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Research Progress on Chemical Constituents and Pharmacological Effects of Isatis

YANG Liguo'?, WANG Qi*®, Sudunabuqgi’, BAO Xiaohua!?, WANG Xiulan'?, AO-Wuliji'(1.College of
Mongolian Medicine and Pharmacy, Inner Mongolia University for Nationalities, Tongliao 028000, China; 2.Mongolian
Medicine Engineering Technology Institute of Inner Mongolia, Tongliao 028000, China; 3.Keerqin District Branch of Tongliao
Ecological Environment Bureau, Tongliao 028000, China)

ABSTRACT: Isatis has a long history of medicinal use in China, among which the roots and leaves of Isatis indigotica are
Banlangen and Daqingye. Genus Isatis plants have a variety of chemical constituents, including alkaloids, glucosinolates, lignans
and flavonoids, which have the pharmacological activities of antibacterial, antivirus, antiendotoxin, antitumor, anti-inflammatory,
immune regulation, etc. The paper made a systematic summary about research on the chemical constituents and pharmacological

effects of Isatis in China and abroad for forty years to provide the references for further studies.
KEYWORDS: Isatis; chemical constituents; alkaloids; glucosinolates; lignans; flavonoids; pharmacological effects
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Tab.1 Indole alkaloids isolated from Isatis
~ S 2 HH
z ki i el i w
1 1-methoxy-3-indolecarbaldehyde(1-H 4 L indigotica(F5 ) [3] [ 39 isatigotindoledioside A I indigotica(iA 1) [20]
FE-3- 15| FH )
2 indole-3-acetonitril("j|%E-3-ZiE) I tinctoria(BCM#5HE)  [4] | 40 isatigotindoledioside C I indigotica(¥55)  [20]
3 1-methoxy-3-indoleacetonitril(1-H % 3&-3- 1. indigotica(FS 1) [3] | 41 isatigotindoledioside D I indigotica(i5 1) [20]
W50k L)
4 3-formyl indole("5|We-3-HI ) 1 indigotica(FS ) [3] | 42 isatigotindoledioside E I indigotica(#5 1) [20]
5 3-indoleacetic acid(W|:-3- 2. %) 1. indigotica(¥5 ) [5] | 43 isatigotindoledioside F I indigotica(F5#)  [20]
6 2,5-dihydroxy indole(2,5- - F3FEN5[4k) I indigotica(}A 1) [6] |44 calanthoside I indigotica(¥5#)  [20]
7 2,3-dihydro-4-hydroxy-2-oxo-indole-3-aceto- [, indigotica(#< 1) [6] | 45 a-L-rthamnopyranosyl-(1—6)-f-D- I indigotica(#51%)  [20]
nitrile(2,3- & -4- B FE-2- A5 BE-3- 2 glucopyranosyl 3-indolecarbonate
i)
8 2.3-dihydro-5-hydroxy-2-oxo-indole(2,3- [ tinctoria(RRNFAHE)  [7]1 || 46 indirubin(hE E2T) I indigotica(iA )  [21]
Bt AR = SR WL L)
9 isatin (5| W) 1 indigotica(F5 1) [8] [ 47 indigotin(#t 1) I indigotica(is ) [22]
10 (E)—2—(4—hy.ciroxy—2—0x0ind01in—3—ylidene) L indigotica(FA ) [9] [ 48 hydroxyindirubin((3E#5E £ 41) I indigotica(iAHs)  [23]
acetonitrile
11 (S)-2-(3,4-dihydroxy-2-oxoindolin-3-yl)- 1. indigotica(#5 %) [91 [ 49 isoindigotin(FHE i) I tinctoria [16]
acetonitrile (RIHFE )
12 (R)-2-(4-hydroxy-2-oxoindolin-3-yl)- L indigotica(FA W) [9] 50 3’-[37-(2°’-hydroxybut-3"""-en-1"""-yl)- [ indigotica(}515) [24]
acetonitrile 1°°,2”’,4°’-thiadiazol-5"’-yl]-5’,6’-
dihydrospiro[indoline-3,2'-thiopyran]-
2-one
13 (8)-2-(3-hydroxy-4-methoxy-2-oxoindolin- 1. indigotica(F55) [9] |51 (9)-(R)-2-(3-cyanomethyl-4-methoxy-1H- 1. indigotica(#515)  [9]
3-yl)-acetonitrile indol-7-y1)-2-(1H-indol-3-yl)-acetonitrile
14 (S)-2-(3-hydroxy-2-oxoindolin-3-yl)- 1. indigotica(¥5 1) [91 |52 (-)-(R)-2-(3-cyanomethyl-4-methoxy-1H- I. indigotica(}A ) [9]
acetamide indol-7-yl)-2-(4-methoxy-1H-indol-3-
yl) acetonitrile
15 (8)-2-(3-hydroxy-4-methoxy-2-oxoindolin- /. indigotica(#5 1) [9] | 53 insatindibisindolamide A I indigotica(iA#s)  [25]
3-yl)-acetamide
16 (R)-2-(4-hydroxy-2-oxoindolin-3-yl)- L indigotica(}5 1) [9] | 54 isatibisindosulfonic acid A 3-O-f- I indigotica(i5 1) [26]
acetamide D- glucopyranoside
17 ()-2-(2-oxoindolin-3-yl)-acetamide I. indigotica(VsiE) [9] |55 isatibisindosulfonic acid B I indigotica(}5¥5)  [26]
18 (2)-2-(1H-indol-3-ylmethyldene)-1,2- I. indigotica(FVsik) [9] |56 isatindosulfonic acid A 3-O-B-D- I indigotica(}5¥5)  [26]
dihydro-3H-indol-3-one glucopyranoside
19 (E)-[(3'-indole)-cyanomethylene]-3- I indigotica(FA15) [10] | 57 isatindosulfonic acid B I indigotica(F5 )  [26]
indolinone
20 costinone A I costata(=i#5#E)  [11-12]| 58 isatindosulfonic acid C I indigotica(}5#5)  [26]
21 costinone B I costata(=i#5HE)  [11-12]]) 59 isatindosulfonic acid D I indigotica(}5#5)  [26]
22 isatinone A I costata(=hF5H)  [11,13]] 60 isatindosulfonic acid E I indigotica(#51%)  [26]
23 isatidifoliumindolinone A L indigotica(F5 ) [14] |l 61 isatindosulfonic acid F I indigotica(#5 %) [26]
24 indiforine B L indigotica(}5 1) [15] | 62 isatindigobisindoloside A I indigotica(is ) [27]
25 isatinone B I costata(=JIh#5 W)  [11,13]] 63 isatindigobisindoloside C I indigotica(is ) [27]
26 trisindoline L costata(=HIFAHE) [11] | 64 isatindigobisindoloside D I indigotica(¥5 %) [27]
27 indican (¥ H) I tinctoria(BkM#A#E)  [16] | 65 isatindigobisindoloside E I indigotica(i5 i) [27]
28 isatan B L tinctoria(KKM#5 W) [16] | 66 isatindigobisindoloside F L indigotica(#515)  [27]
29 indole-3-acetonitrile-6-O-f-D-glucopyranoside 7, indigotica(FA#5) [6] 67 isatindigobisindoloside G I indigotica(#5¥5)  [27]
(M5]W-3- 2. fi& -6-O--D-HIEINE 1)
30 N-methoxy-indole-3-acetonitrile-2-C-$-D- [, indigotica(5 ) [17] | 68 isatindigoside C I indigotica(iA ) [28]
glucopyranoside(N-H 48 3&-15|We-3- 2§
-2-C-B-D-H B TT)
31 indole-3-acetonitrile-4-methoxy-2-C-f-D- L indigotica(F5 1) [17] || 69 isatindigotindoline A I indigotica(#5 %) [29]
glucopyranoside(W|%k-3- 2. Jiff-4- T 4Lk
-2-C-B-D-TiHHETT)
32 indole-3-acetonitrile-2-S-B-D-glucopyranoside [, indigotica(¥5 1) [18] | 70 isatindigotindoline C L indigotica(F5 W) [29]
(W5IIV-3-Z i -2-S-p-D- i A B 1)
33 indole-3-acetonitrile-4-methoxy-2-S-B-D- L indigotica(}5 ) [18] | 71 isatindigotindoline D I indigotica(is ) [29]
glucopyranoside (W5|W-3- 2. if5-4- F S 5
-2-S-B-D-HAPHETT)
34 N-methoxy-indole-3-acetonitrile-2-S-B-D- [, indigotica(¥5 i) [18] | 72 (+)-(8)-2-{7-[1-(4-hydroxyphenyl)-ethyl] [. indigotica®ris)  [9]
glucopyranoside (V- 48 JE-15[IUE-3- 2§ -4-methoxy-1H-indol-3-yl} -acetonitrile
-2-S-B- D-HEPHIH)
35 isatindigotindoloside A 1. indigotica(¥5 1) [19] |73 bisindigotin I indigotica(iA ) [30]
36 isatindigotindoloside B 1. indigotica(¥5 1) [19] | 74 isatindigodiphindoside I indigotica(iA ) [31]
37 isatindigotindoloside C I indigotica(}A 1) [19] | 75 isatindolignanoside A I indigotica(F5#)  [32]
38 isatindigotindoloside E 1. indigotica(F5 ;) [19]
2040 - Chin J Mod Appl Pharm, 2021 August, Vol.38 No.16 A E AN 2427 2021 4F 8 A5 38 4 16 M




20, 3-SR AR B BEA TR i R ka8, 19,
46~49, 51~55, 62~68) . — 1K (26)H Z IUERIK(73).
TN, WSIEER 347 i) T BRI A (50, 69~71),
EHAF 4RI, BIRAREFIARN R RRE
T LI -5 R R A W s - KIER R EY
(74~75) ARERPEM|A: Wizt LA 1,

CHO CN COOH
N
H A
2 5 6

CONH,

OH
OH o)
N
H
14

TZ.

'OCH,
1

50
1 AR R o R 5] R K A R 2
Fig. 1 Structures of representative indole alkaloids isolated
from Isatis
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Tab. 2 Quinazolinone alkaloids isolated from Isatis

I indigotica(}5 ) [21]
I tinctoria(BKMFR W) 7]

) Ak i

76 4(3H)-quinazolinone[4(3H)- M M |

77 1H,3H-quinazoline-2,4-diones
[2,4(1H,3H)-M e i |
78 indiforine C 1. indigotica(}5 W) [15]

79 indiforine D 1. indigotica(FA W) [15]

80 isatisindigoticanine C

81 Deoxyvasicinone(flit 1 W5 1£ B Bil)

82 3-(2’-hydroxyphenyl)-4-(3H)-
quinazolinone(3-#5 75 5 M 14 i)

83 tryptanthrin({aJJZ )

84 isaindigotone

85 qingdainone(F BEfii)

86 3-(2’-caboxyphenyl)-4(3H)-quinazolinone I, indigotica(}5i%5)  [21]
[3-(2-FREEFARFE)-4(3H)- M M i ]

87 3-hydroxy-2H-pyrrolo[2,3-b]indolo[5, [ indigotica(¥A15) [9]

Sa,6-b,a]quinazoline-9(8H)-7’-dione
88 phaitanthrin A

L indigotica(¥5 ) [33]
L indigotica(#5 ) [21]
I indigotica(} ) [34]

I indigotica(}5 ) [21]
1. indigotica(}5 W) [23]
1. indigotica(FA W) [21]

1. indigotica(FA W) [35]
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Fig. 2 Structures of representative quinazolinone alkaloids
isolated from Isatis
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Tab. 3 Quinoline and other alkaloids isolated from Isatis

e =%
i A Yot it

89 10H-indolo-[3,2-b]quinoline

~

. indigotica(}5#5) [36]
90 isatan A

~

. indigotica(}5#5) [37]

91 isaindigotidione

~

indigotica(#5 1) [38]

92 3-[2-(5-hydroxymethyl)furyl]-1(2H)- 1. indigotica(#5 %) [39]
isoquinolinone-7-0-f-D-glucopyranoside

93 methyl-2-(4-oxo0-1,4-dihydroquinoline-3- [, jndigotica(#%i%) [9]
carboxamido)-benzoate

94 isatindigoticoic acid A

~

indigotica(}5 ) [35]

95 6-hydroxy-4-(5-hydroxymethylfuran-2-yl) 1. indigotica(F5 %) [9]
quinolin-2(1H)-one

96 (R)-2-oxo-1,2,3,4-tetrahydroquinoline-4- [, indigotica(#%i%) [9]
carboxamide

97 isatisindigoticanine B

~

indigotica(#5#5) [33]

~

98 isatisindigoticanine D . indigotica(#8 1) [33]

~

99 (R)-2-methyl-7,8-dihydropyrano[4,3-b]
[1,4]oxazine-3,5(2H,4H)-dione

100 2,3-dihydro-1H-pyrrolo[2,1-c][1,4]
benzodiazepine-5,11(10H,11aH)-dione

indigotica(®#:#5) [9]

~

indigotica(#5 #5) [21]

H,COOC

(0] HNK)
NH
~Q | 0
\
/ OH N
93
o]
{g:r @;ﬂ, !
(0]
H
95 96 99 100

B3 TR E R RS R YR
Fig. 3 Structures of representative quinoline and other
alkaloids isolated from Isatis
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Tab. 4 Glucosinolates isolated from Isatis

5%
5 2R By .

SCHK
101 epiprogoitrin(RJFHKE) L tinctoria(BKINFRHE)  [40]
102 progoitrin(JF K F) 1. tinctoria(WMFS W) [40]
103 sinigrin(F&JF T1) 1. indigotica(FS k) [41]
104 gluconapin L tinctoria(BRUNFS#E)  [40]
105 glucoraphanin L indigotica(F5 W) [42]
106 glucobrassicin L indigotica(F5 W) [41]
107 4-hydroxy-glucobrassicin L tinctoria(BRUNFS#E)  [40]
108 4-methoxy-glucobrassicin L indigotica(F5 W) [41]
109 neoglucobrassicin L tinctoria(BRUNFE#E)  [40]
110 sulphoglucobrassicin L tinctoria(BRUNFS#E)  [43]

A

~

tinctoria(BM

=
&
£

111 5-hydroxy-glucobrassicin

112 5-methoxy-glucobrassicin 1. tinctoria(BKINFL#5)  [44]
113 glucoisatisin L indigotica(F5 W) [41]
114 epiglucoisatisin L indigotica(F5 W) [41]
050 - 050; 050,
;ds OH \/_Qs Son /mong
s OH ’%?»on
HO H HO
101 103 105
NOSO; N-O0SO;
| HO' o O I HO
H S
{ ’%?,m ! DN OH
H 0 |/ HO
H
106 H 113

B4 BREREATHRERERRHAET LEN
Fig. 4 Structures of representative glucosinolates isolated
from Isatis
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Tab. 5 Lignans isolated from Isatis

Fs B i

W
E oox

115 lariciresinol (%M IR )

116 isolariciresinol (5% M-ANGES)

I indigotica (FAWE [3]

I indigotica (F5 W) [45]

117 isatindigosesquilignan A L indigotica (FA ) [46]

118 lariciresinol-4-O-f-D-glucopyranoside
(& M HA R BE-4-O-B-D- AT TT)

119 lariciresinol-4,4’-di-O--D-
glucopyranoside(F5 M A G E-4,4°
-Z-O-p-DATEHH)

120 lariciresinol-4’-O-8-D-glucopyranoside [. indigotica (¥~ 15) [3]
(TEM A NERE-47-0-B-D-HIHINEH)

121 lariciresinol-9-O-B-D-glucopyranoside [, indigotica (¥~ 15) [3]
(TEMHANERE-9-O-p-D-ATHTHETT)

122 indigoticoside A

123 pinoresinol (FAIEEE)

L indigotica (i) [39]

I indigotica (#54%)  [3]

L indigotica (i) [47]
I. tinctoria (BRINFRIE) [4]

124 isatioxyneolignoside A I indigotica (FAWE) [48]

125 isatioxyneolignoside E I indigotica (FA W)  [48)]

126 isatiscycloneolignan A 1. indigotica (FA ) [49]

115

H,CO OCH,
[ 1

H,CO O OCH,
HO™ ocm, ocit!
126

5 HRERBEMTHARERERREN
Fig. 5 Structures of representative lignans isolated from Isatis
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Tab. 6 Flavonoids isolated from Isatis

5%

SCHR
127 liquiritigenin(H 22 %) I indigotica(F5 %) [50]
128 isoliquiritigenin(F# H B %) 1. indigotica(#5 %) [50]
129 neohesperidin(GHitE f7 ) 1. indigotica(#5 #5) [50]
130 linarin(ZETF) I. indigotica(}5 ) [51]
131 isovitexin(GF413H &) 1. indigotica(F5#5) [51]

132 apigenin 6-C-g-D-glucopyranosyl- 7. sinctoria(UM#15)  [52]
(1—-3)-p-D-glucopyranoside

133 Eupatorin(E % = K) I. indigotica(FS 1) [53]
134 sinensetin(H A5 # ) I. indigotica(Fs 1) [53]
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Fig. 6 Structures of representative flavonoids isolated from
Isatis
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Tab. 7 Organic acids and its derivatives isolated from Isatis
e A i o
' SCHik

135 3-pyridinecarboxylic acid(LHE-3-RMR) 1. indigotica(iAis) — [54]

136 2-hydroxy-1,4-benzenedicarboxylic I indigotica(F5#5) [54]
acid(2-FE3E- 147K HIR)

137 5-hydroxymethylfuroic acid(5-¥£H 3 I indigotica(ii i) [45]
HERR)

138 benzoic acid(ZE H iR)

L indigotica(FA Wi [54]
139 salicylic acid(K#%R) I indigotica(¥5 [54]
140 N-formyl anthranilic acid I tinctoria(WMFSTE) [4]
141 N-carbamoylanthranilic acid methyl ester 7. tinctoria(RRIMFR W) [55]
L tinctoria(FMAA ) (4]
L tinctoria(M#As) (4]
L indigotica(FA %) [54]

142 syringic aldehyde

143 vanillin(F 5 )

144 syringic acid(T &FHR)

145 sinapic acid(FF FiR) I tinctoria(WCMFSTE) [4]

146 ferulic acid(BZ{AR) L tinctoria(BKM#S ) [4]

147 2-amino benzoic acid(2-ZIEAKHHR) 1. indigotica(F5 1) [56]

148 maleic acid(Zh3KRR) I indigotica(5iE) — [54]

149 isatiscaloids A I. indigoticaGikiE)  [57]

150 isatiscaloids B I indigotica(i5%)  [57]

151 isatiscaloids C I indigotica(i5#%)  [57]

152 isatiscaloids D I indigotica(i515)  [57]

153 isatiscaloids E L indigotica(FA Wi [57]

154 indiforine E I. indigotica(iXi%)  [15]

155 indiforine F I indigotica(i5%)  [15]

156 indiforine A I indigotica(i515)  [15]

157 corchorifatty acid B L tinctoria(MAA ) (4]

158 9-0x0~(10E, 127, 15Z)- I tinctoria(FRNAREE)  [4]
octadecatrienoic acid

159 9-hydroxy-(10E, 12Z, 15Z)-
octadecatrienoic acid

160 palmitic acid(FXHRIR)

161 palmitoleic acid(FHHIAR)

162 (7Z, 10Z, 13Z)-hexadecatrienoic acid

163 stearic acid(fifif5HR)

164 oleic acid(HIfiR)

165 linoleic acid(\F.fR)

166 linolenic acid(\VJFRAR)

167 eicosanoic acid(HEHR)

168 eicosenoic acid( . T RIEHAR)

I tinctoria(RKMFAHE) (4]
I tinctoria(BRNFAE) [4
I. tinctoria(FRNFEWE) [
I. tinctoria(WRMFS ) [
I tinctoria(WKMARE) [4
I tinctoria(BRMFS ) [
I tinctoria(FRNFAE) [4
I. tinctoria(FRNFEWE) [
I tinctoria(FRNFS )[4
I tinctoria(BRMFSE) [
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Fig. 7 Structures of representative organic acids and its
derivatives isolated from Isatis
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Tab. 8 Sterols isolated from Isatis

o 5%
75 A0S LY Sk
169 p-rosasterol (£ F {5 B5) L tinctoria(BKMFA W) [7]
170 B-sitosterol (£+ {5 ) L. indigotica(}5 ) [51

171 daucosterol (§1 % 1)
172 cholesterol (JH i fi)
173 stigmasterol (& {§§ i)

L. indigotica(}A 1) (22

]
1. indigotica(¥5 #5) [51]
]
L indigotica(FS ) [58]

169 170

HO 172 HO

173

B8 HEBEMTFHRERESHELEY
Fig. 8 Structures of representative sterols isolated from Isatis
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B A 225 M X LI 9
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o 5 TR A ) A A A R (187~188) FlI A 17 3%
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Tab.9 Amino acids, bases and nucleosides isolated from Isatis

o= V27 PIRh =%
el K Sk

174  arginine(Ki &iR)

175 threonine(J) & /i2)

176 alanine(FN &2 FR)

177 y-aminobutyric acid(y-& 3 T HR)
178 proline(fli& &) I indigotica(#5 ) [59]
179 valine(%i = fiR) L indigotica(}5 ) [59]
180 guanine(Z %) L indigotica(#5#5)  [21]
181 uracil(JRBEIE) I indigotica(¥5 1) [21]
182 hypoxanthine(¥X ¥ IZ14) I indigotica(GiR i) [21]
183 uridine(JR 1) L indigotica(}515)  [21]
184 cytidine(fi 1) I indigotica(#5 )~ [60]
185 guanosine(%F) L indigotica(#5#5)  [60]
186 adenosine(IF 1) I indigotica(f8 1) [21]

I indigotica(#5 ) [59]
I indigotica(}5#5)  [59]
L indigotica(#5#5)  [59]

A

I indigotica(F5 W) [59]

NH o OH o
H 2 H HO,
N N~ HN b \Eg )H\l]—[
hd COOH r » . "N
s HOw 0
NH HNT N7 N \/&0
174 180 183

B9 HEBEHFHREKEAER., MEMEELEMN
Fig. 9 Structures of representative amino acid, base and
nucleoside isolated from Isatis

F10 RERBEMTHER. FEEREME
Tab. 10 Anthraquinones, coumarins and other compounds
isolated from Isatis

o SRk P 2%
? it

187 emodin( K5 %) L indigotica(FS 1) [51]

188 emodin-8-O-p-D-glucoside L indigotica(FS ) [51]

189 indigotiisocoumarin A I indigotica(#51%) (611

190 6,9-dihydroxy-4,7-megastigmadien-3 ], tinctoria(RKM#A W) [4]
-one

191 epigoitrin(FAHKE)
192 isatithioetherin A
193 isatithioetherin E
194 isatindopyrromizol A

I indigotica(ii %) [62]
L indigotica(FS ) [63]
L indigotica(FS ) [63]
L indigotica(FS W) [35]
L indigotica(F5 ) [62]
I tinctoria(RRMFKE) [4]
4]

195 1-thiocyano-2-hydroxy-3-butenen

196 o-lysolecithin(a- IfiL BR#ENE)

197 1-O-p-D-galactopyranosyl-3-O-
linolenylglycerol

198 (25,3R)-3-hydroxymethyl-N-(2’-
hydroxynonacosanoyl)-trideca-
9E-sphingenine

199 1-O-p-D-glucopyranosyl-(2S,3R)-3- | indigotica(RS1E) [64]
hydroxymethyl-N-(2-hydroxynona
cosanoyl)-trideca-9E-sphingenine

200 1-O-p-D-glucopyranosyl-(2S,3R)-N- | indigotica(F5 1) [65]
(2’-hydroxyhexacosanoyl)-octadec
asphingenine

201 (all-E)-lutein

202 (all-E)-f-carotene

203 violaxanthin

204 (all-E)-neochrome

205 phaeophorbide a

206 10-hydroxy phaeophorbide

207 phaeophorbide a

208 pyrophaeophorbide a

—

L tinctoria(BRIMFA )

1. indigotica(F5 1) [64]

I tinctoria(BRNFE )  [4]
I tinctoria(BRNFE )  [4]
L. tinctoria(MF 1)  [4]
I tinctoria(BRNFRTE) (4]
I tinctoria(BRNARTE) [4]
I tinctoria(BRNFE )  [4]
I tinctoria(BRNFE )  [4]
I tinctoria(BRNFE )  [4]
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Fig. 10 Structures of representative anthraquinone, coumarin
and other compounds isolated from Isatis
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