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Abstract Agastachis Herba (AH) to treat anorexia and nausea and its antidiabetic efficacy was recently
reported. This study examined the antioxidant activities and chemical constituents of AH and predicted
the target proteins of each compound using /n silico approaches. The results showed that ECso values
of AH methanol extract for DPPH and ABTS radical scavenging were 78.6 pg/mL and 31.0 pg/mlL,
respectively. Compared to the EC50 values of ascorbic acid (9.9 pg/mL, 5.2 pg/mL), the AH methanol
extract possessed excellent antioxidant activities. Rosmarinic acid, tilianin, agastachoside, and acetin were
confirmed as the major compounds of extracts by qualitative analysis performed with HPLC-PDA-MS/MS.
The antidiabetic target proteins of these compounds were predicted by applying a structural similarity and
inverse docking methodology using a DIA-DB server. The resulting target proteins were PPAR-y, DPP 1V,
glucokinase, e-glucosidase, SGLT2, aldose reductase, and corticosteroid 11-beta-dehydrogenase, some of
which have already been proven experimentally as target proteins. Therefore, the /in silico methods can
be considered valid. Finally, AH were extracted with various solvents to determine the optimal conditions
for the extraction of active components. Methanol among organic solvents and 80% ethanol in
ethanol-water mixtures were identified as the most effective solvent for the extraction.
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Table 1. Mass spectrometry parameters for LC-MS

Table 2. Antioxidant activities of Agastachis Herba

extract
Parameters Electro-spray ionization
(ESD) .; -
Cone voliage 00V Sample EC DIZPH/ ih) EC AI?TS/ ih)
m 5 m
Capillary voltage 3.5 kV so (1g so (1g
extractor voltage 30V . .
8 - AS?C?I‘blC acid 9.9 + 0.39 52 + 033
Source temperature 120 € (positive control)
Desolvation temperature 350 C Extract of
+ +
Desolvation gas flow 900 L/h Agastachis Herba 78.6 £ 7.69 310 £ 1.62
Cone gas flow 50 L/h “Values were expressed as mean *+ SD (n=3). ECso: the
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concentration of a sample that gives half-maximal response.

3.2 HPLC-PDA-ESI-MS/MSE 8%t 848 &
20 24

FEE9| g FRIsk| fIske] HPLC-PDA-ESI-
MS/MSE &8st A8 Z=Eutg 4 351t
(Fig. 1). A2AEIHA Fuaz RlH ¥T+= 671
Qow, £8 13 57]9 st} UV spectrum, MS 1
231 MS/MS spectrum= E4510] JES 53519t
(Table 3). 3 WA T3E mass spectrumCZHE &
ZgFo] 360.31 g/mol? rosmarinic acid® HZEA
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ion peak (IM-HNE HojFdo™ m/z 197, 161904
EAAQ] fragment iond] JIE QI 4= Uit ]
&3t Z3= Chen 5 ¥ Xu 59 ATolA9] 23} &
AsFF 21, 22]. $HH positive ion model|AlE m/z
1639 FH3E & 4 999 o]AL rosmarinic acid®
ester Ago| AdEo] A71 caffeic acidolA] hydroxyl
group®] g=sto] vhEojztiar & 4 SItH23].

5 R4 E‘W B 13= AR fragment T2
£ H9on o]AL BEI} acacetin(®E AF 284.3
g/mol)9] FEA0]7] WEolzt BZE It WA F
WA TmIE positive ion modeflA m/z 4479
molecular ion peak (IM+HI)E HolFglow 335
nm?] o 5332 Yerfigich webA acacetin®ll
glucose?t ZdEo0] 9o %@‘%kol 446.4 g/molQl
tilianin©.2 =A%}t &= Qi) o] AL An 59 JIe}
LA FITH24].

Al #Aet o] fi 33+ s 1] 334 nm=
ion modeolXl m/z 4899
molecular ion peak (IM+H])°1% mass spectrum®
SAgto 2 EZeFo] 488.4 g/mol]l agastachoside
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Itokawa 59 ATolA ERITE A&7 YAFITH 25
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Fig. 1. HPLC-PDA chromatogram of Agastachis
Herba extract

Table 3. Results of HPLC-PDA-ESI-MS/MS profile analysis

Peak Retention A Positive ion Negative ion
number time max mode (m/z) mode (m/z)
1 10.18 330 163 359 IM-HI

2 13.43 335 447 M+HI" 283

3 15.88 334 489 [M+HI" 283

4 17.24 334 489 [M+HI" 283
5 20.43 335 285 [M+HI" 283 [M-HI

3.3 in silico EfZ HHIE 0|

T FEE2 o-glucosidase, ¢-amylase= A3f|5k
I PPAR-79 &4& SAA7]1= 5 o9 P
T A7 AFEo] EuEArH12, 13]. wEhA ik
9] oot X 7E XM= SFAIA|, A7
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TZ FAHES) inverse docking WHES %83l
SMILES String @422 2442 JHE dHstd g
= RS 93 BAS A= Y715 A8 Lol
[28, 29]. 9AI=®}t docking score’t 2 8 B4
Table 43t Table 5 UYeRHAT. TF F2E9] 42
Eo| #gshs B @MESS PPAR-y, DPP IV,
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Table 4. The result of antidiabetic target predictions
with DIA-DB similarity search.

Simil-
arity

Similar Compound

Query (target protein)

Anagliptin

(Dipeptidyl peptidase IV) 0.816

Sitagliptin

(Dipeptidyl peptidase IV)
2-(methylamino)-N-(4-methyl-1,3-thi
azol-2-yl)-5-[(4-methyl-1,2,4-triazol-
3-yl)sulfanyllbenzamide
(Glucokinase)
8-Hydroxy-2,2,14,14-tetramethylpent
adecanedioic acid

(ATP-citrate synthase)

0.796

Rosmari- 0.780

nic Acid

0.765

Nateglinide
(Peroxisome proliferator- activated
receptor gamma)

0.765

Dapagliflozin

(Sodium-Glucose Cotransporter 2
(SGLT2))

Empagliflozin

(Sodium-Glucose Cotransporter 2

(SGLT2))

Canagliflozin

(Sodium-Glucose Cotransporter 2
(SGLT2))

Pioglitazone

(Peroxisome proliferator- activated
receptor gamma)

0.753

0.750

0.746

Tilianin

0.744

Ertugliflozin

(Sodium-Glucose Cotransporter 2
(SGLT2))

Naringenin

(a-glucosidase)

0.733

0.957

Luteolin
(a-glucosidase)

0.944

Quercetin

(Bstrogen receptor) 0-917

Acacetin

Myricetin

(Tyrosine-protein kinase JAK1) 0.888

Trans-resveratrol

(Bstrogen receptor) 0-869

3.3.1 Rosmarinic acid

Rosmarinic acid+s oregano, sage, mint, sweet
basil, perilla 5 Boraginaceae$} Labiatae A
g8 dAsEE EdueoltH30, 31]. rosmarinic acid
= Al 95 ¢ 59 Yol ¢EA Atk
[32-34]. DIA-DBZ ©l-8% A=t docking At
rosmarinic acide BxH A& BHloz & Iz
DPP IV, glucokinase, PPAR-y 59f 2-&5l= F=3}
SARE 25 7PH2H aldose reductase, PPAR-7,
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Table 5. The result of antidiabetic target predictions
with DIA-DB inverse docking

Query Target Protein D;')Cc(l:gg
(PDB code) (kcal/mol)
aldose reductase (3G5E) -10.5
Free fatty acid receptor 1 93
(4PHU) )
Retinol-binding protein 4 01
. precursor (2WR6) ’

Rosmari-

nic Acid Peroxisome
proliferator-activated receptor -9.0
gamma (2FV])
Corticosteroid
11-beta-dehydrogenase -8.9
isozyme 1 (4K1L)
Corticosteroid
11-beta-dehydrogenase -9.8
isozyme 1 (4K1L)
Peroxisome
proliferator-activated receptor -9.7
delta (3PEQ)

Tilianin R
Peroxisome
proliferator-activated receptor -9.5
gamma (2FV])
Dipeptidyl peptidase 4 (4A5S) -9.4
Pancreatic alpha-amylase 88
precursor (4GQR) )
Retinol-binding protein 4 97
precursor (2WRG6) :
Aldose reductase (3G5E) -9.2
Peroxisome
proliferator-activated receptor -9.0

Acacetin gamma (1FM9)
Free fatty acid receptor 1 88
(4PHU) '
Corticosteroid
11-beta-dehydrogenase -8.7
isozyme 1 (4K1L)

11-beta-dehydrogenase 5ol & Zsl= A2 4
S tH(Table 4, Table 5). o]+ o]d9 Ar1ee &
Aoh= ZAOC & Zhang 52 rosmarinic acid’} PPAR-
72+ 5" AMP-activated protein kinase alpha (AMPKae)&
&gkl AL BHastAtH35]. Kang 6
grandifolia®] B2]25E rosmarinic acid FEAIE
2519 aldose reductase &/ A &5 HIISH
A3} [Cso #ol 0.30 pM=E A7) /82 FRlstoltt
[36]. T3, rosmarinic acide DPP 1Ve] A3l G759
ICso #o] 14.1 pM=E B =|ITH37]. webs DIA-DB
o] 7S & APt f& SRITE 4= AT

Salvia

S
o=
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3.3.2 Tilianin

Tilianine 3= 213935t DIA-DBS] 7Ht &4 2
= o] 38MEo] sodium-glucose cotransporter 2
(SGLT2) ¥ PPAR-79] AdfA= &HX =T} FAHE
7} &3 PPAR-y, DPP IV, corticosteroid 11-beta-
dehydrogenase, a-amylase S°j 2 ZgsH= 2oz
A& A}, Tilianin o8] 4&A ingredient® A}
253 loH[38], tilianine L 245, FASH,
FAT PS5 18U ¥ I A' FF 5o] €A
QItH39-41]. 3] tilianing 2|3t B 2 ratofA
N F 2,

O o=

triacylglyceride 18] cholesterol
ZaAFoH, o]AL adipose tissuedA] PPARe 2
Z1sto] PPARy £ S48l ] fiEoz AR
[42]. SFAIRE tilianin®] SGLT2, DPP IV, Corticosteroid
11-beta-dehydrogenase, a-amylase®] T[X|&= AjE]
/30 tiste] HuE A= EAT 4 gl webA
in silico % AW FE FF oo gt A7t e
g Zog AZbHE

o
=
ar
=
oH

3.3.3 Acacetin
DIA-DBY] AM A3} acacetin® B @A E ¢

=
-glucosidase, estrogen receptor, retinol-binding

protein 4 precursor, aldose reductase, corticosteroid

11-beta- dehydrogenase 12|31 PPAR-y&°| 9=
=9t} Acacetin® AAA 0] &3] A5l 298

flavonoid& AFRS, AART sl FY St 1
1 FJHpolHA T ohgRt AESHH EA4o] gEA
=< FE2S vty QJrH43, 44]. Acacetin®] FH &%
T} AL estrogen receptorol] At 4= UtH=
Z3} aldose reductase?] AEITT = Zlo] LA
45, 46]. ESE acacetine GLUT4 &% o0& I
GOl 5 SXgH47]. 1A% DIA-DB7} 9
EfAlof A g-glucosidase, retinol-binding protein 4

=3
=

precursor, corticosteroid 11-beta-dehydrogenase
18] PPAR-y tigt A¥H A= oA 7hA] WiE o]

2uT1 2

A At wEbA FE olof tigt Aol WS in
silico A& A2 RE JA4E 5= ok
3.4 FEE00| ME MM ==

& 271& FH3fel] Aot 771899 TRET
E-oerge E3HE dEjoto] IS &I o
HPLC-PDAZ &%3%t Z2utE 7oA 13 WAL o]
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e gt Aotk 121 7+ JEESE &5 2ot
A g g el T FEedE Eloke Solvent Ros;rz;mic Tilianin Acacetin
AL TS &Y - FAo] &&2 4 Aok Rosmarinic
acid, tilianin 2]1 acacetin®] & &WE €5t Water 03 b 20
o] 223w AjjHol Feko] WslE Aftidol W o 20% Ethanol 0.5 28.4 22,5
9| 2] ehfolnt. % Bae) 108 Bge) 25 o oo | T2 LI
8uhe Y7 T BEO| 4L thg eoH ol gy - Tt | B9 G
S olmfat the HPLC-PDAZ H493t9itKTable 6, 80% Ethanol 100.0 100.0 100.0
Table 7). 7t RS WekgolN 71 22 482 2 0 22 22 |
E59lom HegeE 7|08 F4do] BolA AL &=of
A AEQ] &) 1At Table 6). Acacetin®]

F& A9 oHoAEolE, Hetg, SEERFI 7 4. A=
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FEFS HlasiR. 24
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40%0l A FE ===
EF

jul

go 50

= T

S =2 882 BT £ S A0 JESHUY. I8
AT o AFE SERS o EE 7R AdE

SAFoIAE 2 Aolg HolAe ¥t

.|

Table 6. Relative content of constituents when
different extraction solvents were used
(ND: not detected)

Solvent ROSHlF:lI‘iHiC Tilianin | Acacetin
acid
Water (1.00)* 1.0 0.9 2.9
Methanol (0.79) 100.0 100.0 100.0
Ethanol (0.65) 35.0 63.8 84.6
1-Butanol (0.59) 2.0 8.7 50.7
Iso-propanol (0.55) 11.4 26.3 53.1
Acetonitrile (0.46) 5.9 19.5 50.9
Acetone (0.35) 19.5 50.7 73.3
Chloroform (0.26) 0.2 18.6 75.0
Ethyl Acetate (0.23) 0.1 2.1 63.2
Hexane(0.0) ND ND 0.6

“solvent relative polarity index
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