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MICROBIOLOGY

Comparative analysis of phenolic compositions
and biological activities of three endemic
Teucrium L. (Lamiaceae) species from Turkey

SEVIL ALBAYRAK & AHMET AKSOY

Abstract: This study investigates the chemical compositions and biological activities of
the methanol extracts of three endemic Teucrium species (T. ekimii, T. pestalozzae and
T. semrae) collected from Turkey. Total phenolic and flavonoid contents were assessed
spectrophotometrically. The total phenolic and flavonoid content in the T. ekimii
methanolic extract were importantly higher than other both extracts. The polyphenolic
components of the extracts were identified by liquid chromatography. Seven phenolic
compounds were identified namely catechin, rutin, luteolin, apigenin chlorogenic acid,
sinapic acid and rosmarinic acid. Antioxidant activities were determined by five in
vitro assays namely phosphomolybdenum assay, 1,-diphenyl-2-picrylhydrazyl (DPPH)
free radical scavenging activity, B-carotene bleaching assay, ferric ions reducing
antioxidant power (FRAP) and cupric ions reducing antioxidant capacity (CUPRAC).
The total antioxidant activity method exhibited that T. ekimii methanol extract exerted
better antioxidant activity. The methanol extract of T. ekimii showed better antiradical
scavenging activity as measured by DPPH assay. The antimicrobial capacities were
determined by agar diffusion assay. Three endemic Teucrium species tested showed
slight antibacterial activity only against Aeromonas hydrophila, Klebsiella pneumoniae
and Streptococcus pneumoniae. The findings showed that three endemic Teucrium
species may be utilized as natural sources of antioxidant and antimicrobial compounds
in food and farmacy products.

Key words: Teucrium, antimicrobial, antioxidant, phenolic compounds, bioactivity.

INTRODUCTION

Reactive oxygen species (ROS) are endogenously
produced in living organisms during normal
cellular processes (Gulcin 2020, Huyut et al.
2017). ROS are mainly composed of non radical
species and free radicals (Anbudhasan et al.
2014, Gunes et al. 2019, Huyut et al. 2017, Perron
& Brumaghim 2009). Atoms, molecules or ions
containing one or more unpaired electrons
are called free radicals that are very reactive
species (Anbudhasan et al. 2014). They are
quickly atatck the molecules in neighbouring
cells, and possibly can be harmful to lipids,

carbohydrates, DNA, and proteins (Gulcin 2020,
Perron & Brumaghim 2009). Excessive ROS cause
some harmful effects. For example, imbalance
between ROS production with antioxidant
defences causes oxidative stress (Gulcin 2020,
Glnes et al. 2019). Oxidative stress is related to
causing a large number of diseases including
cardiovascular, Alzheimer, Parkinson, ulcerative
colitis, aging, cancer and atherosclerosis (Alam
et al. 2013, Gunes et al. 2019, Huyut et al. 2017,
Tsao 2010). Thus, prevention of oxidative stress
has important for the prevention and treatment
of these diseases (Perron & Brumaghim 2009).
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Antioxidants are organic compounds that
inhibit and/or reduce the oxidation processes
of free radical in both food systems and the
human body (Gulcin 2020, Ozgen et al. 2016).
Antioxidant compounds can retard lipid
peroxidation and thereby prevent deterioration
of pharmaceutical products and food during
processing and storage (Gulcin 2020). Synthetic
antioxidants including butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), tert-
butylhydroquinone (TBHQ), propyl gallate (PG)
and octyl gallate (OG) are added to fats, oils,
and lipid-containing foods because of inhibit or
delay the lipid oxidation (Gulcin 2020). However,
their acceptability for consumers is decreased
because of the consumer doubt regarding the
safety of using synthetic antioxidants in food
products. Synthetic antioxidants have been
limited by legislative rules because of their
carcinogenic and toxic effects (Gulcin 2020).
Hence, there has been increasing interest
in search for alternative, safe and natural
antioxidant resources, especially of plant origin
such as fruits, vegetables, spices, grains, and
herbs (Anbudhasan et al. 2014, Gulcin 2020).

Dependingon the World Health Organization
(WHO), around three-quarters of the world’s
population use herbs to cure diseases, and there
are several examples of new pharmaceuticals
generated from wild plant species (Soliman et
al. 2021). Polyphenols are secondary metabolites
and present extensively in plants, have attracted
the attention in the food field in the recent
years (Cory et al. 2018, Gulcin 2020, Tsao 2010).
Polyphenolic compounds are known to have
many biological activities include anticancer,
antioxidant, anti-inflammatory, anti-microbial
andantiviral effects (Abdel-Shafy & Mansour2017,
Glines et al. 2019, Perron & Brumaghim 2009). In
respect of preventing ands/or treating chronic
diseases, polyphenols that show antioxidant
activity are extremely important in terms of
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human health. Polyphenols protect cells and
tissues against oxidative damage by acting as
antioxidants (Glines et al. 2019). As antioxidants,
polyphenols are the most abundant in Man diet
(Abdel-Shafy & Mansour 2017) and preserve food
from oxidative rancidity (Gulcin 2020). Current
literature suggests that high intake of diets rich
in polyphenols may help decrease the incidence
of many chronic diseases. This effect may be
due to their antioxidant capacity (Cory et al.
2018, Gulcin 2020, Rasouli et al. 2017, Tsao 2010).

Teucrium L. (Lamiaceae) is composed of
approximately 300 species. They distributed
mainly in Europe, America, Asia, Australia
and the Mediterranean area. It is represented
by 48 taxa, which are 18 species endemic in
Turkey (Aksoy-Sagirli et al. 2015). This genus
has been utilized as medicinal herbs for over
2000 years (Kicik et al. 2006). Plants of this
genus have long been used medicinally in folk
medicine as expectorant, antiseptic, diuretic,
hypoglycemic, antispasmodic, antipyretic and
antihelmintic, diaphoretic, antirheumatic,
carminative agents and antiulcer activities, to
asthma, coughs, chronic bronchitis, stomach
pain, amenorrhea, diabetes and gout (Aksoy-
Sagirli et al. 2015, Grujicic et al. 2020, Kaska
et al. 2019, Menichini et al. 2009, Tarhan et al.
2016, Ulubelen et al. 2020). Many biological
activities such as analgesic, hypolipidemic,
antiulcer, antioxidant, antimicrobial, antiviral,
antifungal, anticonvulsant, anticancer,
antitumor, antidiabetic, hepatoprotective,
antipyretic, hypoglycaemic, insect antifeedant,
cytotoxic, proapoptotic, antihypertensive,
anti-inflammatory, anorexic, antiallergic and
antinociceptiv effects have been described for
different Teucrium species (Abdollahi et al. 2003,
Aksoy-Sagirli et al. 2015, Chabane et al. 2021, El-
Shazly & Hussein 2004, EL Atki et al. 2019, Grujicic
et al. 2020, Kaska et al. 2019, Khaled-Khodja et al.
2014, Maccioni et al. 2007, Menichini et al. 2009,
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Rizvi et al. 2019). These activities are atributed to
presence of rich poyphenolic compounds in the
Teucrium species (Grujicic et al. 2020, Ulubelen
et al. 2020).

Phytochemical investigations showed that
some species belonging to the genus Teucrium
contain neo-clerodane or abietane diterpenes,
triterpenes, sesquiterpenes, and steroids.
Flavonoids and aromatic compounds, although
not as abundant as furan-containing neo-
clerodane diterpenoids, are also determined
(Ulubelen et al. 2020). This genus is one of the
richest sources of monoterpenes, diterpenes,
sesquiterpenes, sterols, iridoids, saponins,
tannins, polyphenols, flavonoids and alkaloids
(De Marino et al. 2012, El-Shazly & Hussein 2004,
Khaled-Khodja et al. 2014, Rizvi et al. 2019).

Some of Teucrium species are presently used
in the production of flavoured wines, bitters,
liqueurs and herbal teas as nutritional plants.
Infusions of leaves and flowers are utilized for
flavouring beers in some regions. Their several
biological properties such as antimicrobial,
antioxidant and antifungal activities make
them important in food industries as as natural
preservative agents (Menichini et al. 2009).

In Turkish folk medicine, T. chamaedrys, T.
flavum and T. montanum have been consumed
to treatment of ulcer and diabetes and to fight
obesity (Klclik et al. 2006). In the literature,
there are many papers for antioxidant activities
of T. polium (Ardestani & Yazdanparast 2007,
Bakari et al. 2015, De Marino et al. 2012, El Atki
et al. 2019, Khaled-Khodja et al. 2014, Panovska
et al. 2005, Sharififar et al. 2009, Tepe et al. 2011),
T. sandrasicum (Aksoy-Sagirli et al. 2015, Kaska
et al. 2019, Tarhan et al. 2016), T. chamaedrys,
T. montanum (Panovska et al. 2005), T.
montbretii subsp. pamphylicum (Ozkan et al.
2007), T. trifidum (Mazhangara et al. 2020) and
T. arduini (Samec et al. 2010). Several previous
studies were caried out on the phytochemical
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composition of extracts from T. polium (De
Marino et al. 2012, Panovska et al. 2005, Proestos
et al. 2006, Sharififar et al. 2009, Tepe et al. 2011),
T. ramosissimum (Ben Sghaier et al. 2011), T.
montanum (Djilas et al. 2006), T. chamaedrys,
T. montanum (Panovska et al. 2005), T. arduini
(Grujicic et al. 2020, Samec et al. 2010) and T.
flavum (Grujicic et al. 2020). However, to the best
of our knowledge, there are’'nt no study on the
phytochemical constitutions, antioxidant and
antimicrobial activities of extracts from T. ekimi
H. Duman (Duman 1998), T. pestalozzae Boiss.
and T. semrae Aksoy, Dirmenci & Ozcan (Aksoy
et al. 2020) which are wild growing in Turkey.
Therefore, the main goal of the present work was
to determine, for the first time, phytochemical
compositions, total phenolics, total flavonoids
and antioxidant and antimicrobial activities of
Turkish endemic T. ekimi, T. pestalozzae and T.
semrae extracts as new potential sources of
natural antioxidant and antimicrobial agents.

MATERIALS AND METHODS

Plant material and extraction

The plant materials were collected in the area
of Antalya (Turkey), in summer 2019. Taxonomic
identification was made by Prof. Dr. Ahmet AKSQOY
(Akdeniz University, Department of Biology,
Antalya, Turkey). The voucher specimens were
stored at the herbarium of Erciyes University
(AA2993, AA3015 and AA3013).

1- Teucrium eRimii H. Duman- Antalya,
Beldibi, limestone rocks, 100m, 07.06.2019, Aksoy
3013 (Turkish name; Erkurtaran)- Endemic

2- Teucrium pestalozzae Boiss.- Antalya,
Dosemealtl, Cubukbeli Passage, limestone rocks,
990m, 07.06.2019, Aksoy 3015 (Turkish name:
Oglanotu)- Endemic

3- Teucrium semrae Aksoy, Dirmenci &
Ozcan- Mugla, Seydikemer, Minare Village,
Pinara Ancient City, limestone rocks, 400-750
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m, 23.05.2019, Aksoy 3004 (Turkish name: Kaya
glizeli) - Endemic

The plants were dried at at room
temperature (about 25 °C) and grinded by a mill.
Powdered plant sample was macerated with
methanol (1:10) for three days. The collected
extracts were filtered (Whatman No. 1) and then
concentrated to dryness under vacuum using
Rotary evaporator (Rotavator, Buchi, Switzerland;
T< 40 °C). Extract yield was determined and
saved at 4 °C until analyzed (El-Mougy & Abdel-
Kader 2007).

Liquid chromatography (LC) analysis

The extract was dissolved in methanol at
the concentration of 10 mg/mL. A liquid
chromatograph (Shimadzu) was equipped with
HPLC pumps (LC-2030-C) and a DAD detector
(284 nm). Eclipse XDB-C18 (5um) column (250 x
460 mm) (Agilent) was used. The flow rate was
0.8 mL/min and the injection volume 20 uL.
The analyses of the phenolic compounds were
carried out at 30 °C using two linear gradients
of methanol. Identification and quantitative
analysis were made by comparison with
standards. 19 compounds including gallic acid,
protocatechuic acid, catechin, epicatechin,
chlorogenic acid, caffeic acid, vanilic acid,
syringic acid, p-coumaric acid, o-coumaric acid,
ferulic acid, sinapic acid, rutin, ellagic acid,
rosmarinic acid, luteolin, quercetin, kaempferol
and apigenin were used as standard (Albayrak
et al. 2010).

Total phenolic content

Folin-Ciocalteu method was used for
determination of total phenolic contents in the
extracts (Singleton & Rossi 1965). 0.04 mL of the
methanol solution of the extract (1 mg/mL) and
600 pL of 20% sodium carbonate solution were
mixed with 200 pL of Folin-Ciocalteau reagent.
The absorbance was read at 765 nm (Shimadzu
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UV-Vis 1240, Japan) after 2h incubation in the
darkatroom temperature. Gallic acid as standard
was used. Results were expressed as mg of gallic
acid equivalents (GAE) per gram dried extract.

Total flavonoids

Total flavonoid contents of extracts were
determined using the aluminum chloride
colorimetric assay (Pourmorad et al. 2006). The
methanol solution of the extract (1 mg/mL, 0.5
mL) was added into volumetric flask containing
of aluminum chloride (10%, 0.1 mL), potassium
acetate (1M, 0.1 mL) and distilled water (2.8 mL) to
react for 30 min. The absorbance of the mixture
was read at 415 nm. Total flavonoids content was
expressed as mg quercetin equivalents (QE) per
gram dried extract.

Total antioxidant activity

The total antioxidant activity of the extracts
was detected using the phosphomolybdenum
method (Prieto et al. 1999). The assay measure
green phosphate Mo (V) complex formed
result of the reduction of Mo (VI) to Mo (V)
in acid pH s(Prieto et al. 1999). 0.4 mL of the
extract (2 mg/ml) was added to 4 ml of reagent
solution (4 mmol/L ammonium molybdate, 0.6
mol/L sulphuric acid and, 28 mmol/L sodium
phosphate). The solution was incubated at 95 °C
for 90 min and then cooled to room temperature.
The absorbance was read at 695 nm. Ascorbic
acid was used to prepare the calibration curve
and findings were expressed as mg ascorbic acid
equivalents (AAE) per gram diried extract.

B-Carotene bleaching assay

The capability of the extract to prevent the
bleaching of the B-carotene-linoleic acid
emulsion was detected (Cao et al. 2009). A
solution of B-carotene and linoleic acid was
prepared with 2 mg of B-carotene in 10 mL
chloroform, 20 mg linoleic acid, and 200 mg
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Tween 40. The chloroform was removed in vacuo
and 50 mL of aerated distilled water was added
to the residue. 0.2 mL of each extract (1 mg/
mL) was added to 5 mL of the above mixture.
The tubes were incubated at 50 °C. After 2 h,
the absorbance values were determined at 470
nm. Inhibition percentage of bleaching (%) was
calculated. BHT (Butylated Hydroxytoluene) was
used as the positive control.

DPPH radical scavenging ability

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging activities of the extracts were
measured (Lee et al. 1998). 50 uL of the extracts
at 01- 2 mg/mL concentrations was added to 1
mL of the methanolic solution of 01 mmol of
DPPH. The solution was incubated for 30 min at
room temperature in dark. Then, the absorbance
of the solutions was read at 517 nm. The percent
inhibition of DPPH radical was calculated by the
following equation:

Percentage inhibition (I %) = Absorbance of
control -Absorbance of sample x 100

Absorbance of control

BHT was used as a synthetic control. The
IC50 value was calculated as the concentration
of causing a 50% inhibition of DPPH radical.

Ferric cyanide (Fe**) reducing antioxidant
power method

The capacity of the extracts to reduce ferric
ions was determined using the Ferric Reducing
Antioxidant Power (FRAP) assay (Tuberoso et al.
2010). The FRAP assay is based on the reduction
of ferric 2,4,6-tris(2-pyridyl)-1,3,5-triazine [Fe(lll)-
TPTZ] to the ferrous complex at low pH. FRAP
reagent was prepared by mixing of 300 mM
acetate buffer (pH 3.6), 20 mM FeCl3. 6™° with
10 mM TPTZ in 40 mM HCL. An aliquot of the
extract was mixed with diluted FRAP reagent and
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incubated at 37 °C for 30 min. The absorbance
was measured at 595 nm. The quantitative
analysis was made using the external standard
assay (Fe” sulphate, 01-2 mmol), correlating the
absorbance at 595 nm with the concentration.
The results were expressed as mmol/L of Fe™.

Cupric-ion-reducing antioxidant capacity
(CUPRAC) method

One mL of each solution of 7.5 mM neocuproine,
10 mM CuCl2and 1 M NH*“buffer (pH 7.0) was
mixed. Then, 0.5 mL of extracts at 0.2-1 mg/
mL concentrations were added to this mixture.
Then, 0.6 mL of deionised water was added
and incubated for 30 min incubation at room
temperature. The mixture absorbance was read
at 450 nm. Trolox as the positive control was
used (Apak et al. 2006).

Antimicrobial activity

In this study, the antimicrobial activity of three
Teucrium species was tested against Aeromonas
hydrophila ATCC 7965, Yersinia enterocolitica
ATCC 1501, Salmonella typhimurium NRRLE
4463, Listeria monocytogenes 1/2B, Escherichia
coli ATCC 25922, Klebsiella pneumoniae ATCC
13883, Bacillus cereus ATCC 11778, Methicillin
resistant Staphylococcus aureus ATCC 43300
(MRSA), Streptococcus pneumoniae ATCC
10015 and Candida albicans 10231. Agar-well
diffusion method was used to determination of
antimicrobial capacity (Albayrak et al. 2010). The
inoculum suspension was adjusted to 106 -107
colony-forming units (cfu)/mL and suspended
in sterile growth medium. Mueller Hinton agar
for bacteria and Malt extract for yeast inoculated
with 01% microbial suspension was poured over
the Petri dishes (9 cm). The wells (5 mm) were
cut from the agar. 50 pL of extract (30 mg/mL)
was added to the wells. The methanol was used
as a control. Microbial growth inhibition was
determined as the diameter of the inhibition
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zones around the wells. Tetracycline (10 mg/
mL) and natamycin (30 mg/mL) were used as
standard antibiotics.

Statistical analysis

Data from the analyses were subjected to
analysis of variance (ANOVA) using SPSS (2022)
for Windows. Means were separated at the
5% significance level by the least significant
difference (LSD) test. Bivariate correlations were
analysed by Pearson’s test using SPSS 22.0 on
Windows. The data were presented as mean +
standard deviation.

RESULTS AND DISCUSSION

The percent yields of the methanol extracts
were found to be 16.78%, 21.6% and 17.13%
(w/w) for T. eRimii, T. pestalozzae and T. semrae,
respectively (Table 1). Similarly, the yields of
methanol, chloroform and aqueous extracts
obtained by Soxhlet extraction and boiling water
from T. ramosissimum were reported previously
as 16.78%, 6.53% and 21.6%, respectively (Ben
Sghaier etal.2011). The yields of petroleum ether,
chloroform, methanol and aqueous extracts
from T. polium were reported as 5.9%, 3.7%, 14.9%
and 8%, respectively (Sharififar et al. 2009). The
extraction efficiency may vary according to the
extraction method (Khaled-Khodja et al. 2014).
The phenolic components of three Teucrium
species tested were identified using the LC
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apparatus. The results are given as ppm in Table
II. Phenolic components couldn’t be identified
in the extracts not given in the Table Il. Seven
phenolic compounds were identified namely
catechin, rutin, luteolin, apigenin, chlorogenic
acid, sinapic acid and rosmarinic acid. The major
compound existing in the extracts of T. ekRimii
and T. pestalozzae was identified as chlorogenic
acid (13.957 and 53.367 ppm, respectively) while
the least abundant compound was rosmarinic
acid (173 and 400 ppm, respectively). Rutin was
the major phenolic compound (14.311 ppm),
while the minor compound was catechin (986
ppm) in the extract of T. semrae.

Similar findings have been published by
other authors analyzing other Teucrium species.
Sesquiterpenoids, iridoids, di and triterpenoids,
and phenolic compounds were identified in
Teucrium genus. The neo-clerodane diterpenoids
as potential chemotaxonomic markers were
the main compounds of this genus (Sadeghi et
al. 2022). Grujicic (2020) identified p-coumaric
acid, chlorogenic acid, vanilic acid, caffeic acid,
syringic acid, ferulic acid, catechin, epicatechin,
rutin and quercetin in the extracts of T. adunini
and T. flavum. Caffeic acid (0.65 mg/100 g), ferulic
acid (0.95 mg/100 g) and luteolin (0.48 mg/100 g)
were determined in T. polium methanol extract
(Proestos et al. 2006). The methanol, chloroform
and aqueous extracts from T. ramosissimum
were reported the existence of various
quantities of tannins, coumarins, sterols and

Table I. Extraction yields, total phenolic, flavonoid contents of three Teucrium species.

Extraction Yields

Plants %
T. eRimii 16.78 + 0.0
T. pestalozzae 21.60 + 01
T. semrae 1713 £ 0.0

Total phenolics Total flavonoids

(mg GAE/g extract) (mg QE/g extract)
2086 +15° 837+00°
818 +03° 6.76 +01°¢
17.65+0.0°" 757+00°

Note: In each column, means of three independent experiments (+ SD) with different superscript letters are significantly
different (p < 0.05). Total phenolic content expressed as Gallic acid equivalent (GAE), total flavonoid content expressed as

Quercetin equivalent (QE).
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particularly, flavonoids (Ben Sghaier et al. 2011).
Diterpenoids, flavonoids and phenolicacids were
previously isolated classes of constituents from
T. montanum (Djilas et al. 2006). Protocatechuic,
4-hydroxybenzoic, salicylic, gentisic, ferulic,
vanillic, caffeic, syringic, sinapic, 4-coumaric
were determined in flower and leaf infusion
of T. arduini (Samec et al. 2010). The chemical
composition analysis of different extracts
(diethyl ether, ethyl acetate and n-butanol)
obtained from T. chamaedrys, T. montanum,
T. polium were demonstrated the existence of
flavonoids luteolin, apigenin and/or diosmetin
(Panovska et al. 2005). Rutin and apigenin from
T. polium extracts were identified (Sharififar et
al. 2009). Caffeic acid, phenylethanoid glycoside,
luteolin 7-0O-glycoside, luteolin 7-O-rutinoside,
teucreoside, verbascoside, diosmetin
7-0-glycoside, apigenin 7-O-glucuronide,
tetrahydroxyflavone 7-0-glycoside,
dihydroxymethoxyflavone glycoside, luteolin,
diosmentin were identified from T. polium water
extract by UV and MS spectral data (Tepe et al.
2011). The genus Teucrium is a rich source of
neo-clerodane diterpenoids (Bozov & Penchev
2019). New natural neo-clerodane diterpenoid,
namely 20-O-acetyl-teucrasiatin was isolated
from T. polium collected in Nothern Iran
(Venditti et al. 2017a). In other study, cirsilineol,
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apigenin 7-O-rutinoside (isorhoifolin),
cirsimaritin, diosmetin, apigenin, cirsiliol and
lastly poliumoside were identified in ethanolic
extract of T. polium collected in Southern Iran
(Venditti et al. 2017b). Similarly, 14 flavonoids and
phenylethanoid glycosides were determined
in the methanolic extract of T. polium from
Algeria (Chabane et al. 2021). Also, the presence
of iridoids and phenyl-ethanoid glycosides
including verbascoside, forsythoside, samioside,
alyssonoside, harpagide, 8-0O-acetyl-harpagide,
cirsiliol and B-arbutin in the T. chamaedrys
were reported (Frezza et al. 2018). Same author
and co-aouthors showed that pheophytin q,
poliumoside, apigenin, luteolin, cirsimaritin,
cirsiliol, 8-O-acetyl-harpagide and teucardoside
were identified from T. capitatum (Frezza et al.
2022). These differences could be related to
differences of species, extraction technique,
the distinct habitat in which the plant has been
collected and also standard compounds used.
Total phenolic and flavonoid contents of
the methanol extracts obtained from different
three Teucrium species were determined.
Folin-Ciocalteu colorimetric assay was used
to determination of total polyphenols and
given as mg gallic acid equivalent per g dried
extract. Aluminum chloride method was used
to estimate of total flavonoids in the extracts.

Table II. The quantity (ppm) of phenolic compounds determined in three Teucrium by LC-MS.

Compounds T. eRimii
Catechin 262,0
Chlorogenic acid 13.957,0
Sinapic acid 5196,0
Rutin 596,0
Rosmarinic acid 173,0
Luteolin -
Apigenin 2.775,0
-: Not detected.

T. pestalozzae T. semrae
5.899,0 986,0
53.367,0 4.295,0
11.799,0 5.528,0
9.545,0 14.311,0

400,0 1448,0
409,3 1.582,3
5.715,0 6.130,0
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The total flavonoid contents of the methanol
extracts were given as mg quercetin equivalent
per g dried extract. Table | shows the findings of
total phenolic and flavonoids in the methanolic
extracts of three Teucrium species investigated
in the existing study. The phenolic and flavonoid
contents of the methanol extracts of three
Teucrium species tested were significantly
different (p < 0.05). The findings exhibited that
the methanolic extracts contained phenolic
contents in the following order: T. ekimii (20.86 +
1.5 mg GAE/g)> T. semrae (17.65 + 0.0 mg GAE/g)
> T. pestalozzae (818 + 0.3 mg GAE/g). The
findings, as given in Table I, exhibit that the total
flavonoids in the methanol extracts have the
following order: T. ekimii (8.37 + 0.0 mg QE/g)>
T. semrae (7.57 + 0.0 mg QE/g) > T. pestalozzae
(6.76 + 01 mg QE/g). The methanolic extract of T.
ekimii showed to have a higher concentration of
both total phenolic and total flavonoid content
compared to other two investigated Teucrium
species. According to these results, it can be
concluded that the methanol extracts studied
here possesses high content of phenolics and
flavonoids.

The total phenolic and flavonoids in the
three Teucrium species tested were lower if
compared to methanol and other extracts
of T. polium. Total phenolic and flavonoids of
the different extracts of T. polium were in the
range of 771-268.2 mg GAE/g and 21.4-197.4 mg
catechin equivalents/g extract, respectively
(Ardestani & Yazdanparast 2007). Total phenolic
and flavonoids contents in T. polium water
extract were found as 54.95 ug GAE/mg extract
and 11.08 pug QE/mg extract, respectively (Tepe
et al. 2011). Total phenolic and flavonoids of T.
polium methanolic extract 45.65 mg GAE/g and
10.98 mg QE/g (Khaled-Khodja et al. 2014). Total
phenolic and flavonoids of T. polium extracts
ranged from 48.88 to 400.00 mg of GAE/g and
2.75 to 38.85 mg of QE/g, respectively (Bakari et
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al. 2015). Total phenolic contents of methanolic,
ethanolic, water and ethyl acetate extracts of
T. polium were determined as 95.53, 70.28, 40.6
and 29.25 mg GAE/g. Also, in the same study
total flavonoid contents of these extracts were
found to be 101.9, 65.83, 82.66 and 43.22 mg RE/g,
respectively (El Atki et al. 2019). Total phenolic
and flavonoids of T. polium methanolic extract
were reported as 86.63 mg GAE/g and 24.43 mg
QE/g (Chabane et al. 2021). T. polium ethanolic
extract showed DPPH scavenging activity and
FRAP due to its high phenol (155.2 mg GAE/g)
and flavonoids contents (67.2 mg catechin
equivalent/g) (Qabaha et al. 2021).

When the extracts of three Teucrium species
tested were compared with T. sandrasicum
(Aksoy-Sagirli et al. 2015, Kaska et al. 2019, Tarhan
etal.2016), T. arduini and T. flavum (Grujicic et al.
2020), T. montbretii subsp. pamphylicum (Ozkan
et al. 2007) and T. ramosissimum (Ben Sghaier
et al. 2011) extracts, it was clear that the phenol
and flavonoid contents were lower than these
species.

The T. sandrasicum methanol extract was
reported to be a rich source of phenolic and
flavonoids (113.73 mg GAE/ g, 104.39 mg catechin
equivalents/g) (Aksoy-Sagirli et al. 2015). Total
phenolic and flavonoids of different extracts
from T. sandrasicum leaves and flowers ranged
from 33.37 to 8115 mg of GAE/g and from
30.23 to 9512 mg of catechin equivalents/g,
respectively (Tarhan et al. 2016). Total phenolic
and flavonoids of the hydromethanolic and the
hydroethanolic extract of T. sandrasicum had
been found as 145.71, 150.18 mg GAE/g and 48.04,
4726 mg QE/g extract, respectively (Kaska et
al. 2019). The contents of total phenolics and
flavonoids in T. arduini and T. flavum extracts
were 200.35 and 171.08 mg GA/g, and 96.32 and
7814 mg RU/g, respectively (Grujicic et al. 2020).
Total phenolic content of T. montbretii subsp.
pamphylicum methanolic extract were reported
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as 99.4 mg gallic acid equivalents (GAE)/g
(Ozkan et al. 2007). Total phenolic content of
the methanol, chloroform and aqueous extracts
from T. ramosissimum were reported as 120,
60 and 121.66 ug GAE/ mg, respectively. Theirs
flavonoid contents were also determined as 565,
85 and 320 pg QE/ mg extract, respectively (Ben
Sghaier et al. 2011).

On the other hand, the total phenol
contents found in this study were similar with
T. arduini and T. trifidum whose total phenol
contents were in the range of 6.24-30.49 mg
GAE/g (Samec et al. 2010) and 141087 to 21.7977
mg GAE/g (Mazhangara et al. 2020), respectively.
The total phenolic and flavonoid contents of
the various Teucrium species may be different
according to plant part, method and solvents
used for extraction (Grujicic et al. 2020).

Many methods have been established for
the evaluation of antioxidant capacity of the
extracts including total antioxidant activity
by the phosphomolybdenum, inhibition
of B-carotene bleaching, FRAP assay and
scavenging of DPPH radical. Table Il shows the
findings of antioxidant activities of the extracts
expressed as mg AAE/g, DPPH inhibition (1C*),
percent inhibition of B-Carotene bleaching and
FRAP (mM/L) values.

The phosphomolybdenum assay measures
the reduction of Mo (VI) to Mo (V) in the
presence of antioxidants and the production
of green Mo (V) complex (Prieto et al. 1999).
The total antioxidant activities of the extracts

BIOLOGICAL ACTIVITIES OF THREE ENDEMIC Teucrium

determined by the phosphomolybdenum assay
were in the range of 26.30-43.43 mg ascorbic
acid equivalents (AAE)/g extract. The findings
showed that T. ekimii extract had the highest
antioxidant activity with a value of 43.43 + 1.2 mg
AAE/g dried extract. T. pestalozzae and T. semrae
extracts showed lower activity with values of
3397 + 0.2 and 26.30 + 0.4 mg AAE/g dried extract,
respectively (p < 0.05) (Table ). Similar to our
findings, researchers reported that the extracts
of T. polium (Ardestani & Yazdanparast 2007, El
Atkietal.2019), T. montbretii subsp. pamphylicum
(Ozkan et al. 2007) and T. sandrasicum (Kaska
et al. 2019) had a substantial total antioxidant
activity in phosphomolybdenum assay. The
antioxidant activities of various extracts of T.
polium were found in the range of 78.3-318.4
mg AAE/g (Ardestani & Yazdanparast 2007).
The different extracts of T. polium showed
antioxidant activity especially, the highest level
of total antioxidant capacity was found in water
extract (129.5 + 319 mg AAE/g), while the ethyl
acetate extract showed significantly the lowest
activity (21.70 + 2.20 mg AAE/g) (EL Atki et al.
2019). Antioxidant activity of methanolic extract
of T. montbretii subsp. pamphylicum tested by
the phosphomolybdenum assay was 191.5 AAE
mg/g (Ozkan et al. 2007). In a previous study,
the hydromethanolic and the hydroethanolic
extract of T. sandrasicum showed strong
antioxidant activity with 143.97 + 496 and 102.25
+ 8.60 pg AAE/mg, respectively (Kaska et al. 2019).
Moreover, three Teucrium species tested in this

Table Ill. Antioxidant activities of three endemic Teucrium species.

Total antioxidant activity

Plants (mg AAE/g extract)
T. eRimii 4343 +12°
T. pestalozzae 3397+ 02°
T. semrae 2630+ 04 ¢

DPPH assay B-Carotene assay FRAP

IC,,(ug/mL) % Inhibition mM/L
2640 © 5894 ° 334+00°
41.03° 58.57 26800 °
3790° 3494° 327+00°

Note: In each column, means of three independent experiments (* SD) with different superscript letters are significantly
different (p < 0.05). Total antioxidant activity expressed as Ascorbic acid equivalent (AAE).
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study showed lower total antioxidant capacity
than these species.

In the present work, the B-Carotene/linoleic
acid assaywas usedtodeterminetheinhibition of
linoleic acid oxidation by the extracts from three
Teucrium species. The B-carotene bleaching
assay measures spectrophotometrically on loss
of the yellow colour of B-carotene in result of a
reaction with radicals that are formed by linoleic
acid oxidation in the absence of an antioxidant
(Bakari et al. 2015). The extracts inhibited
moderate and slightly lipid peroxidation. T.
ekimii extract showed the highest degree of
inhibition (58.94%), followed by T. pestalozzae
extract (58.57%) and T. semrae extract (34.94%),
at 2 mg/ml concentration (p< 0.005) (Table III).
T. ekimii and T. pestalozzae extracts exhibited
the statistically same inhibition potential
against oxidation of linoleic acid. These
inhibitory effects of all extracts tested were
significantly lower than the value for the BHT
(105.47%), at same concentration. A similar
inhibition was determined for an extracts of
T. polium. Aqueous, hydroalcoholic, ethanol,
acetone, and dichloromethane extracts of T.
polium exerted different degree of inhibitor
effect in the range of 40-60% against oxidation
of linoleic acid (Bakari et al. 2015). Similarly,
it has been reported that water extracts of T.
polium exerted good antioxidant capacities at
the B-carotene/linoleic acid method (Tepe et
al. 2011). The different extracts (diethyl ether,
ethyl acetate and n-butanol) obtained from
T. chamaedrys, T. montanum, T. polium were
exerted relatively high inhibitory effect (36-
43%) in the B-carotene/linoleic acid model
system (Panovska et al. 2005). However, the
hydromethanolic and hydroethanolic extract of
T. sandrasicum showed the higher B-carotene
bleaching activity than methanolic extracts of
three Teucrium species tested in this study with
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values t0 90.60% and 86.58%, respectively (Kaska
et al. 2019).

The DPPH radical scavenging abilities of
the extracts and standard BHT are presented in
Figure 1. The extracts displayed a concentration
dependent radical scavenging capacity (p <
0.05). BHT demonstrated the highest DPPH
scavenging activity (92.15%), while T. ekimii (68.07
%), T. pestalozzae (66.81 %), and T. semrae (66.71
%) followed in decreasing order at the highest
concentration (2 mg/mL) (p < 0.05). The three
Teucrium species studied in the present study
exerted a moderate hydrogen donating ability in
the presence of DPPH radical. The concentrations
(ug/mL) required to scavenge 50 % of the radical
(1C°) were in the following order: T. pestalozzae
(41.03) > T. semrae (37.90)> T. ekimii (26.40)>
(BHT (3.35) (Table ). The least IC* indicate the
strongest DPPH radical scavenging activity.

Our results were consistent with the
earlier studies that various Teucrium species
including T. polium (Ardestani & Yazdanparast
2007, Bakari et al. 2015, De Marino et al. 2012,
El Atki et al. 2019, Khaled-Khodja et al. 2014,
Panovska et al. 2005, Sharififar et al. 2009, Tepe
et al. 2011), T. sandrasicum (Aksoy-Sagirli et al.
2015, Kaska et al. 2019, Tarhan et al. 2016), T.
montbretii subsp. pamphylicum (Ozkan et al.
2007), T. chamaedrys, T. montanum (Panovska
et al. 2005) and T. trifidum (Mazhangara et al.
2020) have inhibitory effect on stable DPPH
radicals. The methanolic extracts from three
Teucrium species in the present study exerted
the higher DPPH scavenging activity than that
reported for methanolic extract of T. polium (IC*°
=0.095 mg/mL) by (Khaled-Khodja et al. 2014),
while it was the lower than that reported for
methanol extract of T. polium (1C50= 201 pg/mL)
by (Sharififar et al. 2009). Similar to our fingings,
various extracts of T. polium showed different
degree antiradical activity with in the range of
13-32 pg/mL IC° values in DPPH assay (Bakari et
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of three endemic Teucrium
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al. 2015). The DPPH scavenging capacities of the
various extracts of T. polium were determined
previously with IC° values in the range of 0.41-1.62
mg/mL (EL Atki et al. 2019). IC°values of different
extract (n-hexane, n-butanol and aqueous) of T.
polium were ranged from 7.8 to >300 pg/mL in
DPPH assay (De Marino et al. 2012). IC50 values
of different extract of T. polium were found to
be 9.8->100 ug/mL (Ardestani & Yazdanparast
2007). The high DPPH scavenging activity was
recorded for T. polium water extract with 83.95%
inhibition at 1.0 mg/mL (Tepe et al. 2011).

T. sandrasicum methanol extract have
inhibitory activity against stable DPPH radicals
(1C50= 1.05 mg/mL) (Aksoy-Sagirli et al. 2015). IC*°
values of different extracts from T. sandrasicum
leaves and flowers were reported ranged from
5.85 to 62 pg/mL in DPPH assay (Tarhan et al.
2016). IC° values of the hydroethanolic and the
hydromethanolic extracts of T. sandrasicum
were determined previously as 76.94 and 67.93
pg/mL in DPPH assay (Kaska et al. 2019).

DPPH radical scavenging effect of of T.
montbretii subsp. pamphylicum methanolic
extract was 58.6% at 100 ppm (Ozkan et al. 2007).
DPPH scavenging activities of different extracts
from T. chamaedrys, T. montanum and T. polium
were determined with IC° values in the range of
10-70 mg/mL (Panovska et al. 2005). At the 0.08

mg/mL concentration, T. trifidum demonstrated
the high DPPH scavenging activity with 92.67 %
for acetone extract, 9215 % for ethanol extract,
91.65 % for methanol extract and 39.64 % for
the aqueous extract. In the same study, 1C*°
values of these extracts were found as 0.012-
0.095 mg/mL (Mazhangara et al. 2020). A strong
correlation between the I1C° value of DPPH and
total phenolic (R2= -0852) and flavonoid (R2=
-0.965) contents of T. ekimii, T. pestalozzae and T.
semrae extracts was found.

Based on the standard (Fe*), the FRAP values
of the extracts, at 2 mg/mL concentration, were
334 £+ 0.0, 268 = 0.0 and 3.27 £ 0.0 mM/L for T.
ekimii, T. pestalozzae and T. semrae, respectively
which was comparable to that of L-ascorbic
acid at 415 + 0.0 mg/mL (p< 0.005) (Table Il1).
This results indicate potential of the methanol
extracts of three Teucrium sprecies tested as a
potential antioxidant. Our results were similar
to the other researchers who reported that
Teucrium species have high reducing power. The
methanol extract of T. sandrasicum acted as a
reductant with 2.66 + 0.21 mM/L Fe”FRAP value
(Aksoy-Sagirli et al. 2015). FRAP values of leaf and
flower infusions of T. arduini were recorded in
the range of 37.58-171.08 ymolL Fe”/g (Samec et
al. 2010). T. polium extracts revealed antioxidant
activity with 1C*° values of 0.21-4.25 mg/mL in
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FRAP method (EL Atki et al. 2019). A significant
positive correlation between ferric reducing
activity and phenolic (R2= 0.980) and flavonoid
(R2= 0.905) contents of T. ekimii, T. pestalozzae
and T. semrae extracts was found.

The reduction of the copper (II)-neopurin
complex to the copper (I)-neucuproin complex
in the presence of the extract was analysed
using CUPRAC assay (Apak et al. 2006). The
formed solution gives maximum absorbance
at 450 nm. The copper (II) reducing abilities of
three Teucrium species are given as absorbance
values at 450 nm and compared with the values
of standard Trolox (Figure 2). Reducing activity
increased with increasing concentration. High
absorbance values reflect high reducing activity.
Copper (I1) reducing activity of the methanol
extarcts have the following order: T. ekRimii
(212) > T. semrae (2.03) > T. pestalozzae (1.51) at
1 mg/mL (p< 0.005). The absorbance values of
the extracts from T. ekimii and T. semrae were
similar to value of the trolox (2.85) at the same
concentration. To the best of our knowledge,
there are no reports in the literature for copper
reducing power of Teucrium species. This is the
first time that the in vitro antioxidant activity

BIOLOGICAL ACTIVITIES OF THREE ENDEMIC Teucrium

of three endemic Teucrium species (T. eRimii,
T. pestalozzae and T. semrae) is reported in the
literature.

The antimicrobial activity of the methanolic
extracts of T. ekimii, T. pestalozzae and T. semrae
was tested by agar diffusion assay using nine
bacteria and one yeast strain. In this study,
the antimicrobial activities of the extracts
were compared with standard antibiotics.
Three Teucrium species tested showed slight
antibacterial activity (7-8.5 mm) only against
Aeromonas hydrophila, Klebsiella pneumoniae
and Streptococcus pneumoniae at 30 mg/ml.
No effect was observed aginst Y. enterocolitica,
S. thyphimurium, L. monocytogenes, E. coli, S.
aureus (MRSA) and B. cereus. The methanol
extracts exhibited very lower inhibitory zones
against all tested bacteria than tetracycline.
None of the investigated extracts exerted
inhibitory effect on the yeasts namely C.
albicans. Natamycin had 23 mm inhibitory zone
on C. albicans at 10 mg/mL concentration (Table
IV). n-hexane-ether extract of T. leucocladum
exerted potent inhibitory activity against E.
coli, Pseudomonas aeruginosa, Bacillus subtilis
and Candida albicans (15-19 mm) while the

L Figure 2. CUPRAC results
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extract was inactive against S. aureus at 20 mg/
mL (El-Shazly & Hussein 2004). T. montanum
extracts exhibited antibacterial activity against
Pseudomonas aeruginosa, S. aureus, Sarcina
lutea and Bacillus sp. (Djilas et al. 2006).
Antibacterial activity of T. montbretii subsp.
pamphylicum methanolic extract was tested
using the agar diffusion assay. The extract had
no effect against any of the bacteria at 1% and
2.5%. Salmonella typhi was the most resistant
bacterium, but L. monocytogenes was the most
sensitive (Ozkan et al. 2007). Antibacterial activity
of ethanol and methanol extracts of T. polium
was previously reported (Darabpour et al. 2010).
T. arduini infusions had no inhibitory activity on
E. coli, P aeruginosa, C. albicans and Aspergillus
niger at 66.66 mg/mL concentration (Samec et
al. 2010). T. trifidum extracts had an appreciable
broad-spectrum antibacterial activity against
tested pathogenic bacteria including S. aureus,

BIOLOGICAL ACTIVITIES OF THREE ENDEMIC Teucrium

S.thyphimurium, Vibrio cholerae, K. pneumoniae,
Streptococcus pyogenes, B. cereus, B. subtilis
and Pseudomonas aeruginosa (Mazhangara et
al. 2020). According to literature survey, this is
the first time that in vitro antimicrobial activity
of three endemic Teucrium species (T. ekimii, T.
pestalozzae and T. semrae) is reported in the
literature.

In conclusion, the results reported in the
present study exerted that three endemic
Teucrium species collected from Turkey contain
a considerable amount of phenolic compound
and have a significant antioxidant activity. It is
noteworthy that this activity was shown herein
for the first time to three endemic Teucrium
species (T. ekimii, T. pestalozzae and T. semrae).
As the results were compared in terms of the
antioxidant activity, the highest total antioxidant
activity, DPPH scavenging and inhibitory activity
on the bleaching of the B-carotene-linoleic acid,

Table IV. The antimicrobial activities of three Teucrium species and standard antibiotics (zone size, mm).

Extracts Tetracycline

(30 mg/mL) (10 mg/mL)
Bacteria T. eRimii T. pestalozzae T. semrae mm
A. hydrophila 7.75 7.75 8.5 27.0
Y. enterocolitica - - - 23.0
S. thyphimurium - - - 15.0
L. monocytogenes - - - 29.0
E. coli - - - 24.0
K. pneumoniae 7.0 8.0 8.0 48.0
S. aureus (MRSA) - - - 25.0
B. cereus - - - 27.0
S. pneumoniae 8.0 7.5 9.0 24.0

Veast Natamycin

(10 mg/mL)
C. albicans - - - 23.0

“ Inhibition zone include diameter of hole (6 mm). Sample amount is 50 pL. -: Not detected.
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ferricand copperreducingactivity were observed
in T. eRimii extract. A significant correlation
was also recorded between DPPH scavenging
activity and FRAP values with the presence
of high phenolics and flavonoids, which were
apparently the main responsible for antioxidant
activity. This is the first time that catechin, rutin,
luteolin, apigenin chlorogenic acid, sinapic
acid and rosmarinic acid were determined
in the extracts of T. ekimii, T. pestalozzae and
T. semrae. Morever, the methanolic extracts
from T. ekimii, T. pestalozzae and T. semrae
exerted slight antibacterial activity only against
Aeromonas hydrophila, Klebsiella pneumoniae
and Streptococcus pneumoniae. We recorded for
the first time, the antimicrobial effects of Tukish
endemic Teucrium extracts on nine bacteria and
one yeast strain. The results reported in our
study offer that T. ekimii, T. pestalozzae and T.
semrae are promising candidates for natural
antioxidant and antimicrobial agents in food,
medical, therapeutic, and pharmacological
industries.

REFERENCES

ABDEL-SHAFY H & MANSOUR M. 2017. Polyphenols: Properties,
Occurrence, Content in Food and Potential Effects. In:
Bhola R Gurjar IR (Ed), Environ Sci Eng Toxicol (Vol. 6).
Studium Press LLC, USA, 232-261 p.

ABDOLLAHI M, KARIMPOUR H & MONSEF-ESFEHANI HR. 2003.
Antinociceptive effects of Teucrium polium L. total extract
and essential oil in mouse writhing test. Pharmacol Res
48: 31-35.

AKSOY A, OZCAN T, GIRISKEN H, CELIK C & DIRMENCI T. 2020. A
phylogenetic analysis and biogeographical distribution
of Teucrium Sect. Teucrium (Lamiaceae) and taxonomic
notes for a new species from southwest Turkey. Tuk J Bot
44: 332-337.

AKSOY-SAGIRLI P, 0ZSOY N, ECEVIT-GENC G & MELIKOGLU G.
2015. In vitro antioxidant activity, cyclooxygenase-2,
thioredoxin reductase inhibition and DNA protection
properties of Teucrium sandrasicum L. Ind Crops Prod
74: 545-550.

BIOLOGICAL ACTIVITIES OF THREE ENDEMIC Teucrium

ALAM MN, BRISTI NJ & RAFIQUZZAMAN M. 2013. Review on
in vivo and in vitro methods evaluation of antioxidant
activity. Saudi Pharm J 21: 143-152.

ALBAYRAK S, AKSOY A, SAGDIC O & HAMZAOGLU E. 2010.
Compositions, antioxidant and antimicrobial activities
of Helichrysum (Asteraceae) species collected from
Turkey. Food Chem 119: 114-122.

ANBUDHASAN P, SURENDRARAJ A, KARKUZHALI S &
SATHISHKUMARAN S. 2014. Natural antioxidants and its
benfits. Int ] Food Nutr Sci 3: 225-232.

APAK R, GUCLU K, OZYUREK M, KARADEMIR E & ERCAG E. 2006.
The cupric ion reducing antioxidant capacity and
polyphenolic content of some herbal teas. Int J Food Sci
Nutr 57: 292-304.

ARDESTANI A & YAZDANPARAST R. 2007. Inhibitory effects
of ethyl acetate extract of Teucrium polium on in vitro
protein glycoxidation. Food Chem Toxicol 45: 2402-2411.

BAKARI S, NCIR M, FELHI S, HAJLAOUI H, SAOUDI M, GHARSALLAH
N & KADRI A. 2015. Chemical composition and in vitro
evaluation of total phenolic, flavonoid, and antioxidant
properties of essential oil and solvent extract from the
aerial parts of Teucrium polium grown in Tunisia. Food
Sci Biotechnol 24: 1943-1949.

BEN SGHAIER M, BOUBAKER J, SKANDRANI |, BOUHLEL I, LIMEM
I, GHEDIRA K & CHEKIR-GHEDIRA L. 2011. Antimutagenic,
antigenotoxic and antioxidant activities of phenolic-
enriched extracts from Teucrium ramosissimum:
Combination with their phytochemical composition.
Environ Toxicol Pharmacol 31: 220-232.

BOZOV PI & PENCHEV PN. 2019. Neo-clerodane diterpenoids
from Teucrium polium subsp. vincentinum (rouy)D.
Wood. Phytochem Lett 31: 237-241.

CAO L, SIJY, LIU Y, SUN H, JIN W, LI Z, ZHAO XH & PAN R LE. 2009.
Essential oil composition, antimicrobial and antioxidant
properties of Mosla chinensis Maxim. Food Chem 115:
801-805.

CHABANE S, BOUDJELAL A, KELLER M, DOUBAKH S & POTTERAT
0. 2021. Teucrium polium - wound healing potential,
toxicity and polyphenolic profile. South African J Bot 137:
228-235.

CORY H, PASSARELLI' S, SZETO J, TAMEZ M & MATTEI J. 2018. The
Role of Polyphenols in Human Health and Food Systems:
A Mini-Review. Front Nutr 5: 1-9.

DARABPOUR E, MOTAMEDI H & NEJAD SMS. 2010. Antimicrobial
properties of Teucrium polium against some clinical
pathogens. Asian Pac | Trop Med 3: 124-127.

An Acad Bras Cienc (2023) 95(1) 20220184 14 | 16



SEVIL ALBAYRAK & AHMET AKSOY

DE MARINO S, FESTA C, ZOLLO F, INCOLLINGO F, RAIMO G,
EVANGELISTA G & IORIZZI M. 2012. Antioxidant activity of
phenolic and phenylethanoid glycosides from Teucrium
polium L. Food Chem 133: 21-28.

DJILAS SM, MARKOV SL, CVETKOVIC DD, CANADANOVIC-BRUNET
JM, CETKOVIC GS & TUMBAS VT. 2006. Antimicrobial and free
radical scavenging activities of Teucrium montanum.
Fitoterapia 77: 401-403.

DUMAN H. 1998. A new species of Teucrium L.(Labiate)
from South West Anatolia. Karaca Arboretum 4: 125-130.

EL-MOUGY NS & ABDEL-KADER MM. 2007. Antifungal Effect
of Powdered Spices and Their Extracts on Growth and
Activity of Some Fungi in Relation To Damping-Off
Disease Control. J Plant Prot Res 47: 73-88.

EL-SHAZLY AM & HUSSEIN KT. 2004. Chemical analysis and
biological activities of the essential oil of Teucrium
leucocladum Boiss. (Lamiaceae). Biochem Syst Ecol 32:
665-674.

EL ATKI Y, AOUAM I, EL KAMARI F, TAROQ A, LYOUSSI B, TALEB
M & ABDELLAOUI A. 2019. Total phenolic and flavonoid
contents and antioxidant activities of extracts from
Teucrium polium growing wild in Morocco. Mater Today
Proc 13: 777-783.

FREZZA C, VENDITTI A, MATRONE G, SERAFINI |, FODDAI S, BIANCO
A & SERAFINI M. 2018. Iridoid glycosides and polyphenolic
compounds from Teucrium chamaedrys L. Nat Prod Res
32: 1583-1589.

FREZZA C ET AL. 2022. Phytochemical analysis on the
aerial parts of Teucrium capitatum L. with aspects of
chemosystematics and ethnobotany. Nat Prod Res 1-10.

GRUJICIC D ET AL. 2020. Genotoxic and cytotoxic properties
of two medical plants (Teucrium arduini Land Teucrium
flavum L.) in relation to their polyphenolic contents.
Mutat Res - Genet Toxicol Environ Mutagen 852: 503168.

GULCIN I. 2020. Antioxidants and antioxidant methods: an
updated overview. Arch Toxicol 94: 651-715.

GUNES BAYIR A, AKSOY AN & KOGYIGIT A. 2019. The Importance
of Polyphenols as Functional Food in Health. Bezmialem
Sci 7: 157-163.

HUYUT Z, BEYDEMIR S & GULCIN I. 2017. Antioxidant and
antiradical properties of selected flavonoids and
phenolic compounds. Biochem Res Int 1-10.

KASKA A, CICEK M & MAMMADOV R. 2019. Biological activities,
phenolic constituents and mineral element analysis
of two endemic medicinal plants from Turkey: Nepeta
jitalica subsp. cadmea and Teucrium sandrasicum. South
African J Bot 124: 63-70.

BIOLOGICAL ACTIVITIES OF THREE ENDEMIC Teucrium

KHALED-KHODJA N, BOULEKBACHE-MAKHLOUF L & MADANI
K. 2014. Phytochemical screening of antioxidant and
antibacterial activities of methanolic extracts of some
Lamiaceae. Ind Crops Prod 61: 41-48.

KUCUK M, GULEC C, YASAR A, UCUNCU O, YAYLI N, COSKUNGELEBI
K, TERZIOGLU S & YAYLI N. 2006. Chemical composition and
antimicrobial activities of the essential oils of Teucrium
chamaedrys subsp. chamaedrys, T. orientale var.
puberulens, and T. chamaedrys subsp. lydium. Pharm
Biol 44: 592-599.

LEE SK, MBWAMBO ZH, CHUNG H, LUYENGI L, GAMEZ EJ, MEHTA
RG, KINGHORN AD & PEZZUTO JM. 1998. Evaluation of the
antioxidant potential of natural products. Comb Chem
High Throughput Screen 1: 35-46.

MACCIONI S, BALDINI R, TEBANO M, CIONI PL & FLAMINI G. 2007.
Essential oil of Teucrium scorodonia L. ssp. scorodonia
from Italy. Food Chem 104: 1393-1395.

MAZHANGARA IR, IDAMOKORO EM, CHIVANDI E & AFOLAYAN AJ.
2020. Phytochemical screening and in vitro evaluation
of antioxidant and antibacterial activities of Teucrium
trifidum crude extracts. Heliyon 6: e04395.

MENICHINI F, CONFORTI F, RIGANO D, FORMISANO C, PIOZZI F
& SENATORE F. 2009. Phytochemical composition, anti-
inflammatory and antitumour activities of four Teucrium
essential oils from Greece. Food Chem 115: 679-686.

OZGEN S, KILINC OK & SELAMOGLU Z. 2016. Antioxidant
Activity of Quercetin: A Mechanistic Review. Turkish J
Agric - Food Sci Technol 4: 1134-1138.

OZKAN G, KULEASAN H, CELIK S, GOKTURK RS & UNAL 0. 2007.
Screening of Turkish endemic Teucrium montbretii subsp.
pamphylicum extracts for antioxidant and antibacterial
activities. Food Control 18: 509-512.

PANOVSKA TK, KULEVANOVA S & STEFOVA M. 2005. In
vitro antioxidant activity of some Teucrium species
(Lamiaceae). Acta Pharm 55: 207-214.

PERRON NR & BRUMAGHIM JL. 2009. A review of the
antioxidant mechanisms of polyphenol compounds
related to iron binding. Cell Biochem Biophys 53: 75-100.

POURMORAD F, HOSSEINIMEHR S) & SHAHABIMAJD N. 2006.
Antioxidant activity, phenol and flavonoid contents
of some selected Iranian medicinal plants. African )
Biotechnol 5: 1142-1145.

PRIETO P, PINEDA M & AGUILAR M. 1999. Spectrophotometric
quantitation of antioxidant capacity through the
formation of a phosphomolybdenum complex: specific
application to the determination of vitamin E. Anal
Biochem 269: 337-341.

An Acad Bras Cienc (2023) 95(1) 20220184 15 | 16



SEVIL ALBAYRAK & AHMET AKSOY

PROESTOS C, SERELI D & KOMAITIS M. 2006. Determination of
phenolic compounds in aromatic plants by RP-HPLC and
GC-MS. Food Chem 95: 44-52.

QABAHA K, HIJAWI T, MAHAMID A, MANSOUR H, NAEEM A, ABBADI
J & AL-RIMAWI F. 2021. Anti-inflammatory and antioxidant
activities of Teucrium polium leaf extract and its phenolic
and flavonoids content. Asian ] Chem 33: 881-884.

RASOULI H, FARZAEI MH & KHODARAHMI R. 2017. Polyphenols
and their benefits: A review. Int ) Food Prop 20: 17700-1741.

RIZVITS ET AL. 2019. New gorgonane sesquiterpenoid from
Teucrium mascatense Boiss, as a-glucosidase inhibitor.
South African ] Bot 124: 218-222.

SADEGHI Z, YANG JL, VENDITTI A & FARIMANI MM. 2022. A
review of the phytochemistry, ethnopharmacology and
biological activities of Teucrium genus (Germander). Nat
Prod Res 1-18.

SAMEC D ET AL. 2010. Antioxidant and antimicrobial
properties of Teucrium arduini L. (Lamiaceae) flower and
leaf infusions (Teucrium arduini L. antioxidant capacity).
Food Chem Toxicol 48: 113-119.

SHARIFIFAR F, DEHGHN-NUDEH G & MIRTAJALDINI M. 20009.
Major flavonoids with antioxidant activity from Teucrium
polium L. Food Chem 112: 885-888.

SINGLETON V & ROSSI JAJ. 1965. Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic acid
reagents. Am J Enol Vitic 16: 144-158.

SOLIMAN MSM, ABDELLA A, KHIDR YA, HASSAN GOO, AL-SAMAN
MA & ELSANHOTY RM. 2021. Pharmacological Activities and
Characterization of Phenolic and Flavonoid Compounds
in Methanolic Extract of Euphorbia cuneata Vahl Aerial
Parts. Molecules 26: 1-16.

TARHAN L, NAKIPOGLU M, KAVAKCIOGLU B, TONGUL B
NALBANTSOY A. 2016. The Induction of Growth Inhibition
and Apoptosis in HeLa and MCF-7 Cells by Teucrium
sandrasicum, Having Effective Antioxidant Properties.
Appl Biochem Biotechnol 178: 1028-1041.

TEPE B, DEGERLI S, ARSLAN S, MALATYALI E & SARIKURKCU C.
2011. Determination of chemical profile, antioxidant,
DNA damage protection and antiamoebic activities of
Teucrium polium and Stachys iberica. Fitoterapia 82:
237-246.

TSAO R. 2010. Chemistry and biochemistry of dietary
polyphenols. Nutrients 2: 1231-1246.

TUBEROSO CIG, ANTONELLA R, ERSILIA B, MELIS MP, ATZERI A,
PIRISI FM & DESSI MA. 2010. Chemical composition and
antioxidant activities of Myrtus communis L. berries
extracts. Food Chem 123: 1242-1251.

BIOLOGICAL ACTIVITIES OF THREE ENDEMIC Teucrium

ULUBELEN A, TOPU G & SONMEZ U. 2020. Chemical and
biological evaluation of genus Teucrium. Stud Nat Prod
Chem 23: 591-648.

VENDITTI A, FREZZA C, TRANCANELLA E, ZADEH SMM, FODDAI S,
SCIUBBA F, DELFINI M, SERAFINI M & BIANCO A. 2017a. A new
natural neo-clerodane from Teucrium polium L. collected
in Northern Iran. Ind Crop Prod 97: 632-638.

VENDITTI A, FREZZA C, ZADEH SMM, FODDAI S, SERAFINI M &
BIANCO A. 2017b. Secondary metabolites from Teucrium
polium L. collected in Southern Iran. Arabian J Med
Aromat Plants 3: 108-123.

How to cite

ALBAYRAK S & AKSOY A. 2023. Comparative analysis of phenolic
compositions and biological activities of three endemic Teucrium L.
(Lamiaceae) species from Turkey. An Acad Bras Cienc 95: €20220184. DOI
10.1590/0001-3765202320220184.

Manuscript received on February 25, 2022;
accepted for publication on August 25, 2022

SEVIL ALBAYRAK'
https://orcid.org/0000-0002-0253-3746

AHMET AKSOY?
https://orcid.org/0000-0002-9696-7122

'Erciyes University, Science Faculty, Department of Biology,
Yenidogan District, Turhan Baytop Street, 38280 Kayseri, Turkey

’Akdeniz University, Science Faculty, Department of Biology,
Dumlupinar Boulevard Campus, 07058 Antalya, Turkey

Correspondence to: Sevil Albayrak
E-mail: salbayrak@erciyes.edu.tr

Author contributions

Collection and taxonomic identification were made by Ahmet
Aksoy. Sevil Albayrak and Ahmet Aksoy contributed to the study
design and performed experiments and acquired and analyzed
the data. Both authors contributed in part to writing and editing
the manuscript and approved the final version.

@)y

An Acad Bras Cienc (2023) 95(1) 20220184 16 | 16



