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In this study, a single-step method for green synthesis of silver nanoparticles using 
Aloe Vera gel extract and sunlight was investigated. The Aloe Vera gel extract 
is composed of pectins, lignin, and hemicellulose, which can be used in the 
reduction of silver ions to produce colloidal silver nanoparticles (AgNPs-AV). The 
preliminary preparation of silver nanoparticles was observed by an immediate 
color change to brown. The prepared silver nanoparticles were characterized 
by transmission electron microscopy, Fourier transform infrared spectroscopy, 
dynamic light scattering, and zeta potential measurements. Additionally, the 
cytotoxicity and antimicrobial activity of AgNPs-AV was tested. Results indicated 
the formation of stable spherical 90±40nm with a strong absorption peak appears 
between 400 and 500 nm. 28.7 ±0.781% of breast cancer cells survived after 
incubation with AgNPs-AV invitro for 72 hrs. In addition to AgNPs-AV inhibited 
the growth of the most important human skin pathogens (candida albicans, 
Pseudomonas aeruginosa and Staphylococcus aureus). The largest inhibition 
zone was observed for candida albicans.  This method for synthesis is very fast, 
produces spherical colloidal silver nanoparticles having an excellent antioxidant 
activity, high anticancer therapeutic index and very promising antibacterial 
activity. This greenly synthesized nano-formulation has a great potential to be 
explored in many different aspects.   
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INTRODUCTION
Silver nanoparticles (AgNPs) have been 

studied extensively due to their wide range of 
applications and unique features. AgNPs is 
very promising in many uses include catalysis, 
antibacterial activity, drug delivery, anticancer 
effect, biosensing, imaging, antioxidant activities, 
anti-proliferative agents, textile fabrics and 
plastics to eliminate microorganisms [1-10]. The 
green synthesis methods for synthesis of silver 
nanoparticles have been proposed to become eco-
friendly alternative and cost-effective compared 
to chemical and physical preparation methods 
[11-18]. Silver nanoparticles were synthesized 

previously by green methods from various plant 
extracts including Talinum triangular leaves, 
blackberry fruit extract, Enicostemma axillare, 
Panax ginseng fresh leaves, Geranium leaves, 
Origanum vulgare L. Extract, Acalypha indica, 
Pelargonium graveolens and Aloe Vera leaves 
extract [19-24]

Aloe Vera leaves extract (AV) is a medicinal 
agent contains more than 200 active ingredients, 
and 75nutrients including 20 minerals, 12 
vitamins, and 18 amino acids.  Aloe Vera is a 
natural anti-microbial, antifungal, anti-biotic, 
anti-septic, anti-viral, antiallergic, anti-bacterial, 
anti-inflammatory, immunostimulant, anti-
tumor, and extremely effective anti-oxidant 

http://creativecommons.org/licenses/by/4.0/.
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[25-27]. Also, it is a rich source of secondary 
metabolites including lignin, hemicellulose, 
and pectins which can easily reduce silver 
nitrate to silver nanoparticles. Aloe Vera gel 
extract can be used as surfactant to prevent 
nanoparticles aggregation through decreasing 
the net surface energy due to containing various 
chemical compositions such as amino acids, 
minerals, enzymes, vitamins (A, C, and E), 
anthraquinones, lignin, aloin, monosaccharide, 
polysaccharides, salicylic acid, saponins, sterols, 
and minerals (zinc, calcium, phosphorous, 
potassium, manganese, iron, copper, sodium, 
chromium, and magnesium) [28-30]

This study aims to efficiently prepare silver 
nanoparticles with large scale and low cost using 
plant extract and sunlight. Aloe Vera gel extract 
not only used as reducing agent, but also it acts 
as a stabilizing agent. The successful preparation 
of silver nanoparticles was confirmed using 
different characterization techniques such as 
UV–Vis spectroscopy, transmission electron 
microscopy, FTIR, zeta potential measurement, 
and dynamic light scattering. Additionally, the 
cytotoxicity and antimicrobial activity of AgNPs-
AV was tested. 

MATERIALS AND METHODS
Materials

Silver Nitrate (AgNO3), 2-diphenyl-1-
picrylhydrazyl (DPPH), Butylated hydroxytoluene 
BHT were purchased from Sigma-Aldrich.  Fresh 
Aloe Vera leaves were obtained from faculty of 
Agriculture Cairo University.

Extraction of Aloe Vera gel 
Fresh Aloe Vera leaves were collected and 

washed several times with distilled water in order 
to remove the dust particles. The gel or mucilage 
extracted from the fresh leaves, digested, filtered 
and centrifuged at 3000 rpm for 30 min, then 
boiled. The Aloe Vera gel extract (AV) stored at 
-15 oC for use within one week

Preparation of silver nanoparticles
Twenty mg of AgNO3 was added to 50ml 

distilled water, then 20 ml of the AV were added 
then exposed to sunlight for 10 min.

The final solution containing silver 
nanoparticles was centrifuged at 8000 rpm for 30 
min and washed twice with distilled water then 
resuspended in 50 ml distilled water.

Characterization of the prepared nanoparticles
The morphology and size of AgNPs-AV 

were determined using transmission electron 
microscopy (TEM)(Jeol JEM1230, USA). The 
absorption spectrum of AgNPs-AV was measured 
using UV–Vis spectrophotometer (Jenway UV-
6420; Barloworld Scientific, Essex, UK) in the 
wavelength range from 300 to 700 nm. The zeta 
potential and particles size distribution of the 
prepared AgNPs-AV was measured using (Zeta 
Potential/Particle Sizer Malvern panalytical, 
Zetasizer Nano ZS90,USA).

Fourier Transform Infrared (FTIR) was 
performed using (A Basic Vector, FT/IR-4100 
type A , Germany)  for AgNPs-AV and AV in the 
range of 4000–400 cm−1.

Antioxidant activity of silver nanoparticles
The antioxidant activity of silver nanoparticles 

was determined using DPPH radical method [31].  
Briefly, 0.1 ml of AgNPs-AV was added to 1 ml 
of 0.1 mM of freshly prepared DPPH solution in 
ethanol. Then, incubated 20 min at room temp 
in the dark. The solutions absorbency of various 
tubes was measured at 517 nm. The control sample 
was prepared without silver nanoparticles. The 
positive control is 0.1 ml of BHT with the same 
concentration as silver nanoparticles. The free 
radical scavenging activity was measured as a 
decreasing the DPPH absorbance and calculated 
as follows: 

( ) Abs c Abs SScavenging effect % 1 00
AbsC
−

= ×

Where, Abs c is the absorbance of the control, 
and Abs s is the absorbance of the sample or 
standard.

In vitro cytotoxicity against MCF7 breast cancer cell 
line

The antitumor activity of AgNPs-AV was tested 
against MCF7 breast cancer cell line as an example 
of most common human disease. MCF7 cells 
were plated in 96-well plates (106cells per well) for 
24 hrs at 37oC in 200 µl of RPMI 1640 medium 
containing 10% FBS to allow the attachment of 
the cell to the wall of the plate. (20, 40, 60, 80, 100) 
µl of the culture medium was discarded, then the 
monolayer cells were treated with (20, 40, 60, 80, 
100) µl of AgNPs-AV (200μg/ml) and AV for 72 hrs 
at 37oC and atmosphere of 5% CO2. After 72 hrs, 
Cells were fixed, washed and stained with Sulfo-
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Rhodamine – B stain. Acetic acid was added to 
remove the excess stain and the attached stain was 
recovered using Tris EDTA buffer. The intensity 
of the color was measured using an Elisa reader. 
Each concentration was repeated five times. The 
cytotoxicity was expressed as the percentage of the 
cell viability compared to the untreated cells. The 
cell viability was calculated as:

( ) Abs SCell Viability % 1 00
AbsC

= ×

Where Abs S is the absorbance of the treated 
cells and Abs C is the absorbance of control. 

Antimicrobial activity of biosynthesized 
nanoparticles 

Twenty eight grams of the nutrient agar 
medium were dissolved in 1 liter of distilled water. 
Then bring to boil to be completely dissolved 
and sterilized by autoclaving at 121°C for 15 min. 
Qualitative evaluations were carried out in nutrient 
agar plates according to Mostafa et al., 2016 to 
investigate the antimicrobial activity of AgNPs-AV 
nanoparticles followed by calculating the minimal 
inhibitory concentration (MIC)[32-33]. Different 
types of Bacteria used in this study such as Gram 
positive bacteria (Staphylococcus aureus ATCC 
6538), pathogenic yeast (Candida albicans ATCC 
10231) and Gram negative bacteria (Pseudomonas 
aeruginosa ATCC 27853). The inoculation of all 
microorganisms was prepared from fresh overnight 
broth cultures that were incubated at 37°C [34]. 
The spore suspension of pathogenic strains was 
prepared and adjusted to approximately 0.5 
McFarland standard (1 × 108 spores-ml). Then, 
250.0 µL of spore suspensions were inoculated into 
each plate containing 50 ml of the sterile nutrient 
agar medium. After the media cooled and solidified, 
100 µL of the prepared sample was applied to the 
wells (well diameter = 0.6 mm) that were prepared 
previously on the inoculated agar plates in 
triplicated times. These seeded plates were placed in 
the refrigerator for two hour, followed by incubation 
at 37 ºC for 24 hrs and zones of inhibition (ZI) were 
measured in mm [33]. The antimicrobial activity of 
AgNPs-AV nanoparticles was tested with different 
concentrations as follows (100.0, 50.0, 25.0, 20.0, 
10.0, 5.0 μg/ml) in duplicate times.

RESULTS AND DISCUSSION:
Preparing nanoparticles using physical 

methods require high consumption of energy on 

the other hand chemical methods usually leads 
to remaining of some toxic substances which 
limit the biological applications of the prepared 
nanoparticles. Now many researchers synthesis 
different types of nanoparticles by fungi, 
bacteria, and plants to form biocompatible and 
green nanomaterials. Using plant extracts of can 
have a great potential over the common chemical 
methods of nanoparticle production due to 
safety, non-toxic, low costs, and compatible with 
the environment [12-21]

In this method, silver nanoparticles were 
prepared very fast using the reducing power of 
sunlight in addition to the reducing power of AV 
gel.

When silver nitrate was added to the AV gel 
extract in the presence of sunlight the colorless 
solution was turned into white. The successful 
preparation was observed by the color change 
from white to reddish brown.  As the sunlight 
exposure time increases the intensity of color 
increase (Fig. 1). Which indicate the reduction 
of Ag+ ions successfully to Ago forming silver 
nanoparticles.

To obtain complete information about the 
morphology and shape of nanoparticles, TEM 
was used. The TEM image revealed that the 
prepared AgNPs-AV was predominantly spherical 
(Fig. 2a). TEM images reveal the successful 
preparation of spherical silver nanoparticles. 
The electron diffraction pattern (Fig. 2b) shows 
that AgNPs-AV nanoparticles are polycrystalline. 
UV-Vis absorption spectrophotometer was used 
to measure the absorption spectrum which 
shows a peak between 400-500 nm (Fig. 2c).

The average particle size distribution of 
AgNPs-AV was recorded to be 88.78 ± 40 nm 
(Fig. 3a) with a zeta potential of (-29.8) (Fig. 
3b). This value of zeta potential indicates the 
production of stable silver nanoparticles. The 
aloe Vera gel extract has various molecules which 
lead to steric repulsion between individuals 
preventing nanoparticles from aggregation [28]. 
FTIR spectroscopy is performed to confirm the 
association of Aloe Vera gel active components 
such as phenols, proteins, and sterols with silver 
and their ability to act as reducing and stabilizing 
agent.

The AgNPs-AV exhibited absorption peaks at 
1059, 1383, and 1632, 2373, 2929, 3407 cm−1 due 
to having cyclic OCH3, C=O, C–OOH, S-H, CH2 
and OH functional groups, respectively (Fig.4b). 
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 Figure 1: Photographic image of a) AV gel extract, b) The reaction mixture after the 
addition of silver nitrate solution, c) the reaction mixture after 5 min of reaction in sunlight, 
and d) the final solution after 10 min exposure to sunlight. 
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Fig. 1: Photographic image of a) AV gel extract, b) The reaction mixture after the addition of silver nitrate solution, c) the reaction 
mixture after 5 min of reaction in sunlight, and d) the final solution after 10 min exposure to sunlight.

 

 

 

 

 Figure 2: a) Transmission electron microscope image of (AgNPs-AV), b) SAED pattern of 
AgNPs-AV and c) its UV-Vis absorption spectrum. 
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Fig. 2: a) Transmission electron microscope image of (AgNPs-AV), b) SAED pattern of AgNPs-AV and c) its UV-Vis absorption 
spectrum.

These characteristic peaks were compared 
with AV gel extract (Fig. 4a) showed bands at 
wavenumber (cm-1) 1069, 1253, 1578, 2375, 
2928, 3423 and slight shift were seen in the case 

of silver nanoparticles. From the FTIR spectra, it 
was confirmed that Aloe Vera gel extract act as a 
reducing agent for the synthesis of colloidal silver 
nanoparticles. Further, the Aloe Vera gel extract 
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Figure 3: Dynamic light scattering size distribution of the prepared AgNPs-AV (a) and its Zeta 

potential (b). 
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Fig. 3: Dynamic light scattering size distribution of the prepared AgNPs-AV (a) and its Zeta potential (b).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: FTIR spectrum of AV a) and AgNPs-AV b). 
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Fig. 4: FTIR spectrum of AV a) and AgNPs-AV b).
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forms biological capping layer around silver 
nanoparticles that prevented the agglomeration 
of the nanoparticles [30].

The effect of various concentrations of 
AgNPs-AV on DPPH free radical scavenging 
activity is shown in Fig. 5. Both AgNPs-AV 
and slandered BHT has inhibitory activity 
against DPPH radical. As the concentration of 
silver nanoparticles increases the free radical 
scavenging activity increases. AgNPs-AV exhibit 
antioxidant activity of 48.99% at 200 μg/ml. 
However, the BHT showed 68% inhibition in 
the same concentration. This DPPH scavenging 

activity of AgNPs-AV is due to the donation of 
hydrogen of antioxidant molecules coating the 
green synthesized silver nanoparticles.

The in-vitro antitumor activity of silver 
nanoparticles was tested for against human 
MCF7 breast cancer cell line. The results indicate 
that both AV and AgNPs-AV showed anticancer 
activities against the breast cancer cell line. This 
potential anticancer therapeutic agent AgNPs-
AV can inhibit cancer cells growth  in  vitro   
(Fig. 6). At the highest volume 100 μl of AgNPs-
AV (200μgm/ml) 28.7 ±0.781% of the cells 
survive.  Previous studies reported that silver 

 

Figure 5: Measurement of antioxidant activity of AgNPs-AV and BHT data represent as 

mean ± standard deviation. 
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Fig. 5: Measurement of antioxidant activity of AgNPs-AV and BHT data represent as mean ± standard deviation.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Cell viability percent of MCF7 breast cancer cell line treated with different 
volumes of AgNPs-AV (200 μg/ml) and AV gel extract. 
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Fig. 6: Cell viability percent of MCF7 breast cancer cell line treated with different volumes of AgNPs-AV (200 μg/ml) and AV gel extract.

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/cultured-cells
https://www.sciencedirect.com/science/article/pii/S2405609X17302841
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nanoparticles induce DNA damage in MCF7 
cells by generating ROS. The generated ROS 
promote cell damage by attacking cellular 
components, including proteins, DNA, and 
lipids, to induce oxidative stress which in turn 
causes damage to cancer cells. Apoptosis signal is 
induced by the silver nanoparticles via a caspase-
dependent pathway along with the involvement 
of mitochondria. Caspase 9/3 can be activated 
by silver nanoparticles by a time-dependent 
effect that stimulated by the disruption of the 
membrane of mitochondrial [35-36]. On the 
other hand, this anticancer activity of silver 
nanoparticles may be due to Ag+ ions is similar 
to ca+2 ions this means that high amount of 
Ag+ ions can inhibit the sarcoplasmic reticulum 
which leads to cell death [37]. 

Silver nanoparticles were known to have a 
strong antimicrobial effect, it is very important 
to assess the antimicrobial effect of this green 
synthesized formulation against important 
microbes which cause severe infections in human 
skin during injuries or burns. We select 3 species of 
microbes for the antimicrobial screening of silver 

nanoparticles. Candida albicans was selected as 
pathogenic yeast, which causes a series of health 
threat. Staphylococcus aureus was chosen as 
gram-positive bacteria which can infect the skin 
and respiratory tract. In addition to pseudomonas 
aeruginosa was chosen as a gram a negative 
bacterium which is common in skin infections. The 
results confirmed that the antibacterial activity was 
present in AgNPs-AV. An inhibition zone of 40mm 
was observed for candida albicans (Fig. 7a). In case 
of pseudomonas aeruginosa and Staphylococcus 
aureus the observed inhibition zones were 25±1 mm 
(Fig. 7b) and 17.6±0.57 mm (Fig. 7c) respectively. 

The difference in the antibacterial effect of 
the preparation AgNPs-AV in different types of 
pathogenic bacteria was attributed to the difference 
in the structure and compositions of the bacterial 
cell walls. Previously reported works describe 
that the released silver ion from colloidal silver 
nanoparticles was responsible for its excellent 
antimicrobial activity [38]. The released silver 
ions will bind with the thiol groups of enzymes, 
which caused enzymes inhibition [39]. As the 
concentration of AgNPs-AV nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Antimicrobial screening of AgNPs-AV against Candida albicans (a),       Pseudomonas 
aeruginosa (b) and Staphyllococus  aureus (c).  
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Fig. 7: Antimicrobial screening of AgNPs-AV against Candida albicans (a),       Pseudomonas aeruginosa (b) and Staphyllococus  aureus 
(c).
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increased the diameter of inhibition zone increased 
(Fig. 8). Due to the distinctive physicochemical 
and  antimicrobial properties AgNPs-AV 
nanoparticles, they can be used for treatment of 
skin burns or injury.

CONCLUSION
The above study presents a novel and easy 

procedure to prepare AgNPs-AV. The aloe Vera 
gel extract was acting as a reducing agent and 
capping legend under the exposure of sunlight. 
AgNPs-AV provides a high therapeutic index 
for the treatment of breast cancer. Besides, it has 
very promising antimicrobial activity against 
different human pathogens such as gram positive 
(Staphylococcus aureus), pathogenic yeast 
(Candida albicans and gram negative bacteria 

(Pseudomonas aeruginosa). So by applying 
this new greenly synthesized formulation, we 
can reduce the use of chemotherapeutic agents 
for the treatment of breast cancer. In addition, 
applying this formulation to injured skin or 
burned skin can induce very high therapeutic 
efficacy after localized application. That may 
replace the use of antibiotics due to the increase 
in the number of resistant bacterial strains 
every year.
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Figure 8: photographic image of different concentrations of  AgNPs-AV (100.0, 50.0, 25.0, 20.0, 
10.0, 5.0 and 2.5μg/ml) in duplicated times for Candida albicans (a), Pseudomonas aeruginosa 
(b) and Staphyllococus  aureus (c)and graphical representation of the obtained results (d). 
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Fig. 8: photographic image of different concentrations of  AgNPs-AV (100.0, 50.0, 25.0, 20.0, 10.0, 5.0 and 2.5μg/ml) in duplicated 
times for Candida albicans (a), Pseudomonas aeruginosa (b) and Staphyllococus  aureus (c)and graphical representation of the 

obtained results (d).

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/antimicrobial-activity
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