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a-glucosidase inhibitory active substances

Min-Seon Kim' - Jong Beom Jin' - Jung Hwan Lee'

Cheol-Ho Pan! ® - Jin-Soo Park’

A+&3 HPLC/SPE/HPLC A% (Sepbox system)S &-83F L
(leaf of Capsicum annuum L. F2F %8 ¥

g4 224 ¥4

ARA - AFH! - AW - G- HAE! . A

- Hye Suck An? -

3 9l
a-glucosidase ‘2]21]

Received: 24 December 2020 / Accepted: 30 December 2020 / Published Online: 31 March 2021

© The Korean Society for Applied Biological Chemistry 2021

Abstract Phytochemicals include plant-derived natural products
that promote and improve the human metabolism and physiological
activity, and there is a lot of research to find the value of the
molecules is in progress. Likewise, we obtained 288 fractions of
Capsicum annuum L. extract in less than 20 h using HPLC/SPE/
HPLC coupling experiment through Sepbox system, an effective
separation system to search for active substances in natural
resources and ensure efficacy and reliability. Therefore, this
experiment allowed rapid identification of biologically active
molecules from the extract compared to traditional separation
processes. Of the above fractions, eight fractions showed the o-
glucosidase inhibitory (AGI) activity and subsequent LC-MS
analysis revealed one of the active molecules as luteolin 7-O-

Jin-Soo Park (D<)
E-mail: jinsoopark@kist.re.kr

"'Natural Product Informatics Research Center, Korea Institute of Science
and Technology, Gangneung 25451, Republic of Korea

“Marine Biology Research Division, National Marine Biodiversity Institute
of Korea, 75, Jangsan-ro 101-gil, Janghang-eup, Seocheon-gun,
Chungcheongnam-do 33662, Republic of Korea

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

glucoside. In addition, we proved the increase in AGI activity
according to deglycosylation of flavonoid glycoside. Therefore,
this study suggests that the Sepbox system can quickly separate
and identify active components from plant extract, and is an
effective technique for finding new active substances.
Keywords a-glucosidase inhibitory activity - Capsicum annuum
L. - Deglycosylation - Sepbox system
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Sepbox  system-= high-performance liquid chromatography
(HPLC)®} solid-phase extraction (SPE)S] A58} 2&-2 7|6k
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et =& 398 5o e 7HIAL v [10]. B9 R
o= FAsle ditow AZEsk] JE EES WEL ®
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A= AL ASL[11], Aefsiadelibtol xRt Ejuetelr = gkl
A1EAE AR ZATH12-14]. ZXF+= dlE 38HE, carotenoid,
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A eSSl ol2ldt e FE s 9T
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Table 1 1™ Separation condition of Sepbox system

sol 2FEE CPIZ 2Asle] 2o At

Sepbox chromatography separation

Sepbox AlZ=#l-& HPLCS} SPES] A& ZA3slal HPLC/SPE/
HPLC 2742 Ag=e] 22 Eel7t 7Fseh 7leeltt. # <
To|A= Sepbox 2D-250 A]2~%l(Sepiatec GmbH, Berlin, Germany)
S olgsl] IF Y FEZE(CPE EUSINoM, sepbox #
gL oS3} 72t} C4 reverse-phase resin (Sepiatec) 0.8 g
of F&=F 025g2 FFAZ ¥, C4 reverse-phase HPLC
columns ARE-ste] 127H9] o= Felsiilern, ol g
B2 12719 SPE trap column®Z ©]%53}A| ¥, z+ SPE
column?] #&2 C18 RP HPLC ZAHA HFHoz He
Hr} o]5& UV (254nm) 2 ELSD ZAE71E S E45A
o, F 288719 AR (1~12T-1-242 BH)S et} 2
g 242 Table 1, 20 YERARAT

HPLC ¥ LC-MS, UHPLC-HRMS analysis

HPLC #2498 $I3] Agilent 1200 HPLC/MS (Agilent Co., Santa
Clara, CA, USA) AH]E AL8-319991, columne Phenomenex
S5um C18, 150x4.6 mmE AMS-3IATE BAZ7AL 0.05% FA
(formic acid)Z 3F&-3 water9t acetonitriles AF&-3}e], 0.7
mL/min®] <, 10 uLe] AEE FYU3l gradient 2 (ACN
10-100%)°. = 302 &<t #4183tk UHPLC-HRMS #4718
#3 Vanquish Flex UHPLC/Q-exactive Orbitrap MS (Thermo
Scientific, Waltham, MA, USA)E A3} 0.3 mL/min
402 1087 HPLCSt 593 §ujzAdos #A3H3T

a-Glucosidase inhibitory activity assay

o-Glucosidase= 2] Ut Eajsls GEIMNGAZA 0|52
AsAle BrshEe] IEPoR A5tE AAAFOEZMN, I
A& #ALeA7E 98-S ). o-Glucosidase inhibitory activity
o] e oS3 7t} AE 2 Lol 125nM o-glucosidase
4 (Sigma-Aldrich, St. Louis, MA, USA) 40 uL, 200 mM
potassium phosphate buffer (pH 7.0) 38 uL= &3t 37°C
oA 1047} wiFst & 2.5mM p-nitrophenyl oD-glucopyranoside
(Sigma-Aldrich) 20 pLE 37}¥ste] 37°Ceolld 20 7+ WH3AIZ
o} °]¥, 02M sodium carbonate (Sigma-Aldrich) 75 uLZ
3-8 AAAIA 405 nmellA S5 SA AT AaEde

o 2ol ARkeltt.

1™ Separation Elution time (min) MeOH/water (%) Flow rate (mL/min)
0-4 0/100 4
4-7 0/100-2/98 4-5
7-10 2/98 5
CHRP HPLC column 10-14 2/98-15/85 5-6.5
14-44 15/85-90/10 6.5
44-50 90/10-100/0 6.5-5
50-65 100/0 5

*Water pump flow (mL/min): 0-16 min: 0, 16-18 min: 9, 18-22 min: 9, 22-26 min: 9-8, 26-30 min: 8-7, 30-40 min: 7-6, 40-43 min: 6-5, 43-55 min: 5-

3, 55-60 min: 3-0
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Table 2 2™ Separation condition of Sepbox system

2" Separation Elution time Acetonitrile/water Flow rate (mL/min)
0-4 min 5/95
SPEI 4-48 min 5/95-15/85
Trap 1 a . 3
Column 2.4 48-53 min 15/85-45/55
53-65 min 45/55
0-4 min 9/91
SPE2 4-48 min 9/91-24/76
Trap 2 . 3
Column 2.4 48-53 min 24/76-48/52
53-65 min 48/52
0-48 min 13/87-33/67
Trap 3 SPE3 48-53 mi 33/67-59/41 3
rap Column 2.4 -2 min )
53-65 min 59/41
0-48 min 14/86-37/63
Trap 4 SPE4 48-53 min 37/63-63/37 3
P Column 2.4 !
53-65 min 63/37
0-48 min 19/81-43/57
Trap 5 SPES 48-53 mi 43/57-67/33 3
rap Column 2.4 72 min )
53-65 min 67/33
0-48 min 25/75-48/52
Trap 6 SPE6 48-53 min 48/52-71/29 3
P Column 2.5° !
53-65 min 71/29
0-48 min 32/68-58/42
SPE13 .
Trap 7 Column 2.5 48-53 min 58/42-78/22 3
53-65 min 78/22
0-48 min 38/62-66/34
SPE14 .
Trap 8 Column 2.5 48-53 min 66/34-85/15 3
53-65 min 85/15
0-48 min 45/55-72/28
SPE15 .
Trap 9 Column 2.5 48-53 min 72/28-92/8 3
53-65 min 92/8
0-48 min 56/44-83/17
SPE16 .
Trap 10 Column 2.5 48-53 min 83/17-100/0 3
53-65 min 100/0
0-48 min 60/40-87/13
SPE17 .
Trap 11 Column 2.6° 48-53 min 87/13-100/0 3
53-65 min 100/0
0-48 min 67/33-95/5
SPE18 .
Trap 12 Column 2.6 48-53 min 95/5-100/0 3
53-65 min 100/0

A: Column 2.4: YMC-pack ODS-AQ HG, 250x10.0 mm, 10 pm
B: Column 2.5: Phenomenex Luna C18, 250x10.0 mm, 10 pm
C: Column 2.6: Phenomenex Luna C8, 250x10.0 mm, 10 um

Inhibition rate (%) A7
:[1_(Abssample_AbSreference)/ Abscomml]>< 100: % O\j?'oﬂ}‘:l —’Fsﬂ 53_ 7 H\%sﬁ% CPI 5 mg/mL (MCOH) swater:

MeOH:3M HCIE2 mL:3 mL:5mL:0mL (control)/2 mL:2.7 mL
:5mL:0.3mL (Final HCI conc. 0.1IM)2mL:1.5 mL:5mL:1.5 mL
(Final HCl conc. 0.5M)22mL:0mL:5SmL:3mL (Final HCI
conc. IM)Z ZzF &3F 3, 60 °CollA 1, 3A17F <t vESAIA

Absgmpie: Absorbance of the sample
Absp: Absorbance of the sample reference
AbSconrol: Absorbance of the control
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Fig. 1 HPLC chromatogram of CP1 sepbox subfractions The molecular weight of the main component is indicated in parentheses
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Sepbox chromatography 43 £4] € g¢-glucosidase inhibition
activity

CP1 250 mgS- Sepbox chromatographyS ©]-&3}] 20417t ]
el 28871¢] Aoz Fejslglon, I AEgES] HPLC
AZeEIHL Fig. 19] YeRIAT Fig. 1014 Heole tiE,
Sepbox system2 53l CP1 1-371¢] 33MES E8cH AFES
o2 B ¢ dom, Fo ARE AZE 2047 oy
ATE 2EE F U= FEOE Ut ® AR AAdE
= AEE LC-MSE Fal 43 43, UVETAYERY &
A ARE BRSO =E 4T-102 luteolin 7-O-(2"-O-apiosyl)
glucoside (L7AG), 4T-112 luteolin 7-O-glucoside (L7G), 4T-
132 apigenin 7-0-(2"-O-apiosyl)glucoside (ATAG), 4T-07-

il

luteolin ~ 7-O-(2"-O-apiosyl-O-6"-malonyl)glucoside ~(L7AMG),
5T-09+ apigenin 7-O-glucoside (A7G), 3T-11-> apigenin 7-
O-(2"-O-apiosyl-O-6"-malonyl)glucoside (ATAMG)S.Z FG=%]
TH(Table 3).

o]F Z} A2 E9| q-glucosidase inhibitory (AGI) activity
= 451 S8l s5 F, 247 DMSOel 8siA1ziH. AGI
23 A3, 3T-13 (23.13£7.61%), 4T-11 (44.20+5.55%), 4T-18
(25.26£5.76%), 4T-19 (24.17£7.01%), 5T-13 (37.94+9.16%),
5T-14 (61.2542.16%), 8T2 (67.03+£5.90%), 9T-2 (31.99+10.26%)
2 Z g9 ABIE0] AGI activityS: 7= AL E Uk
ThFig. 2). 7] &8e] SELS A 918 LC-MS
A4S FYsiaih

4 £3E9 LC-MS ¥4

248 YR AEES LC-MSE Fdl BAsilen 1 Ax
3T-133F 4T-11914 EA3F 448 Da2] luteolin 7-O-glucoside
(L7Gy7F ERI=EUA AGI 848 Ued F7HEE 4T-18,19,
5T-13,14914+= 283 Daz} 313 Da®] #A15, 8T-02, 9T-02914]

Table 3 UHPLC-HRMS analysis results of luteolin and apigenin glycosides contained in CP1

Retention time Molecular Delta Theoretical .
. Peak Mass Corresponding molecule
[min] Formula [ppm] mass
(1?32)* 581.1519 Ca6HagO5 3.03 581.1501 luteolin 7-O-(2"-O-apiosyl)glucoside
3.75 . .
(1227)* 449.1097 CaiH1 00 4.17 449.1078 luteolin 7-O-glucoside
3.99 N " . .
(12.75)* 565.1570 Ci6H29014 3.29 565.1552 apigenin 7-O-(2"-O-apiosyl)glucoside
(]32'450) 667.1517 CyoH3,015 1.77 667.1505 luteolin 7-O-(2"-O-apiosyl-O-6"-malonyl)glucoside
4.13 . .
(13.30)* 433.1145 Cy1H21019 3.57 433.1129 apigenin 7-O-glucoside
432 . ) ] : )
(13.83)* 651.1580 CyH;3,0y7 3.75 651.1556 apigenin 7-O-(2"-O-apiosyl-O-6"-malonyl)glucoside

*HPLC retention time
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4T-11
3T-13 4T-18/19
Q
S
=
S
X
=
-
=
[
Sample Inhibition (%) Sample Inhibition (%)
Control - Acarbose 55.40+7.61
3T-13 23.13+7.61 4T-18 25.26+5.76
4T-11 44.20+5.55 4T-19 24.17+7.01

Fig. 2 a-glucosidase inhibition activity of CP1 sepbox subfractions (1T~4T fraction)
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18.32+0.58

0.18+2.47
-3.10+18.44
92.87+19.37

16.55+5.06
-8.82+11.71

Fig. 3 AGI activity comparison result of luteolin, apigenin, and its glycosides
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luteolin®] HiBZAZ A7GS A AGI 84S VeIt B
o] ArH23,24]. 2L} B AT ATGE 2T AEF A
= @40 YEA ¥U=dl o= CP1oA L7GE] dHrE9
vl A7GS] o] oMl 7k w7 wleo R FYEh(Fig. 5).
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100.65
93.17

61.61
50.50
0.00
Control Acarbose CP1 CP1-0.5M AH CP1-1M AH
Sample AGI activity (%)
Control 0
Acarbose 50.49+0.93
CP1 61.61+2.53
CP1-0.5M AH 93.16+1.21
CP1-1M AH 100.65+2.24

Fig. 4 Results of changes in AGI activity following deglycosylation of glycosides
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o] ANt S7HEel wEl AGIEAo] Aade A 39l
S QUSUT ol9F 7 AAte] FABAIE BWEs] a7]
F7HQ A5 T

Luteolin?} apigenin B 3452 a-glucosidase inhibition activity
Luteolin, apigenin, L7G L7AG, L7AMG, A7G A7AG, ATAMG
2 Zb2F 20 pg/mLe] F=E dlo] AGI activitys =33 43},
luteolin  (78.21£2.55%) > L7G  (18.32+0.58%)>L7AG (0.18+
247%)>L7AMG (-3.10£18.44) =02 o] Z+A4silon,
apigenin (92.87+19.37)>A7G  (16.55+5.06) > ATAG (-8.82+
11.71) =2 apigenin B8t 5U3 A5 BATKFig. 3).

A AFE e E B AFAES CPlol XEE luteolin
apigenin®] WZAZ deglycosylation A2 ¢, FE=2] AGI
o] T AYES 7HEsIaL, ols FHaI9ls] CPlell
HEZR SSrAES o] 8sld AExsks AAssoy 3
o] 7irES] MRS ERISIRE= E-51%) 3 (data not shown) F7
Aoz AIHHCHE HEsle b iislE Rasd. gds)
(deglycosylation)el] & &4 WS =AM A3, CPL 05
mg/mL (61.61£2.53%)°] Hl8] 0.5M HCIS 53 €33} A8
(CP1-0.5M AH)YE 93.16£1.21%=Z AGI 40| °F 32% =7}
319em, IM HCES: 53l €93} A|E(CP1-IM AG)E 100.65+
224%% °F 39% Z71SATHFig. 4).

T, 7] WESAIEE HPLCE S5

{1

> o

243k 23, CPl

Well EA81d L7AG 2 ATAG7} L7GSH A7GE g@33te A
< FRIeAthFig. 5). 1o A4E Fal gzt o3
glucosidase inhibition E/d¢] F7IstE A& ERIsHATH

o~

z #F

Aol &85t Sepbox AlLHE HAES Ao ¢33}
FEol B 7R B EFEE 4&3H EElshe AlH
o, 4/§e] HPLC ZH, 1270¢] SPES ZF, ¥ 2t HE7]
9 UV #E717F A= At o8 g HPLC/SPE/HPLC
coupling systems F3ll 2077+ ool 2887H¢] CP1 AE-EE
S =8 4 Ao, UHPLC-HRMSE 53l Iluteolin}
apigenin®] HEA ¢l L7G L7AG L7IAMGSF A7G, A7AG,
ATAMGES Zelslgith. CPIS AREHo| FEelale] Az
o2 ghfFo]l e EFHE B43717F oJE%u, Sepbox
systeme o]g3le] WFEHES W=y gHFow Hi 2 &
28 = AL} o]9} 7+ Sepbox systemS HAE Ha] A
of A&zl E2 &84S UeRd ol AlEHT
SepboxS 53 A2 AFEIEES AGI activity 58S 53
e IRIFILE o8 AEE 5, Shhs 4489 EAEFS 7
A& L71GE T2 Fgt slo=2 RIFUTE AGI 8488
B L7GE o9 Bad A7+A323]19F Y3 SepboxE
B8 Edo] adHozm EIHUSE A o yolrt,
L7G¢} "RPIAR apigenin®] HIZA] A7GE AGI &/0] B
TEo] JET24], B A7 ATGE I LRI E T
Aol YehA &dth ol& CPlolA L7GS] 8h-2kll ns)
A7GY] $HrEel 19 T2 W] WiEeE FAHECH ywz|
FEZ 9] AR S SIS FHHCl ATE 8 Folth
TSl 2= Sepbox AEEE AGI €4S Hwsd F,



J Appl Biol Chem (2021) 64(1), 25-32

31

0.SMHC13h

0.IMHC13h

CP1

Apigenin 7-O-glucoside

Luteolin 7-O-glucoside

T —T T T T T T
8.00 9.00 10.00 11.00 12.00

-— T
13.00 14.00 15.00 16.00 17.00

Minutes
RT Corresponding molecule Area %%
Extract 0.1M Acid hydrolysis ~ 0.5M Acid hydrolysis
11.84 luteolin 7-O-(2"-O-apiosyl)glucoside 62.00 15.66 1.22
12.27 luteolin 7-O-glucoside 9.43 56.16 70.19
12.75 apigenin 7-O-(2"-O-apiosyl)glucoside 25.71 7.21 1.39
13.3 apigenin 7-O-glucoside 1.77 20.98 27.20
13.83 apigenin 7-O-(2"-O-apiosyl-O-6"-malonyl)glucoside 1.09 ND ND

Fig. 5 HPLC chromatogram analysis result after acid hydrolysis of CP1
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