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Study on antioxidative, antidiabetic and antiobesity activity
of solvent fractions of smilax china L. leaf extract”
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ABSTRACT

Smilax china L., a native plant found in Asian countries, has several medicinal properties including antioxidant, anti-
inflammatory, and anti-cancer effects. Although the root of the plant is commonly used as traditional herbal medicine
in Korea and China, the medicinal properties of the leaves have not gained the same attention. In this study, we ana-
lyzed the antioxidant activity, a-glucosidase inhibitory effect and lipid accumulation inhibition effect of Smilax china L.
leaf water extract (SCLE) and its solvent fractions. SCLE was fractionated by using a series of organic solvents, includ-
ing ethylacetate (EA) and n-butanol (BuOH). The EA fraction had the highest total polyphenol content (440.20 + 12.67
mg GAE/g) and total flavonoid content (215.14 + 24.83 mg QE/g). The radical scavenging activity ICs, values of the
EA fraction for 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2-azino-bis-(3-ethylbenzthiazoline)-6-sulfonic acid
(ABTS) were 0.022 mg/mL and 0.13 mg/mL, respectively. Further, SOD-like activity and reducing power values of the
EA fraction were higher than those of the other fractions. However, both the a-glucosidase and lipid accumulation inhi-
bition assays showed that the BuOH fraction (83.35 + 4.18% at 1 mg/mL) and water extract (11.27 + 2.67%) were more
effective than the EA fraction (64.13 + 6.35%, and 45.66 + 7.20%). These results provide new insights into the potential
anti-diabetic and anti-obesity effects of Smilax china L. leaf. (J Nutr Health 2013; 46(5): 401 ~ 409)
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MZEA (Cell cytotoxicity) X

MEZEAL Yaday 5] AHE-SF 3-[4,5-dimethylthiazol-2-
yll-2,5 diphenyltetrazolium bromide (MTT) 2+ WHS &
g3to] Z2A4shgrh” 3T3-L1 A|EE 96-well tissue culture
platec]] 1 x 10 cells/wellZ 100 puLA F-F3}a1 24417 &
QF vkt & FBS7F 27b=]A] b2 wljA|of Aujeig =<t &
31E TR AZRJE T A|azof A=Rh & 24407t B4t 37C
of| A uiF SFGITE 24417 - v A E AJABIAL 10 uL MTTA]
oF (5 mg/mL)& YL, 4A17F 52t 37T A Bt & At
oS AASIALE ZF welldll A% formazanol DMSO 100
uLE A7} 3 shakerS o] @a}o] 0|1, 305 & ELISA
microplate reader (EL808; BioTek, Winooski, USA)S A&
8to] 540 nmoA SF=E SH5ISIH 27 (Control) 2
THE e 710 2 2SS v el

£ Zojnz ¥ St 0|E S £

Z Z99= 32 Folin-Ciocalteau’s phenol A|2FE- 0]
sto] ZA3IAE” ZF AR 02 mLI} S5 4.8 mL, 50%
Folin-Ciocalteau’s phenol (Sigma, Missouri, USA) 0.5 mL
= # gtsto] 387 WeAI7 ¥ 1 mLe] 10% Na,CO.=
A7kste] erzzdollA 17 RESAIZD B3 UV/vis spec-
trophotometerS AF&3F0] 700 nmolA SH =S =459
ot & 29 IHEY] R galic acid (Sigma, Missouri,
USA) HgAls o]-8-5to] 4b=s}oict

Z S ol = SRS Moreno 59 WS 58351 =
Aaek” 10% aluminum nitrate 0.1 mL, 1 M potassium
acetate 0.1 mL, 80% ethanol 4.3 mLo] = test tubeol] 7+ A]
& 0.5 mLE &8st} AgofA] 4023t ¥kg A7l o5 UV/
vis spectrophotometer (Optizen 2120UV) (Mecasys, Daejeon,
Korea)& AF&310] 415 nmol|A] S48 S5 Sk
ot glateo] ahekS quercetin (Wako, Osaka, Japan) 7
G o] &-5to] AbEstoich

op
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DPPH radical 24%< Kim 5°| AFH&3} BloisH 2
sto] 248kt 72t B ES 529 (0.1,0.25,0.2, 1 mg/
ml)E FFFE o]8sto] 343 A=t 0.2 mM DPPH
(2,2-diphenyl-1-picryl- hydrazy)& 1 : 12 &3 & Al
AzoA] 3087 WA & 517 nmojlA S HEE =4

I} Negative controlS R4S o] =4

8la1, positive
control< ascorbic acidE AH8-5}¢] o}2f radical scavenging
activity A4l oJAsto] AAGAIE FAsIct ol 1Cs,

2 negative control Zroll thulsle] 50% TAA | = 255
9] FEE YERHIT

ABTS radical 2275 Re 59 BH& &85}
Atk 7 mMe ABTS9F 140 mM<] potassium persulfate
£ 7Fsto] oA 2441t BESRE 2, 734 nmofl A S
%=7}07 + 0020] E=2 EtOHR 84513l 314" ABTS
980 uLL.e} 0.1, 0.25, 0.5, 1 mg/mLL.2 3|43t Z}7}o] A=
20 uLE E7shaL, A2olA 383 RESAIRL %, 734 nmell
A T35 243}tk Negative control $H-5 @
223}l positive control2 ascorbic acidE AFg3dFo] Tk
= ARl oASte] 2AGAYE ST oluf IC-
DPPH®} 53t o2 Alilskgich

A

A
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Radical scavenging activity (%)
= 100 - [(avsorbance value of sample/absorbance value
of contro 1) x 100]

SOD GAFH AL Jeong Kimo| AH&3F Marklund
o} Marklund®] WS &-83to] Z431ct” seda =
H)= AJ& &9 2 mLo| Tris-HCI buffer (50 mM Tris, 10 mM
EDTA, pH 8.5) 3 mL2} 72 mM pyrogallol (Sigma, Missouri,
USA) 02 mLE 7Fsted 25CoflA] 1041t HH-g-A1%1 - 1 N HCI
1 mL& ¥H2-& AA|A|7]2L spectrophotometerS AH-8-5}o]
420 nmollA SFEE S45I3ITE SOD FARHS A58
Nl H7ptet 7MY ST Aagsd WEE DR

YERH AT
SOD-like activity (%) = 100 - [(SAbs-BAbs/CAbs) x 100]

Sanss Absorbance at 420 nm determined with test sample

Buw: Absorbance at 420 nm determined with dH,O in-
stead of pyrogallol

Can Absorbance at 420 nm determined with dH,O in-

stead of test sample

2hd#2 Hue 5] AHE-3F Oyaizu®] S 8-8-5}¢f
Aaloict? srda Z2u)E A= 8 05 mLe)] 02 M sodium
phosphate buffer (pH 6.6) 0.5 mL, 1% potassium ferricy-
anide 0.5 mLE 212} Egsto] 50CefA 2042 &<t W34l
71 & 10% trichloroacetic acid 2.5 mL& 7}al¥ict ¢ Hh-g-
HE 650 rpmollA] 1027 Ylie|sto] A5 0.5 mLE
A FB %71 Foll T4 0.5 mL, 1% FeCl, 0.1 mLE 7+
sto] 23kgt & 37CollA 1027t BFSAIX] Bhg-H9] g=
£ 700 nmollA AT = FFETF e S
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%Dl‘“ﬂ‘ﬁ% 0‘4 %Q%ﬂ o-glucosidase E/J A5
Ryu 5°| AH&38H HhHS $-85to] A3t srda

e 242k -’F%E 50 uLoll 1 mM p-nitrophenyl-o-D-
glucospyranoside (pNPG) 50 uLE 37}kl 0.02 units a-
glucosidase 50 uLE 7} & 37CoA YA 59 Hh-3-

AlZ1ZL 2 M NaOH 100 uLE H7lsle] w2 S2AA
substrateql pNPGEFE] fe]=o] 2= vk A4E<] p-
nitrophenol spectrophotometers AH&5Fe] 405 nmoi|A]
745k a-glucosidase B/ AAHS Z4sH3eE A9l 9
2o 2 a-glucosidase A= L& acarbose
(Sigma, Missouri, USA)E AR5t Ad2 302 HH-5-A|
HEQt o) W& A5 H3) = 0.25 mg/mL 5ol A
AlZboll whel 2/dHst S-S 2dskel on ofeff A4k
O Aso] &S Ab=StGITh

a-glucosidase inhibition (%) = [1-(Cy-Sp)/(Car-BAbs)]
x 100

CAbs: =t 5%
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Oil-red O stainingE S¢t XM= 23t
mulation &8

3T3-L1 preadipocyte?] adipocyte22] E3}= Al7]9]
MDIE #|g]|5}o] §-=3Fith 96-well tissue culture plate©]]
1 x 10" cells/wellZ} 9] A|ZE EF3}31 100% confluent A+
ej 714 k3t 3 MDI7E £ WA 2 mAsHHA Al RS £57
= Aeshal A= Al FAIsHAA 23S skl ¢
A3 dnS o]-gto] AAE 23t A 9 A= &fgh
3} A 52 Tl Yot & Oil-red O staining &
3 AAIE 23} A5 2 lipid accumulations E431
t}. 37} k7 ¥l A|ZE 2718 phosphate buffered saline
(PBS)2. 2 Aoj& th2 10% formalin® 2 1A|7Hs<9F 114
gteh 272 PBSZE 33] Aol & Qil-red O staining so-
lutiong #gJsto] 1A7Het FAelal A7t PBSE 23]
RojE & 100% isopropanol-e AF&5Fo] GME A Hke: =2

3fal ELISA microplate readerg ©]-85+¢] 520 nmolA &3
=5 45Kt

lipid accu-

SN2

=
Ao A dojxl Axke] FAA §-9/4d=> SPSS (Statitical
Package for Social Sciences) program= 0]4‘13}0% Mean +
SDE FA|SF AL, one-way ANOVA test & Duncan’s mul-

tiple range testel] 28} p < 0.05 $23=0A] 2+ AP 7o) &

o BEsen

FoRiE=Y = -]

2 Aol AHEe ArjgieEd = S5 4
Al 2342 Fig. 10 AA1E vkel 2ok Sk A
500 g9 & F= 21} oF 52.12 ¢ FEEUS FHIGS
o 582 104%30) 40 g8] B FEEENE Jo 7 B
259 9F2 hexane, dichloromethane, ethylacetate, n-bu-
tanol, H,O &°| 212+ 0.22, 0.64, 8772, 11.83, 1691 g&. & 11
5282 0.55, 1.6, 21.8, 29.6, 42.3%= bS]

£ ZojhE ¥ S2tR 0| &R

SCLE®} 71 #2]9] & EZ2jvs ¥ Sefi ol oFsf &
ol Al= Fig. 29 At} Z29=9 A 98l galic acid
(GA)E ol-&3lo] A=A (R’ = 0.9993)2 ZHAd3}aL o]of wh
gt & ZejoEe kS A4t SCLE ¥ 1 32l
SCLE/EA, SCLE/BuOH ¥ SCLE/FW<9] Za|v=gafe
Z}7} 12793 + 947 GAE/g, 44020 + 12.67 GAE/g, 289.53 +
8.81 GAE/g, 68.87 + 8.03 GAE/z0]|%1.2™ SCLE/EA°]A]
7].%]— ko 61—3}:0] 5] r,]- %a—iio]t tﬂ—EkO quercetin
S o] g3to] Al (R’ = 0.9990)-2 2HA5kal olof ubat &
Zapd wo|& ek AMEslch 1 21t SCLE 2 1 23
o] SCLE/EA, SCLE/BuOH ¥ SCLE/FW¢] Zg}x -o|=
Sk 717} 41.99 + 559 QE/g, 215.14 + 24.83 QE/g, 124.46
10.62 QE/g, 848 + 4.00 QE/go]3lom Za|u &gt}
Yo SCLE/EA0IA] 7H8 W2 3hefe] Zeti o] =7} &1
At

H—E

oy

Smilax china L

Water extraction and drying (40 @)

Add water for liquefaction and then extracted with hexane

Hexane fracton H2O fracton
(0.22 )

. iExfrocTed with dichloromethane
Dichloromethane fracton H20 fracton

(0.64 g) *Exfrocted with ethylacetate

Ethylacetate fracton H20 fracton

8.729) +Exfroc1ed with butanol
Butanol fracton H20 fracton
(11.839g) (16.91 g)

Fig. 1. Extraction and fractionation of Smilax china L. leaf extracts
(SCLE) by using various solvents.
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Fig. 2. Total polyphenol content (A) and total flavonoid content (B) of SCLE fractions. Garlic acid and quercetin were used as stan-
dard compounds for the measurement of polyphenol and flavonoid contents respectively. Results are presented as Mean =+ SD of
three independent experiments. #+*: p <0.001 as compared to the SCLE.

SCLE ¥ 1 £219| radical scavenging activity

SCLE ¥ 1 B319] radical scavenging activityE 2F2l
3t A3} DPPH radical scavenging activity~= 0.1, 0.25, 0.5,
1 mg/mL2] 5= A positive control= AF8-5¥ ascorbic acid
=88.25 £ 0.16,98.67 + 0.21, 98.53 + 0.16, 98.53 + 0.08%
o] S-S e e SCLE= 23.53 + 1.76, 61.26 + 1.02,
90.47 + 043, 9570 + 0.21%, SCLE/EAE= 71.60 + 247,
9542 + 0.29, 96.65 + 0.08, 96.60 + 0.00%, SCLE/BuOH+=
53.01 + 1.83,90.94 + 1.85,95.04 + 0.00, 9542 + 0.08%,
SCLE/FW+= 1041 + 0.64, 3291 + 1.23, 59.00 + 1.93,
92.92 + 074%& HErH3Ict (data not shown). SCLE/EA
7 7V =& B 7HAL Qlglem, T oo 2 SCLE/
BuOH, SCLE, SCLE/FW <=2 & 244& Vehfiict ABTS
radical scavenging activityS 2213t A1} 0.1, 0.25, 0.5, 1
mg/mL2] =0l A4] positive control® AF8-% ascorbic acid
+ 40.57 + 0.21, 95.26 + 0.96, 98.37 + 0.16, 99.30 + 0.50%
o] 245 Yehion SCLEE 970 + 0.16, 23.86 + 1.29,
46.84 + 1.11, 81.56 + 1.99%, SCLE/EA+= 41.13 + 2.63,
86.79 + 1.21, 99.48 + 0.08, 99.39 + 0.08%, SCLE/BuOH
+ 2395 + 0.50, 55.10 + 2.15,95.21 + 0.79, 98.88 + 0.24%,
SCLE/FW+ 947 + 3.03, 13.69 + 0.57, 26.60 + 0.63, 46.75
+ 0.42%< YEHATE (data not shown). DPPH radical
scavenging activity} Zro] SCLE/EA7} 7V =& &4S
7HA)aL QJgle, 1 tf2-©9 & SCLE/BuOH, SCLE, SCLE/

FW 2 2 245 YeRIct 1C502 EH2lsk 23} Table 1
1} Z+o] DPPH radical scavenging activity2] 73-%- SCLE/EA
7F0.022 mg/mLe 2 71 #A W= SCLE/FW7F
0479 mg/mLO.Z 71AF 97| #2E|R om ABTS radical
scavenging activity®] 4<% SCLE/EA”} 0.13 mg/mLS &

7H A $EE%A SCLE/FW7F 1.082 mg/mL2o.2 7}

Table 1. ICs value" of SCLE fractions for DPPH and ABTS
ICs (mg/mL)

Sample

DPPH ABTS

SCLE 0.231 + 0.080 0.584 + 0.063
SCLE/EA 0.022 +0.001%” 0.130 +0.015°
SCLE/BUOH 0.088 + 0.032° 0.237 + 0.022°
SCLE/FW 0.479 +0.067 1.082 + 0.104

1) ICs value is the concentration of sample required for 50% in-
hibition 2) Values with different superscripts are significant in-
crease at the same column (p <0.05).

Each value is expressed as mean £ SD in triplicate experiments

4 23 R A
SCLE % 1 22l2| SOD-like activity

SCLE % 1 ®319] SOD-like activity= pyrogallol®] A5
AbsE B o835t A% 23t Fig. 39k 2t SOD-like
activityS 213t 23} 0.1, 0.25, 0.5, 1 mg/mL2]| sEol|A

positive control® A& ascorbic acid< 32.28 + 2.84,
50.39 + 249, 6944 + 401, 8047 + 1.18%2] T4 LERH
61 SCLEE= 362 + 201, 725 + 206, 10.68 + 0.57, 1507 +
0.87%, SCLE/EA+ 20.22 + 3.35, 22.51 + 5.64, 27.86 +
4.99, 34.54 + 519%, SCLE/BuOH+= 18.12 + 2.29, 1984 +
0.99, 2709 + 1.84, 32.63 + 1.84%, SCLE/FW+2.67 + 171,
6.29 + 0.33,9.16 + 174, 1278 + 2.01%< UERHITH
Ascorbic acid®} B]uste] W& ZAjo| x|k SCLE/EAY} 7}
A =0 SO 71x]a1 9Jglon 1 26 & SCLE/BuOH,
SCLE, SCLE/FW <=0 & 243 LeRfigich

SCLE H 11 2219| reducing power

SCLE®} 1 B-3]9] reducing powerS =43t 21} Table
22} 2t} Reducing powerS 2Helst Ayt 0.1, 0.25, 0.5, 1
mg/mL2] 5=o)| A positive control® AF8-% ascorbic acid
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1007 ‘ []01mg/ml [ 025mg/mL [ 0.5 mg/mL B | mg/mL
80 -
8
;‘§ 60
©
O
.E: 40 B ’ M Fig. 3. SOD-like activity of SCLE frac-
8 " * fions. SOD-like activity assay was
& T  * performed by using a range of SCLE
20 concentrations. Ascorbic acid was
used as positive control. Results are
presented as Mean + SD of three
0 1 o s sc s o SCLE/FW independent experiments. =: p <
Acarbose LE LE/EA LE/BUOH LE/F 0.05 as compared fo the SCLE.
Table 2. Reducing power of SCLE fractions
Reducing power (absorbance, 700 nm)
Samples
0.1 mg/mL 0.5 mg/mL 1 mg/mL
Acarbose” 0.028 + 0.001 1.341 £0.012 3.079 +0.027
SCLE 0.047 0.217 = 0.004 0.381 + 0.008
SCLE/EA 0.154 +0.001*” 0.581 + 0.020° 1.239 +0.017°
SCLE/BUOH 0.116 £0.001° 0.464 + 0.009° 0.870 £ 0.059°
SCLE/FW 0.014 0.0927 0.179 £ 0.003

1) Positive control 2) Values with different superscripts are significant increase at the same row (p <0.05).

Each value is expressed as Mean £ SD in triplicate experiments
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