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a-amylase, in Theaceae Plants Native to Jeju Island
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Abstract - Antioxidative activity, including inhibitory activities of angiotensin I converting enzyme(ACE), aminopeptidase
N(APN) and a-amylase, was investigated in the methanol extracts from Theaceae plants native to Jeju island, in order to
select the plant species containing bioactive materials for functional food or medicines. ACE inhibitory activity was above
50% in Ternstroemia japonica(stem bark) and Cleyera japonica(leaf), and APN inhibitory activity was low to be positive
only in C. japonica(leaf, stem bark) and 7. japonica(stem bark). a-Amylase inhibitory activity was above 30% in Camellia
Japonica(fruit), Eurya emarginata(stem), T. japonica(stem bark) and Thea sinensis(stem). The antioxidative activity,
estimated by the DPPH radical scavenging capacity, was above 30% in C. japonica(stem bark), T. japonica(stem bark) and
T. sinensis(leaf). Particularly, the antioxidative activity analyzed by dot-blot test was very high in C. japonica(stem bark)
relatively to those of other plants, and remained high in the low concentration(1.25 ug/ml). From the TLC analysis of
antioxidative compounds, EGC(Rf 0.26) was found to have high activity in stem bark of C. japonica and EGCG(Rf 0.09)
was found to have high activity in stem bark of C. japonica, E. emarginata, and T. japonica. Five bands (Rf 0.54, 0.46,
0.44, 0.16, 0.03) which were not identified as compared with catechins were detected as polyphenolic compounds on the
TLC plates sprayed with the Folin-Ciocalteu solution or the Ferric chloride-alcohol solution. These results suggests that
Theaceae plants except E. japonica could be potentially used as a resource of bioactive materials for functional foods or
medicines and further research is reguired to identify the bioactive substances and determine the functions of them.

Key words - Theaceae plants, inhibitory activity, angiotensin I converting enzyme(ACE), aminopeptidase N(APN), a-amylase,
antioxidative activity, bioactive materials
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delem 1 ole 2 dgxd 9 Al 49 24
o] Q3% 93kS 3}= renin—angiotensin—aldosterone
system© 2 AYE|H, 6]7|o|= angiotensin I converting
enzyme (ACE)o] #oisli= A= dHA ot &, ACE
9] 2k80]| 9J3}] angiotensin I 22X E AJAE angiotensin
I A S0 2 A=wo 27| = Zheal HA )RS
S HA|A aldosterone] H-3E ZXA|DOZHN H=- &
?j"-o— 28 28-S SHl(Sealey and Laragh, 1990). HE35t
ACEE= B P‘?} 82 Sk bradkining 22437
o webs 2EYE] gAl= ACES] 28-S AR =N
7Fsstn, tE —4 AU X &oFo] ACE B4 AJsfA| =
A4 A QItHOndetti et al,, 1977). &S GAAAE H|FE
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S e 0=
o2 7 F45 Aslidh= ofelt] o7k AIAIHIL Uth(Puls
and Keup, 1973), &7o|A SAE T-OJ ZE-L q—amylase
2} a—glucosidase®] &3] EZE=G o] g4t
wheba] 4] g—amylase?} a—glucosidases Ao 2
W EEee] §E AANA P W] 45 TS
ok 4= QltH(Toeller, 1994), O]E’-]ﬁl- EHoZ ZRYy F
S| 4Eol} Gelst BlEE oz @t ol
o] Z] 1L QITHShim et al,, 1994).

H, EAAAZE(reactive oxygen species, ROS)

o
oAt BEAA e @l 7| A48 kA (ground state triplet

oxygen; ‘0,)7} AU T4, SLAA}, slelekE A&
2, Folshle So) 7k Balz 31eka] 47 q9)

gl
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o] 9Jsto] Y o] AAE T, superoxide anion radical
(- Oy), hydroxyl radical(- OH), I}Akg}pA
peroxide; Hy0y), U=8FAkA(singlet oxygen: ') =
Qlth(Fridovich, 1978; Alscher and Hess, 1993). ¢]
et ALshelg 7p T Qo] At e, 4 ALk
B3, DNATH] Ag)|, L322 5 Alzkst Ae] 2] Aol
do7|r, At 7 MEATEE Zefrh(Alscher and
Hess, 1993; Lester and Alexander, 1993), ZAJAMES
A AR 4 ol BARA
59 Hikeka A9} ascorbic
9 A
3ASHA X BHT(butylated hydroxytoluene), BHA
(butylated hydroxyanisole), Troxol—C 59| 34l a4t
A7 A dH(Alscher and Hess, 1993; Inze and
Van Montagu, 1995). 1 & BHAS} BHT 59| ¥4 ¢
X GUBA} SJoHE U HE Hof SolA Bo] ALgHol
SAlet T AR @A 2 AR 2 )
%, 28 S0 47 BHREE Ao
5 oPo] Slo1H AE A= Slek
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superoxide dismutase
(SOD), peroxidase, catalase

acid, a—tocopherol, B—carotene, glutathione
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AFeo A= FWMUSN(Camellia japonica), W|Z7)
U (Cleyera japonica), AAH YIS Eurya japonica), $-
EAAH U Burya emarginata), SSWNE Ternstroemia
Jjaponica), AP}F-(Thea sinensis) 5 AT} A& 62
1374L AAsYoH(Lee, 1996), A EREEOFY O
B ool ALgasin, #8] AZARS v
S Hajjw B R 30~40 gofl WEkE 200 mlE H7}s)
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C, 1500 psidtol| A 2087k &3kt &
ZEL JAANF=EE=7|(Modul spin 40, Biotron
Korea) 2 71¢} H25lo] S AZAZRS & 4C3lo)A]
BT}, Hoplko A3l HZ2w7t 0,01 ng/ml 7t 5
=5 veEE 2Aske] & Agel ARSI

EREARS

AT EAS 9181 A|2FO & 1, 1-diphenyl—2—picrylhydrazyl
(DPPH), L—ascorbic acid, butylated hydroxytoluene
(BHT), butylated hydroxyanisole(BHA), (+)—catechin(C),
(—)—epicatechin(EC), (—)—epicatechingallate(ECG), (+)—
epigallocatechin(EGC), (—)—epigallocatechin—3—gallate
(EGCG), rabbit lung acetone powder, N—(3—2(2—furyl)
acryloyl)—Phe—Gly—Gly(FAPGG), porcine kidney leucine
aminopeptidase, L—leucine—p—nitroanilide, porcine pancreatin
o Agalsct e
AL, AA ] Aol AR Mg Merck Co, AlES S+
AloFE ARESHRIH

a—amylase, starch+ Sigma Co, Al&&

ACE, APN ¥ a—Amylase A3 &A

ACE A3 2H4-2 Bala et al (2002)2] W& tha W
skl Z73H3ITh. &, microplateo] Al 20 nle} 7]7-8-o8
[0.5 mM FAPGG, 50 mM Tris—HCI(pH 8.0), 300 mM
NaCl] 150 nlE 7k3t &, 37Col|A] 587 WX|atgltt. o]
014 0.1 unit/ml ACE FA-&M(rabbit lung acetone powder)
20 ulE F7ete] 37°Col|A] 12087t REEAIZ
readero|A] 340nm?| SFEE 43} ACE A3
Lrehygict.

APN A3f|&Al-& Chung et al (1996)2] WIS tha ¥
sgste] 24sioict, %
stock solution(12.5 mg/ml in DMSO) 100 pl& 0.1M Tris—
HCI 28-9%(pH 7.0) 10 mlef| 3)4d5}e] 160 nl A microplate
wello]l Y& &, A28 20 ulE gi=rt ©]oA] 0.1 unit/ml
leucine aminopeptidase 20 W& 7}k 37CoA 30
I HESAIT] 3, 405nmofl A FEEES S45k0] APN A
AL ehyd

a—Amylase A|EAL Satoyama et al. (1998)2] HIHH
= U Hyste] S5 &, 2% starch §94(0.1M
citric acid; pH 6,0)T} 3.2% SFH-&0(0,1M citric acid;
pH 6.0)& 60C 2R A E&F T35t 5 microplate

5 microplate

8 2140f| L-leucine—p—nitroanilide

o] 7} wello]] 100 & B335}l WzkA# 7|4 plated Tt
53, 37ColA 1087F QPIOLIAIZE, olo] microplate
9] ZF well®f 10 unit/ml a—amylase 25 &} A& 25 1l
247y 7)skal 37 Cof|A 12087F ¥H-3-A171 &, 655nmo]|

A FHEE Z24310] a-Amylase AHEHL HERST

ACE, APN, a-Amylase A/S}Z4-E theo] Alo] ofa
Uehgen, 33 B Agsl] 4o AnE A
R LT,

A g = [1-(Ai—Ap)/(Bi—By) X100

A, A, HHE- d—?*—’] Hh3-8olo] 5= B, By, HH A
FO] FARY FE=
A &3

Fi¥etetde DPPH radicalo]l tiet Zd4kgofs(
donatmg ability; EDA)E 27431921 Blois(1958) 9]
HHHS HEslo] ALR-5FITE 2, microplate©] 50% H|Et
2 89 140 ul A8 20 ul, 1,0 mM DPPH &4 40 ul
2 FUsA ER hg areRe] Aol
microplate reader® 517nmoj|A &%
% A, 38 A YT Uk 24 2
NEAAY EFEE 2ol BAsH
= U\H\gzﬂroﬂ A A2 L85 AR
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WS REEB) Y FHEE olgsto] ofdf S
ufe} ARZAHLT, Bhg-80 1 nl o AR % 0,01 nege] A
Agolso @ Uelglon, 38 W Adstel de A
2 WA= e

EDA(%) = (1-A/B)><100
A, 518nmof| A AlR9| FFE: B, 518nmollAl FAH]
e

Dot—blot testo]] 2|3t aFAFS}EHA]-L- silica gel—coated
TLC plate(Silica gel 60 F254, Merck)S AME5lo] AA
sttt &, 247k Al&E 0.15, 0.3, 0.6, 1,25, 2.5,
5.0, 10.0, 20.0 pg/mlo] w2 ZA5t] 2 1A spot S
%o 5 72412 5, DPPH 8948 BAlslo] 1 9L
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AFE AP AT AJE9] ACE, APN, a—amylase A3 4 U gAEIEgo] it A
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Ak, &, TLC plateo] A7NH z} /\qu_4 =
DPPH /\]Okol X]—/\HO] E]'/\HEloi 'J}\H Oi ‘:ﬂo]‘t

[e)
=313t A7H8ll= toluene, ethyl
4:1, v/v/v)E AHgstd o, AN
A o] 741A]7]1 1.0 mM DPPH

299

A At

3} oFd o2 WA ojuff EEEHEE (+)-catechin
(C), (—)—epicatechin(EC), (—)—epicatechingallate(ECG),

(+)—epigallocatechin(EGC), (—)—epigallocatechin—3—

gallate(EGCG)& AME-3to] RfZES Hlusle] FASIATE

ACE A|afigHd-&
ACE H3|41= ACE B4<
O AN, Yol HHjZi

= ACE X1 aiAl A 3
5ol s e ol
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ACE, APN ¥ a—Amylase A 3|&A4
s AA A7t B
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Fag 2 YEpae 5 ager B
23ht] A8 4 9leHOn e

NES toR ACE A
] 2o ul AR Qo)A

2/dolt.

Ao 24 angiotensin 11
FHEAA |91 bradkinin

o] 7} 5o 282 Ba AFEBS YA A YEF]
H SAAPOZN EYS WFoE = 9loH, o=
Ejo] 713 xl

al , 1997). AF=

: HtK(Table 1), AHEIL 9}

o] enalapril¥} captopril
T 9oLt oS HHEL §8HEA

oy, g, BT, THUY

dEd B4 e e 22 R uea s 9] 7K AlA Aoy =4 Fol vEhE 4 Q)
2ole Jefu| g Aete] HElsiglcy, AN Ed Sl T SER HAE {9 1E % A9 Aol A4 &
plateE 7AW o] AZRA|7]1, Folin—Ciocalteau reagent2} FEtHHong et al,, 2006). wheha] ot A ZHoA A
Ferric chloride—alcoholE WAIA| 2 ARE5lo] ¥)=3lgH EZ0| )3t g3} Afate] W@ty B A Ayl o
2o) 992 Selaiol, ACE A4S Roli Fajshbrie} vz e 5 %

Hom AREAT el AT SO 2FuFe) B

o Zlog Halr
Table 1. Inhibitory activities of ACE, APN, and a-amylase in methanol extracts from Theaceae plants native to Jeju Island
Lo Inhibitory activity (%)
Scientific name Korean name Used parts

ACE APN a-Amylase
Camellia japonica Zult fruit 11.8+3.9 40.7+1.1 36.3+2.1
leaf 25.1£5.5 27.6+2.1 15.5+6.1
stem 87+3.1 -174+2.38 26.6+0.8
Cleyera japonica H| 27| U5 leaf 52.7+42 26.7+2.1 21+£12
stem bark 1.0+ 14.6 43.1+2.5 228+1.6
Eurya emarginata O EAAY T U leaf -23+£3.6 277+23 17.8+3.1
stem 18.7+3.8 -3.2+38 349+3.2
Eurya japonica AL T U leaf 23+4.0 -325+04 18.0+2.0
stem bark 7.4+15.0 -350+2.2 144+3.1
Ternstroemia japonica St leaf 14325 482+7.0 16.8+9.5
stem bark 64.8+6.0 123+3.7 30.9+2.8
Thea sinensis ZUE leaf 43+83 -28.8+49 20.6+4.0
stem 07+14 -32.0+1.5 320+6.2
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APNZ A zzafo]l Agtsial 9l e 3
FTO & peptide?] N—UT ofu| AR
o, FAHEYY ZnS Zr= metalloenzyme©|t), ©
b BN AR mEA ZAE Bu o
Atolof Sl MlZ7= A TS TOHOM M2 T
o] YAz trtaed EFe FAU, 2 il
SASAG s B olxfel Bt elAel
ot A2 QItHGros et al,, 1985), H HLof|A]
fubeat Ao Bt Aot A, HIFRZIUH(RL, Su)et
TG o AT o] TS HYChTable 1), 1
FolA BIFRZIURS] 41 431%% H|WA =2 APN
Asfe/dS HAok, A7 Gl APN AsfA| 2 vl
AEZHE EZ)3t amastatin, bestatin, actinonin 59|
Qom, AZ ol Aol elsl Ao By
Eth(Bauvois and Dauzonne, 2006). 3}t 0} A7}
AABENE APNS AHH O A5 O e 1
THA] ol Ex] ookt wheba] APN AsfE/dE Hole H|
71} pgRe] disje] AEgs 477} Bas)

o @ 4 4l

ok ot
B>
o 1o
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ox et l‘N
o | oS o A P < TR N e
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a—Amylase A&/ ] A5AA 9 2127} =

L Aol djAtElol QoA og 714 Q910 i
O} SR} WhE SER SIS 9l Wk opyt 1
g Aol HA Wob|aL glof T1 AlzhAg o] - At
710 WIS AL AU L 4
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WA 45 e BRgon 243 S Yt o
AN T B2 ASERE ofoltlols AAE bl
Qlth(Puls and Keup, 1973), &% oA S41&E £9 A&
L q—amylase2} a—glucosidase®] &3] Ty} 7+-& ot
Gz 2oEo] SEeh webd 242 a-amylase?t
a—glucosidaseS A|a[j3H O 2 4 iE“’EJ 52 2| HAA
Sty Sho] A% S o 4= itk (Toeller, 1994),
& Aol A a—amylase AoH2Hs % AR Aat S
(@), SEASAIGRE ), TP,
(E7DlA 30% ol4k2] Ased& Bk Table 1), SAI7
A 2%£9] a—amylase?} a—glucosidase A3|A|7} QJekE0

]_

o

2 Aprslo] ARgET QLo ofE OFE WS oA
S s A4 22) g A AASL B 5| 2agS

ZHkst= A0 2 H1EQItKRhinehart et a/, 1987), w}
A QA SHAA 77 w2 dAEEo] digh gt
ko]l Hast, Teet oA a—amylase A3/
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olo} o] FIFR, BZI R, BULE, $8AA
AR SOl R 4EES dop JeRAE By
I3 Qs Aog ARHAG 7|TAEOC R AREEIL 9]
fbEoks zdos 2 IAAIER atEo] o §
S 583 ARLO R AIBelT ) el ok
FolA ACE A2/t a—amylase Aol =
07 Yeld 39S (Ternstroemia japonica)+
o] £0J9= saponin®] FAZIAL k= AoZ |
v} Qlth(Shin, 2001), 123l ACE A3|&AT} APN
120l & BIF7|Wr(Cleyera japonica)= Arfol
sFALBlERA o] 9l o H(Oh and Koh, 2002), 22 2 4]
E2A] elo|&ho]| RSV = Cleyera japonica var, morii
A= & FARIRYS 2= Zle® HuH B gl
(Hou et al., 2003). a—Amylase A&|&Ao] =& Sl
WH(Camellia japonica)w P77t s A olAle o=
) ofRlglg o] ARz AGSHITK: 7]20] SckHwang
et al,, 2004)., SEAAY YUY (Furya emarginata)—
kYA Y2 ok} | AA 5o A= AREERGoH,

Ty org 0

ol

(= mg{ flo rix ﬂ rlr
) %

()
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0
rlo

AolA Fef3t eutigoside B} CollA] e, HArst 9 &
o= ayE zZt= Aog W1E v} Qth(Park et al,

2005). E 2T AEL galo g ot A BA

Stol 17154 2ol TE AN THs A Bl
% 3Tk, HEThE o)F AR ABES wiziol
A2 AREA W (You, 2008; Shin, 2001; Hwang et al.,
2004), BT AL oot T 5L 4GS
7120l 9o AU theo] AR AEALLER BT
7t gle Aoz AREr

18 et o

A 84

e %*Xﬂom Oﬂ‘ﬂPO}L A %71

3 ] WA ol
S, =S SehA7)E AAA o] B 4 gt 3
A Aol A7l SAkel AFaHELS
23 AASAL 2] AL} 215 Ak el 4 A7
Afereze] RS oAkl Ak WG S48

of Thet A S 25 el olel X7t 9)



A A4 PRI} A2 ACE, APN, a-amylase A5 4 4 gAIsleo] dhat it

Table 2. Antioxidative activity of methanol extracts from Theaceae plants native to Jeju Island

Scientific name Korean name Used parts Antioxidative activity (%)
Camellia japonica FHILE fruit -

leaf 142+45

stem 99+40

Cleyera japonica B| 37| U5 leaf 245435
stem bark 309+14

Eurya emarginata QEAAY TR leaf 32+24
stem 14.5+6.0

Eurya japonica PNEaY= i BasS leaf 1.1£1.6
stem bark 22.0+4.1

Ternstroemia japonica el B A= leaf 45+58
stem bark 355+2.8

Thea sinensis ZLEE leaf 30.9+2.8
stem 0.7+1.0

L-ascorbic acid 53.6+0.7
Butylated hydroxytoluene (BHT) 38.9+0.6
Butylated hydroxyanisole (BHA) 61.7+0.6

20 10 5 2.5 1.250.6 0.30.15 4

o} I Fo| A= DPPHYS il H
PRI S 2] AT 4= Jlon A ekt
= Aol w71 dw o] 3
Aol Ahs A Aes o

=9 Mkekede 24 4y, HFRTIUR(e), S
P (), AH(R)oAlA 30% oS HlwA] =& A
Agols= YERSItKTable 2). 53], F1]3hfF 4=1] 9]
PRS2 Ado] 5Y F2 == ARE-E BHA
(61,7%) 2} ascorbic acid(53,6%) RHTR= A4t BHT (38.9%)
OF AR S-S Halet 2]al, dot—blot testol o7 2}
Ut A9 R HAT spotd] B F=E i
HIZ7UHH(a])= TR ol Bsf Zdo] #oF 1.25 1g/mlo]
S oA 8 AR S oo (Fig, 1), o=
22 ARgE 1,25 pg/mlo] ascorbic acid, BHA R The
F1L, BHTS} ARSIt S-SAR ] U (o)) of $-0]3F
W) & 2,5 pg/ml o] FreoflA 52 HAksle S Ko
Y22 AFE-E 2.5 pg/mle] BHTH U= WA]ut ascorbic
acid, BHA ¥t} =& S =5 Holrt webA vjF7v
), SRASAT ), o) e 72
=9 A= AEZo|A= ascorbic acidL BHAS| H|3 2
o8] w2 AElEAS 7L Qe AR AleHr 1
2L, FHLH(SD), HIFRZIUH(SD), AREl ] u(S), At
L 5 pg/mlo] o BAE Kol 5 ug/mlo) ascorbic

L
ofi

411 -

Camellia japonica | b

Cleyera japonica

Eurya emarginata

Eurya japonica

Ternstroemia japonica

Thea sinensis

L-Ascorbic acid
Butylated hydroxy toluene (BHT)

Butylated hydroxy anisole (BHA)

Fig. 1. Dot-blot assay of radical scavenging capacity(RSC)
on the silica sheet stained with DPPH solution. 2 nl
dilutions of plant extracts, ascorbic acid, BHT, and BHA
were applied from left to right: 20, 10, 5, 2.5, 1.25, 0.6, 0.3,
0.15 pg/ml. a, seed; b, leaves; c, stem or stem bark. The
white line indicates the concentration in each sample which
shows the same antioxidative activity in the dot-blot assay.

acidv} BHASH AR B4 Ueiole,
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WAz uteddulo) @ FAsEAY B4

AP Qo= AR 30%0l it B 4o
polyphenol& 385111 =g, JHEL flavonoidFO|
. E3] flavanol®] 3|4dsk= catechin®r} tfjHEo|n], o]
& 7% Akl s YEhdth Catechinfies 59 2
ElE Ak, st SasRee] AARRE, ) It

i

>

l

FTA, B, FEH0] o BIP} A A0 Harsal
Qlek X 99] 28 catechin SHES (+)—catechin(C),

(—)—epicatechin(EC), (—)—epicatechingallate(ECG),
(+)—epigallocatechin(EGC), (—)—epigallocatechin—3—
gallate(EGCG) S©]thH(Graham, 1992), A5a} A&
A e B2 Blas|ET] ffste] Wgke: FEE
= TLC plateo] F&sto] AitekadE wefsto] DPPH
Alokg Esto] WAAIZIY, T AXKFig, 2), HIF7IUF
(Fa)oflA] Aol =& WME 47H(Rf 0.26, 0.16, 0.09,
0.03)5 &eld & qllen, olF 2719 ME(Rf 0.26,
0.09)= EGC®} EGCGE 7= qIth. th& 27]¢] WE(Rf
0.16, 0,03)= oz A= Gty EFEAE AME catechin
Fobe tE 2d e gaEgleH, SRARLY IS} AL
2ol e FEE I, 22)al Sugh(Yat
FH)ojAe g AEollie HEHA B2 3719 WE(RS
0.54, 0.46, 0.44)7} A==, o5 ik 55
A= AME catechinfF@hes TR ARl 202 AlrEh

HsdE=de AEAll 42 #xEo] Sl 2% thAME
2N o 29 fAEE 7RI o5 hydroxyl
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Fig. 2. Thin layer chromatography of plant extracts stained
with DPPH solution. 1-3, Camellia japonica (seed, leaves,
stem); 4-5, Cleyera japonica (leaves, stem bark); 6-7, Eurya
emarginata (leaves, stem); 8-9, Eurya japonica (leaves, stem
bark); 10-11, Ternstroemia japonica (leaves, stem bark);
12-13, Thea sinensis (leaves, stem); C, reference catechins.
The arrows on the TLC plate indicate the bands not
identified as compared with reference catechins.
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Fig. 3. Thin layer chromatography of plant extracts stained
with folin-ciocalteu reagent (A) or ferric chloride-alcohol
solution (B). 1-3, Camellia japonica (seed, leaves, stem);
4-5, Cleyera japonica (leaves, stem bark); 6-7, Eurya
emarginata (leaves, stem); 8-9, Eurya japonica (leaves, stem
bark); 10-11, Ternstroemia japonica (leaves, stem bark);
12-13, Thea sinensis (leaves, stem); C, reference catechins.
The arrows on the TLC plates indicate the bands which
were detected in this TLC assay from the bands not
identified in Fig. 2.
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