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inhibitory activities

ZHANG Dong-dong" 2, SUN Yu!, LI Jing-yi?, RUAN De-qing?, CHEN Kai-xian> 3, LI Yi-ming?, WANG Rui?
1. School of Pharmacy, Shaanxi University of Chinese Medicine, Xianyang 712046, China

2. School of Pharmacy, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China

3. Shanghai Institute of Materia Medica, Chinese Academy of Science, Shanghai 201203, China

Abstract: Objective To study the chemical constitutes from the alcohol extract of Isatis indigotica roots and their nitric oxide
inhibitory activities. Methods The chemical components were isolated and purified by silica gel, ODS Cis gel, sephadex LH-20
and semi preparative-HPLC chromatographic techniques while the structures were deduced by NMR and MS spectral data analysis,
the NO inhibitory activities were tested by CCK-8 methods. Results Seventeen compounds were obtained and elucidated as
(7S,8R,7'S,8'R)-3,4,3' 4'-tetramethoxy-9,7-dihydroxy-8.8",7.0.9"-lignan (1), (-)-(7S,7'S,8R,8'R)-4-B-D-glucopyranosyloxy-3,3',5'-
trimethoxy-7,9":7',9-diepoxy-lignane (2), liballinol (3), 2-amino-1-(4-hydroxy-3-methoxyphenyl)propane-1,3-diol (4), p-hydroxyl
benzyl propanol (5), 3-methoxy-4-hydroxyphenylpropanol (6), 4-B-hydroxypropiovanillone (7), 3,4,5-trimethoxy-cinnammic acid
(8), (E)-4-(3R,45)-3,4-dihydroxy-2,6,6-trimethylcyclohex-1-en-1-yl)but-3-en-2-one (9), p-hydroxybenzaldehyde (10), vanillic acid
(11), 3,4-dihydroxyphenylacetic acid (12), benzamide (13), phenylacetamide (14), L-pyroglutamate (15), methyl-L-pyroglutamate
(16), and (4R,55)-5-hydroxyhexan-4-olide (17). Compounds 7 and 8 exhibited NO inhibitory activities with ICso values of 98.5 and

58.3 umol/L, respectively. Conclusion Compound 9 was a new natural product, compounds 1—4, 9 and 12—17 were isolated from
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Isatis indigotica root for the first time, compounds 7 and 8 showed NO inhibitory activities.

Key words: Isatidis Radix; Isatis indigotica Fort.; nitric oxide inhibitory activities; phenylpropanine; benzoic acid derivatives; 3.,4,5-

trimethoxy-cinnammic acid
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propiovanillone, 7). 3,4,5-=FHEIERHER (3,4,5-
trimethoxy-cinnammic acid, 8). (F)-4-(3R,45)-3,4-
dihydroxy-2,6,6-trimethylcyclohex-1-en-1-yl)  but-3-
en-2-one (9 ). X} ¥& & 7% H & ( p-hydroxy-
benzaldehyde, 10). FEJR (vanillic acid, 11). 3,4-
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ZRMp-EE (LD BEML, 153 F7-2-1~F7-2-4,
4 NSy, F1-2-3 (0.4 g) 48 SP-HPLC ( Zfi§-7K 28 :
72) Wi, HELAEYS (4.9 mg, rR=24.2 min)
A6 (2.5mg, rR=32.1min); F8 (4g) £ ODS Cis
i, 28 (10%. 30%. 60%) P, 7535 3
ANy F8-1~F8-3. F8-3 (2.7 g) L% Bkt 1
WA - EECL D DYER, 381 F8-3-1~F8-3-3,
3 AN4), F8-3-2(0.5 g) 4 SP-HPLC ( ZfiE-/K 15 ¢
85) kM, BREMLEY 10 (4.4 mg, R=9.4 min)
11 (52mg, xk=17.3 min); F9 (6 g) & ODS Cis
FEEE, O (10%. 30%. 50%. 70%) ¥, 75
F| F9-1~F9-4, 4 Ny F9-4 (3.6 g) LM FH
Bt A - (1D WM, B34 A
4y F9-4-1~F9-4-4, F9-4-4 (0.8 g) 4 SP-HPLC (£
E-7K 18 1 82) ¥Ellit, HEMLAY) 12 (2.3 mg, r=9.2
min); F10 (6 g) £ ODS Cis F:fhits, ZfE (10%-
20%-40%-60% )Y/t , 152 4 M2 F10-1~F10-4.
F10-2 (0.2 g) £ SP-HPLC (ZJi-/K 21 : 79) ¥,
BEMLAEY) 2 (4.6 mg, (r=25.1 min). F10-4 (3.6 g)
Z A R il A - (10 D e, 15
FIMbEM1 (2.8 mg); Fll (9 g) LM EFEER G
WEEEE-K (101D Yk, 8% F11-1~F11-8, 8
. F11-5 (0.3 g) % SP-HPLC (Zfi§-/K 25 75)
Yeli, BEMLAEY 4 (9.4mg, rR=14.9 min). F11-7
(0.4 g) LHITPEE GRS FER-K (101D P,
BEMLAEY 17 (6.7 mg); F13 (87 g) 4 ODS Cis
FEERE, 8 (10%. 30%. 50%. 70%) ¥, 75
F| F13-1~F13-4, 4 M4y, F13-4 (105 g) &5
EhEE Rl A - FEE (LD D B, SR
A¥13 (3.1 mg); Fl4 (22 g) £ ODS Cis H: i,
ZHE (10%- 30%- 50%- 70%) Feli, 53] F14-1~
Fl4-4, 4 M4y, F14-3 (3.2 g) 4 ODS CiF:fh
i, 2B (10%. 30%-. 50%. 70%) Wi, 152
F14-3-1~F14-3-4, 4 4%, F14-3-3 (0.9 g) &
SP-HPLC (ZJi§-7K 321 68) i, BEMLEY 15
(5.6 mg, tr=10.3 min) 1 16(2.7 mg, tr=13.9 min).
3 HMETE

a1 BtERM AR, ESI-MS m/z: 405
[M+H]*. 'H-NMR (400 MHz, CD;0OD) &: 6.88 (1H,
d,J=1.3 Hz, H-2), 6.91 (1H, d, J = 8.0 Hz, H-5), 6.84
(1H, dd, J= 1.3, 8.0 Hz, H-6), 4.55 (1H, d, J= 7.3 Hz,
H-7), 2.37 (1H, m, H-8), 3.10 (2H, m, H-9), 6.84 (1H,
d, J = 1.3 Hz, H-2), 6.84 (1H, d, J = 7.7 Hz, H-5"),

6.74 (1H, dd, J= 1.3, 7.7 Hz, H-6'), 4.33 (1H, dd, J =
3.4, 8.1 Hz, H-7", 1.73 (I1H, m, H-8"), 3.72 (2H,
overlapped, H-9); *C-NMR (100 MHz, CD;OD) 4:
137.3 (C-1), 110.1 (C-2), 148.9 (C-3), 148.1 (C-4),
111.7 (C-5), 118.6 (C-6), 83.2 (C-7), 49.7 (C-8), 60.7
(C-9), 135.7 (C-1), 110.5 (C-2'), 148.8 (C-3"), 148.1
(C-4"), 119.2 (C-5), 111.5 (C-6'), 74.1 (C-7"), 52.4
(C-8'), 69.9 (C-9'), 55.8 (3-OCH3), 55.7 (3'-OCH3),
55.9 (4-OCH3), 55.8 (4-OCH3). LA E%E 5 iRk
AU, LAY 1 %% N (7S,8R,7'S,8'R)-
3,4,3' 4'-tetramethoxy-9,7-dihydroxy-8.8',7.0.9'"-lignan ,

& 2: LERRY), ESI-MS m/z: 551 [M+
H]*. 'H-NMR (400 MHz, DMSO-ds) J: 6.88 (1H, d,
J =13 Hz, H-2), 6.71 (1H, d, J = 8.1 Hz, H-5), 6.74
(1H, dd, J= 1.3, 8.1 Hz, H-6), 4.65 (1H, d, J= 4.6 Hz,
H-7), 3.04 (1H, overlapped, H-8), 4.15 (1H, m, H-9a),
3.76 (1H, overlapped, H-9b), 6.65 (2H, s, H-2', 6'),
4.60 (1H, d, J = 4.8 Hz, H-7"), 3.04 (1H, overlapped,
H-8"), 4.15 (1H, m, H-9'a), 3.76 (1H, overlapped,
H-9'b), 4.88 (1H, m, H-1"), 3.17~3.11 (4H, m,
H-2"~5"), 3.60 (1H, d, J = 11.3 Hz, H-6"a), 3.40
(1H, m, H-6"b), 3.76 (9H, s, 3, 3/, 5-OCH:);
3BC-NMR (100 MHz, DMSO-ds) 0: 137.6 (C-1), 110.9
(C-2), 148.0 (C-3), 146.4 (C-4), 115.6 (C-5), 119.1
(C-6), 85.6 (C-7), 54.2 (C-8), 71.7 (C-9), 132.6 (C-1"),
104.7 (C-2'), 153.1 (C-3"), 134.2 (C-4'), 153.1 (C-5"),
104.7 (C-6'), 85.6 (C-7"), 54.0 (C-8), 71.5 (C-9"),
103.2 (C-1"), 74.6 (C-2"), 77.0 (C-3"), 70.4 (C-4"),
77.7 (C-5"), 61.4 (C-6"), 56.1 (3-OCH3), 56.9 (3,
5-OCHs). VA R#E¥s 50k EA 507, &
Y12 %58 N (—)-(7TR,7'R,8S,8'S)-4-B-D-MH e 2] A 3t -
42583375 = R FE-7,9":7" 9- XA S A G e o

&M 3: A&, ESI-MS m/z: 299 [M+H]".
'H-NMR (600 MHz, CD;OD) §: 7.18 (4H, d, J = 8.6,
H-2,2, 6, 6", 6.75 (4H, d, J = 8.6 Hz, H-3, 3, 5, 5"),
4.68 (2H, d, J=4.2 Hz, H-7, 7"), 3.11 (2H, m, H-8, 8"),
3.81 (2H, dd, J = 8.7, 3.9 Hz, H-9a, 9a), 4.19 (2H, dd,
J = 8.7, 2.2 Hz, H-9b, 9b'); '3C-NMR (150 MHz,
CD;0D) 6: 133.1 (C-1, 1'), 128.8 (C-2, 2, 6, 6"), 116.3
(C-3, 3", 5, 5"), 158.3 (C-4, 4"), 87.4 (C-7, 7'), 55.3
(C-8,8"),72.5(C-9, 9" LA EE 5 S0k 8 Ha A —
U8, ML ENEY) 3 4 liballinol .

EY 4: ABTERHAK, ESI-MS m/z: 212
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[M—H] . 'H-NMR (400 MHz, DMSO-ds) J: 6.89
(1H, d, J= 1.5 Hz, H-2), 6.74 (1H, dd, J= 1.5, 8.0 Hz,
H-6), 6.72 (1H, d, J = 8.0 Hz, H-5), 4.60 (1H, d, J =
4.1 Hz, H-7), 4.10 (1H, m, H-9a), 3.76 (3H, s, OCH3),
3.70 (1H, dd, J = 3.4, 9.1 Hz, H-9b), 3.39 (2H, brs,
NH>), 3.03 (1H, dd, J = 2.0, 4.2 Hz, H-8); '3C-NMR
(100 MHz, DMSO-ds) 0: 132.2 (C-1), 110.4 (C-2),
147.6 (C-3), 146.0 (C-4), 1152 (C-5), 118.7 (C-6),
85.2 (C-7), 53.6 (C-8), 70.9 (C-9), 55.6 (OCH3). LA I
i 5 SCERRIE B A —E0), A 4 BN
2-amino-1-(4-hydroxy-3-methoxyphenyl) propane-1,3-
diol. Ll E¥#Ei#id DEPT 135. HSQC. HMBC #lI
'H-"H COSY % Bl #E47 )5 J@ 50k

b &Y 5: AR AR, ESI-MS m/z: 151 [M—H]
'H-NMR (400 MHz, DMSO-ds) d: 6.96 (2H, d, J= 8.4
Hz, H-2, 6), 6.65 (2H, d, J = 8.4 Hz, H-3, 5), 3.39 (2H,
t, J = 6.5 Hz, H-9), 2.48 (2H, t, J = 6.5 Hz, H-7), 1.65
(2H, m, H-8); '*C-NMR (100 MHz, DMSO-ds) J:
155.2 (C-4), 132.2 (C-1), 129.1 (C-2, 6), 115.0 (C-3,
5), 60.1 (C-9), 34.7 (C-8), 30.8 (C-7). LA bE#¥E 5
BRI IE FE AR —F20, (B9 5 %52 A R R N R

&Y 6: AR K, ESI-MS m/z: 183 [M+H]* .
'H-NMR (400 MHz, DMSO-de) J: 6.74 (1H, d, J= 1.8
Hz, H-2), 6.68 (1H, d, J = 7.9 Hz, H-5), 6.58 (1H, dd,
J=19, 1.8 Hz, H-6), 3.76 (3H, s, 3-OCH3), 3.41 (2H,
t,J = 6.5 Hz, H-9), 2.52 (2H, t, J = 7.3 Hz, H-7), 1.68
(2H, m, H-8); '*C-NMR (100 MHz, DMSO-ds) J:
133.0 (C-1), 112.5 (C-2), 147.4 (C-3), 144.4 (C-4),
115.3 (C-5), 120.3 (C-6), 31.3 (C-7), 34.7 (C-8), 60.2
(C-9), 55.5 (OCH3). LA_b%dl 5 SOk i 3k A —
PN, G 6 SE R 3-HE S -4- R EOR TN RE .

a1 LEREOKH AR, ESI-MS m/z: 195
[M—H] . 'H-NMR (400 MHz, DMSO-ds) 0: 7.44
(1H, d, J = 2.0 Hz, H-2"), 7.51 (1H, dd, J = 8.2, 2.0
Hz, H-6), 6.86 (1H, d, J = 8.2 Hz, H-5'), 3.82 (3H, s,
OCHs), 3.81 (1H, m, H-2a), 3.05 (1H, m, H-2b), 3.74
(2H, t, J = 6.2 Hz, H-3); 3C-NMR (100 MHz,
DMSO-ds) d: 197.3 (C-1), 40.9 (C-2), 57.2 (C-3),
128.9 (C-1), 111.0 (C-2), 147.5 (C-3"), 151.6 (C-4"),
114.9 (C-5"), 123.1 (C-6"), 55.6 (3'-OCH;). LA _E¥#s
LR R A, B T BN 3Rk
1-(3-H 4 i -4- e B - 0k )- T - 1 -l

&) 8: TotasHRg f (HEE), ESI-MS m/z:

237 [M—H] . 'H-NMR (400 MHz, CD;OD) §: 7.59
(1H, d, J = 15.9 Hz, H-7), 6.91 (2H, s, H-2, 6), 6.37
(1H, d, J = 15.9 Hz, H-8), 3.88 (6H, s, 3, 5-OCH3),
3.77 (3H, s, 4-OCH3); '*C-NMR (100 MHz, CD;OD)
5: 126.5 (C-1), 107.1 (C-2, 6), 149.7 (C-3, 5), 140.3
(C-4), 147.3 (C-7), 115.6 (C-8), 169.8 (C-9), 52.2 (3,
5-OCHs), 57.0 (4-OCH3). DL HidiE 5 SCkikiE S A
— 2B, EY) 8 BEN 3,4,5- = HEIEAFERR .

&5 9: AT A, ESI-MS m/z: 387 [M+H]"
'H-NMR (400 MHz, DMSO-ds) J: 1.76 (1H, dd, J =
3.1, 12.4 Hz, H-2a), 2.26 (1H, dd, J = 12.4, 12.4 Hz
H-2b), 3.63 (1H, ddd, J = 12.4, 3.8, 3.4 Hz, H-3), 3.74
(1H, d, J = 3.4 Hz, H-4), 7.15 (1H, d, J = 16.4 Hz,
H-7), 6.03 (1H, d, J = 16.4 Hz, H-8), 2.27 (3H, s,
H-10), 1.80 (3H, s, H-11), 1.06 (3H, s, H-12), 1.01
(3H, s, H-13); BC-NMR (100 MHz, DMSO-ds) o:
36.8 (C-1), 41.5 (C-2), 65.8 (C-3), 71.0 (C-4), 134.0
(C-5), 138.0 (C-6), 142.4 (C-7), 133.3 (C-8), 198.4
(C-9), 27.6 (C-10), 20.2 (C-11), 27.8 (C-12), 30.2
(C-13). DL B 5 SOl AR — 2024, b &9
9 %58 N (E)-4-(3R,45)-3,4-dihydroxy-2,6,6-trimethyl-
cyclohex-1-en-1-yl)but-3-en-2-one.

B 10: HEHK, ESI-MS m/z: 123 [M+
H]*. 'H-NMR (400 MHz, DMSO-d) d: 9.79 (1H, s,
COH), 7.75 (2H, d, J = 8.5 Hz, H-2, 6), 6.79 (2H, d,
J = 8.5 Hz, H-3, 5), 10.63 (1H, brs, OH); 3C-NMR
(100 MHz, DMSO-ds) d: 128.9 (C-1), 136.1 (C-2, 6),
116.3 (C-3, 5), 163.8 (C-4), 191.4 (C-7). VL F¥iE 5
SCERRE A —F2), (LB 10 S5 xRS IR
HHE

& 11: AEKER, ESI-MS m/z: 169 [M+
H]*. 'H-NMR (600 MHz, DMSO-ds) d: 12.15 (1H,
brs, COOH), 7.44 (1H, overlapped, H-2), 6.79 (1H, d,
J = 8.4 Hz, H-5), 6.79 (1H, overlapped, H-6), 3.81
(3H, s, OCH3), 10.13 (1H, brs, OH); '*C-NMR (150
MHz, DMSO-ds) 0: 122.3 (C-1), 115.5 (C-2), 147.6
(C-3), 151.5 (C-4), 113.2 (C-5), 123.9 (C-6), 167.8
(C-7)o LA EHR 5 SRS B A — 59, {54 11
BENTEIR

& 12: AERA, ESI-MS m/z: 169 [M+
H]*. 'H-NMR (400 MHz, DMSO-ds) J: 6.66 (1H, d,
J =22 Hz, H-2), 6.56 (1H, d, J = 8.3 Hz, H-5), 6.61
(1H, dd, J = 8.3, 2.2 Hz, H-6), 2.16 (2H, s, H-7), 8.94
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(1H, brs, OH), 10.07 (1H, brs, OH); 3C-NMR (100
MHz, DMSO-ds) 0: 127.3 (C-1), 109.8 (C-2), 135.9
(C-3), 152.7 (C-4), 112.8 (C-5), 113.7 (C-6), 36.6 (C-7),
176.6 (C-8). LA FHdE 5 i A —327-281, ¥,
W12 558N 34— RIEKE R,

&Y 13: HEKER, ESI-MS m/z: 122 [M+
H]". 'H-NMR (400 MHz, DMSO-de) &: 7.43 (2H, m,
H-2, 6), 7.88 (2H, m, H-3, 5), 7.51 (1H, m, H-4), 8.02
(1H, brs, NH), 7.41 (1H, brs, NH); 3BC-NMR (100
MHz, DMSO-ds) d: 131.3 (C-1), 127.5 (C-2, 6), 128.3
(C-3, 5), 134.3 (C-4), 168.0 (C-7). LA ¥ 5 SCHikAR
TEREA—F, (AW 13 % N2 RN .

thE&Y 14: HEKER, ESI-MS m/z: 136 [M+
H]*. 'H-NMR (400 MHz, DMSO-de) &: 7.26 (2H, m,
H-2, 6), 7.28 (2H, m, H-3, 5), 7.20 (1H, m, H-4), 6.91
(1H, brs, NH), 7.51 (1H, brs, NH), 3.18 (2H, s, H-7);
13C-NMR (100 MHz, DMSO-ds) J: 126.7 (C-1), 128.6
(C-2, 6), 129.5 (C-3, 5), 136.9 (C-4), 42.7 (C-7), 172.8
(C-8). LA Hdl 5 CkiRkiE £ A —, (&Y
14 %78 N2K L »

&Y 15: FHENK, ESI-MS m/z: 130 [M+
H]*. 'H-NMR (400 MHz, DMSO-ds) 6: 7.93 (1H, brs,
NH), 4.08 (1H, dd, J=4.2, 9.0 Hz, H-2), 2.10 (1H, m,
H-3a), 2.35 (1H, m, H-3b), 1.96 (1H, m, H-4a), 2.13
(1H, m, H-4b); 13C-NMR (100 MHz, DMSO-ds) &:
52.5 (C-2), 24.9 (C-3), 29.3 (C-4), 180.0 (C-5), 174.9
(C-6)o LA EHHE 5 SCHRIRIE FE AR — B0, &)
15 558N L-EAER -

&P 16: HER A, ESI-MS m/z: 144 [M+
H]*. 'H-NMR (400 MHz, DMSO-dj) 6: 8.00 (1H, brs,
NH), 4.18 (1H, dd, J=4.2, 9.0 Hz, H-2), 2.11 (1H, m,
H-3a), 2.34 (1H, m, H-3b), 1.96 (1H, m, H-4a), 2.12
(1H, m, H-4b), 3.67 (3H, s, OCH3); '3C-NMR (100
MHz, DMSO-ds) 0: 52.3 (C-2), 25.1 (C-3), 29.5 (C-4),
177.5 (C-5), 173.8 (C-6), 55.1 (OCH3). LA ¥ 5
BRI E A —FBY, hEY) 16 B8N L-ERER
SHIER

& 17: kAR, ESI-MS m/z: 131 [M+
H]*. 'H-NMR (400 MHz, DMSO-ds) &: 2.44 (2H, m,
H-2), 1.95 (1H, m, H-3a), 2.14 (1H, m, H-3b), 4.30
(1H, m, H-4), 3.62 (1H, m, H-5), 1.08 3H, d, J = 4.2
Hz, H-6); '3C-NMR (100 MHz, DMSO-de) d: 177.9
(C-1), 28.7 (C-2), 23.9 (C-3), 84.0 (C-4), 68.2 (C-5),

19.4 (C-6). LL EHdie 5 SCRRIBGEREA — 5032, fKs

Y17 %58 N (4R,55)-5-hydroxyhexan-4-olide .

4 NO HIHI7E SN E
SRS AT SCERARGELS, (5 1~17 K

FI CCK8 ¥ 3 NO #liE 1,  Se8 77137353 ¥

B2 HAH (FBS) . i 2B (LPS) 4H (LPS 1 pg/mL).

LPS (1 pg/mL) +PFHIE 252 FEMERERER (0.1. 1. 5.

25. 50, 100 pmol/L) ZHA1 LPS (1 pg/mL) +H&

Y1 1~17 (0.1, 1. 5. 25. 50. 100 umol/L) AH,

TR ELE 3 R, 1Cso BUFIME. 4R ER, 16

E9) 7 8 BAMENENE, ICso Ml AN (98.5+

6.4) Al (583+2.8) pmol/L, HAEAILEWIH 1Cs

{E35>100 pmol/L, PHPEZEEEMEERER 1Cso fH N

(22.74£0.4) pmol/L.

5 1ig
ARIENEE RG S BANARE T 17 MEE,

Ho 11 A E RBEAR 4Rl , 0% T H

WY, (H NO s RS SR B on AL &1 7

8 HEAIRAMMPMEETE. Bk, KT HBRIEHR

LI TR AT 7 B R R G HIRIE A LA R S .
FBAR PANEHEAREEABYR

SHEHR

[1] EZ M [S]. —#E. 2020: 214.

[21 BRE, WUABE, BREEfh, & SRS 1 ASE A2
T [J]. 251, 2017, 40(1): 81-83.

[38] Xie ZY, Shi Y H, Wang Z T, et al. Biotransformation of
glucosinolates epiprogoitrin and progoitrin to (R)- and
(S)-goitrin in Radix isatidis [J). J Agric Food Chem, 2011,
59(23): 12467-12472.

[4] Chen M H, Gan L S, Lin S, ef al. Alkaloids from the root
of Isatis indigotica [J]. J Nat Prod, 2012, 75(6):
1167-1176.

[6] TRARZR, Biis, i, & SOER OB b
MR R R [J]. R EA &, 2020,
35(5): 2287-2291.

[6] Zhang D D, Shi Y H, LiJ Y, et al. Alkaloids with nitric
oxide inhibitory activities from the roots of Isatis
tinctoria [J]. Molecules, 2019, 24(22): E4033.

[71 Zhang D D, Shi Y H, Xu R, et al. Alkaloid enantiomers
from the roots of Isatis indigotica [J]. Molecules, 2019,
24(17): E3140.

[8] Zhang D D, LiJ Y, Ruan D Q, ef al. Lignans from Isatis
indigotica roots and their inhibitory effects on nitric oxide
production [J]. Fitoterapia, 2019, 137: 104189.

[91 Zhang D D, Du K, Zhao Y T, et al. Indole alkaloid



© 1948 «

FED 20224E4 7 $53% B 78 Chinese Traditional and Herbal Drugs 2022 April Vol. 53 No. 7

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

glycosides from Isatis tinctoria roots [J]. Nat Prod Res,
2021, 35(2): 244-250.

Zhang D D, Shi Y H, Shi S S, et al. Isatisindigoticanine
A, a novel indole alkaloid with an unpresented carbon
skeleton from the roots of Isatis tinctoria [J]. Nat Prod
Res, 2021, 35(8): 1249-1255.

SKRARAR, FIEHF, AL, S5 BURAR o A 2
SRR [J]. HhEEZE, 2019, 50(15): 3575-3580.

Zhang D D, Sun Y, Shi Y H, et al. Four new indole
alkaloids from the roots of Isatis tinctoria [J]. Nat Prod
Res, 2022, 36(1): 312-318.

Zhang D D, Sun Y, Chen Z Q, et al. Bisindole alkaloids
with nitric oxide inhibitory activities from an alcohol
extract of the Isatis indigotica roots [J]. Fitoterapia,
2020, 146: 104654.

Zhang D D, Ruan D Q, Li J Y, et al. Four undescribed
sulfur-containing indole alkaloids with nitric oxide
inhibitory activities from Isatis tinctoria L. roots [J].
Phytochemistry, 2020, 174: 112337.

Zhang D D, Sun Y, Ruan D Q, et al. Three new indole
alkaloid glycosides with unusual structural features from
the roots of Isatis indigotica [J]. Phytochem Lett, 2020,
39: 168-172.

IR, EW, FEH, & BILEARIEREIZ BT
[7]. *FE2Z4, 2019, 50(21): 5193-5197.

Tolstikhina V V, Semenov A A, Ushakov I A. Minor
furofuranoid lignans from cultivated cells of Scorzonera
hispanica L [J] Rastitel'nye Resursy, 1999, 35(1): 87-90.
¥, W, FEM. R T PR Pk
SR [T B FEERFER, 2009, 30(10): 1199-1202.
Labed F, Masullo M, Cerulli A,
parts

et al. Chemical

constituents of the aerial of  Santolina

chamaecyparissus and evaluation of their antioxidant
activity [J]. Nat Prod Commun, 2017, 12(10): 1605-1608.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

KA, WER, B, R T EMMHLE RO
[7]. Th2i24, 2018, 49(16): 3747-3757.

wh, R, EAME, BT 1 SRR
KEGUREAL R SIS (7] FEZ, 2015, 46(20):
2996-2998.

BUEWE, W%, &%, & mI AR [J].
HhELZ, 2010, 41(1): 29-32.

2P, EW, 2PN, mERERIN S EE D]
R E 25910 4 7, 2005, 15(1): 35-38.

Xie H H, Wang T, Matsuda H, et al. Bioactive
constituents from Chinese natural medicines. part 15.
inhibitory effect on aldose reductase and structures of
saussureosides A and B from Saussurea medusa [J]. Chem
Pharm Bull, 2005, 53(11): 1416-1422.

XERL, BT, BN, % TSR HT ST
[J1. "y, 2019, 41(3): 576-579.

EIF, RER, KER, & ERPERR LT
A [J]. HEZ, 2019, 50(1): 8-12.

Zhang C, Zhou Q, Wu X N, et al. Discovery of novel
PDEYA inhibitors with antioxidant activities for treatment
of Alzheimer's disease [J]. J Enzyme Inhib Med Chem,
2018, 33(1): 260-270.

JifhE, REE, 2K, & AR O
[]. thArREEZY, 2020, 15(10): 1391-1394.

AlEO, KiE, FEFE, F RMRERIE R TR
[1. HEZ2EZE, 2018, 53(3): 178-181.

Rl HORATHR-EA oy S A RIS [D.
g VEALRMBHEIRE, 2018.

R, B, BBy, %, BEELE RGOt A
[3]. H¥HZY, 2014, 45(21): 3048-3052.
Buchanan M S, Hashimoto T, Takaoka S,

(+)-Osmundalactone, y-lactones and spiromentins from

et al.

the fungus Paxillus atrotomentosus [J]. Phytochemistry,
1995, 40(4): 1251-1257.
[T ELAE]



