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Abstract This study aimed to identify the phytochemical

constituents of Lactuca serriola leaves and perform quantitative

analysis of the methanol (MeOH) extract of L. serriola, L. indica,

L. raddeana, L. sativa, and L. triangulata. Six compounds were

isolated from the MeOH extracts of L. serriola using open column

chromatography and identified as protocatechuic acid (1), caffeic

acid (2), cynaroside (3), apigenin 7-glucuronide (4), luteolin (5),

and apigenin (6) using 1H-, 13C-nuclear magnetic resonance, and

mass spectrometry. Quantitative analysis of the six compounds

was performed on the MeOH extract of Lactuca species using

high-performance liquid chromatography (HPLC) and an

ultraviolet (UV). A reverse-phased column was used, and the UV

absorbance was set to 280 nm. The contents of compounds 2 and

3 were the highest (1.58 and 2.64 mg/g ext., respectively) in L.

serriola extracts. However, compounds 4 and 6 were higher (1.46

and 0.40 mg/g ext., respectively) in L. triangulata. These results

provide quantitative data for the application of Lactuca species in

the pharmaceutical and functional food industries.

Keywords High-performance liquid chromatography-ultraviolet
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Introduction

Lactuca serriola L. (Asteraceae) is an annual or biennial plant

known as prickly lettuce [1]. Lactuca serriola is the closest wild

relative of L. sativa, and is native to Asia, Europe, and North

Africa [2]. It is a naturalized plant and is designated as an

ecosystem-disturbing species in Korea. Unlike L. sativa, which is

the common lettuce, the leaves of L. serriola are oblong and

lanceolate, with fine spines along the veins and leaf edges. It has

traditionally been used for multiple purposes, including as a

sedative, purgative, diuretic, vasorelaxant, and demulcent, and it is

used to treat bronchitis, gastrointestinal injury, asthma, and

pertussis. In addition, it was recently found that the aerial parts of

L. serriola have remarkable α-glucosidase inhibitory [3] and

antivenom activities [4]. Lactuca serriola contains lactucone,

lactucin, lactucic acids [5], alkaloids, oxalic acid, lactucopicrin

[1], vitamins, beta-carotene, iron [6], sesquiterpene esters [7],

flavonoids [8], and phenolic acids [4].

Lactuca serriola has been designated an ecosystem-disturbing

species by the Ministry of Environment in Korea [9]. Ecosystem-

disturbing species can be artificially or naturally introduced from

foreign countries and causes disturbances in the balance of the

ecosystem. Genetically modified organisms can be created

through genetic modification with these species. In addition, Rana

catesbeiana [10], Ambrosia artemisiaefolia var. elatior [11], and

Sicyos angulatus [12] have also been identified as ecosystem-

disturbing species in Korea. Ecosystem-disturbing species have

rapid reproductive power and vigorous growth, which have a

serious impact on the ecosystem and cause economic damage

when they enter pastures and arable land. However, in recent

years, they have been studied for use as resources [13,14].

Scientific research that supports their use is still lacking. Studies

on L. serriola have focused on its photosynthetic characteristics

[15,16], genetic differences [17], genetic transformation [18], and

morphological variability [19]. Studies are needed to identify the

active compounds or activities of L. serriola.
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The objectives of this study were to identify the phytochemical

constituents of L. serriola and to quantify the methanol (MeOH)

extracts of L. serriola, L. indica, L. raddeana, L. sativa, and L.

triangulata using high-performance liquid chromatography-

ultraviolet (HPLC-UV).

Materials and Methods

Plant materials

Leaves of L. serriola (June, 2017) were collected from

Jinwicheon, Pyeongtaek, Republic of Korea.

Chemicals and apparatus

Ethyl acetate (EtOAc), n-hexane, chloroform (CHCl3), n-butanol

(n-BuOH), and MeOH were purchased from Samchun Pure

Chemicals (Pyeongtaek, Republic of Korea). Silica gel (200-400

mesh) (Merck Co., Darmstadt, Germany) and Sephadex LH-20

(Sigma-Aldrich Co., St. Louis, MO, USA) were used as the

stationary phases for open column chromatography. Silica gel 60

F254-precoated thin-layer chromatography (TLC) (Merck KGaA,

Darmstadt, Germany) was used to monitor the chromatographic

separation. An Avance 500 MHz spectrometer (Bruker, Rheinstetten,

Germany) was used for nuclear magnetic resonance (NMR)

assignment and a JEOL-MS spectrometer (Jeol, Tokyo, Japan)

was used for mass spectrometry data. Chromatographic analysis

was performed using an HPLC system (Waters Alliance 2695

Separations Module, Milford, MA, USA) equipped with a pump,

auto-sampler, and photodiode-array detection (Waters 996

Photodiode Array Detector). HPLC-grade solvents, such as water

and acetonitrile, were purchased from J. T. Baker (Avantor,

Radnor, PA, USA). Acetic acid (glacial, 100%) was purchased

from Supelco® (Merck KGaA).

Extraction, fractionation, and isolation

Dried leaves of L. serriola (1.7 kg) were extracted with MeOH

under reflux at 88 oC for 3 h, three times in succession. After

extraction, the solvents were filtered using filter paper and

evaporated using a rotary evaporator (Sunileyela Co., Ltd.,

Seongnam, Republic of Korea) at 55 oC to obtain MeOH extract

(300 g). The extract (187 g) was suspended in distilled water

(H2O) and partitioned into polar fractions sequentially using n-

hexane, CHCl3, EtOAc, and n-BuOH. Each partitioned layer of

the solvent was evaporated to produce n-hexane (22.7 g), CHCl3

(24.5 g), EtOAc (7.2 g), and n-BuOH (13.4 g) fractions.

Each fraction was separated using open column chromatography

and silica gel was used as the stationary phase. Each fraction was

eluted using a solvent mixture of a stepwise gradient system

(100:0 v/v to 0:100 v/v). All small fractions on the TLC plates

were visually confirmed by spraying them with 10% H2SO4 in

MeOH and heating them on a hot plate. The EtOAc fraction

(5.2 g) was eluted with CHCl3/MeOH (100:0 v/v to 0:100 v/v)

using a stepwise gradient system to obtain 146 small fractions.

Fractions were grouped into four sub-fractions (LSE1-4), and

LSE1-3 were re-chromatographed over a Sephadex LH-20

column with a solvent system of H2O/MeOH (5:1 v/v to 1:5 v/v).

LSE1 yielded 55 sub-fractions; sub-fractions (53-54) were

recrystallized using MeOH to obtain compound 6. LSE2 yielded

79 sub-fractions; sub-fractions (50-60) were identified as compound

5. LSE3 yielded 94 sub-fractions; sub-fractions (31-33) were

identified as compound 2. The n-BuOH (10 g) fraction was also

eluted with CHCl3/MeOH to obtain 169 small fractions, which

were then grouped into three sub-fractions (LSB1-3). LSB2 was

re-chromatographed over a Sephadex LH-20 column with a

solvent system H2O/MeOH (5:1 v/v to 1:5 v/v) to obtain 86 sub-

fractions. Sub-fractions (52-55) were obtained using a solvent

system of H2O/MeOH (1:1 v/v) and identified as compound 1.

Sub-fractions (64-66) were recrystallized using MeOH to obtain

compound 4. Sub-fractions (83-85) were identified as compound

3.

Compound 1: Light brown solid; 1H-NMR (CD3OD): δ 6.76

(H-5, d, 8.0), 7.39 (H-6, dd, 2.0, 8.0), 7.42 (H-2, d, 2.0); 13C-NMR

(CD3OD): δ 115.8 (C-5), 117.7 (C-2), 123.6 (C-1), 125.4 (C-6),

146.1 (C-3), 150.7 (C-4), 171.9 (C-7).

Compound 2: Yellow amorphous solid; 1H-NMR (DMSO-d6):

δ 6.15 (H-8, d, 15.5), 6.75 (H-5, d, 8.0), 6.94 (H-6, dd, 2.0, 8.0),

7.01 (H-2, d, 2.0), 7.37 (H-7, d, 15.5).

Compound 3: Yellow powder; 1H-NMR (DMSO-d6): δ 5.08

(H-1ʺ, d, 7.5), 6.43 (H-6, d, 2.0), 6.73 (H-3, s), 6.78 (H-8, d, 2.0),

6.86 (H-5′, d, 8.5), 7.40 (H-2′, d, 2.0), 7.44 (H-6′, dd, 2.5, 8.5),

13.04 (5-OH, s); 13C-NMR (DMSO-d6): δ 60.6 (C-6ʺ), 69.5 (C-

4ʺ), 73.1 (C-2ʺ), 76.4 (C-3ʺ), 77.1 (C-5ʺ), 94.7 (C-8), 99.5 (C-6),

99.8 (C-1ʺ), 102.8 (C-3), 105.3 (C-10), 113.2 (C-2′), 115.9 (C-5′),

119.3 (C-6′), 121.5 (C-1′), 145.9 (C-3′), 150.1 (C-4′), 156.9 (C-9),

161.1 (C-5), 162.9 (C-7), 164.6 (C-2), 181.8 (C-4).

Compound 4: Yellow powder; 1H-NMR (DMSO-d6): δ 5.02

(H-1′, d, 7.5), 6.41 (H-6, d, 1.5), 6.81 (H-8, d, 1.5), 6.83 (H-3, s),

6.89 (H-3′,5′, d, 8.5), 7.92 (H-2′,6′, d, 8.5), 13.00 (5-OH, s); 13C-

NMR (DMSO-d6): δ 72.0 (C-4ʺ), 72.9 (C-2ʺ), 73.6 (C-3ʺ), 76.6

(C-5ʺ), 94.6 (C-8), 99.6 (C-6), 99.6 (C-1ʺ), 102.8 (C-3), 105.2 (C-

10), 116.1 (C-3′,5′), 121.0 (C-1′), 128.5 (C-2′,6′), 156.9 (C-9),

161.0 (C-4′), 162.0 (C-5), 163.1 (C-7), 164.3 (C-2), 171.7 (C-6ʺ),

181.9 (C-4).

Compound 5: Yellow powder; 1H-NMR (DMSO-d6): δ 6.17

(H-6, d, 2.0), 6.42 (H-8, d, 2.5), 6.66 (H-3, s), 6.87 (H-5′, d, 8.5),

7.38 (H-2′, d, 2.5), 7.41 (H-6ʹ, dd, 2.5, 8.5), 12.99 (5-OH, s).

Compound 6: Yellow powder; 1H-NMR (DMSO-d6): δ 6.01

(H-6, s), 6.28 (H-8, s), 6.66 (H-3, s), 6.90 (H-3ʹ,5ʹ, d, 9.0), 7.87

(H-2ʹ,6ʹ, d, 9.0), 12.93 (5-OH, s).

Preparation of samples and stock solutions for HPLC

The MeOH extracts of L. indica, L. raddeana, L. sativa, and L.

triangulate were purchased from Korea Research Institute of

Bioscience and Biotechnology, Daejeon, Republic of Korea.
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Sample stock solutions were prepared by dissolving each extract

(30 mg/mL) in MeOH, sonicating for 20 min, and filtering

through a 0.45 μm polyvinylidene difluoride membrane. Stock

solutions of the six standards (1 mg/mL) were prepared using the

same procedure as above.

HPLC conditions

The six compounds were quantified using HPLC-UV using a

reverse-phase YMC-Pack Pro C18 column (4.6×250 mm, 5 μm)

(YMC Korea Co. Ltd., Seongnam, Republic of Korea) maintained

at 30 oC. All the samples were detected at a wavelength of 280

nm. The flow rate was 1 mL/min and the injection volume was 10

μL. The mobile phases were 0.5% acetic acid in water (A) and

acetonitrile (B). Samples and standards were eluted using a

gradient program as follows: 0 min, 95% A; 22 min, 30% B; 29

min, 30% B; 32 min, 40% B; 42 min, 100% B; 45 min, 100% B;

47 min, 95% A; and 55 min, 95% A. All samples were injected

in triplicate.

Calibration curves

The working solutions were prepared by serially diluting the

standard stock solution of each standard to the specified

concentrations and were used to construct the calibration curve.

The calibration functions of the standards were calculated from

the peak area (Y) and concentration (X, μg/mL), and the values

are presented as means ± standard deviation (n =3).

Results and Discussion

The chemical structures of the six isolated compounds were

identified using NMR and MS and compared with previous

literature. Two phenolic acids and four flavonoids were isolated

and identified from the MeOH extracts of L. serriola (Fig. 1).

The NMR spectra of compounds 1 and 2 indicated phenolic

acids [protocatechuic acid (1) and caffeic acid (2)], and their

spectral data were compared with those of previous studies [20-

23]. Signals of the ABX splitting type in the aromatic ring were

observed in both compounds. The spectrum of compound 1

showed aromatic proton signals at δ 6.76 (d, 8.0), 7.39 (dd, 2.0,

8.0), and 7.42 (d, 2.0) and carbonyl carbon signals at δ 171.9.

Furthermore, the 1H-NMR spectrum of compound 2 showed

trans-ene double bond signals at δ 6.15 (d, 15.5) and 7.37 (d,

15.5).

Compounds 3-6 were identified as flavonoids and their derivatives

[cynaroside (3), apigenin 7-glucuronide (4), luteolin (5), and

apigenin (6)] by comparing their spectral data with those of

previous studies [24-29]. “Flavonoids” belong to a class of

secondary metabolites of polyphenols found in plants, and

originate from the Latin word “flavus”, meaning yellow.

Flavonoids have a basic skeleton of 15-carbons and are composed

of two phenyl rings and one heterocyclic ring containing an

embedded oxygen [30]. The spectra of compounds 3-6 indicated

a 5-OH signal of the flavonoid A-ring and a carbonyl (C=O)

signal. Compound 3 had a glucose attached to compound 5, and

Compound R1 R2

3 Glc OH

4 Gln H

5 OH OH

6 OH H

Fig. 1 Chemical structures of compounds 1-6: protocatechuic acid (1),

caffeic acid (2), cynaroside (3), apigenin 7-glucuronide (4), luteolin (5),

and apigenin (6)

Fig. 2 HPLC chromatograms of compounds 1–6: protocatechuic acid (1), caffeic acid (2), cynaroside (3), apigenin 7-glucuronide (4), luteolin (5), and

apigenin (6)
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Fig. 3 HPLC chromatograms of the methanol extracts [protocatechuic acid (1), caffeic acid (2), cynaroside (3), apigenin 7-glucuronide (4), luteolin (5),

and apigenin (6)] of (A) Lactuca serriola, (B) L. indica, (C) L. raddeana, (D) L. sativa, and (E) L. triangulata
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an anomeric proton signal was observed at δ 5.08 (d, 7.5). The
13C-NMR signals of glucose and anomeric carbon were indicated

at δ 60.6, 69.5, 73.1, 76.4, 77.1, and 99.8. Compound 4 had

glucuronic acid combined with compound 6, and the carbon

signal at δ 171.7 (C-6ʺ) indicated a glucuronic acid moiety.

Compound 5 showed proton signals at δ 6.87 (d, 8.5), 7.38 (d,

2.5), and 7.41 (dd, 2.5, 8.5), indicating the ABX splitting type of

the flavonoid B-ring. Compound 6 showed proton signals at δ

6.90 (d, 9.0) and 7.87 (d, 9.0), indicating A2B2 splitting of the B-

ring.

Six compounds were quantified in the extract of L. serriola, and

extracts of four plants of the same genus were also quantitatively

analyzed and their contents were compared. The six compounds

were well separated by HPLC, and the chromatograms of the

standards and extracts are shown in Fig. 2 and Fig. 3, respectively.

The correlation coefficients (r2) of the standards ranged from

0.9991 to 0.9999 (Table 1). The contents of each compound in the

extracts of Lactuca species are shown in Table 2, and all six

compounds were detected in the extract of L. serriola. There was

a high content of compound 3 (2.64 mg/g ext.) in the L. serriola

extract, which was also higher than the other extracts; compound

2 was high. The other compounds were present in relatively small

amounts in L. serriola extracts. Unlike L. serriola, the content of

compound 4 was the highest in L. triangulata compared to other

extracts (1.46 mg/g ext.). Compound 1 was detected in all extracts,

and the contents were similar. In contrast to the other extracts,

only compounds 1-3 were detected in L. sativa.

In other studies, several flavonoids and phenolic acids,

including chlorogenic acid, p-coumaric acid, luteolin, caffeic acid,

and cynaroside, have been isolated from L. serriola and their

antioxidant activity has been reported [8,14,31]. Wang et al.

isolated and identified compounds 1-3 from L. indica and

evaluated the free radical-scavenging activity in the extract [32].

Nugroho et al. quantified phenolic compounds, including luteolin

and cynaroside, from the extract of L. raddeana, suggesting its

anti-obesity activity [33]. Lactuca sativa contains vitamins,

carotenoids, and phenolic compounds [34], and polyphenols are

mainly composed of caffeic acid derivatives and flavonoids [35].

Kim et al. conducted an HPLC analysis from the seventeen

extracts of the Compositae plants; among them, L. triangulata

showed the highest total phenolic content and peroxynitrite-

scavenging activity [36]. Although there are several studies on L.

serriola, their photosynthetic characteristics and genetic and

morphological variability have been studied, and studies on the

phytochemical constituents of L. serriola are still lacking. In

addition, L. serriola is an ecosystem-disturbing species with high

research value and potential as a usable resource.

In conclusion, we isolated six phytochemical constituents from

L. serriola and performed quantitative analysis of the MeOH

extracts of L. serriola, L. indica, L. raddeana, L. sativa, and L.

triangulata using HPLC-UV. These results can be used as key

data for economic and industrial utilization of L. serriola and

Lactuca species.

Table 1 Calibration curves of methanol extracts of Lactuca serriola: protocatechuic acid (1), caffeic acid (2), cynaroside (3), apigenin 7-glucuronide

(4), luteolin (5), and apigenin (6)

Compound tR
 a Calibration equationb Correlation factor, r2 c

1

2

3

4

5

6

09.5

14.5

19.7

26.5

28.8

34.9

Y = 14486X - 2266.9

Y = 26598X - 10400

Y = 15814X + 16652

Y = 16062X - 29206

Y = 20652X + 3588.9

Y = 25529X + 3059.4

0.9999

0.9994

0.9992

0.9991

0.9992

0.9994

a tR = retention time
b Y = peak area, X = concentration of the standard (µg/mL)
c r2 = correlation coefficient for five data points in the calibration curve

Table 2 Content of protocatechuic acid (1), caffeic acid (2), cynaroside (3), apigenin 7-glucuronide (4), luteolin (5), and apigenin (6) in methanol

extracts of Lactuca species

Sample
Content (mg/g ext.)

1 2 3 4 5 6

L. serriola

L. indica

L. raddeana

L. sativa

L. triangulata

0.29±0.05

0.35±0.00

0.10±0.01

0.09±0.00

0.32±0.01

1.58±0.36

0.29±0.01

ND

0.09±0.00

ND

2.64±0.45

0.46±0.02

0.04±0.01

0.22±0.01

0.13±0.01

0.21±0.02

0.51±0.01

0.23±0.04

ND

1.46±0.08

0.30±0.02

0.01±0.01

0.01±0.00

ND

0.22±0.03

0.01±0.00

tr

tr

ND

0.40±0.02

ND, not detected; tr, trace



158 J Appl Biol Chem (2022) 65(3), 153−158

Acknowledgments This research was supported by a grant from Natural

Product Institute of Science and Technology, Anseong 17546, Republic of

Korea. We gratefully acknowledge Mr. Dong-gun Woo for the collection of

the plant material and fundamental side experiments.

References

1. Baquar SR (1989) Medicinal and poisonous plants of Pakistan. Karachi,

Pakistan

2. Mucina L (1978) Ruderal communities with dominant species Lactuca

serriola. Biologia (Bratislava) 33: 809–819

3. Hussein N, Amen Y, Abdel Bar F, Halim A, Saad H-E (2020)

Antioxidants and α-glucosidase inhibitors from Lactuca serriola L. Rec

Nat Prod 14: 410–415

4. Bouimeja B, Yetongnon K, Touloun O, Berrougui H, Laaradia M,

Ouanaimi F, Chait A, Boumezzough A (2019) Studies on antivenom

activity of Lactuca serriola methanolic extract against Buthus atlantis

scorpion venom by in vivo methods. S Afr J Bot 125: 270–279. doi:

10.1016/j.sajb.2019.07.044

5. Dymock W, Warden CJH, Hooper D (1983) Pharmacographia Indica: A

history of the principal drugs of vegetable origin, met with in British

India. K. Paul, Trench, Trübner & Company

6. Usmanghani K, Saeed A, Alam MT (1997) Indusyunic medicine :

traditional medicine of herbal animal and mineral origin in Pakistan.

Karachi: Dept. of Pharmacognosy, Faculty of Pharmacy, University of

Karachi

7. Marco JA, Sanz JF, Albiach R (1992) A sesquiterpene ester from

Lactuca-serriola. Phytochemistry 31: 2539–2540. doi: 10.1016/0031-

9422(92)83321-O

8. Kim DK (2001) Antioxidative components from the aerial parts of

Lactuca scariola L. Arch Pharm Res 24: 427–430. doi: 10.1007/

BF02975189

9. Ryu T-B, Lim J-C, Lee C-H, Kim E-J, Choi B-K (2017) Distribution of

invasive species in metropolitan Busan, South Korea. J Life Sci 27: 408–

416. doi: 10.5352/JLS.2017.27.4.408

10. Kim G (2020) Alien species, american bullfrog (Lithobatus catesbeianus)

and making invasive species in Korea. Dissertation, Seoul National

University

11. Lee I-Y, Kim S-H, Hong S-H (2021) Occurrence characteristics and

management of invasive weeds, Ambrosia artemisiifolia, Ambrosia

trifida and Humulus japonicus. Weed Turf Sci 10: 227–242

12. Lim DO, Hwang IC, Chekar E, Choi DH (2016) A management of

invasive alien species and naturalized plant at Jeonju city. Proceeding of

the Korean J Environ Ecol Conference 2016: 93

13. Awan AF, Akhtar MS, Anjum I, Mushtaq MN, Fatima A, Mannan A,

Ali I (2020) Anti-oxidant and hepatoprotective effects of Lactuca

serriola and its phytochemical screening by HPLC and FTIR analysis.

Pak J Pharm Sci 33: 2823–2830

14. Moon S-I, Kim S-W, Huh W, Kim S-Y, Kim J-S, Lee K-J (2009)

Isolation and characterization of bio-active materials from prickly lettuce

(Lactuca serriola). J Life Sci 19: 206–212. doi: 10.5352/JLS.2009.19.

2.206

15. Werk KS, Ehleringer J (1985) Photosynthetic characteristics of Lactuca

serriola L. Plant Cell Environ 8: 345–350. doi: 10.1111/j.1365-3040.

1985.tb01409.x

16. Guo S, Fang F, Ni L, Chen W, Shi L (2006) Photosynthetic

characteristics and coenological survey of Lactuca serriola in its invaded

area. Chin J Appl Ecol 17: 2316–2320

17. Alexander JM (2010) Genetic differences in the elevational limits of

native and introduced Lactuca serriola populations. J Biogeogr 37:

1951–1961. doi: 10.1111/j.1365-2699.2010.02335.x

18. El-Esawi MA, Elkelish A, Elansary HO, Ali HM, Elshikh M, Witczak J,

Ahmad M (2017) Genetic transformation and hairy root induction

enhance the antioxidant potential of Lactuca serriola L. Oxid Med Cell

2017: 5604746. doi: 10.1155/2017/5604746

19. Novotna A, Dolezalova I, Lebeda A, Krskova M, Berka T (2011)

Morphological variability of achenes of some European populations of

Lactuca serriola L. Flora 206: 473–483. doi: 10.1016/j.flora.2010.09.012

20. An L, Guan S, Shi G, Bao Y, Duan Y, Jiang B (2006) Protocatechuic acid

from Alpinia oxyphylla against MPP+-induced neurotoxicity in PC12

cells. Food Chem Toxicol 44: 436–443. doi: 10.1016/j.fct.2005.08.017

21. Jeong C-H, Jeong HR, Choi GN, Kim D-O, Lee U, Heo HJ (2011)

Neuroprotective and anti-oxidant effects of caffeic acid isolated from

Erigeron annuus leaf. Chin Med 6: 1–9. doi: 10.1186/1749-8546-6-25

22. Kim MJ, Wang HS, Lee MW (2020) Anti-inflammatory effects of

fermented bark of Acanthopanax sessiliflorus and its isolated compounds

on lipopolysaccharide-treated RAW 264.7 macrophage cells. Evid-based

Complement Altern 2020. doi: 10.1155/2020/6749425

23. Liu W, Nisar MF, Wan C (2020) Characterization of phenolic constituents

from Prunus cerasifera Ldb leaves. J Chem 2020. doi: 10.1155/2020/

5976090

24. Eshbakova K, Toshmatov Z, Yili A, Aisa H, Abdullaev N (2013)

Flavonoid galacturonides and glucuronide from the aerial part of

Scutellaria schachristanica. Chem Nat Compd 49: 103–105. doi:

10.1007/s10600-013-0519-y

25. Fajriah S, Megawati M, Darmawan A (2016) Apigenin, an anticancer

isolated from Macaranga gigantifolia leaves. J Trop Life Sci 6: 7–9

26. Hu W, Wang X, Wu L, Shen T, Ji L, Zhao X, Si C-L, Jiang Y, Wang G

(2016) Apigenin-7-O-β-D-glucuronide inhibits LPS-induced inflammation

through the inactivation of AP-1 and MAPK signaling pathways in

RAW 264.7 macrophages and protects mice against endotoxin shock.

Food Funct 7: 1002–1013. doi: 10.1039/c5fo01212k

27. Lin L-C, Pai Y-F, Tsai T-H (2015) Isolation of luteolin and luteolin-7-O-

glucoside from Dendranthema morifolium Ramat Tzvel and their

pharmacokinetics in rats. J Agric Food Chem 63: 7700–7706. doi:

10.1021/jf505848z

28. Park C-H, Hur J-M, Song K-S, Park J-C (2007) Phenolic compounds

from the leaves of Nelumbo nucifera showing DPPH radical scavenging

effect. Korean J Pharmacogn 38: 263–269

29. Van Loo P, De Bruyn A, Buděšínský M (1986) Reinvestigation of the

structural assignment of signals in the 1H and 13C NMR spectra of the

flavone apigenin. Magn Reson Chem 24: 879–882. doi: 10.1002/mrc.

1260241007

30. Delage B (2015) Flavonoids. Linus Pauling Institute, Oregon State

University, Corvallis, Oregon

31. Sedlářová M, Lebeda A (2001) Histochemical detection and role of

phenolic compounds in the defense response of Lactuca spp. to lettuce

downy mildew (Bremia lactucae). J Phytopathol 149: 693–697. doi:

10.1046/j.1439-0434.2001.00698.x

32. Wang SY, Chang HN, Lin KT, Lo CP, Yang NS, Shyur LF (2003)

Antioxidant properties and phytochemical characteristics of extracts from

Lactuca indica. J Agric Food Chem 51: 1506–1512. doi: 10.1021/

jf0259415

33. Nugroho A, Choi JS, An H-J, Park H-J (2015) Phytochemical analysis of

the phenolic fat-suppressing substances in the leaves of Lactuca

raddeana in 3T3-L1 adipocytes. Nat Prod Sci 21: 42–48

34. Kim MJ, Moon Y, Tou JC, Mou B, Waterland NL (2016) Nutritional

value, bioactive compounds and health benefits of lettuce (Lactuca

sativa L.). J Food Compos Anal 49: 19–34. doi: 10.1016/j.jfca.2016.

03.004

35. Degl'Innoocenti E, Pardossi A, Tattini M, Guidi L (2008) Phenolic

compounds and antioxidant power in minimally processed salad. J Food

Biochem 32: 642–653. doi: 10.1111/j.1745-4514.2008.00188.x

36. Kim M-H, Nugroho A, Lim S-C, Moon H-E, Choi J-S, Park H-J (2011)

Phytochemical analysis of phenolic compounds in 30% ethanolic

extracts from the Compositae plants and peroxynitrite-scavenging effect.

Korean J Pharmacogn 42: 149–154


