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Inhibitory Activity on Angiotensin Converting Enzyme and Antioxidant
Activity of Hovenia dulcis Thunb. Cortex Extract
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ABSTRACT : To develop a new functional materials, angiotensin converting enzyme (ACE) inhibitory activity,
antioxidant effect and total phenolic content of Hovenia dulcis Thunb. cortex were evaluated. Methanol and
water extract of H dulcis inhibited ACE by 81% and 76%, respectively, at the concentration of 4,000 ug - m¢™”
which were similar level with that (85%) of commercial peptide—type ACE inhibitor. Superoxide radical
scavenging activity of two extracts (99.5%~99.9%) were stronger than that (69%) of ascorbic acid at the
final concentration of 200 ug - m{™', Among the solvent fractions, ether and ethylacetate fraction showed also
potent scavenging activities (91% and 85%) for superoxide radical. Inhibitory activities of two extracts on
oxidation of human low density lipoprotein (LDL) which were similar with that of a-tocopherol, were higher
than 80% at the concentration of 50 ug - m¢™, Total phenol contents of methanol and water extracts were
7.2% and 3.6%, respectively, and that of ethylacetate showed the highest value as 60.8% among the solvent
fractions. Therefore, it has been suggested that H, dulcis cortex could be a effective anti-hypertention and
antioxidant resource to develope a new functional material,
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£ A2 A3 A5 /- (Hovenia dulcis Thunb.)
= 2o wEo® 7 Ar) T A kS A At
ato] stkAl 2 AL 5 A4 T g5l 4EA 9l
o (4 5, 1988). 2] o= SHEaS, 2 A% 2
22 FHalol WAITY G5 FHSHE AT} 0%
ol# 9lew (An et al, 1999) o] &=
al, 1999), 7+ &4 o a3t 2] 3ot (Kim,
2001). 3NV Bk FE2E2HHE P48 9 A
2 A4S 714 = 3—methoxy—4—hydroxybenzoic acid
2} 3—methoxy—4—hydroxycinnamic acid’} (Cho et
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al, 2000), 1811 29 2 HE = peptide €2 alkaloid 1891 BFE =4 o= UV—visible spectrophotometer

¢l frangulanine, hovenins—A, hovenins—B7} %8 ¥ ¢ (Cary 300, Varian, Australia) 2 AH&3Fitt
ol2™ (Takai et al., 1973), 7L &5t 23 %-9] geFo] ¥4
=0} )t} (Hussain et al., 1990). 3. ACE Mgl
&, dtsrkel BEE AR} FolM angiotensin 1 - 28 9 2350 gugs 44 1)

al
converting enzyme (ACE)< =439l angiotensin &) Cushman & Cheung (1973) 2] Wl F3) 4d 3}
[ 9] C 9t His—Leus A%3l9 angiotensin 1& 44 o ofef o] Ao upet A& (%) S A=A
st e Al 249 ini st B3
st dokE AaAYIE & bradykinin®] tist & (C=Co) = (S=S)

’d3l &4 (Noh & Song, 2001)¢]Z2 ACE Ad#l& AdlE (%) = € X 100
ACEY &G-S A gozn dbs o] & 4 9l A
©2 719t} (Oh et al, 1997). Superoxide %9 ght] C: Control®] 3% Cy: Control #A®2] FH=
Zrof o3& Absld o Fo LDLS 5974 3e] whyof @ SARY FHE Sy @ Sample A £ FFE
#= (Vinson et al., 1995), &4tst 54L& o]#f gt LDL
9] AskE Adlste Aoz deA ok (Esterbauer et 4. Superoxide CICIZ AHEA 28
al, 1991). Nishikimi et al. (1972)¢] ¥9-& ¥F3to] A5 500
©, 0.1 M Tris—HCl &% (pH 8.5) 100 £, 100 M
AE L dhH PMS (phenazine methosulfate) 200 wf, 500 M NBT
(nitro blue tetrazolium) 200 w¢ ¥ 500 M NADH (8-
1, AEIIE =52 2 2812 TH nicotinamide adenine dinucleotide) 400 wE 7}all 560
2 A AME ST 3 2002 A B Al molX EFEE S ASE THEA G2 Sl
A AR gL A 7Y, AEAEY FEAE A et A% (%) 02 A5 YERITh $HE, S|
Aol BEH 2T EH |1, s & FH5t FEE 9] superoxide radical 2A JEE 7] A3 AlEE
ZA ol AHgEt T HEE 22 ES AFRARE TH 10 T Q)= 84 FakalAQl ascorbic acidE HIZREAE
H o] HghE 2 SR PG S ALt T4TAA 34 AHE-EFSA T
4 23] W FE, A3, ks SEto] $HlE AAT $
ZAE e B 252 AXAE % 10M#H & 5. DPPH ciCIZ A& &3
FTE A2olA 23] i FE 5 AAZAF S A Lee et al. (2002) 2] ¥ol wret 2AH oleh&A 1.5
A zA Ik T8 o FHES S9lE AAS A X10"'M DPPH 2,970 wE 4d&x2] #4545 30 ms}
& FZE 500 Mo SHTE VI g3 & Al of 37 vortex 8F1l 3% ¥ 517 moA SHEE A5
HE dEotieolE, ReE&s +AH 07 s e 3 AN 7 R Suvke AR gl 2a ) AP
7 &l & AAEE/E ol 83t FulE AAT F A He] FHEL) A5 Uz FHERE W e EE
ol A&t 2 8l AAEE 1 ol E A wEY A& A

Aol 2s doj A4 0 ZHE 50%2] ~AES e
2. Alet 3 7|7 = 3259 75 RC) & A&
2 8ol AL-g% lung acetone powder, N—hippuryl—
His—Leu tetrahydrate (Hip—His—Leu), 1,1- 6. Low density lipoprotein (LDL) ABEAGH A 24
dipicrylphenylhydrazy! (DPPH), human low density Yang & Shim (1997) 2] W& W3l DMSO°] =
lipoprotein (LDL), linoleic acid, e—tocopherol, ¢l A& 20 wE 50 ug~100 ug proteine &3k= LDL

thiobarbituric acid (TBA), tetramethoxypropane 25 18, 10mM phosphate—buffered saline (PBS) 115
(TMP) 2 ACE inhibitor 52| A9k Sigma Co. (USA) w9 0.25 mM CuSOs 40 (F 7Fste] E3skal 37T
AES A3 2™ DMSO (dimethylsulfoxide) & 3 A 3AIZE FoF wk-e A FTE o] wk-g-olof 20% TCA 1 i

3 BAE Aok Y SulE S5E ARSIt AR 7 7be] vbg& ST F vortex® E@eRl o of 7)o
9} T+ rotary evaportor (N—1000, Eyela, Japan) 0.67% TBA 1 mlE 718t thg &8It o] £dES
g, e 23049 AEFF Y linoleic acid AFs}A ) 100CoIA 153 &3t 71, BN F D5 FolA o
A& o= shaking incubator (DS—310R, Dasol, Korea) ZFA 71 AL 3,000 rpmoll A 154 Z<F dAEE st
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7| LR 9] Angiotensin T &t

540 oA £HR Z4FH 1 meel st FFEE
Aot A= dz2es ATt F3eY AE
O] FHEE E FE BEEE Fo YeRYn
A e AR] e—tocoherol s FY Z7AA A7 stod
S 3 3229 LDL AshA 852 Bl wskgitt.

7. Linoleic acid AISAISH XoH&A ZA

Lee et al. (2002) 2] el &3l tha3 2o] AP
g Al 30 w, 0.04 M phosphate buffer 400 uf 2
99.9% 9] A&t =<l 2.51% linoleic acid 200 w2 T
¥ RES IS BE 3 TS 2o 40T 2 ErioA] v
Al713 24X 7F F o] 8EE<} 100 g F 3t 75%
ethanol 2.7 m¢2} 30% ammonium thiocyanate 100 =
T#st o 3.5% HClel %<1 0.02 M ferrous chloride
100 wE 7ksta 3% % 500 molA FFEE 54
Ntk At BukE ARSg 2T A A7t
Y FFEY aAg xTY FHER e
2 3t Yehiid.
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8. Eli=s &

Kim et al. (1993)2 & A3t 44 §59 +
FE 9 2EE 100 19} 2% Na,COs 2 & 25, 28 5
50% Folin—Ciocalteau reagent 100 wtE 37}t
2ol A 303 XS F 750 molM ERE FFEE
tannic acid® EFEAT A}LE AL AZFA o st
o} e,

2 % o3
1. ACE Kol &

YR 1 252E U FFE9 angiotensin %
X AGEANE BAG A9 veS 3259 B 25

2 4,000 pg - me'e FolA 247 81.1% Yl 75.8%9
=2 A4S YERg ey o] X A #EHE peptide
type ACE A#A 2 85.2%] ZHaE= oldout
1,000 g - w0 Y 500 pg - 719 FEAAE BlwE @
& A4S Y (Fig. 1). =38 3UE 3 be
€ FEEEFH A" 8vE 2 E FdAME 500
pg - me”, 1,000 pg - w02 4,000 pg - w7 FEOIA
EotAEHO|E > o el 2 > AL > B > Reke B3 &
o7 7 Aol Estom 53| oA HoMHE £H&
4,000 pg - ' FEA 75.9%F, 1,000 gg - ml* ol
A 675%% 281 500 pg - wl 9 BEAME 44.5%2]
2 4L BT (Fig. 2). 0|48 58 FE
9] ACE A3|&FAE An & Lee (1999) ¢ Kim et al.
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Fig. 1. Angiotensin converting enzyme (ACE) inhibitory
effect of crude extracts (M ext, methanol
extract; W ext, water extract) prepared from
the bark of the cortex of Hovenia dulcis and
peptide—type commercial ACE inhibitor at 500
ug - md" (0D, 1,000 ug - m¢™ (B@), and 4,000 ug -
md™ (W),
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Fig. 2. Angiotensin converting enzyme (ACE) inhibitory
effect of solvent fractions (H, hexane fraction;
E, diethylether fraction; EA, ethylacetate
fraction; B, butanol fraction; W, water fraction)
prepared from the cortex of Hovenia dulcis at
500 g - md™ (1), 1,000 g - md ' (@), and 4,000
ug - md" (D).

2. Superoxide anion 2! DPPH 2ICIZ ~H &4l
ANUYEF Sy 25E 2AE 25355 4 £8&
superoxide anion &tZ AAFE AFs A7, A
22225 10, 50, 100, 200 g - m™8] FxolA 2
10.0%, 23.9%, 78.6%, 94.8%, 99.5% %] 2A5&, & F
282 11.0%, 26.0%, 89.5, 95.8%, 99.9%2 ~AS<
Ve Al 34k8LAIQ) ascorbic acid®] —4.0%, —0.4%,
6.3%, 59.5%, 69.0%1r} L53A 4% EA4E Ve
UGt (Fig. 3). 3, i 2352 57) FElA g

oMAEIO)E > o2 > FeE > B> 4t 289 MR

v N gl 1o
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Fig. 8. Superoxide radical scavenging activity of
methanol extract (M ext), water extract (W
ext) obtained from the cortex of Hovenia
dulcis and commercial antioxidant ascorbic
acid (ASA) at 200 ug - md"' (), 100 ug - md”
(C), 50 pg - md" (E), 10 ug-md" (M), and 5
ug - md™ (B).
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Fig. 4.

Superoxide radical scavenging activity of
solvent fractions prepared from the cortex of
Hovenia dulcis (H, hexane fraction: E,
diethylether fraction; EA, ethylacetate fraction:
B, butanol fraction; W, water fraction) at 200
ug - mQ”" (@), 100 ug - md" (1), 50 ug - m{™" (E8),
10 ug - md” (M), and 5 ug - md” ().

superoxide anion £7§°] 53 AHE R o™ o]
2 EF ZFEEETYE 2 W2 5298 29T (Fig 4).

DPPH &tz tfafid &= gdE F5E0] & FEF52
2AT (93.7 pg- )R} 5% 76.8 pg - mb oA
RCow& Uetgl o Sud B35 FolAE otAlH)
olE B3o] 309 ug- M2 M &7t 2o Lee
et al. (2002)°] R.38 34F3kAIQ a—tocopherol2] 13.5
pg - ml B 2 9 ZA0Y (Table 1), ©]& st
A#4E 2 W NIF 9 552 DPPH oz o
X A o] A Fov 4F F9 oFE 3
A €= F37)Q superoxide anion #t]Z (Lieber,
2000) 0 i} FHRo=E AABAL Y= Ao
SR =

82
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Table 1. Antioxidative effect of crude extracts and
solvent fractions obtained from the cortex of
Hovenia dulcis on DPPH radical.

Samples RCso (ug - mg™")

Methanol ext. 76.8
Crude extracts Water ext. B 9 ?’_7_ B
___________________ Hexane 1000¢

Ethyl ether 1445
Solvent fractions Ethyl acetate 30.9

Butanol 1374

Water 619.9

3. LDL 2! linoleic acid Atst XoiE 1t

Abgt g oA sk AU Al (LDL) ol ohg &
A 232250 a3l 508 A 3, Fig. 659
UebA A3} Zo] 50 pg - ml ' o] s oA HEE 3
Z5 9 5 F250] 80% ol Wy S aFE
ER) g2 EAZ A}EE e—tocopherold} ALY FLT &
B2 YeRigal 10 pg- w10 SRAANE HEE 35
&2 g—tocopherol®] 70%°l 233 50 67.4%9) &
e Bo L& a0E Yepfgled, & FEES WEe
ERY 22 9 W% 43.6%2 AHE el o]
738kL- linoleic acidell th3t Abst A a3 A3 2
(Fig. 6)AAE A= J=d], ANUF 92 dets
2232 ¥k8- 5971%] a—tocopherol ¥t} & ] &7HH
© 2 linoleic acid®] #4tspih-3-& A8 & FE5F
2 HeE FEERUE 27 BAT 2 g S
gl ojAke] Axb= LDLY Atsb7t T s f283)
A5 AAlo] 9lE A (Vinson et al,, 1995) 3} linoleic
acid7} ABAT A A Ake] skl AS 7R o S
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Fig. 5. Inhibitory activity of methanol extract (M ext,

<), water extract (W ext, O) obtained from
the cortex of Hovenia dulcis and commercial
antioxidant, a—tocophero! (Toc., ®) on human
low density lipoprotein.
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Fig. 5. Inhibitory activity of methanol extract (M ext,
<), water extract (W ext, O) obtained from
the cortex of Hovenia duleis and commercial
antioxidant, a-tocopherol (Toc., ®) on linoleic acid
oxidation at final concentration of 25 yg - mg™".
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2003) 5] 3lof A vehd SR FRoM 2AH

A 3
o oX IO

Table 2. Total phenolic content of crude extracts and
solvent fractions prepared from the cortex
of Hovenia dulcis.

Samples Tannic acid equivalent (%)
Methanol ext. 7.2020.10
Crude extracts
o Yaterext. 858x002
Hexane -
Ethyl ether 39.43+2 51
Solvent fractions Ethyl acetate 60.81+1.34
Butanol 10.25%£057
Water 323%+0.34
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g4 Mol H itst 24
ol Aelol s ¥8 2] £ PAbsh Bt ACE A3 &
ol 7]ofeti= w7k F Ao 7 REH,
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AE 5 715 AFE aARE S 9% 7[xdT o
Bo7 QNI S99 Fudt, A3 EA T =
etE o g3FS B89 UE o dgs 35
53 B 3559 ACE 54 A3 842 4,000 pg - ml
o FXoNM A2 81.1% 2 75.8%F W, Soijd I &
oM e oH 2 23 2 oEolyHolE F3o] z}zt
66.6% 2 75.9%% ¥ 835 Yeh 3l Superoxide
B £AS S HeE FE2E59 8 FEE0] 200 ug -
e FEM EF 99.5%0142 B B o ¢
Falgon, IR M= odolAHolE D o H=
£3o] 90.8% 9 85.3%% w2 AHE U}
DPPH o}z 47452 o&lotflH|o|E £3 (RCs, 30.9
pg-m ol APE 2325 9 FIAEE T M ¢4
RO 7 AT A A=A iA (LDL) 9 Atdlo)
el AN 3 2FEELS 50 ug - ml ol FE
ANM 80% o4+ Al aaE JerAt. Linoleic acid
o] AFArsbol) th FAREF A= 25 pg - ml' Y RO
A ke 5Y A 7R W'E F+2E9] a—tocopherol Bt}
g 8 AREAA S vehgloH F HlE e dg
S W B F220]729% 9 36%S, EEE FoAE o
HolAg o] E B o) 60.8%F ZFEE D FIAE F9
M7V e S BT

B A 20024
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