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Inhibitory Effect of Hot-Water Extract of Paeonia japonica on
Oxidative Stress and Identification of Its Active Components

Hl-Yun Jeong, Joo-Sang Lee, Heon Oh, Uhee Jung, Hae-Ran Park and Sung-Kee Jof

Radiation Food Technology and Bioscience Team, Korea Atomic Energy Research Institute,
Daejon 305-353, Korea

Abstract

This study was carried out to investigate the antioxidative activity and to identify the active components of
hot—water extract of Paeonia japonica (PJ), which was a main ingredient of a herb mixture preparation recently
established as a potent candidate of radioprotector in our laboratory. The water extract was fractionated with
CHCI3, EtOAc and n—-BuOH. The extract and its fractions showed very low activity in hydroxyl radical scavenging
test. In lipid peroxidation test, the extract, EtOAc and water fractions showed moderate inhibition with the ratio
above 50%. In DPPH radical scavenging test, the extract, EtOAc and water fraction showed high activity with
the ratio above 80%, especially. EtOAc fraction scavenged the radicals as much as synthetic antioxidant (BHA),
even at low concentration. It is suggested that major partition for antioxidative activity of Paeonia japonica
was EtOAc fraction. Subsequently, two active compounds (PJE021-1 and JE024-1) from EtOAc fraction were
isolated by using MCI gel and silica gel column chromatography. The two compounds inhibited remarkedly the
Hz02-induced DNA damage in human peripheral blood lymphocytes, measured by single—cell gel electrophoresis
(SCGE). PJE021-1 protected the cells to almost negative control level, dose~dependently. PJE024-1 exhibited
a potent inhibition with the ratio of 71% at even low concentration (0.5 pg/mL). Finally, their chemical structures
were identified as gallic acid (PJE021-1) and (+)-catechin (PJE024-1), respectively, on the basis of the spec-

ulation of spectral and physical data.
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£ Aol A3 9 2kek Paeonia japonica)L 2002+ 64
73 AE A A TR A v TE 03 AL
B3t A Al 82 AR89t} Ferric chloride, ammonium
thiocyanate, CDsOD, CD3COCDs, 2-deoxyribose, DPPH( ¢,
a~diphenyl-B-picrylhydrazyl), linoleic acid, BHA(butyl-
hydroxy anisole), Silica gel- Sigma Chemical Co.2] |
< AH8-3t9 2 MCI gel2 Mitsubishi Co.9} A =& A}&3}
dor, 71et £l & A dFe EF AEFL ALk

ZFEE9 =M U 20428

Az A g Y 2Fok(1.2 kg)oll 109 7Lk 2542 713}
of 34714 28] A4FET ofS AT F A FHete] 2
FEE(18250)¢ AU} 2FE L Eol AgA ) & 2
o] F& o] &3}o] CHCly, EtOAc, n-BuOH, water 2.8 4
At Ed3te] & BYE-E FE3te] -70°Col 2 A%

A ABRE ARtk

d g %—"H 8% 5 EOAc HEE2YH R AR S 2
FrEAAEY] 225 e 23 3 2vtr a9y
I = 74 24 MCI gel(2 4}, MitsubishiAh) 2 silica gel
(5544, 230~ 400 mesh, MerkAh-& A}-&-31o] B2)slgic} =
#zkee] EtOAc fraction-g Fig. 13} 7+o] MCI gel column
chromatography & ©]-&38}o] MeOH-H:0O 47 A 2 meth-
anol ¥ =& 20, 30, 50, 70%7} 2] step-wise bl o2 451
H3ta TLCE 7z B8 52 AMA A 709 fractions 2 °;d
ot 2t2H] fractionell W& dH4FsF A @ ol A PJE021 PJE-
0240] =2 &A-& Bd 4 WA silica gel column chroma-
tography 4] CHCl3-EtOAc-MeOH(9:1:1 ==10:1:1)
A E ARg3te] 27 - @ 249l PJE021-15} PJE-
024-1& dgich ¥ 34529 F224¢ 918 'H NMR#}
“C NMR-2 CDCls 2 acetone-ds €| ¢] TMSE 4 7]
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Paeonia japonica (1.2 kg)
hot water

H,0 extract (182 g)

1. dissotved in H,O
2. CHCly

3. EtOAc

4. n-BuOH

CHCI; layer (0.57 g) EtOAC layer (5.9 g) n-BuOH layer (22.6g) Water layer

MCI gel C.C (MeOH/H,0 gradient)

[ I | l I 1
PJE021 PJE022 PJE023 PJE024 PJEO025 PJE026 PJE027
(0.48g) (001g) (0.03g) (0.5g) (0.16g) (286g) (0.7g)
silica gel C.C silica gel C.C

(CHCI;/EtOAC/MeOH = 9/1/1) (CHCI;/EtOAC/MeOH = 10/1/1)

PJE021-1 (0.2 g) PJE024-1 (0.3 g)

Fig.1. Bioassay-guided fractionation processes and isolation
of antioxidative components from Paeonia japonica.

FEHZ 3 Bruker AW-500 spectrophotometer& A}-&
st} A3 342 JEOLJMS-700 mass spectrometer2

o] g3l w 743 AT JASCO DIP-1000 polarimeter
EA3shsd ek

Hydroxyl 2lC|Z & AlY

Fenton ¥H-3-2 2 M A1 ¥ hydroxyl 2tt)Zel] 2]& 2-de-
oxyribose®] 43} A =& Gutteridge(15)9] ¥y o wa} =
A3zl Al el 0.1 mM FeSO4/EDTA 49 0.2 mL, 10
mM 2-deoxyribose(0.2 mL)ell Z+z} 250, 500 pg/mL 5=2]
AlZ.% 0.2 mL4, 0.1 M phosphate buffer(pH 7.4) 1.2 mL,
10 mM H.0z 02 mL& 718t 37°Cell A 4417k ub-g-A171
¥ 2.8% TCA(trichloroacetic acid)-&<Y 1 mL-& 7}3}¢3 uk-&
< %8 A% 1% TBA(thiobarbituric acid)& 1 mLE
7¥eted 95°Coll A 1082 Seddt F W23t ofg B3P w4
(Shimadzu UV-1201, Japan)& o]-€3}o 532 nmel| 4 &%
=5 A8t e, A 22| hydroxyl gt @ 27 &AL o}
A Aol whe} A4t ol

Hydroxyl radical scavenging activity (%) =

Abs-Abo
0 Abe-abo <100

Abo(Hz02 " 7}): Absorbance of no treatment at 532 nm

Abc(8-v E3F 3H7}1): Absorbance of control treatment
at 532 nm

#7}): Absorbance of sample treatment
at 532 nm
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Ferric thiocyanate (TCA)Hol| gt x|Zlntita} AlY

Nakatani®} Kikuzaki(16)2] 84 el @2} linoleic acid&
71A 2 slo] HabsE QA A xS =R 519} 80% ethanol
of Z+7} 10, 50 pg/mL ¥ 52 =< Alg9% 120 pLE 251%



linoleic acid 2.88 mL, 40 mM phosphate buffer(pH 7.0) 9 mL
oF B3 § 37°Coll A 24417k wb-§- A Z ok vE-&- 9 100 L&
75% ethanol 9.7 mLo} 8418+ ¥ 30% ammonium thiocya-
nate -2 100 pL2} 20 mM FeCly/3.5% HCl £3H-8-91-% 100
uL 74gt ¥, 3% 5 A= A7) o £33 = A (Shimadzu
UV-1201, Japan)& ©}-8-3}¢f 500 nmoll A §3=5 &A43k9
on, A1 52 HAkshE YA QA5 of Ao upe} A4l

et
Lipid peroxidation inhibitory activity (%) =
Abs
%
(1 Abc )X 100

Abc(ol BH-8- 2wl +7]A): Absorbance of control treatment
at 500 nm
Abs(Al &+ 713 + ol &--&-): Absorbance of sample treat-

ment at 500 nm

DPPH 2C|Z &7 AlY

7+ 33HEo] DPPH( a, a -diphenyl-B-picrylhydrazyl)
radicalell AA}E o] (donating) 32 24 o] zh-& 478}
= A9E 333 Blois(17)9] HhH ol vle} A 7.9 A Al
“(electron donating ability, EDA)& &35l A8 9
(0.2 mL)ell 4x10™ M DPPH/MeOH 1.8 mL-< 7}3F % 10x
7t 788t Al ekt ohg 3082 WA F B33 % A (Shimadzu
UV-1201, Japan)& A}-8-8}¢] 517 nmolA EF 2= =43}
dom, Al 7o) Ao T ol Ao upa} AjAbelg ok
Abs
Abc

Abc: Absorbance of control treatment at 517 nm

EDA (%) =(1-————)x100

Abs! Absorbance of sample treatment at 517 nm

Lymphocyte2l H.0; % A& ®2|

ARl (G o] wxd AL 2% st Ficoll-Histopaque
gradient ¥ o2 3 T (A E)E E2|slo] HBSSel| <=4
gt 3 109% fetal bovine serum, L-glutamine, antibiotics7}
715l RPMI 164080 ] o) 3-R-Al Atk H =7 vl ok A3 Pl
PJE021-13} PJEO4-14& 2+7t # 1 § % 50, 5 ug/mLE A7}
&tof 3417k ot vl kgt ohg, A AEH AE HU1EH)
Al Ho005 200 uM =8 H7ste] 308 7F ok A At
HZFE 3|3l AT o A7) A5& Agstr] A7t
2l 4°Coll A B33}t

Single cell F7{ds

Singh 5(18)9] HHol] wiz} HoOpoll 21 3F o H Z7(A]
)9l DNA €4 A =& &Asqc).

£e}o] = A & : Frosted slidedl] 0.6% agarose 5=§<% 130
pLE 2} 2} 3t 3 cover glassE 93 4°Cell 4] 1057k v}#] 8
o] agaroses Z3l ¥ cover glassE A Aslg et AEE 05
% low melting agarose 75 HL2} &-3F8t 37 o] £ slidedl] %A

#3289 A 222 AR D FEA

=3 741

3:4

2 cover glass® W 4°CollA] 108-7F 4 ©F&, lysis buffer
(25 M NaCl, 100 mM Na:EDTA, 10 mM Tris base, 196 N-
Lauryl sarcosinate, 1% Triton X-100, pH 10)¢l4} 4°CZ 14|
7t FF S FH

Z 7199 % : Electrophoretic buffer(300 mM NaOH, 0.1%
8-hydroxyquinoline, 2% dimethyl sulfoxide, 10 mM Nas-
EDTA, pH>12.3)% °]4-3}¢f 22V, 300 mAel| A 257k &
7199 58 A 88}l ) o) & Tris buffer(0.4 M, Tris, pH 7.4)
2 10%4 33] A Hste] Setel=F 34713 DNAZ <
glo| mof A 2= 4= QI == ethanolol] 1412F o] 4 A3} ch

A4 D A7 Eefol =8 AxA7] F 60 uL9 ethidium
bromide(20 pg/mL) & @ 4 3}3ich. 3% Aol A shell 4] o] vl
=z A =2 78 (Komet 4.0, Kinetic Imaging, Ltd., Great
Britain)& A3 6071 9] Al 2 Ad=ste] E-418l9ch DNA
%4} A% [tail moment = (tail mean - head mean) X tail
%DNA/100]2. 2 A 2] == tail moment® el K},
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Z5 ¥ 30f 2=HE2 ¥
il ztoke]l ApeE o 7h L) £ 5 F2] atbs)
oFelr 7] $lal, Al el Fenton &2 A
hydroxyl #te) 48 278 =g A sl 4
E-& 250, 500 pg/mLe] FX oA 2zt 28% = 47%2] hy-
droxyl 2]z 27 35 B9 (Table ]). 45558 2
7F 4o B35 25 50 ug/mLe FE A AHubA o2 e
e re ot 1 F EtOAc £33 o] thie] A4S Kol
= Ao el o) 7t B3 E o) o] ohate] 74
A Bk 8t hydroxyl 2tz s} 25k o] 2b7) w2l A
o2 A=)

A &3 Yol A linoleic acid®] #Akstol] o gk wjzhefe] o
$x2E Y 4] 5359 oA &3 &3] HA2E Table 291
vhebslich 50 ug/mL SRl AFFEEES 62%2] A &
A€ Belen] EtOAc ¥ 2 #3E-2 linoleic acid 7] 34-2]
ﬂfi}"’f’! off ®-g-3}e] hydroxyl et Z A4 Al R =
& 58% 2 65%2] HAksHE A AA AFE 27 ek

g, A3 e DPPH 2ht] 27 A X 32
2 100 ng/mL XA 89%2] 4 FA-E 2913 EtOAc
2 p-BuOH 8 E& 100 pg/mL XA 2+ 92% 2
83%2 & 4 #AE L%E}‘;’iﬂ} E3], EtOAc £8E2
50 pg/mL2] XA 92%9] =2 844 2] BHA(90%)
9} o] X351 DPPH =]z *74 & veblici(Table 3).
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Table 1. Hydroxyl radical sacvenging activity of solvent
fractions from Paeonia japonica

Solvent fractions (Hg/mL) Scavenging activity (%)

BHA (0.5, 50) 20, 78
Crude (250, 500) 28, 47
EtOAc (25, 50) 8, 12
n-BuOH (25, 50) 1, 6
Water (25, 50) 01, 7

Table 2. Lipid peroxidation inhibitory activity of solvent
fractions from Paeonia japonica

Solvent fractions (ug/mL)

Inhibitory activity (%)

BHA (10, 50) 73, 72
Crude (10, 50) 31, 62
EtOAc (10, 50) 34, 58
n-BuOH (10, 50) 15, 36
Water (10, 50) 10, 65

Table 3. DPPH radical scavenging activity of solvent frac-
tions from Paeonia japonica

3 .

Solvent fractions (Ug/mL) EDAY (%)
BHA (50, 100) 90, 91
Crude (50, 100) 82, 89
EtOAc (50, 100) 92, 92
n-BuOH (50, 100) 69, 83
Water (50, 100 22, 41

YElectron donating ability (EDA) to DPPH radical.

TLCZ monitoring-2 ¥ 8§3b 4 10~50% MeOHS| £ 2
$%A]A PJE021 ~PJE0272] B3 B2 FHslgic) o] 23
E ZollA PJE0213% PJE024°} ¥-& o] 714 73t DPPH =t
7 47 AL B9l om(Table 5), silica gel Z% a2V E
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Aol &g A Al o s} PJE021-13 PJE024-19) =t
dEdz 77 RejE ok

F2 EAL £38A 717 A ZaE Y datas) 8] ast
o] %3 5}l t}(Table 4). PJE021-12] 'H NMR 4] ol 4] i
A3 e) 2HZ Bo): Y peakr} 7.01 ppmoll A el oo
¥C NMRell A% 170.39 ppmell A carbonyl?]¢] E#4al
peak7} F&AH T} o] A2E vlet o 2 PJE(21-1-& gallic
acid® TR o Ak g =48 F38%(19-21)9 A
2] A x| 3t ch. PJE024-19] 'H NMR 4] 23} 2,567 293
ppmoll A C&(benzyl”])2 2He| |35 = peak”} YEbRLS
o 403 457 ppmell 4] C#e] z}7} 1Hel &) %48} methine
717} multiplet ¥ doublet®] peak® =¥ ¢lch =3 DO
22l 23l 3.89 ppmell4 1709 hydroxylZ] €} 7.85~8.19
ppm®] %3 4 o A 470 9] hydroxyl”]| 7} £ & &3t
BC NMRoI A C#tell 855 = % 7)9] methine B4 6829
2} 82.65 ppmell 4] & 7§ 2] methylene-2 28.74 ppmeol| 4] Z+7}
galsl gl 7 A9} B3] methine ¥ quartenary ¥+4:7} z}zt
9] 3}8tA] o] Hg-& vrehiglct. o) A= AP A cate-
chin 343} gxstgd e B3 AT ghell sl (+)-ca-
techin® 2 SA st} ¥rldel A=k 9 S #33

(22,23)%F A =sksdet.

Sz MEe| DPPH 2ioizt 27 24

el £42 #=1% PJE021-13 PJE024-1-2 10 ng/mlL
9] FxollA 2t 91%¢9} 65%2] 7§ DPPH &7 #A4 & X
KA.2.9, PJE021% PJE024 & &9 2757 A& EDA
ghe hehielthTable 5). WebA, o 239 9l E4E

Table 4. 'H and >C NMR spectral (8value) and physical data of compounds PJE021-1 (CDCl:) and PJE024-1 (aceton-ds)

Compds. 'H NMRY BC NMR? mp (°C) lals? Mass
PJE 021-1 H-2, 6 701 (s, 2H) c-1' 170.39 252 (dec.) m/z=170(M+)
C-3,5 146.37
C-4 13958
C-1 121.95
C-2,6 11031
PJE 024-1 H-4B 2.56 (dd, J=16.0, 84 Hz, 1H) C-4 2874  173-174  +11°(c=0.1, MeOH) m/z=290(M+)
H-4¢a 293 (dd, J=16.0, 5.3 Hz, 1H) Cc-3 68.29 o
OH-3 3.86 (s) c-2 82.65 Ho .3 2.1
H-3 40 (m, 1H) C-8 95.41 . 1 on
H-2 457 (d, J=76 Hz, 1H) C-6 96.08 Ho~ Sy 6
H-6 5.89 (d, J=1.7 Hz, 1H) C-4a 100.60 OH
H-8 6.03 (d, J=1.7 Hz, 1H) C-2’ 115.19 PIED21-1
H-6 6.78 (dd, J=8.0, 15 Hz, 1H) Cc-5' 115.88 oH
H-5' 6.90 (d, J=15 Hz, 1H) Cc-6' 120.02 3 on
H-2’ 7.05 (d, J=15 Hz, 1H) c-1 132.15 5 2 7
7.85 (s, OH) Cc-3' 145.58 HO 83.0 2‘\\\1, 5
7.90 (s, OH) C-4 14564 m ¢
80 (s, OH) C-8a 156.87 sy 48y TOH
8.19 (s, OH) C-5 157.15 OH
c-7 157.67 PJE024-1

D2 and “C NMR spetra were recorded at 500.14 and 125.77 Hz, respectively.

9 & 1p value is given in units of 10 deg cm’g "
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Table 5. DPPH radical scavenging activity of the ethylacetae
fractions and isolated components from Paeonia japonica

Ethylacetate fractions (ig/mL) EDAY (%)
BHA (1, 10 6, 59
PJEO021 (1, 10) 21, 95
PJE022 (1, 10) 4, 40
PJE023 (1, 10) 1, 26
PJE024 (1, 10) 8, 74
PJEO025 (1, 10) 5, 59
PJE026 (1, 10) 3, 42
PJE027 (1, 10) 2, 37
Isolated components (ig/mL) EDA (%)
PJEO021-1 (1, 10) 23, 91

PJE024-1 (1, 10) 6, 65
“Electron donating ability (EDA) to DPPH radical.

o, A EWelA A3} ~E#H A0
°]3 DNAS €4 did Az 278 HEFHA

@

ChHZ 7G-S 240l M DNAS| &5t fatof] O
|

W a9 Comet assaylalkaline single-
cell gel electrophoresis(SCGE) assayl& in vivo$} in vitro
oA 3tatd 2 AEEA Q9le] |3 DNAS &4& FA4 ¢t
= wo|n), B3] gazte] 274 stelA AT A AE
DNA =el 7bet Aehg Hrhshe /43 i sl
olu R3] mokg Hol: AN AE= e, DNA7HE
AEl Ao Ae AR DNA Aol A7) 3549 (HF
22 0|28 0 2 headdt taild] FEE =& A (comet)
Roko 2 FAHC)

AV Yz oA HAathea(H02)9 )3 DNA2| Abs}
A ¢4akol| B3 PJE021-13} PJE024-19) A &23& &4
s}gdch PJE021-12 2E FX(1, 5, 50 ug/mL)ell A 80% I
21e] DNAS] A8t A Az 535 B9 .2+ (p<0.001),
£3)] 50 pg/mLe] FEM = 98%] A3 AFE vetioh
o= HoO2 B A 2] F+(TM: 1.58)% #19] 55 tail moment
(TM: 1.62)3kell 3 == 2l ch(Fig. 2). PJE024-12 0.5 ng/mL
o] & Fxo|AE HOr 2| F(TM: 4.1)ol Bl 2F 73%

Tail moment (TM)

NC H,0,

50 ug/mL

1 po/mL 5 upg/mbL

Fig. 2. Inhibitory activity of PJE021-1 against DNA damage
derived from hydrogen peroxide.
NC: Normal control. *p<0.001 compared to H20..

Tail moment (TM)

5 pg/mL

NC H,0, 0.5 ug/mL 1 pg/mL

Fig. 3. Inhibitory activity of PJE024-1 against DNA damage
derived from hydrogen peroxide.
NC: Normal control. *p<0.001 compared to HzO2.

(TM 2.0)8] =& DNA®] AF3hA 747 & 3H(p<0.001)E 24
© o (Fig. 3), 5 E(PJE021-1, PJE024-1] F= F71l
wa avte] 27+ EAA R F24(p>0.05)°] Tt

@] ok
= =

wl 2}k Paeonia japonica)®] %—/P—’}‘—% ZHE
EAd dF A ZAIE e e 3%
2t skt A4SFEEL £ 3**£°ﬂ o} 452 &
E(CHCl;, EtOAc, n-BuOH, water)2 F#3}3ich. a4t
4 A" % hydroxyl &t 24 AFAM e d+F2F
9 zb gof BEEL BT ofF U2 TS 19&4 A4 3
At3l Ao e 943589 EtOAc ¥ = B3 Eo
50%(50 pg/mL FEAA) o] 3] A E4-E 1934. DPPH
gtz 24 APl e d4¢5%E7 EtOAc % n-BuOH
23 2] 80% oY) T2 FA4 L nglon, 53] EtOAc
2322 505} 100 pg/mLe] ¥ =14 BHAS A9 5537
A A} T S(EDAZDS Vel glch webA, EtOAc £33+
dA 2ze g FAL Rl Eeld dd 24
PJE021-1%} PJE024-1-& 10 ng/mLe] =04 BHAX
-2 DPPH gtz 27 #4-& vrebdich PJE021-12 Ha0:
o] 2)% DNAS] ArshA &4tel o) # 3 5% 50 ug/mLell
A HoO X 2] 7ol 1l 3l 93%2] 73 A5 vrebll iz, PJE024-
18 05 pg/mLY $& Fxollx 71%2 A7t 835 bl
t}. o]Aake] AFp 2 RE] o] 252 ey EAlo] A3t 2EFH
2 A FrE AEYE Fsn) o] vl BA L 2AFA
717} B3 e EAS E445 A3 gallic acid(PJE021-
1)¢} (+)-catechin(PJE024-1) 22 T =g} AHr] o] 23
2 EE] ujzteke AkslA A e gig Azt 249 7
Aol AArE et

—_

aAtel 2

2 rEe ety ey AARATAEAGS dBo 2
s 7o Avjols, 2 A4 AA=H

O
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