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ABSTRACT

This study presents a green synthesis of selenium nanoparticles from Na>SeOs using ascorbic
acid as the reducing agent in the presence of pumpkin polysaccharide (PP). PP was employed as
a stabilizing and dispersing agent for selenium nanoparticles (SeNPs), which has not been
reported in previous studies. The obtained material was characterized using UV-Vis
spectrophotometry, XRD, FTIR, SEM, TEM, EDX, and zeta potential analyses. FTIR profiles
revealed that PP capped the SeNPs surface through hydrogen bonding and electrostatic
interactions involving hydroxyl and carboxylate groups. Microscopic observations further showed
that PP markedly improved the particle morphology of PP-SeNPs, producing nanoparticles with
enhanced dispersion, reduced aggregation and a dominant size range of 65 - 100 nm, compared
with 75 - 160 nm for uncapped SeNPs. The enhanced colloidal stability was supported by a
significantly more negative zeta potential (-22.9 mV versus -8.7 mV for pure SeNPs). Acute toxicity
testing demonstrated that PP-SeNPs exhibited low toxicity, with an LDs value of 945.83 mg/kg.
These results suggest that PP offers a promising platform for SeNPs and may support their future
biomedical applications.
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1. INTRODUCTION

Today, selenium is well recognized as an essential trace element for human health. In the body,
selenium primarily exists in the form of selenocysteine within selenoproteins, which are
responsible for a wide range of vital physiological functions. Consequently, selenium deficiency
can lead to serious health problems, including impaired antioxidant defense systems, weakened
cardiovascular and immune function, thyroid hormone metabolism disorders, neurological
dysfunction, and other disease conditions. Selenium adequate supplementation has been shown to
help prevent some cancers (bowel, lung, and prostate cancer) and reduce the risk of cardiovascular
diseases, autoimmune thyroid disease and inflammatory disorders. Recently, growing interest has
been directed toward the use of selenium in disease prevention and treatment, as well as its
potential as a therapeutic agent [1-3].

However, selenium excess (selenosis) also causes adverse effects in humans, ranging from mild
symptoms such as weight loss and hair loss to severe consequences, including death, depending
on the degree of exposure. Moreover, the therapeutic window of selenium is narrow, which
significantly limits its biomedical applications. Therefore, reducing toxicity while improving
therapeutic efficacy is a critical challenge for the biomedical use of selenium in general [4, 5].

In recent years, selenium nanoparticles (SeNPs) have attracted considerable attention due to
their high bioavailability and, particularly, their lower toxicity compared to both inorganic and
organic selenium compounds. Numerous animal studies indicate that SeNPs show comparable or
even higher biological activity than organic selenium, while demonstrating significantly reduced
toxicity in terms of acute and subchronic toxicity, acute liver damage, and survival rates.
Compared to inorganic selenium salts, SeNPs have been found to possess 7-10 times lower
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toxicity. As a result, SeNPs have emerged as a promising selenium source for biomedical
developments [6, 7]. Many templates, including proteins, polyphenols, polysaccharides, and amino
acids, have been used as stabilizers and dispersing agents in order to prepare stable and uniform
SeNPs [6, 8]. Among them, the synthesis of SeNPs using polysaccharides has gained significant
interest. As an abundant source of natural biopolymers, polysaccharides are generally considered
non-toxic, biocompatible and biodegradable, highly suitable for biomedical material development
[9, 10]. Chen et al. demonstrated that chitosan (CS) and carboxymethyl-chitosan (CCS) can
stabilize selenium nanoparticles, yielding monodispersible SeNPs with an average size of about
50 nm [11]. Qiu et al. reported the fabrication of selenium nanoparticles decorated by pectin from
citrus peels and confirmed that pectin as a surface decorator could be effectively used to improve
the stability and antioxidant capacity of SeNPs remarkably [12]. More recently, Wang et al. [13]
reported that SeNPs coated with sweet corn polysaccharides (SCP-SeNPs) demonstrated
promising hypoglycemic, hypolipidemic, and antioxidant properties in type 2 diabetes (T2DM)
mice, effectively alleviating diabetes-induced damage in their liver, colon, and kidney tissues.

In this study, we aimed to synthesize SeNPs in the presence of a polysaccharide extracted from
pumpkin (PP) to investigate the role of PP in the formation of selenium nanoparticles and examine
their acute toxicity. Pumpkin is widely available and abundant, and its polysaccharides can be
obtained through a green, straightforward extraction procedure with high efficiency, providing
practical advantages for large-scale preparation. More importantly, PP possesses distinctive
structural features - such as branched pectic polysaccharides rich in galactose, glucose, arabinose,
and uronic acids - that contribute to its favorable biocompatibility and biodegradability. Previous
studies have also highlighted several functional bioactivities of PP, particularly their antioxidant,
anti-inflammatory, hypoglycemic, and hypolipidemic effects [14, 15]. These attributes make PP a
promising natural matrix for stabilizing and functionalizing SeNPs in biomedical and nutraceutical
applications. However, the use of PP in the biosynthesis of selenium nanoparticles has not been
described in previous studies.

2. EXPERIMENTAL

2.1. Materials

Fresh pumpkin (Cucurbita moschata) was purchased from a local market in Hanoi, Vietnam.
Sodium selenite (Na>SeO3) and other analytical-grade chemicals (ascorbic acid, ethanol, n-hexane,
oxalic acid) were of analytical grade, purchased from Xilong Scientific Co., Ltd. (China).

2.2. Preparation of polysaccharide

Polysaccharide was extracted from pumpkin pulp using hot water extraction [16]. Briefly, a
mixture of fresh pumpkin pulp and distilled water (ratio of 1:2 w/w) was heated at 80 °C for 4
hours. The mixture was then evaporated to approximately half of its volume and defatted with n-
hexane (volume ratio of solution: n-hexane = 3:1). Finally, the mixture was added with 4 times the
volume of absolute ethanol, kept overnight at 4 °C and centrifuged to collect the precipitate, which
was then freeze-dried to obtain PP. The extraction process produced a relatively high PP yield of
about 0.72% calculated on the weight of fresh pumpkin, which is consistent with previously
reported values for PP obtained under green and mild extraction conditions [16].

The weight-averaged molecular weight (MW) of PP was analyzed by gel permeation
chromatography (GPC) on an Agilent 1100 HPLC system with a refractive index detector,
ultrahydrogen 2000 A column and pullulan standard. The sample concentration was 1mg/mL, the
eluent was a mixture of 5 mM Na,CO3; and 10 mM NaHCO; with a flow rate of 1.0 mL/min. The
Mw value of PP was found to be 110.59 kDa. PP was also identified using infrared spectroscopy
(FTIR, performed as in subsection 2.4).

2.3. Synthesis of PP-SeNPs
A chemical reduction method with ascorbic acid as a reducing agent in the presence of PP as a
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capping and stabilizing agent was used to prepare PP-SeNPs. The synthesis was performed
according to a previously reported method with several modifications [17], as described below. A
volume of 100 ml of 0.03 M Na,SeOs solution was added to a round-bottom flask containing 100
ml of PP solution (2.0 mg/mL) under stirring. Next, 100 ml of 0.09 M ascorbic acid solution was
slowly dropped into the flask. The final concentrations of PP, Na,SeOs and ascorbic acid were 2.0
mg/mL, 0.02 M and 0.06 M, respectively, corresponding to a molar ratio of Na,SeOs:ascorbic =
1:3. During the dropwise addition, 0.02 M citric acid solution was simultaneously introduced to
adjust the pH of the reaction medium to 6.5 - 7.0. The reaction was maintained for 4 h after the
completion of ascorbic acid and then left to stand for the next 24 h. The resulting precipitate was
collected by centrifugation at 8000 rpm, washed several times with distilled water, and freeze-
dried for approximately 24 h to obtain PP-SeNPs. All syntheses were performed at room
temperature (approximately 25 °C).

A pure SeNPs sample (without PP) was prepared following the same procedure.
2.4. Characterization of PP-SeNPs

The UV-Vis spectra were recorded on a Hach Dr6000 UV—Vis spectrophotometer with water
as the reference over the range of 200 - 700 nm. X-ray diffraction (XRD) patterns were obtained
in the range of 20 = 10°- 70° with a scan rate of 0.03°/s using a D8 Advance (Brucker). FTIR
spectra were recorded using an Affinity-S1 spectrophotometer (Shimadzu). Morphology was
examined using field emission scanning electron microscopy (FESEM, S4800-Hitachi; sample
coated with a thin layer of platinum) and transmission electron microscopy (TEM, JEOL JEM-
1010; sample sonicated in distilled water for 30 min and deposited onto carbon-coated copper
grids). Selenium content was determined using energy-dispersive X-ray spectroscopy (EDX) on
the same FESEM instrument. Zeta potential measurements were obtained by dynamic light
scattering (DLS) using a Litesizer 500 (Anton Paar).

2.5. Acute toxicity test
Animals:

White ICR mice (19-22 g) were maintained under standard conditions of temperature and light.
Experimental design:

Mice were randomly divided into 8 groups (6 mice per group) and fasted for 16 h prior to
testing. PP-SeNPs were dispersed in distilled water and sonicated for 30 min before being oral
administered. Group 1 (control): 0.3 mL of distilled water. Groups 2-8: PP-SeNPs administered at
200, 500, 700, 850, 1000, 1150 and 1300 mg/kg BW, respectively.

Mice were observed for behavioral changes during the first 2 h after administration and
monitored for 3 days thereafter.

The acute toxicity value (LDso) was calculated using the Karber—Behrens formula [18]:
LDso=LDjqo - Yaxb/N

Where: LDsg - Dose causing 50% mortality; LD1o- Dose causing 100% mortality; N - Number
of animals per group; a - Dose difference between two consecutive groups; b - Average mortality
between two consecutive groups.

Data were expressed as mean + SD. Statistical significance was analyzed using Student’s t-test,
with P < 0.05 considered significant.
3. RESULTS AND DISCUSSION

3.1. Characterizations of PP-SeNPs

During the addition of ascorbic acid to the Na.SeOs solution in the presence of PP, the initially
colorless mixture gradually turned orange, and the final product became brownish-red. This
progressive color change during the reaction is a visual indication of SeNPs formation.
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It is well known that selenium nanoparticles exhibit a characteristic UV-Vis absorption band,
typically located in the range of 260 - 350 nm, which is attributed to the localized surface plasmon
resonance (LSPR) of nanoscale selenium [19]. The UV-Vis spectra of PP-SeNPs, SeNPs,
NaySeOs, and PP are shown in figure 1a. Na>SeO; displayed a single absorption peak at 212 nm,
consistent with previous reports [17], while PP showed no detectable absorption in the examined
spectral region, in agreement with studies indicating that the polysaccharide had been effectively
purified from nucleic acids and proteins [20]. Therefore, the maximum absorption peaks observed
at approximately 270 nm for PP-SeNPs and 266 nm for SeNPs can be attributed to the LSPR of
selenium nanoparticles. These spectral features confirm that Na,SeOs; was fully reduced to
elemental selenium in both reaction systems.

Although the markedly smaller particle size of PP-SeNPs (described below) would normally
be expected to induce a blue shift of the LSPR peak, the PP-SeNPs spectrum instead showed a
slight red shift compared with SeNPs. This suggests that PP modified the surface electron density
and local dielectric environment of the nanoparticles, thereby reversing the shift direction of the
LSPR peak.

XRD analysis was performed to elucidate the crystalline characteristics of the obtained PP-
SeNPs. Both PP-SeNPs and SeNPs (figure 1b) exhibited broad diffraction halos at 20 = 20-30°
and 45-55°, which are typical of amorphous selenium nanoparticles [13]. The stronger peak
broadening in the 20-30° region and the near-disappearance of the 45-55° halo in the PP-SeNPs
pattern indicate that their particle size was substantially smaller than that of the uncapped SeNPs.
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Figure 1. (a) UV-Vis spectra of Na:SeO3 PP, SeNPs and PP-SeNPs;
(b) XRD patterns of SeNPs and PP-SeNPs.

FTIR spectra were recorded to identify the interactions between functional groups of PP and
the SeNPs surface. The results are shown in figure 2. In the spectrum of PP, the broad, strong
absorption band observed at 3406 cm™! is attributed to the O-H stretching vibration, indicating the
presence of a large number of OH groups in the pyranose ring. The band at 2936 cm™ is assigned
to the C-H stretching vibration of CH, groups, the small band at around 1746 cm™, corresponds to
the stretching vibration of the C=0. The bands at 1617 and 1415 cm™! are due to COO" asymmetric
and symmetric stretching vibration of carboxyl groups, respectively. The weak band at 1266 cm™
is assigned to the side-chain vibrations. The region from 1140-1040 cm™ is characteristic of the
pyranose ring of pectin (C-O and C-OH stretching from glycosidic linkages). And the band at 925
cm’! is typical for vibrations of the C-O-C bridge in polysaccharides [21, 22].

The FTIR spectrum of PP—SeNPs is similar to that of PP, indicating the formation of SeNPs in
the PP network. However, several significant changes were observed compared with PP alone.
The shift of the OH stretching band (from 3406 to 3421 cm™), and the COO" stretching band (from
1618 to 1634 cm™), demonstrate the occurrence of hydrogen bonding and electrostatic interactions
of OH and COO" groups of PP with SeNPs, respectively. Furthermore, a distinct absorption band
appeared at 1525 cm™ which could be related to the formation of weak surface complexes between
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the carboxyl groups of pectin and the surface of SeNPs [23]. These observations clearly
demonstrate the participation of PP in the reaction process, playing a crucial role in SeNPs
formation. The SeNPs surface was capped by PP through hydrogen bonding of hydroxyl groups
and electrostatic interactions or weak surface complexes of carboxylate groups on the PP chain.
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Figure 2. FTIR spectra of SeNPs and PP-SeNPs.

SEM and TEM images were used to analyze the morphology and particle size of selenium
nanoparticles (figure 3). In figures 3a and 3b, the SEM and TEM images of PP-SeNPs show nearly
spherical nanoparticles with improved dispersion and reduced aggregation. Image] analysis
showed predominant particle sizes in the range of 65 - 100 nm with an average size of 80.8 + 12.46
nm. In contrast, in the pure SeNPs sample without PP (figure 3¢ and 3d), the selenium
nanoparticles are significantly larger and more irregular, with the estimated particle sizes of 75 -
160 nm and more importantly, they are evidently aggregated. These results highlight the ability of
PP to control size and effectively prevent the aggregation of SeNPs.
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Figure 3. (a) SEM; (b) TEM images ofPP SeNPs; (c) SEM (d) TEM images of SeNPs.

The EDX spectrum (figure 4) displayed a strong characteristic selenium peak at about 1.5 keV,
along with weak peaks corresponding to C and O elements. This implies the existence of selenium
within an organic matrix of PP. The Se content in PP-SeNPs was determined to be 47.27%.

The nanoparticle stability is an important parameter for practical applications. The zeta
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potential, which indicates the electrostatic repulsion between particles, is a good indicator for
predicting long-term storage stability of SeNPs in dispersion. The closer this value is to zero, the
more easily the nanoparticles tend to aggregate. As shown in figure 5, PP-SeNPs exhibited a zeta
potential of -22.9 mV, significantly higher in magnitude than that of pure SeNPs (-8.7 mV),
indicating enhanced colloidal stability provided by the PP capping layer. The zeta potential value
of PP-SeNPs aligns with previous studies on polysaccharide-mediated SeNPs [13, 24].
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Figure 4. EDX spectrum of PP-SeNPs.  Figure 5. Zeta potential of PP-SeNPs and SeNPs.
3.2. Acute toxicity of PP-SeNPs in mice

Acute toxicity testing showed a dose-dependent increase in mortality among mice administered
PP-SeNPs (table 1). No deaths occurred at doses of 200-500 mg/kg, while mortality began to
appear from 700 mg/kg and increased gradually at higher doses. Clinical signs in affected mice
included reduced movement and decreased food intake within 1-2 h after administration. Based on
the observed mortality distribution, the LDso of PP-SeNPs was calculated to be 945.83 mg/kg.
Zhang et al. [25] prepared nano-Se using bovine serum albumin and reported an LDs, value of 113
mg/kg, while chitosan-stabilized SeNPs showed an LDsy of 258.2 mg/kg in the study by Zhai et
al. [26]. Although LDs, values of SeNPs vary widely depending on particle size, surface coating,
and the specific LDso assessment procedure, the obtained LDso indicates that PP-SeNPs possess
relatively low acute toxicity. This further suggests that PP serves as an effective biocompatible
matrix that improves the safety profile typically associated with green-synthesized SeNPs.

Table 1. Acute toxicity test results of PP-SeNPs in white mice.

Grou Dose (mg/kg Number of deaths | External manifestations during 0 — 72 h after
P body weight) within 72h oral administration
Control (distilled Mice moved and ate normally, with normal
1 0/6 .
water) light and sound reflexes.
) 200 0/6 Mice rnoyed and ate normally, with normal
light and sound reflexes.
Mice moved and ate normally, with normal
3 >00 0/6 light and sound reflexes.
4 700 16 Within 1-2 h, some mice showed reduced
movement and reduced food intake.
5 250 2/6 Within 1-2 h, some mice showed reduced
movement and reduced food intake.
Within 1-2 h, some mice showed reduced
6 1000 3/6 movement and reduced food intake.
Within 1-2 h, some mice showed reduced
7 1100 516 movement and reduced food intake.
Within 1-2 h, some mice showed reduced
8 1300 6/6 movement and reduced food intake.
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4. CONCLUSIONS

This study presents the first report on the green synthesis of selenium nanoparticles using PP
as a capping and stabilizing agent. Material characterization demonstrated that PP molecules
functionalized the SeNPs surface through hydrogen bonding and electrostatic interactions of
hydroxyl and carboxylate groups, thereby controlling nanoparticle growth and enhancing their
physicochemical properties. PP-SeNPs exhibited smaller particle size and a narrower size
distribution (65 - 100 nm vs. 75 - 160 nm for uncapped SeNPs), along with markedly enhanced
colloidal stability (-22.9 mV vs. -8.7 mV). The acute toxicity assessment further revealed a low
toxicity profile for PP-SeNPs with an LDsy of 945.83 mg/kg.

These findings identify pumpkin polysaccharides as an effective and biocompatible matrix for
engineering stable SeNPs with improved physicochemical and biological characteristics. Future
work should focus on evaluating the biological activities and in vivo performance of PP-SeNPs to
better define their therapeutic potential.
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TOM TAT

Tong hop va xac dinh cac dic trung ciia nano selen dwogc 6n dinh béi
polysaccharide tir bi dé

Nghién civu nay trinh bay phirong phdp tong hop xanh ciia nano selenium (SeNPs) tir
Na:SeOs sir dung acid ascorbic lam chdt khir khi cé mdt polysaccharide dwoc chiét xuat tir
bi do. Polysaccharide tir bi dé (PP) duwoc sir dung lam chdt on dinh va phan tan cho SeNPs
- mot vai tro chua dwoc bao cao trong cac nghién cuu truoc day. Vit liéu dwoc dac trung
bang cdc ky thudt UV-Vis, XRD, FTIR, SEM, TEM, EDX va do thé zeta. Phé FTIR cho thdy
PP che phii bé mdt SeNPs thong qua lién két hydro va twong tac tinh dién giita cdc nhém
hydroxyl va carboxylate. Anh hién vi dién tir cho thay PP cdi thién ré rét hinh thdi hat ciia
PP-SeNPs, tao ra cdc hat gan nhir hinh cau, phdn tan dong déu, voi kich thuée chii yéu
trong khodang 65 - 100 nm (so voi 75 - 160 nm ciia SeNPs khong dwoc bao phu). Hon nita,
d6 bén keo ciia PP-SeNPs ciing dugc cdi thién dang ké, thé hién qua gid tr thé zeta m hon
nhiéu (-22,9 mV so véi -8,7 mV ciia SeNPs). Thir nghiém déc tinh cap cho thdy PP-SeNPs
cé dgc tinh thap, voi gid tri LDsy dat 945,83 mg/kg. Céc két thu dwoc chi ra trién vong hira
hen ciia polysaccharide tir bi do trong viéc tao ra nano SeNPs én dinh cho cdc img dung y
sinh hoc tiém ndng ciia chiing.

Tir khoa: Nano selen; Bi do; Polysaccharide; D9 4n dinh; Doc tinh c?ipA
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