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A s s r u m  
The purpose of this study was to analyze the cellular and noncellular components of bronchoalveolar 

lavage fluid (BALF) at  varying times during the development of pulmonary fibrosis induced by bleomycin. 
Hamsters were killed and lavaged irr sitir following the administration of a single intratracheal injection of 
1 unit of bleomycin or an equivalent volume of sterile isotonic saline. The results show that the total cell 
counts in the BALF of bleomycin-treated hamsters, as compared with controls, were increased 7.7, 4.4,2.4, 
1.6, and 1.9-fold at 2, 4, 7, 14, and 21 days after treatment, respectively. The predominant cell types in the 
BALF of control animals were macrophages which constituted 84% ofthe total cells, followed by lymphocytes, 
1 1%. The predominant cell types in the BALF of bleomycin-treated animals were polymorphonuclear leu- 
kocytes (PMN) which constituted 65% at two days and approximately 50% of the total at  4, 7, and 14 days; 
at  21 days macrophages were the predominant cell type constituting 50%, followed by lymphocytes at 30%. 
However, the total number of lymphocytes was not increased at 21 days compared to previous times. The 
noncellular protein content of BALF from bleomycin-treated hamsters, an index of pulmonary vascular 
permeability, was increased to 224, 559, 637, and 270% ofcontrol (2.7 mg/lung) at 2,4, 7, and 14 days after 
treatment, respectively, and returned to control levels at 21 days. The acid phosphatase activity in the 
supernatant of BALF of bleomycin-treated animals was significantly increased to 181, 181, 199, 176, and 
.125% of control (258 unitdlung) at  2, 4, 7, 14, and 21 days, respectively. 8-Glucuronidase activity in the 
supernatant of BALF ofcontrol hamsters was 64 unitsAung, whereas in bleomycin-treated animals the activity 
was significantly increased to 226 unitsAung at two days and that 161 unitsflung at  four days after treatment. 
Histamine content in the supernatant of BALF of bleomycin-treated animals was increased from a control 
value of 28 ngflung to 41, 41, 59,45 ng/lung at 2,4, 7, and 14 days after treatment, respectively. There was 
no difference in the total prostaglandin E (PGE) content of the BALF-supernatant between control and 
bleomycin-treated hamsters. The data presented in this report demonstrate that the release of lysosomal 
enzymes and histamine may play a significant role in the pathogenesis of bleomycin-induced lung damage. 

INTRODUCTION 

The use of bleomycin for treatment of tumors is 
associated with the development of fibrosis, espe- 
cially when the total administered dose exceeds 400 
mg (2, 3, 10). There is a great deal of histologic (1, 
42) and functional (24) similarities between bleo- 
mycin-induced pulmonary fibrosis in animals and 
that of fibrotic lung disease in humans. This has led 
to the development of various animal models (24, 
35,42, 45) for pulmonary fibrosis so that by study- 
ing animal models of fibrotic lung diseases some 
insight into the pathogenesis of this process might 
be gained. 

Send correspondence and reprint requests to Dr. Gin. Pre- 
sented in part at the Fall Annual MeetingofASPET-ACS, Boston, 
Massachusetts, August 18-22, 1985, and appeared as an Abstract 
in The Pharmacologist 1985, Volume 27, p. 256. 

The mechanism for bleomycin-induced lung fi- 
brosis is not clearly understood. The cellular content 
and the enzymatic activities of the bronchoalveolar 
lavage fluid (BALF) have been utilized to evaluate 
the pulmonary toxicity caused by a variety of gas- 
eous or nongaseous compounds (1 1,27). It has been 
suggested that analysis of BALF for cellular and 
noncellular components may have diagnostic value 
in identifying specific interstitial lung diseases (48). 
In the present study, we have examined the BALF 
of bleomycin-treated hamsters with three specific 
objectives in mind: 1) to establish a profile of in- 
flammatory cells in the BALF which has not yet 
been reported in the hamster; 2) to correlate the 
inflammatory cell profile with the pulmonary vas- 
cular permeability, release of lysosomal enzymes, 
histamine, and total prostaglandin E in the BALF; 
and 3) to compare the profile of inflammatory cells 
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in BALF with that of pulmonary interstitium re- 
ported previously by us (9). The data reported in 
the present study suggest that the release of lyso- 
soma1 enzymes and histamine into BALF from the 
inflammatory cells and mast cells in lung may partly 
be responsible for bleomycin-induced lung damage. 

METHODS 
Male Golden Syrian hamsters weighing from 1 10- 

120 grams were purchased from Simonsens, Inc. 
(Gilroy, CA). Bleomycin sulfate (Blenoxanea) was 
a gift from Bristol Laboratories (Division of Bristol 
Myers Co., Syracuse, NY). All chemicals for enzyme 
assays and histamine measurement were purchased 
from Sigma Chemical Co. (St. Louis, MO). The ra- 
dioimmunoassay kit for the measurement of PGE 
was purchased from Clinical Assays, Inc. (Boston, 
MA). Other reagents were of analytical grade and 
obtained from standard commercial sources. 

The hamsters were housed in a group of 3 to 4 in 
a large plastic cage and had access to water and 
laboratory chow ad libitiini. The animals were ac- 
climated in the Animal Housing Facility for at least 
one week before starting the experiment. Bleomycin 
sulfate was freshly dissolved in sterile isotonic saline 
and used within two hours. The hamsters received 
either 0.5 ml of sterile isotonic saline or 0.5 ml of 
bleomycin solution containing 1 unit of bleomycin 
intratracheally (IT) under pentobarbital anesthesia 
(80-90 mg/kg). 

The hamsters were anesthetized with sodium pen- 
tobarbital at 2,4,7, 14, and 21 days after treatment. 
The abdominal cavity was opened and blood with- 
drawn from the inferior vena cava in a 3 ml com- 
mercially prepared tube which contained 4.5 mg 
EDTA (Monoject, Division of Sherwood Medical, 
St. Louis, MO). Immediately thereafter, the lung 
lavage was camed out in sitii via a syringe and teflon 
tubing and infusing a total volume of 16 ml sterile 
isotonic saline in 4 ml aliquots. The tubing length 
was fixed so that it always stayed just above the 
point of bifurcation inside the trachea. The lung was 
gently massaged around the rib cage following each 
saline infusion. The bronchoalveolar lavage fluid 
(BALF) was retrieved by aspirating the fluid gently. 
The withdrawal of BALF was facilitated by tilting 
up the hind quarters. The fluid was transferred into 
a graduated tube placed on ice. The BALF recovery 
at the earlier times after saline or bleomycin admin- 
istration ranged from 90-100 percent but it was 
reduced and ranged from 70-80 percent in bleo- 
mycin-treated groups at 14 and 21 days after treat- 
ment. 

The BALF was strained through a single layer of 
moistened cheese cloth to remove mucus. An ali- 
quot of the fluid was portioned for total and differ- 

ential cell counts. The remainder was centrifuged at 
270 x g for 5 min at 4°C in a refrigerated centrifuge. 
The supernatant was gently aspirated and aliquots 
stored at -20°C for various subsequent biochemical 
determinations. For histamine analysis, 2 ml of su- 
pernatant was first acidified with 2 ml of 0.4 hi per- 
chloric acid before storing at -20°C. Similarly, for 
PGE estimation, 2 ml of supernatant was first acid- 
ified with 0.2 ml of 6 N HCl and spiked with 100 
pl of ['H]PGE2 (2,000 cpm) for monitoring the re- 
covery before storing at -20°C. 

Blood was centrifuged at 1,000 x g for 20 min at 
4°C. After gentle aspiration, plasma was portioned 
into different tubes and stored at -20°C for the assay 
of acid phosphatase and 8-glucuronidase activities 
at a later date. 

Leukocyte Coirr~ts. Total leukocyte counts were 
camed out on the BALF using a Coulter Counter. 
For differential cell counts, the technique of Saltini 
et a1 was employed (38). This technique involved 
collection of cells on millipore filters and hematox- 
ylin-eosin staining of cells on the filters. Approxi- 
mately 500 cells were counted for each sample in 
order to determine the cell types of the BALF. 

Detcrrniriation of Acid Phosphatase aiid P-GIzi- 
ctironidase Actisities and Protein. The frozen su- 
pernatants resulting from the centrifugation of BALF 
and plasma were thawed on ice. An aliquot of the 
supernatant and plasma were used to measure the 
acid phosphatase activity according to the technique 
described by Seligman et al (40). The 8-glucuroni- 
dase activity was determined using the method of 
Ignarro (29). All enzyme assays were conducted un- 
der conditions giving linear release of products in 
relation to the amount of sample used and the time 
of incubation. Protein content of the supernatant 
was measured using the procedure of Lowry et a1 
(32). 

Determination of Histamine. The acidified 
BALF-supernatant was thawed at room tempera- 
ture and then centrifuged at 1,100 x g for 20 min. 
After discarding the precipitate, the supematant was 
used for measuring histamine content according to 
the procedure of Shore et a1 (41) with a slight mod- 
ification which included stabilizing the fluorescent 
product by 0.3 ml of 1.5 N phosphoric acid instead 
of 0.2 ml of 3 N HCl. 

Determination of Pros1aglandit;E. The total PGE 
content of the acidified BALF-supernatant was de- 
termined according to the procedure described in 
our earlier papers (8, 16). Briefly, this involves ex- 
traction of PGE with chloroform followed by silicic 
acid column chromatography and quantitation of 
PGE using a RIA kit (Clinical Assays, Inc., MA). 
The method measured both PGE, and PGE, after 
their conversion t o  PGB, and PGBz by alkali treat- 
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FIG. 1.-Total number of cells in the bronchoalveolar 
lavage fluid at different times following intratracheal in- 
jection of 1 unit of bleomycin or an equivalent volume 
of saline (control). The control values at different times 
were nearly the same and, therefore, pooled. Each bar 
graph represents the mean k SE and the number of an- 
imals is shown in parentheses. p values are between the 
pooled control and bleomycin-treated animals. NS = not 
significant. 

ment. The cross reactivity of the PGB, antiserum 
was 100% for PGB,, 23 percent for PGB2, 22.4 per- 
cent for PGA,, 2.7 percent for PGA,, and less than 
0.23 percent for PGF,,. The recovery of spiked 
['HIPGE, after extraction, column chromatography 
and conversion to PGB, ranged from 60 percent to 
80 percent and this recovery value was used to es- 
timate the total amount of PGE present in each 
sample. 
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FIG. 2.-Absolute number of cells in bronchoalveolar 
lavage fluid at different times following intratracheal in- 
jection of 1 unit of bleomycin or an equivalent volume 
of saline (control). The differential cell counts in control 
animals at different times were nearly the same and, there- 
fore, pooled. Each bar graph represents the mean * SE; 
the number of animals is shown in parentheses. p values 
are between the pooled control and bleomycin-treated 
animals. p < 0.05; ** p < 0.01; *** p < 0.001 to 
<o.ooo 1. 
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FIG. 3.-Differential cell counts in the bronchoalveolar 
lavage fluid at different times following intratracheal in- 
jection of 1 unit of bleomycin or an equivalent volume 
of saline (control). The cell counts in control animals at 
different times were pooled. Each bar graph represents the 
mean k SE; the number of animals is shown in paren- 
theses. p values are between the pooled control and bleo- 
mycin-treated animals. p < 0.05; ** p < 0.01; *** p c 
0.001 to <0.0001. 

Statistical Analysis ofData. The biochemical data 
on BALF-supernatant were expressed on the basis 
of total lavage fluid volume recovered per lung. The 
values were reported as the mean +. standard error 
(SE). Statistical tests involved analysis of variance, 
unpaired "t" test of the Biomedical Data Processing 
Program (1 5);  p values 50.05 were considered sig- 
nificant. 

RESULTS 
Cell Types Recovered fiorii the Broitchoalseolar 

La\*age. The number of total cells recovered in the 
BAL-fluid of the control and bleomycin-treated an- 
imals is shown in Fig. 1. The total cell counts in the 
BAL-fluid of saline treated control hamsters did not 
differ significantly from one time point to another. 
Thereafter, these values from 15 animals were pooled 
and averaged 3.9 x lo6 cells/lung. As compared to 
control, the total cell counts in bleomycin-treated 
hamsters were increased by 7.7, 4.4, 2.4, 1.6, and 
1.92 fold at 2 ,4 ,7 ,  14, and 21 days after treatment, 
respectively. These increases over the control were 
statistically significant at 2,4, and 7 days after treat- 
ment. 

The absolute number of different ceil types in the 
BALF of control and bleomycin-treated hamsters 
are summarized in Fig. 2. The number of PMN 
significantly increased from the control value of 8 x 
10Vlung to 19.5 x lo6, 9.7 x lo6, 4.4 x lo6, and 
2.9 x 106/lung at 2, 4, 7, and 14 days after treat- 
ment, respectively. At 2 1 days, PMN were increased 
to 1.1 x 106/lung, but this was not significantly dif- 
ferent from the control. The number of monocytes 
in the BALF of bleomycin-treated hamsters was sig- 
nificantly increased from the control value of 9.3 X 
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FIG. 4.-Protein content in the cell-free supernatant of 
bronchoalveolar lavage fluid at different times following 
intratracheal injection of 1 unit of bleomycin or an equiv- 
alent volume of saline. Control values pooled and rep- 
resented as a bar graph. Each point on the curve and bar 
graph represent the mean f SE and the number ofanimals 
is shown in parentheses. p values are between the pooled 
control and bleomycin-treated animals. NS = not signif- 
icant. 

10Vlung to 4.9 x lo6, 2.9 x lo6, and 6.5 x lo5 at 
2,4, and 7 days after treatment, respectively. Therc 
was no significant diffcrence in the numbers of 
monocytes between the control and bleomycin- 
treated hamsters either at 14 or 21 days. The num- 
ber of macrophages in bleomycin-treated hamsters 
was significantly lower than that of control only at 
7 and 14 days after treatment. There was no statis- 
tically significant difference in the numbers of mac- 
rophages between the two groups at any other times. 
The absolute number of lymphocytcs in the BALF 
of bleomycin-treated hamsters was significantly in- 
creased from the control value of 4.4 x 10Vlung to 
2.8 x lo6, 1.7 x 106,2.3 x 106,and 1.2 x 10Vlung 
at 2,4,  7, and 14 days after treatment, respectively. 
Although the lymphocyte counts were increased to 
2.4 x 106/lung at 21 days, these were not signifi- 
cantly different from that of control due to large 
standard deviation. 

Macrophages were the predominant cell type, fol- 
lowed by lymphocytes, in the BAL-fluid of controls. 
In contrast to controls, cell type percentages in bleo- 
mycin treated hamsters varied at different times. 
For example, the predominant cell type was the PMN 
followed by monocytes, macrophages and lympho- 
cytes at 2 and 4 days; PMN followed by lymphocytes 
and/or macrophages and monocytes at 7 and 14 
days, and macrophages followed by lymphocytes, 
PMN and monocytes of 2 1 days after treatment (Fig. 

The protein content of the bronchoalveolar lavage 
fluid (BALF) supernatant at varying times following 
intratracheal administration of saline or bleomycin 
is shown in Fig. 4. Since hamsters in control groups 
receiving saline did not exhibit significant differ- 
ences in the protein content of BALF-supernatant 
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FIG. S.-Acid phosphatase activity in the cell-free su- 

pernatant of bronchoalveolar lavage fluid at different times 
following intratracheal injection of 1 unit of bleomycin or 
an equivalent volume of saline. One unit of acid phos- 
phatase activity is equivalent to 1 nmole of 8-naphthol 
releasedllunglhr. The pooled control values are repre- 
sented as a bar graph. Each point on the curve and bar 
graph represent the mean -+ SE and the number ofanimals 
is in parentheses. p values are between the pooled control 
and bleornycin-treated animals. 

at different treatment times, the values were pooled 
and averaged 2.7 mg/lung. As compared to control, 
protein content in the BALF-supernatant of bleo- 
mycin-treated animals was significantly increased at 
all times ofthe study except at 21 days. For example, 
the increases over the control were 224, 459, 537, 
170, and 27 percent at 2, 4, 7, and 14 days after 
treatment, respectively. 

Effects of intratracheal administration of saline or 
bleomycin on acid phosphatase activity ofthe BALF- 
supernatant and plasma are shown in Figs. 5 and 6, 

._ v I I  
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FIG. 6.-Acid phosphatase activity in plasma at differ- 
ent times following intratracheal injection of 1 unit of 
bleomycin or an equivalent volume of saline. One unit of 
acid phosphatase activity is equivalent to 1 nmole of 
&naphthol released/ml/hr. The pooled control values rep- 
resented as a bar graph. Each point on the curve and bar 
graph represent mean ? SE values and the numbcr of 
animals is in parentheses. p values are between the pooled 
control and bleomycin-treated animals. NS = not signif- 
icant. 

Tme After Blcmycin Trcohent ( b y )  
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FIG. 7.-p-Glucuronidase acitivity in the cell-free su- 
pernatant of bronchoalveolar lavage fluid at different times 
following intratracheal injection of 1 unit of bleomycin or 
an equivalent volume of saline. One unit of B-glucuron- 
idase activity is equivalent to 1 nmole of phenolphthalein 
released/lung/hr. The control values were pooled. Each 
bar graph represents mean f SE values and the number 
of animals is in parentheses. p values are between the 
pooled control and bleomycin-treated animals. ND = not 
detectable. 

respectively. The pooled acid phosphatase activity 
in saline-injected control hamsters* BALF-super- 
natant averaged 257.9 units per lung. The acid phos- 
phatase activities in bleomycin-treated hamsters* 
BALF-supernatant were increased to 18 1, 18 1, 199, 
176, and 126 percent of the control at 2, 4, 7, 14, 
and 21 days after treatment, respectively. The in- 
creases in acid phosphatase activities were signifi- 
cant at all time points except at 21 days. In contrast 
to BALF-supernatant, plasma acid phosphatase ac- 
tivities in bleomycin-treated hamsters were not dif- 
ferent from control (975.2 units/ml plasma) at 2, 4, 
and 7 days after treatment. However, the activities 
were found to be significantly increased to 276 and 
207 percent of control at 14 days and 21 days, re- 
spectively (Fig. 6). 

TABLE I.-PGE content in the cell-free supernatant of 
bronchoalveolar lavage fluid at different times following 
intratracheal injection of 1 unit of bleomycin or an equiv- 
alent volume of saline. 

PGE (ng/lung) Days 
after 

treatment Saline Bleomycin 

2 3.53 f 0.35 (4)" 2.65 f 0.53 (6) 
4 2.74 f 0.52 (3) 2.81 f 0.57 (5) 
7 2.09 & 0.18 (3) 2.70 f 0.48 (5) 

14 2.91 f 0.32 (3) 2.47 f 0.68 (4) 
21 1.96 f 0.29 (4) 3.95 & 1.39 (3) 

* Each value represents mean ? SE; the number of animals is 
shown in parentheses. 
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FIG. 8.-Histamine content in the cell-free supernatant 
of bronchoalveolar fluid at different times following in- 
tratracheal injection of 1 unit of bleomycin or an equiv- 
alent volume of saline. The pooled control values are 
represented as a bar graph. Each point on the curve and 
bar graph represent the mean & SE values and the number 
of animals is in parentheses. p vaiues are between the 
pooled control and bleomycin-treated animals. NS = not 
significant. 

The activities of &glucuronidase in the BALF- 
supernatant of saline and bleomycin-treated ham- 
sters are summarized in Fig. 7. The hamsters in the 
control group had approximately the same level of 
8-glucuronidase activities in the BALF-supernatant 
at 2 and 4 days. The pooled activities in control 
hamsters at these two times averaged 64 units/lung. 
The activity of 8-glucuronidase in bleomycin-treat- 
ed hamsters was significantly increased to 226 units/ 
lung at two days and to 161 units/lung at four days 
after treatment. However, beyond four days, the 
B-glucuronidase activity was not detectable in the 
BALF-supernatant or plasma of either saline- or 
bleomycin-treated hamsters. 

The effects of intratracheal administration of sa- 
line or bleomycin on the histamine content of BALF- 
supernatant are summarized in Fig. 8. The pooled 
histamine content in BALF-supernatant of control 
hamsters averaged 28 ndlung. The histamine con- 
tent in the BALF-supernatant of bleomycin-treated 
hamsters was increased to 41, 41, 59, and 45 ng/ 
lung at 2, 4, 7, and 14 days after treatment, respec- 
tively. At 21 days, the histamine content was de- 
creased but it was not significantly different from 
control. 

Table I summarizes the effects of intratracheal 
administration of saline or bleomycin on total PGE 
(PGE, + PGE,) content of the BALF-supernatant. 
The amount of PGE recovered in the BALF-super- 
natant of saline injected hamsters was not signifi- 
cantly different from that of blcomycin-treated 
hamsters at any time of the study. Although the 
BALF-supernatant of bleomycin-treated hamsters 
contained twice as much PGE as the saline control 
at 21 days after treatment, the mean values were 
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not statistically different because of large standard 
deviations. 

DISCUSSION 
The current concept of interstitial lung diseases 

originating from known or unknown causes is that 
inflammatory and/or immune processes are the pre- 
decessors to parenchymal fibrosis (1 1 ,  36, 48). In 
order to evaluate the pathophysiologic basis of al- 
veolitis, the cellular and noncellular components of 
BALF in man and animals have been characterized 
(1 1 ,  17, 36, 44, 48). In the present study, using the 
bleomycin-hamster model of pulmonary fibrosis, we 
have studied the temporal relationship among dif- 
ferent pathophysiological events by measuring the 
cellular and noncellular components of the BALF. 
These components included increased pulmonary 
capillary permeability, influx of different inflam- 
matory cells and release of lysosomal enzymes, his- 
tamine, and PGE. 

In the present study, the bleomycin-treated ani- 
mals had peak influx of inflammatory cells in BALF 
at 2 days after treatment, when the total cell count 
was approximately eight-fold over control. There- 
after, the total cell numbers in BALF of the bleo- 
mycin-treated hamsters decreased. The dynamics of 
this marked reduction in total number of the in- 
flammatory cells are not known. Besides cell death, 
however, it is possible that inflammatory cells pres- 
ent in the air spaces are moved to the oral cavity 
via mucociliary action. 

The absolute and differential cell counts revealed 
that the predominant cell type in BALF of control 
hamsters was macrophages constituting nearly 85 
percent of all cells. On the other hand, the predom- 
inant cell type in BALF.of bleomycin-treated ani- 
mals was PMNs which constituted 50 to 65% of all 
cells. The predominance of PMN as a cell type in 
the BALF of bleomycin-treated animals was also 
supported by the increase in absolute counts. How- 
ever, at 2 l days, macrophages were the predominant 
cell type, followed by lymphocytes. We found in- 
creasing percentages of macrophages concomitant 
with accompanying decreases in monocytes in BALF 
of bleomycin-treated hamsters from Day 2 to Day 
21. Changes in the cell profile of BALF suggest an 
increasing rate of monocyte differentiation into 
macrophages in treated animals. Our findings are 
similar to those reported by Thrall et al(44), in that 
PMN was the first cell type to appear and constituted 
the major cell type in BALF of the bleomycin-treat- 
ed rats during the first two weeks of the study. Our 
findings, however, are at variance with respect to 
the second most common cell type in BALF of bleo- 
mycin-treated animals. Thrall et a1 (44) reported 

lymphocytes second, whereas we found that mono- 
cytes were the second cell type. They also did not 
categorize monocytes as a separate cell type and 
possibly combined these cells with macrophages as 
one cell type. 

The absolute number of lymphocytes appearing 
in the BALF of bleomycin-treated animals was sig- 
nificantly increased. Our data support the recruit- 
ment of new lymphocytes into the lung of bleo- 
mycin-treated hamsters as found in rats (44). The 
inflammatory cell profile of BALF as found in the 
present study is similar to idiopathic pulmonary 
fibrosis in man which is characterized by a high 
percentage of lymphocytes and PMN in lavage fluid 
(1 2, 26, 48). 

The protein content of BALF-supernatant of the 
bleomycin-treated hamsters was significantly in- 
creased before returning to control levels 21 days 
after treatment. An increase in the amount of non- 
cellular protein in the BALF of the bleomycin-treat- 
ed animals provides an index of increased pulmo- 
nary vascular permeability (21). Our finding that 
intratracheal administration of bleomycin in ham- 
sters caused a sustained increase in the pulmonary 
vascular permeability is consistent with the findings 
in rats (44). There was, however, one major differ- 
ence in that the increased vascular permeability in 
our study returned to control levels at 21 days, 
whereas in rats it remained significantly elevated for 
60 days after treatment. This discrepancy between 
the two studies may be attributed to species differ- 
ences and the different techniques used to monitor 
vascular permeability. 

It is well documented that bleomycin is toxic to 
pulmonary endothelial cells administered either 
subcutaneously (6) or intratracheally (5) .  It is also 
known that bleomycin is capable of inducing a func- 
tional endothelial injury with respect to removal of 
serotonin and norepinephrine across the luminal en- 
dothelium membrane (5). Thus, it is possible that 
bleomycin-injured endothelial lining of the capillary 
wall may not serve as an effective bamer against the 
leakage of plasma proteins into the lung interstitium 
and air spaces. This is not unlikely, since various 
investigators have reported that lung injury resulting 
from such diverse agents, such as paraquat, alpha- 
naphthylthiourea, monocrotaline, pulmonary hy- 
pertension, radiation, and cardiopulmonary bypass 
is associated with an alteration in transport and met- 
abolic processes of the endothelial cells of the lung 
capillaries (20,21). Wangensteen et a1 (46) provided 
data indicating that intratracheally injected bleo- 
mycin in rats caused a slight but significant increase 
in the pulmonary vascular permeability to albumin 
as opposed to doubling the extravascular albumin 
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distribution volume (EADV) of the lung. Thus, it 
was suggested that increased EADV is a major com- 
ponent, while increased vascular permeability has 
a minor influence on the presence of abnormally 
high amounts of plasma proteins in the lung of bleo- 
mycin-treated animals. 

The mechanism for bleomycin-induced lung in- 
flammation leading to fibrosis is not clearly under- 
stood. Initially, this process is ushered in by edema, 
hemorrhage, and a cellular infiltrate composed pre- 
dominantly of neutrophils (22, 42). PMNs produce 
toxic oxygen metabolites that have deleterious ef- 
fects on parenchymal cells (33) and endothelial cells 
(37) and oxidize polyunsaturated lipids (3 1). PMNs 
secrete a variety of potent degradative lysosomal 
enzymes such as acid hydrolases and neutral pro- 
teins. In the present study, the BALF supernatant 
of bleomycin-treated hamsters contained 75 to 100 
percent more acid phosphatase activity than the 
control for the entire period of the study except at 
2 1 days. Similarly, the activity of 8-glucuronidase, 
another lysosomal enzyme, in the BALF superna- 
tant was increased. It is not currently understood 
why !he acid phosphatase activity in the BALF su- 
pernatant of bleomycin-treated hamster remained 
markedly elevated for a longer period of time than 
the activity of 8-glucuronidase. Regardless of the 
temporal differences, it appears that one of the 
mechanisms of bleomycin-induced lung damage 
could be attributed to the release of lysosomal en- 
zymes from PMNs and other inflammatory cells. 
Release of lysosomal enzymes will cause the de- 
struction of structural components of the lung, as 
demonstrated by several investigators (4, 18, 19, 
28). 

This is the first report to demonstrate that the 
BALF supernatant of bleomycin-treated hamsters 
contain higher levels of histamine for the entire du- 
ration ofthe study except at 21 days after treatment. 
Mast cell hyperplasia has been reported in patients 
with IPF or sarcoidosis (30) and in several models 
of pulmonary fibrosis including radiation (47) and 
bleomycin (25). These cells were found to exhibit 
secretory activity and contained higher levels of his- 
tamine (25). The presence of excessively high levels 
of histamine in BALF-supernatant of bleomycin- 
treated animals is possibly due to secretory activity 
of the mast cells in lung. There are many potential 
links between hyperplasia of the mast cells and fi- 
brosis caused by intratracheal administration of 
bleomycin in hamsters. It has been suggested that 
mast cell secretion is related to the turnover of con- 
nective tissue (34), and we did not observe a pro- 
liferation of mast cells in BALF or interstitial lung 
lesions in bleomycin-treated hamsters (9). However, 

this does not eliminate the possible degranulation 
of resident mast cells in the hamster lung. 

The secretory products of mast cells such as his- 
tamine and arachidonic acid metabolites arc known 
to influence the function of various inflammatory 
cells in fibrotic lesions (7, 14, 39). In the present 
study, the PGE level in BALF-supernatant of bleo- 
mycin-treated hamsters was not different from con- 
trol. Although the treated animals at 21 days had 
twice as much PGE in the supernatant as control, 
the difference was not statistically significant. The 
lack ofa significant difference in PGE level of BALF- 
supernatant of control and bleomycin-treated ani- 
mals contrasts with the distribution in the lung levels 
of different prostaglandins. This is based on our 
recent findings that the levels of PGE in the lungs 
of bleomycin-treated hamsters were markedly in- 
creased (23). Thus, it is possible that histamine, in 
addition to increasing the pulmonary vascular per- 
meability during the initial phase of bleomycin-in- 
duced lung inflammation, may interact with the lung 
levels of different metabolites of arachidonic acid 
and thereafter initiate cellular events responsible for 
the fibroproliferative changes seen with this drug. 
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