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Abstract

This study investigated the antioxidant and antidiabetic activities of Stachys sieboldii Miq. extracts by solvents
(water, ethanol, butanol, chloroform, and hexane). The contents of total polyphenols (7.18-37.25 mg/g) and flavonoids
(0.21-5.21 mg/g) in extracts from Stachys sieboldii Miq. showed a significant difference dependent on the extraction
solvents, butanol > ethanol > water > chloroform > hexane. Antioxidant activities by DPPH and ABTS radical
scavenging were increased in a dose-dependent manner. These activity trends associated with the extraction solvent
were different at each concentration, but resembled phenolic compound contents trend, generally. FRAP value increased
in a dose-dependent manner, but there was a difference in radical scavenging activities when comparing between
extraction solvents by butanol > ethanol > hexane > chloroform > water on all concentrations. The trend of a-amylase
inhibition of extracts from 1,000 pg/mL to 2,000 pg/ml was not affected as enzyme activity is promoted and
not inhibited. The inhibition of a-glucosidase was increased in a dose-dependent manner without water extracts,
the activity on hexane extracts was higher than others per the extraction solvent. a-Glucosidase inhibition of hexane
extracts showed 57.76% at 250 1ig/mL, which is 2.8 times higher than the second highest chloroform extract (20.65%).
From these results, we presume that the active ingredients of Stachys sieboldii Miq. is different according to the
extraction solvent and also the activity is different by these major functional groups.
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89| AFshs AL st Alawls AR {4

| ©80] He AR deAHA@E,5) A s
& HAE FsEAth 59 AEfd Aegd =4
2] €27 phenolic compounds, flavonoids 52 A1
ol A 2tsld ~Ed et @Adatage] S dAlstd
of, HEHA A3 T T AR S deta sk AA
g ] Ego] Hol ook, IE, AE T YRR
= 453 th2.4,6).

22 2K (Stachys sieboldii Miq)S- EZ 3K Labiatae) 27
Z(Stachy Linne) 2] EZ o Foll& o] FAsta, ALd=
)7} Fel ek dkal glo] Fastket Befo] Hlsstal
GHRL frote] A& FFotxeta EE7E o=,
o, v, i SAAA T2 AE s UTks7). T
T o AL HAA o, 7199 F3 4
=918 A& distr A2 Astele FAFAREDHE
A G HE o galgton, dEME FYE gl st
| 20]7] % Star o 71A] AW} wHg X 5ol f-8-3)
Al 2ol71 = SFATHT). 2ARE BrstE 5 &g
dF< stachyoseol] 7191ste] A} 715 3 B v =

X

2]

S-S Frha 2R ATKE-10). ©] ¥ole 2] &%
o= ki1, 3t 2 (), Ii(12), acetylcholinesterase
2 monoamine oxidase /A A E¥H(13) Fo|] HiLH ]
Atk FH ol $EveelM s ZA5to] Xujjo o] E3}A
QA R ER LHR|A| EHA 2 A o] M3} T8t
a1 JAITH14,15) AA7HA] Fdlel] Bag 2278 e A3
ATES 247 B8 AU AnA6), T5(17), T
(18), 21'%(19), 478(20) B FZ(10) T 734 F Aol
TE o|Fa 2N 7 AR g A AFe
o}A74A] w] kgt A% ol

weby B Ao Tk 2450 7154 e
A% 12AT) Aoz Gl FHES AL o5

F22o] QA UollA] ole] Al A9lo] Hlt Aeha o)

AA| Aol A= e St FUHH R F
g H7F A13E9] a-amylase 2 a-glucosidase A3 &2

=gk

T 253 wuksto] oA 2447 AX| FE3 e

T2 ZAA-FEE A A4 A5E (2017)

Tokyo, Japan) = ¢Hd 3¢t A A 52 whso] A3
o Ag-sk3iTh.
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EeE e e EeEsd =49
phosphomolybdic acid®} ¥H-&-ste] A4S YeRl= ¢
Folin-DenisH21)°l we} A|&4 1 mLo] 2 M Folin-
Ciocalteau A] 2F(Sigma-Aldrich Co., St. Louis, MO, USA)
1 mLE ¥ 3% ¥ 10% Na,COs(Daejung, Siheung, Korea)
£ 1 mLA s Tt A9 haoA 1AI7F F X g
o5 33 =A(Libra S 35, Biochrom, Cambridge,
Cambridgeshire, England)E ©]-8-3}%] 760 nmol|A] 3=
g 439t 2TEH 2 E gallic acid(Sigma- Aldrich
Co)E AH&3ete] A 5et TU WhHo=z FA sl de
HAFAoZRY F s TFS ALteAn

oo

ol

Z EglELo|E g2

F ZgH ol 313HE gEF £412 Moreno 5(22)2]
ol wlg} A|Z o | mLol| 10% aluminum nitrate 0.1 mL,
1 M potassium acetate 0.1 mL 2 80% o|&t& 3.8 mLE
2t 2 7hgh & Egkete] A-2o] oAl 4047 | g
s $3BTAE o831 415 nmollA FHEE 5435
ST}, Quercetin(Sigma-Aldrich Co.)& XTEA & 3ol A
S AP RRY F et o= g5 ALt

=

DPPH 252t AHEA

1,1-Diphenyl-2-picrylhydrazyl(DPPH) #}t]zt 2724
< Blois(23)¢] "< 883kl DPPHO| thgh HAtzo
F92 =351tk =, DPPH £9(5 mg/100 mL o] €-2)
100 uLeF A1 & 100 pLE E3H3F tha A -2ellA 20831
HEEAIZ] & ERBEAE o]83to] 525 nmoll A =S
% 3t3ith DPPH eto| 2t A2 (%)= A& 737
of gk A3 7e FFEHE A&t

ABTS 2tHZ 27{&4d
2,2-Azinobis-(3-ethylbenzo-thiazoline-6-sulphonate)
(ABTS) &0zt 2A AL Re 5(24)9] WS 3831
7 mM2] ABTS €99l potassium persulfateE 2.4 mM©]
HEE &AA Aol 12-16A17F Bt WAL &
415 nmol|A FFE7) 157} (58 SFR4E 238 ABTS
€ 100 pLell Al 29 100 LE E§shaL 224 523t
HEEAIZ] O £33 EAIE o185 415 nmell A S8

Toll gk A 5H7F9 FBEr 2 &S
Ferric reducing antioxidant power(FRAP)®#oi

olst garst B4 5

243 Sl F2%& 53 e FRAP 5% Benzie
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o} Strain(25)] el wel pH 3.62] 300 mM acetate buffer,
40 mM HClo| €33 10 mM TPTZ(24,6-tripyridyl-s-triazine)
£ 2 20 mM FeCl; - 6H,0E 217} 10:1:1 (vivjv)e| Bl &2
nj2] E33 the 37Ce] 843 oA 5% &<t 7hgt H
FRAP =% & 7|22 A1-8319th 96 well plateo]] A] &<
40 1L, FRAP 712 < 100 uL ¥ S/ 40 lLE #lell=
E3tsted 37Tl A 487 HHEAIZ] F 593 nmol| A SF =
St o™, FeSO= AP gh A= o thdste] ghat
xck

ok

a-Amylase Asli&A

Pancreatin 7] 2] a-amylase #]3&/d-2 A5 50 pLell
1 unit/mL®] a-amylase &4~ 250 pL.¢} 50 mM potassium
phosphate buffer(pH 6.9) 250 LS &3}ale] 37°ColA] 10%
2+ WHSAIZ] % 05% starchS 500 1L 71ske] ©hA] 37°Cell A
105-7F WAl 71T} H-g-allof] 48 mM DNS(3.5-dinitrosalicylic
acid, 30% potassium sodium tartrate in 0.5 M NaOH) 4 A|
oF 500 WLE 23 100ClA 15383t 2] wke-S FAAZ
WZslal $RHFE 3 mLg 7hste] A7 T ol
Fblank 2= T4 H7F T 7188 @] Aol DNS 2HAA]
= WA ¥E A ARl WHEAE 540 nmol|A]
FEE S5t 7} blankote] ApolE 73 & o 2T
wale] A &S AL TH26).

I ooy 19 N o

a-Glucosidase A& g4

a-Glucosidase #3242 0.1 M phosphate %84 (pH
6.8)ll &-3llgt 2.5 mM<] p-nitrophenyl-a-D-glucopyranoside
50 L} 0.2 unitfmL2] a-glucosidase 50 1L 2 FEH AlF
50 LS E3tste] 37°CalA 2083t vESAIZ T 0.1 M
NaOH 100 L= ¥-&-& FAAZ] £ 405 nmol| A 2 =S
27 eF3ith a-Glucosidase #3242 &S H7l6HA]

A5t O Hl2RE AsddE AEsithe)).
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e A 33] o} wHESle] AAletglon] Ao
HE AL Ayl SPSS statistics 18(IBM, Armonk, NY,
USA) &7 packageE ©|-&ato] A5t A=
EFUAE FASRL, TAA oA HA S W 2709

&
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Table 1. Total polyphenol and flavonoid contents of extracts from
Stachys sieboldii Miq.

(mglg)
Extraction solvent Total polyphenols Flavonoids
Water 10.03£0.08" 0.63£0.01°
Ethanol 26.24+0,34° 3224007
Butanol 37.25+0.49° 5.21+0.08°
Chloroform 9.30£0.31° 049:0,03°
Hexane 7.1820.13" 021001

DAll values are mean+SD (n=3).
»Means with different superscripts within the same column are significantly different
by Duncan’s multiple range test (p<0.03).
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DPPH BiClZ 2HEN
7 & %29 DPPH &tz &2A 842 &)
% Z}7} 500, 1,000 2 2,000 pgmLe] EE2 A%
59} 52| DPPH €98 &315l] vH3AIRl Tt
Z 2ASY AEE %2 YERITH(Table 2). 2E
oA DPPH &tz &Aoo & oEH o= f
Al 7Vt kol W g4 Wl [k =
ool whel A= Foletsltt. &, 500 ug/mLol A Feks
o] &AL 7734% % 7Y =9kom, theo 2 oet
—7}%%9] AL 42.78%R 1L, Filolu & EE‘/]
5 G- o} 10% w|Rtel] E7atdct. 2

£ Fee 25 Hde due i‘r%
o] %ﬂﬂgi H =0} 87.05%%3 1 & FEE
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1,]. ial-/\ 30% U]‘ﬂ'oi u—o]—

F W9 &vE F=E<| DPPH am 2ATHHES
=33 Ay}, Ras =3 5 9] ICx &2 2+ 40.95
pg/mLZ} 253.01 pg/mL= FE-& Fo] & F XUt DPPH
gz 2AGo] ¥ e o2 Bud v 3113,
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Ho g gl v 23] 25| AAFATS S
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Table 2. DPPH radical scavenging activity of extracts from
Stachys sieboldii Miq.

(%)

Concentration (jgfmL)

Extraction solvent

500 1,000 2,000

Water 506020728 174740.15™ 2934042
Ethanol 4278+0.82% 79.78:+0.69 87.05+0.76
Butanol 77.34+0.88% 78.53+1,55%8 81.11+1.35%
Chloroform 15412046 20.99+0.70 21.66+1.43%
Hexane 8.92+0.44 11.50£0.56™ 24.18+0.80

1’All values are meantSD (n=3).

"Means with different superscript small letters within the same concentration are
m(gmﬁcantly different by Duncan’s multiple range test (p<0.05).

Means with different superscript capital letters within the same extraction solvent
are significantly different by Duncan’s multiple range test (p<0.05).

ABTS =tH& &HEY

T2 ZAA-FEE A A4 A5E (2017)

ABA L 27181l Aol on, Zgulo) whe} 24
= Zpol7b AT FEHEH o ehe FEEC] ABTS 2tz
B} Al gol| vl folAoR lno} 500 pg/mL
FEoA 717t 97.99% 9} 96.52% AT ¢ 5 A Qe B,

b
X
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N 2
N

Seews w o F2EE ABTS 0% AALHE
APE BE TN B> FREXE > At 258 0
dlosl, Bt wobles Sl FRes o o
2 3280 B4 A E AR 2 500 gl FEA

2 2280 U3 FRREE U O 2289 249
A= ZH7} 5.65%<F 9.82%°1F Zlo] 2,000 pg/mLeA =

1

2ol 7 o AA 242 17.39% <} 20.13% A T

A7 guj 3ZE0] DPPH 2 ABTS 2]z 24
A B BES S Eke > B> Z2EXE > i FEE
o Lo 2 o] =tk By ABISHOZ S%4¢ 3s
o] DPPHHE .2 24359 v Hu} dAldo = v =9
olg]gh atol = Zhzte] gt Zo] &4 Uehli= 7]t

A2 Folshr] Wit o & A7t==H|, DPPH &Ht|Z &~A S
37} ABTS gtz &AL 7F Wil A o] &5 & gt
Zol FR7FdEa, HEEde] TR we T 714
Adete H =9 x}olﬂ} LS A A o] thE
Ao g2 HuEo] 9ITH33,34).

It o2 ZelvE ol3hE dhafol 7118k A EAE
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B X}vﬁ}d% *M~ AAAA FF SFHAFo] M
= Ao ATH35). 243t
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1149 mg% 3H5-ata 9l B Bk nlER CE 25576

N

F

Table 3. ABTS radical scavenging activity of extracts from
Stachys sieboldii Miq.

(%)

Concentration (pig/mL)

Extraction solvent

500 1,000 2,000

Water 28.731041"7% 49204070 83.63+0.23°
Ethanol 96.52+0.08** 97.79+0.05® 97.99+0.00%
Butanol 97.99+021° 98.39+0,18%8 98.64:0.22%
Chloroform 23.08+0.33" 39724078 66.24+1.50"
Hexane 18910.19* 3430042 63.500.34°

DAll values are mean+SD (n=3).
%\ feans with different superscript small letters within the same concentration are
slgmﬁcantly different by Duncan’s multiple range test (p<0.05).

Means with different superscript capital letters within the same extraction solvent
are significantly different by Duncan’s multiple range test (p<0.05).
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FRAP gt& @il & 2 S22 F PIERT 9453 =
& Aor HuHged, ol & Ao dAjske BE
°o]3lom, FRAP ol o|g gitsl &g oA Fe& =

m{ﬂ

o] th g #FEuT} o B9
= A 2}37,}‘ ol Ak Hto] &lAalzl EA]S v Wk @j’,].(:},g)’
ZX 7o) Q14T DPPH Uz A4 52 16.834), FRAP
= 3.394l], trolox equivalent antioxidant capacity(TEAC)+<=
3184 frol Ao Eston, ol 2Nz P4E & %
sl ko] Qlatel vl 3129 o 7] tEolehn
WS 247 2 WA= sl B3 B
dste] B4 B FULS 9T AEol APs 1 Y,
2479 AFLIR F P45 BHo] L o olHe]
Sk e L9 BHT Mol 5 o] $90] 5t
= BhghRel 93 molehe
3—}51]75::4 As w8 EZFE At
ol sl et ﬂoﬂ
= thokal ekel A S 7].;]
= tr1terpen01d -rr_‘T: ﬂ | ‘é:"é‘]’t‘ oleanoic acid$} ursolic acid
o] f=A EdEolgta BauH vb 9Irtk39).

Table 4. Ferric reducing antioxidant power (FRAP) of extracts
from Stachys sieboldii Miq.
(FeSO4-TH,0 eq M)
Concentration (pig/mL)

Extraction solvent

500 1,000 2,000
Water 270:022"%  10.82+1.02® 27.97+0.42°
Ethanol 44.86+0.62 9.97+0.74% 184.03+0.82%
Butanol 89.25+0.83* 188.481.48%  322.90:0.24C
Chloroform 13.14:031" 31.761.07" 56.00£1.09"
Hexane 15.00+0.26™ 36.38+0.58° 63.98+0.60°

DAll values are mean*SD (n=3).
%9\ feans with different superscript small letters within the same concentration are
s1§n1ﬁcantly different by Duncan’s multiple range test (p<0.05).

Means with different superscript capital letters within the same extraction solvent
are significantly different by Duncan’s multiple range test (p<0.05).

a-Amylase 3siEHM

a-Amylase= EHF3HE2] a-D-(1,4)-glucan A3 &3
s AR, B, MAE, 2% 59 BskE diAld 244
ol AARM[0) EAo] Add A S Bl AH=
o] Hdite] @ FafElo] 5o fEjue o] dol

st BozH AAAQ AuR] F5E Aslshe 71%
A&-S s Brh41,42). 18y Wi, BN -GS 5

FetEa Hdd A EE 93 4 B EAE gide=z
g Aol A a-amylase A Aol et BuE v 53 2%
o] th40,43).

227 gl FE2ES 0] 8310 aamylase A3 S
=28+ A3K(Table 5), 1,000 pg/mL=} 2,000 pg/mLe] 5%
A BE S 287 FE2EL G40 FAS AEA
Zata 23]y 289 Ed 1,000 pgml FEOIAME
113.74-127.00%] H$IA 2,000 pg/mL %_‘T:Oﬂ/ﬂb
106.34-137.62%°] &4 Yetd =), T8 F559
AE sk wE g4 Oﬂ frelabt gllom, Oﬂ‘%%ﬂr =1

Table 5. a-Amylase inhibition activity of extracts from Stachys
steboldii Miq.
(%)

Concentration (j1gfmL)

Extraction solvent

1,000 2,000

Water 12047+41.17"2 117.640.68"
Ethanol 127.00£1.47° 137.62£147
Butanol 121.4410.89° 120.66:0.68°
Chloroform 12037+135° 127.10£1.22%
Hexane 113.74+0.58" 106.34+0.34°

DAll values are meantSD (0=3).
PMeans with different superscript small letters within the same concentration are
s1gmﬁcantly different by Duncan’s multiple range test (p<0.05).

"Means with different superscript within the same extraction solvent are significantly
different by independent t-test (p<0.05).
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a-Glucosidase Aof&A

a-Glucosidase= 4% ©3HE 42819] vlx| g Ao A
OJFRE 7HFEE sk AR (44) camylase] ]3] £l
H S HFH o2 dRZ A= Aoz dHA
ATH45). wpehA] &4 gk Al e g@astE AH &
&

APISL AR 5 ol PP BYEY AR ol
Arhad)

Table 67} 2t} 2E XA a-glucosidase #1384 o]
ANd = FEES AYstae AR vt SHETE
A= S7HEE g1 F AT A FE59 «
-glucosidase A3l &/do] Al F 7MY =& o=z 7}
7 Gre Hr9l 250 pg/ml FEAAME EAo] 57.76% =
7 Eol tdeor @4 12 FRRIF FEE
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Table 6. a-Glucosidase inhibition activity of extracts from Stachys
sieboldii Miq.
(%)

Concentration (pig/mL)

Extraction solvent

250 500 1,000 2,000
Water - - - -
Ethanol  11.15:067"" 2832+137° 47474105 68.70:0.48"
Butanol 1543168  39.53+0.64% 4646+1.08% 6596+148"
Chloroform ~ 20.65£095®  35.11£0.61™ 4375:059° 51.18+131%
Hexane 5776+1.17™ 6531185 65.57£1.31° 68.34£090°

DAll values are mean*SD (n=3).

29\ feans with different superscript small letters within the same concentration are
si§niﬁcantly different by Duncan’s multiple range test (p<0.05).

I*PMeans with different superscript capital letters within the same extraction solvent
are significantly different by Duncan’s multiple range test (p<0.05).
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Antioxidant and antidiabetic activities of various solvent extracts from Stachys sieboldii Miq.
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