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Prostaglandin Biosynthesis and COX-2 Inhibitory Natural Products

Eun Jung Park and Sang Kook Lee

Department of Pharmacy, College of Pharmacy, Ewah Womans
University, Seoul 120-750, Korea

Cancer incidence has continued to increase in recent years by environmental pollution,
high fat diet, excessive stress, smoking as well as increasing life expectancy. Therefore,
people have been more concerning about prevention of cancer. Especially, the concept
of cancer chemoprevetion-the prevention, delaying or reversing cancer by intervention
using nontoxic synthetic chemicals or chemicals from natural substances before
malignancy-is the alternative way to conquer cancer. As far, the compounds that have
cancer preventive effects are those which have antioxidant, anti-inflammatory and phase
I enzyme inductive actions. This review will focus on inflammation-related enzymes and
its products such as phospholipase A, (PLA;), cyclooxygenase (COX) and prostaglandins
(PGs). Based on recent results that some natural products have been shown cancer
preventive effects, we also propose the agents that have COX-2 inhibitory activity. These
potential inhibitory compounds will be promising therapeutic agents for prevention of

cacner.
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Michael Sporn ¥kAl7} vlelal A §- 54019 ¢F wlay
A A4 BaslEA] =9 /g e 2 Michael
Sporn ¥PALE 3R Qbdwl-S ‘FA4lo] gl WA
Ao AAEE AL o] AAET) oA
& epdslar, o] BAE Qte} FAHE AW
s Zrolgba Aoyl "A7tA] o)zt ok
W Eol Aok ¥udl EAES 2 4
, FHE, Al diAELE fE o] gl

53] HZelle FESH HHA A Z2a
==k (prostaglandin)  AJ3HA] #HA ol Fhodsle
& 9 2 AAEY gt uxe gk it
T7F 2s| ZgE L ot whEbA B =l
v Rz AR A Fofsle &
491 phospholipase A, (PLAy),
(COX) 8l HE AE9 Z & A b= 0] X (prostanoid)
o] o3tofl sl ok, gk3hele] odzAlol
8l 71sstaat bk 2l 20010 ERd Aol A A
I, =54, vhE, BEEE, S5, HEESF,
ErotE & et Bt ode AgFez AH
siiel, & g AX AFrol 98 A A o]
AER AAE Fufle] SodiA S whEelr] 9%
AEol wol XY= e vl ol9} Pl
COX-2% Afisle A5E A AQAEEJ st
of ARz k.

-

cyclooxygenase

=
—

T

D) JHEfHQl T2 AEISRIEIl MEM 1t

AEerel] ZAeh Q121o] PLAI 93l 744
23) =]o] lysophospholipid 8 o}a}7] = Akarachi-
donic acid)& AR, AHY HINERS
Al 5-lipoxygenaseE %3l 3 E&|9ll(leukotriene)
5 AAsAY cyclooxygenase (COX)oll &3l =
EXERolE5E AN A AHEY {32
EelQEY 2 FRAEE 27kel 4840
ZAdste] A4, A5k, 43k 55 4 wd §
o Welsha Tpgol Tholdt?

2) Oj2izi=Al MM S A: Phospholipase A,
(PLA;: EC 3.1.14)

HEL AW ofebrl e SAERRE F
TH 2lEite] Lol Hghslo] A HE Ho

—_—

m? o] acyliransferase} transacylaseol] 2]l Al
o AR AW Gz EASL, F2
PLAol o]z QIA1A 2] sn2 X7} 7hH-3) =
WA AEWE BujEc) gt 4 Z olely) B4
9] EH|+ PLA, 2]dl% phospholipase C (PLC)-
diacylglycerol (DAG) lipase 7] Z2} phospholipase
D (PLD)-phosphatidic acid (PA) BEE AX7%=
et 47 PLA, EAE A Bujd-A 24
Z+s 9]&A PLA, (low-molecular- weight Ca’"
-dependent secretory phospholipase Az: sPLA»), Al
F-31 82 2 2]£A4) PLA; (high- molecular-
weight Ca”-@ependent cytosolic phospholipase As:
cPLAy), Zr¢+ n]9]&A PLA, (Ca’'-independent
phospholipase A;: iPLA)E] 37}A] &7 & vhyvt

1 F sPLAE 9F 14 kDa®] 22 EA 2 ol
F1EAkel nigk Aelgo] glow, 2§ 1B 1A,”
m,” g, n'’ v,” x,P xn" 2oz 2y
t}. 215 UA, 1D, 1IE, V $-2 Heparan sulfate pro-
teoglycan (HSPG)-shuttling pathwayell 4], heparina}
7388t ¥ GPI-anchored HSPG glypican®} &7 ca-
veolae £-2 raftE ¥Aslo] X2 F9E o]
COX A ol|A] ole}d| E4ke W&slar, 1F I,
V, X B2 F# ¢ Euto)] F23} phosphatidyl
choline (PCy& 7}-i8lsto] ofglz| A4S AJA
gk sPLA,9}E €3] cPLAE sn2 9ol of
Il EAE el QXA AdFAe] o
] Aol 2Rl X EE, ABAGEA, v[EA, 3
d, W54 Sl 284 Ser-z7| 7} mitogen-acti-
vated protein kinase (MAPK), Ca’"/calmodulin-
dependent protein kinase II -2 Mnklel] 9j3] ¢l
A AL, AEY Ca'TY) BE7F b ¥
A3l Ca’lell o8 BAFE EaE FA
A, £2FA], Yot GO olFsle] AL Ev
cPLA;,+ lipopolysacchride (LPS), A23187, opso-
nized zymosanel] 2]3F Z7| PGE, A wtAld] o}
271 E4E AlFste FAl COX2E fxEste
Aoz ¢#HA Yt PLAE dZuted ©
Bopo] ATt AR G4 FA0] TG o
42 Wk 2 9 2 PLAS] ER9l BE 9y 2x
25 Table 128 A a]3l¢c}

-
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Table 1. PLA,9] B25&

IE A zZ (7D 2} #F(kDa) +3

B o)A 14.1 4

1A g, A A 139 =l

AYA, &4, g

1D o, wlg 14.5

IE 5, 4, Hll, et 14.4

MA U937 A|E/ & 85 By

1I1B + 100

1Ic AR, T8 65

IVA (cPLA2 @) F5 &4 85 A

IVB (cPLA2S) 114

IVC (cPLA2 ) 61

IVD (cPLA2 ) 55

v FAPYIE | 13.6 alA

A% CHO A% 80~85 Ca’t nleEA

VIl g 45 Hyl4

X wia, g4, dxgd 13.7 Bal4

HiE
X1 Th2 A% 187 )4
3) TEAEIZEIE MMSA: Cyclooxygenase  Table 2. COX-13} COX-2¢] ®liL

(1) COX9] &HF]/: COX (EC1.14.99.1)& heme-S- COX-1 COX-2

3931 el (glycoprotein) @ & prostaglandin endo-
3E B 3r
peroxide synthase, PG synthase, PGG/H synthase&} e #E Lumen of ER ER ax;d nuclear
L envelope

1% &, ole}s| EA-E PGHE AHEsle #A B 73 kDa 74 kDa
o] Fodsl JAolth dA7tA COX-1, -2, -39] 71 A Only Cy carboxylic Cis and Cao
37kA] 571 whsR e, COX-1 | 3% €43 acids carboxylic acid
7—“ /lg/lg}i]l‘c _’é‘_i(coﬂstimtive enzyme)?_]_ l:ﬂ_—ﬂd’ Locus 9q32“‘q333 1q252“‘q253
COX-2% A #4-<1 AEGF, PDGF, FGF), A7 A 2&
A, 3= ukelz(IL-1, TNF, INF, LPS, TPA), AR
34 g A, T2 E(follicle-stimulating hor- o] WS =z A3} =u] Bols} promoterol]+ NF-

mones, luteinizing hormone, estrogen), %A}
(v-Sre, v-Ras), Aol EF}¢l, phorbol ester Fol] 2]
3 S-X¥]¥E & 4(inducible enzyme)o]th(Table 2).
©}, normal adult rat kidney, normal intact thyroid
tissueol| 4] COX-2& FEH A gkolx YA & s
2 ol B

(2) COX-29| RHAX} wsl

= ol

& COX-2 §4#

AR BaN=d

& B, NF-IL6 motif, CRE, E-box o] 9o, %4

A} whE 8- Z sl Q1R 2+ peroxisome prolifer-
ator-activated receptor (PPAR) #|7+Z, glucocorti-
coid7} ¢Jv}. PPARS CREB-binding protein(CBP)/
p3003} Agtste c-Jund] WE-E A lstal, PPAR
a i NF- x B2] subunit¢] p65/RelA¢} p502] why
S Aol COX-2 §AA wHE At A

= A=
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o2 dvA 9l ¥, glucocorticoid: glucoco-
rticoid receptor (GR)&} 23k A4 % glucoco-
rticoid response elements (GREs)E 73 -§-8f 3lei=
fAAS) AAE B4R AA COX2 §A4 B
dg Adgn

Q) REA &8 & XH: COX-23= COX-24.87}
COX-22.89] i+ 79l o|AA7} 9o, 1 Hole=
3’-untranslated region (UTR)Q] Zo]el] 7]¢l&l}.
o] 3-UTRell Adsle whAol= AUFI, HuR,
CPF-A, CUGBP2, TIAR, TIA-1 , TTP, hnRNP A0
Fol glow, 2 7hed TIALE #4042 &
240) 8% °%E Gt 3-UTRY Ysal
AU-rich element (ARE)el] ZA%}ts}o] COX-2 uba]-g-
A dfske g, HuRE ARES; Adtsio] COX-2
FL R o LTS b= T

4) ZE2AEISEIEIQ FH]

COXoll 2l WA E HF A& PGGr vhA]
prostacyclin synthase, isomerase, thromboxane syn-
thaseol] ]84 PGL,, PGE,, PGF,,, PGD,, TXA,
B AP oY TZiTwolSEE A7)
F-8] (autocrine)-, Z-E-1|(paracrine)-2] & 2 gHE2 2
1 T PGEx Alx% Fibgo] Yol Bl
3 FEAQ Bael] 23] AE ghoz Huxn,
multi-drug resistance proteind (MRP4)ol] 2}3l] Fu|
CRLRTCE

St 53] H, AT gkl e 248
Kol AlZEA Ul £4:91 NAD -dependent 15-hydro-
xyprostaglandin dehydrogenase (15-PGDH)el] <} &l
15(S)-hydroxyl Z&o] 15-keto ZLH O ZE AH3)3o]
B e

6) AE TR2AEISBC U 1 849 Ag

PGGyoll A AGH ZZ el @ 58 Eob4
shod, Al FahsE ArhEu] Fo Sy g4
L£.8 rhodopsin-type G protein-coupled receptor?]
Zazehols gAle] Agete] A2
<5 Yehig Y Za ekl SgAE /A
J Z2x2ebEEdd el §-ol oz} DP (DP, DP,),

EP (EP;, EP», EP3, EP4), FP (FPa, FPg), IP, TP &
o7 e ®

(1) PGD; +EH|[DP & CRTH; (DPy)]: PGD,»:=
AR v ElA F2 YAEE Ze 2
kol g, IgEE wi/lE #)& Type 1 24 ¢4EA
HHE ARk e 3t Aoz gEA ¢
t}. o3t PGD:9t Agsls 484 DP9} che-
moattractant receptor-homologous molecule expres-
sed on T helper type 2 cell (CRHT2)Y ¥+ FH7}
gom, PGzl &3t F4gk SF o] dojrhr] ¢
34 cAMP7L Hesln g DPo] FAPEEE 2
£7|#e] Gs protein—adenylate cyclase (AC)—
cAMP—protein kinase A (PKA)E o]o]R| &= A3
AGAAE GAA 7N 7FAdol et sk L,
ot YEEA = %L, 287 NIH-3T3 Al E9}
FF M| Foll A Gq protein—phospholipase C (PLC)—
protein kinase C (PKC) A3 A AE 24314
Zlcke B37) Qlch wbd, CRTHE Gigh Zghs}
o cAMPE YErhR delA ek wmd, H el
PGD»9] tAbA|el 15-deoxy- A (12,14)-prostaglandin
Jo (15-d(PGJ;)7} peroxisome proliferator-activated
receptor & (PPAR §)ell Z3bste] J=aad A
Q1z}el AP-1, STAT, NF-¢ B £& Z3Rid}= 1
7b Jek? ol E FgA9 Ag, whezddE
3ol AR PRk o2 WEsta 1 9ol H], 9
3 Aol A obS oFslA W s, Aol e
thE Zazzeheel= & e 7ha HA
EAfetE FEMEA Lol HolA Az wd
% 1:]—_35’36)

(2) PGE; =EX|(EP): EP;9} EP,+= EP;o|L} EP,
off u]&l] PGExoll tdt A%}t = (Kd<1 nM)””
EP o] AlAk, =, 9] Foll Agtste] wha=E Hol
vzl EPs$} EPs= X oll A 75 W o). EPE
EP FollA] 71 AA] EAjslA ek LPS 53} 22
SRSl ol ko] fEE ;Y

EP;ol] PGE,7} Agsby Gq—PLC—PKC A %A
ZAAE S43A 0" w3 EPell PGE7} A
gt Gs—AC—cAMP—protein kinase A (PKA)
AZADAA} A3k 3, B4 3 PKAE gly-
cogen synthase kinase-3 (GSK-3)& <1A4F}A] 71}
GSK-37} Q14k3k¥]™d S -catenin®] F-3fi7} =] a5
v, AH 3 -catenin® P Eo]7}4] T-cell factor
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(TCRH9} §7 A ARIAL 2 A-g-3ke}.® dled EPsol
PGE,7} Z s Gigl A3 slo] cAMP A4 A &
24-&-& Veblith EPi EP9b= 2] PGE:SF 4
gl W2 97 9 UlEREele] ol EPy
£ 5l &A3kE Gse X2 0.2 phosphatidyl-
inositol 3-kinase (PI3K)E A 3kA] 71t} 2A)s=l
PI3K+= ERKE #As)slar Zolo] early growth
response factor-1 (EGR-1)o| f-E=Zt}. 5% EGR-
12 PGE synthase (PGES), tumor necrosis factor- o
(INF- @), cyclin D8] W18-& =A3= Zog o
24 ek’ ek 241319 PI3KE: PIPS PP
ZgkslA PIPsE PDKIg EA3MAA ¢ o2
AktE QIAFSHA)Z|GL o] = vhA] GSK3 8 & QI4HsH
N AL f-catenin®] BHE A e}V

3 PGF:, $=Z2x|(FP): FP= =1A4] FP,9} FPs
FEAZ ek Hke & AAQ] FPee
PI3Ke} ZHgslo] olF A 3HAA E-cadherindt
B -catening A|FEWE Fo Bt dFiEe] Az
Z B -catenin glycogen synthase kinase (GSK)
of] ojaf] ¢lAts}lE o] ubiquitin-mediated degradation
& do7itl. PGF, 7} ZAgsl™ pl25 focal adhe-
sion kinase (FAK)9] tyrosine 7] & QlAF3}IA | =
Rhoo} PKC7} A 3w a1, A EAWY B- catenin]
QIS 2l dElo] #iE Foi7ke - catenino]
ZF7ketet. W B-catenind TCFF ZHE
COX-2 &9 promoterel] Eof A3 F7HAT
o}V FPE corpus luteumol| 4] 2 W s ulg
2~ kidney®] cortical tubule®} stomach gland, NIH
3T3 fibroblastic cell lineol| A % HbAE e} >+

@) PGL ZH|(IP): P+ dorsal root ganglion
(DRG)?] neuronol|A] 7} FHsAl HHAEH
megakaryocyteo| L} S E Lol A 5 A= 3L
Ez3} Bao] g Ao AT

(5) TXA; F=EX|(TP): TP, TP 2] F+ 7}A] &
g7} 9lt}). TP+ TxA7y A¥dshH Gq—PLC—PKC
ASABAAS Y Ak TPE oo
zzol] Aol A, A%, Age) Ealshe @
off FHE ¥ ohvul, F4l(thymus), B]ZH(spleen)
SollA Fg et

P

ﬂl?-h

7) tsiotol 2ty

(1) COXR} 2t5}(carcinogenesis); COX-25= pre-

malignant %) malignant tissuedl] F2 IulHE =
Aoz 4#A ek FAofl 17 CoX-2%5 i
¥ T E =A%t multiparous female transgenic
mice+ focal mammary gland hyperplasia, dysplasia,
metastatic tumorE 59l 3, ¥ X COX2E 7
Wl =& £7Z¢k transgenic micet epidermal
hyperplasia®} dysplasia® -§-Hbslich B8 COX-2
£ knock-outA]Z] FHolA] intestinal tumor2} skin
papilloma®} Z#o] = A F9low, COX-2 AHH
AN AL FERAAA 2%, 525 A, &
ek, #ek, gk, wEske Aol AsE
q_.48~68)

Hol= COX2% obe} COX-lo] ekats
o Tofdehs =RSo] HuEw Yk 17k
ok, YA, Uk AT, A A 2ol
Al COX-19] #bddo] Byl ul glew, COX-1
o SARPEE A Min miceoll A1) 27t
] 4], COX-1 knockout A] F <] z|Hotst 7H4,
COX-1 A€j3] A Ale] fater el FHoll4 Aol
oA, gkl 4 AGES] A Z7i7} Heldl vp
e} O

(2) PLA:2} et3): sPLATIA7} QF u-iw) Z3)
o £33t 9gg drf= Karl 9o, familial
adenomatous polyposis (FAP)ZF-E] colorectal adeno-
mas7} A3 H 3kA}e] z=AoflA] sPLAIIAS} wh)
A3k A o] BF A 98 dalsil
P e i 4, slel QEAGIA cPLA,
of wrglo] 44ulo] o] BWaH et

() ZRAECO0|E U EPQ} Qtsh: # 7 Zax
El-o] = 9 EPO] qbstel] o3t AW S B3l =
ol ®ol Hauwx Qlvl. AAZ EP &
knock-out Z ol A
crypt foci B4 #] 8,2V EP, <84 knock-out Apc
(A716pmiceol A A E%] Sob WRAAe 7

azoxymethane-induced aberrant

% B VEGFQ] wral 7+4, EP, =84 knock-out
miceol| A tted WA B9H3 A Al
Zeo Byl Rauwlg) 2™ Ep; 4284 knock-out

Folld dBAA W B4R T4, 1Pe} e}
£ PGL §EA419] Ao] oA Fo] ezt
HZolle tAgT EPS] Aol g A+ %
gurs] o] Foizal 9l=tl EPs knock-out F ol

azoxymethane-S- F¢]3lo] A== aberrant crypt
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foci (ACP)9] Aell, EP, &4 ZAgA AelAl  Fx Fo] Lulx gk AAZ 49 AFES vl

Min mousecl| 4] 2] 4A-&F 2] o F7}, colorectal  WEAl AH st Fdobe] A= a8x g2

carcinoma cellol| 4] AZ ol gAF F4 F7h & wl=e PHAE wlzA diA, 9, AHA, 4

3] kz=AollA] EP.] W o] Hug vk gl ¢ vhE GES whnlEyl ddHew drhe=

1= T B3% gk olgR HadE fu BAE £

_ _ ol—oq 8 gy ] Ao U%—‘—r %.31 3}

8 HAE 2| COX-2 NHEMER ey we Aol wan W e

3l A7t AAE R gleng Mg ¥ B4

Adzolld fFaist gellEda2 A%, vhE, F COX2 AP ol v EFS 4oz A
T, =, 4, BEuke, AASE AEE, 13, 23] 29iri(Table 3~6).

Table 3. COX-2 a4 A2 Agsl= EAE
Origin Compound References

Allium sativum

Aloe vera

Atuna racemosa Raf. Ssp.
Racemosa

BalatonTM tart cherries
Bidens pilosa

Ceiba pentandra Gaertner

Cryptocarya wyliei
Endospermum diadenum
Epilobium angustifolium L.
Eucomis autumnalis
Garcinia mangostana L.
Harpephyllum caffrum
Helichrysum nudifolium
Honeybee propolis
Leonotis intermedia
Leonotis leonorus
Melampodium leucanthum
Ocimum sanctum Linn
Ocotea bullata

Plantago major 1.

Rumex saggitatus
Scutellaria baicalensis
Solanum mauritianum
Stephania tetrandrae S. Moore
Synadenium cupulare
Trichilia dregeana
Vantanea peruviana Macbr.
Common in plants

Ajoene
Aqueous Extract
4’-MeO-(-)-gallocatechin

Cyanidin

EtOH Extract
(+)-Catechin

Vavain

Vavain-3’-O- £ -glucoside

Akendo 3

Myricetin-3-O- 8 -D-glucuronide
EtOH Extract

Mangostin

EtOH Extract

EtOH Extract

Caffeic acid phenethyl ester
EtOH Extract

EtOH Extract

Leucanthin B

Eugenol

EtOH Extract

Ursolic acid

EtOH Extract

Wogonin

EtOH Extract
fangchinoline

EtOH Extract

EtOH Extract
Ouratea-pro-anthocyanidin
Oleanolic acid

y -Tocopherol

Dirsch & Wollmar (1998)°"
Vazquez et al. (1996)
Noreen et al. (1998)93)

Wang et al. (1999)*"
Jager et al. (1996)95)
Noreen et al. (1998)96)

Zschocke et al. (2000)””
Pay et al. (1996)”
Hiermann et al. (1998)”
Jager et al. (1996)"
Nakatani et al. (2002)'”
Jager et al. (1996)™
Jager et al. (1996)
Michaluart et al. (1999)'°Y
Jager et al. (1996)"”
Jager et al. (1996)95)
Hwang et al. (1996)'"
Kelm MA et al. (2000)'®
Jager et al. (1996)95)
Ringbom et al. (1998)'*"
Jager et al. (1996)™
Wakabayashi et al. (2000)'"”
Jager et al. (1996)™

Choi et al. (2000)"®
Jager et al. (1996)"”
Jager et al. (1996)°”
Noreen et al. (1998)'"”
Ringbom et al. (1998)"%
Qing Jiang et al. (2000)'"®




Table 4. =g ~e}xol= WA A EHE

col A LR aElFEy A4 B4 9 HAE fee) CoxX2 AHAl 145

Origin

Compound

References

Acacia rehmanniana
Achanthella auratiaca
Allium sativum

Alpinia officinarum Hance

Ambrosia confertiflora
Artemisia absinthium

Astragalus membranaceus

Belamacanda chinensis
Belamacanda chinensis

Cacospongia mollior
Cryptocarya latifolia
Curcuma longa L.

Dalbergia odorifera

Encelia farinosa
Enhydra fluctuans

Eugenia caryophyllata Thunberg

Fish liver oil

Garcinia mangostana L.
Helenium tenuifolium
Helenium elegans
Honeybee propolis
Luffariella variabilis
Melampodium leucanthum

Scutellaria baicalensis
Scutellaria baicalensis
Stephania tetrandria
Tanacetum parthenium
Tripterygum wilfordii Hook F
Zingiber zerumbet Smith
Common in plants

Aqueous extract

Hymenialdisine

Ajoene

Allicin

Pinocembrin

galangin 3-methyl ether, galangin
kaempferid
5-hydroxy-7-(4"’-hydroxy-3’’-meth-
oxyphenyl)-1-phenyl-3-heptanone
Confertiflorin

5,6,37,5 -tetramethoxy-7,4’-hydrox
yflavone(p7F)

7, 2’-Dihydroxy-3’,4°-dimethoxyiso
flavan-7-O- 8 -D-glucoside
Calycosin-7-O- 8 -D-glucoside
Tectoridin

Tectorigenin

Resveratrol

Scalaradial

Aqueous extracts

Curcumin

Cinnamylphenol,

isoflavene, benzoic acid
derivative

Encelin

Enhydrin

Egenol

Cholecalciferol

mangosteen

Tenulin

Caffeic acid phenethyl ester
Manoalide
Leucanthin B
Melampodin A
Oroxylin A

wogonin

Tetrandrine
Parthenolide
Triptolide

Zerumbone
Costunolide

Burrodin
Psilostachyin A
All-trans-retinoic acid
13-cis-retinoic acid
Retiny] acetate

¥ -Tocopherol

McGaw et al. (1998)'”
Roshak et al. (1997)"'%
Dirsch & Wollmar (1998)””

Hwang et al. (1996)'"
Lee et al. (2004)"""

Kim et al. (2001)""?

Kim et al. (1999)""?

Kim et al. (1999)'"
Subbaramaiah et al. (1998)""Y
Glaser & Lock (1995)'"Y
Zschocke et al. (2000)°”
Zhang et al. (1999)''®

Goda Y et al. (1992)'"”

Hwang ct al. (1996)'"
Hwang et al. (1996)'®
Kim et al. (2003)""®
Kanekura et al. (1998)"*"
Nakatani et al. (2002)"*”
Hwang et al. (1996)'%

Michaluart et al. (1999)"
Glaser & Lock (1995)'"®
Hwang et al. (1996)'®”

Chen et al. (2000)"
Wakabayashi et al. (2000)'*”
Pang & Hoult (1997)'*
Hwang et al. {1996)"”

Tao et al. (1998)"*”
Murakami A. et al. (2002)*Y
Hwang et al. (1996)'®

Mestre et al. (1997)"%®

127)

Qing Jiang et al. (2000)
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Table 5. COX-2 chuld 28 A3 EAZ

Origin Compound References
Acacia victoriae Avicin G Valsala Haridas et al. (2001)'*®
Scutellaria baicalensis Wogonin Wakabayashi et al. (2000)'°”
Eugenia caryophyllata Thunberg Eugenol Kim et al. (2003)'®

Green tea

(-)Epigallocatechin-3-gallate (EGCG)

Hussain et al. (2005)129)

Table 6. COX-2 §-4# w4 A FE

Origin

Compound

References

Artemisia absinthium.

Axinella verrucosa
Belamacanda chinensis
Belamacanda chinensis
Cacospongia mollior

Cassia quinquangulata Rich.
Citrus depressa

Curcuma longa L.

Eugenia caryophyllata Thunberg
Fungus strain KF9

genera Berberis and Coptis
Green tea

Honeybee propolis

Magnolia grandifiora
Scutellaria baicalensis
Stephania tetrandira
Tripterigum wilfordii Hook F
widespread in fruits and
vegetables of red-blue color
Zingiber zerumbet

Common in plants

5,6,3’,5 -tetramethoxy-7,4’-hydrox
yflavone (p7F)
Hymenialdisine

Tectoridin

Tectorigenin

Scalaradial

Resveratrol

Nobiletin

Curcumin

Eugenol

Radicicol

Berberine
(-)epigallocatechin-3-gallate
(EGCG)

Caffeic acid phenethyl ester
Parthenolide

Wogonin

Tetrandrine

Triptolide

Anthocyanin

Zerumbone

Genistein

Naringenin
Herbimycin A
All-trans-Retinoic acid
13-cis-Retinoid acid
Retinyl acetate

Lee et al. (2004)""

Roshak et al. (1997)"”

Kim et al. (1999)"Y

Kim et al. (1999)""

Glaser & Lock (1995)'*
Subbaramaiah et al. (1998)“4)
Tanaka et al. (2004)"*
Zhang et al. (1999)"'¢
Kim et al. (2003)"'®
Chanmungam et al. (1995)
Fukuda et al. (1999)"*
Hussain et al. (2005)"*

133)

Michaluart et al. (1999)'V
Hwang et al. (1996)'"™
Chen et al. (2001)"*
Pang & Hoult (1997)"*
Pang & Hoult (1997)'*
Hou et al. (2004)™”

Tanaka T. et al. (2001)"®
Chanmugam et al. (1995)"
Raso et al. (2001)"”
Chanmugam et al. (1995)"*”
Mestre et al. (1997)"%®
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Modulation of Apoptosis-related Signal Transduction by Celecoxib,
a Selective COX-2 Inhibitor in Comparison with Estrogen in
Perimenopausal Mammary Glands

Tae-Kyung Kim, In-Ja Park and Ock Jin Park

Department of Food and Nutrition, Hannam University, Daejeon 306-791, Korea

This investigation was intended to study the expression of cyclooxygenase-2 (COX-2)
and mapkinase, and apoptosis related gene expression in normal mammary glands of
perimenopausal female rats fed oral celecoxib, a selective COX-2 inhibitor and estrogen.
The expression of pERK1/2 showed the similar patterns as COX-2 by the oral treatment
of celecoxib and estrogen. It was found that celecoxib induced up-regulation of bel-2
in mammary gland buds. The regulation of bax was decreased in celecoxib supplemented
rats. The bel-2/bax ratio was higher in celecoxib supplemented rats. However, bel-2/bax
ratio was highest in celecoxib group. The up-regulation of COX-2 was observed in
celecoxib in mammary gland buds. The similar trend was not displayed with mapkinase
expression. Compared to estrogen feeding, bcl-2 expression was upregulated in celecoxib
and down-regulating effect was observed with bax expression. The up-regulation of bcl-2
was accompanied by the decreased expression of COX-2. The oral administration of
celecoxib caused significant reduction in bcl-2/bax ratio compared to the control
indicating that there might be more apoptotic activity in celecoxib treatment. However,
estrogen, a known stimulator of cell proliferation also showed the apoptotic potential
compared to control or celecoxib. The increased apoptotic potential by celecoxib or
estrogen resulted from the different patterns in bcl-2 or bax regulation. The lowering of
bcl-2/bax ratio by celecoxib was resulted from the increased expression of bas, while
the reduction of bcl-2/bax observed with estrogen was from the decreased bcl-2 and the
increased bax. These findings suggest that both bcl-2 and bax are involved in the
apoptotic control of celecoxib, and bcl-2 is a significant factor in apoptotic control of
estrogen.

Key Words: Celecoxib, COX-2, Molecular markers related to apoptosis, Perimeno-
pausal female rat, Mammary gland buds
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