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Introduction: Curcuma wenyujin is a plant which belongs to the family of Zingiberaceae,
found in South Asia and China. C. wenyujin is a major constituent in Chinese traditional
medicine and is used to treat liver diseases, blood clots, and is also prescribed as a painkiller.
C. wenyujin possesses antioxidant, antiproliferative, and antitumorogenic properties, and
many researchers have proved the efficacy of C. wenyujin against various types of cancer.
The major drawback of this historical drug is it's low bioavailability.

Methods: This study synthesized gold nanoparticles using C. wenyujin and assessed its
potency against in vitro renal cancer cells. The biosynthesized C. wenyujin gold nanoparti-
cles (CWAuNPs) were characterized using UV-Spec, DLS, FTIR, SAED, TEM, EDAX, and
Atomic Force analysis. The cytotoxicity of CWAuUNPs against renal cancer cell lines A498
and SW-156 was assessed with MTT assay. The induction of apoptosis by CWAuNPs in
A498 cell was measured using apoptotic staining DAPI, Rhodamine 123, and H2DCFDA.
The apoptotic activity of CWAuNPs was further confirmed with flow cytometric analysis.
The molecular mechanism of CWAuNPs was analyzed with qPCR and immunoblotting
analysis of caspases, proapoptotic, and antiapoptotic proteins.

Results: The characterization of results of synthesized CWAuNPs satisfy the distinctive
properties of a potent nanodrug. The results of apoptotic staining techniques confirm the
induction of CWAuUNPs in A498 by increasing the apoptotic Caspase 3,9, Bid, and Bad, and
decreasing the antiapoptotic protein Bcl-2, Bcel-x1 expressions, which is authentically proven
by the qPCR and immunoblotting analysis.

Conclusion: In conclusion, these results confirmed that biosynthesized CWAuNPs is a
potent anticancer agent which induces apoptosis in the A498 renal carcinoma cell line.
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Introduction

One of the most debilitating health problems of today’s human population is cancer,
which ranks as the second cause of death worldwide.'” Pharmaceutical industries
are effectively working on developing a potent cost-effective anticancer drug with
fewer side-effects. Between 2005 and 2018, over 1,100 anticancer drugs were
discovered, most of which are in clinical trials, and a few drugs were waiting for
the approval of the Food and Drug administration. The average amount to be spent
for cancer therapies and supportive care increased to 133 billion dollars in 2017.°
Anticancer drugs mostly target the growth factors, tumor suppressor proteins,
apoptotic proteins, and transcription factors.* Even though the anticancer drugs in
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the market effectively inhibit the cancer progression, the
recurrence of cancer and the side-effects induced by these
drugs are inevitable. This decreases the quality-of-life of
the cancer-surviving patients. Therefore, it is necessary to
discover a herbal-based drug which is a potent anticancer
drug with little or no side-effects, which is at the same
time cost-effective.

Native medicines or traditional folk medicines play a
vital role in treating various chronic diseases: asthma,
arthritis, cancer, diabetes, dementia, etc. Globally, tradi-
tional medicines are classified as Ayurvedic therapy, Arab
therapy, Chinese therapy, and Western therapy.’ Using folk
medicinal herbs in cancer treatment has proven to be
efficient. Hence, in the present study, we analyzed the
efficacy of one such drug, Curcuma wenyujin, a Chinese
herb which belongs to the Zingiberaceae family. Ezhu is
one of the traditional Chinese medicines to treat various
diseases such as liver disorder, blood clots, pain, arthiritis,
etc.® Curcuma wenyujin is one of the ingredients in Ezhu.
It possesses anti-inflammatory, antimicrobial, antifungal,
anticancer, antiarthiritic, and anitproliferative properties.”®
Anticancer activity of C. wenyujin against various types of
cancers such as gastric, prostate, ovary, and uterine has
been proven,”'® but the efficacy of the drug is less than
what is expected due to its low bioavailability. Hence, in
this present study, we biosynthesized gold nanoparticle
using C. wenyujin and analyzed its anticancer potential.

The usage of nanomaterials in the field of medicine is
increasing by the day, but the materials used for synthesis
of nanomaterials should be taken into consideration.
Nanoparticles synthesized by physical and chemical meth-
ods, are either less potent or causes toxic side-effect, hence
using ecofriendly substances in the synthesis of nanopar-
ticles is more biologically significant. Among all nanoma-
terials, gold nanoparticles are more potent due to their
remarkable plasmonresonant optical property and biocon-

jugation property with biomolecular probes'':'?

and, as a
result, they are used to treat various diseases in traditional
medicine. In this present study, we synthesized gold nano-
particles using green technology with C. wenyujin, a med-
icinal herb.

The major pathway in which cancer develops is by
apoptosis. Apoptosis the programmed cell death and it is
regulated by various apoptotic and anti-apoptotic protein.
Deregulation in the apoptotic pathway is induced by the
imbalance in oxidant and antioxidants levels.'> Hence, in
this present study, we biosynthesized ecofriendly gold
nanoparticles with the traditional Chinese medicinal herb

C. weyujin and characterized their morphology, size, nat-
ure, and functional groups using various techniques. Then,
we investigated the anticancer potential of synthesized
gold nanoparticles in vitro using renal cancer cell lines.

Materials and methods

Chloroauric acid trihydrate (HAuCly-3H,O) (99.9%),
Eagle Minimum Essential Medium, Leibovitz’s L-15 med-
ium, Fetal Bovine Serum, Trypsin, Antibiotic-Antimycotic
solutions, DMSO, MTT, and all other chemicals of high
quality were purchased from Sigma Aldrich Co. (St.
Louis, MO, USA). Curcuma wenyujin was freshly pur-
chased from the local market.

Biosynthesis of Curcuma wenyujin gold

nanoparticle (CWAuUNP)

To the freshly ground 60 mg of fresh C. wenyujim rhi-
zome, 4 ml of 10 mM sodium hydroxide was added, and it
was made up to 10 ml with sterile distilled water. The
solution was filtered and used for further synthesis of gold
nanoparticles. A solution of 1 mM HAuCl, was prepared
with distilled water and, to 8 ml of 1 mM HAuCl4, 1 ml of
C. wenyujin extract was added dropwise. The solution was
kept in a stirrer for 90 minutes for the synthesis of gold
nanoparticle. The color change from yellow to ruby red
indicated the synthesis of gold nanoparticles.'

Characterization of CWAuUNPs

Uv-visible spectroscopy analysis of CWAuUNPs
CWAUNPs were subjected to UV-Vis spectroscopic analysis
at the spectrum range of 300—700 nm to check the bioreduc-
tion property. The procedure was carried out from 24 hours to
30 days to measure the stability of the compound (Lambda
25, Perkin Elmer, Waltham, MA, USA).

Dynamic light scattering measurements of
CWAUNPs

The average particle size, zeta potential, and the distribu-
tion of the synthesized CWAuNPs was measured using
zeta sizer (Malvern, USA).

Fourier transform infrared spectroscopy analysis of
CWAuNP

The functional groups present in the biosynthesized
CWAUNP were assessed by Fourier Transform Infrared
Spectroscopy. 2.5 mg of dried CWAuNP powder was
mixed with 250 mg of potassium bromide, and the mixture
was placed in a FTIR sample holder. The mixture was then
subjected to FTIR analysis at a range of 4000—500 cm ™
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spectra using FTIR Spectrum 2000 (Perkin Elmer) . About
50 scans at a resolution of 4 cm per scan was performed,

and the data obtained were assessed using the software
WINFIRST (Mattson, USA).

Selected area diffraction pattern of the synthesized
CWAuUNP

The structural crystallinity of synthesized CWAuNP was
analyzed by Selected Area Diffraction Pattern using the
Malvern Zetasizer instrument. The samples for SAED
analysis were prepared with Millipore filtered water to
The
between the planes was calculated based on the patterns
obtained after the SAED analysis using the formula AL
Rd=(1), where AL is a constant of the microscope, R is the

avoid possible contaminant reactions. distance

ring radius, and d is the interplanar distance.

Atomic force microscopic analysis of CWAuUNP

The sizes of the biosynthesized CWAuNPs were further
determined by Atomic Force Microscopic Analysis.
CWAuUNP powder was placed on the probe of AFM
made up of silica, and the sample was dried with nitrogen
gas before analyzing it with the contact mode of a Perkin
Elmer atomic force microscope.

Transmission electron microscopic analysis and
EDAX of CWAuUNPs

The size and the morphology of the biosynthesized
CWAuUNP were assessed through Transmission Electron
Microscopic Analysis, and the presence of gold particles
in the compound was confirmed using EDAX analysis.
The biosynthesized CWAuNP were coated with the copper
grip and dried overnight. The dried samples were assessed
using a high resolution transmission electron microscopy
instrument (JEOL, Japan) at an acceleration voltage of 120
kV, and the images were analyzed using Image J software.

Biosynthesized CWAUNP anticancer

activity against renal cancer in vitro
Culturing of renal carcinoma cell line

The human renal carcinoma cell lines A498 and SW-156
were purchased from the Institute of Biochemistry and
Cell Biology, Chinese Academy of Sciences (Shanghai,
China). The A498 cell lines were cultured in Eagle’s
Minimal Essential medium along with 10% fetal bovine
serum, whereas SW-156 cell lines were cultured in
Leibovitz’s L-15 Medium along with 10% fetal bovine
serum. 1% of antibiotic-antimycotic solution was added
to the culture medium to avoid bacterial and fungal

contamination. The cell lines were incubated at 37°C
with 5% CO,, and the media was replaced after every 48
hours or when the color of the media changes to yellow.
Upon attaining 80% of confluency, the cells were trypsi-
nized for subculturing using the mixture of 0.25% trypsin
and 0.02% ethyldiaminetetaacetic acid (EDTA).

Cytotoxicity assay

The CC50 dose of CWAuNP against two different human
lines A498 and SW-156 were
assessed by MTT assay.'> 10° numbers of cells were plated

renal carcinoma cell
in each well (200 pl well-1) of 96-well microtiter plates
and incubated with different concentrations of CWAuNPs
ranging from 0-50 pg/ml at 37°C in a CO, incubator for
24 hours. After 24 hours, the cell viability was measured
by MTT assay. To each well of the culture plate, 20 ul of
MTT solution was added and incubated in the dark for 4
Mitochondrial
secreted by the metabolically active cells reduces MTT

hours. succinic dehyrogenase enzyme
to form insoluble blue formazan crystals. After 4 hours
incubation, the supernatant was discarded and the forma-
zan crystals were dissolved with 100 pl of DMSO. The
OD value of the control and treated cells were measured at
570 nm using a microplate reader to calculate the CC50
value of CWAuNPs.

Apoptotic activity of CWAuUNps against
renal cancer in vitro

Reactive oxygen species analysis

The effect of CWAuNps on the generation of intracellular
ROS was assessed by fluroscent H2DCFDA stain. 3x10*
A498 cells were seeded on a 6-well plate and incubated
with 25 pg/ml and 50 pg/ml of CWAuUNP for 24 hours at
37°C, 5% CO,. The control and treated cells were the
incubated with 5 mM of 2°,7°-dichlorodihydrofluorescein-
diacetate (H2DCFDA, Invitrogen, Waltham, MA, USA)
for 15 minutes in the dark. Then the stained cells were
viewed under under a NIKON Eclipse 80i fluorescent
microscope (Japan) with an excitation at 488 nm and
emission at 528 nm wavelengths, respectively.'® The
stained images captured were then assessed using ImageJ
software.

Mitochondrial membrane potential analysis

The hallmark change in apoptotic cells was mitochondrial
dysfunction; the increased mitochondrial membrane perme-
ability led to the release of cytochrome C, thereby initiating
apoptosis. The permeability of the mitochondrial membrane

International Journal of Nanomedicine 2019:14

submit your manuscript

4093

Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al

Dove

was assessed using Rhodamine 123 staining. 3x10* renal
carcinoma cell A498 were seeded into the 6-well plate and
incubated with 25 pg/ml and 50 pg/ml of CWAuNP for 24
hours at 37°C, 5% CO,_ The control and treated cells were
then stained with 1 mM Rhodamine 123 stain (Invitrogen)
for 15 minutes.'” The cells were washed with PBS and then
viewed under a NIKON Eclipse 80i fluorescent microscope.
The images were captured and assessed using Imagel
software

Nuclear morphology analysis

The nuclear morphology of the control and CWAuNP
treated A498 renal carcinoma cells was assessed to detect
the induction of apoptosis by CWAuUNP. The induction of
apoptosis by biosynthesized CWAuNPs was analyzed
using DAPI (4',6-diamidino-2-phenylindole dihydrochlor-
ide) staining (Sigma Aldrich, USA). 3x10* A498 cells
were inoculated in 6-well plates and incubated with 25
pg/ml and 50 pg/ml of CWAuUNP for 24 hours at 37°C
with 5% CO,. After the incubation period, the medium
was removed and the cells were washed with ice cold
PBS. Then cells were fixed with 3% paraformaldehyde
for 10 minutes at room temperature. The fixed cells were
permeabilized with 0.2% Triton X—100 for 10 minutes at
room temperature. The cells were then stained with 0.5 pg/
ml DAPI stain for 5 minutes at 37°C; the stained cells were
viewed under a NIKON Eclipse 80i fluorescent micro-
scope, with an excitation at 359 nm and emission at 461
nm wavelengths, respectively.'®

Flow cytometry analysis

The induction of apoptosis by biosynthesized CWAuNP
was assessed by flow cytometry after staining with phycoer-
ythrin-fluorescein isothiocynate (Apoptosis detection kit)
and propidium iodide. The treated cells were centrifuged
at 800 g for 5 minutes at 4°C, and the pellet was collected,
washed with ice cold PBS, and centrifuged again. The pellet
was resuspended with PBS and 10 pl of PE Annexin V, and
5 ul of FITC was added and incubated for 15 minutes in the
dark. After incubation, the cells were stained with 5 pl
propidium iodide for 5 minutes. The cells were then
assessed with fluorescence activated cell sorter (FACScan,
BD) to detect the apoptotic and necrotic cells.

Apoptotic gene expression analysis

The mRNA expression levels of apoptotic genes Caspase
3, Caspase9, Bax, Bcl-2, and Bid were measured using
real time PCR analysis. The total RNA from the control
and with 25 pg/ml and 50 pg/ml of CWAuNPs treated

A498 renal cancer cells were isolated using TRI Reagent
by the method of Chomeczynski and Sacchi.'® Two micro-
grams of total RNA isolated from the control and treated
cells were reverse-transcribed to cDNA according to the
manufacturer’s protocol using the Superscript III first
strand cDNA synthesis kit (Invitrogen). The real time
PCR reaction for the above genes was carried out in an
MX3000p PCR system (Stratagene, Europe) using the
primers sequence:

Caspase-3-F.- TGACTGGAAAGCCGAAACTC; R:AG
CCTCCACCGGTATCTTCT,

Caspase-9-F:CGAACTAACAGGCAAGCAGC; R:AC
CTCACCAAATCCTCCAGAAC,

Bid-F:CCTTGCTCCGTGATGTCTTTC; R:GTAGGT
GCGTAGGTTCTGG,

Bax-F: GCTGGACATTGGACTTCCTC; R:CTCAGC
CCATCTTCTTCCAG,

Bcl-2-F:ATTGGGAAGTTTCAAATCAGC R:TGCAT
TCTTGGACGAGGG.

Using MESA Green PCR Master Mix, the specific
genes were amplified and the specificity was determined
by melting curve analysis. The data were analyzed by
comparative CT method and the fold change is calculated
by the 2—CT method described by Schmittgen and Livak'’
using CFX Manager Version 2.1 (Bio Rad, Hercules,
CA, USA).

Immunoblotting analysis of apoptotic protein
expression

The expression of apoptotic protein Caspase 3, 9, Bax,
Bid, Bcl-2, and Bcl-x1 were assessed in the control and
two different concentrations of CWAuNPs treated A498
renal cancer cell line using immunoblotting technique. The
control and the CWAuUNPs treated cells were washed with
PBS and lyzed by sonicating using 200 pul of ice cold lysis
buffer. The sonicated cells were then subjected to centri-
fugation for 30 minutes at 4°C, 10,000xg. Supernatant was
collected and quantified for protein using Bradford
reagent; 40 pg of protein from each group was mixed
with sample buffer, boiled for 5 minutes at the temperature
of 95°C, and subjected to electrophoresis with 10% SDS-
PAGE. The electrophoresed samples were then transferred
to PVDF membrane blocked with 5% skimmed milk for 1
hour, and the membranes were incubated with mouse
monoclonal anti-human Caspase 3 (sc7272), Caspase 9
(sc-56076), Bax (sc-7480), Bid (sc-56025), Bcl-2 (sc-
7382), and Bcl-x1 (sc-8392). The secondary antimouse
HRP labeled antibodies were added to the membrane
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after a wash with PBS. The bands of the protein were then
viewed using ECL kit (Perkin Elmer).

Statistical analysis

The data were expressed as the mean+standard deviation
(SD) of three independent observations. Data were sub-
jected to statistical analysis by performing one-way
ANOVA followed by Student’s Newman Keul’s test
software. P-

using Graph Pad prism 4 statistical

values<0.05 were considered significant.

Results
Characterization of CWAuUNPs

UV-visible spectroscopic and DLS analysis of
CWAUNPs

The biosynthesized CWAuNPs at different time periods
were confirmed with UV spectroscopic analysis. The
maximum surface plasmon resonance peak of the

=—24hrs
——48hrs

——5th day

Absorbance

= 10th day
——20th day
——30th day

0 : - —
300 350 400 450 500 550 600 650 700
Wavelength (nm)

CWAuUNPs was observed at the wavelength of 530 nm,
which is consistent with the increase in time in the
period of incubation, and no difference was observed
in surface plasmon resonance at different durations of
time (Figure 1A). The DLS analysis of CWAuNPs con-
firms the size of the CWAuUNP as 286.5 nm diameter,
and the polydispersity value of CWAuUNP is reported to
be 0.413 (Figure 1B).

FTIR and SAED analysis of CWAuUNPs

The active biological components present in biosynthe-
sized CWAuUNPs were assessed by FTIR analysis and are
represented in Figure 2A. The maximum spectroscopic
peaks were measured between 700-3000 cm '. The
peaks were observed at 726 cm ', 1516 cm ', 1601
em ', 1739cm ™!, 2370cm ™', and 2938 ¢cm'. The peaks
at 726 cm ' and 1,516 cm ' signify the olefnic bending
vibrations of long-chain linear aliphatic structures of the

B

Size distribution by intesity

Intensity (percent)

Size (d.nm)

Results

Size (dnm): % Intensity:
257.7 %08

5476 92

0000 00

St Dev (d.nm)
60.15
7679
0.000

Z-Average (d.nm): 2865
Pd: 413
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Result quality : Refer to quality report

Peak 3:

Figure | The UV-visible spectrum absorption pattern at different time period durations (A) and dynamic light scattering (B) of biosynthesized gold nanoparticles from

Chinese medicinal herb Curcuma wenyujin (CWAuNPs).
Abbreviations: PDI, polydispersity index; ST.DEV, standard deviation.
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Figure 2 Fourier-transform infrared spectroscopy (A) and selection area diffraction pattern analysis of biosynthesized gold nanoparticles from Chinese medicinal herb

Curcuma wenyujin (CWAuNPs).
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heptadiene chain present in curcumin. The absorption

peaks measured, 1,6010m71 and 1,739cm71

, were due to
the stretching of N-H and carbonyl groups present in
amide groups of gold nanoparticles synthesized. The
peak at 2,938 cm ' may be due to the methylene sym-
metric and antisymmetric vibrations of hydrocarbons of
proteins. The SAED analysis of CWAuUNPs confirms that
the synthesized gold nanoparticels are spherical in shape,
and the reflection patterns of CWAuNPs indicates the

crystalline structure (Figure 2B).

TEM and EDAX analysis of CWAuUNPs

The morphology and presence of gold ions in the
biosynthesized nanoparticle was confirmed with TEM
and EDAX analysis. The TEM images of CWAuNPs
confirm the spherical shape, which correlates with the
results of the SAED pattern (Figure 3A). The size of
the gold nanoparticles was measured to be 200 nm. The
EDAX results of CWAuNPs are shown in Figure 3B.
This shows a strong peak around 6 KeV, designating
the presence of gold ions in the biosynthesized
CWAuNPs, and a few peaks were observed at 3 KeV,
exhibiting the presence of Cu atoms, these could be
from the copper grids which are used to support the
filament.

180926 Topography006

\
1000

nm
50

-25

Atomic force microscopy analysis of CWAuUNPs

The atomic force microscopic image of the biosynthesized
CWAUNPs are shown in Figure 4. The size of the particle
was found to be 230 nm, which correlates with the results
of TEM and DLS analysis.

Anticancer activity of CVWAuUNPs
CWAUNPs cytotoxicity effect on renal carcinoma cells

The cytotoxicity efficacy of CWAuNPs against renal can-
cer in vitro was assessed with two different renal carci-
noma cell lines, A498 and Sw-156, and the values are
shown in Figure 5. MTT assay was performed to evaluate
the CC50 dose of CWAuUNP against the renal cancer cell
line. Both cell lines were treated with different concentra-
tions of CWAuNP, ranging from 5 pg/ml to 50 pg/ml for
24 hours. Compared to SW-156, the A498 cell lines were
more sensitive to CWAuNPs, the CC50 value was
obtained at 25 pg/ml for the A498 cell line, while it was
obtained at 40 pg/ml for the SW-156 cell line. Hence, to
further analyze the anticancer activity of CWAuNPs 25
and 50 pg/ml, a lower and higher dose than the CC50
obtained was chosen. Since the A498 renal carcinoma cell
line was more sensitive to CWAuNPs, it was chosen for
further analysis by other synthesized gold nanoparticles.

Line profile: red - 132

700 1000
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-1.739 -0.411

Cursor  Ax (nm)
W Red 242.188

nm

-50
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Line
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Green
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8030 30004 0650 2941
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Figure 3 Atomic force microscopy analysis of biosynthesized gold nanoparticles from Chinese medicinal herb Curcuma wenyujin (CWAuUNPs).

Abbreviation: nm, nanometer.
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Figure 4 High resolution transmission electron microscopy (TEM) (A) and energy dispersive X-ray analysis (EDAX) (B) of biosynthesized gold nanoparticles from Chinese

medicinal herb Curcuma wenyujin (CWAuNPs).
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Figure 5 Cytotoxic effects of biosynthesized gold nanoparticle from Chinese medicinal herb Curcuma wenyujin (CWAuUNPs) against renal carcinoma cell lines A498 (A) and
SW-156 (B). Both A498 and SW-156 cells were treated with six different concentrations of CWAuNPs, ranging from 5-50 pg/ml for 24 hours and assessed for CC50 value
with MTT assay. Each bar represents the mean+SEM of three independent observations. p*<0.05 is considered as statistically significant.

CWAUuUNPs-induced apoptotic effect against in vitro
renal cancer

Accumulation of reactive oxygen species
in CWAUNPs treated A498 cells

The imbalance in reactive oxygen species and antioxidant
levels plays a critical role in tumor initiation and progression.
The induction of ROS by CWAuNPs in A498 cell line was
assessed by H2ZDCFDA staining, and is shown in Figure 6.
Compared to the control, increased green fluroscence was
observed in 25 pg/ml CWAuUNPs treated cells, indicating the
initiation of apoptosis by CWAuUNPs in A498 cell line

Mitochondrial dysfunction in CWAuUNPs
treated A498 cells

The efficacy of CWAuNPs to increase oxidative stress and
induce rupture of the mitochondrial membrane was assessed.
It was found to increase the release of cyctochrome C enzyme
and initiate apoptosis. The induction of mitochondrial dysfunc-
tion by CWAuUNPs in the A498 cell line was measured by

Rhodamine 123 staining technique and is shown in Figure 7.
The results of Rhodamine 123 staining of the control and
CWAuUNPs treated A498 cell line correlates with the results
of the ROS staining technique. The decreased green fluros-
cence in CWAuUNPs treated cells indicates the decreased mito-
chondrial membrane permeability and increased mitochondrial
dysfunction leading to apoptosis.

Nuclear morphological changes in

CWAUNPs treated A498 cells

The morphological changes induced by CWAuNPs in
the A498 cell line were assessed by DAPI staining,
and the results are shown in Figure 8A. The DAPI
staining of the control and CWAuNPs clearly depicts
the induction of apoptosis by CWAuNPs in the 498
cell line. Compared to the control, the CWAuNPs trea-
ted A498 cell line showed a decreased intensity of blue
fluroscence, which is decreased in a dose-dependent
manner. This indicates the CWAuNPs induced DNA
nick which is the initiation of apoptosis.
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Figure 6 Apoptotic effect of biosynthesized gold nanoparticle from Chinese medicinal herb C. wenyujin (CWAuNPs) on ROS induction in renal carcinoma cell line A498.
A498 cells were treated with 25 pg/ml and 50 pg/ml of CWAUNPs for 24 hours and after 24 hours of treatment, the control and treated cells were stained with 2’,7’-
dichlorodihydrofluoresceindiacetate (H2DCFDA) for |5 minutes. The experiment was performed three times, and the representative images of each group are presented.

*P<0.05.

Control

50 pg/ml

Figure 7 Apoptotic effect of biosynthesized gold nanoparticle from Chinese medicinal herb C. wenyujin (CWAuUNPs) on mitochondrial membrane permeability in renal
carcinoma cell line A498. A498 cells were treated with 25 pg/ml and 50 pg/ml of CWAUNPs for 24 hours and after 24 hours of treatment, the control and treated cells were
stained with | mM Rhodamine 123 for 15 minutes. The experiment was performed thrice, and the representative images of each group are presented.

Note: arrow: apoptotic cells.

The induction of apoptosis by CWAuNPs was con-
firmed with FLOW cytometry assay using PE FITC
staining (Figure 8B). An increased number of early
and late apoptotic cells were found in 50 pg/ml
CWAuNPs treated A498 cells. Compared to the con-
trol, the number of early and late apoptotic cells were
increased in 25 pg/ml CWAuNPs treated A498 cells.
Few necrotic cells were observed in both the control
and the CWAuNPs treated A498 cells. This supports
the results of DAPI staining and induction of apoptosis
by CWAuUNPs.

Effect of CWAUNPs on apoptotic gene

expressions in A498 cell line

The effect of biosynthesized CWAuNPs on apoptotic gene
expressions in the A498 cell line was assessed by real time
PCR analysis (Figure 9). Both caspases, caspase 3 and
caspase 9, were increased in the CWAuNPs treated A498
cell line compared to the control cells. The apoptotic genes
Bid and Bax also significantly increased in a dose-depen-
dent manner in the CWAuNPs treated A498 cell line,
whereas the antiapoptotic gene Bcl2 expression was
decreased in the CWAuNPs treated A498 cell line.
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Figure 8 Apoptotic effect of biosynthesized gold nanoparticle from Chinese medicinal herb C. wenyujin (CWAUNPs) on nuclear morphology of renal carcinoma cell
line A498. (A) DAPI staining: A498 cells were treated with 25 ug/ml and 50 pg/ml of CWAUNPs for 24 hours and after 24 hours of treatment, the control and
treated cells were stained with 4’,6-diamidino-2-phenylindole dihydrochloride for 5 minutes. The experiment was performed thrice, and the representative images of
each group are presented. (B) Flow cytometric analysis with Annexin FITC and Phycoerythrin. A498 cells were treated with 25 pg/ml and 50 pg/ml of CWAuUNP’s for
24 hours and after 24 hours of treatment, the control and treated cells were stained with10 pl of PE Annexin V and 5 pl of FITC for |5 minutes in the dark. After
incubation, the cells were stained with 5 pl propidium iodide for 5 minutes, and assessed with fluorescence activated cell sorter (FACScan, BD) to detect the

apoptotic and necrotic cells.
Note: Arrow: apoptotic cells.
Abbreviations: FITC-Fluorescein isothiocyanate; DAPI -4',6-diamidino-2-phenylindole.
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Figure 9 Anticancer effect of biosynthesized gold nanoparticle from Chinese medicinal herb C. wenyujin (CWAuNPs) on apoptotic gene expression in renal carcinoma cell
line A498. A498 cells were treated with 25 pg/ml and 50 pg/ml of CWAuUNPs for 24 hours and after 24 hours of treatment, the control and treated cells were subjected to
total RNA isolation and cDNA conversion. The cDNA of the control and treated groups were subjected to qPCR analysis with specific apoptotic genes Caspase 3, Caspase
9, Bid, Bax, and Bcl-2. Each bar represents the meanSEM of three independent observations. P<0.05 is considered as statistically significant. *P<0.05; #P<0.01.
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Figure 10 Anticancer effect of biosynthesized gold nanoparticle from Chinese medicinal herb C. wenyujin (CWAuUNPSs) on apoptotic protein expression in renal carcinoma
cell line A498. A498 cells were treated with 25 pug/ml and 50 pg/ml of CWAuUNPs for 24 hours and after 24 hours of treatment, the control and treated cells were subjected
to total protein isolation. The 50 pg of total protein from the control and treated groups were subjected to electrophoresis and immublotting analysis with specific apoptotic
proteins Caspase 3 (Cas-3), Caspase 9 (Cas-9), Bid, Bax, Bcl2, and Bclxl. Each bar represents the mean+SEM of three independent observations. p<0.05 is considered as

statistically significant. ¥p<0.05; #p<0.01.

Effect of CWAUNPs on apoptotic protein

expressions in A498 cell line

Figure 10 shows the effect of CWAUNPs on apoptotic protein
expressions in the A498 cell line. The results of apoptotic
protein expression correlates with the gene expression results
of the control and the CWAuNPs treated A498 renal carcinoma
cell line. The expression of apoptotic proteins Bid, Bax,
Caspase 3, and Caspase 9 were significantly increased in a
dose-dependent manner in CWAuNPs treated cells compared
to the control untreated A498 cells. The antiapoptotic proteins
Bcl2 and Bel-x1 were increased in the control untreated A498,
whereas they were significantly decreased in 25 pg/ml and 50
pg/ml CWAuUNPs treated cells.

Discussion

Phytomedicine, a persuasive alternative to allopathic medicine,
is blooming today for treating various diseases.”” It overcomes
most of the serious side-effects induced by allopathic medi-
cines, and it is also effective in curing diseases. Cancer is one of
the major problems of today’s world and a huge amount has
been spent on the treatment and supportive care for cancer
patients. Recently, the usage of phytochemicals in treating
cancer is drastically increasing. Combination therapy, along-
side allopathic drugs, has been used to reduce the side-effects
and to increase the efficacy.”!

Nanomedicine is also a thriving field in developing
various drugs to treat chronic diseases. Gold nanoparticles
possess unique physicochemical properties which qualify
them as an efficient drug in the field of Nanomedicine.*
They target the cells accurately. Therefore,, they are used
in gene targeted therapy, and various drugs are being

coated with gold nanoparticles to improve efficacy.®®

Hence, in this present study, we developed a nanodrug
using a Chinese medicinal herb, C. wenyujin, and assessed
its anticancer potential against in vitro renal cancer.

The optical properties of synthesized gold nanoparticle
CWAUNPs were characterised using UV-Vis spectroscopy The
absorbance was observed at 530 nm due to the surface plasmon
resonance property of gold, which shifts to longer wavelengths.-
24 This also correlates with the theory of Mie,25 which states that
nanoparticles of spherical shape will show a strong absorption at
520 nm, which diminishes after 600 nm. We have also assessed
the stability of the CWAuUNPs, and this tends to be stable for
more than a month. This may be due to the fact that the poly-
phenols present in C. wenyujin have acted as a capping agent and
stabilized the nanoparticles.'*

FTIR analysis of CWAuUNPs showed significant peaks at
726 cm ', 1516 cm !, 1601 cm ', 1739 ecm ™', 2370 cm ',
and 2938 cm ' The olefinic bending of the long chain
linear aliphatic structure and the aromatic double bond
stretching, N-H, and carbonyl groups present in amide
groups confirmed the presence of curcumin moiety in bio-
synthesized gold nanoparticle, CWAuNPs. This correlates
with previous literature.?®*” The spherical reflection pattern
obtained in SAED analysis was confirmed with TEM

1'* also

images. A previous study by Sreelakshmi et a
reported that a spherical gold nanoparticle of size 200 nm
was synthesized using rhizome extract of C. longa. The
shape of the synthesized CW-AuNPs was observed through
TEM observation, which clearly depicts the spherical shape
of nanoparticles, as it is the unique optical and electronic
property of gold nanoparticles.”® The EDAX analysis
showed the presence of gold particles, which confirmed
the formation of gold nanoparticles. Furthermore, it was

also confirmed with the Atomic Force microscopic analysis.
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The biosynthesized CWAuUNPs were subjected to cytotoxi-
city analysis with two different renal cancer cell lines, A498
and SW-156, before assessing its anticancer activity. The aqu-
eous gold nanoparticles synthesized using curcumin polymer
conjugates was reported to be cytotoxic to various cancer cell
lines like CaCo2, glioma, and HeLa.* This correlates with our
present study. The biosynthesized CWAuUNPs have potentially
inhibited both the renal cancer cells, A498, and the SW-156.
However, A498 cells are more sensitive to CWAUNP than the
CC50 cell line. The value was obtained at 25 pg/ml, as opposed
to the 40 pg/ml required for the SW-156 cell line. The reason
for this is not clear, but incubating the cell lines with different
time durations and assessing with MTT assay may provide
clear results.

Targeting the apoptotic pathway with anticancer drug
may be an effective tool to inhibit the cancer progression.
Therefore, in this present study, we assessed the effec-
tiveness of CWAuNPs (our drug) on the apoptotic protein
expression in the renal cancer cell line A498. Reactive
oxygen species plays a vital role in cancerous cells. It
increases during mitochondrial dysfunction, increased
peroxisome, oxidases activity, and when there is
increased metabolic function.?’** Macrophage produces
reactive oxygen and nitrogen species during inflamma-
tory conditions which target the tumor cells and induce
apoptosis.®' In this present study, we assessed the ROS
generation and mitochondrial membrane potential of
CWAuUNPs with H2DCFDA and Rhodamine 123 stain-
ing. Our results clearly depict that CWAuNPs have
increased the generation of reactive oxygen species and
decreased the mitochondrial membrane potential of A498
renal cancer cells.

Apoptotic cells exhibit hallmark characteristic features
such as condensed chromatin, cell shrinkage, plasma mem-
brane budding, and the membrane exposes phosphatidylser-
ine to the extracellular surface.*” To assess whether our drug
induces these morphological features in A498 cells, we per-
formed DAPI staining and FLOW cytometric analysis. The
results confirmed that CWAuNPs induced apoptosis and
increased the apoptotic cells in a dose-dependent manner.

Apoptosis can be initiated via two different pathways;
intrinsic pathway and extrinsic pathway. Both intrinsic and
extrinsic pathways are executed by caspases, which belong
to the proteases family.*? Caspases are classified into
initiator caspases and executioner caspases. Deregulation
of these caspases leads to proliferation of cancer; hence,
drug targeting these caspases will be more effective. Both
our gene and protein expression analysis of initiator

caspase 9 and executioner caspase 3 were increased in
CWAUuUNPs treated cells, and this confirms the induction
of apoptosis by CWAuUNPs.

The activation of proapoptotic proteins and inactivation
of antiapoptotic proteins lead to the disruption in mito-
chondrial outer membrane permeability, resulting in
apoptosis.®® In this present study, CWAuNPs increased
the proapoptotic proteins Bid and Bax, and decreased the
antiapoptotic proteins Bcl-2 and Bcl-x1 expressions, which
subsequently triggered apoptosis in A498 renal cancer
cells. The disruption of mitochondrial membrane potential
by CWAuNPs was also confirmed with Rhodamine 123
stain. Therefore, it clearly signifies our biosynthesized
CWAuUNPs increased the ROS and triggered apoptosis
via activation of proapoptotic proteins and inhibiting anti-
apoptotic proteins.

Conclusion

In conclusion, we synthesized an ecofriendly herbal-based
gold nanoparticle with the traditional medicinal herb C.
wenyujin and it effectively induced apoptosis in the renal
cancer cell line A498. The physical and chemical analysis
of our gold nanoparticle confirmed that it as a persuasive
anticancer drug. The synthesis of CWAuUNPs and its stabi-
lity was confirmed with UV-Spec, DLS, FTIR, SAED,
TEM, EDAX, and AFM analysis. The cytotoxicity of
CWAuUNPs against renal cancer cell lines A498 and SW-
156 was assessed with MTT assay. The generation of
reactive oxygen species by CWAuNPs in A498 cells was
assessed with H2ZDCFDA stain and ROS induced mito-
chondrial membrane damage. Nuclear damage was con-
firmed with Rhodamine 123 and DAPI staining. The
results of our FLOW cytometric analysis on the control
and the treated cells authentically proved the induction
apoptosis by CWAuNPs. The qPCR and immunoblotting
analysis gives insight that CWAuNPs have activated the
proapoptotic proteins and inhibited antiapoptotic, thereby
inducing apoptosis in A498 renal cancer cells. In sum-
mary, our results confirmed CWAuNPs is a potent antic-
ancer drug against renal cancer.
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