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Abstract — Codonopsis lanceolata, which is predominantly found in Korea and East Asia, has attracted
considerable scientific attention due to its long-standing use in traditional medicine. However, despite both its
roots and stems being utilized as functional food and medicinal resources, there has been limited phytochemical
investigation into its aerial parts. Therefore, the aim of this study is to isolate compounds present in the aerial
parts of C. lanceolata. Through repeated chromatography, two alkaloids (1 and 2), seven flavones (3-9), and three
isoflavones (10-12) and one type of phenylpropanoid (13) and polyacetylene (14) were isolated from a 70%
ethanol extract of C. lanceolata. The structure of each compound was determined through the analysis of
spectroscopic data ("H and '*C NMR), and by comparing them with previous research results. Among the
isolates, the presence of methyl 2-formyl-5-(methoxymethyl)-1H-pyrrole-1-butanoate (1), chrysoeriol 5-O-f-D-
glucopyranoside (3), apigenin-5-O-f-D-glucopyranoside (5), and 3’-O-methylorobol 7-O-$-D-glucopyranoside
(12) were reported for the first time in plants belonging to the Campanula family in this study. In addition, the
current study marked the isolation of luteolin 4’-O-f-D-glucopyranoside (4) from C. lanceolata for the first time.
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Introduction

Codonopsis lanceolata Trautv. is a perennial vine
belonging to the Campanulaceae family, and it is
distributed throughout East Asia, including countries like
Korea, Japan, and China. The root of C. lanceolata has
traditionally been used as a herbal remedy to treat
conditions such as bronchitis, tuberculosis, and disorders
related to mental and nervous health.! In Korea, it has
extensive applications not only in traditional herbal
medicine but also as a culinary ingredient. According to
previous research, due to the significant interest in C.
lanceolata roots, extensive studies have been conducted
over the past few decades, primarily focusing on the
pharmacological effects and various secondary metabolites
of C. lanceolata roots.” The primary components found in
C. lanceolata roots encompass phenylpropanoids, saponins,
polyphenols, polyacetylenes, tannins, steroids, and alkaloids,
all of which have demonstrated notable biological activity.
Among these constituents, the representative active com-
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pound, lancemaside A, has exhibited antioxidant properties
and has been investigated for its potential to mitigate
inflammation by inhibiting the NF-xB (Nuclear factor-
«B)-IKK (inhibitor of NF-kB kinase) pathway. Additionally,
diverse pharmacological effects of lancemaside A have
been explored, including stress relief and cell cycle regu-
lation.>”

As the value of C. lanceolata roots increases due to
their various pharmacological effects, there is a gradual
increase in research cases utilizing the aerial parts of the
plant, such as leaves and stems, in addition to the root.®
However, such research on the aerial parts of C. lanceolata
remains relatively limited compared to that on the root.
Therefore, the purpose of this study was to isolate com-
pounds present in the aerial parts of C. lanceolata, with
the expectation that these compounds may have pharma-
cological applications and potential for use in functional
raw materials.

Experimental

Plant Material — The aerial parts of Codonopsis lanceo-
lata Trautv. were obtained from a domestic farm (Yong-
munsan Sandeodeok Farm, Yangpyeong-Gun, Gyeonggi-
Do, South Korea), in May 2021. The origin of the herbal
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material was identified by Prof. Dae Sik Jang and a
voucher specimen (COLA4-2021) has been deposited in
the Lab. of Natural Product Medicine, College of Phar-
macy, Kyung Hee University, Republic of Korea.

General Experimental Procedures —NMR spectra
were measured using JEOL 500 MHz (JEOL, Tokyo, Japan).
Diaion HP-20 (Mitsubishi, Tokyo, Japan), Sephadex LH-
20 (Amersham Pharmacia Biotech, Buckinghamshire,
United Kingdom), Silica gel (Merck 60A, 70-230 or 230-
400 mesh ASTM, Merck, Kenilworth, MA, USA), MCI
gel (Supelco, CHP20P) were used for open column
chromatography. Medium pressure liquid chromatography
(MPLC) was carried out with pre-packed cartridges such
as Redi Sep-Silica (12 g, 24 g, 40 g, Teledyne Isco, Lincoln,
NE, USA) and Combiflash PF, equipped with Redi Sep-
Silica (12 g, 24 g, 40 g, Teledyne Isco) as well as Redi
Sep-Cis (13 g, 26 g, 43 g, 130 g, Teledyne Isco) for flash
chromatography. Preparative HPLC was conducted using
a Waters purification system, which included a 1525
pump and a PDA 1996 detector (Waters, Milford, MA,
USA). The separations were performed with a Gemini
NX-Cig 110A column (250 x 21.2 mm i.d., 5 ym, Pheno-
menex, Torrance, CA, USA) and a J'sphere ODS-M80
column (250 % 20.0 mm L.D., S-4 pm, 8 nm, YMC, Tokyo,
Japan). TLC was performed on silica gel 60 Fys4 (Merck)
and RP-18 F»54S (Merck) plate. The spotted TLC plate
was visualized by immersing it in 20% (v/v) H,SO4
reagent (Duksan, Seoul, Korea) after solvent development
and then heating it at 124°C for 10 minutes. HR-ESI-
Orbitrap-MS was obtained by a hybrid Orbitrap mass
spectrometer (Q-Exactive, Thermo Fisher Scientific, San
Jose, CA, USA).

Extraction and Isolation — The aerial parts of Codo-
nopsis lanceolata (3.6 kg) were extracted twice with 70%
ethanol (100 L) over the course of 72h at room tem-
perature, then the solvent was removed in evaporate at
45°C to give a 70% EtOH extract (696.89 g).

The 70% ethanol extract (690 g) was chromatographed
over Diaion HP-20 (o 10.4 x 76 cm) as the stationary
phase eluting with a MeOH/H,O (0/100 to 100/0, v/v) to
give thirteen fractions (Fr. 1~13). Fraction 4 (25.12 g) was
divided into seven fractions using Sephadex LH-20 (¢ 5.5
% 60.5 cm, MeOH/ H,O = 30/70, v/»). Fr. 4-2 (3.5 g) was
subjected to silica gel column chromatography (CC; 230~
400 mesh, o 5.0 x 28.6 cm, CH,Cl,/MeOH/H,O = 60/36/4
to 50/45/5, v/iv/v) to yield eight fractions (Fr. 4-2-1~8). Fr.
4-2-7 (2.5 g) was subjected to MCI gel CC (o 5.0 x 20.7
cm, acetonitrile/H,O = 0/100 to 20/80, v/) to isolate com-
pound 2 (943.8 mg).

Fraction 6 (7.8 g) was separated into seven fractions
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(Fr. 6-1~7) using Sephadex LH-20 CC (o 5.5 x 60.5 cm,
MeOH/ H,O =45/55, v/). Fr. 6-2 (1.06 g) was subjected
to silica gel CC (230~400 mesh, ¢ 3.5 x 29 cm, CH,Cly/
MeOH/H,0 = 100/0/0 to 60/36/4, v//W). It was divided
into five fractions (Fr. 6-2-1~5), and Fr. 6-2-7 (283.9 mg)
was subjected to MCI gel CC (o 3.0 X 32.0 cm, MeOH/
H,0 =30/70 to 40/60, v/) to separate compound 13 (110.6
mg). Compound 1 (11.0 mg) was separated from Fr. 6-5
(1.06 g) using MPLC with Redi Sep-Cig cartridge (46 g,
MeOH/H,0 = 35/65 to 55/45, v/v).

Fraction 9 (7.36 g) was separated using silica gel CC
(70~230 mesh, @ 4.5 x 37.0 cm, CH,Cl,/MeOH/H,0 = 100/
0/0 to 40/54/6, v/v/v) into eleven fractions (Fr. 9-1~11). Fr.
9-5 (272.8 mg) was further divided into seven fractions
(Fr. 9-5-1~7) using Sephadex LH-20 (g 2.5 % 52.0 cm,
MeOH/H,O =30/70 to 50/50, v&). Fr. 9-5-6 (31.8 mg)
was subjected to preparative HPLC [(Gemini NX-Cig
110A, H,O (0.1% FA, A)/MeOH (0.1% FA, B) =80:20 to
75:25)] to obtain compound 12 (19.5 mg). Fr. 9-6 (896.3
mg) was fractionated using Sephadex LH-20 (9 2.5 x 58.2
cm, MeOH/H,O =35/65, v/) and produced seven frac-
tions (Fr. 9-6-1~7). Compound 14 (58.2 mg) was isolated
from Fr. 9-6-3 (154.6 mg) by MPLC with a Redi Sep-Ci
cartridge (46 g, MeOH/H,O = 35/65 to 55/45, v/v). Fr. 9-
10 (4.15 g) was fractionated using ODS PR-Cig (o 4.0 x
26.0 cm, MeOH/H,O = 0/100 to 40/60, v/v) and produced
twelve fractions (Fr. 9-10-1~12). Compound 9 (127.3 mg)
was isolated from Fr. 9-10-8 (369.7 mg) by recrystalliza-
tion in MeOH.

Fraction 10 (2.5 g) was separated into ten fractions (Fr.
10-1~10) using Sephadex LH-20 (@ 3.5 x 62.5 cm, MeOH/
H,0 =70/30, v/). Compound 8 (122.4 mg) was separated
from Fr. 10-3 (300.0 mg) using MPLC with a Redi Sep-
C; cartridge (46 g, MeOH/H,0 = 20/80 to 40/60, v/v). Fr.
10-5 (110.0 mg) was divided into six fractions (Fr. 10- 5-
1~6) using MPLC with Redi Sep-C;g cartridge (46 g,
MeOH/H,O =40/60 to 45/55, v/v), among which Fr. 10-5-
4 (102.3 mg) was subjected to recrystallization in MeOH
to isolate compound 4 (61.0 mg). Fr. 10-8 (180.0 mg) was
divided into three fractions (Fr. 10- 8-1~3) using MPLC
with a Redi Sep-Cy; cartridge (26 g, MeOH/H,O = 20/80
to 50/50, v/) and Fr. 10-8-2 (158.7 mg) was divided into
two fractions (Fr. 10-8-2-1~2) using MPLC with Sep-
Silica cartridge (40 g, CH,Cl,/MeOH/H,O = 80/18/2 to
70/27/3, v/iv/v). Preparative HPLC (Gemini NX-C;g 110A,
H,0 (0.1% FA, A)/ACN (0.1% FA, B) =80:20 to 80:20)
was conducted on Fr. 10-8-2-2 (142.6 mg) to isolate
compounds 3 (4.0 mg), 5 (1.2 mg), and 6 (11.7 mg).

Fraction 12 (9.0 g) was divided into eight fractions (Fr.
12-1~8) by applying Sephadex LH-20 (o 5.5 X 67.5 cm,
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MeOH/H,0 = 60/40, v/»). Fr. 12-8 (2.0 g) was subjected
to silica gel CC (230~400 mesh, @ 4.0 x 23.0 cm, CH,Cly/
MeOH/H,0 =100/0/0 to 50/45/5, v/A/v) to divide into
five fractions (Fr. 12-8-1~5). Fr. 12-8-1 (550.9 mg) was
recrystallized in MeOH, yielding compound 7 (206.3 mg).
Additionally, from the liquid portion (341.6 mg), com-
pound 10 (65.1 mg) was isolated using MPLC with a
Redi Sep-Ci; cartridge (43 g, MeOH/H,O = 40/60 to 60/
40, vv).

Fraction 13 (64.0 g) was separated into eight fractions
(Fr. 13-1~8) using Diaion HP-20 (o 6.5 x 37.0 cm, acetone/
H,0 =50/50 to 100/0, v/v). Fr. 13-4 (3.6 g) was processed
with Sephadex LH-20 (& 5.0 x 53.0 cm, MeOH/ H,0 =
80/20, v/v) and divided into nine fractions (Fr. 13-4~19).
Fr. 13-4-9 (189.1 mg) was further separated into five
fractions (Fr. 13-4-9-1~5) using MCI gel CC (o 2.0 x 22
cm, MeOH/H,O =50/50 to 70/30, v/). Compound 11
(15.5 mg) was isolated through preparative HPLC [(Gemini
NX-Cig 110A, H;O(A) MeOH(B) = 50:50 to 100:00)] from
Fr. 13-4-9-4 (33.6 mg).

Methyl 2-formyl-5-(methoxymethyl)-1H-pyrrole-1-
butanoate (1) — White powder; HR-ESI-Orbitrap-MS (posi-
tive mode) m/z=240.0549 [M + H]" (calcd for C;,H;gNO,,
240.1158); '"H-NMR (CD;0D, 500 MHz) 6y : 9.44 (1H,
s, 2-CHO), 6.99 (1H, d, J=4.0 Hz, H-3), 6.29 (1H, d,
J=4.0 Hz, H-4), 449 (2H, s, H-6), 437 (2H, m, H-1"),
3.66 (3H, s, 4-OCHj), 3.35 (3H, s, 6-OCHj3), 2.36 (2H, t,
J=1725 Hz, H-3"), 2.01 (2H, q, J=7.25 Hz, H-2"); *C-
NMR (CD;OD, 125 MHz) oc: 181.3 (2-CHO), 175.3 (C-
4, 141.3 (C-5), 134.1 (C-2), 126.1 (C-3), 113.1 (C-4),
66.5 (C-6), 58.4 (6-OCHj3), 52.3 (4'-OCHs;), 46.0 (C-1"),
31.8 (C-2'), 27.6 (C-3').”8

Tryptophan N-glucoside (2) — Yellow powder; 'H NMR
(D,0, 500 MHz) oy : 7.72 (1H, d, J="17.5 Hz, H-8), 7.56
(1H, d, J=8.0 Hz, H-5), 7.35 (1H, s, H-1), 7.29 (1H, t,
J=17.75 Hz, H-7), 7.2 (1H, t, J= 7.5 Hz, H-6), 5.57 (1H,
d, J=9.0 Hz, H-1"), 434 (1H, dd, J=17.5, 4.5 Hz, H-10),
4.05 (1H, t, J=9.0 Hz, H-2"), 3.85 (1H, dd, /=12.5, 2.0
Hz, H-6"), 3.74 (1H, dd, /= 12.0, 5.0 Hz, H-6"), 3.72 (3H,
m, H-3', H-4', H-5'), 3.21 (1H, dd, J = 15.0, 4.0 Hz, H-9a),
3.06 (1H, dd, J=15.0, 7.5 Hz, H-9b); *C NMR (D0,
125 MHz) o¢: 180.9 (C-11), 136.6 (C-4), 128.6 (C-3), 123.9
(C-1), 122.6 (C-6), 120.4 (C-7), 119.5 (C-8), 112.9 (C-2),
110.2 (C-5), 84.4 (C-1"), 78.2 (C-3"), 76.5 (C-5"), 72.4 (C-
2", 71.6 (C-10), 69.3 (C-4"), 60.5 (C-6"), 30.0 (C-9).’

Chrysoeriol 5-O-f-D-glucopyranoside (3)— Yellow
powder; "H NMR (CD;0D, 500 MHz) &y : 7.48 (1H, dd,
J=38.5, 2.5 Hz, H-6"), 7.45 (1H, d, J=2.0 Hz, H-2'), 6.92
(1H, d, J=8.5 Hz, H-5"), 6.82 (1H, d, /J=2.0 Hz, H-8),
6.71 (1H, d, J=2.0 Hz, H-6), 6.60 (1H, s, H-3), 4.84 (1H,
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d, J=8.0 Hz, H-1"), 3.96 (3H, s, OCH3;), 3.95 (1H, dd,
J=11.5, 1.5 Hz, H-6"a), 3.77 (1H, dd, J=12.0, 5.0 Hz,
H-6"b), 3.60 (1H, dd, /=9.0, 7.5 Hz, H-2"), 3.48 (3H, m,
H-3", H-4", H-5"); '*C NMR (CD;0D, 125 MHz) ¢ :
180.5 (C-4), 165.1 (C-7), 164.4 (C-2), 160.9 (C-10), 160.3
(C-5), 152.1 (C-9), 149.7 (C-5"), 123.7 (C-1"), 121.7 (C-
2", 117.0 (C-3"), 110.6 (C-6"), 109.6 (C-4"), 107.0 (C-3),
105.2 (C-1"), 105.0 (C-6), 99.5 (C-8), 78.8 (C-5"), 77.5
(C-3"), 74.9 (C-2"), 71.4 (C-4"), 62.7 (C-6"), 56.8 (OCH;).!

Luteolin 4'-0-f-D-glucopyranoside (4) — Yellow powder;
"H NMR (CD;SOCD;, 500 MHz) 6y : 12.91 (1H, s, OH-
5), 7.52 (1H, dd, J=8.5, 2.0 Hz, H-6"), 7.50 (1H, d,
J=2.0 Hz, H-2"), 7.24 (1H, d, /= 8.5 Hz, H-5"), 3.83 (1H,
s, H-3), 6.50 (1H, d, /=2.0 Hz, H-8), 6.20 (1H, d, J=2.0
Hz, H-6), 4.89 (1H, d, J=7.0 Hz, H-1"), 4.65 (1H, t,
J=5.5 Hz, H-3"), 4.11 (1H, dd, J=5.5 Hz, H-6"a), 3.73
(1H, ddd, J=12.0, 5.0, 2.0 Hz, H-5"), 3.48 (1H, dt, /=
12.0, 6.0 Hz, H-6"b), 3.33 (2H, m, H-2", 4"); "C-NMR
(CD;SOCD;, 125 MHz) oc : 181.8 (C-4), 164.3 (C-7),
163.2 (C-2), 161.5 (C-5), 157.4 (C-9), 148.8 (C-4), 146.9
(C-3", 124.7 (C-1"), 118.6 (C-6"), 116.0 (C-5"), 113.6 (C-
2", 104.0 (C-10), 103.8 (C-8), 101.2 (C-1"), 99.0 (C-6),
77.3 (C-5"), 75.9 (C-3"), 73.3 (C-2"), 69.8 (C-4"), 60.71
(C-6M."

Apigenin 5-O-f-D-glucopyranoside (5) — Yellow pow-
der; "TH NMR (CD;OD, 500 MHz) &y : 7.84 (2H, d, J=
9.0 Hz, H-2', H-6'), 6.93 (2H, d, J=9.0 Hz, H-3', H-5"),
6.80 (1H, d, /=2.5 Hz, H-8), 6.67 (1H, d, /=2.5 Hz, H-
6), 6.57 (1H, s, H-3), 4.75 (1H, d, J="7.5 Hz, H-1"), 3.86
(1H, dd, /=12.0, 2.0 Hz, H-6"a), 3.68 (1H, dd, J=12.0,
5.0 Hz, H-6"b), 3.51 (1H, dd, /=9.0, 7.5 Hz, H-2"), 3.38
(3H, m, H-3", H-4", H-5"); "C-NMR (CD;SOCD;, 125
MHz) Jc : 177.4 (C4), 162.9 (C-2), 161.5 (C-7), 161.1
(C-4"), 1589 (C-5), 158.6 (C-9), 1283 (C-2, 6", 1214
(C-1", 116.1 (C-3', 5"), 108.4 (C-10), 105.8 (C-3), 104.5
(C-6), 104.4 (C-1"), 95.8 (C-8), 93.7 (C-2"), 77.6 (C-5"),
75.7 (C-3"), 69.8 (C-4"), 60.9 (C-6")."

Galuteolin (6) — Yellow powder; 'H NMR (CD;SOCD;,
500 MHz) 6y . 7.37 (2H, m, H-2', H-6"), 6.88 (1H, d,
J=28.0 Hz, H-5"), 6.79 (1H, d, /J=2.0 Hz, H-8), 6.70 (1H,
d, J=2.5 Hz, H-6), 6.55 (1H, s, H-3), 4.71 (1H,d, J=17.5
Hz, H-1"), 3.75 (1H, dd, J=12.0, 2.5 Hz, H-6"a), 3.54
(1H, dd, J=12.0, 5.5 Hz, H-6"b), 3.35 (2H, m, H-2", H-
5", 3.28 (1H, t, J= 8.5 Hz, H-3"), 3.19 (1H, m, H-4"); °C
NMR (CD;SOCD;, 125 MHz) dc : 177.0 (C-4), 162.9 (C-
2), 161.4 (C-7), 158.7 (C-5), 158.4 (C-9), 149.3 (C-4),
145.8 (C-3), 121.5 (C-1"), 118.6 (C-6"), 116.0 (C-5"),
113.1 (C-2"), 108.2 (C-10), 105.7 (C-3), 104.6 (C-1"),
104.5 (C-6), 98.2 (C-8), 77.6 (C-5"), 75.6 (C-3"), 73.7 (C-
2"), 70.0 (C-4"), 60.9 (C-6")."
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Luteolin (7) — Yellow powder; '"H NMR (CD;SOCD;,
500 MHz) dy: 7.42 (1H, dd, J=2.0, 8.0 Hz, H-6"), 7.39
(1H, d, J=2.0 Hz, H-2"), 6.89 (1H, d, J=38.0 Hz, H-5"),
6.67 (1H, s, H-3), 6.44 (1H, d, J=2.0 Hz, H-8), 6.18 (1H,
d, J=2.0 Hz, H-6)."*

Apigenin 7-O-f-D-glucopyranoside (8) — Yellow pow-
der; "H NMR (CD;SOCD;, 500 MHz) dy : 7.96 (2H, d,
J=9.0 Hz, H-2', H-6'), 6.94 (2H, d, /=9.0 Hz, H-3', H-5"),
6.88 (1H, s, H-3), 6.83 (1H, d, /=2.0 Hz, H-8), 6.44 (1H,
d, /J=2.0 Hz, H-6), 5.07 (1H, d, J=17.5 Hz, H-1"), 3.67
(1H, d, J=11.0 Hz, H-6"a), 3.41 (2H, m), 3.20 (3H, m)."”

Luteolin 7-O-f-D-glucopyranoside (9) — Yellow pow-
der; 'H NMR (CD;SOCDs, 500 MHz) 6y : 13.0 (1H, s,
OH-5), 7.45 (1H, dd, J=8.5, 2.0 Hz, H-2'), 7.42 (1H, d,
J=2.0 Hz, H-6"), 6.90 (1H, d, J= 8.5 Hz, H-3"), 6.79 (1H,
d, J=2.0 Hz, H-8), 6.76 (1H, s, H-3), 6.44 (1H, d, /=2.0
Hz, H-6), 5.08 (1H, d, J=7.5 Hz, H-1"), 3.71 (1H, d,
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J=10.5 Hz, H-6"a), 3.47 (2H, m), 3.28 (2H, m), 3.18
(1H, d, J=9.0 Hz, H-2").'¢

Orobol (10) — Yellow powder; '"H NMR (CD;SOCD;,
500 MHz) oy : 13.0 (1H, s, OH-5), 8.29 (1H, s, H-2), 6.99
(1H, d, J=2.0 Hz, H-2"), 6.78 (1H, m, H-5', H-6"), 3.67
(1H, d, J=2.0 Hz, H-8), 6.21 (1H, d, J=2.0 Hz, H-6);
5C NMR (CD;SOCD;, 125 MHz) d¢ : 180.3 (C-4), 164.4
(C-10), 162.0 (C-5), 157.6 (C-9), 154.0 (C-2), 145.6 (C-
4", 144.9 (C-3"), 122.4 (C-3), 121.6 (C-1"), 120.0 (C-6"),
116.6 (C-2"), 115.4 (C-5"), 104.5 (C-7), 99.0 (C-6), 93.7
(C-8).7

3'-O-Methylorobol (11) - Yellow powder; 'H NMR
(CD;SOCD;, 500 MHz) dy : 12.97 (1H, s, OH-5), 8.34
(1H, s, H-2), 7.13 (1H, d, /=2.0 Hz, H-2'), 6.98 (1H, dd,
J=38.0, 2.0 Hz, H-6"), 6.82 (1H, d, J= 8.0 Hz, H-5"), 6.38
(1H, d, J=2.0 Hz, H-8), 6.22 (1H, d, /J=2.0 Hz, H-6),
3.79 (1H, s, OCH;)."®

10 R1 =R2=H
1 R1=CH3, R2=H
12 R1 = CH3, R2 = Glc

HO

Fig. 1. Structures of compounds 1-14 isolated from the aerial parts of Codonopsis lanceolata.
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3'-0O-Methylorobol 7-O-f-D-glucopyranoside (12)—
Yellow powder; '"H NMR (CD;SOCDs, 500 MHz) &y :
12.96 (1H, s, OH-5), 8.47 (1H, s, H-2), 7.16 (1H, d, J=
2.0 Hz, H-2"), 7.01 (1H, dd, J=38.0, 2.0 Hz, H-6"), 6.84
(1H, d, J=8.0 Hz, H-5"), 6.73 (1H, d, J=2.0 Hz, H-8),
6.47 (1H, d, J=2.0 Hz, H-6), 5.07 (1H, d, /="7.5 Hz, H-
1"), 3.80 (1H, s, OCH3;), 3.70 (1H, d, J=10.0 Hz, H-6"a),
3.46 (3H, m), 3.28 (2H, m); *C NMR (CD;SOCDs, 125
MHz) J¢ :180.5 (C-4), 163.0 (C-10), 161.7 (C-5), 157.2
(C-9), 154.9 (C-2), 147.3 (C-4"), 146.8 (C-3"), 122.6 (C-
3), 121.7 (C-1'), 121.4 (C-6"), 115.3 (C-2"), 113.2 (C-5"),
106.1 (C-1"), 99.8 (C-6), 99.6 (C-8), 94.5 (C-7), 77.2 (C-
5", 76.4 (C-3"), 73.1 (C-2"), 69.6 (C-4"), 60.6 (C-6"), 55.7
(OCH;)."

Tangshenoside I (13) — Yellow powder; 'H NMR (DO,
500 MHz) oy : 6.62 (2H, s, H-2, H-6), 6.50 (1H, d, J=
16.0 Hz, H-y), 6.22 (1H, dt, J=15.5, 6.5 Hz, H-), 5.0
(1H, d, J=7.0 Hz, Glc H-1") 4.76 (2H, d, /= 6.0 Hz, H-
a), 470 (1H, d, J=8.0 Hz, Glc H-1), 3.85 (6H, s,
OCH;%2), 3.79 (2H, m), 3.69 (1H, dd, J=12.5, 5.5 Hz,
Gle H-6b), 3.63 (1H, dd, J=12.5, 5.5 Hz, Glc H-6'b),
3.54 (2H, m), 3.47 (2H, m), 3.39 (1H, ddd, J=10.0, 5.5,
2.5, Gle H-5), 3.32 (2H, m), 3.24 (1H, dd, J=9.5, 8.0 Hz,
Glc H-4), 2.92 (2H, s, H-2'a, H-2'b), 2.65 (2H, q, /= 14.0
Hz, H-4a', H-4b"), 1.49 (3H, s, H-6"); *C-NMR (D0, 125
MHz) J¢ : 176.7 (C-5'), 173.3 (C-1"), 153.3 (C-3, C-5),
134.4 (C-y), 134.4 (C-4), 134.2 (C-1), 124.3 (C-p), 105.1
(C-2, C-6), 103.8 (Glc, C-1), 97.2 (Glc, C-1"), 78.2 (C-3"),
77.0 (Glc, C-3), 76.6 (Glc, C-3), 76.6 (Glc, C-5), 76.5
(Gle, C-5"), 74.5 (Gle, C-2), 74.0 (Glc, C-2'), 70.3 (Glc,
C-4), 70.0 (Glc, C-4"), 66.3 (C-a), 61.5 (Glc, C-6), 61.2
(Gle, C-6"), 57.0 (OCH;%2), 47.4 (C-4"), 443 (C-2"), 24.8
(C-6".2

Lobetyolin (14) — Brown powder; 'H NMR (CD;COCD;,
500 MHz) éy: 6.31 (1H, dq, J=16.0, 7.0 Hz, H-2), 5.89
(1H, dt, J=15.5, 7.0 Hz, H-11), 5.58 (1H, dd, J=16.0,
2.0 Hz, H-3), 5.43 (1H, ddd, J=15.5, 8.0, 1.5 Hz, H-10),
441 (1H, d, J=7.0 Hz, H-8), 435 (1H, d, /= 8.0 Hz, H-
1", 422 (1H, t, J=7.0 Hz, H-9), 3.80 (1H, dd, J=12.0,
2.5 Hz, H-6'b), 3.63 (1H, dd, J=12.0, 6.0 Hz, H-6'a),
3.53 (2H, t, J=6.5 Hz, H-14), 3.35 (1H, t, /= 8.0 Hz, H-
4", 3.24 (3H, m, H-2', H-3', H-5"), 2.13 (2H, m, H-12),
1.76 (3H, dd, /=7.0, 2.0 Hz, H-1), 1.58 (2H, p, J=7.5
Hz, H-13); *C-NMR (CD;COCDs, 125 MHz) 6 : 145.3
(C-2), 138.9 (C-11), 126.5 (C-10), 110.4 (C-3), 100.7 (C-
1", 81.8 (C-4), 81.1 (C-9), 78.1 (C-5), 78.0 (C-3"), 78.0
(C-5Y, 74.8 (C-2"), 72.5 (C-6), 71.6 (C-4"), 71.2 (C-7),
66.6 (C-8), 62.7 (C-0"), 62.2 (C-14), 32.9 (C-13), 29.8 (C-
12), 18.9 (C-1).*

Natural Product Sciences

Results and Discussion

Through repeated chromatography, a total of 14 com-
pounds were isolated from a 70% ethanol extract from the
aerial parts of C. lanceolata. The chemical structures of
the isolated compounds (1-14) were identified based on
spectroscopic data (NMR and LC-MS) and comparison
with previous research. They were determined as methyl
2-formyl-5-(methoxymethyl)-1H-pyrrole-1-butanoate (1),
tryptophan N-glucoside (2),” chrysoeriol 5-O-B-D-gluco-
pyranoside (3)," luteolin 4'-O-B-D-glucopyranoside (4),"
apigenin 5-O-f-D-glucopyranoside (5),'* galuteolin (6),"
luteolin (7),' apigenin 7-O--D-glucopyranoside (8),"
luteolin 7-O-B-D-glucopyranoside (9),'® orobol (10),'7 3'-
O-methylorobol (11),'® 3'-O-methylorobol 7-O-f-D-gluco-
pyranoside (12)," tangshenoside I (13),° and lobetyolin
14

In this study, methyl 2-formyl-5-(methoxymethyl)-1H-
pyrrole-1-butanoate (1), chrysoeriol 5-O-$-D-glucopyra-
noside (3), apigenin 5-O-f-D-glucopyranoside (5), and 3'-
O-methylorobol 7-O-f-D-glucopyranoside (12) were iso-
lated from Campanulaceae family for the first time, while
luteolin 4'-O-f-D-glucopyranoside (4) was isolated from
C. lanceolata for the first time.

Luteolin 4’-O-$-D-glucopyranoside (4), a compound
first isolated from C. lanceolata, has notable ability to
inhibit the activity of TNF-a, a tumor necrosis factor that
causes inflammatory reactions and immune diseases.*
Beyond its direct suppression of TNF-q, luteolin 4’-O-f-
D-glucopyranoside (4) shows promise in suppressing
other inflammatory pathways, including potent inhibition
of NF-kB which is a transcription factor involved in
managing inflammation and immune-related disorders.*
Moreover, 4 has shown potent anti-inflammatory effects
by inhibiting IL-5, a chemotactic factor crucial in allergic
inflammation, with notable efficacy.”* Meanwhile, previous
study showed that luteolin 4'-O-f-D-glucopyranoside (4)
alleviated symptoms of hyperuricemia and gouty arthritis,
by decreasing the levels of IL-1B and TNF-a.> Therefore,
potential synergistic effects of luteolin 4'-O-f-D-glucoside
(4) in downregulating both pro-inflammatory cytokines
and critical cellular signaling pathways underline its
promise as an agent for both cancer prevention and therapy.

While these findings highlight the medicinal promise of
C. lanceolata, other compounds such as methyl 2-formyl-
5-(methoxymethyl)-1H-pyrrole-1-butanoate (1), chrysoeriol
5-O-p-D-glucopyranoside (3), and 3'-O-methylorobol 7-
O-f-D-glucopyranoside (12) remain less characterized in
terms of their pharmacological actions. This research
broadens our knowledge of the phytochemicals from the
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aerial parts of C. lanceolata, yet it also suggests that
additional research on the aerial parts of C. lanceolata is
needed.
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