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Pentoxifylline attenuates acute lung injury induced by microemboli 
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Abstract. Pentoxifylline (PTX), a methylxanthine derivative, effectively prevents acute lung injury in different 
animal models. To investigate whether PTX would attenuate acute lung injury induced by microemboli resulting 
from treatment with calcium chloride (CaC12) suspension, an isolated blood-perfused rat lung model was used. 
Pretreatment with PTX prevented the increase in pulmonary arterial pressure (PAP), lung weight gain and protein 
concentration in the lavage fluid after CaC12 treatment. 
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Pentoxifylline (PTX), a methylxanthine derivative, has 
been demonstrated to improve peripheral vascular cir- 
culation ~,2. Recent work also demonstrates that this 
agent reduces phagocytic activity and superoxide anion 
formation by human neutrophils and monocytes in 
vitro, and increases cyclic-AMP level in endothelial 
cells 3-5. PTX has also been shown to attenuate acute 
lung injury due to E. coli infection, tumor necrosis 
factor, phorbol myristate acetate (PMA) and pro- 
tamine 6-9. However, its working mechanisms are not 
fully understood. PTX might attenuate lung injury ei- 
ther through the suppression of neutrophil activation, 
which is a major source of mediators and proteases, or 
by directly protecting the endothelial cells, the main 
target of mediators, which characteristically show 
pathology in pulmonary edema. 
Because most of the protective effects of PTX on acute 
lung injury are neutrophil-dependent, the important 
effect of this agent on neutrophils has been emphasized 
in the literature 3'6'~~ On the other hand, the roles of 
platelets in acute lung injury and the protective effects 
of PTX on platelet-dependent lung injury are rarely 
mentioned. In a previous report, we showed that 
platelets were actively involved in the mechanism of 
acute lung injury induced by microemboli after treat- 
ment with CaCI2 suspension 13. The purpose of this 
study was to determine whether PTX has a protective 
action against this platelet-dependent acute lung injury 
in the isolated rat lung model. 
As parameters of lung injury, we determined lung 
weight gain and pulmonary arterial pressure (PAP) 
during experiments. The protein concentration of the 
bronchoalveolar lavage fluid (BAL) was also measured. 

Materials and methods 
Preparation of isolated lungs. Male Sprague-Dawley 
rats weighting 275-300 g were anesthetized with an 

intraperitoneal injection of sodium pentobarbital (20 
30 mg). After a tracheostomy has been performed, each 
rat was artificially ventilated with a small animal venti- 
lator with room air. The chest was opened at the mid- 
line. An intracardiac injection of heparin (1000 units/kg 
b. wt.) was given, and 10 ml of blood was collected from 
the right ventricle, mixed with 12 ml of Krebs Henseleit 
buffer (KHB) solution, and used as a perfusing fluid. 
The chemical composition of the KHB solution was (in 
mg/100ml): NaC1, 484; KC1, 35.4; MgSO4, 14.35; 
KH2PO4, 35.4; NaHCO3, 210; dextrose, 200; and 
CaCIa-2H20, 37.3. The main pulmonary artery was 
cannulated through a right ventricular puncture. To 
divert the pulmonary venous outflow into a reservoir, a 
wide-bore cannula was inserted into the left atrium via 
the left ventricular inflow tract. The cannula was then 
fixed with a ligature at the apex of the heart. The 
ligature around the pulmonary artery was also placed 
around the aorta, preventing the loss of perfusate into 
the systemic circulation. The recirculating perfusion cir- 
cuit consisted of a roller pump with a perfusion flow 
rate of 8 _+ 0.5 ml/min, a heat exchanger for tempera- 
ture maintenance of the perfusate at 37_+ 0.5 ~ a 
tubing system, and a perfusate reservoir. Weight 
changes in the perfuse reservoir and pulmonary arterial 
pressure (PAP) were continuously measured by a force 
transducer and a pressure transducer, respectively, and 
recorded on a polygraph. Lung weight changes were 
recorded as the inverse of the weight change of the 
perfusate reservoir. After perfusion began, the lungs 
were ventilated with a mixture of 95% room air and 5'70 
COz gas at a rate of 65-70 breaths/minute and a tidal 
volume of 2 ml. 
The animal's condition was allowed to stabilize for 
5-10 min before the experiment began. At the end of 
the perfusion, the lungs were lavaged with 3 ml of 
normal saline. The fluid was centrifuged at 1500 x g for 
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10 min, and the concentration of protein in the super- 
natant was determined by the dye binding method 14. 

Preparation of calcium chloride suspension. When cal- 
cium chloride ( C a C U -  2H~O) was added to the KHB 
solution, a suspension formed if the concentration was 
high enough. In this study, the concentration of cal- 
cium chloride was 25 mg/ml. 
Microscopically, the suspension consists of a uniformly 
formed granular precipitate of particles with estimated 
size of one-tenth of that of red blood cell (RBC) in a 
hemocytometer. Most of the granules form clumps 
with a diameter ranging from 3 to 10 times that of a 
RBC. This suspension was used to induce acute lung 
injury when added to the perfusate, which consisted of 
blood with platelets in KHB solution. 

Experimental protocol. Animals were randomly as- 
signed to one of three groups. Group I (n = 8) was a 
control group, receiving neither calcium chloride sus- 
pension nor pentoxifylline. Group I (n = 9) was the 
'microemboli group', and received calcium chloride 
suspension (3 ml) but no PTX. Group III  (n = 8) was 
the PTX group, which received calcium chloride 
suspension (3ml) and pretreatment with PTX 
(10mg/300g Trental, Hoechst-Roussel, Somerville, 
N J, USA). 

Statistical analysis. The values are expressed as means 
+SE. Comparisons within each group were perfor- 
med using Student's paired t-test. Comparisons 
among groups were using a one-way analysis of 
variance (ANOVA) and Scheffe's comparison a poste- 
riori; p < 0.05 was considered to be statistically signifi- 
cant. 

Results 

In order to evaluate the protective effect of PTX on 
acute lung injury, induced by calcium chloride, the 
severity of lung injury was determined by measuring 
lung weight gain, elevation of pulmonary arterial pres- 
sure, and the protein concentration in the BAL fluid. 
All of these three parameters remained essentially con- 
stant during the experimental period in the control 
group. The calcium suspension caused discernible in- 
crease in lung weight gain, pulmonary arterial pressure 
and protein concentration in the BAL fluid. Pretreat- 
meat with PTX significantly attenuated the severity of 
lung injury; all three parameters were significantly re- 
duced when compared with the microemboli group. 
Effect of PTX on lung weight gain. In the control group, 
lung weight was maintained at a stable level, and there 
was no significant lung weight gain during the 60 rain 
course of the experiments. In the microemboli group, 
lung weight significantly increased after administration 
of calcium chloride suspension, and lung weight gain 
attained 1 t.2 +_ 1.1 gm after 60 min of perfusion. In the 
PTX group, lung weight gain was significantly reduced 
when compared with the microemboli group through- 
out the 60 min period (fig. 1); it attained 2.0 _+ 0.6 gm at 
60 rain (p < 0.001). 
Effect of PTX on pulmonary arterial pressure. The 
changes in PAP among the different groups throughout 
the experimental procedure are shown in figure 2. As 
with lung weight gain, there were almost no changes in 
PAP throughout the 60 min perfusion period in the 
control group. PAP dramatically increased 10 min after 
calcium chloride suspension had been added in group 
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Figure 1. Lung weight gain in various study groups during a 60 min period of time. PTX = Pentox~fylline. Bar represents SE. Asterisks 
indicate significant differences between the microemboli and PTX protective groups (*p < 0.05; **p < 0.01; ***p < 0.001). 
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Figure 2. Changes in pulmonary arterial pressure (PAP) during a 60 rain period of time. PTX = Pentoxifylline. Bar represents SE. 
Asterisks indicate significant differences between the microemholi and PTX protective groups (*p < 0.05; **p < 0.01; ***p < 0.001). 

lrI, and reached 59.5 • 6.1 mm Hg at 60 rain (p < 0.001 
compared with the control group). There was a marked 
protective effect against pulmonary hypertension in 
group III, in which the animals were pretreated with 
PTX (fig. 2). The peak PAP in the PTX-pretreated 
group was only 31.7 • 4.5 mm Hg, which was signifi- 
cantly lower than in the microemboli  group (p < 0.01). 
Effect of PTX on protein concentration of BAL 
fluid. The protective effect o f  PTX in acute lung injury 
was further confi1~med by the measurement of  the 
protein concentration of  the BAL fluid (fig. 3). The 
mean portein concentration of  the BAL fluid in the 

microemboli  group was 2 1 7 + 2 0 m g / d l ,  significantly 
higher than in the control group (23.0 +.6.4rag/all, 
p < 0.001). PTX pretreatment o f  the animals signifi- 
ca::t~y reduced the protein leakage into the air space o f  
the lungs (65 +_+ 10 mg/dl), with a p value smaller than 
0.001 compared with the microemboli  group. 

Discussion 

The adult respiratory distress syndorme ( A R D S )  is as- 
sociated with a variety o f  clinical conditions. The mech- 
anism of  this syndrome is still not very clear and the 
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Figure 3. Protein concentratiau of lavage fluid. Bar represents SE. Asterisks indicate significant differences (p < 0.091) when the 
microemboli group was compared with the PTX protective group. 
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only treatment available is supportive. Despite improve- 
ment in critical and ventilatory supportive care during 
the past two decades, the morbidity and mortality of 
ARDS remains high. Many circulatory inflammatory 
cells and cytokines have been implicated in the pathogen- 
esis of acute lung injury. Although the role of platelets 
in acute lung injury has been mentioned in the litera- 
tureS3,15-23, the possible effect of PTX on platelet-depen- 
dent acute lung injury has never been explored. 
In a previous study we showed that platelets are actively 
involved in pathogenesis in a model in which acute lung 
injury is induced by a calcium chloride suspension lung 13. 
As the results for the 'microemboli group' in this study 
illustrated, a significant increase in pulmonary arterial 
pressure (PAP), lung weight and the protein concentra- 
tion in bronchoalveolar lavage fluid occurs when 3 ml of 
CaC12 suspension is added to a perfusate solution contain- 
ing KHB and blood. It was shown in a previous study 
that such an increase was not observed when the perfusate 
contained only the CaC12 suspension and the buffer 
solution ~3, but that when platelets were added instead of 
blood, PAP, lung weight gain and the protein concentra- 
tion of the lavage fluid increased significantly ~3. 
Several possible mechanisms may contribute to platelet- 
dependent acute lung injury after treatment with cal- 
cium chloride suspension. First, since the precipitate 
forms clumps several times larger than RBCs these may 
cause microembolization in the pulmonary microcircu- 
lation and induce acute lung injury. Second, platelets 
may be perferentially more sensitive to this chemical 
suspension than other circulating cells, which would 
result in the release of platelet-associated cytokines, 
aggregation and the formation of microemboli. Third, 
Plasma membrane injury of the endothelial cells, in- 
duced by calcium phosphate precipitates which in turn 
attract, accumulate and activate circulating platelets, 
may also cause acute lung injury. It is possible that 
calcium phosphate precipitates when CaC12 is added to 
KHB buffer. Calcium phosphate precipitation has long 
been used to induce cell membrane injury and facilitate 
gene transfer in the transfection of eukaryotic cells 24. 
PTX, a drug previously used as a peripheral vasodilator 
for intermittent claudication, is known to increase intra- 
cellular cAMP levels in neutrophils, monocytes, en- 
dothelial cells and platelets 25 ~6, and has important 
anti-inflammatory actions that make it helpful in miti- 
gating lung injury 3.~~ The ability of PTX to attenuate 
neutrophil activation, and neutrophil-dependent and in- 
dependent endothelial cell damage in acute lung injury, 
has been documented in both animal models and iso- 
lated cells 3,6,8 12.25,27 29. The results of these studies 
indicate that the protective effect of PTX on acute lung 
injury may act both on inhibit neutrophil activation and 
to maintain endothelial cell integrity. However, little is 
known about the role of PTX in platelet-dependent 
acute lung injury. 

The purpose of this investigation was to evaluate the 
protective effect of PTX on a plate!et-dependent acute 
lung injury model in rats. As presented in the results 
section, pretreatment of animals with PTX in the exper- 
imental group clearly attenuated the degree of acute 
lung injury, as judged by the significant inhibition of the 
increase in PAP. lung weight and protein concentration 
of BAL fluid. 
The significant protective effect of PTX on this platelet- 
dependent microemboli-induced acute lung injury sug- 
gests that the mechanism of the protective effect of PTX 
on acute lung injury m~ghl be through the inhibition of 
the activation of platelets as well as neutrophils, both of 
which disrupt the integrity of endothelial cells. We have 
recently found that infusion of PMA or platelets alone 
into isolated rat lung perfused with a bloodless per- 
fusate did not cause lung injury, but that platelets and 
PMA together caused pulmonary hypertension and 
edema 23. This result indirectly indicates that the activa- 
tion of platelets rather than the platelets themselves 
causes acute lung injury. We have also confirmed that 
the cyclooxygenase pathway is more important than the 
lipoxygenase pathway in this PMA-mediated platelet 
dependent lung injury 23. However, this requires further 
confirmation in the present model, as the pulmonary 
response to foreign body microemboli (intravenous in- 
jection of crushed pentazocin suspension of talc, the 
filler in these tablets) in dogs is prevented by diethylcar- 
bamazine, a lipoxygenase inhibitor, and by FPL 55712, 
a receptor antagonist for the peptido-leukotrienes. 
However, it is not prevented by indomethacin, a cy- 
clooxygenase inhibitor 3~ 
In clinical practice, intravenous administration of multi- 
ple drugs may cause precipitates to form if the buffer 
solution is not carefully chosen and handled. Occasion- 
ally, respiratory distress can be found in patients receiv- 
ing infusions of these drug suspensions. In addition, 
some intravenous drug addicts, such as a pentazocin 
abusers, may suffer from talc-induced acute lung injury 
if the crushed pentazocin suspension is injected intra- 
venously 3~ Pentoxifylline treatment has recently been 
shown to protect effectively against talc-induced acute 
lung injury in rat (Kang Hsu et al., unpubl, observ.). 
The results of this study not only expand our under- 
standing of the pathogenesis of acute lung injury, but 
may have significant clincial applications and provide a 
good animal model for the study of particle-induced 
acute lung injury. Further extension of this model in the 
future may result in the exploration of the pathophysi- 
ology of particle-induced acute lung injury in clinical 
practice, and also provide a strategy for the develop- 
merit and testing of effective therapeutic modalities. 

l Dettelbach, H. R., and Aviado, D. M. J. clin. Pharmac. 25 
(1985) 8. 

2 Porter, J. M., Cutler, B. S., Lee, B. Y., Reich, T., Reichle, F. 
A., Scogin, J. T., and Strandness, D. E., Am. Heart J. 104 
(1982) 66. 



960 Experientia 51 (1995), Birkhfiuser Verlag, CH-4010 Basel/Switzerland Research Articles 

3 Mandell, G. L., Am, Rev. resp. Dis. 138 (1988) 1103. 
4 Stelzner, T. J., Weil, J. V., and O'Brien, R. F., J. cell. comp. 

Physiol. 139 (1989) 157. 
5 Bessler, H., Gilgal, R., Djaldetti, M., and Zahavi, I., J. Leuko- 

cyte Biol. 40 (1986) 474. 
6 Ishizaka, A., Wu, Z., Stephens, K. E., Havada, H., Hogue, R. 

S., O'Hanley, P. T., and Raffin, T. A., Am. Rev. resp. Dis. 138 
(1988) 376. 

7 Lilly, C. M., Sandhu, J. S., Ishizaka, A., Havader, H., Yone- 
maru, M., Larrick, J. W., Shi, T. X., O'Hanley, P. T., and 
Raffin, T. A., Am. Rev. resp. Dis. 137 (1989) 1364. 

8 Lin, H. I., Hsu, K., Yan, H. C., and Shen, C. Y., J. Formosan 
med. Ass. 89 (1990) 742. 

9 Hsu, K., Wang, D., Shen, C. Y., and Ching, C. H., Proc. natl. 
Sci. Coun. B. 17 (1993) 57. 

10 Welsh, C. H., Lien, D., Worthen, G. S., and Well, J. V., Am. 
Rev. resp. Dis. 138 (1988) 1106. 

11 Bertocchi, F., Proserpio, P., and Dejana, E., in: PTX and 
Luekocyte Function, p. 68. Eds G. Mandell and W. J. Novik. 
Somerville 1988. 

12 Till, G. O., Warren, J. S., and Gannon, D. E., in: PTX and 
Leukocyte Function, p. 124. Eds G. Mandell and W. J. Novik. 
Somerville 1988. 

13 Hsu, K., Wang, D., Shen, C. Y., and Chiang, C. H., J. 
Formosan reed. Ass. 9I (1992) 955. 

14 Brandford, M. M., Analyt. Biochem. 72 (1976) 748. 
15 Schneider, R. C., Zapol, W. M., and Carvalho, A. C., Am. 

Rev. resp. Dis. 122 (1980) 445. 
16 Orell, S. R., Acta. path. microbiol, scand. 79 (1971) 65. 

17 Hill, R. N., Shibel, E. M., and Spragg, R. G., Trans. Am. Soc. 
artif, internal Organs 2I (1975) 199. 

18 Heckman, H. B., Lonergan, E. A., Staunton, H. P. B., Dennis, 
R. C., and Shepro, D., Surgery 83 (1978) 277. 

19 King, E. G., Weilly, H. S., Genton, E., and Ashbaugh, D. G., 
Surgery 69 (1971) 533. 

20 Spragg, R. G., Abraham, J. L., and Loomis, W. H., Am. Rev. 
resp. Dis. 126 (1982) 553. 

21 Almquist, P., Kucnzig, M., and Schwatz, S. I., J. Trauma 23 
(1983) 405. 

22 Heffner, J. E., Sahn, S. A., and Repine, J. E., Am. Rev. resp. 
Dis. 135 (1987) 482. 

23 Wang, D., Chou, C. L., Hsu, K., and Chen, H. I., J. appl. 
Physiol. 70 (1991) 2417. 

24 Graham, F. L., and Van Der Eb, A. J., Virology 52 (1973) 
456. 

25 Hoffman, H., Hatherill. J. R., Crowley, J., Harada, H., Yone- 
maru, M., Zheng, H., Ishizaka, A., and Raffin, T. A., Am. 
Rev. resp. Dis. 143 (1991) 289. 

26 Harada, H., Ishizaka, A., Yonemaru, M., Mallick, A. A., 
Hatherill, J. R., Zheng, H., Lilly, C. M., O'Hanley, P. T., and 
Raffin, T. A., Am. Rev. resp. Dis. 140 (1989) 974. 

27 McDonald, R. J., Am. Rev. resp. Dis. 144 (1991) 347. 
28 Yonemaru, M., Hatherill, Y. R., Hoffmann, H., Zheng, H., 

Ishii, K., and RaMn, T. A., J. appl. Physiol. 71 (1991) 342. 
29 Sato, K., Stelzner, T. J., O'Brien, R. F., Wesil, J. V., and 

Weilsh, C. H., Am J. resp. Cell molec. Biol. 4 (1991) 219. 
30 Farber, H. W., Fairman, R. P., Millan, J. E., Rounds, S., and 

Glauser, F. L. Am. J. resp. Cell molec. Biol. ! (1989) 27. 

EXPERIMENTAL WORLD 

News items and opinions from the sphere of the life 
sciences are reported in EXPERIMENTAL WORLD under 
the headings Science Policy, Research, Personalia/Prizes, 
Scene and Correspondence. All contributions are wel- 
comed and should be sent directly to: Dr. M. J. Pamham, 
Von Guericke Allee 4, D-53125 Bonn, Germany. 
Tel. +49 (0)228 25 91 29, Fax +49 (0)228 25 66 63. 


