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In vitro Antioxidant Activity and a-Glucosidase and
Pancreatic Lipase Inhibitory Activities of Several Korean Sanchae
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Department of Food and Nutrition, Inha University
'College of Hotel and Tourism Management, Kyung Hee University

Abstract This study evaluated in vitro antioxidant activity, antioxidant content, and o-glucosidase and pancreatic lipase
inhibitory activities of ethanol extracts of sammamul (shoot of Aruncus dioicus), miyeokchwi (Solidago virgaurea),
daraesoon (shoot of Actinidia arguta Planchon), and bangpungnamul (leaves of Ledebouriella seseloides), as muknamul,
and fresh chammamul (Pimpinella brachycarpa). Tocopherol content (4.8-78.3 mg/100 g) of sanchae was lower than
polyphenols (4.4-12.2 g/100 g). Daraesoon with high tocopherol contents showed high antioxidant activity and o-
glucosidase and pancreatic lipase inhibitory activities. Samnamul had the highest levels of polyphenols and flavonoids, the
highest antioxidant activity, and o-glucosidase inhibition. Antioxidant activity was correlated with flavonoid content
(r"=0.8895), but was not correlated with the levels of other antioxidants tested, suggesting that polyphenol content in
samnamul, miyeokchwi, daraesoon, bangpung, and chamnamul might not be critical determinant of antioxidant activity.
Our results strongly suggest that samnamul and daraesoon could be useful in the treatment of diabetes and obesity.
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T oA sl A AxSE AL vt 2 E(Yangyang,
Korea)oll Al T3ttt WEvES Hdepd® 5olx +9¢ &
A Azxgt AL AR FEFE (Yeoju, Korea)oll Al 4381
ot FhEe 73%‘45 Aaloll A Auigt AL AMA] FA=AEH
oA FUsle] FU Ao *]—&0}9311]- Dlmethylsulfoxide (DMSO0),
F=3 a-glucosidase (4.5 U/mg), &~
9l (bovine serum albumin, BSA), p-nitrophenyl-o-D-glu-
copyranoside (pNPG), A] ©]Z}k(porcine pancreas)ol| 4] FZ3t
lipase, 4-methylumbelliferyl oleate (4-MU oleate), Folin-Ciocal-
tew’s phenol A}, quercetin, ©}7}3 2 (acarbose), 71H4t, E2 2
ast b, p7FEH, FH|S1, 22-diphenyl-1-picrylhydrazyl (DPPH), &
I HE, aluminum nitrate, potassium acetate= Sigma-AldrichA}
(St. Louis, MO, USA)] A|ZFo|At}. olX=3lAg, A/ EEX o}
2584k Shinyo Pure ChemicalAH(Osaka, Japan), orlistat=
Tokyo Chemical Industry*H(Tokyo, Japan)llA] T+43}A k. HPLC
4 AU olo]AZZ LS JT. BakerAH(Phillipsburg, NIJ,
USA) AlEoltt. 2 & A9k 257 555 ARS-sHith
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93, v, HEv=Ed A s
2 BEF -50°C, 5 mtorroﬂ 7\1 54 ZAZ(TFD5505 freeze-dryer,
Iishinbiobase, Dongducheon, Korea)st & 2% AR (15)0
o3l Zkz} FREIRAZIIEY, L1LD, TR Y, 1.1.3.0),
ZABAEEE F54 11511) Z332(1.1.2), Aolidfr(1.14.3)
A8 BerskE SRS 100%014 2A
2, 7714 g W o= ALk

’-'TUFE oEH 2l %‘L‘rﬁ, H9H, v, HEuEd A e
R -50°C, 5mtorr 271 3l TAAZE, 407 (Essence HR
2084 Blender, Philips, Amsterdam, Netherlands)Z 3|3t &
75% ol gb2(1:10, wiv)S Wi 25°C F-&FZ(DS-SHWB4S,
Dongseo Science Co. Ltd., Seongnam, Korea)olA] 120 rpmo 2
12A7F B9 AF 22T 5 A g IANTF)

(N-N series; Eyela, Tokyo, Japan)s A}-8-3}] 8ulE A|ASIA &
ES A3 oA -50°C, SmtorrollA] BAAXSIY FEES

Z3itt.
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Mx F&EE9| in vitro A8 BIX| g4 W}

%‘Ur%, o F, thlie, WEdE, e FEE4 inviro &

= AsEEA] &AL DPPH a].p]z‘__]— A2A dPo = Hrlsigtt
(16). =, 1 mgmL &%= 2 FZ& 0.1 mLE 0.1 mM DPPH
ImLo} &gate] 30% 7 GAelA whgAIZL F UV-Visible
spectrophotometer (HP 8453, Hewlett Packard, Wilmington, DE,
USAZ 517 nmoll X FFE(A,)E SAHIL v 2o 28l 2}
U &7 842 ANSYOH, () BEZORE okATHAS
A3

Radical scavenging activity (%)=100x(A,;, of the control with-
out sanchae extract-A;,, of the sample with extract)/A;;, of the
control without extract

M| FZ29| in vitro o-glucosidase K&l &4 I}

2 2259 a-glucosidase A3l &4 Ahn 5(2)2] W
w2} H71steh &, 02% BSA, 0.02% °HX =3} AFS
0.1 M phosphate buffer (pH 7.0) 10mL®| o-glucosidase 1.5 mg
S =9 §4 89 50uLE 5 mgml FEE DMSOd| =9 4
A FE2E LA 10uL}t T4 96-well plates] 232 Elisa (Power
wave X, BioTek Instruments, Inc., Winooski, VT, USA)E ©]&
sted 405 nmollAl S E(A,)E S 5% F 712 pNPG
0.1 M phosphate buffero] 5mM FEZ £31A17] & 50 uL
A7hslel Aeold s WA F, B SHeIA EY
S8l 3 HSk=TH o-glucosidase AL/ E]—Eﬂr
ol ARtsSit). Blank= AHl FE& thal DMSOE ARS8l
on), gy ARAR AHT YE WA () BEEe
2 ARt

o-Glucosidase inhibitory activity (%)=100x{1 (A, of the sam-
ple with sanchae extract after pNGP addition A,y of the sam-
ple with extract before pNGP addition)/(A,; of the blank
without extract after pNGP addition A,y of the blank without
extract before pNGP addition)}
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Ll F=EE9| in vitro pancreatic lipase Xall &M T}

Pancreatic lipase #1844 <Al Ahn 5(2)2] Wiel wel H7}t
STt 96-well plate] 0.1 M Mecllvane buffer (pH 7.4) 20 pLE
w37, 0.07mg/mL E=Z phosphate buffer (pH 7.0)%l =21 pan-
creatic lipase 25 uL, 5mg/mL FE=Z DMSOd| =<1 Ak F&&
5uL, 0.1mM 4-MU oleate 50 uLE <=MtHE 718k 37°Coll A
1057+ ¥H-5-A1Z1 & spectrofluorophotometer (Luminescence spec-
trophotometer LS55, Perkin Elmer Instruments, Waltham, MA,
USA)E ©]€-3}¢] excitation 320 nm, emission 450 nm2] I}ollA
4 F(F)E =4t v 2ol 28] pancreatic lipase #13H
G5 AXEISIT Blanke AH &% 4l DMSOE AHE-3t
R (+) RO ZE= v ABAR AREL A orlistats: A
&3ttt

Pancreatic lipase inhibitory activity (%)=(1-F of the sample
with sanchae extract/F of the blank without extract)x100
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7hete] 3E7F AA e & st BAAFEA S00uLE THE &
A 2o 1417 H X8 & UV-Visible spectrophotometer (HP
8453, Hewlett Packard)= 725 nmollX FF=E =HslaL 714t
< FF=AE AR A% AFFAS S ATt
(*=0.9996).

A FEEe] EERolE FFS Ahn 5o el wt
S48t 1 mgmLe] F=9 2 FFE 0.5mLel 10% alu-
minum nitrate 0.1 mL, 1M potassium acetate 0.1 mL, o8-S 4.3

S A2 7rete] TSl A2eolx 40 £7F GX|g & UV-
Visible spectrophotometer (HP 8453, Hewlett Packard)S ©]-&3}]
415mmelN FHES AR A FEEY EEE o=
SHFS querceting TFEZHZE ARSI ZAJS HErA S o &
3to] FEFATH=0.9941).
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hydrophobic membrane filter (PTFE 0.2 um, Toyo Roshi Kai-
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EFNE FFS HFE o 1, SEIZAE AFFAS o435}

T3FA TH?>0.9995).
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Mz F=EE9| in vitro ASH BIX| 2

g, m9s, el BEuE, g 75% oldee F&
E 88 77 3612016, 3.83+1.37, 5.69+0.03, 4.87+0.25, 12.8%
2, BUE g9 AAELS HE B3 £E0IUTE AR =&
E9 in viro @4 % DPPH #HZ &A 4L Fig. 13 29|
22 FRo) wEl E xo]E HTh gREe ofxIHA
DPPH ZTZ &A AL 98.7% ollen, AuE, n9ds o
A, BEFUE, FE 559 DPPH o &7 842 7
Z} 91.1, 384, 61.6, 223, 104%=Z, 2 FEE9| 2z 27
gL (H) R o2zl gtz AAGA] 923%=E
FEA m$- E=UTHp<0.05). Tl &2 Uz 27 &
AE ofAFHARY] 624%E oY, WEUES FE
oz oA AL o]Ed HlEl FelshAl RUTth(p<0.05). B4+
&, WYol, ¥4, &3, ¥ & F=F<| DPPH Uz 427
o] ZHzt 86.0, 72.0, 68.0, 43.0, 31.1%= HILE u} 31Ow(3)

olst Mmalge w AhhEe] WS WA B AT F S
B FEYS T 5 UA:

M| FZE29| in vitro o-glucosidase X3l &AM

AE, P99, e, B3UE, UE FEE9 a-glucosidase
A& Fig. 29} 7o) ZHzb 209, 13.1, 23.7, 233, 123%%,
A, o, BEUE Alojde folgk zolr) glgion), n
9, FtEel vl YA =U4TE<0.05). ©1& 49 a-
glucosidase A3EJ-S (+) tZZQ acarbose?] 28.0-53.9% T
ot A=, PdH, g, HEUE FvE FEEY o

Table 1. Proximate composition of samnamul (shoot of Aruncus dioicus), miyeokchwi (Solidago virgaurea), daraesoon (shoot of Actinidia
arguta Planchon), bangpungnamul (leaves of Ledebouriella seseloides) and chamnamul (Pimpinella brachycarpa)

Content (g/100 g)
Sanchae ) . ) Crude carbohydrates
Moisture Crude lipid Crude protein Crude ash -

Total Dietary fiber
Samnamul 11.67+0.18"Y 0.92+0.03¢ 19.87+0.28° 5.64+0.00° 61.91+0.07° 38.86+0.15°
Miyeokchwi 14.68+0.27* 2.67+0.04° 14.86+0.23° 9.5240.15°¢ 58.28+0.68" 41.8240.11°
Daraesoon 9.70+0.16° 2.26+0.06" 26.42+0.06" 7.10£0.05¢ 54.53+0.09° 36.26+0.14°
Bangpungnamul 14.65+0.10* 2.48+0.20" 18.25+0.69" 10.67£0.07° 53.95+1.06° 31.53+0.10°
Chamnamul 7.67+0.80° 1.81£0.06° 21.75+0.02° 19.11+0.12* 49.67+1.00° 33.55+1.56¢

Different superscript means significant differences among samples in each component by Duncan’s multiple range test at 5%.
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Fig. 1. DPPH radical scavenging activity of 75% ethanol extracts
of various sanchae (A; samnamul (shoot of Aruncus dioicus), B;
miyeokchwi (Solidago virgaurea), C; daraesoon (shoot of
Actinidia arguta Planchon), D; bangpungnamul (leaves of
Ledebouriella seseloides), E; chamnamul (Pimpinella brachycarpa)).
The activity of the reference was based on the same concentration of
the sanchae extract, and different letters on the bar mean significant
differences among samples by Duncan’s multiple range test at 5%
level.
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Fig. 2. a-Glucosidase inhibitory activity of 75% ethanol extracts
of the sanchae namul (A; samnamul (shoot of Aruncus dioicus),
B; miyeokchwi (Solidago virgaurea), C; daraesoon (shoot of
Actinidia arguta Planchon), D; bangpungnamul (leaves of
Ledebouriella seseloides), E; chamnamul (Pimpinella brachycarpa)).
The activity of the reference was based on the same concentration of
the sanchae extract, and different letters on the bar mean significant

differences among samples by Duncan’s multiple range test at 5%
level.

Acarbose
(Reference)

glucosidase A3 &A-& Kim S(6)°] 23 L% A 2kaf2]
A9 (5.9%)et X (18.7%)2] a-glucosidase A3l &gl ]3]
=4O EUE(108.7%) 2FU=(115.0%)2] &4 visixE
) a-Glucosidases A&7 9Re] vlAl g el S5t thd
FE dGFE sk g@eie] Aslel S0 4 &
A2, o] AU Rl walet S5 AAAA AT
o] F4sH dsse AL HokErh(19). WA a-glucosidase

=
Aol w2 duE, tele, ¥3UES i A = A
Fol o] He FAge] e Az Alsdr

M| F=ZE9| in vitro lipase A&l &AM
Ay, H9gF, g, BEuE, J3vE 3559 pancreatic
lipase A3l E/d-2 a-glucosidase A3l &2l Hlal =kem (+)

100
% a
c 80
=]
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]
£ 60 ;
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Fig. 3. Pancreatic lipase inhibitory activity of 75% ethanol
extracts of the sanchae namul (A; samnamul (shoot of Aruncus
dioicus), B; miyeokchwi (Solidago virgaurea), C; daraesoon
(shoot of Actinidia arguta Planchon), D; bangpungnamul (leaves
of Ledebouriella seseloides), E; chamnamul (Pimpinella
brachycarpa)). The activity of the reference was based on the same
concentration of the sanchae extract, and different letters on the bar
mean significant differences among samples by Duncan’s multiple
range test at 5% level.

th222 orlistat 242] 35.8-80.4% ol THFig. 3). PI1GF <+
t}e=2] pancreatic lipase A3 4 ZHz: 679, 64.7%= At
E(303%), HTUHE(38.7%), FUHE(562%) B3] felshAl =
STHp<0.05). ©] 2 Lee 5(20)°] X3k 39| pancreatic
lipase A3l €4 (41.0%)° vI8] = 4<=0|2UT}. Pancreatic lipase
= TAGE 2-monoacylglycerol} A|WA4te 2 Basl= a4=2 &
’do] A= TAGS] &3l 7Has) olo] mE A F571
At FAAFHoZ vigt oY 35 ZUE & Utk wEkA
pancreatic lipase A3l E/do] =& H|gF 9} e o2HE &
HIRE &8 7IdE & g 202 AsEr

M FESo| NS WX MR
g, m9gs, gelle, BEuE, ey due FE2E
e EYEE S9ET FetReo|= S Table 29 7+
23 FFol wel §93 2po)lE HAHp<0.05). AuE, B9,
e, BeuE, s FEEY] FebE e 9 100g
3 247} 12,2083, 7,474.0, 44264, 63728, 6,0443 mgo 2, E3]
AUE FE2E] EgdE IFE el foldl we- =3t
@<0.05). HIE FEEY =2 ZYE JFE FHE Lee 5
@1)P] B3 25 A7A1 (12,069 mg/100 g), B9735 (13,022
mg/100 g)°] E|oE SE T v FEoldeH, 47
E(1,674 mg/100 g), A2 (5,844 mg/100 g)¢] Z2)=lE= 3= 3
FHRUE 2 oAtk S U2 UEERT 52 o-glucosi-
dase A S HAH HUE, HIUES EdE SiE &
Fe =39O a-glucosidase?t} lipase A3 &/do] =9k o
T2 ZEEE PE Tl 2o}, s SijEe] o &
E in viro 730l AAHZ 8202 olUALS AAIEAT
s, A9, dEe, BEUE, UE FEEY] SEEe
ol e 100g B 47 1,896.6, 486.5, 662.9, 3243, 60.4
mgl 2 e FEE] Fetico|t o] e M =&
T

o
o]

ATHp<0.05). L} FE FEE] FetHeolE TS UE
e wlE] frolsiAl w9 WEdThp<0.05). AE FEES] =
& SR xolE gFe SEEAF Ao it EebH:
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Table 2. Polyphenol and flavonoid contents of 75% ethanol
extracts of samnamul (shoot of Aruncus dioicus), miyeokchwi
(Solidago virgaurea), daraesoon (shoot of Actinidia arguta
Planchon), bangpungnamul (leaves of Ledebouriella seseloides)
and chamnamul (Pimpinella brachycarpa)

Polyphenols Flavonoids
Sanchae (mg caffeic acid (mg quercetin
equivalents/100 g) equivalents/100 g

Samnamul 12,208.4+35.482) 1,896.6£63.9*
Miyeokchwi 7,474.0£298.2° 486.5+£68.2°
Daraesoon 4,426.4+7.3¢ 662.9+46.9°
Bangpung 6,372.8+293.4° 324.3+46.1¢
Chamnamul 6,044.3+£341.0° 60.4+0.5¢

UDifferent superscript means significant differences among samples in
each antioxidant content by Duncan’s multiple range test at 5%.

=20
T

ol= FEH(1675 mg/100 g)7 H]S=3F 50|
mg/100 g), 2155457 mg/100 g), 218]2(36 mg/10 ) AEH(575
mg/100 g)o] ZetRo|= g MM = H2 FTolATH2D).
wEhA] B Ads phEo] thE Akl Hls) %alﬁﬂ% st
I ZPpEwo|=EE Wol st 1A 7158 7R AR
2E ALYS B FH.

Table 3& s, n9y], oEle, B5usE, FUE FE5 100
eoll FHE F EFNE o] 27 240, 129, 783, 4.8, 295
mgl 2, FE¥E 3E FepR o= 3| ue A g

2 EFFEo] $HEo] ddon tEfiee] o Akl vis) f<
6}711 Be EIHES Il IS HATTHp<0.05). 3 o]
2ol SE EFHE oA S ¢ EIHE Tl 7t
ATk OFEL] Aie Adole ERAHE o 3AA F ¢t
01 7P gol shHrEo] ol Bid vk lonk22), sEvet

EE9 EAE Tl g il o]Fofxl v} gt
S, 2k FEEY EEvE SRHE, S|, EFAE
AR =3 in vino B4 Alole] AHEEAE

zﬂ% EJ77 (1330

MH‘ rﬂq

r otk o

mo] =9} DPPH 2HelZh 227 84 Aole] a7 (”=0.8895)
£ AQste =4 Yol Table 4) ©1E 3E =] a-glucosi-
dase®} pancreatic lipase #13 Aol AHHo 7 JS v|A|A|
‘: egt Aoz melth Abaje] Abs} Wiz o] Toldl= Fo
= FEHhieo| Bl BAE vl 2108 (3), o]9foE Wang 5

(23)* DPPH itz &7 &4 ZE9s = &% Alol9]
D3 AAAAS Bt 23y, Oh 5(16)2 49 4+
3t A Felle FuE SFE ol9dE FAo] e 9F
ﬂu“jzﬂ 714383 3l2-S AASFAAT E‘a Kim 5(24)& H]
499 a-glucosidase AHaNTAH T AHE Edo] £8AUYS B
sk v} 210, Lee 5(7) a-glucosidase AFNEJS B3l mpAA;
HekeS FEEdd Eds SjbE #@Fel e FEE Bu f
EXS B o9} 7L°] A in vitro B4 Z2]9)
= §].;d1— L—E‘L_a.y_l,—_o]t “6]-31: }\]@]_ uoyz Ea] i% }\]_0]/]

A ol ES %Wo}h ohget N sigtEe] =
A3 A S Aoz ARRET ol digh At Ead Aolh

SuE Fule] v, g3, v, U=, AL 3
29| 75% e FEE A8t WA &4, a-glucosidaseS}t
pancreatlc lipase A3l &S Hristay EEjus ste, S9R

ole, EXHE TS sl ol EAHY] AHIAE 4
0}031:} DPPH 2tz &AEAEL2 s JJr tEEolA, a-glu-
cosidase AN tht=, i, WEH=oll4, pancreatic lipase
A& g vgHe} tEieolA =3 Ahvs FEES Z9
Az sigEs FetreolE o] e wton, e &
2 O A vjE] ERHE el wUTh A FEE
Ak} WhA) AR St in viro B4 Abole] ARdAlE ZTE
ol=¢} DPPH |z &A &4 Alole] daaA(7=0.8895)%
Al =A O}, a-glucosidase®}t pancreatic lipase *13f
2ol =YW AEF tElee d9R, FHRF 48 7R
A AF Aho® ZE AT

Table 3. Tocopherol contents (mg/100 g) of samnamul (shoot of Aruncus dioicus), miyeokchwi (Solidago virgaurea), daraesoon (shoot of
Actinidia arguta Planchon), bangpungnamul (leaves of Ledebouriella seseloides) and chamnamul (Pimpinella brachycarpa)

Tocopherol Samnamul Miyeokchwi Daraesoon Bangpungnamul Chamnamul
o- 15.7£0.2°Y 12.9+0.8° 36.7£3.5° 4.8+0.44 29.5+1.2°
Y- 4.7+1.0° n.d 32.0£2.3° n.d n.d
o- 3.6+0.2° n.d 9.6+1.5° n.d n.d
Total 24.0+2.6° 12.9+0.8° 78.3+7.4° 4.8+0.4° 29.5+1.2°

UDifferent superscript means significant differences among samples in each Tocopherol isomer by Duncan’s multiple range test at 5%.

Table 4. Regression equation” between antioxidant contents and a-glucosidase and pancreatic lipase inhibitory activity, and DPPH
radical scavenging activity of ethanol extracts of samnamul (shoot of Aruncus dioicus), miyeokchwi (Solidago virgaurea), daraesoon
(shoot of Actinidia arguta Planchon), bangpungnamul (leaves of Ledebouriella seseloides) and chamnamul (Pimpinella brachycarpa)

o-Glucosidase inhibitory activity

Pancreatic lipase inhibitory activity

DPPH radical scavenging activity

a b 7 a b 7 a b 7
Polyphenols -0.0000 18.84 0.0002 -0.0038 79.51 0.4721 0.0070 -6.00 0.4044
Flavonoids 0.0029 16.64 0.1428 -0.0136 60.89 0.3482 0.0427 15.47 0.8895
Tocopherols 0.0064 16.76 0.1089 0.0243 4428 0.1804 0.0373 33.62 0.1102

DIn vitro activity=axantioxidant content (mg/100 g)+b, r*=coefficient of determination
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