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Research progress on chemical constituents, pharmacological effects, clinical
applications and adverse reactions of Indigo Naturalis
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Abstract: Qingdai (Indigo Naturalis) is a dried powder, lump, or granule prepared from the leaves or stems and leaves of Baphicacanthus
cusia, Polygonum tinctorium or Isatis indigotica. Indigo Naturalis contains inorganic components such as calcium carbonate and silicon
dioxide, as well as organic components such as alkaloids, organic acids, diterpenoids, triterpenoids, steroids, etc. Indigo Naturalis has anti-
viral, anti-inflammatory, antibacterial, antioxidant, antitumor, and immunomodulatory effects. Indigo Naturalis is clinically used for
ulcerative colitis, psoriasis, acute promyelocytic leukemia, atopic dermatitis, etc. Long-term and excessive consumption of /ndigo Naturalis
can cause toxic side effects such as liver damage, pulmonary arterial hypertension, acute colitis, intussusception, and kidney damage. This
article reviews the research progress in the chemical composition, pharmacological effects, clinical applications, and toxic side effects of
Indigo Naturalis, providing a reference for the in-depth research and development of Indigo Naturalis.
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Fig. 1 Processing method for Indigo Naturalis
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Table 1 Alkaloids in Indigo Naturalis
F a4 R LR Xk | B9 a4 R oyl O
1 BE4l CsHsNO: 24 13 hydroxyindirubin CieHioN20s 30
2 3-hydroxy-3-methyl oxindole CoHoNO: 25 14 quinazoline-2,4-dione CsHeN20: 30
3 3-ethyl-1,3-dihydro-3-hydroxy-2H- ~ CioH11NO2 25 15 3-(2"-carboxyphenyl)-4-(3H)- CisHioN20s 30
indol-2-one quinazolinone
4 TgBR-3-FR CoH7NO2 25 16  4(3H)-quinazolinone CsHeN20O 30
5 Mgk CsHIN 26 17 % CisHsN202 - 31
6 Whe-3-FE CoH/NO 26 18 HEM CxHiN:O2 32
7 By Ci1sH17NOg 26 19 indigodole B Ci7HiaN202 29
8 5| Ay CsH/NO 18 20 indigodole A CsH2sN3Os 29
9  HrlE CieHiN202 27 21 pulveratinol CxsHasNO; 25
10 #Ea CigHiN202 27 22 NOREE2-ZEK CisHisN 28
11 e CicH10N202 28 23 2-benzoxazolinone C7/HsNO:2 29
12 indigodole C CisHisN20 29 24 2-hydroxy-1,4-benzoxazin-3-one CsH7NOs 30
2.2 AHHERE W 2.
MR EEE T MEIRER, B8 23 ZHEF=6ESE

Ae il 4 1~ (25~28). H&EMER 14> (29). ek

T B R 340 B 5 i R A 6 N (32~37)

MFTEFREZEY 24 (30, 3D FRPAIMER  F=#liZElor 4 4> (38~41). FEH ik, =
#2 BHEDREHER. =05, ZIEMEERER S
Table 2 Organic acids, diterpenoids, triterpenoids and steroids in Indigo Naturalis

F5 a2 Ay ) Fe AR/ a7
25 threo-9,12-dihydroxyoctadec-10(E)-enoic acid C20H3304 25 36 HiE M Ca0H3s 33
26 erythro-9,12-dihydroxyoctadec-10(£)-enoic acid C20H3504 25 37 6,10,14-trimethyl-2-pentadecanone CisHzsO 33
27 (R)-9-hydroxy-10-undecenoic acid C11H203 25 38  squalene CsoHso 33
28 IEtki Ci7Hx402 30 | 39  lupenone C3Hs0 33
29  AREIEEFER C7H/NO: 25 40 taraxasterol C3oHs00 33
30 2-(((90,12a,10E)-17-carboxy-6,10-dihydroxyheptadec- CasH3NOs 25 | 41  betulin C30Hs002 29
8-en-7-yl)amino)benzoic acid 42 campesterol CsHaisO 33
31 2-(((90,12B,10E)-17-carboxy-6,10-dihydroxyheptadec-  CasH3NOs 25 43 stigmasterol CoHss0 33
8-en-7-yl)amino)benzoic acid 44 B-sitosterol CpHs00 33
32 phytol C20H400 25 45 fucosterol CpHi0 33
33 phytene-1,2-diol C20H4002 25 46  stigmasta-4-en-3-one CoHs0 33
34 (2R,3R)-(E)-phytol epoxide C20H4002 25 47  stigmasta-5,22-diene-3f,7f-diol CoHu02 30
35 phytan-1,3-diol C20H4202 25 48  daucosterol CssHeoOs 26
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Table 3 Volatile components and amino acids in Indigo Naturalis

75 AR R SR el &M R SCHR
49 2-JR M CioHis 18 74 & CioH200 18
50 XK I CioHis 18 75 + Ci12H240 18
51 J5 e i Ci10H130 18 76 £ CoHi302 18
52 2-KkBEE C1oHi1s0 18 77 IECUEE CsH120 18
53 BB CioH150 18 78 (E)-2-PEfsls C7Hi120 18
54 B-% I C13H200 18 79 i E ) C2HeS3 18
55 2-FHERUKH C11H200 18 80 KA C4H7NO4 33
56 2-FAIE-3-FTEEMEEE CoHuisN20 18 81 HRAR C4HoNO; 33
57 K CsHsO 18 82 2R R C3H/NO3 33
58 2-FEZE CiiHio 18 83 BRI CsHoNO4 33
59 4-HHEIKE C7HsO 18 84 HER C2HsNO: 33
60 Ji] R 2R Py C7Hs0 18 85 WAR C3H/NO: 33
61 2 CioHs 18 86 R CsH12N204S2 33
62 IK 7R H g C3sHsOs3 18 87 AR CsHiNO: 33
63 g el N C7Hz0 18 88 ERAR CsH1INO2S 33
64  23-T C4He0: 18 89 FLA R CeéHi3NO: 33
65  3-Pili C7H140 18 90 TR CsH13NO> 33
66 A CsHi60 18 91 W CsH1aN202 33
67 TEFE CsHi6O 18 92 A CecH14N4O2 33
68 N C3Hs02 18 93 P & R CoH11INO3 33
69  xA-2-L% CoH160 18 94 F NN CoH1INO2 33
70 Thg C4Hs0O2 18 95 = C11Hi12N202 33
71 SRR CsHi002 18 96 =Nz CsHoNO: 33
72 24-F T EEE CoH 140 18 97 HEIR CsHoN3O2 33
73 [ CeH 1202 18
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Table 4 Other components in Indigo Naturalis
P B4R AR HR | S WEYIA TR a7 ak
98 JKWEHE CsHaN202 34 | 107 MRS C32HeO 28
99 IRFHMENS CsHaN4O 34 | 108 IEHIULE C29Heo 24
100 RIS CsHsNs 18 | 109 )\ CisHss 33
101 M CoH13N30s 34 | 110 Tk Ci9Hao 35
102 WIH CioHi2NsOs 34 | Y 7 C20Ha2 33
103 gy CioH14N20s 34 112 5,7,4"trihydroxy-3-methoxyflavone ~ CisH1206 30
104 fgE C10H13N504 30 113 isorhamnetin Ci6H1207 30
105  p-hydroxybenzaldehyde C7HsO2 29 114  acteoside C29H36015 30
106  p-hydroxyacetophenone CsHsO2 29
REEH « P AR AECOR A MR AR SRS T8, SR, BEl. SEERZL. tEHEE 30 pmol/L ok
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WU AT AL, I HLAE A B
IR, T ML A A FR AT 2R
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A IS BA TR E R A PrHAIE 5
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FIVEFITS), BRI, I B O LS FE TS $T
P8 W T B RS T B — e D (H B RTAR
BRI 2B ER . BV 5 A VLS W IF)
ERAECHRIE, MR RS
4 ImFRRA

T 8 R 9I RIE AR AR A, H AR BE
EWTABRN, HiEKAHE AN RE, %
HF3697 UC. 459 APL. FrNtER % (atopic
dermatitis, AD) %,
41 UC

UC & —Flllpia @tk SE R, k. 5
TR, WREREEE 5B MR REER G, A
P N R AR RS2 T7 179, Sugimoto S5
LT NREBIEIT 20 BT UC BFHIEKA
R, ORI IR BV IT R MR SN ZE 72% . IR
SRR 33% B2 61%. Naganuma 51201R
MZdut, L. TR, XCE IR0 717 B8 TT 86
BREENIH UC B AR, KIS B n] oo
UC BIIEAREEIRHAZ EAIE R B . Urushikubo &5
X 14 FIE2E BIGYT IR UC g AT [l I %%
WL, KRIFEAHAUEM UC. Suzuki ),
Naganuma Z5B0R1 Saiki Z5BUHF 57K BHH BT T X
BT UC B R B RERIT . AT
Meta 73 K I BEXT UC B B BT, HE
FHEAH SR E2-831,
42 RERH

BRI — Ph G . e MG A 2 Pl R
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FHELAE A 51 RS (08 1 JORE 1 B s, R pILAf i o
SEATHAHEY, IR EAEESIT 20 tH4D 80 AFAAR A 1
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ARMEN 69.6%. BEOMRSS, K LK EESHE
B LR, s B TRE T RE BCE
SEH, AP FIRE T SR N BB ARG
] R A 1 L 2R TS i 250 B R 97 (8650, Lin
SO 5T R DL E B AT T B R R T RS R
FEIEMER Sy, M BRI 200 pg/g i, HE
BN B 2 ettt . HRKE BINA R
R e BT, (HHEAERIKIX 5 5k B A IR
56, Rk, BP0 R R IO I =R B A
H IR RIS E Y, KIE R TE
HAR o B R 30193, 34k, Chen Z504HTF7¢
RILTH B E oA B GE 3 BUARE 8 B B R
R, WERREANG, RiEEE. %k,
HEIRITERER AN, HAR DRI
RAHET R -
43 APL

APL LA 15 51 17 5 YL ik 5 A7 i i -4l
S P I 5 /40 FR R A2 A o i S RUONARRAE, TRIE
R 5B, SEE R0 LB T %)
R B, AR ™ B DAL RS 0S), H AT,
APL [IFREIRIT 77 04 )R N4 H R A As203,
B As:05 T FrfikiaE, BRAEREAEF, T 1 ARAsR a]
P B B FARIETT AR, 75 APL ¥R97 R R
W51 73000, g AR ST R AR T BB CH S
HE. ASRMKTFSAM) 67 60 I APL E#,
SEARRMRRIE 98.3%. H 7 E A T I ARG
VELHY 538 B 2 07 0 B8 9 280 4 e S48 FE R A
T, XFHIE APL A3 8 E ) 76 4 G2 il R MR B (R 32
PRSI, it — D LR DR E 3 8 H S ki v
As:03 BE RS, HEHRBERBA &
Y HR O IRTGAGTT 7 fAMUEH THEmf& APL &
F 00101 b5/ APL B3 FIAE I, HEER
J7E B A A0 R . Wang ZEU0IF 7Y 36 B 5 6
F B R e B AR AN B SRR Ga/Go HARE T
BHIE TR 5, I GE b s 40 b K H- ik
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FTIOER, B As:Sy /224, fiE B @iz X
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Mo 28 b, FHE R EEIEME R B AR
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44 AD

AD SR IR . Rk S Bk
Wi, HEAEA R ZLESE, ORI O B A FIA
T 50T 10 G SR A7 e B JoR I 6% T e e i A D106l
H R, AD JRI7 25 DO B e . 45 R B R 4
IS SRR, KA 2 5] B Tk 24
MY A R g RIUOT-1081 AR FFEENOMRE 7L T
BXHEL AD BRIT SR, RILE ERE)L AD
AT AEEHMET . Lin SR BEH LI IR 56
W T HBEEN AD BHEIITH, EANHERRE
SREHE AD B RIFIIEIT AR . Yang S
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AD EEMITH, RINEFEMRYNEEEE AD
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4. MmES. BHli% . Naganuma 2501205 &
FHIRIOAS RN HEAT T 34l R I 877 AR 5 B
BIT UC BFEPA 91 I R R, FHodr 453
155 40 B, B IHIEANTE 21 6. kI 13 . Blishike
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TR, BRI NRE, 12 s RN ks RS,
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BYE UC BRI T sk S R, T IR E
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(1 LA 7 KAL) 4 TR 2005%
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SR %R — P E AN R, HRHIEA
B AE . MAE. fpREss ERUKM, AR S EUE
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KPS g SRR, 45 IE R 5 B Ll RE R
%K. Yanai 24558 1 {7 68 % UC B4 1 g/d 7
BIRAF G RIERSGE: 2 MHE, HAITE
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R K4S . Cho ZFU23HRIE 1 7] 44 % UC Bk
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54 HMEAREN

BRI Ilishike . SEgE i R Ak, 8L
HEMWES . BH% A BV . Naganuma S511205%
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J7 UC BETE 10 flHImES, BESHRE
EE W FHEmEhn, Hod 40%0) 5 75 2T T
AYJBR. Matsuno 25244z 1 1] UC BEERE
5203 d 5 HILE AR o
55 BERESMROYRRENE

WAV RRY, kg BEEmatEmiTsE
Mo FFHEURE I e T 40 n 5 F0E Mok 40 i 1
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ROEE RO BA—E SN, SENE TS0
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WPEITREME, ERUUIEPR byd s B T D Re .
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MRE3ERE  (quantitative nuclear magnetic resonance,
gNMR). i B AR 2T 4813 (Fourier transform
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R T EERENAS . o, BT EK AT
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Table 5 Determination methods and content of main

active components of Indigo Naturalis

5y ik Jo i o B R P SCHR
AN HPLC 0.16%~0.37% 130
[ 1.1%~1.4% 130
HE g 1.18%~3.47% 131
Al 0.09%~0.26% 131
JRIEBE 19.31~24.89 pg-g™! 34
L 17.32~24.62 pg-g™! 34
IS 38.15~51.74 ug-g”! 34
JLH 7.29~13.85 ug-g™ 34
[ 11.84~16.57 pg-g™! 34
i 0~~9.00% 132
FERa 0~0.60% 132
BETE 138.1 mg-g™! 30
[ AN 37.0mg-g! 30
i 72mgg’! 30
FRER 40mg-g’! 30
LGS LC-MS 22 nmol-g”! 26
M| -3 FH i 1.4 nmol-g™! 26
et 5.0 nmol-g! 26
BEIE 9569 nmol-g! 26
[ AN 3186 nmol-g"! 26
betulin 18 nmol g 26
B-7 96 nmol-g ! 26
daucosterol 16 nmol-g! 26
Lds 0.45 nmol g™’ 26
anthranilic acid 99 nmol-g! 26
e 20 320.83~26 585.01 pg-g! 133
[ AN 1327.69~3102.25 pg-g™! 133
BE4l 141.69~894.50 pug-g™ 133
i 2.17~527 pg-g™! 133
LIS 2.14~5.93 pg-g™! 133
W5 -3 1.69~4.34 pg-g™! 133
[ FTIR 1.46%~2.82% 131
BEERLL 0.12%~0.23% 131
CaCO; 24.37%~34.85% 131
Si0; FENE 7.78%~11.09% 35
TR IR Gy 0.3%~29.0% 20
S ix 60.0%~88.0% 20
CaCO; ICP-OES  23.65%~38.47% 131
[ gNMR 1.4%~2.7% 130
i SINEEE 2.45%~4.20% 35
CaCOs T EVE 68.51%~71.50% 35
pH BREETHE 9~12 20
Tigs, NEBRRAV R KRS %.
HHT, FEERAIFIP RIS Sk &

Je, WEEVRIEZE, IMTHETEER, 25
Vst g 7, RAFETF T AES, &4
AR S AR A AR, Bg— AR
o, SEmY EEERERFAS, Hit, FOHE
TF R 7 8 n Tk 4 7 i E At 75 DAER v i B
. Hik, FEREENTE, WA RERES
RET 10%APER T ISR §ERLL5%, X 90%
TEWUR S B A ML o S e, ARMEA Ricda il
HREBATE, ik, WERIEMZ A 2 N7
T, FST— B S A I A TN LA B A T s o
ERREMFZZ S T, IEKRIFICUESEH BT
UC. RIEHERA BET 8, AEERBS S A
FENLHITIE R B, R AT AT B 7 T8 T A 1
TEM 2R EEE . TTHRIZ3EER . ol
VIFIE WL PR IR 55 5 TR N AR 90 7 B2 A
ML &5, F8IEIT UC IREY), BHAR
A RERNVEASG  BEHENLEADASTEIT, 6 AR S
ok % U I AN RS 33— 25 [ B L7 7 B
PERC AL o
HEFENB TR, IR TR FSUE
BPET AT RE R AR EZE A0, HSEAES
HBE., SRR R EFE O, BEBIRA U85
TR Y, BEERS T E A E A, T B
B ORI RS SLRRDS], Rk, A HTHR. TS
LI B E TR G B, R REAT
BFRAED), R EE k. ek, FTIR
%+ ICP-OES 50 H TR/ 147 e P & B0 HT
AOAE BERA R EEGE RN R RIS F8
RIS BRKIESR, MECLEORAN@R], B
HERAG, AW MG IR T SR KRR, 5k
SEBOIDL 5 2, I R o5 7D ) 4% b SR KPR B R
Fy PFREAREETIDLAT TR £ S e e B A e A7)
DAFZ TN R 2 2 2 IR B R o5 i B iU, sk
AEISER AR SRR, WEARCET
HENRRMMWE AR T, &2 KM SRS
MR EETIREN, LIRS &R LR
FHRCH RT3 e 1 Heht. T Bty B 4, &
PERLSY SAUSIANBE, R v OO 7 35 14 B o H
RV 2 T AR AR ) o) R, T B A B 00U
el ARS8, o7 A 3R AR S R
SERYRFAIE, NI S0 0F 75 BT 7 2511 1 23 (R A i
D5 o9 265 7 3 2 040N E o AT R -0 - B3 1k A A L
TERM %, BT m it s B e 5
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Mo 4. AL BRI AR GRS R R
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