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Cyclooxygenase (COX) is the first enzyme in the pathway in which arachidonic acid is 
converted to PGs, also called COX-metabolites. COX exists as COX-I and COX-2 isoforms. Each 
COX-metabolite has different characters and functions. The amounts of each COX-metabolite pro­
duced in cells are also different depending on cell type and mitogen stimulated cells. These were 
thought to be autoregulation among COX-metabolites. Here, we have investigated the effects of 
COX-metabolites, such as PGI2, PGE2, PGF

2
a and U44069, on the induction of COX-2 in human 

umbilical vein endothelial ~ells (HUVEC) treated with LPS (1 jlg/ml). COX activity was measured 
by the production of 6-keto-PGF1a' PGE2, PGF2a and TXB2 in the presence of exogenous arachidonic 
acids (10 jlM for 10 min) using enzyme immunoassay (EIA). COX-I and COX-2 protein was mea­
sured by immunoblotting using specific antibody. PGI

2
, PGE

2
, PGF

2
a or U44069, did not affect on 

basal COX activity in untreated HUVEC (24 h incubation). Untreated HUVEC contained COX-I 
protein but not COX-2 protein. When HUVEC were treated with LPS (1 jlg/ml for 24 h), COX 
activity and COX-2 protein was increased in a dose dependent manner. The increased COX activity 
in LPS (1 jlg/ml) treated HUVEC was inhibited with PGE

2 
(0.03, 0.3 or 3 jlM), but not PGI

2
, PGF

2
a 

or U44069, in a dose dependent manner. Similary, COX-2 protein expression in LPS treated HUVEC 
was also inhibited with PGE2, but not PGI2, PGF

2
a or U44069, in a dose dependent manner. These 

results suggested that PGE2, but not PGI2, PGF2a or TXA
2 

is a key in feedback regulation of COX­
metabolites produced in HUVEC. 
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Prostaglandins (PGs) have numerous car­
diovascular and inflammatory effectsO). Cyclooxy­
genase (COX) is the first enzyme in the pathway 
in which arachidonic acid is converted to PGs(2,3). 
COX exists in at least two isoforms. One is the con­
stitutive enzyme, COX-I, producing regulatory pro­
stanoids under physiological conditions(4), whereas 
the other, COX-2, is induced by mitogens(5,6), and 
proinflammatory cytokinesC7.8) during pathological 
states such as inflammation. The main PGs or COX­
metabolites produced in the body are prostacyclin 
(PGI2), PGE2, PGF2a• TXA2 and PGD2. Each PGs 
has different characters and functions. The amounts 
of each PGs produced in cells are also different 
depending on cell type and mitogen stimulated cells 
(9). Among the PGs, PGE2 is a potent lipid molecule 
with complex proinflammatory and immuno-regula­
tory propertiesOO). PGE2 is considered as a major 
contributor to the production and maintenance of 
immunosuppression after overwhelming injury( 11 ). 
PGE2 is believed to modulate biochemical and 
immunological events leading to parturition02). 
PGE2 also exerts a variety of biological activities 
for the maintenance of local homeostasis in the body 
(13). Interestingly, the authors have shown in pre­
vious studies that the induction of COX-2 elicited 
by endotoxin (lipopolysaccharide, LPS) and inter­
leukin-1 ~ (IL-l~) in endothelial cells was inhibited 
by PGE1 (14) and PGE2(15), respectively. However, 
the effects of other COX-metabolites, such as PGI2, 
PGF2a and TXA2, on COX-2 expressed in endo­
thelial cells are not known. Elucidation of the effects 
of COX-metabolites on COX isoform expressed in 
endothelial cells could lead to potential therapeutic 
interventions and understanding the feedback regu­
lation of COX in endothelial cells. The authors inves­
tigated the effects of COX-metabolites using PGI2, 
PGE2, PGF2a and U44069 (TXA2 receptor agonist) 
on the induction of COX-2 in human umbilical vein 
endothelial cells (HUVEC) treated with LPS ( 1 J.l.g/ 
ml). 

MATERIAL AND METHOD 
Materials 

PGE2, PGI2, PGF2a, U44069, DMSO, 
lipopolysaccharide (LPS), phosphate buffered saline 
(PBS; pH 7.4), Trizma base, EDTA, triton X-100, 
phenylmethylsulphonyl fluoride (PMSF), pepstatin 
A, leupeptin, glycerol, bromphenol blue, 2-mercapto-

ethanol, sodium dodecyl sulphate (SDS), anti-rabbit 
lgG antibody, goat IgG, premixed BCIP/NBT solu­
tion, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra­
zolium bromide (MIT), penicillin G sodium and 
streptomycin were supplied by Sigma Chemical 
Company (U.S.A.). PGs (6-keto-PGFla• PGE2, 
PGF2a and TXB2) and its respective acetyl-cho­
linesterase tracer and rabbit antiserum, pre-coated 
mouse anti-rabbit IgG microtitre plates (96-well) 
and Ellman's reagent were purchased from Cayman 
(Sapphire Bio-science, Australia). Human Endothe­
lial-SFM Basal Growth Medium and foetal calf serum 
was obtained from GibThai (Thailand). Pure nitro­
cellulose membrane (0.45 micron) and filter paper 
were purchased from BIO-RAD (U.S.A.). 

Cell culture 
Human umbilical vein endothelial cells 

(HUVEC) were obtained from babies born to normal 
pregnant women (HUVEC) as previously described 
(16) and cultured in 96-well plates with Human 
Endothelial-SFM Basal Growth Medium (Gibco) 
containing 10 per cent foetal calf serum (Gibco), 100 
units/ml penicillin G sodium and 100 mg/ml strepto­
mycin. Cells were incubated at 3TC in a humidified 
incubator and grown to confluence before use. 

Measurement of COX activity 
Confluent HUVEC were gently washed 

twice with PBS and replaced with fresh medium 
(200 J.!.Vwell) before use. Cells were treated with no 
addition, LPS (1 J.l.g/ml), LPS (1 J.l.g/ml) plus COX­
metabolites (PGE2, PG12, PGF2a or U44069) or 
COX-metabolites alone for 24h after which time the 
medium was removed and washed twice with PBS. 
COX activity was measured by the production of 
four COX metabolites e.g. 6-keto-PGF1a (a stable 
metabolite of PGI2), PGE2, PGF2a and TXB2 (a 
stable metabolite of TXA2) in the replaced fresh 
medium containing exogenous arachidonic acid (10 
J.!.M for 10 min) using enzyme immunoassay (EIA). 
Briefly, 50 J.!.l of standard PGs or samples were added 
to pre-coated mouse anti-rabbit IgG microtitre plates 
(96-well). Then, PGs acetylcholinesterase tracer 
(Clayman; 50 J.!.l) and rabbit antiserum of PGs were 
added. The plate was covered with plastic film and 
incubated for 18 h at 4 ·c, after which time the wells 
were emptied and rinsed five times with wash buffer 
(PBS containing 0.05% Tween). Ellman's reagent 
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(Clayman; 200 j.l.l) was added to each well and the 
plates were shaken on a microtitre plate shaker. The 
reaction was taken after about 90 min. A yellow 
colour developed which was read using a microplate 
reader (BIORAD; OD 415 nM). 

Immunoblot (Western blot) analysis 
HUVEC which were untreated, treated with 

LPS (1 j.l.g/rnl), LPS (1 j.l.g/rnl) plus COX-metabolites 
(PGE2, PGI2, PGF2a or U44069) or COX-meta­
bolites alone were cultured in 6-well culture plates 
(37.C; for 24 h). After 24h incubation, cells were 
extracted and analysed by immunoblotting using 
specific antibodies for COX-1 and COX-2 protein 
(Clayman, USA) as previously described(17). 

Measurement of cell viability 
Cell respiration, an indicator of cell viabi­

lity, was assessed by the mitochondrial dependent 
reduction of 3-(4,5-dimethylthi-azol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) to formazan08). 
At the end of each experiment, cells in 96-well plates 
were incubated (3TC; 1 h) with MTT (0.2 mg/ml) 
dissolved in culture medium. After 1 h incubation, 
the medium was removed by aspiration and cells 
were solubilized in DMSO (200 ml each well). The 
extent of reduction of MTT to formazan within cells 
was quantitated by the measurement of optical den­
sity at 650 nm (00650) using a microplate reader 
(BIORAD, USA). 

Statistical analysis 
The results are shown as mean ± SEM of 

triplicate determinations (wells) from at least four 
separate experimental days (n=12). Student's paired 
or unpaired t-tests, as appropriate, were used for the 
determination of significance of differences between 
means and a p-value of less than 0.05 was taken as 
statistically significant. 

RESULTS 
The effects of COX-metabolites on COX activity 
as measured by the production of 6-keto-PGF la• 
PGE2, PGF2a and TXB2 in HUVEC treated with 
LPS (1 J.Lglml) 

Untreated HUVEC in the presence of 
arachidonic acid (10 11M for 10 min) released lower 
amounts of 6-keto-PGF1a (3.4 ± 0.1 ng/ml), PGE2 
(0.4 ± 0.04 ng/rnl), PGF2a (0.8 ± O.Ql ng/ml) and 
TXB2 (0.04 ± 0.01 ng/ml). In LPS (0.001, 0.01, 0.1 
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and 1 j.l.g/ml) treated HUVEC, the production of 6-
keto-PGF1w PGE2 and PGF2a were increased but 
not TXB2 (Fig. 1). The production of 6-keto-PGF1a 
in HUVEC treated with LPS (0.001, 0.01, 0.1 and l 
j.l.g/rnl) was increased significant in a dose dependent 
manner (Fig. 1 ). This increase was significant at 
0.001 ng/ml of LPS for the production of 6-keto­
PGFla· The others, PGE2 and PGF2w was only 
increased significantly in HUVEC treated with LPS 
1 j.l.g/ml (Fig. l). 

In HUVEC treated with either PGE2 (3 
j.I.M), PGI2 (3 j.I.M), PGF2a (2 j.I.M), or U44069 (3 
j.I.M) alone, COX-metabolite production did not 
change significantly when compared to untreated 
HUVEC (Fig. 2 to 5). Interestingly, the increased 
6-keto-PGF1a• PGE2 and PGF2a in LPS (1 j.l.g/ml) 
treated HUVEC was significantly inhibited by PGE2 
(0.003, 0.03, 0.3 or 3 j.I.M) in a dose dependent 
manner (Fig. 2). This inhibition was significant at 
0.3, 0.003 and 0.003 11M of PGE2 for the production 
of 6-keto-PGF 1w PGE2 and PGF2a• respectively. 
However, PGI2, PGF2a and U44069 did not affect 
COX-metabolites produced by LPS activated endo­
thelial cells (Fig. 3 to 5) besides PGF2a at 2 11M 
which was shown to inhibit PGE2 produced by LPS 
(l j.l.g/ml) activated endothelial cells (Fig. 4B). 

LPS ( 1 j.l.g/ml) alone, PGE2 (3 j.I.M) alone, 
PGI2 (3 j.I.M) alone, PGF2a (2 j.I.M) alone, U44069 
(3 j.I.M) alone, and LPS (1 j.l.g/ml) plus either PGE2 
(3 j.I.M), PGI2 (3 j.I.M), PGF2a (2 j.I.M) or U44069 (3 
j.I.M) did not affect cell viability when compared to 
the untreated control cells over a 24 h incubation 
period (all above 90% of untreated cells). 

The stability of PGE2 (3 j.I.M) in cultured 
medium up to 24 h was not changed significantly 
after 3 (2.9 ± 0.2), 6 (2.9 ± 0.1), 12 (2.9 ± 0.2) and 
24 (2.9 ± 0.2) hours incubation of PGE2. 

The stability of PGI2 (3 11M) and U44069 
(3 j.I.M) in cultured medium up to 24 h was also tested 
and a low level of 6-keto-PGF1a (less than 0.004 
ng/ml) and TXB2 (less than 0.001 ng/ml), respec­
tively was detected. 

The effects of COX-metabolites on COX isoform 
expressed in HUVEC treated with LPS 

Untreated HUVEC contained unchanged 
COX-1 protein (Fig. 7 and 9, lane l) and no COX-2 
protein (Fig. 6 and 8, lane 1 ). Either PGE2 (3 j.I.M), 
PGI2 (3 11M), PGF2a (2 j.I.M) or U44069 (3 j.I.M) 
treated HUVEC also contained unchanged COX-1 
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Fig. 1. The effects of LPS (1 J.lg/ml) on COX activity in HUVEC. COX activity was measured by the forma­
tion of 6-keto-PGF1a, PGE2, PGF2a and TXB2 in the presence of exogenous arachidonic acid (10 
JJ.M.; 10 min). Data are' expressed as mean ± SEM of twelve determinations from at least four separate 
experimental days. *p < 0.05 when compared to untreated HUVEC at 24 h (C). 

protein (Fig. 7 and 9, lane 2) and no COX-2 protein 
(Fig. 6 and 8, lane 2). COX-2 protein was expressed 
in HUVEC treated with LPS (1 Jlg/ml; Fig. 6 and 
8, lane 3) for 24 h, whereas, COX-1 protein was 
unchanged (Fig. 7 and 9, lane 3). Interestingly, this 
induction of COX-2 in HUVEC treated by LPS (1 

Jlg/ml) was inhibited by PGE2 (0.03, 0.3 or 3 Jl.M) 
in a dose dependent manner (Fig. 6, lane 4 to 6). 
The amounts of COX-1 protein expressed in HUVEC 
treated with LPS (1 Jlg/ml) plus PGE2 (3 Jl.M) did 
not change when compared to untreated HUVEC 
(Fig. 7, lane 4 to 6). 

Similar to COX activity, PGI2 (O.D3, 0.3 or 
3 Jl.M; Fig. 8 and 9, panel A), PGF2a (0.02, 0.2 or 
2 Jl.M; Fig. 8 and 9, panel B) and U44069 (0.03, 0.3 
or 3 IJ.M; Fig. 8 and 9, panel C) did not affect either 
COX-2 or COX-1 protein expressed in LPS (1 jlg/ 
ml) treated HUVEC (Fig. 8 and 9, lane 4 to 6, res­
pectively). 

DISCUSSION 
The authors have shown that the induction 

of COX-2 elicited by LPS in HUVEC can be inhi­
bited by PGEz, but not by PGI2, PGF2a or U44069, 
in a dose dependent manner. Moreover, PGE2, 
including PGI2, PGF2a and U44069, did not affect 
on COX-1 either protein or activity. The results 
suggested that i) PGE2, but not PGI2, PGF2a or 
U44069, can be negative feedback regulation in the 
induction of COX-2 elicited by LPS in endothelial 
cells and ii) the therapeutic uses of PGE2 or their 
analogues in the condition which COX-2 has been 
involved may play a role. 

PGs induce a wide range of biological 
actions which are mediated through specific mem­
brane-bound receptors. Among the PGs, PGE2 is 
considered to exert a variety of biological activities 
such as the maintenance of local homeostasis in 
the body03), a major contributor to the production 
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Fig. 2. The effects of PGE2 (0.003, 0.03, 0.3 or 3 J.IM) on COX activity in LPS (1 IJ.g/ml) treated HUVEC. 
COX activity was measured by the formation of 6-keto-PGF1a (panel A), PGE2 (panel B), PGF2a 
(panel C) and TXB2 (panel D) in the presence of exogenous arachidonic acid (10 J.IM; 10 min). Data 
are expressed as mean ± SEM of twelve determinations from at least four separate experimental 
days. *p < 0.05 when compared to LPS treated HUVEC at 24 h. 

and maintenance of immunosuppression after over­
whelming injury01) and an important factor for 
implantation and decidualization09). Therefore, 
PGE2 is a lipid molecule with complex inflamma­
tory modulation and immunoregulatory properties. 

The present results have support that PGE2 can act 
as antiinflammation and immunosuppression in the 
induction of COX-2 in endothelial cells by LPS. 

The exact mechanisms by which PGE2 
inhibited COX-2 induction in endothelial cells acti-
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Fig. 3. The effects of PGI2 (0.003, 0.03, 0.3 or 3 (J.M) on COX activity in LPS (1 J.Lg/ml) treated HUVEC. 
COX activity was measured by the formation of 6·keto-PGF1a (panel A), PGE2 (panel B), PGF2a 
(panel C) and TXB2 (panel D) in the presence of exogenous arachidonic acid (10 (l.M; 10 min). Data 
are expressed as mean ± SEM of twelve determinations from at least four separate experimental 
days. *p < 0.05 when compared to LPS treated HUVEC at 24 h. 

vated with LPS is not known. These may involve 
binding to specific cell surface receptors and influen­
cing second messenger systems through G-proteins. 
Indeed, these should be complex because the effects 
of PGE2 are exerted by a variety of PGE receptors 

which are different in their signal transduction pro­
perties(20). There are at least four subtypes of PGE 
receptors. The EP1 and EP3 receptors are coupled 
to Ca2+ mobilization and the inhibition of adenylate 
cyclase, respectively, and the EP2 and EP4 receptors 
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Fig. 4. The effects of PGF2a (0.002, 0.02, 0.2 or 2 !J.M) on COX activity in LPS (1 IJ.g/ml) treated HUVEC. 
COX activity was measured by the formation of 6-keto-PGF1a (panel A), PGE2 (panel B), PGF2a 
(panel C) and TXB2 (panel D) in the presence of exogenous arachidonic acid (10 !J.M; 10 min). Data 
are expressed as mean :1:: SEM of twelve determinations from at least four separate experimental 
days. *p < 0.05 when compared to LPS treated HUVEC at 24 h. 

are coupled to the same signal transduction path­
way, stimulation of adenylate cyclase(21). Therefore, 
which EP receptors mediated the inhibiton of PG~ 
on COX-2 induced in LPS treated HUVEC should 
be elucidated. 

PGE2 is one of the PGs or COX metabo­
lites, such as PGI2, PGE2, PGF2a. and TXA2, syn­
thesized by COX-I and COX-2 which are involved 
in physiology and pathology(4-8), respectively. Each 
COX isoform can produce different COX metabo-
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Fig. 5. The effects of U44069 (0.003, 0.03, 0.3 or 3 ~) on COX activity in LPS (1 ~ml) treated HUVEC. 
COX activity was measured by the formation of 6-keto-PGFta (panel A), PGE2 (panel B), PGF2a 
(panel C) and TXB2 (panel D) in the presence of exogenous arachidonic acid (10 ~; 10 min). Data 
are expressed as mean ± SEM of twelve determinations from at least four separate experimental 
days. *p < 0.05 when compared to LPS treated HUVEC at 24 h. 

lites in different cell types such as PGI2 which is a 
major COX-I and COX-2 metabolite in endothelial 
cells while PGEz is a major COX-2 metabolite in 
macrophages(22). The difference in COX meta­
bolite production in different cell types may result 

from the feedback regulation of each released COX 
metabolites. The present results showed that PGE2 
(0.3 IJM), but not PGI2, PGF2a and U44069, inhi· 
bited PG~ production (60% inhibition; Fig. 2B) 
more than PGI2 production (20% inhibition; Fig. 
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4 5 6 

I 0.03 0.3 

PGE2 (JlM) 
+ 

LPS ( 1 Jlg/ml) 

Fig. 6. The effects of PGE2 on COX-2 protein expressed in LPS (1 J.lg/ml) treated HUVEC. COX-2 protein 
was detected by Western blots using specific antibodies to COX-2. Equal amounts of protein (20 
J.lg!lane) were loaded in each lane. The significant differences between each band were compared by 
scanner densitometry using image lD program (densitometry unit). 

2A) and PGF2a production (25% inhibition; Fig. 
2C) in LPS treated endothelial cells. This may explain 
the COX metabolites produced in LPS treated endo-

thelial cells that PGI2 released in highest amounts 
and the lesser extent of PGE2, PGF2a and TXA2, 
respectively. Thus, elucidation of the feedback regu-
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Fig. 7. The effects of PGE2 on COX-1 protein expressed in LPS (1 J.lg/ml) treated HUVEC. COX-1 protein 
was detected by Western blots using specific antibodies to COX-1. Equal amounts of protein (20 
J.lgflane) were loaded in each lane. The significant differences between each band were compared by 
scanner densitometry using image 1D program (densitometry unit). 

lation of each COX metabolites will help to under­
stand the variety in COX metabolites produced in 
different cells and may lead to potential therapeutic 

interventions. For the present study, the authors have 
shown that PGE2 is a negative feedback regula­
tion of the induction of COX-2, but not COX-1, in 
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Fig. 8. The effects of PGI2 (panel A), PGF2a (panel B) and U44069 (panel C) on COX-2 protein expressed 
in LPS (1 j.Lglml) treated HUVEC. COX-2 protein were detected by Western blots using specific 
antibodies to COX-2. Equal amounts of protein (20 ~gllane) were loaded in each lane. Similar results 
were obtained with cell extracts from 3 separate batches of cells. 

endothelial cells activated with LPS. However, PGI2, 
PGF2a and U44069 did not affect either COX 
activity and protein in HUVEC activated with LPS. 
This suggests that the PGE series may have nega­
tive feedback regulation of COX-2 induction in 
endothelial cells as shown in the authors' previous 
study, that PQE1 and PGEo can inhibit the induction 

of COX-2 in endothelial cells activated with LPS 
(14). PGE series have been used in clinical disorders 
such as peripheral vascular occlusive diseases(23), 
NSAIDs-induced gastric ulcer(24), abortion(25) and 
impotence(26). Thus, the authors propose that the 
therapeutic uses of PG~ in conditions which COX-
2 has been involved may play a role and the effects 
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A 
1 2 3 4 5 6 

70 kDa> 

B 1 2 3 4 5 6 

70 kDa> 

c 1 2 3 4 5 6 

70 kDa> 

Fig. 9. The effects of PGI2 (panel A), PGFza (panel B) and U44069 (panel C) on COX-1 protein expressed 
in LPS (1 J.Lglml) treated HUVEC. COX-1 protein were detected by Western blots using specific 
antibodies to COX-1. Equal amounts of protein (20 j.lg/lane) were loaded in each lane. Similar results 
were obtained with ceU extracts from 3 separate batches of ceUs. 

of various EP receptor subtypes on COX-2 expressed 
in various mitogen activated endothelial cells should 
be elucidated. 
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~~lfi£J-4L ow-,«fi1LLn~u~uR~£JLiiueir.~~ COX-2 

'YI£JnWl'ULI!f~aL~£J~~U-4l1~£Jf!Lc;£Jfl 
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.. ,. ..... - ,. * .. .. ..... ,. z ..... ..[ ** 1.l1:nrw liF11Lff1U'IJYI, w.u., th.VI. , mmnu LVI'lf:: tm~nVI, w.u., th.V~. , 

fljm~ ['l!tn?'n~nm, ?Y/.3-1. *, iiB?~u~ mn th::m~iJmJm (w. ?.n.) * . . 
Cyclooxygenase (COX) ~~iltl~ 2 'lfil~~tl COX-1 u~:; COX-2 LUlJLfiu<Jf~,;.ytt,ftum"lNil~Tvm'l~lLLn~u~lJN 

(PGs) 'Yiit:Jm~LitJnll COX-metabolites hiun PGI2' PGE2' PGF
2
a LL~:; TXA

2 
L~tl COX-metabolites tJnN1l~LlJ 

lftl-JlClJ.yjLL~n~l~nu.ifut:J~rlU'liU~'llmL'lf~;LL~::LD"U'lf~,; COX ffi,j'1um"lN11~ oi~L~f.lllUl~::il'lJUllJnl"l~1UI'Jl-Jnl"lN11~ 
COX-metabolites l~~~1Ltl~~1tl (auto feedback regulation) m"l~m-n,J ~::Yllnl"l~n"l!mJ~'lltl~ COX-metabolites 

LL~~::'lfil~1~un PGI
2
, PGE

2
, PGF

2
a LL~:; U44069 (TXA2 ana:.:]ue) ~tlm"lm::~lJnl"lNil~ COX-2 L~!'HD"UL~"Ylf.ln'D"u 

LlJL'lf~;L~fll.JC.~U~'YI~tl~L~tl~ m"lYJl~l"ULL~::hl"l~"U,Itl~ COX tJn-l~l~~1.; enzyme immunoassay (EIA) u~:; immuno­

blotting WUll PGit PGE2' PGF
2
a u~:; U44069 1~ilCJ~~tlnl"lYl1~1lJ'lltl~ C0~-1 "Dl-1 h.Jii~m"lU"lln!)'llf.l~LU"i~lJ COX-

1 YlulNlJL~~tl PGI
2

, PGF
2
a u~:; U44069 m~ilCJ~~f.lnl"lYll~l"U'llf.l~ COX-2 "l1l-J1tJii~m"ltl"lln!J'llf.l~lu"l~lJ COX-2 

LL~ PGE
2 

(0.03, 0.3 'Yiif.l 3 JlM) L~lJlJ.yjNll-Jl"lrl~vutf~m"lYll~llJ'lltN COX-2 "i1l-111..lii~m"lU"lln!J'llf.l~h.J"lliiu COX-

2 l~mfl-JWlJrlrlU'lllJl~.yjt,f C.J~m"l~mm.J~oa-)1 PGE ~f.lLW"l&j;jlLLn~u~uN~1N11'it"J!Ylilul1Ull1LlJm"lmU~l-JrJf.l"Umfu 
2 • 

(negative feedback regulation) ~tlnl"lYJl~l"U'llf.l~ COX-2 "l1l-111..lii~m"l1..l"lln!J'llf.l~Tu"i~"U COX-2 Ylt,]nm::~lJnl"iNil~ 
l~miiu l~"Ylf.ln'D"u 

tn=i'n!i" tlP1'1Lftiwn niH'.ni LM::l .. '1tfn~, 
~~~ l'lf~"r11111n'1, fli!l..U m11 
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