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Abstract

Purpose: In premenopausal women, abdominopelvic radiotherapy may have a direct and profound effect on ovarian
function. Stabilized selenium Nanoparticles (NPs) with some natural materials have been demonstrated to have
high antioxidant activity and reduce radiation damage as a radioprotector. This study was done to compare the
ability for the biosynthesis of selenium NPs by Gum Arabic (Se-GA) and Polyanionic Cellulose (Se-PAC) in the
protection of Chinese Hamster Ovary (CHO) cells against radiation damage.

Materials and Methods: First, Selenium Nanoparticles (SeNPs) were synthesized in the presence of GA and PAC.
Then, CHO cells were cultured in-vitro and were randomly divided into six groups in different concentrations of
Se-GA and Se-PAC to measure the biocompatibility of NPs. Finally, cells were treated with NPs and radiation
(6MV, 2Gy), and the percentage of cell survival was determined by MTT assay. Both NPs with an average size of
20-30 nm and an absorption absorbance peak at about 300 nm using Ultraviolet-Visible (UV-Vis) spectroscopy.

Results: According to the parametric t-test analysis, Se-GA nanoparticles with a concentration higher than 0.4 ppm
significantly increased the radioprotective effect on CHO cells compared to the control group (P<0.05). However,
Se-PAC showed no significant increase in radioprotection in contrast to the control group (P>0.05).

Conclusion: Se-GA nanoparticles have antioxidant properties, and the radiation protection properties of Se-GA
nanoparticles are significantly higher than control. Consequently, Se-GA nanoparticles showed promising results
and may be able to play the role of a radioprotector.
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Comparison of Radioprotective Effect of two Nanoparticles Synthesized by Gum Arabic and Poly Anionic Cellulose

1. Introduction

Radiotherapy (RT), as one of the cancer treatments, is
used to treat abdominopelvic cancers. However, in
addition to damaging cancer cells, the side effects of RT
can cause several complications in healthy tissues [1, 2].

Pelvic radiotherapy, especially for women under 40
years of age, can cause damage to the ovaries and lead to
infertility [3]. Also, RT with damage to the ovaries can
lead to premature menopause, which in turn reduces the
patient's quality of life, and causes osteoporosis and heart
problems for the patients [1]. Radioprotectors are
substances that can reduce radiation damage. These
substances have antioxidant properties and free radical
scavengers preventing the activity of free radicals
produced by lonizing Radiation (IR), consequently
reducing the side effects [4, 5]. Selenium as an antioxidant
has been shown to have a protective effect on healthy cells
against IR [6-8]. However, several studies have suggested
that selenium may act as a radiosensitizer in cancer cells
[9, 10]. This dual property may be effective in improving
the therapeutic ratio, which is also seen in its
Nanoparticles (NPs). However, SeNPs have attracted
more attention due to better bioavailability, excellent
biocompatibility, and lower toxicity [11, 12].

The green synthesis method of NPs, in addition to
economic benefits, causes the production of NPs that are
both non-toxic, and prevents environmental pollution
[13]. The antioxidant activity of selenium depends on its
size, and smaller NPs have more antioxidant properties
[14].

Accordingly, in this paper, two NPs, each synthesized
with different materials and the same size, were studied in
terms of their ability to increase cell survival against
radiation, to find perfect radioprotective; and to find out
which of these two substances can have more protection
on ovarian cells.

2. Materials and Methods

2.1. Cell Culture

This is an original study in which a Chinese
Hamster Ovarian (CHO) cell line was purchased from
the Pasteur Institute of Iran. The medium used for
culturing was Roswell Park Memorial Institute 1640
(RPMI 1640) containing 10% Fetal Bovine Serum
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(FBS) (CAS no. 9014-81-7), streptomycin (100
pg/ml) (CAS no. 57-92-1), and penicillin (CAS no.
113-98-4) (100 units/ml). These cells were grown in a
carbon dioxide incubator (5% of CO2 and at 37 °C).
Sub-culturing of the CHO cell line was performed by
detaching adherent cells using 0.025 % trypsin-
ethylenediaminetetraacetic  acid  (trypsin-EDTA)
(CAS no. 9002-07-7) and cells were washed with
Phosphate-Buffered Saline (PBS) (CAS no. 7647-14-
5).

2.2. Synthesis of Both Types of Nanoparticles

First, 10 mg of Polyanionic Cellulose (PAC) (CAS
no. 9004-32-4) was dissolved in 50 ml of distilled
water and stirred for 30 min (Solution A). Then, 30 ml
of 10 mM solution of Selenium salt (CAS no.10102-
18-8 26970-82-1) was added dropwise to solution A
and was heated for 1 hr. at 80 °C (Solution B). Then,
30 ml of ascorbic acid (CAS no. 50-81-7) solution (20
mM) was added dropwise to solution B and was left
for 24 hrs. at room temperature under stirring
conditions. Then, the resulting solution was
centrifuged at with 10,000 rpm (Sigma 2-16KL,
Germany), and the precipitate was placed in a freezer
(Danesh Pajoohesh Fajr, Iran) at -80 °C and was dried
by freezer dryer for 48 hrs.

Se-GA NPs were made similarly, with the
difference that Gum Arabic (GA) (CAS no. 9000-01-
5) was used instead of PAC.

2.3. Characterization of Se-GA and Se-PAC
NPs

The size and shape of the NPs were obtained by
Transmission Electron Microscopy (TEM) (Zeiss EM900
model). Absorption spectra of these NPs were recorded by
an Ultraviolet-Visible (UV-Vis) spectrophotometer
(UNICO UV-2100, USA).

Of course, more information about the synthesis and
characteristics of these nanoparticles can be found in these
articles [15, 16].

2.4. Toxicity of NPs

First, 6,000 cells were seeded in two 96-well plates and
then, were incubated for 24 hrs. After this time, the culture
medium of plates was replaced with a new culture medium
containing NPs in different concentrations. After 24 hrs, the
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plates were emptied, and the MTT assay was performed as
follows. For this purpose, cells were washed twice with
PBS and were cultured in fresh culture medium without
FBS containing 50 pl of MTT solution (5 mg/ml). The
plates were covered with aluminum foil and were incubated
for 4 hrs. Then, the medium was removed and replaced by
200 wl of dimethylsulfoxide (DMSO). Afterward, it was
placed on the rotor for 5 min; finally, absorbance was
measured at 570 nm and was compared with 630 nm by an
Enzyme-Linke Immunosorbent Assay (ELISA) reader.

2.5. Survival Measurement

After ensuring the non-toxicity of selective
concentrations, 6,000 cells in plate wells were seeded to
determine the effect of NPs against IR. After 24 hrs. of
incubation, the culture medium of each well was replaced
with a fresh medium containing different concentrations of
NPs. Nanoparticles, due to their small size, are easily
absorbed by cells. However, the elimination route of
absorbed NPs is unclear. The next day, the wells were
drained, and then 100l of fresh culture medium containing
3% FBS was added. Then, the cells were exposed to X-
irradiation using a linear accelerator (Siemens, Concord,
CA, USA) at a dose rate = 2 Gy/min and energy = 6 MV
with a 15 cm Plexiglass phantom. Radiation was
performed at the following parameters. SSD: 100 ¢cm, Field
Of View (FOV): 25 x 25 cm?, and gantry angle: 180e.

After irradiation, a fresh culture medium with 17% FBS
was added to the plates and incubated for 24 hrs. Then, the
MTT assay was performed again.

2.6. Statistical Analysis

The results were analyzed using Graph Pad Prism 8.4.0
software. Information was communicated, and the cruel +
standard mistake of the mean and p < 0:05 was considered
to show a statistically noteworthy contrast. Due to the
normality of toxicity data, an Analysis Of Variance
(ANOVA) test was used. However, due to the abnormality
of survival data after irradiation, the Mann-Whitney U test
was used to compare differences between every two
groups.

3. Results

According to TEM, the shape of NPs was similar,
and both had rod-shaped morphology with a size of
about 20-30 nm (Figure 1a and b). Also, the UV—-Vis
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absorption spectrum of the Se-GA and Se-PAC
suspensions with an absorption peak at about 300 nm
is illustrated in Figure 1C.

A comparison of toxicity results of different
concentrations showed that all concentrations had a
non-toxic effect and no significant difference between
the groups (Figure 2).

As shown in Figure 3, in the groups irradiated for
24 hrs. after receiving the NPs with 2 Gy of X-ray,
concentrations of 0.4, 0.8, and 1.7 ppm of Se-GA NPs
caused a significant increase in survival compared to
the control group (Mann-Whitney U test P<0.05)
(Figure 3A). However, different concentrations of Se-
PAC did not have any significant change in the
viability of irradiated CHO cells (Figure 3B). Also, a
Simple linear regression analysis was performed
(Figure 3C) and the change of cell viability as a linear
function of Se-GA NPs concentrations was obtained
with the following formula (Equation 1):

Y = 03093 X + 0.8026 (1)

4. Discussion

Selenium plays a crucial role in human's and
animal's health, but receiving more than 3-5 pg of
selenium can be toxic to the body. This element
acquires new properties in the Nano-state, such as
more antioxidant capacity and less toxicity [11]. To
help the readers in making better comparisons, in
Table 1, the results of the current study were compared
with the recent in-vitro and in-vivo studies carried out
by SeNPs in response to IR.

It should be noted that smaller SeNPs have been
proven to have free radical scavenging, low toxicity,
and more antioxidant activity [17-19]. In this study,
Se-GA and Se-PAC NPs with the sizes of 20-30 nm
did not show any toxicity up to a concentration of 1.7
ppm, and Se-GA NPs also had an antioxidant effect.

Our findings are consistent with those of the study
by Torres et al., who demonstrated that smaller SeNPs
with sizes less than 100 nm could potentially reduce
oxidative stress [20]. In addition, based on the
assumption that GA has potent antioxidant and free
radical scavenging properties, the synthesis of small-
sized NPs in the presence of GA can be promising to
create synergistic effects in antioxidant capacity [21].
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Figure 1. A) TEM of biosynthesis Se nanoparticle by gum
arabic (Se-GA). B) TEM of biosynthesis Se nanoparticle by
PAC (Se-PAC). C)UV-visible absorption spectrum of the
Se-GA and Se-PAC suspension

TEM: Transmission Electron Microscopy, PAC:
Polyanionic cellulose, UV: Ultra Violet.
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Figure 2. Cell viability of the CHO cells incubated with
different concentrations of NPs (A) Se-GA (B) Se-PAC
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Figure 3. Viability of CHO cells irradiated 24 hours
after receiving the different concentrations of NPs (A)
Se-GA (B) Se-PAC and C) Simple linear regression
analysis of cell viability as a function of Se-GA
concentrations
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Table 1. Different behaviors of SeNPs on modulating the response to IR in recent in vitro and in vivo studies

Cell or

Reference tumor Concentration Sl\llzaen(())f Effects Conclusion
Type
Chinese Adjunctive use Se-
Current hamster N GA can decrease
stud ovar 1.73 ppm 20-30 nm Increase cell viability for Se-GA adverse effects of
y (CHO) ?:lells radiation in normal
tissue
Prevent oxidative stress caused by
Gudkov et . 5 mg / kg of ionizing radiation Radioprotective
I 31 Mlce - htb d 50 nm A L effect
al. [31] Weignt boady Protect animals from radiation-
induced death.
Decrease hepatotoxicity
0.5 mg/kg of Normalized level of: IL6 : ,
Fahmyetal. | o o weight body o o Radioprotective
[32] Liver of Rat rat 49.6nm  Angiotensinogen xanthine oxidase effect
(XO) NF-kB
(Nrf2) protein
Protect kidneys against gamma . .
Karami et al. BIOOd. and 0.1 mg/kg 20-50 nm radiation Radioprotective
[11] renal tissue effect
of mice Decrease oxidative damages
Killed the cancer cells
Zhang etal.  Lung cancer ) 50-60 nm Decreased the cell viability Radiosensitive effect
[33] cells (A549) 00 100 ng/ml _ _
Higher apoptosis
cancer cell
lines HeLa Enhanced the cells growth
CerVIcaIH 500 and inhibition
cancer cells an i iti
Yu et al. [34] d mouse 20 ppm 200 nm Cell apoptosis Radiosensitive effect
embryonic Intracellular ROS generation
fibroblast
NIH3T3
Adjunctive use
Cell death induction SeNPs can increase
breast Led to autophagy the effectiveness of
Chenetal. ot cells 0,.15 from 900 Cell cycle arrest at the G2/M radiotherapy in
[12] (MCF-7) or3pg/ml to 200 nm phase breast cancer
Increase ROS treatment as a
radiosensitizer
Increase synergistically by
radioactive 1251 seeds to realize
Yang et breast I 0.42 uM - 192 anticancer efficacy Acts as a radiation
cancer cells nm it
al.[35] (MCF-7) 32uM Prevent colony formation ability ~ Scroitizer for 1251

Increasing ROS

Several studies have revealed that the adverse
effects of radiation on the liver and kidney's function
are decreased in the presence of GA [22, 23]. Also,
recent evidence suggests that the presence of GA in
some NPs, including gold [24], selenium [25], silver
[25], magnesium orotate [26], and curcumin [27] can
cause an antioxidant effect. Therefore, the hypothesis
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of this study was confirmed as our results well
demonstrated that selenium and GA act as
antioxidants and their synergistic effect can increase
the radioprotective effects, as shown in (Figure 3), and
irradiated cells in the presence of Se-GA NPs showed
more remarkable survival compared to the irradiated
cells in the control group. However, contrary to the
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expectations, the same NPs synthesized in the
presence of the PAC did not provide significant
radioprotective effects for the cells (Figure 3). The
increase in survival observed in the irradiated cells in
the presence of PAC is due to the inherent protective
effect of SeNPs, and the PAC could not have a
synergistic effect on it.

These observations can be justified in this way:
unlike GA, no protective or antioxidant effects have
been reported for PAC.

Karl Buch et al. (2012) showed that MTT and
colony assay was well-related, so that MTT assay
could be a good alternative [28]. This test shows
survival rate and radiation damage 24 hrs. after
irradiation. For this reason, the same time interval was
used in this study, and the survival rate was well
estimated [29, 30]. Concentrations of less than 1.7
ppm of NPs did not show a significant protective
effect, perhaps because these concentrations were too
low to influence cells.

5. Conclusion

Natural products can be used as natural
radioprotectors in cancer treatments in combination
with RT while reducing IR damage to normal
cells/tissues. Selenium-Gum Arabic nanoparticles
showed promising results in this study and may be
able to play the role of a radioprotector in the future.
Due to the radioprotective effect seen against
oxidative stress generated by low-LET ionizing
radiation and the non-toxicity of 1.7 ppm of the
biosynthesized Se-GA NPs to the cells. In this study,
Se-PAC nanoparticle was also investigated, which
showed less protective ability. This is probably due to
the antioxidant effect of gum arabic and this substance
has been able to synergistically increase the
antioxidant effect of selenium nanoparticles. Since
antioxidants are free radical scavengers, substances
that have stronger antioxidant properties are more
successful in  scavenging these radicals or
upregulating antioxidative systems in cells. Therefore,
they can better protect cells from damage caused by
ionizing radiation. In this regard, our future studies
would be addressed on the possible use of Se-GA NPs
nanoparticles for radioprotection. The observed
mitigative effects in the present study need to be
validated in humans by more detailed experiments.
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