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Abstract

CrossMark

In this research, nano-size MgO (NS-MgO) was prepared from MgCl, solution using aqueous
extract of Moringa oleifera leaves (AEMOL) as green agent. Preparation procedure involved
mixing of MgCl,.6H,0 solution and the AEMOL, followed by dropwise addition of NaOH
solution. The formation of NS-MgO in this synthesis was confirmed using UV-Vis absorption.
The spherical crystal structure of NS-MgO was confirmed by XRD analysis. The average particle

size of the synthesised NS-MgO was found between 40-70 nm using scanning electron
microscopy (SEM) and transmission electron microscopy (TEM) images and patrticle size
analyser (PSA) results. Based on the maximum inhibition concentration (MIC) it was found
that the NS-MgO has good antibacterial activity against S. aureus, E. faecalis, E. coli, and

S. dysenteriae bacteria (MIC values: 250500 pg ml~'), and much stronger antifungal activity
against A. flavus, A. niger, and C. albican (MIC values: 62.5-125 pug ml™"). These findings
suggest prospective potential of NS-MgO synthesised as therapeutic candidate for the treatment

of candidiasis.
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1. Introduction

Nanoparticle, which refers to a material having the size in the
range of 1—100 nm, is acknowledged as versatile material due
to superior properties compared to its bulk material [1].
Nanomaterial is known to possess excellent physical, chemical,
optical, and biological properties that can be manipulated or
arranged. With these characteristic flexibilities, various appli-
cations of nanomaterial are well documented, such as engi-
neering material [2], catalysis [3], pigment [4], environmental
remediation agent [5] and pharmaceutical agent [6].

Among various nanomaterials that have been developed,
nano-size MgO (NS-MgO) is of particular interest for its
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bioactivities as antifungal [7], antibacterial [8] and anticancer
[9]. In recognising these useful applications, many attempts in
synthesising NS-MgO have been made, involving chemical
and physical methods such as precipitation [9], vapour che-
mical deposition [10], solvothermal [11], electrochemical
[12—14], sonochemistry [15], microwave [16], and sol-gel
[17]. While these methods are acknowledged to enable the
production of NS-MgO, they are also hampered by drawbacks
for being expensive or toxic to the environment. To alleviate
some of the practical disadvantages associated with physical
and chemical methods, one initiative that continues to gain
interest is development of environmentally friendly technol-
ogy, based on biological approaches [18, 19]. For NS-MgO,
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several biosynthetic routes have been reported, such as the
use of plant extracts [18], fungi [20], and bacteria [21]. Many
reports on the use of plant extract are available in literatures,
for example the use of Bauhinia purpurea leaf extract [19],
leaf extract of Amaranthus tricolor, Andrographis paniculata,
and Amaranthus blitum, Mucuna pruriens (L.) ore extract
[21], and orange peel extract [22].

Another plant that has continuously attracted scientific
interest is Moringa oleifera (M. oleifera) [23, 24]. This plant,
which is known as the ‘tree of life’ in many cultures, is widely
grown commercially in Africa and almost throughout Asia
and Southeast Asia. In some areas, the immature wood will
and the leaves are consumed since these parts of the plant are
rich in nutrients [25]. Various products of M. oleifera can be
used as an anti-inflammatory, antihypertensive, antidiabetic,
hepatoprotection [26], natural agent to reduce microbial load
in water treatment [27, 28] natural coagulant for removal of
reactive dyes from water [28], and functional food [29]. Razis
et al [25] reported the potential health benefits of M. oleifera
for high content of antioxidant component and antimicrobial
characteristics. In the field synthetic science, M. oleifera
extract has been widely used to synthesise metal nano-
particles, metal compounds, and metal oxides. As an example,
Sundrarajan et al [30] reported preparation of nano-size
hydroxyapatite [Cas(PO4)3;(OH),] using M. oleifera flower
extract. In another study by Elumalai et al [31], M. oleifera
leaf extract was applied to synthesise zinc oxide nanoparticles
(ZnO NPs). The use of M. oleifera leaf extract has also been
reported by Das et al [32] to synthesise bismuth nano-
particles. However, there is still limited information on the
use of M. oleifera extract for synthesis of NS-MgO.

In recognition of successful application of plant extracts
as green agent for synthesis of variety of materials, this
research was conducted to study the use of aqueous extracts
of M. oleifera leaves (AEMOL) for preparation of NS-MgO.
This study was attempted since the use of aqueous extract of
this particular plant for NS-MgO preparation is still limited.
The NS-MgO prepared was then characterised using different
techniques, and then tested for bioactivities as antioxidant,
antibacterial and antifungal.

2. Materials and methods

2.1. Materials

Fresh M. oleifera leaves were collected from the plants that
grow naturally around the City of Metro, Lampung, Indonesia
during September 2019 (figure 1). Laboratory grade magne-
sium chloride hexahydrate (MgCl,.6H,0), Folin-Ciocalteu
reagents, sodium carbonate (Na,CO3), resazurin, gallic acid,
catechin, aluminum chloride (AlCl5), sodium nitrite (NaNO,),
sodium hydroxide (NaOH) and nano-size MgO (NS-MgO)
standard were purchased from Merck Sigma-Aldrich Reagent
Pte, Singapore.

Figure 1. Photograph of M. oleifera leaves used in this study.

2.2. Experimental procedures

2.2.1. Preparation of AEMOL extract. Fresh M. oleifera
leaves were washed using flowing water, and then dried under
direct sunlight, and finally ground into powder and stored at
room temperature. 4 g of M. oleifera leaf powder was soaked
in 100 ml of distilled water and heated at 60 °C for 20 min
until the powder was thoroughly mixed with the water. The
mixture was left for 1 h, subsequently filtered using Whatman
filter paper No. 1 to separate the AEMOL from the residue.

2.2.2. Phytochemicals analysis. The AEMOL extract M.
oleifera was subjected to phytochemical analysis to detect
the presence of carbohydrates, amino acids, glycosides,
polyphenols, saponins, steroids, flavonoids, tannins, and
alkaloids. Total phenolic was estimated using the Follin-
Ciocalteu test [33], and the result was expressed as microgram
per milligram (ug mg ") gallic acid equivalent (GAE). Total
flavonoid content was determined by the colorimetric AICl;
method, using catechin as standard and expressed as
microgram per milligram (ug mg™") equivalent of catechin
(CE) [34].

2.2.3. Preparation of nano-size MgO (NS-MgO). To
synthesise NS-MgO, an aqueous extract of 50 ml AEMOL
was mixed with 50 ml MgCl,.6H,O solution 1 mM in a
beaker at 90 °C and stirred at 600 rpm. The solution of NaOH
1 M was added dropwise until the colour of the mixture faded
out and precipitate was formed. The mixture was left for 3 h
to maximise the synthesis process. To optimise NS-MgO
synthesis, various factors such as MgCl,.6H,O concentration
(0.5-5 mM) and AEMOL dose (10%-70%) were evaluated
by using UV-Vis spectroscopy. NS-MgO synthesised under
optimal conditions was centrifuged at 7500 rpm at room
temperature and re-dispersed in deionised water and methanol
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Table 1. Phytochemicals analysis of AEMOL.

M. oleifera leaf

Chemical constituents ~ Testing methods aqueous extract

Alkaloids Dragendroff’s test +
Flavonoids Shinoda test +
Saponins Foam test +
Carbohydrate Anthrone test +
Polyphenols Puncal-D +
Proteins Ninhydrin test +
Asam amino Millon’s test +
Phenolics Ferric chloride test +
Triterpens Salkowski test -
Anthraquinones Borntragges test -
+ = presence; — = absence.

(99%) to remove biological residues. The process was
repeated twice, and the solid was dried at 100 °C. The solid
was subjected to calcination at 600 °C for 5 h to optimise the
formation of NS-MgO.

2.2.4. Characterisations of NS-MgO. Several techniques
were used to characterise the NS-MgO prepared. The
formation of NS-MgO was indicated by the change in the
colour of the reaction mixture during the progress of the
reaction and recorded with UV-Vis spectroscopy (Analytic
Jena Specord 200 Plus) by scanning the sample in the
wavelength range of 200-800 nm. The morphology of the
NS-MgO was studied with scanning electron microscopy
(SEM, FEI Inspect-S50) and transmission electron
microscopy (TEM, Jeol Jem 1400) and the average particle
size by the particle size analyser (PSA, Horiba SZ 100z). The
crystal structure was confirmed by X-ray diffraction (XRD,
PANAnalytical Expert Pro). Thermogravimetry analysis was
carried out using thermal gravimetric analyser (TGA, Linseiss
STA P 1600).

2.2.5. Bioactivity test
2.2.5.1. Antioxidant. Antioxidant activity of AEMOL and
NS-MgO  was evaluated through  2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical testing in accordance with
the procedure described by Das et al [34], using ascorbic acid
as reference. DPPH 0.1 mM solution was prepared by
dissolving in ethanol. 1 mg of ascorbic acid was dissolved in
1 ml of methanol. Dilution was carried out to make a standard
solution of ascorbic acid with different concentrations
(50-500 pg pl™"). For each tube containing a standard
solution of ascorbic acid (200 wpl), 1 ml of 0.1 mM
DPPH solution was added and continued with the addition
of 800 pl Tris-HCI 50 mM buffer (pH 7.4). The final volume
is adjusted to 4 ml using ethanol. Stock solutions for
AEMOL, synthesised NS-MgO and standard NS-MgO were
prepared by dissolving 1 mg of each sample in 1 ml of a
suitable solvent (AEMOL using methanol and NS-MgO
using DMSO).

Different aliquots of stock solution (50—500 pg pl™")
were added to separate tubes, and the final volume was

adjusted to 2 ml using ethanol. A total of 1 ml of 0.1 mM
DPPH solution and 800 pl Tris-HC1 50 mM buffer (pH 7.4)
was added to each tube. The control was made by mixing
1 ml DPPH 0.1 mM, 800 pl Tris-HCI 50 mM buffer (pH 7.4),
and 2 ml ethanol. Absorbance at 517 nm was recorded by
UV-Vis spectrophotometer after incubation for 30 min at
room temperature. The percentage of antioxidant activity
(AA %) was calculated using the following equation:

(AA%)

_ control absorbance — sample absorbance < 100%.

control absorbance

ey

The mean and standard deviation (SD) were calculated
based on triplicate measurement.

2.2.5.2. Antibacterial and antifungal. Microorganism and
inoculum preparation: The antibacterial activity of AEMOL
and NS-MgO was evaluated against both gram-positive (S.
aureus and E. faecalis) and gram-negative (E. coli and S.
dysenteriae) obtained from the microbiology laboratory of
Airlangga University. The fungal cultures of A. flavus, A.
niger, and C. albican were obtained from the microbiology
laboratory of Airlangga University. Bacterial and fungal
cultures for testing were cultivated on nutrient agar (NA)
tilted by selecting a colony from the Mueller-Hinton agar
plate (MHA) after 24 h.

For standardised populations, a single bacterial or fungal
colony was selected and transferred using a sterilised loop to
the Mueller-Hinton broth (MHB), followed by continuous
shaking at 100 rpm at 37 °C overnight. For the test of
antibacterial and antifungal activity, the optical density of
bacterial or fungal suspense was maintained at the 0.5
McFarland standard by adding sterilised MHB. Thus, the
inoculum consists of several bacteria or fungi around
10°~10" CFU ml™".

Minimum inhibition concentration (MIC) determination:
To determine minimum inhibition concentration, the resa-
zurin microtiter assay was utilised. This method was chosen
since it is considered as the most rapid and inexpensive way
to screen several microorganism isolates at the same time, and
provides satisfying results [32, 35, 36]. The resazurin solution
was prepared by dissolving a 270 mg tablet of resazurin in
40 ml of sterile distilled water. The test was carried out in 96-
well plates under aseptic conditions. A volume of 100 pl of
sample containing 600 ug ml~" was transferred into the well
of the plate. Afterwards, 50 ul of bacterial or fungal suspense
was added to all other wells, and the tested sample was
serially diluted. Subsequently, 10 pl of resazurin solution was
added to each well. To prevent dehydration, the plates were
wrapped with film and incubated at 37 °C for 24 h. The
colour change was visually observed. A blue to pink colour
change was considered indicating cell growth. MIC was
recorded at the lowest concentration where a colour change
occurred. Streptomycin (antibacterial) and ketoconazole
(antifungal) (10 pg/500 pl) served as a positive control,
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Figure 2. Total phenolic and flavonoid content of AEMOL. Notes:
value is mean £ SD.

whereas a mixture of sterile distilled water and DMSO
solvent with nutrient broth were used as negative controls.

3. Results and discussion

3.1. Chemical composition of plant extract

The qualitative evaluation of various biomolecules contained
in AEMOL was carried out by different methods and the
results are presented in table 1.

Table 1 shows that AEMOL contain biomolecules and
fluorophore such as alkaloids, flavonoids, saponins, carbo-
hydrates, polyphenols, proteins, amino acids and phenolics.
The absence of triterpenes and anthraquinones is possible
because they are not easily dissolved in water. A stabilising
agent can be used as a precursor of nanoparticle synthesis
(in-situ synthesis or one-pot synthesis) or can be added to
nanoparticles that have been produced through chemical
adsorption or grafting processes. Usually the stabiliser used is
a large molecule/polymer that contains a functional group
that can be chemically or physically adsorbed or bound to the
surface of nanoparticles such as polysaccharides, polyvinyl
alcohols, or polyacrylamides [37-39].

Total phenolic and flavonoid levels in AEMOL are
34.75 + 4.03 (ug mg ' GAE) and 74.28 + 4.82 (ug mg '
CE) respectively in dry powder, as shown in figure 2. The
organic constituents of AEMOL are believed to play roles as
reducing or chelating agents in the formation of NS-MgO.
These roles are based on the reports by others on the suc-
cessful use of aqueous extract of leaf [34], stem [40], fruit
[41], peel [21, 22], and flower [23] for synthesis of NS-MgO.

3.2. Monitoring of NS-MgO formation

Formation of NS-MgO was monitored visually and using
UV-Vis analysis. Visually, the process was observed through
the change in the colour of the mixture from green to brown.
The UV-Vis monitoring was carried out by measuring the
absorbance around 290 nm as seen in figure 3. In previous
studies [34], the formation of NS-MgO was indicated by the
emergence of sharp peaks at about 270-290 nm.

To optimise the formation of NS-MgO synthesis, a
reaction mixture containing 50% AEMOL with various con-
centrations of MgCl,.6H,O (0.5-5 mM) was used and mon-
itored using UV-Vis analysis (figure 3(c)). At a concentration
of MgCl,.6H,0 1 mM, the absorbance at maximum wave-
length was found to reach the highest value, followed by
decreasing values for the higher concentrations (2—5 mM) of
MgCl,.6H,O solution.

Other factors investigated are the reaction mixtures with
different compositions (10%—70%) of AEMOL solution and
1 mM MgCl,.6H,O solution, producing the UV-Vis spectra
shown in figure 3(d). The results revealed that the maximum
absorbance was observed for the sample with 50% AEMOL,
and therefore the optimum conditions for the synthesis of NS-
MgO in this study are the use of 1 mM of MgCl,.6H,0
solution with a 50% AEMOL.

3.3. NS-MgO characterisation

3.3.1. XRD. Crystal properties of dry NS-MgO were studied
through XRD analysis. The pattern of XRD analysis is shown
in figure 4. There are five diffraction peaks at 37.23; 42.92;
62.30; 74.73; and 78.63°, which correspond to the plane of
MgO spherical crystal structure (JCPDS file 78-0430).
According to the Debye-Scherrer equation [42], the average
particle size was calculated to be 21 nm.

3.32. SEM and TEM. SEM and TEM images show that the
shape of NS-MgO are spherical (figures 5(a)—(c)). SEM
analysis data show that the synthesised NS-MgO is spherical
with sizes ranging between 20 and 50 nm. Some larger
nanoparticles are observed, which may be due to aggregation
or overlap of particles. The size, shape, and morphology of
the synthesised nanoparticles were confirmed by SEM and
TEM imaging.

3.3.3. Particle size distribution analysis. To gain more insight
regarding the particle size of the NS-MgO produced, the
particle size distribution of the sample was determined using
particle size analysis (PSA) technique. As displayed by the
PSA result presented in figure 5(d), the particle sizes of the
synthesised NS-MgO are in the range of 40 to 70 nm. With
refers to general definition of nanomaterial as the material
with the particle size in the range of 1-100 nm, the PSA result
confirms the successful preparation of NS-MgO. Another
interesting result with respect to the result of PSA is that the
distribution of particles of the NS-MgO synthesised
practically follows normal distribution pattern. In this
regard, it can be observed that most of the particles have
the size in the range of 50 to 55 nm.

3.3.4. Thermogravimetric analysis (TGA). To investigate
thermal stability of the sample, the synthesised NS-MgO
and the standard NS-MgO were subjected to TGA treatment,
and the results are presented in figure 6. As can be seen in
figure 6, for the standard NS-MgO, there is only one weight
loss region, which is in the temperature range of 78 to 113 °C
and resulted in 13.7% weight-loss. This weight loss is most
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Figure 3. (a) Green synthesis of NS-MgO, (1) MgCl,.6H,O solution, (2) AEMOL, (3) NS-MgO; (b) UV-Vis spectra of AEMOL and
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likely associated with the evaporation of adsorbed water by
the samples. For the synthesised NS-MgO, gradual weight
loss was observed, with the most significant losses of 19.75%
in the region of 78 to 113 °C, and 40.15 % in the temperature
range of 320 and 400 °C. This final loss is most likely due to
thermal decomposition of residual organics contained in the
AEMOL and trapped in the NS-MgO [43].

3.4. Bioactivity test

3.4.1. Antioxidant activity. In this study, antioxidant activity
of AEMOL, synthesised NS-MgO, and standard NS-MgO
was assessed by 2,2-diphenyl-1-picrylhydrazyl (DPPH)
method using ascorbic acid as a positive control. This
method, which is based on the free radical capture activity of
DPPH, is often applied to study antioxidant activity of
compounds present in medicinal plant extracts [44]. The
experimental results, showing a general trend of increased
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antioxidant activity of the samples as their concentrations
increased, are presented in figure 7. The most interesting
result is that the activity of the synthesised NS-MgO is very
close to that of standard NS-MgO. This particular finding
demonstrates that the method developed in this current study
for NS-MgO synthesis is very promising for production of
nanomaterials. It should also be mentioned that the results
obtained in this study are in agreement with the results
reported by others using nano-size ZnO [45], CuO [46], and
MgO [34].

3.4.2. Antibacterial and antifungal activity. Antibacterial
activity of AEMOL, synthesised NS-MgO and standard NS-
MgO was evaluated against gram-positive bacteria (S. aureus
and E. faecalis) and gram-negative bacteria (E. coli and
S. dysenteriae) clinically isolated in vitro. The evaluation was
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Figure 8. Antibacterial activity of AEMOL, synthesised NS-MgO
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carried out using the method of resazurin microtiter assay
plate, the antibacterial activities of the samples are compiled
in figure 8.

As can be seen in figure 8, the MIC values of synthesised
NS-MgO for the four bacteria are in the range of
250—500 ugml~', and comparable to those observed for
the standard NS-MgO (275—525 pg ml™'). Compared to
AEMOL, it can be seen that both NS-MgO samples have
significantly higher MIC values against S. aureus; E. faecalis,
lower values against E. coli, and comparable values against
S. dysenteriae. In overall, it can be seen that the NS-MgO is
more effective to combat E. coli, and S. dysenteriae, which
are gram-negative bacteria, while for the gram-positive
bacteria, their effectivities are lower than those of AEMOL.
Different antibacterial activity against gram-positive and
gram-negative bacteria is most likely related to the structure
of the cell walls of the bacteria. Gram-positive bacteria have a
thick layer of peptidoglycan without an outer membrane and
contain teichoic acid. In contrast, gram-negative bacteria have
a thin layer of peptidoglycan with an outer membrane that
contains lipopolysaccharides. Because of this difference, each
type of bacteria shows a different sensitivity [8].

200
J BN AEMOL
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E EEEE  NS-MgO standard
1504
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C. albican

A. flavus

A. niger

Figure 9. Antifungal activity of the samples against three types of
fungi.

The method of resazurin microtiter assay plate was also
applied to evaluate the antifungal activity of the samples against
A. flavus, A. niger, and C. albican, as shown in figure 9.

As seen in figure 9, based on their MIC values,
synthesised NS-MgO and standard NS-MgO exhibit compar-
able effectivity, with the MIC values against A. flavus, A.
niger, and C. albican around 125, 125, and 62.5 ug ml~ !,
while for the AEMOL, the MIC values are 62.5, 62.5 and
125 g ml~" respectively. Based on these MIC values it can
be inferred that the NS-MgO samples have better activity
against C. albican, compared to the AEMOL, but against A.
flavus, and A. niger, the opposite is true. With respect to the
bioactivities investigated, another important finding that
should be noted is that the NS-MgO is more effective as
antifungal rather than as antibacterial. These findings suggest
that synthesised nano-scale MgO is promising as therapeutic
candidate for the treatment of candidiasis.

4. Conclusions

The results of this study demonstrate that AEMOL is an effec-
tive green agent for synthesising NS-MgO. The formation of
NS-MgO was confirmed by the information provided by various
characterisation techniques applied. Characterisation using XRD
technique confirms the existence of the NS-MgO as crystalline
material, while the information regarding the particle size pro-
vided by SEM, TEM, and PSA suggests that the particle sizes
are in the range of 40-70 nm. Bioactivity studies reveal that the
antibacterial activity as well as antifungal activity of the NS-
MgO synthesised is comparable to those of NS-MgO standard.
Another important finding that should be noted is that the NS-
MgO is more effective as antifungal agent, suggesting its pro-
spective use for treatment of candidiasis.
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