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ARTICLE INFO ABSTRACT

Keywords: Ethnopharmacological relevance: Red sage (Lantana camara L.) (Verbenaceae) is a widely spread plant that was
Lantana camara L. cultivars traditionally used in Brazil, India, Kenya, Thailand, Mexico, Nigeria, Australia and Southeast Asia for treating
UPLC-MS/MS

several ailments including rheumatism and leprosy. Despite its historical role in relieving respiratory diseases,
limited studies progressed to the plant’s probable inhibition to respiratory viruses especially after the striking
spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections.

Aim of the study: This study aimed to investigate the inhibitory activity of different L. camara cultivars to SARS-
CoV-2, that was not previously inspected, and clarify their mechanisms of action in the metabolomics viewpoint,
and to determine the biomarkers that are related to such activity using UPLC-MS/MS coupled to in vitro-studies
and chemometric analysis.

Materials and methods: Chemical profiling of different cultivars was accomplished via UPLC-MS/MS. Principle
component analysis (PCA) and orthogonal projection to latent structures (OPLS) models were built using
SIMCA® (multivariate data analysis software). Cytotoxicity and COVID-19 inhibitory activity testing were done
followed by TagMan Real-time RT-PCR (Reverse transcription polymerase chain reaction) assay that aimed to
study extracts’ effects on RNA-dependent RNA polymerase (RdRp) and E-genes expression levels. Detected
biomarkers from OPLS analysis were docked into potential targets pockets to investigate their possible inter-
action patterns using Schrodinger® suite.

Results: UPLC-MS/MS analysis of different cultivars yielded 47 metabolites, most of them are triterpenoids and
flavonoids. PCA plots revealed that inter-cultivar factor has no pronounced effect on the chemical profiles of
extracts except for L. camara, cultivar Drap d’or flowers and leaves extracts as well as for L. camara cv Chelsea
gem leaves extract. Among the tested extracts, flowers and leaves extracts of L. camara cv Chelsea gem, flowers
extracts of L. camara cv Spreading sunset and L. camara cv Drap d’or showed the highest selectivity indices
scoring 12.3, 10.1, 8.6 and 7.8, respectively, indicating their relative high safety and efficacy. Leaves and flowers
extracts of L. camara cv Chelsea gem, flowers extracts of L. camara cv Spreading sunset and L. camara cv Drap
d’or were the most promising inhibitors to viral plaques exhibiting ICsg values of 3.18, 3.67, 4.18 and 5.01 pg/
mL, respectively. This was incremented by OPLS analysis that related their promising COVID-19 inhibitory ac-
tivities to the presence of twelve biomarkers. Inhibiting the expression of RARp gene is the major mechanism
behind the antiviral activity of most extracts at almost all concentration levels. Molecular docking of the active
biomarkers against RdRp revealed that isoverbascoside, luteolin-7,4’-O-diglucoside, camarolic acid and lantoic
acid exhibited higher docking scores of —11.378, —10.64, —6.72 and —6.07 kcal/mol, respectively, when
compared to remdesivir (—5.75 kcal/mol), thus these four compounds can serve as promising anti-COVID-19
candidates.

Multivariate analysis
anti-COVID-19 activity
Biomarkers

Molecular docking
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Conclusion: Flowers and leaves extracts of four L. camara cultivars were recognized as rich sources of phyto-
constituents possessing anti-COVID-19 activity. Combination of UPLC-MS/MS and chemometrics is a promising
approach to detect chemical composition differences among the cultivars and correlate them to COVID-19
inhibitory activities allowing to pinpoint possible biomarkers. Further in-vitro and in-vivo studies are required

to verify their activity.

1. Introduction

COVID-19 is a respiratory illness caused by the infection of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). This febrile
respiratory illness initially appeared in China in December 2019, then
declared by the World Health Organization (WHO) as pandemic in
March 2020, which rapidly spread globally in creepy rates (Fuzimoto
and Isidoro, 2020). This life-threatening outbreak has brutally affected
governments and health care systems around the world reaching over 72
million infections and more than 1.6 million confirmed deaths in late
2020 (Huang et al., 2021). In spite of increasing vaccine development, to
date, there are few universally recommended therapies for SARS-CoV-2.
One of these therapies is remdesivir which is approved by the Food and
Drug Administration (FDA). It is a nucleotide prodrug of an adenosine
analog. It binds to the viral RNA-dependent RNA polymerase and blocks
viral replication by ending RNA transcription prematurely (Beigel et al.,
2020). Owing to the shortage of the FDA approved anti-COVID-19 drugs,
scientists are motivated to discover new ones (Xiong et al., 2020).

Historically, traditional herbal medicine has played a crucial role in
the treatment and prevention of many diseases and infections (Xiong
et al., 2020). Recently, phytochemical investigations by advanced sci-
entific techniques were conducted in order to unveil various medicinal
effects and pharmacological properties. Accordingly, a series of studies
including systematic reviews, meta-analyses and clinical trials were
focused on the imperative role of herbs in treating COVID-19. Some
researches proved the effectiveness of combining herbs with synthetic
drugs as an integrative treatment approach aiming to decrease the doses
and side effects of the used synthetic drugs (Fuzimoto and Isidoro,
2020). They showed stunning role in elevating body immunity towards
pathogens, reducing exaggerated inflammatory responses, and pro-
moting body repair (Alam et al., 2021).

Lantana camara L. (Verbenaceae), commonly known as wild or red
sage, is the most widespread species of genus Lantana. It is an orna-
mental woody straggling plant with various flower colors; red, pink,
white, yellow and violet (Saxena et al., 2012). It is native to tropical
regions of America and Africa. Many cultivars and hybrids of L. camara
are cultivated and distinguished morphologically, physiologically and
genetically (Negi et al., 2019). L. camara is reported for its ethno-
pharmacological uses. It is still medicinally used in different countries
such as, Brazil, India, Kenya, Thailand, Mexico, USA, Tanzania, Nigeria,
Indonesia, Australia, Canary Island and Southeast Asia. Leaves are used
as anti-rheumatic, anti-catarrhal, anti-malaria, anti-cancer as well as to
treat several viral disorders such as chicken pox, measles, cold, flu and
whooping cough. In addition, they are used for treatment of asthma,
fever, digestive disorders and eczema (Negi et al., 2019; Ross, 2003).
The whole plant is used as tonic, carminative, to cure bronchitis, skin
and mucosa sores, infections, ulcers and bruises (Negi et al., 2019; Ross,
2003). Recently, several research studies have been carried out to afford
deep understanding to its pharmacological activities. For instance,
different varieties of L. camara leaves and flowers are reported for
antibacterial, anti-fungal, larvicidal, anti-ulcerogenic, hypoglycemic
and anti-inflammatory activities (Kalita et al., 2012).To the best of our
knowledge, only one study adopted by R. Kanagavalli et al. verified
satisfactory anti-viral activity of both stems and flowers against polio
virus type I (Kanagavalli et al., 2011). However, another research
reviewed the inhibitory effect of its leaves to influenza virus A/Puerto
Rico/8/34 (PR8) (Hasan, 2017). So far, no previous emphasis on the
plant’s probable COVID-19 inhibitory effects has raised, hence,

prompted a growing interest in discovering more about its constituents.

Metabolomics is a branch of science intended for studying metabo-
lites within living organisms and evaluating the changes in metabolic
responses to physiopathological stimuli and genetic modifications
(Puig-Castellvi et al., 2020). It is considered as a helpful tool for stan-
dardization and quality control of herbs (Banerjee et al., 2021b).
Metabolic profiling is a sub-class of metabolomics that could be attained
using high-performance liquid chromatography coupled to mass spec-
trometry (HPLC or UPLC -MS). It can facilitate identification of either
new compounds from plants or those that have previously isolated in a
fast and accurate manner (Borges et al., 2019). Another worth
mentioning sub-class is metabolic fingerprinting which is an unbiased
screening approach that categorizes samples based on metabolic pat-
terns (fingerprints) using mathematics and statistics. These patterns are
vulnerable to changes in environmental, geographical or genetic con-
ditions, hence, can determine discriminating metabolites (Dettmer et al.,
2007). The study in hand is considered as the first study that applied
UPLC-MS/MS to compare the chemical profiles of L camara cultivars.
Multivariate analysis is the hallmark of metabolic fingerprinting to
identify discriminating features to be forwarded to targeted analyses
(Worley and Powers, 2013). Integrating both metabolic profiling and
fingerprinting would afford simultaneous identification of metabolites,
comparison of different metabolic patterns with respect to variable
conditions and correlating them with biological activity (Dettmer et al.,
2007).

Previous phytochemical analysis of L. camara revealed constituents
of various chemical classes including flavonoids, anthocyanins, cou-
marins, lignans, iridoids, alkaloids, furanonaphthoquinones, saponins
and triterpenoids. Recently, a surge in research on these endogenous
metabolites has been conducted on account to their notable pharma-
cological activities and medicinal values (El Gendy, 2019). This urged
exploring of the metabolic profiles of different plant varieties and
identifying useful biomarkers responsible for their striking biological
activities.

In the view of molecular virology, SARS-CoV-2 is an enveloped virus
that belongs to family Coronaviridae (Payne, 2017). It contains single
positive-stranded RNA and replicates inside the cytoplasm of human
cell. SARS-CoV-2 comprises a genome sequence ranging from 26 to 32
kilobases and encodes for several structural and non-structural proteins
(El-Hoshoudy, 2020). Structural proteins enclose the entire viral struc-
ture and are involved in its attachment to the host cell surface ex: the
nucleocapsid protein, spike (S) protein, envelope (E) protein, membrane
(M) protein (Peele et al., 2020). Envelope (E) protein is the smallest
integral membrane protein in the viral lipid layer constituting 76 amino
acids (Mohideen, 2021). It encompasses a short hydrophilic
amino-terminus followed by a hydrophobic region and a hydrophilic
carboxy-terminus (DeDiego et al., 2011). E protein is involved in viral
virulence and facilitates viral morphogenesis during viral assembly and
attachment to host cell membrane (Schoeman and Fielding, 2019). In
addition, oligomerization of this protein leads to generation of ion
channels (Narkhede et al., 2020). However, the virus encodes 16
non-structural proteins (nspl to nspl6), among which are protease
(nsp5) and RNA-dependent RNA polymerase RdRp (nspl2) that is
responsible for RNA synthesis (Roe et al., 2021). Recognizing such tar-
gets may open many gateways to the discovery of novel natural
SARS-CoV-2 inhibitors (Zhao et al., 2021). Recent studies have proved
the efficacy of phytoconstituents as anti-COVID-19 agents through
several other mechanisms including inhibition of microtubules and
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downregulation of angiotensin-converting enzyme 2 (ACE2) receptor
anchorage precluding viral replication (Alam et al., 2021).

Owing to the scanty literature information concerning the anti-viral
activity of L. camara against respiratory viruses, despite its historical
role in treating various respiratory ailments, rapid flare up of COVID-19
mortality rates together with the inadequate availability of true thera-
peutic viricidal drugs, motivation was provoked to unravel its possible
COVID-19 inhibitory effects which have not been previously investi-
gated. This study aimed to investigate the chemical profiles of different
L. camara cultivars using ultra performance liquid chromatography/
tandem mass spectrometry (UPLC-MS/MS). Then, chemometric tools
were implemented for detecting and guiding the refinement of anti-
COVID-19 metabolites in the extracts. These biomarkers were then
docked into the active site of potential targets in order to investigate
their possible molecular mechanisms of action.

2. Materials and methods
2.1. Reagents, cell lines and apparatus

HPLC grade acetonitrile, formic acid, fetal bovine serum (FBS),
dimethylsulfoxide (DMSO), L-glutamine, sodium pyruvate, sodium bi-
carbonate, sterile phosphate buffer saline (PBS), formalin (37% form-
aldehyde), crystal violet, isopropanol, HCl, Dulbecco’s modified eagle
medium (DMEM), 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT), 98% purity were procured from Sigma-Aldrich (St.
Louis, MO, USA).

The cell line used in this study was African green monkey renal
epithelial cells (Vero E6, ATCC CRL-1586), purchased from American
Type Culture Collection (Manassas, VA, USA). Cell culture plates, sterile
tissue culture multi-well plates and culture flasks were obtained from
Bio Whittaker, Lonza Group Ltd (Basel, Switzerland). Ultrasonic water
bath (3 L Alpha Plus, Japan) and rotary evaporator (Rotavap Buchi 461)
were utilized.

2.2. Collection of Lantana camara L. cultivars

Fresh flowers and leaves of L. camara cultivars named: Spreading
sunset, Chelsea gem, Nivea and Drap d’or were collected in February
2021, from Antoniades Garden, Alexandria, Egypt (the latitude and
longitude coordinates are 31.205924246975982 and
29.946966611257608, respectively). The authenticity of the plants was
confirmed by Dr. Therese Labib, specialist of plant identification in El
Orman Garden, Cairo, Egypt. Voucher specimens for cultivars (LC-250,
LC-251, LC-252 and LC-253, respectively) were deposited at the her-
barium of the Department of Pharmacognosy, Faculty of Pharmacy,
Alexandria University. Flowers and leaves parts of each cultivar were
left for complete dryness at room temperature.

2.3. Preparation of Lantana camara L. extracts

The air-dried powdered flowers and leaves from each cultivar (500 g
each) were separately extracted by sonication in 1L of 95% ethanol
(which is the universal solvent for extraction of almost all constituents of
different chemical classes in the plant material) in an ultrasonic bath
apparatus 28 kHz/1100 W for 30 min at 35 °C. The obtained extracts
were filtered, and the procedure was repeated twice. The obtained ex-
tracts were combined and evaporated to dryness under reduced pressure
using rotary evaporator at 45 °C. Each extract yielded about 200 g dry
residue (Vinatoru et al., 1997).

2.4. Analysis of Lantana camara L. extracts using UPLC-MS/MS
2.4.1. Preparation of samples for UPLC-MS/MS analysis

All samples were prepared at concentration of 1 mg/mL using HPLC-
grade methanol as a solvent. This concentration was selected after
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several trials, and it was found to be the best one that afforded the best
resolution with maximum number of separable peaks. The prepared
solutions were filtered using membrane disc filter (0.2 pm). Degassing of
the solutions were done by sonication prior to injection. The full loop
injected volume of each sample that was applied onto the chromato-
graphic column was 10 pL.

2.4.2. Conditions of UPLC analysis

Secondary metabolites present in the leaves and flowers extracts of
L. camara cultivars were determined using an UPLC XEVO TQD triple
quadruple instrument Waters Corporation, Milford, MA01757 U.S.A.
The chromatographic system was comprised of a Waters Acquity QSM
pump, a LC-2040 autosampler, degasser in addition to Waters Acquity
CM detector. The dimensions of Waters Acquity UPLC BEH C18 column
that was used for the chromatographic separation were: 50 mm (length),
2.1 mm (internal diameter) and 1.7 pm (particle size). The operation of
the column was at a flow rate of 0.2 mL/min and the system was ther-
mostated at 30 °C.

The mobile phase, that was used for analysis, was composed of two
phases; phase A and B. Phase A was composed of ultrapure water +0.1%
formic acid, while phase B consisted of methanol +0.1% formic acid.
These mobile phase components were used in order to provide good
separation and resolution for the compounds. Moreover, 0.1% formic
acid is a suitable solvent regarding MS detectors, as it shows a distinct
influence on the responses and ionization efficiency of analytes
(Alberti-Dér, 2013). Elution was a gradient one and its program was as
following: 0.0-2.0 min, 10% B; 2.0-5.0 min, 30% B; 5.0-15.0 min, 70%
B; 22.0min, 90% B; 22.0-25.0 min, 90% B; 26.0 min, 100% B; 26.0-29.0
min, 100% B; 30.0 min, 10% B; followed by 4 min to re-equilibrate the
column.

2.4.3. Conditions of ESI-MS

Negative ionization mode was the mode in which samples were
analyzed because it appeared more selective and sensitive for the LC-MS
analysis of secondary metabolites in the extracts. Moreover, more
observable peaks and a wide range of structural information were ob-
tained in the negative mode in comparison to the positive one (Fabre
et al., 2001). The analysis was carried out using a triple quadrupole
(TQD) mass spectrometer coupled to electrospray ionization (ESI)
source. The mass analyzer used was triple quadrupole (QqQ); it is used
for tandem MS methods as its first and third quadrupoles act as filters of
masses, while its second quadrapole, which is a radiofrequency-only
quadrupole, is considered as a collision cell where parent ions are
fragmented as a result of the interaction with a collision gas. QqQ is
considered as a powerful tool for providing highly discriminating and
many important structural data for the ions of compounds of interest
(Ghallab et al., 2020).

ESI was operated at the following conditions: the capillary and cone
voltages were set at 3 kV and 35 V, respectively. The ion source tem-
perature was set at 150 °C and the pressure of the nitrogen gas (nebu-
lizer) was adjusted at 35 psi. The temperature of drying and sheath gas
(N3) were 440 and 350 °C, respectively. The flow rates of the drying and
sheath gas were adjusted at 900 and 50 L/h, respectively. The total run
time of the analysis was 30 min. In order to achieve MS spectra, full
range acquisition covering 100-1000 m/z was applied. Regarding
automatic MS/MS fragmentation analyses of the parent ions, the first
quadrupole (Q1) was used for mass-selection of parent ions. Collision-
induced dissociation (CID) technique was used for the fragmentation
of parent ions in the second quadrupole (Q2) using energy ramp from 30
to 70 eV by the use of collision gas (nitrogen gas). Finally, monitoring of
the daughter ions yielded from the fragmentation was carried out in the
third quadrupole. These ions were related to the molecular structure of
the parent ions. Furthermore, MS" experiments included the same con-
ditions of chromatography and mass spectrometry as described above.
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2.4.4. Annotation of UPLC-MS/MS metabolites

Assignment of the metabolites was accomplished by comparison of
their retention times to external standards. Furthermore, quasi-
molecular ions in addition to the characteristic MS/MS fragmentation
pattern were used for metabolite annotation in comparison to our in-
house database, reference literature and phytochemical dictionary of
natural products database (CRC) in order to get metabolite annotation
with a high level of confidence.

2.5. Multivariate statistical analysis

SIMCA-P ver 14.0 software (Umetrics, Sweden) was used for multi-
variate data analysis, including unsupervised pattern recognition;
principal component analysis (PCA) and supervised pattern recognition;
orthogonal projection to latent structures analysis (OPLS).

The UPLC-MS/MS data matrix (X-variables) was subjected to prin-
cipal component analysis (PCA) in order to explore the clustering
pattern, similarities and dissimilarities between different L. camara
cultivars extracts based on their chemical profiles as well as to determine
the chemical markers that are responsible for samples segregation. The
UPLC-MS/MS results (X-variables) and the results of anti-COVID-19
activity (Y-variables) were subjected to orthogonal projection to latent
structures (OPLS) analysis in order to investigate the clustering pattern
of L. camara samples based on their anti-COVID activity so as to unravel
the biomarkers related to such activity. The X and Y variables used for
constructing the chemometric models are attached as a supplementary
material (Table S1).

2.6. In vitro antiviral activity (cytotoxicity and plaque reduction assay)

2.6.1. Cytotoxicity of the tested extracts on Vero E6 cells

Before conducting plaque reduction assay, it was a must to assess the
cytotoxicity of the tested extracts on normal Vero E6 to ensure their
safety. According to Mosmann’s test (MTT test), A tetrazolium salt; MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) has
been used to develop a rapid quantitative colorimetric assay for
mammalian cell survival and proliferation. The assay detects living, but
not dead cells and the signal generated is dependent on the degree of
activation of the cells. This method can therefore be used to measure
cytotoxicity (Mosmann, 1983). The dilution of the tested extracts was
done with Dulbecco’s Modified Eagle’s Medium (DMEM). The stock
solutions of the tested extracts were prepared in 10% DMSO in double
distilled HoO and serial dilutions were prepared from it in order to keep
DMSO concentrations in the range of (0.1-0.5%) to ensure the safety of
the treated cells from the cytotoxic effect of DMSO. MTT method with
minor modifications was used to evaluate the cytotoxic effects of the
tested extracts on Vero E6 cells (Mosmann, 1983). In 96 well plates, Vero
E6 cells were seeded (100 pL/well at a density of 3 x 10° cells/mL) and
incubated for 24 h at 37 °C in 5% CO,. After 24 h, treatment of cells with
various concentrations of the tested extracts (6.25, 12.5, 25, 50 and 100
pg/mL) in triplicates was done. These extracts concentration levels were
chosen by referring to Mossman’s test (Mosmann, 1983). Then these
cells treated with different extracts concentrations were incubated for
another 24 h. After that, the supernatant layer was discarded, and
washing of cell monolayers with sterile PBS three times was carried out.
To each well, MTT solution (20 pL of 5 mg/mL stock solution) was
added, followed by incubation at 37 °C for 4 h then medium aspiration
was carried out. The formed formazan crystals were dissolved with 200
pL of acidified isopropanol (0.04 M HCI in absolute isopropanol, 0.073
mL HCl in 50 mL isopropanol). Finally, a multi-well plate reader was
used to measure the absorbance of formazan solutions at Ay 540 nm
using 620 nm as a reference wavelength. The percentage of cell cyto-
toxicity compared to the untreated cells was calculated with the
following equation:

% CCsp= ((Ap-A)Ag) *100
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Ay is the absorbance of cells without treatment.

A is the absorbance of cells with treatment.

CCsg, which is the drug concentration required for reducing the cell
viability by 50%, was determined by plotting % cytotoxicity versus
sample concentrations (Civitelli et al., 2014).

2.6.2. Anti-COVID-19 activity using plaque reduction assay

Vero E6 cells (1 x 10° cells/mL) were cultivated in a six well plate for
24 h at 37 °C. Dilution of SARS-CoV-2 (COVID-19) was done to give 1 x
10* plaque-forming unit (PFU)/well, followed by mixing with 100 pL of
the safe concentrations of the tested extracts (30, 15, 12.5 and 6.25 pg/
mL) and incubated for 1 h at 37 °C before being added to the cells. After
that, removal of growth medium from the cell culture plates was carried
out followed by cell inoculation with the tested extracts. Virus adsorp-
tion was done for 1 h contact time followed by addition of 3 mL of
DMEM (supplemented with 2% agarose), the tested extracts and virus
onto the cell monolayer. Plates were left to solidify then incubated at
37 °C till formation of viral plaques (3 days). Formalin (10%) was added
for 2 h then plates were stained with 0.1% crystal violet in distilled
water. Untreated virus incubated with Vero E6 cells were considered as
control wells. Finally, the percentage reduction in plaques formation (%
reduction) in comparison to control wells was recorded by counting
plaques using the following equation:

% Reduction= ((viral count (un)- viral count (t))/viral count (un)) *100

Viral count (un) is the viral count in wells where virus was untreated
with the extracts.

Viral count (t) is the viral count in wells where virus was treated with
the extracts.

% Reduction values and their corresponding concentration values
were subjected to non-linear regression analysis via GraphPad Prism®
version 8 (GraphPad Software Inc., San Diego, CA, USA) (https://www.
graphpad.com) to generate sigmoidal dose-response curves, from which
the concentration causing 50% viral count reduction (ICsp) was
extrapolated (Civitelli et al., 2014).

The selectivity indices that measure the window between the cyto-
toxicity and antiviral activity (Indrayanto et al., 2021) of the tested
extracts were calculated according to the following equation:

Selectivity index= (CCjs of the extract on normal Vero E6 cells/ICsq of the
extract on infected Vero E6 cells)

2.6.3. Generation of SARS-CoV-2 cDNA

The Qiagen viral RNA-isolation kit (#52906) was used to extract
RNA from 200 pL aliquots of sample supernatant or cell suspension. The
extracted RNA was eluted in 60 pL. Moreover, the commercial first
strand cDNA synthesis kit (Thermo Scientific, USA) was used to perform
reverse transcription according to the manufacturer’s instructions. Total
reaction mixture (20 pL) was composed of 10 pL of RNA extract, 4 pL of
5x TransAmp buffer, 1 pL of Reverse Transcriptase and 5 pL of Nuclease
free water. Incubation of the reactions were carried out at 25 °C for 10
min, 42 °C for 15 min and 85 °C for 5 min (Caly et al., 2020).

2.6.4. Analysis of COVID-19 RdRp and E genes expression using a TagMan
real-time RT-PCR assay

BetaCoV RdRp gene and BetaCoV E-gene were amplified using the
following sets of primers and probes. Regarding BetaCoV RdRp gene, 1
pM forward (5°- AAA TTC TAT GGT GGT TGG CAC AAC ATG TT-3°), 1
uM reverse (5°- TAG GCA TAG CTC TRT CAC AYT T-3°) primers and 0.2
pM probe (5’-FAM- TGG GTT GGG ATT ATC-MGBNFQ-3’) (Abcam, UK)
were used. However, in BetaCoV E-gene, 1 uM forward (5’-ACA GGT
ACG TTA ATA GTT AAT AGC GT -3°), 1 pM reverse (5’-ATA TTG CAG
CAG TAC GCA CAC A-3’) primers and 0.2 pM probe (5’-FAM-ACA CTA
GCC ATC CTT ACT GCG CTT CG- 286 NFQ-3’) (Abcam, UK) were used
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(Corman et al., 2020). Real-time RT-PCR assays were carried out on an
Applied Biosystems ABI 7500 Fast real-time PCR machine (Applied
Biosystems, Foster City, CA, USA), and the cycling conditions were:
95 °C for 2 min, 95 °C for 5 s, 60 °C for 24 s. SARS-CoV-2 cDNA (Ct~28)
was used as a positive control. Threshold cycle (Ct) values were calcu-
lated and converted to fold-reduction of treated samples compared to
control using the ACt method (fold changed in viral RNA = 2" ACt) which
is a simple formula that used for the calculation of the relative fold gene
expression of samples. RARp and E genes expression was expressed as %
down regulation (Caly et al., 2020). The tested extracts effects on the
genes expression were measured at four levels of the extracts’ safe
concentrations (30, 15, 12.5 and 6.25 pg/mL).

2.7. Molecular docking studies

Molecular docking studies were performed using Glide module in-
tegrated in Schrodinger software. The Protein Data Bank (PDB) was
utilized to retrieve the crystal structure of RdRp protein (PDB ID: 6M71),
which was retrieved as pdb file for further preparation using the Pre-
pWiz module. Preprocessing of the protein’s structure was first attained
through assignment of bond orders and H atoms to the structure (loops).
Further, Water molecules beyond 5 A from the active site were removed
and protonation states were determined. After modification and
reviewing, hydrogen bonds were assigned using PROPKA at PH = 7
followed by energy minimization using OPLS 3 force field until the
relative mean standard deviation (RMSD) of the minimized structure
compared to the crystal structure exceeded 0.30 A. Defining of the active
site was determined using the receptor grid generation module where
the boxes enclosing the centroids of co-crystallized ligands were set as
the grids with a size adjusted to <20 A. The residues Asp618, Ser759,
Asp760, Asp761, Asp623, Arg555, Arg 553, Lys 545, Val557, Ser682,
Asn691, Thr680 were used for receptor grid generation, as assigned
from literature (Tiwari, 2021).The grid box x, y, and z coordinates were
113.45, 114.89, and 123.36, respectively. The size of grid box was 30 x
30 x 30 AS. The 3D-structures of compounds to be docked were im-
ported as SDF files to be prepared using Ligprep module which gener-
ated molecules with correct chiralities, ionization states, tautomers,
stereochemistries and ring conformations. Subsequently, geometry
minimization was carried out for all the prepared ligands by means of
OPLS 3 force field. Docking simulations were performed using GLIDE
module. The generated compounds from the LigPrep file were flexibily
docked using extra precision (XP) docking. 2D and 3D ligand-target
interactions were investigated in maestro interface.

3. Results

3.1. Chemical profiling of the leaves and flowers extracts of Lantana
camara L. cultivars using UPLC-MS/MS

The UPLC-MS base peak chromatograms of the hydroalcoholic ex-
tracts of the leaves and flowers of L. camara cultivars showed the pres-
ence of a total of 47 peaks (Figs. S1-S8). The identified compounds
belong to different classes of secondary metabolites including flavo-
noids, phenolic acids, iridoid glycosides, phenylethanoid glycosides,
lignan glycosides and triterpenes. Table 1 represents the data for the
identified compounds including the name of the tentatively identified
compounds, their retention times, m/z values, molecular formulas and
their MS fragmentation patterns (matched within 25 ppm error
tolerance).

Heat map (Fig. 1) showed that caffeic acid, isoverbascoside and
pectolinarin are present in all the tested extracts with approximately the
same high concentration. Whereas, luteolin-7,4’-O-diglucoside is com-
mon in all studied extracts but with variable amounts.
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3.2. Investigation of the inter-cultivar effect on the metabolic profile using
multivariate statistical analysis of the UPLC-MS/MS data

3.2.1. Unsupervised pattern recognition

The principal component analysis (PCA) score scatter plot (Fig. 2A)
showed that flowers extracts are more consistent in their clustering than
leaves extracts. Regarding flowers, their samples clustered along the
positive side of PC1 except L. camara cv. Drap d’or that clustered along
the negative side of the same principal component. This indicated that
the inter-cultivar effect has no pronounced effect on the chemical profile
of flowers extracts. However, leaves samples of L. camara cv. Drap d’or
were clustered along the positive side of PC2, and L. camara cv Chelsea
gem leaves samples were clustered along the negative side of the same
principal component. Whereas, the remaining leaves samples clustered
together with flowers samples along the positive side of PC1. These re-
sults indicated that L. camara cv. Drap d’or and L. camara cv Chelsea
gem leaves held a greater variability in their chemical profiles than other
tested leaves extracts. Therefore, the inter-cultivar factor has a notice-
able effect on the chemical profiles of leaves extracts.

From the loading plot (Fig. 2B), it can be observed that: Cis-verbas-
coside, linaloic acid hexoside, lamiridoside, dihydroxy-dimethoxy
flavone hexoside II and III, and reduced lantadene A were the distinc-
tive chemical components of L. camara cv. Drap d’or leaves extract.
These compounds either exclusively present in this extract or exist in a
higher concentration than other studied extracts. Therefore, they were
considered as significant loadings to such extract. On the other hand,
camarolic acid, lantacin, icterogenin, lantoic acid, camaranoic acid and
lantabetulic acid were exclusively found in the extract of L. camara cv
Chelsea gem leaves, thus by referring to the loading plot they were found
to be significantly related to such samples. Furthermore, eupafolin, 8-
epiloganin and protocatechuic acid were solely present in L. camara
cv. Drap d’or flowers extracts thus, could act as distinctive loadings
responsible for the discrimination of this extract from other flowers
extracts.

3.3. Cytotoxicity and anti-COVID activity of the tested extracts

3.3.1. Assessment of the cytotoxicity of the tested extracts on Vero E6 cells

As depicted from Table 2, all the tested extracts showed 50% cyto-
toxicity (CCsg) at concentrations more than 30 pg/mL indicating their
safety on these cells (Darwish et al., 2020).

3.3.2. Anti-COVID-19 activity using plaque reduction assay

All the tested extracts showed variable inhibitory effects on the viral
plaques as observed from their ICsg values (Table 2). Among the tested
extracts, leaves and flowers extracts of L. camara cv Chelsea gem,
flowers extracts of L. camara cv Spreading sunset and L. camara cv Drap
d’or were the most promising inhibitors to viral plaques as they
exhibited ICs( values of 3.18, 3.67, 4.18 and 5.01 pg/mL, respectively.
On the contrary, the flowers extract of L. camara cv Nivea showed the
highest ICsg value (15.05 pg/mL) among the tested extract, thus can be
considered as the least active extract against COVID-19. In addition,
flowers and leaves extracts of L. camara cv Chelsea gem, flowers extracts
of L. camara cv Spreading sunset and L. camara cv Drap d’or showed the
highest selectivity indices scoring 12.3, 10.1, 8.6 and 7.8, respectively,
indicating their relative high safety and efficacy (Table 2).

3.3.3. Effects of the tested extracts on expression of SARS-CoV-2 RdRp and
E genes

By analyzing the effect of the different cultivars extracts on expres-
sion levels of SARS-CoV-2 RdRp and E genes, it was observed that all of
them demonstrated a dose-dependent inhibition with exception of
L. camara cv Chelsea gem. It was also found that inhibiting the expres-
sion of RARp gene is the major mechanism behind the antiviral activity
of all extracts at almost all concentration levels. At the concentration of
30 pg/mlL, the tested extracts showed % downregulation of RARp gene in
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Table 1
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Metabolites identified in the extracts of L. camara cultivars using UPLC-MS/MS in negative ionization mode.

Peak Rt Identified compounds M- Molecular Chemical class Element Major fragments
number (min) H weight composition
1 1.4533 luteolin-7, 4°-O -diglucoside 609 610 Flavonoids C27H26018 447, 285, 137,
151, 241
2 1.49 Protocatechuic acid 153 154 Phenolic acids C7H604 109
3 1.6 Caffeic acid 179 180 Phenolic acids C9H804 135
4 1.6733 Fucatoside B 741 742 Phenylethanoid C33H42019 179, 161, 579,
glycosides 447, 315, 135
5 1.7338 Theveside 389 390 Iridoid C16H22011 227, 345, 371
6 2.01 Vanillic acid 167 168 Phenolic acids C12H604 151, 123
7 2.2433 Fucatoside C 741 742 Phenylethanoid C33H41019 179, 161, 447,
glycosides 579, 315, 135
8 2.88 Coumaric acid 163 164 Phenolic acids C9H803 119
9 2.99 Ferulic acid 193 194 Phenolic acids C10H1004 149
10 3.1304 Ethyl-p-D- galactoside 207 208 Aliphatic glucosides C8H1606 45
11 3.6 Lamiridoside 421 422 Iridoid C17H26012 391, 259, 361,
343
12 4.7 8-epiloganin 389 380 Iridoid C17H26010 359, 227, 329,
311
13 5.10 Linaloic acid hexoside 345 346 Aliphatic acid glycoside C16H2608 183, 301, 327
14 13.232 Pectolinarin 621 622 Flavonoids C29H34015 314, 299, 284,
234
15 10.79 Radulignan 585 586 Lignan C26H34015 423, 570
16 10.967 Arenarioside 755 756 Phenyl ethanoid C34H44019 179, 161, 593,
glycosides 135
17 11.076 Verbascoside 623 624 Phenyl ethanoid C29H36018 179, 161, 461,
glycosides 315, 135
18 11.23 Cis-verbascoside 623 624 Phenylethanoid C29H36015 179, 161, 461,
glycosides 315, 135
19 11.593 Isoverbascoside 623 624 Phenyl ethanoid C29H36016 179, 161, 461,
glycosides 315,135
20 12.173 Parvifloroside A 623 624 Phenyl ethanoid C29H36015 179, 161, 461,
glycosides 315, 135
21 7.48 Dihydroxy-dimethoxy flavone hexoside I 491 492.14 Flavonoids C23H24012 329, 150, 299
22 12.36 Dihydroxy-dimethoxy flavone hexoside II 475 476 Flavonoids C23H24011 313, 283, 150
23 12.468 Dihydroxy-dimethoxy flavone hexoside III 475 476 Flavonoids C23H24011 313, 283, 134
24 13.51 3a,30-Diacetyloxy-12a-hydroxy-23-oxoeupha-7,24-dien- 775 776 Eupha-type triterpene C40H56015 613, 715
21,16p-olid-28-oic acid 28-O-B-D-glucopyranosyl ester
25 15.31 Eupafolin 315 316 Flavonoids C16H1207 300, 181, 136
26 15.48 Cirsiliol 329 330 Flavonoids C17H1407 299, 195, 136
27 16.1 Lantalucratin F 333 334 Naphthoquinone C17H1807 318, 305, 277
28 17.56 5-Hydroxynaphtho[2,3-b]furan-4,9-dione 213 214 Furanonaphthoquinone C12H604 185, 157
29 18.09 Salvigenin 327 328 Flavonoids C18H1606 282, 195,134
30 21.85 3- acetyloxy,12-hydroxy-23-oxoeupha-7,24-dien-21,16- 555 556 Eupha-type triterpene C32H4408 495, 511, 537,
olid-28-oic acid 540
31 22.22 Camarolic acid 583 584 Oleane-type triterpene C35H5207 467, 98, 423, 186,
245, 200
32 22.83 Camaric acid 567 568 Oleane-type triterpene C35H5206 451, 407, 98
33 23.17 Lantanilic acid 567 568 Oleane-type triterpene C35H5206 451, 407, 98
34 23.57 Lantacin 569 570 Ursane-type triterpene C35H5406 98, 453, 409
35 23.66 Icterogenin 567 568 Oleane-type triterpene C35H5206 451, 407, 98
36 24.12 Lantoic acid 485 486 Ursane-type triterpene C30H4605 437, 421, 407
37 24.33 Camaranoic acid 483 484 Ursane-type triterpene C30H4405 435, 419, 405,
391
38 24.66 Camarinic acid 527 528 Ursane-type triterpene C32H4806 58, 451, 407
39 26.71 Reduced lantadene A 553 554 Oleane-type triterpene C35H5405 98, 437, 393
40 27.1 3- 0-(3-Methyl-2-butenoyl), 22-hydroxy-12-oleanen-28- 553 554 Oleane-type triterpene C35H5405 98, 437, 393
oic acid;
41 27.43 Lantadene B 551 552 Oleane-type triterpene C35H5205 98, 435, 391
42 30.31 Lantaiursolic acid 555 556 Ursane-type triterpene C35H5605 537, 493
43 31.22 Pomonic acid 469 470 Ursane-type triterpene C30H4604 451, 407
44 32.21 Lantabetulic acid 469 470 Lupane-type triterpene C30H4604 425, 451, 222,
220, 175
45 32.33 Lantanolic acid 469 470 Oleane-type triterpene C30H4604 421, 391, 420,
377
46 33.21 Lantic acid 469 470 Ursane-type triterpene C30H4604 421, 391, 420,
377
47 34.71 Camardienone 437 438 Oleane-type triterpene C29H4203 174, 186, 215




R.S. Darwish et al.

S00000

0 1000

Journal of Ethnopharmacology 291 (2022) 115038

TOTYSNES

T HEYTEEN .teolin-7-0-dine
HEE BEEN orotocatechuic
HEREREEN e acid
HEEEEEEN fucstoside B
IEIIIIII Theveside
HEEEEEEN veniic acid
i

[ =]

| | ]

Il

HBEEEE fucstoside C
p-coumaric acic

. .. Ferulic acid

8-epiloganin
[ | Cis-verbascosic
EEENEERE onydroxy-dme
HEEE B Linaoic acid he:
lamiridoside

parvifloroside &
Dihydroxy-dime
Dihydroxy-dime
37 30-Diacetylo
Pectolinarin
Eupafolin
Salvigenin
lantalucratin F

3- acetyloxy 12
camarolic acid
camaric acid
lantanilic acid
lantacin
Icterogenin
lantoic acid
camaranoic aci
Camarinic acid
reduced lantade
13- 0-(3-Methyl-:
B \artadene B
lantaiursolic ¢
camardienone
pomonic acid
lantabetulic aci
lantanolic acid
Lantic acid

£
0 5 O

[
0
)
O
0
E
LI
L=
H_
0
H

Fig. 1. Heat map of all identified metabolites in tested extracts of L. camara; (r1) Chelsea gem cultivar leaves, (r2) Chelsea gem cultivar flowers, (y1) Drap d’or
cultivar leaves, (y2) Drap d’or cultivar flowers, (O1) Spreading sunset cultivar leaves, (02) Spreading sunset cultivar flowers, (w1) Nivea cultivar leaves and (w2)
Nivea cultivar flowers. (Red and green colors indicate high and low abundances, respectively). Heat map was constructed using Gitools program (http://www.git
ools.org/download) based on the total ion current values of the identified mass fragments.

a range of (87.48%-99.99%) (Fig. 3). Furthermore, at the concentration
of 6.25 pg/mlL, leaves and flowers extracts of L. camara cv Nivea and L.
camara cv Chelsea gem showed % downregulation values of RARp gene
of 69.22, 60.81, 54.62 and 60.33, respectively, indicating that these
extracts were the most active ones regarding inhibiting the RdRp gene
expression. On the other hand, leaves and flowers extracts of L. camara
cv Spreading sunset and L. camara cv Drap d’or downregulated E gene

by (46.41%, 70.19%, 35.05% and 65.92%, respectively) at the con-
centration of 6.25 pg/mL, thus these extracts were considered as the
most active ones regarding downregulating E gene. Moreover, flowers
extract of L. camara cv Chelsea gem showed anti-COVID-19 activity
mainly through equivalent inhibition of both E and RdRp genes ex-
pressions (60.82 and 60.33%, respectively) at the concentration of 6.25
pg/mL.
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Fig. 2. PCA score plot of different L. camara cultivars extracts (A). Loading plot showing important loadings responsible for r1, y1 and y2 samples segregation (B).

Table 2
CCso, ICs0 and selectivity indices values for the different L. camara cultivars.
Cultivar CCso (MTT ICso (Plaque Selectivity
assay) pg/mL reduction assay) pg/ factor
mL

L. camara cv Spreading 40 8.751 4.6
sunset leaves

L. camara cv Spreading 36 4.188 8.6
sunset flowers

L. camara cv Chelsea 32 3.181 10.1
gem leaves

L. camara cv Chelsea 45 3.671 12.3
gem flowers

L. camara cv Nivea 32 6.820 4.7
leaves

L. camara cv Nivea 32 15.05 21
flowers

L. camaracvDrapd’or 32 8.715 3.7
leaves

L. camara cv Drapd’or 39 5.015 7.8
flowers

3.4. Determination of the anti-COVID-19 biomarkers using supervised
pattern recognition analysis

The score scatter plot (Fig. 4A) showed the in-between class
discrimination along PCl between leaves and flowers extracts of
L. camara cv Chelsea gem, flowers extracts of L. camara cv Spreading
sunset and L. camara cv Drap d’or which clustered along the positive
side of PC1 and leaves and flowers extracts of L. camara cv Nivea, leaves
extracts of L. camara cv Spreading sunset and L. camara cv Drap d’or that
clustered along the negative side of the same principal component. Hi-
erarchical analysis confirmed these results, as the dendrogram (Fig. 4B)
showed two main clusters A and B. Cluster A included leaves and flowers
extracts of L. camara cv Chelsea gem, flowers extracts of L. camara cv

Spreading sunset and L. camara cv Drap d’or, while cluster B was
composed of leaves and flowers extracts of L. camara cv Nivea, leaves
extracts of L. camara cv Spreading sunset and L. camara cv Drap d’or.
The reason behind such clustering and segregation was that cluster A
extracts showed a higher anti-COVID-19 activity and lower ICso values
than those of cluster B extracts.

In addition, coefficient plot (Fig. 5) showed the twelve biomarkers
(positive contributors) associated with COVID-19 inhibitory activity of
the studied extracts. These biomarkers were camaric acid, ferulic acid,
isoverbascoside, lantanilic acid, lantiursolic acid, luteolin-7,4’-O-diglu-
coside, lantabetulic acid, camarolic acid, icterogenin, camaranoic acid,
lantacin and lantoic acid.

3.5. Molecular docking studies on the biomarkers

As depicted in Table 3, the tested compounds interact with different
binding affinities with the active site of SARS-COV-2 RdRp gene and
were ranked based on their XP Gscore as follows: isoverbascoside >
luteolin-7, 4’-O -diglucoside > camarolic acid > lantoic acid > lan-
taiursolic acid > lantanilic acid > ferulic acid > camaric acid > lanta-
betulic acid > lantacin > icterogenin > camaranoic acid. Surprisingly, it
was noted that isoverbascoside, luteolin-7,4’-O-diglucoside, camarolic
acid and lantoic acid exhibited higher docking scores of —11.378,
—10.64, —6.72 and —6.07 kcal/mol, respectively, when compared to
remdesivir (—5.75 kcal/mol), reflecting their higher binding affinity to
SARS-CoV-2 RdRp gene. Therefore, they can serve as promising lead
compounds or candidates for discovery of novel and potent COVID-19
inhibitory drugs with lower side effects.
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4. Discussion

4.1. Chemical profiling of the leaves and flowers extracts of Lantana
camara L. cultivars using UPLC-MS/MS

UPLC-MS is an important tool utilized to unveil the differences in
metabolic profiles among different L. camara cultivars (Soininen et al.,
2014). MZmine software (2.53) was used for the extraction of the
retention time, peak area, and MS/MS intensity of components from raw
UPLC- MS/MS data.

Heat map (Fig. 1) was constructed using Gitools program (htt
p://www.gitools.org/download) based on the total ion current values

of the identified mass fragments. This heat map illustrates the relative
amounts of the identified metabolites in each sample, and this is rep-
resented with varying color intensity from green (minimum quantity) to
red (maximum quantity).

The identified metabolites belong to different chemical classes.
Investigation of their chromatographic patterns and characteristic
fragmentation pathways formerly illustrated in literature enabled to
gain as much structural information as possible.

4.1.1. Triterpenes
Nineteen peaks (24, 30-47) were identified as triterpenes, among
which 2 peaks (24 and 30) belong to euphane-type triterpene (Kikuchi
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Fig. 5. Coefficient plot of OPLS model of anti-covid activity (plaque reduction assay).
et al., 2010).
Table 3

XP Gscores of the screened phytochemical biomarkers binding at the active site
of SARS-CoV-2 RdRp gene expressed in kcal/mol.

Compound Binding score (kcal/mol)
Isoverbascoside -11.38
Luteolin-7, 4’-O -diglucoside —10.64
Camarolic acid —6.73
Lantoic acid —6.07
Redemesivir —5.75
Lantaiursolic acid —3.867
Lantanilic acid —3.633
Ferulic acid -3.372
Camaric acid —3.198
Lantabetulic acid —2.958
Lantacin —-2.919
Icterogenin —2.311
Camaranoic acid 1.272

et al., 2016). Compound 24 showed a quasi-molecular peak (M-H) at
775 Da, characteristic mass fragments at 613 Da (M-H-162) and 715 Da
(M-H-120) due to loss of glucose unit and two acetate groups, respec-
tively and it was tentatively identified as 3a,30-Diacetylox-
y-12a-hydroxy-23-oxoeupha-7,24-dien-21,16f-0lid-28-oic acid 28-O--
D-glucopyranosyl ester. Furthermore, compound 30 showed a
quasi-molecular ion peak at 555 Da and primarily yielded daughter ions
at 495 Da (M-H-60), 511 Da (M-H-44), 537 Da (M-H-18) and 540 Da
(M-H-15) due to the loss of acetate, CO,, water and methyl group,
respectively. This compound was tentatively identified as 3-acetyloxy,
12-hydroxy-23-oxoeupha-7,24-dien-21,16-olid-28-oic acid. Peak 44
exhibited a lupane-type triterpene nucleus and it showed characteristic
mass fragments at 425 Da (M-H-CO3), 451 Da (M-H-H30) (Ayatollahi
et al.,, 2011). The corresponding compound was characterized as lan-
tabetulic acid. The existence of significantly important daughter ions
due to loss of angeloyl or methyl butenoyl or hydroxyl moiety followed
by loss of CO, were displayed in the mass spectra of nine peaks (31, 32,
33, 35, 39, 40, 41, 45 and 47) belonging to oleane-type triterpenoids.
By referring to literature, they are tentatively identified as, camarolic
acid, camaric acid, lantanillic acid, icterogenin, reduced lantadene A,
3-0-(3-methyl-2-butenoyl), 22-hydroxy-12-oleanen-28-oic acid, lanta-
dene B, lantanolic acid and camardienone, respectively (Ayatollahi
et al., 2011; Begum et al., 2008, 2014; Chen et al., 2010). Finally, 7
peaks (peaks 34, 36, 37, 38, 42, 43 and 46) were found to belong to
ursane-type triterpenes. The most important mass fragments were due to
loss of angeloyl or methyl butenoyl or hydroxyl moiety followed by loss
of CO4. These compounds were tentatively identified as lantacin, lantoic
acid, camaranoic acid, camarinic acid, lantiursolic acid and lantic acid,
respectively (Ayatollahi et al., 2011; Begum et al., 2008, 2014; Chen

10

4.1.2. Flavonoids

Eight compounds were identified as flavonoids; among which 5 were
identified as flavone glycosides (peaks 1, 14, 21, 22, 23) and 3 as
methoxylated flavones (peaks 25, 26, 29). Compounds 1 and 14 were
recognized to be diglycosides. Compound 1 was annotated as digluco-
side from the MS? fragments at (M-H-162) and (M-H-162) that indicated
the loss of two hexose units connected to two different positions of the
aglycone (Brito et al., 2014). Furthermore, the MS? fragment at 429 Da
indicated that the inter-glycosidic linkage was (1-2) linkage (Kachlicki
et al., 2016). Meanwhile, the fragmentation pattern of compound 14
showed two characteristic MS? fragments (M-H-162) and
(M-H-162-162) that indicated the loss of two sugar units at different
substitution position of the aglycone unit (Ghallab et al., 2020). Com-
pounds 21, 22 and 23 were deduced to be monoglycosides due to the
presence of the MS? fragment (M-H-162) indicating the loss of a hexose
unit (Kachlicki et al., 2016).

The aglycone part of flavonoids can be identified based on further
MS? experiments with CE = 70 eV. Compound 1 showed characteristic
mass fragments at 137 and 151 Da resulting from RDA (Retro-Diels
Alder rearrangement) in addition to a mass fragment at 241 Da (M-H-
COy). Based on these observations and by referring to the literature
survey, it was tentatively identified as luteolin-7, 4’-O-diglucoside (Li
etal., 2016). Compound 14 was identified as a di-methoxylated flavone,
as deduced from the MS? fragment of its aglycone (M-H-2CH3) at 299 Da
(Zhao et al., 2020). After comprehensive analysis of the mass data with
that reported in literature, compound 14 was identified as pectolinarin
(Liao et al., 2018). Compounds 21, 22 and 23 exhibited a
di-methoxylated flavone glucoside skeleton as all of them showed a mass
fragment (M-H-2CHg3) at 299 Da. Compound 21 was tentatively identi-
fied as dihydroxy-dimethoxy-flavone hexoside I, showing characteristic
RDA fragments at 181 Da (MeA L3y and at 150 Da (MeB~%2). That
confirmed the presence of one methoxy and two hydroxy groups at ring
A in addition to one methoxy and one hydroxy group in ring B. Mean-
while, compounds 22 and 23 were tentatively identified as
dihydroxy-dimethoxy-flavone hexoside II and III displaying character-
istic RDA fragments at 165 Da (MeA™ %), 150 Da (MeB~%2) and 181 Da
(MeA*1’3), 134 Da (MeB*O’z), respectively. Those findings indicated that
compound 22 possessed one methoxy and one hydroxy substituent in
both rings A and ring B. On the other hand, compound 23 demonstrated
a different substitution pattern with one methoxy and two hydroxy
groups in ring A in addition to one methoxy group in ring B. Peaks 25,
26 and 30 corresponded to mono, di and tri-methoxylated flavone
aglycones, respectively. This was inferred by the presence of the char-
acteristic mass fragment 300Da (M-H-CHj3) for compound 25, 299 Da
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(M-H-2CHj3) for compound 26 and at 282 Da (M-H-3CHj3) for compound
29 (Zhao et al., 2020).Compound 25 showed characteristic RDA frag-
ments at 181 Da (MeA ™ 3) and136 Da (B’1’3), while characteristic peaks
of compound 27 were at 195 Da (2MeA’1’3) and 136 Da (B’l’s).
Moreover, the RDA fragments of compound 29 appeared at 195 Da
(2MeA’1’3) and 134 Da (Me B’1’3). Based on the above-mentioned in-
formation and by referring to literature, compounds 25, 26 and 29 were
tentatively identified as eupafolin (Huang et al, 2020), crisiliol
(Moharram et al., 2012) and salvigenin (Liao et al., 2018), respectively.

4.1.3. Phenolic acids

Peaks 2, 3, 6, 8 and 9 were annotated as phenolic acids that showed a
characteristic peak due to the loss of 44 Da (M-H-CO,), though, loss of
15 Da (M-H-CH3) was also noticed in mass spectrum of peak 6. By
referring to literature, compounds 2, 3, 6, 8 and 9 were tentatively
identified as protocatechuic acid, caffeic acid, vanillic acid, coumaric
acid (Kumar et al., 2017) and ferulic acid (Barros et al., 2012),
respectively.

4.1.4. Iridoid glycosides

Three peaks (5, 11 and 12) were identified to be iridoid glycosides.
All of them showed the characteristic peak (M + HCOO-H) and all of
these compounds showed their major MS> fragment (M-H). The formate
anion (M + HCOO-H) is commonly resulted from iridoid glycosides
bearing an ester group or a carboxyl group at C-4 (Ren et al., 2007).
Comparing to literature values, compound 5 was tentatively identified
as theveside displaying characteristic peaks at 371 Da, 345 Da and 209
Da owing to loss of water, CO2 and glucose moieties, respectively (Ren
etal., 2007). Compounds 11 and 12 showed their characteristic peaks as
a result of losing methoxy group (M-H-30) at 391 Da and 359 Da,
respectively. Furthermore, there were fragments due to loss of glucose
unit (M-H-162) from the precursor ion at 259 Da and 227 Da, respec-
tively along with a methyl ester loss represented by the mass fragment
(M - H - 60) at 361 Da and 329 Da, respectively with subsequent
dehydration to afford the major product ion (M - H - 78) at 343 Da and
311 Da, respectively. Based on this information and by referring to
literature, compounds 11 and 12 were tentatively identified to be lam-
iridoside and 8-epiloganin, respectively (Calixto et al., 2017; Czerwin-
ska et al., 2020).

4.1.5. Phenylethanoid glycosides

Seven peaks; 4, 7, 16, 17, 18, 19 and 20 were identified as phe-
nylethanoid glycosides. This chemical class characterized by a directly
attached f-glucopyranose to hydroxyphenyl ethyl moiety. Substitution
by hydroxyl derivatives of cinnamic acid (such as caffeoyl and feruloyl)
usually occurs at the positions C-4 and C-6. Another sugar moiety is
usually located at the C-2 or C-3 position of g-glucopyranose (Xue and
Yang, 2016). Regarding compounds 16, 17, 18, 19 and 20, the presence
of two highly abundant mass fragments at 161 and 179 Da indicated the
presence of caffeoyl moiety attached to the glucose unit (Li et al., 2014).
Moreover, parent ions were subjected to three sequential losses of caf-
feoyl moiety, deoxyhexose (rhamnose) moiety (M-H-162-146) (Li et al.,
2014) and glucose unit followed by dehydration to yield another
daughter fragment (M-H-162-146-162-18) at 135 Da assigned for
anhydrophenolethanol moiety (Attia et al., 2018). The same fragmen-
tation pattern was also noticed for compounds 4 and 7, however, they
possessed two pentose units - rather than deoxyhexose attached to the
glucose moiety, thus, two characteristic fragments appeared; the first at
315 Da (M-H-162-132-132 -162) (Li et al., 2014; Attia et al., 2018)
resulting from the successive loss of caffeoyl, two pentose and glucose
units. The second appeared at 135 Da (M-H-162-132-132-162-18) was
owing to further loss of water moiety. Based on the mentioned infor-
mation and by referring to literature, compounds 4, 7, 16, 17, 18, 19
and were tentatively identified as fucatoside B (Juliao et al., 2009),
fucatoside C (Juliao et al., 2009), arenarioside (Gong et al., 2020),
verbascoside (Attia et al., 2018), cis-verbascoside (Ashour, 2021),
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isoverbascoside (Ashour, 2021) and Parvifloroside A (Juliao et al.,
2009), respectively.

4.1.6. Lignan glycosides

One peak was identified to be a lignan glycoside (Peaks 15). It
showed two characteristic peaks at 423 Da (M-H- 162) and 570 Da (M-H-
15) due to loss of glucose and methyl group, respectively. This com-
pound was identified as radulignan (Filho et al., 2009).

4.1.7. Miscellaneous compounds

Compound 10 presented a deprotonated ion peak at 45 Da (M-H-
galactose) and it was tentatively identified as ethyl-f-D-galactoside
(Misra et al., 2007). The tentatively identified linaloic acid hexoside
(menthiafolic acid hexoside, peak 13) was successively dehydrated to
afford fragments at 327 Da (M-H-H,0) and 309 Da (M-H-2H50) pro-
vided additional fragments at 183 Da (M-H-162) due to hexose loss
(Goodger and Woodrow, 2013). Compound 27 was recognized as a
naphthoquinone derivative and this was deduced from its characteristic
fragments at305 Da (M-H-CO), 277 Da (M-H-CO-CO) in addition to a
fragment due to the loss of methyl group (M-H-CHj3) (Elwoo et al., 1970)
and by referring to literature it was tentatively identified as lantalucratin
F (Hayash et al., 2004). Finally, compound 28 was identified as fur-
anonaphthoquinone derivative, representing characteristic fragments
(M-H-CO) and (M-H-CO-CO) (Diaz and Medina, 1996) and by referring
to literature it was identified as 5-hydroxynaphtho[2,3-b]furan-4,
9-dione (Abeygunawardena et al., 1991).

4.2. Investigation of the inter-cultivar effect on the metabolic profile using
multivariate statistical analysis of the UPLC-MS/MS data

4.2.1. Unsupervised pattern recognition

The UPLC-MS/MS data matrix was subjected to the unsupervised
pattern recognition, principal component analysis (PCA) (Fig. 2A) in
order to explore the clustering pattern of different Lantana cultivars
extracts based on their chemical profiles. The first two principal com-
ponents (PC1, PC2) represent 55% of total variation within all samples.
The model was valid as it showed R2X (cum) value of 0.98 indicating the
goodness of fit of the model. Its predictive power was significantly high
as indicated by the Q2 (cum) value of 0.95.

The loading plot (Fig. 2B) showed the distribution of chemical con-
stituents among different hydroalcoholic extracts of L. camara cultivars.
Therefore, it can identify the chemical markers that are responsible for
samples segregation.

4.3. Cytotoxicity and anti-COVID activity of the tested extracts

4.3.1. Assessment of the cytotoxicity of the tested extracts on Vero E6 cells
MTT assay was used to assess the effect of the tested extracts on the
viability of Vero E6 cells (Green monkeys kidney cells) (Table 2).

4.3.2. Anti-COVID-19 activity using plaque reduction assay

The antiviral activity of the tested extracts against (COVID-19) beta
(B.1.1.3.) strains was evaluated using plaque reduction assay. ICsg
values were determined using Graphpad Instat software (GraphPad
Software Inc, California) by plotting % reduction against different con-
centrations of each tested extract (Table 2). In order to ensure the safety
and efficacy of the tested extracts, the selectivity indices that measures
the window between the cytotoxicity and antiviral activity (Indrayanto
et al., 2021) were calculated based on CCs values obtained from MTT
test and ICsq values of plaque reduction assay. The higher the selectivity
index, the safer and the more effective the drug is (Indrayanto et al.,
2021).

4.3.3. Effects of the tested extracts on expression of SARS-CoV-2 RdRp and
E genes
The promising safety and antiviral activity of the aforementioned
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extracts have triggered the need to deeply understand the possible
mechanisms of their anti-COVID-19 activity. This was achieved by
estimating the transcript levels of RdRp and E genes using a TagMan
Real-time RT-PCR assay. Although coronavirus has many viral proteins,
many studies showed and proved that RdRp is the most relevant viral
target to identify specific anti-COVID-19 agents, as it is considered as a
vital enzyme for the life cycle of RNA viruses because it is responsible for
viral RNA replication in host cells which lack an enzymatic counterpart
(Zhao et al., 2021). In fact, viral polymerases inhibitors represent the
cornerstone of antiviral therapeutics; indeed, most of the approved
drugs for the treatment of viral infections, including HIV and HCV,
belong to this class (Cannalire et al., 2020; Cui et al., 2020; Elfiky, 2020;
Wu et al., 2020). On the other hand, E gene encodes a small and sig-
nificant structural protein for coronaviruses which in turn contributes to
many vital processes of coronaviruses, such as assembly, budding, and
envelope formation making it an important target for anti-COVID-19
drugs (Sun et al., 2020). Four levels of extracts’ safe concentrations
(30, 15, 12.5, 6.25 pg/mL) were plotted against the % down regulation
of RdRp and E genes (Fig. 3).

4.4. Determination of the anti-COVID-19 biomarkers using supervised
pattern recognition analysis

In order to investigate the clustering of the tested extracts based on
their anti-COVID-19 activity in addition to determination of the bio-
markers that are responsible for such activity, UPLC-MS/MS data matrix
(X-variables) and ICsq values obtained from plaque reduction assay (Y-
variables) were imported to Orthogonal Projection to Latent Structure
(OPLS) as one of supervised pattern recognition models. The OPLS
model showed goodness of fit (R?) value of 0.99 and good predictive
power (Q2) value of 0.97 indicating the validity of the model (Fig. 4).

Coefficient plot (Fig. 5) was constructed to determine the metabo-
lites which had positive contribution to the anti-COVID-19 activity of
the studied extracts. It is interesting to note that twelve biomarkers
(positive contributors) associated with COVID-19 inhibitory activity
were determined. These biomarkers were found in high concentration in
the most active extracts as following: camaric acid, lantanilic acid,
lantiursolic acid, luteolin-7,4’-O diglucoside, lantabetulic acid, camar-
olic acid, icterogenin, lantaoic acid, camaranoic acid, lantacin and lantic
acid were present in the highest concentration in L. camara cv. Chelsea
gem leaves extract. Meanwhile, ferulic acid was detected in a high
concentration in L. camara cv. Spreading sunset flower extract, while
isoverbascoside scored the highest concentration in the leaves extract of
L. camara cv. Drap d’or. This could explain the remarkable contribution
of these biomarkers to the stunning anti-COVID-19 potentials of such
extracts that ultimately discriminated them from cluster B extracts
(Fig. 4). By referring to literature, the identified biomarkers were found
to have antiviral activity. Ferulic acid exhibited antiviral activity against
plant viruses and H1N1 virus (Hariono et al., 2016; Wang et al., 2017).
Many studies showed that ursane and oleane type triterpenes possessed
antiviral activity mainly against respiratory viruses (Chen et al., 2020;
Jesus et al., 2015; Khwaza et al., 2018; Pawetczyk and Zaprutko, 2020;
Tohmeé et al., 2019). Moreover, a previous study revealed that iso-
verbascoside possessed a high binding affinity to SARS-CoV-2 (Banerjee
et al., 2021a). Furthermore, luteolin was proved to have antiviral ac-
tivity against different viral strains (Ninfali et al., 2020).

4.5. Molecular docking studies on the biomarkers

RdRp (NSP12) plays its crucial role in the viral transcription cycle
with the help of cofactors NSP7 and NSP8 that are present in its crystal
structure. Its active site is tunnel shaped cavity located between the
NiRAN (nucleotidyltransferase) domain p-hairpin constituting 398-919
amino acid residues, in which the catalytic residues were localized
(Vardhan and Sahoo, 2020a). RdRp hydrophobic cavities at active N and
C-terminals are involved in catalysis of RNA polymerization (Vardhan
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and Sahoo, 2020b). The catalytic active site of the RdRp consists of
seven conserved motifs (A to G); The RNA template is expected to enter
the active site composed of motifs A and C through a groove clamped by
motifs F and G. The NTP (nucleotide triphosphate) entry channel is
formed by a set of hydrophilic residues, including LYS545, ARG553,
ARG555 and ASN691 in motif F that are predicted to play roles in drug
interactions (Abd El-Aziz et al., 2021). Strong electrostatic surfaces are
observed via divalent cationic residues 611-626, especially the residue
ASP618. Some others are also located between residues 753-769 (Var-
dhan and Sahoo, 2020a), hence, these residues Asp618, Ser759, Asp760,
Asp761, Asp623, Arg555, Arg553, Lys545, Val557, Ser682, Asn691 and
Thr680 were used for receptor grid generation and screening of
compounds.

Since RARp was previously observed as the main target of action for
the tested extracts’ anti-COVID activity, hence; the predetermined bio-
markers were docked into its active site in order to investigate the
possible interaction patterns and afford deep understanding to the mo-
lecular mechanisms of action of these molecules. For the screening
purposes, remdesivir was used as an example of FDA approved drugs for
comparative analysis (Abd El-Aziz et al., 2021).

The molecular interaction analysis of these top hit compounds with
SARS-CoV-2 RdRp revealed that they were involved in interactions with
most of the aforementioned amino acid residues confirming that they
were successfully docked into the RdRp binding site (Aouidate et al.,
2021).

The docked pose of remdesivir against RARp was represented in
Figure (6). Herein, it was found that it fitted well into the active site via
forming hydrogen bonds with Asp761, Tyr619, Arg553, Cys622 as well
as negatively charged interactions with Asp623, Asp618, Asp760 and
Asp761. Positively charged interactions with Lys621, Arg624, Arg553,
Arg555 and Lys545 alongside, hydrophobic interactions with Trp617,
Glu813, Leu758, Cys622, Tyr619, Tyr455 and Val557 were also
observed. Remdesivir also bound to the core protein through polar in-
teractions with the amino acid residues: Ser759, Ser814, Thr556,
Ser682; one salt bridge and another pi-pi interaction with Arg553. These
interactions were in close agreement to those reported in literature
which proved their important role in enzyme catalysis (Tiwari, 2021).

Comparing the 2D interaction diagrams of the top hit compounds:
isoverbascoside, luteolin-7, 4’-O -diglucoside, camarolic acid and lan-
toic acid (Figs. 7 and 8) to that of remdesivir demonstrated common
positive charged interactions with the amino acids Arg553 and Arg555
that constitute part of this polymerase NTP channel structure. That
signified their crucial role in the enzyme inhibition via preventing the
entry of adenosine triphosphate (ATP) and divalent cations into the
central active site cavity, thus attenuating RNA replication (Abd El-Aziz
et al., 2021). However, isoverbascoside was involved in ten H-bonds
(Arg624, Thr556, Tyr619, Asp618, Asp760, Lys621 and Ser795);
luteolin-7, 4’-O-diglucoside was involved in seven H-bonds (Asp760,
Asp761, Ser682, Thr556, Lys621, Asp619); camarolic acid was incor-
porated in six H-bonds (Arg55, Arg553, Lys545, Asp452 and Thr556)
and lantoic acid was engaged in four hydrogen bonds (Asn691, Arg555,
Arg553 and Lys551) compared to remdesivir (exhibiting only three
bonds with Asp761, Tyr619 and Arg553). As a result, better interaction
(as expressed by their docking GScores) and stronger inhibition of the
SARS-CoV-2 RdRp was achieved.

In addition to the highest number of hydrogen bonding interactions
displayed by isoverbascoside, it was engaged in more negative and
positive charged interactions with the key amino acid residues (Fig. 7),
leading to formation of the most stable complex within the active site of
the RdRp protein, hence; the highest Gscore value.

From Figs. 7 and 8, it has been postulated that luteolin- 7, 4°-O-
diglucoside had the tendency to form a more conformationally fitting
complex than camarolic and lantoic acids through the formation of
higher number of hydrogen bonds, hydrophobic and negatively charged
interactions, thus might contribute significantly to its higher in-silico
COVID-19 inhibitory activity.
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Fig. 6. 2D (A) and 3D (B) ligand interaction diagrams for docking poses of the known FDA approved anti-viral remdesivir in the active site of SARS-CoV-2 RdRp

crystalline structure (PBD ID 6M71).

(A)

(8)

2

Luteolin-7-O-diglucoside

Fig. 7. 2D (A) and 3D (B) ligand interaction diagrams for docking poses of isoverbascoside and luteolin —7, 4’-O -diglucoside in the active site of SARS-CoV-2 RdRp

crystalline structure (PBD ID 6M71).

Camarolic and lantoic acids are considered as examples of oleanane
and ursane type pentacyclic triterpenes, respectively, that share many
structural similarities including a C-28 carboxylic acid and two hy-
droxyls at C-33 and C-22. However, it seemed that substituents at the
hydroxy group of C-22 such as 3-hydroxy-2-methylene butanoyl moi-
eties were notably integrated in favourable interactions with the
enzyme. For instance, both compounds shared the same number of H-
bonds via their carboxylic group at C-28, however camarolic acid was
observed to engage in extra four H-bonds with the surface accessible
residues Arg553, Asp452 and Thr556, unlike lantoic acid, which lacked
the 3-hydroxy-2-methylene butanoyl moiety at C-22. This in turn limited
the number of hydrogen bonds formed to only one with Lys551(Fig. 8).

Recent studies have reported the in-vitro inhibitory activity of iso-
verbascoside to SARS-CoV-2 main protease (Banerjee et al., 2021a) in
addition to its antiviral activity against respiratory syncytial virus
(Kernan et al., 1998). Literature lacks accurate information regarding
the efficacy of luteolin-7,4’-O-diglucoside and lantoic acid as anti-viral
drugs, while promising anti-viral activity of camarolic acid as a
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pentacyclic oleanolic acid triterpene was previously noted (Banik and
Pandey, 2008). As far as we know, no inhibitory activity to SARS-CoV-2
RdRp was reported for such compounds. This triggers the critical need
for their targeted isolation coupled with extensive in-vitro and in-vivo
studies to afford deep explanation and verification of their promising
in-silico activities. These comprehensive studies might be incorporated
in presenting new COVID-19 inhibitors which have not previously re-
ported for this activity.

5. Conclusion

In conclusion, extracts of four L. camara cultivars were recognized as
rich sources of health promoting phytoconstituents for the human being
especially in attenuating COVID-19 virus as a newly reported activity
that was not previously reported despite the plant’s historical role in
alleviating respiratory ailments. The combination of a multiplatform
metabolite profiling using UPLC-MS/MS and chemometrics is a prom-
ising approach to afford deep understanding to the chemical
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Fig. 8. 2D (A) and 3D (B) ligand interaction diagrams for docking poses of camarolic acid and lantoic acid in the active site of SARS-CoV-2 RdRp crystalline structure

(PBD ID 6M71).

composition differences among the cultivars extracts and correlate them
to COVID-19 inhibitory activities allowing to pinpoint possible candi-
date metabolites responsible for the biological activity of the extracts.
Since molecular docking studies confirmed the promising activities of
isoverbascoside, luteolin-7, 4’-O-diglucoside, camarolic and lantoic
acids, our future perspective will focus on isolation of these biomarkers,
and subjecting them to extensive in-vitro, in-vivo and clinical studies
aiming to provide verification to their promising in-silico activities.
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