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Background: Dihydromyricetin (DMY), a natural flavonoid, has reportedly antibacterial,
antioxidant, anticancer and other properties. In the present study, DMY was used as
a reducing agent and stabilizer to synthesize silver nanoparticles (AgNPs), and the optimal
conditions for its synthesis were studied. The DMY-AgNPs were investigated for their DPPH
scavenging properties and their potential against human pathogenic and food-borne bacteria
viz. Escherichia coli (E. coli), and Salmonella. In addition, DMY-AgNPs also showed
excellent inhibitory effects on cancer Hela, HepG2 and MDA-MB-231 cell lines.
Methods: The dihydromyricetin-mediated AgNPs (DM Y-AgNPs) were characterized by ultra-
violet-visible spectrophotometer (UV-Vis spectra), scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM), dynamic light scattering (DLS), Fourier-transform infrared
spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS), and X-ray powder diffraction
(XRD). Antioxidant activity of DMY-AgNPs was determined by 1.1-diphenyl-2-picrylhydrazyl
(DPPH) scavenging. The antibacterial activity was determined by 96-well plate (AGAR)
gradient dilution, while anticancer potential was determined by MTT assay.

Results: The results showed that the dispersion of AgNPs had the maximum UV-visible absorp-
tion at about 410 nm. The synthesized nanoparticles were almost spherical. FTIR was used to
identify functional groups that may lead to the transformation of metal ions into nanoparticles. The
results showed that the prepared AgNPs were coated with biological molecules in the extraction
solution. The biosynthesized DMY-AgNPs exhibited good antioxidant properties, at various con-
centrations (0.01-0.1mg/mL), the free radical scavenging rate was about 56-92%. Furthermore,
DMY-AgNPs possessed good antibacterial properties against Escherichia coli (E. coli), and
Salmonella at room temperature. The minimum inhibitory concentrations (MIC) were 10°® g/L,
and 10~* g/L, respectively. The bioactivity of DMY-mediated AgNPs was studied using MTT assay
against Hela, HepG2 and MDA-MB-231 cancer cell lines, and all showed good inhibitory effects.
Conclusion: The present study provides a green approach for the synthesis of DMY-AgNPs
which exhibited stronger antioxidant, antibacterial and anticancer properties compared to the
dihydromyricetin. DMY-AgNPs can serve as an economical, efficient, and effective anti-
microbial material for its applications in food and pharmaceutical fields.

Keywords: natural flavonoid, DMY-AgNQO3-NPs, green approach, DPPH, Escherichia coli,
Salmonella, Hela, HepG2, MDA-MB-231

Introduction

Flavonoids are important natural organic compounds, a kind of secondary metabo-
lites, and have extensive biological activities and pharmacological effects." Among
them, dihydromyricetin (DMY), 3,3’,4',5,5',7-hexahydroxy-flavanone has shown
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a wide range of pharmacological effects.” DMY is reported
a major component from vine tea (Ampelopsis
grossedentata).” Tt is also extracted from Jujube plant
species. DMY has exhibited antioxidant, anti-thrombosis,
anti-tumor, and anti-inflammatory activities.*> In addition
to the general properties of flavonoids, DMY has also the
properties of relieving alcohol intoxication, preventing
alcoholic liver and fatty liver, inhibiting the deterioration
of liver cells and reducing the incidence of liver cancer.’
Thus, DMY is assumed to be a good product for protecting
the liver. Recently DMY has also been reported for its
anti-proliferative effect,® protective effect against nonalco-
holic steatohepatitis,” atherosclerotic lesion formation
inhibitory effect,® antiviral and anti-inflammatory effect,’
and a treatment for diabetic cardiomyopathy'® etc.
However, owing to its lower chemical stability and poor
aqueous solubility, despite its medicinal value, DMY usage
is limited in clinical, food and pharmaceutical applica-
tions. To overcome its solubility issues, as an alternative,
different methods are applied.

Nanoparticulate drug delivery systems provide an effi-
cient way for oral bioavailability of different drugs.'
Nowadays, the nanoparticles (NPs) are being applied in
different fields including biological, electrical, medical and
chemical, etc. The size and shape of the NPs are the main
factors that determine the performance of NPs.'? Silver
nanoparticles (AgNPs) are fine particles of metallic silver
that have at least one dimension range from 1 to 100 nm.
AgNPs are very versatile nanomaterial, famous for their
excellent properties as well as for their antimicrobial
properties.'> Apart from the antibacterial effects, AgNPs
have been reported for antifungal and anti-inflammatory
properties. AgNPs get attached to the cell membrane and
are released in the bacterial cells, which makes them
possess good antimicrobial activity.'* The AgNPs have
exhibited improved antibacterial properties against drug-
resistant bacteria.'’

Although there are many ways to synthesize nanoparti-
cles, their green synthesis has been highlighted in recent
years.'® Green synthesis uses a variety of reductants, includ-

17719 microorganisms®® and so

ing biomass, plant extracts,
on.?"*? Among these methods, biomass, especially flavo-
noids, are considered to be responsible for the reduction of
Ag" to AgNPs. Flavonoids possess important application
value because of its wide sources and high synthetic
efficiency.

In this study, we report a new method for green synthesis

of AgNPs, which uses DMY to reduce silver ions into

nanoparticles without adding any toxic chemicals. The nat-
ural product, DMY, is used as a reducing agent and
a stabilizer. Compared with the traditional method, this
method is simple, easy to operate, cost-effective and envir-
onment friendly. The synthesized DMY-AgNPs were studied
for their antioxidant activity using DPPH protocol, and for
their antibacterial activity against E. coli, and Salmonella.
This study will contribute to the research on further fascinat-
ing properties and application of natural biomass in the field
of nanomedicine, nanoscience and nanotechnology.

Materials and Methods

Materials

DMY was obtained from Chengdu Desite Co., Ltd.
(Chengdu, China). 1.1-Diphenyl-2-picrylhydrazyl (DPPH),
butylated hydroxytoluene (BHT), silver nitrate, anhydrous
alcohol were purchased from Sinopharm Chemical Reagent
Co., Ltd (Shanghai, China). All other chemicals, such as
trifluoroacetic acid and triethylamine, were of analytical
grade and all aqueous solutions were prepared in deionized
water. An osmosis Milli-Q system was used to get deionized
water.

Apparatus

Nicolet 710 FT-IR spectrometer (Thermo Nicolet, USA)
was employed to analyze the FTIR results. The metal
content was determined by IRIS Advantage OPTIMA
7000DV Inductively Coupled Plasma-Atomic Emission
Spectrometer (Thermo PerkinElmer). The surface mor-
phology observation, particle size measurement analysis,
and scanning electron microscope images of the NPs were
determined by SUPRA™ 55 Thermal Field Emission
Scanning FElectron Microscopy (Carl Zeiss, Germany).
The transmission electron microscope images of NPs
studied by JEM-2100F Transmission Electron
Microscopy (JEOL, Japan). X-ray diffraction studies
were carried out on EMPYREAN X-ray diffractometer
(PANalytical, Netherlands). Genesys 10S UV-Vis spectro-
meter (Thermo Fisher) was used for the ultra-violet and

were

visible spectral analysis. For XPS analysis, Escalab 250xi
X-ray photoelectron spectroscopy (Thermo, USA), and for
DLS and Zeta potential analysis, NanoBrook Omni
(Brookhaven Instruments, USA) were used.

Synthesis of Silver Nanoparticles

23-26

Following the reported protocols the standard sample

DMY was accurately weighed and dissolved in 50 mL of
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10% ethanol. Silver nitrate was dissolved in 20 mL deio-
nized water. Then, 8 mL DMY solution was taken in
25 mL round bottom flask, then 2 mL silver nitrate solu-
tion was added to the mixture. Keeping DMY:AgNO; final
molar ratio of 1:1, the mixture was put on the oil bath, at
a temperature of 50 °C. In 15 minutes, the reaction started,
and the reaction mixture becomes a grass green, and
visible black particles were suspended in solution, that
showed that the AgNPs were generated, after 3 h of reac-
tion a suspension was formed, which was taken and put in
a centrifuge tube. The supernatant was removed after
centrifugation at a speed of 8000 rpm for 30 min. The
supernatant was retained for the determination of induc-
tively coupled plasma (ICP). The AgNPs were washed
with deionized water 2-3 times to remove the excess
organic matter. After drying, AgNPs were evenly distrib-
uted in water, and kept in the refrigerator for later use.

Optimized Synthesis Conditions

The optimum conditions for biosynthesis of AgNPs were
found by changing the concentration of silver nitrate, pH,
and temperature. In order to investigate the effect of silver
nitrate concentration, 2 mL of different concentrations
were added to 8 mL of DMY solution. The molar ratio
of DMY and silver nitrate was 2:1, 1:1, 1:2 and 1:4,
respectively. In order to explore the possible influence of
pH on the synthesis process, the mixed solutions of tri-
fluoroacetic acid and triethylamine were adjusted with pH
of 2,4,6,7,8,9, 10, 11 and 12, respectively. Different
temperatures ie 40 °C, 50 °C, 60 °C and 70 °C were also
investigated.

Characterization of Silver Nanoparticles
Ultraviolet-Visible Spectroscopy

To determine the development of AgNPs and exploit their
optical properties, the surface plasmon resonance (SPR)
peaks were monitored by ultraviolet-visible spectrophot-
ometer (UV-Vis spectra). The sampling of aliquots
(AgNPs diluted with distilled water) was poured into
a 1.0 cm cuvette. The UV-Vis spectra were recorded at
the wavelength range of 330—-800 nm at room temperature.

SEM, TEM, FTIR, XRD, XPS, DLS and Zeta Potential
Analysis

Scanning electron microscopy (SEM) analysis was per-
formed at different magnifications. Images of AgNPs
were recorded on a Quanta 200FEG SEM spectrometer
at 20 kV, 10 mA, SE mode and spot size 3.5 (Hillsboro,
OR, USA). Prior to observation, the xerogel was sputter

coated with a thin layer of gold. Thin films of synthesized
and stabilized AgNPs were prepared on a carbon-coated
copper grid by just dropping a very small amount of the
sample on the grid, and the sample was analyzed for
morphology and size of the silver nanoparticles under
a mercury lamp for 5 min.

Transmission electron microscopy images of the
AgNPs were recorded on a Tecnai G2 20 TWIN transmis-
sion electron microscope (Hillsboro) with the support
being a copper mesh. The rheology measurements were
performed using a Kinexus pro+ Rheometer (Malvern,
UK), equipped with a temperature controller and parallel
stainless steel plates (20 mm diameter, 0.5 mm gap). The
gel after shaking was placed in the shearing gap of the
incubate at 15 °C.
Subsequently it was submitted to a frequency sweep or

rheometer and was allowed to

stress sweep experiment.

The Fourier-transform infrared spectroscopy (FTIR)
was studied in the wavelength range between 4000 and
400 cm ! to find the functional groups present around the
synthesized AgNPs. The AgNPs were dried and grinded
with KBr pellets and analyzed.

X-ray powder diffraction (XRD) was carried out by dip-
ping a glass plate loading thin film of the AgNPs in a solution.

The structure of the synthesized DMY-mediated
AgNPs was determined using X-ray photoelectron spectro-
scopy (XPS). The DMY-mediated AgNPs were compacted
and then vacuumed for testing.

The particle size was determined using dynamic light
scattering (DLS) measurement technique. In addition, zeta
potential was used to determine the surface potential of the
silver nanoparticles. Liquid samples of the nanoparticles
were diluted to a certain concentration by water.

Conversion of Ag" lons

The synthesized AgNP suspensions were centrifuged at
a high speed of 8000 rpm for 30 minutes, and the remain-
ing Ag" was separated from the generated AgNPs. The
concentration of Ag’ in the supernatant represents the
residual or unreacted concentration of Ag'. The reacted
Ag" was calculated by deducting the remained Ag’, the
Ag" value after reaction was determined by ICP. The
conversion rate of Ag" was determined by comparing the
mass of Ag" with that of initial Ag".

Antioxidant Activity of AgNPs

27,28

Following the previous protocols, the antioxidant activ-

ity of synthesized nanoparticles was determined by the
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scavenging of 1.1-diphenyl-2-picrylhydrazyl (DPPH) free
radicals. DPPH was weighed and dissolved in anhydrous
ethanol to produce 0.015 pg/mL solution. Samples of dif-
ferent concentrations were mixed with DPPH to obtain the
final concentrations of 0.01, 0.25, 0.50, 0.75, 0.10 mg/mL,
respectively. Butylated hydroxytoluene (BHT) was used as
control. The mixed solution was reacted at 30 °C for 30 min,
and the absorbance of each test tube was determined at 517
nm through ultraviolet spectrometer. The blank group only
contained DPPH. The DPPH free radical scavenging activity
was calculated using the following equation.

DPPH scavenging effect (%) = [(Ao - A)/Ap] % 100

Ay is the absorbance of the control and A; is the
absorbance of the sample.

Antibacterial Activity of AgNPs

The antibacterial activity of AgNPs against human patho-
genic bacteria such as E. coli and salmonella was studied
following the previous test protocol.”’>' The minimum
inhibitory concentration (MIC) was obtained by 96-well
plate gradient dilution. Under an aseptic condition, AgNPs
were mixed in proportion with different bacterial fluids,
after adding normal saline to culture for 1 day, a certain
amount of liquid was absorbed from the mixture and
evenly coated on the AGAR plate containing nutritious
broth. After another day of culture at 37 °C, count was
carried out after taking out the plate, and finally, an intui-
tive curve of bacterial inhibition rate was obtained.

Cytotoxicity by MTT Assay

Hela, HepG2 and MDA-MB-231 cells were seeded into
96-well plate respectively with 5000 cells per each well.
After a 48-hour incubation period, 10 uL of a 5 mg/mL
MTT solution was added to each well and the plate was
further incubated at 37°C for 4 hours. Thereafter, the
medium was aspirated and the wells were washed with

PBS, and 150 pL of DMSO was added to each well. The
plate was placed on a shaker in order to dissolve the dye.
After the formazan crystals had dissolved, the absorbance
was determined spectrophotometrically at 490 nm on
a microplate reader (PerkinElmer).>? The percent inhibi-
tion was calculated by the following formula.

Inhibition (%) = (OD 490 nm value of control well —
OD 490 nm value of sample well)/(OD 490 nm value of
control well — OD 490 nm value of blank well)

Results and Discussion
Visible Observation of Synthesized
AgNPs

AgNPs were synthesized using DMY. In the mixing process,
the Ag" ions were reduced to AgNPs, which was followed
by color change. After being mixed with silver ions, DMY
began to change from yellow to purplish red (Figure 1A and
B). As the reaction went on, the solution changed from
purplish red to yellowish green (Figure 1C), and the forma-
tion of black nanoparticles (Figure 1D) was observed.

UV-Visible Spectroscopy Analysis

As shown in Figure 2A and B the effects of different
molar ratios of DMY and silver nitrate on AgNPs synth-
esis were studied. The molar ratio of DMY and silver
nitrate was set as 2:1, 1:1, 1:2 and 1:4. When the molar
ratio was 2:1, although the silver ion conversion rate was
99.77%, the absorption peak was low. This suggested
that DMY overdose affected the size of nanoparticles.
When there was more DMY, the silver ion transforma-
tion was relatively complete, but the excessive amount
of DMY affected the size of nanoparticles, making the
peak deformation shorter and wider. When the molar
ratio was 1:2 and 1:4, silver nitrate was not completely
transformed, the silver ion conversion rate was only

C D

Figure | (A) DMY. (B) DMY after addition of alkali. (C) DMY is initially mixed with AgNOj3. (D) DMY reacted with AgNO; for 3 h.

Abbreviations: DMY, dihydromyricetin; AgNO3, silver nitrate.
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Figure 2 (A) UV-Vis spectra of AgNPs synthesized by DMY at different AgNO; concentrations. (B) Silver ion conversion rate of AgNPs synthesized by DMY at different
AgNO; concentrations. (C) UV-Vis spectra of AgNPs synthesized by DMY at different pH. (D) Silver ion conversion rate of AgNPs synthesized by DMY at different pH. (E)
UV-Vis spectra of AgNPs synthesized by DMY at different temperatures. (F) silver ion conversion rate of AgNPs synthesized by DMY at different temperatures.

Abbreviations: UV-Vis, ultraviolet and visible absorption spectroscopy; AgNPs, silver nanoparticles; DMY, dihydromyricetin; AgNO3, silver nitrate; pH, power of
concentration of hydrogen ion in solution.
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79.42% and 53.21%, respectively. When the molar ratio
was 1:2, the absorption peak was high and the peak
shape was narrow and stable, so it was the optimal
molar ratio. Under this condition, the silver ion conver-
sion rate was 99.83%.

Figure 2C and D show that the absorption spectra of
the mixed solution at different pH values were recorded.
When the mixed solution was acidic, the reaction rate
decreased with the decrease of pH value. It can be
explained that the reduction of DMY was affected
under strong acidic condition. Therefore, the absorption
peaks were relatively wider and the binding rate was
lower. When the pH was 2.0, the silver ion conversion
rate was only 12.96%. Under alkaline conditions, the
absorption peaks of the solution became higher and
narrower. However, at pH 11 and 12, although the peak
shape was good, the silver ion conversion rate was very
low, indicating that the strongly alkaline environment
was not conducive to the formation of AgNPs. When
the pH was 8, the peak shape was found the best, and the
silver ion conversion rate was 98.89%, so, it was the
optimal pH for the reaction.

Figure 2E and F show the effect of different tempera-
tures on AgNPs synthesis. Experiments were carried out
under four different reaction temperatures, ic 40, 50, 60,
70 °C. Too low temperature hindered the formation of
AgNPs, too high temperature resulted in too fast reaction
and agglomeration. Under different temperatures narrow
and stable adsorption peaks showed that the best reaction
temperature was 50 °C.

To sum up, when the molar ratio of DMY and silver
nitrate was 1:1, the optimized conditions for AgNPs synth-
esis were pH 9, and the reaction temperature was 50 °C.

Characterization

As shown in Figure 3A, in the SEM analysis, the morphol-
ogy and size of the synthesized silver nanoparticles of
DMY at different magnifications showed circular dot—
shaped particles. The morphology, size and shape of
AgNPs were determined by TEM. The TEM image of
AgNPs synthesized under optimized conditions is shown
in Figure 3B, and the synthesized AgNPs were found
mostly in spherical shape.

FTIR (Figure 3C) was performed to identify the bond
linkages and functional groups associated with DMY and
Ag’. The results revealed four peaks at 3444, 1630, 1384
and 1117 cm'. The absorption bands at 3444 and
1630 cm™ ' were assigned to the stretching vibration and in-

plane bending vibration of O—H group, respectively.>® The
absorption bands at 1630 cm™ ' were attributed to the stretch-
ing vibration of =C—H and C =C.** The peak at 1630 cm™"'
was assumed to be related to the surface adsorbed water
molecule. Moreover, the band at 1117 cm” ! was contributed
by the skeletal C—O and C—C vibration bands of glycosidic
linkage.*® It indicated the possible presence of the residual
flavonoids on the surface of the obtained AgNPs.

The XRD pattern of the synthesized AgNPs is shown in
Figure 3D. The narrow peaks in the figure indicated the
crystalline properties of the nanoparticles. The XRD pattern
showed four intense peaks corresponding to 26 values
37.9730°, 44.1370°, 64.4634° and 77.3187° that represented
face-centered cubic (fce) lattice of silver corresponding to the
Miller indices of (111), (200), (220), (311), which were simi-
lar to the Bragg reflection of silver nanocrystals. According to
the intensity ratio of (111) to other diffraction peaks, it was
deduced that the (111) plane was the predominant orientation
in the silver crystal structure of the biosynthesized AgNPs.

The XPS full spectrum scan pattern of the synthesized
AgNPs is shown in Figure 3E. The pattern illustrated that
most of the elements in AgNPs were C, O and Ag. The
results indicated that the surface of silver nanoparticles
contains a certain amount of DMY.

The DLS measurement technique was used to evaluate
the particle size and surface morphology of AgNPs as pre-
pared. The size distribution of the synthesized AgNPs is
depicted in Figure 3F. It was observed that the particles
obtained were polydispersed mixtures in the range of
100230 nm. The average size of the synthesized AgNPs
using DMY was around 114.76+1.34 nm with PDI 0.301.%%7

The zeta potential of the synthesized AgNPs was deter-
mined in water as dispersant. The zeta potential was found
to be —16.5+ 2.1 mV. The high value proved that the
DMY-mediated silver nanoparticles have strong stability
and dispersibility in water the negative potential value
could be due to the possible capping of the DMY.**7-%

Antioxidant Activity

The free radical scavenging activity of DMY-AgNPs was
determined by DPPH method. The scavenging effect of
DMY-AgNPs on DPPH free radical is shown in Figure 4.
The free radical scavenging activity of DMY-AgNPs was
similar to or better than that of BHT. At different concen-
trations of synthetic silver nanoparticles (0.01-0.1 mg/
mL), the free radical scavenging rate was about 56-92%.
Recently inclusion of DMY with cyclodextrins®® and coo-
kie fortified with DMY*’ has been reported for its
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Figure 3 (A) TEM image of DMY-mediated AgNPs. (B) SEM image of DMY-mediated AgNPs. (C) FTIR image of DMY-mediated AgNPs. (D) XRD pattern of DMY-mediated
AgNPs. (E) XPS pattern of AgNPs synthesized by DMY (F) DLS pattern of DMY-mediated AgNPs.

Abbreviations: TEM, transmission electron microscopy; DMY, dihydromyricetin; AgNPs, silver nanoparticles; SEM, scanning electron microscopy; FTIR, Fourier-transform
infrared spectroscopy; XRD, X-ray powder diffraction; XPS, X-ray photoelectron spectroscopy; DLS, dynamic light scattering.
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Figure 4 Comparison of free radical DPPH scavenging rate among DMY-AgNPs and DMY and BHT.
Abbreviations: DPPH, |.1-diphenyl-2-picrylhydrazyl; DMY-AgNPs, dihydromyricetin-mediated silver nanoparticles; DMY, dihydromyricetin; BHT, butylated hydroxytoluene.

enhanced antioxidant potential. DMY significantly low-
ered oxidation compared to control in the previous
study,® and in the present study, the antioxidant potential
was further improved by DMY-mediated AgNPs.

Antibacterial Activity

Biosynthetic AgNPs significantly inhibited bacterial growth.
The minimum inhibitory concentrations (MIC) of AgNPs on
E. coli and Salmonella were 10 g/L and 10™* g/L, respec-
tively, indicating that AgNPs had good inhibitory effects on
these two bacteria. Figure 5 shows the amount of live bacteria
of culture medium at the same concentration of different
samples, which all proved that compared with DMY and tetra-
cycline, DMY-AgNPs have more superior and significant anti-
bacterial effect. Through the inhibition rate curve of E. coli and
Salmonella (Figure 6), the inhibition rate increased with the
increase of sample concentration. By means of bacterial elec-
tron microscope (Figure 7), it is clear that the silver nanopar-
ticles damaged the structure and morphology of bacteria to
a certain extent, so prevented the growth and reproduction of
bacteria. DMY has been reported for its ideal and potent
antibacterial activity on Staphylococcus aureus,*"** Bacillus
subtilis, E. coli, Salmonella paratyphi, and Pseudomonas
aeruginosa.*® Recently, DMY-coated multi-walled carbon

nanotubes were reported for their antimicrobial properties.**
The DM Y-mediated AgNPs could also provide an economical
and a better alternative for its inhibitory potential against the
food-borne bacteria.

Anticancer Activity

The anticancer potential of DMY-mediated AgNPs was stu-
died using MTT assay against cervical (Hela), liver (HepG2)
and breast (MDA-MB-231) cancer cell lines at various con-
centrations (Figure 8A—C). It was observed that, in the case of
all the cell lines, compared to DMY, the DMY-mediated
AgNPs showed excellent biocompatibility as expected. For
Hela, the AgNPs showed superior continuous effects from low
concentrations. When the synthesized AgNPs concentration
was 1.5625 ug/mlL, the inhibition rate reached 28.96%, and it
kept increasing with the increase in concentration. For HepG2,
the inhibitory effect of DMY-AgNPs was significantly higher
than that of DMY in both low and high concentrations. DMY
was not particularly effective, suggesting that DMY-mediated
AgNPs had a good effect on HepG2 cells. Both DMY and
AgNPs showed good inhibitory effect on MDA-MB-23 I cells.
However, AgNPs showed excellent effect at a high concentra-
tion, the inhibition rate reached 81.44% at the highest point.
Previously DMY has been reported to enhance anticancer
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Figure 5 Number of viable bacteria of culture medium. (A) E. coli. (B) E. coli treated with 0.1 mg/mL DMY. (C) E. coli treated with 0.1 mg/mL DMY-AgNPs. (D) E. coli treated
with 0.1 mg/mL tetracycline. (E) Salmonella. (F) Salmonella treated with 0.1 mg/mL DMY. (G) Salmonella treated with 0.1 mg/mL DMY-AgNPs. (H) Salmonella treated with

0.1 mg/mL tetracycline.

Abbreviations: E. coli, Escherichia coli; DMY, dihydromyricetin; DMY-AgNPs, dihydromyricetin-mediated silver nanoparticles.
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Figure 6 The inhibition rate curves of different samples to bacteria. (A) E. coli. (B) Salmonella.

Abbreviation: E. coli, Escherichia coli.

property in colorectal cancer cells,** and to protect myocardial
cells from apoptosis.*® The nanonization of DMY, as proved in
the present study, thus further enhances the anticancer activity,
and it provides better chances for the clinical trials.

Conclusion

The development of DMY-AgNPs with high efficiency,
environment-friendly and cost-effective green approach is
an important direction of current nanotechnology research
and application. Recently biomass has been used as an

effective reducing agent and stabilizer for the synthesis
of AgNPs. In this study, DMY-mediated AgNPs were
successfully synthesized. Compared with previous meth-
ods, the present method is simple, non-toxic and environ-
ment-friendly. DMY-AgNPs were basically spherical and
of moderate size. In addition, biosynthetic AgNPs exhib-
ited DPPH scavenging properties and obvious antibacterial
activity against E. coli, and Salmonella, and excellent
anticancer activity against Hela, HepG2 and MDA-MB
-231 cancer cell lines. These results indicated that the
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Figure 7 SEM images of bacterial morphology. (A) E. coli. (B) E. coli with DMY. (C) E. coli with DMY-AgNPs. (D) E. coli with tetracycline. (E) Salmonella. (F) Salmonella with

DMY. (G) Salmonella with DMY-AgNPs. (H) Salmonella with tetracycline.

Abbreviations: SEM, scanning electron microscopy; E. coli, Escherichia coli; DMY, dihydromyricetin; DMY-AgNPs, dihydromyricetin-mediated silver nanoparticles.
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Figure 8 The inhibition rate curves of AgNPs to different cancer cell lines. (A) Hela. (B) HepG2. (C) MDA-MB-231.
Abbreviations: DMY-AgNPs, dihydromyricetin-mediated silver nanoparticles; Hela, human cervical cancer cell line; HepG2, human hepatoma cancer cell line; MDA-MB

-231, breast adenocarcinoma cell line.

DMY-mediated AgNPs could be used as good inhibitors
against food-borne bacteria.
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