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ABSTRACT

The need to find new antimicrobial compounds and standard testing
procedures to control transmissible diseases has increased highly as
antibiotic resistance has increased. The Minimum Inhibitory Concentration
(MIC) Assay of HAp-NPs nanoparticles was used to measure their
antibacterial activity. Without the use of any equipment, MIC can be visually
assessed. HAp-NPs nanoparticles exhibited significant antibacterial
activity against the isolation of Pseudomonas aeruginosa, Enterobacter
cloacae, and Staphylococcus aureus from postoperative endophthalmitis.
These bacteria were selected due to their high level of antibiotic resistance
and repeatability. An extract from Senna italica leaves was used to create
the hydroxyapatite nanoparticles (HAp-NPs) used in this study. The
purpose of this study was to investigate the antibacterial properties of
environmentally friendly hydroxyapatite nanoparticles (HAp-NPs) against
harmful bacteria. Fourier-transform infrared spectroscopy (FTIR), a Field
Emission Scanning Electron Microscope (FE-SEM), energy-dispersive
X-ray spectroscopy (EDX), and X-ray diffraction analysis (XRD) were used
to characterize the synthesized hydroxyapatite powder.
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INTRODUCTION

The development of nanobiotechnology has
produced numerous innovative antibacterial
remedies. Nanoparticles are ideal for biological
antibacterial activities because of their small
size. Nanoparticles have a variety of biological
activities, such as antibacterial, antioxidant,
anticancer, and radical-scavenging properties, in
addition to its abundance of chemically diverse
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organic and inorganic compounds [1]. One of the
most challenging and rapidly expanding areas of
nanotechnology is the synthesis of nanomaterials.
According to [2], nanotechnology in biological
sciences holds promise for a wide range of medical
applications at the molecular and cellular levels.
Hydroxyapatite (HA) exhibits superior biological
qualities and a chemical makeup similar to that
of natural bone and teeth. Chemically speaking,
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apatite is a group of minerals that contain
phosphate, while calcium (Ca) apatite is a
mineral. HA has the general formula Ca,(PO,),OH
and the unit cell formula Ca, (PO,)(OH), [3].
HAp-NPs have antibacterial properties at high
concentrations through a variety of mechanisms,
such as interactions with proteins and DNA, ion
release, mechanical effects on the cell membrane,
and the production of reactive oxygen species.
They are promising for antibacterial applications
in the environment and in medicine because
of these mechanisms [4]. The antimicrobial
activity increased as the size of the nanoparticles
decreased.  Certain interactions  between
nanomaterials and bacterial membrane pores
prevent the growth of bacterial populations [5].
With green synthesis, crystal formation can
be more precisely controlled. According to [6],
nanoparticles (NPs) produced with eco-friendly
technologies are inexpensive, flexible, and have
a number of potentials uses in the scientific
community. Green sources create size- and
shape-regulated nanoparticles by stabilizing and
reducing agents. plant extracts including sugars,
polyphenols, terpenoids, alkaloids, proteins, and

phenolics. The ability of plants to convert inorganic
metal ions into nanoparticles has been thoroughly
investigated [7].

After cataract surgery, postoperative
endophthalmitis is a dangerous side effect. It
mostly happens when bacteria, fungi, or microbial
flora from the adnexa and surroundings penetrated
the globe during surgery. Coagulase-negative
staphylococci infections are responsible for the
majority of postoperative endophthalmitis cases.
Bacillus cereus, Streptococci, Enterococci, and S.
aureus are among the gram-positive bacterial
species [8]. According to [9], the prevalence of
B. cereus in post-traumatic endophthalmitis is
ten times higher than that in post-surgical cases.
Pseudomonas aeruginosa was the main gram-
negative bacterial isolate [10]. Escherichia coli
were gram-negative bacteria [11]. Neisseria spp.
were Gram-negative cocci, Proteus spp., and
Enterobacter spp. The majority of these species
exhibit high levels of antibiotic resistance (MDR).
The purpose of this study is to ascertain whether
green  synthesis-HAp-NPs  has antibacterial
properties against bacteria that have been isolated
from the eye and are responsible for postoperative
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Fig. 1. The steps of preparing Senna italica leaves extract
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endophthalmitis.

MATERIALS and METHODS
Plant Material Synthesis

The leaves of Senna italica was collected from
my garden, Wash the leaves and dry them, the
dried leaves were milled to a fine powder by using
lab Powder Grinder, stored in closed containers at
room temperature and in the dark until required.
3.0 g of dried leaf powder of Senna italica was
macerated separately in 100 mL of 95% ethanol at
ambient temperature for two days with occasional
shaking and then filtered off. The solvent was
evaporated in vacuum to give a crude product. The
pH of the extract of Senna leaf was determined
using pH Indicator Strips. the pH values of the
crude extracts were recorded. As shown in the Fig.
1.

Hydroxyapatite Nanoparticle Synthesis

Without any refining, the following chemicals
and substances of analytical grade were used:
orthophosphoric acid (H,PO,), calcium chloride
(CaCl,), and Sodium hydroxide (NaOH). Ultra-
pure Milli-Q water was employed. After finding
the optimum synthesis parameters, HAp-NPs
were synthesized using Senna italica leaf extracts

through the green process as follows. A solution
of (0.6 M) orthophosphoric acid (H,PO,) was also
prepared and combined with the calcium chloride
solution. After that, the Senna italica leaf extract
was added to the aforementioned mixture and
agitated for 1 hour; NaOH was gradually added
until the pH reached above 10. After three hours of
continuous agitation, a colloidal solution formed
from this mixture. The solution was heated in a
hot air oven set to 50 °C for 24 hours in order to
gradually evaporate the water. The drying process
was continued at 50°C for 48 hours to remove
the leftover water, resulting in a yellowish, brittle,
and porous dry substance. Finally, Grind the
material with a mortar and pestle after drying to
get rid of the aggregation that formed during the
drying process, resulting in ultra-fine HAp- NPs.
This method is compatible with [12], But it has
been modified and optimal conditions such as
temperature, drying and pH have been created to
improve the antibacterial effectiveness. As shown
in the Fig. 2.

Characterization of HAp-NPs

The properties of NPs determine their
potential applications. Hence, different methods
and techniques are used for the analysis and

Fig. 2. Explains the steps for preparing the Hydroxyapatite Nanoparticle Synthesis.
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characterization of the various physicochemical
properties of NPs. | will use the following analyses:
Fourier-transform infrared spectroscopy (FTIR),
Field Emission Scanning Electron Microscope (FE-
SEM), Energy-dispersive X-ray spectroscopy (EDX),
X-ray diffraction analysis (XRD).

Fourier-transform infrared spectroscopy (FTIR)

This method involves exposing a material
to infrared light and recording the amount of
radiation that is absorbed or transmitted. The
resultant spectrum serves as a distinct fingerprint
of the sample, from which details about its
nature, including the bonds involved, polarity, and
oxidation state, can be gleaned [13]. To identify the
functional groups in the materials in the 400-4000
cm™ range, FT-IR analysis was performed using the
single reflection ATR method.

Field Emission Scanning Electron Microscope (FE-
SEM)

An electron beam is created by an electron gun
and directed by a set of lenses to travel vertically
through the microscope until it strikes the samples.
X-rays and electrons are released from the sample
after it is struck by the beam. To produce a three-
dimensional image of the sample, detectors
are then used to gather the scattered electrons
and X-rays (TESCAN, MIRA3, Czechia). SEM gives
various details about the NPs, including their size,
shape, aggregation, and dispersion [14].

Energy-dispersive X-ray spectroscopy (EDX)

This method depends on exposing the sample
to an electron beam. When the electron beam’s
electrons strike the sample surface, they expel
inner-shell electrons. The transition of outer-shell
electrons to fill the inner-shell vacancy results in
X-rays using a (TESCAN, MIRA3, Czechia). Each
element can be used to perform compositional
analysis because of its distinct atomic structure,
which results in a distinctive X-ray emission
pattern [15]. EDX’s drawback is that its resulting
spectra only provide qualitative compositional
information, i.e., the chemical substances
present in the sample in an unquantified manner.
Nevertheless, peak intensities can provide an
estimate of an element’s relative abundance in
a sample to a certain degree [16]. This method
simply involves connecting a small device to an
existing SEM or TEM; it does not require complex
additional infrastructures. This makes it possible to
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use EDX for the simultaneous analysis of chemical
composition and SEM or TEM for morphological
characterization [17].

X-ray diffraction analysis (XRD)

Measuring the intensities and scattering angles
of the X-rays that exit a material after it has been
exposed to incident X-rays is the foundation of
this technique. For the analysis of NP phase and
crystallinity, this method is frequently employed
[18]. Using an X-ray diffraction (XRD) instrument
(PHILIPS, PW1730, The Netherlands) with Cu
radiation at 15406 nm at 35 kV and 30 mA, the
phase composition and crystallinity of HA-NPs
were examined. Over the 26, data were gathered.

Collection of Pathogenic Specimens

130 samples were collected from hospitals in
Baghdad, Iraq, from patientswhohad postoperative
endophthalmitis. Twenty samples had no growth.
A total of 25 samples had fungal growth. The
85 samples contained the following kinds of
bacteria: Pseudomonas aeruginosa, Escherichia
coli, Proteus Spp, Neisseria zoodegmatis, Bacillus
cereus, Staphylococcus aureus, Streptococcus
pneumoniae, and Enterobacter cloacae. All of
these samples were taken using a 30-gauge needle
and 0.1-0.2 mL of either aqueous or vitreous
humor in aseptic conditions. The culture media
utilized were Sabouraud’s dextrose agar SDA
(incubated at 25°C), chocolate agar CA (incubated
at 37°C), and blood agar BA (incubated aerobically
at 37°C).

Preparation of bacterial strains

Bacterial strains investigated in the current
study were Staphylococcus aureus, Pseudomonas
aeruginosa, and Enterobacter cloacae. because
of their reproducibility and high resistance to
antibiotics. All the bacterial strains were cultured
in Mueller-Hinton broth (MHB, Germany) at 37°C
for 24 h.

Antibiotic sensitivity studies

The antibiotic susceptibility testing of the
aerobic isolates was done by the standard Kirby-
Bauer disk-diffusion technique [19]. Antimicrobial
susceptibility testing was performed using the
modified Kirby-Bauer disk diffusion method
on Mueller-Hinton Agar (MHA), following the
Clinical and Laboratory Standards Institute (CLSI)
guidelines (CLSI M100-Ed35 breakpoints 2025).

J Nanostruct 15(4): 2132-2142, Autumn 2025
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Bacteria were classified as multidrug-resistant
(MDR) if they exhibited resistance to three or
more antibiotic classes.

The antibiotics tested
bacteria included:

B-lactams: Cefoxitin (FOX 30 pg), Penicillin (P
10 pg)- Fluoroquinolones: Levofloxacin (LEV 5 pg),
Ciprofloxacin (CIP 5 pg), Ofloxacin (OFX 5 ug)-

Aminoglycosides: ~ Gentamicin  (CN 10
pg). Macrolides: Azithromycin (AZM 15 pg),
Chloramphenicol (C 30 pg), Erythromycin (E 15
ug). Sulfonamides: Co-trimoxazole (SXT 25 pg).

for Gram-positive

of Hydroxyapatite Nanoparticles

Tetracycline: Tetracycline (TE 30 ug).

Lincosamide: Clindamycin (CD 2 ug).

The antibiotics tested for Gram-negative
bacteria included:

B-lactams: Ceftazidime (CAZ 30 pg), Ticarcillin +
clavulanic acid (TIM 85 ug), Piperacillin (PRL 100
pg), Cefepime (FEP 30 pg), Aztreonam (ATM 30
Hg)-

Fluoroquinolones:  Levofloxacin  (LEV 5
pg), Ciprofloxacin (CIP 5 pg), Ofloxacin (OFX
5 upg)- Aminoglycosides: Gentamicin (CN 10
pg)- Macrolides: Azithromycin (AZM 15 pg).

Table 1. Shows the sizes of materials and additives in the MIC experiment.

Components 1 2 3 4 5 6 7 8 9 10

B.H.I broth (ul) 100 100 100 100 100 100 100 100 100 100

HAp-NPs stock solution (ul) 10 20 30 40 50 60 70 80 90 100
D.D.W. (ul) 90 80 70 60 50 40 30 20 10 0

Final concentration (mg/ml) 25 50 70 100 125 150 175 200 225 250
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Fig. 3. Chart showing the FT-IR test result.
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Carbapenems: Imipenem (IMI 10 pg), Meropenem
(MEM 10 pg).

Preparation of Resazurin Solution

The resazurin solution was made at 0.02% (wt/
vol) according [20]. 10 ml of distilled water were
used to dissolve 0.002 grams of resazurin salt
powder, which was then vortexed. A Millipore
membrane filter (0.2 um) was used to filter the
mixture. For two weeks, the resazurin solution can
be stored at 4°C. The study employed resazurin
dye as an indicator to measure cell growth. Viable
cells’ oxidoreductases converted the blue, non-
fluorescent resazurin salt to resorufin, changing
its color to pink and fluorescent.

Minimum inhibitory concentration (MIC) Assay
Therearetechniquesforanalyzingacompound’s
antimicrobial effects, and the European Committee
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on Antimicrobial Susceptibility Testing (EUCAST)
and the Clinical Laboratory Standards Institute
(CLSI) have approved specific standards. Using the
hydroxyapatite nanoparticle stock solution of 500
mg/ml, take quantities in ascending volumes as
indicated in the Table 1. diluted distilled water in
decreasing amounts to create a final concentration
gradient ranging from 25 mg/mL to 250 mg/ml,
and then added to the top row of a 96-well plate.
Before incubating for 24 hours at 37 °C, 90 ul of
Brain Heart Infusion (BHI) broth was added to
wells in tubes containing varying concentrations
of 10 pl of bacterial suspension with turbidity
equal to 0.5 Mc-Farland. as indicated in Table 1.
The wells were filled with 0.02% resazurin dye
and incubated for an additional 24 hours at 37 °C.
Changes in color were noticed. Pink or colorless
indicated bacterial growth, whereas blue or purple
indicated no bacterial growth. The minimum
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Fig. 4. A set of images showing the sizes and shapes of nanoparticles.
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inhibitory concentration of antibacterial agents
that prevents bacterial growth (Color remained
blue) was used to calculate the MIC value.

RESULTS AND DISCUSSION
Fourier-transform infrared spectroscopy (FTIR)
The FT-IR spectrum of the HAp-NPs is presented
in Fig. 3, and it has peaked at 3334, 1641, 1044, and
551 cm™.Thestrongpeakat3334 cm™corresponds
to the characteristic stretching hydroid group. The
formation of HAp-NPs is confirmed by absorption
peaks at 551 and 1044 cm™.The absorption peaks
at 551 and 1044 cm™ prove the synthesis of HAp-
NPs, and the peaks at 551 cm™ correspond to the
bending vibrations of O-P-O in the phosphate

group PO,. The presence of the carbonate ion
results from the interaction between atmospheric
carbon dioxide and the HAp-NPs precursor
alkaline solution sample, this reaction has been
seen in other studies. The peak located at 1641
cmt also corresponds to a CO - group. The results
of this investigation are in accordance with those
of Zhang and Poinern et al. [21].

Field Emission Scanning Electron Microscope (FE-
SEM)

Fig. 4 displays the FE-SEM pictures of the
powdered hydroxyapatite that was synthesized.
The photos were taken with a magnification of 500x
to 10,000x. The pictures make the nanocrystalline

Table 2. Showing the chemical elements, their weights and concentrations.

Element Apparent Concentration Wt% Atomic % Factory Standard
0 3.82 32.81 49.25 Yes
P 5.23 17.64 13.67 Yes
Ca 5.12 26.11 15.65 Yes
cl 1.36 7.44 5.04 Yes
Na 3.29 13.95 14.57 Yes
Al 0.39 2.04 1.82 Yes
Total: 100.00 100.00

Vs T P RO TR

Weight %

Fig. 5. A diagram showing the chemical composition of a sample.
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HA easy to see. Since the generated HA powder is
composed of nanocrystalline molecules that form
microcrystalline molecules, it has a bulky nature.
Agglomerates of irregular shapes were discovered,
and they have a propensity to leave pores between
them. Pore formations are beneficial because,
when utilized as a biomaterial, they allow tissue to

grow on implants inside the body [22].

Energy-dispersive X-ray spectroscopy (EDX)

EDX is semi-quantitative and is affected by
sample morphology and equipment calibration.
Fig. 5 presents the results of the chemical
composition analysis. Ca/P ratios of 1.48 are

Counts

800

400

200 H

1] LA B B B B L BB
10 20 30 40 50 60 70
Paosition [*2Theta] (Copper (Cu))

Fig. 6. Chart showing XRD test results.

Table 3. Antibiotic sensitivity (S = Sensitive), (R = Resistance).

Gram-positive FOX P LEV cip OFX CN AZM C E SXT TE Ccb
Bacteria 30 ug 10 pg 5pug 5ug 5ug 10 pg 15 pg 30ug 15 pg 25 pg 30 ug 2pug
S. aureus S R S R R R R S R R R R
S. aureus R R R R S R R S S R S R
S. aureus S R R R R R R R R S R R
S. aureus R S R R S R S S R R S R
S. aureus R R R S R R R R S R R R
Gram-negative CAZ TIM PRL FEP ATM LEV cip OFX CN AZM IMI M1EOM
Bacteria 30 ug 85 ug 100 pg 30 ug 30 pg 5ug 5ug 5ug 10 pg 15 pg 10 pg g
P.aeruginosa R R S R R R R R R R R R
P.aeruginosa R S R R R S R R R S R R
P.aeruginosa R R R S S S R R R R R R
P.aeruginosa R R S R R R R S R R R S
P.aeruginosa S R S R R S R R R S R R
E.cloacae R R S R R R R R R S R R
E.cloacae R R R R S R R R S R R R
E.cloacae S R R R R S R R R R R S
E.cloacae R R R R R R R R R S R R
E.cloacae R R R R R R R R S R R S

J Nanostruct 15(4): 2132-2142, Autumn 2025
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found in the isolated Hydroxyapatite nanoparticles
according to the EDX analysis. The average suggests
that this percentage is compatible. As wide as 1.47
to 1.88 ratios have been established [23].

X-ray diffraction analysis (XRD)

The XRD pattern of sensitized HAp-NPs powder
is shown in Fig. 6. This pattern shows a series
of diffraction peaks in the whole spectra of 20
values ranging from 23 to 57° (Fig. 6). The distinct
diffraction peaks at 24°, 32°, 33°, 34°, 41.43°,
45.37°,48°, and 57° correspond to miller planes,
respectively. This confirms the crystalline structure

of the HAp-NPs produced, and a similar finding
was reported by [24].

Antibiotic sensitivity studies
The bacteria showed a high pattern of resistance
to antibiotics as shown in the following Table 3.

Minimum Inhibitory Concentration (MIC) Assay

In this study, the application of HAp-NPs
as an antimicrobial agent was tested against
selected bacteria that cause Endophthalmitis. The
results showed that the tested bacteria could be
completely inhibited by HAp-NPs. The inhibition of

Fig. 7. MIC test for three bacterial types.
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bacterial growth was reported to be affected by the
concentration of HAp-NPs and the bacteria used
in the experiments. The lowest concentration of
nanoparticles with no change in color of resazurin
was determined as the MIC, is shown in Fig. 7.
The testing material’s (HAp-NPs) antibacterial
activity was examined against E. cloacae, P.
aeruginosa, and S. aureus. The results of the MIC
and MBC of the HAp-NPs core shell are compiled
in Table 4. Numerous researchers have reported
on HAp-NPs’ antibacterial activity. The MIC values
from earlier research, however, demonstrated a
wide range of variation. Since there is no standard
technique for determining the antibacterial
activity of HAp-NPs and the researchers have
used a variety of approaches, it is challenging to
compare the results. In this study, Hydroxyapatite
particles are effective at killing active bacteria, but
only at high concentrations. This is because they
are non-toxic, chemically inert, and do not release
any active substance into the bacteria. For this
reason, they are often modified with antibacterial

Table 4. MIC and MBC test result.

agents or combined with other nanoproducts to
activate them.

Minimum Bactericidal Concentration (MBC)

The MBC was defined as the lowest
concentration of the antibacterial agents that
completely kill the bacteria. MBC test was
performed by plating the suspension from each
well of microtiter plates into Mueller Hinton agar
(MHA) plate. The plates were incubated at 37°C
for 24 h. The lowest concentration with no visible
growths on the MHA plate was taken as MBC
value. The results of the MIC and MBC of the HAp-
NPs core shell are compiled in Table 4.

CONCLUSION
Hydroxyapatite nanoparticles showed
significant antibacterial activity against the

selected bacteria that causes Endophthalmitis.
The findings demonstrate that HAp-NPs may
possess antibacterial properties against both
bacteria with different efficacies depending on

No. Bacterial type MIC (mg/ml) MBC(Mg/ml)
1 S. aureus 100 125
2 S. aureus 75 100
3 S. aureus 100 125
4 S. aureus 100 125
5 S. aureus 75 125
6 P. aeruginosa 100 125
7 P. aeruginosa 125 150
8 P. aeruginosa 100 100
9 P. aeruginosa 125 125
10 P. aeruginosa 125 150
11 E.cloacae 150 150
12 E.cloacae 125 125
13 E.cloacae 100 125
14 E.cloacae 150 150
15 E.cloacae 125 125
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concentration and the bacterial strains. Thus,
HAp-NPs might be a good alternative to develop as
antibacterial agent against the multidrug-resistant
strains of bacteria. The applications of HAp-NPs
may lead to valuable findings in various fields such

as

antimicrobial systems.
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