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Abstract

The constituents and antioxidant activities of Cyperus exaltatus var. iwasakii (CE) have not been studied to date. In

this study, the 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'—azino—bis(3—ethy|benzothiazoline—6 sulfonic acid) (ABTS)
assays were used to evaluate the radical-scavenging activities of the ethanol extract, four fractions, and isolated com-
pounds of CE. In addition, phenolic acids and flavonoids were isolated from the ethanol extract of CE using column
chromatography. The compounds identified by spectroscopy were gallic acid, protocatechuic acid, vanillic acid,
p-coumaric acid, rutin, ferulic acid, isoquercitrin, astragalin, quercetin, luteolin, apigenin, tricin, and kaempferol. Quan-
titative analysis using high-performance liquid chromatography (HPLC) revealed that the major flavonoids of CE were
astragalin and tricin and that the major phenolic acid was p-coumaric acid. In addition, comparative analysis of CE
from Ganghwa and Hampyeong habitats using HPLC showed that the Hampyeong CE had a higher phytochemi-

cal content. Comparative analyses of the isolated compounds were also conducted among five Cyperus species. The
highest antioxidant activities were found in the ethyl acetate (EtOAc) fraction, and among the compounds isolated
from CE, vanillic acid and quercetin showed remarkable antioxidant activity even when compared with ascorbic acid.
The results demonstrate the usefulness of CE, which has not been sufficiently studied previously, and will facilitate
the evaluation of its potential effectiveness as antioxidant functional plant material.
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Introduction

Natural products are an essential source of potential
drug intermediates for developing new drugs or health
functional supplements. One of the many approaches
employed in research of natural products is to select

Jungwon Choi and Hak-Dong Lee have contributed this article. plants that have been commonly used since ancient times
*Correspondence: but have not been pharmacologically evaluated for pos-
Eli’;%héuu“ateker sible antioxidant properties. These investigations should
! Department of Plant Science and Technology, Chung-Ang University, aim to identify the various biological functions and
Anseong 17546, Republic of Korea components of plant materials. Almost all Cyperus spe-
R(’jg:ir“acl zrfosoiglmtmte of Science and Technology, Anseong 17546, cies are classified as weeds in agriculture, and herbicide
3 Department of Food and Nutrition, Chung-Ang University, development to remove them has been studied. Since
Anseong 17546, Republic of Korea Cyperus species are considered weeds, little research has

4 i - i i i . . .
O](B}E;:searchlnsntute, Chung-Ang University, Anseong 17546, Republic been conducted on them, partlcularly in terms of their

phytochemical composition and bioactivity [1-3].

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13765-023-00820-3&domain=pdf
http://orcid.org/0000-0002-0395-207X

Choi et al. Applied Biological Chemistry (2023) 66:61

Among Cyperus species, Cyperus exaltatus var. iwa-
sakii (CE) is a sedge of the family of Cyperaceae and is
commonly found in East Asia, Australia, Africa, and
North America. CE culms have a triangular cross-sec-
tion, a smooth surface, and a growing height of 100-
180 cm. The leaves are 5-15 mm long, the spikelets are
flat, and their color is yellow to dark yellowish-brown
[4]. In Africa, the rhizome of CE has been powdered
and used to treat pus or anemia caused by malaria [5]. In
many countries, including the Republic of Korea, tough
culms of CE have been used to make a variety of house-
hold products as well as cushions, slats, and huts. Thus,
CE is a representative industrial crop among sedges that
is used to make daily necessities. In Korea, the main
CE production regions are Hampyeong and Ganghwa,
and since much of the focus on CE since ancient times
has been on its usefulness for making local products, its
pharmacological aspects have rarely been explored.

Reactive oxygen species (ROS), such as singlet oxygen
(0,), superoxide anion (O,~), and hydroxyl (‘OH) radi-
cal, and non-free radical species, such as hydrogen per-
oxide (H,0,), are frequently produced as byproducts of
biological reactions or external stimuli [6, 7]. ROS have
been shown to exert both positive and harmful effects.
In some signal transduction pathways, ROS may func-
tion as second messengers at extremely low concentra-
tions [8]. However, excess generation of ROS is regarded
as the primary cause of oxidative stress as a result of
imbalanced antioxidant defense systems, and the crea-
tion of ROS may damage important biomolecules such as
DNA, lipids, and proteins [9, 10]. Finally, oxidative stress
causes the onset of age-related diseases such as cancer,
hypertension, atherogenesis, Parkinson’s disease, and
Alzheimer’s disease [11]. Recent studies have shown that
antioxidants derived from plants with free radical-scav-
enging characteristics may play a key role as therapeutic
agents in the aging process and free radical-mediated ill-
nesses such as neurodegeneration [12].

Plants have an important function in sustaining human
health and improving human quality of life. Plant extracts
and phytochemicals such as flavonoids and other poly-
phenolic compounds have been demonstrated to exhibit
biological activity in vitro and in vivo, justifying tradi-
tional medicine research focused on the characterization
of the biological activity of these plants [13]. Due to their
diverse pharmacological properties, including antimicro-
bial, antioxidant, anticancer, analgesic, anti-inflamma-
tory, and apoptosis-inducing properties, plant-derived
natural products, such as polyphenols, tannins, terpenes,
alkaloids, and flavonoids, have garnered considerable
attention in recent years [14-16]. Many synthetic anti-
oxidant molecules have been demonstrated to be harmful
and/or to have mutagenic properties, which has piqued
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the curiosity of numerous researchers in natural antioxi-
dants [17, 18]. Thus, research into natural antioxidants
has become a crucial topic. In light of its widespread
application and chemical composition, the in vitro anti-
oxidative activity of the extract, fractions, and isolated
compounds of CE is worth evaluation.

In this study, various experiments were performed with
CE, which is mainly used as a fiber and industrial crop, to
broaden knowledge of its antioxidant properties and phy-
tochemical components.

Materials and methods

Plant materials

The aerial parts of CE were collected from Hampyeong,
Korea in 2019. The methanol (MeOH) extracts of CE,
C. difformis (CD), C. microiria (CM), C. sanguinolentus
(CS), and C. cyperoides (CC) were obtained from KRIBB
in Daejeon, Korea. We also acquired CE grown in Gang-
hwa in 2019 for comparative analysis.

Apparatus and chemicals

Open-column chromatography was performed on sil-
ica gel (60-200 Mesh ASTM, Germany) with Sepha-
dex LH-20 (Sigma-Aldrich, St. Louis, MO, USA) and
LiChroprep RP-18 (Sigma-Aldrich, St. Louis, MO, USA).
Chromatographic analysis was performed using a high-
performance liquid chromatography (HPLC) system
(Agilent Technology 1260 Infinity II; Santa Clara, CA,
USA) and INNO C18 column (250%x4.6 mm, 5 pm)
equipped with a pump, an auto-sampler, and a diode
array detector (DAD). The solvents ethanol (EtOH),
methanol (MeOH), n-hexane, chloroform (CHCl,), ace-
tic acid, ethyl acetate (EtOAc), and n-butanol (n-BuOH)
used for extraction and fractionation were purchased
from Samchun Pure Chemicals Co. (Pyeongtaek, Korea).
Extraction and evaporation were performed in an EYELA
apparatus (Japan) and with the EYELA rotary evapora-
tor system (Japan). In addition, 2,2’-Azino-bis(3-ethylb-
enzothiazoline-6-sulfonic acid) (ABTS) was purchased
from Roche Diagnostics GmbH (Mannheim, Germany),
and 2,2-diphenyl-1-picrylhydrazyl (DPPH, 95%) was pur-
chased from Alfa Aesar (Haverhill, USA).

DPPH radical-scavenging activity

The DPPH method is widely used to measure the antioxi-
dant activity of water-soluble or organic solvent extracts
from natural products. In this experiment, the antioxi-
dant activity of extracts and fractions of CE was meas-
ured using the method described by Choi et al. [19]. First,
200 puL of 2 mM DPPH dissolved in 95% ethanol and
10 pL of each experimental group were added to an E.P.
tube, vortexed, and reacted in the dark for 30 min. The
concentrations of the remaining radicals were measured
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using a microplate reader (514 nm). Ascorbic acid
(Sigma, USA) was used as a positive control. The scav-
enging ability (ICg,) of the extract against DPPH was
expressed as the concentration required to reduce the
absorbance of the control group using only the solvent by
50%.

DPPH radical - scavenging activity (% )

= (Blank O.D — Sample O.D)/ Blank O.D)x 100
(1)

ABTS radical-scavenging activity

The ABTS radical-scavenging activity of extracts and
fractions of CE was measured by modifying a previously
reported method [20]. For the experimental method,
7.4 mM ABTS and potassium persulfate (2.6 mM) dis-
solved in distilled water were added in a 1:1 ratio and
diluted with distilled water (pH 7.4) to an absorbance
value of 1.00+0.02. After leaving the mixture in the dark
for 24 h, 10 uL of each sample prepared by concentra-
tion in 200 uL of the radical stock solution was added.
After leaving the mixture for 30 min, the concentrations
of the remaining radicals were measured using a micro-
plate reader (734 nm). Ascorbic acid was used as a posi-
tive control. The concentration range was measured to be
0.5-0.025 mg/mL, and the scavenging ability (IC) of the
extract against ABTS was expressed as the concentration
required to reduce the absorbance of the control group
by 50% using only the solvent.

ABTS radical - scavenging (% )
= (Blank O.D — Sample O.D)/ Blank O.D x 100
2)

Total polyphenol content analysis

Total polyphenol content analysis was performed by
modifying a previously reported Folin-Ciocalteu method
[21] First, 60 pL of 2N Folin-Ciocalteu phenol reagent (St.
Lewis, Sigma-Aldrich, USA) was added to the extract.
Then, after adding 60 pL of 15% Na,COjs to the solution
for 30 min, absorbance was measured at 760 nm using a
microplate reader (Epoch, BioTek, Winooski, Vietnam,
USA). Finally, a calibration curve was created using gal-
lic acid as the standard to quantify the total polyphenol
content.

Extraction, fractionation, and isolation of CE

The dried aerial parts of CE (4.5 kg) from Hampyeong
were cut into small pieces and extracted under reflux
with 95% ethanol at 80—84°C for three hours; this process
was repeated three times with an equipped extractor.
Using a rotary evaporator, the resultant extract solution
was filtered and concentrated to obtain a crude ethanol

Page 3 of 11

extract (930 g). The ethanol extract of CE (920 g) was sus-
pended in distilled water and subsequently partitioned
with n-hexane, CHCIl;, EtOAc, and n-BuOH to obtain
the n-hexane (355 g), CHCI; (25 g), EtOAc (14 g), and
n-BuOH fractions (40 g). The EtOAc fraction (13.1 g) of
CE was placed onto a silica gel column (680 cm) with
a step gradient of CHCl;:MeOH (10:0 to 4:6) and pooled
to produce a fraction. The fractions were analyzed and
combined using thin layer chromatography to create six
additional subfractions. These additional fractions were
purified using Sephadex LH-20 column and then dis-
solved at a step gradient of H,0:MeOH (9:1-0:1 v/v) to
produce compounds 1, 7, 8, 9, 10, 11, 12, and 13. The
n-BuOH fraction (36 g) of CE was also eluted on an
open column (8%100 cm) using a previously described
method. The n-BuOH fraction revealed four fractions
and recrystallized compounds 2-6.

Compound 1: White powder; EI-MS: m/z 170 [M]"
(100), 162 (40.0), 133 (50.0), 90 (24.0), 80 (12.0); 'H-NMR
(500 MHz, DMSO-d,): § 7.10 (2H, s, H-1, H-5); *C-
NMR (125 MHz, DMSO-d,): § 110.8 (C-2, C-6), 122.4
(C-1), 139.3 (C-4), 146.4 (C-3, C-5), 168.7 (C-7) (Fig. S1
and S2).

Compound 2: White crystal; EI-MS: m/z 154 [M]*
(100), 162 (40.0), 135 (50.0), 90 (25.0), 76 (12.0); 'H-NMR
(500 MHz, DMSO-dy): § 7.43 (d, 1H, J=2.0 Hz, H-2),
7.38 (dd, 1H, J=8.0, 2.0 Hz, H-6), 6.77 (d, 1H, ]=8.0 Hz,
H-5); 3C-NMR (125 MHz, DMSO-d,): § 172.0 (C=0),
150.7 (C-4), 146.2 (C-3), 125.5 (C-6), 123.7 (C-1), 117.8
(C-2), 115.6 (C-5) (Fig. S3 and S4).

Compound 3: White powder; EI-MS: m/z 168 [M]"
(100), 284 (65.0), 258 (56.0), 168 (13.0), 137 (15.0), 119
(15.0), 83 (70.0), 65 (75.0); 'H-NMR (500 MHz, DMSO-
dg): 8 7.54 (1H, d, J=2.0 Hz, H-2), 7.55 (1H, dd, J=8.0,
2.0 Hz, H-6), 6.82 (1H, d, J=8.0 Hz, H-5), 4.00 (3H,
s, OCH,); *C-NMR (125 MHz, DMSO-d,): & 166.5
(COOH), 152.3 (C-3), 148.4 (C-4), 123.0 (C-1), 122.0
(C-6), 113.4 (C-2), 111.9 (C-5), 54.1 (OCH3) (Fig. S5 and
S6).

Compound 4: White powder; EI-MS: m/z 164 [M]*
(100), 257 (12.0), 228 (5.0), 181 (2.0), 154 (20.0), 128
(11.0), 106 (1.0), 88 (1.0), 70 (4.0); 'H-NMR (500 MHz,
DMSO-dy): 8 7.51 (3H, t, ]=8.0, 15.0 Hz, H-3, H-5, H-9),
6.75 (2H, d, J=8.0 Hz, H-6, H-8), 6.21 (1H, d, J=16.5 Hz,
H-2); C-NMR (125 MHz, DMSO-d,): § 168.1 (C-9),
158.3 (C-4), 143.2 (C-7), 1314 (C-2, C-6), 124.2 (C-1),
113.4 (C-3, C-5), 114.3 (C-8) (Fig. S7 and S8).

Compound 5: Yellow amorphous powder; FAB-MS:
m/z 625. 'H-NMR (DMSO-d,, 500 MHz): §=6.18(1H,
d, J=2.0 Hz, H-6), 6.34(1H, d, J=2.0, H-8), 7.49(1H, d,
J=2.0, H-2"), 6.79(1H, d J=9.0, H-5"), 7.53(1H, dd,
J=9.0, 2.0, H-6"), 12.53(1H, s, 5-OH), 5.30(1H, d, ]=7.0,
H-1""), 4.34(1H, d, ]=2.0, H-1"""), 1.00(3H, d, ]=6.0,
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H-6"""). *C-NMR (125 MHz, DMSO-dy): § 156.4 (C-2),
131.2 (C-3), 176.3 (C-4), 156.5 (C-5), 100.6 (C-6), 164.4
(C-7), 93.6 (C-8), 161.2 (C-9), 104.1 (C-10), 121.6 (C-1"),
115.1 (C-2"), 144.7 (C-3"), 148.5 (C-4'), 116.1 (C-5"),
120.9 (C-6"), 101.2 (C-1""), 71.8 (C-2""), 74.1 (C-3""),
71.6 (C-4""), 72.8 (C-5""), 67.0 (C-6"") 103.8 (C-1"""),
70.0 (C-2"7"), 70.2 (C-3"""), 70.5 (C-4"""), 68.2 (C-5"""),
17.7 (C-6""") (Fig. S9 and S10).

Compound 6: Yellow amorphous powder; EI-MS: m/z
194 [M]* (100), 180 (25), 160 (7), 134 (32), 101 (14), 90
(15), 71(27), 52(15); "H-NMR (500 MHz, DMSO-d,) &: 3.94
(3H, s, H-4), 6.32 (1H, d, J=14.0 Hz, H-2"), 6.85 (1H, d,
J=9.0 Hz, H-6), 7.14 (1H, dd, ]=8.0, 2.0 Hz, H-5), 7.01 (1H,
d, J=2.0 Hz, H-3), 7.74 (1H, d, J=14.0 Hz, H-1"); 3C-NMR
(125 MHz, DMSO-d): § 55.0 (C-4"), 108.3 (C-5), 114.5
(C-2), 114.8 (C-2), 124.6 (C-3), 124.7 (C-4), 142.8 (C-1"),
147.0 (C-6), 148.3 (C-1), 171.3 (C-3”) (Fig. S11 and S12).

Compound 7: Yellow powder; FAB-MS: m/z 464. 'H-
NMR (DMSO-d,, 500 MHz): § 12.65 (5-OH), 7.58 (1H,
d, J=1.5 Hz, H-2"), 7.57 (1H, d, J=2.0 Hz, H-6'), 6.85
(1H, dd, J=1.5, 7.5 Hz, H-5"), 6.41 (1H, d, J=2.0 Hz,
H-8), 6.21 (1H, d, J=2.0 Hz, H-6), 5.47 (1H, d, J="7.0 Hz,
H-17), 3.60-3.10 (6H, m, H-27-6""). 3C-NMR
(125 MHz, DMSO-d,): § 155.1 (C-2), 133.4 (C-3), 177.3
(C-4), 162.3 (C-5), 98.6 (C-6), 165.1 (C-7), 93.4 (C-8),
156.2 (C-9), 104.9 (C-10), 121.6 (C-1"), 115.1 (C-2)), 143.7
(C-3), 1485 (C-4"), 116.1 (C-5"), 120.9 (C-6"), 100.7
(C-17), 74.2 (C-2"), 76.4 (C-3"), 70.0 (C-4"), 77.7 (C-5"),
61.0 (C-6") (Fig. S13 and S14).

Compound 8: Yellow powder; ESI-MS: m/z 447.2 [MH]".
"H-NMR (DMSO-d,, 500 MHz) &: 8.06 (2H, dd, J=12.0,
2.5 Hz, H-2', H-6'), 6.87 (2H, dd, J=9.5, 2.5 Hz, H-3, H-5),
6.40 (1H, d, J=2.0 Hz, H-8), 6.18 (1H, d, J=2.0 Hz, H-6),
5.15(1H, d,J=7.8 Hz, H-1”), 3.76 (1H, dd, J=14.0, 4.2 Hz,
H-6"b), 3.57 (1H, dd, J=12.0, 4.5 Hz, H-6"a), 3.49 (1H,
d, J=11.4 Hz, H-3"), 3.40 (1H, d, J=11.4 Hz, H-2"), 3.27
(1H, d, J=7.8 Hz H-5"). 3 C-NMR (125 MHz, DMSO-dj)
8: 178.3 (C-4), 163.6 (C-7), 161.8 (C-2), 160.2 (C-5), 157.6
(C-9), 157.3 (C-4), 134.1 (C-3), 130.9 (C-2, C-6)), 121.2
(C-1), 114.7 (C-3, C-5'), 104.8 (C-10), 103.5 (C-1”), 98.5
(C-6), 93.3 (C-8), 75.7 (C-5”). 73.8 (C-3"), 71.6 (C-2"),
68.6 (C-4”), 60.5 (C-6") (Fig. S15 and S16).

Compound 9: Yellow powder; ESI-MS: m/z 301.1
[MH]" (C;sH;,0,). '"H-NMR (DMSO-d,, 500 MHz) &:
7.69 (1H, d, J=2.1 Hz, H-2'), 7.60 (1H, dd, ] =8.4, 2.1 Hz,
H-6), 6.88(1H, d, ] =8.4 Hz, H-5), 6.46 (1H, d, ] =2.0 Hz,
H-8), 6.14 (1H, d, ] =2.0 Hz, H-6). *C-NMR (125 MHz,
DMSO-d,) 8: 175.9 (C-4), 163.3 (C-7), 161.3 (C-9), 157.8
(C-5), 148.3 (C-4’), 146.5 (C-1), 143.0 (C-1’), 135.8 (C-3)
122.7 (C-1)), 120.2 (C-6), 115.0 (C-5), 113.5 (C-2), 103.3
(C-10), 98.0 (C-6), 93.1 (C-8) (Fig. S17 and S18).

Compound 10: Yellow powder; ESI-MS: m/z 270
[MH]". 'H-NMR (DMSO-d,, 500 MHz) §: 7.41(1H,
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dd, J=8.2, 2.2 Hz, H-6), 7.50(1H, d, J=2.2 Hz,
H-2"), 6.90(1H, d, J=8.3 Hz, H-5), 6.68(1H, s, H-3),
6.45(1H, d, J=2.0 Hz, H-8), 6.21(1H, d, Hz, H-6); 13C-
NMR(125 MHz, DMSO-d,) §: 181.7(C-4), 164.1(C-
2), 163.9(C-7), 162.4(C-5), 156.2(C-9), 149.7(C-4’),
145.7(C-3"), 121.6(C-1"), 118.9(C-6"), 116.0(C-5"),
113.3(C-2"), 103.7 (C-10), 98.8(C-6), 93.8(C-8) (Fig. S19
and S20).

Compound 11: Yellow powder; ESI-MS: m/z 270
[MH]. 'H-NMR (DMSO-d,, 500 MHz): 7.83 (2H, d,
J=8.8 Hz, H-2, H-6"), 6.93 (2H, d, J=8.8 Hz, H-3',
H-5"), 6.83 (1H, d, J=2.0 Hz, H-6), 6.71 (1H, d,
J=2.0 Hz, H-8), 6.57 (1H, s, H-3); 3C-NMR(125 MHz,
DMSO-dy): 180.4 (C-4), 165.9 (C-5), 164.4 (C-2), 162.5
(C-4"), 160.7 (C-9), 160.1 (C-7), 129.3 (C-2’, C-6"),
123.2 (C-10), 117.1 (C-3’, C-5), 109.3 (C-10), 106.6
(C-3), 104.7 (C-6), 99.3 (C-8) (Fig. S21 and S22).

Compound 12: Yellowish white powder; EI-MS m/z
330.0740 [M]T; '"H-NMR (500 MHz, DMSO-d) § 12.97
(1H, 5-OH), H-7.32 (2H, s, H-2", H-6") 6.98 (1H, s, H-3),
6.56 (1H, d, J=3.0 Hz, H-8), 6.21 (1H d, J=3.0 Hz, H-6),
3.89 (6H, s, 3’, 5'-OCH,); "*C-NMR (125 MHz, DMSO-
dg) § 182.1 (C-4), 164.6 (C-7), 164.1 (C-2), 161.8 (C-5),
157.7 (C-8a), 148.6 (C-3’, C-5'), 1402 (C-4'), 120.8
(C-1"), 104.7 (C-2’, C-6"), 104.0 (C-4a, C-3), 99.3 (C-6),
94.7 (C-8), 56.8 (C-OCH, x 2) (Fig. $23 and S24).

Compound 13: Yellow powder; EI-MS m/z [M+H]* m/z
287.0546. "H-NMR (500 MHz, DMSO-d,) &: 1248 (1H,
s, 5-OH), 10.84 (1H, s, 7-OH), 10.13 (1H, s, 4’-OH), 8.04
(2H, d,J=9.0 Hz, H-2', H-6"), 6.95 (2H, d, J=9.0 Hz, H'3’,
H-5"), 645 (1H, d, J=2.0 Hz, H-8), 6.22 (1H, d, J=2.2 Hz,
H-6). 3 C-NMR (125 MHz, DMSO-d) &: 176.4 (C-4), 164.4
(C-7), 161.1 (C-5), 159.7 (C-4"), 156.6 (C-9), 147.2 (C-2),
136.1 (C-3), 130.0 (C-2’, C-6"), 122.2 (C-10), 116.0 (C-3’,
C5),103.5 (C-1), 96.7 (C-6), 94.0 (C-8) (Fig. S25 and S26).

Preparation of samples for HPLC and calibration curves
Two types of CE are cultivated in Hampyeong and Gang-
hwa, and both were used to prepare MeOH extracts
(50 mg/mL). The same sample-preparation method was
used to prepare MeOH extracts of four Cyperus species.
Standard flavonoid and phenolic acid solutions were
also prepared by dissolving the respective compounds in
MeOH (0.5 mg/mL). Before analysis, all samples were fil-
tered through a syringe filter (0.45 um, PVDF) using son-
ication for 20 min. The compounds were diluted in series
to produce different concentrations (0.03125-0.5 mg/
mL). The calibration curve for each standard was con-
structed by plotting the concentration (X, pug/mL) ver-
sus the peak area (Y). The correlation coefficient (%) was
used to determine linearity.
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HPLC-DAD chromatographic condition

Chromatographic separation of individual com-
pounds was performed using the INNO C18 column
(250%x4.6 mm, 5 pum). The mobile phase was 0.5% tri-
fluoroacetic acid in 10% ACN (0.5:90:10, TFA/ACN/
water) (sol A) and 0.5% TFA in 90% ACN (0.5:90:10,
TFA/ACN/water) (sol B). The gradient elution system
was as follows: 0 min, 90% A; 15 min, 90% A; 18 min,
83% A; 30 min, 80% A; 35 min, 70% A; 55 min, 20% A;
58 min, 100% B; 63 min, 100% B; 65 min, 90% A; and
70 min, 90% A. The injection volume was 10 pL, and
the flow rate was 0.8 mL/min. The UV detection wave-
length was 270 nm. All injections were performed three
times.

Results and discussion

Identification of phytochemical constituents from CE

The results for total polyphenol content and the ABTS
and DPPH radical-scavenging activities are shown in
Table 1. The EtOAc and #-BuOH fractions showed the
highest radical-scavenging activity.

For fractions with a high polyphenol content and
antioxidant activity, phytochemical isolation was con-
ducted using open-column chromatography. Recrys-
tallized phytochemicals from the EtOAc and #-BuOH
fractions of CE were identified by nuclear magnetic
resonance (NMR) spectroscopy and mass spectrometry
(MS). Spectroscopic data from the isolated compounds
showed characteristic signals of flavonoids and phe-
nolic acids. Thus, 13 compounds (Fig. 1), namely, gallic
acid (1) [22], protocatechuic acid (2) [23], vanillic acid
(3) [24], p-coumaric acid (4) [25], rutin (5) [26], ferulic
acid (6) [27], isoquercitrin (7) [28], astragalin (8) [29],
quercetin (9) [30], luteolin (10) [31], apigenin (11) [32],
tricin (12) [33], and kaempferol (13) [34] were identi-
fied using previously published literature. Although
none of the 13 compounds isolated from CE are new,

Table 1 DPPH and ABTS radical-scavenging ICy, values and total
polyphenol content of extracts and fractions of CE collected
from Hampyeong

Sample 1C5o (mg/mL) Total polyphenol (mg

GAE/g ext.)
DPPH assay  ABTS assay

EtOH extract  3.808+0.114  2.279£0.156  11.92+0.79

n-hexane fr 5429£0.187 9969+0218 12.23+0.00

CHCI; fr 3.608+£0.099 2987+0.166 7.76+046

EtOAC fr 0.793+£0.036  0312+0.007 36.77+041

n-BuOH fr 3.348+0852 1.500£0.097 30.10£0.50

Ascorbicacid  0.187+0.001  0.188+0.000 -

fr. fraction. Ascorbic acid was the positive control, GAE gallic acid equivalent
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this is the first report to describe their isolation from
CE. Therefore, our results can be used as a reference for
further research on CE.

Antioxidant activities of compounds from CE

The DPPH and ABTS assays were conducted to evalu-
ate the antioxidant ability of the 13 isolated compounds,
and the IC;, values were compared with that of ascorbic
acid, a representative antioxidant. The results are shown
in Table 2. Overall, phenolic acid tended to show higher
antioxidant ability than flavonoids. In the DPPH assay,
vanillic acid, p-coumaric acid, and quercetin demon-
strated stronger radical-scavenging activity than ascor-
bic acid. In particular, vanillic acid was the most effective
DPPH radical scavenger from CE. In the ABTS assay,
most phenolic acids, quercetin, and luteolin exhibited
better radical-scavenging activity than ascorbic acid, and
gallic acid and quercetin exhibiting the greatest ability to
quench the ABTS radicals (Tables 2, 3).

HPLC-DAD analysis

Eight flavonoids and five phenolic acids isolated from CE
were analyzed quantitatively using HPLC-DAD. Quanti-
tative analysis was also conducted to compare CE grown
in Ganghwa and Hampyeong, which are the two main
CE-growing regions. The compound peaks were success-
fully separated with the corresponding retention times
with high resolution (Fig. 2). Good linearity was obtained
within the tested concentration range with a correlation
coefficient (%) of 0.9990-1.0000.

In general, flavonoids are used as marker compounds
to evaluate the pharmacological value of plant materi-
als. Flavonoids have been reported to be mainly respon-
sible for biological activity [35]. Quantitative analysis of
flavonoids and phenolic acid in CE indicated that their
contents varied notably by the region of production
(Table 4).

In CE from Hampyeong and Ganghwa, astraga-
lin (4.72 mg/g and 2.85 mg/g, respectively) and tricin
(3.00 mg/g and 2.08 mg/g, respectively) were the
main flavonoids, and p-coumaric acid (4.30 mg/g and
3.39 mg/g, respectively) was the major phenolic acid in
the EtOH extract of CE. Overall, the Hampyeong CE had
a high phytochemical content, but in terms of ratio, it
exhibited a similar pattern to that of Ganghwa CE. The
growing environment can be assumed to influence differ-
ences in the contents of the active compounds of CE, but
it does not change the fundamental constituents (Fig. 3).
These findings are consistent with the results of previous
studies in which the production of active substances did
not differ significantly in the absence of extreme environ-
mental changes [36].
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Fig. 1 Chemical structures of compounds 1-13 of CE collected from Hampyeong
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Table2 DPPH and ABTS radical-scavenging ICs, values of

compounds 1-13 from CE

(2023) 66:61

Compound IC5o (mg/mL)

DPPH assay ABTS assay
Gallic acid (1) 0.226+0.001 0.064+0.003
Protocatechuic acid (2) 0.411+0.002 0.168 +0.007
Vanillic acid (3) 0.103+0.000 0.098 +£0.000
p-Coumaric acid (4) 0.146+0.000 0.082+0.000
Rutin (5) 0.345+0.001 0.290+0.002
Ferulic acid (6) 0.426+0.000 0.131+0.001
Isoquercitrin (7) 0.321+0.001 0.291+0.003
Astragalin (8) 0.312+0.001 0.188+0.002
Quercetin (9) 0.128+0.002 0.068+0.002
Luteolin (10) 0.628+0.001 0.152+0.000
Apigenin (11) 0.629+0.001 0.263+0.001
Tricin (12) 0.558+0.000 0.340+0.010
Kaempferol (13) 0.583+0.000 0.340+0.003
Ascorbic acid 0.155+0.000 0.169+0.001

Positive control = Ascorbic acid

Table 3 Calibration curves of phenolic acids and flavonoids

Compound tg Calibration Eq. ? Correlation
factor, r*®
Gallic acid (1) 47 Y=22267X+67.033 0.9992
Protocatechuic acid (2) 6.6 Y =25.558X+76.6 1.0000
Vanillic acid (3) 10.2 Y=32.097X—129.03 0.9992
p-Coumaric acid (4) 173 Y=33.68X+128.23 0.9998
Rutin (5) 194 Y=11.017X+0.2 0.9999
Ferulic acid (6) 199  Y=17.545X+23.808 0.9999
Isoquercitrin (7) 22.1 Y=19.87X+269.63 0.9991
Astragalin (8) 26.2 Y=23.083X+73.537 0.9999
Quercetin (9) 404 Y=35.876X+41.054 1.0000
Luteolin (10) 41.0 Y=30.651X—15.65 0.9996
Apigenin (11) 433 Y=40.287 X4+72.525 1.0000
Tricin (12) 44.2 Y=12367 X+168.19 0.9990
Kaempferol (13) 449  Y=35.121X+29242 0.9999

t retention time

?Y =peak area, X = concentration of standard (ug/mL)

b 2= correlation coefficient for five data points in the calibration curve
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In addition, the existing component analysis stud-
ies of CE and its related species have provided limited
data. Therefore, a component analysis of 13 chemi-
cals isolated from CE was performed for four species
(MeOH extracts of C. difformis, C. microiria, C. san-
guinolentus, and C. cyperoides) including CE. Astra-
galin was not included, but phytochemicals such as
quercetin, isoquercitrin, and luteolin, which were iso-
lated from CE, were also included in the four Cyperus
species extracts (Table 5).

The results of the content analysis showed that the CE
extract had the highest content of phenolic acids and fla-
vonoids among the extracts of the five Cyperus species
(Fig. 4). In the literature, C. difformis and several Cyperus
species have been reported to contain high levels of phe-
nolic compounds, particularly luteolin [37].

Conclusions

Thirteen compounds were identified from the EtOAc
and n-BuOH fractions of CE. Most of the isolated com-
pounds have been reported to have various biological
activities. Among the isolated compounds, astragalin
and isoquercitrin were isolated from the genus Cype-
rus for the first time in the present study; similarly,
the remaining 11 compounds have not been reported
to have been isolated from CE. An HPLC analytical
method that can simultaneously analyze 13 compounds
isolated from CE was established, and a content com-
parison of CE by the region of production and a com-
parative analysis of four related species were conducted.
This study demonstrated the academic value of CE,
which has not been sufficiently explored. Furthermore,
our findings may serve as a reference for using CE as
functional material to treat oxidative stresses as well
as for expanding our understanding of its antioxidant
properties and phytochemical components (Additional
file 1: Figs. S1-S26).
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Fig. 2 HPLC chromatogram of compounds 1-13 from CE
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Table 4 Phenolic acid and flavonoid contents in CE by different

(2023) 66:61

regions
Compound Content (mg/g ext)

Hampyeong Ganghwa
Gallic acid (1) 1.09+0.00 0.65+0.01
Protocatechuic acid (2) 0.92+0.01 0.36+0.01
Vanillic acid (3) 0.94+0.01 0.98+0.00
p-Coumaric acid (4) 430+0.01 3.39+0.01
Rutin (5) 1.02+£0.01 049+0.01
Ferulic acid (6) 0.29+0.00 0.32+0.01
Isoquercitrin (7) 2.66+0.01 1.26+0.02
Astragalin (8) 4.72+0.00 2.85+0.01
Quercetin (9) 0.67+0.01 0.34+0.00
Luteolin (10) 1.00+£0.01 0.15+£0.00
Apigenin (11) 0.12+0.00 0.19+0.00
Tricin (12) 3.00+0.02 2.08+0.03
Kaempferol (13) 1.38+0.01 0.94+0.00
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Table 5 Phenolic acid and flavonoid content in Cyperus species

Compound Content (mg/g ext)

cD cM cs cc
Gallic acid (1) 049+0.01 0.04+£0.01 0.06+0.01 0.18+0.01
Protocatechuic acid (2) 051+0.02 0.12+0.00 0.15+0.00 0.26+0.0
Vanillic acid (3) 0.93+0.02 044+£001 039+0.00 0.63+0.01
p-Coumaric acid (4) 0.11+0.01 0.10+£0.00 0.06+0.01 trace
Rutin (5) - - - -
Ferulic acid (6) - - - 0.38+0.02
Isoquercitrin (7) 0.20+0.01 0.09+0.01 0.67£0.01 0.19+0.00
Astragalin (8) - - - -
Quercetin (9) 0.31+£0.02 - - -
Luteolin (10) 045+0.03 027+£000 1.85+0.04 0.39+001
Apigenin (11) - - - -
Tricin (12) Trace Trace Trace Trace
Kaempferol (13) - Trace Trace -
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Fig. 3 HPLC chromatograms of CE collected from Hampyeong A and Ganghwa B
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