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            Abstract
          
        

        
          Daphne jejudoensis, an endemic plant found in Gotjawal area in Jeju Island, was reported as a new species in 2013 due to its distinct characteristics and distribution, which differentiate it from its related species, D. kiusiana. This study focuses on the comparative phytochemical analysis and antioxidant activities of D. jejudoensis leaves based on the collection period in order to identify the optimal harvest time. Daphnin and daphnetin were identified as the major components with the highest content observed in samples collected during spring, and the highest antioxidant activities were recorded during the same time period. This study represents the first investigation into the quantitative analysis of daphnin and daphnetin in the leaves of D. jejudoensis based on the collection period.
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      Introduction
      Antioxidants are essential for reducing oxidative processes and harmful effects of reactive oxygen species (ROS) in both food systems and the human body.1,2 In the food systems, antioxidants act as natural or synthetic food preservatives added to packaged products. They mitigate against oxidative deterioration and prevent food rancidity, directly lengthening the shelf life of the products.3,4 Synthetic antioxidants, including butylated hydroxy anisole (BHA), butylated hydroxy toluene (BHT), tertiary butyl hydroquinone (TBHQ), propyl gallate (PG), dodecyl gallate (DG), and octyl gallate (OG), have been extensively employed in the food industry.5 Research has shown that these artificially created compounds can cause cancer by damaging human DNA.6,7 As a result, some countries have begun to prohibit or restrict the use of synthesized antioxidants.8 Consequently, the significance of obtaining natural antioxidants from edible plants to replace the synthetic antioxidants in food products is apparent due to safety considerations. In the human body, oxidative stress arises from a disproportionate amount of ROS and antioxidant defenses. This disruption of cellular functions can lead to several health problems. When the antioxidative mechanism is overwhelmed by ROS, it causes tissue damage as well as accelerated cellular death, which can act as a basis for many diseases.9,10 A range of scientific studies have indicated that antioxidants offer health benefits in processes such as aging, pathogen infestation, stress, apoptosis, and neurological diseases by reducing the cell-damaging effects of free radicals.11 These findings indicate that the chronic diseases are closely related to the regulation of oxidative stress.12,13

      Daphne jejudoensis (Thymelaeaceae) originates from Jeju Island in South Korea and is commonly discovered in specific regions within the Gotjawal forest, namely Seonheul, Andeog, and Mureung. Despite its similarities to D. kiusiana, D. jejudoensis was classified as a unique species in 2013 owing to morphological variances, such as a smooth calyx surface, an elongated calyx tube and lobes, elliptical leaves with an acuminate apex, and its exclusive habitat within the forested region of Jeju Island.14,15 Several Daphne species have been utilized in traditional medicine, especially in Asia. This can be attributed to the diverse beneficial properties of coumarins, including anti-inflammatory, diuretic, anticancer, analgesic antioxidant, antitussive, and immunomodulatory effects.16-18

      Coumarins are extensively found in various foods and Chinese medicinal herbs, making them valuable natural source of antioxidants.19,20 As a representative coumarin, daphnetin is recognized as a good antioxidant for treating oxidative stress-related diseases.21 Daphnetin demonstrated significant ability to protect mononuclear cells from oxidative stress in umbilical blood.22 Lv et al. studied the cyto-protective activity of daphnetin, a natural coumarin derivative obtained from Genus Daphne, as well as the mechanism related to oxidative stress and mitochondrial dysfunction in tertiary-butyl hydroperoxide (t-BHP)-induced RAW 264.7 cells.23 They found that daphnetin effectively inhibited t-BHP-stimulated cytotoxicity, cell apoptosis, and mitochondrial dysfunction. This inhibition was linked to a decrease in ROS production, a reduction in malondialdehyde (MDA) formation and an increase in superoxide dismutase (SOD) levels, and glutathione (GSH)/GSSG (oxidized GSH) ratio. Furthermore, a recent research has pointed to the effectiveness of daphnetin in reducing oxidative stress-related hepatotoxicity while suppressing 7, 12-dimethylbenz[a]anthracene (DMBA)-induced mammary carcinogenesis by activating Nrf2 signaling pathway.24,25

      In this study, we conducted the first-ever investigation of the two main coumarins found in the leaves of D. jejudoensis and analyzed their content variations across the seasons. Samples were collected during spring (May), summer (July), autumn (October), and winter (February). The antioxidant activities of 70% ethanol extracts of D. jejudoensis leaf in various seasons were evaluated and compared using DPPH radical scavenging activity, ABTS radical scavenging activity, ferric reducing antioxidant power (FRAP), total phenolic contents (TPC), and total flavonoid content (TFC). The study primarily aimed to investigate the leaf of D. jejudoensis, which is the most abundant part in plant, in order to determine the optimal harvesting time for the production of potent antioxidants for use in herbal and pharmaceutical products.

    

    

  
    
      Experimental
      General experimental procedures – HPLC was carried out using the Agilent 1260 Infinity series (Agilent Technologies, Santa Clara, CA, USA) with J'sphere ODS H80 (4.5 × 250 mm, 4 µm, S-8 nm, YMC, Tokyo, Japan). MPLC was conducted using a Biotage Isolera chromatography system (Biotage, Uppsala, Sweden). Preparative HPLC was performed with an Agilent 1260 Infinity series and Agilent Zorbax SB-C18 (9.4 × 50 mm, 5 µm) (Agilent Technologies, Santa Clara, CA, USA). Microplate reader (Tecan, Spark, Austria) was used for the antioxidant assay.

      Plant materials – The dried leaves of D. jejudoensis were collected periodically from Jeoji-ri, Jeju, South Korea and examined by professor Ji-Yeong Bae of Jeju National University for botanical identification. Voucher specimens of the plant (Table 1) were deposited in College of Pharmacy at Jeju National University, Jeju, Korea.

      
        Table 1. 
				
        

        
          List of D. jejudoensis leaves in different seasons
        
        

      

      
        
          
            	Samples
            	Code
            	Collection date
            	Parts
            	Collection site
          

        
        
          	Spring (May)
          	JNUP-2022-14
          	2022.05
          	Leaves
          	Jeoji-ri, Jeju-do
        

        
          	Summer (July)
          	JNUP-2022-19
          	2022.07
        

        
          	Autumn (October)
          	JNUP-2022-38
          	2022.10
        

        
          	Winter (February)
          	JNUP-2023-06
          	2023.02
        

      

      

      Chemicals – Methanol absolute, ethanol, and methylene chloride were purchased from Samchun (Seoul, Korea), while hydrochloric acid was obtained from Daejung (Siheung, Korea). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was provided by Thermo Fisher Science (Waltham, MA, USA). L-ascorbic acid (LAA), trolox, 2, 2'-azinobis(3-ethylbenzothiazoline-6-sulphonic acid diammonium salt (ABTS), Iron(III) chloride, Folin & Ciocalteu's phenol reagent, aluminum chloride, and potassium acetate were purchased from Sigma-Aldrich (MO, USA). Sodium carbonate and gallic acid were from TCI chemicals (Tokyo, Japan).

      Plant Extraction – The powder of dried leaves were homogenized, and 3 g were measured into each flask. Subsequently, 70% ethanol in 1:3 ratio was applied to the flask and sonicated three times for 30 min using ultrasonic extractor (Powersonic 520, hwashintech, Korea). After the extraction, supernatant was pooled through centrifugation (Avanti J-15R, Beckman Coulter, Brea, CA, USA) in 4,000 rpm for 5 min and filtered through Whatman No. 1 filter paper (Maidstone, United Kingdom). The extracts were concentrated using rotary evaporator (Hei-VAP, Heidolph, Germany). The dried crude extracts were stored at 4°C prior to analysis.

      HPLC-DAD analysis – High-performance liquid chromatography (HPLC) analysis was carried out through an Agilent 1260 series HPLC instrument with: J’sphere ODS H80 column (4.5 × 250 mm, 4 µm, S-8 nm, YMC, Tokyo, Japan) and Diode Array Detector on 280 nm. Water with 0.01% formic acid (A)-acetonitrile with 0.01% formic acid (B) was used as solvent system (0-5 min, A 99-90%; 5-15 min, A 90-80%; 15-25 min, A 80-70%; 25-45 min, A 70-60%; 45-55 min, A 60-40%; 55.1-60 min, kept A 99%, respectively). Acetonitrile was in HPLC grade (Merck, Darmstadt, Germany). Distilled water used was generated by an Evoqua water system (Evoqua, Pittsburgh, PA, USA). The injection volume was 1 μL and the flow rate was 1.2 mL/min. Daphnin and daphnetin were identified through the comparison of its retention time and UV spectrum with those of standard compounds (Sigma-Aldrich, MO, USA).

      DPPH radical scavenging activity – 0.2 mM 2,2-diphenyl-1-picryl-hydrazyl(DPPH) solution was prepared in ethanol and added to serial diluted samples (1.56–100 µg/mL). L-ascorbic acid (LAA, 0.3–10 µg/mL) was used as a positive control. After the 30 min of incubation in dark, absorbance was measured at 517 nm by using a microplate reader (Tecan, Spark, Austria). The DPPH radical scavenging activity was calculated in the formula as follows; Inhibition% = [(Acontrol – Asample) / Acontrol] × 100 and expressed in terms of IC50 value.

      ABTS·+ radical scavenging activity – To prepare the ABTS•+ radical cation, the ABTS stock solution was reacted with 2.45 mM potassium persulphate and dissolved in ethanol reaching a final concentration of 7 mM. The reaction was allowed to incubate in the dark for 16 hours until completion. Trolox was used as a positive control in the range of 0.3-15 mM. The ABTS•+ stock solution was diluted in ethanol to achieve an absorbance reading of 0.7 at 734 nm for measurement (Tecan, Spark, Austria). The ABTS•+ radical scavenging activity was then calculated using the following formula Inhibition% = [(Acontrol – Asample) / Acontrol] × 100 and expressed as an IC50 value. The results were also expressed as millimoles of trolox equivalent (TE) per gram of dried extract (mmol TE/g ext).

      Total Flavonoid Contents (TFC) – To determine the total flavonoid contents, each sample (100 µL) was mixed with 10% AlCl3 (20 µL), 1 M NaNO2 (20 µL), 95% ethanol (300 µL), and distilled water (560 µL). The mixture was incubated in 45oC for 30 min. A standard curve for TFC was then plotted using quercetin with the seven points in the range of 3.12 - 200 µg/mL. The results were expressed as micrograms of quercetin equivalent per gram of dried extract (μg QE/g ext). Absorbance was measured at 415 nm using a microplate reader.

      Total Phenolic Contents (TPC) – Total phenolic contents were determined using Folin-Ciocalteu’s method. Samples (100 µL) were mixed with 10% Folin-Ciocalteu’s reagent (500 µL) and sodium carbonate (400 µL). The mixture was kept in the dark for 2 hours and then centrifuged to obtain the supernatant. A standard curve for TPC was drawn using gallic acid (200, 100, 50, 25, 12.5, 6.25, and 3.12 µg/mL). Absorbance measurements at 765 nm were taken using a microplate reader. Results were expressed as micrograms of gallic acid equivalent per gram of dried extract (µg GAE/g ext).

      Ferric Reducing Antioxidant Power (FRAP) – A mixture of 300 mM sodium acetate pH 3.6 (25 mL), 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) in 40 mM HCl (2.5 mL) and 20 mM FeCl3 (2.5 mL) was prepared and suspended in distilled water to make the FRAP reagent. The FRAP reagent was freshly prepared before each experiment; Sample-FRAP solutions (100 μL: 900 μL) were left to react at room temperature in the dark for 24 hours. Absorbance of the colored samples was measured at 595 nm. The standard curve was generated using trolox solution within the concentration range of 0.3 to 15 mM. The results are presented as mmol TE/g of extract.

      Statistical analysis – All experiments were done in triplicate and the results were shown in mean and standard deviation. A p-value less than 0.005 was regarded as statistically significant in one-way analysis of variance (ANOVA).

    

    

  
    
      Result and Discussion
      The main coumarins (daphnin and daphnetin, Fig. 1) content variation in the predominant part of D. jejudoensis, the leaf, was assessed through HPLC-DAD during different seasonal sample collections (Table 1). Samples were collected during the spring (May), summer (July), autumn (October), and winter (February) seasons to compare their coumarin content. 70% Ethanol was chosen as a solvent in this study for the extraction, and the yield of each samples were 40.39% (spring), 21.07% (summer), 28.94% (autumn), and 33.91% (winter), respectively. The calibration curves were established by analyzing a standard mixture containing two major coumarins at various concentration levels. The peak area was plotted against the concentration levels of each reference standard (daphnin: y = 0.8082x – 3.9419 and daphnetin: y = 1.4884x + 7.6888). The curves exhibited good linearity, with the correlation coefficients ranging from 0.9986 and 0.9996 for all the compounds over the concentration ranges of quantification, between 5 and 1000 μg/mL. The peak purity was determined using a photodiode array detector. Furthermore, each peak in the absorption spectrum was compared with the characteristic peak of the corresponding standard compound. Precision was evaluated both within the intraday and inter-day repeatability along with the relative standard deviations consistently measuring below 20%.

      
        
        

        Fig. 1. 
				
        

        
          The structure of compounds isolated from D. jejudoensis.
          1, daphnin; 2, daphnetin.

        
        

        

      

      HPLC-DAD results show that daphnin and daphnetin were found to be the major coumarins present in the D. jejudoensis (Fig. 2). This result is consistent with previous findings from other Daphne species such as D. axilliflora and D. kiusiana.26 70% Ethanol extract of spring season leaves exhibited the highest daphnin content with a value of 443.08 ± 8.52 mg/g ext (Table 2). This was followed by summer (263.95 ± 6.27 mg/g ext), autumn (253.44 ± 4.09 mg/g ext), and winter (201.19 ± 0.16 mg/g ext). Notably, the content of daphnin in the leaves collected during winter was only half of that found in the spring-collected leaves with a value of 201.19 ± 0.16 mg/g ext, making it the lowest of the four seasons. All samples in the four seasons showed relatively lower daphnetin contents in comparison with those of daphnin, yet followed the same trend as daphnin: higher in spring (20.57 ± 0.35 mg/g ext) and summer (15.13 ± 0.15 mg/g ext), and lower in autumn (4.56 ± 0.26 mg/g ext) and winter (5.29 ± 0.07 mg/g ext).

      
        
        

        Fig. 2. 
				
        

        
          HPLC chromatograms of reference compounds (A) and two coumarins in various parts of D. jejudoensis (B-F) measured at 280nm.
        
        

        

      

      
        Table 2. 
				
        

        
          Extraction yield, total flavonoids, total phenols, daphnin and daphnetin content of seasonal leaves of D. jejudoensis
        
        

      

      
        
          
            	Samples
            	Extraction Yield
(%, w/w)
            	Total Flavonoid contents
(μg QE/g ext)a
            	Total Phenolic Contents
(μg GAE/g ext)b
            	Daphnin (1)
(mg/g ext)c
            	Daphnetin (2)
(mg/g ext)c
          

        
        
          	Spring (May)
          	40.39
          	52.05 ± 1.08
          	126.97 ± 14.81
          	443.08 ± 8.52
          	20.57 ± 0.35
        

        
          	Summer (July)
          	21.01
          	44.54 ± 0.47
          	83.37 ± 13.84
          	263.95 ± 6.27
          	15.13 ± 0.15
        

        
          	Autumn (October)
          	28.94
          	48.79 ± 0.94
          	97.38 ± 13.68
          	253.44 ± 4.09
          	4.56 ± 0.26
        

        
          	Winter (February)
          	33.91
          	46.38 ± 0.72
          	70.32 ± 13.53
          	201.19 ± 0.16
          	5.29 ± 0.07
        

      

      
        
          aTotal Flavonoid contents were expressed in quercetin equivalent (QE) μg per 1 g of extract.
        

        
          bTotal Phenolic contents were expressed in gallic acid equivalent (GAE) μg per 1 g of extract.
        

        
          cThe amount was expressed as mg in 1 g of extract.
        

      

      

      The antioxidant capacity of 70% Ethanol leaf extracts of D. jejudoensis collected in four different seasons was evaluated by DPPH, ABTS, and FRAP assays. Both DPPH and ABTS are stable free radicals, and their scavenging mechanisms primarily involve electron transfer and hydrogen atom transfer reaction.27 These radical scavenging activities are presented by the inhibitory concentration 50 (IC50) with positive controls of L-ascorbic acid (LAA) and trolox in this study (Table 3). The FRAP assay is used when evaluating the overall reducing capability of antioxidants by measuring the reduction of ferric (III) to ferrous (II) ions.28 Therefore, DPPH, ABTS, and FRAP assays can be used to evaluate the antioxidant activity of 70% Ethanol leaf extracts of D. jejudoensis.29 As shown in Table 3, the extract from spring season leaves demonstrated not only the most potent capacity in scavenging both DPPH and ABTS radicals but also superior FRAP assay compared to the other extracts collected from other seasons. In contrast, the extract collected in winter leaves had the highest IC50 value in both DPPH and ABTS assays, showing less capacity in reducing ferric (III) to ferrous (II) ions as revealed in the FRAP assay. Much like the variations in daphnin and daphnetin content across all seasons of the year reported in this study, the antioxidant capacity of 70% ethanol leaf extracts from D. jejudoensis demonstrated higher levels during spring and summer, while it was lower in autumn and winter. Kim et al. reported the monthly irradiance of ultra violet observation in Jeju Island, which have shown that the UV index is much higher in spring and summer than in other seasons.30 Li et al. have found that the amount of secondary metabolites in plants is related to the amount of UV radiation.31 Therefore, it can be assumed that the amount of daphnin and daphnetin may be affected by the stronger UV radiation in spring and summer. The differing antioxidant capacities observed in the 70% ethanol leaf extracts of D. jejudoensis across various sample collection seasons indicate a strong correlation with the content of the antioxidant agent, daphnetin and its derivatives.21 Šeršeň and Lácová screened nineteen coumarin derivatives for antioxidant activity and found that coumarins with hydroxyl groups at positions 6 or 8 had the greatest antioxidant effect. As we have shown in this paper, daphnin and daphnetin have hydroxyl groups at positions of 7 and 8, which may explain the link to their antioxidant activity 32 Overall, the results of the DPPH, ABTS, and FRAP assays consistently align in evaluating the antioxidant ability.

      
        Table 3. 
				
        

        
          Antioxidant activity determined by DPPH, ABTS and FRAP assays in different plants parts of D. jejudoensis
        
        

      

      
        
          
            	Samples
            	DPPH IC50
(μg/mL)
            	ABTS IC50 (mM)

            	ABTS
(mmol TEb/g ext)
            	FRAP
(mmol TE/g ext)
          

        
        
          	Spring (May)
          	9.14 ± 0.10
          	2.01 ± 0.18
          	1.37 ± 0.18
          	2.81 ± 0.23
        

        
          	Summer (July)
          	11.39 ± 2.76
          	2.55 ± 0.34
          	1.10 ± 0.18
          	2.29 ± 0.20
        

        
          	Autumn (October)
          	17.39 ± 0.37
          	2.73 ± 0.58
          	1.06 ± 0.23
          	2.23 ± 0.20
        

        
          	Winter (February)
          	17.45 ± 1.44
          	5.40 ± 1.45
          	0.60 ± 0.03
          	1.82 ± 0.18
        

        
          	LAAa
          	5.27 ± 0.34
          	-
          	-
          	-
        

        
          	Trolox
          	-
          	2.61 ± 0.04
          	-
          	-
        

      

      
        
          Data are presented as the mean ± SD of triplicate measurements.
        

        
          aLAA represents L-ascorbic acid.
        

        
          bTE means Trolox Equivalent.
        

      

      

      Total phenolic content (TPC) and total flavonoid content (TFC) of the 70% ethanolic leaf extracts from D. jejudoensis collected during various seasons were also investigated. In this study, total phenolic content was determined by a linear gallic acid standard curve (y = 0.0035x + 0.0565, R2 = 0.9999) and quercetin (y = 0.0048x – 0.0613, R2 = 0.9927) was used as a standard of total flavonoid content. The higher TPC and TFC indicated that the extracts have greater potential for antioxidant activity due to the ability to scavenge free radicals and reduce oxidative stress.33 The total phenolic contents of leaves extract from D. jejudoensis exhibited its highest value in the leaves extract collected during spring, measuring at 126.97 ± 14.81 μg GAE/g ext. This was followed by summer, autumn, and winter with values of 83.37 ± 13.84, 97.38 ± 13.68, 70.32 ± 13.53 μg GAE/g ext, respectively (Table 2). Conversely, the TFC does not follow the same pattern as the TPC, as it demonstrates similar values throughout the year in this study. This discrepancy could be resulted from various factors including. This discrepancy could be resulted from various factors including extraction solvent type and method.34

      In conclusion, this study represents the first investigation of two primary coumarins, daphnin and daphnetin, within the 70% ethanol leaf extracts of D. jejudoensis, accounting with different sample collection times. Antioxidant activities were assessed and compared across seasons through DPPH, ABTS, and FRAP assays, along with TFC and TPC measurements. The results revealed the highest antioxidant activities within samples collected during spring and the lowest during winter. Consequently, the 70% ethanol extracts from D. jejudoensis leaves emerge as a promising source of natural antioxidants for pharmaceutical and herbal products, along with higher radical scavenging activities and substantial phenolic compound contents. Moreover, it is recommended to harvest D. jejudoensis leaves in spring, because of the superior antioxidant activities compared to other seasons.

    

    

  
    
      Acknowledgments
      This work was supported by the research grant of Jeju National University in 2020. We express our gratitude to Mr. Daeyang Park from the Korean Medicinal Plant Garden for his support in obtaining plant materials and to Ms. Yuji Yang for her technical support.

      
        Conflicts of Interest
        The authors have declared that they have no conflicts of interest.

      

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Cakmakci, S.; Topdaş, E. F.; Kalın, P.; Han, H.; Şekerci, P.; Kose, L. P.; Gulcin, I. Int. J. Food Sci. Technol. 2015, 50, 472-481.
			[https://doi.org/10.1111/ijfs.12637]
		
        

        
          	
            
              2. 
            
          
          	Gocer, H.; Akıncıoğlu, A.; Oztaşkın, N.; Göksu, S.; Gulcin, I. Arch. Pharm (Weinheim). 2013, 346, 783-792.
        

        
          	
            
              3. 
            
          
          	Poljsak, B.; Šuput, D.; Milisav, Irina. Oxid. Med. Cell. Longev. 2013, 2013, 956792.
			[https://doi.org/10.1155/2013/956792]
		
        

        
          	
            
              4. 
            
          
          	Wilson, D. W.; Nash, P.; Buttar, H. S.; Griffiths, K.; Singh, R.; De Meester, F.; Horiuchi, R.; Takahashi, T. Antioxidants (Basel). 2017, 6, 81.
			[https://doi.org/10.3390/antiox6040081]
		
        

        
          	
            
              5. 
            
          
          	Andre, C.; Castanheira, I.; Cruz, J. M.; Paseiro, P.; Sanches-Silva, A. Trends Food Sci. Technol. 2010, 21, 229-246.
			[https://doi.org/10.1016/j.tifs.2009.12.003]
		
        

        
          	
            
              6. 
            
          
          	Grice, H. C. Food Chem. Toxicol. 1986, 24, 1127-1130.
			[https://doi.org/10.1016/0278-6915(86)90298-X]
		
        

        
          	
            
              7. 
            
          
          	National Toxicology Program. In Report on Carcinogens Twelfth Edition: Butylated Hydroxyanisole; U.S. Department of Health and Human Services; United States, 2011, pp 78-80.
        

        
          	
            
              8. 
            
          
          	Van Esch, G. J. Food Chem. Toxicol. 1986, 24, 1063-1065.
			[https://doi.org/10.1016/0278-6915(86)90289-9]
		
        

        
          	
            
              9. 
            
          
          	Sindhi, V.; Gupta, V.; Sharma, K.; Bhatnagar, S.; Kumari, R.; Dhaka, N. J. Pharm. Res. 2013, 7, 828-835.
			[https://doi.org/10.1016/j.jopr.2013.10.001]
		
        

        
          	
            
              10. 
            
          
          	Apak, R.; Ozyurek, M.; Güçlü, K.; Capanoğlu, E. J. Agric. Food Chem. 2016, 64, 997-1027.
			[https://doi.org/10.1021/acs.jafc.5b04739]
		
        

        
          	
            
              11. 
            
          
          	Gulcin, İ. Arch. Toxicol. 2020, 94, 651-715.
			[https://doi.org/10.1007/s00204-020-02689-3]
		
        

        
          	
            
              12. 
            
          
          	Sahoo, B. M.; Banik, B. K.; Borah, P.; Jain, A. Anticancer Agents Med. Chem. 2022, 22, 215-222.
			[https://doi.org/10.2174/1871520621666210608095512]
		
        

        
          	
            
              13. 
            
          
          	Zheng, D.; Liu, J.; Piao, H.; Zhu, Z.; Wei, R.; Liu, K. Front. Immunol. 2022, 13, 1039241.
			[https://doi.org/10.3389/fimmu.2022.1039241]
		
        

        
          	
            
              14. 
            
          
          	Jung, E.-H.; Hong, S.-P. Kor. J. Plant Tax. 2003, 33, 421-433.
			[https://doi.org/10.11110/kjpt.2003.33.4.421]
		
        

        
          	
            
              15. 
            
          
          	Lee, J.; Lee, K. H.; So, S.; Choi, C.; Kim, M. Korean J. Plant Taxon. 2013, 43, 94-98.
			[https://doi.org/10.11110/kjpt.2013.43.2.94]
		
        

        
          	
            
              16. 
            
          
          	Hu, X.; Jin, H.; Xu, W.; Zhang, W.; Liu, X.; Yan, S.; Chen, M.; Li, J.; Zhang, W. D. J. Ethnopharmacol. 2008, 120, 118-122.
			[https://doi.org/10.1016/j.jep.2008.07.010]
		
        

        
          	
            
              17. 
            
          
          	Moshiashvili, G.; Tabatadze, N.; Mshvildadze, V. Fitoterapia 2020, 143, 104540.
			[https://doi.org/10.1016/j.fitote.2020.104540]
		
        

        
          	
            
              18. 
            
          
          	Park, B. Y.; Min, B. S.; Oh, S. R.; Kim, J. H.; Bae, K. H.; Lee, H. K. Phytother. Res. 2006, 20, 610-613.
			[https://doi.org/10.1002/ptr.1915]
		
        

        
          	
            
              19. 
            
          
          	Borges, F.; Roleira, F.; Milhazes, N.; Santana, L.; Uriarte, E. Curr. Med. Chem. 2005, 12, 887-916.
			[https://doi.org/10.2174/0929867053507315]
		
        

        
          	
            
              20. 
            
          
          	Wu, L.; Wang, X.; Xu, W.; Farzaneh, F.; Xu, R. Curr. Med. Chem. 2009, 16, 4236-4260.
			[https://doi.org/10.2174/092986709789578187]
		
        

        
          	
            
              21. 
            
          
          	Xia, Y.; Chen, C.; Liu, Y.; Ge, G.; Dou, T.; Wang, P. Molecules 2018, 23, 2476.
			[https://doi.org/10.3390/molecules23102476]
		
        

        
          	
            
              22. 
            
          
          	Zhao, J.; Liu, X. J.; Ma, J. W.; Zheng, R. L. Early Hum. Dev. 2004, 77, 89-98.
			[https://doi.org/10.1016/j.earlhumdev.2004.02.003]
		
        

        
          	
            
              23. 
            
          
          	Lv, H. M.; Liu, Q. M.; Zhou, J. F.; Tan, G. Y.; Deng, X. M.; Ci, X. X. Free Redic. Biol. Med. 2017, 106, 38-52.
			[https://doi.org/10.1016/j.freeradbiomed.2017.02.016]
		
        

        
          	
            
              24. 
            
          
          	Mohamed, M. R.; Emam, M. A.; Hassan, N. S.; Mogadem, A. I. Environ. Toxicol. Pharmcol. 2014, 38, 531-541.
			[https://doi.org/10.1016/j.etap.2014.08.004]
		
        

        
          	
            
              25. 
            
          
          	Kumar, A.; Jha, S.; Pattanayak, S. P. Biomed. Pharmacother. 2016, 82, 439-448.
			[https://doi.org/10.1016/j.biopha.2016.05.028]
		
        

        
          	
            
              26. 
            
          
          	Moshiashvili, G.; Mchedlidze, K.; Aneli, J.; Pichette, A.; Mshvildadze, V. Georgian Med. News 2021, 312, 145-149.
        

        
          	
            
              27. 
            
          
          	Schaich, K. M.; Tian, X.; Xie, J. J. Funct. Foods 2015, 14, 111-125.
			[https://doi.org/10.1016/j.jff.2015.01.043]
		
        

        
          	
            
              28. 
            
          
          	Li, H. B.; Wong, C. C.; Cheng, K. W.; Chen, F. LWT-Food Sci. Technol. 2008, 41, 385-390.
			[https://doi.org/10.1016/j.lwt.2007.03.011]
		
        

        
          	
            
              29. 
            
          
          	Tai, A.; Ohno, A.; Ito, H. J. Agric. Food Chem. 2016, 64, 7285-7290.
			[https://doi.org/10.1021/acs.jafc.6b02847]
		
        

        
          	
            
              30. 
            
          
          	Kim, Y. A.; Choi, W. K. Atmosphere 2017, 27, 291-300.
			[https://doi.org/10.1002/adfm.201700651]
		
        

        
          	
            
              31. 
            
          
          	Li, Y.; Zidorn, C. Phytochem. Rev. 2022, 21, 1549-1575.
			[https://doi.org/10.1007/s11101-021-09797-7]
		
        

        
          	
            
              32. 
            
          
          	Šeršeň, F.; Lácová, M. Eur. Pharm. J. 2015, 62, 41-45.
        

        
          	
            
              33. 
            
          
          	Gulcin, I. Arch. Toxicol. 2020, 94, 651-715.
			[https://doi.org/10.1007/s00204-020-02689-3]
		
        

        
          	
            
              34. 
            
          
          	Marinova, E. M.; Yanishlieva, N. Y. Food Chem. 1997, 58, 245-248.
			[https://doi.org/10.1016/S0308-8146(96)00223-3]
		
        

      

    

    

  OEBPS/images/big_29_3.jpg
PrintISSN 1226-3307
Oniine ISSN 22889027

Natural Product
Sciences

Volume 29, Number 3
September, 2023

‘Sae-Rom Park, Young o Kim, and S Young Yangp. 182






OEBPS/images/data/ksp/38087/NPS_2023_v29n3_146_f002.jpg
Dephnin (1)

2388 -3y F

- 88 F

%8 8E

o8 8E o

l Daphnetin (2) (A) Standard mix 2
- l : :
*a ® (B) flower
L |
o E) E)
' (C) branch
2
. o "
£y E) £
(D) root
1
L z i AN
E) £
' (E) flower bud
L i
A
Y E)
! Fieat
2
- L 4 e,
£y EY £






OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/ksp/38087/NPS_2023_v29n3_146_f001.jpg





