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Antibacterial activity of phenolic compounds of Teucrium polium L.
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Abstract: Teucrium polium L., a member of the Lamiaceae family. The plant's leaf ingredients were extracted with
hexane, ethyl acetate, and ethanol, in that order. Column chromatography (CC), thin-layer chromatography (TLC), and
high-performance liquid chromatography (HPLC) were used to figure out what phenolic components were in different
extracts. Through these methods, three distinct fractions were isolated, originating from ethyl acetate and ethanolic
extractions. Further examination of these fractions led to the discovery of 4-Hydroxybenzoic acid, catechol and coumaric
acid. The antibacterial activity of isolated components was examined through rigorous testing. To evaluate the efficacy
against different types of bacteria, the disc-diffusion assay was employed. This involved testing each fraction against
Staphylococcus aureus, a Gram-positive bacterium, as well as four Gram-negative bacteria, including Staphylococcus
aureus and Salmonella typhi, Pseudomonas aeruginosa, Klebsiella pneumoniae and Escherichia coli. Fraction (F1) was
able to stop the growth of K. pneumoniae, P. aeruginosa, and S. aureus well with an inhibition zone of 19-21 mm.
Fraction (F2) showed high activity against all types of bacteria used in this study, with an inhibition zone of 19-23 mm.
This study's findings suggest that Teucrium polium holds potential as a valuable source of natural antibacterial phenolic

compounds.
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INTRODUCTION

Teucrium polium is a naturally occurring perennial
herbaceous plant known for its slender, intricately
branched stems that can grow up to approximately 45-
50cm tall. Leaves lack or have a very short petiole, are
oval-elongated and are slightly incised. Leaves have a
length of about 3cm. White to light pink flowers are
densely arranged towards the top of the branch.
distributed widely in Middle Eastern countries, including
Iraq, South Western Asia, Europe and North Africa (El
Atki et al., 2020; Znini et al., 2021). T. polium (locally
called Jaadah) is one of the 300 species of the genus
Teucrium. Belongs to the Lamiaceae family. 7. polium is
renowned for its remarkable properties, including its
antioxidative, anti-rheumatic, hypolipidemic, anti-
inflammatory and hypoglycemic effects. Throughout
history, various Teucrium species have been valued in
traditional medicine for over two millennia and their
applications continue to be prevalent in modern times
(Tepe et al., 2021; E1 Atkiet et al., 2020).

Several studies have shown that 7. polium has strong
antibacterial properties. Infections caused by bacterial
strains are a real problem in our modern health care
system because they cause a lot of illness and death
(Kumar et al. , 2015; Purnavab et al., 2015). Most of these
infections are caused by bacteria that are resistant to
synthetic drugs. Despite its medical importance, it does
not show a clear effect on many bacteria. Especially
bacteria that have acquired resistance (Khoramian et al.,

*Corresponding author: e-mail: younissaadisaeed@gmail.com

2020; Benali et al, 2021). The World Health
Organization (WHO) put out a report with a list of the
most dangerous multidrug-resistant bacteria that need to
be treated with a new antibiotic. But the overuse of
antibiotics has become a major cause of the development
and spread of strains of microorganisms that are resistant
to many drugs (Shakya, 2016; Sevindik et al., 2016). For
this reason, other sources have been sought to obtain
compounds that have the ability to act as natural
antibiotics, extracted from plants (Alreshidi et al., 2020;
Hassan et al., 2017).

T. polium has a lot of secondary metabolites, such as
polyphenols and flavonoids. These compounds belong to
a group of bioactive molecules’ called low-molecular-
weight secondary metabolites and phenolic compounds
are a class of plant secondary metabolites that are widely
distributed in plants, contain one or more hydroxy
derivatives of benzene rings (Jubair et al, 2021;
Khameneh et al., 2019) and are used for defensive
functions against a wide range of pathogens. They have
been shown to act as antibacterials when tested,
underscoring their potential as pharmaceuticals (Porras et
al., 2020; Saquib et al., 2019).

The objective of this research was to employ
chromatographic techniques for the extraction of phenolic
compounds from 7. polium. The investigation aimed to
explore the correlation between phenolic compounds and
their antibacterial properties, while identifying the
optimal solvents for obtaining phenolic-rich extracts from
T. polium.
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MATERIALS AND METHODS

Collection, identification and preparation of plant
materials

During the flowering season in April and June, the T.
polium leaves that were not damaged pathogenic and
physically were collected from northern Iraq. The leaves
were picked up, then put in a sterile plastic bag and taken
to the lab. After the plant's identity was confirmed, it was
washed with sterile distilled water to get rid of all the dust
on the surface. After that, put them in the dark at room
temperature (RT, about 25°C) until they were dry, to
complete the drying put them into a hot air oven (HAO)
and dried at 36°C for about 48 hours. Finally, the dried
leaves were ground and turned into a powder and kept at
20C.

Extraction using different solvents by soxhlet

The procedure of Soxhlet extraction based on the
sequential solvent system hexane(Hex), ethyl acetate
(EtOAc) and ethanol (EtOH), the continuous extraction
apparatus was utilized by adding 1000ml of the utilised
solvent per 100g of the sample (plant powder). The
extraction was carried out for 48-72 hours until the colour
of the saxolith-derived solvent vanished. Following that,
the extracts were concentrated with an RVE (Rotary
Vaccum Evaporator) to produce the crude extract. Finally
maintained in the fridge until use and packaged in opaque,
sealed glass bottles (Chakraborty et al., 2017).

Isolation and purification by column chromatography
The antimicrobial compounds were purified using a
technique called silica gel column chromatography (CC).
In this process, a column with dimensions of 70cm by
2.0cm (inner diameter) was packed with 250g of silica gel
(Sigma Aldrich) with a mesh size of 60-120. The extract
from T. polium was isolated and fractionated using this
column. The sample was loaded onto the column and a
solvent was used to elute the compounds at a rate of one
drop per minute. Hexane, ethyl acetate and ethanol were
employed as mobile phases for rinsing the column. The
antibacterial activity of the fractions was assessed and the
most active ones were selected for further analysis. The
eluent was collected in 5Sml fractions and a preliminary
identification =~ was  performed using thin-layer
chromatography (TLC). The fractions containing the T.
polium extract were then dried using rotary evaporation
(Cuellar-Bermudez et al., 2015).

Identification by TLC

The crude extract was analyzed using TLC according to a
method previously described by Liu et al. (2018). In
summary, 2pL of each extract were applied as spots on an
RP-18 Silica coated TLC plate (Merck, 20 x 20cm), with
a 10mm gap between each spot. The plate was then
developed in a developing chamber using a mixture of
ethyl acetate, isopropanol and water in a ratio of 40:40:30
(v/v) for approximately 60 minutes. After air drying, the

TLC plate was examined wusing a UV-visible
spectrophotometer set at 254nm and 365nm to visualize
fluorescent compounds (Sunny UV.7804C, Tokyo,
Japan). Additionally, vanillin and sulfuric acid were
sprayed onto the TLC plate and gentle heating was
applied to facilitate the observation of distinct compound
colors.

Phenolic compound HPLC analysis

The analytical HPLC system utilized in the study
comprised a reversed-phase HPLC with a silica-based
C18 column from Agilent Technologies located in Santa
Clara, CA, USA. The system was composed of several
components, including an SPD-10A UV-VIS detector, an
LC-10AT VP pump, an SIL-10AF auto-injector and an
SCL-10A VP system controller. To achieve separation,
the mobile phase employed a mixture of acetonitrile,
water and phosphoric acid in a ratio of 30:70:0.08 (v/v/v).
Detection of the separated compounds was performed at a
wavelength of 288nm using the built-in SPD-10A UV-Vis
detector. The identification of phenolic compounds was
accomplished by applying Miklavéic et al. (2020)
methodology, which involved comparing the retention
times of the standards listed in table 1 with those of the
peaks observed in the extract.

Microorganism strain origin and selection

The antibacterial properties of extracts derived from T.
polium were assessed by conducting in vitro tests against
a selection of highly harmful bacteria. For this study, we
opted to screen the effectiveness of these extracts against
five human pathogenic bacteria, utilizing strains obtained
from our laboratory's stock culture. Our investigation
focused on prominent food-borne pathogens, including
gram-positive strains such as Staphylococcus aureus
(ATCC 6538), as well as gram-negative strains like
Escherichia coli (ATCC 8739), Pseudomonas aeruginosa
(ATCC 27853), Klebsiella pneumoniae (ATCC 15380)
and Salmonella typhi (ATCC 19430). Proper storage of
these microorganisms was ensured by maintaining them
in vials at a temperature of 18°C.

Culture conditions and bacterial strains

The bacterial strains were cultivated on Mueller-Hinton
broth-based nutrient agar (NA) at a temperature of 37°C
for a duration of 24 hours. Following the incubation
period, sub-culturing was performed before conducting
any antimicrobial assessments. To prepare the inoculums,
the bacteria were suspended in a sterile saline solution
consisting of 0.85% NaCl. The optical density (OD) of
the suspensions was carefully adjusted or maintained
within the range of 0.4 to 0.6 at a wavelength of 405nm,
ensuring a cell density of approximately 0.5 McFarland.
This OD value corresponds to an expected inoculum
containing 106 to 108 colony forming units per mL
(CFU/mL) (Amaya-Goémez et al., 2020).
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Disc diffusion on agar method

The antibiotic susceptibility test was conducted using the
standard disc diffusion method, following a modified
protocol based on the work of Uwizeyimana et al. (2020).
The Mueller-Hinton agar (MHA) plates were prepared
and marked with pre-made inoculums. Subsequently,
sterile paper discs (6mm, Whatman paper N5) were
impregnated with SpL each of the ethyl acetate (F;) and
ethanol (F,) fractions, using a solvent composed of 10%
v/v dimethyl sulfoxide, 1% v/v tween 80 in deionized
water. For the purpose of comparison, positive and
negative controls were included, using Amikacin and
Gentamycin antibiotics (at a concentration of 5g/mL) and
the same solvent as the diluent. The plates were then
incubated at 37°C for 24 hours, following an initial period
at room temperature. Finally, the antibacterial activity
was assessed by measuring the diameter of the inhibition
zone surrounding each disc, including the disc itself. Each
experiment was repeated three times to ensure reliability.

RESULTS

Composition of phenolic compounds in T. polium
ractions

Extraction was processed using Soxhlet. Use the first
solvent, hexane, to defat the sample. While the extracts of
ethyl acetate and ethanol were used to obtain the fractions
by column chromatography, A TLC plate was used to
identify phenolic compounds. The initial fraction (F,)
corresponded to the extraction using ethyl acetate, while
the subsequent fraction (F,) was obtained through ethanol
extraction. The composition and quantity of phenolic
compounds in 7. polium are presented in table 2,
determined by comparing their retention times and peak
areas with those of established standards. Within the first
fraction (F,), a prominent peak corresponding to 4-
hydroxybenzoic acid was observed, in accordance with its
respective standard (fig. 1). As for the second fraction
(F»), two significant peaks were identified as catechol and
coumaric acid (fig. 2).

T. polium extracts antimicrobial activity

The effect of phenolic compounds extracted from T.
polium against the five pathogenic bacterial strains under
study, compared with antibiotics using the disc diffusion
method, the results showed that there is an inhibitory
effect depending on the type of active compounds, the
type of bacteria and the concentration gradient. The
extracted phenols show antibacterial activity, as shown in
table 3.

K. pneumoniae was inhibited at concentrations of
1.25uL/mL for fractions F; and F,. P. aeruginosa was
inhibited at concentrations of 1.25uL/mL for fractions F,
and F,. S. typhi was inhibited at concentrations of
SuL/mL for Fraction F,. S. aureus was inhibited at
concentrations of SuL/mL for fractions F, and F,. E. coli
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was inhibited at concentrations of SuL/mL for fraction F,
and 1.25uL/mL for fraction F,. The extracted phenols can
inhibit the growth of K. pneumoniae and P. aeruginosa,
while showing low inhibition effects on S. typhi, S. aureus
and E. coli. This corresponds to the fact that the
compound in this fraction is 4-hydroxybenzoic acid alone,
which can inhibit the growth of K. pneumoniae and P.
aeruginosa efficiently. Fraction F, inhibited the growth of
K. pneumoniae, P. aeruginosa and E. coli and showed
low inhibition effects on S. #yphi and S. aureus. Due to the
occurrence of vanillic acid and quercetin, Fraction F,
showed a dissimilar antimicrobial effect.

DISCUSSION

T. polium is known for its rich reservoir of natural
phenolic compounds, including flavonoids, phenolic
acids, anthocyanins and various other phenols. These
compounds have gained considerable attention in the
medical industry due to their beneficial properties and
their non-toxic nature for human health. Consequently,
there has been a growing trend in utilizing plants with
high phenolic content to develop medical interventions
and treatments (Bakari et al., 2015; Elmasri et al., 2016).
Many studies have indicated the phenolic compound
content of the extract of Iraqi 7. polium, which is
considered to be very important because it can be
considered an antibacterial agent (Khazaei et al., 2018;
Rahmouni et al., 2021). Researchers have found that T.
polium has a lot of chemical compounds. However,
flavonoids are by far the most important chemical marker
for this genus and are what give them their medicinal
properties. Biosynthetic pathways and methods of
extracting phenolic compounds from this genus are also
talked about. This is done to learn more and provide
enough information for future research (Mihailovi¢ et al.,
2020; Farahmandfar et al., 2019; Jari¢ et al., 2020).
Methanol and ethyl acetate are highly regarded solvents
for extracting phenols and other extractable components
from plants. The variance in compound extraction can be
attributed to the polarity of the solvent used. The different
polarities of the extraction solvents could affect how
easily the chemical components of a sample dissolve and
how much of the sample can be extracted. Being plant
secondary metabolites (Gao et al, 2020; Fattaheian-
Dehkordi et al., 2021). The extraction of phenols from
plant materials is influenced by their solubility in the
solvent used for the extraction process. It has been
reported that as the polarity of the solvent went up, the
total phenol and total flavonoid content of the extract
went up. Most of the time, more polar solvents are better
at getting out phenolic compounds. Some phenolic
compounds form complexes with carbohydrates and
proteins that are easier to get out of methanol and ethyl
acetate than from other solvents. This could be a good
reason (Etsassala et al., 2021).
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Table 1: Standards and retention time for phenolic compounds.

Standards Retention Time (min) Conc.(ppm) Area' ™A
4-Hydroxybenzoic acid 2.901 25 1.11364*10° (0.01)
Catechol 2.715 25 7.75188*10" (0.01)
Coumaric acid 3.523 25 116158.325 (0.01)
Mean (n = 5) with coefficient of variation in brackets is Areal.
Table 2: Phenolic compounds and retention time in two fractions.
Fractions No. of Peak R.t (min) Conc. (ppm) ° Identifed Compounds
F, 1 2.905 4.5675+0.02 4-Hydroxybenzoic acid
1 2.717 1.2929+0.02 Catechol
F, 2 3.512 4.7237 £0.03 Coumaric acid
F; from ethyl acetate extraction, F, from ethanol extraction, ¢ Mean and standard deviation (n = 3).
Table 3: F, and F, antimicrobial properties.
Fractions Concentration Zone of Inhibition (mm)
pg/mL K.pneumoniae P.aeruginosa S.typhi S.aureus E.coli
1.25 4 7 0 0 0
2.5 7 9 0 0 0
F, 5 9 11 9 8 8
10 14 17 11 16 13
20 19 21 16 19 16
1.25 9 8 0 0 11
2.5 15 12 0 0 16
F, 5 17 16 8 6 18
10 18 19 17 18 19
20 23 22 19 20 21
Conirol Amikacin 22 23 22 21 20
Gentamycin 20 21 22 24 22
kil 4 I "--.\_ :
o] H
|
| | .
— | 4-Hydreoy benzoic scid
B0 | |
1 —— — — —— - — —r
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
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1 2.905 v 0.1199 2034.65416 230.99979%9 100.0000
Totals : 2034 .65416 230.99878%

Fig. 1: Fraction F; HPLC.
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Fig. 2: Fraction F, HPLC.

Many studies have shown that extracts from different
parts of 7. polium, like leaves, seeds and flowers, have
antimicrobial properties (Abdollahi et al., 2022; Shahraki-
Mojahed et al., 2021). The disc agar diffusion technique
was used to conduct a preliminary screening of the T.
polium methanolic extract's antibacterial activity in vitro
against seven pathogenic bacteria. The tested extract
exhibited a significant effect against Gram-negative
bacteria. As noted, a moderate effect was observed
against Gram-positive bacteria. This is proven by
previous studies that Gram-positive bacteria are more
affected by plant extracts than Gram-negative bacteria
because hydrophobic lipopolysaccharides in the outer
membrane provide protection against different agents
(Abdollahi et al., 2022; Khoramian et al., 2020; Elsonbaty
et al., 2020). However, other studies previously
conducted on the same plant showed that the ethanolic
extract was more effective against Gram-negative bacteria
such as E. coli and P. aeruginosa than Gram-positive as
B. cereus. It was also recorded in many previous studies
that the extracts of T. polium have varying effects on both
Gram-negative and Gram-positive bacteria. The effect
was attributed to several factors, including the plant
organ, vegetative cycle stage, climate and soil (Bardsiri et
al., 2022; Bahramikia et al., 2022; Noumi et al., 2020).
Other studies indicated that the methanolic extract of 7.
polium was effective in inhibiting the growth of all tested
Gram-negative and Gram-positive bacteria; the
differences in the effect were due to the differences in the
region and climate of the plant. (Toplan et al., 2022;
zadeh Gharaboghaz et al., 2020; Mohammed ef al., 2022)

The ethanolic extract of T. polium grown in Iran showed
activity against several tested bacteria with different MIC.
This extract was effective in inhibiting the growth of S.
typhimurium and S. aureus, with a MIC of 40mg ml-1.
While the ethanolic extract of 7. polium grown in Jordan
showed activity against Bacillus anthracis, 10mg ml-1
also represents the minimal bactericidal concentration
(MBC). (Masoumipour et al., 2019). Demonstrate that the
methanolic extract of 7. polium is effective against both
Gram-positive and Gram-negative bacteria, with the
highest inhibitory activity seen against E. coli (MIC = 1.2
mg ml-1), while it appeared less affected against S. aureus
(MIC = 2.2 mg ml-1) and P. aeruginosa (MIC = 2.4 mg
ml-1) (Shariatifar et al., 2019). The structure of the cell
envelope could explain this difference in susceptibility.
Gram-negative bacteria have an outer membrane made of
lipopolysaccharides. This membrane separates the
periplasmic space from the cytoplasmic membrane, which
can stop hydrophobic compounds from moving through
the cell. Without this membrane, it would be easier for
outside forces to get into gramme-positive cells and
change the cytoplasmic membrane (El Atki et al., 2020).
Antimicrobial compounds in 7. polium may stop the
growth of bacteria in different ways. So, it may be very
useful in treating microbial strains that have become
resistant (Kharroubi et al., 2021). Bioactive molecules are
known as phenols. These compounds cause biological
effects because of the way the molecules are built. It
contains hydroxyl groups and benzene rings. They can
bind to bacterial membrane proteins and form complexes
(Zongo et al, 2021). Natural compounds, especially
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phenolic compounds, may inhibit the growth of bacteria
through several mechanisms, thus becoming of high
clinical value in the treatment of many resistant bacterial
strains and thus considered the mainstay of many
applications, including food industries, natural therapies,
alternative medicine and pharmaceuticals (Juri¢ et al.,
2021).

CONCLUSIONS

The findings of this research revealed the chemical
composition and antimicrobial properties of diverse
extracts derived from 7. polium. Three phenolic
compounds were successfully isolated and identified. A
notable aspect of this study was the utilization of the
Soxhlet apparatus for extracting natural compounds from
T. polium leaves, leading to a significantly higher yield of
phenolics such as 4-Hydroxybenzoic acid, Catechol and
Coumaric acid compared to previous investigations. The
fractions of T. polium extracts exhibited varying degrees
of antimicrobial activity against the tested bacteria.
Fraction F; displayed notable inhibition against K.
pneumoniae, P. aeruginosa and S. aureus, while Fraction
F, exhibited the strongest inhibitory effect on both Gram-
positive and Gram-negative bacteria employed in this
study. The dissimilarity in antimicrobial activities can be
attributed to the distinct phenolic compounds identified in
each fraction. Nevertheless, further in vivo studies and
clinical trials are necessary to ascertain the safety and
potential applications of these extracts as antimicrobial
agents. The outcomes of this study contribute towards the
development of a reliable method for extracting phenolic
compounds from 7. polium, which can find applications
in various nutraceutical and pharmaceutical contexts.
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