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Abstract

The antibacterial, antifungal, antiviral, antioxidant, and antitumor properties of biosynthesized titanium
nanoparticles from isolated and identified Saccharopolyspora spinosa were tested in vitro. Investigation of
ultrastructural changes in microbes treated by TiO, nanoparticles. Elucidation of the role of titanium
nanoparticles in enhancing the apoptotic rate of tumour cells and ensuring their minimal cytotoxicity.
Actinomycete was isolated from animal compost specimen in starch nitrate agar medium and identified using
cultural and morphological features. Actinomycete was tested to synthesize TiO, nanoparticles where S. spinosa
were the most successful isolate to produce nanoparticles and its identification has been done by genetic tools and
deposited in genebank. Titanium dioxide nanoparticles were characterized by UV, XRD, EDX, FTIR, TEM,
particle size and zeta potential. Antioxidant action of TiO,NPs was evaluated using DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay. Antitumor action of TiO,NPs versus A549 cells. Apoptotic rate was evaluated using flow
cytometry. Antibacterial, antifungal and antiviral roles of TiO,NPs were determined. The alteration in the most
affected microorganisms were examined using transmission electron microscope. S. spinosa was isolated and
identified using various morphological and molecular tools and deposited in gene bank with accession number
(OP315279.1). White suspension of TiO, nanoparticles could be seen with spherical shape. TiO, nanoparticles
has promising antioxidant impact with 1Csy = 78.35 + 2.59 pg/ml, as well as antitumor action versus A542 cells
with 1C50= 96.12+ 3.64 upon acceleration of apoptotic rate. TiO, nanoparticles has minimal toxicity versus Vero
cells with CCs, = 402.94+ 14.76 pg/ml. TiO, nanoparticles has promising antimicrobial impact versus Proteus
vulgaris, Candida albicans and Heptitis A virus which confirmed by ultrastrucute examination. S. spinosa have
the capability to produce TiO, nanoparticles with pleotropic biomedical applications to be verified by in vivo
studies.
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organisms [3, 4]. The biological-mediated

1. Introduction production of nanoparticles using biological
Nanoparticles are emerging swiftly in the sources  offers one potential means  of
modern  period and have drawn amazing minimizing these negative consequences [5, 6].
attention because of their significant therapeutic Since their creation in the 1990s, titanium
and manufacturing applications [1]. The toxic dioxide (TiO,) nanoparticles (NPs) have been
impact of nanoparticles, their conceivable used in a variety of biomedical sectors,
absorption  methods, and their  detrimental including the preparation of medicinal drugs [7-
effects on living things still need to be better 10]. Current studies have concentrated on using
understood [2]. Moreover, the production of nanoscale titanium, which has a diameter of less
nanoparticles chemically intensifies their than 100 nm, to create non-toxic and efficient
harmful impact on the environment and living tools [11, 12]. Specifically, nanoscale TiO,
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particles have been used in  numerous
biomedical applications due to their unique
therapeutic  features, which include resistance
and biocompatibility with body tissues [13, 14].
NPs may have a variety of non-specific effects
on intracellular organelles and extracellular
microenvironments. There hasn't been much
research done on how metal oxide NPs affect
the  cellular  microenvironment and  tissue
physiology. For appropriate therapies to be
developed, a thorough investigation of the
anticancer action is necessary [15-18].
Saccharopolyspora is a genus that belongs
to the Pseudocardiaceae family [19-21]. It could
be isolated from different habitats, while soil is

2.Experimental:

2.1. Acquisition of specimen for isolation of
actinomycete

Using a serial dilution method, actinomycete isolate
was obtained from the animal compost specimen
[28]. Starch-nitrate agar, Inorganic-trace salt- starch
agar, Glycerol asparagine agar, Yeast extract- malt
extract agar, Oatmeal agar, Tryptone yeast extract
broth, and Peptone yeast extract iron agar media
(ThermoScientific ™) were the media used for the
isolation. Specimen was placed on three plates, which
were incubated for 7 days at 30 °C. Actinomycete on
the plates had their growth periodically monitored.
On the basis of color, dryness, toughness, and
convexity, the colonies that formed were chosen and
cleansed [29]. For additional investigation, the pure
colonies were selected, separated, sub-cultured,
cleaned, and maintained at 4 °C in starch nitrate agar
slants.

2.2. Assessing isolated actinomycete capacity to
produce titanium dioxide nanoparticles
Actinomycete specimen was allowed to develop in
100 ml starch nitrate broth medium for 7 days at 30
°C with 150 rpm shaking. This culture was
considered the origin culture. A volume of 75ml of
starch nitrate broth medium was added after 25ml of
the original culture had been diluted four times. This
diluted culture solution was again allowed to grow
for another 7 days. 20 ml 0.0025M [Ti(OH),]
titanium tetraisopropoxide was added to the broth
culture and maintained in a bath for ~20min at 60°C.
A white deposition was seen at the bottom of the
flask, suggesting the beginning of the conversion. At
30° C, the actinomycetes-containing broth culture
was incubated. After 12-48 hours, a clearly
coalescent white cluster floating in the media in the
broth culture was found, demonstrating the formation
of TiO2 NPs [30-32].

2.3. Characterization of TiO,-NPs
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Saccharopolyspora's important source [22-24].
Several bioactive secondary metabolites can be

produced by Saccharopolyspora species [25,
26]. A family of insecticides known as
spinosyns is derived from Saccharopolyspora

spinosa. They cause the nicotinic acetylcholine
receptors to  become active, acting as
neurotoxins [27].

The titanium nanoparticles used in this work were
produced by S. spinosa. The formed nanoparticles
were thoroughly described, and in vitro testing of
their antioxidant, anticancer, antimicrobial, and
properties was conducted to demonstrate their
possible therapeutic usefulness.

The biosynthesis of TiO, nanoparticles in the
broth  medium was tested by recording UV
absorbance by  spectrophotometer (JENWAY
6305, Germany). The crystalline structure of the
TiO, nanoparticles were detected using X-ray
diffraction (XRD) (Bruker, Germany) with
CuKa radiation (1.5406 A) in the 20 scan range
of 10-90°. TEM was conducted using
(JEOL1010, Japan) to test the shape and size of
the nanoparticles. FTIR spectrum of TiO2
nanoparticles was detected on Fourier
Transform Infrared spectrophotometer (Bruker,
Germany) in the region of 4000 to 500 cm-1.
The EDX microanalysis was shown using an X-
ray  micro-analyzer  (Oxford 6587 INCA)
connected to a JEOL JSM-5500 LV scanning
electron microscope. Particle size and zeta
potential were detected using Zetasizer Nano ZS
[33-35].

2.4. ldentification of actinomycete producing
TiO, nanoparticles

According to its cultural and morphological
traits, the strain that can manufacture Ti-NPs
was recognized [36-37].

On a starch agar slant, an actinomycete was
cultivated for seven days. The starch nitrate broth
was inoculated with 2 ml of the spore suspension and
cultured on a rotary shaker for 3 days at 200 rpm and
30 °C. Using a PCR Product extraction kit, genetic
material from grown organisms was purified (Qiagen,
Valencia). The DNA sequences were isolated using
an Applied Biosystems 3130 genetic analyzer
(HITACHI, Japan). A BLAST® analysis (Basic
Local Alignment Search Tool) was first carried out to
determine sequence identity to GenBank accessions.
The primers used in the experiment were F:
AGAGTTTGATCMTGGCTCAG3 and R:
TACGGYTACCTTGTTACGACTT[38]. The
phylogenetic tree was produced using the MegAlign
module of Lasergene DNA Star version 12.1
Phylogenetic analyses was done using maximum
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likelihood, neighbor joining and maximum
parsimony in MEGAG®6 [39, 40].
2.5. Surface Examination
producing TiO, nanoparticles
Scanning electron microscopy (JOEL, Japan) was
used to examine structure of fresh culture of S.
spinosa, according to Sayed et al., [41].

2.6. Testing antioxidant action of produced TiO,
nanoparticles

DPPH test was applied to test antioxidant role of
prepared TiO, nanoparticles where DPPH reagent
was added to specimen to initiate the reaction and left
for 30 minutes at 37°C, then measured at 515 nm.
Ascorbic acid was used as standard [42, 43].

2.7. Antitumor assay of produced TiO,
nanoparticles

The biosynthesized TiO, nanoparticles were
examined for cytotoxic impact on A549
(adenocarcinomic human alveolar basal epithelial
cells). Cells were allowed to attach for 24 hours until
confluence, after which they treated with specimens
at concentrations from 500 to 15.63 pg/mL and left
for 24 hours at 35 °C. Then, the fresh medium was
incorporated and treated with 100 puL of MTT|3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide)] solution (6 mg/mL) for 3 h at
37 °C. Absorbance was detected at 560 nm using a
microplate reader (SunRise TECAN, Inc.,CA, USA).
The images were captured by a digital camera
combined with an inverted microscope (Olympus,
Tokyo, Japan) [44, 45].

2.8. Flow cytometry analysis

Annexin V/propidium iodide staining kit was used to
examine the apoptotic rate. (5x10° cells) for both
Control and treated Cells were examined. Cells were
washed with PBS (phosphate buffer saline),
centrifuged, and floated in annexin V binding buffer
(BD Biosciences, USA) containing annexin V-FITC
at 4 °C in the dark for 30 min. Dot plots for both
specimens were detected using a flow cytometer (BD
Biosciences) [46].

2.9 Cytotoxicity assa

The Vero cells (1x10) were plated in 96-well dishes
with 100 uL of DMEM (Dulbecco's Modified Eagle
Medium) growth media. After being implanted for 24
hours, monolayer cells were transferred using a
pipette into 96 micro-titer plates (Falcon, USA). The
addition of fresh DMEM medium with varying
sample concentrations was then followed by repeated
two-fold dilutions of the test specimen. The plates
were kept moist with 5% CO, for 48 hours at 37 °C.
After crystal violet staining, absorbance at 580 nm
was measured [47].

2.10. Antimicrobial and Minimal
concentration (MIC) of
nanoparticles

The antimicrobial activity of TiO, nanoparticles was
tested using diffusion method to determine the

of actinomycete

inhibitory
produced TiO,
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inhibition zone of specimen against Gram-positive
bacteria, B. subtilis (ATCC6633), and S.
aureus (ATCC25923), as well as Gram-negative
bacteria, E.  coli (ATCC25922), Proteus  vulgaris
(ATCC 13315, (yeast) C. albicans (ATCC
10231), and filamentous fungi Aspergillus fumigatus
(RCMB 002008). Besides, to determine MICs of
TiO,NPs, the efficient concentrations were diluted
repeatedly and evaluated for the most affected
microorganisms (i.e with highest inhibition zones)
[48, 49].

2.11. Antiviral screening of produced TiO, nanoparticles

The impact of TiO, nanoparticles versus HAV was
tested. The virus was propagated and assed in
confluent Vero cells. Infectious viruses were
enumerated by determining the 50% tissue culture
infectious dose with eight wells per dilution and 20ul
of inoculum per well [50, 51].

Monolayers of Vero cells (2x10° cells/ml) attached at
the bottom of micro-titer plate were incubated for 24
h at 37 °C in a humidified incubator with 5% CO2.
The plates were washed with fresh DMEM and
challenged with various doses of HAV virus, and
then the cultures were simultaneously treated with the
tested sample in a fresh maintenance medium;
following this, they were incubated at 37 °C for 48 h.
After the incubation period, the viability of the cells
was determined by MTT assay [52-54].

2.12. Ultrastructure examination

Both control and treaded cells (Candida albicans
and Proteus vulgaris) using TiO, nanoparticles were
fixed by glutaraldehyde for 3 hours. The specimens
were then immersed in 2% osmium tetroxide for
2.5 hours, and the blocks were stained in 1% uranyl
acetate and dehydrated with a different levels of
ethanol. The specimens were incorporated in resin.
The specimens were processed by an ultra-microtome
(Leica, Germany), and the slices then examined on a
transmission electron microscope (JOEL1010, Japan)
[55].

For negative staining, the virus or treated virus
samples by TiO, nanoparicles or standard drug were
deposited in copper grids (EMS, PA, USA). Excess
liquid was blotted away with filter paper; samples
were contrasted using uranyl acetate. The grids were
washed in distilled water and dried on filter paper,
then examined using electron microscopy to detect
virucidal activity [56].

2.13. Statistical Analysis

All  Experiments were performed three times,
with the mean and £SD representing the
outcomes. A statistical study was carried out
utilizing (GraphPad prism, version5, USA). P
<0.05 was considered to be a statistically
significant value when using the T-test analysis.

3.Results
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3.1. The Cultural, morphological features of the
actinomycete isolate

The culture and morphological features of
the isolate were seen on different media as shown in
(Tables 1, 2) and (Fig. 1). The aerial hyphae of the
isolate were white, while the substrate mycelia were
yellow brown on starch nitrate agar. White, spiny,
non-motile spores could be seen of the isolate.

(Fig. 1) Culture Plate of actinomycete isolate.

Table (1) Cultural characteristics of the actinomycete isolate growing on different culture media.

Type of media Growth Color of Color of substrate Color of diffusable
substrate mycelium pigments
mycelium

Starch nitrate Very White Yellow None

good

Inorganic-trace salt- starch agar | Good Whitish pink Yellow None

Glycerol asparagine agar Good White Yellow brown None

Yeast extract- malt extract agar | Good Yellowish Pale brown None
white

Oatmeal agar Moderat | White Yellow None
e
Tryptone yeast extract broth Weak White Pale yellow None
Peptone yeast extract iron Good Whitish pink Yellow brown None
agar

Table (2) Morphological characteristics
of the actinomycete isolate.

Morphological Results
Characteristics

Spore chain Rectus-flexibilis
Spore surface Spiny

Spore mass color | White

Motility Non motile
Color of substrate | Yellow
mycelium

Diffusible pigment | None

3.2. Sequencing analysis
phylogenetic tree

The obtained sequence was compared with the
sequence of Saccharopolyspora sp. to illustrate the
identification of the isolate by alignment of sequence.
Gel Electrophoresis was applied to detect PCR
product as seen in (Fig. 2A), the alignment process
illustrated that this isolate was belong to
Saccharopolyspora spinosa by 99% as shown in
(Fig. 2B). The sequence was submitted to the
GenBank with accession number of: OP315279.1
(https://www.ncbi.nlm.nih.gov/nuccore/op315279)

and generation of

3.3 Surface examination

Scanning images revealed that the isolate
have various features where rectus-flexibilis spiny
spores could be seen as depicted in (Fig. 3A, B)
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Cig. 3) Snni electron micrograph of actinomycetes
isolate (A) The rectus-flexibilis shape of the spore chain
(10000X), (B) The spiny spore surface (50000X).

3.4. Description of TiO,NPs

i. Examination by naked eye

The Dbiosynthesis of Titanium dioxide
nanoparticles by white suspended particles in
the tube as shown in (Figure 4A).
ii. UV-visible spectroscopy
UV screening from 200- 900 nm to investigate
the presence of TiO, nanoparticles where a peak
could be seen at a wave length of 350 nm as
depicted in (Figure 4B).

iii. Examination wusing transmission electron
microscopy

Biosynthesized TiO, nanoparticles
could be examined using transmission electron
microscope. Spherical nanoparticles could be
seen with average diameter of 23.3 nm as
shown in (Figure 4C, Table 3).
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(Fig. 2) (A) Agarose gel electrophoresis of
extracted DNA Saccharopolyspora spinosa. (L:
Ladder, P: Positive control, N: Negative control,
(1, 3) duplicates of S. spinose; (B)Phylogenetic
tree of S. spinosa upon applying neighbor
analysis.

iv. Testing of energy dispersive spectroscopy
Titanium and oxygen elements could

be seen with percentages of 73.49+1.2 and

26.51+£0.63, respectively as major peak upon
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analysis of EDX as depicted in (Figure 4D,
Table 3)
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(Fig. 4) Characterization of blosynthe5|zed TiO,
nanoparticles using S. spinosa (A) Visual examination of
white suspension of TiO, nanoparticles relative to control;
(B) UV-visible spectrum of TiO, nanoparticles; (C)
Spherical nanoparticles by TEM; (D) EDX testing; (E)
FTIR examination.
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Table (3) Various percentages of elements (%) by applying EDX testing and different dimensions of TiO, nanoparticles
synthesized by S. spinosa by TEM (mean + SD).

EDX Means of elements % + Standard Deviation of mean (SD)
Elements Ti (o]
% 73.49+1.2 26.51+0.63
TEM
Count Mean Minimum Maximum S.D
TiO,NPs size 14 23.3 22.5 24.0 1.04

v. FTIR examination : f
FT-IR examination was applied to s )

characterize functional groups of synthesized : ,\,«” "w""»
TiO,-NPs  using S. spinosa metabolites as ] T,
shown in (Figure 4E). While FT-IR spectra of : & L
biosynthesized ~ TiO-NPs illustrated  various - { W

featured peaks  475.05, 790.75, 1143.04, - ) Wy
1357.27, 1431.54, 151242, 1634.21, 1966.91, . '

2059.28 and 2178.22 cm—1. A big broad peak at : : gty
330093 cm—1. 163421 may be belong to e m——
primary amine N-H bond. Peaks at 2059.28, 1500

2178.22 corresponding to C=C and O-H, while

Lo “;‘ | "L;"l
4, .n}’k\"mk b M‘l“ “J H:‘ L';{" | “ \'F,‘f |‘ m
[ i "M

the peaks at 3300.93 could be related to £ 1000
synthesis of titanium dioxide. Thus, TiO,-NPs g
has been formed by different functional groups o 500
in filtrate to reduce titanium to titanium dioxide
NPs. 0 —
] o 0 50 100
vi. XRD examination .
XRD testing could be seen (Figure Size (nm)

5A) represented the structure of synthesized
TiO,-NPs. The peaks of 2 Theta degree are
25.00, 38.72, 48.00, 54.22, 63.71, 46.2036 and
69.59 relative to TiO,NPs synthesized. XRD
analysis showed various peaks as debris of
synthesis process and processed by temperature.

vii. Particle size

The particle size distribution of TiO, NPs could
be seen in (Figure 5B). The particle size of the
TiO, NPs have range in size from 15 to 25nm S
which is a similar results of TEM, while zeta . N . .
potential could be seen at -10 as shown in (Fig. 5) Characterization of biosynthesized

(Figure 5C). Different particles could be seen TiOz nanoparticles using S. spinose (A)

count

Zeta potential mV

with different sizes. XRD analysis; (B) Particle size analysis (C)
3.5. Antioxidant results Zeta potential.

Antioxidant role biosynthesized TiO,

nanoparticles were  investigated using DPPH These results revealed that TiO, nanoparticles

assay where nanoparticles have ICs, = 78.35 %
2.59 pg/ml and while, Ascorbic acid had 1Cs, =
10.21 + 0.77 pg/ml upon applying DPPH as
illustrated in (Fig. 6).

have promising antioxidant role.

Egypt. J. Chem. 67, No.5 (2024)
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3.7. Elucidation the role of TiO,NPs in

150+ apoptosis
To illustrate the role of biosynthesized TiO,
© nanoparticles versus A549 cells by Annexin-V
> staining kit where a dramatic elevation (P<0.05) of
£ 1004 apoptotic rate of A549 cells treated by TiO,
S nanoparticles relative to untreated cells as shown in
§ (Fig. 9)
E 50 1K al ) : [=%]
a8 lo.zz0% 23.1%
a ] . 23.1%
8007_
0 T T Ei[][]—i
0 500 1000 (L.
Concentration pg/ml ]
200 —
(Fig. 6) Antioxidant activity graph of TiO,NPs versus ° 3 oo oo mon o -
ascorbic acid where for TiO,NPs (Black line) 1Cs= 78.35 + FoFo
2.59 pg/ml; While ascorbic acid (red line) ICsq = 10.21 £
0.77 pg/ml (Data are represented as means + S.D). e i i i oz
3.6. Anticancer impact and cellular toxicity 007
of TiO,NPs o0 ]
It was shown that the biosynthesized TiO, @ ]
nanoparticles has promising anticancer impact 400 |
versus A549 cells with 1Csy value = 96.12+ 3.64 ]
pg/ml as depicted in (Fig. 7). Furthermore, B
testing  biosynthesized TiO, nanoparticles on o]
Vero cells reveled to assure its biosafety o 200  apo0 s00 80O 1
showed minimal effect on cells with CCsg, value FeFs
= 402.71 £ 14.76 pg/ml revealed its potency and .
possibility for using it in different applications 80- I 1
as depicted in (Fig. 8) .

Ui debe e B N2

(Fig. 7) Inverted microscopy images for antitumor action of
TiO,NPs versus A549 cells; (A) Control Cells; ((B) Treated
cells using TiO,NPs where 1Cs= 96.12+ 3.64 pg/ml

(Magnification =100x).

(Fig. 8) Inverted microscopy images for cytotoxic impact
of TiO,NPs versus Vero cells; (A) Normal Cells; (B)
Treated cells using TiO,NPs where CCsy= 402.94+ 14.76
pg/ml (Magnification =100x).
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(Fig. 9) Flow cytometric analysis of TiO,NPs using Annexin V
staining kit (A) Non treated A549 Cells; (B) Treated cells using
TiO,NPs; (C) Statistical analysis between control (C) and treated

cells (T) where (*) p<0.05 revealing a significant increase in
apoptotic rate of cancerous cells upon treatment using TiO,NPs.

3.8. Antimicrobial results for TiO,NPs

It could be noticed that TiO, nanoparticles has the
most promising inhibition zone 17.4.0+1.2mm versus
Proteus vulgaris (ATCC 13315) with MIC of 125
pg/ml. Furthermore, the inhibition zone of TiO,
nanoparticles against Candida albicans (ATCC
10231) was 15.3+0.9 mm with MIC of 625 pg/ml as
depicted in (Tables 4, 5).
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Table (4) Investigation of antimicrobial action TiO, nanoparticles on various tested microorganisms.

Smaples — Ti Nps Control
Microgrnasms\ Mean S.D
EUNGI Ketoconazole
Aspergillus fumigatus (RCMB
perg g ( NA i 17
002008)
Candida albicans (ATCC 10231) 15.3 0.9 20+0.4
Gram Positive Bacteria: Gentamycin
Staphylococcus aureus (ATCC
10.4 0.8 24 0.7
25923)
Bacillus subtilis (ATCC6633) 121 +0.6 26 +0.6
Gram Negatvie Bacteria: Gentamycin
Escherichia coli (ATCC 25922) 137 +1.1 30+£0.5
Proteus vulgaris (ATCC 13315) 17.4 +1.2 25+0.6

The test was done using the diffusion agar technique, Well diameter: 6.0 mm (100 pl was tested), ATCC: American type
culture collection :RCMB: Regional Center for Mycology and Biotechnology ;(Positive control for fungi : Ketoconazole:
100 pg/ml); (Positive control for bacteria: Gentamycin: 4pug/ml); *NA: No activity.

L O T S .

Table (5) Minimum Inhibitory concentration (MIC) for
the most affected microorganisms).

Microorganism/ treatment — P[ TiNPs (ug/ml)
Eandida albicans (ATCC 10231) 625
Proteus vulgaris (ATCC 13315) 125

4.9 Antiviral role of TiO,NPs

The antiviral impact of the TiO,NPs versus
Hepatitis A virus (HAV) when tested at
maximum non-cytotoxic level was 37.24 +1.7%
with CCgy of 402.71+14.76 pg/ml relative to
standard  drug(Amantadine)  which  was
83.24+3.18% with CCsy of 5.67+0.41 pg/ml as
depicted in (Figure 10)

4.10. Electron microscopy results

Antibacterial impact of TiO,NPs versus Proteus
vulgaris (ATCC 13315) was confirmed by
electron microscopic examination as shown in
(Figure 11). Untreated Proteus vulgaris could be
seen as organized cells with smooth outer surface
layer and large vacuoles as well as well-
structured internal organelles as shown as shown
in (Figure 11A). While, treatment of Proteus
vulgaris with TiO,NPs destruct outer surface of
bacterial cells and lysis to cellular organelles as
shown in (Figure 11B) with similar impact that
has been done by standard drug which shown in
(Figure 11C).

Egypt. J. Chem. 67, No.5 (2024)
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(Fig. 10) Antiviral impact of TiO,NPs Where (A)
Uninfected Vero cells; (B) Vero cells infected by HAV
virus; (C) Vero cells infected by HAV virus and
treated by TiO,NPs; (D) Vero cells infected by HAV
virus and treated by Standard drug (Magnification
100X).

(Fig. 11) TEM examination of Proteus vulgaris (A)
Control cells; (B) Treated by TiO, NPs and (C)
Treated by standrad dug.

While, anti-candida impact of TiO,NPs versus C.
albicans (ATCC 10231) were examined by
transmission electron microscope as shown in
(Figure 12). A thick and smooth outer surface of
C. albicans in untreated cells (Figure 12A).

Egypt. J. Chem. 67, No. 5 (2024)

While treatment either using standard drug or
TiO, NPs lead to destruction of C. albicans
cellular structure as shown in (Figure 12B, C)
respectively.

(Fig. 12) TEM examination of Candida albicans (A)
Control cells; (B) Treated by TiO, NPs and (C)
Treated by standrad dug.

Furthermore, antiviral impact of TiO,NPs versus
HAV were detected as shown in (Figure 13).
Where untreated virus could be seen as spherical
particles. While treatment using either standard
drug or TiO, NPs lead to destructed surface of
virions as shown in (Figure 13B, C) respectively.
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(Fig. 13) TEM examination of Hepatitis
A virus (A) Control virus; (B) Treated by
TiO, NPs and (C) Treated by standrad
dug.

4.Discussion

The use of nanomaterials as medicines has
become a cutting-edge method for slowing the
progression of several deadly diseases [57].
Green nanoparticles were far less hazardous to
cells than chemical nanoparticles, indicating that
they are secure and might be applied broadly in
therapeutic settings [58]. Several studies have
demonstrated that pathogenic bacteria evolved
protective mechanisms that made them more
challenging to cure, such as resistance genes or
genetic modifications, leading to prolonged
infection with a higher death rate [59]. Because
antimicrobial medications are so widely used,
nosocomial infections have evolved from bacteria

Egypt. J. Chem. 67, No.5 (2024)

that were easily treated to bacteria that are quite
resistant to treatment. The use of nanoparticles in
the treatment against pathogenic microbes is
currently being investigated as a potential
antibiotic substitute [60].

Due to their unique physicochemical
characteristics, titanium dioxide nanoparticles are
widely used in catalysts, composite materials,
beauty products, semiconductors, cuisine,
paintings, plastics, skincare products, and sewage
treatment systems [61]. Growing fear over TiO,
NPs' possible effects on flora and wildlife has
increased as a result of their presence in the
environment [62]. Many microorganisms were
used to create TiO, nanoparticles with
antimicrobial impact [63].

In the present investigation the
isolated S. spinosa was used to synthesize
TiO, nanoparticles from titanium
tetraisopropoxide. It has been reported that
S. spinosa frequently produces tetracyclic
macrolides that are powerful versus target
insects with a high safety profile [64]. Kaur
et al., [65] reported that TiO, NPs can be
employed as inducers of soil mico-nutrients
and microbiological movements at trace
amounts.

In  this work S. spinosa was
identified using cultural, morphological and
genetic tools and generation of phylogenetic
tree indicating 99 % of similarity to this
actinomycte. Several investigators employed
molecular markers to  pinpoint  certain
actinomycete strains that produced naturally
helpful compounds [66]. The biosynthesized
nanoparticles have been visually seen in the
contained with white suspended particles
and examined using UV-visible
spectrophotometer to detect its wave length
of 350 nm and spherical particles with mean
diameter of 23.3 nm where Albukhaty et al.,
synthesize nanoparticle with diameter 14 nm
with many promising applications [67].

Various methods of analysis
including XRD, FTIR, EDX, particle size
and zeta potential illustrated the size and
functional groups of synthesized TiO,
nanoparticles as  documented tools  of
analysis [68]

In the present work titanium
dioxide nanoparticles have shown promising
antioxidant activity. In same line with
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Akinola et al, [69] who reported anti-
oxidative  impact of titanium  dioxide
nanoparticles synthesized by Cola nitida
extract. Furthermore, Mikusova et al., [70]
illustrated the role of TiO,NPs on
antioxidant defence in the blood of mice
which impact immune system.

In the current investigation TiO,
nanoparticles have efficient antitumor
impact versus A549 cell line with minimal
cytotoxicity to be applied with a notable
safety profile. Behnam et al., [71] illustrated
that TiO, NPs were efficient in overcoming
skin tumour as therapeutic application in
animals. Besides, Al-Shabib et al., [72] used
Withania  somniferato  produce  TiO, NPs
with successive toxicity versus HepG2 cell
line.

In this work study titanium dioxide nanoparticles
have promising antibacterial action versus P.
vulgaris by lysis the outer surface of bacterial
cells as seen by transmission electron
microscopy. In same line with Khashan et al.,
[73] who reported impact of TiO2 Nanoparticles
Prepared by Laser Ablation versus Escherichia
coli, Pseudomonas

aeruginosa, and Staphylococcus aureus. Besides,
Nair et al., [74] illustrated that essential oil-
loaded TiO, nanoparticles have synergistic
antibacterial action.

In this investigation prepared TiO,
nanoparticles showed successive anti- C.
albicans role and destruct candidal cells.
Seddighi et al., [75] evaluated antifungal
action of iron- oxide nanoparticles versus
various Candida strains  showing its effective
role in antifungal action. Besides, Shang et
al., [76] confirmed the role of sheets of TiO,
on polyurethane to kill - C. albicans.

The obtained TiO, nanoparticles
showed efficient antiviral role versus HAV.
There are many suggesting mechanisms of
antiviral role direct viral interactions that
stop the virus from infecting the cell and/or
interactions with receptors or cell surfaces
that stop the virus from penetrating host
cells and/or blocking viral replication, or
other programs that stop the virus from
spreading [77]. Additionally, Miyauchi et al.
[78] showed that the catalyst containing
titanium dioxide decrease viral
pathogenicity through its capping impact.

The present results reported the
different possible applications of
nanoparticles prepared by biological

Egypt. J. Chem. 67, No. 5 (2024)

protocols as reported by other investigators
[79-81].

5.Conclusions

The current work revealed that that S. spinosa
could be used in synthesis of titanium oxide
nanoparticles with antioxidant impact, antitumor
impact versus alveolar cancer cell line activity by
enhancing apoptosis, antibacterial impact versus
P. vulgaris anti- C. albicans and anti-HAV
impact for future in vivo and pharmaceutical
applications.

6.Conflicts of interest
“There are no conflicts to declare”.

7.Formatting of funding sources
Non applicable

8.Acknowledgments
Non applicable

9.References
[1] M. A. Kakakhel, W. Sajjad, F. Wu, N. Bibi,

K. Shah, Z. Yali, W. Wang, Green synthesis
of silver nanoparticles and their shortcomings,
animal blood a potential source for silver
nanoparticles: A review, J. of Hazardous
Materials Advances; 1, 100005 (2021).
doi.org/10.1016/j.hazadv.2021.100005.

[2] H. Calipinar, D. Ulas. Development of
Nanotechnology in the World and
Nanotechnology  Standards in  Turkey.
Procedia  Comput. Sci.; 158: 1011-
1018 (2019). https://doi

Deng, H. Hwang. The current application of
nanotechnology in food and agriculture. J.
Food Drug Anal.; 27: 1-21 (2019).
https://doi.org/10.1016/j.jfda.2018.12.002

[4]V. Gubala, L.J. Johnston, Z. Liu, H. Krug, C.J.
Moore, C.K. Ober, M. Schwenk, M. Vert
Engineered nanomaterials and human health:
Part 1. Preparation, functionalization and
characterization (IUPAC Technical
Report).Pure  Appl.  Chem.; 90:  1283-
1324155 (2018), https://doi.org/10.1016/j.wn
eu.2018.11.035

[5] K. Viswanathan, S.R. Rajaram
Manoharan, S. Subramanian, A. Moon.Nanot
echnology in Spine Surgery: A Current
Update and Critical Review of the Literature.


https://doi.org/10.1016/j.hazadv.2021.100005
https://doi.org/10.1016/j.jfda.2018.12.002
https://doi.org/10.1016/j.wneu.2018.11.035
https://doi.org/10.1016/j.wneu.2018.11.035

120

.M. M. Abou El-Enain et.al.

World  Neurosurg, 123: 142-155  (2019).
https://doi.org/10.1016/j.wneu.2018.11.035
[6] E.J.Chung, L. Leon, C.B.T.-N.for B.A.
Rinaldi (Eds.), Chapter 1 - A brief history of
nanotechnology  and introduction  to
nanoparticles for biomedical applications.
Micro Nano Technol; 1-4, (2020).
https://doi.org/10.1016/B978-0-12-816662-

8.00001-1

[7] T. Maier, H.C. Korting. Sunscreens - which
and what for? Skin Pharmacol Physiol.;
18(6):253-62. (2005) doi:
10.1159/000087606.

[8] A. Weir, P. Westerhoff, L. Fabricius, K.
Hristovski, N. von Goetz. Titanium dioxide
nanoparticles in food and personal care
products. Environ Sci Technol; 46: 2242
50(2012). doi: 10.1021/es204168d.

[9] P. Tucci, G. Porta, M. Agostini, D. Dinsdale,
I. lavicoli, K. Cain, et al. Metabolic effects of
TiO, nanoparticles, a common component of
sunscreens and cosmetics, on human
keratinocytes. Cell Death Dis.; 4: €549(2013).
doi: 10.1038/cddis.2013.76.

[10] D. Buser, N. Broggini, M. Wieland, R.K.
Schenk, A.J. Denzer, D.L. Cochran, et
al. Enhanced bone apposition to a chemically
modified SLA titanium surface.J Dent
Res. 83: 529-33 (2004). doi:
10.1177/154405910408300704.

[11] J. Ferin, G. Oberdorster. Biological effects
and toxicity assessment of titanium dioxides:
anatase and rutile. Am Ind Hyg Assoc J.; 46:
69-72(1985). doi:
10.1080/15298668591394419.

[12] R.B. Baggs, J. Ferin, G.
Oberdorster. Regression of pulmonary lesions
produced by inhaled titanium dioxide in
rats. Vet  Pathol.; 34: 592-7(1997). doi:
10.1177/030098589703400607.

[13]. F. Schwarz, D. Ferrari, M. Herten, 1.
Mihatovic, M. Wieland, M. Sager, et
al. Effects of surface hydrophilicity and
microtopography on early stages of soft and
hard tissue integration at non-submerged
titanium implants: an immunohistochemical
study in dogs.J Periodontol.; 78: 2171-
84(2007). doi: 10.1902/jop.2007.070157.

[14] G. Raja, S Cao, D.H. Kim, T.J. Kim.
Mechanoregulation of titanium dioxide

Egypt. J. Chem. 67, No.5 (2024)

nanoparticles in cancer therapy. Mater Sci
Eng C Mater Biol Appl.; 107:110303. (2020)
doi: 10.1016/j.msec.2019.110303.

[15] P.J. Lu, S.W. Fang, W.L. Cheng, S.C.
Huang, M.C. Huang, H.F. Cheng.
Characterization of titanium dioxide and zinc
oxide nanoparticles in sunscreen powder by
comparing different measurement methods. J
Food Drug Anal. ;26(3):1192-1200(2018).
doi: 10.1016/j.jfda.2018.01.010.

[16] S.S. Lucky, K.C. Soo, Y. Zhang.
Nanoparticles in photodynamic therapy.
Chem Rev. ;115(4):1990-2042 (2015). doi:
10.1021/cr5004198.

[17] N.M. Sakhrani, H. Padh. Organelle
targeting: third level of drug targeting. Drug
Des Devel Ther.; 7:585-99 (2013). doi:
10.2147/DDDT.S45614.

[18] X.S. Hou, H.S. Wang, B.P. Mugaka, G.J.
Yang, Y. Ding. Mitochondria: promising
organelle targets for cancer diagnosis and
treatment.  Biomater  Sci.  ;6(11):2786-
2797(2018) doi: 10.1039/c8bm00673c.

[19] T.M. Embley, J. Smida, E. Stackebrandt.
The phylogeny of mycolate-less wall
chemotype 1V actinomycetes and description
of Pseudonocardiaceae fam. nov. Syst Appl
Microbiol.; 11:44-52
(1988).doi.org/10.1016/S0723-
2020(88)80047-X

[20] E. Stackebrandt, F.A. Rainey, N.L. Ward-
Rainey. Proposal for a new hierarchic
classification  system, Actinobacteria classis
nov. Int J Syst Bacteriol.; 47:479-491 (1997).
https://doi.org/10.1099/00207713-47-2-479

[21] X.Y. zhi, W.J. Li, E. Stackebrandt. An
update of the structure and 16S rRNA gene
sequence-based definition of higher ranks of
the class Actinobacteria, with the proposal of
two new suborders and four new families and
emended descriptions of the existing higher
taxa. Int J Syst Evol Microbiol.; 59:589-608
(2009). doi: 10.1099/ijs.0.65780-0.

[22] Z.H. Zhou, Z.H. Liu, Y.D. Qian, S.B. Kim,

M. Goodfellow. Saccharopolyspora
spinosporotrichia sp. nov.,, a novel
actinomycete from soil. Int J Syst

Bacteriol.;48 Pt 1:53-8 (1998). doi:
10.1099/00207713-48-1-53.


https://doi.org/10.1016/j.wneu.2018.11.035
https://doi.org/10.1016/B978-0-12-816662-8.00001-1
https://doi.org/10.1016/B978-0-12-816662-8.00001-1
https://doi.org/10.1016/S0723-2020(88)80047-X
https://doi.org/10.1016/S0723-2020(88)80047-X
https://doi.org/10.1099/00207713-47-2-479

IN VITRO TESTING OF MULTI-THERAPEUTIC APPLICATIONS OF BIOSYNTHESIZED TITANIUM......... 121

[23] Z. Lu, Z. Liu, L. Wang, Y. Zhang, W. Qi,
M. Goodfellow. Saccharopolyspora flava sp.
nov. and Saccharopolyspora thermophila sp.
nov., novel actinomycetes from soil. Int J Syst
Evol  Microbiol.;  51:319-325  (2001).
doi: 10.1099/00207713-51-2-319

[24] LJ. Yuan, Y.Q. Zhang, Y. Guan, Y.Z. Q.P.
Wei, LY. Yu, WJ. Li, Y.Q Zhang.
Saccharopolyspora antimicrobica sp. nov., an
actinomycete from soil. Int J Syst Evol
Microbiol.; 58:1180-1185.
(2008).https://doi.org/10.1099/ijs.0.65532-0

[25] HJ. Kim, JA. White-Phillip, Y.
Ogasawara, N. Shin, E.A. Isiorho, H.W. Liu.
Biosynthesis of spinosyn
in Saccharopolyspora spinosa: synthesis of
permethylated rhamnose and characterization
of the functions of SpnH, Spnl, and SpnK. J
Am Chem Soc.; 132:2901-2903 (2010).
https://doi.org/10.1021/ja910223x

[26] M. Sun, J. Ou, W. Li, C. Lu. Quinoline and

naphthalene derivatives
from Saccharopolyspora sp. YIM M13568. J
Antibiot.; 70:320-322

(2017).https://doi.org/10.1038/ja.2016.142

[27] L. Bacci, D. Lupi, S. Savoldelli, B.
Rossaro. "A review of Spinosyns, a derivative
of biological acting substances as a class of
insecticides with a broad range of action
against many  insect  pests".J. of
Entomological and Acarological Res.; 48 (1):
40 (2016).doi:10.4081/jear.2016.5653

[28] K.K. Gupta, D. Rana. Isolation and
evaluation of cow dung bacteria for their
antimicrobial potential. Biotechnol.
Int. ;9(2):47-54 (2016).

[29] H.S. Chaudhary, J. Yadav, AR.
Shrivastava, S. Singh, A.K. Singh, N.
Gopalan. Antibacterial activity of
actinomycetes isolated from different soil
samples of Sheopur (A city of central India). J
Adv Pharm Technol Res.;4(2):118-23 (2013).
doi: 10.4103/2231-4040.111528.

[30] K.S. Landage, G.K. Arbade, P. Khanna, et
al. Biological approach to synthesize TiO2
nanoparticles using Staphylococcus aureus for
antibacterial and antibiofilm applications. J
Microbiol Exp.; 8(1):36-43 (2020) doi:
10.15406/jmen.2020.08.00283

[31] S.S. Imteyaz, S.M. Baranya, A. J. S.N.
Weldegebrieal, G. K.Fatimah, Oh, Won-

Egypt. J. Chem. 67, No. 5 (2024)

Chun. "A comprehensive review on green
synthesis of titanium dioxide nanoparticles

and their diverse biomedical
applications" Green Processing and
Synthesis; 11(1) 44-63

(2022). https://doi.org/10.1515/gps-2022-
0005

[32] M.S. Waghmode, A.B. Gunjal, J.A. Mulla
et al. Studies on the titanium dioxide
nanoparticles: biosynthesis, applications and
remediation. SN Appl. Sci. 1, 310 (2019).
https://doi.org/10.1007/s42452-019-0337-3

[33] S. Albukhaty, L. Al-Bayati, H. Al-
Karagoly, S. Al-Musawi. Preparation and
characterization ~ of  titanium  dioxide
nanoparticles and in vitro investigation  of
their cytotoxicity and antibacterial activity
against Staphylococcus

aureus and Escherichia coli. Anim
Biotechnol.;33(5):864-870  (2022).  doi:
10.1080/10495398.2020.

[34] A. Mansoor, M.T. Khan, M. Mehmood, Z.
Khurshid, M.1. Ali, A. Jamal. Synthesis and
Characterization ~ of  Titanium  Oxide
Nanoparticles with a Novel Biogenic Process
for Dental Application. Nanomaterials (Basel)
;12(7):1078 (2022). doi:
10.3390/nan012071078.

[35] A. Mansoor, Z. Khurshid, M.T. Khan, E
Mansoor, F.A. Butt, A. Jamal, P.J. Palma.
Medical and Dental Applications of Titania
Nanoparticles: An Overview. Nanomaterials
(Basel);12(20):3670 (2022). doi:
10.3390/nan012203670.

[36]R.E. Buchanan, N.E. Gibbson (Eds.), Bergey'
s manual of determinative bacteriology (8th
ed.), Williams&Wilkins, Baltimore (1974), 10
.1111/j.1550-7408.1975.tb00935.x

[37]W.R. Hensyl,

J.G. Holt, S.T. Williams (Eds.), Bergey's
manual of systematic bacteriology (9th
ed.), Williams & Wilkins, Baltimore (1994)

[38] L. Lagacé, M. Pitre, M. Jacques, D. Roy.
Identification of the bacterial community of
maple sap by using amplified ribosomal DNA
(rDNA) restriction analysis and rDNA
sequencing. Appl Environ
Microbiol.;70(4):2052-60 (2004). doi:
10.1128/AEM.70.4.2052-2060.2004.


http://dx.doi.org/10.1099/00207713-51-2-319
https://doi.org/10.1099/ijs.0.65532-0
https://doi.org/10.1021/ja910223x
https://doi.org/10.1038/ja.2016.142
http://www.pagepressjournals.org/index.php/jear/article/view/5653
http://www.pagepressjournals.org/index.php/jear/article/view/5653
http://www.pagepressjournals.org/index.php/jear/article/view/5653
http://www.pagepressjournals.org/index.php/jear/article/view/5653
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.4081%2Fjear.2016.5653
https://doi.org/10.1515/gps-2022-0005
https://doi.org/10.1515/gps-2022-0005
https://doi.org/10.1007/s42452-019-0337-3
https://doi.org/10.1111/j.1550-7408.1975.tb00935.x
https://doi.org/10.1111/j.1550-7408.1975.tb00935.x

122

.M. M. Abou El-Enain et.al.

[39]J.D. Thompson, D.G. Higgins, T.J. Gibson,
W. Clustal. Improving the sensitivity of
progressive multiple sequence alignment
through sequence weighting, position-specific
gap penalties and weight matrix choice.
Nucleic Acids Res, 22 (22) pp. 4673-4680
(1994) 10.1093/nar/22.22.4673

[40]K. Tamura, G. Stecher, D. Peterson, A. Filips
ki, S. Kumar.MEGAG: molecular
evolutionary genetics analysis version 6.0.
Mol Biol Evol, pp. 2725-2729,
(2013), 10.1093/molbev/mst197

[41] R. Sayed, N.A. Safwat, B.H. Amin, M.
Yosri. Study of the dual biological impacts of
aqueous extracts of normal and gamma-
irradiated Galleria mellonella larvae. J Taibah
Univ Med Sci.;17(5):765-773. (2022). doi:
10.1016/j.jtumed.2021.12.016

[42] Ling LT, Yap SA, Radhakrishnan, AK,
Subramaniam T. Standardized Magifera
indica extract is an ideal antioxidant. Food
Chemistry; 113: 1154-1159 (2009)

[43] E.N. Elbatrawy, E.A. Ghonimy, M.M.
Alassar, F.S. Wu. Medicinal Mushroom
Extracts Possess Differential Antioxidant
Activity and Cytotoxicity to Cancer Cells,
International Journal of Medicinal
Mushrooms; 17(2015).

[44] Y.L. Cheng, W.L. Chang, S.C. Lee, Y.G.
Liu, H.C. Lin, C.J. Chen, C.Y. Yen, YuD.S,,
Lin S.Z, Harn H.J. Acetone Extract of
Bupleurum Scorzonerifolium Inhibits
Proliferation of A549 Human Lung Cancer
Cells via Inducing Apoptosis and Suppressing
Telomerase  Activity. Life  Sci. ;73:2383—
2394, (2003) doi: 10.1016/S0024-
3205(03)00648-9.

[45] H.Y. Ahmed, S.M. Kareem, A. Atef, N.A.
Safwat, R.M. Shehata, M. Yosri, M. Youssef,
M.M. Baakdah, R. Sami, R.S. Baty, N.H.
Alsubhi, G.l. Alrefaei, A.A. Shati, F.G.
Elsaid. Optimization of Supercritical Carbon
Dioxide Extraction of Saussurea costus Qil
and Its Antimicrobial, Antioxidant, and

Anticancer Activities. Antioxidants
(Basel);11(10):1960(2022). doi:
10.3390/antiox11101960.

[46] M. Yosri, M.M. Elaasser, M.M. Abdel-
Aziz, M.M. Hassan, A.H. Alghtani, N. Al-

Egypt. J. Chem. 67, No.5 (2024)

Gabri, B. A.A. Ahmed, A. Pokoo-Aikins,
H.A. Basma. Determination of Therapeutic
and Safety  Effects  of Zygophyllum
coccineum Extract in Induced Inflammation
in Rats. BioMed Research International,
Article  ID 7513155, 17  (2022).
https://doi.org/10.1155/2022/7513155.

[47] R. Al-Salahi, I. Alswaidan, H.A. Ghabbour,
E. Ezzeldin, M. Elaasser, M. Marzouk.
Docking and Antiherpetic Activity of 2-
Aminobenzo[de]-isoquinoline-1,3-diones.
Molecules; 20,3,5099-5111(2015).

[48] A. Smania, F.D. Monache, E.d.F.A.
Smania, R.S. Cuneo. Antibacterial Activity of
Steroidal Compounds Isolated
from Ganoderma  applanatum (Pers.) Pat.
(Aphyllophoromycetideae) Fruit Body. Int. J.
Med.  Mushrooms;  1:325-330  (999)
doi: 10.1615/IntIMedMushr.v1. i4.40.

[49] M. Yosri, H. Basma, N. Nermine, S. Amal,
M. Sayed, M. Nagwa. Identification of novel
bioactive compound derived from rheum
officinalis against Campylobacter jejuni
NCTC11168. Sci  Wor J. ;3591276(2020).
doi: 10.1155/2020/3591276.

[50] R.M. Pinto, J.M. Diez, A. Bosch. Use of the
colonic carcinoma cell line CaCo-2 for in vivo
amplification and detection of enteric viruses.
J Med Virol.; 44, 310-315(1994).

[51] W. Randazzo, J. Piqueras, J. Rodriguez-
Diaz, R. Aznar, G. Sanchez. Improving
efficiency of viability-gPCR for selective
detection of infectious HAV in food and
water samples. Journal of  Applied
Microbiology. (2017). doi:
10.1111/jam.13519

[52] Mosmann, T Rapid colorimetric assay for
cellular growth and survival: Application to
proliferation and cytotoxicity assays. J.
Immunol. Methods; 65, 55-63(1983)

[53] J.M. Hu, G.D. Hsiung. Evaluation of new
antiviral agents I: In vitro prospective.
Antivir. Res., 11, 217-232(1989).

[54] R. Al-Salahi, I. Alswaidan, H.A. Ghabbour,
E. Ezzeldin, M.M. Elaasser, M. Marzouk.
Docking and Antiherpetic Activity of 2-
Aminobenzo[de]-isoquinoline-1,3-diones.
Molecules; 20, 5099-5111  (2015).;
d0i:10.3390/molecules20035099


https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1155/2022/7513155

IN VITRO TESTING OF MULTI-THERAPEUTIC APPLICATIONS OF BIOSYNTHESIZED TITANIUM......... 123

[65] L. Teodori, F. Tagliaferri, F. Stipa,
M.G.Valente, D. Coletti, A. Manganelli, et al.
Selection, establishment and characterization
of cell lines derived from a chemically-
induced rat mammary heterogeneous tumor,
by flow cytometry, transmission electron

microscopy, and
immunohistochemistry. In Vitro  Cell Dev
Biol Anim.;36:153-162(2000)

doi: 10.1290/1071-
2690(2000)036<0153:SEACOC>2.0.CO;2.
[56] R. Milan Bonotto, F. Boni, M. Milani, A.
Chaves-Sanjuan, S. Franze, F. Selmin, T.
Felicetti, M. Bolognesi, S. Konstantinidou,
M. Poggianella, C.L. Mérquez, F. Dattola, M.
Zoppe, G. Manfroni, E. Mastrangelo, A.
Marcello.  Virucidal ~ Activity of the
Pyridobenzothiazolone Derivative HeE1-17Y
against Enveloped RNA Viruses.
Viruses;14(6):1157(2022) doi:

10.3390/v14061157.

[57] S.S. Ali, R. Al-Tohamy, E. Koutra, M.S.
Moawad, M. Kornaros, Mustafa, A.M.
Y.A.G. Mahmoud, A. Badr, M.E. Osman, T.
Elsamahy, et al. Nanobiotechnological
advancements in agriculture and food
industry:  Applications, nanotoxicity, and
future perspectives. Sci. Total Environ. ;
792:148359(2021).doi: 10.1016/j.scitotenv.20
21.148359.

[58] S.S. Ali, M.S. Moawad, M.A Hussein., M.
Azab, E.A. Abdelkarim, A. Badr, J. Sun, M.
Khalil. Efficacy of metal oxide nanoparticles
as novel antimicrobial agents against multi-
drug and  multi-virulent Staphylococcus
aureus isolates from retail raw chicken meat
and giblets. Int. J. Food Microbiol. ;
344:109116(2021).
doi: 10.1016/j.ijfoodmicro.2021.109116.

[59] G. Franci, A. Falanga, S. Galdiero, L.
Palomba, M. Rai, G. Morelli, M. Galdiero.
Silver nanoparticles as potential antibacterial
agents. Molecules; 20:8856-8874(2015)
doi: 10.3390/molecules20058856.

[60] R.D. Freitas, R.B. Dias, M.T.A. Vidal,
L.D.F. Valverde, R.G.A. Costa, AK.A.
Damasceno, C.B.S. Sales, L. de Oliveira
Siquara da Rocha, M.G. Dos Reis, M.B.P.
Soares, et al. Inhibition of CAL27 oral
squamous carcinoma cell by targeting
hedgehog pathway with vismodegib or

Egypt. J. Chem. 67, No. 5 (2024)

itraconazole. Front. Oncol.;
2469:563838(2020).
doi: 10.3389/fonc.2020.563838.

[61] Piao S, He D. Sediment Bacteria and
Phosphorus Fraction Response, Notably to
Titanium Dioxide Nanoparticle Exposure.
Microorganisms.;10(8):1643(2022). doi:
10.3390/microorganisms10081643.

[62] Sundararaghavan A, Mukherjee A,
Suraishkumar GK. Investigating the potential
use of an oleaginous bacterium, Rhodococcus
opacus PD630, for nano-TiO, remediation.
Environ Sci Pollut Res Int.;27(22):27394-
27406(2020). doi:  10.1007/s11356-019-
06388-0.

[63] Hkeem Ibrahem K, Ali FA, Abdulla
Sorchee SM. Biosynthesis and
characterization with antimicrobial activity of
TiO2  nanoparticles  using probiotic
Bifidobacterium bifidum. Cell Mol Biol
(Noisy-le-grand).;66(7):111-117(2020).

[64] Y. Liang, W. Lu, J. Wen. Improvement of
Saccharopolyspora spinosa and the kinetic
analysis for spinosad production. Appl
Biochem Biotechnol.;152(3):440-8(2009).
doi: 10.1007/s12010-008-8281-5.

[65] H. Kaur, A. Kalia, J. S. Sandhu, G. S.
Dheri, G. Kaur, S. Pathania, Interaction of
TiO, nanoparticles with soil: Effect on
microbiological ~and  chemical traits,
Chemosphere; 301  ,134629, (2022).
https://doi.org/10.1016/j.chemosphere.2022.1
34629.

[66] A. Bizuye, L. Gedamu, C. Bii, E. Gatebe,
N. Maina, "Molecular-Based Identification of
Actinomycetes Species That Synthesize
Antibacterial Silver
Nanoparticles", International ~ Journal  of
Microbiology, vol. 2020, Article 1D 8816111,
17 pages, (2020).
https://doi.org/10.1155/2020/8816111

[67] S. Albukhaty, L. Al-Bayati, H. Al-
Karagoly, S. Al-Musawi. Preparation and
characterization ~ of  titanium  dioxide
nanoparticles and in vitro investigation  of
their cytotoxicity and antibacterial activity
against Staphylococcus
aureus and Escherichia coli. Anim
Biotechnol.;33(5):864-870  (2022).  doi:
10.1080/10495398.2020.1842751.


https://doi.org/10.1016/j.chemosphere.2022.134629
https://doi.org/10.1016/j.chemosphere.2022.134629
https://doi.org/10.1155/2020/8816111

124

.M. M. Abou El-Enain et.al.

[68] M.A. Irshad, R. Nawaz, M.Z.U. Rehman,
M. Adrees, M. Rizwan, S. Ali, S. Ahmad, S.
Tasleem. Synthesis, characterization and
advanced sustainable applications of titanium
dioxide nanoparticles: A review. Ecotoxicol
Environ Saf.;212:111978(2021). doi:
10.1016/j.ecoenv.2021.111978.

[69] P.O. Akinola, A. Lateef, T.B. Asafa, L.S.
Beukes, A.S. Hakeem, H.M. Irshad.
Multifunctional titanium dioxide
nanoparticles biofabricated via phytosynthetic
route using extracts of Cola nitida:
antimicrobial, dye degradation, antioxidant
and anticoagulant activities. Heliyon;6(8):
€04610(2020). doi: 10.1016/j.heliyon.
2020.e04610.

[70] M.L. Mikusova, M. Busova, J. Tulinska, V.
Masanova, A. Liskova, |. Uhnakova, M.
Dusinska, Z. Krivosikova, E. Rollerova, R.
Alacova, L. Wsolova, M. Horvathova, M.
Szabova, N. Lukan, Z. Vecera, P. Coufalik,
K. Krumal, L. Alexa, V. Thon, P. Piler, M.
Buchtova, L. Vrlikova, P. Moravec, D.
Galanda, P. Mikuska. Titanium Dioxide
Nanoparticles Modulate Systemic Immune
Response and Increase Levels of Reduced
Glutathione in  Mice after Seven-Week
Inhalation. Nanomaterials , 13, 767(2023)
https://doi.org/10.3390/nan013040767

[71] M.A. Behnam, F. Emami, Z. Sobhani, A.R.
Dehghanian. The application of titanium
dioxide (TiO,) nanoparticles in the photo-
thermal therapy of melanoma cancer model.
Iran J Basic Med Sci.;21(11):1133-
1139(2018) doi:
10.22038/1JBMS.2018.30284.7304.

[72] N.A. Al-Shabib, F.M. Husain, F.A. Qais, N.
Ahmad, A. Khan, A.A. Alyousef, M. Arshad,
S. Noor, J.M. Khan, P. Alam, T.H. Albalawi,
S.A. Shahzad. Phyto-Mediated Synthesis of
Porous Titanium Dioxide Nanoparticles
from Withania  somnifera Root  Extract:
Broad-Spectrum Attenuation of Biofilm and
Cytotoxic Properties Against HepG2 Cell
Lines. Front Microbiol.;11:1680(2020) doi:
10.3389/fmich.2020.01680.

[73] K.S. Khashan, G.M. Sulaiman, F.A.
Abdulameer, S. Albukhaty, M.A. Ibrahem, T.
Al-Muhimeed, A.A. AlObaid. Antibacterial
Activity of TiO, Nanoparticles Prepared by

Egypt. J. Chem. 67, No.5 (2024)

One-Step Laser Ablation in Liquid. Applied
Sciences; 11(10):4623 (2021).
https://doi.org/10.3390/app11104623

[74] A. Nair, R. Mallya, V. Suvarna, T.A. Khan,
M. Momin, A. Omri. Nanoparticles—
Attractive Carriers of Antimicrobial Essential
Oils. Antibiotics.; 11(1):108 (2022).
https://doi.org/10.3390/antibiotics11010108

[75] N.S. Seddighi, S. Salari, A.R. lzadi.
Evaluation of antifungal effect of iron- oxide
nanoparticles against
different Candida species. IET
Nanobiotechnol.;11(7):883-8(2017). doi:
10.1049/iet-nbt.2017.0025.

[76] C. Shang, J. Bu, C. Song. Preparation,
Antimicrobial Properties under Different
Light Sources, Mechanisms and Applications
of TiO2: A Review. Materials; 15,
5820(2022) https://doi.org/10.3390/
mal5175820

[77] A. Bhatti, R. K. DeLong. Nanoscale
Interaction Mechanisms of Antiviral Activity.
ACS Pharmacol. Transl. Sci.; 6, 2, 220-
228(2023)
https://doi.org/10.1021/acsptsci.2c00195

[78] M. Miyauchi, K. Sunada, K. Hashimoto.
Antiviral Effect of Visible Light-Sensitive
Cu,O/TiO, Photocatalyst. Catalysts;
10(9):1093(2020).https://doi.org/10.3390/cata
110091093

[791 S. R D. Khafaga ;E F. Ewies. Drug
Delivery Systems Designed to maximize The
Therapeutic Efficacy of Herbal Medication a
review article. Egyptian Journal of
Chemistry, 66(5), 477-485. (2023)
doi: 10.21608/ejchem.2023.203996.7822

[80] A.AN. Rana, KAE. Heba, M. H.
Mohamed, M. Afify, M.D.E. Abd El-
Maksoud, A. F. Mohamed; D. S. R. Khafaga,
M.M. Eid. Anticancer effect of Sorafenib-
loaded iron oxide nanoparticles and bee
VENom oOn some genes expression in
hepatocellular carcinoma". Egyptian Journal
of Chemistry, 65, 132, 1477-1487. (2022) doi:
10.21608/ejchem.2022.138553.6104

[81] D. S. Rashwan, M.M. Abd el hamed, M.
Diaa El-deen, M. M. Afify, M. H. Mohamed,
A. F. Mohamed; R. A. Nagy; H. K. A.
Elhakim. "Green Synthesis of Zinc oxide


https://doi.org/10.3390/nano13040767
https://doi.org/10.3390/app11104623
https://doi.org/10.3390/antibiotics11010108
https://doi.org/10.1021/acsptsci.2c00195
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://doi.org/10.3390/catal10091093
https://dx.doi.org/10.21608/ejchem.2023.203996.7822

IN VITRO TESTING OF MULTI-THERAPEUTIC APPLICATIONS OF BIOSYNTHESIZED TITANIUM......... 125

Nanocomposite Using Fusarium oxysporum
and Evaluation of the Anticancer Effect on
Hepatocellular Carcinoma". Egyptian Journal
of Chemistry, 65, 4, 197-207(2022) doi:
10.21608/ejchem.2021.91841.4361

Egypt. J. Chem. 67, No. 5 (2024)



	In this work study titanium dioxide nanoparticles have promising antibacterial action versus P. vulgaris by lysis the outer surface of bacterial cells as seen by transmission electron microscopy. In same line with Khashan et al., [73] who reported imp...
	[77] A. Bhatti, R. K. DeLong. Nanoscale Interaction Mechanisms of Antiviral Activity. ACS Pharmacol. Transl. Sci. ; 6, 2, 220–228(2023) https://doi.org/10.1021/acsptsci.2c00195

