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Abstract

To develop economically viable and environmentally benign methodologies for organic reactions and reveal the
practical utility of transitional natural compounds and their derivatives. In addition, a new research method to
conduct docking studies against nuclear factors sheds light on the theoretical mechanism of action of Phlomis
aurea extracts as antioxidant, antimicrobial, anticancer, and repellent. The pharmacological potential of Phlomis
aurea is investigated in this research by analysing its aqueous and petroleum ether extracts. So, to evaluate
antioxidant activity, the DPPH scavenging test was used and compared against ascorbic acid; aqueous extract
showed noteworthy activity. Both extracts demonstrated noteworthy efficacy against various pathogens, such as
Enterococcus faecalis, Staphylococcus aureus, and Candida albicans. The anti-cancer activity was also assessed using
in-vitro assay on a standard cell line (Wi38) and two cancer cell lines (MDA and HepG2). The sensitivity of starving
female An. pharoensis to the studied extracts was higher than that of Cx. pipiens, suggesting that these extracts
may have potential applications in vector control. Docking study against nuclear factor erythroid 2-related factor
2 (Nrf2) (PDB ID: 3wn7), topoisomerase IV (PDB ID: 7Ihz), COX protein (PDB ID: 6y3c), and Odorant Binding Protein
7 (OBP7) (PDB ID: 3r10), to shed light on the theoretical mechanism expected as anti-oxidant, anti-microbial,
anti-cancer and repellent effects against mosquitoes respectively, for galic acid as most significantly quantifying
compounds on both extracts; highlighting the predicted mechanism of the proposed in-vitro assay, and confirming
the present result.
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Introduction

Phlomis aurea, a member of the Lamiaceae family, has
been historically recognised for its medicinal proper-
ties. The potent phenolic and flavonoid constituents of
Phlomis aurea are the main contributors to its antioxi-
dant effects [1]. Owing to their propensity to eliminate
free radicals, these chemicals effectively alleviate oxida-
tive stress, a significant factor in developing numerous
chronic diseases. A direct association was established
between the phenolic compounds and the reported anti-
oxidant activity using sophisticated spectrophotometric
techniques to assess the antioxidant capacity [1].

Extract of Ph. aurea extracts demonstrate antibacterial
activity against various bacterial species with a notewor-
thy inhibitory effect against Gram-positive bacteria. This
activity was ascribed to the presence of lipophilic chemi-
cals in the extract; Phlomis genus promises a significant;
Phlomis genus promises significance in an era where anti-
biotic resistance is on the rise [2]. In addition, the anti-
cancer properties of hold potential anti-cancer action the
Phlomis genus hold potential anti-cancer action, which is
attributed to the induction of apoptosis and suppression
of cell proliferation. This potentially serves as a vital asset
in of advancing innovative anti-cancer treatments [1].

Mosquitoes are the most important group of insects
because of their importance to public health [3, 4]. Mos-
quitoes are responsible for the transmission of many
pathogens, such as Western Nile Virus (WNV) filariasis,
malaria, Rift Valley Fever (RVF), dengue, and encephali-
tis [5-8]. Over and unwise use of chemical insecticides
in vector control has led to the environmental hazards
through the accumulation of toxic non-biodegradable
compounds in the ecosystem, developing insecticide
resistance in mosquito species, and toxic effects on
human and non-target organisms [9, 10]. To eliminate
the hazards of chemical insecticides, plant-derived mate-
rials are considered safer and easily environmentally bio-
degradable [11]. In addition, several plant species were
confirmed to possess activity as larvicidal and repellent
agents against different mosquito species [12—14].

Consequently, the principal objective of this study is to
undertake a comprehensive inquiry into the pharmaco-
logical characteristics of Ph. aurea. These botanical spe-
cies have long been acknowledged for their therapeutic
advantages.

Materials and methods

Phlomis aurea extraction

The present study is based on dried materials of Phlo-
mis aurea (Lamiaceae) Decne. Which was investigated
by Cairo University Herbarium (CAI), Azhar University
Herbarium and Saint Catherine Protectorate Herbarium.
The whole mature plant was ground into fine powder.
Using a Soxhlet apparatus, 75 g of the dry powder was
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extracted with petroleum ether and water. Each of the
following extracts was filtered using Whatman No. 1 fil-
ter paper, dried in a water bath to a semisolid state, and
its yield was recorded before being stored in a refrigera-
tor at 40 °C until further use [15-17].

High-performance liquid chromatography (HPLC)

The HPLC analysis was performed with an Agilent 1260
series instrument. Using a Zorbax Eclipse Plus C8 col-
umn (4.6 mm x 250 mm, i.e., five pum), the separation was
accomplished. At a flow rate of 0.9 ml/min, the mobile
phase comprised water (A) and 0.05 per cent trifluo-
roacetic acid in acetonitrile (B). The mobile phase was
sequentially coded in the following linear gradient fash-
ion: 0 min (82% A); 0—1 min (82% A); 1-11 min (75% A);
11-18 min (60% A); 18-22 min (82% A); 22—24 min (82
per cent A). At 280 nanometers, the multiwavelength
detector was observed. A volume of 5 ul was injected for
each of the sample solutions. At 40 °C, the column tem-
perature was maintained [18, 19].

Evaluation of antioxidant activity by DPPH radical
scavenging method
The activity of leaf extracts in scavenging free radi-
cals was assessed using 1,1-diphenyl-2-picryl hydrazyl
(DPPH). 0.1 mM DPPH solution in ethanol was, in brief,
made. One millilitre of this solution was added to 3 mil-
lilitres of various ethanol extracts at the following con-
centrations: 3.9, 7.8, 15.62, 31.25, 62.5, 125, 250, 500, and
1000 pg/ml. The extracts that solubilize in ethanol are
solely utilised in this study; their concentrations were
determined by dilution. 30 min after aggressively shaking
the mixture, it was left to rest at room temperature. Fol-
lowing this, absorbance at 517 nm was determined using
a spectrophotometer (UV-VIS milton roy). The ascorbic
acid reference standard was utilised, and the experiment
was conducted in triplicate. Using a log dosage inhibi-
tion curve, the IC;, value of the sample, which represents
the concentration of sample needed to inhibit 50% of the
DPPH free radical, was determined. A lower absorbance
of the reaction mixture showed a greater degree of free
radical activity.

Scavenging effect was calculated by using the following
equation

DPPH scavenging effect (%) or Percent inhibi-
tion=A,-A;/Ayx100.

AO represented the absorbance of the control reaction,
while A1 denoted the absorbance when the test or stan-
dard sample was present.
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In-vitro assay of anti-microbial activity

Disk or well diffusion (Agar-Based) approaches

Differential diffusion in agar when testing plant or micro-
bial extracts for antimicrobial activity, the agar well
diffusion method is commonly employed. Like the disk-
diffusion approach, this technique involves distributing a
volume of microbial inoculum over the entire agar sur-
face to inoculate the agar plate surface. The next step is to
accurately measure the volume (20-100 mL) of the anti-
microbial agent or extract solution at the correct concen-
tration. A sterile cork borer or tip is used to aseptically
punch a hole with a diameter of 6 to 8 mm. After that; the
test microbe dictates the parameters that the agar plates
are cultured in which the agar plates are cultured. The
tested microbial strain is inhibited in its growth as the
antimicrobial drug diffuses across the agar media [20].

CLSI disk or well diffusion testing guidelines

To determine if microbes are susceptible to a specific
particular antibiotic, the well-sound diffusion test is the
gold standard. This method provides numerical data (in
the form of scalemillimetre zones) and qualitative infor-
mation for interpretation (e.g., susceptible or resistant).
Regarding testing for mould susceptibility, the CLSI has
suggested a good diffusion approach. It is possible to get
data from this disc diffusion approach after 16 to 48 h of
incubation, which is a significant advantage (a shorter
incubation time than the M38) [21, 22].

Mueller-Hinton agar plates from a regular bacteriol-
ogy lab or those without supplements are used in the
CLSI disc method. These plates have a pH of 7.2 to 7.4
after gelling, ideal for mould growth at 24—48 h. Some
batches of Mueller-Hinton medium may not support suf-
ficient growth of certain organisms; hence, it is essential
to assess the appropriateness of each new batch accord-
ing to CLSI standards. Therefore, well (disc) diffusion test
results will often be, more significant than expected, and
possibly surpass the permissible control limits [21].

The inoculum suspension used in the adjustment good
method should be adjusted in the same way as the one
used in the broth dilution standard method; then, the
same way as the one used in the broth dilution standard
method, within 15 min of making the adjustment adjust-
ing, the agar plates should be infected. Streaks in three
different directions cover the whole surface of the dried
agar. After the agar has dried for at least 15 min, a ster-
ile cork borer or a pointed object is used to aseptically
punch a 6 to 8 millimeter hole in the surface. Volumes
ranging from 20 to 100 ul of the antimicrobial agent or
extract solution adjusted to the desired concentration
and added to the well. It is recommended that the plates
be incubated within 15 min of discarding the extract
solution.
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Intervals when growth noticeably decreases, measure
the inhibition zone diameters (in mm) surrounding the
wells to the nearest whole millimetre after incubation. If
growth is not evident at the specified intervals, re-incu-
bate the plates to read them later [22].

In-vitro assay of anti-cancer activity

Determination of sample cytotoxicity on cells

100 pl of 1x10° cells/ml were added to each well of the
96-well tissue culture plate and left to incubate at 37 °C
for 24 h to form a full, complete monolayer. After a con-
fluent layer of cells had grown, the growth material was
removed from the 96-well microtiter plates. The cell
monolayer was then washed twice with wash media.
The tested material was diluted in RPMI medium with
2% serum times twice (maintenance medium). Separate
wells were examined with 0.1 ml of each dilution, with
three wells serving as controls and receiving only main-
tenance media. Once the plate had been incubated at
37 °C, it was examined. The cells were examined for any
outward manifestations of toxicity, such as granulation,
rounding, shrinkage, or loss of monolayer. A 5 mg/ml
MTT solution in PBS was made (BIO BASIC CANADA
INC). Each well was supplemented with 20 ul of MTT
solution. After adding the MTT to the medium, shake the
mixture at 150 rpm for 5 minutes. Metabolisation of the
MTT can occur after four hours of incubation at 37 °C
with 5% CO,. In 200 pl of DMSO, dissolve formazan, a
metabolic product of MTT. To ensure that the forma-
zan and solvent are well mixed, shake at 150 rpm for 5
minutes. Density of light Reeded at 560 nm and subtract
background at 620 nm. The quantity of cells has a direct
correlation with optical density.

Morphological assay

Cell viability was followed by and related to large-scale
morphological changes on the cell surface or in the cyto-
skeleton. Deterioration is defined by drastic reductions in
volume as a result of protein and intracellular ion losses
caused by changes in sodium or potassium permeability.
Nuclear enlargement, chromatin flocculation, and dimin-
ished nuclear basophilia are hallmarks of necrotic cells.
Cell death in apoptotic cells includes nuclear condensa-
tion and disintegration as well as cell shrinkage.

Repellency activity
Collection, DNA extraction, and identification of tested
mosquitos’ species
Larvae of Culex pipiens and Anopheles pharoensis were
obtained from their natural habitat (Faiyum Governorate,
Egypt; 29'18*53.4" N, 30'39*19.2" E) via netting.

A DNA barcode was applied to the collected mosquito
and the specimens were placed in 1.5 pL Eppendorf tubes
for identification purposes. The DNA was extracted using
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PureLink® Genomic DNA Kits (Invitrogen, Waltham,
Massachusetts, USA). In short, 180 to 250 pL of tissue
lysis buffer was added to each sample, and then 10 pL of
proteinase K was added for every 180 pL of tissue lysis
buffer. The mixture was then incubated at 56 °C for 4 h.
Following the directions provided by the manufacturer
(Invitrogen, Waltham, Massachusetts, USA), the liquid
above the sediment was carefully moved to another tube.
Vortexing was performed after adding 200 pl of ethanol
and 200 pl of Lysis/Binding Buffer to the lysate. After
that, the mixture was spun in a centrifuge at 10,000 xg
for one minute. The DNA was extracted using 50 pl of
elution buffer after two washes with wash buffers. It was
then stored at -20 °C until needed.

A forward primer, LCO1490:5'-GGTCAACAAATCAT
AAAGATATTGG-3’, and a reverse primer, LCO1490:5’-
TAA ACT TCA GGG TGA CCA AAA AAT CA-3] were
utilised to amplify the mitochondrial DNA of the cyto-
chrome oxidase C.O.I (COI) [23]. A final reaction volume
of 50 pl was used for the PCR amplification. This amount
included 25 pl of 2X master mix solution (i-Taq, iNtRON,
Seongnam, Korea), 2 pl of each primer, 4 pl of template
DNA, 0.2 mg/ml of BSA, and 14.5 pl of nuclease-free
water. The concentration of each primer was 0.2 pM. Tick
thermal cycling consisted of a 10-minute denaturation
step followed by 40 denaturation, annealing, and exten-
sion cycles at 95 °C, 46 °C, and 72 °C, respectively. Ten
minutes of the final extension was performed at 72 °C.
Using the transilluminator, the PCR amplicon was run on
a 1% agarose gel stained with ethidium bromide to ensure
the product’s purity and yield (UV. transilluminator,
Spectroline, Westbury, USA). Using a Macrogen reagent,
the PCR products were purified (Seoul, Korea). Before
aligning nucleotide sequences of M. domestica CO], sin-
gle-strand DNA sequencing was carried out.

Mosquitos rearing
A conventional method was utilized to procure the
required female Cx pipiens for the experiment, with some
small minor adjustments made [24]. Adult mosquitoes
were housed in wooden cages of 30 x 30 x 30 cm and fed
pieces of sponge soaked in a 10.0% sucrose solution every
day for two days following hatching. Subsequently, the
practice of egg-laying females consuming a blood meal
was legalised (an autogeny). A 15x 15 centimetres plastic
cup with distilled water was set in the cage for oviposi-
tion. The finished egg rafts were removed from the plas-
tic container and placed into three 25 x 30 x 15 cm plastic
pans with three litres of distilled water. Dog biscuits were
given to the hatching larvae every day for their food.

The larvae of An. pharoensis were reared according to
a previously standard procedure [10]. The adults were
housed in wooden cages of 60x60x60 cm and given a
10% sucrose solution day. The plastic bowls that held the
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larvae measured 25 x 30 x 15 cm and contained 3 L of dis-
tilled water. A consistent temperature of 27+ 2 °C, rela-
tive humidity of 70+ 10%, and a light-dark cycle of 12:12
were all maintained for the colony.

Repellent activity of tested extracts

To determine the repellent activity of the studied extracts
against Cx. pipiens, standard wooden cages measur-
ing 30x30x30 cm were utilised and utilised. To deter-
mine the repellent activity against An. pharoensis,
starving females were examined in wooden cages mea-
suring 60 x 60 x 60 cm. To create different doses, various
weights of extract were dissolved in 1 mL of either water
or petroleum ether in 4x4 cm glass beakers. The mix-
ture was then applied directly onto 5 x 6 cm of the ventral
surface of a pigeon after its abdomen had been stripped
of feathers. The repellency against Cx. pipiens and An.
pharoensis was tested, and commercial repellent (DEET)
served as a positive control. The pigeons were treated for
10 min and then kept in cages with 50 females of the Cx.
pipiens or An. pharoensis species that had been deprived
for five to seven days for three hours. Along with the
treatments utilizing petroleum ether and water, control
experiments were conducted. The average repellent value
was determined by repeating each test three times [25].
The number of fed and unfed females was counted three
hours after treatments, and the repellency percentage
was estimated using Abbott’s method [26].

Preparing protein for molecular docking research
Molecular docking is a potent computer method used to
assess a ligand’s potential energetic and geometric fit into
the active site of a protein. Gaussian 09 was used to gen-
erate a file containing the structures of the compounds in
the PDB format. From the protein data bank (http://ww
w.rcsb.org.pdb), we obtained the crystal structures of the
following proteins: Nrf2, topoisomerase IV, COX protein,
Odorant Binding Protein 7, and topoisomerase IV (PDB
ID: 3wn7, 7lhz, 6y3c, and 3rlo, respectively). The MOE
2015 program was used to conduct molecular docking
investigations. Re-docked the co-crystallized ligand in
its original structure using the program’s default param-
eters. Amino acid interactions, hydrogen bond lengths
in Ao, affinity measured in Kcal/mol, and the docking
energy score were all visualised.

Result

Water extract yields about 7.5 g (10%), while petroleum
ether yields about 1.5 g (2%). Table 1; Fig. 1 and supple-
mentary data Table (S1) & Figure (S1) presents a quan-
titative analysis of phenolic and flavonoid compounds in
aqueous and petroleum ether extracts of Phlomis aurea,
measured using High-Performance Liquid Chromatog-
raphy (HPLC). Compounds like Gallic acid, Chlorogenic
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Table 1 Quantitative analysis of Phenolic and Flavonoid compounds in agueous and eetroleum ether extract in HPLC profiles

Compounds Aqueous extract Petroleum ether extract
Area Conc. (ug/ml) Conc. (ug/g) Area Conc. (ug/ml) Conc. (ng/qg)
Gallic acid 1538.44 1356 67804 1280.7 112.88 5644.44
Chlorogenic acid 206.22 27.33 1366.83 101.53 1345 672.93
Catechin 7832 17.5 875.01 9.95 222 111.18
Methyl gallate 87.66 451 22581 50.16 2.58 129.23
Coffeic acid 581.97 46.16 2308.25 45.46 3.6 180.33
Syringic acid 193.15 14.41 720.6 270.25 20.16 1008.26
Pyro catechol 0 0 0 0 0 0
Rutin 10.03 1.55 77.5 21.87 3.37 168.89
Ellagic acid 40.64 418 209.05 34.59 3.55 177.92
Coumaric acid 150.71 55 275.18 526.75 19.23 961.76
Vanillin 365.97 139 695.07 922.66 35.04 1752.39
Ferulic acid 321 191 95.76 4335 2.58 12931
Naringenin 45.66 427 213.88 116.49 1091 545.56
Rosmarinic acid 104.63 1.4 570.39 23.15 2.52 126.2
Daidzein 6.71 0.38 19.43 4.66 0.26 13.49
Querectin 17.01 2.26 113.11 40.57 539 269.73
Cinnamic acid 53.85 0.99 49.56 106.8 1.96 98.29
Kaempferol 7.1 045 229 238 0.15 7.68
Hesperetin 10.19 0.51 2591 4.21 0.21 10.71
(i) ) (7)) Area (%) WAquausextract = Petroleum ether extract
Hesperetin 1800
Kaempferol 1600
Cinnamic acid § 1400
Querectin = 1200
Daidzein lggg
Rosmarinic acid 600
Naringenin |ju 400
Ferulic acid |« 208 L. » 1 1 . _
Vanillin
Coumaric acid e . J’ei,*étz&&&\scf’éi?ét@&é@&i"é‘i’i'& @‘.’&cg,&:‘a‘.’{yé&‘g&:@ébééc\é&o
Ellagic acid (= Q@\‘:&é‘ & 0@2@@‘*{&%&& Q}@i&é‘ < é,,i“‘ & @io‘,&;@z&&&
Rutin [ P < e [S3 Q_os& ¢
Pyro catechol
Syringic acid  |—
Coffeic acid
Methyl gallate  jumm
Catechin |ee————
Chlorogenic acid | —————————
Gallic acid
0 20 40 60 80 100 120 140 160

Conc. (ng/ml)

Fig. 1 (i) Phenolic and flavonoid compounds concentration (ug/ml) and (ii) Area % in agueous and petroleum ether extract in HPLC profiles

acid, Catechin, and others are quantified in terms of
their concentration in pg/ml and pg/g in both extracts.
Notably, activity gallic acid shows a high concentration
in the aqueous extract, which indicates its possible anti-
oxidant activity, as described by Kumar and Pruthi [27].
Chlorogenic acid, found in moderate amounts, is known
for its anti-inflammatory and neuroprotective effects, as
mentioned by Tajik et al. [28]. Catechin, a well-known
flavonoid, has been documented for its anti-cancer prop-
erties by Kozlowska and Szostak-Wegierek [29]. These
compounds, along with others like Ferulic acid and
Quercetin, which are present in varying concentrations,
contribute to the overall pharmacological potential of the

extracts, including anti-inflammatory, antioxidant, and
anticancer activities.

In-vitro assay of antioxidant activity

A comparative examination of the antioxidant activity
of aqueous and petroleum ether extracts of Ph. aurea
and the standard ascorbic acid, was conducted using the
DPPH scavenging assay (Table 2) and Fig. 2. The antioxi-
dant capability is evaluated through the utilizationutilisa-
tion utilisation of optical density (OD), DPPH scavenging
percentages, and IC;, values. With the lowest IC; value,
ascorbic acid exhibits the most significant antioxidant
activity as expected due to its potent radical scavenging
characteristics. Aqueous and petroleum ether extracts
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Table 2 Optical density, DPPH scavenging % and ICs, of aqueous and petroleum ether extract of Phlomis aurea in comparison to

stander ascorbic acid

Groups Conc. (ug/ml) OD+SD DPPH scavenging% SD SE 1C54 (ug/ml)
Stander Ascorbic Acid 1000 0.024+0.001 98.5 0.002 0.001 2.85
500 0.1£0.0009 93.7 0.001 0
250 0.139+0.002 913 0.003 0.001
125 0.205+0.002 87.1 0.003 0.001
62.5 0.317+0.001 80 0.002 0.001
31.25 0.433+0.002 727 0.003 0.001
15.625 0.564+0.002 64.5 0.003 0.001
7.8125 0.686+0.003 56.8 0.004 0.001
39 0.791+0.0009 50.1 0.001 0
1.95 0.831+£0.003 477 0.004 0.001
0 1.587+0.002 0 0.003 0.001
Aqgueous extract 1000 0.061+0.002 96.2 0.003 0.001 12.25
500 0.143+0.001 91 0.002 0.001
250 0.27+0.002 83 0.003 0.001
125 0.394+0.001 752 0.002 0.001
62.5 0.507 +£0.004 68.1 0.005 0.002
31.25 0.639+0.003 59.7 0.004 0.001
15.625 0.757+0.0008 523 0.001 0
7.8125 0.873+0.0008 45 0.001 0
39 0.989+0.001 37.7 0.002 0
1.95 1.106+0.001 30.3 0.002 0.001
0 1.587£0.002 0 0.003 0.001
Petroleum ether extract 1000 0.179+0.003 88.7 0.004 0.001 24.94
500 0.297+0.001 813 0.002 0.001
250 0.406+0.001 744 0.002 0.001
125 0.525+0.001 66.9 0.002 0.001
62.5 0.643+0.001 59.5 0.002 0
31.25 0.768+0.001 516 0.002 0.001
15.625 0.886+0.002 442 0.003 0.001
7.8125 0.98+0.002 382 0.003 0.001
39 1.093+£0.002 311 0.003 0.001
1.95 1.208+0.002 239 0.003 0.001
0 1.587£0.002 0 0.003 0.001
® ICso

—e— Stander Ascorbic Acid

120
100
80
60

40 Y

DPPH scavenging%

20

== Aqueous extract

==0— Petroleum ether extract

200

400 600
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#u4
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Fig. 2 (i) DPPH scavenging % and (ii) ICy, of aqueous and petroleum ether extract of Phlomis aurea in comparison to stander ascorbic acid. Note: * or #
= Sig. (P<0.05); ** or ##= High Sig. (P<0.01); *** or ###= Very high sig. (°P<0.001)
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exhibited a statistically significant difference in antioxi-
dant activity (¢=224.77, P<0.001; t=394.86, P<0.001,
respectively) compared to standard ascorbic acid. A
comparable pattern was identified (¢=170.09, P<0.001)
wherein the aqueous extract exhibited a comparative
advantage over the petroleum ether extract.

In-vitro assay of antimicrobial activity

In-vitro antibacterial assay was shown in Figs. 3 and 4
showcasing the effects of aqueous and petroleum ether
extracts of Phlomis aurea against a range of pathogens.
Both extracts had antibacterial activity; however, the effi-
cacy of the aqueous extract was often higher. The aque-
ous extract demonstrates a more pronounced zone of
inhibition against Salmonella typhi, Enterococcus faeca-
lis, Staphylococcus aureus, and Candida albicans than

Enterococcus faecalis(ALCC 10541)

Petrolenm
ether
extract

Aqueous
extract

+Ve
control

K. pneumoniae (ATCCIIZ33)

Petrolcum
ether
extract

Aqueous
extract

Ve +Ve

control control

Candida albicans (ATCC 10221)

Petroleum
ether
extract

-Ve

+Ve “"
control MG ¥

control /
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the petroleum ether extract and the positive control, the
variation was not significant (P>0.05) of both extracts
in comparison to positive control which show remark-
able antimicrobial activity. The increased efficacy in the
aqueous extract may be ascribed to the elevated con-
tent of hydrophilic phytochemicals, recognized for their
antibacterial characteristics. The lack of efficacy against
Mucor circinelloides in both extracts indicates the pres-
ence of a selective antibacterial mechanism.

In-vitro assay of anti-cancer activity

The cytotoxic impacts of aqueous and petroleum ether
extracts on a diverse array of cell lines two cancer cell
lines (MDA representing adenocarcinoma breast can-
cer and HepG2 representing hepatocellular carcinoma)
and a normal cell line (Wi38). In the case of the Wi38

Staph. aureus (ATCC 6538)
Petrfolenm -
ether Aqueous
extract extract

+Ve
control
-Ve
control

Salmonella typhi (AZCC 6539)

Agqueous >
extract

Rétroleum
ether
extract

control
-Ve

\ control

Mucor circinelloid (AUMMC 11656)

Petroleum
ether
extract

Aqueous
extract

+Ve
control

Fig. 3 In-vitro assay of anti-microbial assay for aqueous and petroleum ether extract of Phlomis aurea
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B Petrolenm ether extract

{ ATCC
13883)

Candida

albicans
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10221

Mucor
circinelloid
(AUMMC

11656)

Salmonella
(ATCC 6538) pneuvmoniae typhi (ATCC

6339)

Fig. 4 In-vitro assay of anti-microbial assay for aqueous and petroleum ether extract of Phlomis aurea. Note: NS =non-significant

(normal cell line), the IC;, values for the aqueous extract
and petroleum ether extract were 378.46+4.49 pg/ml
and 417.17+1.36 pg/ml, respectively, signifying moder-
ate toxicity. Conversely, the I1C;, values for the aqueous
extract and petroleum ether extract were found to be
164.37 £0.85 pg/ml and 99.32+1.49 pg/ml, respectively,
for the MDA cancer cell line. These results indicate a
greater degree of sensitivity and possible therapeutic util-
ity of the extracts. In the same way, the sensitivity of the
HepG2 cell line was higher in the aqueous extract, which
exhibited an IC;, of 94.98 +0.77 pg/ml, in contrast to the
petroleum ether extract, which demonstrated an ICg, of
188.76 +1.55 pg/ml.

Cell viability percentages exhibit a negative correla-
tion with toxicity percentages; thus, as predicted by
dose-response relationships, these percentages decline as
extract concentration increases. Significantly, the viabil-
ity percentage of all cell lines is consistently greater in
the aqueous extract at lower concentrations than in the
petroleum ether extract. This suggests that the aqueous
extract may possess a less hazardous profile at those par-
ticular levels. An increase in extract concentration results
in a drop in optical density (O.D) values, which indicate
cell viability. This further substantiates the cytotoxic
properties exhibited by the extracts.

For aqueous extract, cancer cell lines (MDA and
HepG2) varied significantly in comparison to normal
cell line Wi38 (¢=57.69, P<0.001 & t=71.57, P<0.001
respectively). The same pattern was observed for the
petroleum ether extract (t=108.80, P<0.001 & t=47.42,
P<0.001 for MDA and HepG2 when compared to Wi38)
(Table S2; Figs. 5 and 6). Aqueous or petroleum ether
extracts exhibit cytotoxic characteristics. Notably, the
impact on cancer cell lines is more pronounced when

compared to the standard cell line, which is a good sign
for the therapeutic potentiality of the extracts.

Figure (S2) illustrates the morphological alterations
observed in various cell lines (MDA, Wi38, HepG2) to
treatment with aqueous and petroleum ether extracts.
These morphological changes are clear indicators in
cytotoxicity assays, as they mirror the cellular reactions
to both extracts. The observed images depict discrepan-
cies in cell density, shape, and integrity. These alterations,
which encompass cell shrinkage, adherence loss, and
granularity modifications, and indicate cellular responses
to the chemicals in both extracts.

Data in Table 3 and Fig. 7 showed the repellent activ-
ity of aqueous and petroleum ether extracts of Ph. aurea
against Culex pipiens and Anopheles pharoensis starved
females. The petroleum ether extract was more effec-
tive than the the aqueous extract during the entire test-
ing period of 3 h post treatment aqueous extract during
the entire testing period of 3 h post-treatment aqueous
extract during the entire testing period of 3 h post-treat-
ment and 3 h post-treatment testing period. Also, An.
Ppharoensis starved females exhibited more sensitivity
to tested extracts than Cx. pipiens. The repellent activ-
ity recorded 81.20 and 85.10% against Cx. pipiens and
An. pharoensis. In comparison, phronesis starved females
with Ph. aurea petroleum ether extract at the highest
dose (1.67 mg/cm?). At the same time, it recorded 67.82
and 93.91% by aqueous extract at the same dose, com-
pared with 100.0% repellency recorded by positive con-
trol (DEET) at 1.80 mg/cm?, respectively.

Also, Ph. aurea petroleum ether extracts recorded
RDg,, RD,; and RDgy, of 0.550, 1.429, and 1.956 mg/
cm? against Cx. pipiens females, vs. 0.063, 1.099, and
1.585 mg/cm? against An. pharoensis females (Table 4).
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The High-Performance Liquid Chromatography
(HPLC) provided information offers significant insights
into the potential pharmacological properties of the
investigated plant. Notably the concentration and pres-
ence of compounds such as chlorogenic acid, catechin,
and gallic acid. The antioxidant capabilities of gallic acid,
which is present in significant amounts in the aqueous
extract, have been extensively reported. The significance
of gallic acid as a potent antioxidant, capable of elimi-
nating free radicals and so aiding in the mitigation of
oxidative stress inside the body, has been underscored
by Kumar and Pruthi [27]. Considering the correlation
between oxidative stress and a multitude of chronic ail-
ments, such as cancer and cardiovascular disease, this
activity is of the utmost importance.

Nrf2 (Nuclear factor erythroid 2—related factor 2) (PDB
ID: 3wn7) utilized to test the antioxidant activity due to
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essential role for cellular protection against oxidative
stress. It controls the expression of antioxidant proteins,
which are responsible for safeguarding against oxidative
harm inflicted by inflammation and injury [30]. In terms
of antibacterial action, bacterial topoisomerase IV (PDB
ID: 7lhz) facilitated for its vital role in bacterial DNA rep-
lication which targeted frequently by antibiotics (Hardy,
2022). To validate in-vitro assay of the anticancer activ-
ity, COX protein (PDB ID: 6y3c) was chosen to evalu-
ate the theoretical mechanism of Galic acid, it has been
chosen for its crucial involvement in inflammation asso-
ciated with cancer, its classified as a therapeutic target,
and the possibility of selective targeting that may result
in reduced adverse effects (Mahesh et al., 2021). Lastly, to
elicit repellent effects against mosquitoes, Odorant Bind-
ing Protein 7 (OBP7) (PDB ID: 3rlo), a class of small,
soluble proteins that are ubiquitous in insect olfactory
systems and are essential for the recognition of odour
compounds [31].

Molecular docking for the proposed Gallic acid com-
pound as it the most quantifying compound on both
aqueous and petroleum ether extract by significant
margin to the nearest second abandoned compound.
The docking study was performed against active site of
nuclear factor erythroid 2-related factor 2 (Nrf2) (PDB
ID: 3wn7), topoisomerase IV (PDB ID: 7lhz), COX pro-
tein (PDB ID: 6y3c), and Odorant Binding Protein 7
(OBP7) (PDB ID: 3rlo), to highlight light the mechanism
expected as Antioxidant, Anti-Microbial, Anti-cancer
and repellent effects against mosquitoes respectively.
The crucial amino acids’ binding mechanisms and inter-
actions were identified by docking studies. Docking
the co-crystallized ligands acetate ion, (4s)-2-methyl-
2,4-pentanediol, citrate anion, and palmitic acid against
the pocket’s active site proved the technique was cor-
rect. The tested Gallic acid gave good energy scores (S) =
-4.6622, -4.2821, -4.4849, and -5.9359 kcal/mol respec-
tively, which was higher or nearly equal to the ligands
score= -3.6765, -4.168, -4.5458, and -6.649 kcal/mol
respectively (Table 5). The proposed binding pattern for
Gallic acid is represented in Fig. 8. The obtained results
indicated that the tested compound Gallic acid has good
energy scores which align to the in-vivo assays, confirm-
ing the proposed activity mentioned earlier.

Disscusion

The High-Performance Liquid Chromatography (HPLC)
provided information offers significant insights into the
potential pharmacological properties of the investigated
plant [32-35]. Notably the concentration and presence
of chlorogenic acid, catechin, and gallic acid compounds.
The antioxidant capabilities of gallic acid, which is pres-
ent in significant amounts in the aqueous extract, have
been extensively reported. The significance of gallic acid
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as a potent antioxidant, capable of eliminating free radi-
cals and so aiding in the mitigation of oxidative stress
inside the body, has been underscored [27]. Considering
the correlation between oxidative stress and a multitude
of chronic ailments, such as cancer and cardiovascular
disease, this activity is of the utmost importance.

The moderate concentrations of chlorogenic acid found
in the extracts have been identified as having anti-inflam-
matory and neuroprotective properties [28]. Several bio-
logical pathways implicated in inflammatory responses
have been observed to be modulated by this compound,
which has demonstrated potential as a neuroprotectant,
specifically in relation to neurodegenerative disorders.
Catechin, a widely recognized flavonoid proved to have

anti-cancer benefits [29]. It has been demonstrated that
catechin inhibits cancer cell proliferation and induces
apoptosis, rendering it a substance of potential therapeu-
tic significance in the field of cancer research. Additional
components such as ferulic acid and quercetin, however,
found in different amounts within the extracts, make
substantial contributions to the therapeutic properties of
Ph. aurea. A variety of biological actions, including anti-
cancer, antioxidant, and anti-inflammatory, are attributed
to these substances.

The in-vitro assay outcomes of present work, which
utilised the DPPH scavenging assay to evaluate the anti-
oxidant activity of extracts. It is not unexpected that
ascorbic acid, renowned for its formidable antioxidant
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Table 3 Repellent activity of Phlomis aurea extracts against Culex
pipiens and Anopheles pharoensis starved females

Species Tested Dose Unfed Repellency
Extracts mg/cm? Females %
%
Culex pipiens  aqueous 167 68.0+5.29 67.82+4.99
0.83 56.67+£3.06 56394261
042 3533+£5.03 3493+4.49
Petroleum 167 81.33+6.11 81.20+6.16
ether 083 6267+4.16  6244+390
042 42.67+4.16 42.30+3.75
Anopheles aqueous 1.67 940+20 93.91+2.08
pharoensis 0.83 65331643 64.83+£6.79
042 540+4.0 53.35+452
Petroleum 167 85.33+643 85.10+6.64
ether 0.83 720+£6.93 71.57+7.30
042 56.0+3.46 55.41+3.30
Positive Control (DEET) 1.80 0.0 100.0+0.0
Negative Control 00 133+1.16 0.0

Repellency %

120 Aqueous extract extract
= Petroleum ether extract
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60
=
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Fig. 7 Repellent activity of Phlomis aurea extracts against Culex pipiens
and Anopheles pharoensis starved. Note: * or # = Sig. (P<0.05); ** or ##=
High Sig. (P<0.01); NS=non-significant
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attributes, exhibits the greatest antioxidant activity in
the present study while maintaining the smallest ICq,
value. This discovery is consistent with the extensively
documented effectiveness of ascorbic acid in scavenging
free radicals, as documented in numerous studies, which
provides further details on the mechanism of action and
wide-ranging antioxidant capabilities of ascorbic acid
[36].

Remarkably, the aqueous extract exhibited substan-
tial antioxidant activity, as evidenced by its moderate
ICs, value. This implies that the aqueous extract is com-
prised of a significant quantity of bioactive compounds
that can counteract free radicals. This is consistent with
the results reported, which highlighted the antioxidant
effects demonstrated by plant extracts on account of
their abundant phenolic and flavonoid constituents [37].

Conversely, the petroleum ether extract has less anti-
oxidant activity, as seen by its elevated I1Cy, value, which
implies an alternative constituent or reduced concentra-
tion of active antioxidant chemicals. This finding aligns
with other findings, where the extraction of antioxidant
chemicals is substantially impacted by solvent character-
istics [38].

It is typical for antioxidant experiments to see a dose-
dependent antioxidant response in both extracts, with
increasing scavenging percentages and lowering OD at
higher doses. As illustrated, the concentration-depen-
dent nature of the scavenging activity of phytochemi-
cals [39]. The statistical analysis demonstrates that the
aqueous extract has an advantage over the petroleum
ether extract, which aligns with the findings. This find-
ing is consistent with the overall tendency that aqueous
extracts include more polar antioxidant compounds.

In-vitro assay results for the antibacterial activity of
both extracts against various pathogens are consistent
with previous research that has shown the antimicrobial
characteristics of natural plant extracts. It is worth not-
ing that the aqueous extract exhibits superior overall
effectiveness against pathogens such as Salmonella typhi,
Enterococcus faecalis, Staphylococcus aureus, and Can-
dida albicans. This result is consistent with the findings
of Cowan, who observed that aqueous extracts contain-
ing hydrophilic chemicals frequently demonstrate potent
antibacterial characteristics [40]. The observed greater
zone of inhibition in the aqueous extract as opposed
to the petroleum ether extract may be ascribed to the

Table 4 Effective repellent doses of Phlomis aurea extracts against Culex pipiens and Anopheles pharoensis starved females

Species Tested Extracts RD5, (LCL-UCL) X2 RD75 (LCL-UCL) X2 RDg, (LCL-UCL) X2

Culex pipiens aqueous 0.85 (0.48-1.22) 061 88 (1.40-2. 36) 1.21% 2.50 (1.92-3.07) 164
Petroleum ether 0.55 (0.26-0.84) 043N 143 (1.15-1.71) 114N 1.96 (1.37-2.55) 135N

Anopheles pharoensis aqueous 0.33(0.11-0.78) 0.50M° 1.19(0.59-1.78) 0.82M 1.87 (0.96-2.78) 121N
Petroleum ether 0.06 (0.04-0.16) 0.89"° 1.10 (0.80-1 ,40) 067™ 159 (144-1.73) 111N

Note: LCL = Lower 95% Confidential Limit; UCL=Upper 95% Confidential Limit; x¥>=Chi square value; NS =non-significant (P> 0.05)



El-Tabakh et al. Applied Biological Chemistry (2025) 68:20

Page 12 of 16

Table 5 Docking interaction data calculations of Galic acid against nuclear factor erythroid 2—related factor 2 (Nrf2) (PDB ID: 3wn?),
topoisomerase IV (PDB ID: 7Ihz), COX protein (PDB ID: 6y3c), and odorant binding protein 7 (OBP7) (PDB ID: 3r10) active spots

In-vitro Docked Ligands Energy Ligand Amino Interaction  Affinity Bond  Affin-
profile protein score (S) acid length (in A° ity Bond
(Kcal/mol) from main strength
residue) (Kcal/mol)
Antioxidant Nuclear Ligand (Acetate lon) -3.6765 06 ARG 415  H-acceptor 295 -6.4
factor 07 ARG415 H-acceptor 291 77
erythroid 06 ARG 415 ionic 341 -23
?a‘crteo‘fted 06 ARG 415 ionic 295 438
2 (Nrf2) 07 ARG 415 ionic 291 -5.1
(PDB ID: o7 ARG 415 ionic 3.84 -0.8
3wn7) Galic acid -4.6622 06 VAL 463  H-donor 3.03 -0.9
012 VAL 604  H-donor 3. -2
017 ILE 559 H-donor 3.02 -35
016 ILE 559 H-acceptor 3.03 -19
Anti-Microbial Topoisom- Ligand -4.168 017 SER 494 H-acceptor 3.04 -1.9
erase |V ((4s)-2-Methyl-2 4-Pentanediol) 017 TYR1024 H-pi 421 209
(PDBID:  Galic acid 42821 06 SER494  H-donor 275 0.1
7lhz) 017 PRO 1076 H-donor 281 44
Anti-Cancer ~ COXpro- Ligand (Citrate anion) -4.5458 013 ARG 469  H-acceptor 2.95 -8.7
tein (PDB 015 GLN44  H-acceptor  3.06 16
ID: 6y3c) 013 ARG 469 ionic 3.57 -1.6
013 ARG 469 ionic 295 -4.8
014 ARG 469 ionic 301 -38
017 ARG 469 ionic 297 -4.7
017 ARG 469 ionic 3.81 -0.9
018 ARG 469 ionic 3.77 -1
Galic acid -4.4849 06 TYR 39 H-donor 298 -0.7
017 LYS 468  H-donor 295 -0.8
Repellent Odorant  Ligand (Palmitic acid) -6.649 049 TYR10 H-pi 479 -0.6
activity Binding  Galic acid -5.9359 017 CYS35  H-donor 438 -1.3
Protein 7
(OBP7)

enhanced extraction efficiency of hydrophilic phyto-
chemicals in solvents based on water.

The lack of efficacy against Mucor circinelloides in both
extracts indicates a selective antibacterial effect, which
has been verified in previous study, which targets some
infections with minimal or no impact on others [41].
The ability to selectively target antimicrobial medicines
is of utmost importance due to the reduced likelihood
of detrimental effects on beneficial microorganisms. It
is noteworthy that both extracts exhibited antimicrobial
activity and did not differ significantly from the posi-
tive control in terms of inhibition. This result is consis-
tent with the conclusions drawn by Nascimento et al.
who under specific circumstances similarly saw similar
levels of effectiveness when using natural plant extracts
versus conventional antibacterial drugs [42]. The afore-
mentioned discoveries highlight the potential of natural
extracts as supplementary or alternative therapies to con-
ventional antimicrobial medications, particularly in light
of the increasing prevalence of antibiotic resistance.

The in-vitro assay results pertaining to the anti-cancer
properties of Phlomis aurea extracts are highly persua-
sive, specifically in regard to the discernible distinctions
in effects between the normal cell line (Wi38) and cancer
cell lines (MDA representing breast adenocarcinoma and
HepG2 representing hepatocellular carcinoma). Consis-
tent with prior investigations in the field, the results dem-
onstrate that the aqueous and petroleum ether extracts
of Phlomis aurea demonstrate substantial cytotoxicity
towards cancer cell lines, as seen by their lower IC;, val-
ues in comparison to the normal cell line [43]. Significant
is the fact that both extracts exhibit a moderate degree
of toxicity towards the Wi38 normal cell line, as demon-
strated by their higher IC;, values. This particular ele-
ment of the investigation is consistent with the previously
findings, where numerous natural compounds demon-
strate some level of toxicity towards healthy cells, under-
scoring the importance of meticulous assessment and
dosing optimization in therapeutic settings [44].

A common observation in cytotoxicity experiments is
the decrease in cell viability percentages with increasing
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Anticancer
Ligand (Citrate anion)

Gallic acid

Ligand (Palmitic acid)

Repellent
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Fig. 8 2D& 3D interactions of Galic acid against nuclear factor erythroid 2-related factor 2 (Nrf2) (PDB ID: 3wn7), topoisomerase IV (PDB ID: 7Ihz), COX
protein (PDB ID: 6y3c), and Odorant Binding Protein 7 (OBP7) (PDB ID: 3r10) active spots

extract concentration, which corresponds to the dose-
response relationship documented in Kuete et al. study,
who conduct research on comparable assays, which
serves to underscore the significance of dose-dependency
when assessing the potential safety and effectiveness
of anticancer drugs [45]. Moreover, the finding that the
aqueous extract consistently exhibits a greater propor-
tion of viable cells at lower doses across all cell lines in
comparison to the petroleum ether extract implies that
the profile of toxicity may be comparatively lower at
those concentrations. This discovery aligns with the pre-
viously results reported, which suggest that the toxicity
profile of the resulting extracts might be substantially
impacted by the solvent employed during extraction [46].

Obtained data revealed that aqueous and petroleum
ether extracts of Ph. aurea exhibited a variable repel-
lent activity against both Culex pipiens and Anopheles
Ppharoensis starved females depending on solvent used
in extraction and the dose of the extract. Generally,
petroleum ether extract was more effective than aque-
ous extract. Also, An. pharoensis females showed more
sensitivity to tested extracts than those of Cx. pipi-
ens. The repellent activity of tested extracts reflects the
complexity of their constituents and Ph. aurea chemi-
cal composition [47]. Thus, obtained repellent activity
can be attributed to the presence of various compounds,
including terpenoids, phenolics, and alkaloids which
exist in Ph. aurea, and these compounds may jointly or
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independently contribute to produce the repellent activ-
ity [48, 49]. Obtained results of repellent activity exhib-
ited by Ph. aurea tested extracts confirms the previously
results using Delonix elata extracts against An. stephensi
and they reported that, both leaf and seed methanol
extracts showed maximum efficacy at 5.0 mg/cm?; differ-
ent extracts of Otostegia fruticosa leaves against Cx. pipi-
ens females where methanol and ethyl acetate extracts
recorded 64.13 and 75.09% repellency at 3.33 mg/cm?,
respectively and hexane extract recorded repellency of
88.08, 79.01 and 75.50% at 3.33, 1.67 and 0.83 mg/cm?
Pyrus communis hexane extract, which had to be more
effective as repellant agent against An. pharoensis females
than methanol extract, where at 5.0 mg/cm? potent repel-
lency (95.5%) obtained by hexane extract, while metha-
nol extract exhibited 80.0% repellency at the same dose
[50-52].

The extensive examination of Phlomis aurea via a vari-
ety of in-vitro experiments reveals the plant’s varied
pharmacological potential. Significant progress is made
in the comprehension of Ph. aurea’s bioactive chemi-
cals and their therapeutic implications as a result of
the study’s findings. The aqueous and petroleum ether
extracts underwent high-performance liquid chromatog-
raphy (HPLC) examination, which unveiled a substantial
quantity of phenolic and flavonoid components, includ-
ing chlorogenic acid, gallic acid, and catechin. The vari-
ability in the amounts of these components, with gallic
acid being especially abundant in the aqueous extract,
serves to emphasize the antioxidant properties of the
plant. Additional evidence of the extracts of Ph. aurea’s
antibacterial properties against a range of pathogens,
was provided by in-vitro assay. Particularly, the aque-
ous extract demonstrated enhanced antibacterial activ-
ity, which can be attributed to its elevated quantity of
hydrophilic phytochemicals. Considered essential in
light of the escalating issue of antibiotic resistance, this
discovery proposes Ph. aurea as a prospective reser-
voir for the development of novel antimicrobial drugs.
Within the domain of cancer research, the study yielded
noteworthy findings, both extracts demonstrated dis-
cernible cytotoxic effects on cancer cell lines, although
their toxicity towards the normal cell line was mild. The
decreased toxicity profile of the aqueous extract at lower
concentrations indicates its potential for therapeutic
use, albeit requiring careful dosage to prevent dam-
age to healthy cells. In addition, the study demonstrated
that these extracts exhibited repellent properties against
many kinds of mosquitoes, indicating their potential util-
ity in vector control approaches. This feature presents
Ph. aurea with novel opportunities in the realm of public
health applications, specifically in areas where mosquito-
borne diseases are prevalent. As a result of its varied bio-
active components, Phlomis aurea possesses noteworthy
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antioxidant, antibacterial, anticancer, and repellant
characteristics. These results provide encouraging pos-
sibilities for its incorporation into contemporary phar-
macology. Nevertheless, the cytotoxicity that was found
towards healthy cells underscores the need for additional
investigation and meticulous deliberation when design-
ing therapeutic interventions.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/513765-025-00982-2.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

Conceptualization, Mohamed A. M. El-Tabakh, Ahmed Z.I. Shehata; Data
curation, Ahmed M. Sadek, Mohamed A.M. El Tabakh; Formal analysis,
Mohamed A.M. El Tabakh, Ahmed Z.I. Shehata; Funding acquisition, Ahmed

A. ElImehdawy, Ahmed N.G. Abdel-Aziz, Mahmoud Nazih; Investigation,
Mohamed A.M. El Tabakh & Ahmed Z.I. Shehata; Methodology, Mohamed AM.
El Tabakh & Ahmed Z.I. Shehata; Resources, Gamal M. Omar, Ahmed A. Abo
Elsoud, Heba F. Abd-Elkhalek, Sozan Eid El-Abeid, Omnia M. Arief; Review &
editing, Mohamed A.M. El Tabakh, Ahmed Z.I. Shehata, Salem S Salem, Sozan
Eid El-Abeid. All authors have read and agreed to the manuscript publication.

Funding
The authors did not receive support from any organization for the submitted
work.

Data availability
The data supporting this article have been included as part of the
Supplementary Information.

Declarations

Ethical approval

The study was carried out according to the guidelines of the declaration of
Benha University and approved by the Faculty of Science Ethics Committee of
Benha University (Code: BUFS-REC-2024-256Ent).

Consent to participate
Not applicable.

Consent to publish
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details

'Zoology Department, Faculty of Science, Al-Azhar University,

Cairo 11651, Egypt

2Botany and Microbiology Department, Faculty of Science, Al-Azhar
University, Cairo, Egypt

3Department of Clinical Pharmacy, Faculty of Pharmacy, Menoufia
University, Menoufia, Egypt

“Consultant Medical Entomologist at the Public Health Department,
Jazan Municipality, Jazan, Saudi Arabia

*Nanotechnology & Advanced Nano-Materials Laboratory (NANML),
Mycology and Disease Survey Research Department, Plant Pathology
Research Institute, Agricultural Research Center, Giza 12619, Egypt
SEntomology Department, Faculty of Science, Benha University, Benha,
Egypt


https://doi.org/10.1186/s13765-025-00982-2
https://doi.org/10.1186/s13765-025-00982-2

El-Tabakh et al. Applied Biological Chemistry

(2025) 68:20

’Botany and Microbiology Department, Faculty of Science, Benha
University, Benha, Egypt

Received: 9 September 2024 / Accepted: 10 January 2025
Published online: 20 May 2025

References

1.

Abdelhady NM, Badr KA (2016) Comparative study of phenolic content, anti-
oxidant potentials and cytotoxic activity of the crude and green synthesized
silver nanoparticlesa€ > extracts of two Phlomis species growing in Egypt. J
Pharmacogn Phytochem 5(6):377-383

Morteza-Semnani K, Saeedi M, Mahdavi MR, Rahimi F (2006) Antimicrobial
studies on extracts of three species of Phlomis. Pharm Biol 44(6):426-429
ElTabakh MAM, Elhawary EA, Hwihy HM, Darweesh KF, Shaapan RM, Ghazala
EA et al (2023) UPLC/ESI/MS profiling of red algae Galaxaura rugosa extracts
and its activity against malaria mosquito vector, Anopheles pharoensis, with
reference to Danio rerio and Daphnia magna as bioindicators. Malar J 22:368
Ward WMA, Hassan MI, Shehata AZI (2023) Spatial distribution patterns and
relative abundance of Culex mosquito larvae in Alexandria Governorate,
Egypt. Egypt J Aquat Biol Fish 27:109-123

Azari-Hamidian S, Norouzi B, Harbach RE (2019) A detailed review of the
mosquitoes (Diptera: Culicidae) of Iran and their medical and veterinary
importance. Acta Trop 194:106-122

Shehata AZI, El-Tabakh MAM, Waheeb HO, Emam DEM, Mokhtar MM (2022)
Seasonal abundance and molecular identification of aquatic larvae of Culex
pipiens L. and Culex Antennatus Becker in Fayoum Governorate, Egypt. Egypt J
Aquat Biol Fish 26(6):751-764

Shehata AZI, Abd-Elkhalek HF, Hwihy HM, Bakr NA, Shahat MAM, Ward WMA
et al (2023) DNA barcoding and sensitivity of dengue vector Aedes aegypti
(Linnaeus, 1762) (Diptera: Culicidae) aquatic stages to different insecticides
with reference to non- target organisms, Danio rerio and Daphnia magna.
Egypt. J Aquat Biol Fish 27(6):169-186

El-Waseif AA, Shehata AZI, Waheeb HO, EI-Ghwas DE (2023) Correlation of
probiotic synthesis nanoparticles against Rift Valley Fever Vector, Culex Anten-
natus Becker (Diptera: Culicidae). Res J Pharm Tech 16(6):2969-2974
Premalatha S, Elumalai K, Jeyasankar A (2013) Mosquitocidal properties

of Solanum trilobatum L. (Solanaceae) leaf extracts against three impor-

tant human vector mosquitoes (Diptera: Culicidae). Asian Pac J Trop Med
6(11):854-858

Hassanain NAEH, Shehata AZ, Mokhtar MM, Shaapan RM, Hassanain MAEH,
Zaky S (2019) Comparison between insecticidal activity of Lantana camara
extract and its synthesized nanoparticles against Anopheline mosquitoes. Pak
JBiol Sci 22(7):327-334

Kalu IJ, Ofoegbu U, Eroegbusi J, Nwachukwu CU, Ibeh B (2010) Larvicidal
activities of ethanol extract of Allium sativum (garlic bulb) against the filarial
vector, Culex quinquefasciatus. J Med Plant Res 4(6):496-498

Elhawary EA, Mostafa NM, Shehata AZ|, Labib RM, Abdel Singab NB (2021)
Comparative study of selected Rosa varieties' metabolites through UPLC-ESI-
MS/MS, chemometrics and investigation of their insecticidal activity against
Culex pipiens L. Jordan J Pharm Sci 14:417-433

Assemie A, Gemeda T (2023) Larvicidal activities of Allium sativum L. and
Zingiber officinale Rosc. Extracts against filariasis vectors in Hadiya Zone,
Ethiopia. Biomed Res Int. 6636837

Lim H, Lee SY, Ho LY, Sit NW (2023) Mosquito Larvicidal activity and cytotoxic-
ity of the extracts of aromatic plants from Malaysia. Insects 14(6):512
Mabry TJ, Markham KR, Thomas MB (1970) Reagents and procedures for the
ultraviolet spectral analysis of flavonoids. The systematic identification of
flavonoids. Springer, Berlin, Heidelberg, pp 35-40

Harborne JB (1984) Methods of plant analysis. Phytochemical methods.
Springer, Dordrecht, pp 1-36

Shehata AZI, Elhawary EA, Mokhtar MM, Waheeb HO, Fares M, Emam DEM
et al (2023) Molecular docking and insecticidal activity of Pyrus communis L.
extracts against disease vector, Musca domestica L. (Diptera: muscidae). Egypt
JBasic Appl Sci 10(1):800-811

CaiYZ, Corke H (2020) Production and properties of spray dried Amaranthus
betacyanin pigments. J Food Sci 65(6):1248-1252

Singleton VL, Orthofer R, Lamuela-Raventds RM (1999) Analysis of total
phenols and other oxidation substrates and antioxidants by means of Folin-
Ciocalteu reagent. Meth Enzymol. 299152-299178

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 15 of 16

Magaldi S, Mata-Essayag S, De Capriles CH, Pérez C, Colella MT, Olaizola C et
al (2004) Well diffusion for antifungal susceptibility testing. Int J Infect Dis
8(1):39-45

Espinel-Ingroff A, Arthington-Skaggs B, Igbal N, Ellis D, Pfaller MA, Messer S et
al (2007) Multicenter evaluation of a new disk agar diffusion method for sus-
ceptibility testing of filamentous fungi with voriconazole, posaconazole, itra-
conazole, amphotericin B, and caspofungin. J Clin Microbiol 45(6):1811-1820
Espinel-Ingroff A, Canton E, Fothergill A, Ghannoum M, Johnson E, Jones

RN et al (2011) Quality control guidelines for amphotericin B, ltraconazole,
posaconazole, and voriconazole disk diffusion susceptibility tests with non-
supplemented Mueller-Hinton Agar (CLSI M51-A document) for nonderma-
tophyte filamentous Fungi. J Clin Microbiol 49(7):2568-2571

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA primers for
amplification of mitochondrial cytochrome c oxidase subunit | from diverse
metazoan invertebrates. Mol Mar Biol Biotechnol 3(5):294-299
Phasomkusolsil S, Tawong J, Monkanna N, Pantuwatana K, Damdangdee N,
Khongtak W et al (2013) Maintenance of mosquito vectors: effects of blood
source on feeding, survival, fecundity, and egg hatching rates. J Vector Ecol
38(1):38-45

Hassan MI, Fouda MA, Hammad KM, Tanani MA, Shehata AZ (2014) Repellent
effect of Lagenaria siceraria extracts against Culex pipiens. J Egypt Soc Parasitol
44(1):243-248

Abbott WS (1925) A method for computing the effectiveness of an insecti-
cide. J Econ Entomol 18:265-267

Kumar S, PruthiV (2014) Potential applications of ferulic acid from natural
sources. Biotechnol Rep 4:86-93

Tajik N, Tajik M, Mack I, Enck P (2017) The potential effects of chlorogenic acid,
the main phenolic components in coffee, on health: a comprehensive review
of the literature. Eur J Nutr 56:2215-2244

Kozlowska A, Szostak-Wegierek D (2018) Flavonoids—food sources, health
benefits, and mechanisms involved. Bioactive Molecules in Food, J.-M. Méril-
lonn and KG Ramawat, Eds, 1-27

Tantengco OAG, Silva MC, Shahin H, Bento GFC, Cursino GC, Cayenne S et al
(2021) The role of nuclear factor erythroid 2-related factor 2 (NRF2) in normal
and pathological pregnancy: a systematic review. Am J Reprod Immunol
86(6):13496

HeY,Wang K, Zeng Y, Guo Z, Zhang Y, Wu Q et al (2020) Analysis of the anten-
nal transcriptome and odorant-binding protein expression profiles of the
parasitoid wasp Encarsia formosa. Genomics 112(3):2291-2301

Karagecili H, Yilmaz MA, Ertiirk A, Kiziltas H, Glven L, Alwasel SH, Gulcin |
(2023) Comprehensive metabolite profiling of Berdav propolis using LC-MS/
MS: determination of antioxidant, anticholinergic, antiglaucoma, and antidia-
betic effects. Molecules 28(4):1739

Karagecili H, izol E, Kirecci E, Gulcin | (2023) Determination of antioxidant,
anti-alzheimer, antidiabetic, antiglaucoma and antimicrobial effects of zivzik
pomegranate (punica granatum)—a chemical profiling by LC-MS/MS. Life
13(3):735

Karagecili H, izol E, Kirecci E, Gulgin 1 (2023) Antioxidant, antidiabetic,
antiglaucoma, and anticholinergic effects of Tayfi grape (Vitis vinifera): a
phytochemical screening by LC-MS/MS analysis. Open Chem 21(1):20230120
Ozden EM, Bingol Z, Mutlu M, Karagecili H, Kéksal E, Goren AC, Alwasel SH,
Gulcin 1 (2023) Antioxidant, antiglaucoma, anticholinergic, and antidiabetic
effects of kiwifruit (Actinidia deliciosa) oil: metabolite profile analysis using
LC-HR/MS, GC/MS and GC-FID. Life 13(9):1939

Padayatty SJ, Levine M, Vitamin C (2016) The known and the unknown and
Goldilocks. Oral Dis 22(6):463-493

Gupta D, Prakash J (2014) Studies on Indian green leafy vegetables for their
antioxidant activity. Plant Foods Hum Nutr 69(1):61-67

Liu Q Tang GY, Zhao CN, Gan RY, Li HB (2015) Antioxidant activities, phe-
nolic profiles, and organic acid contents of fruit vinegars. Antioxid (Basel)
4(2):255-269

Khan RA, Khan MR, Sahreen S, Ahmed M (2012) Evaluation of phenolics
content and antioxidant activity of various solvent extracts of Sonchus asper
(L) Hill. Chem Cent J 6(1):12

Cowan MM (1999) Plant products as antimicrobial agents. Clin Microbiol Rev
12(4):564-582

Rios JL, Recio MC (2005) Medicinal plants and antimicrobial activity. J Ethno-
pharmacol 100(1-2):80-84

Nascimento GGF, Locatelli J, Freitas PC, Silva GL (2000) Antibacterial activity
of plant extracts and phytochemicals on antibiotic-resistant bacteria. Braz J
Microbiol 31(4):247-256



El-Tabakh et al. Applied Biological Chemistry

43.

44,

45.

46.

47.

48.

(2025) 68:20

Lee JJ, Saiful Yazan L, Kassim NK, Che Abdullah CA, Esa N, Lim PC et al (2020)
Cytotoxic activity of Christia Vespertilionis root and leaf extracts and fractions
against breast cancer cell lines. Molecules 25(11):2610

Zhang J, Hu K, Di L, Wang P, Liu Z, Zhang J et al (2021) Traditional herbal
medicine and nanomedicine: converging disciplines to improve therapeutic
efficacy and human health. Adv Drug Deliv Rev 178:113964

Kuete V, Mbaveng AT, Nono EC, Simo CC, Zeino M, Nkengfack AE et al (2016)
Cytotoxicity of seven naturally occurring phenolic compounds towards
multi-factorial drug-resistant cancer cells. Phytomedicine 23(8):856-863
lloki-Assanga SB, Lewis-Lujan LM, Lara-Espinoza CL, Gil-Salido AA, Fernandez-
Angulo D, Rubio-Pino JL et al (2015) Solvent effects on phytochemical
constituent profiles and antioxidant activities, using four different extraction
formulations for analysis of Bucida buceras L. and Phoradendron californicum.
BMC Res Notes 8:396

Bisseleua HBD, Gbewonyo SWK, Obeng-Ofori D (2008) Toxicity, growth regu-
latory and repellent activities of medicinal plant extracts on Musca domestica
L. (Diptera: Muscidae). Afr J Biot 7(24):4635-4642

Rajkumar S, Jebanesan A (2005) Repellency of volatile oils from Moschosma
polystachyum and Solanum xanthocarpum against filarial vector Culex quin-
quefasciatus say. Trop Biomed 22(2):139-142

49.

50.

51.

52.

Page 16 of 16

Shehata AZI (2018) Repellent activity of Deverra triradiata (Apiaceae) extracts
against Anopheles Sergentii Theobald, Culex pipiens Liston and Culex Anten-
natus Becker mosquitoes. J Egypt Soc Parasitol 48(3):599-604

Govindarajan M, Rajeswary M, Sivakumar R (2015) Repellent properties of
Delonix elata (L.) Gamble) Family: Fabaceae) against malaria vector Anopheles
Stephensi (Liston) (Diptera: Culicidae). J Saudi Soc Agric Sci 14:128-133
Shahat MA, Shehata AZ, Hasaballah Al, Hammad KM, EI-Sheikh TM (2020)
Activity of Otostegia fruticosa (Lamiaceae) leaves extracts against lymphatic
Filariasis Vector, Culex pipiens L. (Diptera: Culicidae). Egypt Acad J Biolog Sci
13(4):175-186

Shehata AZI, Labib RM, Abdel-Samad MRK (2021) Insecticidal activity and
phytochemical analysis of Pyrus communis L. extracts against malarial vector,
Anopheles Pharoensis Theobald, 1901 (Diptera: Culicidae). Pol J Entomol
90(4):209-222

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Multifunctional properties of ﻿Phlomis aurea﻿ extracts: In-vitro antioxidant, antimicrobial, anticancer, potent repellency against two mosquito vectors and molecular docking studies
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿﻿Phlomis aurea﻿ extraction
	﻿High-performance liquid chromatography (HPLC)
	﻿Evaluation of antioxidant activity by DPPH radical scavenging method
	﻿In-vitro assay of anti-microbial activity
	﻿Disk or well diffusion (Agar-Based) approaches
	﻿CLSI disk or well diffusion testing guidelines


	﻿In-vitro assay of anti-cancer activity
	﻿Determination of sample cytotoxicity on cells
	﻿Morphological assay

	﻿Repellency activity
	﻿Collection, DNA extraction, and identification of tested mosquitos’ species
	﻿Mosquitos rearing
	﻿Repellent activity of tested extracts

	﻿Preparing protein for molecular docking research
	﻿Result
	﻿In-vitro assay of antioxidant activity
	﻿In-vitro assay of antimicrobial activity



