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Abstract

Ž .Platelet-activating factor PAF has been shown, in the rat model of pleural inflammation, to induce the generation of an intermediate
proteic factor able to cause eosinophil proliferation in vitro. This study was undertaken to investigate the effect of the anti-mitotic
compound doxorubicin on PAF-induced eosinophilia in rats, in order to evaluate the contribution of local cell proliferation to this
phenomenon. The late eosinophil infiltration caused by another chemoattractant leukotriene B was used for comparison. We observed4

Ž . Ž .that local treatment with doxorubicin 20 and 40 mgrcavity , given 6 h after PAF 1 mgrcavity , suppressed the eosinophil accumulation
within 24 h, whilst only the higher dose was effective when the drug was given 12 h post-PAF. An effect on chemotaxis was ruled out,

Ž . Ž .since local doxorubicin 40 mgrcavity failed to modify the eosinophil migration noted 24 h after leukotriene B 0.5 mgrcavity and the4

neutrophilreosinophil infiltration noted at 6 h after PAF injection. Transfer of the pleural fluids collected 6 h after PAF from donors to
recipient rats caused significant eosinophil accumulation in the recipient rats, an effect which was inhibited by the co-administration of

Ž .doxorubicin 40 mgrcavity . No inhibitory effect was noted when the drug was given 6 h after the pleural fluids were transferred. We
also found no change in the number of blood or bone marrow eosinophils after PAF stimulation. We conclude that doxorubicin selectively
impaired the late eosinophil accumulation triggered by PAF in the pleural cavity of rats, clearly indicating that local cell proliferation
seems to contribute to the development of this inflammatory response. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .Platelet-activating factor PAF has been shown to have
a wide spectrum of pharmacological actions and it is
considered to be a potential mediator in some physiopatho-

Ž .logical reactions Venable et al., 1993 . In allergic dis-
eases, treatment with the PAF receptor antagonist Y-24180,
Ž . w Ž . x4- 2-chlorophenyl -2- 2- 4-isobutylphenyl ethyl -6,9-di-

w w x w xw xmethyl-6 H-thieno 3,2 f- 1,2,4, triazolo 4,3 a 1,4 di-
azepine, improves bronchopulmonary hyperresponsiveness

Žto methacholine in asthmatic patients Hozawa et al.,
.1995 . Attention has been specifically focused on the

ability of PAF to interfere with several functions of mature
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eosinophils, including the induction of cell migration
Ž .Schweizer et al., 1996 , release of eosinophil cationic

Ž .protein and oxygen reactive molecules Elsner et al., 1995
Žand increase in the production of leukotriene C Bruijnzeel4

.et al., 1987 . PAF has been shown to be involved in the
induction of DNA synthesis and in the increase of microbi-

Ž .cidal activity in immature leucocytes Kudo et al., 1991 ,
and to induce proliferation of haematopoietic progenitors
for basophil and eosinophil granulocytes by a mechanism

Ždependent on the generation of interleukin 3 Saito et al.,
.1993 . The presence of PAF as well as PAF-acetylhydro-

lase was detected in some haematopoietic organs in hu-
Žmans and rodents Denizot and Praloran, 1994; Denizot et

.al., 1995a,b , reinforcing the idea that PAF has a relevant
role in the haematopoietic system.

We have previously demonstrated that intrapleural ad-
ministration of PAF to rats induces a late eosinophil
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accumulation, a response which is dependent on the syn-
Ž .thesis of an intermediate proteic factor Silva et al., 1991 .

We have also shown that this factor has the ability to
induce the proliferation, but not differentiation, of
eosinophils in vitro by a mechanism independent of inter-
leukin 5, interleukin 3 and granulocyte-macrophage colony

Ž . Ž .stimulating factor GM-CSF Perez et al., 1993 . The
current study was undertaken to investigate the contribu-
tion of cell proliferation to the late eosinophil accumula-
tion elicited by PAF in the pleural cavity of rats. We used
the local administration of the antimitotic compound dox-
orubicin, which has the ability to bind to DNA and to

Žblock its replication and transcription Zunino and Capran-
.ico, 1990 .

2. Materials and methods

2.1. Animals and induction of pleurisy

Ž .We used Wistar rats of both sexes 150–200 g ob-
tained from the Oswaldo Cruz Foundation breeding facili-

Ž .ties. The reaction was produced by the intrapleural i.pl.
Ž .injection of 0.1 ml PAF 1 mgrcavity or leukotriene B4

Ž . Ž .0.5 mgrcavity diluted with sterile 0.9% NaCl saline
containing 0.01% bovine serum albumin. Control animals
received the same volume of vehicle. At different times
Ž .1–24 h , the animals were killed with an overdose of
ether and the pleural cavity was opened and washed with 3

Ž .ml heparinized saline 10 Urml . The recovered volume
was measured in a graduated syringe; in the rare cases of
haemorrhage, the pleural wash was discarded. Total leuco-
cytes were counted in a Coulter counter ZM and expressed
as cells=106rcavity.

2.2. Blood and bone marrow leucocyte counts

Peripheral blood samples were obtained from the tail
vein at 1, 6 and 24 h after the i.pl. injection of PAF. For
the bone marrow analysis, the animals were killed as
described above, the right femur was removed and the
bone marrow was gently harvested with 10 ml of RPMI

Ž .1640 containing heparin 20 UIrml . Total leucocyte
counts were measured as previously mentioned and differ-
ential cell counts were measured in blood smears and bone
marrow cytospin preparations stained with May–Grunwald¨
and Giemsa solutions.

2.3. Protein quantification

The fluid recovered from the pleural cavity was cen-
trifuged for 10 min at 2000 rpm and the total protein
content was quantified in the supernatant, using the Biuret
technique.

2.4. Pleural wash transfer

Ž .Six hours after the i.pl. injection of PAF 1 mgrcavity ,
the animals were killed and the pleural cavity was opened

and washed with 0.5 ml of saline. The collected washes
were pooled and centrifuged at 2500 rpm for 15 min at

Ž .48C. The supernatant 0.2 mlrcavity was injected i.pl.
into recipient rats and eosinophil counts were recorded at
24 h as described above. Control recipient animals re-
ceived the same volume of pleural fluids obtained from
donor rats injected with saline.

2.5. Treatment

Ž .Doxorubicin 20 and 40 mgrcavity was diluted with
sterile saline and locally administered after 2, 6 or 12 h
PAF administration. In the transfer assay, the drug was
concomitantly given with the PAF pleural washes. Control
animals were only treated with saline. All the drugs were
immediately prepared before use.

2.6. Drugs

ŽPAF-acether 1-O-hexadecyl-2-acetyl-sn-glyceryl-3-
. Žphosphorylcholine was purchased from Bachem Switzer-

. Žland and leukotriene B was from Sigma St. Louis, MO,4
.USA . Doxorubicin was kindly provided by Farmitalia

Ž .Carlo Erba Rio de Janeiro, Brazil .

2.7. Statistical analysis

Data are expressed as means"standard error of mean
Ž .S.E.M. and statistically analysed by means of the analy-

Ž .sis of variance ANOVA followed by the Newman–Keuls
Student’s test. Differences were considered significant at
P-0.05.

3. Results

3.1. Effect of doxorubicin on the pleurisy induced by PAF

We confirmed that the intrapleural injection of PAF
Ž .1 mgrcavity into naive rats caused the selective accumu-

Ž .Fig. 1. Effect of local doxorubicin 20 and 40 mgrcavity on eosinophil
Ž .accumulation 24 h after PAF injection 1 mgrcavity . Doxorubicin was

Ž . Ž .administered 6 a or 12 h b after PAF. Results are expressed as
means"S.E.M. from at least seven animals. q P -0.05 as compared to
saline-injected rats; ) P -0.05 as compared to PAF-injected rats.
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Table 1
Lack of effect of doxorubicin on neutrophil and eosinophil infiltration
triggered by PAF

Stimulus Treatment Neutrophils Eosinophils
6 6Ž . Ž . Ž .mgrcavity 10 cellsrcavity 10 cellsrcavity

Saline None 0"0 0.92"0.27
a aPAF None 0.850"0.23 2.21"0.42

PAF Doxo 0.810"0.35 2.03"1.00

Ž .Doxorubicin 40 mgrcavity was administered locally 2 h after the i.pl.
Ž .injection of PAF 1 mgrcavity and leucocyte infiltration was analysed at

6 h after pleural stimulation. Values represent the means"S.E.M. from at
least seven animals.
aP -0.05 as compared to saline-injected rats.

lation of eosinophils within 24 h, an effect which was
preceded by exudation and a mixed neutrophilreosinophil
infiltration at 6 h. We showed that the local administration

Žof the anti-mitotic drug doxorubicin 20 and 40 mgrcav-
.ity , 6 h after PAF stimulation, significantly decreased the

eosinophilia noted at 24 h. Under the same conditions,
only the highest dose was effective when the drug was

Ž .given 12 h after PAF Fig. 1 . Conversely, the early
accumulation of neutrophils and eosinophils, noted 6 h
after PAF administration, was not sensitive to doxorubicin
Ž .40 mgrcavity administered 2 h after the PAF injection
Ž .Table 1 . In control experiments, local treatment with
doxorubicin did not affect the basal protein content and
leucocyte population of the pleural cavity 6 and 24 h

Ž .following drug administration Table 2 .

3.2. Effect of doxorubicin on the eosinophil influx induced
by leukotriene B4

Although effective in the suppression of the PAF-in-
duced late eosinophil accumulation, local treatment with

Ž .doxorubicin 40 mgrcavity did not inhibit the increase in
the pleural eosinophil numbers detected 24 h after

Ž . Ž .leukotriene B 0.5 mgrcavity Table 3 .4

Table 2
Doxorubicin fails to modify the basal protein content and leucocyte
population of the pleural cavity of naive rats

Treatment Dose Protein Total leucocytes
6Ž Ž . Ž .mgr mgrcavity 10 cellsrcavity

.cavity
6 h 24 h

Saline – 4.43"0.25 10.00"0.81 5.83"1.06
Doxorubicin 20 3.75"1.19 7.62"0.96 6.01"0.55
Doxorubicin 40 4.26"0.42 8.94"0.93 5.26"0.97

The pleural protein content was analysed at 6 h and total leucocyte
numbers at 6 and 4 h after drug administration. Values represent the
means"S.E.M. from at least seven animals.

Table 3
Doxorubicin is not effective in inhibiting eosinophil accumulation in-

Ž .duced by leukotriene B LTB4 4

Stimulus Treatment Eosinophils
6Ž .10 cellsrcavity

Saline None 1.26"0.14
aLTB None 2.23"0.254

LTB Doxo 2.72"0.234

Ž .Doxorubicin 40 mgrcavity was administered locally 6 h after LTB4
Ž .0.5 mgrcavity and eosinophil accumulation was assessed 24 h after the
LTB injection. Values represent the means"S.E.M. from at least seven4

animals.
aP -0.05 as compared to saline-injected rats.

3.3. Effect of doxorubicin on the eosinophilia caused by
the transfer of PAF pleural washes

When the pleural washes from PAF-stimulated rats
were transferred to normal recipient animals, the number
of eosinophils recovered was significantly increased in the

Ž .pleural fluid of recipients P-0.001 . The local adminis-
tration of doxorubicin into recipient rats, immediately be-
fore transfer of the 6-h of PAF pleural washes, decreased

Ž .the late eosinophilia Fig. 2 . In contrast, when doxoru-
bicin was given 6 h after the transfer, no inhibition of

Ž .eosinophil accumulation was detected Fig. 2 .

3.4. Effect of i.pl. PAF on blood and bone marrow
eosinophil numbers

In order to establish a potential correlation between the
pleural eosinophil accumulation noted after PAF and alter-
ations in the number of eosinophils in peripheral blood and
bone marrow, we further analysed the cell content of both
compartments. As indicated in Fig. 3, the number of

Ž .Fig. 2. Effect of local doxorubicin 40 mgrcavity on eosinophil accumu-
lation 24 h after the transfer of pleural washes from PAF-injected rats
Ž . Ž .PPW or pleural washes from saline-injected rats SPW . The drug was

Ž . Ž .administered immediately before a or 6 h b after the transfer. Results
are expressed as means"S.E.M. from at least seven animals. q P -0.05
as compared to SPW-injected rats; ) P -0.05 as compared to PPW-in-
jected rats.
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Ž . Ž . ŽFig. 3. Absence of changes in the eosinophil population in either peripheral blood a or bone marrow b at different times after i.pl. injection of PAF 1
. Ž . Ž .mgrcavity Ø or saline ( into rats. Results are expressed as means"S.E.M. from at least seven animals.

circulating or bone marrow eosinophils remained unaltered
1, 6 and 24 h following PAF pleural stimulation.

4. Discussion

This study was undertaken to gain a better understand-
ing of the mechanism of the pleural eosinophil accumula-
tion induced by PAF. Recent reports have shown that PAF
has the ability to increase eosinophil accumulation at the
site of inflammation, enhancing their adhesion to bronchial
epithelial cells by an increase in the expression of adhesion

Ž .molecules Sato et al., 1997 or through a synergistic effect
on eosinophil migration elicited by eosinophil-active cy-

Ž .tokines Okada et al., 1997 . Simultaneously, tissue
eosinophil accumulation can be maintained by the local

Ž .inhibition of apoptosis Simon et al., 1997 or by the
enhancement of eosinophil proliferation. The latter mecha-
nism has been correlated with the presence of circulating
eosinophil precursors in allergic airway diseases and their

Žincreased sensitivity to interleukin 5 Denburg et al., 1995;
.Denburg et al., 1997; Sehmi et al., 1997 , as well as with

the in situ eosinophil proliferation in inflammatory tissue
Žreactions to helminths El-Cheikh and Borojevic, 1990;

.Maruyama et al., 1990 .
We used a potent anti-mitotic drug which is largely

used in the treatment of cancer and which is reported to
inhibit replication and transcription processes by binding

Žto DNA Keizer et al., 1990; Richardson and Johnson,
.1997 . We observed that in both concentrations assayed

doxorubicin inhibited pleural eosinophilia when adminis-
tered 6 h after PAF, but when administered 12 h after PAF
only the highest dose was able to inhibit the eosinophilia.
Moreover, we questioned whether the drug was able to
inhibit the chemotaxis of different inflammatory cells.
Local treatment with the highest dose had no effect on the
eosinophil accumulation induced by leukotriene B . In4

addition, it did not inhibit the early neutrophil and
eosinophil accumulation noted 6 h after PAF administra-
tion, showing that the early eosinophil accumulation is
essentially due to chemotaxis.

A previous study showed that the pleural washes col-
lected after PAF treatment were able to induce eosinophil

Žproliferation in hematopoietic liquid culture systems Perez
.et al., 1993 , indicating that the pleural fluid acquired a

growth-stimulating activity for eosinophils after PAF stim-
ulation. Since doxorubicin could also act by the local
inhibition of protein synthesis, we further tested its effect
on the experimental model developed by Silva et al.
Ž .1991 , which showed that pleural fluid collected 6 h after
PAF injection induced a late and selective accumulation of
eosinophils in the pleural fluid of recipient rats. Doxoru-
bicin inhibited the eosinophilia in the recipient rats when
injected concomitantly with PAF, but not when it was
injected 6 h later, indicating that the drug suppressed
pleural eosinophilia in recipient rats injected with the
eosinophilotactic factor generated in PAF-injected donor
rats.

We also questioned whether i.pl. injected PAF had a
direct effect on eosinophil numbers in blood or bone
marrow, but no differences were detected at any time
ranging from 1 to 24 h after stimulation. In conclusion, our
results indicate that local eosinophil proliferation seems to
contribute to the pleural eosinophil accumulation induced
by PAF.
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