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Abstract Recent research highlights the bioactive potential of Gardenia jasminoides seed (GIS)
extract, which is rich in flavonoids and carotenoids, for promoting skin health. This study
investigates GJS’s dual inhibitory effects on tyrosinase and elastase, suggesting its potential as a
functional ingredient in cosmetics, food, and pharmaceuticals. Using LC-MS/MS and in silico
screening (AutoDock Vina and Molegro Virtual Docker), key compounds were identified based on
their binding affinity, enabling rapid and cost-effective bioactivity screening. Tyrosinase inhibitors
with the highest binding affinities included rutin (RUT), coumaroylgenipin gentiobioside (CGG), and
dicaffeoylquinic acid (DQA), while crocin A (CRA) and RUT were identified as elastase inhibitors.
Notably, RUT, CRA, CGG, and feruloylgenipin gentiobioside (FGS) exhibited high affinities for
both enzymes. Swiss ADME analysis revealed some limitations for oral use, although RUT showed
low toxicity in Protox2 assessments. Additionally, the study explored GJS’s role in modulating the
Keap1-Nrf2 antioxidant pathway, with promising findings for industrial applications and encouraging
further research on its bioactive compounds.
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1. ME

[ -

Gardenia jasminoides(Gyv= QEIA O & Cape jasmine2 & L&A 1 O™, Rubiaceaed}o] £dl=
A4S BBo|CH(Chen 5, 2020). HEHOZ Solxlol <ls} 53] F2, A, FRNH Mg o]
A A daEe AREHE E9 otz FAS(Hyun 5, 2008), F4teKDebnath 5, 2011), H2
A F(Kuratsune 5, 2010) E & Z4(Tao 5, 2014) 23t 252 E4HO02 <l =o] B7}
Holtt. GI9 oy sFstARo] BEaElry EAJSE QO iridoids, iridoid glycosides, triterpenoids,
organic acids, flavonoids, 12| 1. essential oils¥} -2 AJ2|&A sigtEo] FH5t0] FH 5t o2
4 7)) 7]%tH(Yang 5, 2009). SFEA1ES A7) B E 2 A g5A|Q 84 R
gde] AMgEo] o, ole 7led a4 A TS AT dEAA g2 LAE AlERit
E3F SRS ARESHA] RaLE AR YRS fAISH s ARFEY] £ SVl wet At
= A& BLRo[th(Perera 5, 2016). 29 AEAA AFo|AE Gardenia jasminoides seed(GIS)
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W glom, S5, 7% A7) vlAL Jgolt ole] BAE
7} %511 th(Park &, 2019). Tyrosinase?} elastase= I
2 ogEs W geslls ZR% 94ue s miold

Tyrosinase(EC 1.14.18.1)% tyrosineZ @ahd AJghA 9] A
84 = monophenols® hydroxylation®} O-diphenols®] O-
quinones 2. 29| oxidationg £75}11, o]& FotE o] Wahyd
828 FATProta, 1988). WFIL 12, vielpel, Te)
T w54 SolA AL Q4eka A% e AT ek oA
w shet wehdo] A4E A, 4482 pigmentation)o] 471
11, o]& 9Igt F/M(freckles), ¥F(blemishes), S 7]H]
(dark spots) 5°] A2 4 Uth(Brozyna 5, 2007). Elastase
(EC 3.44.7)= 359 &84S Fojst= ddel detAd
(elastin)2 Z3oh= E4xolt}. SPATF A=A 9] R} &H
wjne) erejo] 214517 80| WAE0] W3 w5 ZA
ok =gt elastase?] 52 TH G5 2 HIPA o7 A
Eghet vk Weishy Ao} Beto] SiokKim 5, 2006).
oleiat o] Wt Aol ek a2lo] WA 1
Z ABIAEG A HA A Q] Ylo|th(Rinnerthaler 5, 2015).
Kelch-like-erythroid cell-derived protein with cap‘n’collar
homology-associated protein 1(KEAP1)-nuclear factor erythroid-
2-related factor 2(NRF2) A|AEI AZO] A5t AEFHA HRS
of 449 2AAZ AL Yol N2} Ztoio] T
BeHlE BATORA o] BalE SEalT, o2 9
AbSE 57431 dhSo] A"} 2y Akst AEH ALY AR
79 o4 5 Tl 13| 91 o KEAPIS 724 15}
& Qlsto] Nif27} S0 & o]55lal, JAkst A4S 23R e
|AA} FHE £73TH(Zhang, 2006). KEAP1-Nrf2 pathway
o] 242 yRx3}, 191 454 HRAS} HE A7
A Fa3L 715S x5l 3R A0l Fa7 qT2 g
KEAP19] 7|52 3 REY 9 1ok WAol=t 58% 92
£ 3}, tyrosinase®} elastase®] ZEE 9] TE BHE 9
anti-aging Aol ¥ o] Qlth(Finkel 5, 2000).
AERESEY] oA BRI =7 (molecular docking)2 A
7S Bgtel YR T (igand)® Ei(enzyme)d
FEAES REFshs AlEE 0l g 7oA, o] V&
2 in vitro, in vivo A9 AP oE2 AEE = H]-E(money),
Al7H(time), Sl (manpower)S HAA|Z 4 9t} Molecular
docking® 77 3 §<t 2t} ojmtz 4yHel Adel
(NB22E BHEY B4, COVID-19 A5}2d F4) o
A 1o 42 Argo] APEol ghon, £79] ok &
A, BT AR ) AP ABY 7, Al 2§ 5 A%
4ol @ olmesh A5 Was Aol waty, ¥
FoA= GISS] A ER 5 tyrosinase®} elastaseo] T$H
o]% A& TH(dual inhibitory effect)S A} Z7](molecular

=

https://www.ekosfop.or.kr

docking)©. 2 H]W FEA3}3t}. o]

1
L.
vitro D in vivo AYE 3t 43 TE EAE AEsk=T|

2. g % diH

21 2& 3fgl=

AR A oF FEE9] LC-MS Z¥KSaravankumar 5, 2021)
£ EU=, o3t 22 aRMES 2AETol A7sHiH Tridoids
A1) geniposidic acid(GPA), genipin(GNP), geniposide (GPS),
genipin gentiobioside(GGB), gardenoside(GDS), shanzhiside
methyl ester(SME), 6B-hydroxygeniposide(HGP), coumaroylgenipin
gentiobioside(CGQG), gentiobioside(FGP),
monoterpenoides|2] jasminoside F(JAF), jasminoside D(JAD),
jasminoside B(JAB) jasminoside J(JAJ), jasminodiol(JOD),
gardenate A(GDA), picrocrocinic acid(PCA), jasminoside H
(JAH), crocusatin C(CCC), jasminoside A(JAA), 6'-Sinapoyljasminoside
C(JSC), methyl dihydrojasmonate(MDYJ), 2-hydroxyethylgardenamide
A(HEA), flavonoids#|9] rutin(RUT), quercetin-3-O-B-D-
glucopyranoside(QBG), carotenoidsA|2] crocetin(CCT), crocin
A(CRA), 5714 9 7|EFEA R quinic acid(QNA), trimethoxy-
O-glucopyranoside(TOG), 4-(2-Hydroxyethyl)-2-methoxyphenyl
B-d-glucopyranoside(HEG), caffeoylquinic acid(CQA), protocatechuic
acid(PTA), chlorogenic acid(CGA), dicaffeoylquinic acid(DQA),
linolenic acid(LNA), n-pentadecanal(PDA), linoleic acid(LLA),
acetylursolic acid (AUA), palmitic acid(PMA), ethyl palmitate
(EPAE THEAZ A6} control 2 arbutini} epigallicatechin-
3-gallate (EGCG)7} AMZE AT

feruloylgenipin

2.2, 2XZ!

2 Aol A =7 BA4L g AEE 2299
AutoDock Vina(version 1.1.2, The Scripps Research Institute,
La Jolla, CA, USA)E o]&3lo] 433} tH(Trott 5, 2010).
7)o AFg3 thalE JLR = Protein Data Bank(PDB)OJA] &
B35l oM (Burley &, 2017), % W &2 Q3 27 9 35
245 eRiEs AAR F, U Hash Bge F9 722
FYSAZ . BZF== PubChemol A B 251310, &5
U5HA| YA 2askE AFT F ARSI s Hae
S A active siteS ZoI=E AR, 8 4
o 710 Higt YR #E w3e Farste] Eelsiit. =7
EX4L2 AutoDock Vina®t 37 Molegro Virtual Docker
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(MVD) (version 6.0, Molegro, Aalborg, Denmark)S ¥ 35}

S = A BE 204 E £ € EE A
A0, tyrosinase®?} elastase?] 27] fxofl&= 24 $4
RS F7tekginh. 1 9AS] F4] 3+ tyrosinase
AL x = -10.02, y = -28.82, z = -43.60, elastase®] 7% x
=14.15,y = 48.15, z = -1.160.2 AA319}). A9 F7]=
HE 23 x 23 x 23 A0® EUslA] Hestct HEHoz
Aoz 7] Ail= PyMOL Y Discovery Studio VisualizerS
ol gtel AZiakeka BABHILH

23 EFHHY Y U5HY 05 Y 54

Zeisie @ oRBa o g, hse oA 2L 54 9
AEAHo|EA, T, A=A, HRASA, s
Protox2 web server?}, SwissAdme T2 IHES AL}
(Daina 5, 2017), AdmetSAR(Cheng 5, 2012) ¥ pkCSM
(Pires 5, 2015), 225t EAJ2 PASS Online(Filimonove
5, 20142 A8} AEHA - ool B AvEY
&S et <l AF A= 7T E4Y(Pa) 9 7HsTt
HIZ/J(Pi)2] ME-&= HA|SIGITE PASS Q1 Pa ¥ Pigh
0] 0.00009 A4 1.0007}A] theFst =2, Pa>Pi 2 Pa>0.7%H2 11
ok A g AA ) A A EE gEATY 57t
A 73] (Pollastri 5, 2010)% ERlIste] ZIEZ9] BA0l-&E
2 oizsisict

2.4, cHE eiZic & AFC/5E ofglE AE
Tyrosinase®} elastaseS T4 Ho|e{Ho]Ao]4 RSCB
(https://www.rcsb.org/)(PDB ID: 7EST), (PDB ID: 2Y9X)9]
3D F£5 AUt PubChem loJE{Hjo] A0 A A2 dH 3}
$59) 3D T2 SDRFE dlole] Tel) g4o2 Ausisich

2.5 BX £Z19 active site &5

RMSD(Root Mean Square Deviation) 3t =7 Z2EE
Az oet thaie] ey BH3 2R sl ool
UNA & F83F ATZ Ut} £ AFoA= &7 TEEFY

%2 93l Molegro Virtual Dockerg ARE-31% 00, AF0]
& <& MolDock ScoreE 85131t 7+ Z7t=o] dis]] 4
49 7Fs A% 22E 50702 AASH}laL, RMSD o] 2A
Hoh 22 s gelsiglong =7 AHEejof thet 4=

—
9 AT,
s
3. 21t & uH

3.1. Tyrosinasety Lzt ZE0JLIX] B/

Tyrosinase2] A B3}= LolR7] Y3l AALFF Koo

330

ZHE compound(Table 1)& AutoDock Vina?} Molegro
Virtual Docker™ 2 13-& AR5}0] binding energy(Table 2)
£ v|w3st9ict. I 23}, AutoDock Vinal] AEE9] Arbutin
2 -6.2919] binding energy#t-Z U ¥, 2 1704 7t
A} =2 4| (kcal/mol)= iridoids Z15E0f|A] coumaroylgenipin
gentiobioside(CGG)7} -8.234, monoterpenoides 159 6'-
sinapoyljasminoside C(JSC)7} -7.736, flavonoids 13&2] rutin
(RUT)®] -8.049, carotenoids 159] crocin A(CRA)7} -6.811,
71€} dicaffeoylquinic acid(DQA)7} -8.2952 Z+ZF =2 A
U= UERSITE o]F AutoDock Vina®l ARgls Ao
2 H|w3}7] ¥J5ko] Molergro Virtual Docker T2 732 AR
5}0] tyrosinase®] Tt 4071A| 9] 3}HEY] docking scores =
“gotct. §HH, Molegro Virtual Dockeroll A& 2t IEOIA =
2 scoreZ+= arbutin -117.761, feruloylgenipin gentiobioside
-192.927, monoterpenoides 6'-sinapoyljasminoside C -7.736,
rutin -175.57, crocin A -240.501, dicaffeoylquinic acid
-179.4612 Z+Z} YEFHTE Molegro Virtual Docker®] A2
+ crocin A7} -240.501 % 71 =& scoreZ SHRI5HTt. Bt
W, dicaffeoylquinic acid= AutoDock Vina2] <9j2t= 2]
FHA R 2 g2 ettt o213t Aate] Aol 7+ =
2] AT b, TGP, Al HiES, £
29| Zpo] fzOo & WHETH(Shamsian 5, 2024). WEHA],
F7H9] m2Oe] ARFE of&sto] 7S] AutoDock
Vina®} Molegro Virtual Docker®] 35 HlE-&=2 SAls| Bt
S A EQktH(Table 3). 71 A}, tyrosinase©f T3t ZF 515t
£9] binding energy®] #E-& 3t RUT, CGG, JSC, FGP,
DQA, AUA, HGPY] $-0.2 %2 g trehjairt.

3.2. Elastasety Lifst Z'ElofLIX| b/l

Elastase®] A BIHE gRIst7| fJ8] MR Hoto 25
H 42 compoundE AutoDock Vina®} Molegro Virtual
Docker ZE2 307 B35} 0|9 binding energys 22}
Table 13} Table 29 YEF It 1 A3}, AutoDock VinaQ
AEE9Ql EGCGY| AFZHE -7.7919] binding energydts U
bl vk, ZF 2FA 7Y B2 4A](keal/mol)= iridoids 1
Fof|A CGG -7.908, monoterpenoides 152 JSC7} -7.577,
flavonoids®] 1& RUT -8.155, carotenoids “152] CRAZ}
-7.605, 71€} AUAZ} -7.582% Z}Z} =& A7 YERdch
StH, Molegro Virtual docker®] MolDock scorex= Z} 71350
A =& score2E FGP, -186.736, JSC -163.887, RUT
-178.454, CRA -240.501, DQA -167.7282 YEFITE

T+ 7] 22099l ARghE o8-t Z+2H2] AutoDock
Vina®?} Molegro Viartual Docker?] ZF-S HWE-&2 $HALS| H
TS o okt Table 3). 1 A3} CRA, RUT, FGP, CGG,
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Table 1. List of compounds used in this experiment

Serial Compound name Molecular formula  Group References
number

1 GPA (geniposidic acid) Ci6H2019 Iridoids PubChem
2 GNP (genipin) C11H140s5

3 GPS (geniposide) C17H24019

4 GGB (genipin gentiobioside) Cy3H34015

5 GDS (gardenoside) Ci17H2401

6 SME (shanzhiside methyl ester) Ci7H2601

7 HGP (B-hydroxygeniposide) C17H24011 Chemspider
8 CGG (coumaroylgenipin gentiobioside) C32HioO17

9 FGP (feruloylgenipin gentiobioside) C33HaxO1s

10 JAF (jasminoside F) C16H2609 Monoterpenoides PubChem
11 JAD (jasminoside D) Ci6H260s

12 JAB (jasminoside B) Ci6H260s5

13 JAJ (jasminoside J) Ci6H2407

14 JOD (jasminodiol) CioHi60;3

15 GDA (gardenate A) C12Hi506

16 PCA (picrocrocinic acid) Ci6Ha60s

17 JAH (jasminoside H) C2H36012

18 CCC (crocusatin C) C1oH1602

19 JAA (jasminoside A) Ci6H2607

20 JSC (6'-Sinapoyljasminoside C) CyH3401,

21 MDIJ (methyl dihydrojasmonate) Ci3Hx0;

22 HEA (2-hydroxyethylgardenamide A) Ci3Hi7NOs

23 RUT (rutin) Cy7H30016 Flavonoids PubChem
24 QBG (quercetin-3-O-B-D-glucopyranoside) C21H012

25 CCT (crocetin) CooH2404 Carotenoids PubChem
26 CRA (crocin A) C44Hg4004

27 QNA (quinic acid) C7H,0¢ Organic acids and others PubChem
28 TOG (trimethoxy-O-glucopyranoside) Ci5H209

29 HEG (4- (2-Hydroxyethyl)-2-methoxyphenyl p-D-glucopyranoside) Ci5Hx0s Chemspider
30 CQA (caffeoylquinic acid) Ci6H1509

31 PTA (protocatechuic acid) C7HeO4

32 CGA (chlorogenic acid) Ci6Hi509

33 DQA (dicaffeoylquinic acid) CasH24012

34 LLA (linolenic acid) Ci5H300,

35 PDA (n-pentadecanal) Ci5H300

36 LNA (linoleic acid) Ci3H30,

37 AUA (acetylursolic acid) C32Hs004

38 PMA (palmitic acid) Ci6H3,0,

39 EPA (ethyl palmitate) Ci5H340,

https://www.ekosfop.or.kr
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Table 2. Docking scores (binding affinity) obtained from AutoDock vina and Molegro Virtual Docker

Compounds Tyrosinase (2Y9X) Elastase (7EST) Keapl (4L7B)
AutoDock vina MolDock score AutoDock vina MolDock score  AutoDock vina MolDock score
(kcal/mol) (kcal/mol) (kcal/mol)
Control -6.291 -117.761 -7.791 -159.534 - -
GPA -5.787 -136.593 -5.906 -123.292 -7.332 -142.663
GNP -5.706 -89.3623 -4.802 -84.4652 -6.829 -94.3235
GPS -5.900 -124.877 -5.776 -131.052 -7.382 -144.97
GGB -7.158 -183.568 -6.747 -169.962 -9.015 -182.042
GDS -6.088 -130.623 -5.586 -128.839 -7.555 -134.321
SME -6.527 -128.855 -5.93 -113.334 -7.695 -132.486
HGP -7.503 -130.287 -7.376 -147.642 -8.267 -143.368
CGG -8.234 -181.803 -7.908 -180.229 -9.6 -203.344
FGP -7.471 -192.927 -7.716 -186.736 -9.89 -221.039
JAF -6.463 -123.677 -5.937 -117.562 -7.881 -124.868
JAD -5.750 -113.253 -5.579 -113.645 -7.266 -136.266
JAB -6.337 -125.235 -5.908 -115.672 -8.505 -134.002
JAJ -6.950 -121.767 -6.220 -114.102 -7.543 -121.284
JOD( -5.962 -84.7356 -4.564 -73.8951 -5.902 -74.8148
GDA -5.448 -104.417 -4.331 -93.1263 -5.761 -96.7116
PCA -6.544 -121.496 -6.324 -123.975 -7.185 -131.141
JAH -7.540 -153.397 -6.675 -156.559 -9.26 -168.214
ccc -5.576 -81.5037 -4.363 -67.4353 -5.746 -68.8365
JAA -6.891 -121.386 -6.226 -115.938 -7.629 -120.537
JSC -1.736 -161.336 -7.577 -163.887 -8.588 -172.457
MDJ -5.443 -99.8238 -5.286 -110.079 -5.727 -112.047
HEA -5.695 -98.4599 -5.438 -108.31 -6.357 -113.148
RUT -8.049 -175.57 -8.155 -178.454 -10.573 -182.62
QBG -6.407 -139.312 -6.876 -145.485 -8.489 -167.348
CCT -6.435 -104.981 -6.617 -109.428 -7.693 -133.75
CRA -6.811 -206.85 -7.605 -240.501 -8.02 -240.031
QNA -5.829 -91.9463 -4.768 -84.8125 -6.762 -85.0865
TOG -5.757 -129.318 -5.298 -126.23 -6.494 -132.983
HEG -5.992 -119.991 -5.706 -122.731 -7.28 -140.873
CQA -6.853 -123.629 -6.637 -132.161 -8.263 -134.22
PTA -5.946 -82.1807 -5.102 -77.667 -6.043 -71.5167
CGA -7.067 -130.639 -6.305 -135.724 -8.764 -160.314
DQA -8.295 -179.461 -6.829 -167.728 -10.474 -203.008
LLA -5.567 -126.156 -5.138 -120.987 -5.878 -118.694
PDA( -4.703 -103.059 -3.959 -100.763 -5.087 -102.984
LNA -5.762 -122.852 -4.766 -117.024 -5.78 -118.83
AUA -7.475 -115.992 -7.582 -103.289 -8.168 -127.449
PMA -4.806 -116.483 -4.329 -103.921 -5.629 -110.638
EPA -4.934 -118.277 -4.540 -117.628 -5.561 -114.868
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Table 3. Average values of tyrosinase and elastase using AutoDock Vina and Molegro Virtual Docker

Compound name Tyrosinase (PDB:2Y9X) Elastase (PDB:7EST) Lipinski’s rule of five
Control 67.89986 61.84324

GPA 55.99496 47.00232 PASS

GNP 65.74899 62.65948 PASS

GPS 87.51872 76.70225 PASS

GGB 68.27113 61.03447 VIOLATION
GDS 70.48994 59.92013 VIOLATION
SME 76.71915 75.91846 VIOLATION
HGP 93.57792 85.95508 VIOLATION
CGG 91.66767 86.13069 VIOLATION
FGP 68.85254 60.84204 VIOLATION
JAF 62.03507 57.83273 PASS

JAD 68.46965 60.27131 PASS

JAB 71.32635 61.85784 PASS

JAJ 56.41969 43.34558 PASS

JOD 58.07885 4591516 PASS

GDA 68.81359 64.54808 PASS

PCA 82.52835 73.47433 PASS

JAH 53.31177 40.77021 VIOLATION
ccc 70.87862 62.27633 PASS

JAA 85.62881 80.52816 PASS

JSC 56.93844 55.29492 VIOLATION
MDJ 58.12774 55.85909 VIOLATION
HEA 90.95614 87.10047 VIOLATION
RUT 72.29429 72.40442 VIOLATION
QBG 64.16454 63.32021 VIOLATION
CCT 91.05485 96.62784 PASS

CRA 57.36098 46.86606 VIOLATION
QNA 65.96051 58.72627 PASS

TOG 65.12249 60.50037 PASS

HEG 71.19175 68.16901 PASS

CQA 55.70567 47.42834 PASS

PTA 74.17615 66.8742 PASS

CGA 93.3795 76.74056 PASS

DQA 64.05092 56.65526 VIOLATION
LLA 53.25993 45.22201 PASS

PDA 64.42768 53.55055 VIOLATION
LNA 73.09497 67.96053 PASS

AUA 57.12565 48.14711 PASS

PMA 58.33085 52.29047 PASS

EPA 66.38575 80.93525 VIOLATION

https://www.ekosfop.or.kr 333
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JSC 08 232 Yeyith

A1}A O 7 tyrosinase?} elastase®] WE-E-S HA|F 07 H]
w3 Ay} FEOE =2 HRIG ovA @ 7H sRkE
RUT, CGG, FGPZ BRlsIgic). olF £%) A%g vjoz
R49) By Ao|EC] BT} uelgsle BAS Helsty
o, Yol7} Discovery Studio Eajo] 2iz=sh eruztol
FHBAE SUsISITh(Fig. 1). Tyrosinase?] 7= A2
B4 A3} RUT SRHE-S ofu Ak 217191 HISS5 2 ASNSI

=
B AFARA 4 S F405kL, VAL283 Bl VAL2483 =

pi-alkyl 2% 0|59, PHE2649k= pi-pi TH A%, MET257
I pi-sulfur 28-S FAot= A= geldnt. ¥, CGG
SIFHE-> MET280 9 HIS858} o4 ZA3HS §4Jstal, VAL283
9 ALA80T}= alkyl A%HS, CYS831}= carbon-hydrogen 2
S o|2m, GLU3229M= unfavorable acceptor-acceptor
interaction A 28-S HIt} CRA 3IE2 ARG268 U
ASNS813} conventional hydrogen bondE 34J5}, PHE264,
VAL 248, VAL283, PRO284%} alkyl A5 2-8-& zh=t}, 4t
M HIS85, GLU3222= carbon hydrogen bondg 2}Qls}= A

Fig. 1. Docking results of compounds CGG (yellow), CRA (purple), FGP (green), and RUT (orange) with tyrosinase and elastase. (A, B),
surface interaction of tyrosinase and elastase. (C, D), crystal structure of tyrosinase (white) and elastase (blue).
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o7 Yehdth FGP 3IgHE9 9= MET280, ASN260,
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T piopi A8 232, HIS59, HIS61 I VAL283TH= Alkyl
ezi H/d5hH, GLY2813}+= carbon-hydrogen 23S o]F
L AoR et RE SRR FEH02 HISSS W17}
Agshe 7o) BIFSITHFig. 2),

Elastase®} 2|7HE 719 A452R8 A3}, RUT $13HE-2 HIS5,
VAL216, THR41 @ ARG613} conventional hydrogen bond
FAIolH, CYS58 2 ARG217F+= carbon-hydrogen bond
FASI= Ao 2 e ESE VALIORM= p1-a1ky1 Ast
ojF= Zo= Y. FHH, CGG =2 HIS5T,

o mlm ml

SER195 2 GLY193%} conventional hydrogen bond— HAlsH
17, CYS58, CYS191 ¥ GLN1929}= carbon-hydrogen bond

e,
A3 segy

AR
863 Ahg
A
o {; AbhafBe, AN
eI USHQ 9
p pd

£ FAs= A0 2 Yelyth LEUIST Y VAL2163H= alkyl
ZAg-S, ASP60T}+= unfavorable acceptor-acceptor interaction
< Hlth

CRASIGHES] ALo= elastase AITZAHE-OF2E VAL9Y,
ARG217, ASP60, THR96, SER214, HIS57, CYS589] Z7]¢}+
FHAJ5lal VAL2163} alkyl 2
3} 9 THR41%} carbon hydrogen bondE FAJsl= Aoz 3
o]}t HHHo| FGP SHES ARG217, ALA99 9 VAL99
2} alkyl A3 FAIshH, CYS42, THR41, HIS57, CYS58 &
GLY1933¥}= conventional hydrogen bondE 435}, GLN192

= carbon-hydrogen bond&, PHE2152}+= pi-pi stacked 2
LS, SER1959}= unfavorable donor-donor interactions ©]
2L Aor yehgth ZaA o= HISS71 CYS58L HE

conventional hydrogen bond&

Fig. 2. Results of ligand interactions of compounds CGG (yellow), CRA (purple), FGP (green), and RUT (orange) with tyrosinase
and elastase. In the 2D interaction diagrams, green lines indicate hydrogen bonds, light green lines indicate carbon-hydrogen bonds,
light pink lines indicate alkyl interactions, and dark pink lines indicate pi-pi interactions.
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Heagold BE0R Agehe Aol =), oje ®
7) A3k RMSDE Blo] A4S At Quros
RMSD(Root Mean Square Deviation) gt &7 T2 EZ9]

A, 9l A £4, F2F Wg} oFo] &gdrh
RMSD ¢} Tl gy j7te 719] At o283 ofuf A9
uhet b, E3H4 27tee] XA 24 ° ] [elet AlEgo]
A A} 7F RMSD o] 2.0 A m]itd 39, Hzo] o] 5
7Fsst ger 7"t E ﬂ—?oﬂlﬂ% Molegro Virtual

DockerZ ©]&3] RMSD 712 0.82A9} 1.46AZ EQI51% 0
o, o|& 58] ARSS =7 TREZo| Bx} =7 B4 A3
2 ASolAtHFig. 3).

3.3. ADMET 24 o)1=

ET)5keka, ok)skd EA 1 AQESHA
e 1 o, HeEd FABL 5% 12 FFoof o
o =7 AlEFold 7S B3 AgeliAE Eeld 7, =

RMSD : 0.82

RMSD : 1.46

Fig. 3. Comparison of reference ligands for tyrosinase and elastase. (A), crystal structure of tyrosinase (PDB ID: 2Y9X); (B), crystal
structure of elastase (PDB ID: 7EST); (C), and (D) Superimposed positions of the reference ligands. Panels (A) and (B) show the binding
of the reference ligands in tyrosinase and elastase, respectively. Panels (C) and (D) depict the superimposition of the reference ligands
to assess docking accuracy. The Root Mean Square Deviation (RMSD) values calculated in (C) and (D) are used to validate the
molecular docking protocol and to predict protein stability and conformational changes. RMSD value reflect the differences in binding
interactions and energy between the protein and ligand. As shown in (C) and (D), the RMSD values are below 2.0 A (0.82 A and
1.46 A, respectively), thus confirming the reliability of the molecular docking analysis.
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ZJsfebd, oFgeta, £4 Ul ety B4 oEsher. of
= B0 o] Mg 2L A ABHES Holk BRe]
SIEA] 24go] oFRolel BAjo] §l] tEolck. o] THolA
pKCSM @ SwissADME € 4|2 28310] S1129] ADMET
zenae WSt oA 478 GBS TN
#he3 QS FoEol £40] So|HoR Rast, B4
o] ZA AALA FES A, 442 o4 % A
3 a0 AR olok et SFREARL 4r) FAA T4,
B, ot ul gL oF2 Asfo] Fa Felo]s, ol Ao
A LS FEIA o2 057 Fa% 4TS Y BE
Hojzch ok o] glof sty ot Ajeky w4
79 A WeAole). o2 o), T4 HAH(PSA)S o2
ERYS Wk HUA AU, A2, Akh 9 0|53} 2
Pa 54 YA} Jofshe BHA BEoR Hogd Ea
AT Z9% WA, Bt 245 54 2T B4
% 9l 8717} Holx|e, Qe o BAgo] 500 Dag 2
ok SREZL 107 o4 31 7Hsdt TS 7ML 45
o] ¥t STSE o) A(logh)= B 254 e
L 20 23S e, 1940] B2 SRR oo
7k B2kt 347t Askele, X e 444 AjEAet 2
I 7hsHo] AA B4 G Fobarh. o Hat wipAS
L 58 b5e B4 WK O 523 4L SThVeber

ok -

S 2002). Table 30 YR B8R} o], 397FA] MS Ho[H &
7]8t0 2 3t BRRlE5 SwissADME A|HZ EA5to] 2y A7)
T2 &2Igt ZHCGG, CRA, FGP, RUTE 25t} =79
=2 A 52 B 167H4] 3g=0] ZHay] 22 9
Hhohe Aoz FRlEtk(Table 4). & AFoM = 2HAT]
T30l T oFEed EAS AR A3, CGGHl 3tE2
EATF 696.65 g/molZ, 500 g/mol °|5}Y 7| ZIFolH
49709] FLAe} 67119 WS SIAE oL, 13719] 3
A 7Fse AE 7HH 2R R4S SVHIA ey &
A2 NAT 7hs/0] AUtk 4 A 84 1770, F99A
£ YR 84T BAY FaE AN, e =2 5
S (very soluble)0.& B2 ATt Y S4E8L2 24.972%=,
A0l EE2 0.112 AtfEoz 1, CYP2D6 7|4 € A
A7F oFYE=E tAf 9FF/d0] 7|H=H, Caco2 T} 0.264
log Papp in 10° cm/s2 BBB(B%-x| Au)E EatotA| ot
3, 3B ERAL 1249 cm/sE T|E FSof F|oFo] Qit}. 2
H SRIEL B4 977.0 g/mol2 7|&S 23}k5lal, 18719
A 7hse A7 24719 4 A S84 2 14709 FoiA
£ 7HH, E0 & &ofEu B F5&2 0%E AA S5l
A|eko] glom, FAH0l-EEZ AlFEA| Yokl Caco2 F1H
2 -1.408 log Papp in 10° cm/sZ BBB &3} 7F54Jo] &=A|gt
& £ -2.735(log Kp)& A|gHAolt}. 34 Shet&E2 &

omlol

Do

Table 4. Characteristics of pharmacokinetics of the selected compounds

Parameter CGG" CRA FGP RUT
Molecular weight 696.65 g/mol 977.0 g/mol 712.65 g/mol 610.52 g/mol
Num. heavy atoms 49 - 50 43

Num. arom. heavy atoms 6 - 6 16

Num. rotatable bonds 13 18 13 6

Num. H-bond acceptors 17 24 18 16

Num. H-bond donors 8 14 9 10

Class solubility Very soluble Water solubility Very soluble Soluble
Bioavailability 0.11 - 0.11 0.17

Log Po/w (XLOGP3) - -3.09 -0.33

Caco2 permeability
BBB permeant NO 0.8314

Intestinal absorption 24.972 (% Absorbed) 0 (% Absorbed)

CYP2D6 substrate NO NO
CYP2D6 inhibitor NO NO
-12.49 cm/s

Skin permeability -2.735 (log Kp)

0.264 (log Papp in 10° cm/s) -1.408 (log Papp in 10° cm/s) -0.785 (log Papp in 10 cm/s) -0.949 (log Papp in 10 cm/s)

NO NO

0 (% Absorbed) 23.446 (% Absorbed)

NO NO
NO NO
-12.84 cm/s -10.26 cm/s

YCGG, Coumaroylgenipin gentiobioside; CRA, crocin A; FGP, feruloylgenipin gentiobioside; RUT, rutin.
Web server: pkCSM (http://biosig.unimelb.edu.aw/pkesm), and swissAdme (http://www.swissadme.ch/) and admetSAR (https://Immd.ecust.edu.cn/admetsar]/home/).
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oAlste] At 22 B, njdl 9 ol auE YR 4= 9l
= 0= Helth E3t, AT WH3olA elastaseo] 23t AL
718 &afet 224 T 578 BAIst] 228 Hostal 4
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4 132, A 2 AAARA AR} £42 A5t
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I chgol, AE A 9 B4 AT AEHAR £4
HES AAsl] 5a0) HAE 4TS 2 & USL AN
t}. FGP S3HE2 anti-inflammatory 2480 2 ¢ ¥1-3-8 &
3lo}al, anticarcinogenic EAJOE AE £ARS HHA|SIHH,
antiprotozoal A0 2 UAEZHE mHEE HIT £ S
Zo 7 FAHL) E3L, caspase 3 stimulant E4JO.2 A3 AE
S FXloto] dE AYBE =& 4 121, o] tyrosinase
A JIet ol 9L 7HsAdol Qi whxEte g, RUT &)
&2 free radical scavenger 2 lipid peroxidase inhibitor=
A Atgl AEHAE £0]11, membrane permeability inhibitor
9 membrane integrity agonist2A] TF WG 71515 4 Q1
t}. ESE anticarcinogenic % vasoprotector SI}& A|E &4k
2 BB Y BBE HEdlel NN ARE SANE o
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3.4. Compound analysis through molecular docking
and ADMET

Tyrosinase®} elastase®] 0|5 &4 A 7|50l A5, ol
Aol A AFE3H AF ¥ (Diniyah 5, 2023)0& Ak &
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Table 5. Pharmacological activity predicted for identified of screened compounds

Phytoconstituents” Main Predicted Properties by PASS Online Probable activity (Pa) Probable inactivity (Pi)
CGG Free radical scavenger 0.982 0.001
Anti-inflammatory 0.869 0.005
Membrane permeability inhibitor 0.917 0.003
Anticarcinogenic 0.848 0.004
Apoptosis antagonist 0.853 0.002
Immunosuppressant 0.797 0.005
CRA Antioxidant 0.797 0.001
Membrane permeability inhibitor 0.840 0.005
CYP2E1 inducer 0.768 0.002
Free radical scavenger 0.810 0.003
Apoptosis agonist 0.815 0.007
FGP Free radical scavenger 0.993 0.000
Antioxidant 0.865 0.003
Anti-inflammatory 0.863 0.005
Anticarcinogenic 0.882 0.003
Antiprotozoal 0.804 0.005
Caspase 3 stimulant 0.714 0.004
RUT Free radical scavenger 0.988 0.001
Lipid peroxidase inhibitor 0.987 0.001
Membrane permeability inhibitor 0.990 0.000
Membrane integrity agonist 0.984 0.001
Anticarcinogenic 0.983 0.001
Vasoprotector 0.980 0.001
CYP1ALl inducer 0.975 0.001
Anti-inflammatory 0.863 0.002
Antioxidant 0.865 0.003

YCGG, Coumaroylgenipin gentiobioside; CRA, crocin A; FGP, feruloylgenipin gentiobioside; RUT, rutin.
Web server: (https://www.way2drug.com/passonline/).

Table 6. Toxicity of the screened compounds

Target CGG" CRA FGP RUT Classification
Hepatotoxicity Inactive Inactive Inactive Inactive Organ toxicity
Neurotoxicity Inactive Inactive Inactive Inactive Organ toxicity
Cardiotoxicity Active Active Active Inactive Toxicity endpoints
Immunotoxicity Active Inactive Active Active Toxicity endpoints
Mutagenicity Inactive Inactive Inactive Inactive Toxicity endpoints
Cytotoxicity Inactive Inactive Inactive Inactive Toxicity endpoints

YCGG, Coumaroylgenipin gentiobioside; CRA, crocin A; FGP, feruloylgenipin gentiobioside; RUT, rutin.
Web server: (https://tox.charite.de/protox3/index.php?site=home).
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Fig. 4. The docking energies of tyrosinase and elastase, along with absorption and toxicity profiles for 39 compounds, were visualized
using a heat map. TYR, tyrosinase; ELA, elastase; KE1, KEAP1; WSN, water solubility (log mol/L); CPN, Caco2 permeability (log
Papp in 10° cm/s); IAH, intestinal absorption (human) (% Absorbed); SPN, skin permeability; MTH, max. tolerated dose (human)
(log mg/kg/day); ORA, oral rat acute toxicity (LDsp) (mol/kg); ORC, oral rat chronic toxicity (LOAEL) (log mg/kg bw/day); TPT,

Tetrahymena pyriformis toxicity (log pg/L).
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Fig. 5. Principal component analysis comparing the binding affinities of 39 compounds for tyrosinase and elastase, along with their
absorption and toxicity profiles. TYR, tyrosinase; ELA, elastase; KE1, KEAP1; WSN, water solubility (log mol/L); CPN, Caco2
permeability (log Papp in 10 cm/s); IAH, intestinal absorption (human) (% Absorbed); SPN, skin permeability; MTH, max. tolerated
dose (human) (log mg/kg/day); ORA, oral rat acute toxicity (LDso) (mol/kg); ORC, oral rat chronic toxicity (LOAEL) (log mg/kg bw/day);

TPT, T. pyriformis toxicity (log pg/L).
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Michaelis-Menten kinetics £4], 7-2-84 AH44(SAR) &
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FE2 Z8oto] tyrosinase} elastaseo] TR o]FAA| B
EA5}31AF AutoDock Vina2} Molegro Virtual DockerS ©]-&
o 24 =S okt A =42 wd-egte 7 A
SAEE dSol= AFEH 79 B47HeE, BY Tt
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