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Abstract

Isatis genus more known as the indigo plant is a plant belonging to the Brassicaceae family in Turkey.
Turkey has 31 types and 15 subtypes in various provinces.18 of these species and 3 of the subspecies
are assumed as endemic. All taxa of the genus are extensively used in dyeing and treatment of various
infections. They contain large number of secondary compounds like phenolics, flavonoids and alkaloids in
root, leaf, flower and fruit parts. Among these indole alkaloids like triptanthrin, indirubin, indican and isatin
are used in treatment of many diseases. These are obtained from the leaves and roots are pharmacologically
active compounds. This study revealed that this biannual herbaceous plant grows 30 - 50 cm in length
on volcanic slopes, at 1200 - 1300 meters above sea level. It generally grows in Eastern Anatolia and
the Mediterranean region of Turkey. The study aimed to determine optimum ontogenetic stage of /satis
constricta to extract natural bio compounds like indirubin, isatin, indican, tryptanthrin. The leaf and root
samples used in this study were collected from Maden county of Elazig province. They were tested for
the presence of these compounds during vegetative and flowering period of the plant. The HPLC (High-
Performance Liquid Chromatography) analysis results showed that tryptanthrin 0.482 (+0.0072) pg/g and
indirubin 0.029 (+0.00007) pg/g has the highest concentrations in the leaf samples obtained during the
vegetative period. However, isatin 4.358 (+ 0.0985) pg/g and indican 21.330 (+ 0.114) pg/g were found
to have the highest concentration in leaf samples obtained during flowering period. When both results
are compared, it can be seen that the amount of tryptanthrin, isatin, indirubin and indican alkaloids were
found in the leaves of I. constricta-higher than to the roots. This research idicate that the most appropriate
development stage of I. constricta to obtain triptanthrin indirubin, indican and isatin compounds.
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Isatis Constricta P. H. Davis’in Kéklerinde ve Yapraklarinda Vejetatif ve Ciceklenme
Dénemlerinde Triptanthrin indirubin, indican ve isatin indol Alkaloidlerinin Kalitatif ve
Kantitatif Tayini

Oz

Turkiye’de daha ok civit otu olarak bilinen isatis cinsi Brassicaceae familyasina ait bir bitkidir. Tirkiye’nin
cesitli yerlerinde bu bitkiye ait 31 tir ve 15 alt tlr( bulunmaktadir. Bu tirlerin 18 tanesi ve alttiirlerin 3
tanesi endemiktir. Cinsin bitln taksonlarn cesitli enfeksiyonlarin tedavisinde ve boyamada yaygin olarak
kullaniimaktadir. Kék, yaprak, cicek ve meyve kisimlarinda fenolikler, flavonoidler ve alkaloidler gibi ¢ok
sayida ikincil bilesik bulunmaktadir. Bunlar arasinda triptanthrin, indirubin, indican ve isatin gibi alkaloidler
bircok hastaligin tedavisinde kullaniimaktadir. Bunlar hem yapraklar hem de koklerden elde edilen
farmakolojik olarak aktif bilesiklerdir. Bu calismada kullanilan bitkisi 30 - 50 cm kadar boylanan, deniz
seviyesinden 1200 - 1300 metre yUksekte volkanik yamaclarda bulunan iki yillik énemli otsu bir bitkidir. Bu
bitki genellikle Dogu Anadolu ve Turkiye’nin Akdeniz bdlgesinde dogal olarak yetismektedir. Bu ¢alismanin
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amaci, Isatis constricta ’da bulunan indirubin, isatin, indican, triptanthrin gibi dogal bilesikleri elde etmek
icin bitkinin en uygun gelisim dénemini belirlemek ve bu bilesiklerin bitkinin hangi kisimlarinda daha fazla
miktarda bulunduklarini tespit etmektir. Bu calismada kullanilan yaprak ve kdk érnekleri Elazig ili Maden
ilcesinden toplanmistir. Test edilen bu drnekler bitkinin vejetatif ve ciceklenme dénemlerinde toplaniimistir.
HPLC (Yuksek Performansli Sivi Kromatografisi) analiz sonuglariyla, triptanthrin 0.482 (+0.0072) pg/g ve
indirubinin 0.029 (+0.00007) pg/g bilesikleri vejetatif déneminde elde edilen yaprak érneklerinde en yiksek
konsantrasyonlara sahip oldugu tespit edilmistir. Ancak isatin 4.358 (+ 0.0985) ug/g ve indican 21.330
(£ 0.114) pg/g ciceklenme déneminde elde edilen yaprak érneklerinde en ylksek konsantrasyona sahip
olduklar tespit edilmistir. Her iki sonuca da bakildiginda I. constricta’nin yapraklarinda bulunan triptantrin,
Isatin, indirubin ve indican alkaloidlerinin miktari, kdklerine oranla daha yuksek oldugu gértilmektedir Bu
¢alisma sonucunda triptanthrin, indirubin, indican ve isatini elde etmek icin I. constricta’nin en uygun gelisim
doénemi ile bitki kisimlar belirlenmistir.

Anahtar Kelimeler: Tryptanthrin, indirubin, indican, isatin, indol alkaloidler

Introduction

The genus Isatis, family Brassicaceae with
31 species and 15 subspeciesis popularly
known as indigo herb has 18 species and 3
subspecies that are highly endemic (Misirdali,
1985, Guner et al., 2012).

I. constricta (Figure 1) is a biannual
herbaceous plant with short life span. The
length of the stem is 30 - 50 cm and it is
hairless. The leaves on the bottom of the stalk
have a long, matte green, hairless, fairly stiff
and dull structure. In addition, the lower leaves
have a serrated structure with the ends of the
leaves usually facing upwards. The leaves on
the upper part of the stalk have a long and
winged structure. The flowers are 3 mm in size
and the seams are hairless (Figure 2). The size
of the fruit is 14x18 - 3x4 mm and it has a hard
and long structure. The end point of the fruit
is cut. The plant is usually found on volcanic
slopes, spreading at altitudes of 1200 - 1300

meters above sea level. I. constricta illustrates
widespread distribution in Eastern Anatolia
and the Mediterranean region of Turkey (Davis,
1965-1985).

Isatis L. is an important species for both
dye and therapeutic use. In China, the root
of this plant is called “Ban-Lan-Gen” and its
leaves are called “Da-Qing-Ye”. The root and
leaves of Isatis are source of indigo (blue), one
of the earliest dyestuffs used in history (Chang
and Ho, 2001). These plants are also used for
the treatment of influenza, psoriasis, mumps,
pharyngitis and hepatitis (Bown, 1995).

Almost all taxa of the genus Isatis are being
used in many European countries in dyeing,
and treatment of injuries, ulcers, tumors,
hemorrhoids, snake bites and in various
infections (Hamburger, 2002).

Figure 1. a. and b. Image of Isatis constricta in the vegetative stage and flowering stage
Sekil 1. a. ve b. Isatis constricta’nin vejetatif ve ciceklenme dénemlerindeki gériintiisi
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A number of studies have been carried out
to find the chemical compounds, phenolics,
flavonoids and alkaloids of /satis taxa found
in their roots, leaves, flowers and fruits (Oksay
and Oksay, 2009). Among these compounds,
indole alkaloids like triptanthrin, indirubin,
indican and isatin indole compounds are used
in the treatment of many diseases (Zou and
Koh, 2007).

Compounds in Isatis L.

All species in the genus [satis contain
number of economically important secondary
terminal metabolites called alkaloids, phenolic
compounds, terpenoids, etc. These have
ability to facilitate in pollination improve
chemical defence against microorganisms,
during various stages of plant growth and
development (Vanisree et al. 2004). The
amount of these compounds vary depending
on cell types, ontogenetic stages of plants and
organs of plants (Boege and Marquis, 2005).
These compounds are used by human beings
in medicine, cosmetics, food industry and
pharmaceutical industry (Kirici, 1998). A large
number of alkaloids including indole alkaloids,
such as indirubin, Tryptanthrin, isatan, indican
etc. have been isolated from the roots and
leaves of the Isatis taxa Liau et al. 2007).

Indububin makes a pinkish color compound
that is used for dyeing. In addition, it is also
important in treatment of myelogenous
leukemia, tumor diseases, treatment of
wounds and strengthening human immune
system (Hoessel et al. 1999; Spink et al. 2003).

Tryptanthrinis obtained from almostall Isatis
taxa, including Isatis tinctoria and I. indigotica.
Tryptanthrin, is a weak basic alkaloid, used
as an important compound in pharmaceutical
industry to treat human inflammation, some
types of tumors. leukemia (Kimoto et al. 2001;
Yu et al. 2009) and strengthening immune
system (Takei et al. 2003; Recio et al. 2006)
tryptanthrin is also used as an important yellow
coloring dyestuff (O’Neill, 1892).

Isatin is an oxidized indole with
pharmaceutical uses as antitumor,
antimicrobial, anti-inflammatory, analgesic,
anticonvulsant (anticoagulant), antiviral,

antioxidant, and control of CNS depressant

activities like numerous biological disorders
(Medvedev et al. 2007). Isatin is also one of
the precursors of the red color. It forms a blue
colored dyewhen mixed with sulfuric acid and
pure benzene, (Da Silva et al. 2001).

Indican is used as a precursor in the
synthesis of blue colored natural dye indigo.
(Da Silva et al. 2001).

In brief these compounds form an important
class of alkaloids, are among the basic and
active secondary compounds of /satis genus
members (Ensley et al. 1983; Alex et al. 2010).

In view of the above description, the aim
of this study was to determine the optimal
ontogenetic stage of these plants during
growth to extract these four compounds.

Materials and Methods

HPLC analysis of indirubin, tryptanthrin,
indacan and isatin compounds

Chemical substances used

Indirubin (=98%), isatin (=99%), tryptanthrin
(=99%) indican (indoksil B-d-glukozid, =97 %),
acetonitrile  (=99.9%), methanol (=99.9%),
N, N-dimethylformamide (DMF) (=99.9%)
and trifluoroacetic acid (TFA ) (=99.9%) was
obtained from the Merck company (Germany).

Plant collection

The samples of [. constricta used as
material in the study were collected from the
mountainous area of Elazig-Maden district
(about 1200 m above sea level) in July 2015.
The samples taken from leaves and roots the
plants in both vegetative and flowering period
were dried under cool and shady place and
then stored in refrigerator (+4°C) until extraction
(analysis) and analysis. The plants identified by
Prof. Dr. Omer SAYA (Dicle University, Faculty
of Arts and Sciences, Department of Biology,
Botany).

The voucher samples of the plants used
in the study are kept in the biotechnology
laboratory of the Sirnak University, Faculty of
Agriculture.

Extraction of indirubin, tryptanthrin, indican
and isatin compounds

The dried samples for each ontogenetic
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stage were pulverized in a grinding machine;
ensued by taking about 200 mg samples from
each plant part, by adding 10 mL of methanol.
It was followed by their extrudation for 10
minutes in an ultrasonicator (Jeiotech, US-05,
Korea). After extraction, the resulting solution
was vacuum filtered. These operations were
repeated 3 times. The methanol fractions
obtained at the end of the three treatments
were collected in 50 mL glass flasks. After
removal of the methanol by evaporator
(Labtech EV311, Evaporator), the residue
was formed in the vessel containing indole
compounds. This residue was reconstituted to
40 mL with methanol and passed through 0.45
pm nylon filters before analysis. The methanol
extracts, containing both the mobile phase
and the compounds, were filtered through a
0.45 pm pore size filter prior to analysis and
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Figure 2. Calibration curve of tryptanthrin.
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Figure 4. Calibration curve of indirubin
Sekil 4. Indirubin’in kalibrasyon edrisi.
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subjected to 7 minutes of ultrasonication to
remove air bubbles in respective solutions.

Calibration curve for indirubin, tryptanthrin,
indican and isatin

Tryptanthrin, indirubin, and indican
compounds were dissolved in DMF, and isatin
was dissolved in methanol. Stock standard
solutions of the each compound were prepared
at a concentration of 1 mg/mL. The working
solutions were prepared by diluting 1:1 with
the appropriate solvent at concentrations of
5, 10, 25, 50, 100 pg/mL. The times at which
the peaks of the typtanthrin, indirubin, isatin
and indacan compounds were detected were
respectively; 14.9, 13.6, 12.2 and 7.9 min.
(Figure 3,5,7,9). Each standard was repeated
three times to generate the calibration curve
(Figure 2,4,6,8).
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Figure 3. HPLC chromatogram of tryptanthrin.
Sekil 3. Triptantrin’in HPLC kromatogrami.
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Figure 5. HPLC chromatogram of indirubin
Sekil 5. Indirubin’in HPLC kromatogrami.
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Figure 6. Calibration curve of Isatin.
Sekil 6. [satin’in kalibrasyon edrisi.
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Figure 8. The calibration curve of indican
Sekil 8. Indikan’in kalibrasyon egrisi.
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Analiysis of indirubin, tryptanthrin, indican
and isatin

Shimadzu Prominence HPLC was used for
the analysis. In the HPLC device, LC-20AT
pump, SIL 20A-HT automatic sampler, DGU
20A5R degasser, SPD M-20A detector and
Inertsil ODS-4 C18 column (5pum x 4.6mm X
250mm) were used. Analysis conditions for
tryptanthrin; the mobile phase was 305 nm
wavelength and isocratic elution profile as
60/40 water/acetonitrile and 0.1% TFA. The
flow rate was 0.5 mL/min, column temperature
was 30 ° C during analysis. The analysis
conditions for indirubin were the same as those
for tryptanthrin analysis, but the wavelength
was 275 nm.
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Figure 7. HPLC chromatogram of Isatin.

Sekil 7. isatin’in HPLC kromatogrami.
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Figure 9. HPLC chromatogram of indican
Sekil 9. Indikan’in HPLC kromatogrami

Analysis conditions for isatin; the mobile
phase was a 295 nm wavelength and isocratic
elution profile with a water/acetonitrile ratio of
65/35 and a TFA of 0.1%. The flow rate was
0.5 mL/min, column temperature was 30 °C.

The analytical conditions for the indican
were the same as those for isatin, but the
wavelength of 275 nm was used.

Statistical analysis

Statistical analyzes were performed with
SPSS (version 16.0) Multi-Variate Analysis
at p<0.05 to significant differences among
means along with computation of standard
error (S.E.).
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Result and Discussion

The results obtained from the study are
given in Table 1. It was seen that the amount
of tryptanthrin, Indirubin, isatin and indican
alkaloids found in the leaves of I. constricta
is higher compared to roots. Whereas, the
highest percentage of Indirubin in . constricta
was found during vegetative period (Table 1).

The values on the chart indicate the average
of 3 replications. p value less than 0.05 seems
to be important in terms of showing differences
amng the means of the data according to the
multivariate analysis as confirmed by Duncan
Multiple Range Test. Both leaves and roots
were collected and analyzed during flowering
and vegetative periods each.

It was determined that the amount of 0.482
(x 0.0072) pg/g tryptanthrin found in the leaf
samples taken during the vegetative period of
I. constricta was the highest. The amount of
tryptanthrin detected in root samples taken
during the vegetative and flowering periods
was 0.050 (= 0.0013) pg/g and 0.063 (x
0.0031) pg/g and showed was statistically non
significant differences (Table 1).

Oberthir et al. (2004) found that the
percentage of tryptanthrin in the leaf extracts
of I. tinctoria collected from the wild in June,
July and August of 2001 and 2002 was 0.08 -
0.17 pg/g in the leaf samples. It was 0.55 pg/g
in the leaf samples during July and August
2001. Whereas, the percentage of tryptanthrin
was 0.345 (+ 0.0038 ) - 0.482 (+ 0.0072) pg/g
as detected during flowering and vegetative
periods is close to the maximum value
compared to the tryptanthrin percentage
obtained in the previous study. In the same

study, it was observed that the percentage
of tryptanthrin in leaf samples dried at room
temperature was 0.6 - 2.0 pg/g, which is higher
compared to the results of this study.

Liau et al. (2007) examined 6 dried leaves
and 6 dried root samples from 12 samples
of I. indigotica plants collected from different
regions of China, and the amounts of
tryptanthrin found in these extracts ranged
34.2 to 109.7 pg/g in leaves and 0.110 to
0.614 pg/g in tryptanthrin contents of root
samples. The results of Liau et al (2007).
showed significantly higher results compared
to the results from root samples in the present
studyduring vegetative and flowering periods.
Present study showed tryptanthrin amount
of 0.050 (+ 0.0013) and 0.063 (+ 0.0031)
Hg/g during vegetative and flowering period
respectively from root samples. Similarly,
tryptanthrin amount of 0.345 (+ 0.0038) and
0.482 (+ 0.0072) pg/g was noted during
flowering and vegetative period in the same
order from the leaf samples.

The amount of indirubin 0.0105 (+ 0.00029)
pMg/g in the root samples of I. constricta
collected during the vegetative period was
lower compared to their amount of 0.029 (+
0.00007) pg/g noted during the vegetative
period in the leaf samples. There was no
significant difference between the results
of the study and the indirubin content of the
leaf samples in the vegetative and flowering
period of I. constricta. However, when Table
1 is examined, it was determined that the
value of Indirubindetermined as 0.0105 (x
0.00029) pg/g in the root at vegetative stage
was higher compared to its value at flowering
stage determined as 0.0085 (+ 0.00024) ug/g.

Table 1. indole alkaloid contents of leaf and root parts of I. constricta (ug/g)
Cizelge 1. I. Constricta’nin yaprak ve kék kisimlarinin indole alkaloid icerikleri (1g/g)

Ontogenetic stage of

taking samples Tryptanthrin (ug/g) Indirubin pg/g Isatin ug/g Indican pg/g
Vegetative  Flowering
leaf 0.482+0.007a 0.0290+0.00007a 4.243+0.1683a 15.348+0.092b
leaf 0.345+0.0038b 0.0027+0.00016d 4.358+0.0985a 21.330+0.114a
root 0.050+0.0013c 0.0105+0.00029b 0.156+0.0153b 1.856+0.015¢
root 0.063+0.0031c 0.0085+0.00024c 0.166+0.0104b 1.580+0.103c

a, b ve ¢ : p degerinin 0.05’ten kiiglk olmasi veriler arasindaki farkliliklarin &nemli oldugunu gdstermektedir.
a, b and c : p values less than 0.05 indicate that the differences between the data are significant.
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This difference appears to be statistically
significant.

Zou and Koh (2007), found amount of
1.01 - 34.4 pg/g of indirubin in the roots of
I. indigotica species collected from different
regions of China. Furthermore, Liau et al.
(2007) noted mount of 2.384 - 0.224 ug/g
indirubin in dried root extracts of 6 /. indigotica
plants collected from different regions of China
It was observed that the amount of indirubin
present in root and leaf samples collected
during the vegetative and flowering periods
of I. constricta is very low Compared with the
above mentioned studies.

This study determined the amount of isatin
determined as 4.243 (x 0.1683) and 4.358
(= 0.0985) ug/g in leaf samples taken during
vegetative and flowering periods as statistically
similar. Similarly, the root samples of the plant
contained statistically similar amount of 0.156
(£ 0. 0153) and 0.166 (+ 0.0104) pg/g isatin
during vegetative and flowering periods in the
same order. However, statistically difference
was found in the amount of isatin in leaves and
roots at both stages

In their study, Zou and Koh (2007) found
that the amount of isatin in the leaves of I
indigotica from different regions of China
ranged 18.4 to 98.9 pg/g. Whereas, Guo and
Chen (1986) noted amount of 1.07 - 1.13 pg/g.
isatin /. indigotica leaves Compared with
these values, the amounts of isatin in the leaf
parts during vegetative and flowering period
was determined as 4.243 (+ 0.1683) and 4.358
(+ 0.0985) pg/g that was significantly lower to
the amount detected by Zou and Koh (2007).
The differences in the result could be due to
the use of different species in the two studies.

Zou and Koh (2007) found that the amount
of isatin taken from the roots of I. indigotica,
gathered from different regions of China,
ranged 0.30 to 3.45 pg/g. This amount was
higher than the isatin content of 0.156 (+
0.0153) and 0.166 (= 0.0104) pg/g in the root
samples of the plant during the vegetative and
flowering periods of I. constricta in this study
(See Table 1).

Indican amount of 15.348 (= 0.092) and
21.330 (x 0.114) pg/g was found in leaf

samples collected during the flowering and
vegetative periods of I. constricta was higher
than the index amount 1.580 (+ 0.103)-1.856
(= 0.015) pg/g. The difference between the
indican values found in leaf samples collected
during the vegetative and flowering periods of
I. constricta was significantly different, while
the difference between the indican quantities
found in the root samples was not significantly
different (see Table 1).

Zou and Koh (2007) found that the amount
of indican residues in the leaves of /. indigotica,
collected from different regions of China,
ranged 12.80 to 29.40 ug/g. Compared with
these values, the indican amount detected
in leaf samples taken from [ constricta in
flowering 21.330 (x 0.114) ug/g and vegetative
periods 15.348 (+ 0.092) ug/g is almost parallel.

Wenying et al. (2000) found that the amount
of indican residues in the leaves of I. indigotica
was 305.2 pg/g. These values appear to be
quite high to 15.348 (+ 0.092) and 21.330 (x
0.114) pg/g in leaf samples taken during the
flowering and vegetative periods in this study.

The indican amounts 1.580 (+ 0.103) and
1.856 (x 0.015) pg/g found in root samples
collected during the flowering and vegetative
periods of I. constricta in this study (Table
1), was significantly lower compared to their
values of 43.6 pg/g values found in the roots of
I. indigotica by Zou and Koh (2007).

Conclusion

Indole alkaloids found in plants belonging
to the genus Isatis are considered as important
compounds both in medical terms and
because of their dye properties in wool and
textile industry. Among these, tryptanthrin,
indirubin, isatin and indican are important
compounds found in /satis species.

If tryptanthrin and indirubin are to be
used, it is recommended that the leaf parts
of the I. constricta plant collected during the
vegetative period be evaluated. However, it
is recommended that leaf samples collected
during flowering period of the plant should be
evaluated even if isatin and indican substances
are going to be used.
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