidative stress and also influence cells with immune properties. 
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 Introduction 

The imbalance between the production of reactive 
oxygen species (ROS) and the activity of the endogenous 
antioxidants (e.g., tocopherol) is involved in numerous 
pathologies such as atherosclerosis, diabetes mellitus, 
neurodegenerative diseases, but also in the pathogenesis 
of neuropsychiatric disorders [1]. It is known that many of 
the cellular disturbances in these pathological conditions 
are caused by the formation of lipid peroxidation products, 
such as 4-hydroxy-2-nonenal and malondialdehyde (MDA), 
which are highly reactive to proteins and are prone to 
generate a wide variety of inter- and intra-molecular 
adducts. It has been shown that in the case of major 
depressive disorders, there is a certain overproduction of 
ROS and/or a decrease in antioxidant status, which is 
correlated with increased susceptibility to lipid peroxi-
dation [2, 3]. 

A statistically significant correlation between the 
severity of the depressive disorder and the alteration of 
superoxide dismutase (SOD) activity, especially on red 
blood cells, has been demonstrated in clinical trials [1], 
suggesting that SOD activity might represent a biomarker 
of major depressive disorder. At central level, the cellular 
changes due to overproduction of ROS and correlated 
with altered membrane composition [4] are manifested 
by neuronal degeneration. The neuronal degeneration is 
associated with neurodegenerative diseases and apoptosis. 

Peripherally, an over-production of ROS is associated 
with the presence of significant changes in the composition 
of cell membranes (particularly the ratio cholesterol/ 
phospholipids) and causes loss of cell membrane fluidity 
[5] but also modifies the membrane potential, leading to 
a possible membrane rupture [6–8]. Also, changing the 
levels of lipids in membranes might influence different 
neurotransmissions, particularly the one regarding the 
serotonergic system [9, 10]. 

The severity of the depressive disorder was also corre-
lated with the change of ratio between arachidonic acid 
(AA) and eicosapentaenoic acid (EPA) in the composition 
of the red cell membrane of patients [11]. A higher ratio was 
observed in patients with severe depressive disorder, thus 
confirming that the pathology is correlated with an abnormal 
metabolism and/or reuptake of essential fatty acids. 

The protective effects of selective serotonin reuptake 
inhibitors (SSRIs) against redox imbalance were widely 
investigated in vivo, especially in the case of fluoxetine. 
In an animal model with experimentally induced depression, 
fluoxetine significantly stimulated the plasmatic SOD 
and glutathione activity and significantly decreased the 
plasmatic MDA levels [12]. These results are consistent 
with those observed in vitro, where fluoxetine demon-
strated cytoprotective effect on PC12 cells (cultured rat 
pheocromocytoma) against the neurotoxicity induced by 
hydrogen peroxide [13]. 

R J M E
Romanian Journal of 

Morphology & Embryology
http://www.rjme.ro/



Nicoleta Carmen Purdel et al. 

 

782 

There are also studies that investigated the clinical 
relevance of protective antioxidant effect exhibited by 
SSRI antidepressants in patients with depressive disorders, 
but the results are inconclusive [2, 3, 14]. 

It was demonstrated that depressive disorder implies 
also a significant increase of immunoinflammatory 
markers, such as increased level of peripheral blood cells 
(leukocytes, monocytes, CD4+ T-cells) but also increased 
serum concentration of soluble interleukin-2 receptor [9, 
15, 16]. There is also some evidence that the activation 
of the immune cells, especially polymorphonuclear cells, 
is related, at least partially, with the overproduction of 
ROS [17]. 

It was reported that antidepressants exert an inhibitory 
effect in the immune system [18]. Increased level of 
leukocytes and neutrophils are reduced by selective 
serotonin reuptake inhibitors (SSRIs) [19], while in other 
studies, SSRIs treatment inhibited the function of poly-
morphonuclear cells [20]. 

Some authors hypothesized that immune activation 
and lipid peroxidation are interrelated phenomena in 
major depression [1]. 

The aim of the present study was to assess the short-
term effects exerted by three molecules used for their 
antidepressant properties (fluoxetine, sertraline and ven-
lafaxine) on physiologic properties in two different study 
models: erythrocytes isolated from patients treated with the 
above-mentioned molecules and U937 cell line (mono-
cytes). The selection of the cell models had in view that 
red blood cells are involved in the regulation of redox 
balance due to their specific metabolism. The second type 
of cells was selected because literature data proves the 
activation of immune cells in depressive disorders [9]. 

Fluoxetine and sertraline are SSRIs while venlafaxine 
is an antidepressant of serotonin-norepinephrine reuptake 
inhibitor (SNRI) class, the effect being dose-dependent. 
At low doses (<150 mg/day), it acts only on serotonergic 
transmission, while at moderate doses (>150 mg/day), it 
acts on both systems, whereas at high doses (>300 mg/day), 
it also affects dopaminergic neurotransmission [21]. 

 Materials and Methods 

Materials 

HPLC (high performance liquid chromatography) grade 
sertraline hydrochloride (purity ≥98%, from Sigma, code 
S6319), venlafaxine hydrochloride (purity ≥98%, from 
Sigma, code V7264) and fluoxetine hydrochloride [USP 
(United States Pharmacopeia) reference standard from 
Fluka] were used for the in vitro stimulation of the cells. 

The stock solutions (1 mg/mL of each antidepressant 
in methanol) were stable at least two weeks. RPMI 1640 
(supplemented with L-glutamate) from Merck was used 
as the main medium for the cells suspension during all 
tests performed. 

Bis-(1,3-dibutylbarbituric acid)trimethine oxonol 
[DiBAC4(3)] was bought from Molecular Probes and was 
used as a fluorescent probe for the evaluation of trans-
membrane potential changes under the influence of the 
three antidepressants. DiBAC4(3) stock solution (2 mM in 
DMSO – dimethyl sulfoxide) was kept at -200C between 
different day experiments. 

Cell culture 

Experiments were performed using U937 cell line, 
from European Collection of Cell Cultures, at the 3th–4th 
passage. The U937 human macrophage cells were grown 
in RPMI 1640 supplemented with 10% heat-inactivated 
fetal calf serum (from Promega) at 370C in 5% CO2 
atmosphere. 

Prior to the experiments, cells were washed three times 
with phosphate buffer saline (pH 7) at 1200 rpm, for two 
minutes. After the last centrifugation, they were counted 
and standardized at 5×105 cells/mL to be used in aliquots 
of 2 mL in the fluorimeter cuvette. Results are the mean 
of three replicate determinations. 

Study design 

We recruited 21 female patients, 50 to 60-year-old, 
diagnosed with mental disorder (depressive disease), 
according to Diagnostic and Statistical Manual of Mental 
Disorders Fourth Edition (DSM-IV). Montgomery–Åsberg 
Depression Rating Scale (MADRS) was used in order to 
measure the severity of depression and to classify the 
patients in three subgroups: 

▪ major depressive disorder (n=4, MADRS>34), 
▪ moderate depressive disorder (n=12, MADRS 20–

34) and 
▪ mild depressive disorder (n=5, MADRS 12–19). 
Results were matched against a group made up of 18 

healthy subjects, 45 to 60-year-old. Patients with severe 
renal, diabetes, hepatic or hematological disease, overt 
cardiovascular disease or malignancy were excluded. All 
the patients in the study had illness history of more than six 
years, and were under treatment with sertraline 50 mg/day 
(38.09%), fluoxetine 20 mg/day (14.29%), venlafaxine 
75 mg/day (47.62%) throughout the study (12 weeks). The 
treatment continued after the conclusion of the study. 

Fasting venous blood samples drawn on Na2EDTA 
(ethylenediaminetetraacetic acid disodium salt) as anti-
coagulant were used for the isolation of red blood cells. 
Separated erythrocytes were standardized at 1 g Hb (hemo-
globin)/100 mL suspension and further used for the spectro-
photometric assay of G-6-PDH (glucoso-6-phosphate 
dehydrogenase) and the erythrocyte susceptibility to lipid 
peroxidation (ESP) assay. Blood samples were collected 
at the beginning of the study as well as after 12 weeks 
of treatment; at the same timepoint, MADRS evaluation 
was performed. 

The study was approved by the local Ethics Committee 
(from the “Prof. Dr. Alexandru Obregia” Clinical Hospital 
of Psychiatry, Bucharest, Romania) and informed consent 
was obtained from the patients and healthy subjects. 

Methods 

Transmembrane potential evaluation on U937 line 

DiBAC4(3) is a slow-response potential-sensitive probe 
that can enter depolarized cells, binds to intracellular 
proteins or membrane thus exhibiting enhanced fluo-
rescence [22]. An increase in depolarization generates 
an additional influx of the anionic dye, resulting in the 
increase of fluorescence. Conversely, hyperpolarization 
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(increase in the absolute value of the membrane potential) 
is indicated by a decrease in fluorescence [23]. 

In a normalized suspension (2 μM probe concentration 
for 5×105 cells/mL), DiBAC4(3)-labeled cells were excited 
at 493 nm and fluorescence emission spectra were collected 
within the range 500 to 600 nm. Fluorescence intensity 
was measured at 516 nm before and after 2, 15, 30, 45 
and 60 minutes incubation of the cells with fluoxetine 
hydrochloride, sertraline hydrochloride and venlafaxine 
hydrochloride. A control sample of untreated cells was 
also evaluated similar to the samples, using methanol in 
the same amount as used to obtain a specific concentration 
of antidepressant and phosphate buffer saline. 

The evaluation of cell transmembrane potential was 
performed using a LS 50B Perkin Elmer spectrofluorimeter 
equipped with thermostated cell holder and magnetic 
stirring. 

The membrane potential was evaluated as absolute 
value intensity of the fluorescence signal at 516 nm. 

Erythrocyte susceptibility to lipid peroxidation 
(ESP) on biological samples 

ESP was determined by malondialdehyde (MDA) 
formation, using a modified technique proposed by Stocks, 
using the complexation with the thiobarbituric acid (TBA) 
[24, 25]. Briefly, red blood cells standardized (at 1 g 
Hb/100 mL) were incubated with hydrogen peroxide for 
one hour at 400C in the presence of sodium azide (as 
inhibitor of catalase). After protein precipitation with 
trichloroacetic acid, the supernatant obtained after centri-
fugation was treated with TBA 1% solution. The optical 
density of each sample was read at 535 nm against TBA 
solution. TBA-reactive species (TBARS) were expressed 
in mM MDA/g Hb. 

Determination of glucose-6-phosphate dehydro-
genase (G-6-PDH) on biological samples 

The activity of G-6-PDH was investigated using the 
method proposed Lohr & Waller [26], in which the 
NADPH formation is measured spectrophotometrically 
at 340 nm. Briefly, hemolyzed erythrocytes are incubated 
with triethanolamine buffer 50 mM (pH 7.5) and 30 mM 
NADP+ solution, for 5 minutes at 370C. Then is was 
treated with 40 mM glucose-6-phosphate solution, and 
the optical density of each sample was read at 340 nm 
against the control (triethanolamine buffer and NADP+). 

The activity of G-6-PDH was expressed as IU/g Hb. 

Statistical analysis 

Results are expressed as means ± standard deviation 
(SD). Statistical analysis was performed using the Student’s 
t-test. Differences were considered significant for p<0.05. 

 Results 

The aim of the present study was to assess the short-
term effects exerted in vitro by the three antidepressants 
on transmembrane potential of U937 cell line, to investi-
gate the parameters that influences the transmembrane 
potential, to establish a possible dose–effect correlation 
and to compare with the antioxidant potential exerted 
in vitro on erythrocytes isolated from treated patients. 

In vitro experiments on U937 monocytes 

Preliminary experiments on cell line 

The preliminary experiments were focused on: (1) 
selection of the relevant cell line, (2) selection of the 
optimal sensitive probe and (3) setup the experimental 
parameters. 

We selected human constitutively proliferating cell 
line (U937 monocytes) taking into account published 
studies that assessed on this cell line potential effects of 
different antipsychotic drugs [27]. The line is mimicking 
biochemical changes observed in schizophrenic disease, 
including increased activity of phospholipase A2 [28] or 
high levels of polyunsaturated fatty acids [29], both 
changes being correlated with an overproduction of ROS. 
Furthermore, the U937 cell line also corresponds to 
human peripheral leukocytes, therefore in vitro studies on 
this line could further be correlated with in vivo human 
studies. 

Probe selection was made taking into account different 
factors such as the incorporation of the probe into the cell, 
the type of probe response and the cell toxicity induced 
by the probe. 

The fluorochrome upload was checked microscopically 
in order to investigate the cellular distribution of a slow-
response potential-sensitive probe as DiBAC4(3). Figures 
of unstained cells (Figure 1) and stained cells (Figure 2) 
shown that DiBAC4(3) had a cellular uniform distribution, 
without exclusively binding to the plasma membrane  
or the membranes of organelles, therefore is suitable to 
investigate transmembrane potential for this type of cells. 
The final concentration of the dye used [2 μL, correspon-
ding to 100 nM DiBAC4(3)] is similar to the procedures 
mentioned in the literature for assessment of changes in 
the transmembrane potential [30, 31]. 
 

Figure 1 – Unstained  
cells. 

Figure 2 – Cells after 
DiBAC4(3) staining,  
showing the uniform 

distribution of the  
fluorescent marker. 

Setup of the experimental model 

For setting up the in vitro protocol, normalized 
suspensions were incubated for 2, 15, 30, 45 and 60 
minutes with the 1 μg/mL fluoxetine and fluorescence 
emission spectra of DiBAC4(3)-labeled cells excited at 
493 nm were collected within the range 500 to 600 nm. 
In order to exclude the effect induced by methanol (as 
fluoxetine was dissolved in this solvent); the effect induced 
by 1 μL of solvent was also tested. After stimulation 
with fluoxetine or methanol, an increase in the fluo-
rescence intensity was observed, which in the case of 
DiBAC4(3) corresponds to depolarization of the cell 
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membrane. The depolarization effect of fluoxetine on the 
membrane of U937 cells was much stronger than that 
induced by methanol (Figure 3). We noticed that the 
control fluorescence emission signals had constant values, 
thus indicating the fact that the depolarization is induced 
by the stimuli, and is not an effect of time lag. 

 
Figure 3 – Fluorescence uncorrected emission spectra 
of U937 cells labeled with DiBAC4(3) (excitation at 
493 nm). 

When investigating the influence of incubation time 
(cell exposure) on the transmembrane potential changes 
(Figure 4), we noticed that the maximum depolarizing 
effect is obtained after incubation with the stimulus for 
15 minutes, at room temperature; increased exposure to 
30 minutes leads to a significant decrease of the effect on 
the transmembrane potential, while prolongation of the 
incubation up to 60 minutes does not induce any other 
significant change. The depolarizing effect of methanol 
remains constant throughout the period investigated. Based 
on these experimental results, further tests were performed 
using the 15 minutes incubation time. 

 
Figure 4 – Influence of the incubation time on the 
fluorescence emission signal intensity (excitation at 
493 nm, emission at 516 nm). 

Next, we studied the influence of fluoxetine concen-
tration on the transmembrane potential of U937 cells, 
compared with methanol. Different volumes of fluoxetine 
hydrochloride, in a range of 0.01 to 10 μL stimuli/1 mL 
cell suspension (corresponding to 0.01–10 μg stimuli/ 
5×105 cells), were added on cells, while the incubation 
time used corresponds to 15 minutes. 

The experimental results (Figure 5) suggest a similar 
behavior of the transmembrane potential under the 
influence of both stimuli (fluoxetine and methanol). At 
doses up to 3 μg/mL fluoxetine there is a marked de-
polarization of the cell membrane, while increasing the 
concentration over 3 μg/mL, we observed a marked decrease 
of depolarizing effect. At the highest concentration tested 
(10 μg/mL), depolarizing effect is still evident, but small. 
The range of 0.01–1 μg/mL fluoxetine is close to thera-
peutic levels; therefore, fluoxetine may exhibit a depola-
rizing effect also in vivo. 

 
Figure 5 – Dose-dependent relative depolarizing effect 
of fluoxetine on U937 cells in the range of 0.01 to 
10 μg stimulus/mL cell suspension. 

In the case of methanol, we noted the relatively constant 
depolarizing effect at low to medium concentrations (up 
to 5 μg/mL), while increasing the dose to 10 μg/mL, a 
marked decrease of depolarizing effect was observed, 
similar to fluoxetine. 

Comparative effects between antidepressants 

The same preliminary studies, aimed at optimizing the 
parameters, which might influence the transmembrane 
potential changes, especially stimulus concentration and 
time of incubation, were conducted also on sertraline 
and venlafaxine. Similar to fluoxetine, sertraline and 
venlafaxine increased the fluorescence emission intensity 
of DiBAC4(3), after membrane permeation, so they also 
depolarized the membrane of U937 cells. Comparing the 
intensity of effect (Figure 6), the depolarizing effect of 
fluoxetine is the strongest, while for venlafaxine it is the 
weakest. 

Studying the influence of incubation time on the 
fluorescence signal intensity (Figure 6), for sertraline and 
venlafaxine we observed a behavior similar to fluoxetine. 
An incubation time of 15 minutes leads to a maximum 
fluorescence intensity, while the prolongation of incubation 
up to 60 minutes resulted in a decrease in signal intensity. 
These results confirm that the maximum depolarizing 
effect is obtained after 15 minutes incubation with stimuli. 

Also, for these two antidepressants, we studied the 
influence of concentrations, in the range of 0.01–10 μg/mL 
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on the transmembrane potential. The experimental results 
(Figure 7) suggest a different behavior of transmembrane 
potential under the influence of two stimuli. 

 
Figure 6 – Influence of the incubation time on the 
fluorescence emission signal intensity (excitation at 
493 nm, emission at 516 nm). 

 
Figure 7 – Dose-dependent relative depolarizing effect 
of antidepressants on U937 cells. 

For sertraline, while increasing the concentration  
up to 1 μg/mL, the depolarizing effect increased. Higher 
concentration leads to a decrease of the fluorescence 
intensity, up to 10 μg/mL, where the emission intensity 
of the dye is similar to that one of the unstimulated 
cells, thus suggesting the restoration of the membrane 
potential towards the initial value. 

In the range investigated, venlafaxine presents the 
weakest depolarizing effect compared to sertraline and 
fluoxetine, respectively. The strongest effect was obtained 
at a concentration corresponding to 5 μg/mL, while for 
concentrations up to 10 μg/mL the intensity of the fluo-
rescence emission signal of U937 cells labeled with 
DiBAC4(3) was almost similar to the effect exhibited by 
methanol. 

The constant responses obtained for control samples 
(unstimulated cells) in all measurements performed con-
firmed the absence of changes related to cell age, their 
variability (proliferating cells from a single source in the 
same environmental conditions) or the difference in cell 
concentrations. 

In vitro experiments on erythrocytes isolated 
from treated patients 

The selection of the cell models was made because 

red blood cells are involved in the regulation of redox 
balance due to their specific metabolism. Moreover, they 
can be easily obtained, compared with the brain tissue or 
cerebrospinal fluid, from patients with depressive disorder. 

The experimental results obtained at baseline and after 
12 weeks of treatment for the subgroups of patients are 
presented in Table 1. 

Table 1 – Experimental results on patients divided into 
subgroups depending on the initial MADRS score 

Subgroups Parameters 
Baseline  

(mean value  
± SD) 

After 12 weeks 
(mean value 

± SD) 

G-6-PDH [IU] 
11.43  

± 1.91*b,c,d 
35.07  

± 0.48*a 

ESP  
[mM MDA/g Hb]

637.89  
± 11.93*d 

310.51  
± 14.36*a 

Major 
depressive 

disorder 
(n=4) 

MADRS score
35.25  
± 0.50 

14.5  
± 0.70 

G-6-PDH [IU] 
21.44  

± 7.76*d 
31.84  
± 3.9*a 

ESP  
[mM MDA/g Hb]

486.30  
± 72.47*d 

320.11  
± 20.71*a 

Moderate 
depressive 

disorder 
(n=12) 

MADRS score
25.25  
± 3.08 

9.33  
± 1.21 

G-6-PDH [IU] 
30.50  
± 7.43 

34.05  
± 1.79 

ESP  
[mM MDA/g Hb]

322.93  
± 7.41 

310.34  
± 4.69 

Mild 
depressive 

disorder 
(n=5) 

MADRS score
17.80  
± 0.45 

9.5  
± 0.71 

G-6-PDH [IU] 
32.92  
± 8.99 

 
Control 
(n=18) ESP  

[mM MDA/g Hb]
316.23  
± 54.38 

 

G-6-PDH: Glucose-6-phosphate dehydrogenase; ESP: Erythrocyte 
susceptibility to lipid peroxidation; MDA: Malondialdehyde; Hb: 
Hemoglobin; MADRS: Montgomery–Åsberg Depression Rating Scale; 
SD: Standard deviation; *p<0.01; avs. baseline; bvs. moderate group; 
cvs. mild group; dvs. control group. 

On erythrocytes from patients with depressive disorder 
and from the control group, two parameters as ESP and 
G-6-PDH activity were assessed in a short-term study. 

The analysis indicated that only for the subgroups of 
patients with major and moderate depressive disorder, 
the initial ESP values are significant higher compared 
with the control group, while the G-6-PDH activity is 
statistically significant lower compared with the control 
group (p<0.01). Between subgroups, the initial ESP 
value of the subgroup with severe depressive disorder is 
statistically significant compared with moderate or mild 
groups (p<0.01). 

After 12 weeks, in the subgroup of patients with severe 
depressive disorder, ESP decreased significantly, while 
the G-6-PDH activity increased significantly, compared 
with the initial values of these two parameters (p<0.01). 
The inverse correlation of the two parameters is obvious. 
In the subgroup of patients diagnosed with moderate 
depressive disorder the same trend was observed, slightly 
attenuated, but still statistically significant (p<0.01), while 
in the subgroup of patients diagnosed with mild depressive 
disorder, both parameters (ESP and G-6-PDH) varied, but 
the differences were not statistically significant (p>0.05). 

The results suggest that the depression severity (as 
assessed by MADRS score) correlates with the increased 
value of ESP and inversely correlates with the G-6-PDH 
activity. This correlation between ESP and G-6-PDH is 
less obvious at the end of the study. 
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The initial G-6-PDH activity of the subgroup with 
severe depressive disorder is statistically significant lower 
compared with the patients with moderate or mild depressive 
disorder (p<0.01). After 12 weeks, the highest increase of 
G-6-PDH activity was observed in patients with major 
depressive disorder, statistically significant compared 
with the baseline, and much less for other subgroups. 

 Discussion 

Starting from the hypothesis that immune activation 
and lipid peroxidation are interrelated phenomena in major 
depression, the aim of our study was to investigate if 
three molecules used for their antidepressant properties 
(fluoxetine, sertraline and venlafaxine) have effects on 
both systems. 

We used an in vitro “surrogate” for human peripheral 
leukocytes (the U937 monocytes cell line) to investigate 
the transmembrane potential, while the antioxidant poten-
tial was observed in vitro on red blood cells isolated from 
treated patients, on a short-term study. 

Our experiments carried out on U937 cell suspensions 
using as stimuli solutions of fluoxetine, sertraline and 
venlafaxine in methanol revealed the depolarization of the 
cell membrane induced by antidepressants. The depola-
rization effect induced by antidepressants on U937 cells 
is maximal after 15 minutes incubation at room tempera-
ture and decreases when prolonging the incubation time. 

The depolarizing effects of fluoxetine, sertraline or 
venlafaxine are also described in literature, but on other 
type of cells, like neurons [32] or ventricular myocytes 
[33], implying other mechanisms as inhibition of the 
sodium voltage-dependent channels [34], potassium or 
calcium channels [35]. 

In treated patients, therapeutic serum concentrations of 
fluoxetine correspond to 0.15–0.5 μg/mL, for sertraline 
to 0.05–0.25 μg/mL while for venlafaxine are up to 
0.163 μg/mL [36]. The range investigated (0.01–1 μg/mL) 
is close to therapeutic levels; therefore, the compounds 
may exhibit a depolarizing effect also in vivo. 

The depolarizing effect is concentration-dependent, 
but not in a linear manner and is also dependent on the 
compound. The concentration-effect profile of fluoxetine 
shows a marked depolarization effect exercised over 
U937 promyelocytic cells at 3 μg/mL, while 5 μg/mL 
induced a marked decrease of depolarizing effect. At the 
highest concentration tested (10 μg/mL), depolarizing 
effect is still evident, but small. 

For sertraline, increasing the concentration up to 
1 μg/mL results in an increased depolarizing effect 
exercised over U937 promyelocytic. Higher concentration 
(such as 3 μg/mL) leads to a decrease of the depolarizing 
effect, while increasing the stimulus up to 10 μg/mL leads 
to a restoration of the membrane potential. 

The strongest depolarizing effect of venlafaxine on 
U937 cells labeled with DiBAC4(3) was obtained for 
5 μg/mL, while concentrations up to 10 μg/ml had an 
effect almost similar with the one exhibited by methanol 
(the solvent used for all antidepressants). 

In the range investigated, fluoxetine induced the 
strongest depolarizing effect compared to sertraline and 
venlafaxine, respectively. 

Previously published data correlate the response of 

some cells (Jurkat, U937) to natural compounds or physio-
pathological conditions to the changes of transmembrane 
potential [37, 38]. 

Depolarizing effect exhibited by the antidepressants 
on U937 cells, which corresponds to human peripheral 
leukocytes, at concentrations close with those achieved 
therapeutically indicate a potential direct impact on the 
immune function, otherwise stimulated in depressive 
disorder. The effect is also exhibited even at concentra-
tions corresponding to overdosage. Results are also in line 
with published in vitro studies that suggested a potent 
apoptotic activity of SSRI on different cell cultures [39, 
40]. 

Pellegrino & Bayer also demonstrated in vivo that 
fluoxetine suppressed in rats the lymphocyte responses, 
not via direct immunomodulation but through its impact 
on the serotonergic axis [41]. It looks like antidepressants 
exhibit multiple modes of action on the immune system, 
at least at the leukocytes level, taking into account also 
the influence of SSRI on the 5-HT (5-hydroxytryptamine) 
transporter in human lymphocytes [42]. Further bio-
physical studies on U937 cells, like cell fluidity assay  
or measurement of membrane peroxides could fully 
elucidate the mechanisms of action. 

Our in vitro experiments on erythrocytes isolated from 
treated patients investigated the antioxidant potential of 
the three antidepressants. The study did not investigate 
the clinical efficiency of the antidepressants, because 
the duration of treatment is not relevant for this kind of 
pathology. 

The study was conducted on erythrocytes, because, 
similar to neurons, these are susceptible to oxidative 
challenge and, moreover, can be easy obtained, compared 
with the brain tissue or cerebrospinal fluid from patients 
with depressive disorder. It was suggested [3] that changes 
in the antioxidant defense of erythrocytes might reflect 
similar changes in other cells and tissues. 

Our data indicate that only for the subgroups of 
patients with major and moderate depressive disorder the 
initial ESP values are statistically significant higher, while 
the G-6-PDH activity is statistically significant lower, 
both parameters being compared with the control group. 
Between subgroups, the initial ESP value of the subgroup 
with severe depressive disorder is statistically significant 
compared with moderate or mild groups (p<0.01). 
Increased ESP values observed in the present study, 
especially for subgroups with severe and moderate 
disorder, is in line with other published investigation [3, 
43], which reported high MDA levels in plasma of severe 
depressive patients or increased 4-hydroxy-2-nonenal. 

After 12 weeks of treatment, in the subgroup of patients 
with severe depressive disorder, ESP decreased statistically 
significant, while the G-6-PDH activity increased signi-
ficantly, compared with the initial values of these two 
parameters (p<0.01). In the subgroup of patients diagnosed 
with moderate depressive disorder the same trend was 
observed, slightly attenuated, but still statistically signi-
ficant (p<0.01), while in the subgroup of patients diag-
nosed with mild depressive disorder, both parameters 
(ESP and G-6-PDH) varied, but the differences were not 
statistically significant (p>0.05). 

After analyzing the dynamics of both parameters, we 
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suggest that in patients with depressive disorder, erythro-
cyte membrane is more rigid, with less deformability and 
a short lifetime. These changes are caused to the fact 
that the erythrocytes are subjected to a chronic oxidative 
stress, so that deposits of lipophilic antioxidants that 
protect the membrane are exhausted. The in vitro results 
can be interpreted as the lipid-soluble antioxidant defense 
induced by treatment with the antidepressants (SSRI or 
SNRI) is more evident in the case of severe pathology and 
less evident in the case of moderate or minor disorder. 
There are several limitations of the study particularly on 
the number of the patients and the heterogeneity of sub-
groups (as age and size). 

 Conclusions 

All selected antidepressants at therapeutic concentra-
tions exhibit a depolarization effect on U937 cells. The 
effect is concentration-dependent, in a non-monotonic 
manner. Fluoxetine exhibits the strongest effect compared 
to sertraline and venlafaxine, respectively. The results 
can be extrapolated to in vivo, antidepressants probably 
stimulating the leukocytes apoptosis. The lipid-soluble 
antioxidant defense, assessed on erythrocytes, is induced 
by the antidepressants even on short-term treatment and 
is most evident in the case of severe pathology. Our results 
could indicate that selected antidepressants at therapeutic 
concentrations, besides their known pharmacological 
effects, exhibit a protective effect against oxidative stress 
and also influence cells with the immune potential. 
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