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Antioxidant Constituents of Athyrium acutipinnulum

Hye Jin Park, Se Hwan Ryu, Sang Won Yeon, Ayman Turk, Solip Lee, Hak Hyun Lee,
Bang Yeon Hwang, and Mi Kyeong Lee*
College of Pharmacy, Chungbuk National University, Cheongju 28160, Korea

Abstract — Athyrium acutipinnulum, called as Ulleungdo ladyfern (Seom-go-sa-ri), is a native plant of South Korea. 4. acutip-
innulum has been consumed as foods and also traditionally used for the treatment of epilepsy, gonorrhea and nerve disorder.
The methanolic extract and EtOAc soluble fraction of A. acutipinnulum showed the antioxidant activity. Fractionation using
various chromatographic techniques resulted in the isolation of 13 compounds. The structures were elucidated on the basis of
spectroscopic methods as seven phenolic compounds, methyl 2-hydroxy-3-phenylpropanoate (1), protocatechualdehyde (2),
caffeic acid (3), frans-p-coumaric acid (4), (-)-4-E-caffeoyl- -threonic acid (5), 5-O-caffeoyl shikimic acid (6) and 5-O-caffeoyl
quinic acid (7), three flavonoids, quercetin 3-O-B-glucoside (8), naringenin-7-O-B-glucoside (9) and sutchenoside A (10), two
steroids, ponasterone A (11) and ecdysone (12) and a coumarin, esculetin (13). Among them, compounds 5 and 10 were first
reported from Athyrium spp and compounds 2, 5, 6 and 7 showed the antioxidant activity.

Keywords — Athyrium acutipinnulum, Phenolic compounds, Flavonoid, Steroid, Antioxidant activity
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é}M AHg-sh JE(CBNU2021-
bRl BtkEo] 9l
—NMR:: methanol-d, & %uﬂi 3lo]
AVANCE 400 2 500 MHz spectrometer ©]-&3lo] =74 3}
o UVe IR 712} Jasco UV-550 2 Perkin-Elmer model
LE599 spectrometers ©]-8-3st] S48 th. ESIMS 5782
VG Autospec Ultima Mass spectrometersS ©]-83} 3 o},
Semi-preparative HPLC= Waters Empower software S ©]
4-3lo] Waters 515 HPLC pump, 996 photodiode array
detectors AH&-3t 2™ Z -2 Gemini-NX ODS-column
(150x10.0 mm and 150x21.2 mm)Z A&t Ad A=
vl E 718 3] = silica gel (200-400 mesh, Fisher Scientific)
9 Sephadex LH-20(25-100 pum, Pharmacia Fine Chemical
Industries Co.)E G0 2 43 3}3L Kieselgel 60 F,q,
(0.25 mm, Merck, Germany) thin-layer chromatography (TLC)
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Fig. 1. [A] Chemical structures and [B] HMBC correlations of isolated compounds from A. acutipinnulum.
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=10:90~100:0, step gradientyS 523k 10711<2] 2 (ACE6A
~ACE6)) S & #3132 ACE6D % ACE6F 82 7t
7} semi-preparative HPLC(CH,CN : H,0 = 15:85)5 53 3}
o 3l3HE 13(2.9 mg) ¥ I3 3(6.5 mg), 43.5 mg)yS 4
ATH.

8}5H= 2(4.8 mg)= ACES #3)-2 Sephadex LH-20 Z &
A= vkE 12 9 (n-hexane : CH,Cl, : MeOH = 10:10:1~5:5:1
~0:0:1, step gradient)E 53§ ¢+ 5 semi-preparative HPLC
(CH,CN : H,0=20:80)E 35t A A|3I3Att. ACET &+
3] -2 RP-MPLC(MeOH : H,O = 20:80~100:0, step gradient)
= F3sle] 871¢) H3)(ACETA~ACETH)S.2 Wl
©] ¥ ACE7B %39 semi-preparative HPLC(CH,CN :
H,0=20:80)% 33te] 3}gt= 5(1.4 mg), 6(1.9 mg),
7(2.1 mgyS ACETG +#-2]-8 semi-preparative HPLC(CH,CN :
H,0 = 25:75)% 33l S13HE 11(2.5 mg)yS ATt

ACE8 92 RP-MPLC(MeOH : H,0 = 25:75~100:0, step
gradient)E T3 3t 137§ ¢] =< (ACES8A~ACESM) . =
TE38kAth o] F ACESI % ACESL ¥ & 717} semi-
preparative HPLC(CH;CN : H,O = 18:82)& S35t 35}
£ 8(8.0 mg), 9(4.6 mg) Z 3}3HE 10(2.8 mg), 12(1.9 mg)=
Sr .

Methyl 2-hydroxy-3-phenylpropanoate (1) — White
amorphous powder; "TH-NMR (methanol-d,, 400 MHz) 6,
7.22 (5H, m, H-2~6), 437 (1H, dd, /=8.0, 4.8 Hz, H-8), 3.69
(3H, s, OCH,), 3.07 (1H, dd, J~=13.6, 4.8 Hz, H-7a), 2.93
(1H, dd, J/=13.6, 8.0 Hz, H-7b) ppm; BC-NMR (methanol-
d,, 100 MHz) 8. 1743 (C-9), 137.1 (C-1), 129.1 (C-2, 6),
1279 (C-3, 5), 1262 (C-4), 71.7 (C-8), 51.0 (OCH), 40.2
(C-7).

Protocatechualdehyde (2) — Yellowish white powder;
HRESI-MS m/z 139.0389 [M+H]"; 'H-NMR (methanol-d,,
400 MHz) &, 9.69 (1H, s, H-7), 7.32 (1H, dd, J=8.0, 2.0
Hz, H-2), 7.30 (1H, d, J=1.6 Hz, H-6), 6.92 (14, d, J=7.6
Hz, H-3) ppm; C-NMR (methanol-d,, 100 MHz) §. 193.2
(C-7), 153.9 (C-4), 147.4 (C-3), 131.0 (C-1), 126.6 (C-6),
116.4 (C-5), 115.5 (C-2) ppm.

Caffeic Acid (3)— Yellow amorphous solid; HRESI-MS
mlz 181.0496 [M+H]"; 'H-NMR (methanol-d,, 400 MHz)
8, 7.53 (1H, d, J=15.6 Hz, H-7), 7.03 (1H, d, J=2.0 Hz, H-6),
6.94 (1H, dd, J=8.0, 2.0 Hz, H-2), 6.78 (1H, d, /8.0 Hz, H-3),
6.24 (1H, d, J=15.6 Hz, H-8) ppm; *C-NMR (methanol-d,,
100 MHz) 8. 171.7(C-9), 149.5(C-4), 146.9(C-7), 146.6(C-3),
128.1 (C-1), 122.9 (C-6), 116.6 (C-5), 116.4(C-8), 115.1 (C-
2) ppm.

tfrans-p-Coumaric Acid (4)— Yellow amorphous solid;
HRESI-MS m/z 165.0546 [M+H]"; 'H-NMR (methanol-d,,
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400 MHz) & 7.60 (1H, d, J=16.0 Hz, H-7), 7.46 (2H, dd,
J=8.4, 2.8 Hz, H-2, 6), 6.82 (2H, dd, /=84, 2.8 Hz, H-3,
5), 6.31 (1H, d, J~16.0 Hz, H-8) ppm; *C-NMR (methanol-
d,, 100 MHz) 8. 171.5 (C-9), 161.2 (C-4), 146.4 (C-7), 133.3
(C-2, 6), 127.5 (C-1), 116.2 (C-3, 5) 115.9 (C-8) ppm.
(-)-E-Caffeoyl-L-threonic Acid (5) — Brown amorphous
solid; HRESI-MS m/z 321.0581 [M+Na]"; 'TH-NMR (methanol-
d,, 500 MHz) & 7.05 (1H, d, J/=2.0 Hz, H-2), 6.79 (1H, d,
J=8.5 Hz, H-5), 6.97 (1H, dd, J/=8.0, 2.0 H-6), 7.61 (1H, d,
J=16.0 Hz, H-7), 6.32 (1H, d, /~16.0 Hz, H-8), 4.20-4.28
(4H, m, H-2"-4") ppm; “C-NMR (methanol-d,, 125 MHz) §.
176.5 (C-1"), 169.2 (C-9), 149.8 (C-4), 147.4 (C-7), 147.0 (C-
3), 127.9 (C-1), 123.2 (C-6), 116.6 (C-8), 1153 (C-5), 115.0
(C-2), 72.6 (C-2"), 71.6 (C-3"), 66.2 (C-4") ppm.
5-O-Caffeoyl Shikimic Acid (6) — Brown amorphous solid;
HRESI-MS m/z 359.0738 [M+Na]’; '"H-NMR (methanol-d,,
500 MHz) &, 7.58 (1H, d, J=16.0 Hz, H-7"), 7.05 (1H, d,
J=2.0 Hz, H-2"), 6.96 (1H, dd, J=8.5, 2.0 Hz, H-6'), 6.85
(IH, d, J=2.0 Hz, H-2), 6.79 (IH, d, J=8.5 Hz, H-5"), 6.30
(1H, d, /~15.5 Hz, H-8"), 5.26 (1H, m, H-5), 441 (1H, dd,
J=3.5, 40 Hz, H-3), 3.92 (1H, dd, /=3.0, 9.0 Hz, H-4),
2.88 (1H, dd, J=16.5, 7.0 Hz, H-6a), 2.34 (1H, dd, J=16.5,
9.0 Hz, H-6b) ppm; *C-NMR (methanol-d,, 125 MHz) §.
170.1 (C-7), 168.8 (C-9'), 149.8 (C-4"), 147.4 (C-7), 147.0
(C-3", 138.7 (C-2), 130.8 (C-1), 127.9 (C-1"), 123.2 (C-6"),
116.6 (C-5"), 115.3 (C-2"), 115.2 (C-8"), 71.6 (C-4), 70.2 (C-
5), 67.5 (C-3), 29.5 (C-6) ppm.
5-O-Caffeoyl Quinic Acid (7)- Yellow amorphous
powder; HRESI-MS mi/z 377.0843 [M+Na]; 'TH-NMR (methanol-
d,, 500 MHz) §,; 2.26 (2H, m, H-2), 420 (1H, m H-3),
3.76 (1H, dd, J=9.0, 2.5 Hz, H-4), 5.39 (I1H, td, J=9.0, 4.0
Hz, H-5), 2.26 (2H, m, H-6), 6.99 (1H, d, J=8.0 Hz, H-5"),
6.81 (1H, d, J=8.0 Hz, H-6), 6.32 (1H, d, J=16.0 Hz, H-
79, 7.61 (1H, d, J/=16.0 Hz, H-8"), 7.08 (1H, s, H-2") ppm;
BC-NMR (methanol-d,, 100 MHz) &, 149.7 (C-4"), 147.1
(C-3"), 147.0 (C-7"), 123.1 (C-6"), 116.6 (C-5"), 115.5 (C-2"),
115.3 (C-8'), 76.1 (C-1), 74.2 (C-5), 72.3 (C-4), 71.3 (C-3),
39.4 (C-6), 38.5 (C-2) 169.0 (C-9) 127.9 (C-1") ppm.
Quercetin 3-O-B-glucoside (8) — Brown amorphous solid,;
HRESI-MS m/z 487.0848 [M+Na]’, 465.1027 [M+H]"; 'H-
NMR (methanol-d,, 400 MHz) &, 7.71 (1H, d, /=2.0 Hz, H-
2", 7.61 (1H, dd, J/=8.4, 2.0 Hz, H-6'), 6.88 (1H, d, /=8.4
Hz, H-5), 6.41 (1H, d, J=2.0 Hz, H-8), 6.22 (1H, d, J=2.0
Hz, H-6), 5.27 (1H, d, /=7.6 Hz, H-1"), 3.43-3.73 (6H, m,
H-2"-6") ppm; C-NMR (methanol-d,, 125 MHz) §. 179.7
(C-4), 163.7 (C-7), 163.3 (C-5), 159.2 (C-9), 158.7 (C-2),
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150.0 (C-3"), 146.1 (C-4"), 135.8 (C-3), 123.3 (C-1"), 123.2
(C-6"), 117.7 (C-5), 116.2 (C-2"), 105.9 (C-10), 100.1 (C-5),
104.4 (C-1"), 94.9 (C-8), 78.6 (C-5"), 78.3 (C-3"), 75.9 (C-
2"), 71.4 (C-4"), 62.7 (C-6") ppm.

Naringenin-7-O-B-glucoside (9) —Brown amorphous solid;
HRESI-MS m/z 435.1285 [M+H]", 457.1103 [M+Na]; 'H-
NMR (methanol-d,, 500 MHz) & 7.33 (2H, d, J=8.0 Hz, H-
2', 6'), 6.82 (2H,d, J=8.0 Hz, H-3', 5"), 6.21 (1H, d, J=1.5
Hz, H-8), 6.19 (1H, d, J=1.5 Hz, H-6), 5.40 (1H, d, J~12.5
Hz, H-2), 498 (1H, d, J=6.0 Hz, H-1"), 3.88 (d, /~12.0 Hz,
H-6"a), 3.36-3.45 (4H, m, H-2"-5"), 3.68 (1H, m, H-6"b),
3.18 (1H, m H-3a), 2.75 (1H, m. H-3b) ppm; “C-NMR
(methanol-d,, 125 MHz) 8. 198.7 (C-3), 165.1 (C-5), 167.2
(C-7), 164.8 (C-9), 1593 (C-4),,131.0 (C-1") 129.8 (C-2,
6) 116.5 (C-3', 5), 105.1 (C-10), 101.4 (C-1"), 98.1 (C-6),
97.1 (C-8), 80.9 (C-2), 44.2 (C-3), 78.4 (C-5"), 78.0 (C-3"),
74.8 (C-2"), 71.3 (C-4"), 62.5 (C-6") ppm.

Sutchenoside A (10) — A pale yellow powder; HRESI-
MS m/z 621.1812 [M+H]", 643.1626 [M+Na]; 'H-NMR
(methanol-d,, 500 MHz) & 7.78 (1H, d, J/=8.5 Hz, H-2', 6,
6.74 (1H, s, H-8), 6.48 (1H, s, H-6), 6.97 (1H, d, J/=9.0 Hz,
H-3', 5), 5.56 (1H, s, H-1"), 5.53 (1H, s, H-1"),1.27 (1H,
d, 6.0 Hz, H-6"), 0.79 (1H, d, J=6.5 Hz, H-6"), 2.03
(3H, s, COCH,) ppm; *C-NMR (methanol-d,, 100 MHz)
dc 179.8 (C-4), 172.5 (COCH,), 163.8 (C-7), 163.2 (C-5),
162.1 (C-4), 160.2 (C-2), 158.3 (C-9), 136.0 (C-3), 132.2
(C-6"), 132.2 (C-2'), 122.5 (C-1"), 116.7 (C-3"), 116.7 (C-5"),
107.7 (C-10), 102.7 (C-1"), 100.8 (C-6), 100.0 (C-1"), 95.8
(C-8), 75.0 (C-4"), 74.0 (C-4"), 72.2 (C-3"), 71.8 (C-5"),
71.5 (C-2"), 70.1 (C-5"), 70.1 (C-2"), 70.0 (C-3"), 21.1
(COCHjy), 18.2 (C-6"), 17.7 (C-6") ppm.

Ponasterone A (11) — Yellow needles; HRESI-MS m/z
4653211 [M+H]"; '"H-NMR (methanol-d,, 500 MHz) §,; 5.81
(1H, d, J=2.5 Hz, H-7), 3.95 (1H, d, J=1.5 Hz, H-3), 3.86
(IH, ddd, /~11.5, 4.0, 3.5 Hz, H-2), 1.18 (3H, s, H-21), 0.97
(3H, s, H-19), 0.92 (3H, d, J=5.0 Hz, H-26), 0.93 (3H, d,
J=5.0 Hz, H-27). 0.89 (3H, s, H-18) ppm; “C-NMR (methanol-d,,
125 MHz) 8. 206.6 (C-6), 168.1 (C-8), 122.3 (C-7), 854 (C-
14), 78.1 (C-22), 78.0 (C-20), 68.8 (C-2), 63.7 (C-3), 51.9
(C-5), 50.6 (C-17), 48.8 (overlap, C-13), 39.4 (C-10), 37.8
(C-24), 37.5 (C-1), 35.2 (C-9), 33.0 (C-4) 32.7 (C-12), 31.9
(C-15), 30.6(C-23), 29.4 (C-25), 24.5(C-19), 23.6 (C-27),
22.9 (C-26), 21.7 (C-11), 21.6 (C-16), 21.1 (C-21), 18.2 (C-
18) ppm.

Ecdysone (12) — Yellow amorphous solid; HRESI-MS m/z
487.3030 [M+Na]"; '"H-NMR (methanol-d,, 500 MHz) §,
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582 (1H, d, J=2.5 Hz, H-7), 3.95 (1H, d, J=2.0 Hz, H-3),
3.86 (1H, ddd, ~11.5, 4.0, 3.0 Hz, H-2), 3.60 (1H, d, J=9.0
Hz, H-22), 2.40 (1H, dd, J=8.5, 4.5 Hz, H-5), 1.20 (3H, s,
CH,-27), 1.19 (3H, s, CH;-26) 0.97 (3H, s, CH;-19), 0.96
(GH, d, J=6.5 Hz, H-21), 0.73 (3H, s CH,-18) ppm; C-NMR
(methanol-d,, 100 MHz) 8, 206.6 (C-6), 167.7 (C-8), 122.0
(C-7), 85.1 (C-14), 753 (C-22), T1.4(C-25), 68.7 (C-2), 68.5
(C-3), 51.8 (C-5), 499 (C-17), 49.2 (C-13), 43.5 (C-20), 42.3
(C-24), 39.3 (C-10), 37.3 (C-1), 353 (C-9), 329 (C4), 32.1
(C-12), 32.1 (C-15), 29.7 (C=27), 29.1 (C-26), 27.0 (C-16), 25.3
(C-23), 24.5(C-19), 21.6 (C-11), 133 (C-21), 162 (C-18) ppm.

Esculetin (13) — Brown amorphous powder; HRESI-MS
miz 179.0339 [M+H]'; "H-NMR (methanol-d,, 500 MHz)
8, 7.79 (1H, d, J=9.5 Hz, H-4), 693 (1H, s, H-8), 6.75 (1H,
s, H-5), 6.18 (1H, d, J=9.0 Hz, H-3) ppm; "C-NMR (methanol-
d,, 400 MHz) 3. 164.5 (C-2), 150.7 (C-9), 146.2 (C-4), 146.2
(C-7), 144.8 (C-6), 113.1 (C-5), 112.9 (C-3), 112.6 (C-10),
103.8 (C-8) ppm.
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Fig. 2. DPPH radical scavenging activity of compounds isolated from A. acutipinnulum, protocatechualdehyde (2), caffeic acid (3)
trans-p-coumaric acid (4), (-)-E-caffeoyl-L-threonic acid (5), 5-O-caffeoyl shikimic acid (6), 5-O-caffeoylquinic acid (7), quercetin
3-glucoside (8), naringenin-7-O-f-glucopyranoside (9), sutchenoside A (10), ponasterone A (11), ecdysone (12) and esculetin (13),

PC: positive control, ascorbic acid.
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carboxyl 7] &, 8. 51.0 (OMe)Z H-E] 3}1}2] methoxy”] &
Zae &= AT} o] spectrum dataZ £33} H] WS},
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At

Compound 2= yellowish white powderZ 2], A = %]
3, HRESI-MS spectrum©| A m/z 139.0389 [M+H]" (calcd.
for C,H,0;, 139.0390) #-A}0]2 peakZF-E A4S
CH0,9% <433tk 'TH-NMR spectrum 3} *C-NMR
spectrum®] aromatic < ol 4] & 7.32 (1H, dd, J=8.0, 2.0
Hz, H-6), 7.30 (1H, d, J/=1.6 Hz, H-5), 6.92 (1H, d, J=7.6
Hz, H-2)7} 5, 126.6 (C-6), 1164 (C-5), 115.5 (C-2)Z %3]
1,3,4-trisubstituted aromatic ring®] EA 8= A< <35
o §.193.2 (C-8)] aldehyde singals <13 4= )31t}
o] 9] spectrum data®} S M| W3, IUE 2=
protocatechualdehyde® 57 5} t}.1?

3}5HE 38 white amorphous powder® 2], FA = AL,
HRESI-MS spectrum | ] m/z 181.0496 [M+H]" (calcd. for
CyHy0,, 181.0495) F-A}0]& peakZH-E] CH,0,2] HAMS
F=3th 'H-NMR spectrum3} “C-NMR spectrum2]
aromatic % 9l §,; 7.03 (1H, d, /~2.0 Hz, H-2), 6.94 (1H,
dd, J=8.0, 2.0 Hz, H-6), 6.78 (1H, dd, /=8.0 Hz, H-5)7} &,
122.9 (C-6), 116.6 (C-5), 115.1 (C-2)Z 53 13 4-trisubstituted
aromatic ring®| &A1 3t= S o Fetd Tt &gl §, 7.53
(1H, d, J=15.6 Hz, H-7), 6.24(1H, d, J=15.6 Hz, H-8), .
146.9 (C-7), 116.4 (C-8)2} J valueZH-E] rrans ©]| 52 o]
EA S FASFAIL 5. 171.7 (C-9)2] carboxyl ¥ A7} &
ZHE| ST} 039 spectrum data2} TS ¥ s, SIGHE 3
< caffeic acid2 433 TEY

3}5HE 4+ yellow amorphous solid® 2], A A €L,
HRESI-MS spectrum® A m/z 165.0546 [M+H]" (calcd. for
CyH,y0;, 165.0546) H-AF0]2 peakES LFERI AT, S15HE 49]
2 E-L s19HE 33} FASES 2 TH-NMR spectrum}t
BC-NMR spectrum®] aromatic % & ©l 4] §; 6.82 (2H, dd,
J=8.8, 2.8 Hz, H-3, 5), 746 (2H, dd, /<84, 2.8 Hz, H-2, 6), 8.
1333 (C-2, 6), 1162 (C3, 5y E8) 13 4trisubstituted aromatic
ring T4l 1,4-disubstitued aromatic ring®] &A= <1614
o o] 5 7% vl ste] 3}3HE 4 frans-p-coumaric
acid® &4 st

Compound 5= brown amorphous solid©. 2 2], “J A =]
9157, HRESI-MS spectrum®] 4] m/z 3210581 [M+Na]" (caled.
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for C,;H,,04Na, 321.0581) 1Ak |2 peak =€l C ;H,,04°
F2R2]S o A5l th. 'TH-NMR spectrum}F *C-NMR spectrum
of| A 1,3,4-trisubstituted aromatic ring<] §; 7.05 (1H, d, /=2.0
Hz, H-2), 6.97 (1H, dd, J=8.0, 2.0 Hz, H-6), 6.79 (1H, d,
J=8.5 Hz, H5)3} 6, 1232 (C-6), 1153 (C-5), 115.0 (C2)Z
gelstg e g, 7.61 (1H, d, ~16.0 Hz, H-7), 6.32 (1H,
d, J=155 Hz, H-8), 5. 147.4 (C-7), 116.6 (C-8)°] trans ©]
SATe] 939} 5. 149.2 (C-9) 2 carboxyl I ZE 53}
3}3HE 394 F2H caffeoyl acide] =S &2l sttt
F7F 02 §.72.6 (C-2), 71.6 (C-3'), 66.2 (C-4)2] 37]¢]
oxygenated carbon 33} §. 176.5 (C-1)2] F7H& <
carboxyl”] 9] A& A3 o]d2] spectrum data2}
23S v Eke] (-)-E-caffeoyl-L-threonic acid 2 57 313
16

3}3HE 62 brown amorphous solid 2 2 2], A = ¢
32, HRESI-MS spectrum®] m/z 359.0738 [M+Na]" ¥%}o]
2 peak®H C,H,(048] T2 S ol’de &+ ATt 'H-
NMR spectrum} BC-NMR spectrum®| 4] §; 7.05 (1H, d,
J=2.0 Hz, H-9'), 6.96 (1H, dd, J=8.5, 2.0 Hz, H-5"), 6.78
(1H, d, J=8.5 Hz, H-6))3} 8. 123.2 (C-5'), 116.6 (C-6'), 115.3
(C-9)¢] 1,3,4-trisubstituted aromatic ring®} 8y 7.58 (1H, d,
J=16.0 Hz, H-3"), 6.30 (1H, d, J=15.5 Hz, H-2'), 6. 1474
(C-3", 1152 (C-2)¢] trans ©| 52, 8 170.1°] carboxyl
7] 92E &3t caffeoyl”] o] A5 o3&ttt HSQC
spectrum2 £3}] §, 5.26 (1H, m, H-4), 441 (1H, m, H-3),
3.92 (1H, m, H-5)9} 8, 71.6 (C-4), 70.2 (C-5), 67.5 (C-3)
ZRE 249} 21H 38 371 9] oxymethineS 291313 2
8y 2.88(m)/2.34 (m) 2 5.29.52 ¥ methylene®] =4 &
gol3tAth T3 5, 6.85 (d, 2.0, H-2) 2 5. 130.8 (C-1),
138.7 (C-2)¢] F7H4Q1 ol A f 8. 170.19] carboxylS
55k shikimic acid T7ZE |’ T HMBC spectrum=
53} shikimic acid®] H-63 caffeoyl”]2] C-1'9] correlation-
%3} shikimic acid®} caffeoyl”]ol ZA3HE $IXE &2ls}
Row o] 4e] spectrum data$} FH-E H| W] 5-0-
caffeoyl shikimic acid2 &g 3ttt

3}3E 7= yellow amorphous powder= +2], A = )
2, HRESI-MS spectrum®] m/z 377.0843 [M+Na]" (calcd.
for C,H,;O,Na, 377.0843)ZFE C,H,;0, T-A}2] & o4
3t} 'H-NMR spectrum @} *C-NMR spectrum®] aromatic
P2 3= 3,5 2 67 vl AT caffeoyl”] o] &
NS gAEYTE FrHF o= Oy 2.26 (2H, m, H-2) 2.26
(H, m, H-6) @ 5, 38.5 (C-2) 39.4 (C-6)¢] T ARHE ¥
71 €] methylene”] 2] <=4 &, 4.20 (1H, m, H-3) 3.76 (1H,
dd, /9.0, 2.5 Hz, H-4) 5.39 (1H, td, /=9.0, 4.0 Hz, H-5)
2 5. 71.3 (C-3) 72.3(C-4) 74.2(C-5)0l| A Ao} A4 H 3
79} oxymethine®] =& ol’datdct. B3k 5. 127.9 F71

Kor. J. Pharmacogn.

29l carboxyl Y35 E3}9] quinic acid’} =S 5
sl o o] 9] spectrum datas FH S Hl W3l 5-0-
caffeoylquinic acidZ &g 33 th.'®

3}31E 8= brown amorphous solidZ 2], FA = A,
HRESI-MS spectrum®] m/z 487.0848 [M+Na]" (caled. for
C,H,00,Na, 487.0847) &7kl peakE &5k, T2+
(CyHy0,,) S ol 23t th 'TH-NMR spectrum®| 4] §,; 6.22
(1H, d, J=2.4 Hz, H-6), 6.41 (1H, d, J=2.0 Hz, H-8)& &
3l tetrasubsituted aromatic ring= & 6.88 (1H, d, J=8.4
Hz, H-5"), 7.61 (1H, dd, J=8.4, 2.0 Hz, H-6"), 7.71 (1H, d,
J=2.0 Hz, H-2")2 %3} 1,3 4-trisubstituted aromatic ringS
gl o BC-NMR spectrum2- 5514 flavonoid Al €
AL FAT 4= AUk &3 5,527 (1H, d, 7.6 Hz, H-
1")2] anomeric proton} *C-NMR spectrum®] 6. 104.4 (C-
17)¢] anomeric carbon 2 78.6 (C-5"), 783 (C3"), 75.9 (C2"),
71.4 (C-4"), 62.7 (C-6")2] glucosyl carbonS T3l T2 =
A E Belstd o o]Ake] spectrum datas FH-S B s}
o] quercetin 3-glucoside® 574 31}

3}31E 9= brown amorphous solidZ 2], FA F AL,
HRESLI-MS spectrum®] m/z 435.1285 [M+H]', 457.1103
[M+Na]" (caled. for C,H,;0,, 435.1285, C,H,,0,,Na,
457.1105) 538k C,H,)0,, A4 & o sk ict. 'H-
NMR spectrum®] aromatic § < ol 4] §,; 6.19 (1H, d, J~1.5 Hz,
H-6), 6.21 (1H, d, J=1.5 Hz, H-8)% %3] tetrasubstituted
aromatic ring< 8, 6.82 (2H, d, J=7.5 Hz, H-3, 5), 7.33 (H,
d, /~8.0 Hz, H-2', 6= 53l 1,4-disubstitued aromatic ring
o] ZAE stk T8, §, 540 (1H, d, J/~12.5 Hz, H-2),
2.73-2.77 (1H, m, H-3a), 3.14-3.20 (1H, m, H-3b)Z %3}
flavanone A1 € ¥ & F4 kATt §,,4.98 (1H, t, J=6.0 Hz,
H-1") anomeric proton} C-NMR spectrum®] & 101.4, 78.4,
78.0, 74.8, 713, 62.55 glucose?] EAE F=39 .
HMBC spectrum®] 4] H-1"3} C-7 A}o] €] correlationS %
3l glucose®] YA E &1t o™ o] 9] spectrum datas
32 ¥ 238}, naringenin-7-O-B-glucopyranoside = 573
&), 20

3}3HE 102 a pale yellow powderZ 2], A & 0L,
HRESI-MS spectrum®| A m/z 643.1626 [M+Na]" (calcd. for
CyoH3,0,sNa, 643.1633) E2}o]& peakS UERN2H, ©]
2RE A4S CH,0,9 S ottt 'H-NMR
spectrum®] aromatic % & ol A §; 6.48 (1H, s, H-6), 6.74
(1H, s, H-8)2 &3l tetrasubsituted aromatic ring= §,; 6.97
(2H, d, /9.0 Hz, H-3', 5'), 7.78 (2H, d, J=8.5 Hz, H-2, 6)&
%3l 1,4-disubstitued aromatic ring =M S FA 5t
BC NMR<E 534 flavonoid Al ¥ Y& FZ31% ). H-
NMR spectrum®| 4] flavonoid®l| 3@ 3l= 3] 2 o] 9ol %
& 5,556 (1H, s, H-11)2} 553 (1H, s, H-1")2] 7<)
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anomeric proton} 8y 1.27 (1H, d, J=6.0 Hz, H-6")} 0.79
(1H, d, J=6.5 Hz, H-6")Z 53} F712] rhamnose?] <A
£ F=351%21 BC-NMR spectrum 4] .. 102.7 (C-1"),
100.0 (C-1") % 71 2] anomeric carbon} 75.0 (C-4"), 74.0
(C-4"), 72.2 (-3"), 71.8 (C-5""), 71.5 (C-2"), 70.1 (C-5", 2",
70.0 (C-3"), 182 (C-6"), 17.7 (C-6")= &3l o]= &l3l%
t}. Flavonoid®} 5 7]] rhamnosedl] s135hH= o] 3. 0] 2]
8, 2.03 3H, s) ¥ §. 172.5 (COCH,) 21.1 (COCH,)2] =]
A5 Fot F71HAQ acetyl”] ] EAE 53134 o)
o] A5 &3t 3¥HE 102 flavonoid =4 7 71<]
rthamnose$} 1719] acetyl”| & X3l 722 o3t
Flavonoid$} ©2] A3 HMBC spectrum®|A] H-1"3} C-7
AFol 9] correlation, H-1""=} C-3 A}o] 9] correlationS =3}
o], acetyl”]¢] $JX]:= rhamnose®] H-5""} acetyl”]2] 172.5
(COCH;)®] correlations &3t AA3tA o™ o] 4]
spectrum dataS 3-S5 H| 3t sutchenoside AR &7 3}
Aty

3IHE 11 yellow needlesZ 2], A A = %122, HRESI-
MS spectrum®i| 4] 487.3032 [M+Na]" (caled. for C,,H,,0O,Na,
487.3030) wAF0] peak3! “C NMRE #4H]2 C,,H,,0%
o 435ttt 'H 2 BC-NMR spectruml| 4] §,,0.89 (3H, s,
H-18) 0.97 (3H, s, H-19) 1.18 (3H, s, H-21) 0.92 (3H, d, /~5.0
Hz, H-26) 093 (3H, d, J=5.0 Hz, H-27) 2 &, 182 (C-18)
245 (C-19) 21.1 (C21) 22.9 (C-26) 23.6 (C-27)¢] ¥ A=
& 3te] 5719 methyl7] o] A& EAstR 2§, 5.81
(1H, d, J=2.5 Hz, H-7) 2 §. 1223 (C-7) 168.1 (C-8)¢] ©]
A 73 E #AFeAh PC-NMR spectrum 5. 206.6
(C-6)°ll A carbonyl 7] ©] A€} 5. 68.8 (C-2) 68.7 (C-3)
85.4 (C-14) 78.0 (C-20) 78.1 (C-22)<] 571 hydroxyl7] €]
EAE frFstdnh o] 3 AHE Foto = 112
steroid = Aol 1712 o]FZAE, 1712] carbonyl, 571 <]
hydroxy”| & 7= 222 F4319o™ £ vaste]
ponasterone AZ 574 3} TH?

3}5HE 12+ yellow amorphous solid® 2], A =2,
HRESI-MS spectrum®| A m/z 487.3030 [M+Na]™ (calcd.
for C,,H,,0, 487.3030) 1=A}0]- peakE LFERH 101, o]
2HEH EA4E C,H, O = A3 5 ATt stgh+E
12¢] Z2HERL s19HE 113 w9 AR oW sl 119
&y 092 (3H, d, J=5.0 Hz, H-26) 0.93 (3H, d, J/=5.0 Hz, H-
27)2] I =7} §, 1.19 (3H, s, H-26) 1.20 (3H, s, H-27)Z
2gHe & FRlskaitt. wEbA shethE 12 S9E 1]
Zl hydroxy”|7} X8 F+Z =2 o AFst o £35S H]
2351 ecdysonel- 2 53 THS)

3152 13= brown amorphous powderZ 2], g A = 3
32, HRESI-MS spectrum®A] m/z 179.0339 [M+H]' S &3}
o] EA2(CHO,)E <33t A T "H-NMR spectrum <]
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aromatic % 991 8, 6.18 (1H, d, J=9.0 Hz, H-3), 7.79 (1H,
d, /=9.5 Hz, H-4)% %3l coumarin Al¥ 3JFEUS o4
ko EH 3} v wate] esculetin® & 54 3 TH

gk Sl tiste] Aikst @S S A s
) 3}3HEF flavonoid A€ 3}§-Eo] AAH o2 943
T5S YER ST sterol 315=2] E52 1okt
H=4 313E 2 flavonoid 3HEHE2] 739 dihydroxyl 28+
715 7K AL e shgHEe] @4d0] -73te] dihydroxyl A
3717t ksl a5l 8-S SRl o ol
AaAbes 53 itsl 858 YeERdlen oAl
o] #l=d 4 flavonoid Adito] Aitst G5 7S &
T Aok

o]

2 2M|H 3 glon Fa3 et
At ololl B AFroM = -3k gat
2 PPk G5 e Aantelel tslel A B a%
A5 TSIt BFg AREIH I Y S o] 85

& 13702l

wesiglon BeE gre Tae

flavonoid, 270 2] steroid, 17 €] coumarin® 2 57 s} t}.
o] % (-)-E-caffeoyl-L-threonic acid (5) 2 sutchenoside A
10y 7HIAR] EollM HFo 2 BisE sHghEollon
28 stete 5 vl = flavonoid A€ 3heH=
& e st a5 Sl & A7 AdE A
At o] At H 25 tis BEE 7|2AEE 482 A
o= 7|tjdr)

A AL
9 (NRF-2019K1A3A1A80113178) 2 20208Hd &= = E-1)
S A Ao ojsiel ATHE,

o
2
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