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Structural Analysis of Natural Indigo Colorants Extracted
from Polygonum tinctorium
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ABSTRACT

Natural indigo colorants were prepared by extraction of Polygornum tinctorium which was harvested just in the blooming
season (in the late of July). The components were analyzed by TLC and HPLC, and its structures were analyzed by
FT-IR, El-mass. The results obtained are summarized as follows; The natural indigo powder was dissolved in DMSO
and developed in eluent, CHCI/CH,CN (8.5 : 1.5 v/v) by means of TLC for its quality analysis. It was segregated into
indirubin as a red colour and indigo as a blue colour. In case of HPLC analysis,. FT-IR spectrum of indirubin showed
a peak for NH residue between 3200 and 3300 cm™. '"H-NMR spectrum for indigo displayed AA'BB' spin system
caused by indole structure between 6.5 and 7.7 ppm of H4, 5, 6 and 7, and -NH proton for indirubin showed an singlet
between 10.88 and 11.0 ppm. EI-mass spectrum of indigo and indirubin both disclosed their molecular size as 262 and

it implies that these two substances are isomer.
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B AT AHEE BEL2 o H I &3 Polygonum
tinctoriaZA 1'qA 2B 2 A 60~100 cm W $]o]™,
ZE A Follx AAAEQ indigo = FHE AUA &
1, indigo® ¥ 2HE 4 9= £A4! indicane] A3}, o]
AL glucose FRIERA] 289 FolM 71-El=H glucose
¢} FA2] indoxyl®] FAEL2 FEHr} o] indoxyl A}
2 Afel A" F F7) Fol Aldel] 25t} indigo=
W3lgloky otelx 9lch(Minagawa et ol 1980).

Epstein er al.(1967)2} G732l 2}3ha iAol = indigo
o] AFAQl B-D-glucoside} A2 ko, “Isatan™]
#2123l #2192 indoxyl ©|3 ThE B EAgThaL
39, 18] F&= Indoxyl-5-ketogluconate® %5 ¥ 1
°om, 71 o]&% Isatan Belet HHstsith

Petters et al(1955) vat 98] AFE e =0 3t &
FA31E Y 9 FYFAH] SA el Hsle] wx3}

A, =3t T35 FA 4523 van der Waal’s 3
o olsbe, dae] mol T34 (e2h)el sl AR
3 &R

Wouters et al. (1991 ZE M4 Fol] )+ blues} purple
A& HPLC & o]83le] AE A3t 27} indigo, indirubin,
B-monobromo-indigotin®} 6,6'-dibromoindigotin®] E§H=] ¢
ek sk

Usida et al.(1995) [~T%19 HPLC #4747} indigo A
48b indirubin A4 o 9ol 2%} w|Fl EEFe] ¥
Felom, ojHd B4ES ZE M4 dNAES ¥4
indigo FAAE2) Aol o]&& 4 gl s}

Yamada et al.(1970) indigo$} thioindigo &-El
& mass spectra S S48 A3, Hpe] B9 metastable
o] &3} isotopic ©]& 22 Flalglow, Hxe| FHL
CO radicale] 11zl Aoz #AA= 9 2} o2 radical®l
oolzl Zol A3 Sy & ¢ glok Easiddh

#H2o dTEE Kim er al(1996)°] P tinctorium Ait®]
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zAluf kol 2)sled AulE indigo A} B He)el Aol
A 27} Z2F )AL, o] 7L indirubin ¢ 7S R8I

o] A= Z AAle] AR A& #ste] TLC, HPLC
2 o] &sle] £ sglom Fx EMLEAME FTIR,
'HNMR ¥ El-massg °]-8-3F3ic}.
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1. ZMa0 M= A HE 24

7} 243 J7} 4= A=

o] QFol A28t ZE-2 Polygonum tinctorium2-E. &
Aol ap= 1A 2EO0Z AL 60~100 cm o]
o, 349 ZFol S B FE3te] 59 2E] P
7 A, 719 ol 4 FEsle] ARSI,

E 1/ 1002 UL ¥ 30°CelA 30417 $-=HW
g ZFEL AN, 2 ol 3 g/l 24 3)(Ca(OH),)
2 93, 37) Bol ¥oiA Fst A Ee] FA4HW, 24
7t A= o Tt K82 gl W, AHES deep
freezers ©]-23}ed ¢33} 70°ColM 24417 FAAIZ F o
A AAEE FAAZN(F)EAAA ARl 3L <d3}
50°Col M B Azsled frElgell dol Aol Eatsie]
AHE-3HA T

. a9 A8 BA

) 4% EAlol 2 F4E54

100 mg2] @A indigost 1g9) FF A AF chloroform,
DMSO, acetonitrile®] -&-A]ol] 2-8l&ked, UV/Vis. spectrometer
(Perkin Elmer, Lamda 10) & ¥-3=48 747+ 34315

2) TLCel &3 AE-EA

A|E2E 10 mg 42 DMSO} Acetonitrile(2 : 1 v/v)E £
e F 2 AL GFv)FE Tl I AN A=
chloroform : Acetonitrile(8.5 : 1.5 v/v)oll. A7) sldeh.

3) HPLCE o]-&3F AH-2A

2 0.3 goll Acetonitrile : DMSO (1 :2)¢] &8 75 ml
2 rlsted A 597 ghdol] Bd F AelM A5
filterings}<3-27 HPLC(LSTP4000, USARIA o] 54 70%
MeOH(isocratic), coulumn LUNA C18(2) 4.6 x 250 mm,
5 um, Flow: 1 ml min™', UV detector 540 nmZ 3433153

4y A4 A2 mol FHAIS(e3)) T3]

(1) DMSO(100%) &=ell WH3t Indigo®} 3k 3171

20 mg Standard IndigoZ 500 ml DMSO¢]| ¢F33] =<l
F 5 3 MF 1 mlE Ast oS 2ol FHEE 73}

of THe Aol SJste] A% Fakgieh

A =¢gbc, c=A/be(b=1cm length)
A=0.603 ¥-5(at 620 nm)
“ ¢=0.603 x 1/e x 1/0.2

¢ =(0.02/262)/0.5/
0.02/131 =3.015/¢

£=19748 = 10
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(2) DMSO : CH,CN (1 :9) €7lol| 3¢ indirubin mol &
FAF(eyak 73171
70.2 mg standard indirubing- 780 ml2] g-vfol $+H3] =
ol 3 25w AT 1 mE FHEE Toho] o Aol
oJsle] & F3 ASTE I
A=0.569(at 549 nm)
¢=0.569 x /e x 1/0.4
¢ = (0.070/262 mol)/0.78 [
0.07/204.36 = 1.4/¢
0.07¢ = 286.104
£ =4087.2 = 10>
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5) Aae] FxH

2 A2 %9 indigo M A2} indirubin A8 A ® A
Ax g3 7o) stk F 2g9 FE MAE 200ml
9] acetonitrile 2 149 138 FZ3l] 64 ¢ 5
Z3F F, YR £a5A g ANLE indigo MaEH
£02 AHL3H T, indirubing 59 EFEF ALE
acetonitrile 591 &2 33] ¥l B Z=23}e] 1.2 £ol-S- olass
filter(3G,) & o} 243}, of po-& 442l 7] (Vision, Super
speed vacuum)& 12,000 rpm, 10487 A4-E-2lst F A%
NE evaporator® A7) F 2 AL B} ZA ol A}
23193, SA1S SAF) 2EAR) F Fo] BobA 72
o802 AMg-siT

FT-IR(M series, Midac Corporation, USA)< KBr-pellet
Woz 2A39], 7t Y4E DMSO-dy = &8AAH 'H-
NMR(Bruker Drx-300 MHz) spectrum, El-Mass(Jeol AXS05WA
spectrometer) -2 EA3 31}
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Fig. 1. TLC bands of natural and synthetic indigo dyes measured
by CHCI;/CH,CN (8.5: 1.5 v/v) eluant.
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Fig. 2. HPLC profiles of the indigo dyes measured by CHj,
(CH;),SO (1:2 v/v) eluant.
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Z Ao HPLCO] 93t Bl #3 2%, Usida
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Fig. 3. Indigo standard spectrum.
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Fig. 4. Indirubin standard spectrum.
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Fig. 5. UV/Visable Spectra of natural indigo sample.

= 77t indigo 10", Indirubin 10*'2 AlAF Sl At
2 F3A4 73 F Fig. 5o 93t 73 FEHES o
f35be] 24zt Ao e Viehin
1) Sample& DMSO(100%) &=lell o] Indigo A %317
Sample 590 mg& DMSO°] %<7 IndigoE ZZ23)e] 9}
A3k Indigo 25 9130 v 234, 59 WHEH(total 103])
slod 363 mI2] FEAE At o] SHE 104 345}
1 mlE Fsidet
A=t bc
A=1.511x1/10"* x 1/0.1 =2.59 x 10" mol/
(x/262)/0.363 =2.56 x 10™*
x=2.43 x 107 g indigo
. indigo % ¥=F =2.43 mg/590 mg x 100 =4.06%

2) Sample& DMSO : CH3CN(1 : 9)ell 7 indirubing-
22 3t % 98 indirubin & ¢13 =Y ww 6
HkE(total 633t 184 mIe] F2H S AL, oA &
AatA] g3 a9 E 1 mlE FHsted oAl wet %kz
Tt '

e A=0.525% {d-S(at 549 nm)

C=0.525x 1/10**x 1.1 = 1.28 x 10~ mol//
(x/262)/0.184 = 1.28 x 107
x=627x107
&eF =6.27 mg/590 mg = 100 = 1.06%
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Fig. 6. FT-IR Spectra of indigo (A) and indirubin (B) pigments
isolated from acetonitrile extracts of natural indigo powder.
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Indigo®] FT-IR #A el #3 AF2% Song(1994)]
indigo A A ellA] chloroform -2 %3} indirubin *]4-2]
spectrumell A} A7 % 2 secondary amine group 52
carbonyl group®] 1600 cm™'2F 1650 cm™ 'l A 22 et
3 giokx Busc)

NMR EAo)] #8F 2= Hart et al(1992)°] T34
218} Rhodococcus gene o &% Escherichia coliol] 2
3] Agabel indigot WHE A FHAA blue A
*= indole-type N-H &3ell 2|3} signale] 10.45 ppmell 1+
e} T 4702 AABB' spectrum 22 HAE I, 2R
6.5-7.7ppm %3¢l indoled 712ZE g MA o F
766 ppmel FAZol™ 7.63(d), 7.50(t), 7.32(d) L&Al
6.94(t) ppmo2. FAF ]2 2L 9l

Fig. 6ell4] 9} ko] 1627 cm™'o|A aromatic ring® C=0
stretchingol] 218t F5d7} vebd 23 3200~3300 cm™
ol A} -NH- stretchingell 2|3} F<=vl7} Sa==, Z4A
A9} M) IR spectrum®] Zpol ViERA] ST

o] 71 Song(1994)8] ZE A dlA FZ3t indirubin
A 2:2] IR spectrum, =8 Kume(1967)%] ¥4 2 EF A
A9 C=0 stretchinge] 93 F4AE velllE R
Spectrum A7} 1630 cm™'oll Vrebt 27} 3278 cm™'el| A
2} -NH- stretchingell 213t F51 5 el IR spectrum
Adte} dA|g

F 1eM B nje) zho] Y0 HY, 5, 6, R 6.5~7.7
ppmell Al Indole 725 7|22 3= AABB' system &
ALg A4s uramp 9om, H4, 72 7.61 H 7.33
ppmel Al 247 2541 e 1L, HS, 62 7.51 2
6.97 ppmell A 3FAeE Yebd AL & 5 U =3
10.48 ppme] =AU A2 NHE| proton®-2 FAH .
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Table 1. 'H-NMR spectral data of indigo and indirubin isolated
from natural indigo powder

Chemical shift

Pigment Proton

(ppm, 8)°
H4 7.61(d)”
H5 7.51(1)
H6 6.97(t)
H7 7.33(d)
NH 10.48(br s)
H4, 4' 7.65(d), 7.41(d)
H5, 5' 7.55(t), 7.25(t)
H6, 6 7.01(t)
H7, 7' 6.90(d)
NH  10.88(brs), 11.01(br s)

* TMS as internal reference in DMSO-d;
** br s: broad singlet, d : doublet, t: triplet

o) 72 Hart et al.(1992)°] Rhodococcus geneoll T2
Escherichia Coli o\ A= indigo A22] ¥2elA Indol-
type N-H 3785} 47§%] spin AA'BB' spectrum 7% 6.5~7.7
ppm 3o} AXslER FUAFEZHE s &, A
A A= indigo Hel FA=3H

ghH, NH2] proton2- 10.882}F 11.01 ppmell A ZHz+ whed
A& Ve 9129, Indole 7)EFZ2) H4, S, 6, 73
H4, 5, 6' 7= 6.9~7.7 ppmoﬂ/q el g o, AA'BB'
System &~AEGFALC 2 Q8] H4, 4= 71217.65 H 741
ppm oA H7, 7% 6.90 ppmoll A} o] FAde =2 vehtar )
o} 28]l 7.55, 7.25 ppmel A2 HS, 59 proton
2, 7.01 ppme] AHEA-L H6, 6'9 protoneE s|AF ),

o7& A WA 40 Indole-type N-H F73¢] 10.822} 10.98
ppmell A #ZF o] x5 o} o] indirubin & Zloletil F
g A3} 7o) o] AHME triplet 3 sets2} 4 sets]
doublet’} =5 olx] Harte] NMR ZA#e} AX3l==2 5
d FxA4E FAseh F, AN SE indirubin Yo
FelEgt & 12 ¢ AAE AHEF A2 A indigo
A 29} indirubin M 42} ZF2Ee) proton®] 28 o) F-(ppm)
< g3t Aol

Fig. 7-8= Z% A& 39| indigo A4¢} indirubin 4
49) El-mass spectrum 2 VEhd 222 A Baje] 22
262[M]"1 2, 22 fragment ©]-2-& 234[M-28]"l|A e}
o},
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Fig. 7. El-mass spectrum of indigo pigment isolated from DMSO
extracts of natural indigo powder.
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Fig. 8. El-mass spectrum of indirubin isolated from acetonitrile
extracts of natural indigo powder.
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