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Abstract

Indigofera tinctoria L. and Indigofera suffruticosa are also widely cultivated in the Northeast
region of Thailand. Both indigo species provide give a dark blue tone that is appropriate for the indigo
dyeing process. Moreover, indigo plants are the source of many bioactive compounds. This research
aims to determine the antioxidant properties (1Cs, values), ferric antioxidant power (FRAP) and fotal
phenolic contents (TPC). The seeds and leaves were extracted by maceration and Soxhlet extraction
with 50, 70, and 99.5 % ethanol. The indigo extracts were analysed data substances by gas
chromatography mass spectroscopy (GC-MS). These compounds were used to predict the binding
with tyrosinase enzyme by molecular docking technique. This technique was performed by four
computation sets (e.g., ChemPLP, Goldscore, Chemscore, and ASP). The results from correlation
coefficients analysis indicated that the extraction method and ethanol concentration had no relationship

with 1C;,, FRAP, and TPC values. However, the plant parts for extraction were considered an important
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factor instead. Seed extracts had a lower IC5, value than leaf extracts in both maceration and Soxhlet
extractions. The ICs, values from [. tinctoria L seed extracts were in the range of 0.18 to 0.36 and
0.09 to 0.33 mg/mL, respectively. Meanwhile, IC;, values of I. suffruticosa were in the range of 0.12
to 0.25 and 0.05 to 0.19 mg/mL respectively. By FRAP assay, /. tinctoria leaf extracts from maceration
technique and /. suffruticosa seed extracts from Soxhlet extraction have high reducing values. They
were ranged from 290.91 to 481.82 and 338.49 to 565.46 mg Trolox equivalent/g extract, respectively.
The analysis for TPC showed that the leaf extracts have a higher level than seed extracts. When .
tinctoria L. leaves were extracted by maceration technique, TPC values exhibited in the range of 5.83
to 9.91 mg gallic acid/gram dry sample. Whereas I. suffruticosa extracted by Soxhlet extraction, they
were in the range of 7.17 to 9.98 mg gallic acid/gram dry sample. The indigo extracts from leaf and
seed of I. tinctoria L. were extracted by the maceration technique with 99.5 % ethanol and analysed
data substances by gas chromatography mass spectroscopy (GC-MS). The 33 compounds from data
analysis appeared to be saturated and unsaturated fatty acids, phenolic substances, steroids, and
color agents. These compounds were used to predict the binding with tyrosinase enzyme by molecular
docking technique. The binding affinity values of the compounds of different parts of the indigo plants
in four computation sets were higher than Kojic acid (standard substance). For the computation of the
ChemPLP set, Phytol compound and vitamin E (from leaf parts) had binding values of 83.78 and
70.34. Stearic acid compounds (from leaf and seed parts) had a binding value of 78.34. and oleic acid
compound (from the seed part) had the binding value of 75.13. Meanwhile, the binding affinity value
between tyrosinase and kojic acid was 55.23. The results indicated that leaf and seed extracts from
indigo plant were a high source of antioxidant substances. These results also demonstrated a
remarkable potential of the binding affinities between various compounds (contained in the indigo
extracts) and tyrosinase enzyme, which is related to inhibitory effects on melanogenesis. Therefore,

indigo extract compounds are interesting for further developing cosmeceutical products.

Keywords: Indigo; Tyrosinase; Antioxidant; Molecular Docking
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Figure 1 Effect of ethanol concentration (50, 70, and 99.5% ), extraction methods ( maceration and

Soxhlet), and explants (leave and seed) on antioxidant activity by DPPH assay of the indigo plant (A:

I. tinctoria L. and B: I. suffruticosa).
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Figure 2 Effect of ethanol concentration (50, 70, and 99.5% ), extraction methods ( maceration and

Soxhlet), and explants (leave and seed) on antioxidant activity by FRAP assay of the indigo plant (A:

I. tinctoria L. and B: I. suffruticosa).
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Figure 3 Effect of ethanol concentration (50, 70, and 99.5% ), extraction methods ( maceration and

Soxhlet), and explants (leave and seed) on total phenolic content (TPC) of the indigo plant (A:

tinctoria L. and B: I. suffruticosa).
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Table 1 Correlation coefficient (r) for correlation between extraction methods, fragments, ethanol

concentration for antioxidant activity, and polyphenol content of I. tinctoria and I. suffruticosa

Extraction Explant Ethanol Dpph Frap TPC
I tinctoria
Extraction 1 .000 .000 .241 .092 -.039
Explant 1 .000 .283 .071 .356*
Ethanol 1 .013 .002 133
Dpph 1 -.693** -.092
Frap 1 .393*
TPC 1
I. suffruticosa
Extraction 1 .000 .000 .089 -.053 -.024
Explant 1 .000 611* -.533** .089
Ethanol 1 .010 -.001 .068
Dpph 1 -.550** .306
Frap 1 -.459**
TPC 1

*Correlation is significant when p < 0.05 (2-tailed), **Correlation is significant when p < 0.01 (2-tailed).
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Table 2 GC/MS spectral data of major compounds isolated from the indigo leave extract and seed

extract
Molecular
Compound
Samples weight m/z Mass spectra
name
(g/mol)
810 0
‘ 00| sa |
m I | 109.0
Linoleic acid 280.44 280 o) so || EEN:
= 41 M ] [
o M 0 Ml D, o, 552
Mz 30 40 50 Ej]_?\]_ B0 90 100 110 120 130 140 150 l60 IN lﬂ\) l'JI'l ED ZIJ 210 233 140 250 16(
730
aan: a0 1
0.0
Leave o ! e 50
Palmitic acid 256.40 256 o) | -
extract p | 1 %0 uso 178 1710 150
| | l 1830 | | 1590 2270 i
biz-> 33 40 5 60 79 80 99 160 10 120 130 140 150 160 170 160 190 200 210 220 230 280 260 260 270 o
X
B0
e 7en L 050 =
Indigo 262.27 262 4000 rl [
000 ‘NL | 1190 b J
177 R Y N
myg--> 40 -] 80 lﬂl‘l 120 140 lﬁﬂ 160 200 220 240 160 2BJ JDD 710 3
; no ’l'
snnn‘ “
Mome inositol 180.16 185 it
60.0 {
2000 ag 30 m 1160
0 .,l” [ J il 258l ‘ l%{ﬂ;sn i o) 168.0 177.01854
mfz-> 20 30 _ 40 5060 20 80 80 lE‘ID 110 lZ‘D l]l] 140 lg(] 1ﬁﬂ l?ﬂ iﬂﬂ
| 540
8000| 3.0
| 410
Seed 0o i N
Oleic acid 282.47 282 p 1
extractm I g
oi | I ] “l 1:|'i:|.n 1580 1650 180.0 1930 2070 1_242" 235.0246.0
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. 730
a0any a0 1
0.0
a0} | 1z‘s.n
iy q | | | e
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Zananvavas1ulaginanaund
Tasualnnsad (Gas chromatography-mass
spectrometer: (GC-MS)
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Table 3 Tentative identification compounds of indigo leave and seed extract from GCMS analysis

480

Tentative Tentative %
Plant|Retention % Plant Retention
No. Identification No. Identification of
parts| Time of Total parts| Time
compound compound Total
1 L 4.05 1,3-Butanediol 0.231 |18 L 18.1 Hexadecanamide |0.093
19.57 0.464
2| S 7.43 2-Pentylfuran 0.085 |19 Eicosanoic Acid
S 19.6 0.768
9.18 3.744 Bis (2-Ethylhexyl
3 Glycerin 20| S 20.82 1.342
S 9.48 0.443 Phthalate)
4H-Pyran-4-one,2,3-
4| S 9.59 Dihydro-3,5- 21| S 21.21 Ethyl Docosanoate |4.495
0.852
Dihydroxy-6-Methyl
4-(Methylamino) Docasanoic acid,
5| L 10.49 0.862 |22| L 21.18 0.228
benzonitrile Methyl ester
6| L 11.15 Butanedioic Acid 0.814 |23 L 21.49 Tryptanthrin 1.125
L 24.78 0.526
7] L 11.45 Ethyl Anthranilate | 0.286 |24 Nonacosane
S 24.78 0.526
8| L 11.88 Anthranilate 0.789 |25| L 27.66 Indigo 9.370
L 14.39
9 Myristic Acid 0.673 |26| L 30.06 Vitamin E 5.368
S 14.38
10| L 14.8 Neophytadiene 4576 (27| S 32.18 Campesterol 0.585
334 7.072
11| S 15.72 Mome inositol 27.733 |28 Stigmasterol
S 33.25 1.639
16.31 14.462
12 Palmitic Acid 29| L 34.42 Epieudesmin 0.179
S 16.25 11.429
L
13| L 17.31 Phytol 3.476 |30 S 35.39 Beta-Sitosterol 2.679
14| S 17.72 Ethyl Oleate 1.944 |31| S 37.93 Taraxasterol 0.321
15| S 17.87 Oleic Acid 21.579(32| S 38.31 Spinasterone 1.024
16| L 17.9 Linoleic Acid 2157933 S 41.05 Sitostenone 0.300
L 18.00 2.043
17 Stearic Acid
S 17.99 3.229
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Figure 4 GC-MS chromatogram of indigo leave extract (A) and seed extract (B)
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Table 4 Molecular docking analysis of phytochemical isolates from indigo plant extracts with the

tyrosinase enzyme

Binding Energy (kcal/mol)
Ligand

ChemPLP Gold score Chemscore ASP

Standard Kojic acid 55.23 55.85 19.11 29.05
1. Phytol 83.78 71.86 36.77 38.08
2. Stearic Acid 78.34 61.01 58.22 34.22
3. Oleic Acid 75.13 61.45 33.63 34.13
4. Vitamin E 70.34 68.85 38.12 35.58

Table 5 The interaction between phytochemical isolates from indigo plant extracts and tyrosinase

enzyme
The type of interaction
Ligand TT-TT Tt — |Covalenf C-H Metal | Metal
TU - Alkyl Alkyl [Hydrophobic
stacked Sigma | bond bond donor |Acceptor|
His866
His1040
Standard
His1044 Ala1067 |Val1064| - Phe1045 - - - -
Kojic acid
Met1061
Val1064
His1025)
Phe1045 His842 Val1064
1. Phytol - - - His1044 - -
Val1064 His866 His1025
Ala1067|
2. Stearic His866
- - - His842 - His866 |Cu2112| -
Acid His1040
3. Oleic His866 | His842
- His1066 - - Val1064 - -
Acid His842 |Val1064
Phe871
His875
4. Vitamin Val1028 \Val1029
His1044 - His842 - - - |Cu2118
E His1040 \Val1064
Phe1045
Ala1067
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Figure 5 Three-dimensional (left) and two-dimensional (right) diagrams depicting the interaction of
Kojic acid (A), Phytol (B), Stearic Acid (C), Oleic Acid (D), and Vitamin E (E) with the amino acid

residues of the tyrosinase enzyme.
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