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ABSTRACT

This study explores the green synthesis of magnesium oxide nanoparticles (MgONPs) via Nasturtium officinale (watercress)
extract and assesses their physicochemical properties and therapeutic effects against furosemide-induced hypomagnesemia
in rats. X-ray diffraction (XRD), energy-dispersive spectroscopy (EDS), scanning electron microscopy (SEM), atomic force
microscopy (AFM), UV-Vis spectroscopy, and Fourier-transform infrared spectroscopy (FTIR) were used to confirm the
biosynthetic process. In this experiment, 40 adult female rats were divided into five groups: control, furosemide-treated
(T1), MgONPs-treated (T2), watercress extract-treated (T3), and magnesium sulfate-treated (T4). The antioxidant enzyme
activity (catalase and superoxide dismutase), and serum magnesium levels were examined. MgONPs increased granulocyte
proliferation, boosted antioxidant enzyme activity, and successfully restored serum magnesium levels.Validated MgONPs'
protective function in maintaining immune function. These findings imply that watercress extract and biosynthesized
MgONPs have great promise for treating hypomagnesemia and related immunological dysfunctions.

Keywords: Magnesium oxide nanoparticles, Nasturtium officinale, hypomagnesemia, immune modulation, antioxidant
defense.

1. INTRODUCTION

Magnesium is an important mineral involved in many physiological functions, such as immune response, oxidative stress
management, and enzyme activation. Magnesium (Mg) is an important factor for enzymes involved in carbohydrate
metabolism (Hamdan,2011). .Dietary Mg2+ deficiency is associated with ischemic heart disease, congestive heart failure,
sudden cardiac death, arrhythmias, vascular complications of diabetes mellitus,(Obaid, and Khaleel ,2019)., given
magnesium with KCI we observed moderate increase in nuclear and cytoplasmic staining. Hypomagnesemia is an electrolyte
imbalance induced when there is a low amount of serum magnesium (less than 1.46 mg/dL) in the blood, (Obaid, and Khalil,
2021).Chronic diuretic use frequently causes hypomagnesemia, which can result in oxidative stress, inflammatory diseases,
and immune disruptions. Supplementing with magnesium is a common treatment; however, conventional magnesium salts
exhibit limited bioavailability. Nanotechnology offers a possible alternative through the use of MgONPs, which gives better
bioavailability and stability. Nanobiotechnology is a rapidly developing topic that incorporates elements from many
academic disciplines, including biology, chemistry, physics, and medicine (Panda et al, 2021). typically ranging of NPs from
1 to 100 nanometers in size, possess a large surface area to volume ratio, high stability, their small size allows for easy
penetration into cells and tissues, MgO nanoparticles can be produced by physical, chemical, or biological processes.
Physical and chemical synthesis is not the ideal choice due to its high cost, energy requirements, toxicity to the environment,
and unsuitability for biological applications. (Daharwal and Kujur, 2021). Biosynthesis techniques, however, may also be
beneficial in terms of reduced costs and environmental friendliness. The advantages of capping and stabilizing can also be
obtained by using nontoxic extracts or microbiological cultures (Ahmed, 2022).

Medical plants take a vital part in our life since they're broadly used for the prevention and treatment of different diseases
(Mashi and Dheyab, 2018). In order to produce green nanoparticles, more plant materials have recently been added to the
process of using phytocompounds like leaf extracts, fruit, bark, fruit peels, roots, and callus as bio-reductants.
(Abuzeid,2023). Rocket plant (Nasturtium officinale) has gotten more value as avegetable, and spice around the world
(Mashi, 2017), further it is considered to be an important chemoprotective plant. In this study, we attempted to manufacture
MgONPs utilizing Nasturtium officinale extract and evaluate their potential in alleviating furosemide-induced
hypomagnesemia and immunological dysfunction. The electrolyte such as Mg+2 disturbances could be mediated by the
tumor pathology (Abdulrahman, et al ,2021).
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2. MATERIALS AND METHODS
Synthesis and Characterization of MgONPs MgONPs were biosynthesized using an aqueous extract of Nasturtium

officinale as a reducing and capping agent. The formation of MgONPs was monitored through colorimetric changes and
confirmed using UV-Vis spectroscopy, FTIR, XRD, SEM, EDS, and AFM.

Experimental Design
Forty female Wistar rats (8 weeks old) were randomly assigned into five groups (n=8 per group):
Control group: The control group were treated with normal saline orally.

T1 group (Hypomagnesemia) : animals received furosemide at dose of 40mg/kg BW . Administration by injection ( Yelitza
Berné et al,2005)

T2 group: Animals in this group received furosemide at dose of 40mg/kg BW plus watercress MgONPs at does 12.5pug/kg
BW.

T3 group: animals received furosemide at dose of 40mg/kg BW plus watercress aqueous extract at dose 500mg/kg BW
(Aires, et al, 2013)

T4 group: rats in this group administered furosemide at dose of 40mg/kg BW With Mg sulphate at dose 0.1mg /kg
BW.(constable et al.,2016).

Biochemical Analyses

1-Serum magnesium levels were measured using atomic absorption spectrometry.

2-Antioxidant Markers

Antioxidant enzyme activities (catalase and superoxide dismutase) were analyzed spectrophotometrically.

3. RESULTS AND DISCUSSION
Characterization of MgONPs

A peak at 380 nm was found in the UV-Vis spectra, confirming the production of MgONP. The presence of carboxyl and
hydroxyl functional groups, as shown by FTIR spectra, stabilized the nanoparticles. MgONPs' cubic crystalline structure
was validated by XRD analysis, although SEM and AFM images revealed a homogeneous spherical morphology with little
aggregation.

Monitoring color shifts of Biosynthesis MgONPs

No changes in table color, which is a first sign of nanoparticle formation, were seen during the biosynthesis of magnesium
oxide nanoparticles (MgONPs) using the aqueous extract of watercress (Nasturtium officinale L.) (Pal et al., 2019). The
magnesium nitrate solution had no color at first (Figure-A). The solution changed color as the Watercress extract was added
gradually; after 20 minutes, it took on a yellowish hue (Figure-B). After approximately one hour, the mixture’s appearance
evolved to a cloudy consistency (Figure -C). By the 48-hour mark, the solution had attained a stable dark yellow color,
which persisted until the synthesis process was completed. Following these observations, the reaction mixture was
centrifuged and washed five times to purify the MgONPs, as illustrated in (Figure —D).

The successive color variations observed during the biosynthesis process are crucial markers of the nanoparticle creation and
growth mechanism. The initial change from a colorless solution to a yellowish hue suggests the onset of the bioreduction
process, where bioactive compounds present in the Watercress extract begin reducing magnesium ions to form
MgONPs(Kumar et al., 2021). After an hour, the subsequent change to a hazy look most likely represents the nucleation and
early growth of nanoparticles, where a growing number of nuclei contribute to light scattering and alter the optical
characteristics of the solution.

After 48 hours, the final stable dark yellow color is seen, signifying that MgONP production is complete and the particles
have achieved a mature, uniform condition. This color stabilization, which may be the result of localized surface plasmon
resonance (LSPR) effects, is compatible with the production of a sufficient number of nanoparticles exhibiting distinctive
optical properties. The subsequent centrifugation and washing procedures are crucial for eliminating unreacted precursors
and any remaining biomolecules, guaranteeing the stability and purity of the produced MgONPs (Khan et al., 2021).

These findings are consistent with related research on the manufacture of biogenic nanoparticles, which shows that the
nucleation and growth stages of nanoparticles are correlated with slow color changes. In addition to aiding in the reduction
of magnesium ions, the extract from Nasturtium officinale offers natural capping agents that stabilize the nanoparticles,
reducing aggregation and improving the material's overall quality.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s
pg. 1173



| Dr. Chhavi Mangla, Dr. Aditya Kumar, Chetan Sharma, Dr. Satish Kumar, Dr. Seema
Gupta

Figure -1: Changes in color during the synthesis of MgO nanoparticles include: A-MgNO3 alone; B- color shift
from white to yellowish when watercress extract and NaOH are added drop by drop; C- color shift after two hours
of reaction time; and D-The MgONPs after two days.

Ultraviolet-Visible(UV-VIS)Spectroscopy for MgONPs
The UV-visible spectroscopy

The UV-visible spectroscopy of the biogenically synthesized magnesium oxide nanoparticles (MgONPs) revealed a
prominent absorption band centered at approximately 380 nm. During the synthesis process, a distinct brown color change
was observed, correlating with the emergence of this peak.

The creation of MgONPs is indicated by the absorption peak at 380 nm, which is caused by the localized surface plasmon
resonance (LSPR) phenomenon. When stimulated by incident light, the collective oscillation of electrons on the nanoparticle
surface causes this resonance. As surface plasmon activation increases light scattering, the color shift from light to brown
further supports the production of nanoparticles.

at the wavelength of resonance. These optical characteristics, which have already been documented in the literature (Philip
& Kumar 2022), validate the efficiency of employing watercress (Nasturtium officinale) aqueous leaf extract as a capping
and reducing agent in this green synthesis method.
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Figure -2 (A): UV-Vis spectroscopy absorbance of watercress extract, (B) UV-Vis spectroscopy absorbance of
magnesium nitrate, (C) UV-Vis spectroscopy absorbance of MgONPs.

Fourier Transform Infrared (FTIR) Spectroscopy Analysis for MgONPs

The FTIR spectra of the synthesized MgONPs exhibited several significant absorption bands. Key features included a broad
band around 3400 cm™! (indicative of O—H stretching vibrations), a band near 1650 cm™ corresponding to C=0 stretching,
and additional peaks related to C-O and N-H vibrations.

The bioactive compounds from the watercress extract are confirmed to be involved in the synthesis process by the FTIR
analysis. The wide O-H stretching band indicates the presence of hydroxyl groups, most likely from phenolic or alcoholic
chemicals, which can serve as stabilizers and reducing agents. Proteins and other biomolecules are adsorbed on the surface
of the nanoparticles, acting as capping agents, as shown by the C=0 and N-H vibrations (Sidhu et al., 2022). According to
related investigations, this dual effect not only helps reduce magnesiumions but also stops excessive agglomeration.
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Figure -3 A: FT-IR spectrum of Watery extract of Watercress, B: FT-IR spectrum of functional groups of
watercress extract attached to MgONPs.

X-ray Diffraction (XRD) Analysis for MgONPs

XRD analysis of the MgONPs produced distinct and sharp diffraction peaks corresponding to well-defined crystal planes.
The pattern is in agreement with the standard cubic phase of magnesium oxide, and the calculated crystallite size (using the
Scherrer equation) falls within the nanometer range.

The crystalline character of the MgONPs is clearly shown by the XRD data. The distinct peaks show strong crystallinity
and imply that well-ordered nanoparticles are produced by the biogenic synthesis pathway. The diffraction pattern confirms
that the target phase was successfully synthesized because it matches standard reference data for MgO (Netzer and Noguera,
2021). Additionally, a somewhat uniform particle size distribution is implied by the low peak widths, which is important for
several applications including electronics and catalysis. This controlled crystallinity is in line with other research that

synthesizes nanoparticles using plant extracts (Al-Kurdy et al., 2020).
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Energy Dispersive Spectroscopy (EDS) Analysis for MgONPs

4. RESULTS

EDS analysis confirmed the elemental composition of the synthesized nanoparticles. The spectra predominantly displayed
peaks corresponding to magnesium and oxygen, with relative atomic percentages in line with the stoichiometry of MgO. No
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Figure -4 :X-ray diffraction pattern for MgO nanoparticales

significant impurities were detected.

The EDS results verify the purity of the MgONPs, as only the expected elements (Mg and O) were present. This high purity
is critical for applications that require uncontaminated materials, such as in catalysis or biomedical applications. The absence
of extraneous peaks indicates that the use of Nasturtium officinale extract did not introduce any unwanted elements into the
synthesis process. These findings are consistent with similar studies that emphasize the advantage of biogenic synthesis

methods in producing high-purity metal oxide nanoparticles ( Kumar et al., 2021)

Element Atomic % IAtomic % Error Weight % \Weight % Error
17.9 0.3 14.9 0.2

O 68.8 0.4 65.1 0.4

Na 1.3 0.0 1.7 0.1

Mg 8.8 0.1 12.6 0.1

Si 2.1 0.0 3.5 0.0

S 0.5 0.0 1.0 0.0

Ca 0.5 0.0 1.1 0.0
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Figure -5: Energy Dispersive Spectroscopy(EDS) results for MgO nanoparticles

Scanning Electron Microscopy (SEM) Analysis for MgONPs

SEM imaging revealed that the MgONPs possess a predominantly spherical morphology with a relatively uniform size
distribution. Some regions showed minor agglomeration, which is common in nanoparticle samples prepared via biological
routes.

The morphological properties of the produced MgONPs are well demonstrated by the SEM pictures. The homogeneous
distribution and spherical shape that were discovered indicate that the biomolecules in the extract of Nasturtium officinale
effectively encapsulated the nanoparticles, preventing widespread aggregation. The high surface energy that nanoparticles
naturally possess during the drying process is usually the cause of the slight agglomeration that was observed (Shrestha et
al., 2020). Overall, the morphological characteristics found are consistent with other studies on the synthesis of biogenic
nanoparticles (Essien et al., 2020), demonstrating the synthesis method's effectiveness and reproducibility.

8/7/2023 HV mag det pressure WD 500 nm
3:38:20 PM|30.00 kVV/120 000 x ETD 7.14e-3 Pa 11.1 mm inspect f 50-FEI Compan

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s
pg. 1178



Dr. Chhavi Mangla, Dr. Aditya Kumar, Chetan Sharma, Dr. Satish Kumar, Dr. Seema

Gupta
\g
8/7/2023 HV mag det pressure WD - 1 pm .
3:40:36 PM|30.00 kv 60 000 x ETD 7.14e-3 Pa 11.1 mm inspect f 50-FEI Compan
Figure -6: SEM image showed the size and characters of synthesized MgONPs (A) 500nm(25.00-39.53nm) and (B) 1

pm

Atomic Force Microscopy (AFM) Analysis for MgONPs

AFM analysis provided three-dimensional topographical maps of the MgONPs, revealing consistent particle heights and
clear surface features. The height measurements corroborated the size estimations obtained from SEM analysis.

Particle height and surface roughness may be precisely measured thanks to AFM's complementing three-dimensional view
of MgONP surface morphology. The uniformity of particle size and the effectiveness of the green synthesis approach in
controlling nanoparticle dimensions are validated by the consistency between AFM and SEM data. Understanding how
surface characteristics may affect the physical and chemical characteristics of the nanoparticles in possible applications
requires the use of comprehensive topographical data (Joudeh and Linke, 2022).
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Figure -7: Atomic force microscopy (AFM) for (MgONPs) (A)Three dimensional image, (B) and (C) size
distribution histogram of MgO Nanoparticles analyzed by AFM. (d) Two-dimensional.

Effects on Serum Magnesium

When compared to the furosemide group, MgONPs significantly raised serum magnesium levels (P<0.05). Leukocyte
equilibrium was restored by the MgONPs and watercress groups, which increased granulocyte numbers and decreased the
lymphocyte rise seen in the furosemide group.

Table 1- Showed the Effect of Watercress Nasturtium officinale L. extract, MgONPs, furosemide and Mg sulfate on
Mg(mg/dL) concentration in adult female rats

Groups Mg in serum(mg/dL)

Control(C) 1.55+0.22
b

T1 0.33+0.16
c

T2 3.01+0.22
a

T3 2.92+0.23
a

T4 2.03+0.07
a

LSD 0.77

Means having with the different letters in same column differed significantly, * (P<0.05). C: control group, T1 Group:
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animals received furosemide at dose of 40mg/kg BW . Administration by injection, T2 Group: Animals in this group received
furosemide at dose of 40mg/kg BW plus watercress MgONPs at does 12.5pg/kg BW, T3 Group: animals received
furosemide at dose of 40mg/kg BW plus watercress aqueous extract at dose 500mg/kg BW, T4 group rats in this group
administered furosemide at dose of 40mg/kg BW With Mg sulphate at dose 0.1mg /kg BW.

5. ANTIOXIDANT MARKERS
Detection of Serum Catalase (CAT) Activity

Significant variations in CAT activity between the groups are shown by the data (P = 0.0001). The MgONPS group had the
highest CAT activity (201.78 + 18.82 mg/dl), which was far higher than that of any other group. CAT levels were
considerably lower in the Furosemide group (104.54 + 7.42 mg/dl) than in the control group (143.23 = 7.32 mg/dl). The
CAT activity levels in the Control, Watercress (141.38 + 8.41 mg/dl), and Mg Sulfate (153.29 + 13.15 mg/dl) groups were
intermediate.

Catalase (CAT) is a key antioxidant enzyme that catalyzes the degradation of hydrogen peroxide into water and oxygen,
thereby protecting cells from oxidative damage. This conclusion fits with earlier research suggesting that magnesium oxide
nanoparticles (MgONPSs) can boost antioxidant enzyme activity by lowering oxidative stress and enhancing free radical
scavenging (Gatou,et al., 2024). The nanomaterial's capacity to alter redox signaling pathways and boost endogenous
antioxidant defenses may be the cause of the increased CAT activity in this group.

By producing reactive oxygen species (ROS) and reducing the activity of antioxidant enzymes, the loop diuretic furosemide
has been shown to cause oxidative stress (Sabra et al., 2022). The observed reduction in CAT activity raises the possibility
that furosemide has a pro-oxidative effect, which could lead to oxidative tissue damage. Watercress, known for its
polyphenol content, may exert a protective effects on oxidative stress (Panahi Kokhdan et al., 2021). However, because Mg
Sulfate has little direct contact with redox pathways, it is less likely to dramatically change CAT activity.

Detection of Serum Superoxide Dismutase (SOD) Activity

The study's findings show that the experimental groups' SOD activity varied significantly (P = 0.0001), indicating varying
antioxidant responses. The MgONPS group had the greatest SOD activity (131.62 + 4.72 mg/dl), showing a substantial
increase above all other groups. In comparison to the Control group (105.20 + 4.35 mg/dl) and other experimental groups,
the Furosemide group had the lowest SOD levels (49.51 + 4.17 mg/dl). SOD levels were similar in the Control, Watercress
(117.45 £ 4.74 mg/dl), and Mg Sulfate (114.36 £ 4.40 mg/dl) groups.

Another essential antioxidant enzyme that acts as the first line of defense against oxidative stress is superoxide dismutase
(SOD), which transforms superoxide radicals into hydrogen peroxide. According to previous research, MgONPs can
increase SOD activity by increasing enzymatic antioxidant responses and regulating cellular redox equilibrium (Sabra et al.,
2022). This group's elevated SOD levels could be a sign of better cellular defenses against oxidative damage.

lowering the amounts of antioxidant enzymes and compromising mitochondrial function, furosemide makes oxidative
stress worse (Sharifi-Rad et al., 2020). This decrease in SOD activity draws attention to the possible oxidative stress that
furosemide causes, which could be a factor in its well-known detrimental effects on vascular and renal function. As
mentioned earlier, watercress includes phytochemicals that may help promote antioxidant defenses, and supplementing with
magnesium sulfate has been associated with moderate increases in enzymatic antioxidant activity (Marin et al., 2025). The
results underscore the differential impact of the tested compounds on oxidative stress biomarkers, particularly CAT and SOD
activity. MgONPS demonstrated the most significant enhancement in antioxidant enzyme activities, suggesting its potential
as a protective agent against oxidative damage. In contrast, Furosemide markedly reduced both CAT and SOD levels,
supporting its well-established pro-oxidative properties. The intermediate antioxidant enzyme activity of watercress and
magnesium sulfate suggest possible minor protective benefits without significant enzymatic change.

Table -2 Showed the Effect of Watercress Nasturtium officinale L. extract, MgONPs, furosemide and Mg sulfate on
CAT and SOD in adult female rats.

Means £SE
Group CAT (mg/dI) SOD (mg/dl)
Control 143.23 £7.32 b 105.20 +4.35 b
T1 104.54 £7.42 4951 +4.17 ¢
T2 201.78 +18.82 a 131.62 +4.72 a
T3 141.38 +8.41 b 117.45 +4.74 b
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T4 153.29 +13.15b 114.36 +4.40 b
L.S.D. 35.07 ** 13.234 **
P-value 0.0001 0.0001

Means having with the different letters in same column differed significantly, * (P<0.05). C: control group, T1 Group:
animals received furosemide at dose of 40mg/kg BW . Administration by injection, T2 Group: Animals in this group received
furosemide at dose of 40mg/kg BW plus watercress MgONPs at does 12.5ug/kg BW, T3 Group: animals received
furosemide at dose of 40mg/kg BW plus watercress aqueous extract at dose 500mg/kg BW, T4 group rats in this group
administered furosemide at dose of 40mg/kg BW With Mg sulphate at dose 0.1mg /kg BW.

6. CONCLUSION

This study highlights the promising therapeutic potential of Nasturtium officinale extract and biosynthesized MgONPs in
mitigating immune dysfunction associated with hypomagnesemia. The MgONPs demonstrated significant improvements in
antioxidant defense, immunological balance, and serum magnesium restoration, showing superior efficacy compared to
traditional magnesium treatments. These findings suggest that MgONPs could serve as an effective alternative treatment for
immune-related conditions and magnesium deficiency.

Acknowledgments The authors acknowledge (College of Veterinary Medicine/University of Baghdad) for providing
laboratory facilities and support for this research.

Conflict of Interest Statement The authors declare no conflicts of interest.

REFERENCES

[1] Panda, P. K., Verma, S. K., & Suar, M. (2021). Nanoparticle biological interactions: the renaissance of
bionomics in the myriad nanomedical technologies. Nanomedicine, 16(25), 2249-2254.

[2] Kujur, A., & Daharwal, S. J. (2021). Novel Formulations of Green Synthesized Plant Based Metal Nanoprticles
along with their Therapeutic Applications: an Insight to Nano-Green world. Bull. Env. Pharmacol. Life Sci, 10,
217-236.

[3] Ahmed, S. F., Mofijur, M., Ahmed, B., Mehnaz, T., Mehejabin, F., Maliat, D., ... & Shafiullah, G. M. (2022).
Nanomaterials as a sustainable choice for treating wastewater. Environmental Research, 214, 113807.

[4] Abuzeid, H. M., Julien, C. M., Zhu, L., & Hashem, A. M. (2023). Green synthesis of nanoparticles and their
energy storage, environmental, and biomedical applications. Crystals, 13(11), 1576.

[5] Berné, Y., Carias, D., Cioccia, A. M., Gonzélez, E., & Hevia, P. (2005). Effect of the diuretic furosemide on
urinary essential nutrient loss and on body stores in growing rats. Archivos latinoamericanos de
nutricion, 55(2), 154-160.

[6] Aires, A., Carvalho, R., Rosa, E. A., & Saavedra, M. J. (2013). Phytochemical characterization and antioxidant
properties of baby-leaf watercress produced under organic production system. CyTA-Journal of Food, 11(4),
343-351.

[7] Constable, P. D., Hinchcliff, K. W., Done, S. H., & Grinberg, W. (2016). Veterinary medicine: a textbook of
the diseases of cattle, horses, sheep, pigs and goats. Elsevier Health Sciences.

[8] Pal, B., Yang, S., Ramesh, S., Thangadurai, V., & Jose, R. (2019). Electrolyte selection for supercapacitive
devices: a critical review. Nanoscale advances, 1(10), 3807-3835.

[9] Kumar, J. A., Krithiga, T., Manigandan, S., Sathish, S., Renita, A.A., Prakash, P., ... & Crispin, S. (2021). A
focus on green synthesis of metal/metal-based oxide nanoparticles: Various mechanisms and applications
towards ecological approach. Journal of Cleaner Production, 324, 129198.

[10] Khan, A. U., Khan, Q. U., Tahir, K., Ullah, S., Arooj, A., Li, B., ... & Ullah, I. (2021). A Tagetes minuta based
eco-benign synthesis of multifunctional Au/MgO nanocomposite with enhanced photocatalytic, antibacterial,
and DPPH scavenging activities. Materials Science and Engineering: C, 126, 112146.

[11] Philip, A., & Kumar, A. R. (2022). The performance enhancement of surface plasmon resonance optical sensors
using nanomaterials: A review. Coordination Chemistry Reviews, 458, 214424,

[12] Sidhu, A. K., Verma, N., & Kaushal, P. (2022). Role of biogenic capping agents in the synthesis of metallic
nanoparticles and evaluation of their therapeutic potential. Frontiers in Nanotechnology, 3, 801620.

[13] Netzer, F. P., & Noguera, C. (2021). Oxide thin films and nanostructures. Oxford University Press.
[14] Al-Kurdy, M. J., & Khudair, K. K. (2020). Synthesis and characterization of black currant selenium

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s
pg. 1182



Dr. Chhavi Mangla, Dr. Aditya Kumar, Chetan Sharma, Dr. Satish Kumar, Dr. Seema
Gupta

nanoparticles (part I).

[15] Shrestha, S., Wang, B., & Dutta, P. (2020). Nanoparticle processing: Understanding and controlling
aggregation. Advances in Colloid and Interface Science, 279, 102162.

[16] Essien, E. R., Atasie, V. N., Okeafor, A. O., & Nwude, D. O. (2020). Biogenic synthesis of magnesium oxide
nanoparticles using Manihot esculenta (Crantz) leaf extract. International Nano Letters, 10(1), 43-48.

[17]Joudeh, N., & Linke, D. (2022). Nanoparticle classification, physicochemical properties, characterization, and
applications: A comprehensive review for biologists. Journal of Nanobiotechnology, 20(1), 262.

[18] Gatou, M. A., Skylla, E., Dourou, P., Pippa, N., Gazouli, M., Lagopati, N., & Pavlatou, E. A. (2024).
Magnesium oxide (MgO) nanoparticles: synthetic strategies and biomedical applications. Crystals, 14(3), 215.

[19] Panahi Kokhdan, E., Khodabandehloo, H., Ghahremani, H., & Doustimotlagh, A. H. (2021). A narrative review

on therapeutic potentials of watercress in human disorders. Evidence-Based Complementary and Alternative
Medicine, 2021(1), 5516450.

[20] Marin, R., Abad, C., Rojas, D., Fernandez, M., & Ruette, F. (2025). Magnesium sulfate in oxidative stress-
associated pathologies: clinical, cellular, and molecular perspectives. Biophysical Reviews, 1-25.

[21] Mashi, S. K. (2017). Effect of Eruca sativa leaves extract on liver enzymes and lipid profile in phosphoric acid
induced liver damage in male rabbits. J Entomol Zool Stud, 5(6), 1011-1015.

[22] Mashi, S. K., & Dheyab, D. S. (2018). Effect of Eruca sativa leaves extract on osteoporosis induced by
phosphoric acid in adult male rabbits. Indian Journal of Natural Sciences, 8(46), 13098-13106.

[23] Abdulrahman, M. S., El-Yassin, H. D., & Alwan, N. A. (2021). Electrolytes and Nutritional Element
Assessment among lIraqi Cancer Patients Receiving Chemotherapy. Open Access Macedonian Journal of
Medical Sciences, 9(A), 446-450.

[24] Hamdan, T. K., Al-Mussawi, A. M., & Al-Shamma, G. A. (2011). Hypomagnesemia and obesity in relation to
insulin resistance and glycemic control in type 2 diabetic patients. lragi J Med Sci, 2, 33-39.

[25] Obaid, N. H., & Khalil, L. W. (2021). Estimate effect of Ocimum Basilicum L. seeds extract on lipid profile &
minerals in hypomagnesemic of female rats.

[26] Obaid, M. M., & Khaleel, L. W. (2019). Effect of Spinacia oleracea leaf extract on hypomagnesemia markers
in female Wistar rats.

[27] Abdalmajeed, Y. A. A., & Khaleel, L. W. (2020). Effect of Anethum graveolens (Dill seed) alcohol extract on
liver function in hypomagnesemic rats.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s
pg. 1183



