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In vitro Atiinflmmatory Activity of Paeonol from the
Essential Oil and Its Derivative Methylpaeonol

Hee-Juhn Park* and Moo-Young Choi'
Department of Botanical Resources, IDepartment of Food Science and Nutrition, Sangji University, Wonju 220-702, Korea

Abstract — Paconol (2-hydroxy-5-methoxyacetophenone) obtained by silica gel column chromatography of the essential oil
extracted from Paeonia moutan (Paconiaceae) was methylated by dimethylsulfate to yield methylpaeonol (2,5-di-O-meth-
ylacetophenone). Both compounds inhibited nitric oxide (NO) formation in lipopolysaccharide-induced macrophage RAW
264.7 cells in nitrite assay. In the western blotting assay, it was shown that both compounds also decreased inducible nitric oxide
synthase (INOS)- and cyclooxygenase-2 (COX-2) formation. Methylpaeonol produced more potently inhibited NO-, iNOS and
COX-2 formations in the assays than paeonol. These results suggest that paeonol is in part responsible for anti-inflammatory
activity of Paeonia moutan, and that synthesis of paeonol derivatives may produce a promising candidate for andtiifnalmmatory

agent.

Key words — Paeonia moutan, Paeoniaceae, paconol, methylpaeonol, antiifnalmmatory, nitric oxide, iNOS, COX-2

Ede S0 doke] shEA e BEgae
S}, 2.2 (Paeonia moutan)yS- Z.& 3} (Paeoniaceae)dl] 4538t
= Aol g thdA 2EAEo|t) W oA
294 7Y, 574, JF, 17 Y s BEdoz A=
AWE S gl gkl &3

E 3] 9] J#O ZA= paeoniflorin, oxypaeoniflorin,
benzoylpaeoniflorin, albiflorin 53} 72 monoterpene
glucoside, G2 A3 22 paeoiflorigenones} 5% <]
gallotanning 3k Yok Beole) ghd e LPSE R=
¥ macrophage®] NO A& Aa|gtia & n} girt? &=
@3¢ paconifloring FeH-3-37 A&, apoptosis FE=2-E,"
FuAE Zg 50 BwiH I ok

Bate] o] T84 Q] paconol®] ofe|E ol st
RaRE 494 $U48 ALY daw SR
7}, antiseptic activity,” carrageenan 52+ 2ol tjst
AE 9 AFE” Blg ERE S f2dAE
7 2 TNF-a A4As &Y So] Base] gt
*AMKIAHE-mail) : hjpark@sangji.ac.kr

(FAX):031-941-0153

116

AV BA9]9] paeonole] in vitro BB &S macrophage
RAW 264.7 cello] AAd3k= NO Aol gt 45 nitrite
assay &=, inducible nitric oxide synthase, cyclooxygenase-2
o thg &AL western blotting®. & =434t} A
paeonol©] 2-hydroxy-5-methoxyacetophenone®] 125 71
o wie} F471E HEstete] 7s7lE e shghes)
2,5-dimethoxyacetophenone (methylpaeonol)yS A|Z&ked 1
& Al W Ade douE Hudn,

RULE= S el

al
=

[=14=5]
[=N—|

Nz

7171 ® Aef - 32 Electrothermal digital melting
point apparatusE AME-31] SR oW HASA| RSiTt
AFw 248 JASCO DIP-360 digital polarimeter® 25°C
ol A &4 359t} IR spectrum< Bomem MB-100 FT-IR
spectrometer® KBr disk 2.2 43190, A3 ~HE
22 Finnigan Mat TSQ-700S.2 70 eVe] oA 2 o] 23}
at9doh. 'H- 2 PC-NMR spectrum WHRE-EFEA tetram-
ethylsilane (TMS)E %751 Bruker AM-300 spectrometer



Vol. 36, No. 2, 2005

=2 Z74gsiaint.

RPMI 1640 medium, fetal bovine serum (FBS), penicillin,
streptomycin< Life Technologie®l| Al “+¢ 3} T} 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tertazo-lium bromide
(MTT), dimethyl sulfoxide(DMSO), sulfanilamide, aprotinin,
leupeptin, phenylmethylsulfonylfluride, dithiothreitol, N°-
mono-methyl-arginine (NMA), E. coli lipopolysaccaride
(LPS):= Sigma Chemical Co. (MO, U.S.A)NA -9 3o
AHE-3F AL COX-29}F iINOS monoclonal antibodies 2
peroxidase conjugated secondary antibody+ Santa Cruz
Biotechnology (CA, US.A)NAM 43t
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Paeonol — Colorless needles, mp 46.8°C, IR v, (KBr)
em™ : 3229 (OH), 2974 (C-H), 1643 (aroyl C=0), 1585,
1500, 1462 (aromatic C =C), 1258 (C-0); "H-NMR (500
MHz, pyridine-d;) 8 : 2.46 (3H, s, COCH,), 3.69 (3H, s,
OCH,), 6.51 (1H, dd, J=2.49 & 8.90 Hz, H-5), 6.61 (1H,
d, J=2.49 Hz, H-3), 7.66 (1H, d, J=8.90 Hz, H-6); °C-
NMR (125 MHz, pyridine-ds) 6 : 26.5 (COCH,;), 56.0
(OCH,), 101.9 (C-3), 108.0 (C-5), 114.9 (C-2), 133.6 (C-
6), 166.1* (C-4), 167.0° (C-1), 203.6 (C =0), *Values may
be interconvertable.
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Fig. 1. Structure of paeonol (R=H) and methylpaconol
(R =CH,).
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I A& GC chromatogram} mass spectrum Fig. 191 1}
B 21t}: Column {DB-1 (length 30 meters, i.d. 0.25
mm, film thickness 0.25 mm, J&W Scientific, USA)},
Column temp. program {init. temp. 50°C (3 min), temp.
increase velocity (8°C/min), final temp. 250°C (10 min)};
solvent cut (3 min); temp. program {injector (250°C),
transfer line (250°C), ion source (150°C), manifold (70°C)},
detector {Electron Impact-Quadrupole 1 (EI energy 70 eV);
carrier gas {He (99.99%), flow rate (1.5 mi/min)}.
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Methylpaeonol — amorphous powder, mp. 38.3°C, IR
Voo (KBD) cm ' 12992 (C-H), 1655 (aroyl C = 0), 1606,
1503, 1464 (aromatic C =C), 1258 (C-O); 'H-NMR (500
MHz, pyridine-ds) 8 :2.58 (3H, s, COCH,), 3.71 (3Hx2,
s, OCH,), 6.57 (1H, d, J=2.2 Hz, H-3), 6.60 (1H, dd,
J=8.6 & 2.2 Hz, H-5), 8.05 (1H, d, 8.6 Hz, H-6); "C-
NMR (125 MHz, pyridine-d) & :32.0 (COCH,), 55.5
(OCH;), 98.8 (C-3), 106.0 (C-5), 121.6 (C-2), 132.8 (C-5),
161.5 (C-1), 165.0 (C-4), 196.6 (C=0).

MlzZo| HjQF — Murine macrophage RAW 264.7 Al =
10% FBS (fetal bovine serum) % penicillin (100 pg/ml),
streptomycin®] (100 U/ml) ¥&¥ RPMI vix]ellA] 37°C 5%
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Nitrite 2] £X - MacrophageZ5-8 §34€ NO<2| %
2 Griess A9 o83} A2z wjdl ol ERljsh= NO,
o] Fejza 23T F A &E 100 piek Griess
A1F [1% (w/v) sulfanilamide in 5% (v/v) phosphoric acid
<} 0.1% (w/v) naphtylethylenediamine-HCI] 100 pls &%
3lod 96 well platesel]A] 10552 HHEAIZ] T 550 nmell 4]
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< PBSE A o'd F lysis buffer (50 mM HEPES pH
7.0, 250 mM NaCl, 5 mM EDTA, 0.1% Nonidet P-40, 1
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Fig. 2. Gas chromatogram of essential oil extracted from P
moutan (upper) and mass fragmentaion of paeonol (down).
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Table L. IC,, value of paconol and methylpaconol on nitrite
accumulation and in 1 pg/ml LPS-induced macrophage 264.7
cells and on cytotoxicity

ICy, (pg/ml)
Compound —
NO Cytotoxicity
Paeonol 90.67 111.69
Methylpaeonol 50.3 138.53

The values are means of three independent experiments.



Vol. 36, No. 2, 2005

LPS (1 pg/mi) - + + + +

Paeonol - - 45 90 180 (pg/mi)

LPS (1 ug/mt) - + + + +

Methylpaeonol - - 25 50 100 (pg/mi)

Fig. 3. Effect of paconol and methylpacono! on LPS-induced
iNOS protein in RAW 264.7 cells.

Lysates were prepared from control or 24 h-LPS (1 pug/ml)
stimulated cells alone or in combination with increasing
concentrations of paeonol and methylpaconol. All lanes
contained 50 pg of total proteins. A representative immunoblot
from three separate experiments is shown.

i

LPS (1 pg/mi) - + + + +

Paeonol - - 45 90 180 (na/mi)

LPS (1 pg/mi) - + " . .

Methylpaeonol - - 25 50 100 (ug/mi)

Fig. 4. Effect of paeonol and methylpaconol on LPS-induced
COX-2 expression in RAW 264.7.

Lysates were prepared from control or 24 h-LPS (1 pg/ml)
stimulated cells alone or in combination with increasing
concentrations of paeonol and methylpaconol. All lanes
contained 50 ug of total proteins. A representative immunoblot
from three separate experiments is shown.

FEH INOS 2 COX-2¢) Tid fdx) BE S ek
A& At LPSel] 9]3 iNOS whd& S5t &
75192 paeonolt methylpaeonol sLo|EH o2
g A3l st ThFig. 4). COX-29) o] disfr e +
3I3tE-2 LPSOl| <3l f=d o] dhiae] HHAAF S s

2
so M
(3

xb

e oR AAshs Zlow FAEIT. o] Y
= methylpaconok® paconolHtie A 75t G35 W<l
o] Lepstth e F e INOS B COX-2¢] 2ds
A gozN b0 2 NO 2 PGE,9 A& #slslo
B AT Hog FHHEr

ra 13

Ectule] monoterpene glicosides 402 UL

X

O

119

A2 W A52kg T FaA Bo] HAEHUS
¥ ol)z} paeonololl HIAE FAFSE Havt glof gho=
2 Eohy)e] §tg2-gollA monoterpene glucoside®}: paeonol
7181 e AR 7= & glrh. HHFelA paeonol
Shee W A ERAE TRM0E KIS A §
u]&0] paeonol®] monoterpene glucoside®i= 744 2] o]
obd A7}AQ EFE 9o Z0F &%= v paconol
o] d=ofAlo A Frtue] Fash A EHE I
Hr}, 287, LPSE 53 macrophage A1 Z2] NO, iNOS,
COX-20l THE+ paeonol®} A adh= & A7 2lolth.
39 paeonol 757 FFHEOE Blad £E7F w2
paconolS AZT = &0l YeReH, o] ZFE] methyl-
paeonol®] Azl 2}sk F% B|AEE g v} paeonol %=
A7} 2 WA e FAFA Y Mol 7FsEE Al

Alsatt.

Rl

°l
S
o

A A

e
re
g
NI
(o]
3
rL
b
o
=
=
)
B
K
=
rl
-
=)
2
o
3

et

ol

(S

o

o
o=

1. dhad(2001) BeFsE, 116-118, FHEAL A

2. Lee, S.J., Lee, 1. S., and Mar, W. (2003) Inhibition of induc-
ible nitric oxide synthase and cyclooxygenase-2 activity by
1,2,3,4,6-penta-O-galloyl-B-D-glucose in murine macroph-
age cells, Arch. Pharm. Res., 26: 832-839 (2003).

3. Ye, J., Duan, H., Yang, X, Yan, W., and Zheng, X. (2001)
Anti-thrombosis effect of paeoniflorin: evaluated in a pho-
tochemical reaction thrombosis model in vivo, Planta Med.
67: 766-767.

4. Tsuboi, H., Hossain, K., Akhand, A. A., Takeda, K., Du, J.,
Rifai, M., Dai, Hayakawa, A., and Suzuki, H. (2004) and
Nakayama, 1.: Pacoiniflorin induces apoptosis of lympho-
cytes through a redox-linked mechanism, J. Cell. Biochem.
93: 162-172.

5. Yang, H. 0., Ko, W. K., Kim, J. Y., and Ro, H. S. (2004) Pae-
oniflorin: and antihyperlipidemic agent from Paeona lac-
tiflora, Fitoterapia, 45-49.

6. Dai, M., Zhi, X,, Peng, D., and Liu, Q. (1999) Inhibitory
effect of paconol on experimental atherosclerosis in quails,
Zhongguo Zhong Yao Za Zhi 24: 488-490.

7. Lin, H. C,, Ding, H. Y,, Ko, F. N, Teng, C. M., and Wu, Y.
C. (1999) Aggregation inhibitory activity of minor ace-
tophenones from Paeonia species, Planta Med. 65: 595-599.

8. Li, G, Seo, C. S., Lee, K. S, Kim, H. J., Chang, H. W., Jung,



120

10.

11.

12.

J. S., Song, D. K., and Son, J. K. (2004) Protective con-
stituents against sepsis in mice from the root cortex of Paeo-
nia Suffruticosa, Arch. Pharm. Res., 27: 1123-1126.

. Chou, T. C. (2003) Antiinflammatory and analgesic effects

of paconol in carrageenan-evoked thermal hyperalgesia, Brif.
J. Pharmacol. 139: 1146-1152.

Kim, S. H., Kim, S. A., Park, M. K., Park, Y. D., Na, H. J,
Kim, H. M., Shin, M. K., and Ahn, K. S. (2004) Paeonol
inhibits anaphylactic reaction by regulating histamine and
TNF-a, International Immunopharmacol. 4: 279-287.
Choi, . H., Ha, J. H., Park, J. H., Lee, J. S., Park, H. J., Choi,
J. W,, Masuda, Y., Nakaya, K., and Lee, K. T. (2002) Cos-
tunolide triggers apoptosis in human leukemia U937 cells by
depleting intracellular thiols, Jpn. J. Cancer Res. 93: 1327-
1333.

Ka, H., Park, H. J., Jung, H. J., Choi, J. W,, Cho, K. S., Ha,
J., and Lee, K. T. (2003) Cinnamaldehyde induces apoptosis

13.

14.

15.

Kor. J. Pharmacogn.

by ROS-mediated mitochondrial permeability transition in
human promyelocytic leukemia leukemia HL-60 cells, Can-
cer Lett., 196: 143-152.

Takai, K. and Harada, M. (1969) Pharmacological studies on
herb paeony root. I. Antiinflammatory effect, inhibitory
effect on gastric juice secretion preventive effect on stress
ulcer, antidiuretic effect of paeoniflorin and combined effects
with licorice components, Yakugaku Zasshi 89: 887-892.
Yang, H. O., Ko, W. K., Kim, J. Y., and Ro, H. S. (2004) Pae-
oniflorin: an antihyperlipidemic agent from Paeonia lacti-
Sflora, Fitoterapia 75: 45-49,

Tsai, H. Y, Lin, Y. T., Tsai, C. H., and Chen, Y. F. (2001)
Effeects of paeoniflorin on the formalin-induced nociceptive
behaviour in mice, Journal of Ethnopharmacology, J. Eth-
nopharmacol., 715: 267-271.

(20059 3¥ 30 A5



