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Abstract

Medicinal plants comprise a spectrum of constituents, encompassing both organic and inorganic elements. Elemental com-
position of 27 species of medicinal plants of Lamiaceae (including 17 endemic) family grown in Turkey was carried out by
ICP-MS. The following elements were determined in analysed samples: Na, Mg, Al, K, Ca, Sc, Cr, Mn, Fe, Co, Zn, As, Rb,
Sr, Cs, Ba, La, Ce, Sm, U, Se. Quantitative analysis of specific primary and secondary metabolites was carried out. Na and K
are major constituents in plants. The concentrations of Na range from 332,495.590 g/kg (in sample 10SA) to 279,690.674 g/
kg (in sample 4SA), while those of K vary from 67,492.456 g/kg (in sample 15SA) to 3347.612 g/kg (in sample 1A). Some
metals such as Al, Cr, Mn, Fe, Co, Zn, As, Se, Rb, Sr, Cs, and Ba were also detected. Flavonoids, carbohydrates and tan-
nins were present in all sample. Saponins were found in all samples except 1C and 20. Coumarin were detected in samples
2N, 1T, 10, 1Z, 3SA, 1C, 4SA, 6SA, 8SA, 1 M, 11SA, 13SA, 20, 14SA, 1H, and 16SI. Lipids were present in samples 6S,
9S, 1A, 10S, 1 M, 11SA, 12SA, 13SA, 14SA, and 16SI. Plants contain essential, rare earth, and trace elements at mg/kg
concentrations, while major elements such as K and Na are present in high levels. Toxic element As (arsenic) was detected
in all analyzed plants, but in most samples, its concentration was below the threshold set by World Health Organization.
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Introduction

Medicinal plants comprise a spectrum of constituents,
encompassing both organic and inorganic elements. The
presence of macronutrients and trace (micro-) elements in
medicinal plants serves as a rich source, playing a pivotal
role in preventing a myriad of diseases [1]. Herbal rem-
edies derived from medicinal plants have been employed
as therapeutic agents since ancient times. Various plant
components, including leaves, flowers, stems, roots, seeds,
and bark, are utilized either individually or in synergistic
combinations for their medicinal properties. The efficacy
of these plants lies in their bioactive phytochemical con-
stituents, which elicit specific physiological responses in
the human body. Phytochemicals can be broadly catego-
rized into two groups based on their functions within the
plant. Primary metabolites (PMs), such as sugars, amino
acids, proteins, lipids, and chlorophyll, are essential for
basic growth processes. In contrast, secondary metabo-
lites (SMs), including alkaloids, essential oils, flavonoids,
tannins, terpenoids, saponins, phenolic compounds, and
cardiac glycosides, play a crucial role in the plant's defense
mechanisms against herbivores and other inter-species
threats. These SMs contribute to the intricate pharmaco-
logical profile of medicinal plants, making them valuable
resources in traditional and modern medicine alike. SMs in
plants serve not only as a diverse array of natural products
but also play a crucial role in fortifying the plant's defense
mechanisms against pathogenic assaults and environmen-
tal stressors. Possessing noteworthy biological activities,
these plant SM are gaining prominence as key components
in medicinal formulations and food additives, catering to
therapeutic, aromatic, and culinary needs. Research into
plant secondary metabolites has witnessed a steady rise
over the past five decades [2-5].

In the realm of agricultural science, prevailing chal-
lenges affecting global crop production encompass issues
related to nutrient management, the presence of heavy
and toxic metals, and the quest for optimal plant produc-
tivity. Plants, enduring for numerous decades, exhibit a
diverse composition of elements in varying proportions.
The elements present in plants are broadly categorized
as either macronutrients, including Ca, K, Mg, N, P, and
S, or micronutrients such as B, Cu, Cl, Fe, Mn, Mo, Na,
and Zn. These elements play a pivotal role in the develop-
mental processes and growth of plants, underscoring their
significance in the agricultural landscape [6]. Plants fre-
quently assimilate nutrients in quantities surpassing their
immediate requirements, necessitating the storage of these
excess nutrients within plant tissues until they are needed.
Despite the selective uptake of essential micro- and
macronutrients and the implementation of sophisticated
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exclusion mechanisms, plants unavoidably absorb ele-
ments that possess toxicity [7]. Elements exist in various
forms in nature, and their presence is indispensable for the
body to execute diverse functions. Trace elements hold
paramount importance in facilitating cellular functions
at biological, chemical, and molecular levels. These ele-
ments play a pivotal role in orchestrating important bio-
chemical reactions by serving as cofactors for numerous
enzymes and acting as central components for stabilizing
the structures of enzymes and proteins. Certain elements
exert control over crucial biological processes by binding
to molecules on the receptor sites of cell membranes or
by altering the membrane structure to impede the entry
of specific molecules into the cell. The functions of trace
elements exhibit a dual nature; at normal levels, they are
crucial for stabilizing cellular structures, yet in deficiency
states, they may stimulate alternative pathways, leading
to various diseases. Disruptions in the balance of trace
elements can lead to the onset of pathological conditions
and diseases [8, 9].

The Lamiaceae, commonly known as the mint fam-
ily, exhibits a broad distribution across various natural
ecosystems, encompassing 236 genera. Characterized
by square stems in cross-section, opposite leaves, and
zygomorphic flowers with five united petals and sepals,
these aromatic plants are cultivated for their straightfor-
ward propagation through methods such as stem cutting
[10]. The Lamiaceae (Labiatae) family boasts numerous
medicinal plants of considerable value. Within this fam-
ily, there are an estimated 6900 to 7200 species. Among
the most prolific genera are Salvia (with approximately
900 species), Scutellaria (360 species), Stachys (300 spe-
cies), Plectranthus (300 species), Hyptis (280 species),
Teucrium (250 species), Vitex (250 species), Thymus (220
species), and Nepeta (200 species) [11]. Lamiaceae stands
as the third-largest family in terms of taxon number and
the fourth-largest based on species count in Turkey. With
48 genera and a total of 782 taxa (603 species, 179 sub-
species, and varieties), 346 of these taxa (comprising 271
species, 75 subspecies, and varieties) are endemic, con-
stituting approximately 44% of the family's diversity in
the country (data updated as of February 1, 2017). Addi-
tionally, there are 23 hybrid species, 19 of which exhibit
endemism (82%). These findings underscore Turkey's
significance as one of the primary centers of diversity for
Lamiaceae in the Old World. The flora of Turkey holds
significant importance for the Lamiaceae family [10, 12].
Lamiaceae is celebrated for housing a variety of active
secondary metabolites that hold substantial biological and
economic significance. These compounds encompass vola-
tile oils containing monoterpenes and sesquiterpenes, dit-
erpenes, triterpenes, phenolic acids, flavonoids, and other
substances, each contributing diverse properties [13].
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The majority of species within this plant family are
known for their aromatic qualities and contain essential oils,
rendering them highly valuable in the fields of cosmetics,
perfumery, agriculture, food, and medicine [14]. Through-
out history, the species belonging to the Lamiaceae family
have held a storied tradition of utilization for flavoring, food
preservation, and medicinal applications, owing to their dual
benefits of healing and preventative attributes. It is widely
acknowledged that each species possesses a unique and intri-
cate blend of bioactive compounds, where each component
plays a role in its overall bioactivity. These plants are highly
esteemed for their capability to produce an extensive array
of secondary metabolites, showcasing potent antibacterial,
antioxidant, anti-inflammatory, antimicrobial, antiviral, and
anticancer activities [15].

The trace elements are presently recognized and classi-
fied by the World Health Organization (WHO) into three
groups: essential elements, elements considered likely to be
essential, and elements with potential toxicity. Man neces-
sitates essential trace elements in quantities spanning from
50 ug to 18 mg per day, wherein they function as catalytic or
structural components within larger molecules [16]. In our
study, the major elements identified in Lamiaceae plants are
sodium (Na) and potassium (K). Sodium and potassium play
indispensable roles in human health, serving as crucial ions
within the body and being intricately linked to numerous
physiological and pathophysiological processes [17].

In this research, we undertook an evaluation of various
elements in 27 (including 17 endemic) herb species belong-
ing to the Lamiaceae family, gathered in Turkey, utilizing
ICP-MS analysis. Moreover, a quantitative analysis of spe-
cific primary and secondary metabolites was carried out. A
substantial number of the analyzed herbs are readily avail-
able and widely utilized voluntarily by the entire population
of the country.

Material and Method
Plant Materials

The names of the plants used, the localities where they were
collected, their herbarium numbers and endemism status are
given in Table 1. A map showcasing the plant collecting sites
across Turkey is presented in Fig. 1.

Extraction

The extraction process utilized in the study involved a
mobile maceration technique, wherein 10 g of the dried
flowering above-ground parts of each plant were meticu-
lously weighed and then transformed into powder form.
Subsequently, this powdered plant material was subjected

to a mobile maceration process with 150 ml methanol
(after 8 h, it was filtered and 150 ml of methanol was
added again and this process was continued for 3 days),
which typically involves soaking the plant material in a
solvent at room temperature for a specific duration. During
the mobile maceration process, the powdered plant mate-
rial was immersed in a suitable solvent. The choice of sol-
vent can vary depending on the specific compounds being
targeted for extraction and their solubility characteristics.
Commonly used solvents for maceration with methanol.
The duration of maceration typically ranged from 3 to 8 h
at room temperature. This duration allows sufficient time
for the solvent to penetrate the plant material and extract
the desired compounds. After the designated maceration
period, the filtrates obtained from each day's extraction
were systematically combined. Subsequently, the com-
bined filtrates underwent evaporation using a rotavapor.
Rotavapor, short for rotary evaporator, is a common labo-
ratory instrument used for gentle evaporation of solvents
from a mixture under reduced pressure. This process helps
concentrate the extracted compounds, leaving behind a
more concentrated extract for further analysis. Overall,
the mobile maceration process employed in the study
involved soaking the powdered plant material in a solvent
for a specific duration at room temperature to facilitate the
extraction of bioactive compounds. This method allows for
efficient extraction while preserving the integrity of the
extracted compounds. At the conclusion of each day, the
filtrates were systematically amalgamated and subjected
to evaporation using a rotavapor.

Qualitative Analysis of Secondary
and Primary Metabolites

Detection of Alkaloids

The methanolic extract of each species was weighed 0.5 g,
10 ml of 70% ethanol solution (containing 6% H,SO,) was
added, boiled for 1 min and was cooled. Some of the extract
was separated into 2 tubes and Mayer and Dragendorff rea-
gents were added. The samples were checked for the appear-
ance of precipitates and further experiments were continued
for the samples in which precipitates were observed. After
this control, the ethanol extract was alkalinized with a 25%
Na,COj solution. Then, extracted with 15 ml of chloroform,
the chloroformed layer was taken into a clean separating
funnel and extracted with 15 ml of 10% acetic acid solution.
The acetic acid phase was divided into three separate tubes
and one tube was kept as a control, the second tube added
Mayer's reagents and the third tube added Dragendorff's rea-
gents. It was checked for the precipitate formation [18-20].
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Table 1 The names of the plants used, the localities, collection dates where they were collected, their herbarium numbers and endemism status

Species/Taxon

Local Names

Locality-Collection Dates

Herbarium number Endemism

Nepeta cilicica Boiss

Nepeta isaurica Boiss. & Heldr

Thymus cilicicus Boiss. & Balansa

Origanum leptocladum Boiss

Ziziphora clinopodioides Lam

Sideritis hololeuca Boiss. & Heldr

Salvia tomentosa Mill

Salvia pisidica Boiss. & Heldr. ex
Benth.

Cyclotrichum origanifolium (Labil)
Manden&Schenk

Salvia heldreichiana Boiss. ex
Benth.

Salvia absconditiflora (Monlbret
& Aucher ex Benth.) Greuter &
Burdet

Salvia quezelii Hedge & Afzal-Rafii

Sideritis libanotica Labill. subsp.
violascens (P.H.Davis) P.H.Davis

Nepeta sulfuriflora P.H.Davis

Salvia caespitosa Montbret &
Aucher ex Benth

Salvia dichroantha Stapf

Ajuga chamaepitys (L.) Schreb.
subsp. chia (Schreb.) Arcang

Salvia viridis L

Marrubium globosum Montbret et
Aucher subsp. globosum

Gok Pisikotu

Kirk Pisikotu

Kekik Limonkekigi, Kilickkekigi,
Peynir Kekigi, Kil¢ikkekigi

Bayirmercani

Dagreyhan1 Reyhan

Calicay1 Dag Cay1

salba Adacay1, salba, hosaflama,
mosafla, mosapla

Eldiven Cay1, Cay, Sar1 Cay, Hava
Otu

Dagnanesi Mentol, Mentolnane,
Tiiter Ot

Ayakl1 Salba

Karagalba Boz Sabla, Kara Sabla,

Karaot, Yabani Adagay1

Limon Adagay1

Topuklucay; Dag Cay1

Sar1 Pisik Otu

Kirk Salba

Kutnu Yaglikara

Acigic1 Bodur Ot, Bozca Ot, Kokar
Ot, Mayasil Otu, Yer Camu,
Yermesesi

Zarifsalba Adacay1, Yesilbag

Bozcabogum Amel Otu, Beyaz
Sabla, Boz Ot

Mersin Province, Anamur District,
Abanoz Village vicinity, 1650 m,
16 June 2021

Mersin Province, Anamur District,
Sugozii Village, Tamtr Plateau,
1952 m, 16 June 2021

Karaman Province, Bucakkisla
Village vicinity, 450 m, 13 June
2022

Karaman Province, Ermenek
District, Eskice Village vicinity
850 m, 11 July 2022

Karaman Province, 6 km from
Ermenek District to Balkusan
Village 1443 m, 11 July 2022

Between Karaman Province Mut
District, Alaoda church surround-
ings, 1200 m, 7 July 2021

Karaman Province, Ermenek Dis-
trict, Gokcekent Village vicinity,
854 m, 25 June 2019

Antalya Province, Elmal1 District
surroundings 1245 m, 21 May
2021

Karaman Province, Kazimkarabekir
District, Akarkoy Village Masdat-
beli region, 1234 m,

Karaman Province, Lale Village
surroundings, 1256 m, 16 July
2020

Mersin Province, Mut District, Ser-
tavul Gateway, Akcesme vicinty,
1345 m, 21 May 2019

Mersin Province, Anamur District,
Boguntu Village vicinty, 700 m,
09 May 2020

Karaman Province Ermenek Dis-
trict, Tekegat1 Plateaeu, 1100 m,
16 July 2021

Mersin Province, Anamur District,
Boguntu Village vicinty, 750 m,
16 June 2021

Karaman Province Ermenek

District, Pancar Fountain vicinity,
1134 m, 21 July 2021

Karaman Province, Sudurag: Vil-
lage vicinity, 1025 m, 25 June
2020

Karaman Province, Karamanoglu
Mehmetbey University Campus,
1034 m, 22 May 2022

Mersin Province, Tarsus District,
Samlar Village, Canyon of
Kesbiikii, 150 m, 27 April 2021

Karaman Province, Kazimkarabekir

District vicinity, 1085 m, 13 June
2022

KMUB 7005

KMUB 6995

KMUB 7380

KMUB 7364

KMUB 7366

KMUB 4969

KMUB 5322

KMUB 6962

KMUB 5517

KMUB 6269

KMUB 5104

KMUB 6000

KMUB 7157

KMUB 6329

KMUB 7134

KMUB 5498

KMUB 7321

KMUB 6875

KMUB 7379

Endemic

Endemic

Endemic

Endemic

Endemic

Endemic

Endemic

Endemic

Endemic

Endemic

Endemic

Endemic

Endemic
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Table 1 (continued)

Species/Taxon Local Names

Locality-Collection Dates Herbarium number Endemism

Salvia aucheri Benth. subsp. cane-
scens (Boiss. & Heldr.) Celep,

Koramaz; Dag Cay1

Kahraman & Dogan

Salvia blepharochlaena Hedge& Hos Salba
Huber- Morath

Salvia candidissima Vahl. subsp. Ak Galabor

occidentalis Hedge

Origanum vulgare L

Salvia albimaculata Hedge & Hub.- Hosdudak

Mor.
Salvia hypargeia Fisch. C. A. Mey  Siyahot Kok Cay1
Hyssopus officinalis L. subsp. Zufaotu Cordiik
officinalis
Sideritis argyrea P.H. Davis Bozesekgay1

Karakinik; Arigani, Kekik, Merdus

Karaman Province, Lale Village KMUB 7377 Endemic
surroundings, 1256 m, 13 June

2022

Karaman Province Vicinity,
1095 m, 11 July 2020

Karaman Province, Ermenek Dis-
trict, Kazanci village, Beskuyu
surroundings, 950 m, 20 June
2020

Karaman Province, Ermenek Dis-
trict, Gokgeseki village, Bagarasi
region, 1068 m, 12 June 2022

Karaman Province, Ermenek
District Vicinity, 1287 m, 24 May
2021

Karaman Province, Ermenek Dis-
trict, Balkusan village vicinity,
1248 m, 13 July 2021

Sivas Province, Zara District,
Geminbeli Gateway, 1654 m, 03
August 2021

Mersin Province Anamur District

Sugozii Village Tamtir Plateaeu,
1789 m, 13 August 2021

KMUB 5017 Endemic

KMUB 5452

KMUB 7365

KMUB 6928

Endemic

KMUB 7378

Endemic

KMUB 7271

KMUB 5371 Endemic

Abbreviations: 1N, Nepeta cilicia; 2N, Nepeta isaurica; 1 T, Thymus cilicicus; 10, Origanum leptocladum; 17, Ziziphora clinopodioides; 15I,
Sideritis hololeuca; 2SA, Salvia tomentosa; 3SA, Salvia pisidica; 1C, Cyclotrichium origanifolium; 4SA, Salvia heldreichiana; 5SA, Salvia
absconditiflora; 6SA, Salvia quezelii; 7SI, Sideritis libanotica subsp. violascens; 3N, Nepeta sulphuriflora; 8SA, Salvia caespitosa; 9SA, Sal-
via dichroantha; 1A, Ajuga chamaepitys subsp. chia; 10SA, Salvia viridis; 1 M, Marrubium globosum subsp. globosum; 11SA, Salvia aucheri
subsp. canescens; 12SA, Salvia blepharochlaena; 13SA, Salvia candidissima subsp. occidentalis; 20, Origanum vulgare; 14SA, Salvia albi-
maculata; 15SA, Salvia hypargeia; 1H, Hyssopus officinalis subsp. officinalis; 16S1, Sideritis argyrea

Detection of Flavonoids

The methanolic extract of each species was weighed 0.5 g
and extracted with water. The test solution was extracted
with ethyl acetate into a separatory funnel and the ethyl
acetate phase was capsulated and dried in a water bath.
The residue remaining in the capsule was dissolved with a
mixture of HC1:MeOH:H,O (1:1:1) and transferred to a test
tube. After adding Mg powder, the color was observed and
the flavonoid was identified [18-20].

Detection of Cardioactive Heterosides

The methanolic extract of each species was weighed 0.5 g
and prepared as a solution with 10 ml 70% ethanol. Add
1 ml of concentrated lead subacetate solution to the solution,
mixed and filtered. The filtrate was extracted with 10 ml of
chloroform, the chloroform layer was separated, taken into
a capsule and evaporated. Add 3 ml of 3.5% glacial acetic
acid solution of FeCl; to the capsule and carefully transfer
to 2 ml of concentrated sulfuric acid in a test tube to form a

layer. The colors seen on the surface of the separation and
in the acetic acid layers were observed [18-20].

Detection of Saponosides

The methanolic extract of each species was taken 0.5 g and
placed in a test tube with 10 ml of hot water. After cooling,
the tube was shaken strongly for 10 s. If saponoside was
present, a 1-10 cm high foam layer was observed which
remained stable for at least 10 min. Then 1-2 drops of 2N
HCI were added and the persistence of the foam layer was
observed. The methanolic extract of 0.5 g of each species
was dissolved in chloroform and filtered. Add an equal vol-
ume of concentrated H,SO, to the filtrate. The presence of
fluorescence color in the chloroform layer and in the acidic
layer was observed. The reaction is based on the coloration
of the [18-20].

Detection of Anthocyanosides

The methanol extract of each species was extracted in
50% ethanol. The extract was filtered, the filtrate was
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Fig.1 A map showcasing the plant collecting sites across Turkey

separated into five portions and the following reactions
were performed:

e The addition of diluted H,SO, resulted in the formation
of red color.

o First NaOH solution was added, then diluted HCI was
added and the colors were observed.

e The precipitate was observed with a 10% lead acetate
solution.

e Added a volume of amyl alcohol, shaken and observed
the coloration of the layers [18-20].

Detection of Tannins

The methanol extract of each species was taken in a spat-
ula to make an aqueous extract. The extract was divided
into 3 parts and the following reactions were applied:

e 2 ml of 1% 1% saline gelatin solution (saturated with
NaCl) was added and the precipitate was observed.

e Tannins give a color reaction with iron salts. This reac-
tion was determined with 5% FeCl,. Olive green and
blue-black color formation was observed.

e Brominated water was added and the precipitate were
observed [18-20].

@ Springer

Detection of Anthracene Heterosides

The methanol extract of each species was taken at 0.5 g
and boiled with diluted H,SO,. After filtering while hot,
the filtrate was cooled. The extract was extracted with
ether to eliminate the ether layer and shaken with 10%
ammonia solution. The color in the underlying ammonia
layer was observed [18-20].

Detection of Coumarin

The methanol extract of each species was taken 0.5 g,
extracted in 10 ml ethanol and filtered. The filtrate was
concentrated to dryness in a capsule and 1N NaOH solu-
tion was added. It was transferred into a tube and checked
for fluorescence color at UV 366 nm [18-20].

Detection of Starch

The methanol extract of each species was taken 0.5 g
and aqueous extract was prepared. Add a few drops of
0.1 N Iodine solution. The formation of purple color was
checked [18-20].
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Detection of Lipid

The extract of each species was made with petroleum ether
and 5 ml was taken in a glass tube. It was concentrated in a
water bath and applied as a stain on a filter paper. The filter
paper was allowed to dry in an oven at 100 °C for 5 min. The
oily stain was observed on the paper [18-20].

Detection of Carbohydrates

The methanol extract of each species was weighed 1 g and
6 ml of water was added to make an aqueous extract. It was
filtered and the filtrate was divided into 3 tubes. The follow-
ing experiments were applied to the solutions in the tubes
respectively:

e 2 ml of Fehling A and 2 ml of Fehling B solutions were
added to an empty tube and mixed. Then the test solu-
tion was added to it. The tube was heated and red colored
precipitate.

e 1-2 drops of 15% solution of 1-naphthol in ethanol was
added to 1 ml of the test solution. To this mixture, 1 ml of
concentrated H,SO,. Purple ring formation was observed
between the two layers.

e Add a few crystals of resorcin to 1 ml of test solution.
To this 1 ml of concentrated HCI was added and kept in
a water bath. The presence of red color was observed
[18-20].

Detection of Cyanogenetic Heterosites

0.5 g of the methanol extract of each species was taken into a
flask and some water was added. The filter paper was wetted
first with picric acid and then with sodium carbonate solu-
tion. The wetted filter paper was dropped into the flask. The
flask was heated and red color formation was observed on
the yellow colored filter paper [18-20].

ICP-MS Analysis of 21 Elements

The determination of elemental concentrations in the solu-
tion was carried out using an Inductively Coupled Plasma-
Mass Spectrometer (ICP-MS), specifically the Agilent 7800
series provided by Agilent Technologies in Japan. For sam-
ple introduction, a glass MicroMist nebulizer from U-series
in Australia and a double-pass quartz spray chamber from
the USA were employed. The plasma system included a
quartz torch (2.5 mm) and nickel components, including a
sample cone and skimmer cone for the x-lens. Before sam-
ple analysis, all quartz and nickel components underwent
a meticulous cleaning process. Quartz and glass elements
were soaked in a 5-10% HNO; solution overnight, thor-
oughly rinsed with distilled water, dried in an oven, and then

installed on the device. Nickel components, such as sample
and skimmer cone pieces, underwent ultrasonic baths in pure
water, 5% HNOj; solution, and distilled water successively
for five minutes each. Following this, they were cleaned with
a cotton ball, rinsed thoroughly with distilled water, and
dried in the oven before installation on the device. Before
analysis, the device underwent a 45-min helium gas purge.
Activation was followed by adjusting parameters, including
Plasma gas (15 L/min), auxiliary gas (1 L/min), carrier gas
(1 L/min), makeup/dilution gas (1 L/min), and carrier gas
pressure (1.45 kPa). The plasma gas, auxiliary gas, carrier
gas, and makeup/dilution gas were Argon (Ar).Torch axis,
resolution axis, EM, standard lenses tune, plasma correction,
full spectrum, and performance report tests were carried out
sequentially. Calibration of the device utilized a tuning solu-
tion (1 pg/L Ce, Co, Li, Mg, Tl, Y). The values obtained
during tuning were scrutinized to identify any deviations
in the device. Standard solutions, prepared from stock solu-
tions, were then analyzed, and calibration curves were veri-
fied within the standard reference range (0-10, 25, 50, 100,
250, 500 g/kg, mg/kg, and pg/kg for Na, Mg, Al, K, Ca, Sc,
Cr, Mn, Fe, Co, Zn, As, Se, Rb, Sr, Cs, Ba, La, Ce, Sm, and
U elements.

Results
Qualitative Analysis of Secondary Metabolites

The qualitative analysis of primary and secondary metabo-
lites for the samples is detailed in Table 2. Flavonoids were
identified in all samples, while tannins were present in every
sample. Saponins were found in all samples except 1C and
20. Coumarin was detected in various samples, including
2N, 1 T, 10, 1Z, 3SA, 1C, 4SA, 6SA, 8SA, 1 M, 11SA,
13SA, 20, 14SA, 1H, and 16SI. Cardioactive heterosides
were absent in all samples. Starch was identified solely in
samples 4SA and 10SA. Lipids were present in samples 6S,
9S, 1A, 10S, 1 M, 11SA, 12SA, 13SA, 14SA, and 16SI,
while carbohydrates were observed in all samples. Notably,
no alkaloids, anthocyanosides, anthracene heterosides, or
cyanogenetic heterosides were detected among the sam-
ples. The qualitative analysis data of primary and second-
ary metabolites for the methanolic extracts were provided
in Table 2.

Elemental Analysis

The analysis of the elemental composition of methanol
extracts revealed notable variations in element concentra-
tions, as outlined in Table 3. Using ICP-MS, the methanol
extracts were investigated for the presence of 21 elements,
including Na, Mg, Al, K, Ca, Sc, Cr, Mn, Fe, Co, Zn, As,
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Rb, Sr, Cs, Ba, La, Ce, Sm, U, and Se. The results indicated
elevated levels of Na [ranging from 332,495.590 g/kg (in
sample 10SA) to 279,690.674 g/kg (in sample 4SA) g/kg]
and K [ranging from 67,492.456 g/kg (in sample 15SA) to
3347.612 g/kg (in sample 1A)]. Some heavy metals such as
Al, Cr, Mn, Fe, Co, Zn, As, Se, Rb, Sr, Cs, Ba, La, Ce, Sm
(except samples 1SI, 2SA-12SA), and U (including samples
15SA and 16 SI) were also detected.

Discussion

Qualitative Analysis of Secondary and Primary
Metabolites

A comprehensive review of literature from 2002 to 2018
revealed various classes of secondary metabolites in this
family, including flavonoids, fatty derivatives, and sterols
[13].

In a review article, a total of 217 articles were selected
from the initial search focusing on Lamiaceae, specifically
those recognizing Mexican genera and species. The bioac-
tive constituents identified in these genera predominantly
include terpenes (both volatile and non-volatile) and phe-
nolic compounds, particularly flavonoids in the form of gly-
cosides and aglycones [22].

A review provided an overview of Nepeta species, focus-
ing on their phytochemical characteristics. Terpenoids and
phenolic compounds were predominantly identified through
the application of chromatographic and spectroscopic tech-
niques [23]. In another review, major constituents as nepeta-
lactones, iridoids and their glucosides, diterpenes, triter-
penes, and flavonoids, as well as essential oil, have been
identified within Nepeta species [24]. The phytochemical
composition and trace elements of Nepeta suavis were exam-
ined in an analysis. The findings unveiled the existence of
bioactive components, including flavonoids, alkaloids, phe-
nols, saponins, and tannins. Furthermore, the herb proved
to be a rich reservoir of essential minerals such as Na, K,
Ca, Mg, Zn, Fe, and P [25]. The volatile oils stand out as
the primary constituents of the Thymus genus. In addition
to these, the genus is rich in flavonoids, phenylpropanoids,
tannins, organic acids, terpenoids, and phytosterols [26]. The
Origanum genus exhibits chemical variations. Oregano, rec-
ognized for its distinctive flavor, is primarily associated with
several plant species known for producing essential oils rich
in carvacrol. Additionally, the genus consists of a diverse
range of compounds, including terpenes, phenols such as
phenolic acids, and flavonoids [27]. Numerous chemical
constituents have been elucidated within the Sideritis genus,
encompassing terpenes, flavonoids, essential oils, iridoids,
coumarins, lignans, and sterols. Diterpenes, flavonoids, and
essential oils are consistently present in nearly every species,
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serving as the primary components responsible for the phar-
macological activity [28].

In a study, the aerial parts of Sideritis and Origanum
species were analyzed for mineral contents, flavonoids,
total phenols, and anthocyanins. K was found to be high
in both plant species. In Sideritis, K contents ranged from
10,184.91 mg/kg (Sideritis libanotica subsp. linearis) to
17,182.86 mg/kg (S. hispida), while in Origanum, they
ranged from 10,265.40 mg/kg (Origanum majorana) to
21,293.79 mg/kg (O. vulgare). Crude protein contents in
Sideritis varied between 1.55% (S. libanotica subsp. lin-
earis) and 7.83% (S. perfoliata), whereas protein contents
in Origanum species ranged from 1.99% (O. leptocladum)
t0 5.51% (O. vulgare). Flavonoid contents in Sideritis plants
ranged from 246.34 (S. libatotica subsp. linearis) to 2013.33
(S. hololeuca), and in Origanum plants, they varied from
345.38 (O. onites) to 1730.47 (O. majorana). For Origanum,
K contents ranged between 10,265.40 mg/kg (O. majorana)
and 21,293.79 mg/kg (O. vulgare) [29].

The terpenoids and flavonoids constitute the primary
secondary metabolite constituents of Salvia, with over 80%
being terpenoids, particularly abietane and clerodane diter-
penoids. Notably, sesquiterpenoids and triterpenoids are rel-
atively scarce in Salvia species. Numerous studies highlight
the presence of flavonoids, triterpenoids, and monoterpenes,
particularly in the flowers and leaves, while diterpenoids
are predominantly found in the roots. However, literature
surveys indicate that certain American Salvia species also
contain diterpenoids in aerial parts, and in some Salvia spe-
cies, triterpenoids and flavones are present in the roots [30]

In a research, Salvia officinalis, S. sclarea, S. pratensis,
and S. nemorosa originating from Hungary and Transylva-
nia were investigated for their tannin and flavonoid content.
Significant differences (p < 0.05) were observed in tannin
content between Hungarian and Transylvanian S. officinalis
and flavonoid content between Hungarian and Transylva-
nian S. sclarea. Chromium content was notably high in all
examined species. The element concentrations also differed
significantly in aqueous extracts, with distinct dissolution
rates. Notably, Hungarian S. officinalis exhibited elevated
concentrations of Al, Fe, Mn, and Ti, possibly linked to soil
pollution. Zinc accumulation was highest in Transylvanian
S. officinalis and S. pratensis, while Hungarian S. nemorosa
demonstrated elevated Li content. Chromium content was
notably high in Hungarian S. officinalis and S. sclarea. Dis-
solution rates of elements varied widely among sage teas,
showcasing significant differences in element concentrations
(Al, B, Ba, Cu, Fe, K, Mg, Mn, Na, P, S, Zn) and dissolu-
tion characteristics based on the sample and the element
studied [31].

The genus Ziziphora has been extensively studied, and
previous reports in the literature highlight its species as
rich sources of valuable bioactive compounds, including
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sterols, fatty acids, caffeoyl derivatives, and flavonoids.
Notably, among the different groups of natural compounds,
flavonoids, flavones, and their derivatives exhibit the high-
est frequency in the separated and characterized bioactive
compounds, contributing significantly to each profile [32].

In literature, studies have indicated that Cyclotrichium
essential oils are abundant in phenolic and alcoholic com-
pounds, along with monoterpenes. Phenolic compounds are
widely believed to be abundant in most Cyclotrichium spe-
cies. C. origanifolium is rich in flavonoid [33]. According to
our knowledge, this is the first elemental analysis conducted
on the Cyclotrichium genus.

A comprehensive review aimed to provide an in-depth
summary of the genus Ajuga L. Currently, more than 280
chemical constituents have been isolated and characterized
from Ajuga species, with neo-clerodane diterpenes and dit-
erpenoids, phytoecdysteroids, flavonoids, and iridoids iden-
tified as the major bioactive compounds [34]. This study
represents the inaugural investigation into the elemental
analysis of Ajuga chamaepitys.

In a comprehensive literature review on the genus Mar-
rubium, chemical characteristics were investigated. The
biological effects of the plants are often attributed to the
presence of diterpenes, sterols, phenylpropanoids, and fla-
vonoids [35].

Hyssop (Hyssopus sp.) genus has been known with vola-
tile oils. The genus also containe flavonoid in leaves, flowers,
stalks, and roots during full flowering. Furthermore, hyssop
seeds have fatty acid content in oil [36].

Elemental Analysis

In a study conducted similarly to our research, the elemental
composition of 45 medicinal plant species belonging to the
Lamiaceae family in the Republic of Moldova was investi-
gated. Various elements, including essential, rare earth, and
trace elements (measured in pg/L), as well as major elements
such as Ca, Cl, K, Mg, and Na (measured in mg/L), were
determined in the analyzed samples. Despite the presence
of the toxic element As in all plants, its concentration in the
majority of samples was below the limit set [37].

The study conducted in Pakistan, aimed to investigate
the phytochemical, and elemental aspects of five crucial
medicinal plants from the Lamiaceae family, namely Men-
tha longifolia, M. piperita, M. spicata, Ocimum basilicum,
and Rosmarinus officinalis, collected in Peshawar district.
Quantitative analysis of macro- and microminerals identified
13 elements (C, N, O, Mg, K, P, S, Ca, Al, Si, Fe, Cl, and
Na) present in varying amounts among species. Methanol
extracts from leaves were analyzed for phytochemical con-
stituents such as saponins, flavonoids, tannins, terpenoids,
phlobatannins, steroids, and anthraquinones [38].

Another research aimed to analyze the elemental content
of six medicinal plant species from the Lamiaceae family,
predominantly found in the western part of Romania. The
findings indicate that these medicinal plants are rich sources
of nutrients, with high potassium (K) content, followed by
calcium (Ca), magnesium (Mg), iron (Fe), and zinc (Zn)
[39].

A study explored the mineral elements of extract from M.
italica subsp. cadmea. Mineral elements (P, Mg, K, Fe, Cu)
were found in the extract [40]. A paper focused on the analy-
sis of trace elements in the Indian medicinal plant Nepeta
hindostana. The plant was identified as a rich source of
essential trace elements as Na, K, Mg, Zn, Fe, and Mn [41].

A study investigated the concentrations of eleven mineral
and trace elements (Mg, Ca, K, Fe, Mn, Al, Zn, Cu, Cd, Ni,
and Pb) in various Thymus species in Turkey, including the
Thymus cilicicus. The elemental concentrations (mg/g) in
T. cilicicus were found to be 0.40+0.02 (Pb), 0.20+0.10
(Ni), 0.04+0.01 (Cd), 10.70+2.30 (Cu), 40.80+4.70
(Zn), 191.0+8.0 (Al), 19.0+2.0 (Mn), 189.0+2.0
(Fe), 12,250.0 +672.0 (K), 14,417.0+1909.0 (Ca), and
4127.0+1200.0 (Mg). T. cilicicus stands out as particularly
rich in essential elements, with the highest concentrations
observed for Ca, K, and Mg [42].

In a study, elemental concentrations in Ziziphora medici-
nal plants were analyzed. Samples were collected from the
Eynali mountain region in the north of Tabriz, Iran. The
study revealed varying concentrations of Al, Ca, K, Mg, Mn,
Na, V, Cl, and Ti elements in powdered Ziziphora plants.
Notably, Ziziphora plants exhibited richness in essential ele-
ments such as Mg, K, and Ca, all of importance for human
health. Importantly, the concentration of the potentially toxic
element, Al, was determined to be below the levels permitted
by the World Health Organization (WHO) [43].

In research, to rationalize its medicinal applications and
establish a biogeochemical link, the mineral elements (Na,
K, Ca, Mg, Zn, Mn, Cu, Fe, Cr) present in the leaves and
roots of Ajuga bracteosa were investigated. The herb exhib-
ited comparatively higher amounts of chromium (25 mg per
100 g in leaves and 20 mg in roots), which may be associated
with its traditional use as a remedy for diabetes. Addition-
ally, the herb contains significantly higher levels of potas-
sium (139 mg per 100 g in leaves and 159 mg in roots)
compared to sodium (21 mg per 100 g in leaves and 29 mg
in roots), suggesting a potential correlation with its use in
managing hypertension [44].

According to our knowledge, this is the first elemental
analysis conducted on the Marrubium globosum. In another
study, instrumental neutron activation analysis identified
twenty-two chemical elements in Marrubium vulgare. The
study revealed that K was the dominant chemical element
in the plant, constituting 4.40% of the mass. Ca and Fe mass
fractions were also relatively high. Importantly, potential
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toxic elements in this Lamiaceae plant were found to be
within the safety limits recommended by WHO/FAO [45].

A study considered four harvest heights (15, 25, 35, and
45 cm from the tip of the Hyssopus officinalis) along with
the residual stalks. Dependent variables included the accu-
mulated content of elements (N, K, P, Ca, Mg, Cu, Zn, and
Pb) at different heights. Results revealed that moving from
the upper shoots towards the ground led to an increase in
Mg, Ca, Cu, Zn, and Pb content by 22.67%, 43.74%, 12.87%,
39.02%, and 85.04%, respectively. Conversely, a downward
trend was observed for N (50.16%) and K (6.41%) content,
while an upward trend was noted for P (29.06%) content.
In residual stalks, moving from upper shoots to the ground
resulted in decreased Mg, Ca, Cu, Zn, and Pb contents by
1.01%, 21.03%, 9.11%, 17.02%, and 51.06%, respectively.
However, N and P contents increased by 60.59% and 3.15%,
respectively, with a 34.74% increase in P content [46].

The comprehensive analysis of primary and secondary
metabolites, alongside elemental composition evaluation of
methanol extracts, offers profound insights into the charac-
teristics and potential functionalities of the samples. The
ubiquitous presence of flavonoids and tannins across all
samples hints at the antioxidant capabilities and potentially
broader health-promoting effects of the plants under study.
Flavonoids, renowned for their antioxidant and anti-inflam-
matory properties, stand as focal points in numerous health
studies. Conversely, tannins, recognized for antimicrobial
and antiviral attributes, contribute to the overall pharmaco-
logical profile of these plants. The absence of cardioactive
heterosides suggests a lack of pronounced effects on car-
diac function, which could be advantageous or constraining
depending on the intended application of these botanicals.
The detection of coumarin in varied samples sparks interest
due to its diverse pharmacological spectrum, encompassing
anticoagulant, anti-inflammatory, and antimicrobial facets.
This discovery implies that the plants may harbor therapeu-
tic potential extending beyond mere antioxidant capacities.
The presence of lipids in several samples and the occurrence
of starch in select ones accentuate the nutritional diversity
inherent in these botanicals. Lipids, vital constituents of
cellular membranes, and starch, a pivotal energy source,
contribute to the overall nutritional value of these plants.
Regarding elemental composition, the elevated levels of
sodium and potassium throughout the samples hint at their
potential mineral richness. However, the identification of
heavy metals like aluminum, chromium, and arsenic raises
concerns regarding potential toxicity, particularly in sam-
ples exhibiting higher concentrations of these elements. The
provided text offers a comprehensive overview of studies
focusing on the Lamiaceae family, exploring the elemental
composition and phytochemical characteristics of various
plant species within this family. These studies shed light
on the diverse array of bioactive compounds present in
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Lamiaceae plants, ranging from essential minerals to sec-
ondary metabolites like flavonoids, terpenoids, and phenolic
compounds. One notable aspect highlighted in the text is
the prevalence of essential elements such as K, Ca, Mg, and
Fe across different Lamiaceae species. These elements play
crucial roles in various physiological processes, includ-
ing enzymatic reactions, cellular signalling, and structural
support. The abundance of these minerals underscores the
potential nutritional significance of Lamiaceae plants in
human diets. Additionally, the presence of bioactive com-
pounds like flavonoids, terpenoids, and phenolic compounds
underscores the therapeutic potential of Lamiaceae plants.
These compounds have been associated with various phar-
macological activities, including antioxidant, anti-inflam-
matory, and antimicrobial properties. The diverse chemical
profile of Lamiaceae plants suggests their potential utility
in traditional medicine and as sources of novel therapeutic
agents. Furthermore, the studies discussed in the text also
address the elemental variability among different Lamiaceae
species, as well as the influence of environmental factors
on elemental composition. Understanding these variations
is crucial for assessing the nutritional quality and potential
health benefits of Lamiaceae plants, as well as for elucidat-
ing their ecological roles and adaptation strategies. Overall,
the findings presented in the text underscore the importance
of interdisciplinary approaches in studying plant chemistry
and ecology. Integrating elemental analysis with phytochem-
ical profiling provides valuable insights into the nutritional,
medicinal, and ecological significance of Lamiaceae plants,
ultimately contributing to our understanding of their roles
in human health and natural ecosystems.

In summary, these findings underscore the intricate nature
of plant metabolites and emphasize the necessity for exhaus-
tive analysis in deciphering their potential health implica-
tions. Further investigations, encompassing pharmacological
and toxicological inquiries, are imperative for a comprehen-
sive understanding of the therapeutic prospects and safety
profiles associated with these botanicals.

Conclusion

In conclusion, the comprehensive analysis of 27 medicinal
plant species from the Lamiaceae family in Turkey revealed
a diverse spectrum of constituents, encompassing both
organic and inorganic elements. The elemental composition,
including 18 endemic species, was determined using ICP/
MS, highlighting the presence of essential, rare earth, and
trace elements at mg/kg concentrations. Major elements such
as Na and K were found in elevated levels, demonstrating the
richness of these plants in important nutrients. Despite the
widespread detection of the toxic element As (arsenic), the
concentrations in most samples remained below the World
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Health Organization's established threshold, assuring the
safety of these medicinal plants. The inclusion of specific
primary and secondary metabolites, such as flavonoids,
tannins, saponins, coumarin, starch, lipids, and carbohy-
drates, further underscored the diverse chemical composi-
tion of these plants. Overall, this study provides valuable
insights into the elemental and chemical profiles of medici-
nal plants from the Lamiaceae family, contributing to our
understanding of their potential therapeutic properties and
nutritional benefits. The presence of essential elements in
trace amounts, coupled with the relatively low levels of toxic
elements, reinforces the potential of these plants as valuable
resources for traditional and modern medicine.
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