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Abstract

COX-2 protein, but not COX-1 protein, was induced in HUVEC from women with a
normal pregnancy (nHUVEC) treated with serum from patients with preeclampsia (pSerum), but
not with serum from women with a normal pregnancy (nSerum). COX activity in pSerum treated
nHUVEC was less than in nSerum treated nHUVEC. Interestingly, the induction of COX-2 pro-
tein in nHUVEC treated with pSerum was inhibited by antilL-6 antibody. The decreased COX
activity in nHUVEC treated with pSerum plus antilL-6 antibody was also reversed in a dose
dependent manner. Thus, the induction of COX-2 in pSerum treated nHUVEC was mediated by
IL-6. Therefore, the development of selective inhibitors of COX-2 or of IL-6 antagonists may
have a potential role in the prevention and treatment of preeclampsia.
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Preeclampsia is a multisystem disorder of
pregnancy of unkown cause. This syndrome is cha-
racterized by increased blood pressure, edema, pro-
teinuria and abnormal clotting, liver and renal func-
tion, all of which may result from generalized vas-
cular endothelial cell dysfunction(1-4). The cause of
this endothelial dysfunction is unknown, but there
is evidence for a circulating endothelial cell "toxic"
factor in preeclampsia. Sera from preeclamptic

women are reported to be cytotoxic to endothelial
cells(5:6), and endothelial cells cultured in pre-
eclampsia sera show an increased release of plate-
let-derived growth factor(7), procoagulant pro-
tein(8), an increased triglyceride content, and a
decreased prostacyclin (PGIy) release(®). The dif-
fuse nature of preeclampsia and the important role
of endothelial cells in the regulation of vascular
tone and the coagulation system imply that the dis-
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order may be characterized by structural or func-
tional damage of maternal endothelial cells. Several
studies have suggested that the production of pros-
tacyclin (PGl,) is reduced in uteroplacental tissues
of women with preeclampsia(lo'l?’).

PGI, is one of several prostaglandins (PGs)
which have numerous cardiovascular and inflam-
matory effects(14). Cyclooxygenase (COX) is the
first enzyme in the pathway in which arachidonic
acid is converted to PGs including PGI,(15,16).
COX exists in at least two 1soforms. One is the con-
stitutive enzyme, COX-1, producing regulatory pros-
tanoids under physiological conditions(17), whereas
the other, COX-2, is induced by mitogens(18,19)
and proinflammatory cytokines(20.21) during patho-
logical states such as inflammation. Recently, we
have shown that COX-2 is expressed in human um-
bilical vein endothelial cells from patients with pre-
eclampsia (pHUVEC), but not from those with nor-
mal pregnancy (nHUVEC)(22). Moreover, pHUVEC
released significantly less PGI, than nHUVEC(23).
The signalling pathway by which COX-2 is ex-
pressed in pHUVEC is not known. Interleukin-6
(IL-6) has been reported to be elevated in preeclamp-
sia(Z4). In this paper, we have used preeclamptic-
serum (pSerum) or normal pregnancy serum
(nSerum) treated with nHUVEC and coincubated
with or without human polyclonal antiIL-6 antibody
as a pharmacological tool to investigate the signall-
ing mechanism of COX-2 expressed in preeclamp-
sia.

MATERIAL AND METHOD
Collection of blood

Blood was collected from subjects at
room temperature into 10 ml disposable syringes
(Terumo) containing no additives. Blood was
allowed to clot at room temperature and was then
centrifuged for 10 minutes at 1,000 g. Aliquots of
the serum (under sterile condition) were then stored
at -70°C until they were required for the experi-
ments.

Subjects

The study included 12 normal pregnant
and 12 preeclamptic women. Gestational age at the
time of study did not differ significantly, 35 weeks
(range 33 to 36 weeks) in the normal pregnant
group and 36 weeks (range 34 to 38 weeks) in the
preeclamptic group.

Preeclampsia was defined on the basis of
the following criteria: no prior history of hyperten-
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sion or renal disease, a blood pressure of at least
140 mmHg systolic or 90 mmHg diastolic (mani-
fested on two readings at least 6 h apart) or a rise
in blood pressure of at least 30 mmHg systolic or
15 mmHg diastolic, and proteinuria of > 1% urine
protein(23).

Cell Culture

Human umbilical vein endothelial cells
(HUVEC) were obtained from babies born to nor-
mal pregnant women (nHUVEC) as previously des-
cribed(26) 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 (M & H,
Thailand) and 100 pg/ml streptomycin (M & H,
Thailand). Cells were incubated at 37°C in a humi-
dified incubator and grown to confluence before
use.

Measurement of COX activity

Confluent nHUVEC samples were gently
washed two times with PBS and incubated with
Human Endothelial-SFM Basal Growth Medium
(200 pl/well) with and without human polyclonal
antilL-6 antibody (R & D; 10 ug/ml; control groups),
10 per cent nSerum with and without human poly-
clonal antiIL-6 antibody (0.1 to 10 pg/ml) and 10 per
cent pSerum with and without human polyclonal
antilL-6 antibody (0.1 to 10 pg/ml) for 24 h. After
24 h, the medium was removed and washed twice
with PBS. COX activity was measured by the pro-
duction of 6-keto-PGF;, (a stable metabolite of
PGI,, which is the major COX metabolite in endo-
thelial cells) in the replaced fresh medium contain-
ing exogenous arachidonic acid (Sigma; 10 um for
10 min) using enzymeimmunoassay (EIA). Briefly,
50 pl of standard 6-keto-PGF | (Sigma) or samples
were added to pre-coated mouse anti-rabbit IgG
microtitre plates (Clayman; 96-well). Then, 6-keto-
PGFI o acetylcholinesterase tracer (Clayman; 50 pl)
and rabbit antiserum of 6-keto-PGF |, (Clayman)
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).
Eliman's reagent (Clayman; 200 ul) was added to
each well and the plates were shaken on a microtitre
plate shaker. The reaction took about 90 min. A
yellow colour develops which can be read using a
microplate reader (BIORAD; OD 415 nM).
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Immunoblot (Western blot) Analysis

nHUVEC samples which were untreated
with and without human polyclonal antiIL-6 anti-
body (10 pg/ml; control groups), treated with 10%
nSerum with and without human polyclonal antilL.-6
antibody (10 pg/ml) and treated with 10 per cent
pSerum with and without human polyclonal antilL-6
antibody (10 pg/ml) were cultured in 6-well culture
plates (37°C; for 24 h). After incubation, cells were
extracted and analysed by immunoblotting using
specific antibodies for COX-1 and COX-2 protein
as previously described(17),
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Measurement of cell viability

Cell respiration, an indicator of cell viabi-
lity, was assessed by the mitochondrial dependent
reduction of 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphe-
nyltetrazolium bromide (MTT) to formazan(27). At
the end of each experiment, cells in 96-well plates
were incubated (37°C; 1 h) with MTT (0.2 mg/ml)
dissolved in culture medium, after which time the
medium was removed by aspiration and cells were
solubilized in DMSO (200 pl). The extent of reduc-
tion of MTT to formazan within cells was quanti-
tated by the measurement of optical density at 650

Fig. 1.

Western blots using polyclonal antibodies to COX-2 (panel A) and COX-1 (panel B) in cell extracts

of HUVEC from normal pregnancy (nHUVEC) treated with serum from normal pregnancy
(nSerum) or preeclampsia (pSerum). (A) Untreated nHUVEC (lane 1) or nHUVEC treated with 10%
nSerum (lane 2) contain no COX-2 protein. In contrast, nHUVEC treated with 10% pSerum (lane 3)
contain COX-2 protein. (B) Untreated nHUVEC (lane 1), nHUVEC treated with 10% nSerum
(lane 2) or 10% pSerum (lane 3) contain equal amounts of COX-1 protein. Equal amounts of
protein (10 pg/lane) were loaded in each lanes. Similar results were obtained with cell extracts

from 12 separate batches of cells.
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nm (ODgs() using a microplate reader (BIORAD,
USA).

Statistical analysis

The results are expressed as mean + SEM of
triplicate determinations (wells) from at least four
separate experimental days (n=12). Student's paired
or unpaired #-test, 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 effect of serum on COX protein expressed in
endothelial cells (HUVEC)

Untreated nHUVEC contained no COX-2
protein. COX-2 protein was expressed in nHUVEC
treated with 10 per cent pSerum, but not in nHUVEC
treated with 10 per cent nSerum (Fig. 1A). The
amount of COX-1 protein expressed in untreated
nHUVEC was not changed when compared to
nHUVEC treated with 10 per cent nSerum or 10 per
cent pSerum (Fig. 1B).

The effect of serum on COX activity in endothe-
lial cells (HUVEC)

In nHUVEC treated with 10 per cent
nSerum, COX activity did not change significantly
when compared to untreated nHUVEC (3.73+0.13
and 3.51+0.07 ng/ml; n=12, respectively). Interes-
tingly, COX activity was decreased significantly in
nHUVEC treated with 10 per cent pSerum when
compared to untreated and 10 per cent nSerum
treated nHUVEC (2.25+0.11, 3.51+0.07 and 3.73+
0.13 ng/ml; n=12, respectively), as shown in Fig. 2.

Effect of antilL-6 antibody on COX protein
expressed in serum treated HUVEC

In 10 per cent pSerum treated nHUVEC,
COX-2 protein, but not COX-1 protein, was also
inhibited by co-incubation with antilL-6 antibody
(10 pg/ml; Fig. 3A and 3B; lane 6). In untreated and
10 per cent nSerum treated nHUVEC, COX-1 pro-
tein was not affected by antiIL-6 antibody (10 pg/
ml; Fig. 3B; lane 2 and 4, respectively).

Effect of antilL-6 antibody on COX activity in
serum treated HUVEC

Interestingly, the decreased COX activity
in 10 per cent pSerum treated nHUVEC could be
restored to the level of untreated or 10 per cent
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nSerum treated HUVEC when cells were co-incu-
bated with antilL-6 antibody (0.1 to 10 pg/ml;
Fig. 4). This reversal effect is dose dependent
(Fig. 5).

DISCUSSION

Our studies have demonstrated that serum
from women with a normal pregnancy did not reveal
any increase in COX activity (as measured by PGI,
production in endothelial cells) or COX protein in
endothelial cells, but serum from patients with pre-
eclampsia significantly decreased COX activity and
induced COX-2 protein. Recently, we have shown
that COX-2 is expressed in human umbilical vein
endothelial cells from patients with preeclampsia,
but not from women with a normal pregnancy(22),
Moreover, HUVEC from patients with preeclampsia
released significantly fewer amounts of 6-keto-
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Fig. 2. COX activity in HUVEC from normal
pregnancy (nHUVEC) treated with 10%
normal pregnant serum (nSerum) or 10%
preeclamptic serum (pSerum) for 24 h mea-
sured by the formation of the 6-keto-PGF
in the presence of exogenous arachidonic
acid (10 pM; 10 min). COX activity was
shown to be decreased significantly in
nHUVEC treated with 10% pSerum (hatch
column) when compared to nHUVEC
treated with no addition (white column) or
10% nSerum (black column). Data are
expressed as mean + SEM of twelve deter-
minations from at least four separate experi-
mental days. *p < 0.05 when compared to
untreated nHUVEC at 24 h.
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The effects of human polyclonal antiIL-6 antibody (hAntiIL-6; 10 pg/ml for 24 h) on COX-2

(panel A) and COX-1 (panel B) protein in cell extracts of HUVEC from normal pregnancy
(nHUVEC) treated with serum from normal pregnancy (nSerum) or preeclampsia (pSerum). (A)
COX-2 proteins are not detected in nHUVEC treated with no addition (lane 1), hAntilL-6 (lane 2),
10% nSerum (lane 3) or 10% nSerum plus hAntiIL-6 (lane 4). Interestingly, COX-2 expression in
nHUVEC treated with 10% pSerum (lane 5) are inhibited when cells are co-incubated with hAntiIL-6
(lane 6). (B) COX-1 proteins are detected in equal amounts of nHUVEC treated with no addition
(lane 1), hAntiIL-6 (lane 2), 10% nSerum (lane 3), 10% nSerum plus hAntiIL-6 (lane 4), 10% pSerum
(lane 5), 10% pSerum plus hAntiIL-6 (lane 6). Equal amounts of protein were loaded in all lanes
(10 pg/lane). Similar results were obtained using cell extracts from 12 separate batches of

cells.

PGF, (a stable metabolite of PGI) than HUVEC
from women with a normal pregnancy(23). Extra-
polating from in vitro to in vivo events, this implies
that some factor(s) in serum from preeclampsia can
increase COX-2 protein and decreases COX acti-
vity resulting in decreased PGI, in endothelial cells.
The decreased PGI, in endothelial cells causes the
imbalance in vascular tone which is one of the
pathogenetic factors in preeclampsia(28,29),
Previous studies have shown the effects of
serum from preeclampsia on PGI, production (also
referred to COX activity)(9»30,31§. Branch et al(30)
and Zammit et al(31) showed that serum from either

normal pregnancy or preeclampsia stimulates the
production of PGI, by HUVEC. These findings
conflict with our results, but this discrepancy may
be due to the model used to detect PGI, production
as used by Branch et al(30) and Zammit et al31)
which included the activity of both COX and phos-
pholipase A, (PLA) to produce PGI5 in endothelial
cells(32). Moreover, it was found in our study that 1
to 10 per cent diluted serum from normal pregnancy
did not affect COX activity (3.51+0.07, 3.52+0.04
and 3.73+0.13 ng/ml; n=12, p > 0.05, for untreated,
1% nSerum and 10% nSerum, respectively) but 15
per cent and 20 per cent diluted serum from normal



Vol. 82 No.9
5 —
= 1 *
5 4- —
£ 4
3 34
& o
)
& 2
o -
°
i
©
0
control nSerum  pSerum
Fig. 4. The effects of human polyclonal antilL-6

antibody (hAntilL-6; 10 pg/ml for 24 h) on
COX activity in HUVEC from normal preg-
nancy (nHUVEC) treated with 10% normal
pregnant serum (nSerum) and 10% pre-
eclamptic serum (pSerum) for 24 h. COX
activity was measured by the formation of
the 6-keto-PGFy, in the presence of exoge-
nous arachidonic acid (10 uM for 10 min).
COX activity in nHUVEC treated with no
addition (control; white column) or 10%
nSerum (nSerum; white column) is not
affected when cells were coinoculated with
hAntiIL-6 (control or nSerum; black
column). Interestingly, the decreased COX
activity in nHUVEC treated with 10% pSe-
rum (pSerum; white column) is reversed
when cells are coincubated with hAntiIL-6
(pSerum; black column). Data are expressed
as mean + SEM of twelve determinations
from at least four separate experimental
days. * p < 0.05 when compared to pSerum
treated cells at 24 h.

pregnancy could increase COX activity (3.51+0.07,
4.50+0.05 and 4.77£0.10 ng/ml; n=12, p < 0.05),
for untreated, 15% nSerum and 20% nSerum, res-
pectively). These findings may explain the different
results of Branch et al(30) and Zammit et al(31) in
the production of PGI5 in serum treated HUVEC
using 20 per cent diluted serum. In agreement with
the present study using the same model as Branch
et al(30) and Zammit et al(31), Lorentzen et al
showed that serum from preeclampsia reduced the
release of PGl in HUVEC.
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Fig. 5. Dose dependent effects of human polyclonal
antiIL-6 antibody (hAntilL-6; 0.1, 1 and 10
pg/ml for 24 h) on COX activity in HUVEC
from normal pregnancy (nHUVEC) treated
with 10% preeclamptic serum (pSerum) for
24 h. COX activity was measured by the
formation of the 6-keto-PGF; in the pre-
sence of exogenous arachidonic acid (10 pM
for 10 min). COX activity is decreased in
pSerum treated nHUVEC (black column)
when compared to untreated nHUVEC
(white column). Interestingly, hAntiIL-6 can
reverse the decreased COX activity in pSe-
rum treated nHUVEC in a dose dependent
manner (hatch column). Data are expressed
as mean + SEM of twelve determinations
from at least four separate experimental
days. * p < 0.05 when compared to pSerum
treated cells at 24 h.

What are the factor(s) in serum from pre-
eclampsia which cause decreased COX activity and
induce COX-2 protein in HUVEC? There are seve-
ral inflammatory mediators involved in the pathoge-
nesis of preeclampsia such as IL-1, IL-6 and TNF-«
(24,33,34), IL-1 and TNF-a, but not IL-6, have been
shown to increase COX activity and COX-2 protein
in endothelial cells(21). IL-6 has been reported to
be elevated in preeclampsia(24) and shown to inhi-
bit PGI release in human myometrial(33) and pul-
monary artery smooth muscle cells(34). Therefore,
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it was decided to use human polyclonal antilL-6
antibody as a pharmacological tool to investigate
the signalling mechanism of COX-2 expression in
preeclampsia. Our study showed that human poly-
clonal antiIL-6 antibody could reverse the effect of
serum from preeclampsia treated HUVEC on COX
activity and inhibit COX-2 protein induction by
serum from preeclampsia treated HUVEC while
COX activity and COX-1 protein in untreated and
serum from normal pregnancy treated HUVEC were
not affected by human polyclonal antiIL-6 antibody.
Moreover, the inhibition of COX-2 or reversed COX
activity in serum from preeclampsia treated HUVEC
by antilL-6 antibody was not complete, suggesting
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there might be other mediators besides IL-6 in-
volved in this process. Thus, IL-6 is proposed as
one of mediators involved in the induction of COX-2
and the decreased PGI, released from endothelial
cells in preeclampsia. Therefore, the development
of selective inhibitors of COX-2 and antilL-6 anti-
body therapy may have a potential role in the pre-
vention and treatment of preeclampsia.

ACKNOWLEDGMENTS

This work was supported by a Grant from
Siriraj China Medical Board to P. Akarasereenont.
The authors wish to thank Dr. Christhop Thiemer-
mann from the William Harvey Research Institute,
London, UK, for his helpful discussion.

(Received for publication on November 2, 1998)

REFERENCES

1. Roberts JM, Taylor RN, Musci TJ, et al. Pre-
eclampsia: an endothelial cell disorder. Am J
Obstet Gynecol 1989; 161: 1200-4.

2. Roberts JM, Taylor RN, Goldfien A. Clinical and
biochemical evidence of endothelial cell dysfunc-
tion in the pregnancy syndrome preeclampsia.
Am ] Hypertens 1991; 4: 700-8.

3. Roberts JM, Taylor RN, Goldfien A. Endothelial
cell activation as a pathogenetic factor in pre-
eclampsia. Semin Perinatol 1991; 15: 86-93.

4. Roberts JM, Redman CW. Pre-eclampsia: more
than pregnancy-induced hypertension. Lancet
1993; 341: 1447-51.

5. Rodgers GM, Taylor RN, Roberts JM. Preeclamp-
sia is associated with a serum factor cytotoxic to
human endothelial cells. Am J Obstet Gynecol
1988; 159: 908-14.

6. Tsukimori K, Maeda H, Shingu M, et al. The pos-
sible role of endothelial cells in hypertensive dis-
orders during pregnancy. Obstet Gynecol 1992;
80: 229-33.

7. Taylor RN, Musci TJ, Rodgers GM, Roberts JM.
Preeclamptic sera stimulate increased platelet-de-
rived growth factor mRNA and protein expression
by cultured human endothelial cells. Am J Reprod
Immunol 1991; 25: 105-8.

8. Taylor RN, Casal DC, Jones LA, et al. Selective
effects of preeclamptic sera on human endothelial
cell procoagulant protein expression. Am J Obstet
Gynecol 1991; 165: 1705-10.

9. Lorentzen B, Endresen MJ, Hovig T, et al. Sera

from preeclamptic women increase the content of
triglycerides and reduce the release of prostacyclin
in cultured endothelial cells. Thromb Res 1991; 63:
363-72.

10. Remuzzi G, Marchesi D, Mecca G, et al. Reduc-
tion of fetal vascular prostacyclin activity in pre-
eclampsia. Lancet 1980; 2: 310.

1. Remuzzi G, Marchesi D, Zoja C, et al. Reduced
umbilical and placental vascular prostacyclin in
severe pre-eclampsia. Prostaglandins 1980; 20:
105-10.

12. Walsh SW, Behr MJ, Allen NH. Placental pros-
tacyclin production in normal and toxemic preg-
nancies. Am J Obstet Gynecol 1985; 151: 110-5.

13. Wang Y, Walsh SW, Kay HH. Placental lipid pero-
xides and thromboxane are increased and prosta-
cyclin is decreased in women with preeclampsia.
Am J Obstet Gynecol 1992; 167: 946-9.

14. Vane JR, Botting RM. The prostaglandins. In
Aspirin and Other Salicylates. J.R. Vane, and
R.M. Botting, editors, Chapman & Hall Medical,
London, 1992: 17-34.

15. Vane JR, Botting RM. The mode of action of
anti-inflammatory drugs. Postgrad Med J 1990; 66
(Suppl 4): §2-S17.

16. Smith WL, Marnett 1J. Prostaglandin endopero-
xide synthase: structure and catalysis. Biochim
Biophys Acta 1991; 1083: 1-17.

17. Mitchell JA, Akarasereenont P, Thiemermann C,
Vane JR. Selectivity of nonsteriodal antiinflam-
matory drugs as inhibitors of constitutive and in-
ducible cyclooxygenase. Proc Natl Acad Sci USA



Vol. 82 No.9

18.

19.

20.

21.

22.

23.

24.

25.

26.

1993; 90: 11693-7.

Lee SH, Soyoola E, Chanmugam P, et al. Selective
expression of mitogen-inducible cyclooxygenase
in macrophages stimulated with lipopolysaccha-
ride. J Biol Chem 1992; 267: 25934-8.

O'Banion MK, Winn VD, Young DA. cDNA clon-
ing and functional activity of a glucocorticoid-
regulated inflammatory cyclooxygenase. Proc Natl
Acad Sci USA 1992; 89: 4888-92.

Maier JAM, Hla T, Maciag T. Cyclooxygenase is
an immediate-early gene induced by interleukin-1
in human endothelial cells. J Biol Chem 1991;
265: 10805-8.

Akarasereenont P, Bakhle YS, Thiemermann C,
Vane JR. Cytokines mediate the induction of
cyclo-oxygenase-2 by activating tyrosine kinase
in bovine aortic endothelial cells stimulated by
bacterial lipopolysaccharide. Br J Pharmacol
1995; 115: 401-8.

Techatrisak K, Akarasereenont P. Inducible cyclo-
oxygenase involvement in preeclampsia. Acta
Obstet Gynecol Scand 1997; 76 (Suppl. 167): 57.
Akarasereenont P, Chotewuttakorn S, Thaworn A.
The involvement of cyclooxygenase-2 in the
pathogenesis of preeclampsia. Inflam Res 1997,
46(Suppl. 3): S243.

Haeger M, Unander M, Anderson B, et al. In-
creased release of tumor necrosis factor-a and
interleukin-6 in women with the syndrome of
hemolysis, elevated liver enzymes and low plate-
let count. Acta Obstet Gynecol Scand 1996; 75:
695-701.

Hughes EL. Obstetric-gynecologic terminology.
Philadelphia. 1991: 422,

Jaffe EA, Nachman RI, Becker CG, Minick CR.
Culture of human endothelial cells derived from
umbilical veins: identification by morphologic

27.

28.

29.

31

32.

33

34

COX-2 INDUCTION IN PRE-ECLAMPSIA SERUM TREATED HUVEC 883

and immunologic criteria. J Clin Invest 1973; 52:
2745-56.

Mosmann T. Rapid colorimetric assay for cellu-
lar growth and survival: Application to prolifera-
tion and cytotoxicity assays. J Immunol Meth
1983, 65: 55-63.

Walsh SW. Preeclampsia: an imbalance in pla-
cental prostacyclin and thromboxane production.
Am J Obstet Gynecol 1985; 152: 335-40.
Fitzgerald DIJ, Fitz Gerald GA. Eicosanoids in the
pathogenesis of preeclampsia. In Hypertension:
pathophysiology, diagnosis, and management. J.H.
Laragh, and B.M. Brenner, editors. Vol. 2.. Raven
Press, New York. 1990: 1789-807.

Branch DW, Dudley DJ, LaMarche S. Mitchell
MD. Sera from preeclamptic patients contain
factor(s) that stimulate prostacyclin production by
human endothelial cells. Prost Leu Ess Fat Acids
1992; 45: 191-5.

Zammit VC, Whitworth JA, Brown MA. Pre-
eclampsia: the effects of serum on endothelial cell
prostacyclin, endothelin, and cell membrane inte-
grity. Am J Obstet Gynecol 1996; 174: 737-43.
Akarasereenont P, Mitchell JA, Bakhle YS, et al.
Comparison of the induction of cyclooxygenase
and nitric oxide synthase by endotoxin in endo-
thelial cells and macrophages. Eur J Pharmacol
1995; 273: 121-8.

Todd HM, Dundoo VL, Gerber WR, et al. Effect
of cytokines on prostaglandin E2 and prostacy-
clin production in primary cultures of human
myometrial cells. ] Matern Fetal Med 1995: 5:
161-7.

Wen FQ, Watanabe K, Yoshida M. Inhibitory
effects of interleukin-6 on release of PGI2 by cul-
tured human pulmonary artery smooth muscle
cells. Prostaglandins 1996. 52: 93-102.




884 P. AKARASEREENONT et al. J Med Assoc Thai September 1999

< - 8 - . W
FFnnmdesanssAiiune (preeclampsia) NTEAUNTEIN cyclooxygenase—
o [ -4 . r
2 (COX-2) lugammwiziienudimansdnn (endothelial cells) laaru
Y interleukin-6

Useing panasuuv wux, Adsemd levclesdnd, wu
Gna lodmanns, ma*, p5imd 0193 woan®

a - Py & - & - ° o -
AR NNNUMADAE DAY EREABIANTIAREANNMTNMATSAUNG  (HUVEC) gninaiwizdes s
& e o & & ¥ Sadn alad ' = ¢ Cod - & ¢ @ -
adlannInnN LR Thuldsusaanlalfidsn  (nanmuan)  Widsasaanddinvamdeassiiduns
&Y i - & - & & ol o ' - '
(pSerum) U NABUTRANHTINYDMTWIATIAUAG (nSerum) WIUABUTRATE pSerum TINMU antibody §B inter—
i ; : L o - : 3 ©
leukin-6 (anti-IL-6 antibody) UWRTWNRETRANI nSerum SINAU anti-IL-6 antibody W 24 Flane NUU
JeaiaraasiaTsinmsdnngealusiiu Cox-1 war COX-2 lag38 Western biot wihviwaelyséiu COX
(COX activity) azgninlagganuiuam 6-keto-PGF  (stable metabolite 984 prostacycin oty major COX
&Y P . & ol
metabolites 1w HUVEC) lutiasusad 1aegdf enzyme immunoassay (EIA) wuin HUVEC lwinileusaand
< A o @ ' iood i 4 Calal
pSerum (12 718) WA G-keto-PGF arsufiaisunungneuanuaznanniasslul e susaani  nSerum
' - - ) ' ' ;o & & o o <
swAumsdnngualusfiu Cox-2 linulunguavanuasngnidesluunidsaaaand nSerum  vnizins
. v & . o ' -
Unngeaslustiu cox-1 wuivinalnaldseiune 3 nan uwanninfigawuihmsusingaadllsdiu 00x-2 lu
yood & €l PR 4 & &Y Sl a ' 9
nandsduluasuraanid  pSerum  arivTinaanaudipldsduilsaradand pSerum TNy anti-IL-6
. - < A 4 N - & - o ' s
antibody guENNIIVAY 6—keto—PGF‘a 'lumLaENL‘Uaa(ﬂaUNUsmmtwwu'lﬂa”mmnumgmmugma:ﬂqumam
& & ol ot P ' P =l Y @ a e a
Twhidsugasiid nSerum TNMsAnyiseUedn cox-2 FunmumiAsdasiunalnmsiislsaanusiuiangs
a ¥ o -, . o & Y a & v oo s [ -
lundsmassnduis laedl interleukin-6 1w mediator Aswumsldmsdusemimnianmssitalussuens COX-2
- . s P @ o v a a & -
w3n interleukin-6 p1aazidugislumatiasnuuazinslinannaudsagelundesassriduisled

o 8 s - & - - d a P - 3 -
AR 1 MadeesIrilTuRe, Aand-2, @5, waaannmivasadaassRzADIANATIAUNR

* melnandrinen,
= MAINGRMERT-USTINE, ANTURNEAMERTFTTIWE LS, N INdENFas, NTANW 4 10700




