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Accumulation of hyaluronan in bronchoalveolar lavage fluid 
is independent of iron-, complement- and granulocyte-depletion 

in bleomycin-induced alveolitis in the rat 

0 . Nettelbladt*, K. Lundberg***, A. Tengblad***, R. Hallgren** 

AccumulaJion of hya/uroTUJ.n in bronchoalveolar lavage fluid is independenJ of 
iron-, complemenl- and granulocyte-depletion in bleomycin-induced alveolitis 
ir1 the raJ. 0 . Nettelbladt, K. Lundberg, A. Tengblad, R. Hiillgren. 
ABSTRACT: Previous studies on bleomycin-Induced alveolltls In rats have 
demonstrated a transient histological accumulation of byaluronan 
(hyaluronate or hyaluronic acid) In the a lveolar Interstitium, 
corresponding to Increases In byaluronan (HA) levels In bronchoalveolar 
lavage (BAL) nuld and lung tissue extracts. The accumulation or RA was 
related to the Influx or Inflammatory cells, especlaUy polymorphonucleated 
cells (PMNs) In BAL fluid and the Increase In lung water. In this s tudy we 
have Investigated the Influence or Iron, complement and PMN dependent 
mechanisms on the early connective response or the lung In the bleomydn 
rat model. Iron depletion bad no effect on HA or the ceUular composition 
of lavage nu.ld recovered on day 4 post bleomycin. Treatment of bleomy
cin-Injured rats with cobra venom factor (CVF), totally neutrall7.ed 
complement haemolytic activity but bad no effect on lavage HA or the cell 
Invasion In BAL. Treatment with anti-neutrophil serum (ANS), reduced 
blood and lavage PMN by 70-80%, but bad no Influence on HA levels In 
BAL. These results suggest that regulatory mechanisms other than those 
dependent on Iron, complement activation or PMN recruitment are re· 
sponslble for HA accumulation In this flb roslog alveolltls animal model. 
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Clinical observations have established that hyaluronan 
(hyaluronate or hyaluronic acid by older nomenclature) 
(HA) appears in bronchoalveolar lavage fluid (BALF) 
from patients with various inflammatory interstitial lung 
diseases [1- 5). A link between the lavage recovery of 
hyaluronan and disease activity [1, 2, 5] and possibly 
also prognosis [5) has been proposed. The correlation 
between increased lavage concentrations of HA and the 
appearance of increased numbers of inOammatory cells 
in BAL has suggested lhat inflammatory mechanisms 
stimulate lung tissue cells to an enhanced HA synthesis 
[2, 3, 5]. HA is an important component of connective 
tissue and may be of importance not only for cell 
differentiation during embryonic development [6, 7] but 
also for tissue repair [8). 

Studies on bleomycin-induced alveolitis have 
demonstrated that HA accumulates in the oedematous 
~lveolar septa at an early stage [9). A single intratracheal 
instillation of bleomycin induces a progressive increase 
of HA in the lung tissue [10] and a concomitant increase 
in BALF [11). The maximum HA increase is seen 4-7 

days after bleomycin administration whereafter the HA 
levels decline [9-11]. Since the kinetics of HA 
accumulation parallels the inflammatory phase in this 
model, including an influx of polymorphonucleated cells 
(PMNs) in BALF [11]. it is proposed that HA 
accumulation is a consequence of the bleomycin-induced 
inflammatory reaction. In vitro studies have also 
demonstrated lhat various inflammatory mediators are 
capable of stimula ting fibroblaslS to synthesise HA 
[12-14). Other studies on the bleomycin model have 
shown that the increased collagen deposition is iron 
dependent and could be reduced by either iron 
deficiency [15) or desferroxamine treatment [16). In the 
same model, complement depletion reduces both 
collagen deposition [17] and synthesis [18), whereas neu
uophil-depleted animals develop a more severe fibrotic 
lesion [1 7) with increased rate of collagen synthesis [19]. 
The purpose of this study was to establish whether or not 
corresponding manipulations, in the same model, also 
influence the early connective tissue response of the lung 
as reflected by the appearance of HA in BALF. 
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Material and methods 

Animals 

Adult male Sprague-Dawley inbred rats (ALAB, 
Sollentuna, Sweden) weighing 190-205 g at the time of 
tracheosiOmy were used in this study. All rats were kept 
in separate cages and food and water provided ad 
libitum. Animals were sacrificed by aortic 
exsanguination under chloralhydrate anaesthesia. 

Induction of bleomycin-induced pulmonary injury 

TracheosiOmies were performed on all animals to 
facilitate the in1ra1racheal injection of 1.5 mg bleomycin 
sulphate (Lundbcck, Copenhagen, Denmark). in 0.3 ml 
sterile saline under chloralhydrate anaesthesia. All rats 
received 10 mg sodium cefuroxim (Glaxo, Greenford, 
Middlesex, England) inlraperitoneally immediately 
before and 1 day after lracheosLOmy in order to minimize 
the risk of bacterial infections. Sham treated conlrol 
animals received 0.3 ml of sterile saline intratracheally 
in the same manner as the bleomycin treated rats. 

Iron depletion 

Iron deficiency was produced according to the 
techniques used by CHANDLER et al. in hamsters [15] 
with s light modifications. Rats (initial weight 80 g) were 
kept on a iron deficient diet (<15 mg iron·kg·1 obtained 
from Ewos AB, J1lma, Sweden) for 3 wks and bled twice 
from the retro-orbital venous sinus during a 2wk period 
(1.5 ml per bleeding). No bleeding or other operations 
were performed the week before bleomycin 
administration. Microhacmatocrits were determined 
before the experiment, at each bleeding and when the 
rats were sacrificed. Serum iron was analysed at the time 
of sacrifice. 

Complement depletion 

Cobra venom faciOr (CVF) from Naja naja luwutia 
was prepared as described by EGGERSTSEN et al. [20]. 
Approximately 50 units of CVF (180 J,Lg) was given as 
a single intravenous injection, 2 h prior to bleomycin 
administration. The total complement haemolytic 
activity (CHSO) [21], was measured on blood collected 
immediately before the administration of CVF (-2 h), at 
the time for bleomycin adminislration (0 h) and at 
sacrifice on day 4. 

PMN depletion 

Rabbit anti-rat neulrophil scrum (ANS) was prepared 
as described by SANDLER et al. [22], according to the 
principles oullined by SJMPSON and Ross [23, 24]. In 

short, rabbits were injected with rat neutroph.ils 
every eight weeks and blood was collected twiCe 
between each booster dose, whereafter sera from 
different rabbits were pooled. The ANS obtained 
was pr ecipitated three times with NH4 S0 4 

and repeatedly dialyzed against saline. The ANS 
was not absorbed with red cells, serum or lymphocytes 
as this procedure has been shown to reduce anti
neulrophil activity as much as anti-lymphocyte activity 
[22]. 

Rats were given 0.2 ml·100 g·1 body weight (BW) 
of ANS intraperiiOneally 12 h prior to bleomycin 
administration and 0, 24 and 48 h after bleomycin. 
The numbers of c irc ulating leucocytes, 
polymorphonucleated cells (PMNs) and mononucleated 
cells (MNs) were counted in a Biirker chamber 
(Tiirks staining), before each injection and at death. 

Experimental design 

The animals were divided into 10 groups (tables 1 and 
2). Bleomycin-injured rats and sham treated controls were 
investigated 3 and 4 days after a single intratracheal 
instillation of bleomycin and saline, respectively. 
Previous studies have established that the maximum HA 
response of the lung injured by bleomycin occurs on 
days 3-5. The effect of iron-depletion and treatment with 
cobra venom factor was studied in bleomycin and sham 
lreated animals on day 4. The effect of treatment with 
antineutrophil serum was studied in bleomycin and sham 
treated rats on day 3 in order to avoid immune reactions 
to ANS, which started to appear on day 4 in our 
preliminary studies. 

Bronchoalveolar lavage 

BAL was performed as described prev iously 
(11, 25]. Immediately after death, the lungs were 
perfused by inlratrachcal infusion of 5 aliquots each of 
5 ml phosphate-buffered saline (PBS) under gravity 
at a hydrostatic pressure of 25 cm. After 3 
m in the fluid was recovered by gravity. The 
recovery was on average 21.2±0.3 (sEM) ml (84.8±1 %). 
The lavage fluid was centrifuged at 400 g for 10 
min. The supematant was kept frozen at -20°C until 
analysed. 

Lavage cell analysis 

The cell pellet was resuspended in 1 ml PBS 
and counted after staining in a BUrker chamber and total 
cells were counted. After another washing in PBS 
the cell suspension was adjusted to a concentration of 
1()6 cells·ml·'. Preparations for cytologic studies were 
made in a cytocentrifuge (CyiOspin Shandon, Southern 
Products Ltd, Runcom, England) at 750 rpm and were 
stained with May-GrUnwald-Giemsa before differential 
counting. 
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Table 1.- The effects of iron deficiency and complement depletion (cobra venom factor CVF treatment) on different 
BAL variables" 4 days after an intratracheal injection of bleomycin in rats. Control rats were given only NaCI 
intratracheally. 

Group n HA Urea Total cells Macrophages Eosinophils Neutrophils Lyrnphocytes 
~g·/· t mmoH·' xl06·lavage·1 x106·lavage· ' x106·lavage·1 x106·1avage·1 x106·lavage·l 

(%) (%) (%) (%) 

Bleomycin 11 277±52. 0.50±0.05 3.1±0.4"" 0.40±0.1" 0.57±0.1" 1.3±0.2··· 0.86±0.1··· 
(14±2) (16±3) (41±3) (29±2) 

Bleomycin 15 228±4o·· 0.55±0.1 2.8±0.3··· 0.44±0.1" 0.39±0.1. 0.92±0.t••• 1.1±0.t••• 
iron-deplete (16±2) (12±2) (33±2) (38±2) 
Bleomycin+ 10 216±57" 0.38±0.05 2.8±0.4 •• 0.28±0.04··· 0.60±0.2" 0.85±tt:·· 0.98±2··· 
CVF (11±2) (18±4) (34±3) (36±3) 
NaCl 3 5±2 0.40±0.2 0.8±0.1 0.8±0.1 0 0.01±0.01 0.02±0.02 

(98±2) (1±1) (2±2) 
NaCl 3 5±0.5 0.23±0.1 0.8±0.2 0.8±0.1 0 0.01±0.01 0.04±0.02 
iron-deplete (94±3) (1±1) (5±2) 
NaCl+ 3 7±1 0.3±0 0.8±0.2 0.8±0.2 0 0 0.02±0.01 
CVF (98±1) (2±1) 

":means±sl!M; •: p<0.05; ·•: p<O.Ol; •••: p<O.OOl compared to sham treated controls; t: p<0.05 compared to rats receiving only 
bleomycin; HA: hyaluronan. 

Table 2.- The effects of neutrophil-depletion by treatment with antineutrophil serum (ANS) on different BAL variables" 
3 days after an intratracheal injection of bleomycin in rats. 

Group D HA Urea Total cells Macrophages Eosinophils Neutrophils Lymphocytes 
~g·l'' mmoH1 x106·lavage·1 xl <JS-lavage· ' x106·1avage·1 x1 06·lavage·1 xl<JS·lavage· ' 

(%) (%) (%) (%) 

Bleomycin 10 136±27 •• 0.51±0.07" 3.0±0.5"" 0.26±0.04··· 0.20±0.06" 1.2±0.2··· 1.4±0.2··· 
(9±1) (6±1) (39±3) (46±3) 

Bleomycin+ 10 135±35. 0.50±0.07. 1.2±0.1tt 0.20±0.03··· 0.026±0.04 • ., 0.35±0.04•0ft 0.7±0.06""-tt 
ANS (16±1) (2±0.4) (28±1) (54±1) 
NaCl 3 12.7±1 0.27±0.03 0.8±0.1 0.8±0.1 0 0 0.01±0.01 

(99±1) (1±1) 
NaCI+ 3 9.1±0.1 0.30±0.06 1.1±0.2 1.0±0.2 0 0.02±0.01 0.04±0.01 
ANS (95±2) (2±1) (3±1) 

Differential cell counts given both as total and relative (%)numbers. Control rats were given only NaCl intratracheally. ": means±si!M; 
•: p<0.05; ••: p<0.01; •••: p<0.001 compared to sham treated controls; t: p<0.05; tt: p<0.01 compared to rats receiving only bleomy
cin; HA: hyaluronan. 

Determination of HA 

HA was analysed in duplicate in lavage Ouid and serum 
according to Lhe principles outlined previously [26] 
using a slightly modified technique [1 1, 25), developed 
by Pharmacia Diagnostics, Uppsala, Sweden. 

Statistical analysis 

A two-tailed unpaired t-t.est was used to analyse Lhe 
data. A value of p<0.05 was considered significant. 

Results 

The BALF levels of HA in all sham treated control 
animals were equal to or below the detection limit (5 

J.Lg·l·'). Iron depletion or treatment with cobra venom 
factor or ANS had no influence on the lavage recovery 
of HA in controls (tables 1 and 2). In bleomycin-injured 
animals (without additional treatment), lavage HA 
values were 25- 30 times higher than those in Lhe 
sham-treated rats on day 3 (p<O.OOl) and reached even 
higher levels on day 4 (tables 1 and 2). 

The total recovery of cells increased significantly after 
bleomycin treatment (tables 1 and 2). BAL fluid from 
Lhe sham treated controls consisted mainly of alveolar 
macro phages (93-98% ). Less than 1% of the cells were 
neutrophils or eosinophils. The distribution of lavage 
cells in Lhe controls was not influenced by iron, 
complement or granulocyte depletion. After bleomycin 
treatment, the relative numbers of macrophages decreased 
whereas a marked increase in the numbers of 
neutrophils, eosinophils and lymphocytes was seen 
(tables 1 and 2). 
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The effect of iron depletion on bleomycin-injured lung 

The haematocrit of the sham-treated controls was 
38±0.5 (SEM)% and in bleomycin treated controls was 
45±1 %. The corresponding values in iron-depleted, sham 
treated controls and bleomycin-injured rats were 19±0.9% 
and 29±1 %, respectively. Serum iron was 42.5±2.4 (sEM) 
J.LmoJ.l· ' in untreated controls (n=3) and 31.9±2 
J.LmoJ.I· ' in rats receiving only bleomycin. In iron 
depleted rats given saline (n=3) or bleomycin (n=15) 
intratracheally, serum iron was significantly reduced to 
6.2± 1 (p<0.001) and 5.9±4 J.Lmol·l · 1 (p<0.001) 
respectively. 

The bleomycin-induced increase in the HA 
concentrations in BAL fluid was not influenced by iron 
depletion (table 1 ) . The recovery of cells by lavage was 
not influenced by iron deficiency (table 1 ). 
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Fig. I. - The concentration of hyaluronan (unfilled, mean±ssM) and 
absolute numbers of eosinophils (black), neutrophil$ (grey) and 
lymphocytes (cross hatching) in BAL fluid from rats investigated 3 
days after a single intratracheal instillation of bleomycin. The fust 
(left) group (n=IO) received only bleomycin, the second group (n= IO) 
was also treated with anti-neutrophil serum (ANS). Significant 
differences between the groups are marked; *: p<O.OS, **: p<O.Ol. 

The effect of cobra venom factor on bleomycin-injured 
lung 

The total haemolytic activity of the blood (CH50) in 
the sham-treated controls was 124±5 U. Bleomycin 
injury induced a slight increase in CH50 (151±17 U). 
Cobra venom factor given to sham or bleomycin treated 
animals reduced their CH50 to 0 U at measurements 
perfonned after 2 h and 4 days after the administration. 
Treatment with cobra venom factor had no influence on 
the recovery of HA from bleomycin-injured lungs. The 
recovery of cells by lavage was not affected except for 
a minor decrease in neutrophil numbers (table 1). 

The effect of ANS on bleomycin-injured lung 

Treatment with ANS initially induced (12 h after the 
first injection) a 95% reduction in the circulating PMN 
counts. On the following days the PMNs started to 
increase and by day 3 were, on average, 25% of the 
control values. For the whole observation period during 
ueatment with ANS (days 0-3), the average PMN coWtts 
were 0.32±0.05 per cell (17% of the control value). 
Blood mononuclear leucocytes were also slightly reduced 
by ANS and were 88% of the control values by day 3. 
ANS induced a significant reduction (p<O.Ol) in the 
recovery of total cells in bleomycin-injured lung. The 
numbers of neutrophils and eosinopbils were reduced by 
71 (p<0.01) and 87% (p<0.05), respectively (table 2, 
fig. 1). A reduction in recovered lymphocytes was also 
seen. However, ANS treatment did not affect HA levels 
in BAL (table 2, fig. 1). 

Lavage urea levels were increased from 0.2-0.3 
mmoH1 in the control groups to 0.38-0.55 in the groups 
that received bleomycin (tables 1 and 2). The difference 
between the relative increases in lavage HA and urea 
thereby excludes plasma leakage as a main source of 
lavage HA. 

Discussion 

Bleomycin-induced lung damage in the rat offers a 
model of acute alveolitis accomplished by interstitial 
oedema and a repair phase with fibrosis [27, 28]. This 
model shows similarities with the development of fibrotic 
lesions in humans. Therefore, the pathophysiological 
mechanisms regulating the connective tissue response 
a fter bleomycin injury have been extensively studied. 
The majority of studies have focused on the deposition 
of collagen in the lung, whi le the early remodelling of 
the extracellular matrix in injured lung has been less 
studied. However, recently we reported the early accu
mulation of HA in the alveolar interstitial tissue [9] after 
bleomycin injury and described the kinetics of the sig
nificant, but transient, appearance of HA in lung tissue 
extracts [10] and lavage fluid [11). In an earlier paper we 
have proposed that the observed accumulation of HA, a 
glycosaminoglycan with unique water-binding capacity, 
is related to the interstitial and alveolar oedema during 
the acute alveolitis phase of the bleomycin-induced lung 
damage [10]. In this study we have elucidated the 
influence of certain inflammatory mechanisms on the early 
connective tissue response of the bleomycin-injured rat 
lung. 

it has been proposed tha t bleomycin-induced 
pulmonary fibrosis is dependent on peroxidation of lung 
tissue by iron-dependent hydroxyl radicals [29]. In our 
study we found that severe iron depletion had no effect 
on the bleomycin-induced accumulation of HA in the 
alveolar space. In contrast, CHANDLER et al. have shown 
that mild depletion of iron [15] or treatment with the 
iron-chelator desferroxamine [16] induced a reduction in 
collagen accumulation in bleomycin-injured lWtgs of the 
hamster. They also reported, in accordance with our 
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findings, that iron depletion did not prevent the invasion 
of inOammatory cells in t11e BAL Ouid. These aulhors 
suggest that the effect of iron-depletion on lung collagen 
may be due to a reduction in the production of free 
radicals. lf so, the results available indicate that the 
early connective tissue response of the lung as reflected 
by byaluronan accumulation is independem of radical 
formation unlike the later collagen response. However, 
iron deficiency may alter collagen metabolism by 
mechanisms other than those mediated by free radicals. 
Iron is a cofactor essential for the prolyl hydrolase [30] 
and iron depletion might !hus result in insufficient 
hydroxylation of collagen with subsequent instability. of 
the triple helical structure [31] and decreased net 
production of collagen [32]. Furthermore, lymphocyte 
depletion affects collagen accumulation in the bleomycin 
model [33]. The proliferation of lymphocytes could be 
regulated by iron in vitro [34] and inhibited by hydroxyl 
radical scavengers [35]. 

The complement system may be involved in many 
inf1ammatory processes both as a mediator of the 
inflammatory process and by direct cytolytic activity. 
In the bleomycin model, activated complement 
components may be of importance in recruiting e.g. 
granulocytes and macrophages to the in[Jammatory site 
in the lung. Certain complement components are also 
reported to display an activity that resembles the action 
of the family of insulin-like growth factors [36]. Thus, 
activated complement components may directly or 
indirectly influence the connective tissue response. There 
is a paucity of information concerning the possible role 
of complement in human interstitial fibrosis. However, 
in adult respiratory distress disease the activation of 
complement is a prominent finding [37]. Furthermore, 
the degree of complement activation in tllis disease 
correlates with the increased HA levels in BAL fluid [4). 
In the present bleomycin model, complement depletion 
by cobra venom factor had no effect on the HA 
accumulation in the alveolar space. In contrast, it was 
repon ed earlier that complement-depletion in 
bleomycin-injured animals transiently reduced the 
deposition of collagen [17), possibly by reducing 
collagen synthesis [18]. Furthermore, in our study, 
complement depletion had no effect on the lavage 
recovery of inflammatory cells suggesting that tlle 
recruitment of these cells in the initial inflammatory 
process as well as the early connective tissue response 
are complement independent in the bleomycin model. 
However, in this context the possibility that active 
complement components may in fact be generated by 
cobra venom factor has to be considered [38). 

Neutrophils appear in increasing numbers in the 
alveolar interstitial tissue and in BAL in both human 
idiopathic pulmonary fibrosis (IPF) [5, 39, 40] and in 
the bleomycin model [11, 17, 19). The neutrophils may 
damage the alveolar wall by releasing tissue-damaging 
substances, such as oxygen radicals [41, 42] and 
proteolytic enzymes [43). The appearance of increased 
numbers of eosinophils is also seen in lavage fluid in 
IPF [44--46) and may reflect progressive lung disease. 
The demonstration of eosinophil granular proteins in BAL 

Ouid [46] has provided further support for the 
involvement of eosinophils in IPF. Eosinophils may 
induce damage by releasing cytotoxic granular proteins 
and also induce fibroblast proliferation [46). We have 
previously observed in bleomycin treated rats a strong 
time-dependent correlation between the appearance of 
polymorphonuclear cells in BAL Quid and the increased 
recovery of HA during lavage [11). ln this study we 
observed a significant depletion of neutrophil as weU as 
eosinophil granulocytes by an antineutrophil serum. 
Nevertheless, the recovery of HA was unchanged. In the 
bleomycin model, TRRAU. et al. have demonstrated that 
PMN depletion induces a transient increase in the total 
lung collagen content [17) and CLARK and KUHN have 
extended this fmding by demonstrating that .PMN 
depletion increases the lung collagen syntllesis rate [19]. 
Thus, PMNs may regulate the fibrotic response by 
interference with collagen synthesis as well as by a 
possible reduction in PMN collagenase activity. 

Previous observations on the bleomycin rat model, have 
shown differences in the kinetics of the appearance of 
HA and collagen in the alveolar interstitial tissue [9-11, 
26, 27), as well as a disparity in the response to high 
dose steroids which decrease lung collagen [47] but not 
lung or lavage HA concentrations [48). In this study, 
further differences between mechanisms regulating the 
lung accumulation of HA and collagen have emerged. 
These findings are compatible with different regulatory 
mechanisms for the early and late connective tissue 
responses induced by bleomycin. Such a difference is 
also indicated by previous clinical observations, where 
the appearance of increased concentrations of HA or 
procollagen Ill aminopeptide, supposedly fibroblast 
products, in BAL fluid , seemed to reflect a transient 
fibrobla~t activation rather than an increased fibroblast 
mass [2, 48]. Thus, the early accumulation of HA in 
lavage fluid during the acute phase of the bleomycin 
injury may reflect a transient fibroblast activation, 
independent of later coUagen deposition, in the intersti
tium. This may explain why agents known to alter the 
cotlagen deposition in the lung have no effects on early 
fibroblast activity following acute injury. At present the 
mechanisms responsible for the HA accumulation in the 
alveolar tissue in the bleomycin model are unknown. 
Although the lack of effects of iron, complement or PMN 
depletion, as performed in this study, does not fully 
exclude the possibility that these principles are involved 
in the increase in BAL fluid HA seen after bleomycin 
injury, the results suggest that other regulatory 
mechanisms are operative. It is also conceivable that 
bleomycin itself induces lung cells to synthesize HA [49] 
whereas collagen synthesis is more dependent on the local 
inflammatory activity. 

Acknowledgements: The authors thank Dr G. Eggertsen, 
Stockholm, for supplying us with CVF and C. Lundberg, 
Uppsala, Sweden, for supplying us with ANS. The writers 
also wish to thank M. Tjemberg and G. Fredriksson for skilful 
technical assistance and G-M. Ekstrom for skilful 
secretarial work. 



770 0 . NEITELBLADT ET AL. 

References 

1. Hiillgren R, Eklund A. Engstrl.Sm-Laurent A, Schmekel B. 
- Hyaluronate in bronchoalveolar lavage fluid, a new marker 
in sarcoidosis reflecting pulmonary disease. Br Med J, 1985, 
290, 1778-1781. 
2. Bjermer L, Engstrl.Sm-Laurent A, Lundgren R, Rosenhall 
L, Hlillgren R. - Hyaluronic acid and procollagen m peptide 
in bronchoalveolar lavage fluid as indicators of lung disease 
activity in farmers lung. Br Med J, 1987, 295, 801-806. 
3. Bjermer L, Engstrl.Sm-Laurent A. Thunell M, HliUgren R. 
- Hyaluronic acid in bronchoalveolar lavage fluid in patients 
with sarcoidosis. The relationship to lavage mast cells. Thorax, 
1987, 42, 933-938. 
4. Hiillgren R, Samuelsson T, Laurent TC, Modig I . -
Accumulation of hyaluronan (hyaluronic acid) in the lung in 
adult respiratory distress syndrome. Am Rev Respir Dis, 1989, 
139, 682-687. 
5. Bjermer L, Lundgren R, Hiillgren R. - Hyaluronan and 
type Ill procollagen peptide concentrations in 
bronchoalveolar lavage fluid in idiopathic pulmonary fibrosis. 
Thorax, 1989, 44, 126-131. 
6. Stern CD. - Mini-review: hyaluronidases in 
early embryonic development. Cell Bioi lnJ Rep, 1984, 8, 
703-717. 
7. Toole BP. - Glycosarninoglycans in morphogenesis. In: 
Cellular Biology of Extracellular Matrix. E.D. Hay ed., New 
York, Plenum, 1981, pp. 251-294. 
8. Weigel PH, Fuller GM, LeBoef RD. - A model for the 
role of hyaluronic acid and fibrin in the early events during the 
inflammatory response and wound healing. J Theor Bioi, 1986, 
119, 219-234. 
9. Nettelbladt 0, Bergh J, Schenholm M, Tengblad A, 
Hlillgren R. - Accumulation of hyaluronic acid in the alveolar 
interstitial tissue in bleomycin-induced alveolitis. Am Rev Respir 
Dis, 1989, 139, 759-762. 
10. Nettelbladt 0, Tengblad A, Hilllgren R. - Accumulation 
of Hyaluronan (Hyaluronic Acid) in Lung Tissue during 
Experimental Alveolitis Parallels Development of Interstitial 
Edema. Am J Physiol: Lung Cellular Molecul, in press. 
11. Nettelbladt 0, Hlillgren R. - Hyaluronan (hyaluronic 
acid) in bronchoalveolar lavage fluid during the development 
of bleomycin-induced alveolitis in the rat. Am Rev Respir Dis, 
1989, 140, 1028-1032. 
12. Hamerman D, Wood DD. - Interleukin 1 enhances 
synovial cell hyaluronate synthesis. Proc Soc Exp Bioi Med, 
1984, 177, 205-210. 
13. Yaron M, Yaron I, Wiletzki Zor U. - Interrelationship 
between stimulation of prostaglandin E and hyaluronate 
production by poly (I) - poly (C) and interferon in synovial 
fibroblast culture. Arthr Rheum, 1978, 21, 694-698. 
14. Engstr()m-Laurent A, Feltelius N, Hlillgren R, Wasteson 
A. - Elevated serum hyaluronate in scleroderma. An effect of 
growth factor induced activation of connective tissue cells? 
Ann Rheum Dis, 1985, 44, 614-620. 
15. Chandler DB, Barton JC, Briggs m DD, Butler TW, 
Kennedy ll, Grizzle WE, Fulmer ID. - Effect of iron 
deficiency on bleomycin-induced lung fibrosis in the hamster. 
Am Rev Respir Dis, 1988, 137, 85-89. 
16. Chandler DB, Fulmer ID. - The effect of desferoxamine 
on bleomycin-induced lung fibrosis in the hamster. Am Rev 
Respir Dis, 1985, 131, 596-598. 
17. Thrall RS, Phan SH, McCorrnick JR, Ward PA. - The 
development of bleomycin-induced pulmonary fibrosis in 
neutrophil-depleted and complement-depleted rats. Am J 
Patho/, 1981, 105, 7~81. 
18. Phan SH, Thrall RS. - Inhibition of Bleomycin-induced 

pulmonary fibrosis by cobra venom factor. Am J Pathol, 1982, 
107, 25-28. 
19. Clark JG, Kuhn C. - Bleomycin-induced pulmonary 
fibrosis in hamsters: effect of neutrophil-depletion on lung 
collagen synthesis. Am Rev Respir Dis, 1982, 126, 737- 739 
20. Eggertsen G, Lind P, Sjoquist J. - Molecular 
characterization of the complement activating protein in the 
venom of the indian cobra (Naja naja). Molecullmmunol, 1981, 
18, 125-133. 
21. Kabat EA, Mayer MM. -Experimental immunochemis
try, 2nd edition. Springfield, m, Charles C Thomas 1967, pp. 
135-145. 
22. Sandler H, Hogstorp H, Lundberg C, Gerdin B. 
- Antiserum-induced neutropenia in the rat, characterization of 
a rabbit anti-rat neutrophil serum. Br J Exp Path, 1987, 68, 
71-80. 
23. Sirnpson DM, Ross R. - Effect of heterologous 
antineutrophil serum in guinea pigs. Am J Pathol, 1971, 65, 
79-95. 
24. Simpson DM, Ross R. - The neutrophilic leucocyte in 
wound repair. A study with antineutrophil serum. J Clin Invest, 
1972, 51, 2009-2023. 
25. Nettelb1adt 0, Tengblad A, Hlillgren R. -
High-dose corticosteroids during bleomycin-induced 
alveolitis in the rat do not suppress the accumulation of 
hyaluronan (hyaluronic acid) in lung tissue. Eur Respir J, 1990, 
3, 421~28. 
26. Laurent UBG, Tengblad A. Determination of 
hyaluronate in biological samples by a specific radioassay 
technique. Anal Biochem, 1980, 109, 386-394. 
27. Thrall RS, McCormick JR, Jack RM, McReynolds RA, 
Ward PA. - Bleomycin-induced pulmonary fibrosis in the rat. 
Inhibition with indometacin. Am J Pathol, 1979, 95, 
117- 130. 
28. Phan SH, Thrall RS, Ward PA. - Bleomycin-induced 
pulmonary fibrosis in the rat. Biochemical demonstration of 
increased rate of collagen synthesis. Am Rev Respir Dis, 1980, 
121, 501-506. 
29. Girl SN, Misra HP, Chandler DB, Chen Z. - Increases in 
lung prolyl hydroxylase and superoxide dismutase activities 
during bleomycin-induced lung fibrosis in hamsters. Exp Mol 
Pathol, 1983, 39, 317- 326. 
30. Rhoads RE, Udenfriend S. - Purification and properties 
of collagen prolin hydroxylase from newborn rat skin. Arch 
Biochem Biophys, 1970, 139, 329-339. 
31. Prockop DJ, Berg RA, Kivirikko I, Uitto J. - Intracellu
lar steps in the biosynthesis of collagen. In: Biochemistry of 
collagen. G.N. Ramachandran, A.H. Reddi eds, New York, 
Plenum, 1976, pp. 163-273. 
32. Margolis RL, Lukens LN. - The role of hydroxylation in 
the secretion of collagen by mouse fibroblasts in culture. Arch 
Biochem Biophys, 1971, 147, 612-618. 
33. Thrall RS, McCormick JR, Jack RM, Phan SH, Ward PA. 
- The effect of antilymfocyte globulin on the development of 
bleomycin-induced pulmonary fibrosis in the rat (absttact). Am 
Rev Respir Dis, 1979, 119. (Suppl. 83). 
34. Bryan CF. Leech SH. - The immunoregu1atory nature of 
iron. I. Lymphocyle proliferation. Cell lmmunol, 1983, 75, 
71- 79. 
35. Houdgrodsky A, Ravid A, Rubin AL. Stenzel KH. -
Hydroxyl radical scavengers inhibit lymphocyte mitogenesis. 
Proc Natl .Acad Sci USA, 1982, 79, 1171-1174. 
36. Melchers F, Erdei A, Schultz T, Dierich MP. - Growth 
control of activated synchronized mureine B cells by the 
C3d fragment of human complement. Nature, 1985, 317, 
264-267. 
37. Harnmerschmidt DE, Weaver U, Hudson LD, Craddock 



HY ALJJRONAN IN BLEOMYCIN INDUCED AL VEOLITIS 771 

PR. - Association of complement activation and elevated 
plasma C5a with adult respiratory distress syndrome: 
pathophysiological relevance and possible prognostic value. 
Lancet, 1980, 1, 947-949. 
38. Weiler JM, Ballas ZK, Needleman BW, Hobbs MY, 
Feldbush TL. - Complement fragments suppress 
lymphocyte immune response. Immunology Today, 1982, 3, 
238-243. 
39. Hance AJ, Crystal RG. - Idiopathic pulmonary fibrosis. 
In: Recent advances in respiratory medicine Vol. 3. D.C. Flenley, 
T .L. Petty eds, Edinburgh, Churchill Liv ingstone, 1983, pp. 
249- 287. 
40. Reynolds HY, Fulmer ID, Kaaz:mierowski J.A, Roberts WC, 
Frank MM, Crystal RG. - Analysis of bronchoalveolar lavage 
fluid from patients with idiopathic pulmonary fibrosis and 
chronic hypersensitivity pneumonitis. J Clin Invest, 1977, 59, 
165-175. 
41. Gadek JE, Fells GA, Zimmerman RL, Martin PG, Keogh 
B, Crystal RG. - A role of oxidative products in both fibrotic 
and destructive lung diseases (abstract). Clin Res, 1982, 30, 
429A. 
42. Fantone JC, Johnson KJ, Till GO, Ward PA. - Acute and 
progressive lung injury secondary to toxic oxygen products 
from leukocytes. Chest, 1983, (Suppl.) 83, 46-48. 
43. Gadek JE, Kelman JA, Fells GA et al. - Collagenase 
in the lower respiratory tract of patients with 
idiopathic pulmonary fibrosis. N Engl J Med, 1979, 301, 
737-742. 
44. Davies WB, Fells GA, Sun XH, Gadek JE, Vemet A. 
Crystal RG. - Eosinophil-mediated injury to parenchyma! 
cells and interstitial matrix. A possible role for eosinophils in 
chronic inflammatory disorders of the lower respiratory tract. J 
Clin Invest, 1984, 74, 269-278. 
45. Peterson MW, Monick M, Hunninghake GW. -
Prognostic role of eosinophils in pulmonary fibrosis. Chest, 
1987, 92, 51-56. 
46. Hllllgren R, Bjermer L. Lundgren R, Venge P. - The 
eosinophil component of the alveoli lis in idiopathic pulmonary 
fibrosis. Signs of eosinophil activation are related to 
impaired lung function. Am Rev Respir Dis, 1989, 139, 
373-371. 
47. Phan SH, Titrall RS, Williams C. - Bleomycin-induced 
pulmonary fibrosis. Effects of steroids on lung collagen 
metabolism. Am Rev Respir Dis, 1981, 124, 428-434. 

48. O'Connor C, Ward K, van Breda A, Mcllgorm A, 
FitzGerald M. - Type ITI procollagen peptide in 
bronchoalveolar lavage fluid. Poor indicator of course and 
prognosis in sarcoidosis. Chest, 1989, 96, 339- 344. 
49. Otsuka K, Murota S-I, Mori Y. - Stimulatory effect 
of bleomycin on the hyaluronic acid synthetase in 
cultured fibroblasts. Biochem Pharmacal, 1978, 27, 
1551- 1554. 

Au cours de l'alveolile induite par la bleomycine chez le rat, 
/'accumulation d'hyaluronan dans le liquide de lavage 
broncho-alveolaire est independante de la deplition en fer, en 
complement et en polynucteaires. 0 . Nettelbladt, K. Lundberg, 
A. Tengblad, R. Hallgren. 
RESUME: Des etudes anterieures sur l'alveolite induite par la 
bleomycine chez lcs rats ont d~ontre une accumulation 
histologique transitoire d'hyaluronan (hyaluronate ou acide 
hyaluronique) dans !'interstitium alveolaire.. corrcspondant a des 
augmentations des niveaux d'hyaluronan (HA), dans le lavage 
broncho-alv6olaire e t les extraits de tissu pulmonaire. 
L'accumulation de HA est en rapport avec l'affiux de cellules 
inflammatoires, et en particulier des polymorphonucleaires dans 
le Jiquide de lavage alveolaire, et avec !'augmentation de l'eau 
pulmonaire. Nous avons investiguc dans cette etude !'influence 
de mecanismcs dependant du fer, du complement et des 
polynucieaires, sur la reponse conjonctive precoce du poumon 
dans le modele pulmonaire de rat sournis a bleomycine. La 
depletion de fer n'a pas d'effet sur HA ni sur la composition 
cellulaire du liquide de lavage preleve au jour 4 apres 
bleomycine. Le traitement des rats sournis a bleomycine au 
moyen d'un facteur de venin de cobra (CVP), a neutralise 
totalement l'activite Mmolytique du complement, mais n'a pas 
d'effet sur le Ha du lavage ou sur les composantes cellulaires 
du lavage. Le traitement au moyen de serum anti-neutrophiles 
(ANF) a diminue de 70 a 80% les polynucleaires du sang et du 
lavage, mais sans influencer les niveaull de HA dans le lavage. 
Ces resultats suggerent que des mecanismes regulateurs autres 
que ceux dependant du fer, de !'activation du complement ou 
l'apport de polynucJeaires, sont responsables de !'accumulation 
de HA dans ce modMe animal d'alveoliLC fibrosante. 
Eur Respir J. , 1990, 3, 765-771. 


