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Abstract

In a continuing screening of selected medicinal plants native to South Korea, the antioxidant and pancreatic lipase
inhibitory activities of an aqueous methanolic extract from the heartwood of Aquilaria agallocha were investigated.
Eighty percent of the methanolic extract of 4. agallocha was further divided into CH,Cl,, EtOAc and n-BuOH
in order to yield four solvent-soluble portions, namely CH,Cl,-soluble, EtOAc-soluble, n-BuOH-soluble and H,O

residue.

The antioxidant properties were evaluated by employing radical scavenging assays using

1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2"-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS") radicals,
while the anti-obesity efficacy of 4. agallocha extracts and solvent-soluble portions were tested by porcine pancreatic
lipase assay. All tested samples showed dose-dependent radical scavenging and pancreatic lipase inhibitory activities.
Among the tested extracts and solvent-soluble portions, the CH,Cl-soluble portion showed much higher radical
scavenging activity and pancreatic lipase inhibitory properties when compared with other solvent-soluble portions.

This result suggested that there was a

significant relationship between the total phenolic content and biological

efficacies, and A. agallocha extract might be considered as a new potential source of natural antioxidants and as
a pancreatic lipase inhibitory source. A more systematic investigation of this biomass will be performed for further
investigation of activity against antioxidative and anti-obesity effects.
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Jﬁ}%}/‘qéﬂiﬁ F 2ol e v AA FatsiAl
£33 3 butylated hydroxy anisol(BHA) % butylated
hydroxy toluene(BHT) o FA IAEAIZE Bol AFEE
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g HET, WA, s3] o, A, FHT S
%, #E4, 8% ‘:«1 “““Udﬂr Y Ado] 5ol
Zh e A A Th(11-13). HIRES] X =0 of o]l lofA] 2o]
aWE TRk S50] 7P A G Wolu HZole A S
AAA, AFT AAA S o] XPey glon, IF

oA = triglycerideE 2-monoacylglycerol?} fatty acid =
= key enzyme o2 2H8-5= A HHEE] G491 pancreatic
lipase®] 285 JAst= WEe] F5S WA UTH14).
AA Furt o fEF o A Al#F2 lipstatin®] =<1
tetrahydrolipstatin(orlistat)<  Streptomyces toxitricini=%-E]
frefe alzAd pancreatic lipase inhibitor 2] AUl 413
| Ao Astel F4E ARl AH = °F 30%E 1Th
= A A7, H2 9el, AR, R, A
73 Bl FA] 59 FAo] e Zlo] Hagd
we}l Bo} 22go] AL 2§ vk E7 o] sfuto]
279 Ark15-17). F 2, AL ZHE pancreatic
lipase A|alAl] 7Hd-2- 913F ‘5‘7‘7} kshA 218 =il gl
™ (18), YA Alisma orientale), N \5-(Thuja orientalis),
W 5(Pyrus pyrifolia)s] A A EZ5EH AT &
A5 FRAHoR AAlste AYtEAEe] HuHUn
(19). & AFEAME HALA Frefe] et AL
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(20-22).
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2 Aol AEZ AM-S 38K Aquilaria agallocha)<-
20105 2ol th7-A] A oFAALel A FFdste] 2] A1
gk o ARgsil o, FEA 5 tFtHEtae] A EEe
7 AFEAAE A Basta A EgE 1,1-diphenyl-
2-picrylhydrazyl(DPPH), 2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid)(ABTS), Folin-Ciocalteu’s phenol A]<F
porcine pancreatic lipase, (+)-catechin 52| A]°F2 Sigma
NI T efo] BT, FEE A7 BT S
oS ALESlN AL FFE 5% S 913t spectrophotometer
Tecan A}2] Infinite F200(Tecan Austria GmBH, Grodig,
Austria)= AHE-3F T

Azd 23k 12 kg Al F<= F 80% methanol(MeOH)
8 L& 33Ut 33] wHHE 3% 39t} Aozl &S 73k

, A F33lo] 80% MeOH 2% 1853 g2 AUt}
ozl Mg FEES =l dEste] f7] {ulje] S9xE
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120 pLell 0.45 mM<] 1,1-diphenyl-2-picrylhydrazyl(DPPH)
| 60 ILE ¥ W $ 1551 WA T 517 nmel| A
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2,2’-Azinobis-3-ethylbenzothiazoline-6-sulfonic
acid(ABTS) radical 22452 Re(31)2] WH-S wgslo] t}
L3} o] 243kt 7 mM ABTS(in water)$} 2.4 mM
KOsS: B 535 EF § A2, haedA] 124]7F x| s
g Zeo] BAS FE3 F 734 imollA] FF= ko] 0.6~
0.7 A=7} H =% 5]435te] AL8et3ith 5143k ABTS'
gz &9 100 uLet Aok F=9 100 uLs St
A Lol A 7EZE HESAIZ] 734 nmoll A SHEE S35}
Atk oju PREAZE (H)-catechinS A&t o Ay}
 ARE AHEeR &e o U3 22 TAISI L

Pancreatic lipase A3ig&Md A

Pancreatic lipase A3 &4 =% Kim S°] 33t vy
(32)< Wkl 2141319t} Enzyme buffer(10 mM MOPS,
1 mM EDTA, pH 6.8)°1 porcine pancreatic lipaseZ- 0.5 g/200
mLe FEE 4ToA 4,000 pmo2 ¢4 S 3l
ArZN S AFEske] 169 ul Tis buffer(100 mM Tris-HCI,
5 mM CaCl,, pH 7.0) ¢} 6 uL enzyme bufferS &3}3c}.
A& distilled water® 83} 3o T3t T 5] 5lo]
AF&-313AtE. Enzyme¥} sampleS WA 37°Col|lA] 155 F<t
shaking incubation A]Z1 ¥ 7|22 10 mM p-nitrophenyl
butyrate (p-NPB)S 37} 3] 37Tl A 30% 5<} shaking
incubation A171 % 405 nmelA EFE=E =AU
Pancreatic lipase #3124 A58 9] 73} 347}
o FFE dasE Uit

5 o= HEE g Bt
% sl 392 32 Folin-Denis W33l whet

S on, FE25 S /HEF AEY 50 Lt
Folin-Denis A19 50 yL& ¥ 11 3% &, 0.7 M B EE

| 50 uL & ¥ 2 Egoto] AolA 60 WA g
%, UV/VIS £33 5A 2 730 nmol| A 3355 S4 3131
o, FFEZL tannic acidE ©|&3dle] BFIAS A
stod kS Skttt

DPPH 2jCjgt a7 gA

ksl B4 7 2 5AA 718 f87)9 vk
st Aow fE7] &A ZE- J 2ol JdAE
Folste] kel 318 Hr) she # =& o]-4-%H )k DPPH
= AA el A8k Sz oA vk 1 AAI7F S5
AAE 23 e 84 EFZA oF 517 nmol| A 73t
FHEE Uit dkstsol e 547 vEetA &
A A2RE Ulo] FHA] grjZde] Ay a Efe] Hejao]
POIRHA Y3t el 2 BolrliAM FF= Fro] At
Th34). Fig. 20|41 YeRd AX 7 23 80% MeOH F+Z&
9 ZF 7718l 7R el o 2 ket
A7}, A3 80% MeOH F+E 52 269+4.5 ng/mLe| H] w4
743t ICsofk= YR o™, 7180 7He-Fo tial 22
oz S48 Hrket A3, CHCL 7HEF-oll A 26.1+4.4
ng/mL, BtOAc 7}8-5-cl| 4] 24.8+3.9 ug/mLe] ICsoak= LHE}
WAt =8 #BuOH 7}&-5-(ICso; 42.7£5.6 ug/mL), H,O
7HE-(Cso; 186.827.1 ng/ml)2] £o= )z 27 24
= UYeRilon o2t AE 4 i<l (+)-catechin
] ICo#k%] 59404 pg/mLe] 2teZd 4753 Bl Al @
E4o] obd MeOH =& 9 #7180 #+9<de 1
o ooz 43 EAAS AR T

ABTS" 2itig 275 53
ABTS' 2012 27124 & ReGD)E] W & WA alo]

.]
ABTS®] o] & efr|ze] FHE7} Fasialel ola) 73

Aquilaria agallaocha (1.2 Kg)

— 80% MeOH
Cncd.
_CH2C|2
|
CH,CI, ext. — EtOAc
(565.9 g) |
— n-BuOH
EtOAC ext.
(91.7 9) | |
n-?;é?;ge)xt. H,0O ext.
(3.49)

Fig. 1. Liquid-liquid partition of Aquilaria agallocha.
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ICsyvalues (ugimL);
80% MeOH ext: 26945
CH,Ch-soluble portion: 26.124.4
EtOAc-soluble portion: 24.8+3.9
80 - | y-BuOH-soluble portion: 42.7+5.6
H,0-soluble portion: 136.8+7.1
70 | | ()-Catechin - 5.9£0.4

DPPHradical scavenging activity (%)

03 2 s 313 125 300
Concentration (jig/mL)

—8- (+)-Catechin (positive confrol) &~ 80%McOH ext. —— CHiCl -soluble portion

—+ EtOAc-soluble portion - n-BuOH-scluble portion ~8— 1,0 solible portion

Fig. 2. DPPH radical scavenging activity of the methanolic extract
of A agallocha and its CH,Cly, EtOAc-, »-BuOH-, and H,O-soluble
portions.

HE de 7123 hHo g, potassium persulfate2} ABTS
o] skslel] ofsf gz FGAZ T Z7ke] Alsel tigt
AR 2ASE S TN kst 2 A1
4 9tk 1 AF} Fg. 3914 B AX# 23k 80% MeOH
FZEL 147207 pgmLol A ICs S thhlon, &
3 & rﬂ?ﬂ gz 2ADE 7k A3 CHC,
EtOAc % #BuOH 7}-8-5-0l| A z+z} 53+04 pg/ml, 5.5:0.4
pg/mL, 10.4+0.2 pg/mLe ICsy 7S 2Helatdon, ¥4
) Z=7<1 (+)-catechin®] ICspak<Q! 2.1£0.2 pg/mL¥} B] A
A= T T5Us RIStk gk Fg. 2901419 DPPH
g 2ASA HoF Aas J_]:/q gk uj] 23ko] 80% MeOH
2253} CHCl, EtOAc 7185 $-53 gitsl S 54
o] ZA7F At Lo, o5 S EAS] T o] dast

ta AleE,

1Csgvahes (ughul):
80% McOH ext: 14.740.7
CH;Cl-soluble portion: 33204
EtOAc-soluble portion: 35+0.4

- | #-BuOH-sohuble portion: 104+0.2
H,O-soluble portion: 44.9£0.2 %
(H)-Catechin - 2.1£02 s

2

- ™ &
s &4 3

20

ABTS"' Radical scavenging activity (%o)

0L 024 0.3 2 718 157
Concentration (jig/mL)
—-(+)-Catechin (positive control) —&—80% McOH ext. — CHiCh -soluble portion

—+—EtOAc-soluble portion —#—n-BuOH-soluble portion —&— H,0 -soluble portion

Fig. 3. ABTS+ radical scavenging activity of the methanolic extract
of A agallocha and its CH,Cl, EtOAc-, »-BuOH-, and H;O-soluble
portions.
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Pancreatic lipase Mall&A

2| pancreatic lipase’= A2 7lpREs] B4R Ao
a3} 9 Fol| F83F Q5 Sl pancreatic lipase®] 23
= quﬂ sho] A 3-’?3 o} 7<] ol MAdE Fxleh=
3L TH15). A A
3 Sir* ﬂﬂ]“} zﬂzﬂ = —?*’F@ E_i'*"ﬂ E7stal
of, <, F"ﬁt 17gel], 2184 Al 59 F
2hgo] e Ao dEA glom e F2hgol fle
2% 2 HAEZHE pancreatic lipase A3 A1 2] 7S
ot A7t HPE 3 ok B AtellA gtk ) e]
MEe flal 232l 80% MeOH zrair%a FAJ ol upgt
CH.Ch, BtOAc % nBuOHZ T2t #-85
Yol th3led pancreatic lipase S ©]-8-3F A E S S8 31
2 A3} A8k 80% MeOH F+Z 52| CH)Cl, 7F&-H-ol| A
$-rgh 1.140.3 pg/mLe] ¢ S5 Uehdilen, o
S0 2 FEtOAc 7185 73.8+4.4 yg/mL, 7-BuOH 7 &
Eoll A 116.149.1 ng/mL 9] ICsZt= 3lstgith o)At
A3 2 5E CHCl, 7}H-5-2] pancreatic lipase A3l &4 &
positive control®! orlistatol] G5t FH|qt Aoz S
DYEA T4 2 IRt T Sl dig A7 28

shta Atedd
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H‘.

l

=

|

r>J m{n

)

100 ICsg values (ug/mL):

80% MeOH ext: 217.9+2.0
CH:Cly-soluble portion: 1.120.3
90 | EtOAc-sofuble portion 73 8+4.4
n-BuOH-soluble portion: 116.1£9.1
so | | H:O-soluble portion: > 500 p
Onlistat - 0.14+0.1 S

Inhibition (%)
R\

P

004 008 015 03 1 2 4 8 313 625 250 S0 1000

Concentration (jg/mL)
—=— CHiCly -soluble portion
—&— 0 -soluble portion

—+— 30% MeOH ext.
—#-n-BuOH-soluble portion

—=— Olristat (positive control)

—+ EtOAc-soluble portion:

Fig. 4. Inhibitory effects of the methanolic extract of A agallocha
and its CH,Cl,, EtOAc-, n-BuOH-, and H,O-soluble portions
against pancreatic lipase.
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Ag91x] B gte] Aol el A2 WAL Sleel delA
gom, HeFgA==FH Fed tannin, quinone,
coumarin, lignan, stilbene, flavonoid 52| A =4 35+
B it st e 23 A5 AelgAd S 729
o] FABAY AAA 2 FH =X TH36).

o FEE 9 SAE f7180 78l e
=4 e S Table 19| UrEhH‘}iJ‘%,
CH.Cl, 7}8-%-9] 7FH-57} 1 g 217.2 mge] 7} B
= S3HES Ssle Ao2 YElsom, EOAc 7H--
o)A 211.5 mg/g, #BuOH 75+ 113.7 mg/g 2 H,0
7H&-oll A 55.8 mg/ge] ©o & dE SHEHE] §Hel
Haske e & JoF"ﬂE‘r olge] A¥=w TEi FE=EY
%] DPPH, ABTS' %ol itz 2758 2745 19
g, Jsd SEE «1 S g 275 Alelde
2 AERAE e e & F UAJTh

xﬂ

o

i)

Table 1. Total phenolic content of the methanolic extract and
organic solvent-soluble portions of A agallocha

Samples Phenolic contents (mg/g)l)
80% MeOH ext. 2172451
CH,Cl-soluble portion 339.7£3.7
EtOAc-soluble portion 211.5+2.0
1rBuOH-soluble portion 1137427
H0 residue 55.8+1.2*

"Data represent the mean=SD three replications and *p<0.01 compared with control.
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24.843.9 pg/mLe] Tfﬂ ICsotk= YERATE =g
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A E pancreatic lipase # 3] A1 S =33 23}, 2o
FHE Ao CHClL 7H-5-9] ICsak< 1.1+0.3 pg/mLe]
Al &S Jeplen o= tlZ&w< oristatel] B3l kst

H=
EFA
=

O P v
flo o%
o
o
Ir

lit{j(actlwty gulded isolation)ol] W&} A ELD S F
4, TEoke Ad7E 3 54 58 2 24 7|2
et A7k B eshn, kel A& g5k JEA ol o
gt 7| 2282 E8Ubsste et AlsETh
ZAte| 2
AT dEATAT 7| 2ATA ALl Q& 73

g A4 (2010-0022783) A o] YR ZA o]df] AL
Ay,
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