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Introduction. Cancer is a major cause of death worldwide,
and there is a need for new treatment approaches. Nanopar-
ticles have been proposed as a potential therapy for cancer due
to their unique properties.

Aim. We conduct our study to assess the effect of sele-
nium nanoparticles biosynthesized by Serratia marcescens and
commercial selenium nanoparticles on the kidney cancer line
(A-498) and the colon cancer line (CaCo-2) in comparison
with the HdFn normal cell line.

Material and Methods. This study utilized two types of
selenium nanoparticles (SeNPs) — one synthesized by the
bacterium Serratia marcescens and the other commercially
sourced from Nanoshel, USA — to assess the toxic effects on
cancer cell lines. The kidney cancer (A-49.8) and colon cancer
(CaCO-2) cell lines were cultured alongside a normal fibroblast
control (Hdfn) using RPMI-1640 medium enriched with serum
and antibiotics. The cytotoxicity of both types of SeNPs was
evaluated using the MTT assay. After incubation, cell viability
was measured by assessing absorbance at 570 nm, and the
IC50 values were calculated to determine the concentration
required for 50 % inhibition of cell growth.

Results. The results showed that the biosynthesized Sele-
nium nanoparticles had a higher effect on the A-498 cancer line
than on the normal line Hdfn. The highest lethal percentage of
cancer cells for biosynthesized nanoparticles was 60.1 %, at
a concentration of 400 pg/ml, while the lethal percentage for
normal cells was 28.6 %. Commercial selenium nanoparticles
showed a higher lethal percentage of 33.3 % for cancer cells
and 28.1 % for normal cells at the same concentration. The re-
sults on colon CaCo-2 cancer cell line showed that commercial
Selenium nanoparticles had a higher effect than biosynthesized
ones: the lethal percentage of cancer cells with the concentra-
tion 400 pg/ml was 47.1 % vs 38.1 % respectively. Meanwhile,
the lethal percentage at Hdfn was 28.1 % and 28.6 % with
the same concentration, respectively. The IC50 at A-498 for
biosynthesized and commercial SeNPs were 113.3 and 157.5
pg/ml respectively. The IC50 at CaCO2 for biosynthesized and
commercial SeNPs were 121.6 and 102.8 pg/ml respectively.
ID50 at Hdfn is 213.7 and 164.2 pg/ml respectively.

Beenenue. Pax spnsercs ofHOW U3 OCHOBHBIX IIPUYMH
CMEPTHOCTH B MHpE, UYTO OOyCIaBIMBAaeT HEOOXOIMMOCTh
IIOUCKa HOBBIX IIOIXOAOB K €ro jedeHuto. bmaromaps cBoum
YHUKAJIBHBIM CBOMCTBAaM, HAHOYACTUIIEI PACCMATPHUBAIOTCS LIS
MIPUMEHEHHs B MPOTUBOPAKOBOM Teparum.

Hesan. MbI mpoBenn HCCIENOBaHHE, YTOOBI OICHUTH BIIH-
sIHUEe OMOCHHTE3MPOBAHHBIX HAHOYACTHI] CEJeHa, MOIyYSHHBIX
C UCTIONB30BaHMEM Serratia marcescens, 1 KOMMEPUECKHX Ha-
HOYACTHIl CEJeHAa Ha KJIETOYHbIC JIMHUM KapLHHOMBI IIOYKU
(A498), n paka Toncroii kmmku (CaCo-2), B CpaBHEHHU C
HOpMaJbHOW KieTouHOH juHuei HdFn.

Marepuaiabl U MeToAbl. B 1aHHOM wHcCllelOBaHMM HC-
MOJIB30BAINCEH JIBAa THUIA HaHodacTHI ceneHa (SeNPs) — mus
CHHTE3a OAHOTO W3 HHUX TPHUMEHsUINCh Oakrepun Serratia
marcescens, a Ipyroit 0buT MpHOOpeTéH y kommanuu Nanoshel,
CIIA nns OUEHKM TOKCUYHOCTH Ha KieTodHble auHuu. Kie-
TOYHbIC JIMHUM KapIUHOMBI TOYKH (A-49.8) m paka TonCTOH
kumkn (CaCO-2) KyabTUBHPOBAIM BMECTE€ C HOPMalbHOU
HOpMalbHOU (GuOpoGIacTHON KoHTponsHOH nuuued (Hdfn) B
cpene RPMI-1640, oGorameHHOH CBIBOPOTKOM M aHTHOMOTHKA-
MH. J{71s OIEHKH UTOTOKCUYHOCTH 00omx THIOB SeNPs mpu-
mensuicst MTT-ananus. [Tociie mHKyOarmy kU3HECHOCOOHOCTD
KIIETOK M3Mepsilach IyTeM OLeHKH abcopOuum mpu 570 HM, a
3HaueHus 1C50 paccuuThIBAINCH AJIS ONpeesIeHUs] KOHLIEHTpa-
nuu, HeoOxomumoit anst 50 % MHrHOMpOBaHHS POCTA KIECTOK.

PesynbTarsl. Pesynsrarbl mokasasii, 4TO OHOCHHTE3HPO-
BaHHBIE HAHOYACTHIIBI CEJICHA OKa3bIBaJM Ooliee CHUIIBHOE BO3-
JeiicTBUE Ha PakoBYI0 JIMHUIO A-498, ueM Ha HOPMAJbHYIO
muanio Hdfn. HawmOonpmmid MpoIEHT JIEeTalbHOCTH PAKOBBIX
KJIETOK JUIs OWOCHHTE3MPOBAHHBIX HAHOYACTHI[ COCTaBHII
60,1 % npu xonnenrparun 400 MKr/Mi, B TO BpeMs Kak IIpo-
LEHT JeTaTbHOCTH AJISI HOPMATbHBIX KJIETOK cocTaBua 28,6 %.
KomMmepueckue HaHOYAaCTHIIBI CeJleHa IOKaszalau Oojiee BbICO-
KU TIPOLEHT JieTalbHoro ucxona 33,3 % i1l pakoBbIX KJIETOK
n 28,1 % Ui HOPMATBHBIX KJIETOK IIPU TOH K& KOHIIEHTPALHH.
[lo pesymbraraMm uccieOBaHMS U KJIETOUHON JIMHMM paka
toncroi kumku CaCo-2 xoMMepyecKHe HAHOYACTHLBI CelleHa
mokasaiu Oojee BBICOKYIO 3((EKTHBHOCTb, MO CPAaBHEHUIO C
O6nocuHTe3upoBaHHbIMU. [Ipn koHueHTpaunu 400 MKr/mi e-
TaJbHOCTb PAKOBBIX KIIETOK cocraBuia 47,1 % it xommep-
yeckux Hanowactun u 38,1 % s GuocMHTE3MpOBaHHBIX. B
TO K€ BpEeMsl JICTaJbHOCTh HOPMaJbHBIX KieTok JimHuu Hdfn
cocraBuia 28,1 % u 28,6 % COOTBETCTBEHHO IpU TOH XKe
koHneHTpauun. 3Hadenus 1C50 mnsa nmuamn A-498 cocraBunn
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Conclusion. The biosynthesized SeNPs were effective in
both A-498 and CaCO?2 but it was more effective on the A-498
kidney cancer line than the commercial SeNPs.
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113,3 mkr/mi a1t GuocunTe3upoBaHbIX SeNPs u 157.5 mxr/min
s komMepueckux. Jnst auHum CaCo-2 IC50 cocraBui
121,6 mir/mn m 102,8 MKI/MII COOTBETCTBEHHO. 3HAYCHHS
IC50 nnst nopmanbubix kiaetok Hdfn cocraBunm 213,7 Mkr/mi
u 164,2 MKI/MJI COOTBETCTBEHHO.

BsiBoabl. bruocrnHTEe3MpOBaHHEIE HAHOYACTHIIEI CEJIEHA T10-
kasanu d¢hdexkruBHOCTh npotuB nuHuit A-498 u CaCo-2, HO
OKa3aluch Oolice JICWCTBCHHBIMH B OTHOIICHHH KJIETOK Kap-
IUHOMBI TTIOYKH A-498 10 CpaBHEHHIO ¢ KOMMEpPUYECKUMH Ha-
HOYACTULIAMH.

Knarwuesslie cioBa: A-498; CaCo-2; HaHOYACTHUIIBI CEIICHA;
Hdfn; RPMI
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Introduction

Selenium nanoparticles have anti-cancer activity.
Their effect has been shown on many cancer cell
lines including the prostate, breast, neck, uterus,
lung, colon, rectum, and liver cancer. Neoplasms is
a global health challenge. development of resistance
to cancer treatment is a worrying trend. Therefore,
researchers seek to understand the mechanisms be-
hind this resistance and develop new techniques to
overcome it [1]. Chemotherapy is one of the most
common treatments for cancer, but the side effects
during treatment are a significant concern [2]. One
of the most important challenges facing research-
ers in the field of cancer is the lack of treatments
that target cancer cells without causing collateral
damage. Nanotechnology is one of the most prom-
ising technologies that has caught the attention of
scientists around the world due to its potential use
in cancer treatment. Its unique characteristics, such
as its tiny size ranging from 1-100 nanometers,
make it able to penetrate tumor tissue and destroy
cancer cells while sparing healthy cells [3]. Many
nanoparticles, such as gold, silver, and others, have
been used to treat cancerous diseases, and selenium
nanoparticles are among the best treatments used
in treatment [4]. Microorganisms play an important
role in reducing the oxyanion selenate and selenite
to the element selenium, as these microorganisms
have the ability to produce nanoparticles of differ-
ent sizes and shapes and are more stable [3].

Recent studies have focused on the use of
selenium nanoparticles bound to other materials
for the purpose of delivering the drug to the target
organ to treat many types of cancer [5]. Selenium
nanoparticles (SeNPs) kill cancer cells by their
oxidizing effect inside the cells [4]. They work to
stimulate free radicals (ROS) inside the cells, which
ultimately leads to the programmed death of cancer
cells. Previous studies indicate that SeNPs prevent
the growth of cancer cells by stopping cell growth
in the S phase [6]. The aim of the study is to assess
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the effect of selenium nanoparticles biosynthesized
by Serratia marcescens and commercial selenium
nanoparticles on the kidney cancer line (A-498) and
the colon cancer line (CaCo-2) in comparison with
the HdFn normal cell line.

Material and methods

Selenium nanoparticles

Two types of SeNPs were used. One of them
was synthesized by the bacterium Serratia marc-
escens, which was obtained from a previous study
conducted by the Department of Biology at the
College of Science at the University of Mosul [7].
The other one was obtained commercially from
Nanoshel, USA.

Cell lines

The kidney cancer cell line (A-49.8) and the
colon cancer cell line (CaCO-2) were used. A nor-
mal cell line (Hdfn), which represents newborn fi-
broblasts, was used as control. All of the cell lines
were provided by Aims research center in Baghdad/
Iraq.

Roswell Park Memorial Institute-1640 (RPMI)
Medium

The medium was prepared by adding 4-(2-hy-
droxyethyl)-1 piperazine ethane sulfonic acid
(HEPES), (L-glutamine), 10 % Fetal Bovine Serum
and some prepared solutions, which are Penicillin
(10°1U), Streptomycin (0.001 g), and Sodium Bi-
carbonate (1 %). All the ingredients were mixed,
then sterilized using a filter (0.22 mm) and incu-
bated for 72 hours at 37 °C to ensure it is free of
contaminants.

Cultivation

The cells were transferred separately into cul-
ture medium (RPMI-1640) with 10 % bovine calf
serum, and incubated in 5 % CO2 at a temperature
of 37 °C for 24 hours, then culture medium was
discarded, and Phosphate Buffer Saline was used
to wash the cells, then the trypsin/EDTA enzyme

BOMPOCbI OHKOJIOTUWN. 2025;71(1)



3KCNEPUMEHTAJIbHbIE UCCNEAOBAHWUS/ EXPERIMENTAL RESEARCH

was added after that the enzyme was stopped by
adding medium again, centrifuge was performed at
a speed of 2000 rpm. the sediment containing the
cells added it to a new medium containing 10 %
of fetal bovine serum. To determine the cell count,
a sample of the cell suspension was added to an
equal volume of Trypan blue dye. Using a Haemo-
cytometer slide, the number of cells was counted
according to the following equation:

Total Cell Count/ml = cell count x dilution fac-
tor (sample volume) x 10%

Methyl Thiazolyl Tetrazolium (MTT) Cytotoxic-
ity Assay

In this study, we determined the cytotoxicity of
biosynthesized and commercially available SeNPs
on two types of cancer cell lines and compared
them with a normal cell line, Hdfn, using a stan-
dard method. The method followed the manufac-
turer’s instructions. After preparing the cancer cells,
we placed 200 pl of cell suspension at a concentra-
tion of 1 x 10* to 1 x 10° cells/cm?® in a standard
microtiter plate, one well for each concentration.
The cells were incubated in 5 % CO: at 37 °C for

24 hours. We then removed the culture medium
and added 100 pl serum-free medium to each well.
Additionally, we added 100 pl prepared concentra-
tions of biosynthesized SeNPs or commercial SeNP
(25, 50, 100, 200 and 400 pg/ml), three wells for
each concentration, as well as a control sample, and
incubated them in a CO: incubator at 37 °C for
another 24 hours. After that, 10 pl of MTT solution
was added to the wells, and the microtiter plate was
incubated for 4 hours at 37 °C in a CO2 incubator.
Then, 100 ul of solubilization solution was added
to each well, and the plate was incubated for an
additional 5 minutes. The absorbance was read at
a wavelength of 570 nm using an ELISA reader.

A statistical analysis was performed to deter-
mine the concentration of nanoparticles required for
a 50% inhibition of cell growth, or the Inhibitory
Concentration 50 (IC50), for each cell line.

The biological activity was calculated using the
following equation:

Optical density of sample

Viability (%) = x 100

Optical density of control
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. Percentage of live cells A-498 and Hdfn cell line treated with biosynthesized selenium nanoparticles
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Fig. 2. Percentage of live cells A-498 and Hdfn cell line treated with commercial selenium nanoparticles
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Results

The results showed that biosynthesized SeNPs
at the first three low concentrations (25, 50, and
100 pg/ml) had approximately similar effects on the
percentage of live cells in both normal Hdfn and
cancer A-498 cell lines. However, the percentage
effect of biosynthesized SeNPs on cancer cell line
A-498 was greater than its effect on normal cell
line Hdfn at concentrations of 200 and 400 pg/ml.
At these concentrations, the percentage of living
cancer cells was only 49.7 % and 39.9 % respec-
tively, while the percentage of normal cells Hdfn
was 80.2 % and 71.4 %, respectively, as shown
in fig. 1.

Meanwhile, the effect of commercial SeNPs on
the cancer cell line A-498 and the normal cell line
Hdfn was small at the first four concentrations (25,
50, 100, 200 pg/ml), and the percentage of effect
increased at the concentration of (400 ug/ml), as
the percentage of live cancer cells (66.7 %), while
the percentage of live normal cells was (71.9 %),
as shown in fig. 2.

Based on the data from Figures 1 and 2, we
calculated the lethal percentage for the A-498 cancer
cell line and the Hdfn normal cell lines for both bio-
synthesized and commercial SeNPs. It appears that
the biosynthesized SeNPs have a higher lethal per-
centage of cancer cells than the commercial SeNPs.
The highest lethal percentage was 60.1 % at a con-
centration of 400 pg/ml, while the lethal percentage
for the normal Hdfn line was 28.6 %. The lethal
percentage for the commercial SeNPs at the same
concentration was 33.3 % for the normal Hdfn line.

The biosynthesized SeNPs began to double the
lethal percentage of cancer cells compared to nor-
mal cells from a concentration of 100 pg/ml. For
commercial SeNPs, it was almost equal to the nor-
mal cell concentration starting from a concentration
of 200 pg/ml, as shown in tab. 1. In addition, the
IC50 value in A-498 for biosynthesized and com-
mercial SeNPs were 113.3 and 157.5 pg/ml respec-
tively, while the IC50 value in Hdfn were 213.7 and
164.2 pg/ml respectively. This is a promising result,
and we look forward to using the biosynthesized
SeNPs in the treatment of kidney cancer.
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Fig. 3. Percentage of live cells of CaCo-2 and Hdfn cell line treated with biosynthesized selenium nanoparticles
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Table 1. The cytotoxicity of biosynthesized and commercially available SeNPs tested on the kidney cancer
cell line A-498 and a normal cell line Hdfn

Cytotoxicity effect, %
SeNPs concentration, pg/ml commercial SeNPs biosynthesized SeNPs

Hdfn A-498 Hdfn A-498
25 4.8 5.4 3.9 5.7
50 14.0 6.1 5.9 10.3
100 15.7 10.9 144 29.3
200 234 254 19.8 50.3
400 28.1 333 28.6 60.1

Table 2. The cytotoxicity effect of commercial biosynthetic SeNPs on CaCo-2 kidney cancer line

Cytotoxicity, %
SeNPs concentration, pg/ml SeNPs commercial SeNPs biosynthesized
Hdfn CaCO-2 Hdfn CaCO-2
25 4.8 5.5 3.9 53
50 14.0 15.3 5.9 7.6
100 15.7 26.5 14.4 18.0
200 234 36.7 19.8 31.7
400 28.1 47.1 28.6 38.1

When we tested the efficacy of biosynthesized
SeNPs on colon cancer cell line CaCo-2 using the
MTT method and compared it with the normal line
Hdfn, we found that the effect of SeNPs on cancer
cells was greater than on normal cells. The inhibi-
tory effectiveness increased with increasing concen-
tration, and at a concentration of 200 pg/ml, the
percentage of live cancer cells was 68.3 %, while
the percentage of live normal cells was 80.2 %.
When the concentration increased to 400 pg/ml,
the percentage of cancer cells decreased to 61.9 %,
but the percentage of normal cells remained high at
71.4 %. For the first three concentrations (100, 50,
and 25 pg/ml), the effect of biosynthesized SeNPs
was similar on both normal and cancer cells, as
shown in fig. 3.

While the results of commercial SeNPs showed
a higher effect than bio-synthesized SeNPs, at a
concentration of 200 pg/ml, the percentage of live
cancer cells CaCo-2 was 63.3 % and the percentage
of live normal cells was 76.6 %. At a concentration
of 400 pg/ml, the percentage of live cancer cells
decreased to 52.9 % and the percentage of live nor-
mal cells remained at 71.9 %, as shown in fig. 4.

The cytotoxicity of biosynthesized and com-
mercial SeNPs on normal and cancer cell lines is
summarised in in tab. 2.

The commercial SeNPs showed a higher effect
on the cancer cell line than on the normal lines, and
the commercial SeNPs also had a higher lethal per-
centage compared to their biologically synthesized
counterparts. The lethal percentage was 47.1 % at
a concentration of 400 ug/ml for the commercial

SeNPs, while it was 28.1 % for the normal Hdfn
line. For the biosynthesized SeNPs, the highest le-
thal percentage was 38.1 %, with a lethal percent-
age of 28.6 % for the Hdfn normal line at the
same concentration. Additionally, the IC50 value
in CaCO: for the biosynthesized and commercial
SeNPs were 121.6 and 102.8 pg/mL, while the
IC50 values at Hdfn were 213.7 and 164.2 pg/mL,
respectively.

Discussion

The results of our study were in agreement
with the study of R.Freshny, where biosynthe-
sized SeNPs by Halophilic Bacteria had an ef-
fect on MCF7 breast cancer cells and Ht-29 co-
lon cancer cells at concentration 100 pg/ml [7].
Similar results were obtained by M. Tabibi, who
found that SeNPs biosynthesized by Acintobacter
sp sw30 have an lethal effect on breast cancer cell
lines MCF-7 and 4T1 [8]. Another research team
found that SeNPs biosynthesized by Streptomyces
griseoruber showed good cytotoxic activity against
HT-29 cell line with 40.5 %, 33 % and 23.7 % of
cell viability at 2 pg/ml, 4 pg/ml and 30 pg/ml
concentration respectively [9, 10].

Cancer cells have an acidic environment and an
imbalance in oxidation and reduction. This leads
to the oxidation of SeNPs, which increases the
production of free radicals. This, in turn, causes a
defect in the mitochondrial membrane, leading to
the leakage of mitochondrial proteins. On the other
hand, the stress caused by the imbalance also works

VOPROSY ONKOLOGII = PROBLEMS IN ONCOLOGY. 2025;71(1) 89



DOI 10.37469/0507-3758-2025-71-1-85-90

to cause defects in the endoplasmic reticulum mem-
brane, leading to the efflux of various proteins. This
also stimulates programmed cell death by activating
caspases, a group of protease enzymes that are es-
sential for programmed cell death [4, 11-13].

Conclusion

The biosynthesized SeNPs were effective in
both A-498 and CaCO, but it was more effective
on the A-498 kidney cancer line than the com-
mercial SeNPs. However, for the CaCO-2 colon
cancer cell line, the commercial SeNPs were more
effective than the biosynthesized SeNPs. However,
biosynthesized SeNPs are considered preferable
from our point of view, as commercial SeNPs are
highly toxic.
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