
Introduction

Radiation pneumonitis (RP) is defined as an exudative
inflammation which occurs as a result of ionizing radiation
(3) and it is considered as an alveolitis resulting from the
damage of the pneumocytes and endothelial cells (10). This
condition is termed Adult Respiratory Distress Syndrome
(ARDS) or Diffuse Alveolar Damage (DAD; 11). RP usu-
ally starts from 2 to 6 months after irradiation of the lungs
with a single dose of 7 Gy and higher (1). It involves the
changes in the irradiated areas only (22).

The main histologic features of RP are interstitial ede-
ma and the presence of inflammatory cells in irradiated tis-
sue. Interstitial lung edema intensity can be determined by
alveolar septal thickness measurement (17). In early time
interval, 3 weeks after a whole-thorax irradiation, increased
vascular permeability with slightly thickened alveolar septa
in irradiated lungs was described (3,10,19). Mechanisms
of this phenomenon are still unclear and there exist sug-

gestion that increased pulmonary vascular permeability
may be caused by endothelial cell damage (10) or alveolar
cells alteration (12).

Pentoxifylline (PTX) ameliorates radiation-induced hi-
stological changes in irradiated lungs during RP manifesta-
tion (18). In clinical practice, PTX is used mainly as
a vasodilatator. Funk et al. (6) observed in vitro influence
of cytokine production after the addition of PTX alone and
PTX in combination with DXM in their experiments with
human peripheral mononuclear cells, which were stimula-
ted by phytohemaglutinin. These results suggest that PTX
inhibits the production of TNF-α, IL-2, and IFN-γ, known
as proinflammatory cytokines. The proinflammatory cyto-
kines and adhesion molecules inhibition due to PTX thera-
py confirmed Silva et al. (21), Noel et al. (16), and Koo et
al. (15).

In this study we sought a determined the relationship
between markers as type II pneumocytes number detected
by cytokeratin 18 (CK 18) (25) and alveolar septal thick-
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ness as morphological indicator of interstitial edema du-
ring early time intervals, due to increased vascular permea-
bility. We also investigated the effect of pentoxifylline
administered from day 1 to day 84 (12 weeks) after irradi-
ation on alveolar septal thickness and type II pneumocytes
number.

Material and Methods

Male Wistar rats (Konarovice, Czech Republic) aged
8-12 weeks weighing 150-200 g were exposed to local tho-
racic irradiation using a 60Co unit (Chisotron Chirana) at
a dose rate of 1.0 Gy/min, target distance 1 m. The animals
were slightly anaesthetised before irradiation using a mix-
ture of one volume of Rometar (Spofa, Prague), 3 volumes
of Narkamon (Léčiva, Prague) and 12 volumes of physio-
logical saline. This solution was injected intramuscularly at
a dose of 10 ml/kg. Local thoracic irradiation was perfor-
med in a jig in which a 10 cm thick layer of lead reduced
the dose to other parts of the body to around 2-3% of the
lung dose (26).

Three groups of rats were used: Group S was given phy-
siological saline only. Group PTX 35 was given pentoxi-
phylline (Pentilin, Krka, 100 mg/5 ml ampules) diluted
with physiological saline and administered at a dose of
35 mg/kg. Group C involved sham-irradiated controls.

PTX and saline were injected subcutaneously twice
a week; each of these three groups included 7 subgroups
with a total of 42 rats irradiated with 15 Gy and treated at
1, 2, 3, 4, 5, 8, and 12 weeks after irradiation. This radiati-
on dose resulted in significant pneumonitis and fibrosis but
no mortality up to 30 weeks (26), whereas 16 Gy resulted
in over 50% mortality 6 weeks after irradiation. The first
drug administration was given 2 h after irradiation and the
last at two days before the animals were sacrificed.

Histological Examination
Rats were killed by cervical dislocation and lung histo-

logy examined at 1, 2, 3, 4, 5, 8 and 12 weeks after irradia-
tion; controls were killed at 12 weeks. Marker levels
measured in 6 control rats were used as reference values.
During dissection, the lungs were carefully fixed per trache-
am with 10% neutral buffered formalin, embedded into pa-
raffin and 1 µm thick tissue sections were cut, stained with
haematoxylin-eosin for alveolar septal thickness measure-
ment, for chloroacetate esterase to detect neutrophil granu-
locytes and Gram’s staining was used for bacterial
infection.

Immunohistochemical examination of CK 18 was per-
formed with a standardized immunoperoxidase technique.
After blocking of endogenous peroxidase activity for
20 min, tissue sections were incubated with monoclonal
antibody recognising cytokeratin 18 (clone C-04, Exbio,
Prague, Czech Republic; 25) diluted 1:5 in phosphate-buf-
fered saline (PBS, pH 7.2) for 1 h, and then washed three
times in PBS. Slides were then incubated with a biotinyla-

ted anti-mouse antibody (Biogenex, Prague, Czech Repub-
lic) for 45 minutes. Subsequently, slides were incubated
with streptavidin horseradish peroxidase (Biogenex,
Prague, Czech Republic) under the same conditions as with
the secondary antibody. Excess antibody was washed off
with PBS. Finally, 0.05% 3,3-diaminobenzidine tetrahydro-
chloride chromogen solution (Sigma, Prague, Czech
Republic) in PBS containing 0.02% hydrogen peroxide was
added for 10 min to visualise the antigen-antibody complex
in situ.

Measurement of alveolar septal thickness, type II
pneumocytes number, and neutrophils number

Slides stained with anti-cytokeratin 18 for type II pneu-
mocytes and haematoxylin-eosin were evaluated using an
IMT-2 light microscope (Olympus Company, Prague) and
computer image analysis (Image Pro, Media Cybernetics,
MD, USA). Ten randomly selected viewing fields from
each sample stained with anti-cytokeratin 18 with a size of
10,744.32 µm2 were evaluated in each slide at original mag-
nification x 600. Only whole-imaged alveoli were counted
in each field; areas containing partially-imaged alveoli,
bronchi and large vessels were excluded from analysis.
Cells immunoreactive for cytokeratine 18 (CK 18+) in
counted alveoli were detected in the range red 104-170,
green 108-152, and blue 108-140, where 0 is black colour
and 256 is white colour.

For alveolar septal thickness measurement 6 randomly
selected viewing fields of the same size and magnification
were evaluated in each slide. In each viewing field 10 ran-
domly selected alveolar septa were measured in the narro-
west point of their length (17).

In each slide stained for chloroacetate esterase, neu-
trophils were identified using the Amplival light microsco-
pe (Carl Zeiss, Jena). Fifteen viewing fields were examined
at original magnification x 640 (282,743.3 µm2 per field;
18).

Data Processing
The Mann-Whitney test was used for statistical analysis

giving mean ± 2 x S.E.M. The correlation coefficient bet-
ween alveolar septal thickness and CK 18+ cells values was
determined.

Results

In Group S, 3 animals died, 2 at 4 weeks and 1 at 12 we-
eks after irradiation. One rat from the PTX-administered
group died at 12 weeks after irradiation. No infectious
agents were found.

The alveolar septal thickness measurement
Significantly lower values of Group C compared with

Group S were measured within each time interval except
week 2 and week 5 after irradiation. In Group PTX 35 com-
pared with Group C, significantly higher values were seen
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at week 1, and since week 3, significantly lower values were
measured 2 weeks after irradiation. The lower values in
Group PTX 35 than in Group S were observed 3 weeks
after irradiation.

Pneumocytes type II measurement
Significantly lower values of CK 18+ cells on alveoli

counted in Group C compared with Group S were measu-
red 3 and 12 weeks after irradiation. In the Group PTX 35
compared with Group C and S, no significant differences
were found.

Correlation between type II pneumocytes number and
alveolar septal thickness values was counted with coeffici-
ent r = - 0,759.

The number of neutrophil granulocytes
From week 5 after irradiation to the end of the experi-

ment significantly higher number of neutrophils was found
in Group S than in Group C. The extravasation of neutro-
phils in the lungs of PTX-treated rats was delayed, higher
neutrophil number was observed since week 8 after irradia-
tion, significantly lower than in Group S.
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1 week 2 weeks 3 weeks 4 weeks 5 weeks 8 weeks 12 weeks
Group S 6,75±4,79 5,62±2,90 2,71±2,693 5,91±1,56 8,02±2,21 5,98±3,55 4,59±2,042

Group PTX 35 11,37±2,98 10,10±4,78 5,47±1,60 6,96±1,76 7,40±1,96 7,70±2,39 5,91±2,10
Group C 9,31±3,59

Probability of values difference to Group C: p<0,05 - 1; p<0,01 - 2; p<0,001 - 3.
Probability of values difference between Group S and Group PTX 35 in the same time interval: p<0,05 - a; p<0,01 – b;
p<0,001 - c.

Tab. 1: Average number of CK 18+ cells per alveolus in percents ± 2 x SEM.

1 week 2 weeks 3 weeks 4 weeks 5 weeks 8 weeks 12 weeks
Group S 4,84±0,203 4,19±0,19 6,39±0,293 5,38±0,293 4,58±0,22 5,59±0,293 5,54±0,273

Group PTX 35 4,77±0,183 4,08±0,191 5,39±0,293c 5,20±0,263 4,76±0,203 5,18±0,263 5,21±0,233

Group C 4,37±0,21

Probability of values difference to Group C: p<0,05 - 1; p<0,01 - 2; p<0,001 - 3.
Probability of values difference between Group S and Group PTX 35 in the same time interval: p<0,05 - a; p<0,01 – b;
p<0,001 - c.

Tab. 2: Average alveolar septal thickness ± 2 x SEM.

1 week 2 weeks 3 weeks 4 weeks 5 weeks 8 weeks 12 weeks
Group S 0,09±0,05 0,07±0,04 0,11±0,07 0,07±0,07 1,24±0,341 4,80±0,603 5,95±0,563

Group PTX 35 0,11±0,06 0,21±0,07 0,10±0,06 0,08±0,04 0,16±0,06a 1,96±0,273b 3,41±0,453c

Group C 0,46±0,11

Probability of values difference to Group C: p<0,05 - 1; p<0,01 - 2; p<0,001 - 3.
Probability of values difference between Group S and Group PTX 35 in the same time interval: p<0,05 - a; p<0,01 – b;
p<0,001 - c.

Tab. 3: Average neutrophils number in the lungs ± 2 x S.E.M.

Fig. 1: Correlation between lung alveolar septal thickness
and II type pneumocytes number per alveolus in percents
in the lungs after a15 Gy-γ-irradiation.



Discussion

The type II pneumocytes are still believed to represent
pneumocytar stem cells, which have ability to proliferate
into a new type II pneumocytes as well as differentiate in
type I pneumocytes (11). In rat lungs these cells cover app-
roximately 3.6% while I type pneumocytes cover 96.4% of
the whole alveolar surface (23). Hurley (12) suggested that
type I pneumocytes check the penetration of fluid through
alveolar septa rather than endothelial cells. This proves an
important role of alteration of pneumocytic population ki-
netics in DAD by various agents including radiation. In our
results we confirmed radiation-induced decrease of type II
pneumocytes number 3 weeks after sublethal irradiation. It
is not still clear whether increased vascular permeability
may induce pneumocytes depletion or whether pneumocy-
tes depletion may cause increased vascular permeability.

The main effect of PTX to immune reactions is to de-
crease the production of TNF-α (6,14) at the TNF-α pro-
tein as well as its mRNA level (2). Although Ward et al.
(27) reported that PTX had only small beneficial effect on
radiation-induced lung injury in rats as indicated by lung
wet weight and protein content. Many other indicators of
radiation-induced lung damage such as hydroxyproline con-
tent, activity of lung angiotensin converting enzyme and
plasminogen activator (27), as well as the presence of in-
terstitial edema and neutrophils (18) were positively influ-
enced by pentoxifylline applications. The reduced alveolar
septal thickness due to PTX therapy may be in relationship
with TNF-α inhibition which can provoke pulmonary vas-
cular endothelial injury in vitro as well as in vivo (9). PTX-
induced overproduction of cAMP (2) and consequently
ATP (7) may play a synergic role in potentiating surfactant
secretion (8).

On the basis of our results we may hypothesize:
1. The depletion of type II pneumocytes correlates with

higher alveolar septal thickness probably due to insuffi-
cient proliferation of new type II pneumocytes respon-
sible for generation of number type I pneumocytes,
which are co-responsible for the integrity of alveolar-ca-
pillary wall.

2. Pneumocytes depletion does not represent the only
mechanism of higher pulmonary vascular permeability
development. Other mechanisms including TNF-α-indu-
ced damage of endothelial cells due to radiation may be
involved.

3. The possible prophylactic therapy of increased pulmo-
nary vascular permeability and subsequent interstitial
lung edema could be found in the combination stimula-
tion of type II pneumocytes proliferation with type
I pneumocytes differentiation and inhibition of radiati-
on-induced proinflammatory cytokines.
Rapid type II pneumocytes proliferation was found

after the administration of keratinocyte growth factor
(KGF; 24). On other hand, KGF therapy does not yield
a long-term effect. Fehrenbach et al. (4) observed that new-

ly generated type II pneumocytes differentiated into type
I pneumocytes until day 7 after KGF intratracheal instilla-
tion application. Considering treatment of radiation-indu-
ced pulmonary vascular permeability, repeated applications
would be required. Moreover, such therapy should be initi-
ated already during the first week after irradiation to repla-
ce pool of apoptotic pneumocytes (5) by newly generated II
type pneumocytes.

TNF-α and IL-1 (activators of proinflammatory cytoki-
ne cascade) were found in irradiated lungs (13,20). Inhi-
bitors of TNF-α (PTX) and of IL-1 (DXM) in combination
administered, significantly ameliorate histopathological
changes in rat lungs during RP manifestation (18). More-
over, their effects are only partial.

Further investigation of radiation-induced alterations of
pneumocytes and possible therapy will be the matter of our
future work.

Conclusion

We suggest that pneumocytes depletion is the main fac-
tor responsible for increased alveolo-capillary permeability.
Non-significant effect of the pentoxifylline therapy to type
II pneumocytes depletion may indicate that pneumocytes
depletion is not the only mechanism increasing vascular
permeability. Other mechanisms probably involve the acti-
on of proinflammatory cytokines, such as TNF-α.
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