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	 Abstract 
In recent years, a lot of resources have been devoted to research for the treatment of disorders caused by this enzyme, especially on the discovery and use of herbal products. This study aims to demonstrate the antithyrosinase effects of the extracts of two endemic plant species from the Centaurea family from the same region by targeting the inhibition of the tyrosinase enzyme, which also causes skin cancer by increasing melanin synthesis. Inhibitory activity values of methanol:chloroform extracts of Centaurea paphlagonica and Centaurea cankiriense plant samples against tyrosinase enzyme were investigated. The samples examined were found to have IC50 values in the concentration range of 180.51-1359.13 μg/ml. In the light of the findings obtained, it was observed that C. paphlagonica extracts had the highest activity and had more inhibitory effect, and that changing the extraction method affected the activity very much. The high activity of some extracts of our plant samples against tyrosinase enzyme, albeit selectively, is a promising factor for future research.
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1. Introduction 
Plants hold a prominent position as fundamental sources of food worldwide. Naturally, occupying this primary role exposes them to numerous external threats. Similar to all living organisms, plants engage in interactions with various diseases and pests. These detrimental entities adversely affect plants by directly feeding on them, laying eggs, establishing hosts, and instigating various disease factors [1].From ancient times to the present, the use of plants for therapeutic purposes is based on their inherent therapeutic properties. This has directed scientists to acknowledge the effectiveness of traditional medical treatments and integrate them into modern therapeutic practices. Treatment methods have evolved with the progress of technology and the development of new techniques and devices. Scientists have even begun to adopt a complementary approach to evaluate natural and herbal products as a whole, combining them with conventional practices. In recent years, there has been a global increase in demand for natural solutions in the treatment and prevention of diseases [2]. The pursuit of alternative medicine, attracting scientists in many countries, has increased, similar to in our country. Beyond the methods offered by modern medicine, many patients are turning towards eco-friendly herbal remedies that are natural, harmless, cost-effective, and easily accessible, with minimal side effects [3]. 
Centaurea genus belongs to the Asteraceae family and includes approximately 500 resilient, herbaceous plants that can be annual, biennial, or perennial. It is widely distributed globally, particularly across various regions of Asia, Europe, and North America [4]. In Turkey, the Centaurea genus is represented by 179 species, with 111 of them exhibiting endemic characteristics, resulting in an endemism rate of 61%, as presented in the most recent record [5]. This endemism rate distinguishes the Centaurea genus as the third most prominent genus hosting endemic species in the Turkish flora. This rate suggests that Turkey serves as the genetic center for these plants. Many species belonging to this genus are utilized in traditional folk medicine.
Some Centaurea plant species have been used for the treatment of some diseases by the people since ancient times. For this reason, recently, an intensive study has been carried out or planned to reveal the biological potentials of the subspecies belonging to this genus, which have not been revealed or missing. In addition to revealing the characteristic active compounds of these species, it is stated that they can be used in all fields of pharmacology by isolating valuable chemical compounds that cause activity power [6]. The aim of this study was to determine the inhibition potential of extracts obtained from different parts of C. paphlagonica and C. cankiriense plants on tyrosinase enzyme. This study is the first in terms of the inhibition of these two plant species on tyrosinase enzyme so far.

2. Materials and Methods
2.1. Plant materials
Centaurea paphlagonica and Centaurea cankiriense are distributed in the same area. These two plant species were collected from Kalfat, Orta district, Çankırı province in July-August 2017. Species identifications of the plant species were made by Dr. Selçuk Tuğrul Koruklu, lecturer at Ankara University, Faculty of Science, Department of Biology, and the plant samples were stored in Ankara University herbarium.

2.2. Preparation of extracts
Centaurea plant samples were collected from the central district of Çankırı province of Turkey during the flowering period. The collected plants were first separated into root, stem-leaf and flower parts and dried. Each dried plant branch was disintegrated separately in liquid nitrogen. The finely crushed plant branches were first extracted with hexane and then with methanol/chloroform (1:1) solvent (Fig.1). The solvents of the extracts were removed in a rotary evaporator and stored at +4 degrees until the activity studies [7, 8, 9]. Hexane extracts were not included in the study because they were not soluble. The study continued with methanol/chloroform extracts.
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Fig. 1 Methods of obtaining extracts from plants
2.3. Tyrosinase enzymes activities 

The inhibitory activity of the extracts against tyrosinase enzyme in vitro was performed according to the renewed dopachrome method with minor modifications in the method used by Sarıkurkcu et al.[10, 11]. According to this method, the extracts were previously dissolved 1:1 with DMSO solvent and stock extract solutions were prepared. 25 μL of the stock solutions were taken and 40 μL of tyrosinase solution and 100 μL of sodium phosphate buffer (pH 6.8) were added and mixed. The mixture was incubated at 25°C for 15 minutes. To the final mixture, 40 μL L-DOPA was added and the mixture was incubated again at 25°C for 10 minutes. Absorbance measurements were performed at 492 nm. Scutellarin compound was used for in vitro tyrosinase enzyme activity assays.

3.   Results and Discussion
C. paphlagonica ve C. cankiriense bitkilerinin farklı dokularının metanol/kloroform (1:1) ekstrelerinin tirozinaz enzimine karşı inhibe edici etkileri belirlenmiştir (Table 1). 
Table 1. IC50 values of C. cankiriense and C. paphlagonica extracts on tyrosinase enzyme
	Extracts Code
	Tyrosinase 
IC50 (µg/ml)

	AT-1 (Centaurea cankiriense-Flower)
	1359.11

	AT-2 (Centaurea cankiriense-Steam/Leaf)
	980.05

	AT-3 (Centaurea cankiriense-Root)
	1000.63

	AT-4 (Centaurea paphlagonica-Flower)
	180.51

	AT-5 (Centaurea paphlagonica-Steam/Leaf)
	202.15

	AT-6 (Centaurea paphlagonica-Root)
	770.17



Table 1 shows that the IC50 value of AT-1 coded methanol/chloroform extracts of C. cankiriense plant inhibiting tyrosinase enzyme was found as 1359.11 μg/ml. This value shows that the extract activates the tyrosinase enzyme. Likewise, AT-3 extract activated the tyrosinase enzyme with an IC50 value of 100.63 μg/ml. According to Table 1, it was observed that the AT-4 extract of C. paphlagonica has a very high inhibitory effect among the extracts of both plant groups with an IC50 value of 180.5 µg/ml. From the Table 1, it was revealed that AT-5 extract had an inhibition value close to AT-4 with an IC50 value of 202.15 µg/ml under in vitro conditions. AT-6 extract was found to have less inhibition effect than these two extracts. Since there were no studies on these two species, when tyrosinase activity studies on similar species were examined, it was determined in the literature that C. fenzlii plant has high inhibition [12, 13, 14]. In a study conducted by Kısa et al. in 2024, they examined the inhibition effect of the methanol extract of C. cadmea subsp. pontica against 10 enzymes including tyrosinase enzyme. They found a high activity result of 46.02 mg/ml IC50 value against all enzymes, especially against Urease and Tyrosinase enzyme [15].
The enzyme tyrosinase is one of the most important enzymes for the regular functioning of the living body and health. With the increase in global warming in the world, the continuous exposure to harmful UV rays makes it important for the tyrosinase enzyme to make positive contributions to the living system.  In this respect, it is an enzyme that catalyzes the production of melanin pigment that helps prevent UV light. Excessive secretion or production of tyrosinase enzyme can cause hyperpigmentation and neurodegenerative diseases such as Parkinson's disease for living organisms and especially for humans. Naturally derived inhibitors of the tyrosinase enzyme can be used in the treatment of most skin cancers as well as dermatologic diseases associated with melanin deposition [16, 17].
Today, changing living conditions and eating habits increase the risk of developing chronic and degenerative diseases. Efforts to minimize this problem are one of the focal points of the scientific world. In this context, the biological activities exhibited by plants are recognized as an important resource in the development of new drug and food formulations. According to the results of our study, methanol/chloroform extracts of Centaurea cankiriense and especially Centaurea paphlagonica showed high enzyme inhibitory effects. Nowadays, it is important to identify safe and effective functional agents and in this context, the natural components of Centaurea species can be considered as a potential source. The activities and tyrosinase enzyme properties of these plants hold special promise for further studies and for the treatment of many diseases caused by aging and UV radiation.
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