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a  b  s  t  r  a  c  t

The  aim  of this  study  was  to assess  the  contents  of indigo’s  bioactive  compounds,  its  antioxidant  and
anticancer  activities  in  acetone,  hexane  and  DMSO  extracts  and  to  compare  the  overall  bioactivity  with
another  more  used  medicinal  plant  named  prolipid.  It  was  found  that the  contents  of the  bioactive  com-
pounds  in  the  studied  extracts  from  different  parts  of  indigo  plant  varied  (P < 0.05):  the  significantly
highest  content  of  polyphenols  and  flavonoids  was  in  DMSO  extract  of  prolipid,  flavanols  –  in  acetone
extract  of brown  seeds  (P <  0.05  in both  cases)  and tannins  – in  DMSO  extract  of  green  leaves,  but  not  sig-
nificantly  (P  > 0.05).  Also  the  level  of  antioxidant  activity  was  different:  the  highest  antioxidant  activity  of
all studied  samples  was  in  prolipid:  according  to ABTS,  FRAP  and  CUPRAC  tests  in DMSO  extract  (P < 0.05
in  all  3 cases),  and  only  in  acetone  extract  according  to DPPH  was  not  significant  (P  >  0.05).  The correla-
tions  between  polyphenol  compounds  and  the  antioxidant  activities  were  relatively  high.  DPPH  kinetic
measurements  were  used  to compare  and  distinguish  the  antiradical  activity  among  indigo  extracts  by
multivariate  analysis.  The  FT-IR  spectroscopy  evaluated  the  presence  of  polyphenols.  The  interaction
between  DMSO  polyphenol  extracts  of  indigo  plant  and  BSA  showed  that  indigo  has  a  strong  ability  as
other  medicinal  plants  such  as prolipid  to  quench  the intrinsic  fluorescence  of  BSA  by  forming  complexes

and  was  measured  by  3-dimensional  fluorescence  (3D-FL).  The  highest  anticancer  activity  was  in  pro-
lipid in  concentrations  of  800  �g/mL  against  Calu-6,  following  by indigo  brown  leaves.  In conclusion,
organic  extracts  of indigo  brown  leaves  were  analyzed  for their  antioxidant  and  anticancer  activities  and
compared with  prolipid,  using  polyphenols  composition,  antioxidant  activities  and  fluorescence  prop-
erties.  The  indigo  ability  to quench  the intrinsic  fluorescence  of BSA,  relatively  high  content  of  phenolic
compounds  and  anticancer  properties  can  be  used  as  medicinal  plant.
∗ Corresponding author at: Naju Foundation of Natural Dyeing Culture, Naju 520-
31, Republic of Korea. Tel.: +82 61 3350801.
∗∗ Corresponding author at: Institute for Drug Research, School of Pharmacy, The
ebrew University, Hadassah Medical School, Jerusalem 91120, Israel.
el.: +972 2 6758690.
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1. Introduction

Medicinal plants are sources of important therapeutic aids for
alleviating human ailments. Medicinal herbs are known to con-
tain a variety of antioxidants (Bener et al., 2010; Boo et al., 2012;
Nirmaladevi et al., 2010). The successful clinical utilization of can-
cer chemotherapeutic agents from higher plants has been evident
for about half a century (Lau et al., 2004; Pan et al., 2010). Indigo

(Polygonum tinctorium Ait.) is less known as a natural healing
and medicine (Hamburger, 2002). However, there is a scientific
basis which can explain the successful use of indigo in traditional
medicine (Wei  et al., 2005). So, above cited authors isolated from
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http://www.sciencedirect.com/science/journal/09266690
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he ethanol extract of this Chinese medicinal herb a new indigoid
erivative, bisindigotin (1), with 2,3,7,8-tetrachlorodibenzo-p-
ioxin (TCDD)-antagonistic activity. Medicinal plants are effective

n treatment of wide range of ailments: from gastrointestinal disor-
ers (Neves et al., 2009) to diabetes (Andrade-Cetto and Heinrich,
005), respiratory conditions (Pallant and Steenkamp, 2008) and
ound healing (Khalil et al., 2007; Ghasemi and Koohpyeh, 2011).
eves et al. (2009) found that the most dominant family for

he treatment of gastrointestinal ailments is Lamiaceae (18%) and
he most frequently used part of the plant is leaves (37.9%). The
argest number is used to treat gastrointestinal disorders (73.9%).
rganic extracts of Cymbopogon schoenanthus L. Spreng (lemon
rass) shoots from three different locations in South Tunisia were
creened for their antioxidant, acetylcholinesterase and antimi-
robial activities (Khadri et al., 2010). Methanol extracts from
he leaves, bark and roots of four Cameroonian medicinal plants,
ersama engleriana,  Cupressus lusitanica, Vitellaria paradoxa and
uibourtia tessmannii were tested for their in vitro cytotoxicity,
ntigonorrheal and antireverse transcriptase activities (Mbaveng
t al., 2011). It was of interest to know if also the extracts of indigo
ave the same properties as some other medicinal plants. Our
revious recent reports showed the indigo properties in different
olvents (Jang et al., 2011). Therefore, in addition to the study of
he contents of the bioactive compounds and antioxidant activity
f indigo also its anticancer properties were investigated. As far as
e know, there are no published results of such investigations.

. Materials and methods

.1. Chemicals

6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
Trolox); quercetin; Tris, tris(hydroxymethy1) aminomethane;
ovine serum albumin, 2,2-azino-bis (3-ethylbenzthiazoline-6-
ulfonic acid) (ABTS); 1,1-diphenyl-2-picrylhydrazyl (DPPH);
olin-Ciocalteu reagent (FCR); lanthanum (III) chloride
eptahydrate; FeCl3·6H2O; CuCl2·2H2O; 2,9-dimethyl-1,10-
henanthroline (neocuproine) and bovine serum albumin (BSA)
ere purchased from Sigma Chemical Co., St. Louis, MO,  USA.

,4,6-Tripyridyl-s-triazine (TPTZ) was purchased from Fluka
hemie, Buchs, Switzerland. All reagents were of analytical grade.
eionized and distilled water was used throughout.

.2. Samples and preparation

The following parts of indigo plant (P. tinctorium): seeds, and
wo probes of leaves were investigated: the leaves with slight green
olor (immature leaves) and the leaves with green brown color
mature leaves) were harvested on April 10, 2010 and on July 20,
010, from the same place, respectively (Fig. 1). The leaves were
ried for 5 days under sunlight. The leaves were pulverized in the

aboratory conditions. The particle size was 200 mesh. For com-
arison was used prolipid (Jastrzebski et al., 2007). Prolipid is a
ixture of the following plants: Sonchus 532 Z. arvensis L. from the

ompositae (Asteraceae) family, Guazuma ulmifolia L. from the Ster-
uliaceae family and Murraya paniculata L. from the Rutaceae family.
rolipid contains extracts of G. ulmifolia [20 g/100 g dry weight
dw)], M.  paniculata (10 g/100 g dw)  and S. arvensis (10 g/100 g dw).
rolipid capsules were obtained as a gift from the drug importer
OWIK (Warsaw, Poland).

.3. Determination of the contents of the main bioactive

ompounds

The extracts from seeds and leaves were prepared by the same
ay for all tests (bioactive compounds, antioxidant and anticancer
 Products 42 (2013) 429– 439

assays). The phenols were extracted with DMSO, acetone and
hexane from either the indigo powder, seeds or the prolipid (con-
centration 25 mg/mL) at room temperature twice during 3 h (Kim
et al., 2012). The prolipid capsules were opened and the content
was dissolved in water at the same conditions. The polyphe-
nols were determined by Folin-Ciocalteu method (Singleton et al.,
1999) with measurement at 750 nm with spectrophotometer
(Hewlett–Packard, model 8452A, Rockvile, USA). The results were
expressed as mg  of gallic acid equivalents (GAE) per g dw. Total
flavonoid content was determined by an aluminum chloride col-
orimetric method. Briefly, 0.25 mL  of the indigo or prolipid sample
extract was diluted with 1.25 mL  of distilled water. Then 75 �L of
a 5 g/100 g NaNO2 solution was added to the mixture. After 6 min,
150 �L of a 10 g/100 g AlCl3·6H2O solution was  added, and the mix-
ture was allowed to stand for another 5 min. Half of a milliliter of
1 mol/L NaOH was added, and the total was  made up to 2.5 mL  with
distilled water. The solution was well mixed. The absorbance was
measured immediately against the blank at 510 nm in compari-
son with the standards prepared similarly with known (+)-catechin
concentrations. The results are expressed as milligrams of catechin
equivalents. The total flavanols amount was  estimated using the
p-dimethylaminocinnamaldehyde (DMACA) method, and then the
absorbance at 640 nm was read. To ensure the presence of flavanols
on the nuclei subsequent staining with the DMACA reagent resulted
in an intense blue coloration in plant extract. As it was mentioned
previously, (+)-catechin served as a standard for flavonoids, and fla-
vanols, and the results were expressed as catechin equivalents (CE).

2.4. Extraction of phenolic compounds for MS

The lyophilized samples of seeds and leaves (1 g) were extracted
with 100 mL  of methanol/water (1:1) at room temperature and in
darkness for 24 h. The extracts were filtered in a Buchner funnel.
After removal of the methanol in a rotary evaporator at a tempera-
ture below 40 ◦C, the aqueous solution was then freeze-dried. These
extracts were used for MS.

2.5. MS  analysis

A mass spectrometer, a TSQ Quantum Access Max (Thermo
Fisher Scientific, Basel, Switzerland) was  used. Analytes were ion-
ized by electrospray ionization (ESI) in positive mode. Vaporizer
temperature was kept at 100 ◦C. Settings for the ion source were
as follows: spray voltage 3000 V, sheath gas pressure 35 AU; ion
sweep gas pressure 0 AU; auxiliary gas pressure at 30 AU; capil-
lary temperature at 200 ◦C, skimmer offset 0 V (Nirmaladevi et al.,
2010).

2.6. Determination of antioxidant activity

The AA was  determined by four complementary assays:

(1) 2,2-Azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid)
diammonium salt (ABTS•+) method for the screening of
antioxidant activity is reported as a decolorization assay
applicable to both lipophilic and hydrophilic antioxidants,
including flavonoids, hydroxycinnamates, carotenoids, and
plasma antioxidants. The pre-formed radical monocation ABTS
is generated by oxidation of ABTS with potassium persulfate
and is reduced in the presence of such hydrogen-donating
antioxidants. The influences of both the concentration of
antioxidant and duration of reaction on the inhibition of

the radical cation absorption are taken into account when
determining the antioxidant activity. ABTS•+ radical cation
was  generated by the interaction of ABTS (7 mM/L) and K2S2O8
(2.45 mM/L). This solution was diluted with methanol until the
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Fig. 1. Indigo plant: (A) seeds;

absorbance in the samples reached 0.7 at 734 nm (Re et al.,
1999).

2) Ferric-reducing/antioxidant power (FRAP) assay measures the
ability of the antioxidants in the investigated samples to reduce
ferric-tripiridyltriazine (Fe3+−TPTZ) to a ferrous form (Fe2+).
FRAP reagent (2.5 mL  of a 10 mM ferric-tripiridyltriazine solu-
tion in 40 mM HCl plus 2.5 mL  of 20 mM FeCl3·H2O and 25 mL
of 0.3 M acetate buffer, pH 3.6) of 900 �L was  mixed with 90 �L
of distilled water and 30 �L of plant samples or methanol as
the appropriate reagent blank. The absorbance was measured
at 595 nm.

3) Cupric reducing antioxidant capacity (CUPRAC): this assay is
based on utilizing the copper (II)-neocuproine [Cu (II)-Nc]
reagent as the chromogenic oxidizing agent. To the mixture
of 1 mL  of copper (II)-neocuproine and NH4Ac buffer solution,
acidified and non acidified methanol extracts (or standard)
solution (x, in mL)  and H2O [(1.1 − x) mL]  were added to make
the final volume of 4.1 mL.  The absorbance at 450 nm was
recorded against a reagent blank (Apak et al., 2004).

4) Scavenging free radical potentials were tested in a methanolic
solution of 1,1-diphenyl-2-picrylhydrazyl method (DPPH). The
degree of decoloration of the solution indicates the scavenging
efficiency of the added substance. In its radical form, DPPH has
an absorption band at 515 nm which disappears upon reduction
by an antiradical compound. DPPH solution (3.9 mL,  25 mg/L)
in methanol was mixed with the samples extracts (0.1 mL),
then the reaction progress was monitored at 515 nm until the
absorbance was stable.

Samples with different concentrations of indigo and prolipid
MSO extracts (1, 2.5, 5, 10, 15, 20 and 30 mg/mL) were analyzed by

PPH antioxidant activity assay (Ozgen et al., 2006). In the kinetic

tudies two variables were used: the change in the concentration of
he applied samples and the change in reaction time of the extracts
ith the scavenging radical: 1, 10, 30, 60 and 90 min.
een leaves; (C) brown leaves.

2.7. Fluorometry

Two  dimensional (2D-FL) fluorescence measurements were
done using a model FP-6500, Jasco Spectrofluorometer, serial
N261332, Japan. Fluorescence emission spectra for all indigo and
prolipid samples at a concentration of 0.25 mg/mL were taken at
emission wavelength (nm) of 330, and recorded from wavelength of
265 to a wavelength of 310 nm,  at emission wavelengths of 685 nm
from 300 to 750 nm;  and at excitation of 350 nm from 370 to 650 nm
(Zhang et al., 2010). Quercetin was  used as a standard. All solutions
for protein interaction were prepared in 0.05 mol/L Tris–HCl buffer
(pH 7.4), containing 0.1 mol/L NaCl. The final concentration of BSA
was 2.0 × 10−5 mol/L. All solutions were kept in dark at 0–4 ◦C. The
BSA was  mixed with quercetin. The samples were mixed in the pro-
portion of BSA:extract = 1:1. The samples after the interaction with
BSA were lyophilized and subjected to FTIR.

2.8. Fourier Transform Infrared (FT-IR) spectra studies

The presence of polyphenols in the investigated indigo sam-
ples and the interaction between polyphenols and bovine serum
albumin (BSA) was studied by Fourier Transform Infrared (FT-IR)
spectroscopy. A Nicolet iS 10 FT-IR Spectrometer (Thermo Scien-
tific Instruments LLC, Madison, WI,  USA), with the smart iTRTM

ATR (Attenuated Total Reflectance) accessory was  used to record
IR spectra (Furlan et al., 2007).

2.9. MTT assay

Anticancer activity of water extracts of the studied plants on
human cancer cell lines (Calu-6 for human pulmonary carcinoma

and SNU-601 for human gastric carcinoma) were measured using
MTT  (3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) assay. The cell lines were purchased from Korean Cell Line
Bank (KCLB) for MTT  assay. Cells were grown in RPMI-1640 medium



4 ps and

a
v
p
p
c
w
2
f
M
S
T
f
a
a
s
w
C
t
w
a

2

i
m
s
(
c
m
e
t
s

d
w
i
L
c

3

3

p
c
fl
e
D

3

i
a
3
s
t
3
F
2
F
3
F
(

32 B.-G. Heo et al. / Industrial Cro

t 37 ◦C under 5% CO2 in a humidified incubator. Cells were har-
ested, counted (3 × 104 cells/mL), and transferred into a 96-well
late, and incubated for 24 h prior to the addition of test com-
ounds. Serial dilutions of test samples were prepared by dissolving
ompounds in dimethyl sulfoxide (DMSO) followed by dilution
ith RPMI-1640 medium to give final concentration at 25, 50, 100,

00, 400, and 800 �g/mL. Stock solutions of samples were prepared
or cell lines at 90 �L and samples at 10 �L, and incubated for 72 h.

TT  solution at 5 mg/mL  was dissolved in 1 mL  of Phosphate Buffer
olution (PBS), and 10 �L of it was added to each of the 96 wells.
he wells were wrapped with aluminum foil and incubated at 37 ◦C
or 4 h. The solution in each well containing media, unbound MTT
nd dead cells were removed by suction and 150 �L of DMSO was
dded to each well. The plates were then shaken and optical den-
ity was recorded using a micro plate reader at 540 nm.  Distilled
ater was used as positive control and DMSO as solvent control.
ontrols and samples were assayed in duplicate for each concen-
ration and replicated three times for each cell line. The cytotoxicity
as obtained by comparing the absorbance between the samples

nd the control (Heo et al., 2007).

.10. Statistical analyses

To compare, distinguish and discriminate the antiradical activ-
ty among plant aqueous extracts multivariate analysis, employing

ethods of principal component, canonical discriminant analy-
is and classification were performed by means of Unistat v. 5.6
Unistat, London, United Kingdom) statistical software, taking into
onsideration all the experimental data obtained from DPPH kinetic
easurements. The methods are designed in a way  that enables the

nhancement of hidden properties of the original data and allows
he reduction of multi-dimensional data set to only a few dimen-
ions, which can sufficiently explain all the original data.

To verify the statistical significance, mean ± SD of five indepen-
ent measurements were calculated. Differences between groups
ere tested by two ways ANOVA. In the assessment of the antiox-

dant activity, Spearman correlation coefficients (R) were used.
inear regressions were also calculated. P-values of <0.05 were
onsidered significant.

. Results

.1. The main bioactive compounds

The results of the determination of the main bioactive com-
ounds of the studied extracts are summarized in Table 1. As
an be seen, the significantly highest content of polyphenols and
avonoids was in DMSO extract of prolipid, flavanols – in acetone
xtract of brown seeds (P < 0.05 in both cases) and tannins – in
MSO extract of green leaves, but not significantly (P > 0.05).

.2. Mass spectra

The spectrum shows the main m/z peaks found in seeds (Fig. 2A)
n DMSO fraction with Relative Abundance (RA, %) from 20 to 100:
t 101, 212, 220, 228, 268, 275, 280, 302, 320, 336, 348, 354, 368,
82, 413 and 463. In green and brown leaves the peaks were in the
ame location, only in brown leaves the peaks were with higher RA
han in green ones: at 106, 159, 187, 220, 236, 278, 294, 318, 334,
64, 370, 381, 509, and 611. Similar peaks were at 101 (RA = 28%,
ig. 2A) and 105 (RA = 64%, Fig. 2B); 220 (RA = 27%, Fig. 2A) and
20 (RA = 58%, Fig. 2B); 280 (RA = 25%, Fig. 2A) and 278 (RA = 24%,

ig. 2B); 320 (RA = 55%, Fig. 2A) and 318 (RA = 100%, Fig. 2B);
36 (RA = 87%, Fig. 2A) and 334 (RA = 96%, Fig. 2B); 368 (RA = 43%,
ig. 2A) and 370 (RA = 43%, Fig. 2B); 382 (RA = 20%, Fig. 2A) and 382
RA = 25%, Fig. 2B). Then the main peaks in brown leaves were at 105
 Products 42 (2013) 429– 439

(220 (263, 236, 219, indigotin)); 318 (myricetin), 334 (quercetin-
dimethyl-ether); 364, 370, 509, 611 (rutin). Quercetin (Fig. 2C) and
gallic acid (Fig. 2D) were used as standards (Nirmaladevi et al.,
2010; Pawlak et al., 2006).

3.3. The antioxidant activity, kinetic measurements by DPPH,
multivariate and canonical discriminant analyses

The results of the determination of the antioxidant activity in the
studied samples are summarized in Table 2. The highest antioxidant
activity of all studied samples was  in prolipid: according to ABTS,
FRAP and CUPRAC tests in DMSO extract (P < 0.05 in all 3 cases),
and only in acetone extract according to DPPH, but not significant
(P > 0.05).

Dispersion of DPPH-radical scavenging activity (�M TE/g DW)
of some indigo and prolipid herbal constituents in DMSO extracts
investigated in the range of concentrations 5–150 mg/mL and at
reaction times: 1, 10, 30, 60 and 90 min  (Fig. 3A and Table 3)
shows the highest antioxidant activity of prolipid, following by
brown leaves. The dendrogram (Fig. 3B) from all experimental
(absorbance readings) and calculated (inhibition and Trolox equiv-
alent) data constructed by hierarchical cluster analysis (clustering
method: average between groups with Euclidean distance mea-
sure), showed quite similar antiradical activity of indigo and indigo
seeds and leaves constituents in different DMSO extract concen-
trations with exception of prolipid herbal mixture samples. These
samples are localized in the right side of dendrogram in isolated
clusters and are associated with higher antiradical activity as it
was shown by box/whisker plot or IC50 values reported above.
The results of principal component analysis (Fig. 3C) are depicted
on a two dimensional plot, which is able to explain 98% of total
variance. Thus the results were reduced from 15 variables to two
principal components with only 2% loss of original information.
The first component (PC1) by itself condensed 66% and the second
component (PC2) represented almost 32% of the total variance. In
accordance with the observations mentioned above, not surpris-
ingly, only prolipid herbal mixture, with the highest DPPH-radical
activity, was  isolated from the other herb constituents on the upper
half of the plot of principle components. Major factors influencing
the location of indigo and prolipid samples on the score plot were
the values of absorbance readings at 30 and 60 min  of reaction time
as well as Trolox equivalent values calculated for 60 and 90 min of
scavenging time.

3.4. Fluorometry

Three-dimensional fluorescence spectra illustrated the ellipti-
cal shape of the contour maps of the main peaks for indigo dry
brown pulverized leaves, seeds and dry green leaves. The main
peaks appeared at �ex/em of 280/345 nm.  One of the main peaks
for BSA was found at �ex/em of 225–230/335 nm. The second main
peak appeared for these samples at �ex/em of 280/345 nm. The inter-
action of BSA and prolipid and BSA and prolipid and quercetin
showed the peak of 335 nm and decrease in the fluorescence inten-
sity (FI, Fig. 4A). The fluorescence intensity was  initially for BSA of
885.49 (Fig. 4A, upper curve) and after quenching with indigo leaves
reached 735.87 (Fig. 4A, middle curve). The decrease was about
16.9%. The decrease was higher when to the mixture of BSA + indigo
leaves quercetin was added (Fig. 4A, lower curve, FI = 723.34). In
case of prolipid extract from the initial value to the end of the reac-

tion the intensity decreased to 727.65 (Fig. 4B, middle line). The
decrease was of 17.8%. The interaction between DMSO polyphenol
extracts of brown leaves and bovine serum albumin (BSA) showed
that the extract of indigo brown leaves has a strong ability as other
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Table 1
Bioactive compounds (per g DW)  in the studied samples extracted by acetone (A), hexane (H) and DMSO (D).a,b,c

Sample Polyphenols (mg  GAE) Flavonoids (mg  CE) Flavanols (�g CE) Tannins (mg CE)

Brown seeds A 3.03 ± 0.2b 1.713 ± 0.08a 782.328 ± 35.3c 1.9 ± 0.1c
Leaves  green A 2.39 ± 0.1b 2.637 ± 0.1b 28.671 ± 7.2a 0.46 ± 0.02a
Leaves  brown A 1.85 ± 0.08a 2.400 ± 0.1b 33.056 ± 8.1a 0.5 ± 0.02a
Prolipid  A 1.87 ± 0.08a 2.765 ± 0.1b 40.182 ± 9.7b 0.8 ± 0.04b
Brown  seeds H 0.044 ± 0.002a 1.547 ± 0.07a ND 0.74 ± 0.03b
Leaves  green H 0.049 ± 0.02a 1.400 ± 0.06a ND 0.58 ± 0.02b
Leaves  brown H 0.086 ± 0.004b 1.274 ± 0.05a ND 0.32 ± 0.01a
Prolipid  H 0.098 ± 0.004b 1.315 ± 0.06a ND 0.61 ± 0.03b
Brown  seeds D 4.439 ± 0.2a 1.152 ± 0.05a 0.0593 ± 0.003b 3.289 ± 0.14a
Leaves  green D 5.008 ± 0.3b 1.421 ± 0.06b 0.0423 ± 0.002b 5.533 ± 0.27b
Leaves  brown D 3.928 ± 0.2a 0.982 ± 0.04a 0.0427 ± 0.002b 3.600 ± 0.17a
Prolipid  D 9.457 ± 0.5c 3.538 ± 0.2c 0.0260 ± 0.001a 4.622 ± 0.22b

Means ± SD of 5 measurements. Means in columns with different letters of different extracts are significantly different (P < 0.05).
Abbreviations:  CE, catechin equivalent; GAE, gallic acid equivalent; DW,  dry weight.

a Values are means ± SD of 5 measurements.
b Values in columns for every bioactive compound with the same solvent bearing different letters are significantly different (P < 0.05).
c Per g dry weight (DW).

Table 2
Antioxidant activity in the studied samples as determined by acetone (A), hexane (H) and DMSO (D) in �M TE/g DW.

Sample ABTS CUPRAC FRAP DPPH

Brown seeds A 27.643 ± 1.3b 18.64 ± 0.9b 4.519 ± 0.2b 24.566 ± 1.1a

Leaves green A 18.112 ± 0.9a 11.53 ± 0.06a 2.099 ± 0.1a 35.886 ± 1.7b

Leaves brown A 16.272 ± 0.8a 13.20 ± 0.07a 1.781 ± 0.08a 34.950 ± 1.7b

Prolipid A 17.39 ± 0.9a 14.82 ± 0.07a 5.11 ± 0.3b 37.763 ± 1.8b

Brown seeds H 0.817 ± 0.04a 0.158 ± 0.06a ND 0.139 ± 0.007a

Leaves green H 0.992 ± 0.05a 0.415 ± 0.02b 0.28 ± 0.01a 0.360 ± 0.017b

Leaves brown H 1.372 ± 0.07b 1.03 ± 0.05b 0.538 ± 0.03c 0.608 ± 0.03c

Prolipid H 1.412 ± 0.07b 1.25 ± 0.06b 0.618 ± 0.03c 0.693 ± 0.03c

Brown seeds D 37.850 ± 1.6a 29.519 ± 1.5c 5.156 ± 0.2a 13.718 ± 0.7b

Leaves green D 40.243 ± 1.9a 23.472 ± 1.1b 6.996 ± 0.3b 18.117 ± 0.9c

Leaves brown D 40.117 ± 1.9a 18.019 ± 0.9a 5.095 ± 0.2a 9.412 ± 0.5a

Prolipid D 61.535 ± 2.9b 43.870 ± 2.1d 14.871 ± 0.7c 23.812 ± 1.2d

M s are s
( ing an

s
b

3

c
l
w

T
S
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eans ± SD of 5 measurements. Means in columns with different superscript letter
3-ethyl-benzothiazoline-6-sulfonic acid) diammonium salt; CUPRAC, cupric reduc

tudied medicinal plants to quench the intrinsic fluorescence of BSA
y forming complexes.

.5. FTIR spectra
The FTIR spectra of DMSO extract of brown leaves (Fig. 5, upper
urve) were compared with DMSO extract of green leaves and pro-
ipid (Fig. 5, middle and lower curves). Noticeably the presence of

avelengths of FTIR spectra of gallic acid at 860, 1025, 1100, and

able 3
ummary statistics of DPPH-scavenging activity (�M TE/g DW)  of indigo and prolipid h
–150  mg/mL  and at reaction times: 1, 10, 30, 60 and 90 min.

Indigo brown seeds Ind

Valid cases 75 75 

Mean  17.13 12.
Median 15.34 12.
Variance 64.35 15.
Standard deviation 8.02 3.
Standard error 0.93 0.
Coefficient of variation 0.47 0.
Minimum 3.27 5.
Maximum 34.52 22.
Range  31.26 16.
Lower quartile 10.80 9.
Upper quartile 25.09 15.
Interquartile range 14.29 6.
Skewness 0.26 0.
Standard error of skewness 0.28 0.
Kurtosis −0.91  −0.
Standard error of Kurtosis 0.55 0.
ignificantly different (P < 0.05). Abbreviations: DW,  dry weight; ABTS, 2,2-azino-bis
tioxidant capacity; FRAP, ferric-reducing/antioxidant power.

1654 cm−1, tannic acid at 1172, 1511, and 1627 and p-coumaric
acid at 1124, 1171, 1508, and 1638 cm−1 were observed in samples
analyzed. Wavelengths of FTIR spectra corresponding for vanillin
were 1498, 1534, 1617, 1654, and 3392 cm−1 (Nirmaladevi et al.,
2010). The main bands presenting in the samples are the follow-

ing: the band of 1038 cm−1 ( C O alcohols) is exactly found in
extract of brown leaves. The band of 1280 cm−1 ( OH aromatic)
appeared in slightly different location of 1200 cm−1. Other peaks
appeared at 1386 cm−1. FTIR of quercetin as a standard showed

erbal constituents in DMSO extracts investigated in the range of concentrations

igo green leaves Indigo brown leaves Prolipid

75 75
57 10.51 39.79
39 10.70 40.56
87 16.45 195.04
98 4.06 13.97
46 0.47 1.61
32 0.39 0.35
69 1.35 15.11
60 16.86 69.52
91 15.51 54.41
60 6.14 30.31
64 13.80 50.21
04 7.66 19.90
17 −0.30 0.04
28 0.28 0.28
50 −0.88 −0.85
55 0.55 0.55
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Fig. 2. ESI-MS spectra of DMSO fractions of seeds (A), and brown leav

and characteristic CO stretching at 1663 cm−1 aromatic bend-

ng and stretching around 1091 and 1663 cm−1, OH phenolic
ending around 1197 and 1374 cm−1. FTIR spectra of DMSO
xtracts of brown indigo leaves showed a peak characteristic CO
tretching at 1634 cm−1 aromatic bending.
of indigo plant; quercetin (C) and gallic acid (D) in positive ion mode.

3.6. Anticancer activity
It was observed that the percentage of proliferativity of the
DMSO extracts of brown indigo leaves and prolipid samples on
two cell lines (Fig. 6A, Calu-6 for human pulmonary carcinoma
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Fig. 3. Results of DPPH kinetic measurements by multivariate analysis. (A) Influence of reaction time on DPPH-scavenging activity of DMSO extracts of indigo and prolipid
herbal constituents in concentration range of 5–150 mg/mL. Data are means of three replications. (B) Dendrogram of hierarchical cluster analysis of DPPH-radical scavenging
activity of some indigo and prolipid herbal constituents (S – indigo brown seeds, L – indigo green leaves, I – indigo, P – prolipid herbal mixture) in DMSO extracts with
concentration 5–150 mg/mL  and reaction times: 1, 10, 30, 60 and 90 min. (C) Plot of principal components for some indigo and prolipid herbal constituents (S – indigo brown
seeds,  L – indigo green leaves, I – indigo and P – prolipid herbal mixture) comparing their DPPH-radical scavenging activity in DMSO extracts.

Fig. 4. 2D-FL of DMSO extract of indigo brown leaves (A) and (B) of prolipid. Change in the fluorescence intensity (FI) as a result of binding affinity of (A) 2.0 × 10−5 mol/L
of  BSA (upper line); BSA and 40 �g/mL DMSO extract of brown leaves (middle line); BSA and 40 �g/mL of brown leaves and 2.0 × 10−5 mol/L of quercetin (lower line); (B)
2.0  × 10−5 mol/L of BSA (upper line); BSA and 40 �g/mL prolipid DMSO extract (middle line); BSA and 40 �g/mL prolipid and 2.0 × 10−5 mol/L of quercetin (lower line);
Emission wavelength on x-axis and fluorescence intensity on y-axis.
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Fig. 5. Infrared study of FTIR spectra of DMSO extract of: brown le

nd Fig. 5B, SNU-601 for human gastric carcinoma) were differ-
nt. The proliferativity (%) for concentrations of 800 �g/mL for
MSO extracts of indigo brown leaves on Calu-6 and SNU-601
ere 74.93 and 75.45%, respectively, and for prolipid were 72.56%
nd 73.87% on Calu-6 and SNU-601, showing the highest antipro-
iferative activity in comparison with brown leaves sample. Our
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ig. 6. The proliferativity (%) of human cancer cells of the (A) Calu-6 in the pres-
nce of DMSO prolipid (PROL) extract; DMSO brown leaves indigo extract (BRLEAV).
B) Snu-601 in the presence of DMSO prolipid (PROL) extract; DMSO brown leaves
ndigo extract (BRLEAV). Each point represents the mean ± SD (n = 6).
upper curve); green leaves (middle curve); prolipid (lower curve).

investigation shows that antioxidant activity of the studied samples
was correlated with their antiproliferative activity.

4. Discussion

The use of medicinal plants/herbs still forms the basis of tradi-
tional healing systems today and is reported by the World Health
Organization to be used by a large proportion of the world’s
population, residing mainly in developing countries (Gulumian
et al., 2010). However, indigo which was  effectively used in tra-
ditional folk medicine of Far East for many centuries is the less
investigated than other plants. Andrade-Cetto and Heinrich (2005)
reported that diabetes mellitus in México is commonly treated with
herbal extracts. Pallant and Steenkamp (2008) reported that crude
methanol and water extracts of 10 Venda plants which are used
in the treatment of respiratory conditions were assessed for their
antimicrobial activity against standard strains and clinical isolates
of Candida albicans and others. Four of the 10 plants tested pos-
sessed antimicrobial activity, but no activity against K. pneumoniae
was observed. Minimum inhibitory concentrations, as determined
by the broth microdilution assay, showed three plants, Securi-
daca longepedunculata,  Syzygium cordatum, and Tabernaemontana
elegans, to possess MICs ≤ 1 mg/mL. Khalil et al. (2007) evaluated
the wound healing effect of some Jordanian traditional medici-
nal plants. They examined the aqueous extracts of Inula viscosa,
Ajuga chia, Rubia taenifolia and Parieteria diffusa,  and the oil of Lau-
rus nobilis,  dispersed in water. In their experiment on mice the
wounds were treated with the different preparations with 12 h
intervals for four times in two  successive days. The best wound
healing activity was  observed with the extract of I. viscosa,  followed
by P. diffusa,  L. nobilis,  A. chia and the least active extract was that
of R. taenifolia. Also Ghasemi and Koohpyeh (2011) reported about
wound healing activity of Malva sylvestris and Stachys lavandulifolia

extracts. They claim that flowers of S. lavandulifolia Vahl (Lamiaceae)
and M.  sylvestris Linn (Malvaceae) are traditionally used to treat
various skin disorders, antimicrobial and anti-inflammatory. The
chloroform extract of M. sylvestris flowers and aqueous extract of
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. lavandulifolia flowers were used to evaluate the wound heal-
ng activity at 200 mg/kg/day dose. However, as was stated the
ontent of bioactive compounds and the antioxidant and anti-
ancer activities of indigo was less studied. Therefore, in this
nvestigation the above mentioned indices of indigo were inves-
igated using the most modern tests. Our results are in accordance
ith others (Nantitanon et al., 2010), where hot water was  the best

olvent to extract the active principles. Total phenolic content and
ntioxidant activity with the TEAC were from 80 to 136 mg/g and 9
o 15 mM/mg,  respectively. These values are 10 times higher than
he obtained in our results. Antioxidant activity of C. schoenanthus L.
preng (lemon grass) shoots from three different locations in South
unisia measured by DPPH assay showed that the proanthocyani-
in extract exhibited higher antioxidant activity than the aqueous
xtract (Khadri et al., 2010). The DPPH test IC50 (�g/mL) of the same
lant for hexane, dichlorometane, ethyl acetate, methanol, proan-
hocyanidin extract, aqueous extract was the following: 34.2, 29.8,
0.7, 17.9, 18.1 and 62.8.

Our results are in connection with Maugard et al. (2001).  Indole
s presumably a product of indole-3-glycerol phosphate catabolism
n Isatis tinctoria, which oxidized into indoxyl and stored in young
eaves as indigo precursor. Further oxidation and dimerization
f indoxyl produces indigoid pigments. The indigoid pigments
indigo, indirubin, isoindigo and isoindirubin) and indigo precur-
ors produced in I. tinctoria (Woad) are shown (Pawlak et al., 2006).
ur results about the composition of green and brown leaves are

n accordance with Maugard et al. (2001),  whose work, carried out
ith two cultivars of I. tinctoria, has confirmed that the quantity

f indigo precursors is dependent on the species and the harvest
eriod. In addition it was shown for the first time that young

eaves of I. tinctoria, harvested in June contained a new indigo
recursor in addition to isatan B (indoxyl-5-ketogluconate) and

ndican (indoxyl-b-d-glucoside). Its chemical characteristics point
o a dioxindole ester with PM of 395, which was not found in the
oung leaves and not in the brown ones in our report (Fig. 2B).
ur results of MS  data and FTIR are in correspondence with others

Nirmaladevi et al., 2010). In methanolic extract of Rhinacanthus
asutus evidenced the presence of multiple components as in DMSO
xtract in MS.  Two peaks observed in the HPLC spectrum showed
he presence of two compounds in the extract. Oppositely in our
xtracts were obtained some peaks. GCMS profile revealed that the
ctive components present in the leaf extract might be alkaloids or
olyphenols (Nirmaladevi et al., 2010). The results of FTIR spectrum
evealed that band 1 possesses compounds of polyphenolic nature
nd band 2 possesses compounds that are having a hydroxyl and
arbonyl groups (Nirmaladevi et al., 2010). As it was  mentioned
hat polyphenols and flavonoids are the main constituents for the
ntioxidant and antiproliferative activities (Lau et al., 2004; Li et al.,
012; Wu et al., 2012). Some more studies need to be conducted
o confirm the presence of bioactive component responsible for
he therapeutic value of indigo. The results of this study show that
he different solvents used in the present and recent investigations
Kim et al., 2012) reveal different contents of the bioactive com-
ounds and the level of the antioxidant activity (P < 0.05). Also other
uthors reported similar results (Gulumian et al., 2010) about the
roperties of different medicinal plants. They studied the antioxi-
ant activity and phenolic acid composition of South African herbal
emedies. In their study three South African namely, Warburgia
alutaris (Bertol. F.) Chiovs,  Rhoicissus tridentata (L.f.) Wild & Drum
nd Terminalia sericea (Burch. ex DC.), were chosen for antioxidant
ctivity and for total phenolics and flavonoid content evaluation
nd also for the identification of phenolic acids. They found that the

otal phenolic compounds content (mg/g) in methanolic extracts,
xpressed as gallic acid equivalents (GAE), varied between 10.76
nd 13.79 mg/g and in the water extracts, ranged from 5.03 to
.95 mg/g. The total flavonoids content (mg/g) in methanol extracts,
 Products 42 (2013) 429– 439 437

expressed in rutin equivalents (RE) varied from 0.17 to 3.64 mg/g
and in the water extracts, varied from 0.24 to 5.97 mg/g. The Trolox
equivalent antioxidant capacity (TEAC), ranged from 0.17 to 0.84
for methanol and 0.08 to 0.40 for water extracts. The W.  salutaris
(Bertol. F.) had the highest antioxidant activity. The next authors
compared the nutritional value and biological activities of the ace-
tone, methanol and water extracts of the leaves of Solanum nigrum
and Leonotis leonorus (Jimoh et al., 2010.) The different extracts of
the plants show different contents of polyphenols and different lev-
els of antioxidant activities. Our results are in accordance with the
data of Ponnusamy et al. (2010).  The hexane, chloroform, methanol
and ethanol extracts of six different plants (Acalypha indica, Cas-
sia alata, Lawsonia inermis, Punica granatum,  Thespesia populnea
and Wrightia tinctoria) were investigated against dermatophytes,
non-dermatophytes and yeasts. Chloroform extract of W.  tinctoria
leaf was fractionated using column chromatography and the major
compound was identified by spectroscopic techniques. Our results
are in connection with others (Sarg et al., 2011) where two new
polyphenolic compounds together with ten known compounds,
included luteolin, (+)-afzelechin, (+)-catechin, vitexin, �-sitosterol
acetate, �-amyrin acetate, moretenone, friedelenol, �-amyrin and
�-sitosterol from the ethanolic extract of the aerial parts of Ficus
retusa L. “variegata” were found. The extract showed anticancer
(IC50 68.64 �g/mL against Hep G2 cells and >100 �g/mL against
HCT-116 cells), antioxidant (SC50 0.85 �g/mL), antidiabetic, hep-
atoprotective, anti-inflammatory and antimicrobial activities. Our
results are in accordance with others where it was shown that all
extracts contained compounds belonging to the classes of phenols
and terpenoids (Mbaveng et al., 2011). These compounds were also
able to reduce in dose dependent manner, the proliferation of the
cancer THP-1, DU145, HeLa, MCF-7, HepG2 and the normal Vero
cells. IC50 values below 30 �g/mL were noted with extract from the
three parts of B. engleriana on at least two  of the five studied cancer
cell lines, the lowest value of 5.9 �g/mL being obtained with sample
from the bark. IC50 values below 30 �g/mL were also recorded with
extracts from the leaves (on HeLa cells) and bark (on MCF-7) of G.
tessmanii, and that from the bark of C. lusitanica on MCF-7. Extracts
from B. engleriana and those from the bark of V. paradoxa gave the
minimal inhibitory concentrations (MIC) values below 100 �g/mL
on most of the 10 tested Nesseria gonorrhoeae strains. Extracts from
B. engleriana also inhibited more than 80% the activity of the Human
Immuno-deficiency Virus (HIV) enzyme. Finally, the results of the
present study provide baseline information for the use of B. eng-
leriana, C. lusitanica,  G. tessmanii, V. paradoxa. Our results are in
connection with the report of Chan et al. (2009) that tryptanthrin
(6,12-dihydro-6,12-dioxoindolo-(2,1-b)-quinazoline) is a naturally
occurring, weakly basic alkaloid isolated from the dried roots of
medicinal indigo plants (Ban-Lan-Gen) might exert its anti-tumor
effect on the murine myelomonocytic leukemia WEHI-3B JCS cells
by causing cell cycle arrest and by triggering cell differentiation.
As was  recently shown by Heo et al. (2007),  the Korean medici-
nal plants, which were used for a long time as traditional seasoned
salads, possess anticancer activity. Our studies on cytotoxicity are
in correspondence with Iwaki and Kurimoto (2002),  where it was
shown that tryptanthrin and indirubin, both compounds originat-
ing from indican in the leaves of P. tinctorium,  are responsible for
many of the biological activities of this plant. Tryptanthrin has
a potent anti-inflammatory activity and shows growth inhibitory
activity against cancer cell lines in vitro. The effect of this substance
on azoxymethane-induced intestinal tumorigenesis in rats with
carcinogenesis in the intestines is closely associated with inflam-
mation. Tryptanthrin inhibited the incidence of intestinal tumors.

Indirubin has been reported to possess an anti-leukemic activity
and P. tinctorium also contains various anti-oxidative substances,
such as gallic acid and caffeic acid, with potential anti-tumor activ-
ity. We  consider it likely that P. tinctorium shows cancer preventive
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ctivity as a consequence of the integral effects of these sub-
tances. Our results are in accordance with Dominici et al. (2010),
here was estimated the genotoxicity of water and DMSO solu-

ions of indigo naturalis (prepared from Indigofera tinctoria leaves)
sing the cytokinesis-blocked micronucleus (CBMN) assay in the
uman metabolically active HepG2 cell line. The cytotoxic effects
f indigo solutions were first assessed by propidium iodide and
uorescein-diacetate simultaneous staining. For both solutions,
ytotoxicity was  always under 10%. Data obtained in the CBMN
ssay (for all concentrations tested) indicated that the frequency of
N (micronuclei) in exposed cells was not higher than the control.

oth the water and DMSO solutions showed the same behavior.
hese results indicate that indigo naturalis exhibits neither cyto-
oxicity, nor genotoxicity for all concentrations tested, which may
ustify excluding indigofera and its components from the list of
arcinogenic agents. In conclusions, considerable variations were
bserved between indigo and prolipid herbal components in terms
f antiradical power examined by the DPPH-radical scavenging
arameters in DMSO extracts. Multivariate statistical and recog-
ition techniques enabled visualization of this complex dataset
nd underlying relationships responsible for clustering, differen-
iation and classification observed. Absorbance readings at 10, 30
nd 90 min  were identified as important parameters in clustering
bility, according to sample type. Prolipid herbal mixture DMSO
xtracts exhibited higher antioxidant and antiproliferative activ-
ties than indigo brown leaves extracts. Multivariate techniques
nabled deeper insights into the variations in the antiradical pro-
les between examined samples. The ability of indigo to quench the

ntrinsic fluorescence of BSA, relatively high content of polyphenols
ompounds and anticancer properties can be used as a new source
f antioxidants.
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