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Abstract: The selenium-based nanoparticles (SeNP) are prepared by the amalgamation of Cocos nucifera
haustorium (CNH) with sodium selenite. Further conjugating the synthesised CNH-SeNP with polyethylene glycol
(PEG) to design haustorium-based selenium nanocomposite (CNH-SeNC). The work involves characterising and
studying their bio-potency. Maximum absorption in UV-visible spectrum was at 315 nm and 305 nm for CNH-SeNP
and CNH-SeNC. FT-IR affirms the involvement of functional groups of haustorium in the fabrication of CHH-SeNP
and CNH-SeNC. SEM result conveys the spherical structure of the CNH-SeNP and the elongated oval shape of
CNH-SeNC. EDX analysed the elemental proportion of CNH-SeNP and CNH-SeNC. X-ray diffraction pattern
presents the amorphous form of CNH-SeNP with increased crystallisation in CNH-SeNC than that of CNH-SeNP.
Regarding their antimicrobial activity, not much significant effect is seen. CNH-SeNP and CNH-SeNC comprised
excellent antioxidant activity inferred by DPPH, ABTS, and H20: assays with the highest inhibition percentage of
84.67 + 0.88 % and 86.24 + 1.00 % through ABTS assays for CNH-SeNP and CNH-SeNC at 50 pg/mL. Egg albumin
denaturation and HRBC assays showed potent anti-inflammatory properties. In HRBC, the inhibition of inflammation
was equal to that of diclofenac sodium (positive control) 88.30 = 0.66 %, followed by CNH-SeNC (87.77 + 0.87 %)
and CNH-SeNP (86.13 + 0.83 %). Biocompatibility through brine shrimp lethality assay revealed that no toxicity was
seen at low concentrations (10 pg/mL). Initially, mild toxicity was seen at 48 h for higher dosages (20 pg/mL) with
viability 93.331£5.77% and 96.67+5.77% for CNH-SeNP and CNH-SeNC. The anticancer effect of CNH-SeNP and
CNH-SeNC exhibited tremendous control of growth against HepG2 cells without affecting the normal cells with ICso
values of 31.11 pg/mL and 24.41 pug/mL, respectively. Therefore, the study's outcome presents the advantages of
green synthesis from Cocos nucifera haustorium and its conjugation with PEG providing their efficient
pharmacological applications.
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1. Introduction

Nanotechnology can revolutionise different
arenas of science, especially agriculture and medicine
[1]. Selenium (Se) is one among the essential
micronutrients for maintaining the functions of thyroid
hormone and immunity in humans. It is acquiring more
interest among researchers because of its biomedical
properties, including antioxidant properties [2]. The
deficiency of Se causes cardiac, neuro-related,
muscular, and other immune disorders. On the other
hand, in-taking higher dosage may lead to adverse
effects. So, it is highly required to consume the
prescribed dose [3].

Generally, Se exists in selenite, selenate ions,
selenoaminoacids, and selenoproteins. Selenium
nanoparticles - SeNP have very less toxic effect than its
organic and inorganic compounds. An alternative
approach to synthesising the SeNP is through plant
extracts; they offer an inexpensive, simple way of
preparing the nanoparticles (NPs) without disturbing the
environment. Further, it was stated that SeNP exhibits
prominent antioxidant activity and antibacterial activity
[4]. Various parts of Cocos nucifera are being used to
synthesise numerous nanopatrticles, including silver and
gold [5, 6]. Another study used nettle leaves to
synthesise SeNP, which possesses anticancer and
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antimicrobial properties. They are effective against liver
cancer (HepG2 cells) [7].

In certain studies, polyethene glycol (PEG),
Polyvinylpyrrolidone (PVP) and various other polymers
were capped on nanomaterials' surface, enhancing their
biomedical properties. Incorporating PEG enhances the
biocompatibility of respective nanomaterials [8].
Sesamol, an anticancer compound, was used along with
Se-capped PEG for cancer treatment. They exhibited an
increased efficacy in restraining the growth of anticancer
cells, HepG2. Besides, from the results of flow cytometry
analysis, it was witnessed that the fabricated
nanomaterials caused more cell death when compared
with that of either PEG or SeNP alone [9].

Like other parts of the Cocos nucifera,
haustorium has recently gained interest among
scientists due to its phytochemical content. The basal
part of the embryo germinates to form the cotyledon
called haustorium. The haustorium enlarges and
occupies the liquid portion of the endosperm by 20-24
weeks after the onset of germination. Similar to coconut
endosperm, the haustorium also  possesses
therapeutically important constituents such as resins,
steroids, terpenoids, vitamins and minerals like
potassium, magnesium and amino acids such as L-
arginine [10, 11]. In addition to therapeutic applications,
various parts of coconut fruit serve as precursors for the
synthesis of nanomaterials [12].

The novelty of the present study lies in the
utilisation of Cocos nucifera haustorium extract for
selenium nanoparticle synthesis, highlighting its bio-
medical potential and addressing the existing research
gap in plant-based nanotechnology. None of the
previous studies have utilised the haustorium of Cocos
nucifera to synthesise SeNP. This study addresses the
unexplored potential of Cocos nucifera haustorium as a
biological reducing agent in the fabrication of selenium
nanoparticles, which could provide a sustainable
approach to nanomaterial synthesis. The hypothesis of
the study has been explicitly stated; that to overcome the
adverse effects and tedious methodology of chemical-
based synthesis, green synthesis has been carried out.
Accordingly, the primary aim of this study is to develop
an eco-friendly, cost-effective synthesis of selenium
nanoparticles (SeNP) using phytochemicals present in
Cocos nucifera haustorium extract as natural bio-
reductant. Further the study also focusses on the
incorporation of PEG onto the surface of SeNP (CNH-
SeNC) with aim to enhance the biomedical efficacy by
improving the bio-availability and prolonged circulation
time. The study is designed to explore the potential of
these novel selenium nanomaterials (CNH-SENP and
CNH-SeNC) for improved antioxidant, anti-inflammatory,
anticancer efficacy against hepatocellular carcinoma
(HepG2 liver cancer cells) without affecting normal cells
indicating their potential application in targeted cancer
therapies and biocompatibility.

Hence, the present study highlights the merits of
sustainable approach of synthesising bio-compatible
selenium nanomaterials by avoiding hazardous
chemicals and minimising environmental impacts with
enhanced therapeutic properties, providing a promising
approach for future biomedical applications.

2. Materials and Methods

2.1 Reagents required

Cocos nucifera haustorium (CNH) was
purchased from the local market in Chennai. Sodium
selenite, PEG, 2, 2-diphenyl-1-picrylhydrazyl (DPPH),
Potassium  persulfate and 2, 2-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) were
procured from SRL- Sisco Research Laboratories
Chemicals. Muller Hinton agar and Rose Bengal agar
(Hi-media), Hydrogen peroxide (MERCK), Ascorbic acid
and Diclofenac sodium -Sigma-Aldrich, Dulbecco's
Modified Eagle Medium (DMEM), Fetal Bovine Serum
(FBS) were obtained from Gibco, (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) -
MTT purchased from Invitrogen.

2.2 Synthesis and characterization

2.2.1 Synthesis of Cocos nucifera haustorium
selenium nanoparticles (CNH-SeNP)

The selenium nanoparticles were fabricated
following the procedure done previously with minor
modifications. A 100g of Cocos nucifera haustorium was
homogenised using distilled water. It was heated (15-20
min), followed by filtration process through Whatman
filter paper (No.1). The haustorium extract filtered was
used as a bio-reductant, mixed dropwise to 30 mM
sodium selenite in a ratio of 1:9 constantly, which was
stirred continuously. Ultrasonication was carried out for
30 min at 50°C and later kept in the shaker overnight at
RT. Colour change and UV-visible readings were noted
at different time intervals. The CNH-SeNP was
lyophilised and stored for further biomedical studies [13,
14].

2.2.2 Coating of Polyethylene glycol (PEG) on CNH-
SeNP

Cocos nucifera haustorium selenium
nanocomposite (CNH-SeNC) was fabricated by coating
CNH-SeNP with PEG following a slightly modified
procedure from methods reported previously. 10 mL
PEG was mixed to synthesised selenium nanoparticles
100 mL at appropriate temperature, maintained under
constant stirring. The CNH-SeNC was allowed to dry in
hot-air oven at 40°C, 10 hr; collected and stored. CNH-
SeNC was characterised and evaluated for therapeutical
potency [15].
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2.2.3 Characterisation studies of CNH-SeNP and
CNH-SeNC

UV-Visible spectrophotometer analysed
absorption peaks of CNH-SeNP and CNH-SeNC
(ESICO- model No. 3375) with wavelength ranging from
250-650 nm. Fourier transform infrared spectroscopy
(FTIR) (BRUKER) analysed the functional groups in
synthesised selenium nanoparticles and nanocomposite
from 400 - 4000 cml. SEM (scanning electron
microscopy) (JEOL JSM IT-800) examined the structure
along with their elemental composition by EDX (Energy
dispersive X-ray) studies. The average diameter of
CNH-SeNP and CNH-SeNC was calculated by Image J
software. The crystallographic nature of CNH-SeNP and
CNH-SeNC was analysed by D8-advance X-ray
diffractometer (BRUKER, Germany).

2.3 Antimicrobial activity of CNH-SeNP and
CNH-SeNC

The microorganisms such as Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus,
Enterococcus faecalis were used for studying the
antibacterial properties. Candida albicans is used in this
procedure to study the antifungal activity. Cultures were
obtained from the Department of Microbiology, Saveetha
Medical College, Saveetha Institute of Medical and
Technical Sciences, Thandalam, Chennai. Agar well
diffusion technique determined the antimicrobial activity
of CNH-SeNP and CNH-SeNC. Sample volumes (25
pg/mL, 50 pg/mL, 100 pg/mL), for positive control Cocos
nucifera haustorium extract (25 pg/mL) in nanoparticle
plates and CNH-SeNP (25 pg/mL) in nanocomposite
plates were added to the corresponding wells. After
incubating for a period of 24 h at 37 °C, the diameter of
inhibition zone was measured to analyse the sensitivity
of microbes to CNH-SeNP and CNH-SeNC [16].

2.4 Antioxidant Assays
2.4.1 DPPH Assay

The scavenging capacity of CNH-SeNP and
CNH-SeNC were estimated using DPPH activity slightly
changed procedure from previous methods [17]. 1 mL of
freshly prepared DPPH (20 pM) was combined with
different aliquots (10-50 pg mL-1) of CNH-SeNP and
CNH-SeNC. The prepared tubes were undisturbed for
30 min at RT in dark. Optical density (OD) at 517 nm was
noted.

2.4.2 ABTS Scavenging Activity

ABTS cation scavenging activity was done with
minor modifications in the previously reported
methodology [18]. 7 mM ABTS and 2.45 mM potassium
persulfate was combined and left at dark, 12-16 hr. The
above solution OD was adjusted to 0.7 at 734 nm. The
CNH-SeNP and CNH-SeNC (10-50 pg/mL) were added

to 180 uL ABTS solution; after 6 min, this was placed in
a 96-well microplate reader and quantified.

2.4.3 H202 scavenging assay

The hydrogen peroxide assay was performed
with minor modifications in earlier method [19]. Dilutions
(10-50 pg/mL) of CNH-SeNP and CNH-SeNC were
measured and made up to 0.1 mL with 50mM phosphate
buffer saline (pH 7.4). Following this, 0.9 mL of 2mM
H20: reagent was taken. Vortex the above content, and
after 10 min, optical density was noted at 230 nm.

Standard - Ascorbic acid (1 mg/mL) was used
for all antioxidant assays.

2.5 Anti-Inflammation Assays
2.5.1 Egg Albumin denaturation assay

The anti-inflammation properties of the CNH-
SeNP and CNH-SeNC were determined using an in-vitro
egg albumin denaturation assay [20]. 0.2 mL of fresh egg
albumin and 2.8 mL of PBS were combined. To this
aliqguot of CNH-SeNP and CNH-SeNC (10-50 pg/mL)
were added, kept for 15 min at 37 °C, later at 70 °C, 5
min in the water bath, OD was quantified at 660 nm.

2.5.2 Human RBC-Membrane stabilisation activity

Efficiency of CNH-SeNP and CNH-SeNC to
prevent the cell rupture by stabilising its membrane is
inferred by HRBC assay [21]. A sterile centrifuge tubes
with anti-coagulant were used to collect fresh blood
sample. Human red blood cells (HRBC) were separated
from the other components in the blood by centrifuging
at RT 5 min at 3000 rpm. Discard the supernatant and
wash the pellet (HRBC) by centrifugation, repeatedly for
three times using normal saline. HRBC suspension of
10% (volume/volume) was obtained by suspending the
pellet in 10 mM PBS (pH 7.4). Dilutions of the samples
(CNH-SeNP and CNH-SeNC) 10-50 pg/mL, 0.5 mL of
PBS buffer, 2 mL hyposaline and 0.5 mL suspended
HRBC were taken together in centrifuge tubes, mixed
slowly and left at 37 °C, 30 min. The above content was
centrifuged at 3000 rpm, 3 min, RT. Using UV-visible
spectrophotometer the supernatant's OD was observed
at 560 nm.

The positive control used in anti-inflammatory
assay was diclofenac sodium.

The inhibition percent for all assays was
ascertained and analysed from the below equation
Control OD — Sample OD

Control OD

Control OD= optical density of control; Sample
OD = optical density of sample

* 100

Inhibition (%) = [
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2.6 Biocompatibility Analysis of CNH-SeNP and
CNH-SeNC

The biocompatibility of the CNH-SeNP and
CNH-SeNC synthesised from haustorium was studied
using the brine shrimp lethality assay with minor
modifications [22, 23].

2.6.1 Hatching of Artemia salina larvae

In a rectangular jar, 3 litres of distilled water was
taken; to this, 28 gm of NaCl was dissolved. Brine shrimp
cysts were added to the above set-up, maintained at 22
— 29 °C with sufficient air supply and illumination for 24 -
48 h. The motile hatched nauplii were collected carefully
and utilised for biocompatibility studies.

2.6.2 Lethality Assessment

Freshly prepared saline water was taken in 6
well microtiter plates. To each well, 10 hatched nauplii
were added. Different concentrations of CNH-SeNP and
CNH-SeNC (5 pgmL2,10 pgmL-1, 20 ugmL2, 40 pgmL-
land 80 pgmL1) were used in the study. The number of
dead and live nauplii in the plates after 24 h and 48h was
noted. The rate of viability was assessed by the below
equation,

number of alive nauplii

O viahilify —
% viability total number of nauplii * 100

2.7 In-vitro toxicity and anti-cancer activity by
MTT assay

2.7.1 Maintenance of cell culture

Vero (African green monkey kidney normal
epithelial cell line) and HepG2 (Human hepatocellular
carcinoma epithelial cell line) were acquired from
National Centre for Cell Sciences (NCCS), Pune, India.
Cells in logarithmic phase were retained for the study.
The DMEM with 10 % v/v of FBS (heat inactivated), 100
U/mL penicillin and 100 pg/mL streptomycin was used.
The acquired cell lines were maintained at a temperature
of 37 °C, and kept in CO2 (5%) in 95 percent air
humidified incubator.

2.7.2 Assessment of cytotoxicity and anticancer
activity

The cytotoxicity and anticancer effect were
evaluated using Vero and HepG2 cell line through MTT
assay [24, 25]. 96-well micro-titre plates were taken in
which cells were seeded (1 x 10°% cells/well). The
incubated plates were maintained at 37 °C and 5 % CO:
until they reached 80% confluency, with intermediate
observation using a digital inverted microscope for any
contamination or dead cells. Later, the medium was
replaced by CNH-SeNP and CNH-SeNC (10 - 50 pg/mL)
and incubated for 24 h. The structural modifications of
samples in Vero and HepG2 were photographed in 20 X

magnification under a digital inverted microscope.
Control without a sample was also maintained. The cells
in each well were washed using PBS (pH 7.4). 20 uL
MTT reagent (5 mg/mL PBS) was added. The incubated
plates are kept at 37 °C for 2 h in the dark. Add 0.1 mL
DMSO for dissolving the formed formazan crystals.
These plates were quantified at 570 nm in 96-well plate
reader. Viable cell percent was evaluated as follows:

Absorbance sample

Viability of cells (%) = * 100

Absorbance control

2.8 Statistical Analysis

All the experiments were performed as
triplicates and the results are represented as mean +
standard deviation. The results were analysed by graph
pad prism 5.0 using two-way ANOVA and Bonferroni
post-test. The results are considered significant denoted
by “** when p<0.001.

3. Results
3.1 Synthesis of CNH-SeNP and CNH-SeNC

Cocos nucifera haustorium extract was added to
sodium selenite (Figure 1a) for stabilising and reduction
purposes. The change in colour to red from the
colourless solution confirms the conversion of selenite to
its elemental form (Se®), which affirms the synthesis of
CNH-SeNP (Figure 1b), thus showing the involvement of
phytochemicals in the haustorium for the bio-synthesis.
The formation of CNH-SeNC by coating PEG on CNH-
SeNP is shown in Figure 1c.

3.2 Characterisation of CNH-SeNP and CNH-
SeNC

3.2.1 UV-Visible spectrum

The UV-visible analysis of synthesised CNH-
SeNP and CNH-SeNC revealed the surface plasmon
resonance excitation with maximum absorption
spectrum at 315 nm (Figure 2a) and 305 nm (Figure 2b),
indicating the reduction process resulting in reduction to
elemental selenium, which might be due to involvement
of Cocos nucifera haustorium’s secondary metabolites.

3.2.2 FTIR spectroscopy

FTIR spectra (Figure 3) showed multiple peaks
at 3276 cm depicting strong vibrational O-H stretch,
2924.46 cm denoting C-H stretch with weak vibrations
[11], 1584.72 cm corresponding to N-H bend amines,
1399 cm denoting stretch of C-C carbohydrates
(glucose) [26], 1032.61 cm representing C-O stretch of
secondary alcohol [27] and 922.75 cm™ indicating B-
pyranose ring for CNH-SeNP [11].
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Figure 1. Synthesis a) Cocos nucifera Haustorium (CNH) extract with sodium selenite, b) CNH- SeNP c) CNH-

SeNC
——— CNH SeNP 3.0 4 305 nm = CNH SeNC
3150m e
3.0
2.5
« -
§ 2% g 2.0
£ E
3 z
< < 15
2.0
1.0
- 0.5 . ' . T
- 300 400 500 600 300 400 500 600

Wavelength (nm) Wavelength (nm)

(a) (b)

Figure 2. UV-Visible spectrum a) CNH-SeNP b) CNH-SeNC
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Figure 3. FTIR spectral analysis CNH-SeNP and CNH-SeNC

The IR spectra for CNH-SeNC exhibited
absorption peaks at 3378.10 cm-! corresponds to strong
O-H stretch vibrations [28], 2918.20 cm weak
vibrational peak of C-H stretching [11], 1594.19 cm™!
denoting N-H bend amines, 1454.89 cm-! indicating C-H
bending methyl group, 1350.23 cm? denotes
symmetrical stretching of CH2 group, 1250.49 cm
corresponds to C-N stretch amines, 1069.20 cm
denoting C-O stretch and 943.72 cm representing
glycosidic linkage [29].

3.2.3. Morphological analysis and elemental
composition by SEM-EDX

Surface morphology was analysed using SEM,
which clearly depicts the spherical shape of CNH-SeNP,
which appears to be well distributed, non-matrix
embedded and mono-dispersive with an average
diameter ranging from 90.71 nm (Figure 4a). CNH-SeNC
has elongated oval morphology, embedded on core-
matrix, less agglomerated with an average diameter of
502.16 nm (Figure 4b). Aluminum was used as the
substrate material during the EDX analysis which is the
reason for the existence of Al peak. The intensity peak
in energy dispersive X-ray analysis of CNH-SeNP and
CNH-SeNC at 1.37keV and 11.2keV indicates the
selenium’s presence in the samples there-by affirming
the synthesis of selenium nanoparticles and
nanocomposite. The weight percentage 5.6% and

atomic percentage 1.1% for CNH-SeNP and that of
CNH-SeNC is 13% and 2.5% respectively. The low
sigma (o) value 0.2 in both samples denote that Se is
uniformly distributed and measured with high accuracy.
The other elements present in CNH-SeNP are as follows
carbon (C) and oxygen (O) with the weight percent
54.3%, 9.7% and atomic percent 71.5%, 9.6%
respectively. Trace amount of Fe (0.4 wt%, atomic
percent 0.1%) is also present. CNH-SeNC also contains
carbon (C) and oxygen (O) with weight percentage
56.7%, 15.6% and atomic percentage 73.6%, 15.2%
respectively. Mild traces (0.8 wt%, atomic percent-
0.5%) of sodium (Na) are seen in CNH-SeNC. The
sigma value of C (0.8) is very high which shows that it is
not evenly distributed in the sample (Figure 4c and 4d).

3.2.4 XRD spectral pattern

The crystallinity of the synthesised CNH-SeNP
and CNH-SeNC were assessed by XRD (Figure 5a and
5b). The broader peak reveals the amorphous nature of
CNH-SeNP. The crystalline percentage of CNH-SeNP
9% has risen to 28.7 % in CNH-SeNC, depicted by the
sharper peaks, which might be due to the attachment of
PEG. The XRD analysis (JCPDS File No. 06-0362)
depicts Bragg's peak with reflection planes at 42.55° (1
1 0) and 43.64 ° (1 0 2) for CNH-SeNP and for CNH-
SeNC were at 23.62°(100),29.84°(101),41.40°(1
10),43.69°(102),45.37°(111),51.88°(201),55.95
©(112),61.6°(103)and65.29°(210).
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Figure 5. XRD spectral pattern a) CNH-SeNP b) CNH-SeNC

The 2-theta peak value at 23.62 ° corresponding
to the reflection plane (0 3 2) represents PEG.

3.3 Antimicrobial activity of CNH-SeNP and
CNH-SeNC

The antibacterial activity of CNH-SeNP (Figure
6) and CNH-SeNC (Figure 7) had no significant effect
against microbes Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus and Enterococcus
faecalis at 25 and 50 pg/mL. At 100 pg/mL, the inhibition

zone was 13.0 £ 0.0 mm, 11.0+0.0 mm, 11.33 + 0.58
mm, 11.33 + 0.58 mm and 11.0 + 0.0 mm, 10.67 + 0.58
mm, 10.33 + 0.58 mm, 11.33 + 0.58 mm for CNH-SeNP
and CNH-SeNC. Meanwhile, for Candida albicans,
CNH-SeNC had minimal activity than CNH-SeNP, which
had no activity. The zone of inhibition for CNH-SeNC at
25,50, 100 pg/mL was 10.67 £ 0.58 mm, 11.0 £ 0.0 mm,
12.0£ 1.0 mm.
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3.4 Antioxidant potential
3.4.1 DPPH Assay

The reduction of free radicals pertaining to CNH-
SeNP and CNH-SeNC using DPPH assay can be
inferred visually by the colour change from purple to pale
purple or yellow. At 10 pg/mL, antioxidant activity
exhibited by CNH-SeNP, CNH-SeNC and standard is

53.72 + 0.88 %, 60.37 = 0.73 %, 65.97 + 1.36 %. The
inhibition percentage of CNH-SeNP, CNH-SeNC,
standard was found to be 80.72 + 0.98 %, 87.08 + 0.90
%, and 92.24 £+ 0.79 % at 50 pg/mL. The sequestration
of free radicals increases at sample’s higher
concentration. The percentage inhibition shows that
CNH-SeNC has better antioxidant activity than CNH-
SeNP. Figure 8a represents the results of DPPH activity.
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Figure 6. Antimicrobial activity of Cocos nucifera haustorium selenium nanoparticle, a) Escherichia coli b)
Staphylococcus aureus ¢) Pseudomonas aeruginosa d) Enterococcus faecalis €) Candida albicans f) Graphical
depiction of antimicrobial activity
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3.4.2 ABTS Scavenging Assay

The conversion of blue-green to a colourless
solution infers that the antioxidant content of the sample
reduces the free radicals. ABTS assay revealed the
percentage inhibition of CNH-SeNP and CNH-SeNC to
be 84.67 + 0.88 % and 86.24 + 1.00 % for the
concentration 50 pg/mL. The inhibition capacity of
standard was found to be 90.62 = 0.85 % at 50 pg/mL.
At 10 pg/mL, the scavenging capacity was 59.95 + 0.95
%, 65.37 £ 0.83 %, and 70.66 £ 0.81 % for CNH-SeNP,
CNH-SeNC and standard, respectively. Above results
infers that the antioxidant capacity of samples is directly

proportional to sample concentration. ABTS scavenging
activity is depicted in Figure 8b.

3.4.3 Hydrogen peroxide scavenging assay

H202 reduces to highly reactive redox radicals,
causing damage to cells through oxidation. The
scavenging percentage of CNH-SeNP and CNH-SeNC
are found to be 47.79 £ 0.92 % and 49.18 + 0.88 % at
10 pg/mL, the same at 50 pg/mL is 74.28 + 0.86 % and
81.44 £ 0.90 %.
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Figure 8. Antioxidant potential of CNH-SeNP and CNH-SeNC with standard (Ascorbic acid) a) DPPH assay b)
ABTS activity ¢) Hydrogen peroxide assay
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The inhibition percentage of ascorbic acid was
51.24 + 0.70 % and 89.25 + 0.61 % at 10 and 50 pg/mL.
Figure 8c represents H202 scavenging assay.

3.5 Evaluation of Anti-inflammatory potency
3.5.1 Egg albumin denaturation assay

Anti-inflammation potency of CNH-SeNP and
CNH-SeNC were evaluated through egg albumin
denaturation activity. The anti-inflammatory potency of
CNH-SeNP and CNH-SeNC was measured to be 51.26
+ 0.85 % and 53.53 £ 0.97 % at 10 pug/mL, and that of
diclofenac sodium at the same concentration was 55.38
+ 0.94 %. At 50 pg/mL, anti-inflammatory efficiency was
77.62 £ 0.86 %, 77.97 + 0.94 % and 81.33 + 0.95 % for
CNH-SeNP, CNH-SeNC and diclofenac sodium. Figure
9a depicts the comparative anti-inflammatory effect of
samples with that of diclofenac sodium (positive control).

3.5.2 Human RBC-Membrane stabilisation assay

In-vitro anti-inflammatory activity revealed about
the membrane stabilisation property of CNH-SeNP, and

1001

%o inhibition

CNH-SeNC by HRBC assay. At 10 pg/mL CNH-SeNP,
CNH-SeNC and positive control exhibited 56.35+0.85%,
57.14+0.94% and 58.33+0.77% activity. The anti-
inflammatory effect of CNH-SeNP, CNH-SeNC and
positive control is found to be 86.13+0.83%,
87.77+0.87%, 88.30+0.67% at 50 pg/mL. Figure 9b
presents the anti-inflammatory effect of samples and
positive control.

3.6 Biocompatibility property - Brine shrimp
lethality assessment

To assess the biocompatibility of CNH-SeNP
and CNH-SeNC, a brine shrimp lethality assay was
conducted. The percentage viability of brine shrimp
nauplii was noted for several sample concentrations,
which reveals that the viability of nauplii decreased with
an increase in concentration. Figure 10 depicts the
percentage of live nauplii for CNH-SeNP and CNH-
SeNC. A well without a sample was maintained as a
control, and it had 100% live nauplii.

## CNH-SeNP
B CNH-SeNC

Diclofenac sodium

1004 b)

804

%% inhibition

B CNH-SeNP
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Concentration (ug/mL)
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Figure 9. Anti-inflammatory potency of CNH-SeNP and CNH-SeNC with Diclofenac sodium (positive control) a)
Egg albumin denaturation assay b) HRBC assay
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Figure 10. Brine shrimp lethality activity depicting the viability per cent of nauplii after treating 48 h with CNH-SeNP
and CNH-SeNC

All brine shrimp nauplii were motile after 24 h of
treatment, and they showed 100% viability. After
treatment for 48 h, samples did not exhibit toxic effects
at lower concentrations up to 10 pg/mL. Mild toxicity was
observed at higher concentrations of 20 pg/mL, 40
pg/mL and 80 pg/mL for CNH-SeNC with viability
percentages 96.67 = 5.77 %, 90.00 + 0.00 %, 83.33 £
5.77 %. The percentage of live nauplii observed for
CNH-SeNP at 20 pg/mL, 40 pg/mL, and 80 pg/mL were
93.33+£5.77 %, 83.33 £ 5.77 % and 80.00 + 0.00 %.

3.7 Cytotoxic effect and anticancer activity

The cytotoxicity of CNH-SeNP and CNH-SeNC
was determined using an MTT assay on Vero cell line.
Even at 50 pg/mL, the percent of cells viable were 85.78
+ 0.36 % and 89.66 * 0.65 % for CNH-SeNP and CNH-
SeNC, respectively. The anticancer property was done
against hepatocellular carcinoma on HepG2 cell lines.
The samples CNH-SeNP and CNH-SeNC expressed
potent anticancer effects showing lower viable
percentages, 18.51 + 0.54 % and 8.21 + 0.62 % at 50
pg/mL compared to 93.11 + 0.88 % and 81.13 £ 0.61 %
at 10 pg/mL. Figure 11a and Figure 11b presents the cell
viability percent of CNH-SeNP and CNH-SeNC along
with their ICso value.

Both CNH-SeNP and CNH-SeNC did not cause
much significant morphological change in the Vero cell
line (Figure 12a - 12c). It is clearly evident that CNH-
SeNP and CNH-SeNC lead to remarkable changes in
the morphology of the HepG2 cell line when compared
to the control without any sample (Figure 12d - 12f). After
treatment, the liver cancer cell line has resulted in
shrinkage and become round in shape. Cell viability was
extremely reduced as concentration increased.

4. Discussion

Universally, the death caused by cancer is
increasingly widely attributed to our lifestyle changes,
food habits and our surroundings. Though there are
many synthetic drugs, the adverse effects of these drugs
on healthy cells lead us to do more research on the
alternate approach to combat the diseased condition
[30]. The study's fundamental objective is synthesising
selenium nanoparticles from the haustorium of Cocos
nucifera. The preparation of Cocos nucifera haustorium
extract by heating 15-20 minutes increases the solubility
of bio-molecules without degradation of bio-molecules
as prolonged heating by denature the phytocompounds.
The process of ultrasonication for 30 minutes at the
temperature 50°C improvise the uniform mixing,
preventing agglomeration and increases the dispersion
of nanoparticles by enhancing the reduction process by
haustorium extract. The higher temperatures would
degrade the bio-molecules of the haustorium extract so
moderate temperature of 50°C was maintained during
ultrasonication. The duration of 30 minutes is sufficient
for the formation of nanoparticles by limiting the use of
more energy. Overnight incubation at room temperature
in shaker ensures the completion of the reduction
process and stabilisation of nanomaterials. The
concentration of the precursor was chosen based on the
earlier study [14].

The colour changes from colourless to red [31],
which is attributed to a reduction of sodium selenite to
selenium (Se% by the reduction process catalysed via
metabolites present in haustorium. A similar colour
change was seen for SeNP synthesised from Melia
azedarach leaves using sodium selenite salt [32].
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Figure 11. Graphical presentation of ICso concentration on HepG2 cell line by MTT assay a) CNH-SeNP b) CNH-
SeNC

The CNH-SeNP were combined with PEG to
synthesise Cocos nucifera haustorium selenium
nanocomposite (CNH-SeNC). A conjugation  of
nanoparticles with a PEG enhances the pharmaceutical
property by improving their bio-availability and
permeability through cell membranes [33].

This was followed by characterising CNH-SeNP
and CNH-SeNC through UV-visible, XRD, SEM-EDX
and FTIR. The UV-visible result shows absorption
maximum peak at 315 nm and 305 nm, this indicates
elemental selenium's presence. Similar results were

obtained in a study where SeNP were prepared using
Citrus limon and Citrus paradisi, the peaks were
identified between 300 nm to 550 nm [34].

The functional groups such as alcohols and
carbohydrates have been involved in the stabilising
process during the preparation of CNH-SeNP and CNH-
SeNC. The FTIR study shows the functional groups on
the outer layer of nanomaterials [26, 27]. The spherical
nature of CNH-SeNP was confirmed using scanning
electron microscopy, which is in accordance with the
previous study [35].
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Figure 12. Structural changes in Vero and HepG2 cell line a) Vero cell line control b) Vero cell line treated with
CNH-SeNP c) Vero cells treated with CNH-SeNC d) HepG2 control e) HepG2 treated with CNH-SeNP (IC50) f)
HepG2 treated with CNH-SeNC (IC50). Images were taken at magnification 20X by phase contrast inverted
microscope.

CNH-SeNC exhibited elongated oval
morphology, with the size of CNH-SeNC being enlarged
compared to CNH-SeNP after the coating of PEG, which
is similar to the past study [15]. EDX analysis reveals the
weight per cent of selenium in CNH-SeNP (5.6 %) and
CNH-SeNC (13.0%). The resultis in accordance with the
work earlier work carried for ferulic acid-SeNPs, which
showed the elemental content of C, O, Se and Na with
75 %, 16 %, 5 % and 2 % [36]. The amorphous form of
the reducing agent would have masked the selenium
[37].

The XRD depicts a clearly broad peak for CNH-
SeNP, affirming its amorphous nature. This result is in
coherence with the previously conducted study where
fruit of Emblica officinalis were used to design SeNP,
where the XRD study presented a broad peak indicating
the amorphous form of SeNP [38]. The sharp XRD peaks
reveal that the crystalline percentage has been
increased in CNH-SeNC compared to CNH-SeNP,
which may be due to the incorporation of PEG, which is
confirmed by a peak at 23.62 degree, which is attributed
to the XRD peak of PEG [39].

For the treatment of patients with chronic, long-
lasting infections due to less immunity, it is significant to
determine minimum bactericidal concentration and

minimum fungicidal concentration. In this study, CNH-
SeNP and CNH-SeNC have not shown considerable
effect against pathogens taken into study. The size of
the selenium nanoparticles plays role in the antimicrobial
property of the nanomaterials [40]. The slightly lower
antibacterial effect of CNH-SeNC compared to CNH-
SeNP may be due to larger size of the fabricated
selenium nanocomposites. Upon coating of PEG, the
increased size of the selenium nanocomposites as well
as the alterations on the surface of nanomaterials affects
the interaction of nanocomposites with microbial
membranes. The variations in the fabrication process
and the reactants used influence the antimicrobial
property [41, 42]. The maximum concentration of the
CNH-SeNP and CNH-SeNC taken for the antimicrobial
study was 100 pg/mL which might have not been
sufficient to exhibit minimal inhibitory effect on the tested
microbial strains. In some cases, the concentration of the
nanomaterials to exhibit antimicrobial effect need to be
higher than 100 pug/mL. In one of the previous studies, it
was found that the MIC concentration of polymer coated
SeNPs was 137 pg/mL and 274 pg/mL for S. aureus and
E. faecalis which is greater than 100 pg/mL [43]. Another
study, revealed that SeNPs were not efficient against C.
albicans. In the same study, it was found that for some
strains of P. aeruginosa the MIC was at 128, 256 and
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512 pg/mL while for some strains of P. aeruginosa MIC
was at lower concentration [44].

The sequestration of free radicals that cause
severe damage to human health, inducing oxidative
stress, is of prime importance. The antioxidant capacity
of selenoproteins; selenocysteine catalyses the
neutralisation of reactive oxygen species (ROS) to
balance its level by removal of excess ROS [45] which
supports the enhanced antioxidant effect of selenium.
The antioxidant activity augmented with the increase in
the concentration of CNH-SeNP and CNH-SeNC. In
previous report, SeNP designed from Emblica officinalis
fruit which comprised efficient antioxidative potential
showed that 50% inhibition concentration of SeNP was
lower than that of ascorbic acid through DPPH and
ABTS assay [38]. In our study, ABTS showed higher
scavenging properties among DPPH, ABTS, and H20:
assays, which correlate with the previous findings [46].
CNH-SeNC has better antioxidant capacity than CNH-
SeNP, may be due to antioxidant property of PEG [47]
and other factors such as increased bio-availability. The
property of antioxidation can be correlated to the stability
of nanoparticles based on size, surface morphology and
crystalline nature of the nanomaterials. Both CNH-SeNP
and CNH-SeNC are well-dispersed which contributes to
their efficient antioxidation property. From our study
results we can infer that incorporation of PEG has
increased the crystalline nature and size of CNH-SeNC
compared to CNH-SeNP which attributes for the
enhanced stability there-by improved antioxidation
property of the selenium nanocomposite.

The results suggested that both CNH-SeNP and
CNH-SeNC have better anti-inflammatory activities, as
investigated through egg albumin denaturation and
HRBC assays. For instance, in a study conducted using
rats with inflammation, dosage of nano Se 2.55 mg/kg
helped in lessening the inflammation induced in rats
when given orally [48]. Therefore, a minimum
concentration of CNH-SeNP and CNH-SeNC would be
effective in treating inflammation. A study on rats proves
that selenium nanoparticles can tune the damage
caused by inflammation to liver cells by CCla with its anti-
inflammation potential [49]. In an earlier study, PEG
coated Gymnema sylvestre-SeNPs with lupeol showed
hemolysis of 12.8% which was almost twice 23.5% for
uncoated Gymnema sylvestre-SeNPs with lupeol at 2
mg/mL. In similar way in the same study, at 2mg/mL
PEG coated Cinnamon cassia-SeNPs with lupeol
exhibited only 9.8% of hemolysis which was 18.9% for
uncoated Cinnamon cassia-SeNPs with lupeol. The
DPPH antioxidation capacity exhibited by PEG coated
SeNPs of Gymnema sylvestre and Cinnamon cassia
showed increased percentage of scavenging compared
to free form of SeNPs [50]. This shows that the
enhanced property of CNH-SeNC in HRBC assay and
antioxidant property is attributed to the synergistic effect
of selenium nanoparticles and PEG, which might lead to
improved circulation time by incorporation of PEG.

PEG is a biocompatible polymer which can
enhance the hemocompatibility of nanoparticles. This
could have led to slightly increased hemocompatibility of
CNH-SeNC compared to CNH-SeNP in our study.
Biocompatible results achieved using the brine shrimp
lethality test showed minimal toxicity at a higher
concentration of the CNH-SeNP as well as CNH-SeNC.
The lower concentrations were non-toxic. It was found
that they are safe to use at lower concentrations, thus
suggesting their compatibility is dosage-dependent and
have to be used accordingly for biological applications
[23].

The outcome of the anticancer studies on
HepG2 cells indicated that apoptosis occurred due to
CNH-SeNP, and CNH-SeNC is directly proportional to
the concentration. According to the study carried using
SeNP from M. olifera, the SeNP was potent in causing
apoptosis with ICso as 150.87 pg (Caco-2), 392.57 ug
(HepG2), 252.44 ug (MCF-7) [51]. The mode of action
can be attributed to the ability of selenium nanoparticles
and nanocomposites to generate reactive oxygen
species (ROS) which in-turn creates oxidative stress in
cancer cells. Additionally, coating of PEG prolongs the
circulation time of selenium nanocomposites. The anti-
oxidant property of selenium plays dual role; Selenium
protects the normal cells form oxidative damage. While
in cancer cells the excessive ROS formation triggers
induction of apoptosis there-by inhibiting the growth of
cancer cells. This shows the potent anti-cancer property
of CNH-SeNP and CNH-SeNC while being biological
compatible to normal cells.

The ICso value for CNH-SeNC was found to be
24.41 pg/mL which is lower compared to 31.11 pg/mL
for CNH-SeNP proving the better efficiency of
synthesised selenium nanocomposites over selenium
nanoparticles. According to the earlier study, the PEG-
SeNPs have greater inhibitory effect on R-HepG2 (Drug-
resistance form of liver cancer cell line) with the rate of
viability 14.8% at 16 ug/mL while the free form of SeNPs
exhibited 88.9% at 12 pg/mL which was significantly
lower in comparison to PEG-SeNPs thus proving the
synergistic effect of PEG. ICso value showing anti-cancer
effect was at 3.27 ug/mL for PEG-SeNPs showing the
remarkable efficiency of the sample [52].

Hence, our research outcome reveals the bio-
potential efficiency of Cocos nucifera haustorium-based
selenium nanoparticles and nanocomposite infused with
PEG on HepG2 cells. Besides, their effective anti-
inflammatory property and bio-compatibility were also
studied. Further investigations have to be carried out in
the future to detail the in-vitro studies.

5. Conclusion

Fabrication of nanoparticles can be done using
various species of plants, considering their disease-
healing potency. The green synthesis technology
encompasses the combination of plant’s extract to salts
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of selenium to design SeNP. In current research work,
Cocos nucifera haustorium was used as a biological
source to produce CNH-SeNP. The incorporation of
PEG further enhanced the bioavailability and biomedical
efficacy of selenium nanoparticles. Both CNH-SeNP and
CNH-SeNC were characterised by various methods
namely, UV-visible, XRD, SEM-EDX and FTIR. An
investigation of their therapeutic effects was followed. It
was found that they exhibit efficient antioxidative, anti-
inflammation and anticancer potency. Besides,
anticancer activity was studied in HepG2 cells, which
showed that the cells were fragmented and got shrunk
by the effect of CNH-SeNP and CNH-SeNC. It is
predominantly seen that the synthesised nanomaterials
from haustorium caused apoptosis in HepG2 cells
without destroying the normal cells. Further, the findings
from this investigation pay the way forward for the
utilisation of plants in synthesising nanomaterials, which
play a crucial role in combating human health.
Henceforth, taking into consideration their potent
pharmacological effect and bio-compatibility of CNH-
SeNP and CNH-SeNC synthesised from haustorium of
Cocos nucifera, they can be affirmed as a potential
candidate in the stream of herbal based nano-
medicines.

6. Future scope of the study

Our research outcomes revealed the
remarkable in vitro results which can be further improved
in the future by conducting in-depth studies that can
provide insights to further understanding of the
mechanism of action of CNH-SeNP and CNH-SeNC. In
depth approach in future should focus on in vivo studies
to validate the pharmaceutical property of CNH-SeNP
and CNH-SeNC in biological systems. Furthermore, the
mode of molecular mechanisms accounting for the
antioxidant, anti-inflammatory, and anticancer activities
need to be evaluated at the cellular and molecular levels.
In addition, the potential of CNH-SeNP and CNH-SeNC
in targeted drug delivery towards cancer cells can be
analysed. These future approaches will pave the way for
developing CNH-SeNP and CNH-SeNC as effective
nano-formulations for multi-faceted therapeutical
applications.
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