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Antimicrobial photodynamic therapy (aPDT) is an approach that was recently used to
combat the resistance developed by pathogens toward antimicrobial drugs. Tecoma stans (L.)
Jus., a prevalent tree in Egypt, was reported to be a promising photosensitizer in PDT. This
study investigates the antimicrobial photodynamic activity of the methanolic crude extract of
Tecoma stans (L.) Juss. ex Kunth loaded in a nano-emulsion as a natural photosensitizer.
Molecular docking and molecular dynamics studies were conducted to investigate the binding
between delphinidin as a promising lead and DNA's active site and to assess its stability
through simulation The nano-emulsion formulation (TSFE-NE) was prepared, characterized,
and evaluated for its antimicrobial photodynamic activities against three types of
microorganisms: Gram-negative bacteria (Escherichia coli), Gram-positive bacteria
(Staphylococcus aureus), and the pathogenic yeast Candida albicans. The percentage of
microbial eradication was calculated after irradiation at 90 Mw/cm?. The microbial eradication
of TSFE-NE was enhanced after light exposure. Eradication percentages of 97.43%, 90.56%,
and 87.77% were obtained for Escherichia coli, Staphylococcus aureus, and Candida albicans,
respectively. These results confirmed the efficacy of natural photosensitizer and nanotechnology
combination for improving antimicrobial photodynamic activities.

Keywords: Tecoma stans flower extract; nano-emulsion; antimicrobial photodynamic therapy;
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INTRODUCTION

The main challenge in treating infectious
diseases is the prevalence of resistance that
microorganisms can rapidly develop against
traditional antimicrobial therapy. Therefore,
finding novel approaches to combat multidrug-
resistant bacteria and fungi is pivotal *. Among
these approaches is photodynamic therapy
(PDT), a two-step approach depending on the
excitation of a photosensitizer (PS) with light
of a specific wavelength in the presence of
tissue oxygen. By supplying oxygen and
projecting the light onto the targeted lesion, the
PS generates reactive oxygen species (ROS),
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ultimately destroying cells 2. PDT is primarily
utilized to treat localized malignant and non-
malignant tumors. However, it has been
reported that PDT holds significant promise in
killing multidrug-resistant pathogenic microbes
2, The ROS generated during PDT irreversibly
destroys the microorganisms' DNA, cell wall,
and biofilmé 7.

Antimicrobial  photodynamic  therapy
(aPDT) effectiveness relies on the PS’s
characteristics. The good PS should have a
suitable oxygen quantum yield, be hydrophilic,
and be non-toxic without light. Several research
groups have tested many plant extracts as a
natural, affordable, and non-toxic PS source .
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Tecoma stans (L.) Juss. is a prevalent tree
in Egyptian gardens, adorned with countless
blooms during the flowering season. The
availability of these trees and their tremendous
bloom output prompted the notion of finding a
suitable biological activity. Tecoma stans has
been used therapeutically as an antioxidant,
antiproliferative, anti-diabetic, and
antimicrobial agent °1,

Our previous study reported the active
phytoconstituents of Tecoma stans crude flower
extract (TSFE) and their photodynamic activity
on cancer cell lines®. The results revealed the
presence of anthocyanins (delphinidin and
cyanidin) and many constituents that exerted
antimicrobial activities in Tecoma stans crude
flower extract. Those anthocyanins can be
excited by light in the wavelength range of
(400-450) and thus can be promising
photosensitizers in photodynamic therapy’. In
addition, delphinidin was reported to exert
various activities as an anti-microbial,
antioxidant, anti-inflammatory, anticancer, and
neuroprotective agent2, Consequently, in the
current work, molecular dynamics was
employed to study the binding of delphinidin to
the DNA complex system of the
microorganisms. This gives us an idea about
the efficacy of our crude extract
phytoconstituents to be used as antimicrobial
agents and know its eradication mechanism.
Molecular dynamics is a computational method
employed to model intricate systems at the
atomic scale. Computer experiments enable us
to obtain important kinetic and thermodynamic
properties. Molecular dynamics simulations are
commonly utilized to investigate the behavior
of macromolecules, including nucleic acids and
proteins %2,

Most phytoconstituents in plant extracts
exhibit hydrophobic properties and tend to
aggregate in aqueous environments. This
aggregation impedes the pharmacokinetics,
bioavailability, and, consequently, therapeutic
efficacy. An important strategy for addressing
these issues with phytomolecules'
bioavailability is using nanotechnology®.
Conjugation and/or loading of PS with
nanoparticles can improve PS solubility and
bioavailability. Moreover, nanoparticles can be
tailored to achieve targeting of the PS to the
desired tissues. Collectively, the combination
of PS and nanotechnology can enhance the
efficacy of aPDT °.
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Nanoemulsions have significant potential
as nanocarriers for various plant extracts. These
systems consist of an aqueous phase,
surfactants/co-surfactants, and an oil phase.
They are characterized by being homogeneous,
thermodynamically stable, and isotropic .

This work highlights the effectiveness of
combining  aPDT, using a  natural
photosensitizer (TSFE), and pharmaceutical
nanotechnology in the form of nanoemulsion
(NE). The photodynamic anti-microbial activity
of TSFE-NE was investigated against Gram-
negative bacteria like Escherichia coli and
Gram-positive bacteria like Staphylococcus
aureus.  Furthermore, the photodynamic
antifungal activity of TSFE-NE was evaluated
against Candida albicans. The chosen bacterial
and fungal strains cause significant disease
burden and are highly resistant to antimicrobial
treatments.

Reviewing the previous literature, some
publications have reported the antimicrobial
activity of Tecoma stans ® 1°. However, none
have investigated the impact of Tecoma stans
encapsulated in a nano-emulsion and evaluated
its photodynamic activities against multiple
strains in a single study.

MATERIALS AND METHODS

Materials

Isopropyl myristate (IPM) was purchased
from Merck Co. in Germany. Transcutol and
Tween 80 were purchased from Sigma Aldrich.
The first culture medium, Nutrient Broth
Medium (g/L), included Yeast extract (2.0 g),
Peptone (5.0 g), Meat extract (1.0 g), and NaCl
(5.0 g) with final pH 7.2 + 0.2, was purchased
from Lab. M Company in England. The second
medium used was Nutrient Agar Medium (g/L),
which included Yeast extract (2.0 g), Peptone
(5.0 g), Meat extract (1.0 g), NaCl (5.0 g), and
agar (20.0 g) with final pH 7.4 + 0.2, was
purchased from Fluka company in Spain.

Experimental
Collection of plant material and plant
extract preparation

Tecoma stans flowers were gathered in
August 2019 from ElI Merry Land Garden
(Heliopolis, Cairo, Egypt). They were then
identified at the National Research Centre in
Egypt. The flowers were selected to prevent
any interferences from chlorophylls.



To prepare TSFE, the fresh flowers (1.5
kg) were collected, washed, and cut into small
pieces, then macerated with 3 L of methanol in
the dark and repeated several times until
complete exhaustion. The methanol extracts
were filtered, collected, concentrated, and
evaporated under reduced pressure using a
rotavapor apparatus (Heidolph, Germany), and
then stored at -20 °C. The resulting dried
extract weighed 138 gm (9.2% of the weight of
the fresh flowers).

Molecular Docking and Molecular Dynamic
Simulation

A reverse pharmacophore mapping server
estimated the binding properties of the TSFE-
DNA.

The protein data bank provided the DNA
crystal structure (PDB code: 453D), solved at
1.80 A resolution. UCSF Chimera was used to
prepare the structure, and PROPKA was
employed to adjust the pH to 7.5 7. Chambiras
Ultra 12.1 was utilized to create the 2D
structure, while Avogadro software was
employed to optimize the 2D structure for
energy minimization using the steepest descent
method along with MMFF94 force field 8.

Docking calculations were conducted via
AutoDock Vina °. Gasteiger partial charges
were assigned to the docking process. The
AutoDock atom types were defined by the
AutoDock graphical user interface (provided by
MGL tools). For the grid box calculations, the
dimensions were set to x = 11.14, y = 14.87,
and z = 17.61, with the center grid parameters
at x =18.10, y = 12.99, and z = 18.72, and an
exhaustiveness parameter of 8 was employed.
Docked conformations were  generated
according to their docking energy using the
Lamarckian genetic method in descending
order 2.

The molecular dynamic simulations of
every system were conducted through the GPU
version of the PMEMD engine included in the
AMBER 18 package 2% 2,

Preparation of Tecoma stans flower extract
nanoemulsion (TSFE-NE)

To study the solubility of TSFE, 250 mg
of TSFE was dissolved in equal amounts of
olive oil and isopropyl myristate oil (IPM),
followed by shaking for two hours in a water
bath at 37 °C. This preliminary solubility test
revealed that TSFE was easily soluble in IPM.
Consequently, IPM was used as the oil phase

for the nanoemulsion preparation (TSFE-NE).
Tween 80 and transcutol were employed in a
1:1 ratio as the surfactant and co-surfactant,
respectively %,

The preparation of TSFE-NE involved the
High-energy method . To briefly explain, a
mixture of 1 ml TSFE in IPM oil (8 mg/ml),
tween 80, and transcutol was stirred for 15
minutes at 310 rpm. The mixture was then
homogenized using an Ultraturrax T25
laboratory emulsifier (lka, Staufen, Germany)
at 9500 rpm. At the same time, distilled water
was added dropwise at a controlled addition
rate of 3.5 ml/min to complete the volume to 10
ml. The prepared emulsion was stored at room
temperature (25 + 2 °C) and shielded from light
for 24 hours to allow for the emulsion
stabilization, then refrigerated at 4 °C until
further characterization.

Characterization of TSFE-NE

To assess the particle size distribution,
zeta potential, and polydispersity index (PI) of
TSFE-NE, a dynamic light scattering particle
size analyzer (Zetasizer ZS, Malvern, UK) was
utilized. TSFE-NE was diluted (1:25) with
deionized water and sonicated for 10 minutes
before the analysis. The measurements were
repeated 3 months post-preparation to assess
the stability of the prepared emulsion 4.

To analyze the morphology and structure
of TSFE-NE, a high-performance, high-contrast
transmission electron microscope (JEOL 1230,
USA) with an operating voltage range of 40-
120kV was used. A drop of the sample was
mixed with water and applied to a carbon-
coated grid. Next, it was treated with a 2%
phosphotungstic acid solution for 30 seconds.
After drying, the coated grid was placed on a
slide and observed under the microscope.
storage at 4°C

Assessment  of Invitro  Antimicrobial
Photodynamic Activity
Assessment of MIC of TSFE-NE

The Minimum Inhibitory Concentration
value (MIC) of TSFE-NE was assessed by
applying the microdilution broth method_in
pathogenic strains including (i) Gram-negative
bacteria Escherichia coli (ATCC 25922), (ii)
Gram-positive bacteria Staphylococcus aureus
(ATCC 6538), and (iii) Candida albicans
(ATCC 10231) as a pathogenic yeast.

The micro dilution broth method, take
place using micro titer eliza plate, In this
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method each well of the Eliza plate was filled
with 175.0 pL of nutrient broth medium, then
by serial dilution technique, each sample was
used separately in first well by using the
starting volume 100.0 pL that contains 80 p g
(concentration 0.8 mg/mL) of the used sample
as a starting concentration, and by transfer of
100.0 pL from the first well to second well then
transfer 100.0 puL from the second to the third,
and so on to reach the final well that has sample
concentration 1.25 pg of the used sample, Then
the wells were inoculated with the tested
pathogenic strains separately by transfer 25.0
uL [0.5 McFarland standard (1.5 x 108 CFU/
mL)] of tested strains, finally each well contain
final volume 200 pL, then the inoculate 96 well
plate incubate at 37°C for 24 hours, after the
incubation period, the MIC was measured by
the reading the absorption of the inoculated
pales using Eliza reader, where the mixture was
shaken vigorously for 20 seconds and allowed
to stand, the absorbance was then measured at
600.0 nm using a microplate multi-well reader
(Bio-Rad Laboratories Inc., model 3350,
Hercules, California, USA). The lowest well
absorbance reading of the previous culture
mixture, which is equal to the absorption
reading of the blank sample (nutrient broth
medium only without any additives), is referred
to as MIC activity?.

Assessment of in vitro antimicrobial
photodynamic activity of TSFE and TSFE-
NE

The antimicrobial activities of TSFE that
dissolved in DMSO (100 mg/ml), TSFE-NE,
and empty NE (containing no TSFE) were
investigated on pathogenic strains including (i)
Gram-negative bacteria  Escherichia coli
(ATCC 25922), (ii) Gram-positive bacteria
Staphylococcus aureus (ATCC 6538), and (iii)
Candida albicans (ATCC 10231) as a
pathogenic yeast.

The pathogen suspensions were prepared
in nutrient broth media sterilized by
autoclaving for 15 minutes at 121°C.

The pathogens were adjusted to a 0.5
McFarland standard containing 1.5 x 108
CFU/mL. Next, 15ul of each microbial
suspension was inoculated into a 25 ml sterile
nutrient broth medium (NB). 100 pl of each
tested sample was incubated for 24 hours with
the pathogen suspensions in an incubator
shaker at 37 °C and 120 rpm in the dark.
Afterward, 100 pl of each sample was
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transferred to 6-well plates and irradiated for 15
minutes by a white lamp (Photon Scientific,
Egypt) fitted with an optical filter that emits
blue light (420 nm). The lamp's power was
adjusted to deliver 100 mW/cm? at the plate’s
surface using a powermeter (Gentec-solo PE,
Canada).

To measure the antimicrobial activities of
the samples, the reduction in the number of
microorganisms was calculated by comparing
the colony-forming unit (CFU) of the treated
strains to those in the control flask.
Measurements were taken after 24 hours of
incubation at 37 °C in both dark and light
conditions. The results were expressed as
follows 2526

The eradication (%) = (A- B /A) x 100

Where: A and B are the number of
microorganisms in the control and the tested
flasks, respectively.

RESULTS AND DISCUSSION

Molecular docking and molecular dynamic
Molecular dynamic and system stability

In our previous study, UPLC/MS/MS was
conducted and the phytoconstituents in TSFE
were identified. Among these identified
phytoconstituents is delphinidin, one of the
anthocyanin derivatives °. The molecular
dynamic simulation was run to forecast the
binding behavior of delphinidin to the DNA's
active site and to assess its stability through
simulations® 22,

The stability of the systems was evaluated
in this study using Root-Mean-Square
Deviation (RMSD) during the 14 ns
simulations. A stable protein backbone atoms
RMSD versus time is an indication of the near-
equilibrium system. The RMSD between two
sets of atomic coordinates is calculated as:

N
1
RMSD = J;Z(ri —rfeh)?
1=

Where:

N is the number of atoms being compared,
ri is the position vector of atom i in the
simulated structure, and ri ref is the position
vector of atom i in the reference structure.

For the apo-DNA and delphinidin-
complex systems, the average recorded RMSD



values were 2.23 + 0.42 A and 2.08 + 0.46 A,
respectively (As shown in Fig. 1A). The
findings demonstrated that delphinidin when
bound to the DNA complex system, exhibited a
relatively more stable conformation compared
to the other investigated systems.

ROG was used to evaluate the
compactness and stability of the system upon
ligand binding®. The mean Rg values obtained
for the complex systems of apo-DNA and
delphinidin were 13.42 + 0.20 A and 13.32 *
0.23 A, respectively (Fig. 1B). Based on the
observed behavior, the delphinidin-bound
complex exhibited a very rigid structure against
the DNA binding site domain.

By measuring the DNA's solvent-
accessible  surface area (SASA), the
compactness of the hydrophobic core of the
DNA was investigated. This was accomplished
by measuring the DNA's solvent-visible surface
area, which is crucial for the stability of
biomolecules. According to Fig. 1C, the
average SASA values for the delphinidin-
complex systems and apo-DNA were 4333.12
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A and 4399.40 A, respectively. Together with
the results from the RMSD and ROG
calculations, the SASA finding demonstrated
that the delphinidin complex system is still
present inside the DNA association domain
binding site.

Binding free energy calculation and binding
interaction mechanism

The binding free energies were determined
using AMBER18's MM-GBSA software. As
demonstrated in Table 1, except AGsolv, all
reported computed energy components yielded
high negative values indicating beneficial
interactions. The findings showed that the
delphinidin-complex systems' binding affinity
was -32.97 kcal/mol.

The results demonstrate that the larger
positive electrostatic energy component drives
the interactions between the ligand molecules
and the DNA association domain protein
receptor residues Table 1.

Time(ns))

Time(ns)

Fig. 1: [A] RMSD of the DNA backbone atoms. [(B) ROG of DNA residues; (C) solvent accessible surface area
(SASA) of the backbone atoms relative (black) to the starting minimized over 14 ns for the Catalytic
domain binding site of DNA with delphinidin complex system (red).

Table 1: The calculated energy binding for delphinidin against the DNA association domain binding

site receptor.

Energy Components (kcal/mol)

Complex AEyqw AEelec

AGgas AGSO|V AGbind

delphinidin -36.23+ 0.22

-56.94+ 0.12

-60.17 £ 0.14 | 72.20+0.95 | -32.97+0.24

AEvdW: van der Waals energy; AEelec: electrostatic energy; AGsolv : solvation-free energy; AGbind : calculated

total binding free energy.
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Identification of the critical residues
responsible for ligand binding

From Fig. 2, the significant positive
impact of delphinidin on the DNA domain
binding site receptor is primarily observed from
specific residues DG2 (-0.86 kcal/mol), GlIn
26(-1.44 kcal/mol), Ser 29 (-0.927 kcal/mol),
Phe30 ( -0.579 kcal/mol), DG4 (-0.307
kcal/mol), DA5 (-0.994 kcal/mol), DA6 (-
2.683kcal/mol), DT7 (-1.607kcal/mol), DT8 (-
0.303kcal/mol), DT19 (-0.382 kcal/mol),
DT20 (-3.057kcal/mol), DC21  (-2.883
kcal/mol), DG22(-2.816 kcal/mol), and DC23
(-0.586 kcal/mol).

Preparation and characterization of TSFE-
NE

TSFE-NE was successfully created using
IPM as the oil phase and distilled water as the
external water phase. Tween 80 was employed
as a surfactant, while transcutol was added as a
co-surfactant. IPM is known to have excellent
penetration-enhancing properties 2. Tween 80
is a non-ionic surfactant, commonly used in
nanoemulsion  formation It lowers the
interfacial tension and causes oil droplet
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disruption reduction. However, Tween 80 alone
cannot effectively reduce the surface tension,
so it is usually mixed with a co-surfactant like
transcutol 28, Transcutol is a frequently used co-
surfactant in nano-emulsion formulations due
to its high miscibility in nonpolar solvents and
ability to enhance cell membrane penetration %,
Moreover, it aids the dispersion process by
reducing the interfacial tension and induces a
flexible film 3031,

The prepared nanoemulsion displayed a
spherical shape with minimum aggregation, as
revealed by the TEM image (Fig. 3), with a
particle size of 124.5£32.83 nm (Table 2).
Moreover, the prepared formula exhibited a
zeta potential value of -26.2+8.18, as shown in
Table 2. These values promote good repulsion
between the nano-emulsion droplets, ultimately
lowering aggregation and increasing the
colloidal stability of the nano-emulsion *2. After
being stored for three months at 4 °C, the nano-
emulsion phases showed no signs of separation
upon visual inspection. However, there was a
slight increase in particle size and a decrease in
zeta potential (Table 2).
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Fig. 2: Per-residue decomposition plots showing the energy contributions to the binding and
stabilization of delphinidin into the DNA catalytic binding site.

Table 2: Composiion and characterization of the prepared TSFE-NE.

Particle Size Particle size Pl after 3 Zeta Zeta potential

Formula (nm) (nm) after 3 Pl months potential (mV) after 3
months (mV) months
TSFE-NE | 124.5+32.83 | 212+33.79 0.4 0.592 -26.2+8.18 -14.9+3.83
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5 M
Fig. 3: TEM photo of the formulated TSFE-NE.

Assessment of in vitro antimicrobial
photodynamic activity of TSFE and TSFE-
NE

The MIC of TSFE-NE on Escherichia
coli, Staphylococcus aureus, and Candida
albicans was reported to be 200, 300, 250
pg/mL, respectively.

The antimicrobial photodynamic activities
of TSFE, TSFE-NE, and empty nano-emulsion
as control (C) were tested against various
microorganisms before and after light exposure.
The poor solubility of TSFE and low
bioavailability were overwhelmed by the
preparation of nano-emulsion as a nano-
delivery system for TSFE. The first tested
microorganism is the gram-negative bacteria
Escherichia coli. Though commonly found in
the gastrointestinal tract of animals and

t Q ,
-
;-

humans, certain strains of Escherichia coli are
harmful and can cause severe gastrointestinal
and urinary tract infections.

Multidrug resistance of Escherichia coli is
becoming a growing concern in both human
and veterinary medicine. In this study, using
nanoemulsion combined with aPDT could
potentiate the eradication of Gram-negative
Escherichia coli. Fig. 4 illustrates that the
eradication of Escherichia coli treated by TSFE
did not show a significant difference before and
after irradiation. Treating the Escherichia coli
by TSFE-NE resulted in a significant bacterial
eradication compared to the crude extract. After
irradiation, the bacterial eradication was
97.43%.

Escherichiacoli

120.00%
100.00%
80.00%
57.88%
60.00% 49.13%
40.00%

20.00%

0.00%
dark light

TSFE

97.43%

68.31%

30.26%

dark light

C. NE TSFE-NE

Fig. 4: The % of microbial eradication of Escherichia coli upon treatment with TSFE and TSFE-NE in

the dark and after light exposure.
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Another tested pathogen is the gram-
positive bacteria Staphylococcus aureus. It is
one of the major pathogens that causes a variety
of serious infections in humans. It can develop
resistance against antibiotics, potentially
causing rapidly spreading infections. As
illustrated in Fig. 5, TSFE-NE showed
significant potentiation of Staphylococcus
aureus eradication after light irradiation.
Consequently, aPDT treatment using TSFE-NE
could introduce a highly effective treatment
that can combat bacterial resistance.

The antifungal aPDT activity of TSFE was
also tested against Candida albicans.
Candidiasis is an infection caused by many

Asmaa Y Khattab, et al.

types of Candida species, with Candida
albicans being the most common. The disease
can affect the skin, mucous membranes, or
internal organs. To treat these infections,
different classes of antifungal drugs, such as
azoles, polyenes, and echinocandins, have been
used. However, the development of drug
resistance can lead to therapeutic failure. Fig. 6
showed that TSFE-NE significantly potentiated
the antifungal activity of TSFE. There was a
non-significant difference before and after light
irradiation of TSFE-NE because of the high
activities of the nanoforms that masked the
photosensitizer action. Therefore, TSFE-NE is
a good choice for Candida albicans
eradication.

Staphylococcusaureus

100.00%
90.00%
80.00%
70.00%
60.00%

90.56%

50.10%

i

42.64%

49.30%

50.00% 3370
40.00%
30.00%
20.00%
10.00%

0.00%

dark light

TSFE

dark light

C.NE TSFE-NE

Fig. 5: The % of microbial eradication of Staphylococcus aureus upon treatment with TSFE and TSFE-

NE in the dark and after light exposure.

Candida albicans

100.00%
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81.38% 87. 77%

80.00%
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60.00% 47.19%
0 T 34.14%
40.00%
30.00% 21.26%
20.00%
10.00%
0.00% | r

dark light
TSFE

dark light
C.NE TSFE-NE

Fig. 6: The % of microbial eradication of Candida albicans upon treatment with TSFE and TSFE-NE

in the dark and after light exposure.
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The results revealed that TSFE and TSFE-
NE were shown to decrease bacterial survival,
indicating their activities against bacteria. The
nanoemulsion was reported to improve the
efficacy of the herbal bio-constituents by
enhancing their solubility, bioavailability, and
absorption while lowering the required doses
and associated adverse effects!®. Moreover,
nanoemulsion may disrupt the cell membrane
of the microbial cell and inhibit the budding
process, which in turn is due to the destruction
of the membrane integrity 3.

In addition, it was suggested that aPDT
can induce micro-damages to the cell envelope,
causing an increase in the cell membrane
permeability. Photosensitization enhances the
susceptibility of the bacterial cell to treatment,
making it a promising alternative for combating
resistant bacteria 3.

Previous studies confirmed that TSFE
contains phytoconstituents with antibacterial
and antifungal activities such as Isorhamnetin,
kaempferol, Luteolin,  Succinic  acid,
delphinidin, and Esculin® ®, Moreover, Bakr et
al., 2019 % reported that the Tecoma stans leaf
methanolic extract contains phytoconstituents
that exhibited antimicrobial activities against
several bacterial and fungi strains. Tariq H. et
al ! conducted a study on the antibacterial
potential of Tecoma stans extracts of leaves,
branches, and silver nanoparticles (AgNPs).
According to the results, AgNPs demonstrated
more significant antibacterial activity than
crude extracts against methicillin-resistant
Staphylococcus aureus (MRSA) and sensitive
Staphylococcus aureus with different strains.

Regarding the photodynamic activity of
Tecoma stans, Khattab et al ° studied the
photodynamic activities against cancerous cell
lines. However, almost no studies have
investigated the antimicrobial photodynamic
activities of TSFE and TSFE-NE in one such
study.

The mechanism of PDT is oxygen-
dependent. A photochemical reaction occurs
when a photosensitizing compound is activated
by light, resulting in the generation of cytotoxic
reactive oxygen species, primarily singlet
oxygen. These species can damage cell
membranes and cause irreversible harm to
biological systems ¥.

Our findings indicate that using natural
phytochemical components, nanotechnology,
and photodynamic therapy together can
improve the killing of microbes, which is a

significant step forward considering the global
issue of multidrug-resistant infectious agents.
Hence, a crucial medical breakthrough is
discovering a natural, new, potent, and
relatively non-toxic antimicrobial agent. To
enhance the effectiveness and safety of drugs,
new techniques, and pharmaceutical forms can
be developed to improve drug delivery to target
sites.

Conclusion

Microbial resistance to antibiotics has
emerged as a significant problem in medicine
in recent years. Combining photodynamic
therapy with nanotechnology can be a
promising treatment modality for resistant
bacterial and fungal infections. This is because
nanotechnology and photodynamic therapy
have proven to be highly effective in exploiting
the many biological activities of phytochemical
components. The results of this study are
promising and should be extended to
investigate other bacterial models. Also, it
highlighted the importance of natural products
as a source of biologically active compounds.
Their activities can be proven theoretically and
practically via molecular dynamics and
microbiological analysis.
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