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Chemical Constituents from Agrimonia pilosa with Inhibitory Activity against 

Interleukin 1β Production via NLRP3 and NLRC4 Inflammasomes

Piseth Nhoek, Hee-Sung Chae, Chae-Yeong An, Pisey Pel, Young-Mi Kim, and Young-Won Chin*

College of Pharmacy and Research Institute of Pharmaceutical Sciences, Seoul National University, 
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Abstract  Bioactivity-guided fractionation by preliminary screening using interleukin-1β production in
lipopolysaccharides (LPS)-induced J774A.1 cell line led to the isolation of fourteen structures including
chromone, isocoumarins, flavanoids, and triterpenes from the aerial part of Agrimonia pilosa Ledeb. All
structures were determined by measuring their spectroscopic data and comparing their spectroscopic data with
the literatures. All the isolates were tested for their inhibitory activities against interleukin-1β production in LPS-
induced J774A.1 cell. Of the tested compounds, (S)-(+)-5,7-dihydroxy-2-(1-methylpropyl)chromone (1),
agrimonolide-6-O-β-D-glucopyranoside (5), agrimonolide-6-O-α-L-arabinofuranosyl-(1→6)-β-D-glucopyranoside
(6), and catechin (10) were found to be active. Furthermore, compound 1 suppressed the protein expressions of
NLRP3 and NLRC4 in murine macrophage.
Keywords  Agrimonia pilosa, interleukin-1β, chromone, isocoumarin, inflammation, NLRP3, NLRC4,
inflammasome

Introduction

Inflammasomes are complex proteins capable of

recognizing exo- and endogenous dangers.1 Up to date,

several inflammasomes such as nucleotide-binding

domain and leucine-rich repeat receptor (NLR) family

pyrin domain-containing 3 (NLRP3), NLR family pyrin

domain-containing 1 (NLRP1), absent in melanoma 2

(AIM 2), and NLR family CARD domain-containing

protein 4 (NLRC4) have been reported,2 and NLRP3 is

the most well studied inflammasome among them.3

NLRP3 inflammasome is composed of a sensor (NLRP3),

an adaptor, apoptosis associated speck-like protein

containing a caspase recruitment domain (ASC) and an

effector protein (caspase 1).4 Two different steps, priming

and activation, are required for the activation of NLRP3

inflammasome. The priming step (signal 1) is that toll-

like receptor 4 (TLR4) triggers NF-κB-mediated NLRP3,

and pro-IL-1β expression. The activation step (signal 2) is

regulated by pathogen-associated molecular patterns

(PAMPs) and danger-associated molecular patterns

(DAMPs), resulting in NLRP3 complex assembly and

caspase 1 activation.5,6 The activation of caspase 1 leads

to cleavage of pro-IL-1β into active biological state.7 

NLRC4 inflammasome plays an important role as the

platform for caspase 1 activation and IL-1β secretion.8

NLRC4 inflammasome is a flagellin cytosolic sensor and

needs apoptosis inhibitory protein (NAIP).9 NAIP pro-

teins recognize the ligands, and then recruit NLRC4

proteins into inflammasome.10 NLRC4 is linked to caspase

1 by adapter protein ASC, which leads to the maturation

of IL-1β.11

Agrimonia pilosa Ledeb. (Rosaceae) is a perennial

herbaceous plant,12 has been traditionally used for the

treatment of abdomen pain, sore, headaches,13 diarrheas,14

gastrointestinal, gynecological, and genitourinary diseases15

in China, Japan, and Korea. The previous phytochemical

studies on the aerial part of A. pilosa have reported the

presence of isocoumarins, flavonoids, phenolic glyco-

sides,16,17 tannins, and triterpenes,18,19 as the chemical con-

stituents. Individual constituents or extracts of A. pilosa

have revealed a variety of pharmacological properties

including anti-allergic activities,20 anti-inflammatory,19,21-

24 anti-tumor,25 and anti-viral activities.26,27

Even though the anti-inflammatory effects of the

individual constituents from A. pilosa have been carried
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out,21-24 the inflammasome-mediated IL-1β production

inhibitory effects of the isolated chemical constituents

from this plant have not been explored. Thus, in the

present study, we investigated the CH2Cl2-soluble extract

which was selected by the preliminary bioassay using

LPS-induced J774A.1 cell and the compounds isolated

from the CH2Cl2 and EtOAc-soluble fractions were

evaluated for their inhibitory effects of IL-1β release in

LPS-induced J774A.1.

Experimental

General experimental procedure – NMR spectra

were measured on a Varian 400 spectrometer (Varian, CA,

USA) NMR spectrometers. High-resolution mass

spectrometric data were obtained using a Waters Xevo G2

Q-TOF mass spectrometer (Waters, MA, USA). Semi-

preparative highpressure liquid chromatography (HPLC)

was conducted with a Gilson 321 pump and Gilson 172

diode array detector (Gilson, Madison, WI, USA)

equipped with HPLC columns [250 × 10 mm, Luna column,

5 μm] (Phenomenex, Seoul, Korea) and an Acclaim Polar

Advantage 2 column [250 × 21.2 mm, Thermo Scientific,

5 μm] (Life Technologies Korea LCC, Seoul, South

Korea). Medium Pressure Liquid Chromatography

(MPLC) was performed by using Isolera One (Biotage,

Hengoed, United Kingdom). Water was purified with a

Milli-Q system (Waters). Column chromatography was

conducted on RP-C18 silica gel (Cosmosil, Kyoto, Japan)

Sephadex LH-20 (GE Healthcare, Uppsala, Sweden).

Thin-layer chromatography (TLC) analysis was perfor-

med on silica gel 60 F254 plates (Merck, Darmstadt,

Germany). The spots were visualized by spraying with

10% aqueous H2SO4.

Plant material – The dried aerial parts of A. pilosa

Ledeb were purchased from Daelim Korean Medical

Market (Chungbuk, Republic of Korea) and identified by

Dr. Hee-Sung Chae. A voucher specimen (CYWSNU-

AP0021) was deposited at the College of Pharmacy,

Seoul National University, Republic of Korea.

Extraction and isolation – The dried aerial parts of A.

pilosa Ledeb (4.3 kg) were extracted three times with

CH3OH at room temperature and evaporated in vacuo.

The crude extract (530.6 g, AP) was suspended in H2O

and sequentially partitioned with organic solvents to give

29.5 g of n-hexane-soluble extract, 22.7 g of CH2Cl2-

soluble extract, 69.4 g of EtOAc-soluble extract, 74.0 g of

n-butanol-soluble extract and water-soluble extract. The

CH2Cl2-soluble extract (20.7 g, APC) was chromato-

graphed over a silica column chromatography (CC) (5 ×

90 cm, 500 g) using gradient mixtures of n-hexane–EtOAc

(100:0 → 1:1), following by mixtures of CHCl3–CH3OH

(20:1 → 1:1), and finished by 100% CH3OH, providing

13 sub-fractions (APC1–APC13). APC10 (120.0 mg) was

subjected to HPLC [250 × 10 mm, Luna column, 5 μm]

eluted with CH3CN–H2O (75:25) with a flow rate of 1.5

mL/min in isocratic mode for 30 min and then the column

was flushed by 100% CH3CN for 5 min, to afford com-

pound 4 (tR 15.3 min, 17.0 mg). Sub-fraction APC11 (1.4 g)

was purified by medium pressure liquid chromatography

(MPLC) using a reversed-phase (RP) column with gradient

mixtures of CH3OH–H2O (10:90 → 100:0) to afford 15

sub-fractions (APC11A–APC11T). The combined sub-

fractions APC11H (7.0 mg) and APC11I (11.0 mg) was

subjected to HPLC [250 × 21.2 mm, Thermo Scientific, 5

μm] eluted with CH3OH–H2O (35:75) with a flow rate of

3 mL/min for 20 min in isocratic elution mode, to furnish

compound 2 (tR 16:2 min, 1.4 mg). A HPLC [250 × 21.2

mm, Thermo Scientific, 5 μm] method using CH3OH–

H2O (55:45) in isocratic mode (3 mL/min) for 20 min was

used to separate compound 3 (tR 15.8 min, 3.3 mg) from

APC11K (20.0 mg). APC11O (98.0 mg) was separated on

HPLC [250 × 10 mm, Luna column, 5 μm] by an isocratic

elution (1.5 mL/min) with CH3CN–H2O (60:40) for 30

min, providing compounds 13 (tR 26.1 min, 4.4 mg) and

14 (tR 30.6 min, 11.9 mg). APC12 (3.02 g) was fractio-

nated by MPLC RP-C18 column chromatography eluted

with gradient mixtures of CH3OH–H2O (10:90 → 100:0),

to afford 15 sub-fractions (APC12-1–APC12-15). The

separation of APC12-9 (60.0 mg) was performed on

HPLC [250 × 10 mm, Luna column, 5 μm] using a mixture

of CH3OH–H2O (80:20) in isocratic elution (1.5 mL/min)

for 15 min and sequentially flushed the column by 100%

CH3OH for 5 min, furnishing compound 1 (tR 7.2 min,

1.1 mg). Compound 5 (tR 10.2 min, 22.0 mg) was purified

from APC12-14 (54.0 mg) by HPLC [250 × 21.2 mm,

Thermo Scientific, 5 μm] eluted with CH3OH–H2O (60:

40) in isocratic elution (3 mL/min) for 15 min. The

EtOAc-soluble fraction (AgE, 69.3 g) was fractionated by

a column chromatography by using Diaion HP20 resin

with CH3OH–H2O (0:100 → 100:0) and following by

100% acetone as solvent to afford 10 sub-fractions

(AgE1–AgE10). AgE3 (4.0 g) was further subjected to a

silica column chromatography with gradient mixtures of

CHCl3–CH3OH (100:0 → 0:100) to obtain 15 sub-

fractions (AgE3-1–AgE3-15). The separation of AgE3-11

(314.2 mg) was conducted on HPLC [250 × 10 mm, Luna

column, 5 μm] with a flow rate of 1.5 mL/min with

CH3CN–H2O (25:75) for 12 min, (30:70) for 12 min,

(50:50) for 16 min, and followed by 100% CH3CN for 5
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min, providing compounds 10 (tR 10.2 min, 2.3 mg), 9 (tR
30.2 min, 1.3 mg), and 8 (tR 32.2 min, 11.2 mg). AgE3-12

(149.8 mg) was separated on HPLC [250 × 10 mm, Luna

column, 5 μm] with a flow rate of 1.5 mL/min using

CH3CN–H2O (18:82) for 20 min, (20:80) for 40 min,

(40:60) for 20 min, and then 100% CH3CN for 5 min to

give impure compound 7 (tR 47.5 min, 4.4 mg). The

impure compound 7 was further purified by HPLC [250 ×

10 mm, Luna column, 5 μm] eluted with CH3CN–H2O

(55:45) in isocratic elution (1.5 mL/min) for 15 min,

furnishing compound 7 (tR 13.3 min, 0.6 mg). Four sub-

fractions (AgE4-1–AgE4-4) were fractionated from AgE4

(3.09 g) by MPLC RP-C18 eluted with CH3OH–H2O

(10:90 → 40:60). The purification of compound 6 (tR 10.2

min, 3.1mg) from AgE4-3 (74.0 mg) was conducted on

HPLC [250 × 10 mm, Luna column, 5 μm] eluted with

CH3OH–H2O (60:40) in isocratic elution mode with a

flow rate of 1.5 mL/min for 15 min and finishing by

100% CH3CN for 5 min. AgE6 (4.70 g) was separated in

the same manner with AgE4, to yield 4 sub-fractions

(AgE6-1–AgE6-4). AgE6-1 (624.0 mg) was purified over

Sephadex LH 20 column eluted with CH3OH–H2O (1:1)

to afford 18 sub-fractions including compounds 11 (4.4

mg) and 12 (15.2 mg).

Cell culture and chemical reagents  Murine macro-

phages, RAW 264.7 and J774A1, were obtained from the

Korean Research Institute of Bioscience and Biotech-

nology (Republic of Korea), and grown in RPMI medium

containing 10% fetal bovine serum and 100 U/mL

penicillin/streptomycin sulfate. Cells were incubated in a

humidified 5% CO2 atmosphere at 37 oC. DMEM, peni-

cillin, and streptomycin were purchased from Hyclone

(Logan, UT, USA). Bovine serum albumin (BSA),

lipopolysaccharide (LPS) were purchased from Sigma (St.

Louis, MO, USA). Anti-mouse IL-1β antibody and bio-

tinylated anti-mouse IL-1 antibody were purchased from

Invitrogen (Invitrogen; Thermo Fisher Scientific, Inc.,

Carlsbad, CA, USA). NLRP3, NLRP4, caspase-1, AIM2,

β-actin, antibodies were purchased from Cell Signaling

Technology, Inc. (Danvers, MA).

Immunoblot analysis  Protein expression was assessed

by Western blotting according to standard procedures.

Briefly, J77A.1 cells were cultured in 60-mm culture

dishes (2 × 106 cells/mL), following by pretreatment various

concentrations of compound (4 and 20 μM). Cells were

washed twice in ice cold PBS (pH 7.4), the cell pellets

were resuspended in lysis buffer on ice for 15 min, and

the cell debris was then removed by centrifugation.

Protein concentration was determined using protein assay

reagent (Bio-Rad) according to the manufacturer’s

instructions. Protein (20–30 μg) was mixed 1:1 with 5 ×

sample buffer (20% glycerol, 4% SDS, 10% 2-ME, 0.05%

bromophenol blue, and 1.25 M Tris [pH 6.8]), loaded

onto 8% SDS-polyacrylamide gel electrophoresis gels,

and run at 150 V for 90 min. Cellular proteins were

transferred onto ImmunoBlot polyvinylidene difluoride

membranes (Bio-Rad) using a Bio-Rad semi-dry transfer

system according to the manufacturer’s instructions. The

membranes were then incubated overnight with the

respective primary antibody (diluted 1:500–1:1000) in

Tris-buffered saline containing 5% skim milk and 0.1%

Tween 20. The following day, the blots were washed

three times with Tris-buffered saline (0.1% Tween 20)

and incubated for 1 h with an horseradish peroxidase

conjugated secondary anti-IgG antibody (diluted 1:2000–

1:20,000). The blots were washed again three times with

Tris-buffered saline (0.1% Tween 20), and immunoreac-

tive bands were developed using the chemiluminescent

substrate ECL Plus (Milipore, Billerica, MA, USA).

Images were acquired by using a ChemiDoc Imaging

system (ChemiDoc™ XRSsystem with Image Lab™

software 3.0; Bio-Rad, Hercules, CA, USA).

Measurement of interleukin 1β  Cells were seeded

at 1 × 106 cells/mL per well in 24 well tissue culture

plates and pretreated with the indicated concentration of

compounds for 30 min before stimulation. After 6 h, the

supernatant was decanted into a new micro centrifuge

tube, and the amount of IL-1β was determined using the

ELISA kit according to the procedure described by the

manufacturer (ThermoFisher Scientific, Waltham, MA,

USA). All subsequent steps took place at room tem-

perature, and all standards and samples were assayed in

duplicate.

Result and Discussion

The methanol extract of A. pilosa was found to inhibit

the release of IL-1β in LPS-induced J774A.1. Therefore,

the organic solvent soluble fractions (hexane, dichloro-

methane, ethyl acetate, butyl alcohol and water-soluble

extracts) were measured by the same screening assay. The

dichloromethane-soluble fraction exhibited the inhibitory

activity against the release of interleukin 1β. Conse-

quencely, dichloromethane-soluble extract was chosen to

search for compounds (Fig. 1). Additionally, ethyl

acetate-soluble fraction was conducted to investigate for

new compounds as well as the chemical constituents from

this plant.

Fourteen chemical compounds (1–14) were isolated

and characterized from the aerial parts of A. pilosa (Fig.
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2). The structures were confirmed by measuring NMR

spectroscopic data and by comparing with the reported

values as (S)-(+)-5,7-dihydroxy-2-(1-methylpropyl)chromone

(1),28 loliolide (2),29 desmethylagrimonolide (3),30 agrimo-

nolide (4),31 agrimonolide-6-O-β-D-glucopyranoside (5),32

agrimonolide-6-O-α-L-arabinofuranosyl-(1→6)-β-D-glu-

copyranoside (6),33 1-(2-methylbutyryl)phloroglucinol-

glucopyranoside (7),34,35 undulatoside A (8),36 urachro-

mone B (9),37 catechin (10),38 taxifolin-3-O-β-D-gluco-

pyranoside (11),39 quercetin-3-O-β-D-glucopyranoside

(12),40 1β,2β,3β,19α-tetrahydroxyurs-12-en-28-oic acid

(13),41 and 1α,2β,19β-trihydroxy-3-oxo-12-ursen-28-oic

acid (14).42

Anti-inflammatory effects of A. pilosa have been

documented in several publications,19,21-24 including the

inflammasome-mediated anti-inflammatory effect of A.

pilosa extract.43 However, the effects of the individual

constituents from A. pilosa has not been explored. Hence,

this study focuses on inflammasome-mediated anti-

inflammatory effects of the isolated compounds with IL-

1β production using LPS-induced J774A. 1 cell.

All isolated compounds 1−14 were investigated for the

inhibitory activity of IL-1β release (Fig. 3). Of tested

compounds, compound 1, agrimonolide-6-O-β-D-gluco-

pyranoside (5), agrimonolide-6-O-α-L-arabinofuranosyl,

6-O-β-D-glucopyranoside (6) and catechin (10) (Fig. 3)

were found to inhibit the release of IL-1β at a con-

centration of 40 μM compared with the LPS-treated

group. Catechin (10) was known to inhibit IL-1β secretion

via modulation of NLRP inflammasome activation.44

Also, agrimonolide (4), an aglycone of 5 and 6, was

reported to reduce IL-1β secretion28 but in the LPS-

induced J774A cells, agrimonolide (4) did not reduce IL-

1β secretion. Instead, compounds 5 and 6, glycosides of

agrimonolide, suppressed IL-1β secretion.

Among these active compounds, compound 1 was

selected for further investigation because this chromone-

type compound has never been explored in the inflamma-

some related IL-1β production. 

Since IL-1β production results mainly from the

activation of NLRP3 and NLRC4 inflammasome, then

Fig. 1. The effect of methanolic extract (Total), hexane (hex),
dichloromethane (Ch), ethyl acetate (E.A), butanol (BuOH) and
water (DW) fractions of A. pilosa on IL-1β release.

Fig. 2. Chemical structures isolated from A. pilosa.
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we evaluated the effect of compound 1 (Fig. 4). Com-

pound 1 slightly decreased NLRP3 and NLRC4 protein

expression with 20 μM in J774A.1. The NLRP3 inflam-

masome is activated in a two-step process. First, nuclear

factor (NF)-κB signaling is induced through adenosine

monophosphate (AMP)-mediated activation of toll-like

receptor (TLR) 4, resulting in increased expression of

NLRP3. Next, indirect activation of NLRP3 occurs by a

multitude of signals (lysosomal-damaging environmental

factors and endogenous, and mitochondrial damage),

leading to complex assembly and activation of caspase-1.

Interestingly, in J774.1, caspase-1 and AIM 2 which plays

a primordial role in inflammasome formation, compound

1 did not change caspase-1 and AIM2 protein expression

as compared to only LPS-treated group. Thus, this

compound seemed to inhibit IL-1β production via NLRP3

and NLRC4 inflammasomes. 

In conclusion, compounds 1, 5, 6, and 10 were found to

inhibit the release of IL-1β. Among these active

compounds, compound 1 decreased NLRP3 and NLRC4

protein expression. This finding might provide the potential

of A. pilosa extract in the treatment of inflammatory-

related diseases.
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