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Abstract

Penthorum chinense Pursh is a plant belonging to the Crassulaceae family and is a representative perennial herb
that grows nationwide in watersides and wetlands. This study was conducted to enhance the competitiveness of
wild plant seeds and contribute to the conservation of species diversity through the evaluation of antioxidant and
antidiabetic activities of P. chinense seed extracts based on extraction solvents. The total phenolics content was
19.83 mg GAE/g seeds in the 75% ethanol extract, whereas the flavonoid content was the highest (10.89 mg QE/g
seeds) in the 75% methanol extract. Total phenolicss content was higher in the organic solvent extract than in the
water extract. The DPPH radical scavenging activity was the highest (ICsy 27.60 pg/mL) in the 75% methanol extract,
and the ABTS radical scavenging activity was the highest (ICso 53.54 pg/mL) in the 75% methanol extract. Total
antioxidant capacity was the highest (30.87 pmol AAE/g) in the 75% ethanol extract. The a-glucosidase-inhibitory
activity was the highest (ICs) 46.47 pg/mL) in the 75% ethanol extract. From the results of this study, it was confirmed
that P. chinense seed extracts, which possess high phenolics content, exhibit antioxidant and antidiabetic effects,
and could be used as an effective health functional food material and natural medicine.
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AlE AR Y S =ol7] 9% ST R AE 5
22 984 Wbt ot ol f-E4el skl o
22 A0 BAY M dEEN AME 5 e TRt
FEee T ARE AlER AAES ohedt 29
A5 9 37 L= Flof AREEo] har, 11 J50] =Sl
tHBrown, 2016). HIEAR] &= 9 Bsl=2= AHE
S AUollA EAgs= Akst AEF A0 it HlolsE S
il 4t 58} AW g AlZEe 54521 a-glucosidase]
RS TR 1S oste] Erge] 84 o
Ak Fee o] Itk 4B FEBole Fopnicol=
E3ohe vl SRMEes Bol Xtks 20w 4
U=t ol2fdh 22 hAKIES A 58 9 Pk &
2 5ol A8 Ak AR T, 4F 339 o T2
W) R A 2021 9 7 HY Ame] o v
Elo] Qo] H W2 F52 ¥l 9ltkBuelga 5, 2019). A
HHog o3t AFELS 20199 FW AFYE F 798%F
AAsto] F A7 EH AL Qs TRt THgERkE AT 4
9le Ao& 7| EKKDCA, 2019; Zhang £, 2015).

YR} (Penthorum chinense Pursh)y= 71 &A|ofA]
AZHOR AN A TP ot T LAt
o] AZAIE o E Sl iE) g, 1HHe |
5°| Y93 2 H(Hu 5, 2015; Lin 5, 2018; Xia 5, 2012),
FYoAE gF 27 A Zk o2}t Kim, 2015)2} Z2Hdl 4]
2 HYSAA oF k3t o 850] Utk R
(-)-epicatechin gallate AJ3-9] ZA|7} H 1% cHKwon 5,
2019). sHARE o|Egt -84 Bt ABAIE o=
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9] 25/15C(12/12 h)ol|l A FFEokE 89+5%F SIS
AR 222 &, 75% olehE, 75% HEhE F55 ot
= FEE2 S5 10819 = 7Isto] 40T 9] shaking
incubator(JSSI-100C, JSR, Gongju, Korea)oll4 2248 h)7t
ZZ30Th 75% of[EkE, 75% HERS 228 7171] 104]
9] RS- 75l0] AR2-9] shaking incubatorof A 2248 hy7t 3
2ol9l) AZE 222 oTK|(No20, 110 mm, Hyundai

Micro Co., Seoul, Korea)g ©J|-83dlo] oJi}st & Eyela
evaporator(CVE-3110, EYELA, Tokyo, Japan)Z 79} 5=
ofo] BuE Hs] AAE & distilled water?} dimethyl
sulfoxide(DMSO, Sigma Chemical Co., St. Louis, MO,
USA)E =0] -20T0f HysPaA] & Ao ARgstSict &
Z FE&2 5 75% oEkE, 75% HgkEo] ZHt 3.7340.1,
6.58+0.0, 5.73+0.0%= LFEFLE.
Zh=sd sEteE BE &4
ZHEA SRHE RS Ainsworth®} Gillespie(2007)2]
ubo] wet 2T AlE 20 uLo] 40 pLo] EFso]
21 0.4 N Folin & Ciocalteu’s phenol reagent(Sigma Chemical
Co)E 4ol & SExt AT &, 140 L9 700 mM
Na,CO; & YojFal ARRoA 2A]17F WS & microplate
reader(Multiskan go, Thermo Scientific, Vantaa, Finland)S
ol-g3lod 765 nmojlA BN FFEE S5l HE
E4 =2 gallic acid(Sigma Chemical Co.)E 3)4lsto] HZFA
2 wiEol, 33 U FuE4 SR W BAsr,
SEHL0|E Y £
&2 0L A2 Chang 5(2002)2] WHe] w} &
Aokt 100 pL Al=o] 300 pL EtOH(Daegjung, Siheung,
Korea), 20 pLe] 1 M potassium acetate(Junsei Chemical
Co., Tokyo, Japan), 20 uL2] 10% aluminum chloride(AlCl;,
Junsei Chemical Co.), 560 pLY £5+5 Wil 385 &
F2olA 3027 BEEAIXL & 96-well plateo]] 25
microplate reader(Multiskan go, Thermo Scientific)& ©]
3ol 415 nmollA] ¥LSol0] FHES STt BEE
2 quercetin(Sigma Chemical Co.)& 3]4sto] AFHE 7
FEehaolS PFS BAlS

ool
o

o
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(=

Sol, $2%
DPPH 2Tzt 4745 B3}
R
74 Bo] A HRIoE A4 Re T webig
== DPPH 247} Shgofio] S5t AlRet TUEIRe
o) e H AT Foh Wos BAS of8sio] Jaist
39S Yrlsk= Wo|th(Alam 5, 2012). DPPH radical A4
22 Molyneux 5(2004)9] 132 Farsto] ARESIIH: Al
= 50 pLofl 150 uLe 0.1 mM 1,1-diphenyl-2-picrylhydrazyl
(DPPH, Alfa Aesar, MS, USA) radical -2 Z3l6}o] 305
7t G40l A HESAJFTE 1 Zof] microplate reader(Multiskan
Go, Thermo scientific)E ©]-85}%] 517 nmof|A] ¥-3-H9] &
BEE S5 AR Blank= AlRE A5 ¥l Al
T 34 guiE 7K Ao & sfo] oo} T2 HHog
FF=E 27453t DPPH &tz 4752 olF9] A9
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ool MRS el F 50%2] 27458 Lehiis A2
9 ICsy S oty PAYRFO=E ascorbic acid
(Fujifilm Wako Pure Chemical Co., Osaka, Japan)& AR&-5]
of ICse AAISISATE

DPPH 2Hejz 47%5(%) =
| AmEtd g8
e s

)x100

ABTS 2t0|E 275 E7t

ABTS 22 £75 B7k= ABTS 9} =3t AR
potassium persulfate@} ¥-3-5l0] A= HEAO] ABTS
Hpaglo] S:Agolis0] 94t Almo] of3) g WA
e B4 olgsle] WSS WK Woltt
(Hernandez-Rodriguez &, 2019). 2,2'-azinobis(3-ethylbenzo-
thiazoline-6-sulfonic acid)(ABTS) radical 2752 Pellegrini
5(1999)9] HRe HPste] S, SF 5 mLI
140 mM potassium persulfate(K,S,0s, Acros oragnics, Geel,
Belgium) 88 pLE 713t & A|2Fof] ABTS diammonium
salt tablet(Sigma Chemical Co.) 222 20] 7 mM ABTS &
|AZS vh=0] Aol 14-16A17F WAAIZ] &, o5 ok
¥ 1:889] HlZRE Aol 734 nmoj|A SA% S35 4ol
0.70+0.027} H =% &3 ABTS solutionS A|2FOZ ARE-
St A& 10 pLe} ABTS solution 190 puLE 96-well
plateof] B35t & 25 30%7t W35} microplate reader
(Multiskan Go, Thermo scientific)S ©|-85}0] 734 nmoj|A]
urgolo] LS SAsn AR FHATE ARE A
2J5tA) ok Az B4 e W/ 20R Slo] Slot Ze
WHOR FYEE SYSIGh ABTS iz 2A5L of
of AJof w} Mgz eRi F 50%0] A7%5S ehiis
A& EER G 242 7ot FIHELOR 2,6-divtert-
butyl-4-methylphenol(BHT, Sigma Chemical Co.)& AR8-5F
o] ICso= AAISIRH-

ABTS }ejZr 27)5(%) =
| AmEtd g8
e gas

)x100

S 53 "ot

Phosphomolybdenum 4 B*H-2 AJ50f 2J5) Mo(VI)7}
Mo(V)Z SHE|o] 4 pHOllA =42 phosphate Mo(V)
B AR B4L olgsiol B3 5L Wrlel
HFHolthAlam 5, 2013). A} 522 Prieto 5(2013)]
phosphomolybdenum £4 o] welt 2451t 0.588
mL9] sulphuric acid(Kanto Chemical Co., Tokyo, Japan)°]|

0.049 g ammonium molybdate(Kanto Chemical Co.)2}
0.036 g sodium phosphate(Daejung)S 21 S5 10 mL
o Brjg BHZ solutiong Ak R ALGBIITE AR 10
uLe} A|2F 190 uLE 96-well microplate©] £555F & 95T
A 1AIZF HESAJZ] & microplate reader(Multiskan Go, Thermo
Scientific)Z 0 §31e] 695 ol A] WG| FHEE 57
sttt HFEEZE  ascorbic acid(Fujifilm Wako Pure
Chemical Co)Z 31430} AZAS ThEo], 232 1) 23}
A} 5 g BRI

o-Glucosidase A&y H7}

a-Glucosidase A& Agada 5(2020)9] w0 u}
2} 24313tk 1 unit/mLe] a-glucosidase(Millipore Sigma,
Burlington, MA, USA) 50 pLof| =¥ A|ZH 20 pLE ¥
3 37CoA ARA HESAIZl &, 5 mM p-nitrophenyl
glucopyranoside(pNPG, Millipore Sigma) 30 pLE Y11 37C
oA 6087t HFS-AZIck HES-Mof 0.1 M sodium carbonate
(Na,COs, Daejung) 1,000 uLE o] ¥R HAAZ &
microplate reader(Multiskan Go, Thermo Scientific)S ©]-&
5tod 400 nmojlA FFEE S45IH. Blanks= pNPGE 3
7¥l7] A S NayCO-E WA H7hsto] ARgshalom,
A ZE2 acarbose(Tokyo Chemical Industry Co., Tokyo,
Japan)E ARESIO] ICsoe AAISIGAT.

a-Glucosidase A2/ ofefje] Alof wie} WiE-g& 1}
ERd & 50%2] Asfes YEt= Alm 5%l ICy #= 7
SHTE

a-Glucosidase Ao[&(%) =

| AeEded ggE
e ge=

)x100

SAEH

= 1
HE A 33 wHEslon, A9 Axt B4 SPSS
v.23(IBM, Armonk, NY, USA)S o] &5}0] Qu]j] Haks
A8 AAI5199 1, Duncan’s multiple range testE ©]-&5}0]
ek 7F $214S pe0.05 S50l BHIATt. Eek YR
2 7E olgsto] & e 7 ol4E AHHAt
am 2 2%
Ha|ck2| A 2289 H=d 3EE o
AT SAE 7718 9 = ol 8% 4 FEES
Ao g FHsl sRiE I 92 SEUERolE S S
ALK Table 1). 1 23}, UA|cke] Z2} £, 75% EOH,
75% MeOH F&&9| sy sRkeE g2 247 897,
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19.83, 18.66 mg GAE/g seedsZ, EtOH, MeOH, & &%
02 s/ SRHES Wol FFohks 2R e &
Zatd ot §EFo] AL B, 75% EtOH, 75% MeOH 3=
250 3RS 1.99, 9.96, 10.89 mg QE/g seeds® MeOH,
EtOH, & &5 +08 Sd¢}ELo|=g Wo| 3hfot= A
o= yeistt. Ay YAveE] T2 sy SiekE
3 EgtElco|E 252 & FEET+= MeOH, EtOHS} 2+
2 F7180E o83t F=&o] t] ARl AoE YERT.
SIAGE SEF FA10] 48, R71 8 EN & FEEA BA
£ 24 o} o =A YER]E sEAWKXanthopoulou 5,
2009), A5 EAA= R MeOH 28004 & 55
E50t v =4 UeEh7]x shoi(Elfalleh 5, 2012), 8]
02 FHsA SRMEC] 32 v Fo vt tg& oz
TEt 7B A 24E Sued SREE SRR 75%
EtOH 3ZE9] 19.83 mg GAE/gO & 7|&o| B 1% ul4t
E Z219] ethyl acetate -3E(17.03 mg TAE/g), oF}&A
SA] & F5E(4.23 mg GAE/R), A& A MeOH =&
E(11.84 mg GAE/g)Ett =4 YEIL{THElfalleh 5, 2012;
Jang¥} Park, 2017; Jo 5, 2014).

Uzicte] 2 &89 DPPH 20| ANS
gAohe] 32 259 s 4 S
DPPH 22 275 B71s $5I{th(Table 2). YA|o

Table 1. Total phenolics and flavonoid contents of P. chinense
Purch seed extracts using different extraction solvent

Extraction ~ Total phenolics content Total flavonoid content
solvent (mg GAEY/g seeds) (mg QE"/g seeds)
Water 8.97+0.29° 1.99+0.10°

75% ethanol 19.83+0.07° 9.96+0.25°
75% methanol 18.66+0.19° 10.89+0.19"

UGAE, equivalent to gallic acid; QE, quercetin.
IMeantSE (n=3) within each column followed by different letters are
significantly different (p<0.05).

ZA}+ &, 75% EtOH, 75% MeOH 3252] DPPH 2}t|zh 47
5 1Cs 2 27 4265, 30.09, 27.60 pg/mL2 UeRt). A7}
402 MeOH, EtOH, & &% 2% DPPH 22 &7 5
o] && 708 YEtom, 53] 75% MeOH F&&°IA 7F
Z3%t DPPH 2H]Z 4750] Uit T=u et ikt
Az g B AY9] tjZFTL L-ascorbic acid(Padayatty 5,
2003)2] 1C5<! 20.00 pg/mLETH= e S-S LERT

S2ci2| Sk £E82| ABTS 2ICIE 276

A A 3520 S BE S| Sl6
ABTS 22 275 B7HE 5t (Table 3). At
Z2t &, 75% BtOH, 75% MeOH $&E9] ABTS =iz
2A%S IG5 3HS ZH2F 7213, 58.31, 53.54 pg/mLE Vet
t}. Ax¥}xog DPPH gtjd AAS Hriel upivixz
MeOH, EtOH, & F&& <927 ABTS #Hd £&A5°] &
A Yepon, E3| 75% MeOH FZEojA 718 733t
ABTS 2 &755 ERIsI3ion, oAl Axe} it
A& & FEEE0e 718 25804 B & 242
LERY. FHASHAl A== FAISHAI]] BHT (Yehye 5,
2015)9] IC5?! 13.70 pg/mLETH= Y2 2-4do] YeRgth

Gkl £2 2&80] BB

St 7 2220 P BHLS 2] 9
phosphomolybdenum & ©]-83t FFiS} 582
319ItHTable 4). UA|the] £2F ., 75% EtOH, 75% MeOH
F2EY T & 50 ppm% WO FFARL 5L 27.26,
30.87, 28.88 pumol AAE/gO = 75% ofEke Z=ZEo|A 71
=7 Uepsth shARE o]23t Aks} 582 7)ol Bty
Lo FAO| FAS} T} H WSS 1 B2 el A
o7 UepPdthJayaprakasha 5, 2002). £ A39] A}
phosphomolybdenum £4& 7|02 shd YX|the] T4}
FEE9 T AR S W2 A o= W, toitt 5
Lol F7HAQ1 EAo] HRoT Aog AZtHE

WA P 58 B 2E SEH R A EE, 3

Table 2. DPPH radical scavenging activities of P. chinense Purch seed extracts using different extraction solvent

Extraction

Scavenging activity (%)

Ascorbic acid”

solvent 50 (ug/mL) 40 (ug/mL) 20 (ug/mL) 0 gm0 G (gl
Water 58.62+1.99%Y 45.95+1.79° 28.29+1.50° 12.80+0.42¢ 42.65+1.58°
75% ethanol 73.92+1.18° 64.38+1.09° 42.45+0.49" 22.46+0.19° 30.09::0.42° 20.00+0.48
75% methanol 77.99:1.00° 69.40+2.19° 45.74+0.77° 24.78+0. 47" 27.60+0.13

D Ascorbic acid was used as a positive control.

IMean+SE (n=3) within each column followed by different letters are significantly different (p<0.05).
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Table 3. ABTS radical scavenging activities of P. chinense Purch seed extracts using different extraction solvent

Scavenging activity (%)

ety 1o Geml) o BT
100 (pg/mL) 50 (ug/mL) 25 (ug/mL) 12.5 (ug/mlL)
Water 65.18+0.65 40.18+1.58" 20.91+1.03° 9.73+0.30° 72.13+1.53"
75% ethanol 72.3240.57° 53.3140.68" 28.66+0.42" 14.07+0.60° 58.31+0.33° 13.70+0.51
75% methanol 76.15£0.98° 56.57+2.63" 32.17+0.36° 16.61£0.11° 53.54+1.64°

12 6-Di-tert-butyl-4-methylphenol (BHT) was used as a positive control.

IMean+SE (n=3) within each column followed by different letters are significantly different (p<0.05).

Table 4. Total antioxidant capacity of P. chinense Purch seed
extracts using different extraction solvent

Extraction solvent Total antioxidant capacity

(umol AAEY/g)

Water 27.26+0.85"
75% ethanol 30.87+0.83*
75% methanol 28.88+1.67°

YAAE, quivalent to ascorbic acid.
YMean+SE (n=3) within each column followed by different letters are
significantly different (p<0.05).

rO

1)

AbsE B4 HiEo] wba] Zpoli= AN, 718 0E o]&-
YA |the] A FEES AE 2419 A RS ZA]
2 7732 7 Zo = 7IdiEn E3l w2 RIS eEE
Zk= FA 20| T, v, I o] UEil= AL
2 gRlE]o] YAt A 25 EI tRRt g &
53} o] 9IS Ao R AZtE K Baydar 5, 2005; Islam
5, 2013; Jang®} Park, 2017).

o wi

Y2|Ck2| £ &89 a-glucosidase A{3HEHd
o-Glucosidase §4= A% 9] o|gR|, 8|19 5=

SR
Loz Bofoh= B4R, acarbose} T2 T} FARE
Z5 7Y, BaljER] o= Eglo] a4 ErslE Agh K

Slof thal Zatslel Fao] WL oHARrORA K] 4

F7E AAA P BIE UERHTH(Bischoff, 1995).

Aty 4 FE229 9 E4S S5 sl a-
glucosidase A5 &2/d B76IItH Table 5). AT SA¢
75% EtOH, 75% MeOH FZEE9 o-glucosidase Aoi&A
ICso 46.47, 70.97 pg/mLE YERY} 75% EtOH F&E0jA
o] 7HY =4 vElen, & FEE2 v B2 &4
silsiick ARl AH8Sk Qe 2 Awe dize)
acarbose (Clissold2} Edwards, 1988)2] I1Cs= 33.77 pg/mLE,
AIce] 4 22o] dct o] s vebict

2 A= oPdAE A9 §-848S Bt EAs

i
o
'Lé‘

S

#840% 235 AL Brrke 7180 325
= Zlo] ampaoln, BRPHIR §7185014] 1 94

23|
AR} 84 9 o-glucosidase AL LFEFY QI o]

A E Zeets opdAEAR] TRt
ZHAT} o]8o] Eolx BETIFAF BA 7154 Z-o] =
7_}

SHAdEle el S3te AeR 27 A0

Table 5. o-Glucosidase inhibition activities of P. chinense Purch seed extracts using different extraction solvent

Inhibition activity (%)

Extraction solvent 100 ICso (ug/mL) I ésagig/ﬁi )
(hgml) 50 (pg/mL) 25 (pg/mL) 125 (pg/ml) 625 (ug/mL)
Water 5.26+0.8% 5.2041.7° 421+0.2° 4.05+0.4° 0.96+2.1° ND?
75% ethanol 84.19+0.7° 60.46+4.1° 42.75+1.5° 18.53+3.4° 10.69+7.3° 46474239 33.7743.8
75% methanol 59.12+3.1° 46.80+5.7° 17.00+3.9° 8.2442.6° 479+£3.7° 70.97+2.3

DAcarbose was used as a positive control.

?MeaniSE (n=3) within each column followed by different letters are significantly different (p<0.05).

, not detected.

“Mean+SE (n=3) within each column followed by “‘means p<0.01 by independent t-test.
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A=A o g AAYsh= thAQl thdyy 2 E2oltt & A=
At S 2229 FE890) E st E e
2 B71E B9l oPBAlE A AAEE =ole &
tFgd B0l 7]odsk] fsf 2=t Ao $4 F
& Y Fusd SREY T2 75% EtOH FZ=0lA4]
19.83 mg GAFE/g seeds, ZZe}H1-0]T 3RS 75% MeOH
F2E01A 10.89 mg QE/g seeds® 7Fg A YEHTE &
o] W2 Hed 242 = =20 vd 7718 &=
i B =2 Zo& SRIFtE GA T FA F2EC
DPPH 2 A74%59] ICs2 75% MeOH FZEE0)4 27.60
ng/mLE 7H =4 How, ABTS & 245 ICs
53.54 ug/mLE 75% MeOH FZE0]A 714 =7 Yelgth
YAt X =229 TR 582 30.87 upmol
AAE/gO =& 75% EtOH FZ&0lA 7 = vttt
Aoke] A4 2559 a-glucosidase A&/ ICseZ 75%
EtOH FZ&20l4 4647 ngmLZ 7H% A Yegdth & &
TALE B9l 5L Hed E42 7 YA T A
7180 F2E0] A} e aE Yepitk=: 2
gRlstelor, o= B3tARl A%71654%E a4 2 HdE
QekE o= o] &S & QI AOE 7|HEit

e =
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