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Purpose: In this study, for the first time, new nanoparticles of La>*/a-Al,O; were synthe-
sized with the ultrasonic-assisted hydrothermal method in the presence of honey as an eco-
friendly and natural reagent.

Methods: The as-synthesized La**/0-Al,O5 nanoparticles were characterized using scan-
ning electron microscopy (SEM), transition electron microscopy (TEM), X-ray diffraction
spectroscopy (XRD), energy dispersive X-ray (EDX), UV—-visible spectroscopy, and Fourier
transform infrared spectroscopy (FTIR) techniques. In this work, we report optimum condi-
tions to synthesize La>"/a-Al,O; nanoparticles as novel material and as a candidate for
antibacterial activity in antibacterial drugs.

Results and Conclusion: The XRD and SEM micrograph results demonstrate the formation
of pure La>*/a-Al,O5 nanoparticles with a particle size in the range of 3080 nm. The synthesis
parameters were systematically examined using analysis of variance (ANOVA) through 2k '
factorial design, and the factors were an assay for product optimization. Various factors such as
hydrothermal time, temperature, ultrasound irradiation and interaction between these factors
were investigated on the product size of the products. To investigate antibacterial activity of the
La*>"/a-Al,O5 nanoparticles with the minimum inhibitory concentration (MIC) method, different
dilutions of nanoparticles as 64, 32, 16, 8, 4, 2, 1 and 0.5 pg/mL were dissolved in dimethyl
sulfoxide and diluted using distilled water and added to the Mueller-Hinton agar medium
containing Escherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa and Serratia
marcescens as gram-negative bacteria and Bacillus subtilis, Staphylococcus aureus,
S. epidermidis and Micrococcus luteus as gram-positive bacteria.

Keywords: ultrasound-assisted hydrothermal method, antibacterial activity, La*"/a-Al,O5

NPs, nanocomposites

Introduction

Nowadays, antibacterial and antioxidant activity are among the effective researches
in nanotechnology.! Honey consists of 80-85% carbohydrate (mainly glucose and
fructose), 15-17% water, 0.1-0.4% protein, 0.2% ash, and minor quantities of amino
acids, enzymes, and vitamins as well as other substances like phenolic antioxidants.
The fructose percentage is approximately 32.56-38.2% and the glucose percentage
approximately 28.54-31.3% and, as the major carbohydrates present in honey, act as
natural stabilizers and a capping agent in the wet synthesis of nanoparticles.? In
today’s modern life human beings have been exposed to the influence of different
bacteria, tissue respiration, chemical reaction, magnetic waves and other factors

submit your manuscript

Dove n

http:

in 3

International Journal of Nanomedicine 2019:14 10137-10146 10137
© 2019 Moshafi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BYNe

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-5844-3299
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Moshafi et al

Dove

which cause the production of antioxidants in the body;’
therefore the importance of dual-substance material is felt
more than ever before.* Literature searches prove that many
methods such as the sol-gel method and coprecipitation
method which are earlier and easier have been successfully
used to synthesize nanoparticles,” ® but most of these
methods are difficult and costly and use harmful

1011 1 93" ag a lanthanide element has various

chemicals.
active biological'? and biomedical'® applications owing to
its unique 4F electron configuration.'* As a corollary, the
concept of “green nanotechnology” emerged with the green
synthesis of nanoparticles commencing a new period in
nanotechnology and chemistry and having a significant
advance in biomedical applications, such as targeted15

1617 gene delivery,'® hyperthermia,'® photo-

drug delivery,
ablation therapy,”® bioimaging,”' and biosensors.”* The
hydrothermal synthesis method includes many advantages
such as the solubility of oxides in solutions higher than
water,?” the ability to synthesize crystals which are unstable
near the melting point and also the ability to synthesize
metal oxide crystals with high quality.** Among the most
promising of the new antimicrobial agents’ metal oxide
nanoparticles have been shown to have high potential anti-
bacterial activity in a large number of studies.*>*® Different

researchers have indicated that Al,O3 contamination with

1)
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other antioxidant metals improves photocatalytic activity

29731 and leads to

and stability in 0-Al,O5 structural phase,
shifted emission peaks toward visible light, in addition to
the presence of an auxiliary species, which can be effective
in reducing the time of complete elimination of bacteria in
the presence of ultraviolet light.**** Nanocomposites with
the use of ultrafine particles have wide applications in anti-
bacterial properties.>* The effects of nanoparticles on cells
of living organisms depend on the diameter, size and shape
of nanoparticles.*” In this study, we introduced the synthesis
of La*"/a-Al,O5 nanoparticles with honey used as biocom-
patible capping agents using the ultrasound assisted hydro-
thermal method. Scheme 1 shows a summary of the
experimental route for the synthesis of the La3+/a-Al203
NPs. The final products were characterized by different
techniques such as XRD, SEM, TEM, FT-IR, UV-vis, and
BET analysis. The antibacterial activity of the La®*/0-Al,O;
nanoparticles was investigated on E. coli PTCC 1330,
K. pneumoniae PTCC 1053, S. marcescens PTCC1621,
P aeruginosa PTCC1074, S. PTCC.
1112, M. luteus PTCC. 1110, and B. subtilis PTCC. 1023.
The bacteria ranged from 64 pg/mL up to 0.5 pg/mL. The

aureus

results show that the La*"/0-AL,O5 nanoparticles are well
capable of inhibiting the growth of the pathogenic microbial

strains.

.
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Scheme | Summary of experimental route for the synthesis of the La**/a-AlL,O3 NPs.
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Experimental

Materials

All the primitives used in this work such as AI(NO3);.9H,0,
Lanthanum(III) chloride hydrate 99.9% as the starting precur-
sor, and NaOH and liquor ammonia solution containing 25%
ammonia (NH3) were purchased from Merck and had analy-
tical grade without additional purification. The deionized water
used in this research work was provided in the laboratory.

Characterization
We used an automatic ultrasonic generator device (Sonicator
3000; Bandeline, MS 72, Germany),
a converter/transducer

equipped with
and titanium oscillator (horn),
12.5 mm in diameter, operating at 20 kHz with a maximum
power output of 400 W for ultrasonic irradiation. For the
hydrothermal method, the reactions were carried out in the
steel autoclave with a diameter of 25 cm. The XRD patterns of
products were recorded with a Rigaku D-max C III, X-ray
diffractometer using Ni-filtered Cu-Ka radiation. For the inves-
tigation of morphological properties and particle size distribu-
tion scanning electron microscopy (SEM) images were
obtained with a Philips XL-30 ESEM equipped with an energy
dispersive X-ray spectroscopy (EDX) under the acceleration
voltage of 100kv. The transmission electron microscope
(TEM, JEMI1200EX, JEOL). The Fourier-transform infrared
spectroscopy (FT-IR) spectra were recorded by a Shimadzu
Varian 4300 spectrophotometer in KBr pellets in the range of
400-4000 cm ', The surface area, porosity, pore size and
volume properties of the nanostructure were studied by
a Brunauer-Emmett-Teller (BET),
desorption isotherms of the samples were recorded by using

and N, adsorption-

Belsorp II-BEL equipment (BEL Japan Inc., Osaka, Japan).
Gram-positive and four Gram-negative standard bacterial
strains were purchased from the Iranian Scientific and
Industrial Research Organization.

Preparation of La®*/a-Al,O; Nanoparticles
In this study at first 15 mL ammonia was mixed with
distilled water (DW) 1: 1 ratio then 0.41 g AI(NO5)3;.9H,
O was added to the above solution. In another beaker
0.046 mol of Lanthanum(IIl) chloride was dissolved in
20 mL of deionized water and 0.05 g C;,H»,0;; as
a green capping agent was added slowly into the mixture
at 50°C and 400 rpm for 45 minutes. For growth and initial
nucleation, this solution was exposed to ultrasonic irradia-
tion at 20 kHz with a maximum power output of
60 W. Finally, both solutions were transferred to a beaker

and the mixture was exposed to a hydrothermal steel
reactor at different temperatures and times. In the final
step, the white precipitate was centrifuged at 4000 rpm
for 10 minutes and collected by filter paper washed with
ethanol and dried at room temperature for 48 hours. The
as-prepared products were analyzed by XRD, EDAX,
SEM, TEM and FT-IR.

Preparation of Agar Cultivation

To prepare ten consecutive dilutions, at first 4.6 mg of the
La**/a-AlL,O; NPs as-synthesized compounds were dis-
solved with a minimum amount of dimethyl sulfoxide
(DMSO) and distilled water to a volume of 5 mL to
a storage concentration of 1280 pg/mL, then with conse-
cutive dilutions the concentrations were obtained from the
sample. For this purpose, 10 small tubes were filled with
2 mL of the Muller-Hinton broth, then 10 large tubes
(25 mL) were filled with 18 mL of the Muller-Hinton
agar and transferred to the autoclave. In the next step,
the first tube was added to 2 mL of the stock solution
and after mixing, 2 mL of the first tube was added to
the second tube. This process proceeded in the same
way, until finally, 2 cc of the final tube were poured out
and 8 consecutive dilutions were prepared from the speci-
men and concentrations of 640, 320, 160, 80, 40, 20, 10
and 5 pg/mL were obtained. Each of these dilutions was
then added to 18 cc of solid culture medium and the final
concentrations were achieved as 64, 32, 16, 8, 4, 2, 1 and
0.5 pg/mL.

Experimental Design

Factorial designs are primarily used to screen significant
factors.”> To synthesize La3+/a-A1203 nanoparticles, the
2k factorial method was utilized to evaluate the effects
of the parameters such as hydrothermal time, temperature,
ultrasound irradiation power and interaction between these
factors on the properties of the La**/a-Al,05 nanoparti-
cles. As can be seen from factorial designs, under different
synthesis conditions, including hydrothermal time, tem-
perature, and ultrasound irradiation power, La*"/0-ALO;
nanoparticles had different particle size distributions. The
results demonstrated that a total of two factors, hydrother-
mal time and temperature, had the greatest impact on the
size of nanoparticles. Figure 1 shows the normal plot of
the effects, the Pareto chart, contour plot of size and sur-
face plot of hydrothermal time vs temperature and
size (nm).
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Figure | Data of factorial design as hydrothermal time, temperature, ultrasound irradiation power and interaction between these factors by the size (nm).

Results and Discussion
Characterization of La**/a-Al,O5

Nanoparticles

In this study, we used the fructose as a green capping agent with
ultrasonic-assisted microwave technology with high efficiency
for the synthesis of La’'/0-Al,O; nanoparticles. X-Ray
Diffraction analysis (XRD) as a rapid analytical technique
was used for phase identification of crystalline material.
Figure 2 shows the XRD patterns of the o-Al,O; NPs
(JCPDS No.01-0287) and the La*"/0-ALLO; NPs as-
synthesized samples obtained in the presence of the fructose
at room temperature and calcined at 300°C. The fructose
concentration plays a key role in the formation of the La**/a-
Al,O5 (JCPDS No.04-0858) when the fructose concentrations
were 1.5 mol/L. To characterize phases and examine crystallite
size of the La*"/0-Al,O; NPs, we used the Sherrer equation
(Equation 1 to calculate the mean diameter and the crystal-
lographic properties with the help of the following formula):*®

D = ki/pcos(0) )

In this equation, D is the mean crystallites size, A is the
X-ray wavelength (1.54056 A°), B is the broadening of the

JL\ LWW o) a-ALOs

La3"/a-ALOs

0 40 50 60 70

20 3
Position [*2Theta]

Figure 2 XRD patterns of the a-Al,O; NPs and the as-synthesized La**/a-Al,O5
NPs heating after calcination at 300°C for 3 hours.
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line measured at half its maximum intensity (in radius), 6 Thus, it can be inferred that La®>*/a-AL,O5 nanocomposite
is the diffraction angle from Bragg planes and k is the  was successfully synthesized. Figure 3A and B show the SEM
shape factor (0.9). and TEM images of the samples prepared via the ultrasound-

SEM MAG: 330 kx Det: InBeam MIRA3 TESCAN
WD: 5.01 mm BI: 7.00 100 nm
View field: 0.629 ym Date(m/dly): 12/23/18

¢ 600
500

N
—
=

Intensity (a.u.)
W
<
<

0 2 4 6 8 10
Energy (keV)

Figure 3 The SEM image (A), TEM image (B) and electron dispersive spectroscopy (EDX) (C) as- synthesized La>*/a-ALO; NPs prepared via ultrasound assisted
hydrothermal method.
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assisted hydrothermal method, respectively. The results show
that some small round particles having more uniform size and
shape were located together. Owing to the high surface area of
the La3+/(x-A1203’ nanocomposites tend to agglomerate
together. For this reason, in producing the samples, we used
the Cetyltrimethyl ammonium Bromide (CTAB) reagent as
surfactant which led to increasing stability of the small parti-
cles and prevention of aggregations. The microscopic analysis
fully demonstrates which components in La**/a-Al,O5 nano-
composites are in close contact with each other and are suffi-
ciently dispersed, thereby indicating that the products have
been produced successfully. Briefly, this analysis showed that
the nanocomposites had homogenous sphere morphology and
did not produce aggregated structures. The particle sizes visua-
lized in the TEM images corroborated with the nanocompo-
sites sizes were obtained by SEM. To further validate the as-
synthesized La®*/a-Al,O5 nanocomposites, electron dispersive
spectroscopy was applied (Figure 3C). The results demonstrate
La: Al: O elements as elemental composition of La*"/0-ALO;
nanocomposites. The presence of the C element is related to
CTAB, which is used as the surfactant and distribution of the
particle size.

The EDS and elemental mapping depict the presence of
La, Al, O and C elements as the principal elements of the
nanocomposite. Both techniques clearly show the La**/o-Al,
O; nanocomposites synthesized successfully using the ultra-
sound-assisted hydrothermal method Figure 4A.

The ultraviolet—visible spectroscopy of the La*"/a-Al,O4
nanocomposite was further studied under an excitation wave-
length ranging from 190 nm to 260 nm which is shown in
Figure 4B. The fluorescence intensity could reflect the photo
charges separation rate of the as-prepared photo catalysts,
and lower intensity corresponds to higher photo charges
separation rate and transportation. As Figure 4B displays,
emission peaks located at approximately 220 nm, 215 nm,
211 nm and 205 nm were clearly shown for samples S1-S4.
It can be concluded that at a constant temperature with
increasing time from 4 hours up to 10 hours, the size of the
nanostructures gradually increases and blueshift can occur.
Figure 4B shows the UV-vis spectra of as-synthesized La’
*/0-AlL,O; NPs under different conditions such as 10 hours
(S1), 8 hours (S2), 6 hours (S3), and 4 hours (S4) at 200°C.

To determine the structural properties of the synthesized
La**/0-Al,O5 nanocomposites were subjected with Fourier-
transform infrared spectroscopy (FT-IR). Overall, the reactions
3+ /

expected for synthesized La’"/a-Al,O3 nanocomposites were

as follows (Equation 2-4):

23 4
15
s1
$2 —
~ 134 / §3 —
E S4
2z 08
=
03 4
0

190 200 210 220 230 240 250 260
Wavelength/nm
Figure 4 Elemental mapping analysis of the as-synthesized La>*/a-AlL,O3 NPs (A) and

the UV.vis spectra of the as synthesized La**/a-Al,O3 NPs in different conditions
such as 10 hours (SI), 8 hours (S2), 6 hours (S3), and 4 hours (S4) at 200°C (B).

La(NO3);.6H,0 — La(NO3),+6H,0 2)
La(NOs3),; — La**+3(NO;3)~ 3)

La’t+2A1(NO3);.9H,0 — La’" /AL, 03

4
+6NO, + 9H,0 + 3/20, @

Figure 5A and B show the FT-IR spectrum at 400-4000 cm '
for a-A203 and La*'/0-ALOs
synthesized after 300°C, respectively. The results indicate
that the bands centered at 500-900 cm " are related to metal—
oxygen. A wide peak centered at 3450 cm ™' can be attributed to
the stretching O-H band of
H,0 molecules. Owing to the high surface to volume ratio of

nanocomposites ~ as-

vibration of the

the nanostructures, products can adsorb more O-H molecules

on their surfaces than the bulk ones. The broad absorption peak
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Figure 5 The FT-IR spectrum of the a-ALO; (A), La**/a-Al,O; nanocomposites
as-synthesized after 300°C (B) and AFM images of the La**/a-Al,O3 nanocompo-
sites after annealing at 200°C for 6 hours (C).

at 985-990 cm ' range matches La-Al bands, being mainly
related to La-Al-O bands in La*"/0-AL,O5 network structures.
The Atomic Force Microscopy (AFM) images of the La>*/a-
Al,O5 nanocomposites displayed the narrow and regular form
together. The roughness and surface properties of the final
products can be calculated with the root mean-squared rough-
ness (RMS) as a factor obtained from the standard deviation of
the AFM image data and determined according to the follow-
ing equation (Equation 5):

25:1 (20 — 2)2

ers = N_1

®)

In this equation, z, represents the height of the n™ data, # is
equal to the mean height of Z,, in AFM topography, and

N is the number of data. For an area of 87.22 pm? the
roughness average is 96.32 nm. Figure 5C shows the AFM
topography images of La®>*/a-Al,O5 nanocomposites.
Figure 6A presents the Brunauer—Emmett—Teller (BET)
surface area measurement using the N, adsorption/desorption
isotherm data of the La®*/a-Al,O; nanocomposites. Also the
distribution of the pores appears multi-peak for the as-
synthesized La*"/0-ALO; nanocomposites at 300°C shown
in Figure 6B. The results indicate porosity in the samples at
room temperature to 800°C in the airflow of 10 cm® min .

BET-Plot
0.45
0.3 -
=
=
B~
],
0.15 A
0 .
0 0.25 0.5
P/Po
BJH-Plot
kaq
=
e ~ADS
1 10 100
rP/nm

Figure 6 The N, adsorption/desorption isotherm (A) and pore size distribution
curve data of the La**/a-Al,O3 nanocomposites (B).
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Table 1 presents a summary of all experimental para-
meters of BET surface area analysis such as pore volume
(cm®/g), and pore diameter (nm). The findings through the
BJH (Barret-Joyner—Halenda) method demonstrate that
La*'/a-Al,0;
Moreover, the adsorption/desorption isotherm data such

nanocomposites have high porosity.
as cross section area, total pore volumes and dead volume
as 0.175 (nm?), 0.0359 (cm’g™") and 17.909 (cm®) were
obtained, respectively. Also, the average pore diameter

was calculated as 25.67 nm using BET isotherm data.

Antimicrobial Effect of La**/a-Al,O5

this study, the agar well diffusion assay was used to
evaluate the antimicrobial activity of La>'/o-Al,O5 nano-
composites, and prevention of bacterial growth was deter-
mined in the culture media loaded with different
concentrations of nanocomposites such as 64, 32, 16, 8§,
4, 2, 1,

contamination of the culture medium, a tube containing

and 0.5 pg/mL. To determine the non-

a culture medium without specimens and a microbe were
considered a negative control. Furthermore, to detect the
lack of antimicrobial activity, the medium was cultured
from a tubule containing culture medium and a non-
sampled bacterium as a positive control. To detect anti-
microbial insufficiency and ensure the uniform growth of
bacteria on a plate surface of the solvent, positive control
and a negative control of the culture medium and the
solvent and the microbial strain for dimethyl sulfoxide

Table | The Surface Features of the La**/a-AlL,O5 Nanocomposites
as-synthesized after 300°C

BET area Pore volume Pore diameter
(m?g™) (em®g™) (nm)
37.879 0.359 22.679

were considered. Each plate was studied in terms of
growth and non-growth of tested microorganisms. Gram-
negative and Gram-positive bacteria showed a higher sen-
sitivity to La**/a-Al,05 nanocomposites at the lower con-
Table 2 MIC method for
antibacterial activity within the range of 0.5-64 pg/mL.

centration. shows the

As the results show, all of the bacterial strains
showed maximum sensitivity to different concentrations
of La’"/o-Al,O; nanocomposites but among bacterial
strains M. luteus PTCC. 1110 showed growth in 4 pg/mL.
Antibacterial activity of La>"/a-Al,O5 nanocomposites against
4 Gram-negative and 4 Gram-positive bacteria using agar well
diffusion with nanocomposites prepared under different con-
ditions as 64, 32, 16, 8, 4, 2, 1, 0.5 ug/mL in solid culture
mediums from 1 to 8 respectively are shown in Figure 7. The
results show that M. luteus PTCC. 1110 has an inhibition zone
in the concentration of La>"/0-ALOs nanocomposites within
4-0.5 ng/mL. The zone of inhibition observed for this bacterial
strain is lower than that of all the bacteria studied for the same
loading of nanoparticles. The goal of this study is to use honey
as a natural reagent also as a biomolecules template, green
reductant and capping agent for the synthesized La®"/a-ALO;

nanocomposites. The La*"/

0-Al,O5; nanocomposites with thiol
groups of enzymes that could be through the release of oxygen
species, disrupted their respiratory chains. Therefore, damage
occurred in the cell structures and finally led to cell death

mechanism.

Conclusion

This present study deals with synthesis, characterization
and antibacterial activity of particle-linked La**/0-Al,05
nanocomposites. The La**/0-Al,0; was synthesized
with the ultrasonic-assisted hydrothermal method in the
presence of honey as an ecofriendly and natural reagent.

Table 2 Antibacterial Activity of the La>*/a-Al,O3 Nanocomposites with MIC (ug/MI) Method Against Selected Gram-Positive and

Gramnegative Pathogenic Bacterial Strains

Concentration
(ug/mL)

64 pg/mL | 32 pg/mL

Bacteria

16 pg/mL

8 ug/mL | 4 pg/mL | 2 pg/mL I pg/imL | 0.5 pg/mL

E. coli PTCC 1330 - - -
K. pneumoniae PTCC 1053 - - -
S. marcescens PTCCI621 - - -
P. aeruginosa PTCC1074 - - R
S. aureus PTCC. 1112 - - -
M. luteus PTCC. | 110 - - -
B. subtilis PTCC. 1023 - - -
S. epidermidis PTCC | |14 - - -
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Figure 7 Antibacterial activity of La**/a-AlLO3 nanocomposites against 4 gram-negative and 3 gram-positive bacteria. Different serial dilutions were 64 (platel), 32 (plate 2),
16 (plate 3), 8 (plate 4), 4 (plate 5), 2 (plate 6), | (plate 7) and 0.5 (plate 8) pg/mL of the La>*/a-Al,O3 nanocomposites which added to the Mueller-Hinton agar medium.

Based on the obtained results, it was found that La>*/a-
Al,0O3 nanocomposites showed suitable antibacterial
Our
results demonstrate that the use of glucose as a green

effects on some pathogenic microbial strains.

capping and reductant agent as well as an eco-friendly,
simple, nontoxic pathway can lead to producing nanos-
tructures with the suitable size distribution.

Research Highlights

(A) Sphere like La’"/a-Al,0; nanocomposites were
synthesized in an ecofriendly way with the ultra-
sound-assisted hydrothermal method.

(B) Honey as a natural reagent was used in the synthesis
of La*"/0-Al,05 nanocomposites.

(C) The La*"/0-ALO5 nanoparticles show high efficiency
antimicrobial properties for pathogenic microbial strains.

(D) The La*'/a-Al,O; nanoparticles show an excellent
antibacterial activity.
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