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Abstract

At present, nanotechnology is developing at exponential rate 
because of its widespread applications in biomedical field. Tradi-
tionally, nanoparticles are fabricated through variety of physical 
and chemical approaches but because of their limited efficiency in 
life sciences, biogenic synthesis of nanoparticles has gained much 
attention. Biogenically fabricated MgONPs possess unique features 
that enabled their use in therapeutics and environmental biotech-
nology. Biogenically MgONPs can be fabricated by employing plant 
extracts (Manihot esculenta, Rhizophora lamarckii, Ocimum sanc-
tum, Rosemary, Aloe vera, Orange, Artemisia abrotanum, Neem, 
Bauhinia purpurea), bacteria (S. coelicolor, A. johnsonii RTN), fungi 
(Aspergillus flavus TFR-12, Aspergillus brasiliensis TFR 2, white-but-
ton mushroom’s) and algae (S. whigti). These biogenically synthe-
sized MgONPs are being reported as anti-fungal, antioxidant, an-
tibacterial, anti-pyretic, anti-inflammatory and anti-cancer agents. 
Moreover, their photocatalytic activity is being discovered against 
certain organic dyes. This review focuses on biogenic synthesis of 
MgONPs, their applications in therapeutics and as antimicrobial 
agents as well as future prospects associated with their application 
in biomedical field.

Introduction

In 21st century, nanotechnology has emerged as one of the 
most promising and innovative research areas. This technology 
is progressing day by day as it possesses extensive applications 
in biomedical sciences, energy sciences, biotechnology, tissue 
engineering, material sciences and environmental technology 
[1-3]. Nanoparticles of metals and their oxides display unique 
physical and chemical properties e.g., precise shape, nanoscale 
size, biomimetic nature, distribution, immense area to volume 
ratio, massive surface energy, biocompatibility which makes 
them suitable for wide range of applications in different fields 
of life sciences [4-6]. Various physical and chemical procedures 
are employed to manufacture nanoparticles that requires spe-
cific conditions e.g., vacuum, high temperature, sophisticated 
apparatus, toxic chemicals [3].

Some physical methods which are widely used to manufac-
ture nanoparticles involve radiolysis, UV irradiation, laser abla-
tion, evaporation followed by condensation and ultrasonication 
[2,7]. Large scale use of these methods is limited because of 
high operational cost associated with high power consump-
tion, instrumentation and radiative heating [5,8]. Similarly, pro-
gresses in chemical synthesis of nanoparticles also pose serious 
threats to environment as they involve use of toxic chemicals 

that not only contaminate nanoparticles but are also non-bio-
degradable [3,9]. These factors limit the use of chemically syn-
thesized nanoparticles in biomedical field [10]. Thus, biogenic 
synthesis of nano-particles has gained attention all over the 
world as these methods are relatively safe, simple, environment 
friendly, avoid use of toxic chemicals and involve biodegradable 
products which makes them best choice for widespread applica-
tions in life sciences [11]. Studies reported that in contrast with 
physio-chemical methods biogenically synthesized nanopar-
ticles exhibit precise morphology and well-defined size [12].

Nano particles of metals (Gold, silver, copper, platinum etc.) 
and metal oxides (zinc oxide, magnesium oxide, Nickle oxide, 
cadmium oxide etc.) are renowned for their pharmacological 
applications [13]. Among all types of metal oxide nano particles, 
magnesium oxide nano particles (MgONPs) are well known for 
their biomedical usage because of their higher stability and bio-
compatible nature. These nanoparticles are widely used as an-
tibacterial, antitumor, anticancer agents and also exhibit photo-
catalytic effect. MgONPs can be used in the treatment of heart 
burn and bone regeneration. As well as these particles can also 
be used as super conducting products, essential element in bio-
remediation, additives and catalysts [3].
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Biogenically MgONPs may be synthesized by employing 
plants leaves, roots, flower and bark extracts as well as from 
bacteria (Acinetobacter johnsonii strain RTN1, Streptomyces co-
elicolor strain E72) [14,15], fungi (Aspergillus flavus) [16] and 
algae (Sargassum wighitii) [17]. However, biogenic synthesis of 
magnesium-oxide nanoparticles from plant is a preferred meth-
od because of cost effectiveness, high yield and ease of cultiva-
tion [18]. Plants possess wide variety of bioactive metabolites 
that contribute in biogenic synthesis of nanoparticles [19].

Biological Synthesis oF MgONPs

Conventionally, physical and chemical synthetic approaches 
have been employed to manufacture MgONPs [15,20]. How-
ever, MgONPs fabricated through these complex and expensive 
techniques were found to be contaminated with toxic residues 
which in turn limit their efficacy in therapeutics [3,21]. Hence, 
biogenic synthesis has proven to be an efficient alternative way 
for synthesis of non-hazardous MgONPs that can be effectively 
used for biological applications. Biogenically, MgONPs can be 
synthesized by bacteria, yeast, algae, plant extracts and fungi 
[22]. Bioactive metabolites (alkaloids, enzymes, flavonoids, 
proteins, phenols, polysaccharides and other biochemicals) 
obtained from these biological synthesizers serve as reduc-
ing, capping or stabilizing agent for green synthesis of stable 
MgONPs [23]. Several factors affect biological fabrication of 
nanoparticles that include safety of nanoparticle’s synthesizers, 
temperature, pH, high bio-reluctant concentration and reaction 
time [15]. 

Synthesis by Plant Extracts

Numerous studies have reported that plant-based fabrica-
tion of nanoparticles has been more effective than microbial 
synthesis as by employing plant extract, synthetic process can 
be scaled-up easily and harsh reaction conditions as high pres-

sure, temperature, concentrated hazardous chemicals are not 
required [24]. Furthermore, plant mediated manufacturing 
eliminate the requirements of microbial isolation, media prepa-
ration for culturing, maintenance of culture [25]. Plant medi-
ated fabrication of nanoparticles involve simple and rapid syn-
thetic procedures [26]. These processes involve mixing of metal 
salts with plant’s extract at room temperature [27]. Then reduc-
ing agents in plant-derived extract reduce metal ions in metal 
salts. Resulting atoms clustered together and eventually leads 
to the formation of nanoscale particles [28].

Various studies have demonstrated the plant mediated fabri-
cation of MgONPs. Biogenic synthesis of MgONPs was reported 
by using leaves extract of Bauhinia purpurea through alkaline 
precipitation method and color changing indicated the pres-
ence of MgONPs (as colorless solution turned to cloudy brown) 
[29]. UV-visible spectroscopy showed adsorption spectrum in 
the range of 200-800 nm that further confirmed the forma-
tion of MgO nanoflakes. Study found that leaves extract of B. 
purpurea contains significant proportion of flavonoids, antioxi-
dants and phenolics that possibly contribute to the manufac-
turing of MgONPs (10-11 nm). 250µg/ml dose of these MgO 
nanoflakes was documented to be the minimum inhibitory 
concentration that efficiently inhibit the growth of S. aureus 
MTCC-3384 [29].  S. Krishna Moorthy et al. reported the manu-
facturing of MgONPs through Neem leaves extract by employ-
ing magnesium nitrate as precursor. Color transformation from 
yellow to yellowish-brown confirmed the presence of MgONPs. 
5 ml neem leaves extract, 500˚C calcination temperature and 
80˚C stirring temperature was found to be optimum for the syn-
thesis of MgONPs [30]. These MgONPs was found to improve 
chlorophyll and carotenoids content in Cicer arietinum but not 
in Solanumly copersicum in which seed germination did not dis-
play variations [30].

Furthermore, MgONPs has been synthesized efficiently by 
employing Nephelium lappaceum peels that serve as natural 
ligation agent [31]. These biogenically synthesized MgONPs 
possessed spherical shape with particle size of 60-70 nm de-
termined by XDR and SEM analysis [32]. MgONPs has also been 
manufactured successfully by employing aqueous leaf extract 
of Manihot esculenta (crantz) [33]. Essien et al. reported that 50 
ml of Mg(NO3)

2·6H2O (0.1M) used as precursor in which 250 ml 
leaf extract of crantz was added dropwise under constant stir-
ring conditions in period of about 12 hours.  Obtained product 
was then centrifuged (at 7000 rpm, 10 minutes) to separate re-
action mixture into supernatant and pellets, that were dried in 
oven (at 70˚C, 2 hours) followed by calcination (500˚C, 2 hours) 
to gain MgONPs [33]. 

Green synthesis of MgONPs has also been reported by em-
ploying Artemisia abrotanum (herb) extract [34]. A. abrotanum 
herb extract was added to Mg(NO3)

2 solution in ratio of 90 (%w): 

Graphical Abstract

Table 1: Plant mediated synthesis of MgONPs.
Plant Name Part Used Reaction Conditions Average Size (nm) Shape References

Bauhinia purpurea Leaves 90˚C, 3 hours 10-11 nm Very thin, flake like structures [29]

Neem (Azadirachta indica) Leaves 80˚C, 4 hours 43 nm Cubic [30] 

Nephelium lappaceum Peel 80˚C, 2 hours 60-70 nm Spherical [63] 

Manihot esculenta (Crantz) Leaves Room temperature, 12 hours 36.7 nm Hexagonal [33] 

Orange Peel 25˚C, 4 hours, pH: 12 5-100 nm Spherical [28] 

Aloe vera Leaves 130˚C, 2 days 140 nm Spherical [18] 

Artemisia abrotanum Herb powder 90˚C, 6 hours around 10 nm Spherical [34] 

Ocimum sanctum Leaves 50-100 nm [36] 

Rosmarinus officinalis L. (Rosemary) Flowers 70˚C, 4 hours >20 nm Flower like morphology [38] 

Rhizophora lamarckii Leaves Room temperature, 24 hours 20 and 50 nm Nano-hexagonal and spherical [39] 
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10 (%w) and kept at 90˚C under constant stirring for 6 hours [34]. 
XDR analysis showed crystalline nature of fabricated MgONPs 
and crystal size identified by Scherrer’s formula was found to be 
about 10 nm. These biogenically manufactured MgONPs exhib-
ited excellent photocatalytic activity as they degraded methyl-
orange dye and showed antioxidant activity [34]. 

Orange peel has also been employed to fabricate MgONPs 
from Mg (NO3)2 solution that was made alkaline through the ad-
dition of Na2CO3 under constant stirring for 4 hours [35]. White 
colored nanoparticles were obtained with spherical morphol-
ogy and particle size in range of 5-100 nm. These biogenically 
fabricated MgONPs displayed antimicrobial action [35]. Soma 
Prabha A. and Prabakaran V. reported the biogenic manufactur-
ing of MgONPs by employing Aloe Vera leaf extract from mag-
nesium-acetate tetrahydrate. SEM displayed spherical shape 
and particle-size of these MgONPs was found to be 140 nm 
shown by XDR analysis.  These biogenically fabricated MgONPs 
exhibited excellent anti-inflammatory activity upon oral admin-
istration that was tested through formalin induced oedema 
in mouse model. 100mg/Kg dose of these MgONPs displayed 
maximum efficacy of 60% oedema inhibition after 4 hours [18]. 

Furthermore, MgONPs synthesized by aloe vera leaf extract 
have also exhibited antibacterial action against Staphylococcus 
aureus and displayed antifungal activity against Aspergillus fla-
vus and Aspergillus nigerand [18].

Green synthesis of MgONPs have also been reported by us-
ing Ocimum sanctum’s leaves extract [36]. In a study where 5.21 
g of Mg (NO3)

 2.6H2O was added to 200 ml distilled water, then 
blended with 5.21g of Ocimum sanctum leaf extract and kept 
under stirring condition for 30 minutes and NaOH was added 
dropwise that eventually cause fabrication of MgONPs at bot-
tom of flask. In UV-Visible analysis peak was observed at 244nm 
that ensure manufacturing of MgONPs [37]. These biogeni-
cally synthesized MgONPs have shown little antibacterial action 
against E. coli and Staphylococcus aureus but exhibited strong 
antioxidant activity identified by DPPH method [22].

Plant mediated fabrication of MgO nano-flowers has also 
been stated by employing Rosmarinus officinalis L. (Rosemary) 
flower’s extract. 100 ml of 1 mM magnesium oxide solution 
was added to 100 ml Rosemary flower’s extract and solution 
was kept at 70˚C under constant stirring for 4 hours [38]. 2 
peaks were found in UV-Visible analysis in range of 200-800 
nm. Highest peak was at 250 nm that confirmed the fabrication 
of MgONPs [38]. These MgO nano-flowers exhibited excellent 
antibacterial activity (at concentration of 4µg/ml, 8µg/ml and 
16µg/ ml) against Xoo strain GZ 0005 that is causative agent 
of bacterial blight disease in rice plant. Most probably antibac-
terial potential of these MgONFs was because of inhibition of 
growth, motility, biofilm formation along with devastation of 
cell wall [38]. Prasanth et al. successfully fabricated MgONPs by 
using mangrove plant “R. lamarckii leaf extract. 5g Mg (NO3)

2 
was added to R. lamarckii leaf’s extract and kept under constant 
stirring for 24 hours. Eventually, synthesis of MgONPs was con-
firmed by color transformation from yellow to yellowish-brown 
[39]. FTIR analysis deduce that alkane and amine functional 
groups in R. lamarckii extract probably contribute in reduction 
and stabilization of newly fabricated MgONPs. These biogeni-
cally synthesized MgONPs displayed excellent antibacterial ac-
tion against gram-negative as well as gram positive bacteria 
[39]. 

Microbial Synthesis of MgONPs

Since the last decade, microbes including bacteria, yeast, 
actinomycetes and fungi has been recognized as effective sys-
tem for biogenic fabrication of NPs [40]. Miro-organisms pos-
sess intrinsic potential to precipitate nanoparticles either ex-
tracellularly or intracellularly through their metabolic action 
[41]. Bacteria possesses special reducing enzymes e.g., nitrate 
dependent reductase or NADH-dependent reductase that are 
probably involved in fabrication of NPs [42]. While membrane-
bound quinones and reductase possibly serve as reducing 
agents in yeast to manufacture biogenic NPs [43]. Although, mi-
crobial approach to synthesize NPs seems to be attractive as it 
is ecofriendly, energy-efficient and necessitate moderate pres-
sure and temperature requirements [44] but it also have certain 
limitations including specific culture maintaining requirements, 
sterile conditions and high mutation rate that limit commercial-
ization of microbial based NPs synthetic procedures [45].

MgONPs has been fabricated successfully from endophytic 
actinomycete, Streptomyces coelicolor strain E72 [15]. Study re-
ported that intracellular metabolic fraction containing 6.3 g/l 
proteins, 7.2µg/µl carbohydrates and 5.2nmol/hr/ml nitrate re-
ductase has been employed to fabricate MgONPs [15]. These 

Figure 1: (A) SEM analysis of MgONPs fabricated by using 
endophytic S. coelicolor strain E72 extract with scale 10 µm. (B) 
and (C). TEM images with scale 200nm and 50 nm respectively.

Figure 2: Cytotoxic Activity of MgONPs.

Figure 3: Catalytic Effect of MgONPs for Methylene Blue dye deg-
radation in presence of Sunlight and Ultraviolet Radiations [4].
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MgONPs possess highly pure-crystalline structure determined 
by XDR analysis with spherical and ellipsoidal morphology 
(25nm) shown by TEM and SEM images [15], These biogeni-
cally synthesized MgONPs have displayed excellent antibacte-
rial action against variety of tested multidrug tolerant human 
pathogens [15]. T. Ahmad et al. reported the manufacturing g 
of MgONPs by employing Acinetobacter johnsonii strain RTN1. 
Study reported that 50 mL of 7mM Mg (NO3) 2.H2O solution was 
added to equal volume of RTN1 strain’s supernatant and kept 
under shaking conditions of 140rpm at 28 ± 2˚C for about 24 
hours. Visible clumps at base of flask guaranteed the synthesis 
MgONPs [1]. Further characterization analysis demonstrated 
that these MgONPs possessed spherical morphology with aver-
age size in range of 18 to 45nm. Strong antibacterial action of 
these biogenically fabricated MgONPs against Acidovorax ory-
zae (rice pathogen) suggested that these MgONPs have poten-
tial to be used as nano-pesticides [14].

Synthesis by Fungi

In nanotechnology research, fungi have gained attention as 
attractive source for biogenic fabrication of NPs because of high 
tolerance and metal bioaccumulation capacity [46]. Biomimetic 
mineralization and intra cellular or extracellular reduction of 
metal ions by enzymatic action is the most probable mecha-
nism through which fungus can synthesize NPs [47]. Raliya et 
al. reported the biogenic synthesis of MgONPs from fungus 
Aspergillus flavus strain TFR-12. Average hydrodynamic diam-
eter of these MgONPs was found to be 5.8nm [48]. Study re-
ported that foliar application of these fungus derived MgONPs 
improved not only chlorophyll content but also shoot-root ratio 
in Cyamopsis tetragonoloba [48]. MgONPs has also been fabri-
cated successfully by employing Aspergillus brasiliensis TFR 2 at 
concentration of 20ppm, with an average diameter of <5.9 nm 
[49]. It was reported that foliar application of these biogenically 
synthesized MgONPs in wheat crop improved chlorophyll con-
tent, light absorption, biomass yield and grain yield [49].

Biogenic manufacturing of MgONPs by employing white-but-
ton mushroom’s extract has also been reported [50]. Study re-
ported that process involves mixing of mushroom’s extract with 
0.1M, Mg (CH3COO)2.4H2O solution followed by constant stir-
ring of solution at 40˚C for 2 hours [50]. XDR spectrum revealed 
that synthesized MgONPs have different average size (20, 18.5, 
18, 16.5 and 15nm) at specific concentrations [50]. Study found 
that smaller size (15nm) MgONPs enhance seedling develop-
ment and overall growth in peanut plant as compared to control 
and other MgONPs [50].

Synthesis by Seaweed/ Marine Algae

Currently, seaweeds have gained attention as prevalent 
source for biological fabrication of NPs because of high effi-
ciency and ease access. Generally, algal cell-wall contain wide 
variety of polysaccharides, carotenoids, proteins, polyphenols, 
minerals, amino-acids and vitamins that serve as reducing and 
stabilizing agents in biogenic manufacturing of NPs [3]. Puga-
zhendhi et al. reported the synthesis of MgONPs by mixing 
S.whigti extract and magnesium-nitrate solution in 9:1 followed 
by constant stirring at 90˚C for 6 hours. XDR analysis displayed 
that these biogenically fabricated MgONPs (68.08 nm) were 
crystalline with face-centered cubic structure. Sulphated poly-
saccharide’s binding function groups were identified in FTIR 
analysis that possibly serve as reducing and stabilizing agents 
[3]. 

Applications

Nanoparticles are widely employed in different areas of 
life and it is not possible to prevent human exposure from it. 
Nanoparticle’s use with different composition and implementa-
tions are expanding day by day but their cytotoxicity investiga-
tion on biological systems is less. MgONPs find their extensive 
medicinal applications particularly in therapeutic and diagnos-
tic devices to better cope with illness. These nanoparticles also 
find their use as anticancer, antibacterial, antifungal, anti-in-
flammatory, anti-pyretic and photocatalytic agents [51]. 

Anti-Bacterial

MgONPs are renowned for their antibacterial activity reli-
ant on their composition, size, shape and pathogen. Ahmed 
et al. observed antibacterial activity of these particles against 
Acidovorax oryzae. Treatment of A. oryzae cells at concentra-
tion of 20µg mL-1 ruptured morphological structures that leads 
to leaching out of nuclear material and death of bacteria [14]. 
MgONPs synthesized from Saussurea costus showed dose de-
pendent antibacterial activity against P.aeruginosa, B. subtilis, 
S. aureus and E.coli. Highest activity of these MgONPs was no-
ticed against P.aeruginosa and E.coli, at a concentration of 35µg 
mL-1 [4]. These biogenically fabricated MgONPs stick to bacte-
rial surface and cross peptidoglycan membrane that cause re-
lease of cell components and ultimately leads to cell death. This 
damage might be due to the oxidative stress caused by release 
of RNS and ROS free radicals or might be attributed to electro-
chemical interaction between Mg2+ and LPS [52].

Antibacterial potential of MgO nano flakes synthesized from 
Bauhinia purpurea is also investigated against gram positive 
bacteria S. aureus. Altering the concentration of these nano 
flakes have varying toxicity against bacteria. Complete growth 
inhibition of S. aureus was reported at a concentration of 500 – 
1000 µg mL-1 with 8 hours incubation. FESEM analysis depicted 
that MgO nanoflakes cause disruption of bacterial cell leading 
to leakage of cellular components and ultimately death occurs 
[53].

MgONPs can also be synthesized from brown algae, and 
these NPs have effective bactericidal activity against gram nega-
tive bacteria such as Aeromonas baumannii, Pseudomonas ae-
ruginosa, E. coli. and gram-positive bacteria such as MRSA 56, 
MRSA 11 and Streptococcus pneumonia. Among these strains, 
synthesized NPs exhibit highest inhibitory effect against P. aeru-
ginosa and MRSA56. Antibacterial efficiency of these MgONPs 
might be attributed to their small size [3]. MgONPs from brown 
algae cause cell damage mediated by oxidative stress, electro-
chemical interaction between LPS phosphate group and magne-
sium ions thus disturbing membrane integrity leading to mem-
brane leakage. 

MgONPs fabricated from Streptomyces coelicolor have anti-
bacterial avtivity against multiple drug resistant human patho-
gens like Salmonella typhimurium, Shigella flexneri, Klebsiella 
pneumonia, Streptococcus pneumonia, Proteus vulgaris and 
Bacillus cereus. All these bacterial strains are susceptible to 
MgONPs, at different concentrations. These NPs attack patho-
genic cells through vital components like peptidoglycan cell 
wall, cell membrane and other molecules to alter permeability 
of membrane, leading to cell death. Inside cell these NPs inter-
act with sulphur or phosphorus containing components thereby 
inhibiting their function. It is also reported that aggregation of 
NPs inside target cells does not provide desirable results than 
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well spread nano particles [53]. Efficiency of MgONPs may also 
depend upon chemical nature of cell being targeted [54].

Anti-Pyretic Activity

Anti-pyretic activity of aloe vera derived MgONPs was tested 
in albino mice that was subcutaneously injected with brewer’s 
yeast. This suspension was then massaged to spread it in sur-
rounding tissues. Rectal temperature was recorded before and 
after yeast administration. It was reported that rectal tempera-
ture was elevated after brewer’s yeast inoculation. But a consid-
erable decrease in temperature was recorded after treatment 
with MgONPs. Further increasing the concentration of NPs 
positive results were obtained. This experiment revealed anti-
pyretic activity of biogenically synthesized MgONPs [4].

Anti-Fungal

The antifungal activity of Saussurea costus derived MgONPs 
was detected at different concentrations against two fungal 
strains i.e. Candida tropicalis and Candida glabrata. These NPs 
penetrate into the fungal cells and induce oxidative stress due 
to release of ROS free radicals thus causing cell denaturation 
[55]. In another study antifungal activity of Sargassum wightii 
derived MgONPs was conducted against three fungal strains 
Fusarium solani, Aspergillus fumigates and Aspergillus niger. 
Among these, antifungal activity was more prominent against 
Aspergillus niger and Fusarium solani. During its activity Mg2+ in 
MgONPs interact electrostatically with phosphate group pres-
ent in cell membrane, upon entry into cell Mg2+ ions bind with 
thiol group thus causing cell disruption. Moreover, oxidative 
stress due to ROS may cause fungal cell death [3].  Antifungal 
activity of aloevera derived MgONPs was also tested against 
two fungal strains Aspergillus niger and Aspergillus flavus. The 
results clearly depicted sensitivity of both strains to these NPs 
[56].

Anti-Inflammatory Activity

 In a mice model, anti-inflammatory activity of aloe vera de-
rived MgONPs was tested by means of paw edema, induced by 
formalin. Paw size was determined at different time intervals 
and it continued to increase. But when MgONPs were adminis-
tered paw size was reduced. This experiment confirms the anti-
inflammatory activity of green synthesized MgONPs [57].

Anticancer

Cancer is a leading cause of mortality among people. Accord-
ing to an estimate about 17.6% of people die because of lungs 
cancer. Multiple environmental and life-style features including 
smoking, lack of physical exercise, alcohol and passive exposure, 
leads to lung cancer. Depending on cancer stage different treat-
ments like drugs, chemotherapy, surgery and radiation therapy 
are recommended but these procedures also possess some side 
effects on body. Thus, there was an urgent need of cost effec-
tive, target specific, eco-friendly and non-toxic treatment [3]. 

Nanoparticles having size less than 100nm with distinctive 
chemical and physical properties, interact with lipids, protein 
and nucleic acid inside cell that offer new ways for cancer treat-
ment and diagnosis. MgONPs derived from seaweeds are ex-
amined against lung cancer cell line and positive results are 
obtained. These NPs induce several morphological changes in 
target cells including cell shrinkage, chromatin condensation, 
blabbing and ultimately formation of apoptotic bodies. These 
NPs denature cancerous cells through ROS production and acti-
vation of apoptosis. ROS cause rearrangement and breakage in 

DNA thus altering DNA sequence [58]. Gene expression regu-
lation through ROS have potential approach in therapeutics. 
Many antioxidant compounds are known to inhibit DNA dam-
age, ROS generation and cell mortality e.g., curcumin [59]. In 
general, production of ROS and gene expression alteration are 
responsible for cancer cell pathogenesis [60]. 

A crucial challenge to face during cancer treatment is to in-
crease the target specificity of anticancer agent and reduce its 
effect on normal cells. MgONPs are much more target specific 
due to their colloidal stability. It Is also suggested that cell mem-
brane of cancer cells is much more permeable to nanoparticles 
than normal cells, So, larger NPs can easily infiltrate cancer cells 
[61]. Anticancer potential of MgONPs was reported against 
Breast adenocarcinoma cells. Different concentrations of 
MgONPs synthesized from S.costus have different cytotoxicity 
against MCF-7 cells at different time intervals. These nanopar-
ticles inhibit cell viability and proliferation. Endocytosis of MgO 
nanoparticles cause morphological changes due to activation 
of apoptotic pathway that leads to cell death [52]. Apoptosis 
causes pathological changes in cell such as lipid peroxidation, 
DNA damage, inflammation and protein oxidation [62]. Further-
more, MgONPs cause loss of mitochondrial membrane poten-
tial. Lactate dehydrogenase is a cytoplasmic enzyme that is re-
leased during cell damage and its assay can be used to confirm 
cytotoxicity of MgO nanoparticles against cancerous cells [51].

Photocatalytic Activity

Organic dyes are commonly used in industries. Excessive 
use of these organic dyes causes environmental pollution and 
it is necessary to control these industrial effluents. Thus, there 
was an immediate need of efficient method for degradation of 
these dyes. Metal oxide NPs provide one such solution as they 
possess catalytic activity against organic dyes. A study reported 
the use of Artemisia abrotanum derived MgONPs for degrada-
tion of methyl orange (an organic dye used in paper, textile and 
chemical industries). Increasing the concentration of MgONPs 
increase the degradation of methyl orange [34]. A similar study 
conducted by Amina et al. reported photocatalytic effect of 
MgONPs by determining optimum absorbance of methylene 
blue at different time intervals and 660nm wavelength. They re-
ported light absorbance and charge separation of MgONPs that 
can reduce or oxidize the organic compounds.

Photocatalytic activity of MgONPs is because of their activa-
tion under visible or UV light that causes the excited electrons 
to move from valance band to conduction band leading to re-
dox interaction of organic dyes adsorbed on nanoparticles sur-
face [4].

Conclusion and Future Perspective

Biocompatible, less toxic and ecofriendly single step synthet-
ic procedures for biogenic fabrication of nanoparticles attract 
attention of researchers and offer great potential for future 
progresses in areas of biosensors, cancer therapy, drug delivery, 
integrated insect or pest management programs for sustain-
able agricultural development and healthcare. As studies dem-
onstrated that plant mediated manufacturing of MgONPs has 
proved to be cost effective and easy to scale-up for commercial 
production. Hence, there exist possibility that vast plant diversi-
ty that has not been investigated so far might hold great poten-
tial as biological source for manufacturing of MgONPs that may 
serve important role in advancement of pharmaceutical indus-
try as well as in developing new therapies for cancer treatment. 
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Furthermore, photocatalytic activity of MgONPs offers possibil-
ity that these biologically fabricated MgONPs might serve im-
portant role in environmental biotechnology by developing new 
tools for pollutant degradation and waste management.
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