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An acute inflammation was elicited in intertarsal joints
of chicken by injection of urate crystals. Inflammatory
exudates recovered at different times were assayed for
prostaglandin D2(PGD2) E2 and F2, and thromboxane
B2 content by specific radioimmunoassays. We found
that PGD2 was the prevailing prostaglandin reaching
concentrations up to 10 times in excess of PGE2. This
finding was confirmed by gas chromatography-mass
spectrometry. It is concluded that PGD2 should be
considered as a possible mediator of acute inflamma-
tion.

Introduction Prostaglandin D2 (PGD2) levels in in-
flamed tissue have not been reported to date. This
lack of information on endogenous levels of PGD2
is surprising because exogenous PGD2. produces pro-
inflammatory effects similar to PGE2. Intradermal in-
jection of PGD2 causes an increase of vascular per-
meability in rat skin and induces long lasting ery-
thema on the human forearm (Flower, Harvey &
Kingston, 1976). Moreover, like PGE2, PGD2 in low
doses enhances the inflammatory response to carra-
geenan or histamine (Flower et al., 1976). Hence it
should be considered a potential mediator of inflam-
mation. We have now measured the concentration of
PGD2 in inflammatory exudates, by means of specific
radioimmunoassays and combined gas chromatogra-
phy-mass spectrometry. We found unequivocally that
PGD2 reaches much higher concentrations in the in-
flammatory exudate than either PGE2, PGF22 or
thromboxane B2 (TXB2).

Methods Acute inflammation was elicited in white
Leghorn chickens (2 kg body weight) by the injection
of urate crystals (0.2 ml of a 4% (w/v) suspension)
into the intertarsal joints as described previously
(Brune & Glatt, 1974). After various time intervals
the joints were washed with 0.5 ml of a 1% sodium
edetate solution, pH 7.4. The washes were centrifuged
(3000 g, 20 min) at 4°C. PGD2 was determined in

the cell-free supernatants by a specific radio-
immunoassay using an anti-PGD2 antiplasma, the
specificity of which has been described previously
(Anhut, Peskar, Wachter, Grabling & Peskar, 1978)
and PGD2 coupled covalently onto 1251-bovine serum
albumin (Anhut, Peskar & Bernauer, 1978) as tracer.

Levels of PGD2 and PGE2 from a typical experi-
ment were also measured by gas chromatography-
mass spectrometry. For this, deuterated PGE2 and
deuterated PGD2 were added to the sample to serve
as internal standard along with small amounts of
radioactive analogues of these prostaglandins. Extrac-
tion, chromatography, derivatization and mass spec-
trometric analysis have previously been described
(Frolich, 1976).

Results The results are given in the table. They
clearly show the increase of all prostaglandins
measured following the injection of urate crystals. All
prostaglandins reached a maximum 2 h after urate in-
jection. At all times assayed, PGD2 was quantitatively
the prevailing prostaglandin reaching a concentration
up to 10 times higher than that of PGE2. The mass
spectrometric determinations showed that PGD2 and
PGE2 levels were high and similar to those obtained
by radioimmunoassay.

Discussion Our results show the presence of large
amounts of PGD2 in inflammatory exudates of the
urate crystal-induced arthritis of chicken. The high
levels of PGD2 measured in joint exudate by radio-
immunoassay have been confirmed by gas chromato-
graphic-mass spectrometric analysis. This observation
supports the view that PGD2 is an important mediator
of acute inflammation as suggested by Flower et al.
(1976). These authors found that PGD2 acted as a
proinflammatory agent, like PGE2 but that it was
less potent. Since our results clearly demonstrate that
the concentrations of PGD2 in inflamed tissue might
be much higher than those of PGE2. PGF2, and
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Table 1 Concentration of prostaglandins (ng/ml) in exudates of inflamed joints at different times after injection
of urate crystals

.3 min 6() min 12() min 18() min

PGD2 <5.9 19.4 + 6.6 148.8 + 40.6 126.2 + 38.7
(164)

PGE2 < 1.6 9.3 + 2.4 19.8 + 2.0 10.2 + 1.7
(26)

PGF2, <0.3 2.7 + 0.5 5.5 + 0.4 3.0 + 0.3
TXB2 <0.3 1.0 + 0.2 1.2 + 0.2 0.4 + 0.1

Means and s.e. mean of 8 or more experiments. The values in parentheses are from gas chromatography-mass
spectrometry evaluation of one representative exudate.

TXB2 (Glatt, Peskar & Brune, 1974; Peskar, Glatt,
Anhut & Brune, 1978) we believe that the contribu-
tion of PGD2 to the development of the symptoms
of acute inflammation deserves further attention. This
is especially so, because PGD2 and PGE2 differ in
their effects on other mediators released in inflamma-
tion. For example, PGD2 does not enhance the effect
of bradykinin on vascular permeability (Flower et al.,
1976) as does PGE2 but PGD2 (Smith, Silver,
Ingerman & Kocsis, 1974; Nishizawa, Miller, Gor-
man, Bundy, Svensson & Hamberg, 1975) unlike
PGE2 (Kloeze, 1969) is a powerful inhibitor of
platelet aggregation in some species and may thus
help to preserve microcirculation in the inflamed tis-
sue. The relative amounts of PGD2 and PGE2 formed
in inflammation may thus provide a mechanism by
which the action of other mediators may be effectively
modulated. For these reasons it would be interesting
to know how the formation of PGD2 can be regu-
lated. The mechanism of PGD2 formation in acute
inflammation is unknown. However, it is known that
PGD2 can be formed by enzymatic or non-enzymatic
isomerization from the prostaglandin endoperoxide
PGH2 (Nugteren & Hazelhof, 1973; Hamberg &
Samuelsson, 1973; Abdel-Halim, Hamberg, Sjoquist
& Anggard, 1977).

It has been shown (Hamberg & Fredholm, 1976)
that serum albumin from a number of species can
promote isomerization of PGH2 to PGD2. The pres-
ence of large amounts of PGD2 in the inflammatory
exudates might be taken as indication of the forma-
tion and probably also activity of large amounts of
prostaglandin-endoperoxides. The possible pivotal
role of PGG2 in inflammatory processes has been re-
peatedly emphasized (see e.g. Kuehl, Humes, Egan,
Ham, Beveridge & Van Arman, 1977). Our results
showing large quantities of PGD2 in the exudate of
inflamed joints of the chicken suggest that PGD2 in
addition to other prostaglandins may contribute sig-
nificantly to the development of inflammatory symp-
toms, at least in this specific type of inflammation.

This work was supported by the Deutsche Forschungsge-
meinschaft (SFB 70) and the Swiss National Science Foun-
dation (3.588-0.75). We thank Dr U. Axen, The Upjohn
Company for providing the internal standard for PGE2
measurement, Dr W Hubbard for the internal standard
for PGD2 measurement and Dr J. Pike for prostaglandin
and TXB2.

References

ABDEL-HALIM, M.S., HAMBERG, M., SJOQUIST, B. & ANG-
GARD, S. (1977). Identification of prostaglandin D2 as
a major prostaglandin in homogenates of rat brain.
Prostaglandins 14, 633-643.

ANHUT, H., PESKAR, B.A., WACHTER, W., GRABLING, B. &
PESKAR, B.M. (1978). Radioimmunological determina-
tion of prostaglandin D2 synthesis in human thrombo-
cytes. Experientia, 34, 1494-1496.

ANHuT, H., PESKAR, B.A. & BERNAUER, W. (1978). Release
of 15-keto-13,14-dihydro-thromboxane B2 and prosta-
glandin D2 during anaphylaxis as measured by
radioimmunoassay. Naunyn-Schmiedebergs Arch. Phar-
mac., 305, 247-252.

BRUNE, K. & GLATT, M. (1974). The avian microcrystal
arthritis. III. Invasion and enzyme-release from leuco-
cytes at the site of inflammation. Agents and Actions,
4, 95-100.

FLOWER, R.J., HARVEY, E.A. & KINGSTON, W.P. (1976). In-
flammatory effects of prostaglandin D2 in rat and
human skin. Br. J. Pharmac., 56, 229-233.

FROLICH, S.C. (1976). Gas chromatography-mass spec-
trometry of prostaglandins. In The Prostaglandins, Vol.
III. ed. Ramwell, P. pp. 1-39 New York; Plenum Press.

GLATT, M., PESKAR, B. & BRUNE, K. (1974). Leucocytes
and Prostaglandins in acute inflammation. Experientia,
30, 1257-1259.

HAMBERG, M. & FREDHOLM, B.B. (1976). Isomerization of
prostaglandin H2 into prostaglandin D2 in the presence
of serum albumin. Biochim. biophys. Acta, 431, 189-193.

HAMBERG, M. & SAMUELSSON, B. (1973). Detection and iso-
lation of an endoperoxide intermediate in prosta-
glandin biosynthesis. Proc. natn. Acad. Sci. U.S.A., 70,
899-903.



SHORT COMMUNICATION 359

KLOEZE, J. (1969). Relationship between chemical structure
and platelet aggregation activity of prostaglandins. Bio-
chim. biophys. Acta, 187, 285-292.

KUEHL, F.A., JR., HUMEs, J.L., EGAN, R.W., HAM, E.A.,
BEVERIDGE, G.C. & VAN ARMAN, C.G. (1977). Role of
prostaglandin endoperoxide PGG2 in inflammatory
processes. Nature, 265, 170-173.

NISHIZAWA, E.E., MILLER, W.L., GORMAN, R.R., BUNDY,
G.L., SVENSSON, J. & HAMBERG, M. (1975). Prosta-
glandin D2 as a potential antithrombotic agent. Prosta-
glandins, 9, 109-121.

NUGTEREN, D.H. & HAZELHOF, E. (1973). Isolation and

properties of intermediates in prostaglandin biosyn-
thesis. Biochim.. bioph,vs. Acta, 326, 448-461.

PESKAR, B.A., GLATr, M., ANHUT, H. & BRUNE, K. (1978).
Effect of imidazole on prostaglandin and thromboxane
accumulation in urate arthritis. Eur. J. Pharmac., 50,
437-441.

SMITH, J.B., SILVER, M.J., INGERMAN, C.M. & Kocsis, JJ.
(1974). Prostaglandin D2 inhibits the aggregation of
human platelets. Thrombosis Res., 5, 291-299.

(Received November 23, 1978.)


