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The current work intended to establish an ecologically friendly method for 
the manufacture of magnesium oxide nanoparticles (MgO NPs) utilizing 
Hylocereus polyrhizus (dragon fruit) peel aqueous extract and assess their 
biological potential. Initial phytochemical screening found flavonoids, 
phenolics, tannins, alkaloids, and saponins in the plant extract, suggesting 
its potential as a natural reducing and stabilizing agent. In the present 
study, UV-visible spectroscopy (UV-Vis), atomic force microscopy (AFM), 
field-emission scanning electron microscopy (FE-SEM), X-ray diffraction 
(XRD), and Fourier-transform infrared spectroscopy (FTIR) were used 
to characterize our biosynthesized magnesium oxide nanoparticles. It 
was found that we have formed nanoparticles that are mainly spherical 
and display a nanoscale size distribution. Our work revealed that the 
synthesized nanoparticles have a dose-dependent antioxidant effect in the 
DPPH radical scavenging assay, achieving 59.33% at a concentration of 
1 mg/mL, and also examined their response to multidrug-resistant burn 
infections caused by Pseudomonas aeruginosa. Increasing the nanoparticle 
concentration resulted in larger inhibitory zones, indicating their potential 
action. Results of biocompatibility testing indicated that the magnesium 
oxide nanoparticles we synthesized exhibited no hemolytic activity at any 
of the doses tested, demonstrating excellent biomedical safety. Our work 
indicates that magnesium oxide nanoparticles, synthesized from dragon 
fruit peel extract using green methods, exhibit significant antioxidant and 
antibacterial properties, potentially offering a novel approach to treating 
burn-infected wounds caused by resistant bacterial strains.

INTRODUCTION
In the present healthcare setting, which is to 

a great degree based on traditional and herbal 
medicine, the latter still plays a large role. It is 
reported that natural products do better in terms 
of safety and performance as compared to their 

synthetic counterparts [1]. Also, we are seeing 
a recent increase in interest in using herbal 
plants as a medical resource due to their natural 
makeup, availability in local areas, low cost, easy 
administration, and potentially fewer side effects 
[2]. Treating burn wounds remains a challenge 
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for modern medicine, especially in developing 
countries that cannot afford expensive, advanced 
therapies. Therefore, treating burn wounds 
remains a challenging task, particularly in terms 
of cost-effective therapy [3, 4]. In the clinical 
trials mentioned, some herbal remedies are 
more effective than standard treatments for 
burn wounds. They speed up healing and lower 
inflammation. The growing interest in alternative 
medicine and herbal medicine encourages further 
research [5].

Hylocereus (pitahaya, or dragon fruit) is 
a Cactaceae genus of climbing plants with 

aerial roots that produce glabrous berries with 
enormous scales [6].  Over ten countries grow the 
dragon fruit plant for commercial purposes due to 
its exceptional drought tolerance, fruit yield, and 
economic value. Southern Mexico, Guatemala, and 
Costa Rica introduced dragon fruit to the tropical 
nations of South Asia in 1990 [7]. [8] divided 
Hylocereus based on the physical characteristics 
of the fruit into five major types, and one of the 
types under study is Hylocereus polyrhizus, which 
is a fruit with a pink peel and a red pulp inside. 

Dragon fruit is one fruit linked to a reduced risk 
of chronic illnesses [9, 10]. In fact, it is a source 

Components Reagent Positive results References 
Glycosides Benedict's test appearance of a red precipitate [18] 
Terpenes Salkowski Test appearance of a reddish-brown layer [19] 
Tannins Ferric Chloride test appearance of a bluish-green [18] 

Flavonoids Concentrated Sulfuric Acid 
test appearance of a dark yellow [20] 

Alkaloids Mayer test The presence of turbidity [21] 
Phenolic Ferric Chloride test appearance of a bluish-green [21] 
Saponins Fast stirring Continued foam formation [22] 

 

Table 1. The phytochemical screening in dragon peel extract.
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Fig.1. Sample collection of dragon fruit (A- Whole fruit of dragon; B- Peels of dragon; 
and C and D- Stages of drying, E- Fine powder of peels).
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of bioactive compounds that provide health 
benefits such as antidiabetic, anti-inflammatory, 
antioxidant, anticancer, and antibacterial 
properties. Furthermore, it sees a global increase 
in its consumption, which is a result of these 
positive health effects [11]. Pitahaya peel reports 
that it has a large amount of health benefits 
from its high content of betacyanin, which is an 
antioxidant and an antibacterial agent. Also, it 
contains other pigments that may be used as food 
colorants or preservatives [12]. Furthermore, 
in the past 10 years, there has been an increase 
in the use of metals and metal nanoparticles, 
which are used for infection fighting [13]. Metal 
NPs are the main options for wound dressing 
development because of their antibacterial 
capabilities and low toxicity [14]. Additionally, 
nanofibers are generally used with the integration 
of synthetic or natural polymers in wound repair 
approaches because of their bioactivity and 
biodegradability characteristics [15], possessing 
advantages like antibacterial properties and 
providing a moist environment [16]. Hence, this 
study aimed to preliminarily assess the efficacy 
of magnesium oxide nanoparticles synthesized 
using dragon fruit peel against Pseudomonas 
aeruginosa burn infections and to confirm the 
antioxidant and biodegradability of the extract, 
with the goal of obtaining an environmentally 
friendly nanomaterial derived from plant peels 
for treating burn inflammation as an alternative to 
pharmaceuticals.

MATERIALS AND METHOD
Production of aqueous extract from the peel of the 
plant

An aqueous extract was generated from 

dragon fruit (Hylocereus polyrhizus) peels using 
a maceration technique [17]. About 20 gm of the 
pulverized plant extract was dissolved in 1000 mL 
of distilled water. The mixture was continuously 
agitated using a magnetic stirrer at approximately 
700 rpm and maintained at a temperature of 37 
°C for 24 hours. Following the extraction period, 
the mixture was filtered using Whatman No. 1 
filter paper and then centrifuged at 4500 rpm 
for 30 minutes. The supernatant containing the 
suspended active bio-compounds was carefully 
collected and then used for the subsequent 
preliminary chemical detection and Nano 
biosynthesis process (Fig. 1).

Preliminary chemical detection of active 
compounds in dragon peel extract

The phytochemical analysis of the plant 
extract was conducted using standard methods. 
Specifically, the extract was screened for 
phytochemicals (glycosides, alkaloids, flavonoids, 
tannins, terpenoids, and saponins), as explained in 
Table 1, which lists the compounds to be detected, 
the name of the test, the positive result for each 
test, and the references used in its preparation. 

Synthesis of magnesium oxide nanoparticles with 
dragon fruit peel extract 

To synthesize magnesium oxide nanoparticles 
(MgO NPs), three grams of magnesium oxide 
precursor (Mg (NO₃)₂) were added to 1000 mL of 
the prepared dragon fruit peel aqueous extract, 
which acts as a natural bio-reducing and capping 
agent. The reaction mixture was put in the 
shaker incubator and made to undergo 24 hours 
of continuous agitation, which in turn ensured 
uniform mixing and interaction between plant 

 
  

A B C 
Fig. 2. Steps of biosynthesis of MgO NPs. (A- aqueous extract of dragon peels, B- aqueous extract with MgO, 

and C- MgO NPs after drying).



3326

Z. Mahdi et al. / Green MgO Nanoparticles with Antibacterial Activity

J Nanostruct 16(3): 3323-3336, Summer 2026

phytochemicals and the magnesium precursor. 
Afterwards, the suspension was poured into a 
wide dish and transferred to a drying incubator 
for an additional 24 hours to facilitate complete 
solvent evaporation. Finally, the resulting dried 
material was manually scraped, collected, and 
thoroughly ground into a fine nano powder for 
further physical and biological characterizations 
(Fig. 2).

Synthesized MgO-NPs description
Physical and biological characterization are 

the most common methods for determining the 
properties of nanoparticles:

UV/Vis Spectroscopy Analysis: NPs’ UV and 
visible spectra were regularly characterized using 
a UV-1800 spectrophotometer (Shimadzu, Japan). 
The sample’s absorption spectrum was 250–280 
nm. The instrument was zeroed with distilled 
water 24 hours after preparation [23].

Atomic Force Microscopy: Nanomaterial 
dispersion, aggregation, size, and form are 
studied using atomic force microscopy (AFM). An 
AFM probe at one end of a spring-like cantilever 
interacts with the material. The material-tip 
interaction creates attractive or repulsive forces. 
Such pressures reveal the sample’s topography 
[24].

Field Emission Scanning Electron Microscopy 
Analysis: The achieved nanoparticles’ size, shape, 
and phenotypic characteristics were measured 
using the FE-SEM, SIGMA VP-500, and ZEISS high-
efficiency scanning electron microscope [22].

X-Ray Diffraction Analysis: To analyze 
nanoparticle structure, X-ray diffraction (XRD-
6000, Shimadzu, Japan) is used. The equipment 
used a Cu (kα) radiation source with a λ = 1.5405 Å 
wavelength, 60 kV voltage, 80 mA current, and 5°/
min scanning speed (from 20° to 80°). Measuring 
a dried sample using filter paper.

Fourier-transform infrared spectroscopy 
Analysis: FTIR was used to detect biomolecule 
functional groups on the plant extract surface 
and their possible role in nanoparticle formation. 
To make granules, the material was dried and 
combined with potassium bromide. We used 
a TENSOR 27 (Bruker Optik GmbH) for FTIR 

spectroscopy from 400 to 4000 cm⁻¹.

Antioxidant effect study 
According to [25], the DPPH (2,2-diphenyl-

1-picrylhydrazyl) test measured free radical 
scavenging ability. Sample solutions were 
prepared at various concentrations (0.125, 
0.25, 0.5, and 1 mg/ml). A microplate was used 
to mix 100μl of freshly made DPPH solution in 
methanol with 100μl of the sample at different 
concentrations. To prevent light-induced reagent 
damage, the microplate was incubated in the dark 
for 30 minutes. After incubation, an ELISA reader 
assessed absorbance at 517 nm. DPPH radical 
scavenging activity was calculated using Eq. 1.

A₀ indicates control absorbance, whereas A₁ 
accounts for the tested sample’s absorbance.

Antimicrobial Susceptibility Testing (AST)
Thirty isolates of resistant Pseudomonas 

aeruginosa were collected from burn patients in 
hospitals in Babylon Governorate. Bacterial identity 
was confirmed, and antibiotic susceptibility testing 
was performed using the Vitek 2 compact device. 
The manufacturer’s guidelines for preparing 
the bacterial suspension were followed. A pre-
prepared purified culture was transferred to a 
transparent test tube (12 × 75 mm) and suspended 
in 3.0 mL of sterile saline to establish a sufficient 
number of colonies. A Densi-Chek turbidity meter 
was used, set to 0.5 McFarland units. The same 
suspension was used to identify Gram-positive 
and Gram-negative bacteria using a Vitek 2 
compact analyzer. The Vitek 2 chamber received 
the Gram-positive bacterial cassettes, with the 
sample suspension tubes placed at the end. The 
Vitek 2 compact analyzer showed that the isolate 
was sensitive to antibiotics [26].

Antibacterial effect study
MgO nanoparticles synthesized from dragon fruit 

peel extract were tested for antibacterial activity 
against burn infection-isolated Pseudomonas 
aeruginosa utilizing the well diffusion technique. 
We diluted MgO NPs at 250, 500, 750, and 1000 
μg/ml. A 0.5 McFarland standard was applied 
to indicator bacteria active for 18 hours at 37°C. 

DPPH radical scavenging effect (%)  =  A0 − A1
A0 x 100 

 

                                     (1) 
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Sterile nutrient agar plates were used to grow 
bacteria, and a sterilized cork borer cut wells. 
After applying 100μl of each extract concentration 
to wells, they were incubated at 37°C for 24 hours 
and assessed for inhibitory zones in mm. Note 
that the agar well diffusion method was used as a 
preliminary screening approach, and the minimum 
inhibitory concentration (MIC) and minimum 
lethal concentration (MBC) will be determined in 
subsequent experiments.

Study of the hemolysis impact
Hemolysis tests were conducted on three 

healthy donor’s blood, following [27]. Blood 
samples were treated with 15μL of nanoparticles 
at doses of 0.12, 0.25, 0.5, and 1 mg/mL in 
Tyrode’s solution per sample. The study employed 
Tyrode’s solution as a negative control and Triton 
X-100 as a positive control in 285μL of blood. An 
incubator shaker incubated the suspension at 37°C 
for 4 hours. Once incubated, the suspension was 
centrifuged at 10,000 rpm for 5 minutes. At 550 
nm, an ELISA reader examined the supernatant 
in a 96-well plate to assess hemolysis. It was 
determined using the hemolysis % equation (Eq. 
2):

RESULTS AND DISCUSSION
It is clear from this work that Hylocereus 

polyrhizus fruit peel extract is a viable source of 
various phytochemicals. The results indicate the 
extract tested positive for glycosides, terpenes, 
tannins, flavonoids, alkaloids, phenolics, and 
saponins, which we determined via standard 
procedures. Also, for these components, which 
are responsible for the bioactivity of a medicinal 
plant—that is, its therapeutic action—note 
that the extract has health benefits and shows 
antibacterial properties, as each group functions 
to do so. This study found some of the results 
to support what other studies have reported, 
which is that Hylocereus polyrhizus is a source 
of several phytochemicals, including glycosides, 
terpenes, tannins, flavonoids, alkaloids, phenolics, 
and saponins [28, 29], but did not see the same 
results as [30]  and [31], who did not find evidence 
of alkaloids in their analysis of dragon fruit 

peels, which also had low levels of flavonoids 
and phenols and high levels of terpenoids. The 
discrepancies in our findings may be attributed 
to the utilization of varying extraction methods, 
solvents, and plant parts in the study [32]. The 
present study used crude extract directly, while 
other studies used different solvents that play an 
important role in increasing the solubility of some 
phytochemical compounds and decreasing the 
solubility of others, depending on the polarity of 
the solvents [33].

Dragon fruit peel secondary metabolites are 
affected by internal and external influences, which 
vary by growing area, according to [31]. Climate, 
geography, altitude, and morphological differences 
affect phytochemical types and concentrations, 
while genetic variation, growth stage, plant age, 
and organ used (e.g., peel, pulp, or seed) do. 
Diverse plant species and development phases 
have diverse biological routes, which affect their 
phytochemical makeup. Internal dynamics affect 
plant metabolic responses, which explain changes 
in extract composition [34].

Characteristic of the synthesized MgO-NPs
As particles were deposited throughout 

the production process of magnesium oxide 
nanoparticles, the color of the aqueous extract 
of dragon fruit peels changed from an initial 
red to a yellowish-brown suspension, and the 
consistency also altered. After being exposed to 
the magnesium precursor, the dragon fruit peel 
demonstrated its capacity to produce magnesium 
oxide nanoparticles via biosynthesis. The distinct 
color change of the reaction mixture after 24 
hours of incubation in a shaking incubator is clear 
evidence of the formation of stable nanoparticles 
by a group of environmentally friendly reducing 
and capping agents (like phenols and alkaloids) 
present in the extract, which reduced the 
magnesium ions, as confirmed by [35]. According 
to the visual transition, the color change of the 
reaction mixture from red to yellowish-brown 
indicates the successful production of magnesium 
oxide nanoparticles. 

UV-Visible spectroscopy was utilized to confirm 
the biosynthesis of MgO NPs using an extract 

Haemolysis(%) =  (OD550nm sample −  OD550nm tyrode)
(OD550nm Triton X − 100 1% −  OD550nm tyrode) x 100                 (2) 
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from dragon fruit peels. As shown in Fig. 3, the 
synthesized nanoparticles exhibited a strong 
and sharp absorption peak in the UV region at 
230 nm, reaching a high absorbance intensity 
of approximately 2.45. This characteristic peak 
at 230 nm is attributed to an absorption peak 
attributed to electronic transitions or band 
gap characteristics. The shift or position of the 
peak at this wavelength, 230 nm, indicates the 
successful reduction of magnesium ions and their 
stabilization by the phytochemicals (phenols and 
alkaloids) present in the extract. The spectrum in 
Fig. 3 also shows that the absorbance slowly drops 
off as it approaches closer to the visible range. 
This confirms that the biosynthesized MgO NPs 
are optically pure and that there are no large-scale 
aggregations.

Fig. 4 (A and B) shows the 2D atomic force 
microscopy (AFM) and the 3D representation 
of the MgO nanoparticles synthesized using the 
aqueous extract of dragon fruit peels, respectively. 

Based on the topographic analysis, the particle 
size ranged from 26.74 to 53.96 nm. The atomic 
force microscopy technique provides images 
that enable quantitative measurements of the 
material’s surface, including the root-mean-square 
(RMS) roughness and surface roughness average, 
which confirm the nanoscale features and the 
high surface-to-volume ratio of the prepared 
particles. These morphological findings are in 
excellent agreement with [36], who reported that 
synthesized MgO nanoparticles exhibit a uniform 
spherical distribution

The present study looked at the morphology of 
synthesized magnesium oxide nanoparticles (MgO 
NPs) via FESEM. As depicted in the FE-SEM images 
(Fig. 5), the MgO NPs exhibit a predominantly 
spherical appearance with an estimated diameter 
range of 35.40–85.15 nm, showing a relatively 
homogeneous morphology. The larger particles 
or clusters observed in the micrograph (Fig. 5) 
may be a result of the unwanted aggregation that 

 

  

 

  

A B 

Fig. 3. UV-vis absorption spectrum of MgO nanoparticles synthesized by 
dragon fruit peel aqueous extract.

Fig. 4. The 2D (A) and 3D (B) AFM images of MgO nanoparticles synthesized by dragon fruit peel extract.



3329J Nanostruct 16(3): 3323-3336, Summer 2026

Z. Mahdi et al. / Green MgO Nanoparticles with Antibacterial Activity

occurs throughout the drying process. As soon 
after evaporation as when it happens, particle 
concentration increases. That increase in ionic 
concentration, which results from evaporation, 
may in turn reduce electrostatic repulsion, which 
in turn causes agglomeration [36]. Also of great 
importance is the spherical shape and nanoscale 
size of the MgO NPs, which play a key role in their 
surface reactivity and biological effectiveness [37].

Our study found that materials synthesized 
from a magnesium precursor and dragon fruit 
peel aqueous extract have a high surface area 
nanocrystalline structure, as reported by X-ray 
diffraction analysis. Fig. 6 presents a very broad 
diffraction pattern with a main peak at 2θ ≈ 36.8°, 
characteristic of the material we are looking at, 

which is mostly of the cubic MgO phase. In this case, 
the X-axis (2θ) represents the diffraction angle, 
which is related to specific crystallographic planes 
in the crystal lattice, such as the (111) plane. The 
Y-axis (intensity) represents the X-ray diffraction 
intensity at each angle. Additionally, the large 
peak width is a result of very small crystallite sizes. 
This structural behavior and intensity variation we 
see is in agreement with what is reported in the 
literature for nanometer-sized MgO.

Fig. 7 indicates the peak values and functional 
groups for the biosynthesized magnesium oxide 
nanoparticles (MgO NPs) produced by dragon 
fruit peel extract. The X axis (wave number, 
cm⁻¹) displays the frequency of the infrared light, 
and the Y axis (% transmittance) indicates what 

Fig. 5: Field Emission Scanning Electron Microscopy (FE-SEM) 
images showing the surface morphology of the biosynthesized MgO 

nanoparticles.

Fig. 6. Diffractogram of synthesized MgO nanoparticles (MgO NPs) showing a 
prominent broad peak at 2θ ≈ 36.8°.
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percent of light is passing through the sample. 
In the FT-IR spectrum, the bioactive compounds, 
mainly phenols and alkaloids, are present and 
also function as dual reducing and capping 
agents. Furthermore, our IR spectrum shows 
the interaction of hydroxyl and carbonyl groups 
with magnesium ions, which in turn facilitates 
their reduction into MgO NPs. We see an intense 
peak at 3435 cm⁻¹, which is that of O-H stretching 
vibrations, and also a sharp one at 1619 cm⁻¹, 
which is due to C=C/C=O stretching. A peak was 
also observed at 665 cm⁻¹, a characteristic sign of 
Mg-O bond extension, confirming the crystalline 
structure of the metal oxide nanoparticles. This 
result is highly consistent with what [38] reported 
regarding magnesium oxide nanoparticles.
Biological applications of MgO nanoparticles

2,2-diphenyl-1-picrylhydrazyl (DPPH) free 
radical scavenging Assays were used to detect 
the antioxidant ability of the chemical MgO NPs, 
which were biosynthesized from the dragon fruit 
peel by reducing DPPH free radicals. The results 
displayed in the screening findings of Fig. 8 show 
that the biogenic MgO NPs from the dragon fruit 
peel effectively scavenged the DPPH radical. It also 
indicates that the percentage of scavenging goes 
down as the concentration of the nanoparticles 
goes down (from 59.335% at 1 mg/ml to 51.702% 
at 0.125 mg/ml), indicating a concentration-
dependent enhancement in activity. DPPH tests 
are well-known for being able to tell how well a 
substance can work as an antioxidant. The idea 
behind the DPPH test is that the color of the 
DPPH solution shifts from purple to yellow when 
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the antioxidant gets rid of radicals. Research 
reports that biosynthesized MgO NPs are good 
at what they do, which is act as antioxidants 
and also put a stop to DPPH radicals. Also seen 
in our study is that the antioxidant performance 
of the biosynthesized MgO NPs is great, which 
in turn presents them as a very effective source 
of antioxidants. Therefore, the biosynthesized 
MgO NPs are facilitated by the bio-capping of the 
aqueous plant extract phytochemicals [25], which 
act as free radical scavengers, transforming them 
into stable molecules. Researchers believe that 
the peel of the purple Hylocereus species has 
antioxidant properties because of its bright color 
[39].

 The antimicrobial susceptibility testing of P. 
aeruginosa isolates recovered from burn wound 
cases in Babylon Province revealed a markedly 
high resistance profile across multiple antibiotic 
classes, indicating the presence of multidrug-
resistant (MDR) strains. Complete resistance 
(100%) was recorded against both Ceftazoline and 
Ceftazidime, while resistance rates of 76%, 85%, 
80%, 75%, 66%, 60%, and 50% were observed 
against Piperacillin, Ciprofloxacin, Gentamicin, 
Amikacin, Meropenem, Imipenem, and Cefepime, 
respectively (Fig. 9).

In terms of complete resistance (100%) 
to ceftazoline, that is what we expect, as P. 
aeruginosa has intrinsic resistance to first-
generation cephalosporins, which is a result of 

their outer membrane structure and also from the 
expression of AmpC beta-lactamase in a constant 
state. Furthermore, it was found to have full 
resistance to ceftazidime (100%), which is very 
alarmingly high. This study’s results are in line with 
those of [40], which found that more than 90% of 
burn patients had P. aeruginosa that was resistant 
to ceftazidime.

Our findings are consistent with a prior 
investigation, which found that 85% of P. 
aeruginosa isolates from burn patients were 
resistant to ciprofloxacin [41]. The overprescription 
of ciprofloxacin in healthcare settings is a major 
contributor to the rise of fluoroquinolone 
resistance. A correlation between the two was 
shown to be statistically significant, according to 
[42]. Also noteworthy were the resistance rates to 
aminoglycosides; 80% of cases showed resistance 
to gentamicin and 75% to amikacin. An extensive 
study conducted at burn centers found that 90% 
of P. aeruginosa isolates were resistant to amikacin 
and 98% to gentamicin [41]. This indicates that 
burn-associated P. aeruginosa is a global problem 
that is becoming worse.

In this study, carbapenem resistance was seen 
as a large issue, which was noted in meropenem 
at 66% and in imipenem at 60%. Furthermore, 
the most common beta-lactamase genes, blaTEM, 
blaVIM, and blaCTX-M, were found in 40% of 
P. aeruginosa isolates from burn wounds [43]. 
Increased carbapenem resistance in our study 
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may, in fact, be a result of the wide-scale use of 
these last-resort antibiotics in Babylon Province 
hospitals.

In contrast to piperacillin, which showed 76% 
resistance and just 24% susceptibility, cefepime 
displayed an equal distribution with 50% 
resistance and 50% susceptibility. Confirming the 
multidrug-resistant traits of this pathogen, 29.24% 
of P.aeruginosa isolates from burn victims showed 
resistance to three or more drugs [44]. In the 
Iraqi context, P.aeruginosa accounted for 27% of 
isolates from burn patients, and the emergence 
of multidrug-resistant strains makes continuous 
monitoring of resistance patterns vitally important 
[45].

Overall, there is a substantial and wide-scale 
resistance to almost all classes of antibiotics, 
which classifies most of these isolates as MDR 
P. aeruginosa. Furthermore, it is known that 
P.aeruginosa causes difficult-to-treat infections 
that have a naturally low susceptibility to many 
antibiotics and often require combination 
therapy [46]. Our results also put forth the 
urgent need for the implementation of strict 
antimicrobial stewardship programs and regular 
resistance pattern surveillance, and, at the same 
time, we must look into alternative therapeutic 
approaches—which are reported in the present 
study—to fight against MDR P.aeruginosa in burn 
units. 

Using biosynthesized magnesium oxide 
nanoparticles (MgO NPs) derived from dragon 
plant extracts, researchers investigated the 
inhibitory effect on P.aeruginosa, a clinically 
important Gram-negative bacterium isolated from 
burn wounds. The concentrations of nanoparticles 

varied from 250 to 1000 μg/ml. Experimental 
results indicated that the size of the inhibition 
zones increased with increasing nanoparticle 
concentration. The diameters of the inhibition 
zones ranged from 15 mm in P.aeruginosa at 1000 
μg/ml (Fig. 10) to 11 mm at 500 μg/ml. However, 
no bacterial inhibition was observed at 250 μg/
ml, indicating that this concentration falls below 
the minimum inhibitory threshold required to 
suppress bacterial growth. The antibacterial 
potential may be first shown by agar well 
diffusion; however, it does not give quantitative 
inhibitory concentrations like MIC and MBC. So, 
to learn more about the therapeutic possibilities 
of the produced nanoparticles, more research is 
needed to establish the minimal inhibitory and 
bactericidal doses, but by comparing the antibiotic 
susceptibility profile of the isolates indirectly 
with the antibacterial activity of MgO NPs, their 
potential as alternative agents against MDR strains 
may be highlighted.

In terms of what magnesium oxide nanoparticles 
do at a cellular level, there are many theories. Also, 
it has been put forth that the large surface area of 
nanoparticles, which in turn increases their point 
of contact with biological systems as compared 
to larger bulk particles, is what gives them their 
great antibacterial action [47]. Furthermore, the 
play of the nanoparticles doesn’t only include 
interaction with the membrane surface but 
may also include disruption of outer membrane 
structure, interference with key cell functions, 
and the production of reactive oxygen species, 
which, in turn, cause oxidative damage to what is 
inside the bacteria [48, 49]. In 2023, [50] reported 
that the phytochemical capping agents present 
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in the plant extract used for biosynthesis exert 
a synergistic effect, which we observe in the 
antibacterial action. Furthermore, the extract 
has a wide range of bioactive, like phenolics 
and flavonoids, which they note also play very 
independent roles in displaying antimicrobial 
activity against gram-negative bacteria. Future 
studies must include suitable positive controls in 
addition to the negative control to substantiate 
the observed antibacterial effects, given that the 
existing experimental design is devoid of control 
groups.

In the area of biomedicine, see that many 
antibacterial drugs and delivery systems that are 
put forth use nanotechnology, which is a focus 
of a great deal of research [51]. Also, see that 
biosynthesized MgO NPs do, in fact, put forward 
effective results against bacteria. Also, it is put 
forth in other studies that there is a minimum 
effective concentration that must be achieved 
before green-synthesized metal oxide nano 
particles see to have a large bacterial inhibiting 
effect [52, 53].

In fact, all nanomaterials that enter the 
bloodstream do in fact interact with red blood 
cells; find that evaluation of the biocompatibility 
of biosynthesized nanoparticles is a very important 
step in the assessment of their biological safety. 
Per the American Society for Testing and Materials 
(ASTM), a hemolysis rate of less than 5% is what is 
put forward as a mark of hemocompatibility and 
biological acceptability [54].

 This study’s findings showed that the 
biosynthesized MgO NPs did not exhibit any 

hemolytic activity at any of the doses tested 
(0.12, 0.25, 0.5, and 1 mg/mL), with a hemolysis 
percentage of 0% across the board (Fig. 11). 
Highlighting the therapeutic relevance of 
confirming non-hemolytic behavior prior to 
any biomedical application, these findings are 
especially noteworthy because hemoglobin 
release into plasma can cause serious adverse 
health outcomes such as anemia, pulmonary 
hypertension, and renal toxicity [55].

In this study, a range of non-hemolytic 
concentrations is reported, including those of the 
full spectrum of concentrations that produce the 
antimicrobial, antioxidant, and other biological 
effects seen from these nanoparticles, which in 
turn confirms that we may achieve the therapeutic 
benefits of these particles without at the same 
time damaging red blood cells.

Based on these findings, the biosynthesized 
MgO NPs made from plant extract (a green 
synthesis process) are a harmless and 
biocompatible nanomaterial. By doing away 
with the necessity for potentially harmful 
chemical reagents, this method encourages more 
sustainable and ecologically friendly methods of 
manufacturing. Adopting such environmentally 
friendly nanotechnology is therefore in line with 
the overarching aim of responsible production 
and consumption, which is in line with the twelfth 
sustainable development goal.

Among the limitations observed in this study 
that should be considered in future research are 
the need to determine the minimum inhibitory 
concentration (MIC) and the minimum lethal 
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concentration (MBC), to include comprehensive 
control groups in antibiotic assays, and to conduct 
advanced statistical analysis. Furthermore, there is 
a need to focus on the quantitative evaluation of 
antibiotics and their in vivo validation.

CONCLUSION
The research found that the peel of the dragon 

fruit (Hylocereus polyrhizus) may be used to make 
magnesium oxide nanoparticles in an efficient 
and eco-friendly way. Inhibiting and stabilizing 
nanosynthesis may be possible, according 
to preliminary chemical experiments, due to 
bioactive components in plant extracts.

Many characterization methods verified 
the synthesis of nanoparticles with improved 
biological activity due to their nanoscale size and 
desired morphological and structural features. 
The synthetic particles prevented the growth of 
burn patients’ multidrug-resistant Pseudomonas 
aeruginosa bacteria and showed antioxidant 
activity that depended on concentration, 
suggesting they may replace bacteria.

Hemocompatibility testing supported the 
particles’ biosafety and therapeutic potential by 
demonstrating no hemolytic impact at the tested 
levels. This study’s nanoparticles could help treat 
burn infections in medical applications. To validate 
treatment effectiveness and understand their 
processes, the study proposes molecular and in 
vivo investigations. 
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