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Abstract
Human laryngeal squamous carcinoma (LSCC) is a common malignant tumor in the head and neck. Despite the recently 
developed therapies for the treatment of LSCC, patients’ overall survival rate still did not enhance remarkably; this high-
lights the need to formulate alternative strategies to develop novel treatments. The antitumor effects of antidepressant drugs 
such as citalopram have been reported on several cancer cells; however, they have yet to be investigated against LSCC. The 
current study was directed to explore the possible antitumor effects of citalopram on human laryngeal carcinoma cell lines 
(HEP-2). HEP-2 cells were cultured and treated with different doses of citalopram (50–400 µM) for 24, 48, and 72 h. The 
effects of citalopram on the viability of cancer cells were determined by the MTT assay. In addition, apoptosis and cell cycle 
analysis were performed by flow cytometry. Moreover, evaluation of the expression of proapoptotic and apoptotic proteins, 
such as cytochrome c, cleaved caspases 3 and 9, Bcl-2, and BAX, was performed by western blotting analysis. Our results 
revealed that citalopram significantly suppressed the proliferation of HEP-2 cells through the upregulation of p21 expression, 
resulting in the subsequent arrest of the cell cycle at the G0/G1 phase. Furthermore, citalopram treatment-induced HEP-2 
cell apoptosis; this was indicated by the significant increase of cytochrome c, cleaved caspases 3 and 9, and BAX protein 
expression. On the contrary, Bcl-2 protein expression was significantly downregulated following treatment with citalopram. 
The ultrastructure studies were in accordance with the protein expression findings and showed clear signs of apoptosis with 
ring chromatin condensation upon treatment with citalopram. These findings suggest that citalopram’s anti-tumor activities 
on HEP-2 cells entailed stimulation of the intrinsic apoptotic pathway, which was mediated via Bcl-2 suppression.
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Background

Larynx squamous cell carcinoma is one of the most preva-
lent malignant head and neck tumors, with a higher inci-
dence rate in middle-aged and elderly men worldwide 
[1]. In recent decades, the incidence of laryngeal squa-
mous cell carcinoma (LSCC) has remained essentially 
unchanged, at around 200,000 cases per year. It has a high 
mortality rate of 50% and accounts for almost 1% of all 
cancer cases and all cancer-related deaths worldwide [2]. 
Despite decades of research and advances in strategies for 
treating patients with laryngeal cancer, overall clinical out-
comes and 5-year survival rates are still unsatisfactory. 
The traditional therapeutic options for the treatment of 
LSCC mainly include partial or total laryngectomy, chem-
otherapy, radiotherapy, or a combination of some of these 
therapeutic options. Chemo-radiotherapy is considered the 
only treatment option for late-stage patients, although it 
has limited success in curing advanced cases. Success-
ful treatment of LSCC remains a challenge due to poor 
patient response to radiation and/or chemotherapy and a 
low survival rate; therefore, an approach to new treatment 
strategies is required [3].

Drug repurposing is a proposed strategy for drug devel-
opment for many diseases, including cancer. Due to the 
safety profiles of the drugs approved by the FDA and their 
apparent pharmacokinetics, they could be more useful 
compared to the discovery of new drugs [4]. Additionally, 
drug repurposing can be cost- and time-effective com-
pared to traditional drug discovery methods. In the last 
two decades, the number of oncological patients treated 
with antidepressants has increased remarkably, since these 
patients suffer from depression and psychological stress 
[5]. Interestingly, since antidepressants have been used in 
conjunction with cytotoxic drugs, some observations have 
suggested that antidepressants might reduce the risk of 
cancer and affect the effectiveness of anticancer therapies, 
including colon, lung, liver, and breast cancer [6].

Selective serotonin reuptake inhibitors (SSRIs) have 
been shown to be cytotoxic to malignant tumors in a grow-
ing number of investigations [7]. The SSRIs zimelidine 
and fluoxetine have been observed to suppress the prolif-
eration of glioblastoma, lung, prostate, and colon cancer. 
In addition, citalopram, clomipramine, and imipramine 
have also been found to induce apoptosis in myeloid leuke-
mia and breast cancer cells [8]. Escitalopram also exhibits 
cytotoxic and apoptotic effects in glioma cells, accord-
ing to previous reports [9]. In Burkitt’s lymphoma cells, 
citalopram was found to induce apoptosis accompanied 
by caspase activation and reverse overexpression of Bcl-2 
[10]. Citalopram also demonstrated an antitumor effect 
against hepatocellular carcinoma cells through activation 

of autophagy and apoptosis via releasing cytochrome c 
and activating NFκB [11]. All of these results suggest that 
antidepressants like SSRIs may have therapeutic potential 
against cancer. The antitumor effect of SSRIs on human 
laryngeal squamous cell carcinoma is yet to be investi-
gated. Therefore, our study was performed to explore the 
possible antitumor effect of citalopram as a member of the 
SSRIs on the human laryngeal squamous cell line (HEP-
2) and to elucidate the possible molecular mechanisms 
underlying this action.

Methods

Reagents and antibodies

Citalopram, dimethyl sulfoxide (DMSO), foetal bovine 
serum (FBS), as well as trypan blue and MTT, were obtained 
from Sigma (St. Louis, USA). Dulbecco’s (DMEM) Medium 
as well as penicillin/streptomycin. HEPES buffer solution, 
gentamicin, and 0.25% trypsin–EDTA were also provided 
by Sigma (St. Louis, USA). The primary antibodies for 
B-actin, Bcl-2, BAX, cleaved caspase-9, cleaved caspase-3, 
Cytochrome c, and p21 were brought from Santa Cruz (Dal-
las, TX, USA). For Secondary antibodies, we used horse-
radish peroxidase-labelled immunoglobulin G (IgG) from 
DAKO (Darmstadt, Germany).

Cell culture

The HEP-2 cell line was purchased from ATCC, Rock-
ville, MD, USA. The cells were allowed to grow in DMEM 
with heat inactivated FBS (10%). HEPES buffer, penicillin 
(100 U/ml), streptomycin (100 g/ml), l-glutamine (1%), and 
gentamycin (50 g/ml), were added to cells, then they were 
kept in a humid environment at 5%  CO2 and 37 °C.

Cell viability assessment

Cells were seeded in a 96-well plate with a density of 1 ×  104 
cells per well. Fresh media containing various citalopram 
concentrations was added 24 h after plating. The MTT test 
was used to calculate the viable cell yield after incubation. 
After replacing the medium with 100 ml of fresh medium. 
10 ml of the 12 mM 3-1-2,5-diphenyltetrazolium bromide 
(MTT) solution was added to the well, then the plate was 
incubated for 4 h. After removing the medium, the formazan 
salt was dissolved in DMSO. Finally, the optical density 
was obtained at a wavelength of 550 nm. GraphPad Prism 
software. (San Diego, CA, USA) was used to calculate the 
50% inhibitory concentration (IC50) of the drug.
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Apoptosis assay using annexin V and PI

The proportion of the apoptotic cells was further determined 
by annexin V and PI. HEP-2 cells were treated with citalo-
pram, then collected after 48 h and washed twice in PBS 
for 20 min. HEP-2 cells were re-suspended in 100 µl of the 
binding buffer (10 mm HEPES/NaOH (pH 7.4), with 1 µl of 
FITC-annexin V added, followed by 40 min of incubation at 
4 °C with propodium iodide (PI) (1 µg/ml in PBS). The cells 
were then examined with the BD FACS (BD Biosciences, 
CA).

Cell cycle analysis

First, after seeding HEP-2 cells, the cells were synchro-
nized before measuring the cell cycle distribution using the 
Cycle TESTTM PLUS DNA reagent kit. Cell synchroniza-
tion achieved by serum starvation through depriving cells 
of growth factors that can arrest them in G1 phase. After 
treatment with various doses of citalopram for 48 h, the 
cells were harvested and collected after washing with 10 ml 
PBS and centrifuged 5 min at 200 × g. Then the supernatant 
removed and cells resuspended in 0.5 ml PBS and 4.5 ml 
pre-chilled 70% cold ethanol (−20 °C) were added in a drop 
wise manner to the cell suspension while vortexing to ensure 
fixation for all cells and avoid cell clumping. After fixation, 
cells were washed by PBS, then treated with RNase (DNase 
free). Finally, the HEP-2 cells were stained using PI dye. PI 
binds to DNA, and during flow cytometry, the DNA will 
emit a fluorescent signal which is vary depending on the 
amount of DNA in the cell. The cells that are in the S-phase 
would have more DNA than cells in G1. Cell Quest software 
was used to compute the cell cycle distribution.

Western blot analysis

SDS Page was carried out as instructed. Briefly, cells were 
lysed in cold lysis buffer NP40 with 1:300 protease and 
phosphatase inhibitor cocktail tablets (Sigma/Roche, respec-
tively) for 10 min on ice. Then, the Bradford method was 
used to measure the concentration of proteins in the super-
natant. SDS loading buffer was mixed with 20 µg of total 
protein and heated to 95 °C for 10 min. After cooling, the 
mixture was electrophoresed by SDS PAGE using a Cleaver 
electrophoresis unit (BioRad). Before the incubation with 
primary antibodies, the membrane was blocked with 5% 
non-fat dried milk in TBS-T. The horseradish peroxidase-
labelled secondary antibodies (Dako) were then applied to 
the membrane. The band intensities were evaluated after the 
chemiluminescent signals were recorded by a camera-based 
imager.

Light microscope examination

The cells were fixed on the plate through 15 min incubation 
in 10% formalin at room temperature. After that, crystal vio-
let was used to dye the cells for 20 min. After removing the 
stain and rinsing the panels with deionized water, they were 
air-dried. The morphological alterations in treated cells as 
compared to the control cells were captured by an inverted 
microscope at a 400× magnification.

Electron microscope examination

After 48 h of treatment, the cells were harvested and the cell 
pellets were first fixed for 1 h in 2.5% glutaraldehyde in 0.1 M 
cacodylate buffer (pH 7.2) at room temperature, and post-fixed 
for 1 h in osmium tetroxide (1%) in the same solution. After 
that, the samples were washed three times (15 min each) in 
cacodylate buffer, dehydrated in 10% increments, and finally, 
ethanol series up to absolute ethanol. Using the programmable 
tissue processor model LEICA EM TP, fixation and dehydra-
tion processes were carried out through a graded sequence of 
infiltrations until the samples were lying in clean epoxy resin. 
The samples were then moved to a 60 °C oven for 72 h to 
polymerize before being allowed to reach 25 °C desiccators 
for 24 h. Blocks that were mounted were cut with razor blades 
to create a trapezoidal shape that was less than 1 mm wide 
and height. Using an Ultracut UCT Ultramicrotome (Leica, 
Austria) and a freshly prepared glass knife to assure clean-
liness and sharpness, ultrathin slices (60 nm) were cut. The 
incredibly tiny parts were placed on 2.05 mm copper hex grids. 
After that, sections were doubly stained by uranyl acetate and 
lead citrate. A JEOL 1010 Transmission Electron Microscopy 
(Tokyo, Japan) was used to read stained sections at 80 kV, and 
a Hamamatsu digital camera C4742-57-12NR (Hamamatsu, 
Japan) was used to take digital pictures.

Statistical analysis

At least three different experiments were conducted and the 
mean and standard deviation (SD) for each piece of data were 
displayed. To examine the statistical differences, the Student’s 
t-test was used. The analyses were carried out using the SPSS 
21.0 software package (SPSS Inc., Chicago, IL, USA, version 
21.0). The differences between the studied groups were con-
sidered to be significant at P ≤ 0.05.
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Results

Citalopram decreases the cellular proliferation 
capacity of HEP‑2 cells

The results in (Fig.  1A) show the viability of HEP-2 
cells using the MTT assay. HEP-2 cells were subjected 
to increasing concentrations of citalopram (50, 100, 150, 
200, 300, 400, and 400 μM) for 24, 48, and 72 h, whereas 
vehicle-treated cells were used as a control. Treatment 
with citalopram significantly reduced the viability of 
HEP-2 cells as compared to the control cells. Assessment 
of cell viability by MTT revealed an increase in cytotoxic 
effects with increasing dose and duration of citalopram 
treatment, reflecting a dose- and time-dependent reduction 
in the proliferation rate of HEP-2 cells treated with citalo-
pram. The experimentally presented IC50 values for cit-
alopram in HEP-2 cells were approximately 208.05 ± 7.13, 
171.82 ± 4.56, and 81.6 ± 1.28 μM, at the time-points of 
24 h, 48 h, and 72 h, respectively. The morphological 
alterations in the HEP-2 cells upon citalopram treatment 
were evaluated by crystal violet staining. As shown in 
(Fig. 1C–E) treatment of HEP-2 with citalopram resulted 
in a reduction of cell numbers reflecting cell deformation 

and the induction of cell death compared to the control non 
treated cells as shown in Fig. 1B). Of note, with increasing 
the citalopram concentration, the morphological altera-
tions of the cells became more intensified, as shown in 
(Fig. 1E) of the 400 μM-treated group.

Citalopram induces cell death in HEP‑2 cells

The annexin V-propidium iodide (PI) double labelling tech-
nique was carried out in HEP-2 cells and analyzed by flow 
cytometry to evaluate the apoptotic effect of citalopram on 
HEP-2 cells. The results revealed that citalopram-induced 
apoptosis was dose-dependent as shown in (Fig. 2B, C) com-
pared to control non treated cells as shown in (Fig. 2A). 
The percentages of cell death significantly increased from 
1.89% in control cells to 23.61% and 38.52% in treated cells 
at 100 μM and 200 μM citalopram, respectively, as shown 
in (Fig. 2D).

Citalopram induces arrest of the cell cycle at the G0/
G1 phase with an increase of the sub‑G1 population 
in HEP‑2 cells

To further evaluate the inhibitory effects of citalopram on 
HEP-2 cell proliferation, the cell cycle distribution was 

Fig. 1  Cytotoxic effect of citalopram on Laryngeal Carcinoma HEP-2 
Cell line. Cells (1 ×  104) were inoculated into 96-well plates and cul-
tured in the absence or presence of citalopram (0, 50, 100, 150, 200, 
300 and 400 μM) for 24 h, 48 h. and 72 h. A The cell viability was 
estimated by the MTT assay. Data are representing as mean ± stand-
ard deviation. Results are representative of three separate experi-
ments. *P < 0.05, **P < 0.01, ***P < 0.001 versus vehicle-treated 
control cells, while #P < 0.05, ##P < 0.01versus corresponding dose 
at 24  h. B Morphological characteristics of untreated control cells 
showing normal distribution of cells with no alterations observed. 

Morphological changes in cells treated with, C 100 μM of citalopram 
showed a slight reduction in cell numbers with morphological altera-
tion in the nucleus (arrowhead), D 200 μM of citalopram treatment 
showed cell shrinkage (white arrow) with obvious reduction in cell 
numbers and chromatin condensation (arrowhead) and E 400 μM of 
citalopram treatment showed dramatic reduction in number of cells 
with obvious cell lysis (black arrow) and chromatin condensation 
(arrowhead). Cells were observed under light microscope at ×20 
magnification
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examined after treatment of HEP-2 cells with various doses 
of citalopram for 48 h and then stained with PI, an interca-
lating agent, which can be used to measure cellular DNA 
content in a population (Fig. 3). Incubation with 100 and 
200 μM citalopram significantly increased the proportion 
of HEP-2 cells in the G0/G1 phase in a dose-dependent 
manner. In addition, the population of S-phase and G2/M-
phase HEP-2 cells were significantly reduced at 100 and 
200 M citalopram treatment compared to vehicle-treated 
control cells, as shown in (Fig. 3). In addition, changes in 
p21 levels can alter cell cycle progression and induce cell 
cycle arrest. To elucidate the mechanism by which citalo-
pram induces cell cycle arrest, p21 levels were determined 
by Western blotting. The results revealed that treatment with 
100 and 200 M citalopram significantly increased the p21 

protein levels when compared to the control cells, as shown 
in Fig. 4. These results suggested that citalopram most likely 
potently induced cell cycle arrest by inducing the expression 
of p21.

Signalling molecules involved 
in the citalopram‑induced apoptosis in HEP‑2 cells

Citalopram effectively induces the apoptotic death of HEP-2 
cells. Thus, the apoptotic pathway involved was further dis-
sected. The levels of cleaved caspase-3 and caspase-9 protein 
expression showed a dose-dependent, significant increase 
in citalopram-treated HEP-2 cells, as shown in (Fig. 4). In 
addition, the upstream molecule of caspase-9, cytochrome c 
level, was further studied. The results revealed that the level 

Fig. 2  Citalopram induces apoptosis in HEP-2 cells. The annexin 
V FITC/PI double staining assay was performed to detect the rate 
of apoptosis of HEP-2 cells after citalopram treatment in A control 
untreated cells, B after 100 μM of citalopram treatment and C after 
200 μM of citalopram treatment. D Statistical analysis of the rate of 

early and late apoptosis of HEP-2 cells after treatment. *P < 0.05, 
**P < 0.01, ***P < 0.001 versus corresponding apoptotic state in con-
trol cells. All data are expressed as mean SD from at least three inde-
pendent experiments
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Fig. 3  Effect of citalopram on the cell cycle distribution in HEP-2 
cells. HEP-2 cells stained using PI to examine cell cycle distribu-
tion by flow cytometry with different doses of citalopram. A Control 
untreated cells, B 100 μM of citalopram treatment and C 200 μM of 

citalopram treatment. D Statistical analysis of the cell number in % 
of each cell cycle phase relative to the total phases. Each data point 
represents the SD mean of three independent experiments. *P < 0.05, 
**P < 0.01, ***P < 0.001 compared to control cells

Fig. 4  Effects of citalopram on the levels of apoptosis-related mol-
ecules. A Protein levels of BAX, Bcl-2, cytochrome c, cleaved cas-
pase-9, cleaved caspase-3 and p21 in citalopram-treated HEP-2 cells 
were detected by western blotting. β-actine was used as a loading 

control. B The relative levels of BAX, Bcl-2, cytosolic cytochrome 
c, cleaved caspase-3, cleaved caspase-9 and p21were analyzed. 
*P < 0.05, **P < 0.01 compared with the control group. All data are 
presented as the mean ± SD from three independent experiments
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of cytoplasmic cytochrome c expression was significantly 
higher in citalopram-treated cells than in the control group 
(Fig. 4). These data revealed that citalopram-induced apop-
tosis of HEP-2 cells occurs via a signalling pathway that is 
mediated by mitochondria.

Effects of citalopram on the upstream regulators 
of the mitochondrial apoptotic signalling pathway

To confirm that citalopram induces apoptosis and triggers 
the mitochondrial apoptotic pathway in HEP-2 cells, protein 
levels of the apoptotic regulators BAX (pro-apoptotic) and 
Bcl-2 (anti-apoptotic) were determined by Western blotting. 
The BAX/Bcl-2 ratio was also calculated, which is consid-
ered the molecular switch that initiates apoptosis. The cur-
rent results indicated decreased levels of Bcl-2 accompanied 
by elevated BAX levels in citalopram-treated HEP-2 cells 
when compared to the control cells. The BAX/Bcl-2 ratios 
in citalopram-treated HEP-2 cells were significantly higher 
than the control cells, as shown in (Fig. 4).

Ultra‑structural changes in HEP‑2 cells

A transmission electron microscope (TEM) was applied to 
monitor the ultrastructural changes in HEP2 cells after cital-
opram treatment with different doses (100 and 200 M). After 
48 h of treatment, as shown in Fig. 5A, control HEP-2 cells 
showed normal morphology. The control cells had an irreg-
ular oval shape with a well-defined cell membrane, large 
round or ellipsoidal nuclei with an electron-dense nucleo-
lus, well-preserved euchromatin, and a visible nuclear enve-
lope with some invaginations (Fig. 5A). The cells treated 
with citalopram showed that death corresponded very well 
to the classic signs of apoptosis: increased cell granular-
ity, cell shrinkage, and the formation of apoptotic bodies 
(Fig. 5B, C). Interestingly, citalopram showed maximal 
apoptosis, with a higher citalopram concentration (200 µM) 
being observed (Fig. 5D–H). This evidence suggests that the 
apoptogenic effects of citalopram on HEP2 cells are dose-
dependent. The initial induction of cell death by citalopram 
involved cell shrinkage (Fig. 5C) and chromatin condensa-
tion, cracking, and migration towards the nuclear periphery, 
and the cytoplasm began to granulate (Fig. 5C–G). Some 
cells showed chromatin clumps marginalized in congested 
nuclear regions (Fig. 5E). The nucleus generates numerous 
compact electron-dense micronuclei (Fig. 5B, C), nuclear 
envelope dilation (Fig. 5H), and cell membrane blebbing 
(Fig. 5E, F), which were the next stages in this sequence of 
apoptosis, followed by nuclear fragmentation (Fig. 5D, F), 
and the continuous vesicle phase. Other changes, includ-
ing deformed mitochondria and a reduced number of cyto-
plasmic organelles, were also observed (Fig. 5B–H). Some 
cells had slight or extensive vacuolation in the cytoplasm, 

with the vacuoles being bound by a single membrane layer 
(Fig. 5C, G, H). It was observed that HEP2 cells treated 
with a higher concentration of citalopram showed late-stage 
apoptotic phenomena that included the formation of apop-
totic bodies (Fig. 5D, E). HEP2 cells treated with citalopram 
showed similar morphological aspects of apoptosis, but 
necrotic features were also observed. Necrotic cells showed 
rapid permeabilization of the plasma membrane. It shows 
progressive discontinuities causing general cellular hydra-
tion, swelling, and organelle destruction (Fig. 5D). Cytosolic 
components are released into the extracellular space through 
a damaged plasma membrane (Fig. 5D).

Discussion

In the current study, we examined the cytotoxic effects of 
citalopram against HEP-2 cells and elucidated the mecha-
nism underlying its effects. Several studies have suggested 
that the use of neuroleptic medications as a drug repurposing 
strategy may lessen the chance of developing specific types 
of cancer [7]. On the other hand, little is understood regard-
ing the mechanism by which SSRI causes LSCC cell death. 
In this work, we elucidated the mechanisms through which 
citalopram induces cell death in human laryngeal squamous 
carcinoma HEP-2 cells.

It is well recognized that unchecked proliferation plays 
a crucial role in the growth of tumors [12]. Therefore, 
compounds that induce cell cycle arrest, cellular death, 
and tumor cell inhibition are valuable in cancer research. 
Apoptosis has long been identified as a deterrent to carcino-
genesis. Its stimulation is one of the primary mechanisms 
preventing the spread of cancer and is crucial for the testing 
of novel anticancer medications [13]. In this study, citalo-
pram was reported to significantly increase the proportion 
of apoptotic cells in the HEP-2 cell line.

The intricate mechanics of apoptosis involve mitochon-
dria, which start the intrinsic pathway of apoptosis [14]. 
During the initial stages of apoptosis, it has been shown 
that a certain group of proteins that are typically found in 
the mitochondrial intermembrane space are released. Among 
these important proteins are Smac/DIABLO, adenylate 
kinase-2 (AK-2), and cytochrome c [15, 16]. Cytochrome 
c is located in the mitochondrial intermembrane space. The 
mitochondrial release of cytochrome c is a crucial stage in 
the apoptotic process [17, 18]. Cytochrome c interacts with 
the adaptor molecule, apoptotic protease activating factor 
1 (Apaf-1), leading to the maturation of pro-caspase-9 into 
caspase-9, which subsequently cleaves and activates pro-
caspases-3 and -7 [19, 20]. These effector caspases are in 
charge of cleaving many proteins, which produce the bio-
chemical as well as morphological characteristics of apopto-
sis [21]. Consistent with this scenario, our results indicated a 
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significant increase in the protein expression of cytochrome 
c concomitant with increased expression of cleaved cas-
pase-3 and caspase-9 was significantly upregulated in cells 
upon citalopram treatment, suggesting involvement of the 
intrinsic apoptotic pathway.

The Bcl-2 protein family’s members are key compo-
nents of apoptosis. According to reports, Bcl-2 and the 
pro-apoptotic component BAX can create a heterodimer 

that can inhibit BAX’s pro-apoptotic activity. Conse-
quently, Bcl-2 overexpression causes apoptotic resistance. 
The ratio of BAX/Bcl-2 has a crucial role in determin-
ing the fate of cells, whether they undergo apoptosis or 
not [22]. In the current study, a decrease in Bcl-2 protein 
expression was found in citalopram-treated HEP-2 cells. 
In contrast, the protein level of BAX in HEP-2 cells was 

Fig. 5  Ultrastructural alterations in HEp-2 cells treated with cit-
alopram for 48 h under transmission electron microscopy. A Control 
HEP-2 cells showing normal morphology. B HEp-2 cells treated with 
citalopram showing cytoplasmic and nuclear granulation and chro-
matin condensation (asterisks). C Vacuole formation (V), periph-
eral chromatin condensation (asterisks) and appearance of moderate 
apoptotic bodies were observed. D Treated HEP-2 cells releasing its 
fragmented cytoplasmic contents into the sinusoidal spaces (head 
arrow) and apoptotic bodies (AB). E Separate aggregates of chro-
matin observed (asterisks), vacuoles formation (V) membrane bleb-

bing (black arrow) and apoptotic bodies (AB). F Treated cells showed 
nuclear fragmentation (white arrow) and membrane blebbing (black 
arrow). G Irregular nucleus (N) surrounded by a slightly invaginated 
nuclear envelope (Ne), marginated nucleolus (Nu), remarked vacu-
olation, swelled ER and deformative mitochondria (M) observed. H 
Treated cells showed moderate nuclear envelope dilatation (Ne), ring 
chromatin condensation “spheridium” (white arrow), lysosome (Ly) 
and swelled ER (Nu), remarked vacuolation, swelled ER and deform-
ative mitochondria (M)
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upregulated after citalopram treatment, thereby increasing 
BAX/Bcl-2 ratios in HEP-2 cells.

According to Elmore, apoptosis is an organized, energy-
required process that is essential for tissue survival and 
homeostasis [23]. The morphological signs of apoptosis 
include cell shrinkage, membrane bleb formation, nuclear 
condensation, and the development of pyknotic or apoptotic 
bodies [24, 25]. Citalopram has been shown to cause mor-
phological changes in HEP-2 cells, including the develop-
ment of apoptotic bodies and progressive chromatin con-
densation. During the late stages of apoptosis, the nucleus 
continues to condense and disintegrate within a cell with an 
intact membrane [24, 25]. These morphological signs can 
be initiated by the cleavage of various proteins by caspase 
activation [26], which is upregulated upon treatment with 
citalopram in HEP-2 cells. Nuclear proteins of the mitotic 
apparatus (NuMA) and lamin proteins preserve the struc-
tural integrity of the nucleus [27, 28]. Both can be cleaved 
by caspase-3 [29], which are highly expressed when HEP-2 
cells are treated with citalopram.

Loss of proper mammalian cell cycle control drives cellular 
transformation. Inhibitors of cyclin-dependent kinase (CDK) 
are essential for regulating cell cycle progression. By encour-
aging cell cycle arrest in response to diverse stimuli, p21 is 
known to inhibit tumor growth. Evidence from biochemical 
and molecular studies suggests that p21 acts as a major effec-
tor of various tumour suppressor pathways to stimulate anti-
proliferative activities [13]. The p21 protein expression in this 

study was determined after treatment with citalopram, and it 
was observed to be significantly upregulated in cells treated 
with citalopram. The significant increase in p21 observed after 
citalopram treatment may clarify the mechanism by which cit-
alopram induces a cell cycle arrest in HEP-2 cells at the G0/
G1 phase. This is consistent with a previous study reporting 
that p21 induces G0/G1 as well as G2/M arrest through the 
inhibition of CDK2 activity and the blocking of CDK1 activ-
ity, respectively [30].

Summary of the work

See Fig. 6.

Conclusions

Here, we suggest citalopram as a promising candidate with 
anticancer properties against HEP-2 cells via activation of 
intrinsic apoptotic pathway and inducing cell cycle arrest at 
the G0/G1 phase.

Limitations

This study elucidated the antitumor potential of citalopram 
against HEP-2 cells. However, the combinatorial cytotoxic 
effect of citalopram with traditional chemotherapeutic agents 
is required to develop citalopram as a promising candidate 

Fig. 6  Citalopram as a promis-
ing candidate with anticancer 
properties against HEP-2 cells. 
Citalopram induces G1/G0 
phase cell cycle arrest by over-
expression of P21. Moreover, 
it activates intrinsic apoptotic 
pathway by down regulation 
of Bcl-2 and activation of 
BAX resulting in release of 
cytochrome c to cytoplasm and 
activation of caspase3 and 9. 
(Schematic drawing created 
with BioRender.com)
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for the treatment of LSCC. Moreover, in vivo studies are 
required to evaluate the cytotoxic effect of citalopram on 
normal tissue in different organs.

Author contributions SE, AA, FARI, MS carried out the entire experi-
ment, MS hypothesized, drafted and coordinated all the Data. All 
authors read and approved the final manuscript.

Funding Open access funding provided by The Science, Technology 
& Innovation Funding Authority (STDF) in cooperation with The 
Egyptian Knowledge Bank (EKB). The authors have not disclosed 
any funding.

 Data availability No datasets were generated or analysed during the 
current study.

Declarations 

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Zhang Q, Wang H, Zhao Q, Zhang Y, Zheng Z, Liu S, Liu Z, 
Meng L, Xin Y, Jiang X. Evaluation of risk factors for laryngeal 
squamous cell carcinoma: a single-center retrospective study. 
Front Oncol. 2021;11:6060. https:// doi. org/ 10. 3389/ fonc. 2021. 
606010.

 2. Nocini R, Molteni G, Mattiuzzi C, Lippi G. Updates on larynx 
cancer epidemiology. Chin J Cancer Res. 2020;32:18–25. https:// 
doi. org/ 10. 21147/j. issn. 1000- 9604. 2020. 01. 03.

 3. Obid R, Redlich M, Tomeh C. The treatment of laryngeal cancer. 
Oral Maxillofac Surg Clin North Am. 2019;31:1–11. https:// doi. 
org/ 10. 1016/j. coms. 2018. 09. 001.

 4. Parvathaneni V, Kulkarni NS, Muth A, Gupta V. Drug repurpos-
ing: a promising tool to accelerate the drug discovery process. 
Drug Discov Today. 2019;2076:2085. https:// doi. org/ 10. 1016/j. 
drudis. 2019. 06. 014.

 5. Ostuzzi G, Matcham F, Dauchy S, Barbui C, Hotopf M. Antide-
pressants for the treatment of depression in people with cancer. 
Cochrane Database Syst Rev. 2018;4:011006. https:// doi. org/ 10. 
1002/ 14651 858. CD011 006. pub2.

 6. Grassi L, Nanni MG, Rodin G, Li M, Caruso R. The use of antide-
pressants in oncology: a review and practical tips for oncologists. 
Ann Oncol. 2018;29:101–11. https:// doi. org/ 10. 1093/ annonc/ 
mdx526.

 7. Nykamp MJ, Zorumski CF, Reiersen AM, Nicol GE, Cir-
rito J, Lenze EJ. Opportunities for drug repurposing of sero-
tonin reuptake inhibitors: potential uses in inflammation, 
infection, cancer, neuroprotection, and Alzheimer’s disease 

prevention. Pharmacopsychiatry. 2022;55:24–9. https:// doi. org/ 
10. 1055/a- 1686- 9620.

 8. Xia Z, Bergstrand A, De-Pierre JW, Nässberger L. The antidepres-
sants imipramine, clomipramine, and citalopram induce apoptosis 
in human acute myeloid leukemia HL-60 cells via caspase-3 acti-
vation. J Biochem Mol Toxicol. 1999;13(6):338–47. https:// doi. 
org/ 10. 1002/ (sici) 1099- 0461(1999) 13:6% 3c338:: aid- jbt8% 3e3.0. 
co;2-7.

 9. Dikmen M, Cantürk Z, Öztürk Y. Escitalopram oxalate, a selec-
tive serotonin reuptake inhibitor, exhibits cytotoxic and apoptotic 
effects in glioma C6 cells. Acta Neuropsychiatr. 2011;23:173–8. 
https:// doi. org/ 10. 1111/j. 1601- 5215. 2011. 00550.x.

 10. Serafeim A, Holder MJ, Grafton G, Chamba A, Drayson MT, 
Luong QT, Bunce CM, Gregory CD, Barnes NM, Gordon J. 
Selective serotonin reuptake inhibitors directly signal for apopto-
sis in biopsy-like Burkitt lymphoma cells. Blood. 2003;101:3212–
9. https:// doi. org/ 10. 1182/ blood- 2002- 07- 2044.

 11. Chen LJ, Hsu TC, Chan HL, Lin CF, Huang JY, Stewart R, 
Tzang BS, Chen VC. Protective effect of escitalopram on hepa-
tocellular carcinoma by inducing autophagy. Int J Mol Sci. 
2022;23:9247. https:// doi. org/ 10. 3390/ ijms2 31692 47.

 12. Loftus LV, Amend SR, Pienta KJ. Interplay between cell death 
and cell proliferation reveals new strategies for cancer therapy. 
Int J Mol Sci. 2022;23:4723. https:// doi. org/ 10. 3390/ ijms2 
30947 23.

 13. Carneiro BA, El-Deiry WS. Targeting apoptosis in cancer therapy. 
Nat Rev Clin Oncol. 2020;17:395–417. https:// doi. org/ 10. 1038/ 
s41571- 020- 0341-y.

 14. Abate M, Festa A, Falco M, Lombardi A, Luce A, Grimaldi A, 
Zappavigna S, Sperlongano P, Irace C, Caraglia M, Misso G. 
Mitochondria as playmakers of apoptosis, autophagy and senes-
cence. Semin Cell Dev Biol. 2020;98:139–53. https:// doi. org/ 10. 
1016/j. semcdb. 2019. 05. 022.

 15. Du C, Fang M, Li Y, Li L, Wang X. Smac, a mitochondrial pro-
tein that promotes cytochrome c-dependent caspase activation by 
eliminating IAP inhibition. Cell. 2000;102:33–42.

 16. Bock FJ, Tait SWG. Mitochondria as multifaceted regulators of 
cell death. Nat Rev Mol Cell Biol. 2020;21:85–100. https:// doi. 
org/ 10. 1038/ s41580- 019- 0173-8.

 17. Garrido C, Galluzzi L, Brunet M, Puig PE, Didelot C, Kroemer 
G. Mechanisms of cytochrome c release from mitochondria. Cell 
Death Differ. 2006;13:1423–33. https:// doi. org/ 10. 1038/ sj. cdd. 
44019 50.

 18. Eleftheriadis T, Pissas G, Liakopoulos V, Stefanidis I. Cytochrome 
c as a potentially clinical useful marker of mitochondrial and cel-
lular damage. Front Immunol. 2016;7:279. https:// doi. org/ 10. 
3389/ fimmu. 2016. 00279.

 19. Shakeri R, Kheirollahi A, Davoodi J. Apaf-1: regulation and func-
tion in cell death. Biochimie. 2017;135:111–25. https:// doi. org/ 
10. 1016/j. biochi. 2017. 02. 001.

 20. Li Z, Guo D, Yin X, Ding S, Shen M, Zhang R, Wang Y, Xu R. 
Zinc oxide nanoparticles induce human multiple myeloma cell 
death via reactive oxygen species and Cyt-C/Apaf-1/Caspase-9/
Caspase-3 signalling pathway in vitro. Biomed Pharmacother. 
2020;122:109712. https:// doi. org/ 10. 1016/j. biopha. 2019. 109712.

 21. Brentnall M, Rodriguez-Menocal L, De Guevara RL, Cepero E, 
Boise LH. Caspase-9, caspase-3 and caspase-7 have distinct roles 
during intrinsic apoptosis. BMC Cell Biol. 2013;9:14–32. https:// 
doi. org/ 10. 1186/ 1471- 2121- 14- 32.

 22. Ola MS, Nawaz M, Ahsan H. Role of Bcl-2 family proteins 
and caspases in the regulation of apoptosis. Mol Cell Biochem. 
2011;351:41–58. https:// doi. org/ 10. 1007/ s11010- 010- 0709-x.

 23. Elmore S. Apoptosis: a review of programmed cell death. Toxi-
col Pathol. 2007;35:495–516. https:// doi. org/ 10. 1080/ 01926 23070 
13203 37.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fonc.2021.606010
https://doi.org/10.3389/fonc.2021.606010
https://doi.org/10.21147/j.issn.1000-9604.2020.01.03
https://doi.org/10.21147/j.issn.1000-9604.2020.01.03
https://doi.org/10.1016/j.coms.2018.09.001
https://doi.org/10.1016/j.coms.2018.09.001
https://doi.org/10.1016/j.drudis.2019.06.014
https://doi.org/10.1016/j.drudis.2019.06.014
https://doi.org/10.1002/14651858.CD011006.pub2
https://doi.org/10.1002/14651858.CD011006.pub2
https://doi.org/10.1093/annonc/mdx526
https://doi.org/10.1093/annonc/mdx526
https://doi.org/10.1055/a-1686-9620
https://doi.org/10.1055/a-1686-9620
https://doi.org/10.1002/(sici)1099-0461(1999)13:6%3c338::aid-jbt8%3e3.0.co;2-7
https://doi.org/10.1002/(sici)1099-0461(1999)13:6%3c338::aid-jbt8%3e3.0.co;2-7
https://doi.org/10.1002/(sici)1099-0461(1999)13:6%3c338::aid-jbt8%3e3.0.co;2-7
https://doi.org/10.1111/j.1601-5215.2011.00550.x
https://doi.org/10.1182/blood-2002-07-2044
https://doi.org/10.3390/ijms23169247
https://doi.org/10.3390/ijms23094723
https://doi.org/10.3390/ijms23094723
https://doi.org/10.1038/s41571-020-0341-y
https://doi.org/10.1038/s41571-020-0341-y
https://doi.org/10.1016/j.semcdb.2019.05.022
https://doi.org/10.1016/j.semcdb.2019.05.022
https://doi.org/10.1038/s41580-019-0173-8
https://doi.org/10.1038/s41580-019-0173-8
https://doi.org/10.1038/sj.cdd.4401950
https://doi.org/10.1038/sj.cdd.4401950
https://doi.org/10.3389/fimmu.2016.00279
https://doi.org/10.3389/fimmu.2016.00279
https://doi.org/10.1016/j.biochi.2017.02.001
https://doi.org/10.1016/j.biochi.2017.02.001
https://doi.org/10.1016/j.biopha.2019.109712
https://doi.org/10.1186/1471-2121-14-32
https://doi.org/10.1186/1471-2121-14-32
https://doi.org/10.1007/s11010-010-0709-x
https://doi.org/10.1080/01926230701320337
https://doi.org/10.1080/01926230701320337


Medical Oncology          (2024) 41:105  Page 11 of 11   105 

 24. Zhang Y, Chen X, Gueydan C, Han J. Plasma membrane changes 
during programmed cell deaths. Cell Res. 2018;28:9–21. https:// 
doi. org/ 10. 1038/ cr. 2017. 133.

 25. Xu X, Lai Y, Hua ZC. Apoptosis and apoptotic body: disease mes-
sage and therapeutic target potentials. Biosci Rep. 2019;1:18–39. 
https:// doi. org/ 10. 1042/ BSR20 180992.

 26. Svandova E, Lesot H, Sharpe P, Matalova E. Making the head: 
caspases in life and death. Front Cell Dev Biol. 2023;10:1075751. 
https:// doi. org/ 10. 3389/ fcell. 2022. 10757 51.

 27. Kivinen K, Taimen P, Kallajoki M. Silencing of Nuclear Mitotic 
Apparatus protein (NuMA) accelerates the apoptotic disintegra-
tion of the nucleus. Apoptosis. 2010;15:936–45. https:// doi. org/ 
10. 1007/ s10495- 010- 0506-8.

 28. Dittmer TA, Misteli T. The lamin protein family. Genome Biol. 
2011;12:222. https:// doi. org/ 10. 1186/ gb- 2011- 12-5- 222.

 29. Kivinen K, Kallajoki M, Taimen P. Caspase-3 is required in the 
apoptotic disintegration of the nuclear matrix. Exp Cell Res. 
2005;311:62–73. https:// doi. org/ 10. 1016/j. yexcr. 2005. 08. 006.

 30. Bury M, Le Calvé B, Ferbeyre G, Blank V, Lessard F. New 
insights into CDK regulators: novel opportunities for cancer 
therapy. Trends Cell Biol. 2021;31:331–44. https:// doi. org/ 10. 
1016/j. tcb. 2021. 01. 010.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1038/cr.2017.133
https://doi.org/10.1038/cr.2017.133
https://doi.org/10.1042/BSR20180992
https://doi.org/10.3389/fcell.2022.1075751
https://doi.org/10.1007/s10495-010-0506-8
https://doi.org/10.1007/s10495-010-0506-8
https://doi.org/10.1186/gb-2011-12-5-222
https://doi.org/10.1016/j.yexcr.2005.08.006
https://doi.org/10.1016/j.tcb.2021.01.010
https://doi.org/10.1016/j.tcb.2021.01.010

	Citalopram, an antipsychotic agent, induces G1G0 phase cell cycle arrest and promotes apoptosis in human laryngeal carcinoma HEP-2 cells
	Abstract
	Background
	Methods
	Reagents and antibodies
	Cell culture
	Cell viability assessment
	Apoptosis assay using annexin V and PI
	Cell cycle analysis
	Western blot analysis
	Light microscope examination
	Electron microscope examination
	Statistical analysis

	Results
	Citalopram decreases the cellular proliferation capacity of HEP-2 cells
	Citalopram induces cell death in HEP-2 cells
	Citalopram induces arrest of the cell cycle at the G0G1 phase with an increase of the sub-G1 population in HEP-2 cells
	Signalling molecules involved in the citalopram-induced apoptosis in HEP-2 cells
	Effects of citalopram on the upstream regulators of the mitochondrial apoptotic signalling pathway
	Ultra-structural changes in HEP-2 cells

	Discussion
	Summary of the work
	Conclusions
	Limitations
	References


