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Abstract

Background: Chenopodium murale (C. murale), a plant used in herbal medicine, is rich in essential oils and bioactive compounds. Given the
urgent need for natural sanitisers and disinfectants, this study aimed to evaluate the antiviral and antimicrobial properties of various C. murale
extracts and to develop an adequate, low-toxicity, ready-to-use green preparation.

Methods: Crude extracts of C. murale prepared with ethanol, methanol, acetone, ethyl acetate, and hexane were tested for cytotoxicity,
antiviral, and antimicrobial activities. Liquid Chromatography/Mass Spectrometry was used to identify the metabolites in the most potent
extract.

Results: The ethanol extract of C. murale showed promising antiviral activity, particularly against adenovirus type 7, without significant
toxicity to tested cell lines. Identified compounds in the crude ethanolic extract included pentoses, hexoses, amino acids, flavonoids,
carotenoids, terpenoids, sterols, and glycosides. The essential oil derived from C. murale, containing p-cymene and a-terpinene, demonstrated
antimicrobial properties. Combined with other essential oils, the plant extracts showed activity against various microbial species, aligning
with previous research on the antimicrobial effects of C. murale.

Conclusion: This study highlights the potential of C. murale and its ethanolic extract as a potent natural antiviral source for various health
and medical applications.
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L. Introduction

In the fields of health and medicine, the quest for potent antiviral and antibacterial agents is of paramount importance.
Recently, there has been a surge in interest in exploring natural sources for potential medicinal applications. Chenopodium
murale (C. murale), a plant traditionally used in herbal medicine, has emerged as a promising candidate due to its reported
therapeutic benefits [1].

C. murale is renowned for its rich concentration of bioactive compounds and essential oils, including minerals, albuminoids,
phenolic amide, saponins, sitosterol (found in the roots), and oleanolic acid (found in the flowers) [2-4]. These substances
have been associated with various biological activities and medicinal properties. Given the urgent need for natural sanitisers
and disinfectants, it is logical to explore the antiviral and antibacterial potentials of C. murale extracts [5].

In the present study, we employed various extraction methods using solvents such as ethanol, methanol, acetone, ethyl
acetate, and hexane to evaluate the potential of C. murale. The resulting crude extracts were tested extensively to assess their
antibacterial, antiviral, and cytotoxic properties. Liquid Chromatography/Mass Spectrometry analysis was used to identify and
characterize the metabolites in the extracts, providing insights into their chemical composition and potential therapeutic
benefits.

In our study, the extracts were tested on various cell lines, including human larynx epidermoid carcinoma cells and Buffalo
green monkey kidney cells, to determine their cytotoxicity. The antibacterial activity was evaluated individually and with
other enhancing agents such as aloe vera and essential oils. The antiviral activity was assessed against bacteriophage phiX174
virus, adenovirus type 7, and coxsackievirus B4. This study highlights the potential of C. murale extracts as a valuable natural
resource for health and medicinal applications [5].
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Chenopodium murale extracts show unique beneficial attributes with some similarities, especially in relation to other plant
extracts such as Rindera lanata and Bidens pilosa due to their broad-spectrum chemical composition, low cytotoxicity, and
antiviral and antibacterial properties [6-7].

The abundance of bioactive compounds in C. murale and the demonstrated antiviral activity make it a promising candidate for
developing potent and sustainable medicinal agents. This research contributes to the growing body of knowledge on natural
product-based drug development by investigating the antiviral and antibacterial capabilities of C. murale extracts,
emphasizing the importance of harnessing nature's resources to improve human health.

2- Material and Methods

2.1 Materials

After obtaining the required owner permits, a new sample of Chenopodium murale was gathered in February 2021 from
growing areas in Egypt. Sigma Aldrich provided the study's chemicals: ethanol 99.9%, methanol 99.9%, acetone 99.9%,
hexane, and ethyl acetate. Furthermore, local vendors provided the essential oils, which included Aloe vera, Cinnamon,
Clove, Lavender, Lemon, Neem, Peppermint, and Green Tea. Notably, this study complies with all applicable municipal and
federal laws on the use of plants.

2.2 Methods

2.2.1 Collection and Identification of Chenopodium Murale Plant

The leaves, stems, and flowers of Chenopodium murale were gathered, divided, cleaned, and thoroughly washed with distilled
water. Considering the hot and dry weather, They were left to air dry for around three days. The plant material was finely
powdered and ready for extraction after drying [8]. The specimen has been identified, and the number cai was given.
24.71.128.381. The senior taxonomist verified and certified that the plant was, in fact, Chenopodiastrum murale (L.) S.
Fuentes, Uotila & Borsch. According to Plants of the World online, the plant was registered under the new name
Chenopodiastrum murale (L.) S.Fuentes, Uotila & Borsch and is kept in the Cairo University Herbarium.

2.2.2 Preparation of Crude Extracts

The plant powder was combined with ethanol, methanol, and acetone at 1:10 w/v [9, 10] and hexane and ethyl acetate at 1:5
w/v [11, 12]. The extracts were then macerated in the appropriate solvents and shaken for a whole day at 150 rpm [13].

After the extraction procedure, the extracts were lyophilized and filtered through Whatman® grade 2 filters [13]. To ensure
the extracts were completely dry and the weights were constant, they were left to sit for 48 hours. The extracts were placed
into sterile glass containers and refrigerated until further use to facilitate future research.

2.2.3 Liquid Chromatography/ Mass Spectrometry (LC-ESI-MS/MS) Analysis

Five crude extracts from the C. murale sample were generated to cover the wide range of polarity exhibited by plant
metabolites and ensure thorough coverage for the study objectives. The SCIEX® Triple Quad 5500+ MS/MS system, which
included an electrospray ionization (ESI) detector for "soft ionization" [ESI LC-MS/MS], was used to analyze the samples.
An ExionLC AC system and an Ascentis® C18 Column (4.6 x 150 mm, 3 um) were used to achieve separation.

Two eluents made up the mobile phase were A, acetonitrile (LC grade), and B, 5 mM ammonium formate in 0.1% formic acid
(pH 8 adjusted with NaOH for negative mode). The mobile phase gradient was programmed as follows: 10% B for the first
minute, increasing from 10% to 90% B over the next 33 minutes, maintaining 90% B for an additional 37 minutes, then
returning to 10% B at 37.1 minutes, and holding at 10% B for the remaining 40 minutes. The injection volume was set at 10
uL, with a flow rate of 0.7 ml/min.

Both positive (PI) and negative (NI) ionization modes were used for the MS/MS analysis, with an EMS-IDA-EPI scan from
100 to 1000 Da for MS1. The parameters were as follows: ion source gas 1 and 2 set at 45 pressure, curtain gas at 25 psi,
source temperature for both modes at 500°C, and IonSpray voltage at 5500 for positive mode and -4500 for negative mode.
The specifications for MS2 comprised a declustering potential of 80 and -80, collision energy of 35 and -35, and collision
energy spread of 20 and 15 for PI and NI, respectively. The scan range was 50 to 800 Da.

Version 4.70 of the MS-DIAL program was used to identify the chemicals, enabling precise identification and analysis of the
data.

2.2.4 Cytotoxicity test

2.2.4.1 Cell morphology evaluation by inverted light microscopy:

Following the procedures outlined by Simotes et al. (1999) and Walum et al. (1990) [14, 15], the experimental process was
carried out. Hep-2 and BGM cell cultures were established separately on 96-well tissue culture plates (Greiner-Bio One,
Germany) with a 2x10° cells/mL density. After that, the plates were incubated for a full day at 37°C with 5% (v/v) CO, in a
humidified environment. The media in each well was removed once the cell monolayers had reached confluency throughout
this incubation period. The tested Sample was prepared in DMEM (GIBCO BRL), and 100 pL of bi-fold dilutions were added
to each well. 100 uL of DMEM without any samples was added for the cell controls. Then, all cultures were further incubated
for 72 hours at 37°C in a humidified environment with 5% (v/v) CO,.

Every day during incubation, the cell morphology was examined under a microscope for any noticeable morphological
changes. These changes included cytoplasm granulation and vacuolization, loss of confluence, and rounding and shrinkage of
the cell. The morphological alterations that were seen were noted and given a score correspondingly [16].
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The trypan blue dye exclusion technique [17] was used to evaluate the vitality of the cells. In 12-well tissue culture plates
(Greiner-Bio One, Germany), Hep-2 and BGM cell cultures were grown at 2x10° cells/mL density. After a 24-hour incubation
period, the examined sample was subjected to the previously established experiment. To do this, each well was filled with 100
uL of bi-fold dilutions of the tested material. The cells were trypsinized, and the culture media was withdrawn after 72 hours
of incubation. The cell suspension was then supplemented with an aqueous solution of trypan blue dye at a concentration of
0.4% (w/v). The vitality of the cells was then assessed by counting them under a phase contrast microscope.

2.2.5 Antiviral activity

2.2.5.1 Quantification of infectious bacteriophage phiX174 virus

It was performed according to" Standard Methods for the Examination of Water and Wastewater ", these methods consist of
standardized protocols for collecting, conserving, and analyzing water and wastewater samples, ensuring uniformity and
reliability across laboratories throughout the world by assessing dissolved solids, chlorine levels, metals, and microbial
content, including total and faecal coliforms [16].

2.2.5.2 Determination of adenovirus type 7 and Coxsackievirus B4:

Titers using plaque assay nontoxic dilutions were mixed (100 uL) with 100 pL of different doses of adenovirus type 7 and
Coxsackievirus B4 (1x10°, 1x10°, 1x107) PFU/mL. The mixture was incubated for 30 min at 37 °C. The inoculation of (100
uL) 10-fold dilutions of treated and untreated Adenovirus type 7 and Coxsackievirus B4 was carried out separately into Hep 2
and BGM cell lines in 12 multi-well plates after 1 h of incubation for adsorption at 37 °C in a 5% CO,water vapour
atmosphere without constant rocking. The plates were rocked intermittently to keep the cells from drying. After adsorption, 1
mL of 2X media (Dulbecco's Modified Eagle Medium, Gibco- BRL (DMEM) plus 1 mL 1% agarose was added to each well,
and the plates were incubated at 37 °C in a 5% CO, vapour atmosphere. After the appropriate incubation period, the cells were
stained with 0.4% crystal violet after formalin fixation, and the number of plaques was counted. The viral titers were
calculated and expressed as PFU/mL 1171. The environmental condition during the Test Methods was 24 °C.

2.2.6. Antimicrobial activity

2.2.6.1 Test organisms
Five bacterial species were used in this study, which were: Pseudomonas aeruginosa (ATCC10145), Enterococcus faecalis
(ATCC19433), Mycobacterium smegmatis (ATCC19420), Bacillus cereus (ATCC1080), and Staphylococcus aureus
(ATCC6538). Additionally, six fungal species, Aspergillus flavus (ATCC9643), A. niger (ATCC1015), A. sydowii
(ATCC16844), A.ustus (ATCC1041), Candida albicans (EMCC105), and Saccharomyces cerevisiae (ATCC9763) were
tested as well.

2.2.6.2 Assay of antimicrobial activity of C. murale extracts
The Agar disc diffusion method was used. Paper discs were impregnated with SuLL of C. murale crude extract of 200 pg
from each extract dissolved in 1mL of diluted DMSO (0.1%), and each disc was loaded with it. The discs were placed on
Mueller-Hinton agar plates and Nutrient agar inoculated with fungal and bacterial species, respectively. Plates were
incubated at 37 °C for 24 hr for bacterial species and 28 °C for four days for fungal species. The inhibition zone diameters
(mm) were measured. Ciprofloxacin was used as a control in the case of bacteria. Tioconazole was used as a control for
fungi (CLSI 2012).

2.2.4 Cytotoxicity test

2.2.4.1 Cell morphology evaluation by inverted light microscopy:

Following the procedures outlined by Simotes et al. (1999) and Walum et al. (1990) [14, 15], the experimental process was
carried out. Hep-2 and BGM cell cultures were established separately on 96-well tissue culture plates (Greiner-Bio One,
Germany) with a 2x10° cells/mL density. After that, the plates were incubated for a full day at 37°C with 5% (v/v) CO, in a
humidified environment. The media in each well was removed once the cell monolayers had reached confluency throughout
this incubation period. The tested Sample was prepared in DMEM (GIBCO BRL), and 100 uL of bi-fold dilutions were added
to each well. 100 uL of DMEM without any samples was added for the cell controls. Then, all cultures were further incubated
for 72 hours at 37°C in a humidified environment with 5% (v/v) CO,.

Every day during incubation, the cell morphology was examined under a microscope for any noticeable morphological
changes. These changes included cytoplasm granulation and vacuolization, loss of confluence, and rounding and shrinkage of
the cell. The morphological alterations that were seen were noted and given a score correspondingly [16].

2.2.4.2 Cell viability assay

The trypan blue dye exclusion technique [17] was used to evaluate the vitality of the cells. In 12-well tissue culture plates
(Greiner-Bio One, Germany), Hep-2 and BGM cell cultures were grown at 2x10° cells/mL density. After a 24-hour incubation
period, the examined sample was subjected to the previously established experiment. To do this, each well was filled with 100
uL of bi-fold dilutions of the tested material. The cells were trypsinized, and the culture media was withdrawn after 72 hours
of incubation. The cell suspension was then supplemented with an aqueous solution of trypan blue dye at a concentration of
0.4% (w/v). The vitality of the cells was then assessed by counting them under a phase contrast microscope.
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2.2.5 Antiviral activity
2.2.5.1 Quantification of infectious bacteriophage phiX174 virus

It was performed according to" Standard Methods for the Examination of Water and Wastewater ", these methods consist of
standardized protocols for collecting, conserving, and analyzing water and wastewater samples, ensuring uniformity and
reliability across laboratories throughout the world by assessing dissolved solids, chlorine levels, metals, and microbial
content, including total and faecal coliforms [16].

2.2.5.2 Determination of adenovirus type 7 and Coxsackievirus B4:

Titers using plaque assay nontoxic dilutions were mixed (100 uL) with 100 pL of different doses of adenovirus type 7 and
Coxsackievirus B4 (1x10%, 1x10°% 1x10”) PFU/mL. The mixture was incubated for 30 min at 37 °C. The inoculation of (100
uL) 10-fold dilutions of treated and untreated Adenovirus type 7 and Coxsackievirus B4 was carried out separately into Hep 2
and BGM cell lines in 12 multi-well plates after 1 h of incubation for adsorption at 37 °C in a 5% CO,water vapour
atmosphere without constant rocking. The plates were rocked intermittently to keep the cells from drying. After adsorption, 1
mL of 2X media (Dulbecco's Modified Eagle Medium, Gibco- BRL (DMEM) plus 1 mL 1% agarose was added to each well,
and the plates were incubated at 37 °C in a 5% CO, vapour atmosphere. After the appropriate incubation period, the cells were
stained with 0.4% crystal violet after formalin fixation, and the number of plaques was counted. The viral titers were
calculated and expressed as PFU/mL 1171. The environmental condition during the Test Methods was 24 °C.

2.2.6. Antimicrobial activity

2.2.6.1 Test organisms
Five bacterial species were used in this study, which were: Pseudomonas aeruginosa (ATCC10145), Enterococcus faecalis
(ATCC19433), Mycobacterium smegmatis (ATCC19420), Bacillus cereus (ATCC1080), and Staphylococcus aureus
(ATCC6538). Additionally, six fungal species, Aspergillus flavus (ATCC9643), A. niger (ATCC1015), A. sydowii
(ATCC16844), A.ustus (ATCC1041), Candida albicans (EMCCI105), and Saccharomyces cerevisiae (ATCC9763) were
tested as well.

2.2.6.2 Assay of antimicrobial activity of C. murale extracts
The Agar disc diffusion method was used. Paper discs were impregnated with SuL of C. murale crude extract of 200 pg
from each extract dissolved in 1mL of diluted DMSO (0.1%), and each disc was loaded with it. The discs were placed on
Mueller-Hinton agar plates and Nutrient agar inoculated with fungal and bacterial species, respectively. Plates were
incubated at 37 °C for 24 hr for bacterial species and 28 °C for four days for fungal species. The inhibition zone diameters
(mm) were measured. Ciprofloxacin was used as a control in the case of bacteria. Tioconazole was used as a control for
fungi (CLSI 2012).

2.2.6.3 Assay of antimicrobial activity of plant extracts mixed with essential oils
The Agar disc diffusion method was also used. Still, paper discs were impregnated with 2.5 uL of 200 pug of the plant
extracts mixed with 2.5 uL of the following additives: Aloe Vera, Cinnamon, Clove, Lavender, Lemon, Neem, Peppermint,
and Green Tea. The discs were placed on Mueller-Hinton agar plates, inoculated with bacterial and fungal isolates, and
incubated under the same conditions as previously mentioned. The inhibition zone diameters (mm) were measured to detect
the antimicrobial activity of the tested extracts.

2.2.6.4 Determination of the minimum inhibitory concentration

The serial dilution method was used to estimate the minimum inhibitory concentration of different treatments (MIC) (CLSI
2018). The studied concentrations were 25, 50, 100, and 200 pg/mL. Mueller—Hinton and Sabouraud's broth media were used
for bacteria and fungi, respectively. With the help of 0.5 barium chloride McFarland turbidity standard, the test inoculum was
5x10* CFU/mL for bacteria and 10* CFU spores/mL for fungi. The MIC is defined as the lowest concentration showing no
growth.

3. Results
3.1 Liquid chromatography/ mass spectrometry (LC-ESI-MS/MS) -based metabolite identification

SCIEX®Triple Quad™ 5500+ System [QTRAP®] with Linear Ton Trap (LIT) technology incorporates Enhanced Mass
Spectrometry scans (EMS) and Enhanced Product Ion scans (EPI) for compounds' screening, confirmation, and identification
covering positive (PI) and negative (NI) ionization modes with high sensitivity and the best quality of data in investigating
crude plant extracts. Combining both ionization modes (PI & NI) offers complementary structural information for compound
characterization.

Metabolite identification using untargeted analysis is mainly achieved through mass-based search followed by manual
verification. Values of m/z for molecular/Product ions were searched against the database(s). The EPI and EMS modes were
viewed and checked for their presence by PeakView 1.2 and used to identify the detected metabolite. EPI spectra are highly
selective and contain the complete molecular fingerprint of the analyte for identification that can be searched against existing
mass spectral libraries and accessible databases such as MassBank, PubChem, ChemSpider, The Natural Products Atlas, etc.
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Crude extracts were subjected to further investigations targeting the aim of the present study as cytotoxicity and antiviral
capability. A decision was made to focus metabolite profiling and identification on only one extract with the best results in the
previously mentioned ones, as it was a big challenge and a tedious operation to go with five crude extract analysis data in both
PI and NI modes. Analysis data for the five extracts with the PI and NI ionization mode were better collectively represented
by heatmaps in one Figure (Figure 1). Comparison between different solvent types and between the two ionizations (PI and
NI) modes for the same solvent type showed that ethanol (EtOH) and methanol (MeOH) extracts tend to have nearly similar
bands within a specific retention time (RT) regions but with different Total Ion Current (TIC) intensities. In contrast, acetone
and hexane showed high similarity in band RT and TIC intensities.

This can be traced peak by beak from TIC chromatograms from a to e in Figure 2, using Enhanced Product Ion (EPI) scans.
The acetone and hexane patterns were near the ethanol and methanol patterns. Ethyl acetate was far from the two patterns,
with very light early to mid RTs and thick and rich late RTs bands.

Surprisingly, EtOH crude extract showed a better sensitivity towards the metabolite content over the complete scan, among
the others, than MeOH crude extract, which was previously reported to be more familiar with plant extractions [18 — 21].
Enhanced Product Ion (EPI) of EtOH crude extract (Figure 2 a: Ethanol and Supplementary data list) showed high intensities
of TIC peaks firstly, at earlier RTs in min. These are putatively corresponding to Quinic acid, Jasmonic acid, N-
Acetylglycine, and 5-Hydroxytryptophan at 1.109, 1.659, 2.068, and 2.939 respectively, in the NI, and 1-Methyluric acid,
Choline [M]+, Biuret, and N-Methylaniline, Pyrrole-2-carboxylic acid, Uracil, Phosphocholine, 1-Acetylimidazol,
Ketoisovaleric acid [-3-Methyl-2-oxobutanoic acid], 2-Aminophenol, 4-Methyl-5-thiazoleethanol Guanidinoacetic acid at
1.63, 1.832, 1.998, 2.058, and 2.1048 respectively in the PI. Secondly, Retinoic acid *, Salicin*, Kaempferol*, Glycitein*,
Octadecanedioic acid* [*: compounds are present in both PI and NI modes and represented by the highest TIC within the PI
and/or NI mode], Bestatin, 2'-Deoxyuridine 5'-monophosphate, Docosatetraenoic acid, Palmitoylcarnitine cation, Guanosine
5'-monophosphate, Coniferylaldehyd, Luteolin, Palmitic acid, Methyl Heptadecanoic acid at 9.495, 9.596, 9.647, 10.620,
10.770, 11.421, 11.910, 11.942, 12.669, respectively were high TIC intensities in the NI which were more affluent and more
varied in metabolite content than the PI. Although moderate to low TIC intensities metabolites such as Phloretin, N-
Methylserine, Valine, 2and4-Hydroxyquinoline, 2-alpha-Mannobiose,1-Methylpseudouridine, Dihydrocapsaicin, Geranic
acid, N-Acetylcytidine, 2-Deoxyribose, Coniferylaldehyd, Ornithine, 6,7-Dihydroxycoumarin, 3-Octanol, Cotinine, 2-
Palmitoylglycerol, Isoxanthopterin, recorded the highest intensities among the others at RTs 3.424, 3.707, 5.342, 6.207,
8.272, 10.638, 11.884, 11.942, 13.237, 18.533, 19.06 min. Respectively (Figure 2 a: Ethanol and Supplementary data) in the
PI. Cladribine, CGS 15943, SB 205607 (Phenylquinolines), Nialamide, Arachidic acid, and Fructose-1,6-bisphosphate were
present with the highest TIC intensities at 15.691, 17.358, 19.787, 21.233 min RTs in the NI. Moreover, Lomifylline, 5-
hydroxymethylcytidine, Tripelennamine, Cocaethylene, Tremulacin, Phytosphingosine, ~Amlexanox acid, 1,7-
dimethylxanthine, alpha-Keto-gamma-(methylthio)butyric acid, Heneicosanoic acid, 2'-Deoxyguanosine, Guanosine* (in both
NI and PI) and Asp-Phe were present with the highest TIC intensities at 20.185, 20.333, 20.553, 21.316, 22.506, 22.858,
24.216, 24, 445 and 24.868 min RTs respectively, in PI.

High TIC intensities were represented by dark lines on heatmaps and many peaks in the chromatogram. a: Ethanol is in Figure
2, supposing a collection of related metabolites is located in this final separation stage. For PI, Picrotin * (in both NI and PI),
Limonene, Ipriflavone, Coniferylaldehyde, trans-Piceid, Brucine, Nornicotine, Thymol, 2'-O-Methylinosine, S-Adenosyl-
methionine, 2,3-Dideoxyuridine, Perospirone, Luteolin-6-C-glucoside, 1-Monostearin, Ramipril, Palmitoylcarnitine cation,
Nefazodone, CHEMBL1616521, Riboflavin, Geniposide, Nobiletin, Xanthinol, Salmeterol, Tremulacin, 5-Cholesten-3-beta-
7-alpha-diol, Tremulacin, -(1-Pyrazolyl)-alanine, and 2,3-Dideoxyuridine Nicotinic acid* showed the highest TIC intensities
and clear peaks at 27.335, 27.586, 29.031, 29.367, 31.551, 31.603, 32.973, 33.031, 34.844, 37.007, 37.064, 38.158, 39.256,
39.546, 39.656, and 39.715 min one-to-one RT in the PI. Likewise, the NI mode showed a region with many characteristic
metabolites but with moderate to low intensities as follows: Cordycepin: Genistein, Glucobrassicin, 2'-Deoxyguanosine, 5'-
diphosphate, Arachidonyl, Naringin, gamma-Glutamylmethionine, Luteolin-6-C-glucoside, Cytarabine, Linoleic acid, 1-
Methyladenosine, 5-Methoxypsoralen, 3',5'-Cyclic dAMP/cyclic-di-GMP, Vitexin. , Lauric acid, Homoserine, Ethyl
myristate, Canavanine*, Anserine at 27.072, 27.312, 31.768, 31.877, 32.1608, 34.84487, 35.56172, 35.94718, 35.94718,
36.750, 36.979, 38.137, 39.047, 39.642, 39.701, 39.761 min. RTs.

Certain dark lines from the heatmaps corresponding to high-length peaks from the chromatograms with the highest TIC
intensities were only noticed in the EtOH PI. NI mode was susceptible to all extracts and rich in TIC intensities and
separations, and significant similarity was seen in acetone and hexane, especially in the last region of RT, which might have
occurred due to the high non-polarity nature and the high molecular weights of metabolites being separated at that time.
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Figure 2: TIC chromatogram of C. murale five crude extracts [a-e] in positive ionization mode PI [TIC chromatogram peak line in red] &
negative ionization mode NI [TIC chromatogram, peak line in blue]

3.2 Cytotoxicity test

Cell viability assay by the trypan blue dye exclusion method [15] on Hep-2 and BGM cell cultures with the acetone,
hexane, ethyl acetate, methanol, and ethanol extracts of the C. murale plant was done, and Viable cells were morphologically
examined and counted under the phase contrast microscope (Table 1).
Nontoxic doses of BGM and Hep-2 cells for acetone, hexane, ethyl acetate, methanol, and ethanol extracts of the C. murale
were recorded in Table 2. Maximum toxicity was recorded with methanol and hexane while moderate to low with the alcohol,
ethyl acetate, and acetone toward both cell lines

Table 1: Cell viability assay results and the Nontoxic doses of tested materials on BGM and Hep-2 cell lines

Nontoxic doses of BGM Nontoxic doses of Hep-2
Tested compounds
(ug/mL) (ug/mL)
Acetone 28 29
Hexan 22 24
Ethyl_acetate 27 29
Methanol 20 21
Ethanol 26 26

33 Antiviral activity

3.3.1 Quantification of infectious bacteriophage phiX174 virus

C. murale crude extracts of acetone, ethyl acetate, methanol, and ethanol have promising antiviral capabilities against
bacteriophage phiX174 virus [three levels viral titers]. Maximum reduction was recorded by ethanol and methanol. Unlikely
hexane samples demonstrated no antiviral effect against bacteriophage phiX174 (Table 2).
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Table 2: Reduction of bacteriophage phiX174 virus

Tested compounds Initial viral titer Final viral titer % of reduction Mean % of
reduction
5X107 2X10’ 60%
Acetone 5X10° 2X10° 60% 53.33%

5X10° 3X10° 40%
5X107 5X107 0%

Hexan 5X10° 5X10° 0% 0%
5X10° 5X10° 0%
5X107 1X107 80%

Ethyl acetate 5X10° 1X10° 80% 73%
5X10° 2X10° 60%
5X107 5X10° 90%

Methanol 5X10° 5X10° 90% 90%
5X10° 5X10* 90%
5X107 5X10° 90%

Ethanol 5X10° 5X10° 90% 90%
5X10° 5X10* 90%

Initial and final viral titer values are expressed as PFU/mL.

3.3.2 Determination of adenovirus type 7 and Coxsackievirus B4

C. murale crude methanol and ethanol extracts showed promising antiviral capability against Coxsackievirus B4 with
90%reduction (Table 3). Also, for the adenovirus type7, a similar record was achieved by methanol and ethanol,
demonstrating a promising antiviral capability with 90% (Table 4). Unfortunately, the hexane extract had no antiviral effect
against Coxsackievirus B4 and adenovirus type 7.

Table 3: Reduction of Coxsackievirus B4

Tested compounds Initial viral titer Final viral titer % of reduction Mean % of
reduction

5X10° 2X10° 60%

Acetone 5X10* 3X10* 40% 46%
5X10° 3X10° 40%
5X10° 4X10° 20%

Hexan 5X10* 5X10* 0% 6%
5X10° 5X10° 0%
5X10° 1X10° 80%

Ethyl acetate 5X10* 2Xx10* 60% 66%
5X10° 2X10° 60%
5X10° 5X10* 90%

Methanol 5X10* 5X10° 90% 90%
5X10° 5X10° 90%
5X10° 5X10°* 90%

Ethanol 5X10* 5X10° 90% 90%
5X10° 5X10° 90%

Initial and final viral titer values are expressed as PFU/mL.

Table 4: Reduction of adenovirus type7

Tested compounds initial viral titer Final viral titer % of reduction Mean % of
reduction

5X10° 3X10° 40%

Acetone 5X10* 3X10* 40% 40%
5X10° 3X10° 40%
5X10° 5X10° 0%

Hexan 5X10* 5X10* 0% 0%
5X10° 5X10° 0%
5X10° 2X10° 60%

Ethyl acetate 5X10* 2X10* 60% 53%
5X10° 3X10° 40%
5X10° 5X10* 90%

Methanol 5X10* 5X10° 90% 86%
5X10° 1X10° 80%
5X10° 5X10* 90%

Ethanol 5X10* 5X10° 90% 90%
5X10° 5X10° 90%

Initial and final viral titer values are expressed as PFU/mL.

Egypt. J. Chem. 68, No. 5 (2025)



EVALUATION OF ANTIVIRAL AND ANTIMICROBIAL PROPERTIES OF CHENOPODIUM MURALE EXTRACTS... 157

3.4 Antimicrobial activity

3.4.1 Antimicrobial activities of C. mural crude extracts

C. mural crude extracts (acetone, ethanol, ethyl acetate, hexane, and methanol) were tested for their antimicrobial activities
against different test organisms. The antimicrobial activity of the five extracts showed low inhibition zones (1-3 mm in
diameter) when tested against microbial strains such as Bacillus cereus, Enterobacter faecalis, M. smegmatis, P. aeruginosa,
Staphylococcus aureus in Table. 5, Aspergillus flavus, A. niger, A. sydowii, A. ustus, Candida albicans, and Saccharomyces
cerevisiae in Table 6.

3.4.2. Enhancement of the antimicrobial activities of C. mural crude extracts by mixing with herbal
essential oils

C. mural crude extracts were combined with essential oils (Alo Vera, Cinnamon, Clove, Lavender, Lemon,
Neem, Peppermint, and Green Tea) to enhance their antimicrobial activities. 2.5 pL of 200 ug/mL of different
extracts were mixed with 2.5 pL of the oils.

Ethyl acetate-peppermint and Ethyl acetate-lemon mixtures showed antibacterial and antifungal activity (Table
7). The Ethyl acetate-peppermint mixture attained maximum inhibition (4 mm) against Aspergillus ustus.

Six methanol mixtures recorded antimicrobial activity (Table 8). The maximum inhibition (4 mm) was attained in
the methanol-peppermint mixture against Aspergillus niger, A. sydowii, and Candida albicans.

Four acetone mixtures recorded both antibacterial and antifungal activities (Table 9). The maximum inhibition (3
mm) was recorded in the acetone-peppermint mixture against Aspergillus flavus, A. sydowii, and Saccharomyces
cerevisiae.

Five ethanol mixtures recorded both antibacterial and antifungal activity (Table 10). The maximum inhibition (4
mm) was attained in the case of ethanol-lemon and ethanol-peppermint against Aspergillus ustus.

Seven Hexane mixtures recorded both antibacterial and antifungal activities (Table 11). The maximum inhibition
(4 mm) was found in the case of Hexane-clove, Hexane-lemon, and hexane-peppermint against Bacillus cereus,
Aspergillus flavus, and Pseudomonas aeruginosa. Minimum inhibitory concentration (MIC) was carried out
through the dilution method. The minimum inhibitory concentration of all tested Chenopodium extracts was more
significant at 100 pg/mL.

Table 5: Antimicrobial activities of different crude extracts of C. murale

Inhibition zone diameter (mm)

Bacterial species Ciprofloxacin Acetone Ethanol Ethyl Hexane Methanol
(control) acetate
Bacillus cereus 29 0 0 0 0 0
Enterobacter faecalis 34 0 0 4 1 0
Mycobacterium smegmatis 23 0 0 0 0 0
Pseudomonas aeruginosa 34 2 2 0 0 1
Staphylococcus aureus 34 1 0 0 0 0

Table 6: Antimicrobial activity of different crude extracts of C. murale
Inhibition zone diameter (mm)

Candida albicans
Saccharomyces cerevisiae

Fungal species Tioconazole Acetone Ethanol Ethyl Hexane Methanol
(control) acetate
Aspergillus flavus 9 0 0 0 0 0
A. niger 8 0 0 0 0 0
A. sydowii 8 0 1 0 0 0
A. ustus 7 0 0 1 0 0
8 0 0 0 1 0
9 2 0 0 0 1
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Table 7: Antimicrobial activity of ethyl acetate extract of C. murale mixed with different essential oils

Inhibition zone diameter (mm)

Microorganisms Control Aloe Cinnamon ~ Clove Lavender Lemon Neem  Peppermint  Green
vera Tea
Bacillus cereus 25 0 0 0 0 0 0 0 0
Enterobacter 4 0 0 0 0 0 0 1 0
Pseudomonas aeruginosa n 0 0 0 0 1 0 0 0
Mycobacterium 25 0 0 0 0 2 0 1 0
Pseudomonas aeruginosa 19 0 0 0 0 0 0 0 0
Staphylococcus aureus 20 0 0 0 0 0 0 0 0
Aspergillus flavus 9 0 0 0 0 0 0 2 0
A. niger 10 0 0 0 0 2 0 0 0
A. sydowii 8 0 0 0 0 0 0 0 0
Aspergillus ustus 9 0 0 0 0 2 0 4 0
Candida albicans 8 0 0 0 0 0 0 3 0
Saccharomyces cerevisiae 8 0 0 0 0 0 0 0 0

Control: (fungi) Tioconazole; (Bacteria) Ciprofloxacin
Green tea comprises catechins, caffeine, theanine, flavonoids, minerals, vitamins ¢ and b, and volatile compounds such as aldehydes,

alcohols, esters, and terpenes.

Table 8: Antimicrobial activity of Methanol extract of C. murale mixed with different essential oils

Inhibition zone diameter (mm)

Microorganisms Control Aloe Cinnamon ~ Clove Lavender ~ Lemon Neem Peppermint ~ Neem  Green
vera Tea
Bacillus cereus PA] 0 0 0 0 0 5 3 5 0
Enterobacter 25 0 | 0 0 0 0 0 0 0
Pseudomonas aeruginosa % 0 0 0 0 2 0 3 0 1
Mycobacterium y)) 0 2 0 0 0 1 0 1 0
Staphylococcus aureus 21 0 0 0 0 2 2 3 2 1
Aspergillus flavus 9 0 2 0 0 0 0 0 0 0
Aspergillus niger 8 0 0 0 0 2 3 4 3 0
A. sydowii 1 0 2 0 0 3 3 4 3 1
A ustus 10 0 0 0 0 0 0 0 0 0
Candida albicans 11 0 2 0 0 0 0 4 0 0
Saccharomyces cerevisiae 10 0 0 0 0 0 0 0 0 0

Control: (fungi) Tioconazole; (Bacteria) Ciprofloxacin
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Table 9: Antimicrobial activity of acetone extract of C. murale mixed with different essential oils

Inhibition zone diameter (mm)

Microorganisms Control Aloe Cinnamon ~ Clove  Lavender ~ Lemon  Neem  Peppermint  Green

vera Tea
Bacilliis cereiis 25 0 0 0 0 0 0 0 0
Enterobacter 3 0 0 0 0 | 0 2 0
Pseudomonas aeruginosa 23 0 0 0 1 0 0 2 1
Mycobacterium 4 0 0 0 0 0 0 0 0
S. aureus n 0 0 0 | | 0 0 0
Aspergillus flavus 8 0 0 0 0 0 0 3 1
A. niger 8 0 0 0 | | 0 0 0
A. sydowii 9 0 0 0 0 0 0 3 0
A. ustus 9 0 0 0 | 0 0 0 1
Candida albicans 7 0 0 0 0 | 0 0 0
Saccharomyces cerevisiae 8 0 0 0 0 0 0 3 0

Control: (fungi) Tioconazole; (Bacteria) Ciprofloxacin
Table 10: Antimicrobial activity of ethanol extract of C. mural mixed with different essential oils
Inhibition zone diameter (mm)
Microorganisms Control Aloe  Cinnamon  Clove Lavender ~ Lemon Neem Peppermint ~ Green
vera Tea

Bacillus cereus 25 0 0 0 0 0 0 0 0
Enterobacter JA 0 | 0 0 0 0 3 0
Pseudomonas aeruginosa 26 0 | 0 | 2 0 2 0
Mycobacterium i 0 0 0 | 0 0 0 |
§. aureus i 0 | 0 0 2 0 3 0
Aspergillus flavus 8 0 0 0 | 0 0 0 |
A. niger 9 0 0 0 0 0 0 3 0
A. sydowii 8 0 | 0 | 3 0 0 2
A. ustus 1 0 0 0 0 4 0 4 0
Candida albicans 8 0 0 0 | 0 0 0 0
Saccharomyces cerevisiae 1 0 0 0 0 0 0 0 0

Control: (fungi) Tioconazole; (Bacteria) Ciprofloxacin
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Table 11: Antimicrobial activity of hexane extract of C. murale mixed with different essential oils

Inhibition zone diameter (mm)

Microorganisms Control Aloe  Cinnamon  Clove Lavender Lemon Neem Peppermint Green
vera Tea
Bacillus cereus 22 0 3 4 0 3 0 4 0
Enterobacter 23 0 0 0 0 0 0 0 0
Pseudomonas aeruginosa 2 | 3 0 0 4 0 2 3
Mycobacterium 24 1 2 1 1 1 0 2 1
§. aureus 20 0 0 0 0 0 0 0 0
Aspergillus flavus 8 0 3 4 1 2 0 4 3
A. niger 9 1 0 0 0 0 0 0 0
A. sydowii 8 0 2 2 0 1 0 2 3
A. ustus 7 1 0 0 1 0 0 0 0
Candida albicans 8 0 3 1 1 1 0 2 2

Saccharomyces cerevisiae 8 0 0 0 0 0 0 0 0

Control: (fungi) Tioconazole; (Bacteria) Ciprofloxacin

4. Discussion

Plants have been used as a source of nutrients and remedies since human colonisation on Earth. This appeared in
every human culture worldwide as herbal medicine, which plays a significant role in public health because of its
natural richness and availability as fresh green vegetables or extracts. Plant extracts as a sustainable resource
attract drug discovery and the pharmaceutical industries for combating and defeating outbreaks and emerging
new or eradicated diseases. The coronavirus COVID-19 pandemic woke the world with an urgent need for new
antiviral agents to fill the gap of no cure. This attracted us to the Chenopodium murale plant, a useless weed in
many crops commonly found in Egypt but very rich in nutraceuticals for medical or health benefits. This study
targeted the antiviral activity and cytotoxicity with a complete putative metabolite profile for the most potent
extract. The two tested cell lines (BGM and Hep-2) showed no significant difference in sensitivity to toxic
metabolites' content of the five C. murle crude extracts. A promising antiviral activity recording the efficacy of
the crude ethanol extract against the tested viruses and, more specifically, towards adenovirus type 7 with a 90 %
mean reduction in viral titer over all tested extracts. Moreover, the two tested cell lines (BGM and Hep-2)
showed no significant toxicity toward the metabolites' content of the C. murle crude extracts.

Concluding that the high sensitivity of QTRAP®with a LIT technology with EMS and EPI scans for screening,
confirmation, and identification for both PI and NI modes significantly revealed the rich content of compounds in
the C. murale crude ethanolic extract as summarised in Table 12, which was in agreement with what was
declared by [1,17,46,50,85,86,87]

Adenovirus types 3, 4, and 7 are most commonly associated with acute respiratory illness. The Adenovirus type7
has been associated with more severe outcomes than other types, particularly in people with weakened immune
systems. In the last 10 years, severe illness and death from adenovirus type 7 infection have been reported in the
United States, as reported by the CDC in 2022.

For antimicrobial activity, Several reports showed that the essential oil of C. murale is rich in p-cymene and a-
terpinene [89-91] [97-99] , which are related to its medicinal applications. Various plant extracts from traditional
medicinal plants were assayed to determine new sources of therapeutic importance. C. mural was proven to be
active against different microbial species. The extracts were combined with different essential oils (Alo Vera,
Cinnamon, Clove, Lavender, Lemon, Neem, Peppermint, and Tea) to increase their antimicrobial activity.

The results were in good accordance with the findings of Parkash er al. (2015), Kaur et al. (2018), and Kiilcii et
al. (2019) [92-94]. They stated that the Ethyl acetate extract of Chenopodium was promising in inhibiting
Staphylococcus aureus, E. coli, and Lactobacillus and presented the lowest MIC values against Staphylococcus
aureus and Enterococcus faecalis Pseudomonas aeruginosa, Paenibacillus apiarus and Paenibacillus
thiaminolyticus [95].

Plants have been used as a source of nutrients and remedies since human colonisation on Earth. This appeared in
every human culture worldwide as herbal medicine, which plays a significant role in public health because of its
natural richness and availability as fresh green vegetables or extracts. Plant extracts as a sustainable resource
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attract drug discovery and the pharmaceutical industries for combating and defeating outbreaks of emerging new
or eradicated diseases. The coronavirus COVID-19 pandemic woke the world with an urgent need for new
antiviral agents to fill the gap of no cure. This attracted us to the Chenopodium murale plant, a useless weed in
many crops commonly found in Egypt but very rich in nutraceuticals for medical or health benefits. This study
targeted the antiviral activity and cytotoxicity with a complete putative metabolite profile for the most potent
extract. The two tested cell lines (BGM and Hep-2) showed no significant difference in sensitivity or toxicity
towards the metabolites' content of the five C. murle crude extracts. A promising antiviral activity recording the
efficacy of the crude ethanol extract against the tested viruses and, more specifically, towards adenovirus type 7
with a 90 % mean reduction in viral titer over all tested extracts.

The results were in good accordance with the findings of Parkash er al. (2015), Kaur et al. (2018), and Kiilcii et
al. (2019)[96-99].

The results suggest the possible use of the Chenopodium mural due to its antimicrobial activity against different
bacterial and fungal species.

Table 12: Chemical classes of putatively identified compounds with reported antiviral and biological activities

*Compound No. &

Chemical class Compound name

Supported
References
1-pentoses, Fructose-1,6-bisphosphate, 2-deoxyribose, Arabinose, Glyceric | [22, 25, 28, 47, 78]
hexoses, and | acid
derivatives
2- amino acids and | Guanidinoacetic acid, Valine, N-Acetylglycine, Phenylalanine, N- [20, 19, 26, 31, 32,
derivatives Methylserine, Pyroglutamic acid, Homoserine, Glutamic acid, 33, 35, 49, 52, 58,
Ornithine, 5-aminovaleric acid, N-Acetylcysteine, gamma- 98]
Glutamyl-cysteine,
3- Nonpolar Docosatetraenoic acid, Palmitoylcarnitine cation, Palmitic acid, | [1, 44, 45, 53, 61,
constituents and Arachidic acid, Heneicosanoic acid, Methyl Heptadecanoic acid, | 70, 76, 77]
derivatives Octadecanedioic acid, Oleic acid, Palmitoleic acid, Lauric acid,

Ethyl myristate
Chlorogenic acid, Quinic acid, Jasmonic acid, Pyrrole-2-carboxylic
acid, Nicotinic acid, Urocanic acid, Citric acid, Nialamide,

4- Carboxylic acid
and derivatives

2, 11, 16, 27, 28,
64]

(Pyrimidine, Ketoisovaleric acid.

Pyridine

Flavonoids Kaempferol, Luteolin, Glycitein, Genistein, Equol, Isorhamnetin, | [5, 44, 93, 54, 60,
Ipriflavone, Luteolin-6-C-glucoside, Vitexin, Riboflavin, Nobiletin 74,75, 82]

Glycosides trans-Piceid, Glucobrassicin, Naringin, Geniposide, Luteolin-6-C- | [84, 93, 95]
glucoside, Piceid

Nucleoside and | Cytarabine, Cladribine, 5-Hydroxymethylcytidine, 1- | [23, 35, 36, 42, 43,

nucleotide analogs | Methylpseudouridine, Xanthosine, 2'-Deoxyuridine 5'- | 46, 83, 55, 57, 59,

monophosphate, N-Acetylcytidine, Guanosine 5'-monophosphate,
Cytidine-5'-monophosphate, 2'-0-Methyl-5-methylcytidine,
Inosine-5-monophosphate, 5'-Methylthioadenosine, 2'-
Deoxyguanosine, Guanosine, Cordycepin, 2'-O-Methylinosine, S-
Adenosyl-methionine,

1-Methyladenosine, N6-Isopentenyladenosine[ Riboprine],
2,3-Dideoxyuridine.

62, 63, 66, 79, 80,
91,93, 94]

Phenols 2-Aminophenol, 5-Hydroxytryptophan, Phloretin, | [5, 17, 21, 29, 30,
Dihydrocapsaicin, Capsaicin, Salicin, Coniferylaldehyd, 4- | 37, 41, 42, 48, 73,
Hydroxyphenylpyruvic acid, Acetaminophen glucuronide, | 82]

Chlorogenic acid, Tremulacin

Carotenoid Cocaethylene, Limonene, Thymol, Chlorogenic acid, Salmeterol, | [38, 68, 81, 83, 88]

Terpenoids, Geranic acid,

sterols 5-Cholesten-3-beta-7-alpha-diol, sitosterols.

Alkaloids Synephrine, Ecgonine, Lomifylline, Rinderine, 1,7- | [39, 54, 65, 69, 72,
Dimethylxanthine, Brucine, CHEMBL1616521-a morphinane | 81, 84]
alkaloid.

Amides Choline [M]+, Actrarit, salicylamides, Cinanserin [4, 24, 56, 67]

Vitamin Retinoic acid * [42, 53, 73]

Peptides Carnosine [34, 92]

* Compound number as listed in Supplementary data for more details
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5. Conclusion

Overall, the results of this study suggest that Chenopodium murale holds significant potential as a source of medicinal agents.
Its extracts demonstrated notable antiviral activity, particularly against adenovirus type 7, a common cause of respiratory
illness. In addition, the extracts showed antimicrobial activity against various bacterial and fungal species. These findings
indicate that C. murale could be valuable in developing new antiviral and antimicrobial treatments. Further research is needed
to fully understand these activities' mechanisms and explore the potential for clinical applications.
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