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Abstract
[bookmark: _GoBack]Isolation of compounds from methanol extract of the Ferulago trifida Boiss. leaves led to the identification of rutin (1), narcissin (2), heraclenol (3), xanthotoxin (4), imperatorin (5), bergapten (6), prantschimgin (7), umbelliferone (8), isogosferol (9), isopimpinellin (10), oxyimperatorin (11). Antibacterial effect of isolated compounds was studied and umbelliferone and isogosferol showed potent antibacterial activity on S. epidermidis (IZ; 15 mm, MIC; 500 μg mL−1) and S. dysenteriae (IZ; 16 mm, MIC; 500 μg mL−1), respectively. Antioxidant activity of methanol and chloroform fractions of leaves was investigated through 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging and ferric reducing antioxidant power (FRAP) tests. The results showed mild antioxidant effect in DPPH test for methanol (IC50: 81.1) and chloroform (IC50: 125.2) extracts and weak antioxidant activity of methanol (67.1 ± 2.9 mmol FSE/100 g) and chloroform (77.4 ± 4.1 mmol FSE/100 g) based on FRAP test compared with BHT (267.2 ± 4.2 mmol FSE/100 g).
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1. Introduction 
Apiaceae (Umbelliferae) family comprises 300 genera and 2500-3000 species distributed in most parts of the world (Heywood et al. 1978). The genus Ferulago W. D. Koch from Apiaceae family consists of forty-six species distributed in Europe, Africa and Asia (Akalin et al. 2002; Badalamenti et al. 2021). Nine Ferulago species are represented in Iran and Ferulago trifida Boiss. is one of them. This species is a perennial plant with up to 1.5 m in height which grows as an endemic plant in northwest of Iran (Mozaffarian 2007). Some Ferulago species have been used since ancient times in folk medicines for their sedative, tonic, digestive and aphrodisiac properties and also in the treatment of intestinal worms and hemorrhoids. Moreover, they are used against ulcers, snake bites, as well as headache and diseases of the spleen (Demetzos et al. 2000) and the gums obtained by incision of the roots of several species are used as spices and drugs and their use as vermifuge and for carminative disorders has been reported (Boulos 1983).  Young parts of this Ferulago trifida Boiss. are used in folk medicine as flavor in pickle and yogurt, cooking some local foods and the treatment of digestive infections as well. Examination of roots and fruits of frulago trifida Boiss. resulted in identification of thirteen coumarins and further tests showed high antioxidant, antibacterial and cytotoxic effects (Tavakoli S et al. 2018).  Analysis of the essential oils of different parts of Ferulago trifida Boiss. demonstrated noticeable AChE inhibitory effects in the Elman method and mild cytotoxic activity on cancerous cell line in MTT assay (Tavakoli S et al. 2017). The present study was designed to investigate chemical composition, antioxidant and antimicrobial activity of extracts from leaves of F. trifida.


2. Results and discussion 
Phytochemical examination of the Methanol and Chloroform extracts obtained from the leaves of F. trifida on Silica gel (normal and reversed phases) and Sephadex LH-20 columns lead to the isolation of eleven compounds (1–11). The structures of the isolated compounds were identified as rutin (1), narcissin (2), heraclenol (3), xanthotoxin (4), imperatorin (5), bergapten (6), prantschimgin (7), umbelliferone (8), isogosferol (9), isopimpinellin (10) and oxyimperatorin (11) using 1H-NMR, 13C-NMR and EI-MS spectral analysis, as well as by comparison with those reported in literature (Pae et al. 2002; Machado et al. 2008; Siskos et al. 2008; Olennikov et al. 2012; Sondhia et al. 2012; Dincel et al. 2013; Sajjadi et al. 2015; Karakaya et al. 2019; Kviesis et al. 2019; Esfahani et al. 2020). Seven of these compounds (1, 2, 3, 8, 9, 10 and 11) are reported for the first time from this plant. According to the examination of antibacterial activity of the isolated compounds from F. trifida leaves, umbelliferone and isogosferol showed high antibacterial activity on S. epidermidis (IZ; 15 mm, MIC;500 μg.mL−1) and S. dysenteriae (IZ; 16 mm, MIC; 500 μg mL−1), respectively.  The antioxidant activity of methanol and chloroform extracts of leaves was examined through DPPH and FRAP free radical scavenging assays. The results of DPPH free radical scavenging demonstrated good antioxidant effect for methanol (IC50: 81.1) and chloroform (IC50: 125.2) extracts. Leaf extract showed mild ferric reducing antioxidant power for both methanol (67.1 ± 2.9 mmol FSE/100 g) and chloroform (77.4 ± 4.1 mmol FSE/100 g) extracts based on FRAP test compared with BHT (267.2 ± 4.2 mmol FSE/100 g). 

6. Conclusion
Eleven compounds have been isolated from the leaves of F. trifida, with rutin (1), narcissin (2), heraclenol (3), umbelliferone (8), isogosferol (9), isopimpinellin (10) and oxyimperatorin (11) were being reported from F. tifida for the first time. Therefore, F.trifida as a promising source of coumarins and flavonoids, has great potential for possible uses as functional foods and pharmaceuticals including analgesic and sedative, antimicrobial, antifungal, anticonvulsant, antioxidant, antiviral and cytotoxic drugs and discovery of new metabolites and biological activities. In this regard, appropriate investigations should be carried out to find more compounds and possible pharmacological effects and drugs.
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