The Role of Prostacyclin (PGI,)) and Thromboxane A,
(TXA)) in Pathogenesis of Dengue Hemorrhagic Fever
(DHF)

CHAWALIT PREEYASOMBAT, M.D.%, SUPORN TREEPONGKARUNA, M.D.%,
ARPORN SRIPHRAPRADANG, B.Sc.**, LULIN CHOUBTUM, B.Sc.**

Abstract

In previous studies it has been demonstrated that the levels of plasma 6 keto-prosta-
glandin Fja (6-K-PGF), the stable metabolite of PGI, were elevated in DHF patients during
shock. In this study it is hypothesized that excessive PGI, production plays a very important
role in developing serious clinical manifestations of dengue shock syndrome (DSS) patients.
In addition, an attempt was made to determine whether TXA, has any significant role in
such patients. Plasma 6-K-PGF; and thromboxane By (TXB,), the stable metabolites of
TXA, were determined in 43 normal healthy children (NC) and 54 DHF patients without
shock (DHF-N) and 33 DHF patients with shock (DHF-S). Subjects aged between 2 and
14 years. Plasma 6-K-PGF| and TXB, were measured by radioimmunoassay and the ratio
of TXB,/6-K-PGF; were also calculated. In 43 NC the values of plasma TXB;, 6-K-PGF;
and TXB2/6-K-PGF1 ratio were (mean + SE) 372.3 + 17.1, 150.1 + 2.4 and 2.52 + 0.12 pg/ml,
respectively. In 54 DHF-N patients the corresponding values were 409.1 + 16.0, 2784 + 11.6
and 1.54 + 0.06 pg/ml; whereas those in 33 DHF-S patients were 254.3 + 26.2, 349.1 + 20.5
and 0.757 £ 0.073 pg/ml, respectively. Plasma 6-K-PGF| levels of DHF-N and DHF-S
patients were significantly greater than those in normal children (p < 0.001, p < 0.0l res-
pectively). The plasma 6-K-PGF| levels seem to be greater in DHF-S patients than in the
DHF-N patients, however the difference in values were not statistically significant (p > 0.05).
These findings indicate that plasma PGI, level is significantly increased in DHF parti-
cularly during shock. Plasma TXB, levels of DHF-N had no significant statistical difference
from those of NC (p > 0.05); however, those in DHF-S patients were significantly lowered
(p < 0.001) than those of NC and DHF-N patients. The findings suggest the important role
of TXA, to compensate for excessive PGI, secretion in DHF patients. The failure or inade-
quate TXA, production may eventually lead to shock. The ratios were significantly reduced
in both DHF-N and DHF-S patients when compared to those of NC (p < 0.001 both). The
ratio in DHF-S patients was also significantly lowered than that in DHF-N patients
(p < 0.001). It is suggested that the imbalance between TXA, and PGI, production exists
during DHF infection. The more reduction of plasma TXA5/PGI, ratio leads to more overt
and serious clinical manifestations of the disease.
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Prostacyclin (PGI,) and thromboxane A, l

(TXA,) are prostanoids which exert antagonistic
actions on vessel walls and blood platelets, and thus
play very important roles in vascular homeostasis
and blood supply. PGI, is the major arachidonic
product of vascular endothelium(1,2); however, it
can be secreted by other tissues, i.e. vascular smooth
muscle(2), and lymphocytes(3) by interaction with
platelets. The biologic actions of prostacyclin in-
clude vasodilatation(4-6), hypotension(7), platelet
aggregation inhibition(4.6), opposition of leuko-
cytes migration to damaged vascular endothe-
lium(7’8), inflammatory reaction(9'11), increased
vascular permeability(1 1,12), increased organ blood
flow and vascular capacity(12,13), and fibrinolytic
activity(8). Clinical manifestations of patients with
dengue hemorrhagic fever mimic those of PGI,
hypersecretion, i.e. fever, extravasation of fluid to
the intracellular space leading to organ edema or
congestion, hypovolemic hypotension and shock,
platelet dysfunction, and hemorrhagic manifesta-
tions. In a previous study, it was shown that plasma
PGI, levels were elevated in dengue hemorrhagic
fever with shock(14),

TXA5 is the major arachidonic acid meta-
bolite of platelets(4); however, it can be secreted
by vascular tissues(). This prostanoid exerts oppo-
site actions to prostacyclin on blood vessels and
platelets(14), therefore it may play certain roles in
dengue shock syndrome. Moncada and Vane(6)
have pointed out that an equilibrium between these
2 major prostanoids is an important role in the
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impending shock (DHF-8), i.e. systolic blood pres-
sure was below 90 mmHg and pulse pressure was
less than 20 mmHg.

All patients had serology positive for acute
dengue virus infection interpreted from two blood
samples determinated 2 weeks apart. None of the
subjects had received corticosteroids or nonste-
roidal antiinflammatory drugs before blood collec-
tions.

Methods

Blood samples were collected in tubes
containing EDTA and indomethacin. Plasma was
separated immediately and stored at —200C until
analysed. Plasma samples were determined for 6-
keto prostaglandin Fio (6-K-PGF), the stable
metabolite of PGI, and thromboxane B, (TXB,),
the stable metabolite of TXA, by radioimmuno-
assay method following the same technique we
previously used(14),

RESULTS

The mean + SE of plasma TXB, levels of
43 NC, 54 DHF-N, and 33 DHF-S were shown in
scattogram (Fig. 1). The values (mean + SE) were
372.3 £ 17.06, 409.1 + 16.0 and 254.3 + 26.2 pg/ml,
respectively. The mean plasma TXB, levels of 54
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DHF-N patients and 43 NC were not statistically
different. In contrast, the mean plasma TXB, levels
of 33 DHF-S patients were significantly lower than
those of 43 NC and 54 DHF-N patients (p <0.001).

The mean + SE of plasma 6-K-PGF;
levels (mean + SE) of 43 NC, 54 DHF-N and 33
DHEF-S (Fig. 2) were 150.1 + 2.4, 278.4 £ 11.6 and
349.1 + 20.5 pg/ml, respectively. It was obvious
that the plasma 6-K-PGF levels in both groups of
dengue hemorrhagic fever patients were statisti-
cally higher than those of normal children (p <
0.001). The levels were even higher in DHF-S than
those of DHF-N; however, they were not signifi-
cantly different.

The plasma TXB,/6-K-PGF ratios of 3
groups of subjects were demonstrated in Fig. 3.
The ratios of DHF-N and DHF-S patients were sig-
nificantly lower than those of normal children (p <
0.001) and the ratio of DHF-S patients was signifi-
cantly lower than those of DHF-N patients (p <
0.001).

DISCUSSION

It was demonstrated in this study that
plasma 6-K-PGF, levels were significantly in-
creased in patients with dengue hemorrhagic fever
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particularly during impending shock. The plasma
TXB, levels were not changed in dengue hemorrha-
gic fever without shock; however, the levels were
significantly decreased during impending shock. In
shock state the plasma levels of 6-K-PGF| were
definitely increased, whereas the plasma TXB,
levels were significantly decreased. The findings
had pointed out the opposite role of TXA5 and PGI,
in pathogenesis of dengue hemorrhagic fever with
shock. The ratios of plasma TXB, and PGI levels
were reduced in dengue hemorrhagic fever patients
which were more prominent during state of shock.
The findings support the pathogenesis that equili-
brium between TXA, and PGI, is an important
role in maintenance of vascular tone and blood
pressure regulation.

Now the questions come up that how and
why the plasma TXA levels were declined, whereas
the plasma PGI, levels were elevated in dengue
hemorrhagic fever during impending shock. The
explanations for this discrepancy are as follow.
Firstly, interferon, a cytokine produced by activated
lymphocytes, monocytes and neutrophils during
acute viral infection has been shown to enhance
vascular endothelial PGI synthesis without affect-
ing platelet aggregation and TXA, production(15).
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This can result in decreased plasma TXA,/PGI,
ratio in patients with dengue hemorrhagic fever.
Secondly, several mediators released from activated
biood cell components such as platelets and leuco-
cytes during dengue virus infection cause leucocyte
and macrophage adherence to blood vessel walls
and subsequently stimulate the adjacent intact vas-
cular endothelia to synthesize PGI,(16-24). More-
over, some of prostaglandin endoperoxides (PGGy,
PGH,) released from activated platelets and leuco-
cytes are capable of incorporation into PGI, by the
intact vascular endothelium(25,26). This may cause
further elevation of plasma PGI, during dengue
virus infection. In contrast, the circulating prosta-
glandin endoperoxide trapped by the platelets can-
not corporate into TXA, although it may be corpo-
rated into lipoxygenase products(26). Thirdly, throm-
bocytopenia during the course of dengue virus in-
fection has limited ability of the platelets to release
TXA, into systemic circulation. Such events can
play a role in decreased plasma TXB,/6 K-PGF,
ratio. Fourthly, lymphocytes which contain little or
no cyclo-oxygenase activity; but PGI, synthase
activity can convert prostaglandin endoperoxides
which were released from activated platelets and
other related cells into PGI5(3). This ability of cir-
culating lymphocytes to secrete PGIy but not of
TXA, causes further reduction in plasma TXB,/
6-K-PGF ratios. All of these evidences tend, there-
fore, to explain the decreased plasma TXB,/6-K-
PGF; ratio in dengue hemorrhagic fever patients
especially during hypotensive crisis.

In previous study(14), it was hypothe-
sized that excessive PGI, production in DHF is the
protected mechanism against further endothelial
injury(13) and platelet aggregation inhibition by
various mediators. Excessive PGI, production is
expected to prevent thrombosis and enhance throm-
bolysis. However, excessive PGIy production with
decreased plasma TXA, levels (reduced plasma
TXA,/PGI, ratio) can adversely cause generalized
vasodilatation, organ congestion and failure, sys-
temic hypotension, profound bleeding, and shock.
The extravasation fluid leakage would, therefore,
result in dehydration and hemoconcentration. Ex-
cessive fluid replacement without correction of
decreased plasma TXA,/PGI, ratio is a harzardous
procedure leading to progressive extravascular
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leakage of fluid resulting in organ congestion,
edema and failure-particularly the liver, heart, lungs
and brain. These events can explain the serious com-
plications such as pericardial, pleural and abdomi-
nal effusions, liver and cardiac congestion, as well
as pulmonary and brain edema found in terminal
state of dengue hemorrhagic fever after huge fluid
replacement therapy. The correction of decreased
TXA5/PGI, ratios seems to be theoretically more
effective than high molecular fluid replacement
(such as plasma or dextran) in management of
dengue hemorrhagic fever patients during shock
state. Fig. 4 is our proposed pathogenesis concern-
ing the role of PGI, in dengue shock syndrome.
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