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Abstract
Indigofera tinctoria Linn. (Karm) and Baphicacanthus cusia Brem.(Hom) are

the plants which have been used as natural source of indigo dye and are available in 
the upper north of Thailand. The major components of the indigo dye were found to 
be indigo and its derivative indirubin which gave maximum absorption at 600 and 552 
nm, respectively. In this work, a HPLC method has been developed for the 
simultaneous characterization of indigo in the extract of I. tinctoria L. and B.cusia B. 
The indigo dye was separated on a Nucleosil 100-7 C18 column with a CH3OH/ 0.2% 
TFA as eluent and measured with UV detection at 600  nm.for indigo. With this 
method the amount of indigo in the extracted could be analysed compare with 
standard indigo. In addition, we have shown that one alternative to increase the 
production of indigo dye can be done by plant cell culture. The fresh leaves of Karm 
were cut into 0.5 x 0.5 cm pieces. Sterilized leaves were grown on Murashige and 
Skoog agar medium (MS) supplemented with 5 mgl-1 2,4-Dichlorophenoxyacetic acid 
(2,4-D) and 30 gl-1 sucrose. The plant cell culture was cultured at 25oC in the dark and 
light conditions for 2 months. It was found that the leaf cells could produce white 
callus with both condition but could not produce indigo dye. In future work, we will 
carry out to find proper inducer for the production of indigo dye by leaf cells culture 
and analyse by HPLC.

Key words: Indigo, Indigofera tinctoria Linn., Baphicacanthus cusia Brem.,  
                   High-performance liquid chromatograghy 

Introduction
The blue dye indigo is one of the oldest natural dyestuffs known to human 

beings (1). Indigo has, for centuries, been obtained from a variety of plant sources 
such as Indigofera tinctoria Linn.(Karm), Polygonum tinctorium, Isatis tinctoria
(Woad) and Baphicacanthus cusia Brem.(Hom). 

Indigofera plants and Polygonum tinctorium contain indoxyl -D-glucoside 
(plant indican) which serves as starting material for indigo blue production. Indirubin, 
a pinky-red pigment similar to indigo blue in structure is produced from the P. 
tinctorium cell culture (2-3). Production of indirubin and indigo-related compounds 
by plant cell culture are important because intact plants produce the compounds in 
only small amounts over a 1-2 year growth period (4). 
 In the present work, a qualitative and quantitative HPLC methods is described 
for the identification and the separation of indigo pigments and compare with standard 
indigo. The method will be used for analysis of indigo produced by plant cell culture. 
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Materials and Methods 
Plant Materials Fresh materials of Indigofera tinctoria Linn. (Karm) and 

Baphica- canthus cusia Brem.(Hom) were collected from the upper north of Thailand. 
Standard indigo was obtained from Fluka. 

Indigo Determination Calibration curve was done by using various amount 
of standard indigo, obtained by dissolving 0.010 g of standard indigo in 10 ml of 
Dimethyl-sulphoxide (DMSO). The solution was then diluted to different 
concentration with the DMSO and measured the absorbance at 600 nm. 

Separation and Identification of indigo pigments and standard indigo by 
HPLC This method was conducted using an HPLC system from Hewlett Packard 
(processor, pump, UV detector and injector model 1100). Analysis were carried out 
with a Nucleosil 100-7C18 column (4.6x250mm, 5 m), with a flow rate of 1.0 
ml/min using CH3OH/ 0.2% trifluoroacetic acid (TFA) as eluent. Products were 
detected using a UV detector at 600 nm. Pigment concentrations and yields of indigo 
obtained from Karm paste were quantified by HPLC analysis with reference to a 
standard curve of indigo dye dissolved in DMSO. 

Leaf cultures of Indigofera tinctoria Leaves of I.tinctoria L. (Karm) were
washed with Lipon F and surface sterilized in 10% NaOCl (dil. 1:10 with distilled 
water) for 15-20 min. After washing with steriled H2O, the leaves were cut into 
0.5x0.5 cm. pieces. Sterilized leaves were grown on agar in Murashige-Skoog (MS 
medium) with 5 mgl-1 2,4-Dichlorophenoxyacetic acid (2,4-D) and 30 gl-1 sucrose. 
The cultures were grown in the dark and light condition at 25oC.

Results and discussion 
 The reported investigations were carried out in three stages. Firstly, we carried 
out to find the optimum condition for effective separation of indigo pigment from 
standard indigo by using HPLC method. Then, the extract from I. tinctoria Linn. 
(Karm) paste was analysed on a Nucleosil 100-7 C18 column with a CH3OH/ 0.2% 
TFA as eluent and measured with UV detection at 600 nm.for indigo. Finally, we 
have shown that one alternative to increase the production of indigo pigment can be 
done by leaf cells culture. 

Pigment evaluation Standard indigo content  was determined by an external 
calibration and a validated linear relationship between peak area  and indigo contents 
(concentration at 0.1, 0.3, 0.5, 0.7 and 1.0 mg/ml)(Fig 1). The concentration of indigo
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Fig. 1 Standard curve of indigo contents. 

calculated from the following the regression equation : Y  =  784.86X  +  19.994 
Y  =  peak area  (mAUxs) 
X  =  concentration of indigo  (mg/ml)  

HPLC of the extracts from Karm paste Dried and powdered Karm paste of 
I.tinctoria Linn. (0.010 g) was dissolved with 5 ml DMSO. All samples were filtered 
over a  0.45 m. membrane filter and analyzed by HPLC. The UV 600 nm 
chromatogram was depicted in Fig.2. It can be seen that the total amount of indigo 
dye in Karm paste was 270 mgg-1 Karm paste. Chanayath et al.,(5) also found that the 
indigo from fresh Indigofera tintoria Linn.(Karm) and Baphicacanthus cusia
Brem.(Hom) fermentation for 24 hrs gave the highest amount of indigo 3.27 and 4.72   
mgg-1  fresh leaves, respectively. The comparision of indigo in the crude indigo paste 
from Karm and Hom revealed that Karm gave less indigo than Hom in the ratio of 3:4. 
The amounts of indigo yield were found depending on the origin and the age of plant 
(6).

Production of the indigo pigment from plant cell culture The seeds of 
I.tinctoria Linn. were failed to get callus on Gamborg’s B5 medium dued to the 
sterilized seed were grown to plant. Therefore, we chose a new approach to culture 
plant cells from leaves of this plant on agar medium.  
 The sterilized leaves were cut into 0.5x0.5 cm. pieces and grown on agar MS 
medium in the dark and light at 25oC. After 2 months, it was found that the leaf cells 
could produce white callus in both condition (Fig. 3) but could not produce indigo 
pigments. Kim and Lee (7) were able to increase indirubin production by 72% more 
than the control under optimized conditions for elicitation of Polygonum tinctorium
cells by chitosan. In future work, we will carry out to find suitable inducer for the 
production of indigo by leave cell culture and analyse by this chromatographic 
method. 



107

          Fig. 2 HPLC analysis of Karm paste of Indigofera tintoria Linn. 

Fig. 3 Plant cell culture from fresh leaves of I.tinctoria Linn. (Karm)   

Conclusion
The HPLC method was developed to identify and quantify indigo pigment 

from Karm paste compare with indigo standard. The indigo content in Karm paste 
was 270 mgg-1 Karm paste. In addition, the leaf cells culture of I.tinctoria L. (Karm) 
could be done in both dark and light conditions. In future work, we will carry out to 
find proper elicitation on indigo production and analyse by HPLC method. 
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Introduction
Indirubin and its derivatives have been reported to be the biologically actives, which 

are selective and potent inhibitors of cyclin-dependent kinases). CDK1/cyclin B kinase 
isolated from starfish oocytes was inhibited by indirubin with IC50 value of 10 µM. Indirubin-
3'-monoxime exhibited a higher inhibitory potency with an IC50 value of 0.18 µM. The water-
soluble derivative indirubin-5'-sulfonate was much more potent, exhibiting an IC50 value as 
low as 0.055 µM (Hoessel et al., 1999). Indirubin has also been shown to have an anti-
inflammatory action by inhibiting the production of interferon-gamma, a well known 
inflammatory cytokine (Kunihata et al., 2000). Indirubin are also potent ATP competitive 
inhibitors of glycogen synthase-3 (Leclerc et al., 2001). Testing of a series of indoles and bis-
indoles against GSK-3 , CDK1/cyclin B and  CDK5/P25 showed that only indirubin could 
inhibit these kinases. Indirubin have been discovered as potent ligands of the aryl 
hydrocarbon receptor (AhR), also known as the dioxine receptor (Adachi et al., 2001). 
Indirubin act as inducers for cytochrome P450 1A1/2 mediated by AhR in mammals in vivo 
(Sugihara et al., 2004). Indirubin was found to reduce both the expression and production of 
RANTES in influenza A/NWS/33-infected H292 cells. Indirubin was one of the components 
with immunomodulatory activity on the expression of RANTES (Mak et al., 2004). 

Indirubin, a naturally occurring pigment, was found in many indigo-producing plants, 
such as Indigofera tinctoria Linn. (Kram in Thai name), Polygonum tinctorium and Isatis 
tinctoria (Woad). Indirubin was a dark red isomer of the blue indigo. The objectives of this 
work were to establish a simple HPLC method for the separation, identification and 
purification of the indirubin in the pigment extracted from I. tinctoria (kram powder) and 
study the cellular response of pure indirubin with human cell lines. 

Materials and methods 
Chemical material 

Indirubin, indirubin-3'-monoxime were obtained from ALEXIS Biochemicals. 
Human breast cancer epithelial cell line (MCF-7, ATCC#CRL1721) was purchased from 
ATCC. DMEM and MEM Sodium pyruvate were purchased from Atlanta Biologies, GA, 
USA. Antibiotic-Antimycocytic was obtained from biowest, Sodium bicarbonate from Sigma-
aldrich, St Louis, MO, USA. and Fetal bovine serum from Gibco BRL, Grand Island, 
NY,USA
Preparation of kram powder 

Fresh plant materials of  Indigofera tinctoria Linn. were cut to small pieses and put 
into cotton bag before soaking in water for 24 h. The bag was taken off and then added twice 
in volume of Ca (OH)2 solution (pH ~11), blew the air for 15 mins to precipitate pigments. 
The upper solution were discarded and the kram paste was passed through drum dryer to get 
kram powder. 
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Extraction of indirubin from kram powder 
I. tinctoria L. (Kram in Thai name) powder was suspended in methanol. After 

filtration, methanol was evaporated under reduced pressure. The residue was dissolved in 
small volume of methanol and analysed by TLC. 
TLC analysis

Crude indirubin were dissolved in methanol and spotted on silica gel 60 F plates 
(Merck). Elution was carried out with the mixture : dichloromethane : hexane : methanol 
(7:4:0.3, v/v/v). The results were compared with indirubin standard.
Separation of crude indirubin from methanol extraction by column chromatography 

A glass column 54x2.5 cm containing 120 g of silica gel 60 was used to separate the 
crude indirubin and eluted with dichloromethane : hexane : methanol (7:4:0.3, v/v/v). The 
eluates were concentrated and the purity of indirubin was then checked by TLC and HPLC. 
Purification and identification of indirubin by HPLC  

Purified indirubin were performed using a reverse-phase HPLC column (9.4x250 mm, 
ZORBAX ODS) attached to a L-4250 UV-VIS detector and an L-6200A pump (all from 
Hitachi, Tokyo, Japan) with a 2 mL sample injection loop. Two mobile phases, A (0.1% v/v 
TFA, 5% v/v ACN) and B (0.1% v/v TFA, 95% v/v ACN), were used for all samples. All 
mobile phases were filtered (45 µm filter for organic solvent; Millipore) and degassed by 
sonication (Bransonic 52; Branson, Shelton, CT, USA). All solvents were HPLC grade. 
Purified indirubin from silica gel column chromatography were dissolved with methanol, 
filtered and injected into the HPLC column with 400 µL. The gradient elution profile was : 0-
5-30 min / 20-50-100 %B respectively at a flow rate of 2 mL/min. Product was monitored by 
measuring UV absorption at 552 nm. 
Cell cultures 

Human breast cancer epithelial cell line was cultured in monolayer in DMEM 
medium supplemented with 10% fetal bovine serum, 1.5 g/L sodium bicarbonate , 0.1 mM 
MEM sodium pyruvate, streptomycin (100 µg/mL) and amphotericin B (0.25 µg/mL).  The 
cancer cell lines were incubated at 37oC under a 5% CO2 atmosphere. 
Cell based assay by treatment with indirubin and cell viability test 

MCF-7 cells were seeded with 5x104 cells in 96 well plates and were attached on well 
overnight before treatment. Cells were treated with pure indirubin with the different
concentrations of 0.1, 1, 3, 10 and 30 µM. The change of cell morphology after indirubin 
treatments was visualized by microscopy with 40-fold magnitude. The cell proliferation of 
cell lines was determined by using MTT assay methods. This assay was based on the cellular 
cleavage of the tetrazolium salt, MTT, into a formazan that is soluble in cell culture medium 
and was measured at 570 and 630 nm directly in 96-well assay plates using microplate reader. 
Absorbance was directly proportional to the number of living cells in culture. 

Results and discussion 
Purification and identification of indirubin from Indigofera tinctoria Linn.

In the previous study, the separation of kram powder by TLC using chloroform-
hexane-methanol (7:4:1 v/v/v) as developing solvent gave two major components of blue and 
red colour. Both blue and red pigments were highly soluble in chloroform but only red 
pigment was soluble in methanol. The red pigment could be separated from blue pigment by 
dissolving the kram powder in methanol (Chanayath et al., 2002). The same method has been 
used for extraction of indirubin from kram powder. 

Dried Kram powder were extracted with methanol. After filtration, the precipitate 
were extracted with methanol for 6 times. The red dye were pooled and evaporated to dryness. 
The crude indirubin were then separated using silica gel 60F254 column and fractions of red 
pigment were pooled and evaporated to dryness. The crude extract and partially purified 
indirubin were analysed by HPLC compared with standard indirubin. It was found that crude 
indirubin had a lot of impurities and the partially purified indirubin from the column still had 
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trace of some impurity (Fig.1). Therefore, the partially purified indirubin were further purified 
by preparative HPLC. The major peak obtained from HPLC were collected. The structural 
elucidation of isolated compounds was carried out by MS spectrometry.  

Fig. 1 HPLC chromatograms of (A) standard indirubin, (B) crude indirubin and (C)   
pure indirubin. 
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The mass spectra obtained for chromatographic peak contains a strong signal at m/z 
263 [M+H]+ related to standard indirubin (Fig.2). The result corresponded to the work of 
Chanayath et al., 2002  who reported that the red pigment extracted from I. tinctoria (kram) 
was purified and analysed by UV-visible spectroscopy, mass, 1H, 13C-NMR spectrometry and 
showed that it had chemical structure as indirubin.   

Effect of pure indirubin on cell proliferation 
The effect of indirubin on MCF-7 cell lines was studied by measuring cell numbers 

by Coulter counting and relative numbers of viable cells using MTT assay after treatment of 
cancer cell lines with pure indirubin for various time periods. The ability of pure indirubin to 
induce cell death was estimated by analyzing its effect on cell morphology (Fig.3). The 
observation of MCF-7 cells under a microscope showed that at a high concentration (30 µM) 
the number of viable cells decreased rapidly whereas, at lower concentrations (0.1, 1 µM), the 
cell numbers started to decrease markedly within 24 h (Fig.4). In contrast, the treatment of 
indirubin after 72 h showed that the number of viable cells decreased slightly more than the 
treated cells after 48 and 24 h, respectively. 

 Fig. 2 Mass spectra of pure indirubin.  
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Fig. 3 Cell morphology of MCF-7 cells after treatment with different concentrations  
           of indirubin for 24, 48 and 72 h.  

Fig. 4 Effect of cell viability and time after treated indirubin as various    
          concentrations  (       0.1µM,        1µM,        3µM,       10µM, and        30µM ). 

The inhibitory effect of indirubin on MCF-7 cells showed that 30 µM indirubin could 
inhibit the MCF-7 cells about 42% inhibition within 24 h (Fig. 4). Longer time of treatment 
(incubation time) and high concentration of indirubin could influent to the degradation of 
indirubin including crystallization. At high concentration (30 µM) indirubin had an immediate 
toxic effect possibly caused by an interference of cell membrane integrity or mitochrondrial 
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function in the cells. Due to the limitation of indirubin on dissolving in methanol and DMSO, 
at high concentration of indirubin showed to have co-crystallization in medium with slightly 
needle shape  and might affect to the result of inhibitory of MCF-7 cells. Marko et al. (2001) 
reported that indirubin was shown to inhibit proliferation of several cell lines, including 
MCF-7 , at micromolar concentrations. It is worth noting that several derivatives of indirubin 
have been shown to directly inhibit the cell-cycle regulators, cyclin dependent kinase and 
glycogen synthase kinase-3 , at 5-100 nM concentrations (Leclerc et al. 2001). Furthermore, 
Mak et al. (2004) have recently reported that indirubin reduced both the expression and 
production of RANTES in influenza A/NWS/33-infected H 292 cells with a dose-dependent 
50-200 µM. 

Conclusion
The RP-HPLC and MS studies of a methanol extract of indigofera tinctoria Linn. 

indicated indirubin as the major compound. The influence of purified indirubin has been 
tested on the growth of a human breast cancer cell lines, MCF-7. The result showed that at the 
concentration of 30 µM, indirubin inhibited cell growth about 42% within 24 h. 
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