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Abstract: Objective Based on the Chinese herbal property, the pharmacodynamic evaluation and mechanism discussion of active
components were carried out through screening the active components of Chinese patent medicine in the clinical medical insurance
catalog. Methods The most frequently used main herbs were screened through the collection of anti-vitiligo Chinese patent medicine
prescriptions, drug properties and material basis. The main compound types were acquired through TCMSP and TCMIP databases.
The drug properties were analyzed by admetSAR method to obtain key compounds. The pharmacodynamics were observed by
measuring the morphology and melanin content of adult zebrafish and larvae. The safety evaluation was indicated by the survival rate
of larvae. RT-PCR was used to reveal the mechanism of the compounds at the transcriptional level. The binding ability of compounds
to protein crystal structure was predicted by molecular docking. Results The most frequently used main herbs were Carthamus
tinctorius, Lithospermum erythrorhizon, Tribulus terrestris, Gentianae Radix et Rhizoma., Psoraleae Fructus, and Vernonia
anthelmintica. The main compound types through TCMSP and TCMIP database were flavonoids with a total of 81. Based on the
druggability and stability, the methoxyflavones kaempferide and isorhamnetin were screened out. Kaempferide (32 umol/L),

isorhamnetin (32 pmol/L) and methoxsalen (25 pmol/L) could promote the regeneration of melanin in zebrafish. Based on the zebrafish
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embryo model, kaempferide, isorhamnetin and methoxsalen all could accelerate melanogenesis in larvas, and the survival rates of

larvas were more than 90% under effective concentration. RT-PCR showed that kaempferide and isorhamnetin upregulated the mRNA

levels of MCIR and MITF genes related to melanogenesis. The results of molecular docking between the structures of proteins (MITF,

TYR, TYRP1) and kaempferide, isorhamnetin, methoxsalen showed that the binding score of kaempferide or isorhamnetin was higher

than that of methoxsalen. Conclusion Kaempferide and isorhamnetin, the active ingredients in the clinical anti-vitiligo traditional

Chinese medicine prescriptions, can promote the melanogenesis in zebrafish by up-regulating the MC1R/MITF signal pathway.

Key words: vitiligo; Chinese herbal property; kaempferide; isorhamnetin; zebrafish; MC1R; MITF
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Table 1 Information of prescription drugs in clinical anti-vitiligo medical insurance catalogue
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) 314 K fop

MCIR  §i: 5-TCATCTTGGTGGTGTGGCTTGC-3' 274

J: 5-AAGAACGGTCCCCAGCAGAGG-3'

MITF  §i: 5-“TGTACAGCAATCATGCTCTTCC-3" 292
Ji: 5-GTCCCCAGCTCCTTAATTCTGTC-3'

GAPDH Fij: 5-ACAGCAACACAGAAGACCGT-3’ 359

J&: 5'-ATACCAGCACCAGCGTCAAA-3'
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Table 3 Types of main compounds in key herbal medicines
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Table 4 ADME properties in active compounds via admetSAR prediction

\ UL A R CYP450)

5% fam 4
HIA Caco-2 CYP4501A2 CYP4502C9 CYP4502D6 CYP4502C19 CYP450 3A4

1 trifolin 0.786  0.940 0.908 0.930 0.951 0.929 0.919 3.640
2 quercimeritrin (6CI, 7CL, 8CI)  0.786 0.940 0.908 0.930 0.951 0.929 0.919 3.640
3 neocarthamin 0.786  0.940 0.908 0.930 0.951 0.929 0919 3.640
4 tagetiin 0.786  0.940 0.908 0.930 0.951 0.929 0.919 3.640
5 astragalin 0.786  0.940 0.908 0.930 0.951 0.929 0.919 3.640
6 isosaponarin 0.701 0.932 0.918 0.932 0.946 0.905 0.939 3.638
7 saponarin 0.701 0.932 0.918 0.932 0.946 0.905 0.939 3.638
8 sophoraflavonoloside 0.701 0.932 0.918 0.932 0.946 0.905 0.939 3.638
9  quercetin-3,7-di-O-B-D-glucoside  0.701  0.932 0.918 0.932 0.946 0.905 0.939 3.638
10 nicotiflorin 0.804 0917 0.867 0.907 0.955 0.903 0.925 3.574
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HIA Caco-2  CYP450 1A2 CYP4502C9 CYP4502D6 CYP4502C19 CYP450 3A4
11 rutin 0.804 0917 0.867 0.907 0.955 0.903 0.925 3.574
12 isovitexin 0.944 0.916 0.836 0.907 0.948 0.924 0.831 3.498
13 chinoinin 0.944 0.916 0.836 0.907 0.948 0.924 0.831 3.498
14 isoorientin 0.944 0.916 0.836 0.907 0.948 0.924 0.831 3.498
15 safflomin-A 0.816 0.792 0.903 0.811 0918 0.822 0.891 3.407
16  carthamone 0.653 0.817 0.905 0.772 0914 0.820 0.913 3.387
17 hydroxysaftflor-yellow-A 0.780 0.777 0.886 0.758 0.931 0.795 0.898 3.345
18 carthamin 0.780 0.777 0.886 0.758 0.931 0.795 0.898 3.345
19 syrigin 0.770 0.752 0.855 0.875 0.882 0.803 0.837 3.338
20 sesquiterpene 0.843 0.615 0.898 0.907 0.931 0.881 0.517 3.298
21 sitogluside 0.879 0.834 0.805 0.768 0.919 0.839 0.794 3.245
22 swertianin 0.921 0.785 0.980 0.890 0.859 0.582 0.768 3.210
23 myricetin 0.965 0.896 0911 0.582 0.929 0.903 0.695 3.178
24 6-hydroxykaempferol 0.965 0.896 0911 0.582 0.929 0.903 0.695 3.178
25 baicalein 0.965 0.896 0911 0.582 0.929 0.903 0.695 3.178
26 quercetagetin 0.965 0.896 0911 0.582 0.929 0.903 0.695 3.178
27 quercetin 0.965 0.896 0911 0.582 0.929 0.903 0.695 3.178
28 baicalin 0.737 0.896 0.770 0.721 0.963 0.833 0.735 3.173
29 lignan 1.000 0.786 0.806 0.807 0.957 0.564 0.869 3.137
30 gentisein 0.963 0.885 0.955 0.510 0.890 0.582 0.924 3.013
31 gentisin 0.974 0.937 0.977 0.661 0.781 0.760 0.597 2.991
32 tricin 0.972 0.890 0.867 0.626 0.625 0.819 0.782 2.906
33  6-hydroxynaringenin 0.922 0.858 0.819 0.579 0.793 0.793 0.701 2.899
34  isorhamnetin 0.978 0.887 0.922 0.756 —0.699 0.865 0.735 1.930
35 kaempferide 0.978 0.887 0.922 0.756 —0.699 0.865 0.735 1.930
36 isoliquiritigenin 0.989 0.887 0.935 0.895 —0.923 0.899 0.796 1.928
37 apigenin 0.989 0.854 0.922 0.775 —0.923 0.704 0.958 1.768
38 liquiritigenin 0.992 0.714 0.874 0.935 —0.885 0.846 0.521 1.722
39  kaempferol 0986  —0.745 0.911 0.895 —0.908 0.643 0.724 1.668
40 eriodictyol 0922 —0.858 0.819 0.579 —0.793 —-0.793 0.701 0.267
41 butein 0.970 0.608 0.893 0.511 —0.926 -0.877 0.679 0.077
0.61 1.0 12 14 13 18 2.0 20:compounds -
. 126 941 0
. 2 CIDs: 60 822, 60 823 o, o)
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Fig.2 Structural clustering of kaempferide, isorhamnetin and clinical anti-vitiligo drugs
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Fig.3 Effects of kaempferide and isorhamnetin on melanin in adult zebrafish depigmentation model
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Fig. 4 Effects of kaempferide and isorhamnetin on melanin in

adult zebrafish depigmentation model ( xts, n=06)
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Fig. 5 Effects of kaempferide and isorhamnetin on expression of MITF, Kita and DCT in fin regeneration experiment in
zebrafish ( X*s, n= 3)
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Fig. 6 Effects of kaempferide and isorhamnetin on melanin of blastemain fin regeneration experiment ( X+ s, n=3)
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Fig.7 Effects of kaempferide and isorhamnetin on melanin regeneration and embryo survival rate in zebrafish larvae ( x*s, n=20)
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Fig. 8 Effects of kaempferide and isorhamnetin on levels of MC1R and MITF mRNA in zebrafish larvae ( xts,n= 3)

39 WEHR. REFRE5EERARXEEANS
T3tz

i SYBYL-X 2.0 LR mREFRE
EORAGROCEEN (MITF. TYR Al TYRPD)
T, WoaERERLIER. RRERS
MITF 4565080 002 3.31. 4.90, Z4HHRE
(AG) 7351 9-18.88. —27.96 kl/mol, i FHAE bR
EBUN 3.65, 4G N-20.82k)/mol; IHZEHR. FR
ZR5 TYR &6 7080 5.88. 5.68, 456 HH
e AG 735 N—33.55. —32.41 kJ/mol, Tfij FH A VDR GE
H8ON 337, 4G N—-19.23 kl/mol; 1H&ERY
TYRP1 (&5 80N 5.76, 4G N—32.86 kl/mol,
1M 5 SR =M DR &5 & 080N 4.06, 4G R
—23.16 kl/mol. L5\ 7 MR FHAW MK E MITF
R R G 1 IR IE G TYR253 5
LYS265; 5 TYRPI & H A G485 A M LR ik
F A4S HOH642 5 ARG374. A4, IhER. HiK
%5 TYR EH MG AW IR
ASP354, THR344 1 ASN346, 5 IS K
RIERRE LYS379 AN, WK 9.
4 e

e — 5 R SRAFPE R s, &t F 3 K
T P R R 2 — o JLARRAIE S R e 2R B Ok ELad ¢
RGBT R 2 1%, RE R H
9 0.72%1. HATIGIR b Fs A 25906 T A A
ROR SR BRI PR BAS B SR AR &P, iy
B 22 ST 4 R R (B U LA B B g
i EARIBCEE YL -t i A, (HHRgK
ML M ANTE 2E 20, A R AR X ER R 3
AeRi, WIBARH TR bR, AUMRAIRrE 2231, B
(BRBT) 23] “PIpasE, sdaRth, sda=imn” 29,

MITF &4

R 454 0%5=3.65
4G=20.82 kJ-mol™

FRER: &5 0%=490
AG=27.96 kJ-mol!

iz 4540 H=331
4G=18.88 kJ-mol™

TYR EH

AR 4540 5=337
4G=19.23 kJ-mol™'

FRER: E0H=5.68
AG=32.41 kJ-mol !

N 4550 8=5.88

AG=33.55 kJ-mol '

TYRPI EH

R 4540 %=4.06
AG=23.16 kJ-mol '

SRER: a0 H=4.06
AG=23.16 kJ-mol !

IR 45570 %5=5.76

AG=32.86 kJ-mol '

RN B SYBYL-X 2.0 B LR . 57 2

. PR AR EAEH

Yellow dotted line represented possible hydrogen-bonding interactions
of kaempferide, isorhamnetin, and methoxsalen by the software
SYBYL-X 2.0

B9 W==HE. RRFESERRSMERERND TIHR
Fig. 9 Molecular docking among kaempferide, isorhamnetin,

and key proteins of melanin synthesis
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