ANTIOXIDANT AND BIOLARVICIDAL ACTIVITY OF ARUM RUPICOLA VAR. VIRESCENS
This work was designed to antioxidant and larvicidal (against Musca domestica and Culex pipiens) activities of acetone, methanol and water extracts of different parts (fresh and underground) of Arum rupicola var. virescens extracts. The antioxidant activities were determined using two assays (DPPH, ABTS radical cation scavenging activity). The determination of contents were evaluated using total phenolics, flavonoid contents and found maximum values 3.93 ± 0.49 (mgGAE/g- extract), 11.44 ± 0.33 (mg QE/g- extract) respectively. Fresh part is more toxic than underground part with against M. domestica with 30.56 ± 2.78 (5 mg/mL dose, %), and Cx. pipiens after 72 h of exposure with 0.03 ± 0.95 (mg/mL, LC50). These results about A. rupicola var. virescens was showed as source of natural antioxidant and have potential use of pharmaceutical with potential of antioxidant and agricultural industry with potential of pesticide, insectiside activity.
Free radicals are thought to be directly effective in the formation of many diseases, especially in various disease types such as cancer, diabetes, neurological disorders, hypotension [1,2]. Antioxidants are considered to be possible preservatives that reduce oxidative damage caused by free radicals in the human body. Although the antioxidant chemicals obtained from plants have been working for decades, there are still thousands of plants in nature whose mystery has not been solved [3]. Since prehistoric times, plants have been used not only as food but also in pharmaceutical applications thanks to the chemicals they contain. Many drugs used synthetically are based on a plant [4]. Accordingly, the studies on the plants that have antioxidant, larvicidal, anthelmintic, antimicrobial etc. effects of the chemicals in their ingredients gain more importance day by day [5]. House flies and mosquitoes are vector creatures that transmit the disease to humans. Especially, mosquitoes are the main vector in the transmission of malaria, dengue fever, yellow fever, filariasis, and various diseases [6]. Control of mosquito larvae often depends on the continuous application of organophosphates (chlorpyrifos, temephos, and fenthion) and insect growth regulators (diflubenzuron and methoprene) [7]. The effective and repeated use of control agents disrupts natural biological control systems and leads to outbreaks of pesticide-resistant insect species. It has also led to undesirable effects, including toxicity to non-target organisms, and raised concerns about the environment and human health [6]. Arum genus belonging to the Araceae family and has 28 species from Central Asia to Europe and 14 species, 17 taxa located in Turkey [8,9,10]. Tuber part of A. rupicola is used against decoction diabetes [11]. In a study by Özok and Güneş [12], It was found that A. rupicola species increased SOD, GPx, CAT activity in rats. The aim of this study larvicidal activity against larvae of Culex pipiens and Musca domestica as a biolarvicidal with water solvent and antioxidant activity with methanol, acetone, and water solvents extract of Arum rupicola var. virescens was investigated.
A. rupicola var. virescens was collected from Tunceli province in July 2019 during the flowering period. The plant material was identified by Dr. Olcay Düşen and stored with voucher specimens (Herbarium No: 1003 M. Turan) at PAMUH in Pamukkale University, Denizli, Turkey. At room temperature dried fresh parts (leaves and fruits), underground parts (stem and root). A beaker with sample and solvent (acetone, methanol, water) was kept in a shaking water bath for 6 hours and filtered. After filtration, the alcohol and water were evaporated. Extracts were kept at -20 oC [13] Antioxidant properties of the extracts were determined by DPPH (2,2-Diphenyl-1-picryl hydrazyl radical) [14] and ABTS (2,2’-azino-bis-3-ethylbenzothiazoline-6‑sulphonic acid) [15] radical cation scavenging activity assays. Also, total phenolic [16] and flavonoid [17] contents in the extracts were determined. The total phenolic contents in the extracts of A. rupicola var. virescens were expressed as milligrams of gallic acid equivalents (mgGAE/g- extract), were determined with Folin-Ciocalteu reagent (FCR). The total flavonoid content of the extracts was expressed as mg quercetin (mg QE/g- extract) equivalents per gram of extract with aluminum chloride using the spectrophotometric method. Second-third instars larvae of the Musca domestica [18] and Cx. pipiens [19] were exposed to various concentrations (0.1, 0.25, 0.5, 1 mg/mL) of the extracts. All assays were performed in 3 replicates. The mean ± standard error was analyzed using Microsoft Excel, and LC50(min), LC50, LC50(max), LC90, and x2 were made by Probit Analysis in STATPLUS [20] program in larvicidal effect assays.
Since there are many different phytochemicals from the structure of plants, it can be misleading to determine the antioxidant activities of products obtained from plants with a single experiment. Therefore, it should support each other with more than one experiment and the quantitation should be evaluated by experiments [21]. The lower the IC50 value is the higher the antioxidant activity [22]. The methanol extract of the fresh part (2.10 ± 0.06 mg/mL, IC50) showed the highest antioxidant activity result in the DPPH experiment. Similar to DPPH in the ABTS assay, the highest antioxidant value was obtained in the methanol extract of the fresh part (0.45 ± 0.001 mg/ml, IC50). It was found in the methanol extract of the fresh part with a maximum value of 3.93 ± 0.49 mgGAE/g-extract in the total phenolic contents assay and total flavonoid contents of A. rupicola var. virescens extracts were determined and the results varied between 0.20 ± 0.02 mg QE/g-extract and 11.44 ± 0.33 mg QE/g-extract (Tab. 1).
In this assay, the larvicidal activity of A. rupicola var. virescens against Musca domestica and Cx. pipiens were investigated. In the assays, only water extract was used against 2nd and 3rd instar larvae. In the larvicidal activity against M. domestica, the best result was provided in the positive control (Difluban %48 SC, active ingredient: Diflubenzuron, CAS No: 35367-38-5 and fresh part has found to be more toxic with 30.56 ± 2.78 %. Results of larvicidal activity of A. rupicola var. virescens extract against different instar larvae of Cx. pipiens are shown in Tab. 2. The best result was positive control (Mozkill 120 SC, active ingredient: Spinosad, CAS No: 168316-95-8) and 100% result was observed within 1 hour. After 72 hours of exposure, the fresh part showed the most toxic effect with 63.89 ± 2.78 % (0.03 ± 0.95 mg/mL, LC50) results. Concentration and time of exposure were found to be effective in increasing larvicidal activity. As a result, A. rupicola var. virescens given very close results to synthetic antioxidant and the results shows that contains sufficient antioxidant and phenolic substance, terms of LC50 value, suitable for larvicidal studies but the insecticidal study is needed.

Table 1. Antioxidant activity of A. rupicola var. virescens extracts.
	Sample
	DPPH *
	ABTS *
	Total Phenolic Contents**
	Total Flavonoid Contents ***

	Fresh Part Acetone
	2.18 ± 0.015
	0.63 ± 0.003
	2.54 ± 0.57
	6.65 ± 0.28

	Fresh Part Methanol
	2.10 ± 0.06
	0.45 ± 0.001
	3.93 ± 0.49
	11.44 ± 0.33

	Fresh Part Water
	2.72 ± 0.019
	0.78 ± 0.002
	1.37 ± 0.19
	0.49 ± 0.02

	Underground Part Acetone
	2.92 ± 0.001
	0.58 ± 0.003
	1.45 ± 0.20
	0.73 ± 0.08

	Underground Part Methanol
	2.19 ± 0.001
	0.56 ± 0.001
	2.33 ± 0.33
	0.87 ± 0.04

	Underground Part Water
	4.23 ± 0.001
	0.91 ± 0.001
	0.98 ± 0.07
	0.20 ± 0.02

	BHA
	0.03 ± 0.001
	0.10 ± 0.001
	--
	--


* IC50, µg/ml, ** mgGAE/g- extract, *** mg QE/g- extract
Table 2. Statistical values of A. rupicola var. virescens against mosquitos (Cx. pipiens).
	
	Leaf Part

24 h later
	Leaf Part

48 h later
	Leaf Part

72 h later
	Tuber Part

24 h later
	Tuber Part

48 h later
	Tuber Part

72 h later

	LC50 (min) (mg/mL)
	0.81
	0.17
	0.0004
	0.31
	0.42
	0.19

	LC50 (mg/mL)
	1.23 ± 0.14
	0.33 ± 0.14
	0.03 ± 0.95
	264.12 ± 1.50
	0.93 ± 1.18
	0.63 ± 0.26

	LC50 (max) (mg/mL)
	2.76
	0.62
	1.88
	>10000
	>10000
	2.09

	LC90 (mg/mL)
	24.32

± 0.41
	82.07

± 1.36
	>10000
	>10000
	2621.80

± 9.86
	>10000

	x2
	2.74
	0.24
	0.003
	0.36
	0.03
	0.07


x - If the upper cases in the line are the same, there is no statistical difference in Duncan's multiple range test (p ≤ 0.05). y - If the lower cases in the column are the same, there is no statistical difference in Duncan's multiple range test (p ≤ 0.05).  * dH2O: distilled water **Mozkill 120 SC

1. Mammadov R., Düşen O., Demir Uysal D., Köse E. Antioxidant and Antimicrobial Activities of Extracts from Tubers and Leaves of Colchicum balansae Planchon // Journal of Medicinal Plants Research. - 2009. - No. 3. – P. 767-770.

2. Dawidowicz A.L., Wianowska D., Baraniak B. The Antioxidant Properties of Alcoholic Extracts from Sambucus nigra L. (Antioxidant Properties of Extracts) // LWT. – 2006. - No. 39. - P. 308–315.

3. Mammadov R., Makasçı Afacan A., Uysal Demir D., Görk Ç. Determination of Antioxidant Activities of Different Urginea maritima (L.) Baker Plant Extracts. // Iran. J. Chem. Chem. Eng. - 2010. – No. 29. – P. 47-53.

4. Kaska A., Çiçek M., Deniz N., Mammadov R. Investigation of Phenolic Content, Antioxidant Capacities, Anthelmintic and Cytotoxic Activities of Thymus zygioides Griseb. // Journal of Pharmaceutical Research International. – 2018. - No. 21. – P. 1-13.

5. Broadhurst CL, Polansky MM, Anderson RA. Insulin-Like Activity of Culinary and Medicinal Plant Aqueous Extracts in vitro // J. Agric Food Chem.  – 2000. – No. 48. – P. 849-852.

6. Cheng S.S., Huang C.G., Chen W.J., Kuo Y.H., Chang S.T. Larvicidal Activity of Tectoquinone Isolated from Red Heartwood-Type Cryptomeria japonica against Two Mosquito Species // Bioresource Technology – 2008. – No. 99. – P. 3617-3622.

7. Yang Y.C., Lee S.G., Lee H.K., Kim M.K., Lee S.H., Lee H.S., A Piperidine Amide Extracted from Piper longum L. Fruit Shows Activity against Aedes aegypti Mosquito Larvae // J. Agric. Food Chem. - 2002. – No. 50. – P. 3765-3767.

8. Fırat M., Karavelioğulları F.A., Aziret A. Geophytes of East Anatolia (Turkey) // Manas Journal of Agriculture and Life Science. - 2015. – No. 5. – P. 38-53.

9. Çelemli Ö.G., Kızılpınar Temizer İ., Altınözlü H. Anatomy, Palynology of Endemic Cyclamen pseud-ibericum in Mediterranean Phytogeographic Region of Turkey and Chemical Analysis of Its Tuber Extracts // Hacettepe J. Biol. & Chem. - 2015. – No. 43 – P. 105-113.

10. Güner A., Aslan S., Ekim T., Vural M., Babaç M.T. Türkiye Bitkileri Listesi - Damarlı Bitkiler. İstanbul:Nezahat Gökyiğit Vakfı Yayınları, - 2012. – 1290 p.

11. Dalar A. Plant Taxa Used in the Treatment of Diabetes in Van Province, Turkey // International Journal of Secondary Metabolite - 2018. - No. 5 – P. 171-185.

12. Özok N., Güneş İ. Streptozotosin Kaynaklı Diyabetik Sıçanlarda Arum rupicola'nın in vivo Antioksidan Potansiyeli - BEU Journal of Science. - 2019. – No. 8. – P. 866-874.

13. Yılmaz U., Kaya H., Turan M., Bir F., Şahin B. Investigation the Effect of Hypericum perforatum on Corneal Alkali Burns // Cutaneous and Ocular Toxicology. – 2019. - No. 38. – P. 356-359.

14. Turan M., Mammadov R. Antioxidant, Antimicrobial, Cytotoxic, Larvicidal and Anthelmintic Activities and Phenolic Contents of Cyclamen alpinum // Pharmacology & Pharmacy. - 2018.- No. 9. – P. 100-116. 

15. Re R., Pellegrini N., Proteggente A., Pannala A., Yang M., Rice-Evans C. Antioxidant Activity Applying an Improved ABTS Radical Cation Decolorization Assay // Free Radic Biol Med. – 1999. -No. 26. – P. 1231-1237.

16. Singleton V.L., Rossi J.A. Colorimetry of Total Phenolics with Phosphomolybdic-Phoshotungstic Acid Reagents // Amer. J. Enol. Viticult. - 1965. – No.16. – P. 144-158.

17. Aryal S., Baniya M.K., Danekhu K., Kunwar P., Gurung R., Koirala N. Total Phenolic Content, Flavonoid Content and Antioxidant Potential of Wild Vegetables from Western Nepal // Plants. -  2019.- No. 8. – P. 96. 

18. Çetin H., Erler F., Yanikoglu A. Larvicidal Activity of Novaluron, a Chitin Synthesis Inhibitor, against the Housefly, Musca domestica. // J Insect Sci. - 2006.- No. 6. – P. 50.

19. Oz E., Koc S., Dinc Dusen O., Mammadov R., Cetin H. Larvicidal Activity of Cyclamen (Myrsinaceae) Extracts Against the Larvae of West Nile Virus Vector Culex pipiens L. (Diptera: Culicidae) // Asian Pacific Journal of Tropical Medicine. – 2013 - No. 6. – P. 449-452.

20. AnalystSoft Inc. Released. Statplus Professional for Windows, Version 5.9.8.5, Walnut, CA: AnalystSoft Inc. - 2015.

21. Turan M., Mammadov R. Antioxidant, Cytotoxic, Larvicidal, and Anthelmintic Activity and Phytochemical Screening by HPLC of Calicotome villosa from Turkey // Pharmaceutical Chemistry Journal – 2020. – No. 54. – P. 478–483. 

22. Turan M., Mammadov R. UPLC-ESI-MS/MS Screening, Potential of Larvicide and Antioxidant Activity of Bioactive Compounds in Gagea bohemica Extracts, Fresenius Environmental Bulletin – 2020.- No. 29. – P. 6292-6302.

Information about authors. 

Murat Turan: Department of Biology, Faculty of Art & Science, Pamukkale University, Denizli, Turkey - +90 (537) 942 77 97 – muratturan077@gmail.com // Mücahit SEÇME: Department of Medical Biology, Faculty of Medicine, Pamukkale University, +90 (546) 8150846 – mehtersecme@gmail.com // Ramazan Mammadov: Molecular Biology and Genetics, Faculty of Science, Muğla Sıtkı Koçman University, Muğla, Turkey - +90 (537) 594 58 86 – rmammad@yahoo.com
