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Green Biosynthesis of Silver Nanoparticles Using Gallium
aparine Green Part Extract and Anti-skin Cancer Activity.
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Abstract

Background: Galium aparine has a long history of use as an alternative medicine and is still used widely by
modern herbalists. It is a fabulous diuretic that is often taken to treat skin problems. It treats many problems
such as seborrhoea, eczema, psoriasis. It also acts as a great detoxifying agent in life-threatening ailments
like cancer. Skin cancer is the most common type of cancer in light skinned populations around the world.

Aim: The aim of the study was to evaluate the anticancer efficacy of greensynthesised silver nanoparticles
(AgNPs) of Gallium aparine extract.

Method: The green part of the plant G.aparne extracted with ethanol 70%, then divided into four fractions
to prepare stable AgNPs .

Results: Several tests were performed to examine the extracts and AgNPs, including SEM,FTIR and UV-
VS. Scanning electron microscope(SEM)micrographs showed that the diameters range of AgNPs formed
were from 35-110 nm.Fourier transform infrared (FTIR) shows that there were two functional groups, the
aromatic (C=C) and hydroxyl (— OH), groups may be involve in the fabrication of AgNPs. UV-VS shows
that there were a peaks at 298,448, 534, 606, 648, for nanoscale petroleum ether extract. These peaks may
beindicate the synthesis of AgNPs. Different concentrations (6.225 - 400 pg/ml), of petroleum ether extract
and its green AgNPswere tested as anti-skin cancer, the nanoparticles had appositive effect against cancer,
the IC50 for the petroleum ether extract was 730.2 and 116.5 of normal cell line (WRL 68) and cancer cell
line (A375), respectively,while the IC50 for the AgNPs of Gallium aparine extract was 294.4 and 77.030f
normal cell line (WRL 68) and cancer cell line (A375)respectively.

Discussion: This indicates that the G. aparine extract is a good biological carrier for synthesizing silver
nanoparticles which has potential for various biomedical and pharmaceutical applications.

Conclusion: AgNPs have been successfully synthesized using G . aparian extract, The nanoparticles have
shown good anticancer activity towards human skin cancer cells.
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Introduction alternative medicine and is still used widely by modern
. . . herbalists as diuretic and to treat skin problems. It treats
Galium aparine has a long history of use as an L

many problems such as seborrhoea, eczema, psoriasis,
wounds, skin problems and ulcers. It also acts as a great
detoxifying agent. The infusion is used to treat liver,

bladder and urinary problems and cancer(".
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and nonmelanoma skin cancers (NMSCs), the latter
including basal and squamous cell carcinomas (BCC
and SCC, respectively). Melanoma is responsible for
most of the cancer related mortalities, and NMSCs are
typically described as having a more benign course with
locally aggressive features. Nevertheless, they represent
“the most common type” of cancer in humans and
they can result in significant disfigurement, leading to
adverse physical and psychological consequences for
the affected patients ).

Nanotechnology is the science that deals with the
processes that occur at a molecular level and of nano
length scale size which involves the tailoring of materials
at the atomic level to attain unique properties that can be
suitably manipulated for the desired applications .

Nanoparticles, usually ranging in dimension from
1-100 nanometers (nm), have properties unique from
their bulk equivalent and are related to the decrease in
the dimensions of the materials to the atomic level .
Nanosilver has many medical applications including
diagnosis, treatment, drug delivery, coating tools and
medical devices (. This study was aimed to test the
effect of petroleum ether synthesised nanoparticlesof
G.aparine on skin cancer in vitro.

Materials and Method

Plant Materials: The green parts of Galium
aparine plant were collected in February 2019 from Al-
Jadriya University site, Baghdad. The plants were dried
in shadow and then grinded by electric grinder to a fine
powder and stored in an airtight container until used.

Extraction: The extract was prepared according
to the method of Ozaki”? with some modification.
The extract was prepared by dissolving 50 gm of plant
materials with 500 ml of ethanol (70%). The extract is
placed in a flask and covered with aluminum foil. It was
placed on a hot plate with a stirrer without heat for 6
hours, filtered after that then the ethanol was removed
through rotary evaporator and the extracted material
wasdivided into four fractions of petroleum ether, ethyl
ether and butanol, and the remainder was the fraction
dissolved in water (aqueous)using separatory funnel.
The extraction materials were added according to the
volume-to-volume ratio (1:5.ethanol: solvent). It was
repeated three times for each fraction to obtain the
largest amount of the extract, then in each stage the
petroleum ether, ethyl ether and butanol were disposed
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by rotary evaporator and water by means of the oven at
a temperature of 40°C.

Biosynthesis of AgNPs: The procedure of AgNPs
synthesis was modified from Awwad®. The nanoscale
extract (petroleum ether, aqueous) was prepared by
dissolving 40 mg of the extract in 10 mL of deionized
water and 1 mL tween 20. Silver nitrate was prepared in
three concentrations (1 molar (0.0051g AgNo3), 2 molar
(0.0102 g AgNo3), 4 molar (0.0244 g AgNo3)) in 29
ml of water. The extract with silver nitrate in different
molarity was placed in a beaker on the hot plate with
magnetic stirring at a temperature of 40 ° C, until the
color changed to reddish brown which indicates the
biosynthesis of the AgNPs .

Characterization of AgNPs:

Scanning electron microscope (SEM): A scanning
electron microscope (SEM, Shimadzu) was employed to
analyze the morphology of the nanoparticles that were
formed. The Morphological characterization of the
samples was done using mira3 Tescan for SEM analysis.
The samples were dispersed on a slide and then coated
with platinum in an auto fine coater. After that, the
material was subjected to analysis®).

Fourier Transform Infra-Red (FTIR):
Identification of possible biomolecules of G. aparine
responsible for the reduction and stabilization of silver
nanoparticles was recorded using (Bruker VERTEX-70)
FT-IR spectrophotometer in the range of 3500-1000 (19,
and compared with standard chart. The characterization
of functional groups on the surface of AgNPs by plant
extract was investigated by FTIR analysis and the
spectra was scanned in the range of 4000--400 cm-range
at a resolution of 4 cm. The sample used in this analysis
was in their native liquid form during the analysis ®.

UV-visible spectroscopy: Absorbance spectra of
AgNPs solution were measured by UV - VIS double
beam spectrophotometers (Shimadzu). All spectra were
measured at room temperature in a quartz cell with 1
cm optical path. Deionized distilled water was used as
a blank. The absorption was taken from (200-800nm).
Some samples became too concentrated and they were
diluted 1:10 in deionized water! D,

Cell Line:

A375Cell Line: Cultures of human malignant
melanoma (A375 cell line, ATCC number CRL-1619)
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were examined at (passage 5) were grown in the
supplemented culture medium consisting of Dulbecco’s
modified Eagle’s medium with L-glutamine and phenol
red (DMEM; Sigma-Aldrich, D5796), supplemented
with 10% heat-inactivated fetal bovine serum (FBS;
Biochrom GmbH, S0615), 1% penicillin-streptomycin
mixture (Sigma-Aldrich, P4333), and 1% Amphotericin
B (Sigma-Aldrich, A2942). Cell cultures were
incubated at 37°C in 5% CO,. When confluent, cells
were washed three times with DPBS, detached using
TrypLE Express™ (Gibco Invitrogen, INV 12605028,
4 to 5ml/175cm? tissue culture flask), and seeded at 4
x 10%cells/ml in 3.3 cm? diameter tissue culture dishes
which contained 3 ml of supplemented DMEM and were
so further incubated for 24 hrs to allow for attachment.

WRL 68 Cell Line: The human liver cell line WRL
68 exhibits morphology similar to that of hepatocytes
and liver primary cultures. Cells have been shown to
secrete albumin and alpha-fetoprotein and express liver-
specific enzymes, such as alanine aminotransferase (2.

MTT Cytotoxicity Assay: A confluent A375, WRL
68 Cell Line monolayer with the cell density of 4 x 10*
cells/well was seeded in 96- well plates. After incubation
at37 °Cina5 % CO2 incubator for 24 h, 100 pL of each
two-fold serially diluted extract (concentrations ranging
from (6.250,12.5,25,50,100,200, 400 mg/mL) pg/mL)
in maintenance medium (DMEM with 1 % FBS) was
added to the wells. Medium control (blank medium)
and cell control (cells without extract treatment) were
also incorporated in the same plates. The plates were
incubated for another 72 h at 37 °C in a 5 % CO2
incubator and the cell viability was evaluated using the
MTT colorimetric assay as described by Mosmann'3)
with some modifications. A 20 pL of MTT solution (5
mg/mL in phosphate buffered saline (PBS)) was pipetted
into each well followed by a 3-hour incubation period
at 37°C in the 5 % CO2 incubator. Seventy percent of
the mixture was then removed and 150 pL of dimethyl
sulfoxide was added to the wells to dissolve the MTT
formazan. The absorbance was determined at 575 nm
using a microplatereader (Bio-rad, Germany). Results
were obtained from three independent experiments.

Results and Discussion

Synthesis and Characterization of silver
nanoparticles (AgNPs): Silver nanoparticles were
prepared by the green method and characterized by
using Scanning Electron Microscope (SEM), UV - VIS

spectroscopy, Fourier transform infrared spectroscopy
(FTIR) . The four extracts acted as a reducing agent,
which reduces metallic silver to nanosilver and hence
the color changed. The AgNPs extracts exhibit light
brown color, this could be attributed to the of surface
plasmon vibrations. Ag2 + ions of silver nitrate are
found to be reduced to Ag® atoms!!¥) Krithiga'Yreported
that the AgNPs exhibited striking colors, from colorless
to yellowish brown.

1. Scanning Electron Microscopy (SEM):
Scanning electron microscope was employed to analyze
the sizes of petroleum ether and aqueous AgNPs table
(1). SEM analysis shows that the G.aparnie plant has a
tremendous capability to AgNPs which were uniformly
distributed with an average size ranged from 61-86 and
this agreed with (19,

Table 1: Scanning Electron Microscopy (SEM) of
petroleum ether and aqueous extracts (1, 2, and 4
molar)

Sample:B1

<=10% Diameter:45.00 nm
<=90% Diameter:100.00 nm

Avg. Diameter:76.52 nm
<=50% Diameter:75.00 nm
Sample:B2

<=10% Diameter:60.00 nm
<=90% Diameter:105.00 nm

Avg. Diameter:86.82 nm
<=50% Diameter:85.00 nm
Sample:B4

<=10% Diameter:35.00 nm
<=90% Diameter:85.00 nm

Avg. Diameter:64.66 nm

<=50% Diameter:65.00 nm

Sample:E1

<=10% Diameter:45.00 nm
<=90% Diameter:110.00 nm

Avg. Diameter:82.56 nm
<=50% Diameter:80.00 nm
Sample:E2

<=10% Diameter:45.00 nm
<=90% Diameter:70.00 nm

Avg. Diameter:61.50 nm
<=50% Diameter:60.00 nm
Sample:E4

<=10% Diameter:40.00 nm
<=90% Diameter:85.00 nm

Avg. Diameter:66.71 nm
<=50% Diameter:65.00 nm

Bl:1molar AgNo3 petroleum etherextract, B2:2molar AgNo3
petroleum etherextract, B4: 4molar AgNo3 petroleum etherextract.
El:1molar AgNo3 aqueous extract, E2:2 molarAgNo3aqueous
extract, E4 :4 molarAgNo3 aqueous extract.

The 4 molar AgNo3 petroleum ether was selected
for the anticancer test and for further examination,
because it had less than 65 nm average size table (1) and
the best antioxidant capacity (!”).



2. Visual observation and UV-vis spectral study:
Formation and stability of prepared AgNPs in deionized
water was approved by UV-Vis spectrophotometer
during a range of 200-800 nm of wavelength. Figure
(2) shows the UV-Vis spectrum collected from the
reaction medium after one hour. As shown in Fig.2 A
and B, there were peak at 298,448, 534, 606, 648, for
nanoscale petroleum ether extract, Fig.2 B. All these
peaks indicated the synthesis of AgNPs®). There were
peaks at 462,624, 654 for Natural petroleum ether
extract, Fig.2 A.
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the highest antioxidants and was the best standard for nano
(64.66) and therefore it was tested for this examination.
Results of the FTIR spectra of the petroleum ether and
aqueous extract of G. aparine revealed the presence of
different functional groups such as phenolic— OH group
stretching, Aromatic C=C, (Table 2). shows the infrared
spectra for the petroleum ether and aqueous G. aparine
extract .

Table (2): The IR Frequencies region for the
functional groups of petroleum ether and aqueous of
G. aparine extracts

Ig 1 \ A LR. ) LR. ) LR ) The
Frequencies | Frequencies Frequencies .
' Functional
; of Aqueous | of petroleum Standard Grouns
PR 3 fraction ether fraction | Groups (cm-1) P
Phenolic—
3335.81 3380.17 3650-2500 OH group
BlEEnr=s e L4 —uieljy stretching
i 3 s _,,::l:-.-; -, o : :
A v\ - 1632.61 1642.46 1680-1620 Argfé“c
\ /
P \\ f \ Viability assay (MTT): Cytotoxicity results of
A375 cell viability after 48 hours of treated with various
concentrations of petroleum ether fraction (6.250 to 400
e pg/mL) . Petroleum ether fraction resulted in a decrease

Figure 2. UV-vis spectra showing absorption of
(a) Natural petroleum ether extract (b) nanoscale
petroleum ether extract

3- Fourier Transform Infra-Red (FTIR) of G.
aparine extracts: The extract petroleum ether contained
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in cell viability in a dose-dependent manner, and the
nano petroleum ether of G.aparnie extract solution
resulted in a significant decrease in the survival rate of
A375 cells in dose dependence (P < 0.0001) and 75%
cell death rate at 400 pg/mL, while IC50 was at77.03
pg/mL and the petroleum ether extract was significantly
higher IC50 at 116.5 pg/mL Figure (3) (A,B).
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Figure 3: Cytotoxicity of petroleum ether fraction of G.aparine (A) and nano solution (B) with A375 and
normal cell WRL68.

For normal cell line WRL-68 the same figure
shows that petroleum ether fraction shows weak and
moderate cytotoxicity on normal cell line WRL-68
and the IC50 730.2 pg/m, while less Cytotoxicity with
IC50 at 294.4 pg/mL for AgNPs. These results indicate
potent Cytotoxicity and antitumor activity of petroleum
ether extract, AgNPsits potential as an anticancer agent.
Based on the results obtained from the Cytotoxicity
assay,G.aparine petroleum ether AgNPs is the most
potent extract in A375 and might suppress cancer cell
proliferation or induce cancer cell undergoing apoptosis
that lead to cell growth-inhibition.

Conclusions

It has indicated several areas for further research
which are necessary to support the data presented here:
AgNPs have been successfully synthesized using G.
aparine extract;the nanoparticles have shown good
anticancer activity towards human skin cancer cells.
Synthesis nanoparticles method is easy, eco-friendly
and efficient in developing different multifunctional
nanoparticles which could be useful in environmental
and nanomedicine applications.
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