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Abstract

Ginger (Zingiber officinale) is a well-known herb that is widely consumed as spice for the flavoring of foods.
As part of our continuing search for bioactive materials, the in vifro pancreatic lipase inhibition and antioxidant
properties of an aqueous ethanolic extract of Z. officinale were investigated. The total phenotic content was determined
using a spectrophotometric method. The antioxidant efficacies of the extract was studied with radical scavenging
assays using DPPH and ABTS' radicals. Further more, the antiobesity effect of the extract was evaluated by porcine
pancreatic lipase assay. In particularly, the pancreatic lipase inhibitory activity of the ethyl acetate (EtOAc)-soluble
portion from Z. officinale was significantly higher than that of the other solvent-soluble portions. The results suggest
that Z. officinale may have therapeutic potential that may be useful in development of an anti-obesity agent or

its precursors,
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Al(pancreatic lipase inhibitor)7} #41-2 W1 91t} Pancreatic
lipase= triglyceride& 2-monoacylglycerol @} fatty acid=
3= key enzyme S = 2}E-3H}(S). thE 2] pancreatic
lipase inhibitor=Streptomyces toxitriciniZ2 -8 ¥
lipstatin®] F =A<l tetrahydrolipstatin (orlistat). 2. 241, &
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Eo /‘gﬁﬂ %7]% g @‘%O]-O% pancreatic hpase A OH A&
wlete] 1 Feo] sl Baistith(i1-13).

H Ak ~EY a9 #EE 24 Hey dg o
A 9 Aol AlA FA7E Hla glew 1 9o
g4qkao] 719lE Aoz ded 9lom, superoxide, nitric
oxide, nitrogen dioxide, hydroxyl, peroxynitrite 52+ 2-&
g Aha FTEL 17 girkaby ol #dgle] WAl o]
w3t g A Ao 3o AR Ageta glrk14). A
gl AHEHI 9l H4ESIA 241 butylated hydroxy
anisol (BHA) %! butylated hydroxy toluene (BHT) 5<] 34
itstA| o), o] 5 50 mg/kg/day oY nEFoF A

712t B8 Al AFdALY] Ergs S I F U7
el AH-E Al Bkl e Argolth1s). ol e
T A E A 5 gl rd GakalAle] Aol
S7E I e Ao, FTole 4E AUREE
A W} kst Faksta vl Hold A gatsiA s

A7) g W A7 @] o] FolR A girkie).
A7& A 7F3N(Zingiberaceae)?] TAZ3HA] @& BElE

718 dehy oejrtgone el A5 99 Y
et Qled wHEA, X ESe g #Ed o mx
Aol geld glov, Aol gingerol & 5o #HlEA
R Eebi ol s, Bl o] ot 22 glEo] £
5o o]& ghgtEol b}%hfﬁ Aead s vehfie Jos
Hus oA 9lth(17-20). & Aol kg4 wm FE
pancreatic lipase 48127 9 kst 85 epllE Ad
=2E Bk el AN S e B8 e

FAston, aFodA 3 AaleS Vehd At
80% EtOH F5&2] F-8 &l uiste] 738t pancreatic lipase
Adls 2 gaksl 5% Fdolsigirlel 1 4798 Baslu
N ai=y
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A A 52 AEg 21X 8 A (Zingiber officinale)
o A Akl A 20081 1089 FEHE A7 A Az )
o

EEo M=x 9 2
;ats} A7 10 kg BV 2 2A vRgt & 80% ethyl
alcohol (EtOH) 70 L& 327k 33] WM %23} F lojzl
LNE o 73 B 7H9) ek 0401751 AIE(2639 ol

tial pancreatic hpase A 25E H1e A3} 150 ugmle]

FEolA 32.042.0%9] Adee VeERISIa, Bkl 2%
©] 712 o] 4% DPPH % ABTS™ itz thalA 625
ug/mLe] Al E=ol A 7zt 49.3+1.77} 59.8+1.8%2] 27
T2 e 25 FRE] dle g4Ede) F
HE 4] A3l 5 daEe 4521 70 gof tisld
10% ethanol 3 L= dE3S }0% A2/380121 chloroform
(CHC) 2.2 WA F23 & £5& TA] ethyl acetate
(EtOAc), n-butyl alcohol (n-BuOH)& ]88} 27} oAb
o 33 Hgslo] {780 MRS S8 2 Sl
FZ B8 A8 w59t A& A7 F CHCL 7H-E4
(30.3 g), EtOAc 7F4-238(2.1 @), n-BuOH 714328255
), O 7H2867 o9& 42t Ao zF BiAES v
©2 in vitro A EAE FHrE

ZF AleA 3559 38k Folin-Denis WM Q1) whah
Z(T;g 6‘}21 "Q“Lh1a '"}%%% 37;..8. Jﬁj‘ J”"ff”‘ 1 mg/mL Q.J—.VC« .J.A“H

3t 2, 75 mLe] FHT7F R 100 mLe] w2 Eefaa
o 1 mL% 251 2 E8H8to] Folin-Denis A9 5 mLo} gHAF
UEEF 2318 10 mLE A2 ¥& oS SFT= 100
mlL 80 2 Ao} o] AL & TEalo] A2 305
W) S UV/VIS BB EA R 725 nmol|l A FFEE 2
et on, H5EA S gllic addE ©]-&3dtd B3
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Pancreatic lipase Nsi{gd £H

Pancreatic lipase #8187 Z%4-& Kim 5(22)°] 3§
He WEgste) HAAIETh 5 enzyme buffer (10 mM
MOPS, 1 mM EDTA, pH 6.8)°l| porcine pancreatic lipaseZ
0.5 g200 mL®] 52 4TE Fx3A &8lg 3 4000
pm 2 A4 FelE st F5E AHate] 169 ul Tris
buffer (100 mM Tris-HCI, 5 mM CaCl,, pH 7.0) <} 6 uL
enzyme buffers &3 hjr AE-E DMSOR glfsta #F
FE7F3%7F S o 3tk wEg Akl AREE
o} AEEA R p- mm'phenyl butyrate (p-NPB)< 10 mM
o] 54 DMFol| €313t & enzymed} sample—‘ HA] 37°Ce]
A} 153 %<} shaking incubation A7} § 718-& H7} Sk
37°Coll 4] 30% &<} shaking incubation ;q 7] B 405 nmol| A
ELISA readerS ©]-&35k] S22 E =% 3131 th Pancreatic
lipase AN B S Al Zgole] Hrbrz TAslre) §3
= HAEE Ve

DPPH 2jojztaAs &3

AAFo] 5-& Blois ¥ (23)ell W} S 8ksich 2 Al
899 2 mLef 02 mMe] 3[4 '& 1,1-diphenyl-2-picrylhydrazyl
(DPPH) &9 1 mL& ¥l wHte 3 30%3F WA o
517 imel|M FBEE AU AT TS MBS
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A7} F25-2] 2,2°-azinobis-3-ethylbenzothiazoline-6-sulfonic
acid (ABTS) radical 22452 Re 5(24)9) W3S W36l
23} o] 2483t 7 mM ABTS (in water) 9t 2.45
mM KO0sS, 53-8 £ $ 412, ¢tdoll A 16417} A8t
of gzl AL FEg F ABTS Sz 98 &Y
3ta] 734 nmoll A FHE gol 12~13 A7t s 34
sto] ARgstTh 848 ABTS ght]zk £ 980 uL 9
Ao 32N 20 LS 3t A4 1583 WA
F 734 nmol|A] FHEE St old dxEHZ =
1 mM 5%9] Lascombic acidE AH&3t¢ o Aot AR
B AestA g Tl hE 22 BAISAT

EAXMe|

7 AL HAa 3 ol ARSI, Ay Avke Yot
EFQAZ EASS] 32, non-paired Student’s t test= 7373
3ld Paro] 5% w|Thd of BAACR fof & AR Wy
Evi=g

g o g

ZHE Sl3E e

AAFEE 9 2 BB &Rt sl F4EA 3t
&9 S Table 1] VERIR] 2™, EtOAc £ E°]
1 g% 950 mge} A4 SFEL ashe Aoz ey
o, CHCl; £8%0] 820 mg, n-BuOH %3 E°] 865 mg
o] #l=4 SEe] hao] ERIHATh T3 RO A=
1 g3 206 mge] AtiHog @ A §F%S Jehje
Aoz ALYt AT AE &< acetone E methanol
o] g3gdow FE3 FullEA S kst Ax
o} 40.0 mg/ge] WM &R FH-gol Hisojxgler(25),
A7} BOAc 71H-5toll &8l datst B AR 5 89 E
Uehll & oA g5kl 545 01(26,32), ©]E phenol’d
S3Ee EAE AlAE ozl

Table 1. Total phenolic contents of ethanolic extract and organic
solvent fractions of Zingiber officinale

Samples Extraction Yield (g/100 g) Phenolic Contents (mg/g)”
80% EtOH ext. 11 66.4+0.5
CHCls layer 0.5 82,0403
EtOAc layer 0.03 95.00.2
n-BuOH layer 04 86.50.3
H:0O layer 0.1 20,6103

Data represent the meanSD three replications. Values with different letters are
significantly different at the levels of p<0.05 by non-paired Student’s t test.

Pancreatic lipase XsljzA
HThe i o A 3 HE
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B)2h2) B4 24 orlistat(’y3 3 :xenical)-Z triglyceride &
ate #de] AHEs] &4 lipaseo] vl7d A1 Ad
& &ho] B8A3} A7) 02 triglyceride 2 cholesterol ]
F48 A0 BAG WA A7)E A HoR Guln
8-S AN BR %, AAl o F-2hgo] EAAE 1
21ol27), o1& FFgo] fle A i A LS
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fg A7 2
2RE guk DB S-S 918l pancreatic lipase #13)

Egso] dojzl 7} {7180 71-8-E-& el thdte] pancreatic
lipaseE o] &3+ 49 & B3 AL sk 2
A3} A7 80% ethanol F&E-<] AWl Al thgh Aa)
52 250 ugmLe) FEolA 320:1.7%] A dS Ve
uglen, #7180 28 & BOAcE] 7%, 156 pg/mle]
ExoA] oA Al 2] B4 2] orlistat] 93.2+0.7%<]
A &xct 733t 98.010.7% Asls2 Flapdch Egt A
7o) FAaFor & 4#A e 6-gingerol®] A B2
FEA 162405%] W& AdleE el

I vodd HAE 4 A=REH AEE f9
pancreatic lipase A8 TS 7w A AfA 7}t F5
i glod] theel AjekaZEoll Al pancreatic lipase
A 52 Brtstad 3 Y- (Euonymus alatus), 7 H
2 (Juniperus communis), Z YV 5(Thuja orientalis), S\t
(lllicum religiosum), S\ 35-(Pyrus pyrifolia) 51X
IC5°] 45.0 ug/mlL ©]3ke] 73t 242 Jehdo] Hix ]
©1(29), F8A}H-(Sapindys rarak) ZHE EE]® ALE
W, AFte] procyanidint 2 14 ginsenoside ol A 72k
pancreatic lipase A31°s-& VERE-S E9185TH30,31). 4
7ol EtOAc $%59] 7% Table 2014 Uebd A A3
15.6 ng/mLe] As=ollA] Al gk X SAQ orlistat &
t} 733 985:0.7%) vl$ 98 Fe2 VERSITE A7
ol & diarylheptanoid 7 5-¢] #HgHEo] Tk EAldHE Al
g A glom, W7ol X HAHS 6-gingerol?] 73-5- 15.6
ng/mlol A 162:05%2] A o 2 B Ag&& Vel
3} o]l B oI glojja] Aoj7 pancreatic lipase”] 3l &
A E79] phenolic diolF % FAF F322] B4 E29] E4)
7b FAE1(13,32), T Ao okE AANEE A% A
Aol A7 FHS 3l 4L Uehlle AEE
el 244 % #89 (activity-guided isolation)l e} &
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Table 2. Inhibitory effects of the ethanolic extracts of Z. officinale and its CHCL;, EtOAc-, n-BuOH-, and H,O-soluble portions against

pancreatic lipase

Concentration Inhibition (%)* 1Cy
(ng/mL) 250 125 625 313 156 (pg/mL)
80% EIOH ext o7 152413 65108 35408 21410 > 250
CHC; layer 892+15 737422 318413 120408 56:11 848435
FtOAC layer 97413 996215 992413 9016 98.040.7 <156
n-BuOH layer 755417 604112 513408 93:1.1 114406 684+119
HO layer 143408 134205 8.140.6 76406 53409 > 250

6 Gingerol 419413 304412 253409 197408 162405 > 250
Orista” 982:16 98.0+1.7 977412 953406 932407 02:0.1

“Data reptesent the mean+SD three replications. Values with different letters are significantly different at the levels of p<0.05 by non-paited Student’s t test.

Orlistat was used as a positive control.
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A UERE 2 A7 80% ethanol 58 2 7} §7]80)
| dsiA BiZ 2AS S H7IRF 23 625 pg/mlo)
F5oA MeOH FE 50| 49240.7%2 &tz 2A%S
bRl e, 53], CHCl; 71H-5-9] 62.5 ugml.9] %%
ME 627+12%9] wl$ <=3 Sz 27%S JERS]
o, o] positive control 241 A BFaksl AR o= 2
G A = (H)-cateching} 22 Fxol| A vl g Ao
T} EtOAc 7F&-5-29] 125 pgmLe] LA 56.51.4%,
62.5 pgmLe] FEolA 405+:12%2] 2 2 %S Ve
WS, B2 2 #-BuOH 7H-3 2 H,0 o)A Bl w4]
oFgh Bl %S E91sISink DPPH S &7 84
I F e SFEY dEFAoldlE YA AREA )
ek Ba4)el SAste] g7t ahatst @43} Hs

O o
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A% Beleleln, o) el Wk Bae 4

o )3} 6-gingerol 59 gingerol i+ 3}3HE, shogaol 7+
! phenolic ketone -9} 22 #lu4 35Eo] #9E 7be

p
& AAFFATH3S).

oX, Y

ABTS™ 2io|zt aAs &3

Re®] -2 W3kl 7 mM ABTSS} 2.45 mM Ky0sS:
THE T T, AL, o] 16411 R Ete] ez
o] WS FET F, ABIS 2 2AFS S48t
(24). 71 A7} Table 494 B+ Z1A Y A7) 80% ethanol
2259 6.5 ugml FEolME 59.7:08%2] ABTS' @t
Z 2 ATE VeSS & 4 e, 7 BEEFAM T
53] CHCl; % n-BuOH 7}8-5-2] 62.5 pug/mLo] & ol A]
87.9+1.5 % 875+1.7%2] vi-¢ 5 U@ A S 1
Rl oy, & oA positive control{! L-ascorbic

Table 3. DPPH radical scavenging activity of the ethanolic extracts of Z. officinale and its CHCL, EtOAc-, n-BuOH-, and H;O-soluble

portions
Concentration Inhibition (%)° ICx

(ng/ml) 250 125 625 313 156 (ng/mL)
80% E(OH ext 783118 672215 92:07 4308 202¢11 639415
CHCl; layer 86317 730420 627412 315207 122410 52.7:46
EtOAc lager 79115 565414 405412 269:13 146408 88,654
n-BuOH Tayer 683513 407111 258408 17.1£10 8.0:0.7 1527446
HO layer 123107 56106 42407 21408 20408 > 250
¢-Gingerol 9.7+1.1 95.141.1 93.8:08 90309 758407 <156
(+)-Catechin’ 960412 950+15 947411 94.0+0.5 93.040.7 <156

“Data represent the meantSD three replications. Values with different letters are significantly different at the levels of p<0.05 by non-paired Student’s t test.

P)-Catechin was used as positive control.
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acldA 94.7+1.3% A3)5H ¥l @GS Y= A9 F53

< JeRldch =8 EtOAc 7H8H9] 125 ug/mLA
*‘5’5:0%1/\1 96. 6+1 5%, 62.5 pgmLe] F5olA 75.7+1.9%<)
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o= gt 5% YERASITE Table 1914 vehd RAH
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HeiA = ABTS 2H)z &4 4820 EA471 AAES

2 A1gA A3E (2011)
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Table 4. ABTS" radical scavenging activity of the ethanolic extracts of Z officinale and its CHCls, EtOAc-, n-BuOH-, and H,O-soluble

portions

Concentration Inhibition (%)" ICs
(hg/mL) 250 125 625 313 156 (ng/mL)

80% EtOH ext. 97419 93.1i‘i,7 59.7+0.8 33.020.8 271412 42.7+6.1
CHC; layer 984+18 94.1£2.1 87915 623208 53.5+1.1 < 156
EtOAc layer 99.5+2.0 96.6£1.5 75719 4.7+13 19.130.8 35313
n-BuOH layer 99.6+1.2 9.1£1.6 875417 64.7£1.7 36.6:0.8 219403
H,0 layer 96.3+0.9 67.515 39.0+2.1 19.240.7 9.0+0.7 283153
6-Gingerol 99.8%1.5 99.1£1.3 98.9+0.7 92813 75.8:13 < 156
L-Ascorbic acid” 99.7+1.3 9.0£1.7 9%4.7£1.3 94.020.7 93,0406 < 156

“Data tepresent the meaniSD three replications. Values with different letters are significantly different at the levels of p<0.05 by non-paired Student’s ¢ fest.

PL-Ascorbic acid was used as a positive control.
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