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            Abstract
          
        

        
          Lepidium sativum (LS) is an annual plant that has been used for the treatment of many ailments. The ethanol extracts of pinnately-lobed (PL), pinnately-compound (PC), and pinnately-veined (PV) leaves of LS were examined for their total polyphenol and flavonoid contents, and their phenolic acid (namely caffeic acid (CA), p-coumaric acid (PA), and ferulic acid (FA)) contents were determined using reverse-phase high-performance liquid chromatography-photodiode array (HPLC/PDA) analysis. Among the three leaf types, the highest average total polyphenol content was found in PV (79.87 mg GAE/g extract), whereas PC showed the highest average total flavonoid content (53.35 mg QE/g extract). According to the HPLC/PDA results, PV exhibited a high amount of CA (78.60 µg/g extract) and FA (1,722.85 µg/g extract), whereas a high content of PA (258.72 µg/g extract) was detected in PC. Higher amounts of the phytochemical compounds PV and PC might be indicative of their superior biological activities compared to PL. To the best of our knowledge, this study is the first to quantify and compare the total polyphenol, flavonoid, and phenolic acid contents in three different leaf types of LS.
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      Introduction
      Lepidium sativum L. (LS) is a popular edible herbaceous plant that is locally known as garden grass, peppergrass, pepper wart, or watercress.1,2 It is fast-growing and is cultivated worldwide as a food ingredient and medicinal plant.3,4 LS is used abundantly by rural and tribal people for curing many disorders and particularly for preventing postnatal complications.5 It is also used to treat skin diseases, leprosy, hepatopathy, asthma, scurvy, and seminal weakness.6,7 Besides, it has various health-promoting properties, including antidiabetic, antimicrobial, antioxidant, hypoglycemic, anti-inflammatory, antihypertensive, diuretic, antidiarrheal, and anticancer activities, due to the abundance of phytochemicals (e.g. polyphenols, carotenoids, alkaloids, flavonoids, triterpenes, phytosterols, and tocopherols) in it.8-12 Polymorphic LS species have whole or pinnately divided leaves that are differently lobed, frequently with linear segments.13,14 The leaves contain lots of vitamins, proteins, fats, carbohydrates, and minerals and also exhibit anti-inflammatory, antibacterial, and antioxidant activities.15

      Polyphenols are a group of naturally occurring chemical compounds found in plants.16 They are characterized by the presence of multiple phenol rings, which are organic chemical structures consisting of a benzene ring with a hydroxyl group.17 There are thousands of different polyphenols, and they have been classified into different subclasses based on their chemical structure.18 Flavonoids, which are a subclass of polyphenols, are the biphenyl propane skeleton of polyphenols. The subgroups of flavonoids are flavones, flavan-3-ols, flavanones, anthocyanidins, and isoflavones.19,20 Another subclass of polyphenols is phenolic acids, which are characterized by the presence of a phenolic ring with a carboxylic acid group.21,22 Polyphenols, flavonoids, and phenolic acids are abundant in various fruits, vegetables, cereals, legumes, nuts, seeds, and beverages such as tea, coffee, and red wine. They have attracted a lot of interest because of their possible health benefits, typically antioxidant properties, anti-inflammatory effects, cardiovascular protection, potential cancer prevention, and positive effects on blood sugar regulation.23-28

      Therefore, this study investigated the total polyphenol and flavonoid contents in different leaf types of LS. The samples that showed outstanding results were further analyzed for their phenolic acid contents using high-performance liquid chromatography (HPLC) coupled with a photodiode array (PDA) detector.

    

    

  
    
      Experimental
      Plant materials – LS seeds obtained from the National Agrobiodiversity Center, National Institute of Agricultural Sciences, Republic of Korea, were sown and cultivated at EL & I Co., Ltd., Republic of Korea. LS leaves (Fig. 1) were classified into three types based on leaf shapes and margins: pinnately lobed (PL), pinnately compound (PC), and pinnately veined (PV). Among the 151 accessions, the leaf types were classified into 77 accessions of PV, 56 accessions of PL, and 18 accessions of PC. After the quantitative analysis of total polyphenols and flavonoids, a total of 30 accessions were selected for phenolic acid analysis based on the total fresh weight and polyphenol and flavonoid contents of the samples.

      
        
        

        Fig. 1. 
				
        

        
          LS leaf types: PL (A), PC (B), and PV (C).
        
        

        

      

      Instruments and reagents – HPLC was performed using an Alliance e2695 Separations Module, Quat with pump, autosampler, and 2998 PDA detector (Waters, Milford, MA, USA). HPLC-grade solvents such as methanol (MeOH), water, trifluoroacetic acid (TFA), and acetonitrile (ACN) were purchased from J. T. Baker (PA, USA). Gallic acid (GA), quercetin, caffeic acid (CA), p-coumaric acid (PA), and ferulic acid (FA) (Fig. 2) were provided by the Natural Product Institute of Science and Technology (www.nist.re.kr), Anseong, Korea.

      
        
        

        Fig. 2. 
				
        

        
          Chemical structures of CA (1), PA (2), and FA (3).
        
        

        

      

      Sample extraction – Dried LS (3 g) was extracted once for 6 h with ethanol (90 mL) using a reflux extractor. Subsequently, the mixture was filtered and vacuum evaporated to obtain an extract.

      Preparation of sample and standard solutions – The extracts of LS and CA, PA, and FA were dissolved in MeOH to obtain a concentration of 50 mg/mL for the extracts and 1 mg/mL for the three standards. Subsequently, they were sonicated for 20 min and filtered using a polyvinylidene fluoride (PVDF; pore size: 0.45 μm) membrane filter. Then, they were diluted using MeOH to obtain concentrations that were appropriate for calculations in the quantitative analysis and were used as standard solutions.

      Total polyphenol content – The total polyphenol content of the LS extracts was measured as described in a previous study, with slight modifications.29 Briefly, 60 μL of each sample was mixed with 40 μL of 2 N Folin-Ciocalteu reagent (St. Lewis, Sigma-Aldrich, USA). Next, 100 μL of 7.5% Na2CO3 was added and the samples were allowed to react at room temperature in the dark for 30 min. The absorbance was measured at 760 nm using a microplate reader (Epoch; BioTek, Winooski, VT, USA). The total polyphenol content was calculated based on a standard curve constructed using different concentrations of the standard compound – gallic aicd (GA).

      Total flavonoid content – The total flavonoid content of the samples was measured using a modified version of the method described in a previous study.29 Briefly, 100 μL of 2% AlCl3.6H2O was added to 100 μL of the extract and incubated for 10 min. The absorbance was read at 430 nm using a microplate reader (Epoch; BioTek, Winooski, VT, USA). The total flavonoid content was calculated based on a standard curve constructed using different concentrations of the standard compound – quercetin (Q).

      HPLC conditions – LS was analyzed quantitatively using a reverse phase HPLC system with an INNO C18 column (25.0 cm × 4.6 mm, 5.0 μm). The column temperature was maintained at 30oC. The mobile phase was composed of 0.1% TFA in water (A) and ACN (B). The elution was performed using a gradient system. The gradient elution conditions were 95% A at 0 min until 8 min, 70% A at 21 min, 30% A at 41 min, 0% A at 47 min, 0% A at 51 min, and 95% A at 55 min until 60 min. The sample injection volume was 10 μL, the mobile phase flow rate was 1.0 mL/min, and the detector wavelength was set at 310 nm.

      Calibration curve – As standard solutions, CA, PA, and FA were serially diluted to a minimum of five concentrations to design a calibration curve. The linearity of the calibration curve was determined based on the correlation coefficient (r2), and the content of the target compound was calculated using the equation of the calibration curve. For the calibration correction function for the three compounds, the X-axis (µg/mL) is the concentration, the Y-axis is the peak area, and the value to be substituted is the mean value (n = 3) standard deviation (Table 1).

      
        Table 1. 
				
        

        
          The calibration curves for CA (1), PA (2), and FA (3)
        
        

      

      
        
          
            	Compound
            	tR
            	Calibration equation a
            	Correlation factor, r2 b
          

        
        
          	
            1
          
          	19.05
          	Y = 46675X + 57767
          	0.9999
        

        
          	
            2
          
          	21.80
          	Y = 64445X + 235223
          	0.9997
        

        
          	
            3
          
          	22.81
          	Y = 24450X + 321046
          	0.9997
        

      

      
        
          a Y = peak area, X = concentration of standards (µg/mL)
        

        
          b r2 = correlation coefficient for five calibration data points (n = 3)
        

      

      

    

    

  
    
      Results and Discussion
      LS is a plant that is familiar to many people since ancient times and is usually consumed as a salad or with other vegetables.30 Several studies have reported that the leaves of this plant have various properties and biological effects that are useful for treating scorbutic diseases, constipation, muscular pain, chest problems, and liver complaints and also as an aphrodisiac.31,32 Moreover, it can combat the human breast cancer cell lines MCF-7 and HEp2. According to the Unani medical system, it can also strengthen the brain and enliven the mind.33 These benefits are due to the presence of secondary metabolites such as sinapic acid, sinapoylglucose, quinic acid, and esters of CA, PA, FA, and flavonoids.34,35

      CA, PA, and FA are typical hydroxycinnamic acids, which are one of the main classes of phenolic acids.36 These compounds are widely distributed in various vegetables, beverages, nuts, fruits, herbs, and oils. They are been reported to have many health benefits owing to their antioxidant, anti-inflammatory, anticancer, antiviral, antibacterial, and anti-fibrosis activities.37-39 Furthermore, CA can prevent neurodegenerative diseases and diabetes, and FA can protect against vascular endothelial, kidney, and cardiovascular diseases, inhibit liver cholesterol synthesis, and prevent coronary heart disease and atherosclerosis.40,41 Similarly, PA has analgesic, antiulcer, antiplatelet, and chemoprotective activities.42

      A study reported that the polyphenol and flavonoid contents in the MeOH extracts of LS were 993.43 mg GAE/100 g DW and 153.32 mg QE/100 g DW, respectively.43 Another research focused on LS seeds and found a range of total phenolic content from 51.0 to 61.4 mg GAE/100 g fresh weight in different extracts.6 Yet another study examined leaves from various LS populations and found total polyphenol content in the range of 1.25 to 2.36 mg GAE/g extract, along with total flavonoid content ranging from 0.74 to 1.61 mg QE/g extract.44 Additionally, some phenolic and flavonoid compounds were quantified. The results showed that chlorogenic acid was the most abundant compound, followed by FA, CA, kaempferol, and PA. Nevertheless, almost no research has been conducted on the different leaf types of LS.

      This study characterized the total polyphenol and flavonoid contents in three different leaf types (PL, PC, and PV) of LS. Overall, the three leaf types showed a high content of both polyphenols and flavonoids. The total polyphenol content ranged from 26.468 to 254.421 mg GAE/g extract, and the highest average concentration was found in PV (79.87 mg GAE/g extract). Meanwhile, the total flavonoid content varied from 25.288 to 87.427 mg QE/g extract, and PC showed the highest average content of flavonoids (53.35 mg QE/g extract).

      Based on the results of the total polyphenol and flavonoid contents, 10 samples from each group were selected for phenolic acid (CA, PA, and FA) content evaluation using HPLC/PDA analysis. In the HPLC chromatogram, the retention times of CA, PA, and FA were clearly separated and were at 19.05, 21.80, and 22.81 min, respectively. The results of the HPLC analysis of the three compounds are presented in Fig. 3. The linear calibration curve equations are presented in Table 1. The good linearity of the analytical method was demonstrated by the correlation coefficient (r2), which was more than 0.9997 (Table 1). The contents of the three compounds in all samples were calculated using the calibration curve equations, and the results are presented in Tables 2, 3, and 4. The chromatograms of the samples are illustrated in Fig. 3.

      
        
        

        Fig. 3. 
				
        

        
          HPLC chromatograms of standards [CA (1), PA (2), and FA (3)] (A), sample PL-44 (B), sample PC-11 (C) and sample PV-42 (D) of LS.
        
        

        

      

      
        Table 2. 
				
        

        
          The total polyphenol, flavonoid, and phenolic acid contents in PL leaves of LS
        
        

      

      
        
          
            	Sample
            	Yield (%)
            	Total polyphenol
(mg GAE/g ext.)
            	Total flavonoid
(mg QE/g ext.)
            	Phenolic acid (μg/g ext.)
          

          
            	1
            	2
            	3
          

        
        
          	PL07
          	20.0
          	71.789 ± 2.807
          	41.900 ± 0.917
          	19.75 ± 0.57
          	248.42 ± 1.34
          	1427.75 ± 11.18
        

        
          	PL13
          	18.5
          	69.976 ± 2.420
          	43.956 ± 1.468
          	3.90 ± 0.55
          	174.45 ± 4.23
          	649.46 ± 16.04
        

        
          	PL14
          	20.7
          	67.520 ± 1.621
          	67.483 ± 1.639
          	51.58 ± 0.12
          	393.87 ± 3.03
          	1944.24 ± 9.91
        

        
          	PL16
          	15.4
          	76.117 ± 4.761
          	31.400 ± 1.258
          	35.87 ± 2.59
          	168.62 ± 6.13
          	685.25 ± 1.57
        

        
          	PL26
          	14.9
          	83.310 ± 0.442
          	41.150 ± 1.66
          	55.02 ± 0.73
          	112.46 ± 1.86
          	1795.89 ± 21.47
        

        
          	PL37
          	19.1
          	65.240 ± 3.140
          	36.428 ± 0.542
          	59.58 ± 0.65
          	275.89 ± 13.43
          	1983.34 ± 40.89
        

        
          	PL38
          	17.4
          	93.368 ± 0.765
          	67.317 ± 2.504
          	60.07 ± 1.77
          	203.74 ± 2.75
          	1578.79 ± 25.80
        

        
          	PL40
          	16.3
          	101.205 ± 3.140
          	41.733 ± 2.053
          	5.88 ± 0.37
          	193.16 ± 2.76
          	1389.44 ± 22.58
        

        
          	PL44
          	15.7
          	62.433 ± 1.492
          	46.400 ± 2.171
          	44.02 ± 0.58
          	468.71 ± 3.14
          	2071.52 ± 50.45
        

        
          	PL50
          	17.2
          	35.532 ± 1.630
          	45.594 ± 0.709
          	62.20 ± 2.50
          	164.86 ± 9.92
          	1763.59 ± 26.45
        

        
          	Average
          	
          	72.649 ± 2.221
          	46.336 ± 1.492
          	39.79 ± 1.04
          	248.81 ± 4.86
          	1502.85 ± 22.63
        

      

      

      
        Table 3. 
				
        

        
          The total polyphenol, flavonoid, and phenolic acid contents in PC leaves of LS
        
        

      

      
        
          
            	Sample
            	Yield (%)
            	Total polyphenol
(mg GAE/g ext.)
            	Total flavonoid
(mg QE/g ext.)
            	Phenolic acid (μg/g ext.)
          

          
            	1
            	2
            	3
          

        
        
          	PC01
          	15.5
          	83.953 ± 3.545
          	46.761 ± 0.718
          	76.83 ± 3.42
          	254.02 ± 15.13
          	1923.30 ± 71.56
        

        
          	PC04
          	13.7
          	62.959 ± 5.648
          	87.427 ± 0.835
          	31.47 ± 1.32
          	174.30 ± 9.13
          	868.74 ± 38.90
        

        
          	PC05
          	17.3
          	60.971 ± 0.268
          	51.983 ± 2.522
          	34.53 ± 2.87
          	119.76 ± 11.35
          	439.61 ± 25.44
        

        
          	PC06
          	14.8
          	91.789 ± 1.608
          	48.538 ± 2.011
          	77.97 ± 3.48
          	262.73 ± 10.83
          	1153.48 ± 22.15
        

        
          	PC09
          	16.7
          	77.404 ± 2.655
          	25.288 ± 0.096
          	11.89 ± 0.22
          	253.95 ± 3.91
          	1496.27 ± 9.43
        

        
          	PC10
          	16.9
          	77.404 ± 0.633
          	77.816 ± 2.053
          	48.26 ± 3.79
          	224.02 ± 1.17
          	1401.60 ± 1.78
        

        
          	PC11
          	18.1
          	79.275 ± 0.829
          	60.372 ± 1.072
          	123.17 ± 2.48
          	516.00 ± 18.85
          	3112.03 ± 109.54
        

        
          	PC12
          	19.0
          	60.912 ± 2.584
          	50.622 ± 1.519
          	34.65 ± 1.31
          	365.16 ± 20.03
          	1790.35 ± 75.57
        

        
          	PC15
          	18.2
          	41.497 ± 6.181
          	31.316 ± 0.583
          	55.27 ± 0.59
          	158.53 ± 5.55
          	1496.16 ± 7.18
        

        
          	PC16
          	17.7
          	41.146 ± 1.876
          	36.150 ± 0.901
          	28.37 ± 0.82
          	151.90 ± 2.73
          	1290.40 ± 10.29
        

        
          	Average
          	
          	70.68 ± 2.58
          	53.35 ± 1.23
          	54.89 ± 2.03
          	258.72 ± 9.87
          	1520.17 ± 37.18
        

      

      

      
        Table 4. 
				
        

        
          The total polyphenol, flavonoid, and phenolic acid contents in PV leaves of LS
        
        

      

      
        
          
            	Sample
            	Yield (%)
            	Total polyphenol
(mg GAE/g ext.)
            	Total flavonoid
(mg QE/g ext.)
            	Phenolic acid (μg/g ext.)
          

          
            	1
            	2
            	3
          

        
        
          	PV18
          	19.6
          	67.520 ± 6.930
          	56.706 ± 1.292
          	58.22 ± 3.62
          	709.53 ± 40.51
          	2518.16 ± 68.37
        

        
          	PV19
          	20.3
          	26.468 ± 0.791
          	31.011 ± 0.962
          	77.98 ± 6.78
          	199.42 ± 14.18
          	1795.21 ± 82.43
        

        
          	PV20
          	16.8
          	43.251 ± 3.293
          	44.483 ± 1.453
          	148.80 ± 1.20
          	300.05 ± 2.25
          	2724.88 ± 17.06
        

        
          	PV26
          	15.9
          	68.807 ± 0.632
          	54.039 ± 1.655
          	40.84 ± 1.11
          	91.04 ± 0.73
          	1275.55 ± 4.99
        

        
          	PV29
          	15.0
          	59.275 ± 5.971
          	39.289 ± 1.072
          	45.04 ± 4.01
          	35.63 ± 5.33
          	776.29 ± 30.37
        

        
          	PV37
          	16.6
          	83.251 ± 0.536
          	32.011 ± 0.718
          	105.16 ± 2.34
          	161.81 ± 3.26
          	1844.60 ± 12.13
        

        
          	PV39
          	17.5
          	254.421 ± 6.420
          	44.483 ± 0.712
          	tr
          	99.90 ± 1.11
          	793.27 ± 7.73
        

        
          	PV41
          	17.3
          	46.468 ± 6.642
          	56.956 ± 1.459
          	47.83 ± 1.62
          	225.16 ± 1.58
          	1555.12 ± 7.24
        

        
          	PV42
          	16.1
          	69.392 ± 4.175
          	52.039 ± 1.655
          	84.54 ± 1.60
          	422.23 ± 1.21
          	2294.96 ± 8.15
        

        
          	PV52
          	15.8
          	44.830 ± 17.649
          	56.650 ± 3.292
          	19.65 ± 0.72
          	28.80 ± 0.81
          	194.42 ± 2.76
        

        
          	Average
          	
          	79.87 ± 5.30
          	45.67 ± 1.43
          	78.60 ± 2.56
          	249.42 ± 7.10
          	1722.85 ± 24.12
        

      

      
        
          tr: trace
        

      

      

      The HPLC analysis showed that the three compounds were detected in all the examined samples. Similar to the results of the total polyphenol and flavonoid content analyses, PC and PV had higher contents of phenolic compounds than PL. Based on the average contents, PV had the highest amounts of CA (78.60 μg/g extract) and FA (1,722.85 μg/g extract), whereas PC had the highest concentration of PA (258.72 μg/g extract). Thus, flavonoid, polyphenol, and phenolic acid contents differ among LS plants with different leaf shapes.

      As mentioned above, CA, PA, and FA are compounds with various biological properties; therefore, they provide numerous health benefits and also prevent diseases. In addition to the effects listed above, the consumption of foods rich in CA has also been shown to protect against carcinogenesis (e.g., inhibition of breast cancer cell proliferation).45 By increasing skin elasticity and having a beneficial anti-wrinkle impact, CA may slow down the aging process.46 Furthermore, CA can promote the formation of collagen and prevent premature aging; thus, it is an effective and promising ingredient for the treatment of skin conditions.47 PA is a cosmetic component that can lighten the skin. It has been shown to reduce UV-induced cytotoxicity and hinder the catalytic activity of tyrosinase, particularly human tyrosinase, in vitro.48 Similarly, FA has been proven to combat breast, cervical, lung, pancreatic, colorectal, prostatic, thyroid, bone, and skin cancers.49 Moreover, it can reduce oxidative damage and amyloid pathology, especially in Alzheimer’s disease.50,51 Additionally, as a potential inhibitor of collagen fibrillation and its spread, FA is considered effective against plaques caused by collagen deposition.52

      The current study used HPLC/PDA to examine the total polyphenol, flavonoid, and phenolic acid (CA, PA, and FA) contents in three different leaf types (PL, PC, and PV) of LS. Among the three leaf types, the phytochemical content was high in PL but it was not comparable to the phytochemical contents in the other two leaf types; specifically, PV had the highest concentrations of total polyphenol, CA, and FA, whereas PC had the highest content of total flavonoid and PA.

      These findings suggest that the three LS leaf types (especially PV) are rich in phytochemicals that exhibit diverse biological activities. Thus, LS leaves are valuable natural materials that can be utilized in the cosmetic and pharmaceutical industries for developing health supplements and anti-aging and anticancerous products.
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