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Cancer remains a predominant cause of mortality globally, and the suboptimal effectiveness of existing 
therapeutic modalities has catalyzed the exploration of novel treatment approaches. Nanomaterials, spe-
cifically selenium nanoparticles (SeNPs), have exhibited encouraging anticancer activity. This investigation 
aimed to evaluate the human oral squamous cell carcinoma (OSCC) cells viability and expression of prolifera­
tion and apoptosis molecular markers under treatment with SeNPs. Selenium nanoparticles were synthesized 
with the use of Lactobacillus plantarum cultured in a medium containing selenium dioxide. The methods of 
energy-dispersive X-ray, scanning electron and atomic force microscopy were used to determine the SeNPs 
composition and three-dimensional images. MTT viability assay and qRT-PCR analysis of cyclin D1 and Bax 
gene expression were applied. OSCC cells were treated with SeNPs in a range of 25–200 µg/ml for 24 h. It 
was demonstrated that SeNPs induced a dose-dependent inhibition of cell viability with IC50 value of 97 μg/ml. 
At lower concentrations (25–50 µg/ml) SeNPs transiently suppressed Bax and elevated Cyclin D1 expression, 
indicating the adaptive proliferative response. At higher concentrations (100–200  µg/ml), SeNPs induced 
apoptotic pathways and G1-phase cell cycle arrest, significantly upregulating Bax and downregulating Cyclin 
D1 expression. These findings underscore the Selenium nanoparticles potential as nanotherapeutic agents for 
OSCC treatment. 

K e y w o r d s: selenium nanoparticles, oral squamous cell carcinoma, cyclin D, Bax. 

Oral squamous cell carcinoma (OSCC), the 
predominant histopathological variant of 
oral malignancies, may arise in multiple in-

traoral sites, including the tongue, gingiva, palate, 
buccal mucosa, floor of the mouth, and lips. It is 
characterized by a notably high mortality rate de-
spite advances in diagnostic and therapeutic modali-
ties [1]. According to Radhika et al., OSCC accounts 
about 90% of oral cancer cases and ranks as the sixth 
most frequent malignancy globally [2]. The progno-
sis for OSCC remains poor, largely due to its fre-
quent diagnosis at advanced stages and the presence 
of metastatic spread [3].

Nanoparticles (NPs) are ultra-fine particles 
measuring just 1–100 nanometers in diameter. They 
possess an exceptionally high surface-to-volume ra-
tio and are subject to quantum confinement effects, 
which give rise to remarkable physical, chemical, 
optical, electrical, magnetic, and biological charac-
teristics that markedly differ from those of the same 
materials in bulk form [4]. NPs have attracted con-
siderable attention across various fields due to their 
potential applications in sectors, including medicine, 
electronics, energy production, and environmental 
remediation [5]. Due to their diminutive size, nano-
particles possess a markedly high surface-to-volume 
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ratio, which substantially augments their functional 
capabilities, chemical reactivity, and surface area 
available for molecular and interfacial interactions 
[6, 7]. The size, shape, and composition of NPs can 
be varied by a variety of synthesis techniques, in-
cluding chemical, physical, and biological proce-
dures [8]. The special qualities of NPs, however, call 
for careful evaluation of their possible effects on the 
environment and human health, which calls for in-
depth research on their synthesis, characterization, 
and safe handling [9].

A trace element called selenium (Se) is essen-
tial to living things. The anti-cancer, antioxidant, 
anti-inflammatory, and antibacterial properties of 
red elemental selenium (Seo), often referred to as 
selenium nanoparticle (SeNP), have garnered sig-
nificant interest among the various forms of Se [10]. 
Additionally, when compared to other selenium-
containing substances, nanosized Se exhibits re-
duced toxicity, enhanced bioavailability, and lower 
production costs compared to its bulk counterparts 
[10].

SeNPs can be synthesized via a range of metho
dologies, encompassing physical, chemical, and bio-
logical methods. Among these, chemical synthesis 
represents the most common and rapid method used. 
Additionally, biological synthesis utilizing microor-
ganisms and plant extracts has emerged as a sustain-
able and eco-friendly alternative [11]. According to 
published reports, oral administration of SeNPs in 
mice with metastatic breast cancer led to enhanced 
immune responses and a significant reduction in 
liver metastases [12, 13]. 

Selenium supplements have been employed as 
standalone anticancer agents owing to their well-
documented antitumor properties [14]. Over the past 
ten years, SeNPs have been widely used as dietary 
supplements and potent antioxidants, due to their 
low risk compared to selenium alone. They have also 
been employed extensively in medical diagnosis [15]. 
Specifically, they have been sporadically informed to 
demonstrate antitumor activity against a broad spec-
trum of malignancies, including breast cancer, lung 
carcinoma, and gliomas, highlighting their potential 
as novel therapeutic agents in oncology [14, 15].

SeNPs have been shown to exert minimal ef-
fects on healthy cells while playing a critical role in 
suppressing lung cancer cells [16]. Similarly, studies 
on cervical carcinoma [17], hepatocarcinoma [18], 
and colorectal cancer [19] have demonstrated that 
SeNPs possess strong cytotoxic effects on tumor 

cells, with limited toxicity to normal cells. Thus, 
preparations were established to investigate the mo-
lecular processes of SeNPs and test for their inhibi-
tory effects on additional cancer cells. SeNPs have 
been shown in preliminary investigations to be sig-
nificantly active on a number of cancer cell lines, 
with their activity on SCC cells being stronger than 
that of other cancer cells. This suggests that SeNPs 
may be most useful in SCC and that they promote 
apoptosis and induce cell cycle arrest in a variety of 
SCC cell lines and freshly isolated tumor cells. Mo-
lecular biology studies indicate that SeNP-induced 
apoptosis is partly mediated through the upregula-
tion of Bax and the downregulation of cyclin D ex-
pression. To investigate the effect of SNPs on cancer 
cell toxicity and cancer-related regulatory genes, 
Bax, a pro-apoptotic protein, and cyclin D1, an anti-
apoptotic protein, were examined.

Materials and Methods

Cell line. The Iran Center of Cancer and Medi-
cal Genetics Research (ICCMGR) provides the hu-
man squamous carcinoma cell line SCC152. It was 
cultivated in Dulbecco’s Modified Eagle’s Medium 
(DMEM) supplemented with 10% fetal bovine se-
rum and a 1% penicillin-streptomycin combination 
(Lonza, Verviers, Belgium). At 37°C, SCC152 cul-
tures were incubated in a standard humidified envi-
ronment with 95% air and 5% CO2.

Selenium nanoparticles’ preparation. Biogenic 
monovalent selenium nanoparticles were synthesized 
using Lactobacillus plantarum [20]. The procedure 
involved mixing 1 ml of a 254 mM selenium dioxi
de solution with a ml of Lactobacillus plantarum 
culture (OD600 = 1) and 100 ml of fresh MRS me-
dium, then incubating the blend for 72 h at 37°C. 
After incubation, the red intracellular selenium was 
harvested from the bacterial pellets through sonica-
tion and rapid freezing in liquid nitrogen. The re-
sulting Se+ nanoparticles were further purified via a 
two-phase extraction using n‑octanol and water [21]. 
The final nanoparticle suspension was kept at 4°C 
for further needs.

Atomic force microscopy (AFM). Energy-dis-
persive X-ray spectroscopy (EDS) in conjunction 
with scanning electron microscopy (SEM) was used 
to determine the basic composition of the purified 
nanoparticles. SeNPs in powder form were gently 
adhered to SEM stubs with adhesive tape cove
red with a uniform layer of carbon (LEICA EM 
ACE200, Wetzlar, Germany). The prepared stubs 
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were then placed into the SEM-EDS instrument 
(Zeiss EVOMA10, Oberkochen, Germany, equipped 
with an Oxford Instruments X-act EDX system) for 
analysis. Imaging was performed at an accelerating 
voltage of 20 kV with a magnification of 1500×.

Energy-dispersive X-ray spectroscopy (EDS). 
The purified NPs’ elemental composition was deter-
mined using SEM and EDS. SeNPs (powder) were 
carefully mounted on SEM stubs using adhesive 
tape that was evenly coated with carbon (LEICA EM 
ACE200, Wetzlar, Germany). The tape was then put 
in an SEM-EDS sample chamber (Zeiss EVOMA10, 
Oberkochen, Germany; Oxford Instruments X-act 
EDX system). The scans were conducted at a volta
ge of 20 kV and a magnification of 1500×.

Fourier-transformed infrared spectroscopy 
FTIR spectroscopy. FTIR spectroscopy was con-
ducted to recognize the functional groups involved 
in the biosynthesis of SeNPs. The spectra of the 
dried samples were acquired using an ALPHA FT-
IR-ATR Bruker Spectrometer across a wavenumber 
range of 400–4000 cm–1, with a resolution of 1 cm–1 
and a total of 100 scans. Each spectrum underwent 
baseline correction via the instrument’s “automatic 
baseline correct” feature, followed by smoothing 
using the standard “automatic smooth” function, 
which applies a Savitzky–Golay algorithm with a 
95-point moving second-degree polynomial filter.

MTT assay. SeNPs were tested for their antican-
cer activity against a variety of tumor cell lines using 
the MTT assay (3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑di-
phenyltetrazolium bromide). Initially, cells were first 
counted and seeded at a density of 10,000 cells per 
well into 96-well plates, where they were left to ad-
here for a full day. After that, cells were exposed 
to preset SeNP concentrations for a further twenty-
four hours. To promote formazan production, MTT 
reagent was applied after treatment and incubated 
for three hours. Following the addition of dimethyl 
sulfoxide (DMSO) to dissolve the formazan crystals, 
the plates were allowed to stand for fifteen minutes. 
After that, utilizing a DYNEX ELISA microplate 
reader (USA), the absorbance at 570 nm was measu
red. An optical density (OD) to cell count calibration 
curve was created. The appropriate OD values were 
used to interpolate the cell numbers after treatment. 
The following formula was used to measure the in-
hibitory impact of SeNPs:

Inhibition rate = (cell number (control) − cell 
number (SeNP treatment))/cell number(control)× 
100%.

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) assay. Total cellular RNA 
was harvested utilizing TRIzol reagent (Invitro
gen, Grand Island, NY, USA). After extraction, 
quantitative reverse transcription PCR (qRT‑PCR) 
targeting mRNA was conducted with the Prime 
Script RT‑PCR kit (Takara Bio Inc., Shiga, Japan) 
on a Bio‑Rad IQ5 real‑time PCR instrument (Her-
cules, CA, USA). 

To denature the secondary structures of RNA, 
the material was first incubated for five minutes at 
65°C. Next, it was heated to 37°C for 15 min to al-
low for the synthesis of first-strand cDNA. Finally, 
it was heated to 98°C for five minutes to inactivate 
the reverse transcriptase enzyme. For the PCR am-
plification that followed, a preliminary denaturation 
was performed for 30 sec at 95°C. 40 amplification 
cycles were then performed, with primer annealing 
at 60°C for five seconds, extension at 72°C for thirty 
seconds, and denaturation at 95°C for five seconds 
in each cycle.

The 2−ΔΔCT method [22] was used to exam-
ine the data by a comparative threshold (Ct), and the 
mean fold inductions of the samples were compared 
with the untreated samples. Table 1 provides a de-
scription of the primer sequences for each target and 
GAPDH.

Statistical analysis. GraphPad Prism ver-
sion 8.4.3 (GraphPad Software, San Diego, CA, 
USA) was used to examine the data described as 
group means ± SEM. The data were investigated via 
two-way ANOVA with multiple Tukey’s tests. Dif-
ferences were considered significant when the P-
value was < 0.05.

Results and Discussion 

In 2012, lip and oral cavity cancers accounted 
for approximately 2.1% of all malignancies global
ly, with males representing two-thirds of the cases. 

T a b l e  1. Shows the primers’ sequences for qPCR

Target 
gene Primer sequences

Cyclin D1 F: TGAACTACCTGGACCGCT
R: CTCTGGCATTTTGGAG

GAPDH F: TCAAGGAGGAGTCTGAGGGA
R: TCCAGCCTTGGCATCG

BAX F: GGTTGTCGCCCTTTTCTA
R: GGCGTACAGGGATAGC

R. T. Al-Muswie, M. N. Abdulsayed, D. A. Alghezi et al. 
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The highest incidence rates for both sexes were ob-
served in Melanesia. Additionally, elevated rates 
among men were noted in Central and Eastern Eu-
rope (9.1 per 100,000) and South-Central Asia (9.9 
per 100,000). Worldwide, these cancers resulted in 
an estimated 145,000 deaths, with 77% of fatalities 
occurring in less developed regions [22]. 

OSCC starts with oral epithelial dysplasia, in 
which the epithelial cells exhibit atypia and dysplas-
tic alterations in the tissue itself [23, 24]. The base-
ment membrane is then disturbed, allowing cancer 
cells to enter the surrounding stroma and cause reac-
tive alterations. The cancer cells’ biological behavior 
is governed by both their genetic composition and 
the tumor microenvironment, which allows the tu-
mor cells to thrive due to the stromal and epithelial 
component’ faulty responses [25, 26].
Morphological and Structural Characterization of SeNPs

Atomic force microscopy (AFM) was employed 
to generate three-dimensional topographical images 
of the synthesized SeNPs. As illustrated in Fig. 1, the 
SeNPs displayed predominantly spherical morpholo
gy with a polydisperse distribution. The 3D topo-
graphical maps revealed smooth surface features, 
and the average vertical height was approximately 
15 nm, supporting observations from transmission 
electron microscopy. The spherical, uniform mor-
phology is indicative of successful capping and sta-
bilization, which is crucial for biological interactions 
and cellular uptake.

Fourier-transform infrared spectroscopy 
(FTIR) analysis further confirmed the biochemi-
cal composition of Lactiplantibacillus plantarum-
mediated SeNPs. The FTIR spectrum (Fig. 2) ex-
hibited a broad peak at 3441.38 cm–1, corresponding 
to N–H and O–H stretching, indicative of alcohols, 
phenols, amides, and amines. Peaks at 2924.62 and 
2853.56 cm–1 were attributed to C–H stretching of 
aliphatic hydrocarbons, suggesting the involvement 
of alkyl chains in capping. The presence of a peak 
at 2177.31 cm–1 indicated C≡C stretching (alkyne 
groups), and the band at 1642.88 cm–1 corresponded 
to C=C stretching in conjugated alkenes. Notably, a 
distinct peak at 725.95 cm–1 suggested aromatic C–H 
bending. These chemical features collectively sup-
port the hypothesis that proteins and phenolic com-
pounds mediate SeNP stabilization, as reported in 
other studies [27, 28]. 

Energy-dispersive X-ray spectroscopy (EDX) 
confirmed the elemental composition of the nanopar-
ticles (Fig. 3). The selenium content was 20.24 wt%, 

while other elements included N (20.15%), O 
(10.48%), C (5.1%), S (0.72%), Si (0.36%), and K 
(0.19%). These findings substantiate the organic–in-
organic hybrid nature of the SeNPs, with surface-
bound biomolecules likely contributing to biocom-
patibility and stability in physiological environments 
[28].

In vitro antitumor activity of SeNPs. The anti-
neoplastic potential of SeNPs was evaluated against 
OSCC cell lines. As presented in Fig. 4, SeNPs in-
duced a dose-dependent inhibition of cell prolife
ration. The most significant cytotoxic effect was 
observed at 200 μg/ml, with a statistically signifi-
cant reduction in cell viability compared to control 
groups (P ≤ 0.001). These findings align with pre-
vious studies indicating that the physicochemical 
attributes of SeNPs – such as particle size, surface 
charge, and composition–profoundly influence cel-
lular uptake and bioactivity [29, 30].

The IC50 value for SeNPs was determined to be 
97 μg/ml, demonstrating moderate cytotoxicity and 
aligning with selenium’s known anticancer profile. 
Importantly, selenium nanoparticles are known to 
exhibit preferential toxicity toward malignant cells 
while sparing normal tissue, making them suitable 
candidates for chemotherapeutic development [31].

Apoptosis and gene expression modulation. 
To clarify the molecular pathways that contribute 
to SeNP-induced cytotoxicity, quantitative reverse 
transcription polymerase chain reaction (qRT-PCR) 
was utilized to evaluate the expression levels of Bax, 
a pro-apoptotic biomarker, and Cyclin D1 (CCND1), 
a key regulator of the G1 phase of the cell cycle, in 
oral squamous cell carcinoma (OSCC) cell lines. The 
investigation assessed the impact of differing con-
centrations of selenium nanoparticles (SeNPs) on the 
expression of these genes.

The findings demonstrated a dose-dependent, 
reciprocal modulation of both genes. At lower con-
centrations (25 and 50 µg/ml), SeNPs significant-
ly reduced Bax expression while simultaneously 
elevating CCND1 levels. In contrast, at higher con-
centrations (100 and 200 µg/ml), there was an up-
regulation of Bax and a downregulation of CCND1, 
suggesting a transition from proliferative to apop-
totic mechanisms (P < 0.05) [32, 33]. 

This inverse relationship suggests a bipha-
sic effect, consistent with previous study [34]. At 
sub-toxic levels, nanoparticles may induce mild 
stress that transiently activates cell cycle-associated 
genes like CCND1, facilitating temporary cell sur-
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Fig. 1. Tapping mode AFM topographical images of the SeNPs. (A) 3–D images, (B) Scan area of SeNPs in 
2–D image, (C) histogram height profile, (D) 3–D images, (E) histogram height profile, (F) histogram height 
profile

A B

AFM > Leveled (LS-plane)C D

E AFM > Leveled (LS-plane) Abbott-Firestone curveF

R. T. Al-Muswie, M. N. Abdulsayed, D. A. Alghezi et al. 
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Fig. 2. Fourier-transform infrared spectroscopy demonstrates the structural features of SeNPs generated by 
Lactobacillus plantarum HM1

Spectrum name Number of peaks
R 6

R Details:
Peaks number X (cm–1) Y (%T)

1 3441.38 28.59
2 2924.62 36.29
3 2853.56 37.59
4 2177.31 38.03
5 1642.88 36.82
6 725.95 58.73

R Spectra

vival. However, surpassing a certain concentration 
threshold causes SeNPs to instigate oxidative stress, 
mitochondrial impairment, and apoptosis, leading to 
Bax activation and a decrease in cellular prolifera-
tion [27, 33].

Despite the low-dose profile (decreased Bax, 
increased CCND1) potentially indicating enhanced 
proliferation, it contradicts the observed reduction in 
OSCC cell viability at these concentrations. This ap-
parent inconsistency likely stems from the fact that 
alterations in gene expression do not invariably cor-
relate with functional consequences. The initial rise 
in CCND1 may signify a fleeting adaptive response 
to oxidative stress rather than actual proliferation 
[34].

Apoptosis may also transpire independently of 
Bax transcription, through the generation of reactive 
oxygen species (ROS) and the activation of caspases 
[35]. Therefore, the diminished viability observed at 

25–50 µg/ml could be attributed to oxidative damage 
occurring prior to Bax upregulation. Furthermore, 
SeNPs exert effects in a time-dependent manner, 
wherein early adaptive gene expression precedes 
subsequent cytotoxic outcomes, including cell cy-
cle arrest and apoptosis [36]. Taken together, these 
results underscore the intricate, dose- and time-de-
pendent dynamics between proliferative and apop-
totic signaling within SeNP-treated OSCC cells. 

As shown in Fig. 5 and 6, SeNP exposure at 
100 and 200 μg/ml significantly upregulated Bax ex-
pression and concurrently downregulated cyclin D1 
(P < 0.05). The elevation of Bax mRNA supports the 
hypothesis that SeNPs activate intrinsic apoptotic 
pathways, potentially via mitochondrial destabiliza-
tion and caspase cascade initiation [31, 37]. Cyclin 
D1 downregulation further suggests SeNP-induced 
cell cycle arrest at the G1 phase, impairing DNA rep-
lication and proliferation. Overexpression of cyclin 
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Fig. 4. In vitro antitumor efficacy of SeNPs against OSCC cells. The percentage of inhibition of OSCC cell 
proliferation was dose‑dependent, with SeNP concentrations ranging from 50 to 200 µg/ml, demonstrating 
robust anticancer activity as shown. X-axis represents SeNP concentrations (µg/ml); Y-axis represents rela-
tive cell viability. *P ≤ 0.001

Fig. 3. Shows the structural properties of SeNPs, which are produced by Lactobacillus plantarum HM1, ex-
amined using energy-dispersive X-ray spectroscopy
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Fig. 5. Expression of Bax in OSCC line in response to exposure to selenium nanoparticles, comparison with 
control. Bax mRNA levels were quantified by qRT-PCR and normalized to control. X-axis represents SeNP 
concentrations (µg/ml); Y-axis represents relative Bax expression. *P < 0.05
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D1 is a known driver of oncogenesis through un-
controlled cellular growth and genomic instability; 
thus, its inhibition is consistent with antiproliferative 
activity [38-40].

Mechanistic insights and comparative studies. 
The antitumor efficacy of SeNPs is thought to result 
from multiple converging pathways, including oxi-
dative stress modulation, mitochondrial dysfunction, 
and ER stress-mediated apoptosis. SeNPs can induce 
caspase activation, ROS generation, and DNA dama
ge responses [41, 42]. Notably, SeNPs also exhibit 
reduced toxicity compared to inorganic selenium 
forms, which enhances their translational potential 
[41].

Huang et al. [43] demonstrated that SeNPs 
promote autophagy in cancer cells, while Sonkusre 
and Cameotra [27] showed SeNP-induced necrosis 

through TNF elevation. Another study indicated that 
SeNPs inhibit DNA, RNA, and protein biosynthesis, 
suggesting potential modulation of non-coding RNA 
expression [44]. These findings underscore the mul-
tifactorial mechanisms through which SeNPs exert 
their cytotoxicity.

Molecular targets of SeNPs. Cyclin D1 is pri-
marily expressed during the G1 phase of the cell 
cycle, playing a critical role in integrating mito-
genic signals with the cell cycle machinery [38]. 
Its dysregulation leads to uncontrolled prolifera-
tion and genomic instability [38, 39]. In contrast, 
Bax, a pro-apoptotic gene, promotes apoptosis via 
mitochondrial pathway activation and is commonly 
upregulated following exposure to cytotoxic agents 
[45]. The present findings, showing increased Bax 
and reduced cyclin D1 expression, support the dual 

Fig. 6. Cyclin D1 expression in OSCC line in response to exposure to selenium nanoparticles, comparison 
with control. Cyclin D1 mRNA levels were quantified by qRT-PCR and normalized to control. X-axis repre-
sents SeNP concentrations (µg/ml); Y-axis represents relative cyclin D1 expression. *P < 0.05
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anticancer role of SeNPs as inducers of apoptosis 
and inhibitors of cell proliferation.

Conclusion. This study shows that SeNPs 
have a strong cytotoxic impact on OSCC cells in a 
concentration-dependent manner. Treatment with 
higher doses of SeNPs significantly reduced cell 
viability and induced apoptosis, as evidenced by the 
downregulation of the anti-apoptotic gene cyclin D1 
and the upregulation of the pro-apoptotic gene Bax. 
These molecular changes suggest that SeNPs trigger 
apoptotic pathways, contributing to their anticancer 
efficacy. Given their selective toxicity toward can-
cer cells and reduced harm to normal tissues, SeNPs 
represent a promising therapeutic approach for oral 
cancer. Further, in vivo investigations and mechanis-
tic studies are warranted to validate their clinical po-
tential and elucidate the detailed pathways involved 
in SeNP-induced tumor suppression.
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Молекулярна оцінка 
біосинтезованих 
наночастинок селену та їх 
вплив на плоскоклітинну 
карциному ротової 
порожнини
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Рак залишається однією з провідних при-
чин смертності у світі, а недостатня ефектив
ність наявних терапевтичних підходів стимулює 
пошук нових методів лікування. Наноматеріали, 

зокрема наночастинки селену (SeNPs), де-
монструють перспективну протипухлинну 
активність. Метою цього дослідження було 
оцінити життєздатність клітин плоскоклітинної 
карциноми ротової порожнини людини (OSCC), 
а також експресію молекулярних маркерів 
проліферації та апоптозу під впливом SeNPs. 
Наночастинки селену синтезували з викори-
станням Lactobacillus plantarum, культивованих 
у середовищі, що містило діоксид селену. Для 
визначення складу наночастинок SeNPs та отри-
мання їхніх тривимірних зображень застосову-
вали методи енергодисперсійної рентгенівської 
спектроскопії, сканувальної електронної 
мікроскопії та атомно-силової мікроскопії. 
Оцінку життєздатності клітин проводили за 
допомогою МТТ-тесту, а аналіз експресії генів 
цикліну D1 і Bax - методом qRT-PCR. Клітини 
OSCC обробляли SeNPs у концентраціях 25–
200 мкг/мл протягом 24 год. Показано, що 
SeNPs спричиняли дозозалежне пригнічення 
життєздатності клітин із значенням IC50 97 мкг/
мл. За нижчих концентрацій (25–50 мкг/мл), 
SeNPs тимчасово пригнічували експресію 
Bax та підвищували експресію цикліну D1, 
що свідчить про адаптивну проліферативну 
відповідь. За вищих концентрацій (100–200 мкг/
мл), SeNPs індукували апоптоз та зупинку 
клітинного циклу у фазі G1, що супроводжу-
валося значним підвищенням експресії Bax і 
зниженням експресії цикліну D1. Отримані ре-
зультати підкреслюють потенціал наночасти-
нок селену як нанотерапевтичних засобів для 
лікування OSCC.

К л ю ч о в і  с л о в а: наночастинки селе-
ну, плоскоклітинна карцинома порожнини рота, 
циклін D1, Bax.
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