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Background: Viral and microbial infections constitute one of the most important life-threatening
problems. The emergence of new viral and bacterial infectious diseases increases the demand for
new therapeutic drugs.
Purpose: The objective of this study was to use the aqueous and hexane extracts of Lampranthus
coccineus and Malephora lutea F. Aizoaceae for the synthesis of silver nanoparticles, and to
investigate its possible antiviral activity. In addition to the investigation of the phytochemical
composition of the crude methanolic extracts of the two plants through UPLC-MS metabolomic
proﬁling, and it was followed by molecular docking in order to explore the chemical compounds
that might contribute to the antiviral potential.
Methods: The formation of SNPs was further conﬁrmed using a transmission electron microscope
(TEM), UV-Visible spectroscopy and Fourier transform infrared spectroscopy. The antiviral activity
of the synthesized nanoparticles was evaluated using MTT assay against HSV-1, HAV-10 virus and
Coxsackie B4 virus. Metabolomics proﬁling was performed using UPLC-MS and molecular
docking was performed via Autodock4 and visualization was done using the Discovery studio.
Results: The early signs of SNPs synthesis were detected by a color change from yellow to
reddish brown color. The TEM analysis of SNPs showed spherical nanoparticles with mean size
ranges between 10.12 nm to 27.89 nm, and 8.91 nm 14.48 nm for Lampranthus coccineus and
Malephora lutea aqueous and hexane extracts respectively. The UV-Visible spectrophotometric
analysis showed an absorption peak at λmax of 417 nm.The green synthesized SNPs of L.
coccineus and M. lutea showed remarkable antiviral activity against HSV-1, HAV-10, and
CoxB4 virus. Metabolomics proﬁling of the methanolic extract of L. coccineus and M. lutea
resulted in identifying 12 compounds. The docking study predicted the patterns of interactions
between the compounds of L. coccineus and M. lutea with herpes simplex thymidine kinase,
hepatitis A 3c proteinase, and Coxsackievirus B4 3c protease, which was similar to those of the
co-crystal inhibitors and this can provide a supposed explanation for the antiviral activity of the
aqueous and nano extracts of L. coccineus and M. lutea.
Conclusion: These results highlight that SNPs of L. coccineus and M. lutea could have
antiviral activity against HSV-1, HAV-10, and CoxB4 virus.
Keywords: silver nanoparticles, antiviral, metabolomics proﬁling, Lampranthus coccineus,
Malephora lutea

Introduction
Nanotechnology was developed for more than two decades, and this unique technology attracted the interest of scientists around the world.1 Nanoparticles are
deﬁned as particles with dimensions <100 nm and have attracted much attention
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due to their unique properties. Their physical (eg, plasmonic resonance, ﬂuorescent enhancement) and chemical (eg,
catalytic activity enhancement) properties derived from the
high quantity of surface atoms and the high area/volume
relation, as their diameter decreases, their surface area
increases dramatically and as a consequence there is an
increase over the original properties of their bulk
materials.2 Silver nanoparticles (SNPs) are one of the
most successful symbols of noble nanoparticles that are
being applied in many areas of life including food packaging, water ﬁlter, cosmetics, and therapeutic applications,
eg, bio-labeling, bio-sensing, tumor imaging, and drug
delivery.3–6 SNPs have not only revealed unique properties
of metallic nanoparticles but also had high antimicrobial
activity, so they have been paid special attention of scientists and technologists for the development of different
products against infectious pathogens.7–9 Many research
articles have demonstrated that SNPs are an effective
biocidal agent against a wide range of Gram-negative
and Gram-positive bacteria, even multidrug-resistant bacteria and fungal pathogens.7–12 Shanmuganathan et al13
proved the antimicrobial efﬁcacies of the unconjugated
SNPs and ceftriaxone-conjugated SNPs against ceftriaxone-resistant human pathogens, eg, Bacillus cereus,
Staphylococcus aureus, Klebsiella pneumoniae, and
Pseudomonas aeruginosa, the ceftriaxone-conjugated
SNPs showed high inhibitory action than the unconjugated
SNPs. However, many important approaches studied the
antimicrobial effect of green synthesized SNPs using marine organisms, eg, Pugazhendhi et al14 studied the effect of
SNPs synthesized from the red algae Gelidium amansii
against pathogenic Gram-positive bacteria: S. aureus,
Bacillus
pumilus,
and
Gram-negative
bacteria:
Escherichia coli, P. aeruginosa, Vibrio parahaemolyticus,
Aeromonas hydrophila, which reduced the bacterial
growth via exerting a bactericidal activity against the
Gram-positive and Gram-negative bacterial pathogens.
Also, Saravanan et al15 reported the formation of SNPs
using the fungus Phenerochaete chrysosporium that exhibited remarkable bactericidal activity against synthesized P.
aeruginosa, Klebsiella pneumonia, S. aureus, and
Staphylococcus epidermidis at a high dose.16 Chitosan/
cobalt-silica (Co-MCM) nanocomposites represent a new
form of nanoparticles used for adsorption of various dyes
like methyl orange, acridine orange, indigo carmine, and
congo red and have high antibacterial potential against
Gram-positive and Gram-negative bacteria as well as
multi-drug resistant bacteria.17–19 Also, Chitosan/CuO
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nanocomposite spheres have the ability to adsorb pollutants from water containing dyes and can inhibit the
growth of P. aeruginosa.20–22 Kavitha et al23 synthesized
cobaltosic oxide nanoparticles (Co3O4NPs) through a
novel method and investigated its antibacterial activity
along with the possible antibacterial activity against E.
coli, where Co3O4NPs synthesized by one-step residue
free in-situ thermal decomposition and Co3O4NPs were
found to be highly efﬁcient in killing E. coli via cell wall
deterioration, which was evidenced by ﬁeld emission scanning electron microscopy. The potent antibacterial activity
of Co3O4NPs was found to be due to the electrostatic
attraction between the bacterial cell and Co3O4NPs and
further production of reactive oxygen species production
by Co3O4NPs, which leads to intracellular oxidative stress
and cell death.
In addition to the antimicrobial activity of nanoparticles,
it is well known that nanoparticles opened a new ﬁeld of
nanomedicine in cancer therapy, where the structural and
physical properties of SNPs give them a unique power for
targeting and penetrating the abnormal cancer cell. As they
can penetrate the abnormal cells causing DNA damage and
determine defects in the genes.24 SNPs can also aid in drug
delivery, imaging of abnormal cells, and monitoring of
therapeutic drugs against cancer.24 The SNPs synthesized
from the root extract of Phoenix dactylifera was found to
control the growth of Candida albicans and E. coli on solid
nutrient medium, and importantly SNPs were also found to
decrease the cell viability of MCF-7 cell line and could act
as a controller for human breast cancer.25 All the previous
studies showed that SNPs have multifunctioning properties
and can be used as a therapeutic agent against cancer and
infectious diseases.25 Recently the green synthesis of SNPs
using seaweeds gained high research attention and also
gained a high concern in the biomedical applications.
Ramkumar et al26 used the extract of the seaweed
Enteromorpha compressa to synthesize and stabilize the
nanoparticles, and the synthesized SNPs showed efﬁcient
bactericidal activity against ﬁve human bacterial pathogens:
E. coli, K. pneumoniae, Pseudomonas sp., S. aureus, and
Salmonella paratyphi and fungal pathogens: Aspergillus
ﬂavus, A. niger, A. ochraceus, A. terreus, and Fusarium
moniliforme. It also showed adequate cytotoxic activity
against Ehrlich ascites carcinoma. It has been also reported
that the SNPs synthesized using Argyreia nervosa leaves
extract displayed strong antibacterial activity against foodborne bacteria, E. coli, and S. aureus, as well as antidiabetic
and antioxidant potential.27
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Concerning the antiviral activity of SNPs and their
mechanism of action are not yet fully understood, very few
studies have been found to investigate their activity against
different viruses.28,29 And although green synthesis of nanoparticles has attracted great attention in the last few decades,
there is a lack of biological studies concerning the biological
activity of the green synthesized SNPs from Lampranthus
coccineus and Malephora lutea. Our approach is novel due to
it aims to investigate and compare the possible antiviral
activity of the aqueous and hexane extracts of L. coccineus
and M. lutea, along with investigating the phytochemical
composition of the crude methanolic extracts of the two
plants through UPLC-MS metabolomic proﬁling, followed
by molecular docking in order to explore the chemical compounds that might contribute to the antiviral potential.

Materials and methods
Plant material
The aerial parts of L. coccineus and M. lutea were collected in September 2016 from Engineer Ahmed Helal
farm, Sheikh Zayed, Cairo, Egypt, and authenticated by
senior botanist Mrs Therris Labib head specialist for plant
identiﬁcation at El-Orman botanical garden, Giza, Egypt.
The two plants were washed with tap water at ﬁrst, then
surface washed with distilled water until no impurities
remained. The clean aerial parts were shade dried for 20
days at room temperature to remove moisture. The dried
aerial parts were pulverized in a clean electric blender to
obtain a ﬁne powder and stored in an airtight, amber glass
bottle to avoid sunlight for further use.

Chemicals
All the reagents purchased were of analytical grade and
used without any further puriﬁcation. Silver nitrate
(AgNO3) was purchased from Sigma-Aldrich, Germany
with ≥99.5%. Hexane, dimethylsulfoxide (DMSO), and
anhydrous sodium sulfate were purchased from Al-Nasr
Company for chemical industries for the preparation of
hexane extracts, and distilled water was used for the preparation of aqueous extracts all over the experiments.
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the biosynthesis of SNPs, the aqueous extract is added to 1
mM silver nitrate in the ratio 2:10 and kept in a water bath
for 10 mins at 60°C.30

Synthesis of SNPs using hexane plant extract
The air-dried powder of L. coccineus and M. lutea aerial
parts (100 g) was soaked in methanol and subsequently
extracted with equal volumes of methanol (3×80 mL), the
methanolic extract is ﬁltered and evaporated on the rotary
evaporator, Buchi, A.G., Switzerland. The dried methanol
extracts of L. coccineus and M. lutea was then suspended
in water and successively partitioned with equal volumes
of n-hexane (3×50 mL). The hexane fraction was pooled
and dried over anhydrous sodium sulfate, and the evaporated using rotary evaporator. SNPs were synthesized by
adding 3 mL of 0.1% hexane fraction of L. coccineus and
M. lutea in DMSO to 100 mL of 1 mM silver nitrate at
room temperature.31

Metabolomic proﬁling of L. coccineus and M. lutea
extracts
Metabolomic proﬁling was performed on methanolic
extracts of L. coccineus and M. lutea according to
Abdelmohsen et al32–34 on an Acquity Ultra Performance
Liquid Chromatography system coupled to a Synapt G2
HDMS quadrupole time-of-ﬂight hybrid mass spectrometer
(Waters, Milford, USA). Chromatographic separation was
carried out on a BEH C18 column (2.1×100 mm, 1.7 μm
particle size; Waters, Milford, USA) with a guard column
(2.1×5 mm, 1.7 μm particle size) and a linear binary solvent
gradient of 0–100% eluent B over 6 mins at a ﬂow rate of 0.3
mL min−1, using 0.1% formic acid in water (v/v) as solvent A
and acetonitrile as solvent B. The injection volume was 2 μL
and the column temperature was 40°C. To convert the raw
data into separate positive and negative ionization ﬁles,
MSConvert software was used. The ﬁles were then imported
to the data mining software MZmine 2.10 for peak picking,
deconvolution, deisotoping, alignment and formula prediction 11. The database used for the identiﬁcation of compounds was the Dictionary of Natural Products 2015.

Antiviral activity
Synthesis of SNPs
Synthesis of SNPs using aqueous plant extract
SNPs were synthesized by macerating 10 g of the air-dried
powder of L. coccineus and M. lutea aerial parts in 100
mL distilled water in a water bath at 60°C for 30 mins.
Then, extract is ﬁltered by Whatman no. 1 ﬁlter paper. For
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Antiviral activity was evaluated using MTT assay according to (Sethi, 2016; Andrighetti-Fröhner et al, 2003).35,36

VERO cells
VERO cells were purchased from Vacsera Research
Foundation, Agouza, Giza, Egypt.
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Determination of samples cytotoxicity on
VERO cells
Different concentration from the tested samples were prepared, growth medium was decanted from 96-well microtiter
plates after conﬂuent sheet of VERO cell was formed, cell
monolayer was washed twice with wash media, double-fold
dilutions of tested sample was made in minimum essential
media, 0.1 mL of each dilution was tested in different wells
leaving three wells as control, receiving only maintenance
medium, plate was incubated at 37°C and examined frequently for up to 2 days. Cells were checked for any physical
signs of toxicity, eg, partial or complete loss of the monolayer, rounding, shrinkage, or cell granulation.
MTT solution was prepared as 5 mg/mL in PBS (BIO
BASIC CANADA INC). 20 µL MTT solution was added to
each well, then placed on a shaking table, 150 rpm for 5 mins,
to thoroughly mix the MTT into the media. Incubated at (37°
C, 5% CO2) for 1–5 hrs to allow the MTT to be metabolized,
then dump off the media is done (dry plate on paper towels to
remove residue if necessary). And formazan is re-suspended in
200 µL DMSO, placed on a shaking table, 150 rpm for 5 mins,
to thoroughly mix the formazan into the solvent. The optical
density is determined at 560 nm and the background is subtracted at 620 nm. Optical density should be directly correlated
with cell quantity. The maximum non toxic concentration
(MNTC) of each extract was determined and was used for
further biological studies (Table S2 and Figure S2).35,36

for 5 mins, to thoroughly mix the formazan into the solvent.
The optical density is determined at 560 nm and the background is subtracted at 620 nm. Optical density should be
directly correlated with cell quantity.35,36

Characterization of the synthesized SNPs
by TEM
A drop of the SNPs solution was placed on a copper grid and
coated with carbon support ﬁlm. After drying, the shape and
size of SNPs were analyzed using Transmission Electron
Microscope (TEM) Jeol model JEM-1010, USA at The
Regional Center for Mycology and Biotechnology, AlAzhar University, Cairo, Egypt.

Characterization of the synthesized SNPs
by UV-visible spectrometer and Fourier
transform infrared spectroscopy (FTIR)
The formation of SNPs was monitored by measuring the
UV–Vis spectrum of the reaction medium using a double
beam V-630 spectrophotometer, Jasco, Japan, at the wavelength range from 200 to 600 nm at the Faculty of
Pharmacy, Ain-Shams University, Cairo, Egypt.
FTIR-8400S, IR Prestige-21, IR Afﬁnity-1, Shimadzu,
Japan at Faculty of Pharmacy, Cairo University, Cairo,
Egypt, was used for characterization of the functional
group attached to the surface of SNPs.

Molecular docking
MTT assay protocol
The antiviral activity was evaluated using MTT assay 10,000
cells plated in 200 µL media per well in a 96-well plate.
Three wells are left empty for blank controls, incubated at
(37°C, 5% CO2) overnight to allow the cells to attach to the
wells, then incubated equal volume (1:1 v/v) of nonlethal
dilution of the tested sample and the virus suspension for 1 hr,
100 µL are added from viral/ sample suspension, placed on a
shaking table at 150 rpm for 5 mins. The viral/sample suspension is incubated at (37ºC, 5% CO2) for 1 day to allow the
virus to take effect. 2 mL or more of MTT solution per 96well plates at 5 mg/mL are made in PBS, the 20 µL MTT
solution is added to each well, placed on a shaking table at
150 rpm for 5 mins, to thoroughly mix the MTT into the
media. After that the plate is incubated at (37°C, 5% CO2) for
1–5 hrs to allow the MTT to be metabolized, then the media
is dumped off (dry plate on paper towels to remove residue if
necessary). Formazan (MTT metabolic product) is re-suspended in 200 µL DMSO, placed on a shaking table, 150 rpm
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Three crystal structures were selected to study the antiviral activity of the compounds from the extract. The
ﬁrst crystal structure (PDB ID: 1KI2) is for the thymidine kinase of herpes simplex virus type I, which is a
phosphotransferase enzyme involved in DNA synthesis
and cell division. The active site in the 1KI2 crystal was
deﬁned according to the co-crystallized thymidine
kinase inhibitor named Ganciclovir. The second crystal
structure (PDB ID: 1QA7) is for 3C proteinase of hepatitis A virus with a co-crystallized inhibitor that was
used to deﬁne the active site. The third crystal structure
(PDB ID: 2ZU3) is for the 3c protease of coxsackievirus
B4, which is essential for protein catabolism. The binding site for 2ZU3 was deﬁned via a co-crystallized
inhibitor, TG-0204998. Hence, three docking sites were
used to study the binding patterns and afﬁnities of the
ligands. In all dockings, a grid box of dimensions 50
grid points and spacing 0.375 was centered on the given
co-crystallized ligand. Four conformations were
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generated for each ligand using OpenBabel, and docking
was performed via Autodock4 implementing 100 steps
of the genetic algorithm while keeping all the default
settings provided by Autodock Tools. Visualization was
done using the Discovery studio.

Results and discussion
Synthesis and characterization of SNPs
The aqueous and hexane extracts of L. coccineus and M.
lutea were treated with 1 mM AgNO3 which resulted in
changing the color of the aqueous and hexane extracts to
reddish-brown which is the early sign for SNPs formation
as shown in (Figure S1).

TEM characterization of the synthesized
SNPs
The TEM analysis of SNPs of L. coccineus aqueous and hexane
nano extracts showed spherical nanoparticles with mean size
ranges between 10.12 and 27.89 nm, and for M. lutea the mean
size ranges between 8.91 and 14.48 nm (Figure 1A–D).

UV-visible and FTIR characterization of
the synthesized SNPs of L. coccineus and
M. lutea aqueous and hexane extracts
The formation of SNPs was monitored by measuring the
UV-Vis spectrum of the reaction medium in the wavelength
range from 200 to 600 nm. SNPs were synthesized by

10.43 nm
24.56 nm
12.31 nm
10.12 nm

15.45 nm
18.12 nm

12.34 nm

11.63 nm
14.78 nm
27.89 nm

12.60 nm
14.48 nm

8.59 nm
11.01 nm

11.34 nm
13.05 nm
11.05 nm

16.31 nm

10.12 nm
8.91 nm

Figure 1 TEM photos for shape and size of produced SNPs of (A) aqueous extract of Lampranthus coccineus, (B) hexane extract of Lampranthus coccineus, (C) aqueous
extract of Malephora lutea, (D) hexane extract of Malephora lutea.
Abbreviations: TEM, transmission electron microscope; SNPs, silver nanoparticles.

International Journal of Nanomedicine 2019:14

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

6221

Dovepress

Haggag et al

4
L. coccineus hexane extract with AgNO3
M. lutea hexane extract with AgNO3
3

L. coccineus aqueous extract with AgNO3
M. Lutea aqueous extract with AgNO3

2

Abs
1

0
200

300

400

500

600

Figure 2 UV-Vis spectral analysis and color intensity of the biosynthesized SNPs of Lampranthus coccineus and Malephora lutea aqueous and hexane extract with AgNO3.

Figure 3 FTIR spectra after synthesis of nanoparticles of (A) Lampranthus coccineus aqueous extract, (B) Lampranthus coccineus hexane extract, (C) Malephora lutea aqueous
extract, (D) Malephora lutea hexane extract.
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adding 2 mL of the aqueous extracts of L. coccineus and M.
lutea to 10 mL 1 mM of silver nitrate, and 0.3 mL of 0.1%
hexane plant extract in DMSO to 10 mL of 1 mM silver,
then the formed nanoparticles were analyzed by UV spectra. An absorbance band was observed at 417 nm, which are
similar to those reported in the literature.37 Mainly L. coccineus and M. lutea aqueous and hexane extracts showed
absorbance peak at 417 nm, which conﬁrms the formation
of SNPs (Figure 2).
FTIR is used to characterize the functional groups
attached to the surface of the nano metal particles, and it
can identify the biomolecules responsible for capping and
efﬁcient stabilization of the metal nanoparticles.38
FTIR spectrum shows different major peak positions at
3,572.17, 3,421.72, 3,414, 3,390.86, 2,083.12, 1,913.39,
1,643.35, 1,635.64, 1,392.61, 1,284.59, 1,222.87, 1,246.02,
1,222.87, 1076.28, 505.35, 470.63, 450.06, 435.91 and
428.20 cm−1 (Figure 3A–D).
The peaks in the range of 3,200–3,500 cm−1 were assigned
as –OH stretching in alcohols and phenolic compounds with
strong hydrogen bonds and stretching of the N-H group also

Phoenic anthusine

Chlorogenic acid

Acronydine

Sopharzrine

emerged in this range. The peak in the range 2,083.12 cm−1 is
relevant to triple bond stretching. The FTIR peak in the range
of 1,643.35 cm−1 indicates the C=O bond of the carbonyl
group, C=C bond stretching and the stretching vibrations of
amides also emerged in this range, while the peak in the range
1,392.61 cm−1 indicates the presence of a tertiary amide, C-N
stretching and N-H bending. FTIR peaks appeared in the range
1,300–1,199.72 cm−1 is relevant to C-O stretching, 1,068.56–
1,060.85 cm−1 demonstrates the presence of C-N aliphatic
bond stretch, while the peaks in the range 505.35 cm−1 demonstrate bromo alkanes and the peaks in the range 482.20–428.20
cm−1 demonstrate alkyl halides bond stretch.39
The observed peaks are mainly attributed to alkaloids,
terpenoids, ﬂavonoids, glycosides, phenols, tannins, with
functional groups such as ketone, aldehyde, hydroxyl
group, and others. The presence of these groups increases
the stability of the nanoparticles.40
These metabolites prevent clotting and pairing of the nanoparticles. The similarity between the spectra with some marginal shifts in peak position clearly indicates the presence of
the residual plant extract in the sample as a capping agent to the

Cryptostyline I,(ξ)-1,
2,3,4-T etrad ehvdro

Uvarindole E

5,6-E poxy-7-megastigmene-3,9diol;(3,5,6E,7,9)-from,9ketone,3-sulfate

3,7-Dimethy1-1-octanol;
(R)-form,4methylbenzesulfony1

Luteoline-7-O-glucoside

Histamine;N0-(2-hydroxy4-oxod ecanoyI)

1-Dodecanol;4methylbenzenesulfony1

Cinchonamine

Figure 4 Compounds identiﬁed and dereplicated from the methanolic extract of Lampranthus coccineus and Malephora lutea.
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Table 1 Cytotoxic effect of Lampranthus coccineus and Malephora lutea extracts on HAV-10, HSV-1, and CoxB4 virus
Tested extract

HAV-10 virus

HSV-1 virus

CoxB4 virus

IC50 (µg/mL)

IC50 (µg/mL)

IC50 (µg/mL)

AgNO3

NA

5.28

NA

Lampranthus coccineus aqueous nano extract

NA

520.6

NA

Lampranthus coccineus hexane nano extract
Malephora lutea hexane extract

11.71
NA

36.36
NA

12.74
46.44

Malephora lutea hexane nano extract

31.38

NA

29.04

Abbreviation: NA, no activity.

SNPs. Therefore, it may be inferred that these biomolecules are
responsible for the capping and efﬁcient stabilization of
synthesized nanoparticles.

Metabolomic proﬁling of the crude
methanolic extracts of L. coccineus and M.
lutea
Dereplication of the secondary metabolites from the crude
methanolic extract of L. coccineus and M. lutea resulted in
the identiﬁcation of different classes of compounds. The negative mode has the majority of the identiﬁed compounds and
revealed the presence of various alkaloids, ﬂavonoids, and
phenolic compounds (Table S1 and Figure 4).

Antiviral activity
In order to ensure that the tested SNPs concentrations are
not toxic, cytotoxicity of nanoparticles was assessed on

Effect of HAV-10 vero cells

Control vero cell

A

11.71 ug/ml

E

VERO cell using MTT assay. The maximum non toxic
concentration (MNTC) of AgNO3 is 5.28 µg/mL, L. coccineus and M. lutea aqueous extracts 781.2 and 390.6 µg/
mL, respectively, while the MNTC of the aqueous nano
extracts of L. coccineus and M. lutea is 520.6 and 260.3
µg/mL. For the hexane extract of L. coccineus and M.
lutea, the MNTC is 750 µg/mL, while for the nano hexane
extracts it is 46.87 µg/mL for L. coccineus and M. lutea.
Using MTT antiviral assay protocol, the antiviral and cytotoxicity of the samples on HAV-10, HSV-1, and CoxB4 viruses
were studied. The hexane nano extract of L. coccineus showed
high antiviral activity against the HAV-10 virus with IC50 equal
to 11.71 ng/mL, HSV-1 virus with IC50 equal to 36.36 µg/mL
and CoxB4 virus with IC50 equal to 12.74 µg/mL. The aqueous
nano extract of L. coccineus showed weak antiviral activity
against HSV-1 with IC50 equal to 520.6 µg/mL and showed no
antiviral activity against HAV-10, and CoxB4 viruses. The

Effect of HAV-1 on vero cells

B

31.38 ug/ml

D

C

36.36 ug/ml

F

Effect of COXB4 on vero cells

G

12.74ug/ml

H

Figure 5 (A) Control Vero cell, (B) effect of HAV-10 virus on Vero cell, (C) effect of HSV-1 virus on Vero cell, (D) effect of COXB4 virus on Vero cell, (E) effect of Lampranthus
coccineus hexane nano extract against HAV-10 virus (11.71 µg/mL), (F) effect of Malephora lutea hexane nano extract against HAV-10 virus (31.38 µg/mL), (G) effect of Lampranthus
coccineus hexane nano extract against HSV-1 virus (36.36 µg/mL), (H) effect of Lampranthus coccineus hexane nano extract against COXB4 virus (12.74 µg/mL).
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A:176
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A:168

MET
A:128
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A:176

0
0
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0
MET
A:128

ARG
A:222

5

TYR
A:101

0

ILE
A:97

0

0

TYR
A:101
TYR
A:172

GLN
A:125

5

MET
A:231

GLN
A:125

HIS
A:58
ALA
A:168

1-Dodecanol; 4-Methylbenzenesulfonyl
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Figure 6 The interactions between two top-scoring ligands and the amino acids of the active site of the herpes simplex thymidine kinase (PDB ID: 1K12) depicted in 2D
(top) and 3D (bottom). H-bonds, hydrophobic, and π-π stacking interactions are shown as green, light pink, and dark pink dotted lines, respectively.
Abbreviation: PDB, protein data bank.

hexane and aqueous extract of L. coccineus showed no antiviral activity against the three viruses. The hexane extract of M.
lutea showed remarkable antiviral activity against the HAV-10
virus with IC50 equal to 31.38 µg/mL, the CoxB4 virus with
IC50 equal to 29.04 µg/mL, and showed no antiviral activity
against HSV-1 virus. The aqueous, aqueous nano, and hexane
extracts of M. lutea showed no antiviral activity against HAV10, HSV-1, and CoxB4 viruses. AgNO3 also showed antiviral
activity only against HSV-1 with IC50 equal to 5.13 µg/mL
(Tables 1, S3, S4, S5 and Figures S3, 5A–H).

Molecular docking
Docking was performed in an attempt to rationalize the
observed antiviral activity of the extract. The docking poses
of all ligands in each protein were visually investigated against
the co-crystallized ligands. Only the poses, which overlap with
the co-crystallized ligands, were considered in the analysis.
With herpes simplex thymidine kinase (PDB ID: 1KI2), the
co-crystallized inhibitor (Ganciclovir) interactions include

International Journal of Nanomedicine 2019:14

hydrogen bonds with Glu83, Gln125, Arg176, and Arg162.
Other signiﬁcant interactions included π-π stacking with
Tyr172. With the two top ligands (Figure 6) similar interactions can be observed. These interactions include hydrogen
bonds with Gln125 and Arg176 and π-π stacking with the
neighboring Tyr101. The observed stacking, however, is of the
T-shaped fashion in contrast to the parallel-spaced stacking
observed with Ganciclovir (Table S6 and Figure 6).
The non-covalent interactions of the co-crystallized ligand
of hepatitis A 3c proteinase (PDB ID: 1QA7) with the protein
include van der Waals interactions in addition to hydrogen
bond interactions with Val28, His145, and Cys172. Having
lots of hydrophilic functional groups, the top two compounds
in our docking study exhibit a myriad of hydrogen bonds with
the protein, including those with His145, and Cys172. As
illustrated in Figure 7, the compounds are predicted to have
hydrogen bonds with Lys146, Lys 147, Gly170, Phe48, Lys50,
Asn124, and Pro169. In addition, there is a predicted π-π
stacking with Phe148 (Table S6 and Figure 7).
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Figure 7 The interactions between two top-scoring ligands and the amino acids of the active site of hepatitis A 3c proteinase (PDB ID: 1QA7) depicted in 2D (top) and 3D
(bottom). H-bonds are shown as green dotted lines.
Abbreviation: PDB, protein data bank.

The interactions of Coxsackievirus B4 3c protease (PDB
ID: 2ZU3) with its co-crystallized inhibitor include hydrogen
bonds with Thr142, Gly145, Arg143, His161, Gly164, and
Thr142. As depicted in Figure 8, the top-scoring ligands
exhibit a very similar network of hydrogen bonds with the
neighboring amino acids (Table S6 and Figure 8).
The docking study predicts patterns of interactions
between the compounds of L. coccineus and M. lutea
with several viral proteins. These patterns are equivalent
to those exhibited by known co-crystallized inhibitors.
Therefore, this in silico study serves to provide an explanation for the observed antiviral activity.

Discussion
The SNPs were synthesized using the aqueous and hexane
extracts of L. coccineus and M. lutea. Initially, the formation of SNPs was conﬁrmed by observing the color change
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of the reaction mixture. The appearance of a reddishbrown color after 24 hrs of incubation at room temperature
suggested the formation of SNPs.41
Similar ﬁndings were made by Jaidev and Narasimha.42
SNPs are reddish-brown due to excitation of surface plasmon
and its vibrations.43 The reduction of silver ions in the silver
nitrate solution upon addition of the aqueous and hexane
extracts of L. coccineus and M. lutea manifests in the color
change and leads to the formation of SNPs. The exact
mechanism responsible for the synthesis of SNPs is yet to
be known in detail, however, there is a hypothesis which
supposes that the presence of secondary metabolites in plants
makes a redox reaction and can be exploited for the biosynthesis of nanoparticles. These metabolites are responsible for
the formation and stabilization of the biosynthesized
nanoparticles.44 The reduction of Ag+ ions was observed in
the UV-visible spectrum. The size and shape of the SNPs can
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Figure 8 The interactions between two top-scoring ligands and the amino acids of the active site of Coxsackievirus B4 3c protease (PDB ID: 2ZU3) depicted in 2D (top)
and 3D (bottom). H-bonds, hydrophobic, and δ+-π stacking interactions are shown as green, light pink, and dark pink lines, respectively.
Abbreviation: PDB, protein data bank.

reﬂect the absorbance peak. The size of the nanoparticles has
a linear correlation with the peak intensity. The results
obtained from the present study conﬁrm the formation of
spherical nanoparticles with a mean size range between
10.12 and 27.89 nm estimated using TEM. FTIR results
showed that the active constituents present in the plant
extracts that are known to interact with Ag+ via functional
groups and mediate the reduction to nanoparticles Agº.38
Medicinal plants contain a variety of natural compounds, which have strong antiviral activity. Green synthesized SNPs can further improve the therapeutic applicability
of plants and can be a source of new antiviral agents.45
These SNPs are safe and have multivalent functions, which
make it less likely to encounter resistant viruses.46
The present study reports the green synthesis of SNPs
using L. coccineus and M. lutea aqueous and hexane extracts
and their application in inhibition of HAV-10, HSV-1, and
CoxB4 infection. According to the results obtained, the

International Journal of Nanomedicine 2019:14

biosynthesized SNPs of L. coccineus hexane extract
enhanced the antiviral activity against the three tested
viruses, while M. lutea hexane nano extract exhibited antiviral activity against only two viruses HAV-10 and CoxB4.
SNPs showed signiﬁcant inhibition of viral infection when
incubated with viruses before the infection. Although the
antiviral mechanism of action of green synthesized SNPs
has not been determined, the antiviral activity of SNPs
against several types of viruses is most probably due to
binding of SNPs to viral envelope glycoproteins, thereby
preventing the viral penetration into the host cell.46,47 SNPs
also may get access to the viral cell and exert their antiviral
activity through interaction with viral genome (RNA or
DNA) or via inhibiting the pathways that are essential for
viral replication and it has been reported also that SNPs
exhibit antiviral activity against numerous viruses, such as
herpes simplex virus,48 hepatitis B,47 and H1N1 inﬂuenza.
The performed docking study predicts patterns of
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interactions between the compounds of L. coccineus and M.
lutea with herpes simplex thymidine kinase, hepatitis A 3c
proteinase, and Coxsackievirus B4 3c protease, which was
similar to those of the co-crystal inhibitors and this can
provide a supposed explanation for the antiviral activity of
the aqueous and nano extracts of L. coccineus and M. lutea.
The high efﬁcacy of green synthesized nanoparticles gives
new hope for ﬁnding new antiviral therapeutics against
mutant and highly resistant viruses, and the mechanism of
action should be further investigated to develop more efﬁcient antiviral therapeutics.

Conclusion
From the present survey, it was observed that the green synthesized SNPs were capable of controlling the HAV-10 virus,
HSV-1 virus, and CoxB4 virus infectivity. The nano hexane
extract of L. coccineus is highly reactive as an antiviral agent
against the three tested viruses HAV-10 virus, HSV-1 virus, and
CoxB4 virus, while M. lutea hexane nano extract exhibited
antiviral activity against only two viruses HAV-10 and CoxB4.
These results highlight that SNPs could be used to inhibit and
protect from viral infectivity, but further studies are required to
determine the toxicity and the safety of the use of SNPs without
creating any risk to human.
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