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ARTICLE INFO ABSTRACT

Keywords: Pyrostegia venusta presents phytoconstituents with biological properties including antioxidant activity. This
Aging study aimed to prepare P. venusta aqueous extract (PvAE), synthesize silver nanoparticles (AgNPs) through green
Enzyme inhibition synthesis using PvAE, determine their phytoconstituents, evaluate their in vitro antioxidants, antiglycation, and
Flavonoids A A s . . . :
Free radicals anti-aging activities, and analyze in silico docking of the main phenolic compounds. Phytoconstituents were
Metallic nanoparticles identified by HPLC and determined by total polyphenols and flavonoids. AgNPs were characterized by scanning
Protein glycation transmission electron microscopy and dynamic light scattering. Evaluation of antioxidant potential was per-
formed by DPPH radical scavenging, FRAP, TBARS, ORAC, and oxidative hemolysis analysis. Evaluation of
antiglycation activity was carried out by the determination of free amino groups, inhibition of AGEs formation,
and REM assays. Anti-aging pandal was evaluated by in vitro and in silico assays. PvAE exhibited the highest
total polyphenols (325.78 mg gallic acid equivalent g~1), while AgNPs showed the highest total flavonoids
(373.53 mg rutin equivalent g’l). PVAE presented the highest antioxidant activity in DPPH test (74.90 %),
although AgNPs exhibited antioxidant activity in ORAC, FRAP (862 uM Trolox equivalent g~1), TBARS (53.97 %
inhibition of TBARS formation), and oxidative hemolysis inhibition (85.36 %) assays. Antiglycation evaluation
demonstrated the activity of PvAE and AgNPs. PVAE presented in vitro enzymes inhibition and in silico studies
demonstrated possible active binding sites between P. venusta main compounds and enzymes that may be
correlated with their potential to act at pre- and post-transcriptional levels. Therefore, this study provides in-
formation regarding P. venusta and demonstrates that further studies are needed to evaluate its application.

invasive plant that occurs on the edges of forests and roads. P. venusta
exhibits intense flowering between June and August, and thus it is

1. Introduction

Pyrostegia venusta (Ker Gawl.) Miers (family, Bignoniaceae) is a liana
creeper known as “cip6-de-Sao-Joao” and it is considered of ecological
and medicinal importance.' This species is commonly found in South
and Southeast of Brazil, and it is ecologically characterized as an

considered an ornamental winter species in Brazil.>® In traditional
medicine, P. venusta flower extracts are mainly employed for the treat-
ment of vitiligo, although they are also used to treat intestinal and res-
piratory infections”®. Scientific studies have reported antioxidant,
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antimicrobial and wound-healing activities of different plant extracts
from this species.”*® Besides, P. venusta plant extracts have demonstrated
their activity against vitiligo due to the stimulation of melanin.®*!°
These biological activities are associated with the phytochemical
composition of P. venusta extracts, which includes flavonoids, steroids,
terpenoids, alkaloids, tannins, saponins, triterpenes, carbohydrates
(meso-inositol), nitrogenous compounds (allantoin), n-alkanes (N-Hen-
triacontane), choline chloride, fatty acids, acacetin-7-O-f-glucopyrano-
side, iridoid glucosides, bellericanin glycosides, naphthoquinones, allo-
tannic acids, oleanolic acid, and [i—sitosterol.n’13 Plant extracts can be
prepared using different plant parts and a variety of techniques. Certain
formulations of plant-based extracts may increase efficiency and sta-
bility of phytoconstituents and reduce toxicity.'* The capacity of these
plant extracts to treat and prevent human and animal diseases depends
on the preparation methods by which phytochemical compounds are
extracted from plant materials.'®

Bionanotechnology has emerged as integration between biotech-
nology and nanotechnology. Considering that, green synthesis of
nanomaterials emerges as an eco-friendly alternative for various appli-
cations, while ensuring stability and efficiency of natural active com-
pounds.'®'” The method of green synthesis of metal nanoparticles (NPs)
is performed by utilizing compounds from plant extracts as bioreducing
agents to offer a simple, highly efficient, economically viable, sustain-
able, and nontoxic alternative to chemical and physical methods of NPs
synthesis.'®?° Different metals can be used to obtain NPs including
silver (Ag), platinum (Pt), gold (Au), and cobalt (Co), which have been
reported to exhibit possible applications in catalysis, nanodevices, and
nanomedicine chemistry, due to their electromagnetic, chemical, and
physical characteristics.”’ One of the most studied NPs are those syn-
thesized using Ag and phytoconstituents of extracts from different plant
parts (e.g. roots, stems, leaves, flowers), which are crucial for the silver
nanoparticles (AgNPs) synthesis.?? Plants contain hydroxyl, carboxyl,
carbonyl, amino, and phenol groups of phenolic acids (hydroxycin-
namic, ellagic acids, and benzoic), anthocyanins, and flavonoids (flavan-
3-ols, flavanols) that are responsible for their capacity to reduce metal
salts and ultimately form AgNPs.” These NPs have been widely used as
ingredients in several commercial products, and they have been applied
in pharmaceutical, textile, food, cosmetic, electronic and energy in-
dustries.”* Besides, they have been reported as anti-inflammatory, anti-
diabetic, antiviral, antibacterial, and antifungal agents, and more
recently studies have demonstrated their activity against damage caused
by oxidative stress.?>?°

Oxidative stress is a process promoted by a persistent imbalance
between excessive production of oxidative compounds (mainly free
radicals) and limited antioxidant defenses, leading to tissue, cells and
biomolecules damage. These oxidative compounds are predominantly
generated in mitochondria during electron transport chain.’’ On the
other hand, antioxidant defenses are responsible for the inhibition and/
or reduction of damage caused by oxidative compounds. In addition,
oxidative stress may be increased due to protein glycation, which is a
process of covalent bonding between protein amino groups and reducing
sugars, generating advanced glycation end-products (AGEs). These
products are involved in various signal transduction mechanisms
through AGEs receptor (RAGE) that may lead to cell disorders and
dysfunction, contributing to pro-inflammatory response and production
of reactive free radicals that may promote an increase in oxidative
stress.”® Free radicals and AGEs are associated with both oxidative stress
and protein glycation, which are responsible for the appearance and
development of degenerative diseases, which are correlated with pre-
mature aging caused by molecular damage that lead to cell alteration
and/or death.>**0

Considering the above, the present study aimed to obtain and char-
acterize AgNPs synthesized through green synthesis using P. venusta
flower aqueous extract (PvAE) as bioreductor agent. Besides, it aimed to
determine phytochemical composition (polyphenols and flavonoids)
and evaluate their in vitro antioxidant, antiglycation, and anti-aging
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activities. It also aimed to analyze in silico molecular docking of the
main phenolic compounds of PVAE.

2. Materials and methods
2.1. Collection and identification of plant material

P. venusta flowers were collected between June and August 2022 in
Assis, Sao Paulo, Brazil, at the coordinates 22°32'26”S — 50°22'31"N
and 22°32'18”S — 50°22'47"N. One specimen was taxonomically iden-
tified and deposited at the Herbarium of the Instituto Florestal de Assis
under the voucher number SPSF — 40207.

2.2. Preparation of PvAE

P. venusta flowers were separated, washed, and dried in an air-forced
oven at 40 °C. Dried flowers were grounded into a fine powder using a
porcelain mortar. Aqueous extract was prepared by dissolving the plant
material in ultrapure water at a proportion of 1:10 (w/v) under constant
stirring. The mixture was then sonicated for 5 min at 50 Hz, followed by
heating in a water bath for 20 min at 60 °C. After cooling to room
temperature, the solution was filtered using Whatman No. 1 filter paper
to obtain PVAE.

2.3. Phytochemical analysis of PvAE using high performance liquid
chromatography (HPLC)

The phytochemical composition of PVAE was analyzed using a HPLC
apparatus (Accela High Speed LC from Thermo Scientific®) with a
photodiode array detector (PDA). The analysis was carried out by
employing ultrapure water with 0.1 % formic acid as solvent A and
methanol with 0.1 % formic acid as solvent B. Phenomenex® Luna C18
column (250 mm x 4.6 mm x 5 pym) was used at a temperature of at
25 °C and flow rate of 0.8 mL min~". The injection volume was 20 pL and
detection was performed at 254 nm. A linear gradient elusion from 25 %
A to 100 % B was employed for 80 min, followed by 5 min re-
equilibration with 25 % B. The identification of polyphenols,
including flavonoids and phenolic acids, was conducted based on com-
parisons with data reported in current literature.

2.4. Green synthesis and characterization of silver nanoparticles (AgNPs)

2.4.1. Synthesis of AgNPs

AgNPs were synthesized using a method designed by Vankudoth
et al.’! utilizing silver nitrate (AgNOs, Sigma-Aldrich, Brazil) and PVAE
as bioreducing and stabilizing agent. A solution containing 10 mL
AgNOs (1, 5, or 10 mM) diluted in ultrapure water and 10 mL PvAE (0.3,
3.0, or 30 mg mL™!) were mixed. The reaction conditions were opti-
mized by altering pH levels (6, 10, or 13) and temperature/time pa-
rameters (30 °C for 60 min or 50 °C for 30 min). AgNPs formation was
confirmed by a color change in solution from colorless to dark brown.

2.4.2. Characterization of AgNPs

AgNPs were identified with a UV-vis spectrophotometer (Bel Pho-
tonics, Brazil) to obtain the extinction spectra of AgNPs within the range
of 350-650 nm. Peaks observed between 400 and 450 nm were attrib-
uted to the surface plasmon resonance of spherical nanoparticles as re-
ported by Adrianto et al.'”. Additional characterizations were performed
with a Zetasizer 90 (Malvern) for zeta potential analysis and dynamic
light scattering (DLS) for the determination of size distribution. A
morphological evaluation was conducted utilizing a scanning trans-
mission electron microscopy (STEM, Hitachi 3800U), where colloidal
solutions were dried onto FORMVAR-coated copper grids for imaging.
The characterization of the functional groups of synthesized silver
nanoparticles was performed using Fourier transform infrared spec-
troscopy (FTIR).>’ The analyses were conducted with a Bruker
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spectrometer (Alpha II, Billerica, MA, USA), operating in the spectral
range of 1000 to 4000 cm ™.

2.5. Determination of phytochemical compounds in PvAE and AgNPs

The method described by Singleton and Rossi®* was used to evaluate
total polyphenols content in PvAE and AgNPs, using Folin-Ciocalteu as
reagent and gallic acid as standard. Absorbance of PvAE (0.3 or 30 mg
mL™Y) or AgNPs was read at 765 nm using a UV-vis spectrophotometer
(Bel Photonics, Brazil) and results were defined as mg of gallic acid
equivalent (GAE) per gram of dry weight (DW).

The methodology of Christ and Miiller>* was used to evaluate total
flavonoids content using rutin as standard. Absorbance of PVAE (0.3 or
30 mg mL 1) or AgNPs was read at 510 nm, and results were defined as
mg rutin equivalent (RE) per g of DW.

2.6. Evaluation of antioxidant activities

2.6.1. DPPH radical scavenging activity

DPPH radical scavenging assay was carried out as described by
Rufino et al.® to determine antioxidant activity of PvAE and AgNPs. The
reaction mixture consisted of ethanol, acetate buffer (pH 5.5, 100 mM),
500 pM DPPH (diluted in ethanol), and sample (PvAE (0.3 or 30 mg
mL ™) or AgNOs3 (5 mM) or AgNPs). After 30 min in dark, absorbance
was read at 517 nm with an UV-vis spectrophotometer (Bel Photonics,
Brazil) and results were determined as percentage of antioxidant activity
compared to control (solution without samples).

2.6.2. Ferric ion reducing antioxidant power (FRAP)

FRAP assay followed protocol of Guimaraes et al.%%, in which 90 pL
sample (PVAE (0.3 or 30 mg mL’l) or AgNO3 (5 mM) or AgNPs), 270 pL
ultrapure water and 2.7 mL FRAP reagent were mixed and incubated at
37 °C for 30 min. After reaching room temperature, absorbance was read
at 593 nm with an UV-Vis spectrophotometer (Bel Photonics, Brazil)
and results were determined as pM Trolox equivalent (TE) per gram of
sample.

2.6.3. Inhibition of lipid peroxidation (TBARS)

TBARS assay was performed following method of Raharjo et al.®’,
using egg yolk homogenate as the substrate. This substrate was mixed
with sample (PVAE (0.3 or 30 mg mL ™Y or AgNO3 (5 mM) or AgNPs)
and 2,2-Azobis(2-methylpropionamidine) dihydrochloride (AAPH)
(0.12 M). This mixture was heated at 37 °C for 30 min and after cooling
it reacted with trichloroacetic acid and thiobarbituric acid. The resulting
mixture was heated at 97 °C for 15 min and centrifuged for 10 min at
3,000 rpm. Afterwards, the absorbance of supernatant was read at 532
nm and inhibition of lipid peroxidation was determined as percentage
compared to control (solution without sample). Trolox (0.14 mg mL™ D
is used as positive control.

2.6.4. Oxygen radical absorbance capacity (ORAC)

ORAC assay was conducted according to Dévalos et al.>®, 130 pL
Fluorescein (100 nM) was used as fluorescent probe and it was mixed
with 20 pL of sample (PVAE (0.3 or 30 mg mL™Y) or AgNPs) and 50 pL
AAPH in a microplate for fluorescence analysis. Fluorescence decay was
measured every 5 min for 2 h at 37 °C with a fluorometer adapted for
microplates (Synergy H1 Hybrid Reader, Biotek) at 470 nm excitation
and 520 nm emission. ORAC values were calculated by the comparison
between areas under the fluorescence of samples and blank.

2.6.5. Oxidative hemolysis test

Oxidative hemolysis assay described by Yang et al.’° and Khare
et al.*’ was used to determine antioxidant activity. A 10 % erythrocyte
suspension was incubated with AAPH (50 mM) and samples (PVAE (0.3
or 30 mg mL 1) or AgNPs) at 37 °C for 6 h. Hemolysis was monitored
hourly by centrifugation of aliquots of solution and measurement of
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supernatant at 540 nm. Hemolysis percentage was calculated as per-
centage compared to positive (erythrocyte suspension with AAPH) and
negative (erythrocyte diluted in phosphate-buffered saline (PBS))
controls.

2.7. Evaluation of antiglycation activity of PvAE and AgNPs

2.7.1. Preparation of glycation reaction mixture

Glycation reaction mixtures were prepared for the antiglycation
evaluation using bovine serum albumin (BSA) (2 mg mL 1) (Sigma-
Aldrich, Brazil) diluted in PBS (pH 8; 10 mM) with ribose (1 M) (Sigma-
Aldrich, Brazil). Treatments were prepared in the presence or absence of
aminoguanidine (AMG, 40 mM) or sample (PVAE (0.3 or 30 mg mL Dor
AgNPs) and were incubated at 37 °C for 7 days to determine free amino
groups and relative eletrophoretic mobility (REM) or 15 days to deter-
mine inhibition of AGEs formation.

2.7.2. Determination of free amino groups

The method described by Fayle et al.** was used to determine free
amino groups in the glycation reaction mixture. Ortho-phthaldialdehyde
(OPA) (Sigma-Aldrich, Brazil) was used to prepare OPA reagent by
mixing 25 mL sodium borate (0.1 M), 2.5 mL sodium dodecyl sulfate
(SDS, 20 %), 100 pL 2-mercaptoethanol (Sigma-Aldrich, Brazil), and 40
mg OPA (dissolved in 1 mL methanol). Sample (glycation reaction
mixture) was mixed with OPA reagent and then reacted for 2 min at
room temperature. Absorbance was read at 340 nm, and results were
expressed as percentage of free amino groups compared to glycation
mixture with only BSA.

2.7.3. Inhibition of advanced glycation end-products (AGEs) formation

Inhibition of AGEs formation was conducted according to Rahbar
and Figarola.*” Sample (glycation reaction mixture) was mixed with
OPA reagent (prepared as described above) and reacted at 37 °C for 2
min. AGEs formation was determined by the evaluation of fluorescent
characteristics using a spectrofluorometer at 360 nm (excitation) and
460 nm (emission). Values of AGEs inhibition were expressed as per-
centage compared to control.

2.7.4. Relative electrophoretic mobility (REM)

For determination of antiglycation potential by REM assay was used
method describe by Perera and Handuwalage.**> Sodium dodecyl sulfa-
te-polyacrylamide gel electrophoresis (SDS-PAGE) was performed using
4 % stacking gel and 12 % separation gel. Glycation reaction mixtures
were heated at 95 °C for 10 min and applied to the gel. The electro-
phoresis process was conducted for approximately 3 h and bands were
visualized after staining with Coomassie-Blue (R-250) (Sigma-Aldrich,
Brazil). Appearance and intensity of bands were compared between
samples and controls to determine antiglycation activity.

2.8. Evaluation of anti-aging activity
2.8.1. Inhibitory activity on collagenase, elastase and tyrosinase

2.8.1.1. Collagenase inhibitory activity. Collagenase inhibitory activity
was evaluated using EnzCheck® Gelatinase/Collagenase Kit (Molecular
Probes Eugen OR). PVAE was analyzed at concentrations of 10, 50, and
100 pg mLl. Treatments were performed in 96-well fluorescence
microplates, which were submitted to kinetic reading in a spectrofluo-
rometer at 495 nm (excitation) and 515 nm (emission) at 37 °C for 35
min.

2.8.1.2. Elastase inhibitory activity. Elastase inhibitory activity was
determined using the EnzCheck® Elastase Kit (Molecular Probes). PVAE
was analyzed at concentrations of 10, 50, and 100 ug mL~'. Treatments
were performed in 96-well fluorescence microplates, which were
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submitted to kinetic reading in a spectrofluorometer at 505 (excitation)
and 515 nm (emission) at 37 °C for 35 min.

2.8.1.3. Tyrosinase inhibitory activity. Tyrosinase inhibitory activity was
analyzed as described by Khatib** using a UV-Vis spectrophotometer
(Bel Photonics, Brazil). Phosphate buffer, tyrosinase, and PvAE (10, 50,
or 100 pug mL™Y) or kojic acid (70 pg mL™!) were mixed. Afterwards, L-
tyrosine solution was added to the mixture, which was incubated for 20
min. Absorbance was measured at 475 nm and results were expressed as
percentage compared to control.

2.8.2. Molecular docking analysis

The major compounds from PvAE (B-sitosterol, Hexadecanoic acid,
Meso-inositol, N-Hentriacontane, 9-Octadecenoic acid (Z)-methyl ester
and Propanoic acid) were subjected for molecular docking. Enzyme-
ligand docking was conducted for type IV collagenase (PDBid: 1QIB),
elastase (PDBid: 1ELE), and tyrosinase (PDBid: 5M8P) using GOLD
v.2020, while DNA-ligand interactions were conducted with DNA
molecule (PDBid: 2ROU) using AutoDock Vina v.1.2.0.%° Binding in-
teractions were analyzed using CHIMERA 1.8 (ref. 46) and BIOVIA
(Dassault Systemes, Discovery Studio Visualizer, version 20, San Diego:
Dassault Systemes, 2019), which were selected to generate 3D and 2D
visualization of interactions.

2.9. Statistical analysis

All results were expressed as mean + standard deviation. OriginLab
Pro® 2018 software was used for statistical analysis. Comparisons be-
tween treatments were made using one-way ANOVA, followed by
Tukey’s post-hoc test, with significance set at p < 0.05.

3. Results and discussion
3.1. HPLC analysis of PYAE

HPLC demonstrated the presence of phytoconstituents such as
B-sitosterol, Meso-inositol, N-Hentriacontane, Hexadecanoic acid, 9-
Octadecenoic acid (Z)-methyl ester, 9,12-Octadecadienoic acid methyl
ester and Propanoic acid in P. venusta extract (Table 1 and Fig. 1). These
constituents were also observed by Roy et al.,*’ Figueiredo et al.,*® and
Kusmardiyani et al.'® that reported that the antioxidant activity might
be associated with the compounds identified in PvAE.

The AgNPs formation through green synthesis promoted by the
mixture of PvAE and AgNO3 was demonstrated by the color change from
yellow brown to dark brown (Fig. 2). Efficiency of synthesis was directly
associated with parameters and conditions including AgNO3; and PvAE
concentrations, pH and temperature/time influenced on the extinction
spectra of AgNPs as shown in Fig. 3. The best parameters and conditions
for AgNPs formation were defined as 5 mM AgNOs, 0.3 mg mL ™! PvAE,
pH 10 at 30 °C for 60 min, which demonstrated peaks around 400-420
nm (Fig. 4).

The green synthesis of AgNPs using PVAE presented similar results

Table 1
Phytoconstituents identified in Pyrostegia venusta extract by HPLC.
RT Name of Compound Chemical Molecular Peak
formula weight (MW) Area (%)
5.478 B-sitosterol Ca9H500 414.71 4.952
6.432 Meso-inositol CeH1206 180.161 5.836
12.695 N-Hentriacontane C31Hea 436.851 16.358
23.473 Hexadecanoic acid C17H340, 274.20 9.645
26.878 9-Octadecenoic acid C19H3602 296.50 4.124
(Z)-methyl ester
27.872 9,12-Octadecadienoic C19H340, 294.50 6.231
acid methyl ester
36.402 Propanoic acid C3HgOo 74.08 11.458
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T el

Fig. 1. Chromatograms of P. venusta extract obtained by High Performance
Liquid Chromatography (HPLC) highlighting the presence of p-sitosterol (1),
Meso-inositol (2), N-Hentriacontane (3), Hexadecanoic acid (4), 9-Octadece-
noic acid (Z)-methyl ester (5), 9,12-Octadecadienoic acid methyl ester (6)
and Propanoic acid (7).

A B C D

Fig. 2. Change in color of solutions containing: (A) silver nitrate (AgNO3); (B)
Pyrostegia venusta aqueous extract (PVAE); (C) AgNOs; and PvAE (D) silver
nanoparticles (AgNPs) exhibiting a dark brown color that indicates
AgNPs formation.

than those observed by Bhat et al.“* obtained a dark brown solution after
the synthesis process and exhibited a characteristic extinction spectrum
for colloidal AgNPs dispersions with peaks varying from 370 to 420 nm.

3.2. AgNPs characterization

Fig. 5A presents Scanning Transmission Electron Microscopy (STEM)
image of the colloidal solution containing AgNPs synthesized using
PvAE, which shows NPs of different sizes (varying from 19 nm to 22
nm). Fig. 5B shows that AgNPs presented a mean size of 20.24 nm and a
zeta potential of —21.94 mV, which may indicate stability of the AgNPs
colloidal solution. In addition, it exhibited a polydispersity index (PDI)
of 0.6094 Molecular weight/Average molecular weight (Mw/Mn) that
was also presented in Table 2. This PDI value may suggest a variable size
of AgNPs and different forms of aggregation within the colloidal solu-
tion. Furthermore, two main peas were identified in DLS analyses, where
Peak 1 represents 74.01 % of the readings and exhibited average in-
tensity of 61.22 nm, while Peak 2 represents 24.22 % of the readings and
exhibited average intensity of 5.925 nm.

DLS analyses of the AgNPs presented spherical and polydisperse NPs
and exhibited low agglomeration between them. The mean size values
(20.24 nm) observed corroborate with those exhibited in STEM. This
result is similar to previous results observed by Bhat et al.*’ that re-
ported the formation of AgNPs through green synthesis using P. venusta
leaf extract Zanco et al.°’ also demonstrated that P. venusta leaves
ethanolic extract can be used to produce nanostructures (liposomes and
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Fig. 3. Extinction spectra of silver nanoparticles (AgNPs) formed by varying parameters, where A: Pyrostegia venusta aqueous extract (PvAE) concentration, B: silver

nitrate (AgNO3) concentration, C: pH, D: temperature/time.

350 400 450 500 550 600 650

Wavelength (nm)

Fig. 4. Extinction spectra of silver nanoparticles (AgNPs) formed under the best
parameters: 5 mM silver nitrate (AgNO3), 0.3 mg mL~! Pyrostegia venusta
aqueous extract (PvAE), pH 10, and 60 min at 30 °C.

polymeric nanoparticles). Thus, this study demonstrates that flower
extracts from P. venusta are also able to reduce metal salts to produce
nanostructured products with nanobiotechnological application.

Fig. 6 displays the FTIR spectra of PVAE and AgNPs, where several
vibrational bands associated with organic functional groups can be
identified. Notably, rounded bands appear in the ranges of 3373-3226
cm 1, 2947-2874 cm™!, 1401-1323 ecm™ !, and 1153-1125 cm ™}, cor-
responding to the stretching vibrations of alcoholic (O-H), alkane
(C-H), phenolic, and carbonyl (C-O) groups, respectively. Additionally,

the presence of a band between 1540-1520 cm ™! may be attributed to
the stretching mode of carbonyl group (C=0), which suggests the
presence of compounds such as carboxylic acids, aldehydes, esters, or
ketones.

FTIR spectra indicates the presence of organic compounds (phyto-
constituents) in the nanoparticles, supporting the successful synthesis of
AgNPs mediated by bioactive compounds of PvVAE. Therefore, FTIR
spectra corroborates with UV-vis data, providing evidence of molecular
interactions between the synthesized AgNPs and phytoconstituents,
which influence the optical properties and particle sizes of AGNPs. These
findings are in accordance with results presented by Kambale et al.,”!
who demonstrated that FTIR analysis reveals the bioreductive efficiency
of various plant extracts for the synthesis of AgNPs. Furthermore, these
spectra support UV-Vis analysis, indicating molecular interactions be-
tween the synthesized AgNPs and phytoconstituents, which influenced
optical absorption and particle size distribution of the AgNPs as well as
reported by Tesfaye et al.”” Lastly, AgNPs exhibited distinct vibrational
FTIR profiles, demonstrating the variety of compounds present on par-
ticles surface, which was also observed by Pasieczna-Patkowska et al.>”

3.3. Phytochemical compounds of PvAE and AgNPs

Table 3 exhibits total polyphenols and flavonoids content of PvAE
and AgNPs. PVAE presented the highest total polyphenols (325.78 mg
GAE g~! DW) and flavonoids (304.20 mg RE g~! DW) at the greatest
concentration (30 mg mL™1). On the other hand, AgNPs presented
132.26 mg GAE g~! DW for total polyphenols and 373.53 mg RE g ! DW
for total flavonoids.

Total polyphenols and flavonoids observed in this study corroborate
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Fig. 5. Scanning transmission electron microscopy (STEM) images of grid-dried silver nanoparticles (AgNPs) formed through green synthesis using Pyrostegia venusta
aqueous extract (PvAE) (A). Dynamic light scattering (DLS) analysis showing size distribution, zeta potential (ZP), and polydispersity index (PDI) values (B). (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 2
DLS results of silver nanoparticles (AgNPs) formed through green synthesis
using Pyrostegia venusta aqueous extract (PvAE).

with those reported in previous studies conducted by Braga et al.”’,
Chaudhary et al.'? and Darshana and Hemant"® that evaluated extracts
from different P. venusta plant parts (leaves, flowers and callus) and
observed the presence of several phenolic compounds. AgNPs presented

Analysis Mean jta‘_‘d:frd RSD  Minimum  Maximum higher flavonoids content, which is similar to results observed by Rani
cviation et al.”® and Velgosova et al.”” that described an increase in the presence
Size (nm) 20.24 0.272 1343 1973 20.72 of phytochemical compounds that may be associated with their avail-
Polydispersity 0.6094 0.006586 1.081 0.6008 0.623 ability after the process of AgNPS formation.
Index (Mw/Mn)
Peak 1 average 61.22 1.503 2.455  59.16 64.07
intensity per
area (nm)
Peak 1 area per 74.01 1.839 2484 71.93 78.07 Table 3
intensity per Total polyphenols and flavonoids content of P. venusta aqueous extract (PvAE)
area (%) and AgNPs.
Pe.a k2 average 5.925 0.9648 16.28 3.728 0.084 Treatment Concentration Total polyphenols® Total flavonoids?
intensity per 1
(mg mL™")
area (nm)
Peak 2 area per 24.22 3.608 14.90 14.41 27.97 PvAE 0.3 80.78 + 26.04a 94.87 + 7.98a
intensity per 30 325.78 + 27.32b 304.20 + 4.20b
area (%) AgNPs 0.3 + 5 mM AgNO;3 132.26 + 29.91c 373.53 + 28.17¢

Dynamic light scattering (DLS) analysis showing size distribution, zeta potential
(ZP), and polydispersity index (PDI) values (B).

12
c-0 C=0

/]

Transmitance (%)

04

Results presented as mean + standard deviation. 'mg gallic acid equivalent
(GAE) g’1 dry weight (DW); 2mg rutin equivalent (RE) g’1 DW. Equal letters
within the same column indicate no significant differences between samples by
Tukey test (p < 0.05).
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Fig. 6. Fourier transform infrared spectra (FTIR) of P. venusta aqueous extract (PvAE) and silver nanoparticles (AgNPs).
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3.4. Antioxidant activity of PvAE and AgNPs

Results of in vitro antioxidant activity tests are presented in Table 4.
PVAE exhibited 74.90 % antioxidant activity at 30 mg mL™! and it
differed from all treatments and positive control (Gallic acid) that
exhibited 87 % antioxidant activity. In FRAP test, AgNPs exhibited the
highest antioxidant activity (862.00 uM TE g1), which were significant
different from both PVAE concentrations. AgNPs also exhibited the
highest antioxidant activity among treatments in TBARS test (53.97 %
inhibition of TBARS formation), although, this result did not differ from
the antioxidant activity at the highest PVAE concentration but differed
significantly from positive control (61.80 %).

Fluorescence decay curves of PvAE and AgNPs observed in ORAC
assay are presented in Fig. 7. PVAE exhibited antioxidant potential
evaluated by fluorescence decay curves through time, although, values
were lower than positive control. However, AgNPs presented the
greatest antioxidant potential among all treatments and positive control.

The inhibitor effects of PVAE and AgNPs on hemolysis of human
erythrocytes induced by AAPH through time are presented in Fig. 8.
Both PVAE and AgNPs demonstrated hemolysis inhibitory activity dur-
ing the period of evaluation, although AgNPs exhibited the highest he-
molysis inhibition (85.36 %), which was the greatest at the 6th hour of
incubation.

3.5. Antiglycation activity of PvAE and AgNPs

Antiglycation activity of PVAE and AgNPs on BSA exposed to ribose
are presented in Fig. 9. Fig. 9A demonstrates the percentage of free
amino groups, which was the highest in BSA exposed to ribose and
treated with AgNPs (35.41 %), although, it was significantly higher than
BSA exposed to ribose and treated with PvAE and lower than positive
control (BSA exposed to ribose and treated with AMG). Similarly, BSA
exposed to ribose and treated with AgNPs presented the highest inhi-
bition of AGEs formation (85.44 %); however, this value did not differ
statistically from BSA exposed to ribose treated with PvAE at 30 mg
mL~! (79.23) or positive control (BSA exposed to ribose and treated with
AMG) as shown in Fig. 9B.

Electrophoretic profiles of BSA (1), BSA + Ribose (2), BSA + Ribose
+ AMG (3), BSA + Ribose + PVAE (30.0 mg mL ™D (4), and BSA +
Ribose + AgNPs (5) are presented in Fig. 10. Band 2 showed a charac-
teristic protein degradation promoted by BSA exposure to ribose, while
Bands 3, 4, and 5 presented an inhibition of this degradation process,
which demonstrates antiglycation activity of these samples. The highest
antiglycation activity was observed on BSA exposed to ribose and
treated with PvAE (Band 4) showing similar intense blue color and wide

Table 4

Antioxidant activity of P. venusta aqueous extract (PvAE), silver nitrate (AgNO3),
AgNPs synthesized using PVAE, and positive controls (Gallic acid for DPPH test
and Trolox for TBARS test).

Treatment Concentration DPPH! FRAP? TBARS®
(mg mL’l)
PVAE 0.3 60.84 + 282.00 + 35.96 +
0.36a 1.68a 7.96a
30 74.90 + 745.67 + 50.61 +
0.73b 16.79b 3.31b
AgNO3 5 mM — - —
AgNPs 0.3 + 5mM 67.60 + 862.00 & 53.97 +
AgNO3 0.90c 29.42c 5.03b
Gallicacid  0.10 87.00 + ND ND
0.24d
Trolox 0.14 ND ND 61.80 +
0.38¢

Results presented as mean =+ standard deviation. ND: not determined. %
Antioxidant activity, 2yM Trolox equivalent (TE) g~ and 3% inhibition of
TBARS formation. Equal letters within the same column indicate no significant
differences between samples by Tukey test (p < 0.05).
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Fig. 7. Fluorescence decay curves obtained by ORAC assay of P. venusta
aqueous extract (PvAE) at 0.3 or 30 mg mL’l, silver nanoparticles (AgNPs),
negative control (NC) and positive control (PC — Trolox). Fluorescence values
were read from O to 90 min.
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Fig. 8. Inhibitory effects of Pyrostegia venusta aqueous extract (PvAE) and silver
nanoparticles (AgNPs) on the hemolysis of human erythrocytes induced by
AAPH. Treatments were evaluated after 3, 4, 5 and 6 h of incubation and values
are expressed as mean + standard error. Equal letters within the same period
indicate no significant differences among samples by Tukey test (p < 0.05).

band from BSA alone (Band 1). On the other hand, BSA exposed to ribose
and treated with AgNPs (Band 5) showed antiglycation activity similar
to negative control (Band 3), indicating AgNPs exhibits comparable ef-
fect to a known antiglycation agent (AMG).

Natural products have been studied for their bioactive compounds
and their ability to inhibit glycation, which can suppress inflammatory
response, reduce oxidative stress, and consequently work as an effective
strategy to delay human aging and prevent the development of different
diseases °®. In this study, PvAE and AgNPs exhibited antiglycation ac-
tivity in REM assay that may be associated with amino groups that were
prevented from reacting with the reducing sugar and inhibition of AGEs
formation.

3.6. Anti-aging activity of PVAE

3.6.1. Inhibitory activity on collagenase, elastase and tyrosinase

Results of inhibitory activity of PVAE at different concentrations (10,
50 or 100 ug mL™1) on collagenase, elastase, and tyrosinase are pre-
sented in Fig. 11. PVAE exhibited inhibitory activity in a concentration-
dependent manner and the greatest action was observed at the highest
concentration, although results were significantly different from posi-
tive control (PC) and other concentrations. PVAE presented 63.14 %
collagenase inhibition (Fig. 11A), 78.47 % elastase inhibition (Fig. 11B),
and 73.26 % tyrosinase inhibition (Fig. 11C).

Collagen and elastin are extracellular matrix biomolecules that are
essential to maintain flexibility, elasticity, and strength of skin. Both
biomolecules are rapidly degraded and cleaved during cell ageing due to
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Fig. 9. Antiglycation activity of Aminoguanidine (AMG), Pyrostegia venusta aqueous extract (PvAE) at different concentrations (0.3 or 30 mg mL™") or silver
nanoparticles (AgNPs) on bovine serum albumin (BSA) exposed to ribose (RIB) in the evaluation of free amino groups (A) and inhibition of advanced glycation end-
products (AGEs) formation (B). Values followed by equal letters do not show significant difference by Tukey test (p < 0.05).
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Fig. 10. Antiglycation activity evaluated by Relative electrophoretic mobility
(REM), where: 1 = BSA; 2 = BSA + Ribose; 3 = BSA + Ribose + Amino-
guanidine (AMG); 4 = BSA + Ribose + Pyrostegia venusta aqueous extract
(PvAE) (30 mg mL™1), and 5 = BSA + Ribose + Silver nanoparticles (AgNPs).

overexpression of metalloproteinases such as collagenase and elastase.
In addition, these enzymes can stimulate other metalloproteinases
leading to an accelerated degradation of various tissue and organs.””
Considering that, the inhibition of collagenase and elastase promoted by
PvAE would be beneficial to avoid premature aging and degradation of
biomolecules from the extracellular matrix. On the other hand, melanin
is a large group of pigments produced by melanocytes that are derived
from tyrosine. Tyrosinase is a copper-containing metalloenzyme that
mediates the transformation of tyrosine into 3,4-hihydroxyphenylala-
nine (DOPA) via hydroxylation, which is oxidized to produce DOPA
quinone, a melanin precursor. Overproduction of melanin results in

hyperpigmentation and is strongly related to aging and cellular senes-
cence.”? In the present study, it is possible to observe the inhibition of
tyrosinase promoted by PVAE and this activity may be associated with a
reduction in damage caused by hyperpigmentation. Similar studies
carried out by Abdelfattah et al.,”” Figueiredo et al.*® and Bras et al.®®
showed that plant extracts and their active compounds have inhibitory
activity on enzymes correlated with premature ageing, including colla-
genase, elastase, and tyrosinase.

3.6.2. Molecular docking analysis

Enzyme-ligand docking was performed using f-sitosterol, Meso-
inositol, N-Hentriacontane, Hexadecanoic acid, 9-Octadecenoic acid
(Z)-methyl ester or Propanoic acid to identify their potential to bind
collagenase, elastase or tyrosinase (Table 5). Best score hits were
selected for each ligand, in which N-Hentriacontane exhibited the best
docking scores for Collagenase (94.8267), Elastase (79.3796) and
Tyrosinase (90.3285).

3D and 2D visualizations of interactions between ligand with best
score (N-Hentriacontane) and enzymes (Collagenase, Elastase or
Tyrosinase) are shown in Fig. 11. N-Hentriacontane presented bonds
with residues Tyrl55, Phel68, His166, Alal65, Leul63, His201,
Pro221, Val 198, Glu202, Tyr223, Leu218, Phe232, Thr 229, Arg233,
and Asn 231 from Collagenase (Fig. 12A). It exhibited bonds with resi-
dues GInl55, Leul56, Asnl53, Leul49, Trpl79, Phe223, Gln200,
Val224, Ser225, Thr182, Arg226, and Leu227 from Elastase (Fig. 12B).
N-Hentriacontane demonstrated bonds with residues Asn318, Arg321,
Ala320, Thr391, GIn390, His392, Tyr348, Vall96, Gly209, GIn78,
Val211, Pro431, Ile432, Glu216, His215, Tyr79, Asp212, and Glu210
from Tyrosinase (Fig. 12C). Similarly, 3D and 2D visualizations of the
interaction between ligand with best score (p-sitosterol) and DNA are
shown in Fig. 13. f —Sitosterol exhibited two hydrophobic interactions
of the Pi-Alkyl type demonstrated by doted magenta lines.

According to Peluso and Chankvetadze,®' molecular docking is
considered a technique to investigate interactions between ligands and
target molecules. Molecular docking analysis of the phytoconstituents of
PVAE predicted that these compounds interacted with enzymes or DNA.
Abdelfattah et al.>® demonstrated similar results observing interactions
between different flavonoids from Warburgia salutaris and elastase,
collagenase or tyrosinase, and correlating these interactions with
enzyme inhibitory activity evaluated by molecular modeling. Studies
performed by Figueiredo et al.*® and Bras et al.®’ also demonstrated a
correlation between the predicted interaction between phytocon-
stituents and enzymes and the enzyme inhibitory activity of these
compounds, which corroborates with the findings of the present study.

Molecular docking has been used to elucidate binding properties of
flavonoids and DNA molecules as reported in studies carried out by Mudi
et al.°%. The structure-affinity relationship is the interdependency be-
tween ligand structures and DNA binding affinity (i.e. DNA-ligand fit),
which represents the energy required in the binding process. The
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Fig. 11. Inhibitory activity of Pyrostegia venusta aqueous extract (PvAE) at different concentrations (10, 50 or 100 ug mL™*) and positive control (PC) on Colla-

genase (A), Elastase (B) and Tyrosinase (C).

Table 5
Best score hits for each ligand to enzymes (Collagenase, Elastase, Tyrosinase)
and DNA.

Ligands CHEMPLP Affinity
. (kcal/mol)

Collagenase  Elastase Tyrosinase DNA
B —sitosterol 68.5018 61.1462 50.0249 —-6.3"
Meso-inositol 47.8628 33.8440 59.5883 -5.0
N-Hentriacontane 94.8267" 79.3796°  90.3285" -5.2
Hexadecanoic acid 74.5206 63.3311 73.2994 -3.2
9-Octadecenoic acid 77.3199 67.1442 70.0797 -2.8

(Z)-methyl ester

Propanoic acid 26.6214 26.1646 40.3164 -3.3

2 Best scores.

molecular docking analyses conducted in the present study made it
possible to verify the highest DNA binding affinity. These results indi-
cate the potential of PVAE to interact and act in both pre- and post-
transcriptional regulations.

The present study highlights the importance of investigating PvAE
and the application of green synthesis method to obtain AgNPs from the
bioreduction of silver promoted by active compounds, mainly phenolic
compounds, extracted from P. venusta. Antioxidant, antiglycation and
anti-ageing activities of both the PVAE and AgNPs were evaluated in
addition to the in vitro anti-aging and in silico evaluations. Thus, results
represent an important indicator for the development and discovery of
new pharmaceutical and cosmetic formulations based on natural prod-
ucts. Besides, this study demonstrated the possibilities of the application
of computational approaches, which would provide information
regarding the potential of PvAE compounds for the treatment and

prevention of diseases associated with aging and oxidative stress.
Therefore, these data stimulate new studies about P. venusta focused on
the value of this species for pharmacological, cosmetical and nutritional
purposes, guaranteeing environmental and cultural benefits.

4. Conclusion

The data obtained in the present study suggests that P. venusta
aqueous extract (PvAE) acts in the bioreduction and stabilization of
silver ions for the green synthesis of silver nanoparticles (AgNPs). In
addition, both PvAE and AgNPs showed protective properties against
oxidative stress and protein glycation, and inhibited the activity of
different enzymes (collagenase, elastase and tyrosinase). These results
indicate that the main phenolic compounds found in P. venusta
(B-sitosterol, Meso-inositol, N-Hentriacontane, Hexadecanoic acid, 9-
Octadecenoic acid, (Z)-Methyl ester and Propanoic acid) may be
responsible for these activities. Molecular docking analyses showed the
predicted interactions between phytoconstituents of P. venusta and en-
zymes, or DNA and these data demonstrated compatibility with exper-
imental data. The present study highlights P. venusta and suggests that
further studies are needed to analyze the extracts by different methods
and evaluate possible applications of these AgNPs in food, pharmaceu-
tical and cosmetic industries.
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