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Abstract

The objective of the current work was to test the antimicrobial impact of Salvia officinalis and Mentha
longifolia collected from Al-Madinah city in Saudi Arabia and extracted by hydrodistillation versus
Escherichia coli (ATCC25922), Enterobacter cloacae (ATCC13047), Candida tropicalis (ATCC 13803), and
Aspergillus fumigates (ATCC46645). M. longifolia essential oils showed higher inhibition zones versus
tested microorganisms, especially against E. coli and C. tropicalis. Minimal inhibitory concentrations
of M. longifolia essential oils were determined for M. longifolia, where 3.9 and 62.5 pg/ml were the
resulted values of the essential oils versus E. coli and C. tropicalis, respectively. Antioxidant impact
of essential oils from both plants was compared using a DPPH assay where, M. longifolia showed the
most promising antioxidant action with an IC, of 88.73 £ 2.59 pg/ml. Transmission electron microscopic
examination was applied after treatment of E. coli and C. tropicalis using M. longifolia essential oils,
which showed their impact to destroy tested bacterial and fungal microbes as standard drugs. M.
longifolia essential oils were further tested versus colorectal cancer cells, showed their cytotoxic impact
versus cancer cells with an IC,  of 97.61 £ 1.8 ug/ml and confirmed by flow cytometric analysis, which
showed that treated cells by M. longifolia essential oils dramatically elevated their apoptotic rate
(P< 0.05) compared to untreated Caco-2 cells. M. longifolia essential oils showed minimal cytopathic
action versus Vero cells, which revealed their potency. These results illustrated the possible pleiotropic
experimental roles of M. longifolia growing in Al-Madinah City to be applied in pharmaceutical
applications after in vivo confirmation of results.
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INTRODUCTION

Plants are a naturally occurring source of
several products with a wide range of biological
functions that can be used to cure a number of
ailments.® Natural Products (NP), especially those
derived from medicinal plants or herbs, have
been widely used to investigate the underlying
mechanisms of both therapies and the ultimate
natural sciences. These resources are a key
research target for drug discovery due to the
isolation of metabolites from them, their unique
biological characteristics, lesser toxicities, and cost-
effectiveness.? There is an enormous need for the
development of successive medical applications
related to signal transduction pathways through
screening novel chemical compounds from natural
flora.®

Plant-derived molecules naturally fight
off a variety of microbes that cause infections.
Several industries place a high value on plant
extracts because they contain significant amounts
of volatile, aromatic, and bioactive substances.®
Plant essential oils contain a variety of active
compounds, and depending on the active
ingredient, the extraction protocol will vary.”

Salvia officinalis L. is an evergreen,
rounded shrub of the Lamiaceae family. The
major genus in this family, Salvia, with close to
900 species. S. officinalis is indigenous to the
Mediterranean and Middle Eastern regions,
although plants in this genus are found all over
the world.®2 Numerous investigations have been
carried out in recent years to identify novel
biological effects of S. officinalis and to document
its traditional usage. Numerous therapeutic uses,
such as anti-nociceptive, hypoglycemic, and
hypolipidemic properties, have been identified
by these investigations.®'° Specific molecules
discovered in various sage extracts that are being
studied, usually in vitro or in animal research, have
received a lot of interest. Investigators can obtain
the appropriate composition with the highest
prevalence for a special reason upon improvement
of the extraction techniques. When a plant
serves as the processing material, the collecting
circumstances, geographic location, and plant
itself all have an impact on the yield and ultimate
bioactive component of the extract.’* 3

Large populations of Mentha longifolia

L. (family Lamiaceae) can be found all throughout
the Mediterranean, in Europe, Asia, and North
Africa.’ Various plant parts, such as the leaves,
bark, and seeds, have also been used extensively
in traditional folk medicine as carminatives,
stimulants, and antispasmodics, as well as for the
cosmetics industry.’ Since M. longifolia leaves
have more elements, vitamins, and antioxidants
than other plants, it has drawn a lot of interest
from researchers.’® Mentha species’ freshly
harvested and preserved plant materials can be
made safer by cooking them before eating to
minimize the amount of toxic substances, so it is
used with some cautions.”

Jiang et al.’® reported that ethanol
and acetone extracts of leaves and roots of S.
officinalis reduced the proliferation of HepG2
cells and have promising antioxidant action.
Furthermore, Elansary et al.,’ reported that the
polyphnolic content of Mentha longifolia methanol
leaf extract has antimicrobial action versus
Pseudomonas aeruginosa and Aspergillus flavus,
anticancer action versus breast adenocarcinoma
(MCF-7), and cervical adenocarcinoma (Hela)
cell lines, as well as a minimal effect on HEK-
293 (normal human cells). In the present work,
the antimicrobial actions of S. officinalis and M.
longifolia were tested, as well as other possible
biomedical applications were characterized.

MATERIALS AND METHODS

Collection of plants

M. longifolia and S. officinalis leaves were
gathered in May 2022 from different locations in
Al-Madinah City, in the north-west of Saudi Arabia.
M. longifolia is a common plant in Al-Madinah,
while S. officinalis was cultivated in Al-Madinah
for better study.

Extraction process

Fresh leaves of both M. longifolia and S.
officinalis weighing 500 g were first prewashed in
tap water before being cleaned in sterile distilled
water. Plant leaves that had been air dried were
ground into a fine powder in a mill, then stored
until use in sealed, dark vials. Leaf powders were
hydrodistillated for 4 hours in the Clevenger-
system (Glassco Laboratory Equipment Pvt.,
Mumbai, India).?
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In vitro antimicrobial assay of essential oils

The Agar well diffusion technique was
employed to assess the antimicrobial action of the
M. longifolia and S. officinalis essential oils versus
test microorganisms, with 100 pl of essential oils
filling the pores. The zones of inhibition were
determined at the end of the incubation time,
and the groups were contrasted with the standard
medicines.*

Detection of Minimal inhibitory concentrations
(mIC)

For the test microorganisms, the MIC
of M. longifolia and S. officinalis essential oils
was calculated using the broth dilution method.
Mueller Hinton Broth (Thermo Scientific™ Oxoid™,
Germany) and Sabouraud Dextrose Broth (Thermo
Scientific™ Oxoid™, Germany) were used to
generate the dilutions of the bacterial and fungal
test strains, respectively. The MIC was defined as
the lowest extract concentration that prevented
the tested microorganism from growing in any
discernible way.?

Antioxidant testing

Afreshly prepared (0.004%w/v) methanol
solution of the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical was prepared and stored at 10°C
in the dark. A methanol solution of the essential
oils of M. longifolia and S. officinalis was prepared.
A 40 ul aliquot of the methanol solution was
added to 3 ml of DPPH solution. Absorbance
measurements were recorded immediately with
a UV-visible spectrophotometer (Milton Roy,
Spectronic 1201). The decrease in absorbance
at 515 nm was determined continuously, with
data being recorded at 1 min intervals until the
absorbance stabilized (16 min). The absorbance
of the DPPH radical without antioxidant (control)
and the reference compound ascorbic acid were
also measured.?

Separation of compounds using GC-MS
Spectrometry

Using a Shimadzu QP2010 Ultra Analytical
Instrument (Shimadzu, Tokyo, Japan), the chemical
composition of the volatile content of M. longifolia
and S. officinalis were determined. On an Inc DB-5
60 m 0.25 mm/0.25 micron column, compounds
were separated (Agilent Technologies, Santa Clara,

CA, USA). The oven temperature program was
started at 60°C and held there for three minutes.
After that, it was increased at a rate of 10°C to
280°C min* and held there for fifteen minutes. In
electron impact mode, the spectrophotometer
was used. At 280°C for the injector, 280°C for
the interface, and 240°C for the ion source,
respectively. Split injection was performed using
helium as the carrier gas and a split ratio of 1:20
with a sample volume diluted in n-hexane (1:1, v/v)
and injected into a volume of 1 uL. Identification
was done through a comparison of the sample’s
components; proportional scores and mass spectra
were identified using WIIEY NBS75K.L and NIST/
EPA/NIH (2002 version software, USA).%

Ultrastructural examination

E. Coliand C. tropicalis untreated cultures
and samples, which were treated by M. longifolia
and standard drugs, were fixed for two hours with
2.5% glutaraldehyde. The specimens were next
treated for two hours with 2% osmium tetroxide,
and the components were dyed with 1% uranyl
acetate before being dried with a graduated
ethanol series. After that, resin was used to insert
the specimens. Using an ultra-microtome (Leica,
Wetzkar, Germany), the specimens were divided
into slices. The slices were then examined under
a transmission electron microscope (JOEL, Tokyo,
Japan).?®

Antitumor action and cytotoxicity

African green monkey cells (VERO) and
Caco-2 (colorectal cancer cells) were examined
for the cytotoxic effects of M. longifolia v essential
oils. Cells were given essential oils at levels that
ranged from 500 to 15.63 g/mL and incubated
for 24 hours at 37°C. Cells were first allowed to
connect for 24 hours. Following the addition of the
new medium, 100 pl of MTT solution (5 mg/mL)
was used after 4 hours at 35°C. The absorbance
at 570 nm was determined with a plate scanner.
Through the use of an inverted microscope, the
plates were viewed, and a video CCD camera was
used to take pictures (Zeiss, Berlin, Germany).?6%’

Flow cytometry analysis

For this test, both untreated Caco-2
cells and treated cells with essential oils were
employed. The Caco-2 cells were divided with
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trypsin in 0.25% pancreatin and washed with
phosphate-buffered saline. The death rate was
calculated using a propidium iodide and Annexin
V-FITC coloring kit from B.D. Bioscience in the
United States. Cells were incubated at 35°C for
ten minutes while floating in a buffer containing
Annexin V-FITC and/or P.l. standard solution.
Analysis was done using flow cytometry.?®?°

Statistic evaluation

For analysis of the findings of the
experiments, GraphPad PRISM (V5) used the
T-test, and all experiments were carried out in
triplicate.

RESULTS
Antimicrobial impact

M. longifolia and S. officinalis essential oils
were tested versus Escherichia coli (ATCC25922),

Entrobacter cloacae (ATCC13047), Candida
tropicalis (ATCC13803) and Aspergillus fumigates
(ATCC46645), where Cephalosporin was used as a
standard antibacterial drug while Fluconazole was
used as a standard antifungal drug, as illustrated in
(Table 1). It could be noticed that M. longifolia has
the most promising inhibition zone 25.0£0.9mm
versus Escherichia coli(ATCC25922). Furthermore,
the inhibition zone of M. longifolia essential
oils versus Candida tropicalis (ATCC 13803) was
14.2+1.2 mm. Thus, M. longifolia v essential oils
has higher antimicrobial actions versus tested
microorganisms compared to S. officinalis essential
oils, as illustrated in (Table 1).

Testing of MIC

MIC of M. longifolia essential oils were
recoded for test microorganisms, where the MIC
of essential oils was 3.9 ug/ml versus E. coli.

Table 1. Testing antimicrobial action of M. longifolia and S. officinalis essential oils on various tested microorganisms

Tested Microbial strains

Diameter inhibition Zone (DIZ)(mm)

M. longifolia S. officinalis Cephalosporin  Fluconazole

Escherichia coli (ATCC25922) 25.0+0.9 16.6+0.5 27.0+0.9 N/A
Enterobacter cloacae (ATCC13047) 19.3+0.5 9.0+0.8 24.0£0.4 N/A
Candida tropicalis (ATCC 13803) 14.2+1.2 7.9+1.8 N/A 17.2+0.7
Aspergillus fumigates (ATCC46645) 3.610.7 4.3+0.9 N/A 16.7+1.4
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Figure 1. In vitro antioxidant assay at different levels of M. longifolia and S. officinalis essential oils relative to

Ascorbic acid as reference drug
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Table 2. MIC of M. longifolia essential oils versus tested
microorganisms

Tested M. longifolia Standard
microbial essential oils (ug/ml)
strains (ug/ml)
MIC Cephalosporin
E. coli 3.9 1.95
E.cloacae 6.9 31.25
Fluconazole

C. tropicalis 62.5 15.52

A. fumigatus 250 7.81

While, MIC of M. longifolia essential oils versus C.
tropicalis was 62.5 pg/ml as shown in (Table 2).

Antioxidant Impact

M. longifolia and S. officinalis essential
oils were tested using DPPH assay, and the IC50
value for M. longifolia essential oils were 88.73+
2.59 ug/ml. While, S. officinalis essential oils had
IC,,=109.86+4.12 ug/ml as depicted in (Figure 1).
These results revealed that M. longifolia essential
oils have higher antioxidant action relative to S.
officinalis essential oils.

Table 3. Major identified molecules in M. longifolia essential oils using gas chromatographymass spectrometry

RT Area % Compound Name Molecular Molecular
Formula Weight
15.42 241 Eucalyptol C,H,0 154
24.44 2.7 Cyclohexanone,5-methyl-2-(1-methylethylidene)- C,H,.0 159
29.66 4.21 PIPERITENONE OXIDE C,,H.,0, 166
37.76 0.49 1-(1-Chloro-2,3-dimethylcyclo propyl)-3,3 CH,,S, 184
dimethyl-1 butyne
51.61 5.32 Hexadecanoic acid, methyl ester C,H,,0, 270
57.98 10.64 Methyl stearate C,,H,0, 298
69.84 1571  HEXADECANOIC ACID,2,3-BIS[(TRIMETHYLSILYL) C,,H,.0, 386
OXY]PROPYL ESTER
75.21 17.37 1H-Indene,1-hexadecyl-2,3-dihydro- C,.H, 342
88.18 0.83 PALMITIC ACID,2-(TETRADECYLOXY)ETHYL ESTER C32H6403 497

Table 4. |dentified compounds in S. officinalis essential oils using gas chromatographymass spectrometry

RT Area % Compound Name Molecular Molecular
Formula Weight

11.38 1.52 a -Pinene CoHie 136

15.46 26.28 Eucalyptol C,H,0 154

20.02 2.84 (+)-2-Bornanone C,H,.0 152

33.21 3.77 Caryophyllene C.H,, 204

39.62 2.24 Ledol C,H,0 222

44.66 0.76 Caryophylla-4(12),8(13)-dien-5a.-ol C.H,0 220

55.22 6.10 1-Naphthalenepropanol,a-ethenyldecahydroa,5,5, C,H,,0 290
8a-tetramethyl-2-methylene-,[1S-[10(R*),4aa,8aa]]-

64.07 2.09 Podocarpa-1,8,11,13-tetraen-3-one C,,H,,0, 342

69.84 5.62 Podocarpa-1,8,11,13-tetraen-3-one, 14-isopropyl- C,,H,.0, 346
1,13-dimethoxy-

75.21 4.95 Hexadecanoic acid,2-hydroxy-1-(hydroxymethyl) C,H..0, 330
ethyl ester

88.46 1.56 1H-Indene,1-hexadecyl-2,3-dihydro- C,.H, 346
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Bioactive compounds testing using GC-MS
analysis

To examine the chemical difference in the
essential oils of M. longifolia and S. officinalis:

Both plants contained complex
mixtures of volatile compounds, with a notable
amounts of terpenes. GC-Mass spectrometry
analysis of M. longifolia volatile oils revealed
the presence of nine major compounds in the
essential oils where 1H-Indene,1-hexadecyl-
2,3-dihydro-(17%), 3 Hexadecanoic acid, 2,3,bis
[(Trimethylsilyl) Oxy]Propyl ester (15%), Methyl
stearate (10.64%), Hexadecanoic acid, methyl

Relative Abundance

1542 2445

ester (5.32%), Piperitenone Oxide (4.21%),
Cyclohexanone,5-methyl-2-(1-methylethylidene)-
(2.7%) and Eucalyptol (2.41%), PALMITIC ACID,2-
(TETRADECYLOXY)ETHYL ESTER (0.83%) and
1-(1-Chloro-2,3-dimethylcyclo propyl)-3,3
dimethyl-1 butyne (0.49%) as shown in ( Table 3,
Figure 2).

Furthermore, investigation of S.
officinalis volatile oils showed the existence
of eleven major molecules in the essential
oils, including a-Pinene (1.52%), Eucalyptol
(26.28%), (+)-2-Bornanone (2.84%), Caryophyllene
(3.77%) , Ledol (2.24%), Caryophylla-4(12),8(13)-

75.20
69084
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Figure 2. GC-mass analysis of M. longifolia essential oils
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Figure 3. GC mass analysis of S. officinalis essential oils
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dien-5a-0l (0.76%), 1 Naphthalenepropanol,
a-ethenyldecahydroa,5,5,8a-tetramethyl-2-
methylene-,[1S-[1a(R*),4an0,8aa]]- (6.10%),
Podocarpa-1,8,11,13-tetraen-3-one (2.09%),
Podocarpa-1,8,11,13-tetraen-3-one, 14-isopropyl-
1,13-dimethoxy- (5.62%), Hexadecanoic acid,
2-hydroxy-1-(hydroxymethyl)ethyl ester (4.95%)
and 1H-Indene,1-hexadecyl-2,3-dihydro- (1.56%)
as shown in ( Table 4, Figure 3).

Indeed, the study of the chemical
composition of both plants revealed the
difference of compounds in both of them
where different compounds could be seen with
minimal percentages in S. officinalis where
Eucalyptol as monoterpenoid had the highest
percentage(26.28%), while different molecules

could be seen with considerable percentages:
1H-Indene,1-hexadecyl-2,3-dihydro-(17%), 3
Hexadecanoic acid, 2,3,bis [(Trimethylsilyl) Oxy]
Propyl ester (15%), Methyl stearate (10.64%) while
Eucalyptol (2.41%).

Transmission electron microscopic results
Antibacterial action of M. longifolia
essential oils versus E. coli (ATCC25922) was
confirmed by electron microscopic testing, as
shown in (Figure 4). Untreated E. coli appeared
as well-structured cells with smooth surface
layers and clear internal organelles as shown as
shown in (Figure 4A). While treatment of E. coli
with M. longifolia essential oils formed holes in
the bacterial surface and caused lysis of cellular

Figure 4. Electon mictographs of (A) Untreated E.coli; (b) Treated E.coli by M. longifolia essential oils; (C) Treated

E.coli by cephalosporin (Magnification, 5000x)

(Figure 5. TEM mictographs of (A) Untreated C. tropicalis; (B) C. tropicalis treated by M. longifolia essential oils;
(C) C. tropicalis treated by fluconazole (Magnification, 5000x)
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organelles, as shown in (Figure 4B) with a similar
impact to that has been produced by standard
drug as shown in (Figure 4C).

While, the antifungal role of M. longifolia
essential oils versus C. tropicalis (ATCC 13803) was
examined by transmission electron microscopy
as shown in (Figure 5). Normal C. tropicalis (ATCC
13803) could be seen with a rounded structure
and thick surface, as well as an intense nucleus and
other organelles (Figure 5A). Applying M. longifolia
essential oils versus C. tropicalis led to rupture
of the fungal spore surface and disintegration of
internal organelles as shown in (Figure 5B) relative
to treatment using fluconazole, which had an
aptotic impact on C. tropicalis cells as shown in
(Figure 5 C).

Anticancer and cellular toxicity assay

It was shown that the M. longifolia
essential oils has a promising anticancer impact
versus Caco-2 cells with an IC, = 97.61 + 1.8 pg/

ml as depicted in (Figure 6). Furthermore, testing
M. longifolia essential oils on Vero cells reveled to
assure its biosafety with CC_j = 312.87 + 0.7 ug/
ml reveled its potency and possibility for use in
different applications as depicted in (Figure 7).

Apoptotic assay

To confirm the role of M. longifolia
essential oils versus Caco-2 cells by flow cytometry
analysis, there was a dramatic elevation (P<0.05)
of the apoptotic rate of Caco-2 cells treated by
essential oils relative to untreated cells, as shown
in (Figure 8).

DISCUSSION

For thousands of years, nature has been
a resource for medications, and an astounding
amount of contemporary medications have
been separated from biological compounds,
many of them founded on their conventional

.

Figure 6. (1 x 10° cells) Caco-2 cells examined using inverted microscope(A) Untreated Caco-2 cells; (B) Treated
Caco-2 cells by M. longifolia essential oils (Magnification, 40x), IC_ = 97.61 + 1.8 ug/ml

Vero cells by M. longifolia essential oils (Magnification, 40x); CC, = 312.87 + 0.7 pg/ml
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Figure 8. Flow cytometic analysis of (A) Untreated CaCo-2 cells; (B) Treated Caco-2 cells by M. longifolia essential
oils; (C) Apoptotic rate of Caco-2 cells upon treatment using M. longifolia essential oils (Data are expressed as
means + S.D where (***) P<0.05 considered as significant

medical applications. More than two thirds of
the worldwide population, or over 7,000 herbal
treatments used in the European pharmacopoeia,
are thought to rely on plant-derived medications.*
Plants have long been utilized in folk therapy
to treat a variety of illnesses®! and they are still
widely employed in rural parts of many nations
worldwide.?*3* According to the World Health
Organization (WHO), 60% of the worldwide
population still depends only on traditional
medicine, while almost 80% of people still get
their medical assistance from plants.®* In most
conventional approaches to medicine, plants serve
as the primary active elements, and they have
served as the motivation for some well-known
pharmaceutical products.?*3*

In the present work, S. officinalis and M.
longifolia were extracted using a hydrodistillation
protocol, and these essential oils were tested
against some bacterial and fungal pathogens.
It could be noticed that M. longifolia essential
oils had higher inhibition zones than S. officinalis
essential oils, with the highest zones of 25.0+0.9
and 14.2+1.2 mm versus E. coli (ATCC25922) and C.
tropicalis (ATCC 13803), respectively. However, the
S. officinalis cultivated in south Brazil and Tunisia
showed lower action versus E. coli*® where E. coli
act as commensals and are a natural component of
the gut microbiota of many animals and humans.
Additionally, there are pathogenic variants,
classified as extraintestinal and diarrheagenic
pathogens.®* In the present study, S. officinalis
and M. longifolia essential oils have been tested
against C. tropicalis (ATCC 13803) for the first
time, where M. longifolia essential oils showed

the highest antifungal action. One of the most
significant species of Candida is now known as C.
tropicalis. It is commonly acknowledged to be a
very potent biofilm generator, outperforming C.
albicans in the majority of studies.?”*®

S. officinalis and M. longifolia essential
oils contained a mixture of fatty acids, alkaloids,
and terpenes which appeared to be the cause of
the antioxidant activities from both minor and
major components.?*4° |n this study, GC-Mass
spectrometry revealed that M. longifolia had major
fatty acid percentages compared to S. officinali
which may give interpretation to its antimicrobial
and antioxidant properties. Furthermore, the
findings of this investigation unequivocally
suggest that essential oil from S. officinalis and M.
longifolia growing in El- Medina, in Saudi Arabia,
displayed a considerable degree of chemical
diversity when compared to those extracted from
other nations. This variance is most likely a result
of the various growing environments. Indeed, the
genetic makeup, environmental conditions, plant
development stage, and extraction technique all
have a significantimpact on the oil composition.**#
Studies conducted in the past have shown that
the composition of plant essential oils varies
greatly with respect to light intensity,*® soil
mineral fertilization,* weather patterns, growing
location, and season.** In the current work,
the antimicrobial and antitumor activity of M.
longifolia essential oils, which damaged cell
structures and triggered an apoptotic process, was
examined using both transmission and inverted
microscopes. However, other research groups have
concentrated on creating powerful tools to fight
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cancer and microbes as well as employing plant
molecules in medical applications.*®*” This has so
far answered the requirement for more creative
approaches to be used with other complementary
therapies.

Wide-ranging plant compounds with
substantial reducing power demonstrated their
ability to function as electron donors and lower
the oxidized precursor of oxidative stress, acting
as antioxidants and suggesting potential biological
applications.*®% M. longifolia essential oils
prepared from the common plant in Al-Madinah
city (Saudi Arabia) have successive antimicrobial,
antioxidant, and antitumor properties to be
applied in large scale in the pharmaceutical
industry.
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