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Piper crocatum Ruiz & Pav. (P. crocatum), a traditional medicinal plant, has been shown to possess
various pharmacological activities, including anticancer activity, antioxidant activity, antibacterial activ-
ity, anti-hyperglycemic activity, anti-allergic inflammatory activity and others. To identify the potential
anti-allergic inflammatory effective constituents of P. crocatum, 13 single compounds were isolated from
the methanol extract of P. crocatum leaves, and their structures were identified by contrasting their NMR
spectroscopic data and previously published papers. First, the anti-allergic inflammatory activities of these
single compounds were examined by accessing immune function related biomarkers such as nitric oxide (NO)
and f-hexosaminidase. We found that the methanol extract and catechaldehyde (compound 1) potently sup-
pressed NO production. Additionally, Western blot analysis showed that P. crocatum methanol extract and
compound 1 suppressed the production of NO by reducing inducible nitric oxide synthase (iNOS) expression
in lipopolysaccharide (LPS)-induced RAW264.7 macrophages. Consistent with these observations, P. croca-
tum methanol extract and compound 1 remarkably decreased f-hexosaminidase release from RBL-2H3 cells
stimulated with 2,4-dinitrophenylated bovine serum albumin (DNP-BSA)-specific immunoglobulin E (IgE)
antibodies. Furthermore, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2 H-tet-
razolium (MTS) assay indicated that P. crocatum methanol extract and compound 1 exhibited no cytotoxicity
to RAW264.7 and RBL-2H3 cells. Based on these findings, compound 1 is suggested as an active anti-allergic
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inflammatory component of P. crocatum.

Key words allergic inflammation; Piper crocatum Ruiz & Pav.; catechaldehyde; nitric oxide; inducible nitric

oxide synthase; f-hexosaminidase

INTRODUCTION

Piper crocatum Ruiz & Pav. (P. crocatum) is one of me-
dicinal plants commonly found in Indonesian rainforest. For a
long time, P. crocatum has served as a folk medicine to treat
various diseases based on experience. Some pharmacological
activities of P. crocatum have been reported, such as cytotoxic
effect and antimigration activity on metastatic breast cancer,”
antibacterial activity,>® anti-hyperglycemic activity” and oth-
ers.

Previous studies have demonstrated the inhibitory effect of
P. crocatum ethanol and butanol extracts on proinflammatory
cytokines production, such as tumour necrosis factor alpha
(TNF-a), interleukin 1 beta (IL-15), nitric oxide (NO), and
interleukin 6 (IL-6).>® In addition, P. crocatum methanol ex-
tract was examined on the anti-allergic inflammatory effect by
carrageenan-induced rat oedema test.”) These studies make it
pretty clear that P. crocatum has a potent anti-allergic inflam-
matory effect. However, the active anti-allergic inflammatory
constituents of P. crocatum remain to be investigated.

In the present study, 13 single compounds were isolated
from the methanol extract of P. crocatum leaves. To screen
the active anti-allergic inflammatory constituents, we per-
formed NO and f-hexosaminidase assays.

#“These authors contributed equally to this work.

MATERIALS AND METHODS

General Experimental Procedures The NMR spec-
tra were recorded using a BRUKER AVANCE III 600 ('H,
600MHz; "°C, 150MHz) (Bruker Biospin GmbH, Karlsruhe,
Germany), with tetramethylsilane (TMS) as an internal stan-
dard. Heteronuclear multiple quantum correlation (HMQC),
heteronuclear multiple bond correlation (HMBC), rotating
frame nuclear Overhauser effect spectroscopy (ROESY), and
'H-'H correlation spectroscopy (COSY) spectra were recorded
using a pulsed field gradient. The high resolution-electrospray
ionization (HR-ESI)-MS spectra were obtained using an Agi-
lent 1200 LC-MSD Trap spectrometer (Agilent, Santa Clara,
CA, U.S.A)). Preparative HPLC (prep-HPLC) was performed
using a GILSON 321 pump, 151 UV/VIS detector (Gilson,
VILLIERS-LE-BEL, France), and RStech HECTOR-M Ciq
column (5-micron, 250 X 21.2mm) (RS Tech Crop, Chungju,
South Korea). Column chromatography was performed using
a silica gel (Kieselgel 60, 70-230, and 230—400 mesh, Merck,
Darmstadt, Germany), and C resins. TLC was performed
using a pre-coated silica gel 60F,;, and RP-18F,5,s plates
(both 0.25mm, Merck), and the spots were detected with a
solution of 10% H,SO, under UV light.

Plant Material The plant samples were gathered
from Cilendek Timur, Bogor, West Java, Indonesia, in Au-
gust 2016 and taxonomically identified (Identification No.
1714/1PH.1.01/1£.07/V111/2016) as Piper crocatum Ruiz & Pav.
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(family Piperaceae) by Dr. Joeni Setijo Rahajoe at herbarium
Laboratory, Research Center for Biology, Indoensian Institute
of Sciences, Cibinong, West Java, Indonesia. A voucher speci-
men (BBRC-SMPLS-003) was deposited at the Herbarium
of Aretha Medika Utama, Biomolecular and Biomedical Re-
search Center, Bandung, West Java, Indonesia.

Extraction and Isolation The dried leaves of P. croca-
tum (2.6kg) were refluxing extracted with MeOH (8L) for 3
times. The total extraction (400.0g) of MeOH was suspended
in deionized water and partitioned with n-hexane, and water
fraction. Then the water fraction was sequentially partitioned
with EtOAc and n-BuOH, yielding EtOAc (1A, 16.1g), n-
BuOH (1B, 65.0g) fractions. The EtOAc fraction was subject-
ed to a silica gel column chromatography with a gradient of
CHCl;-MeOH-H,0 (10:1:0,9:1:0,8:1:0, 6:1:0.1, 5:1:0.1,
4:1:0.1, 3:1:0.1, 2:1:0.1, MeOH 2.0L for each step) to give
11 fractions (Frs. 1A-1-11). Fractions 5 and 6 were combined
and isolated with a gradient of MeOH-H,O (1:2, 1:1 and
100% MeOH) by medium-pressure liquid chromatography
(MPLC) using a C; column to give 8 fractions (Frs. 2A-1-8).
The fraction 2A-2 was separated by a Sephadex LH-20 column
and eluted by MeOH and its subfraction was isolated by prep-
HPLC to give compound 1 (20.0mg). Fractions 7 and 8 were
combined and isolated with a gradient of MeOH-H,O (1:2,
1:1 and 100% MeOH) by MPLC using a C,4 column to give 8
fractions (Frs. 2B-1-8). Subfraction 2B-2 was separated using
a silica gel column chromatography with a CHCl,-MeOH
(10:1) elution solvent to give compound 2 (23.0mg). Subfrac-
tion 2B-8 was separated using a silica gel column chroma-
tography with a CHCl;—MeOH (20: 1) elution solvent to give
compound 8 (6.0mg). Fraction 9 was isolated with a gradient
of MeOH-H,O (1:2, 1:1 and 100% MeOH) by MPLC using
a C; column to give one fraction, and then it was isolated by
prep-HPLC to give compound 3 (3.0mg). The n-BuOH frac-
tion was subjected to a silica gel column chromatography with
a gradient of CHCl;-MeOH-H,O (10:1:0, 9:1:0, 8:1:0,
6:1:0.1,5:1:0.1, 4:1:0.1, 3:1:0.1, 2:1:0.1, MeOH 5.0L for
each step) to give 11 fractions (Fr. 2C-1-11). Fractions 2C-2
and -3 were combined and isolated with a gradient of MeOH—
H,0 (1:2, 1:1 and 100% MeOH) by MPLC using a C,4 col-
umn to give 12 fractions (Frs. 1D-1-12). The fraction 1D-3
was separated by a Sephadex LH-20 column and eluted by
MeOH and its subfraction was isolated by prep-HPLC to give
compound 9 (3.0mg). The fraction 1D-7 was separated by a
Sephadex LH-20 column and eluted by MeOH and its subfrac-
tion was isolated by prep-HPLC to give compound 4 (4.9 mg).
The fraction 1D-8 was separated by a Sephadex LH-20 col-
umn and eluted by MeOH and its subfraction was isolated by
prep-HPLC to give compound 5 (3.6 mg). Fractions 2C-4 and
-5 were combined and isolated with a gradient of MeOH-H,O
(1:2,1:1 and 100% MeOH) by MPLC using a C,; column to
give 13 fractions (Frs. 1E-1-13). The fraction 1E-2 was sepa-
rated by a Sephadex LH-20 column and eluted by MeOH and
its subfraction was isolated by prep-HPLC to give compound
10 (15.0mg). The fraction 1E-6 was separated by a Sephadex
LH-20 column and eluted by MeOH and its subfraction was
isolated by prep-HPLC to give compound 13 (30.4mg). Frac-
tions 2C-6 and -7 were combined and isolated with a gradient
of MeOH-H,O (1:2, 1:1 and 100% MeOH) by MPLC using
a Cq column to give 10 fractions (Frs. 1F-1-10). The fraction
1F-2 was separated by a Sephadex LH-20 column and eluted
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by MeOH and its subfraction was isolated by prep-HPLC to
give compounds 6 (3.0mg), 11 (2.0mg), and 7 (3.0mg). The
fraction 1F-5 was separated by a Sephadex LH-20 column
and eluted by MeOH and its subfraction was isolated by prep-
HPLC to give compound 12 (31.2mg).

The TLC analysis of compounds 1-13 and extracts are
shown in Supplementary Fig. 1.

Cell Culture and Reagents RBL-2H3 cells were obtained
from Korea Cell Bank (Seoul, South Korean). RAW264.7
and IGEL b4 cells were purchased from American Type Cul-
ture Collection (ATCC, Manassas, VA, U.S.A)). RAW264.7
and IGEL b4 cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% fetal bovine serum
(FBS) and 1% penicillin—streptomycin. RBL-2H3 cells were
maintained in minimum essential medium (MEM) contain-
ing 10% FBS and 1% penicillin—streptomycin. The cells
were cultured in a humidified 37°C incubator with 5% CO,.
DMEM and FBS were obtained from Welgene (Gyeongsan-si,
Gyeongsangbuk-do, South Korea) and MEM was purchased
from Gibco (Scotland, U.K.. Quercetin and griess reagent
were provided by Sigma-Aldrich (St. Louis, MO, U.S.A)).
We purchased 2,4-dinitrophenylated bovine serum albumin
(DNP-BSA) from Invitrogen by Thermo Fisher Scientific
(Eugene, OR, U.S.A.)) and 3-(4,5-dimethylthiazol-2-y1)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2 H-tetrazolium
(MTS) from Promega (Madison, WI, U.S.A.), respectively.

Nitric Oxide Assay RAW264.7 cells were seeded (1 X 10
cells/well) in 48-well plates overnight. After treatment with
drugs for 1h, the cells were exposed to lipopolysaccharide
(LPS) (500ng/mL) for 24h. The generation of NO in the
culture supernatants was determined with griess reagent [1%
sulfanilamide in 5% H;PO,, 0.1% N-(1-naphthyl)-ethylenedi-
amine dihydrochloride] for 30 min at room temperature. The
absorbance was measured at 570nm utilizing an enzyme-
linked immunosorbent assay (ELISA) microplate reader
(BioTek, Winooski, VT, U.S.A.).

Western Blot Analysis To evaluate whether the decreased
NO production was mediated by inducible nitric oxide syn-
thase (iNOS) regulation, Western blotting was performed.
RAW264.7 cells were seeded in 6-well plates (1 X 10° cells/
well) in DMEM with 10% FBS at 37°C overnight. After
treatment with P. crocatum methanol extract or compound
1 for 2h, the cells were stimulated by LPS (200ng/mL) for
18 h. Then the cells were lysed in an ice-cold cell culture lysis
reagent (Promega) in the presence of the protease inhibitor
cocktail (1:1000, Sigma-Aldrich). The protein concentration
in the lysates was quantified with the bradford reagent (Bio-
Rad Laboratories, CA, U.S.A.). The denatured samples (20 ug)
were size-separated by 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) gels and transferred
to polyvinylidene fluoride (PVDF) membranes (Millipore,
Bedford, MA, U.S.A.). After blocking with 5% skim milk in
Tris-buffered saline containing 0.05% Tween 20 (TBS/T) at
room temperature for 2h, membranes were incubated with
primary antibodies specific to iNOS (1:1000, Santa Cruz,
CA, US.A) or glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (1:1000, Santa Cruz, CA, U.S.A.) overnight at 4°C.
Thereafter, membranes were washed three times with TBS/T
and incubated with the secondary antibodies for 1h at room
temperature. Immunoreactive bands were visualized by an
ECL Western blot detection system (Advansta, Menlo Park,
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CA, U.S.A)). The protein levels were quantitated with Image
J software.

p-Hexosaminidase Assay RBL-2H3 cells were seeded in
48-well plates (3 X 10° cells/mL) in MEM with 10% FBS and
immunoglobulin E (IgE) at 37°C overnight. After washing
twice with siraganian buffer (pH 7.2, 119mM NaCl, 5SmM
KCl, 0.4mM MgCl,-6H,0, 25mM PIPES, 40mM NaOH),
the cells were incubated in SBC buffer (siraganian buffer
supplemented with 5.6mM glucose, ImM CaCl,, and 0.1%
BSA). After treatment with methanol extract (30, 60 ug/mL),
compound 1 (10, 20uM) or the positive control quercetin
(20 uM) separately, the cells were stimulated with DNP-BSA
(1 ug/mL) (Thermo Fisher Scientific) for 30min at 37°C. The
cell supernatants (25uL) were collected and transferred to
another 96-well plate. To determine the amount of released
f-hexosaminidase, 25 uL of the cell supernatants in the plate
were incubated with 25 uL of 1 mM 4-nitrophenyl-N-acetyl-f-
D-glucosaminide (Sigma-Aldrich) in 0.1 M sodium citrate (pH
4.5) at 37°C for 1h. The reactions were stopped with 200 uL/
well of carbonate buffer (0.1M Na,CO; and 0.1M NaHCO,,
pH 10), and the absorbance was detected at 405nm by using a
microplate reader (BioTek).

MTS Assay RBL-2H3 and RAW264.7 cells were cultured
in the 96-well plates (SPL life Sciences Co., Pocheon, Korea)
(1x10* cells/well) overnight and then exposed to several
concentrations of P. crocatum methanol extract or compound
1 for 24h. MTS solution was added to each well for another
1h following manufacturer’s instructions. The absorbance was
detected at 490nm with an ELISA microplate reader (BioTek).

Statistical Assay All data are expressed as mean * stan-
dard error of the mean (S.E.M.) of at least three independent
experiments. The statistical differences were analyzed by
one-way ANOVA followed by the Tukey test or Student’s
t-test. p<<0.05 was considered statistically significant using
GraphPad Prism 5 (GraphPad Softweare Inc., San Diego, CA,
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Fig. 1. Structures of Compounds 1-13 from the Leaves of P. crocatum
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RESULTS

Identification of the Single Compounds Isolated from
Methanol Extract of P. crocatum Leaves Thirteen com-
ponents were isolated from methanol extract of P. crocatum
leaves, and their structures were identified as catechaldehyde
(1), gentisic acid (2),” benzyl S-p-glucoside (3),'” meth-
yl salicylate 2-O-p-p-glucopyranoside (4),'" pS-phenylethyl
p-p-glucoside  (5),'? cimidahurinin (6),"® hydroxytyrosol-
1-glucopyranoside (7),' erigeside 1T (8),' syringin (9),'®
3-[(1E)-3-hydroxy-1-propen-1-yl]-2,5-dimethoxyphenyl ~ f-p-
glucopyranoside (10),'” 4-hydroxybenzoic acid -p-glucosyl
ester (11),'® phenylmethyl 6-O-a-L-arabinofuranosyl-$-p-
glucopyranoside (12)," and icariside D1 (13)*” by compar-
ing their NMR spectroscopic data with previously published
papers (Fig. 1).

Effect of Methanol Extract and Single Compounds of P.
crocatum on NO Production in RAW264.7 Cells NO is
generally regarded as one of the most important roles during
the immune response.?! Therefore, we examined NO produc-
tion in LPS-induced RAW264.7 cells after the treatment of P.
crocatum methanol extract to confirm its anti-allergic inflam-
matory activity. The results indicated that the methanol ex-
tract of P. crocatum potently suppressed NO production (Fig.
2A). Furthermore, to ensure the effective anti-allergic inflam-
matory constituents, 13 single compounds were isolated from
methanol extract of P. crocatum leaves and their abilities to
decay the NO production were detected. As appeared in Fig.
2B, only compound 1 significantly restrained NO production
in LPS-induced RAW264.7 cells, and Bayl1-7082 was used
as a reference compound. Additionally, the inhibitory impact
of compound 1 on NO production was in a dose-dependent
manner (Fig. 2C). A large deal of NO is synthesized from

HO.
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Fig. 2.

Effect of Methanol Extract and Single Compounds of P. crocatum on NO Production in RAW264.7 Cells

The cells planted in 48-well plates overnight were exposed to LPS (500ng/mL) for 24h after treatment with (A) methanol extract (30, 60 ug/mL) of P. crocatum, (B)
13 single compounds (20 M) isolated from P. crocatum methanol extract, (C) compound 1 (10, 15, 20 4M) or positive control drug Bay11-7082 (10 uM) for 1h. The NO
production in the culture supernatants was determined with griess reagent. Bay: Bayl1-7082. Comp.1: compound 1. All experiments were performed at least three times.
Results are expressed as mean = S.E.M. The statistical differences were analyzed by one-way ANOVA followed by the Tukey test (***p <<0.001 versus with LPS treated
group; ++ + means the significance compared with the mock cells).
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Fig. 3. Effect of Methanol Extract and Compound 1 of P. crocatum on iNOS Protein Expression in LPS-Induced RAW264.7 Cells

The cells were pretreated with P. crocatum methanol extract (30, 60 ug/mL), compound 1 (10, 15 and 20 uM) or celecoxib (20 M) for 2h, and then stimulated with LPS
(200ng/mL) for another 18h. The iNOS protein expression was detected by Western blotting (left) and quantitated by Image J software (right). GAPDH was used as the
protein loading control. Cel: celecoxib. Comp.1: compound 1. All experiments were performed at least three times. Results are expressed as mean = S.E.M. The statistical

differences were analyzed by Student’s -test (*** p <0.001 versus with LPS treated group; ++ + means the significance compared with the mock cells).

L-arginine by iNOS.?? Accordingly, we further investigated
the expression level of iINOS by Western blot analysis. The
results revealed that the methanol extract of P. crocatum and
compound 1 significantly decreased iNOS expression (Fig. 3),
which indicated that the downregulation of NO was caused by
the decreased expression level of iNOS.

Effect of Methanol Extract and Compound 1 of P. cro-
catum on f-Hexosaminidase Release in RBL-2H3 Cells
f-Hexosaminidase, which is secreted from mast cells and
basophils stimulated by antigens or degranulation induc-
ers, is frequently considered as an indicator of anaphylactic
reactions.”” To investigate whether methanol extract of P.
crocatum or compound 1 affects mast cell degranulation, we
measured the amount of released f-hexosaminidase in the
supernatants of RBL-2H3 cells stimulated by IgE-antigen
complex. With the treatment of methanol extract or compound

1, the released p-hexosaminidase from RBL-2H3 cells was
obviously reduced, and quercetin was used as a reference
compound (Fig. 4).

Effect of Methanol Extract and Compound 1 of P.
crocatum on Cell Viability To ensure that the decreased
levels of NO and f-hexosaminidase in RAW264.7 and RBL-
2H3 cells were not caused by cell death in each condition,
the cell viability was measured by MTS assay.”” The results
showed that methanol extract and compound 1 did not have
any cytotoxicity to RAW264.7 cells and RBL-2H3 cells (Figs.
5A, B). In addition, an increased cell growth was observed in
30ug/mL of P. crocatum methanol extract-treated RAW264.7
cells (Fig. 5A).
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DISCUSSION

Currently, more and more researchers focus on screening
active constituents from medicinal plants. One of the potential
medicinal plants is P. crocatum. Several studies have reported
that P. crocatum exerts its anti-allergic inflammatory effect by
the inhibition of several proinflammatory cytokines. However,
the effective constituents of P. crocatum remain to be deter-
mined.

In order to ascertain the active anti-allergic inflammatory
constituents of P. crocatum, we isolated 13 single compounds
from its methanol extract and identified their structures (Fig.
1). First, we confirmed that methanol extract of P. crocatum
was effective in suppressing LPS-induced NO production
(Fig. 2A), which was consistent with previously reported
paper.”) NO is known as an important biomarker during im-
mune response.”” Inhibition of NO production is considered
to be one of the mechanisms of drugs for the treatment of
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Fig. 4. Effect of Methanol Extract and Compound 1 of P. crocatum on
p-Hexosaminidase Release in RBL-2H3 Cells Sensitized with DNP-IgE

RBL-2H3 cells were stimulated with DNP-IgE after treatment with methanol
extract of P. crocatum (30, 60ug/mL), compound 1 (10, 204M) or positive con-
trol quercetin (20uM) for 1h. The amount of released f-hexosaminidase in cell
supernatants was detected at 405nm by using a microplate reader. Que: quercetin.
Comp.1: compound 1. All experiments were performed at least three times. Re-
sults are expressed as mean = S.E.M. The statistical differences were analyzed by
one-way ANOVA followed by the Tukey test (***p<0.001 versus with DNP-IgE
treated group; ++ + means the significance compared with the mock cells).
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allergic inflammatory diseases. Therefore, we screened these
single compounds by measuring the NO amount in the su-
pernatants of LPS-induced RAW264.7 macrophages. Results
implied that LPS-induced NO production was only apparently
decreased with the treatment of compound 1 (Fig. 2B). The
other compounds did not show inhibitory effect on the assay
system. There is some structure difference between com-
pound 1 and others. It may be a reason why only compound
1 showed significant inhibitory effect on both NO production
and f-hexosaminidase release. More research is needed later
to reveal structure—activity relationship. NO is synthesized
from r-arginine, which was catalyzed by nitric oxide synthase
(NOS). Three types of NOS have been identified in mammals
and among them, iNOS is mainly responsible for the genera-
tion of NO during host defense response.’® Consequently, we
measured the effect of P. crocatum methanol extract and com-
pound 1 on iNOS expression by Western blotting. The result
suggested that methanol extract and compound 1 inhibited NO
production through the inhibition of iNOS (Fig. 3).

f-Hexosaminidase is known as a component of mast cell
granules.?” To further confirm the anti-allergic inflammatory
effect of P. crocatum methanol extract and compound 1, we
measured the amount of S-hexosaminidase released from IgE-
antigen complex-stimulated RBL-2H3 cells. Similarily, result
showed that methanol extract and compound 1 suppressed
S-hexosaminidase release (Fig. 4), which was not caused by
cell cytotoxicity (Figs. 5A, B).

Upon these findings, we consider that compound 1 (cat-
echaldehyde) is an active constituent of P. crocatum to exert
anti-allergic inflammatory effect. However, it should be noted
that this study has isolated and examined only 13 single
compounds. There may exist other effective compounds in P.
crocatum. More research should be carried on to reveal the
anti-allergic inflammatory mechanism of compound 1. Cat-
echaldehyde (also known as protocatechuic aldehyde), a natu-
ral compound in some medicinal plants, possesses multiple
biological activities such as neuroprotective effect,”® cardio-
protective effect,”® antioxidant stress effect. Previous research-
ers have determined the protective effect of catechaldehyde on
renal inflammation.*” However, the anti-allergic inflammatory
mechanisms of catechaldehyde remain to be elucidated. Cat-
echaldehyde was extracted from P. crocatum for the first time
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Effect of Methanol Extract and Compound 1 of P. crocatum on Cell Viability

(A) RAW264.7 cells and (B) RBL-2H3 cells were seeded in 96-well plates overnight, and then were co-cultured with methanol extract of P. crocatum (30, 60 ug/mL) or
compound 1 (10, 15 and 20uM) for 24h. The cell viability was performed by MTS assay. All experiments were performed at least three times. Results are expressed as
mean = S.E.M. The statistical differences were analyzed by one-way ANOVA followed by the Tukey test (*p <0.05 versus with mock cells).
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and deemed to be an active anti-allergic inflammatory compo-

Biol. Pharm. Bull.

Vol. 44, No. 2 (2021)

turing. Biosci. Biotechnol. Biochem., 65, 2719-2729 (2001).

nent of P. crocatum, which provided a valuable addition to the 13 Abdel'Kad?r MS, Al-Taweel AM= El'Deeb KS. Bi_"aCtiVit?’ gmd?d
knowledge of the anti-allergic inflammatory mechanisms of P. phytochemical study of Clematis hirsuta growing in Saudi Arabia.
crocatum. Nat Prod, 14, 56—61 (2008).
14) Park HJ, Lee MS. Lee KT, Sohn IC, Han YN. Miyamoto K. Stud-
. . ies on constituents with cytotoxic activity from the stem bark of
Acknowledgments  This work was supported by National Svrinea velutina. Chent. Pharn. Bull.. 47, 10291031 (1999).
Research Foundation of Korea (NRF), Republic of Korea, s Miyase T, Kuroyanagi M. Noro T. Ueno A, Fukushima S. Studies
[Grant No. 2009-0093815]; Korea Health Industry Devel- on sesquiterpenes from Macroclinidium trilobum Makino. 1. Chen,
opment Institute (KHIDI), Republic of Korea, [Grant No. Pharm. Bull., 33, 4445-4450 (1985).
HI17CO0911]. 16) Kim MR, Moon HT. Lee DG, Woo ER. A new lignan glycoside
from the stem bark of Styrax japonica S._et Z. Arch. Pharm. Res.
Conflict of Interest The authors declare no conflict of 30..425_430 (2007);
interest. 17) Rgmseweﬁ RS, Nair MG, DeWitt DL, Matt_son WG, Zasada J. Phe-
nolic glycosides from Dirca palustris. J. Nat. Prod. 62, 15581561
. . . . (1999).
. Supplerpentary Materials Th? online version of this ar- 18) Tabata M. Umetani Y, Oova M. Tanaka S. Glucosylation of pheno-
ticle contains supplementary materials. lic compounds by plant cell cultures. thtochemist:v 27, 809813
(988)
REFERENCES 19) Cho HK, Suh WS, Kim KH, Kim SY, Lee KR. Phytochemical con-
stituents of Salsola komarovii and their effects on NGF induction.

1__Zulharini M. Sutejo IR, Fadlivah H. Jeniec RI. Methanolic_extract Nat. Prod., 20, 95-101 (2014).
of red betel leaves (Piper crocatum Ruiz & Pav) perform cvytotoxic  20) Mivase T, Ueno A, Takizawa N, Kobayashi H, Oguchi H. Studies
effect and antimigration activity toward metastatic breast cancer. on the glycosides of Epimedizm orandiflorum MORR. var, thun-
LJCC. 8. 94-100 (2018). bergianum (MIQ.) NAKAL II. Chem. Pharm. Bull, 35, 37133719

2) Juliantina F, Citra DA, Nirwani B, Nurmasitoh T, Bowo ET. Man- (1987).
faat sirih merah (Piper crocatum) sebagai agen anti bakterial terha-  21) Rivero A Nitric_oxide: an antiparasitic molecule of invertebrates.
dap bakteri gram positif dan bakteri gram negatif. JKK/, 1, 12-20 Trends Parasitol., 2_2 21972_25 (2006).

(2009). 22) Sadekuzzaman M. Stanley D. Kim Y. Nitric_oxide mediates in-

3) Mustofa RESP. Active compounds isolated from red betel (Piper sect_cellular immunity via_phospholipase A2 activation. .J._Innate
crocatum Ruiz & Pav.) leaves active against Streptococcus mutans Immun.. 10, 70-81 (2018).
through its inhibition effect on glucosyltransferase activity. J. Med. 23) Lv Y, Ful Jia Q Che D Lin Y, Han S _He L. Accurate guantifica-
Sci., 43, 71-78 (2011), BIK. tion of f-hexosaminidase released from laboratory of allergic dis-

4) _Safithri M. Fahma F._Potency of Piper crocatum decoction as an eases 2 cells via liguid chromatography tandem mass spectrometry
antihigerglxeemia in rat strain Sprague d_awlev. HAYATI J. Biosci. method. J. Chromatogr. A, 1578. 106—111 (2018).

15, 45-48 (2008). 24) Su XD, Guo RH, Li HX, Ma JY, Kim YR, Kim YH Y;Lmz SY.

3) Laksmitawati DR, Widvyastuti A, Karami N, Afifah E. Rihibiha Anti-allergic_inflammatory components from Sanguisorba officina-
DD. Nufus H. Widowati W. Anti-inflammatory effects of Anredera lis L. Bioorg. Med. Chem. Lett., 28. 2210-2216 (2018).
cordifolia_and Piper crocatum extracts on lipopolysaccharide-stim-  25) Medzhitov R. Origin and physiological roles of inflammation. Na-
ulated macrophage cell line. Bangladesh J._Pharmacol., 12, 35-40 ture, 454, 428—435 (207)8)‘ l
(2017). 26) Yun H-Y, Dawson VL, Dawson TM. Neurobiology of nitric oxide.

6! Wahjuni Si Wita Ii Astawa INM. Anti-inﬂammatorx effect of red Crit. Rev. Neurobiol., 10, 291-316 (1996).
piper_crocatum leaves extract decrease TNF-a_and IL-6 levels in  27) Fukuishi N, Murakami S, Ohno A, Yamanaka N, Matsui N, Fukut-
wistar rat with atherosclerosis. Bali Med. J.. 5. 51-56 (2016). suji KT Yamada S,_Itoh K, Akagi M. Does B-hexosam-inidase func-

7) Fitriyani A, Winarti L, Muslichah S, Nuri N. Anti-inflammatory tion only as a degranulation indicator_in mast cells? The primary
activity of Piper crocatum Ruiz & Pav. leaves metanolic extract in role of B-hexosaminidase in mast cell granules. J. Immunol., 193
rats. Maj Obat Trad., 16, 34—42 (2011). 18861894 12014?!. — -

8) Pouységu L. Sylla T, Garnier T, Rojas LB, Chgrris J. Deffieux D,  28) Guo C, Zhu J Ww ], Dua_n J. Ma S, Yin Y, Qua_n W, Zha_ng
Quideau S. Hypervalent iodine-mediated oxygenative phenol dearo- W, Guan Y, Ding Y, Wen A, Zhang Y. Neuroprotective effects of
matization reactions. Tetrahedron, 66. 59085917 (2010). protocatechuic_aldehyde through PLK2/p—GSK38/Nrf2 signaling

9) Yang CH, Tang OF, Liu JH, Zhang ZJ. Liu WY, Preparative isola- pathway in both in vivo and in vitro models of Parkinson’s disease.
tion_and purification of phenolic acids from Smilax china by high- Aging, 11, 9424-9441 (2019).
speed_counter-current _chromatography. Separ. Purif. Tech.. 61 29) Fang X Liu Y. Lu J, Hong H. Yuan J. Zhang Y, Wang P, Liu P. Ye
474478 (2008). J._Protocatechuic_aldehyde protects against_isoproterenol-induced

10) Mivyase T, Ueno A, Takizawa N, Kobayashi H. Karasawa H. Studies cardiac_hypertrophy vig_inhibition of the JAK2/STAT3 signaling
on_the glycosides of Epimedium grandiflorum Morr, var. thunber- pathway. Naunyn Schmiedebergs Arch. Pharmacol., 391, 1373-1385
gianum (Mig) Nakai, I Chem. Pharm, Bull, 35. 11091117 (1987). (2018).

1D __Ushivama M. Furuva T. Glycosylation of phenolic_compounds by  30) Gao L, Wu WF, Dong L, Ren GL, Li HD, Yang Q. Li XF, Xu T, Li

root_culture of Panax_ginseng. Phytochemistry, 28, 30093013

Z, Wu BM, Ma TT, Hugng C Hua_ng Y. Zh&ng L,Lv X, LiJ, Meng

(1989).

12) _Ma SJ. Mizutani M. Hiratake J. Havashi K. Yagi K. Watanabe N
Sakata K. Substrate_specificity of beta-primeverosidase, a key en-
zyme in aroma formation during oolong tea and black tea manufac-

XM. Protocatechuic aldehyde attenuates cispl_atin-induced acute
kidney injury by suppressing nox-mediated oxidative stress and
renal inflammation. Front. Pharmacol., 7, 479 (2016).



http://dx.doi.org/10.14499/indonesianjcanchemoprev8iss3pp94-100
http://dx.doi.org/10.14499/indonesianjcanchemoprev8iss3pp94-100
http://dx.doi.org/10.14499/indonesianjcanchemoprev8iss3pp94-100
http://dx.doi.org/10.14499/indonesianjcanchemoprev8iss3pp94-100
http://dx.doi.org/10.4308/hjb.15.1.45
http://dx.doi.org/10.4308/hjb.15.1.45
http://dx.doi.org/10.4308/hjb.15.1.45
http://dx.doi.org/10.3329/bjp.v12i1.28714
http://dx.doi.org/10.3329/bjp.v12i1.28714
http://dx.doi.org/10.3329/bjp.v12i1.28714
http://dx.doi.org/10.3329/bjp.v12i1.28714
http://dx.doi.org/10.3329/bjp.v12i1.28714
http://dx.doi.org/10.15562/bmj.v5i2.210
http://dx.doi.org/10.15562/bmj.v5i2.210
http://dx.doi.org/10.15562/bmj.v5i2.210
http://dx.doi.org/10.1016/j.tet.2010.05.078
http://dx.doi.org/10.1016/j.tet.2010.05.078
http://dx.doi.org/10.1016/j.tet.2010.05.078
http://dx.doi.org/10.1016/j.seppur.2008.02.017
http://dx.doi.org/10.1016/j.seppur.2008.02.017
http://dx.doi.org/10.1016/j.seppur.2008.02.017
http://dx.doi.org/10.1016/j.seppur.2008.02.017
http://dx.doi.org/10.1248/cpb.35.1109
http://dx.doi.org/10.1248/cpb.35.1109
http://dx.doi.org/10.1248/cpb.35.1109
http://dx.doi.org/10.1016/0031-9422(89)80269-9
http://dx.doi.org/10.1016/0031-9422(89)80269-9
http://dx.doi.org/10.1016/0031-9422(89)80269-9
http://dx.doi.org/10.1271/bbb.65.2719
http://dx.doi.org/10.1271/bbb.65.2719
http://dx.doi.org/10.1271/bbb.65.2719
http://dx.doi.org/10.1271/bbb.65.2719
http://dx.doi.org/10.1248/cpb.47.1029
http://dx.doi.org/10.1248/cpb.47.1029
http://dx.doi.org/10.1248/cpb.47.1029
http://dx.doi.org/10.1248/cpb.33.4445
http://dx.doi.org/10.1248/cpb.33.4445
http://dx.doi.org/10.1248/cpb.33.4445
http://dx.doi.org/10.1007/BF02980215
http://dx.doi.org/10.1007/BF02980215
http://dx.doi.org/10.1007/BF02980215
http://dx.doi.org/10.1021/np9903595
http://dx.doi.org/10.1021/np9903595
http://dx.doi.org/10.1021/np9903595
http://dx.doi.org/10.1016/0031-9422(88)84097-4
http://dx.doi.org/10.1016/0031-9422(88)84097-4
http://dx.doi.org/10.1016/0031-9422(88)84097-4
http://dx.doi.org/10.1248/cpb.35.3713
http://dx.doi.org/10.1248/cpb.35.3713
http://dx.doi.org/10.1248/cpb.35.3713
http://dx.doi.org/10.1248/cpb.35.3713
http://dx.doi.org/10.1016/j.pt.2006.02.014
http://dx.doi.org/10.1016/j.pt.2006.02.014
http://dx.doi.org/10.1159/000481524
http://dx.doi.org/10.1159/000481524
http://dx.doi.org/10.1159/000481524
http://dx.doi.org/10.1016/j.chroma.2018.09.059
http://dx.doi.org/10.1016/j.chroma.2018.09.059
http://dx.doi.org/10.1016/j.chroma.2018.09.059
http://dx.doi.org/10.1016/j.chroma.2018.09.059
http://dx.doi.org/10.1016/j.bmcl.2018.04.033
http://dx.doi.org/10.1016/j.bmcl.2018.04.033
http://dx.doi.org/10.1016/j.bmcl.2018.04.033
http://dx.doi.org/10.1038/nature07201
http://dx.doi.org/10.1038/nature07201
http://dx.doi.org/10.1615/CritRevNeurobiol.v10.i3-4.20
http://dx.doi.org/10.1615/CritRevNeurobiol.v10.i3-4.20
http://dx.doi.org/10.4049/jimmunol.1302520
http://dx.doi.org/10.4049/jimmunol.1302520
http://dx.doi.org/10.4049/jimmunol.1302520
http://dx.doi.org/10.4049/jimmunol.1302520
http://dx.doi.org/10.4049/jimmunol.1302520
http://dx.doi.org/10.18632/aging.102394
http://dx.doi.org/10.18632/aging.102394
http://dx.doi.org/10.18632/aging.102394
http://dx.doi.org/10.18632/aging.102394
http://dx.doi.org/10.18632/aging.102394
http://dx.doi.org/10.1007/s00210-018-1556-7
http://dx.doi.org/10.1007/s00210-018-1556-7
http://dx.doi.org/10.1007/s00210-018-1556-7
http://dx.doi.org/10.1007/s00210-018-1556-7
http://dx.doi.org/10.1007/s00210-018-1556-7
http://dx.doi.org/10.3389/fphar.2016.00479
http://dx.doi.org/10.3389/fphar.2016.00479
http://dx.doi.org/10.3389/fphar.2016.00479
http://dx.doi.org/10.3389/fphar.2016.00479
http://dx.doi.org/10.3389/fphar.2016.00479

Anti-allergic Inflammatory
Components from the Leaves
of Piper crocatum Ruiz & Pav

by Yue Gong

Submission date: 16-Aug-2021 04:21PM (UTC+0700)

Submission ID: 1631986336

File name: matory_Components_from_the_Leaves_of_Piper_crocatum_Ruiz_Pav.pdf (764.74K)
Word count: 4882

Character count: 25986



Vol. 44, No. 2 Biol. Pharm. Bull. 44, 245-250 (2021)

Regular Article

Anti-allergic Inflammatory Components from the Leaves of
Piper crocatum Ruiz & Pav.

Yue Gong,*" Hong Xu Li,”* Rui Hong Guo,” Wahyu Widowati,* Young Ho Kim,”
Seo Young Yang*” and Young Ran Kim*“

“College of Pharmacy and Research Institute of Drug Development, Chonnam National University; Gwangju 61186,

Republic of Korea: e ollege of Pharmacy, Chungnam National University, Daejeon 34134, Republic of Korea: and
“Medical Research Centre, Faculty of Medicine, Maranatha Christian University; Bandung 40164, Indonesia.
Received September 10, 2020; accepted November 9, 2020

Piper crocatum Ruiz & Pav. (P. crocatum), a traditional medicinal plant, has been shown to possess
various pharmacological activities, including anticancer activity, antioxidant activity, antibacterial activ-
ity, anti-hyperglycemic activity, anti-allergic inflammatory activity and others. To identify the potential
anti-allergic inflammatory effective constituents of P. crocatum, 13 single compounds were isolated from
the methanol extract of P. crocatum leaves, and their structures were identified by contrasting their NMR
spectroscopic data and previously published papers. First, the anti-allergic inflammatory activities of these
single compounds were examined by accessing immune function related biomarkers such as nitric oxide (NO)
and f-hexosaminidase. We found that the methanol extract and catechaldehyde (compound 1) potently sup-
pressed NO production. Additionally, Western blot analysis showed that P. crocatum methanol extract and
compound 1 suppressed the production of NO by reducing inducible nitric oxide synthase (iNOS) expression
in lipopolysaccharide (LPS)-induced RAW264.7 macrophages. Consistent with these observations, P. croca-
tum methanol extract and compound 1 remarkably decreased f-hexosaminidase release from RBL-2H3 cells
stimulated with 2,4-dinitrophenylated bovine serum albumin (DNP-BSA)-specific immunoglobulin E (IgE)
antibodies. Furthermore, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2 H-tet-
razolium (MTS) assay indicated that P. crocatum methanol extract and compound 1 exhibited no cytotoxicity
to RAW264.7 and RBL-2H3 cells. Based on these findings, compound 1 is suggested as an active anti-allergic
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inflammatory component of P. crocatum.

Key words allergic inflammation; Piper crocatum Ruiz & Pav.; catechaldehyde: nitric oxide; inducible nitric

oxide synthase: fi-hexosaminidase

INTRODUCTION

Piper crocatum Ruiz & Pav. (P. crocatum) is one of me-
dicinal plants commonly found in Indonesian rainforest. For a
long time, P. crocatum has served as a folk medicine to treat
various discases based on experience. Some pharmacological
activities of . crocatum have been reported, such as cytotoxic
effect and antimigration activity on metastatic breast cancer,”
antibacterial activity,>" anti-hyperglycemic activity*’ and oth-
ers.

Previous studies have demonstrated the inhibitory effect of
P. crocatum ethanol and butanol extracts on proinflammatory
cytokines production, such as tumour necrosis factor alpha
(TNF-a), interleukin 1 beta (1L-1£), nitric oxide (NO), and
interleukin 6 (IL-6).""" In addition, P. crocatum methanol ex-
tract was examined on the anti-allergic inflammatory effect by
carrageenan-induced rat oedema test.”' These studies make it
pretty clear that P. crocatum has a potent anti-allergic inflam-
matory effect. However, the active anti-allergic inflammatory
constituents of P. crocatum remain to be investigated.

In the present study, 13 single compounds were isolated
from the methanol extract of P. crocatum leaves. To screen
the active anti-allergic inflammatory constituents, we per-
formed NO and f-hexosaminidase assays.

“These authors contributed equally to this work.

MATERIALS AND METHODS

General Experimental Procedures The NMR spee-
tra were recorded using @RUKER AVANCE 111 600 ('H,
600 MHz: C, 150MHz) (Bruker Biospin GmbH, Karlsruhe,
Germany), with tetramethylsilane (TMS) as an internal stan-
dard. Heteronuclear multiple quantum correlation (HMQC),
heteronuclear multiple bond correlation (HMBC), rotating
frame .Jclcar Overhauser effect spectroscopy (ROESY), and
'H-'H correlation spectroscopy (COSY) spectra were recorded
using a pulsed field gradient. The high resolution-electrospray
ionization HR-ESI)-MS spectra were obtained using an Agi-
lent 1200 LC-MSD Trap spectrometer (Agilent, Santa Clara,
CA, U.S.A). Preparative HPLC (prep-HPLC) was performed
using a GILSON 321 pump, 151 UV/VIS detector (Gilson,
VILLIERS-LE-BEL, France), and RStech HECTOR-M Cg
column (5-micron, 250X 21.2mm) (RS Tech Crop, Chungju,
South Korea). Column chromatography was performed using
a silica gel (Kieselgel 60, 70-230, and 230—4{‘mcsh, Merck,
Darmstadt, Germany), and C,; resins. TLC was performed
using a pre-coated silica gel 60F,;, and RP-18F,., plates
(both 0.25mm, Merck), and the spots were detected with a
solution of 10% H,SO, under UV light.

Plant Material The plant samples were gathered
from Cilendek Timur, Bogor, West Java, Indonesia, in Au-
gust 2016 and taxonomically identified (Identification No.
1714/ IPH.LOVIEOTVIIL2016) as Piper crocatum Ruiz & Pav.

*To whom corespondence should be addressed.  e-mail: syyang(@cnu.ac.kr; kimyri@chonnam.ac kr

@ 2021 The Pharmaceutical Society of Japan




246

(family Piperaceae) by Dr. Joeni Setijo Rahajoe at herbarium
Laboratory, Research Center for Biology, Indoensian Institute
of Sciences, Cibinong, West Java, Indonesia. A voucher speci-
men (BBRC-SMPLS-003) was deposited at the Herbarium
of Aretha Medika Utama, Biomolecular and Biomedical Re-
search Center, Bandung, West Java, Indonesia.

Extraction and Isolation The dried leaves of P. croca-
tum (2.6 kg) were refluxing extracted with ME'H (8L) for 3
times. The total extraction (400.0g) of MecOH was suspended
in deionized v&.cr and partitioned with n-hexane, and water
fraction. Then the water fraction was sequentially partitioned
with EtOAc n-BuOH, yielding EtOAc (1A, 16.1g), n-
BuOH (1B, 65.0g) fractions. The EtOAc fraction was subject-
ed to a silica gel column chromatography with a gradient of
CHCl,-MeOH-H,0 (10:1:0, 9: 1:0,.: 1:0,6:1:01,5:1:0.1,
4:1:01, 3:1:0.1, 2:1:0.1, MeOH 2.0L for each step) to give
11 f.:tions (Frs. 1A-1-11). Fractions 5 and 6 were combined
and isolated with a gradicr'of MeOH-H,0O (1:2, 1:1 and
100% MeOH) by medium-pressure liquid chromatography
(MPLC) using a C; column to give 8 fractions (Frs. 2A-1-8).
The fraction 2A-2 was separated by a Sephadex LH-20 column
and eluted by MeOH and its subfraction was isolated by prep-
HPLC to give 'mpound 1 (20.0mg). Fractions 7 and 8 were
combined and isolated@ith a gradient of MeOH-H,O (1:2,
1:1 and 100% MeOH) by MPLC using a C; column to give 8
fr'ions (Frs. 2B-1-8). Subfraction 2B-2 was separated using
a silica gel column chromatography with a CHCl,~MeOH
(10: 1) clut'l solvent to give compound 2 (23.0mg). Subfrac-
tion 2B-8 was separated using a silica gel column chroma-
tography with i’,‘HClrMcOH (20:1) clution solvent to give
compound 8 (6.0mg). Fraction 9 was isolatcc.vith a gradient
of MeOH-H,0 (1:2, 1:1 and 100% MeOH) by MPLC using
a Cy column to give one fraction, and then it was isolated by
prcp'-]PLC to give compound 3 (3.0mg). The n-BuOH frac-
tion was subjected to a silica gel column chromatography with
a gradient of CHCl,-MeOH-H,0 (10:1:0, 9:1:0, 1:0,
6:1:01, 5:1:01, 4:1:01, 3:1:01, 2:1:01, MeOH 5.0L for
each step) to give 11 frac.ns (Fr. 2C-1-11). Fractions 2C-2
and -3 were combined and isolated with a gradient of MeOH-
H,0 (1:2, 1:1 and 100% MeOH) by MPLC using a C,, col-
umn to give 12 fractions (Frs. 1D-1-12). The fraction 1D-3
was separated by a Sephadex LH-20 column and elfi®ed by
MeOH and its subfraction was isolated by prep-HPLC @ give
compound 9 (3.0mg). The fraction 1D-7 was separated by a
Sephadex LH-20 column and clu.j by MeOH and its subfrac-
tion was isolated by prep-HPLC to give compound 4 (4.9mg).
The fraction 1D-8 was scparated by a Sephadex LH-20 col-
umn and ecluted by MeOH and its subfraction was isolated by
prep-HPLC to give co.)ound 5 (3.6mg). Fractions 2C-4 and
-5 were combined and isolatc.with a gradient of MeOH-H,0O
(1:2, 1:1 and 100% MeOH) by MPLC using a C; column to
give 13 fractions (Frs. 1E-1-13). The fraction 1E-2 was sepa-
rated by a Sephadex LH-20 column and Cll..d by MeOH and
its subfraction was isolated by prep-HPLC to give compound
10 (15.0mg). The fraction 1E-6 was separated by a Sephadex
LH-20 column and ecluted by MeOH and its subfraction was
isolated by prep-HPLC to give comp:'ld 13 (304 mg). Frac-
tions 2C-6 and -7 were combined and isolated@vith a gradient
of MeOH-H,O (1:2, 1:1 and 100% MeOH) by MPLC using
a Cyg column to give 10 fractions (Frs. 1F-1-10). The fraction
1F-2 was separated by a Sephadex LH-20 column and eluted
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by MeOH and its subfraction was isolated by prep-HPLC to
give compounds 6 (3.0mg), 11 (2.0mg), and 7 (3.0mg). The
fraction 1F-5 was separated by a Sephadex LH-20 column
and eluted by MeOH and its subfraction was isolated by prep-
HPLC to give compound 12 (31.2mg).

The TLC analysis of compounds 1-13 and extracts are
shown in Supplementary Fig. 1.

Cell Culture and Reagents RBL-2H3 cells were obtained
from Korea Cell Bank (Seoul, South Korean). RAW264.7
and IGEL b4 cells were purchased from American Type Cul-
ture Collection (ATCC, Manassas, VA, U.S.A). RAW264.7
and IGEL b4 cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% fetal bovine serum
(FBS) and 1% penicillin—streptomycin. RBL-2H3 cells were
maintained in minimum essential medium (MEM) contain-
ing 10% FBS and 1% penicillin-streptomycin. The cells
were cultured in a humidified 37 °C incubator with 5% CO,.
DMEM and FBS were obtained from Welgene (Gyeongsan-si,
Gyeongsangbuk-do, South Korea) and MEM was purchased
from Gibco (Scotland, U.K.). Quercetin and griess reagent
were provided by Sigma-Aldrich (St. Louis, MO, US.A).
We purchased 2.4-dinitrophenylated bovine serum albumin
(DNP-BSA) from Invitrogen by Thermo Fisher Scientific
(Eugene, OR, US.A) and 3-(4.5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2/{-tetrazolium
(MTS) from Promega (Madison, WI, U.S.A)), respectively.

Nitric Oxide Assay RAW264.7 cells were seeded (1 X 10°
cells/well) in 48-well plates overnight. After treatment with
drugs for 1h, the cells were exposed to lipopolysaccharide
(LPS) (500ng/mL) for 24h. The generation of NO in the
culture supernatants was determined with griess reagent [1%
sulfanilamide in 5% H,PO,, 0.1% N-(I-naphthyl)-cthylenedi-
amine dihydrochloride] for 30 min at room temperature. The
absorbance was measured at 570nm utilizing an enzyme-
linked immunosorbent assay (ELISA) microplate reader
(BioTek, Winooski, VT, U.S.A.).

Western Blot Analysis To evaluate whether the decreased
NO production was mediated by inducible nitric oxide syn-
thase (iNOS) regulation, Western blotting was performed.
RAW264.7 cells were seeded in 6-well plates (1 x 10° cells/
well) in DMEM with 10% FBS at 37°C overnight. After
treatment with P. crocatum methanol extract or compound
1 for 2h, the cells were stimulated by LPS (200ng/mL) for
18 h. Then the cells were lysed in an ice-cold cell culture lysis
reagent (Promega) in the presence of the protease inhibitor
cocktail (1:1000, Sigma-Aldrich). The protein concentration
in the lysates was quantified with the bradford reagent (Bio-
Rad Laboratories, CA, U.S.A.). The denatured samples (20 ug)
were size-separated by 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) gels and transferred
to polyvinylidene fluoride (PVDF) membranes (Millipore,
Bedford, MA, U.S.A). After blocking with 5% skim milk in
Tris-buffered saline containing 0.05% Tween 20 (TBS/T) at
room temperature for 2h, membranes were incubated with
primary antibodies specific to iNOS (1:1000, Santa Cruz,
CA, US.A) or glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (1:1000, Santa Cruz, CA, U.S.A.) overnight at 4°C.
Thercafter, membranes were washed three times with TBS/T
and incubated with the secondary antibodies for 1h at room
temperature. Immunoreactive bands were visualized by an
ECL Western blot detection system (Advansta, Menlo Park,
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CA, US.A). The protein levels were quantitated with Image
J software.

fi-Hexosaminidase Assay RBL-2H3 cells were seeded in
48-well plates (3 X 10° cells/mL) in MEM with 10% FBS and
immunoglobulin E (IgE) at 37°C overnight. After washing
twice with siraganian buffer (pH 7.2, 119mM NaCl, 5mM
KCl, 0.4mM MgCl,-6H,0, 25mM PIPES, 40mM NaOH),
the cells were incubated in SBC buffer (siraganian buffer
supplemented with 5.6mM glucose, 1 mM CaCl,, and 0.1%
BSA). After treatment with methanol extract (30, 60 gg/mL),
compound 1 (10, 20uM) or the positive control quercetin
(20 uM) separately, the cells were stimulated with DNP-BSA
(1 ug/mL) (Thermo Fisher Scientific) for 30 min at 37°C. The
cell supernatants (25ul) were collected and transferred to
another 96-well plate. To determine the amount of released
f-hexosaminidase, 25uL of the cell supernatants in the plate
were incubated with 25 L of 1mM 4-nitrophenyl-N-acetyl-5-
p-glucosaminide (Sigma-Aldrich) in 0.1 M sodium citrate (pH
4.5) at 37°C for 1 h. The reactions were stopped with 200 uL/
well of carbonate buffer (0.1M Na,CO, and 0.1M NaHCO,,
pH 10), and the absorbance was detected at 405nm by using a
microplate reader (Biolek).

MTS Assay RBL-2H3 and RAW264.7 cells were cultured
in the 96-well plates (SPL life Sciences Co., Pocheon, Korea)
(1 X 10* cells/well) overnight and then exposed to several
concentrations of P. crocatum methanol extract or compound
1 for 24h. MTS solution was added to each well for another
1 h following manufacturer’s instructions. The absorbance was
detected at 490nm with an ELISA microplate reader (BioTek).

Statistical Assay All data are expressed as mean = stan-
dard error of the mean (S.E.M.) of at least three indcpcnd.t
experiments. The statistical differences were analyzed by
one-way ANOVA followed by the Tukey test or Student's
t-test. p<<0.05 was considered statistically significant using
GraphPad Prism 5 (GraphPad Softweare Inc., San Diego, CA,

an
)
I j =g =
HOY
"
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U.S.A).
RESULTS

Identification of the Single Compounds Isolated from
Methanol Extract of P. crocatum Leaves Thirteen com-
ponents wc. isolated from methanol extract of P. crocatum
leaves, and their structures were identified as catechaldehyde
(1)," gentisic acid (2),” benzyl f-p-glucoside (3),'" meth-
yl salicylate 2-0O-f-p-glucopyranoside (4),'" A-phenylethyl
p-p-glucoside (5),"”" cimidahurinin (6),"” hydroxytyrosol-
1-glucopyranoside (7),"* erigeside I (8)," syringin (9),""
3-[(1E£)-3-hydroxy-1-propen-1-yl]-2,5-dimethoxyphenyl ~ f-p-
glucopyranoside (10),'" 4-hydroxybenzoic acid fS-p-glucosyl
ester (11),' phenylmethyl 6-0O-g-L-arabinofuranosyl-f-n-
glucopyranoside (12)," and icariside D1 (13)™ by compar-
ing their NMR spectroscopic data with previously published
papers (Fig. 1).

Effect of Methanol Extract and Single Compounds of P.
crocatum on NO Production in RAW264.7 Cells NO is
generally regarded as one of the most important roles during
the immune response.”’ Therefore, we examined NO produc-
tion in LPS-induced RAW264.7 cells after the treatment of P.
crocatum methanol extract to confirm its anti-allergic inflam-
matory activity. The results indicated that the methanol ex-
tract of P. crocatum potently suppressed NO production (Fig.
2A). Furthermore, to ensure the effective anti-allergic inflam-
matory constituents, 13 single compounds were isolated from
methanol extract of P. crocatum leaves and their abilities to
decay the NO production were detected. As appeared in Fig.
2B, only compound 1 significantly restrained NO production
in LPS-induced RAW264.7 cells, and Bayl1-7082 was used
as a reference compound. Additionally, the inhibitory impact
of compound 1 on NO production was in a dose-dependent
manner (Fig. 2C). A large deal of NO is synthesized from

10 1

Fig. 1. Structures of Compounds 1-13 from the Leaves of P. crocatum
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Fig. 2. Effect of Methanol Extract and Single Compounds of P. crocafum on NO Production in RAW264.7 Cells

The cells planted in 48-well plates overnight were exposed to LPS (300ng/mL) for 24 h after treatment with (A) methanol extract (30, 60 ug/mL) of P. crocatum, (B)
13 single compounds (20uM) isolated from P. crocatum methanol extract, (C) cogapound 1 (10, 15, 20 uM) or positive control drug Bayl1-T082 (10 uM) for 1h. The NO
production in the culture supernatants was determined with griess reagent. Bay: AA1-7082. Comp.1: compound 1. All experiments were performed at least three times.
Results are expressed as mean* S E.M. The statistical differences were analyzed by one-way ANOVA followed by the Tukey test (***p= 0,001 versus with LPS treaed

group; ++ + means the significance compared with the mock cells).
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The cells were pretreated with P crocarum methanol extract (30, 60 ug/mL), compound 1 (10, 15 and 20 uM) or celecoxib (20 uM) for

RAW264.7 cells

+
Cel
20 uM

Comp.1
15  20uM

30 60 ug/mL 10
Effect of Methanol Extract and Compound 1 of P. crocatum on iNOS Protein Expression in LPS-Induced RAW264.7 Cells

2h, and then stimulated with LPS

(200ng/mL) for another 18h. The INOS protein expression was detected by Western blotting (left) and quantitated by Image J software (right). GAPDH was used as the
protein loading control. Cel: celecoxib. Comp.1: compound 1. All experiments were performed at least three times. Results are expressed as mean = S.E.M. The statistical
differences were analyzed by Student’s -test (***p < 0.001 versus with LPS treated group; ++ + means the significance compared with the mock cells).

L-arginine by iNOS.*? Accordingly, we further investigated
the expression level of iINOS by Western blot analysis. The
results revealed that the methanol extract of P. crocatum and
compound 1 significantly decreased iNOS expression (Fig. 3),
which indicated that the downregulation of NO was caused by
the decreased expression level of iNOS.

Effect of Methanol Extract and Compound 1 of P. cro-
catum on f-Hexosaminidase Release in RBL-2H3 Cells
fp-Hexosaminidase, which is secreted from mast cells and
basophils stimulated by antigens or degranulation induc-
ers, is frequently considered as an indicator of anaphylactic
reactions.”” To investigate whether methanol extract of P.
crocatum or compound 1 affects mast cell degranulation, we
measured the amount of released f-hexosaminidase in the
supernatants of RBL-2H3 cells stimulated by IgE-antigen
complex. With the treatment of methanol extract or compound

1, the released f-hexosaminidase from RBL-2H3 cells was
obviously reduced, and quercetin was used as a reference
compound (Fig. 4).

Effect of Methanol Extract and Compound 1 of P.
crocatum on Cell Viability To ensure that the decreased
levels of NO and f-hexosaminidase in RAW264.7 and RBL-
2H3 cells were not caused by cell death in each condition,
the cell viability was measured by MTS assay.**' The results
showed that methanol extract and compound 1 did not have
any cytotoxicity to RAW264.7 cells and RBL-2H3 cells (Figs.
5A, B). In addition, an increased cell growth was observed in
30ug/mL of P. crocatum methanol extract-treated RAW264.7
cells (Fig. 5A).




Vol. 44, No. 2 (2021)

DISCUSSION

Currently, more and more researchers focus on screening
active constituents from medicinal plants. One of the potential
medicinal plants is P. crocatum. Several studies have reported
that P. crocatum exerts its anti-allergic inflammatory effect by
the inhibition of several proinflammatory cytokines. However,
the effective constituents of P. crocatum remain to be deter-
mined.

In order to ascertain the active anti-allergic inflammatory
constituents of P. crocatum, we isolated 13 single compounds
from its methanol extract and identified their structures (Fig.
1). First, we confirmed that methanol extract of P. crocatum
was effective in suppressing LPS-induced NO production
(Fig. 2A), which was consistent with previously reported
paper.”) NO is known as an important biomarker during im-
mune response.”®’ Inhibition of NO production is considered
to be one of the mechanisms of drugs for the treatment of

150- RBL-2H3 cells

4+

p-hexosaminidase (%)

DNP-IgE - + + + + + +
Que MeOH,,; Comp.1
20 M 30 60pgimL 10 20 pM
Fig. 4. Effect of Methanol Extract and Compound 1 of P. crocatum on

fi-Hexosaminidase Release in RBL-2H3 Cells Sensitized with DNP-IgE

RBL-2H3 cells were stimulated with DNP-IgE after treatment with methanol
extract of P. crocamm (30, 60ug/mL), compound 1 (10, 20 M) or positive con-
trol quercetin (20uM) for 1h. The amount of released f-hexosaminidase in cell
supernatants was detected at 405nm by using a microplate reader. Que: quercety
Comp.1: compound 1. All experiments were performed at least three times.
sults are expressed as mean = S.E.M. The statistical differences were analyzed by
one-way ANOVA followed by the Tukey test (***p<20.001 versus with DNP-IgE
treated group: ++ + means the significance compared with the mock cells).

- MeOH,,, Comp.1

30  60pg/mL 10 15

RAW 264.7 cell (% of control)

20 um

Fig. 5.
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allergic inflammatory diseases. Therefore, we screened these
single compounds by measuring the NO amount in the su-
pernatants of LPS-induced RAW264.7 macrophages. Results
implied that LPS-induced NO production was only apparently
decreased with the treatment of compound 1 (Fig. 2B). The
other compounds did not show inhibitory effect on the assay
system. There is some structure difference between com-
pound 1 and others. It may be a reason why only compound
1 showed significant inhibitory effect on both NO production
and f-hexosaminidase release. More research is needed later
to reveal structure-activity relationship. NO is synthesized
from r-arginine, which was catalyzed by nitric oxide synthase
(NOS). Three types of NOS have been identified in mammals
and among them, iNOS is mainly responsible for the genera-
tion of NO during host defense response.”’ Consequently, we
measured the effect of P. crocatim methanol extract and com-
pound 1 on iNOS expression by Western blotting. The result
suggested that methanol extract and compound 1 inhibited NO
production through the inhibition of iNOS (Fig. 3).

f-Hexosaminidase is known as a component of mast cell
granules.”” To further confirm the anti-allergic inflammatory
effect of P. crocatum methanol extract and compound 1, we
measured the amount of f-hexosaminidase released from Igk-
antigen complex-stimulated RBL-2H3 cells. Similarily, result
showed that methanol extract and compound 1 suppressed
f-hexosaminidase release (Fig. 4), which was not caused by
cell cytotoxicity (Figs. 3A, B).

Upon these findings, we consider that compound 1 (cat-
cchaldehyde) is an active constituent of P. crocatum to exert
anti-allergic inflammatory effect. However, it should be noted
that this study has isolated and examined only 13 single
compounds. There may exist other effective compounds in 2.
crocatum. More research should be carried on to reveal the
anti-allergic inflammatory mechanism of compound 1. Cat-
echaldehyde (also known as protocatechuic aldehyde), a natu-
ral compound in some medicinal plants, possesses multiple
biological activities such as neuroprotective effect,™ cardio-
protective effect,”” antioxidant stress effect. Previous research-
ers have determined the protective effect of catechaldehyde on
renal inflammation*" However, the anti-allergic inflammatory
mechanisms of catechaldehyde remain to be clucidated. Cat-
echaldehyde was extracted from P. crocatum for the first time

100+

RBL-2H3 cell (% of control)

- MeOH, Comp.1

30 60pg/ml10 15 20uM

Effect of Methanol Extract and Compound 1 of P. crocatum on Cell Viability

(A) RAW264.7 cells and (B) RBL-2H3 cells were wcﬂ in 96-well plates overnight, and then were co-cultured with methanol extract of P. crocatum (30, 60 ug/mL) or
i

compound 1 (10, 15 and 20 uM) for 24h. The cell viab

¢ was performed by MTS assay. All experiments were performed at least three times. Results are expressed as

mean * 8. E.M. The statistical differences were analyzed by one-way ANOVA followed by the Tukey test (*p<0.05 versus with mock cells).




250

Biol. Pharm. Bull.

and deemed to be an active anti-allergic inflammatory compo-
nent of P. crocatum, which provided a valuable addition to the
knowledge of the anti-allergic inflammatory mechanisms of F.
crocatium.
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