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Abstract
This study aimed to investigate the anti-urease and anti-xanthine oxidase (XO) activities, essential oil
components, and antioxidant properties of Lamium orientale populations in the Nevşehir Province,
Turkey. The methanolic extracts of L. orientale were tested for their inhibitory effects on the urease and
XO enzymes. Essential oil components were analyzed using solid-phase microextraction (SPME),
followed by gas chromatography-mass spectrometry (GC-MS). Antioxidant potential was assessed by
measuring total phenolic content (TPC), ferric reducing antioxidant power (FRAP) assay, and 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity. Results showed that L. orientale exhibits
significant enzyme inhibitory potential, with IC₅₀ values of 39.54 ± 0.98 µg/mL for anti-urease activity and
28.05 ± 0.88 µg/mL for anti-XO activity. Essential oil analysis identified 22 components, with acetoin
(20.80%) and pentadecanolide (14.21%) as the main constituents. The total phenolic content was 4.48 ± 
0.08 mg GAE/g of dry sample. The FRAP value was 59.33 ± 0.90 µmol FeSO₄/g, and the DPPH radical
scavenging activity (IC₅₀) was 0.63 ± 0.01 mg/mL. This is the first study to report the inhibition potential
of urease and xanthine oxidase (XO) in the genus Lamium, highlighting the potential of L. orientale as a
source of new bioactive compounds.

Introduction
Urease and xanthine oxidase (XO) are essential enzymes involved in various metabolic processes.
Urease catalyzes the hydrolysis of urea to carbon dioxide and ammonia (Özil et al. 2021; Saral et al.
2024; Saral and Karaköse 2024). Increased urease activity can disrupt the pH balance in the stomach
and intestines and lead to the development of various infections (e.g., Helicobacter pylori) (Özil et al.
2021; Yang et al. 2023). Xanthine oxidase (XO) is an enzyme that oxidizes hypoxanthine to xanthine and
xanthine to uric acid (Huang et al. 2022). High xanthine oxidase activity can lead to elevated uric acid
levels in the blood, which in turn can contribute to various pathological conditions, including gout, kidney
stones, and cardiovascular diseases (Aladdin et al. 2020; Rullo et al. 2023). Therefore, identifying
inhibitors of these enzymes is important for developing new treatment strategies.

For millennia, the utilization of flora as a crucial source of sustenance and therapeutic agents has been
instrumental in the survival and well-being of human populations (Karaköse 2022). Contemporary
medicine and pharmacology are engaged in research endeavors aimed at identifying effective, natural,
and reliable agents to combat complex health issues, such as cancer and metabolic diseases (Saral et
al. 2024). The focal point of these studies is the analysis of phytochemicals, which are the secondary
metabolites produced by plants. These phytochemicals encompass a diverse group of compounds,
including phenolic compounds, flavonoids, and terpenoids (Saral and Karaköse 2024).

The Lamiaceae family is a diverse group of flowering plants comprising 268 genera and approximately
8,140 species worldwide (WFO 2025). This family is widespread and remarkably diverse in warm and
temperate regions. It is one of the richest plant families in terms of bioactive compounds (Yaylı et al.
2014; Çelik et al. 2021). The family comprises mostly herbs, occasional trees, and shrubs, and has
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significant economic and medicinal importance. Members of this family are commonly used as spices,
teas, and traditional medicines, and are also utilized as food and ornamental plants (Selvi et al. 2022).
Numerous scientific studies have shown that species in this family exhibit a wide range of biological
activities, including antioxidant, anti-inflammatory, and anticancer properties. A substantial body of
scientific research has demonstrated that species belonging to this family exhibit a wide range of
biological activities, including antioxidant, anti-inflammatory, and anticancer properties (Çelik et al.
2021).

Lamium orientale (Fisch. & C.A.Mey.) E.H.L. Krause, belonging to the genus Lamium L. and formerly
known as Wiedemannia orientalis Fisch. & C.A.Mey. (WFO 2025), is an herbaceous plant that grows up to
7–35 cm tall. It is native to the Iran-Turan phytogeographic region and is commonly referred to as
"Eastern ballıbaba" (Güner et al. 2012). The plant is widely distributed throughout Anatolia and is a
notable member of this family. Lamium orientale has a stem that is dense, sparse, soft, and covered with
short hairs. Its leaves are stalked at the base and sessile in the upper part. Leaf blades are broadly ovate,
ovate-lanceolate, or oblong, with entire, serrated, or rarely coarsely toothed margins. The flowering period
occurs between April and June, during which the flowers display colors such as pale deep pink, light
purple, and lavender. The lower lip of the flower was darker and often showed a spotted pattern. This
species is found in a variety of environments, including rocky hills at elevations ranging from 700 to
1,650 meters above sea level, as well as steppes, fields, vineyards, and roadside areas (Mill 1988).

Lamium orientale has a long history in traditional medicine in Anatolia, dating back to ancient times.
Local communities employ a traditional remedy that involves consuming tea prepared from the plant's
flowers to manage diarrhea (Kadıoğlu et al. 2021). The plant is also known to possess laxative and tonic
properties (Çakılcıoğlu et al. 2007). It is used to treat various diseases, including digestive disorders,
menstrual irregularities, and inflammation of the prostate and urinary tract (Doğan and Bağcı 2011). The
nectar found beneath the petals of this plant, known as "emzik otu" in Amasya, is consumed by the local
population (Cansaran and Kaya 2008).

Lamium orientale has been demonstrated to possess various biological activities, as indicated by
scientific studies, in addition to its traditional uses. In a recent study, 26 bioactive compounds were
identified among the 38 polyphenols. Among these compounds, chlorogenic acid was found at the
highest concentration. In addition, flavonoids, including rutin, hyperoxide, and isoquercitrin, are present in
significant amounts (Tüfekçi et al. 2025). Extensive research has confirmed the strong antioxidant
capacity of Lamium orientale extract. This activity is attributed to the high levels of phenolic and
flavonoid compounds found in the flowers and leaves of the plant. The effectiveness of this antioxidant
activity has been validated through various tests, including the DPPH and ABTS methods (Albayrak and
Aksoy 2013; Türkoğlu 2018; Keser et al. 2022; Tüfekçi et al. 2025). The plant's anticancer potential is
promising. It has been shown that this substance has cytotoxic effects against breast cancer (MCF-7)
cell lines. Root extracts are reported to be the most effective, demonstrating high anticancer activity
against colon (HCT-116) and prostate (LNCaP) cancer cells (Keser et al. 2022; Tüfekçi et al. 2025).
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The results of different studies on the antimicrobial activity of Lamium orientale vary. Although some
studies have shown that plant extracts have strong antibacterial effects against both Gram-positive and
Gram-negative bacteria, a more recent and comprehensive study did not find any significant activity
against the tested bacterial species (Albayrak and Aksoy 2013; Türkoğlu 2018; Keser et al. 2022; Tüfekçi
et al. 2025).

Although only a limited number of studies exist (Albayrak and Aksoy 2013; Tüfekçi et al. 2025),
observations suggest that L. orientale inhibits certain key enzymes. Extracts from the plant's roots have
been shown to inhibit the activity of enzymes such as acetylcholinesterase, tyrosinase, amylase, and β-
glucosidase, which are associated with conditions including Alzheimer's disease, skin discoloration, and
diabetes (Tüfekçi et al. 2025). Additionally, the plant's extracts have been shown to inhibit the formation
of bacterial biofilms. A study found that both root and leaf extracts significantly inhibited biofilm
formation by Pseudomonas aeruginosa bacteria (Tüfekçi et al. 2025).

The chemical composition and biological activity of L. orientale vary depending on factors such as soil
conditions, climate, harvest season, and the growing environment. This study aimed to determine the
anti-urease and anti-XO activities, essential oil components, and antioxidant activity of Lamium orientale
populations in the Nevşehir Province, Türkiye.

Materials and Methods

Plant Sample
Samples of Lamium orientale were collected in Turkey during the 2017 vegetation season (L. orientale:
(Derinkuyu/Nevşehir, 1210 m, 16.05.2017, 38°21′26″N 34°44′11″E, MK-1614). Associate Professor Dr.
Mustafa Karaköse, a botanist, identified and confirmed the plant. The voucher specimen was
subsequently deposited at the Espiye Vocational School at Giresun University. The collected plants were
dried and ground at room temperature. The samples were then stored in a refrigerator at + 4°C until
analysis.

Preparation of Extracts
Five grams of the dry sample were weighed, and 25 mL of methanol was added. The mixture was then
stirred for 24 h using a magnetic stirrer. The mixture was then filtered through Whatman filter paper. The
filtrate was stored in a refrigerator at + 4°C until further analysis (Saral et al. 2024).

Inhibitory activity of urease and xanthine oxidase
XO inhibition was measured using UV spectroscopy at 295 nm, which corresponds to the release of uric
acid from xanthine. The extract's inhibitory activity was assessed using established reference methods
(Baltaş et al. 2016; Akyüz Turumtay et al. 2023). Allopurinol was used as a positive control in the
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inhibition test. The IC50 value was determined as the concentration of the compound that inhibited 50%
of its maximum activity. Urease catalyses the hydrolysis of urea into carbon dioxide and ammonia.
Ammonia production was measured using the indophenol method to evaluate urease inhibitory activity.
Results were expressed as IC50 values, indicating the concentrations needed to inhibit substrate
hydrolysis, derived from the dose–response curve. Acetohydroxamic acid was used as the reference
compound in the urease inhibition test (Kantar et al. 2015; Baltaş et al. 2016). All experiments were
conducted in triplicate to calculate the standard deviation.

SPME procedure and GC-MS analysis
A dry plant sample (two grams) was placed in a 10 mL vial, and then a fiber coating was applied to the
headspace. An SPME fiber (polydimethylsiloxane/divinyl-benzene, Supelco, USA) was conditioned for 5
min at 250°C using a gas chromatography (GC) injector. The SPME analysis was conducted at 80°C with
an incubation period of 5 min and an extraction time of 10 min. Essential oil analysis was performed on
a Shimadzu QP2010 Plus gas chromatography (connected to a Shimadzu QP2010 Ultra mass selector
detector) using an HP-5MS capillary column (30 m × 0.25 mm, film thickness 0.25 µm). The SPME fiber
was introduced into the injection port of the GC-MS. The oven temperature was programmed to remain
at 60°C for 2 minutes, and then increased at a rate of 3°C/min to a final temperature of 250°C. The
column flow rate was set to 1.0 mL/min, with helium (99.999%) used as the carrier gas. The mass
spectrometer was operated over the range of 40–400 m/z at an electron voltage of 70 eV. The essential
compounds were identified by comparing the mass spectra to those of two libraries (FFNSC1.2 and
W9N11) (Fandaklı et al. 2019).

Determination of total phenolic content and antioxidant activity
The total phenolic content (TPC) was measured using the Folin-Ciocalteu assay. Gallic acid was used as
the reference standard (Slinkard and Singleton 1977). The FRAP assay was conducted to assess the
total antioxidant capacity of the samples using a standard solution of ferric sulfate (FeSO4) (Benzie and
Szeto 1999). The radical scavenging activity was evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) as
a stable radical (Molyneux 2004). Trolox served as the standard, with the concentrations expressed as
IC50 (mg samples/mL). All tests were performed in triplicate. The reagents and solutions used were

freshly prepared.

Statistical analysis
Statistical analyses were not performed. All tests were conducted in triplicate, and the results are
presented as the mean and standard deviation.

Results
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Anti‑urease and anti‑XO activity
The anti-urease and anti-XO activities of L. orientale are shown in Table 1. The anti-urease activity was
39.54 ± 0.98 µg/mL, and the anti-XO activity was 28.05 ± 0.88 µg/mL.

Table 1
Enzyme inhibition results of L. orientale

IC50 value of urease and XO activity% ±SDa

  Urease inhibition (µg/mL) XO inhibition (µg/mL)

L. orientale 39.54 ± 0.98 28.05 ± 0.88

bAcetohyroxamic Acid 27.01 ± 0.06 -

cAllopurinol - 0.055 ± 0.01

astandard deviation (n = 3), breference for urease inhibition; creference for XO inhibition

Essential oil composition
The chemical composition of the essential oil of L. orientale was analyzed using SPME and GC-MS.
Table 2 presents the results. A total of 22 compounds were identified in the essential oil of L. orientale.
The major essential oil compounds were acetoin (20.80%) and pentadecanolide (14.21%). The essential
oil of L. orientale was characterized by its high hydrocarbon content (33.56%).
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Table 2
Compounds in the essential oils of L. orientale

No Essential oil components Lamium orientale (%) RI (Exp)a RI (Lit)b

  Aldehydes      

1 Hexanal 1.07 804 800

2 Pentanal 0.73 979 984

3 Tetradecanal 1.18 1614 1611

  Ketone      

4 Acetoin 20.80 711 706

  Alcohol      

5 2-ethylhexanol 4.93 1030 1026

  Ether      

6 Anethole 1.36 1282 1283

  Hydrocarbons      

7 Hendecane 0.74 1065 1102

8 Dodecane 1.81 1208 1200

9 Tridecane 2.67 1299 1291

10 Tetradecane 7.90 1406 1399

11 Pentadecane 3.43 1507 1499

12 Hexadecane 1.54 1599 1601

13 Heptadecane 2.22 1705 1709

14 Octadecane 8.31 1793 1799

15 Eicosane 1.08 1998 2000

16 Docosane 3.86 2197 2200

  Lactones      

17 δ-Undecalactone 1.70 2216 2264

  Pentadecanolide 14.21 1841 1839

  Esters      

aRI was calculated from retention times relative to that of alkanes (C7-C30) on the HP-5MS column.
bRI based on literature (https://webbook.nist.gov/)
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No Essential oil components Lamium orientale (%) RI (Exp)a RI (Lit)b

18 Ethyl pyruvate 1.80 1242 1253

19 Dihydromyrcenyl acetate 2.69 1204 1202

  Terpen      

20 Verbenone 0.80 1207 1209

  Fatty Acids      

21 Valeric acid 0.81 882 887

22 Hexadec-6-enoic acid 1.14 2104 2103

  Unknown 13.22    

  Total 100    

aRI was calculated from retention times relative to that of alkanes (C7-C30) on the HP-5MS column.
bRI based on literature (https://webbook.nist.gov/)

Total phenolic content and antioxidant activity
Table 3 shows the total phenolic content, FRAP, and DPPH values of L. orientale. The total phenolic
content was measured as 4.48 ± 0.08 mg GAE/g dry sample. The antioxidant capacity of the methanol
extract, as assessed by the FRAP method, was 59.33 ± 0.90 µmol FeSO4/g. The radical scavenging
activity, determined using the DPPH method, showed a value of 0.63 ± 0.01 mg/mL.

Table 3
TPC, FRAP, and DPPH values for L. orientale

Sample TPC (mg GAE/g) FRAP (µmol FeSO4/g) DPPH (IC50:mg/ mL)

L. orientale 4.48 ± 0.08 59.33 ± 0.90 0.63 ± 0.01

Discussion
Helicobacter pylori is involved in the development of peptic ulcers and stomach cancer. It is protected
from stomach acid by the urease enzyme it secretes (Özil et al. 2021; Saral et al. 2024). Therefore,
inhibition of urease is crucial for the treatment of H. pylori-related diseases. In this study, urease
inhibition was measured at 39.54 ± 0.98 µg/mL (Table 1). A lifestyle and diet high in purines are directly
associated with increased uric acid levels. To reduce uric acid levels, it is necessary to inhibit XO, an
enzyme essential for uric acid production (Mehmood et al. 2022). Table 2 shows the inhibitory effects of
L. orientale and the positive control allopurinol against xanthine oxidase. The IC50 value of L. orientale
was 28.05 ± 0.88 µg/mL. Several studies have explored the urease and XO inhibitor potential of various
plants (Khan et al. 2014; Aladdin et al. 2020; Medina-Pérez et al. 2021; Ashibuogwu et al. 2022; Huang et
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al. 2022; Saral et al. 2024). No research has been published on the urease and XO inhibition potential of
Lamium species, making this the first study to address this topic.

In recent years, numerous studies have been conducted to identify essential compounds in food
products or plants. Essential oils are used to extend the shelf life of foods and beverages owing to their
antioxidant and antimicrobial properties (Xing et al. 2019). Hydrodistillation is commonly used in these
studies to extract essential oils. Recently, SPME, a faster, solvent-free technique, has been employed
(Yang et al. 2023). GC-MS was used to analyze the essential oil composition of L. orientale using SPME.
In our study, 22 volatile compounds were identified, with acetoin and pentadecanolide being the main
components. The primary components in the essential oil obtained by hydrodistillation from the aerial
parts of Wiedemannia orientalis (a synonym of L. orientale) were germacrene D (38.94%), geijeren
(14.60%), and pregeijeren (12.90%) (Başer et al. 1996). In a separate study, it was reported that the main
components in the essential oil obtained through hydrodistillation of W. orientalis were germacrene D
(23.3%), thymol (16.4%), and carvacrol (12.3%) (Kılıç and Bağcı 2014). However, these components were
not detected in this study. We believe that this difference was due to the extraction method used.
Additionally, the studies differed in the years and regions where the plant was collected.

Phytochemicals, natural antioxidants found in plants, have been widely studied, and research in this area
continues to expand (Tüfekçi et al. 2025). Various analytical methods have been used to assess the
phenolic content and antioxidant activity of plants. In this study, the total phenolic content of L. orientale
was measured. Additionally, FRAP and DPPH assays were conducted to assess antioxidant capacity
(Table 3). According to Albayrak and Aksoy (2013), the TPC of the aerial parts of L. orientale was 9.53 ± 
0.00 mg GAE/g sample, while the DPPH test yielded a value of 87.22 mg/mL using BHT as the standard.
In contrast, Keser et al. (2022) reported a much higher TPC value of 124.54 ± 0.97 mg GAE/g sample.
Concurrently, the DPPH radical scavenging activity was reported as 91.60 ± 0.05%. The previously
reported TPC values were higher than those obtained in the present study. However, we could not
compare these results because of differences in the standards and units used in DPPH activities. Some
studies in the literature have analyzed the leaf, flower, and stem parts of L. orientale separately. One
study examining the leaf and flower parts found the total phenolic content of the leaf to be high (17.27 ± 
0.09 mg GAE/g sample). Interestingly, DPPH activity is high in flowers (Türkoğlu 2018). In a recent study,
roots, stems, leaves, and flowers of L. orientale were evaluated. The flower exhibited high activity in TPC
(35.9 ± 0.3 mg GAE/g), FRAP (71.2 ± 0.6 mg TE/g), and DPPH (79.9 ± 1.2 mg TE/g) assays (Tüfekçi et al.
2025).

Conclusion
This study revealed that methanolic extracts of Lamium orientale exhibited significant inhibitory
activities against urease (IC₅₀: 39.54 µg/mL) and xanthine oxidase (IC₅₀: 28.05 µg/mL). These findings
suggest that this plant could be a potential source of natural remedies for conditions associated with
hyperuricemia, such as Helicobacter pylori infection and gout. To our knowledge, this is the first study to
investigate these enzyme-inhibitory activities in the genus Lamium. Additionally, this is the first report of
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acetoin and pentadecanolide as the major components of the plant's essential oil profile. These results
differ from those of previous research because of variations in the extraction method (SPME) and
geographical origin. The plant also demonstrated notable antioxidant properties. The obtained data
confirm that L. orientale grown in Nevşehir is a promising candidate for further research focused on
developing natural antioxidants and enzyme inhibitors for use in the pharmaceutical and food industries.

Declarations

Conflicts of Interest:
The authors declare no conflict of interest.

Author Contributions:
Ö.S. and M.K. conceived and initiated the work. M.K. harvested plant material, Ö.S. performed the
extraction experiments, and drafted the manuscript. Ö.S. and N.B. performed the chemical analysis
experiments. All of the authors critically edited the manuscript before submission.

Acknowledgements
This research is funded by the Recep Tayyip Erdogan University of Scientific Research Projects
Coordinator (Project No. FBA-2018-953).

References
1. Akyüz Turumtay E, Demir A, Cetiz MV, Uludağ EB, Baltaş N, Yaman B, Yaman M, Emirik M, Turumtay

H (2023) Metabolite profiling of Althaea officinalis by HPLC-DAD-MS with in silico and in vitro
analysis for therapeutic potential. Chem Pap 77:6235–6253. https://doi.org/10.1007/s11696-023-
02934-w

2. Aladdin N-A, Husain K, Jalil J, Sabandar CW, Jamal JA (2020) Xanthine oxidase inhibitory activity of
a new isocoumarin obtained from Marantodes pumilum var. pumila leaves. BMC Complement Med
Ther 20:1–12. https://doi.org/10.1186/s12906-020-03119-8

3. Albayrak S, Aksoy A (2013) Biological activities of Wiedemannia multifida (Linnaeus) Bentham and
Wiedemannnia orientalis Fisch. & Mey. Asian Pac J Trop Biomed 3:196–201.
https://doi.org/10.1016/S2221-1691(13)60049-0

4. Ashibuogwu AI, Afieroho OE, Suleiman M, Abo KA (2022) Anti-urease and antioxidant activities of
the leaf extracts from Murraya paniculata (L.) jack (Rutaceae). GSC Adv Res Reviews 11:156–164.
https://doi.org/10.30574/gscarr.2022.11.1.0099



Page 11/13

5. Baltaş N, Yıldız O, Kolaylı S (2016) Inhibition properties of propolis extracts to some clinically
important enzymes. J Enzyme Inhib Med Chem 31:52–55.
https://doi.org/10.3109/14756366.2016.1167049

6. Başer KHC, Kirimer N, Demirçakmak B (1996) Composition of the Essential Oil of Wiedemannia
orientalis Fisch. et Mey. from Turkey. J Essent Oil Res 8:543–544.
https://doi.org/10.1080/10412905.1996.9700684

7. Benzie IF, Szeto Y (1999) Total antioxidant capacity of teas by the ferric reducing/antioxidant power
assay. J Agric Food Chem 47:633–636. https://doi.org/10.1021/jf9807768

8. Cansaran A, Kaya ÖF (2008) Contributions of the ethnobotanical investigation carried out in Amasya
district of Turkey (Amasya-Center, Bağlarüstü, Boğaköy and Vermiş villages; Yassıçal and Ziyaret
towns). Biol Divers Conserv 3:97–116

9. Çakılcıoğlu U, Türkoğlu İ, Kürşat M (2007) Harput (Elazığ) ve çevresinin etnobotanik özellikleri. Fırat
Üniversitesi Doğu Araştırmaları Dergisi 5:22–28

10. Çelik G, Kılıç G, Kanbolat Ş, Özlem Şener S, Karaköse M, Yaylı N, Karaoğlu ŞA (2021) Biological
activity, and volatile and phenolic compounds from five Lamiaceae species. Flavour Fragr J 36:223–
232. https://doi.org/10.1002/ffj.3636

11. Doğan G, Bağcı E (2011) Elazığ’ın Bazı Yerleşim Alanlarında Halkın Geleneksel Ekolojik Bilgisine
Dayanarak Kullandığı Bitkiler ve Etnobotanik Özellikleri. Fırat Üniversitesi Fen Bilimleri Dergisi 23:77–
86

12. Fandaklı S, Yaylı N, Kahriman N, Uzunalıoğlu E, Çolak NU, Yıldırım S, Yaşar A (2019) The chemical
composition of the essential oil, SPME and antimicrobial activity of Rhododendron caucasicum Pall.
Records Nat Prod 13:316–323. http://doi.org/10.25135/rnp.107.18.09.952

13. Güner A, Aslan S, Ekim T, Vural M, Babaç MT (2012) Turkey Plant List (Vascular Plants). ANG
Foundation, İstanbul

14. Huang C-Y, Chang Y-Y, Chang S-T, Chang H-T (2022) Xanthine Oxidase Inhibitory Activity and
Chemical Composition of Pistacia chinensis Leaf Essential Oil, Pharmaceutics. pp. 1–10

15. Kadıoğlu S, Kadıoğlu B, Karagöz K (2021) Ethnobotanical properties of natural plant in Kop Pass
(Bayburt / Turkey). Biol Divers Conserv 14:264–276.
https://doi.org/10.46309/biodicon.2021.925769

16. Kantar GK, Baltaş N, Menteşe E, Şaşmaz S (2015) Microwave-assisted synthesis and investigation
of xanthine oxidase inhibition of new phthalonitrile and phthalocyanines containing morpholino
substituted 1,2,4-triazole-3-one. J Organomet Chem 787:8–13.
https://doi.org/10.1016/j.jorganchem.2015.03.033

17. Karaköse M (2022) An ethnobotanical study of medicinal plants in Güce district, north-eastern
Turkey. Plant Divers. https://doi.org/10.1016/j.pld.2022.03.005

18. Keser S, Keser F, Tekin S, Türkoğlu İ, Kaygılı O, Demir E, Yılmaz Ö, Sandal S, Kırbağ S, Karatepe M
(2022) In vitro anticancer, antimicrobial and antiradical properties and bioactive compounds of



Page 12/13

endemic Wiedemannia orientalis Fisch. & Mey. flowers. J Phys Chem Funct Mater 5:17–21.
https://doi.org/10.54565/jphcfum.1192938

19. Khan MA, Khan H, Tariq SA, Pervez S (2014) Urease Inhibitory Activity of Aerial Parts of Artemisia
scoparia: Exploration in an In Vitro Study. Ulcers 2014:1–5. https://doi.org/10.1155/2014/184736

20. Kılıç Ö, Bağcı E (2014) Essential Oil Composition of Wiedemannia Fisch. & C.A. Mey. Genus from
Turkey: A Chemotaxonomic Approach. Journal of Essential Oil Bearing Plants 17: 741–746.
https://doi.org/10.1080/0972060X.2014.884783

21. Medina-Pérez G, Peralta-Adauto L, Afanador-Barajas L, Fernández-Luqueño F, Pérez-Soto E, Campos-
Montiel R, Peláez-Acero A (2021) Inhibition of Urease, Elastase, and β-Glucuronidase Enzymatic
Activity by Applying Aqueous Extracts of Opuntia oligacantha C.F. Först Acid Fruits: In Vitro Essay
under Simulated Digestive Conditions, Applied Sciences. pp. 1–13

22. Mehmood A, Li J, Rehman AU, Kobun R, Llah IU, Khan I, Althobaiti F, Albogami S, Usman M, Alharthi
F, Soliman MM, Yaqoob S, Awan KA, Zhao L, Zhao L (2022) Xanthine oxidase inhibitory study of eight
structurally diverse phenolic compounds. Front Nutr 9:1–17.
https://doi.org/10.3389/fnut.2022.966557

23. Mill RR (1988) Wiedemannia Fisch. & Mey., in: Davis, P.H. (Ed.) Flora of Turkey and East Aegean
Islands. Edinburgh University Press, Edinburgh

24. Molyneux P (2004) The use of the stable free radical diphenylpicrylhydrazyl (DPPH) for estimating
antioxidant activity. Songklanakarin J Sci Technol 26:211–219. https://doi.org/10.1287/isre.6.2.144

25. Özil M, Tuzcuoğlu Ö, Emirik M, Baltaş N (2021) Developing a scaffold for urease inhibition based on
benzothiazoles: Synthesis, docking analysis, and therapeutic potential. Arch Pharm 354:1–11.
https://doi.org/10.1002/ardp.202100200

26. Rullo R, Cerchia C, Nasso R, Romanelli V, Vendittis ED, Masullo M, Lavecchia A (2023) Novel
Reversible Inhibitors of Xanthine Oxidase Targeting the Active Site of the Enzyme, Antioxidants. pp.
1–13

27. Saral Ö, Karaköse M (2024) Determination of volatile oil compounds and antioxidant activities of
some Cirsium taxa grown in Türkiye. Nusantara Bioscience 16:62–67.
https://doi.org/10.13057/nusbiosci/n160108

28. Saral Ö, Baltaş N, Karaköse M (2024) An inhibition potential on some metabolic enzymes (urease
and xanthine oxidase), essential oil contents and antioxidant effect of Sideritis lanata L. Chem Pap
78:8211–8217. https://doi.org/10.1007/s11696-024-03661-6

29. Selvi S, Polat R, Çakılcıoğlu U, Celep F, Dirmenci T, Ertuğ ZF (2022) An ethnobotanical review on
medicinal plants of the Lamiaceae family in Turkey. Turkish J Bot 46:283–332.
https://doi.org/10.55730/1300-008X.2712

30. Slinkard K, Singleton VL (1977) Total phenol analysis: automation and comparison with manual
methods. Am J Enol Viticult 28:49–55

31. Tüfekçi EF, Çağlıyan E, Burcu Balcı G, Celik Altunoglu Y, Nilofar N, Zengin G, Yıldıztugay E, Piatti D,
Ricciutelli M, Caprioli G (2025) A rich source of natural compounds: comprehensive research on



Page 13/13

biological properties of Lamium orientale. Plant Biosystems-An Int J Dealing all Aspects Plant
Biology 159:302–315. https://doi.org/10.1080/11263504.2025.2466564

32. Türkoğlu İ (2018) Screening of total phenolic, antiradical and antioxidant activities of Wiedemannia
orientalis. Cell Mol Biol 64:42–46. https://doi.org/10.14715/cmb/2018.64.12.9

33. WFO (2025) World Flora Online. Published on the Internet; http://www.worldfloraonline.org

34. Xing C, Qin C, Li X, Zhang F, Linhardt RJ, Sun P, Zhang A (2019) Chemical composition and biological
activities of essential oil isolated by HS-SPME and UAHD from fruits of bergamot. LWT - Food Sci
Technol 104:38–44. https://doi.org/10.1016/j.lwt.2019.01.020

35. Yang W, Peng Z, Wang G (2023) An overview: metal-based inhibitors of urease. J Enzyme Inhib Med
Chem 38:361–375. https://doi.org/10.1080/14756366.2022.2150182

36. Yaylı B, Tosun G, Karaköse M, Renda G, Yaylı N (2014) SPME/GC-MS analysis of volatile organic
compounds from three Lamiaceae species (Nepeta conferta Hedge & Lamond, Origanum onites L.
and Satureja cuneifolia Ten.) growing in Turkey. Asian J Chem 26:2541–2544.
https://doi.org/10.14233/ajchem.2014.15719


