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ABSTRACT

Helicobacter pylori is a significant bacterium with implications for gastrointestinal health, ranging from
benign conditions like gastritis to more serious outcomes such as stomach cancer. The nanomaterials’
applications is regarded as potential remedies for microbial infections. The extarct of Tamarindus indica
(Tamarind) fruits was employed for biosynthesis of selenium nanoparticles (SeNPs). The fruit extract
was used as a good capping and stabilizing agent and allowed the formation of stable nanoparticles.
These Se-NPs were characterized usingUV-Visible spectroscopy (UV-Vis), Fourier transform (FT-IR)
infrared spectroscopy and transmission (TEM) electron microscopy. The FT-IR spectrum confirms the
presence of various functional groups in the aqueous tamirand fruit extract of, which may possibly
influence the reduction process of the nanoparticles. TEM analysis determined that the size of the Se-
NPs ranges from 2.34 to 49.86 nm. The nanoparticle suspension exhibited significant antimicrobial
activity against H. pyloi and able to inhibit the cell growth as revealed by SEM analysis.
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1. Introduction

Nanotechnology is one of the most rapidly developing fields of science in the previous decade
(Bayda et al., 2019). This topic’s research interest is growing, particularly in the field of nanoparticles
(NPs) (particle sizes ranging from 1 to 100 nm) (Khan ez al., 2022). These NPs’ uses have expanded to
the treatment of different complex diseases as well as other domains such as biomedical and food
industries (Mohammad et al., 2022).

Nanotechnology evolved as the achievement of science in the 21st century. The synthesis,
management, and application of those materials with a size smaller than 100 nm fall under the
interdisciplinary umbrella of this field. Nanoparticles have significant applications in different sectors
such as the environment, agriculture, food, biotechnology, biomedical, medicines, etc. like; for
treatment of waste water, environment monitoring, as a functional food additives (Chen et al., 2023),
and as a antimicrobial agents (Islam ef al., 2022).

Bio-nanotechnology has an emerging important scientific role in the development of reliable eco-
friendly techniques for the synthesis of nanoscale biomaterials using natural sources (Shah et al., 2015)

There are several biomolecules or green plant extracts that have already been reported for the
production of different kinds of nanomaterials such as metal nanoparticles, graphene (Sireesh Babu
2017; Sireesh Babu ef al., 2015, 2017a, b, 2018). This is because the production of nanoparticles via
green synthesis has high compatibility, lower toxicity, environmental friendliness, and cost efficiency
compared to the physical and chemical approaches (Pal et al., 2018). The utilization of phytomolecules-
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based NP synthesis is of tremendous interest because it is a reasonably simple and quick procedure that
does not require a reaction environment (Tavangar et al., 2013).

Selenium (Se) is an essential trace element required by many organisms. It is a crucial cofactor
of antioxidant enzymes such as glutathione peroxidases and thioredoxin reductases (Husen et al.,2014
and Srivastava and Mukhopadhyay, 2013). As the selenium nanoparticles (SeNPs) possess
antimicrobial and anticancer properties, they can be used as nanomedicines (Wadhwani et al.,
2016). Also, they exhibit less toxicity as compared to their inorganic and organic counterparts
(Shakibaie et al., 2010).

SeNPs can be produced by chemical, physical, or biological methods and their physicochemical
characteristics depend on the methodology used (Ikram et al., 2021).

In SeNPs biosynthesis process, reducing and stabilizing agents are the main factors.
Biomolecules present in the extracts of plants, such as polysaccharides, phenolic compounds,
flavonoids, tannins, saponins, amino acids, enzymes, proteins, and sugars, are known to be potential
reducing agents of selenium and have medicinal importance. Some authors reported that the used plant
extracts contained phytochemicals that exhibited stabilizing propertiesb (Bartosiak ez al., 2019; Ingole
etal.,2010; Li et al, 2010; Guleria et al., 2020; Alagesan and Venugopal., 2019).

Biological synthesis of SeNPs is safe, eco-friendly, inexpensive and non-toxic (Wadhwani et al.,
2016). The use of plant extracts for the synthesis of nanoparticles might be beneficial over microbial
synthesis by eliminating the extravagant procedures for maintaining cultures. Despite the fact, that a
large number of plants are reported for nanoparticle synthesis, only few reports are available on
phytogenic synthesis of SeNPs. These studies include synthesis using leaf extract of Capsicum
annuum (Li et al., 2007), seed extract of fenugreek (Ramamurthy ez al., 2013), leaf extract of lemon
(Prasad et al., 2013), dried fruit extract of Vitis vinifera (Sharma et al., 2014), leaf extract of Terminalia
arjuna (Prasad and Selvaraj, 2014), flower extracts of Bougainvillea spectabilis (Deepa and Ganesan,
2014), leaf extract of Leucas lavandulifolia (Kirupagaran et al., 2016), leaf extract of Clausena dentate
(Sowndarya et al., 2017), aqueous extract of Allium sativum (Anu et al., 2017), leaf extracts of
Diospyros montana (Kokila et al., 2017), leaf extracts of Psidium guajava (Alam et al., 2018),
polysaccharides from Lycium barbarum and green tea extracts (Zhang et al., 2018).

SeNPs have been synthesized by cell plant and fruit peel extracts as Aloe vera leaf extract
(Fardsadegh and Jafarizadeh-Malmiri., 2019), Eropegia bulbosa Roxb extract (Cittrarasu et al., 2021),
Azolla pinnata (Rajagopal et al., 2021), Withania somnifera leaf extract (Alagesan and Venugopal.,
2019), Diospyros montana leaf extract (Kokila et al, 2017), andcitrus peel (Alvi et al,
2021). Biosynthesis of SeNPs by different plant extracts such as: Allium sativum (Babu et al., 2017),
dried vitis vinifera (Raisin) extract (Sharma et al., 2014), fenugreek seed extract (Ramamurthy et al.,
2013), flower of Bougainvillea spectabilis Willd (Deepa and Ganesan, 2014) have been previously
reported.

The aim of this study was to use the tamirand fruit. aqueous extract in order to prepare SeNPs by
an eco-friendly method. SeNPs were characterized by using various analytical techniques such as: SEM,
UV-Vis spectroscopy and FTIR and to determine its antimicrobial activity against H.pylori.

2. Materials and Methods
2.1. Green Synthesis of Tamarindus indica fruit selenium nanoparticles

The extract was prepared by taking 2 g of Tamarindus indica fruit in 250 mL Erlenmeyer flask
containing 50 ml of hot deionized water for 5 min. Then tamarind was squeezed well. The extract of T.
indica fruit was filtered using Whatman 41 paper and was centrifuged at 7000 rpm for 15 min and stored
at 4°C until using. A 50 mM sodium selenite solution was prepared by adding 86.47 mg sodium selenite
powder to 10 mL of double-distilled water. Then 5 mL of the sodium selenite solution was added
dropwise to 20 mL of an aqueous Tamarind fruit extract under magnetic stirring at room temperature.
The mixture was incubated at room temperature. After 24 h of incubation, the mixture was centrifuged.
1 mL of this solution was used for UV-Vis analysis. The product was washed with dil. H>O/ethanol and
dried overnight. The formation of the Se-NPs was stored at 4-5 °C and submitted to additional testing
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2.2. Characterization techniques
2.2.1. UV-visible analysis.

The UV-visible spectrum of the selenium nanoparticle solution was recorded using a double
beam spectrophotometer (model T80+ UV-Vis spectrophotometer). The absorbance was measured in
the range 200 to 800 nm. The absorbance peak was noted.

2.2.2. Fourier Transform Infrared (FTIR) Spectroscopy

A Fourier transform infrared spectrophotometer (Shimadzu IRAffinity-1, Kyoto, Japan) was used
in order to determined the responsible phytochemical compounds with various functional groups that
act as the reducing and capping agents in the aqueous Tamarind fruit extract and to study their potential
role in the fabrication of T-SeNPs. The T-SeNPs solution was characterized by scanning the spectra in
the range of 4000400 cm™' wavenumbers in KBr pellets.

2.2.3. Transmission (TEM) Electron Microscopy

The transmission electron microscopy (JEOL JEM-F200, Tokyo, Japan) was executed to
determine the size distribution and the exact shape of the T-SeNPs. The T-SeNPs were sonicated and
set carefully on a copper coated grid to be viewed under the microscope.

2.2.4. Helicobacter pylori strains

Two strains of H. pylori strains (i.e ATCC- 700392 and clinical isolate registered in gene bank
with ID: OK298394.1) were employed in current study. The bacteria were routeinly propagated in
ATCC Medium 260 “Trypticase soy agar/broth with defibrinated sheep blood” under microaerophilic
conditions (e.g. 10% CO,,85% Nz and 5% O») at 37 °C.

2.2.5. Antimicrobial activity of Se NPs against H.pylori

The selenium nanoparticles synthesized from Tamarind extract was tested for their antimicrobial
activity by well diffusion method against pathogenic organism. The diffusion in agar test was carried
out in line with the Clinical Laboratory Standard Institute's guideline M51-A2 (Standard NCfCL) with
minor modifications. At 37 °C, the selected bacterial strain was grown for 24 h on Brain heart broth
medium. Bacterial suspension of 1.5 x 10° CFU mL™" was separately prepared, seeded into Columbia
blood agar medium, and poured aseptically into sterilized plates. A 100 uL of 0.01, 0.1 and 1.0 %
concentration (w/v) of T-SeNPs, compared to standard antibiotic (Trio-clar, Sigma Aldrich; 0.1 %
concentration) were pipetted into 6 mm wells in inoculated plates, then plates were put in refrigerator
for 2 h followed by incubation at 37°C for 24 h in a microaerobic atmosphere (10% CO,,85% N, and
5% O) then the inhibition-zone diameter was measured.

2.2.6. Scanning (SEM) electron microscopy imaging of treated bacteria

Bacterial cells (H. pylori OK298394.1) at OD600 = 0.2 were mixed with T-SeNPs (1 mg/mL)
and incubated at 37 °C for 5 h under shaking (agitation 150 rpm). Scanning (SEM) electron microscopy
(JEOL JSM-7600F, Tokyo, Japan) imaging was performed to identify the surface morphology alteration
of treated bacteria. Bacterial cells were collected on by centrifugation and dehydrated with serial ethanol
concentrations, then coated with gold/pladium using a sputter coater before the samples were filled into
their holders.

3. Results
Green Synthesis of Tamarindus indica fruit selenium nanoparticles
Visual observation

Reduction of metal salts into metal nanoparticles by the bio-molecules is always accompanied
by the colour change of reaction medium. In the present study the colourless solution of sodium selenite
is changed in brick red colour after addition of Tamirand extract at 24 hour as shown in Figure 1(A).
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Fig. 1: Color indicators of the mixture of tamarind aqueous fruit extract and selenite solution indicating
their visual color change after interaction (A) and their UV-vis spectra after SeNPs synthesis
(B), for 24 h.

Characterization techniques using UV analysis

The biosynthesized T-SeNPs were primarily characterizedby UV-visible analysis. In general,
wavelengths of light in the range of 200-800 nm are usually used for characterizing various metal
nanoparticles. Therefore, the T- SeNPs were characterized by measuring the absorbance in the
wavelength range from 200 to 800 nm. Figure 1(B) exhibits the UV—vis spectrum of synthesized SeNPs
with maximum absorption at 271 nm.

FTIR Analysis

FTIR was used to analyze the characteristics of the biomolecules that are involved in the
reduction, capping, and stability of selenium metal. As seen in Figure 2, the FTIR spectra of the
tamarind extract revealed a number of functional groups. Some notable characteristic peaks were seen
at3407 cm™', 2931 cm ™', 1633 cm ™', 1408 cm ™', and 1071 cm™'. The tamarind extract produced selenium
nanoparticles show peaks at 3358 cm™, 2923 cm ™', 1742 cm ™', 1415 cm™, and 1069 cm ™.

The extract's spectra showed an intense, sharp peak centered at 3407 cm ™', which was attributed
to the stretching vibration of the N-H group. Additionally, a solitarypeak of C=O of carbonyl group
emerged at 1633 cm ', adjacent to a minuscule peak at 1071 cm™' caused by the stretching vibrations
of -C=0 (ester). These peaks confirmed the existence of Tamarind extract's active ingredients, which
include heterocyclic chemicals (alkanoids, flavonoids, and alkaloids) that serve as SeNPs' capping
agent.However, as Figure 2 illustrates, notable modifications were seen following the incorporation of
selenium nanoparticles. Compared to the FT-IR spectra of pure Tamarind extract, the band locations of
Tamarind extract capped SeNPs at 3358 cm ™', 2923 cm ™', 1069 cm ™', and 1042 cmare slightly moved
to lower wave number. The shift indicated that the creation of SeNPs reduces the strength of —OH
vibration, as evidenced by the broadening of the peaks at 3358 and 2923 cm™'. Following the synthesis
of SeNps, a new peak emerged in 1742, while the intensity of the peak that first emerged at 1633
dropped. The metal-ligand stretching frequency that may arise from biomolecules interacting with the
surfaces of selenium nanoparticles is what causes the peaks at 500 cm ™.
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Fig. 2: FTIR spectra of Tamrind fruit extract and T-SeNPs.

Transmission Electron Microscopy (TEM)

To verify the size and morphology of the synthesized T-SeNPs, TEM analyses of sample Se (e)
were also performed. The high magnification of the TEM image in Figure 3 shows that the T-SeNPs
have an almost spherical shape with different sizes. The TEM image also shows that the T-SeNPs are
well distributed in powder form with slight agglomeration. Figure 3 shows that the diameter of the T-
SeNPs is in the range of 2.34-49.86 nm.
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Fig. 3: TEM imaging of T-SeNPs ‘

Antimicrobial activity of SeNPs against H. pylori

Results illustrated that T-SeNPs exhibited promising antibacterial activity against H.pylori as
compared with the control. The antibacterial activity of T-SeNPs toward H. pylori strains are appointed
in Table 1.

Table 1: Antimicrobial activity of tamarind-synthesized SeNPs against Helicobacter pylori strains

Antibacterial agent (concentration) Inhibition zone (mm)*

H. pylori ATCC- 700392 H. pylori 0K298394.1
T-SeNPs (0.01 %) 10.6 £ 0.8 10.9+ 1.1
T-SeNPs (0.1 %) 153+1.1 16.5+1.5
T-SeNPs (1.0 %) 232+24 25.1+2.38
Trio-clar (0.1 %) 16.7+ 1.3 172+ 1.6

* Diameter are triplicates’ mean included 6 mm (wells diameter) + SD

The T-SeNPs based solutions axhibited notable anti- H. pylori activity, which was correlated
with the nanomaterials concentrations. At the same concentration (i.e. 0.1 %, w/v), the activity of T-
SeNPs was comparable to the standard antibiotic Trio-clar, toward the two cahllenged H. pylori starains.
The strain H. pylori OK298394.1 was generally more susceptible than the standard strain (H. pylori
ATCC- 700392) to the nanomaterial and the antibiotic.

Scanning (SEM) microscopy imaging of exposed bacteria

SEM imaging was applied in order to show changes at bacterial structureupon their interactions
with SeNPs. In medium free of SeNPs, H. pylori was normal in Fig. 4(C). The untreated bacterial cells
were in rod shapes with intact cell structure. SEM images show that H. pylori treated with T- SeNPs to
the medium-induced morphological changes of bacteria cells at the membrane level (Fig. 4-T). Those
changes reflect the formation of irregular cell surface and alteration of cell membrane. Curiously, when
T-SeNPs were added to the bacterial solution, almost no integral cell was observed suggesting the
leakage of the internal cell content. Also, SEM analysis showed that T-SeNPs cause extensive injury of
the bacterial cell membrane and complex morphological changes. Moreover, some cellular debris
associated with the nanoparticles was also detected.
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Fig. 4: (c) SEM imaging of control H. pylori cells and (T) SEM imaging of H. pylori treated with T-
SeNPs.

4. Discussion

The synthesized or fabricated Se nanoparticles were identified visually by time-dependent color
variation during mixture reaction. The solution changes color from pale yellow to brick red. After the
incubation time of 24 hours, no further color variation was observed similar result was obtained by
Rashna et al. (2023). The morphology characteristics of the nanoparticle is achieved by SEM which is
of great impact as morphology always influences most of the nanoparticle properties. Characterization
of structure is significant to study the nature and composition of bond materials. UV-visible
spectroscopy is used for the optical features of T-selenium nanoparticles. The biosynthesized Se
nanoparticles has spherical structures with particle diameter range of in the range of 2.34—49.86 nm.
similar result was obtained by Rashna et al. (2023) he found that the structure morphology of
synthesized Se nanoparticles having average particle size of 50 nm. Another results obtained by some
author like (Shakibaie et al., 2015) also formed spherical Se nanoparticles having huge frequency of
120-140 nm within the range of 80-220 nm. Similar results of SEM at 200 nm were found in (Salem et
al., 2022).

The results of UV visible spectra of T- Se nanoparticles shows absorbance peaks at wavelength
of 271 nm The obtained results of Se nanoparticles are in accordance with absorbance data in literature
(Alagesan & Venugopal, 2019). This can be concluded from the absorbance spectra that biosynthesized
nanoparticles are visible active and can be applied in various fields due to their characteristic sensor
properties.

The FTIR spectra of the tamarind extract revealed a number of functional groups. Some notable
characteristic peaks were seen at 3407 cm ™, 2931 cm™', 1633 cm™', 1408 cm™’, and 1071 cm™'.The
tamarind extract produced selenium nanoparticles show peaks at 3358 cm™', 2923 cm™', 1742 cm,
1415 cm™!, and 1069 cm ™.
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The extract's spectra showed an intense, sharp peak centered at 3407 cm™', which was attributed
to the stretching vibration of the N-H group. Additionally, a solitary peak of C=0O of carbonyl group
emerged at 1633 cm ', adjacent to a minuscule peak at 1071 cm ™' caused by the stretching vibrations
of -C=0 (ester). These peaks confirmed the existence of Tamarind extract's active ingredients, which
include heterocyclic chemicals (alkanoids, flavonoids, and alkaloids) that serve as SeNPs' capping
agent. However, as Figure 2 illustrates, notable modifications were seen following the incorporation of
selenium nanoparticles. Compared to the FT-IR spectra of pure Tamarind extract, the band locations of
Tamarind extract capped SeNPs at 3358 cm ™', 2923 cm ™', 1069 cm ™', and 1042 cm'are slightly moved
to lower wave number. The shift indicated that the creation of SeNPs reduces the strength of -OH
vibration, as evidenced by the broadening of the peaks at 3358 and 2923 cm™'. Following the synthesis
of SeNps, a new peak emerged in 1742, while the intensity of the peak that first emerged at 1633
dropped. The metal-ligand stretching frequency that may arise from biomolecules interacting with the
surfaces of selenium nanoparticles is what causes the peaks at 500 cm '. The transition of selenium
metal ions into selenium nanoparticles may be due to the phytochemicals present in the extract, as
previously mentioned. This finding is supported by Jayaprakash ez al. (2017)

Previous reports have also suggested the role of phytochemicalsas a stabilizing agent for the
synthesis of metal NPs (Coccia et al., 2012).

Phenolic compounds, flavonoids and minerals present in plant materials may facilitate the
synthesis of nanoparticles (Sharma et al., 2014). From the phenols class, flavonoids are predominant
compounds in parsley. In the aqueous extract of parsley leaves, apigenin (4', 5, 7,-trihydroxyflavone),
cosmosiin (apigenin-7-O-glucoside), oxypeucedanin hydrate (coumarin 2"3"-
dihydroxyfuranocoumarin) and apiin (apigenin-7-O-apiosyl-(1 --> 2)-O-glucoside) were detected.

Nanomaterials as antibacterials complementary to antibiotics are highly promising and are
gaining large interest as they might fill the gaps where antibiotics frequently fail. This includes
combatting multidrug-resistant mutants and biofilm (Pelgrift and Friedman, 2013; Zhang e? a/., 2018).
In vitro and in vivo studies have shown that antibacterial nanoparticles can suppress infection (Qu et
al., 2013 and Hashem et al.,, 2022). Furthermore, antimicrobial nanoparticles may harm bacteria in a
variety of ways, making itharder for bacteria to acquire resistance (Huh and Kwon, 2011).

The mechanism of action of metal nanoparticles as antimicrobial agents is attributed to different
mechanisms: (1) metabolic interference via intercellular adenosine triphosphate (ATP) concentrations,
(2) intracellular reactive oxygen species (ROS) concentration modulation, (3) bacterial membrane
depolarization, and (4) bacterial membrane interruption.ATP is an internal energy that is used by all
living organisms. It is an important sourceof energy for respiration and metabolism (Mempin, et al.,
2013). Virulence factors of bacteria, such as sluggish drug absorption and rapid efflux, biofilm
development, and intracellular bacterial parasitism, have been proven to be overcome by these
nanoparticles (Pelgrift and Friedman 2013).

The rapid spread of antibiotic-resistant Mtb strains makes it necessary to search for alternative
treatments. In this sense, the use of nanoparticles with mycobactericidal potential could be especially
interesting, since nanoparticles have a high surface area, which means that they contain a high number
of active sites to be able to interact with biological entities and, on the other hand, they have a high
capacity to penetrate cells and tissues (Lu et al., 2018; Singh et al., 2015). SeNPs have been shown to
have antimicrobial activity against different types of bacteria (Huang et al., 2019).

The limited mechanism has been reported by few references in the antibacterial property of bio-
SeNPs. Beheshti et al., (2013) reported that bio-SeNPs synthesized by Bacillus sp. could induce
apoptosis of protozoe Leishmania major through DNA fragmentation. Besides, observed that the
addition of bio-SeNPs could effectively promote the production of reactive oxygen species (ROS), but
their intensity did not show size- or shape-dependent effect. And other unknown mechanisms still need
to be discovered. However, the antimicrobial activity of other nanoparticles was generally achieved by
the damage of mitochondria, disruption of cell membranes and even interrupting the transmembrane
electron transport.

Henglin et al., 2021 they synthesized spherical bio-SeNPs with an average size of 120 nm were
synthesized by strain Providencia sp. DCX. The SeNPs were further applied to investigate the
antibacterial properties of model bacteria, including Gram-positive (Staphylococcus aureus, Bacillus
cereus and Bacillus subtilis) and Gram-negative bacteria (Pseudomonas aeruginosa, E. coli and Vibrio
parahemolyticus). The biosynthesized SeNPs demonstrated strong inhibition activity against the growth
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of these pathogens. When treated with 500 mg/L. SeNPs, most of the tested bacteria were destructed
within 12 h, among which the mortality rates of Gram-negative bacteria were much better.
The leakage tests illustrated that there existed more proteins and polysaccharides outside the cells after
reacted with bio-SeNPs. It was indicated that the leakages of proteins and polysaccharides were caused
by permeability changes of membranes and the disruption of cell walls. And the change of reactive
oxygen species (ROS) intensity indicated that oxidative damage may play the significant role in the
antibacterial processes.

5. Conclusion

Nano-particles can be produced in a cost-effective manner with no toxic by-products using green
synthesis. The biological technique based on plant extract is the most popular form of green synthesis.
In conclusion, this study has shown that T-SeNPs can be synthesized using the plant extract
of Tamarindus indica. The extract of polyphenol components and the water soluble heterocyclic
components such as alkaloid and flavones were principally responsible for the reduction of selenium
ions and the stabilization of the nanoparticles. FT-IR spectra revealed the presence of reducing groups
in extract for Se NPs synthesis. The synthesized selenium nanoparticles shows spherical shape with
average diameter range is 2.34—49.86 nm.

Green synthesized selenium nanoparticles could be a potential antibacterial agent to treat diseases
caused by H. pylori.
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