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Mortality and lung damage resulting from bleomycin-oxygen
interaction were studied in mice. No animals died in the control
group given saline and breathing 21% to 50% oxygen. Mortality
following injection of 10 mg/kg and 20 mg/kg bleomycin, respec-
tively, increased from 0% and 6% following exposure to 21%
oxygen, to 20% and 33% after 30% oxygen, and to 47% and 66%
after 50% oxygen. Pulmonary pathology also became progressively
more severe at the higher oxygen concentrations as measured by
pulmonary hydroxyproline content and a visually scored index of
cellular pathology.

Index terms: Bleomycin * Lung, injury + Oxygen

Cleve Clin J Med 1987; 54:503-509

Bleomycin-induced pulmonary damage may be aggra-
vated by hyperoxia; this interaction has been reported in
patients’ and confirmed in laboratory animals.>®* However,
recommendations to restrict inspired oxygen to near-nor-
mal concentrations perioperatively’'? have been contested
by retrospective clinical analyses.'*'* We therefore carried
out further laboratory studies, which show a graded in-
crease in mortality and associated pulmonary histopathol-
ogy following exposure of bleomycin-treated mice to pro-
gressively higher oxygen concentrations.

Methods

One hundred eighty female, white, Swiss Webster mice,
weighing 20 to 25 g each, were divided into three groups
and were injected subcutaneously twice weekly for five
weeks as follows: group I with saline; groups II and III
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Table. Oxygen exposure and mortality
Treatment Oxygen exposure Mortality*
Saline all groups 0
Bleomycin
10 mg/kg 21% 0
30% 3
40% 3
50% 7
20 mg/kg 21% 1
30% 5
40% 10
50% 10

* Mortality (numbers) following exposure to various inspired oxy-
gen concentrations in groups of 15 mice injected with saline (con-
trol) or bleomycin 10 mg/kg or 20 mg/kg. (Mortality trends by
generalized Wilcoxon rank sum test: P < .01 for both doses.)

with bleomycin, 10 and 20 mg/kg respectively.
The three groups were each subdivided into four
subgroups of 15 mice each. Following subcuta-
neous drug injection (twice weekly), the
subgroups breathed air (21% oxygen) or 30%,
40%, or 50% oxygen for 48 hours in a specially
designed oxygen chamber. The study was ex-
tended for two weeks after the final injection;
thus, for each animal there were 10 injections in
all and 14 exposures to air or high oxygen. Sur-
viving mice were killed by cervical fracture. The
anterior thorax was opened and the right main-
stem bronchus exposed and clamped with a
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Fig. 1. Cumulative deaths in subgroups of mice (n = 15 for
each subgroup) given bleomycin 10 mg/kg and exposed to 30%,
40%, or 50% oxygen (FiO; 0.30, 0.40, or 0.50).
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hemostat. The right lung was then excised at the
hilus and frozen immediately for hydroxyproline
assays.'>'® The left lung was insufflated with 10%
neutral buffered formalin by intratracheal injec-
tion. The expanded lung was excised, immersed
in neutral buffered formalin for 24 hours, and
embedded in paraffin following dehydration in
graded alcohols. The 6-um rehydrated sections
were stained with hematoxylin and eosin.

Analysis of hydroxyproline

The hydroxyproline content of the lung was
determined as described previously.'>'® The wet
lung weights were determined and the minced
samples hydrolyzed in 6N HCI (1.0 mL/0.1 g of
lung) at 130°C for three hours. After the hy-
drolysates were cooled, the theoretical amount
of 2.6N NaOH to neutralize the 6N HCI was
added to them. Samples were then neutralized to
pH 6.8-7.0 using dilute solutions of 0.IN NaOH.
Neutralized hydrolysates were filtered using
Whatman #1 paper and diluted to 25 mL using
distilled water.

Hydroxyproline standards were prepared fresh
daily in 2.0-mL volumes containing 1 ug to 5 ug
of hydroxyproline. Each standard was prepared
in duplicate, the second serving as a blank sub-
strate. Duplicate aliquots of samples (2.0 mL or
a dilution made up in 2.0 mL) were set up in 16,
100-mm Pyrex tubes. Dilution of samples was
necessary to maintain hydroxyproline values in a
1-2 ug range. Reagents in 1-mL volumes were
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Fig. 2. Cumulative deaths in subgroups of mice (n = 15 for
each subgroup) given bleomycin 20 mg/kg and exposed to 30%,
40%, or 50% oxygen (FiO: 0.30, 0.40, or 0.50).
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Fig. 3. Mean hydroxyproline (HPL) concentrations (ug/g) in
lungs of mice treated with 10 mg/kg or 20 mg/kg bleomycin and
exposed to atmospheric air (21% oxygen, FiO2 0.21) (- - -) or oxygen
in the range 30%-50% (FiO; 0.30-0.50) ( ).

added to samples and standards in the following
order: chloramine T, 0.05M; perchloric acid,
3.15M (except for blanks, perchloric acid was
added before chloramine T); and p-dimethyla-
minobenzaldehyde 20% solution, followed by a
20-minute incubation in a 60°C water bath.
After a five-minute cooling period, absorbance
at 557 nm of standards and samples followed by
their respective blanks was determined in the
percent transmittance mode using an Aminco-
Bowman Ratio II spectrofluorometer. Hydroxy-
proline values were expressed as micrograms hy-
droxyproline per gram lung.

Histopathology

Histopathologic assessment was done without
knowledge of drug or oxygen conditions for each
specimen. A semiquantitative grade (0, 1, 2, 3,
4) was assigned for several variables on each tissue
sample. The histologic evaluations included cu-
boidal alveolar metaplasia, interstitial edema, in-
terstitial lymphocytic and histiocytic infiltration,
free alveolar macrophage accumulation (FAM),
fibrin hyaline membrane formation, endothelial
proliferation, necrosis, interstitial fibrosis, and
pleural inflammation and fibrosis. Of these, the
most easily and reproducibly identified were the
accumulation of free alveolar macrophages and
interstitial lymphocytes and histiocytes, collec-
tively referred to as the cumulative cellularity
index (CCI). The other factors varied widely,
were often focally distributed throughout the
lung parenchyma, and were more difficult to
recognize and quantify. For this reason, FAM
and CCI scores were used to compare pathologic
findings between groups of animals and to derive
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Fig. 4. Percentage of surviving mice exposed to 10 mg/kg

bleomycin and having high pathologic scores, against oxygen ex-
posure, 20%-50% (FiO, 0.21-0.50).

a visual assessment of cellular pathology (FAM/
CCI). Also, to allow for the uneven attrition by
the end of the study, a “severity index” (see
Discussion) was derived for each experimental
subgroup and defined as proportion of tissue
specimens with high scores (2, 3, or 4) times the
percentage mortality.

Mortality curves for all groups were compared
using the generalized Wilcoxon rank sum test.'”
A two-sample t-test was also used for the air
versus oxygen groups and to compare mean hy-
droxyproline concentrations.

Results

No animals in the control group died after
saline injection and subsequent exposure to in-
creasing concentrations of oxygen. The overall
mortality rates (attributable to drug plus oxygen-
ation) for bleomycin 10 and 20 mg/kg were 22%
and 43 %, respectively. The mortality curves over
the follow-up period were significantly different
(generalized Wilcoxon test) for control versus
bleomycin (P < .001), and between drug doses
(P<.01).

The influence of oxygen exposure (FiO, 0.30,
0.40, 0.50) on mortality after bleomycin admin-
istration is enumerated in the Table. At both drug
doses, the adverse effect of oxygen concentra-
tions was highly significant (P < .01). After bleo-
mycin 10 mg/kg was administered, mortality was
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Fig. 5. Insufflated mouse lung (control group). No significant histopathologic changes were
identified. (Hematoxylin and eosin X400)
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Fig. 6. Insufflated mouse lung after bleomycin and 50% oxygen. The alveolar septae are

expanded by mononuclear cells and free alveolar macrophages have accumulated in the alveolar
space. (Hematoxylin and eosin X400)
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Fig. 7. “Severity Index” (see text) of lung pathology related to
oxygen exposure and bleomycin dose.

20% for both FiO; 0.30 and 0.40, increasing to
47% at FiOz 0.50. For 20 mg/kg bleomycin, the
death rate reached 66% after exposure to FiO,
0.40 or 0.50. Mortality differences within the
high-oxygen groups (FiO, 0.30, 0.40, or 0.50)
just missed statistical significance (P> .05) follow-
ing the higher dose. The incremental death rates
at weekly intervals for the two bleomycin doses
and the three high-oxygen exposures are plotted
in Figures I and 2.

The bleomycin-treated animals were lethargic,
lost weight, and showed hair loss, circumoral
ulcers, and increased salivation.

Mean levels of hydroxyproline (ug/g lung *
S.E.) are plotted in Figure 3 in relation to the two
drug doses. Bleomycin 10 mg/kg, associated with
air breathing, did not change the hydroxyproline
level. The combined effect of this dose and oxy-
genation, however, was to increase the mean
hydroxyproline level to about the same degree
as did bleomycin 20 mg/kg, with or without
oxygen enrichment. The increases were highly
significant (P < .01), as were the differences
between the levels associated with air versus oxy-
gen breathing at the low dose of drug.

For the lower bleomycin dose, there was a
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progressive relation between exposure to increas-
ing FiO; and the proportion of surviving animals
with (unadjusted) high pathologic scores (Fig. 4).
For example, 86% of mice showed high scores
after breathing 50% oxygen compared with 38%
for those exposed to atmospheric air. The other
histopathologic studies were impeded by the loss
of specimens due to mortality, which was espe-
cially severe following bleomycin 20 mg/kg. The
“severity index,” which was derived in order to
take this into account, is referred to in the Dis-
cussion section.

Figures 5 and 6 illustrate, respectively, the nor-
mal pulmonary histology in the control group of
mice, and the pathological changes associated
with bleomycin and FiOs 0.50.

Discussion

Our results confirm that increased mortality is
associated with hyperoxia in bleomycin-treated
laboratory animals, that pulmonary damage is
similarly worsened, and that these effects can be
correlated with the inspired oxygen concentra-
tion.

For technical reasons (see Methods section),
studies of lung pathology were not possible when
animals died before the investigation was com-
pleted. Since the resulting loss of information
hampered statistical analysis of the histopatholog-
ical data, especially following the 20 mg/kg dose,
we devised a “severity index” into which mortal-
ity was incorporated. The validity of this index,
which is based on a visually scored assessment of
cellular pathology (FAM/CCI) and the propor-
tion of deaths in each subgroup, rests on the
assumption that pulmonary toxicity is responsible
for mortality. The evidence for this (in the ab-
sence of comprehensive testing of pulmonary
function in larger laboratory animals) comes
from studies similar to our own; however, it has
also been affirmed that ventilatory failure is the
immediate cause of death in mice exposed to one
or more atmospheres of oxygen'® (without bleo-
mycin).

In Figure 5 we have plotted “severity index”
against FiO, for bleomycin 10 mg/kg and 20 mg/
kg to confirm the graded relationship shown for
the unadjusted pathologic scores in respect to the
lower dose (Results, Figure 4). The index showed,
as did the hydroxyproline levels, that bleomycin
10 mg/kg combined with hyperoxygenation
caused at least as much lung damage as the higher
dose of the drug alone. That this conclusion is
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conservative is suggested by comparing FiO; of
0.40 and 0.50 following bleomycin 10 mg/kg
with FiO; of 0.21 and 0.30 after the 20 mg/kg
dose, the respective mortality rates being 33%
and 20%.

Although our findings point to a progressive
worsening of pulmonary pathology proportion-
ate to FiOy, differences in mortality between the
oxygen groups did not reach statistical signifi-
cance, which may suggest that an adverse effect
is possible from any degree of overoxygenation.

Reference must be made to the conflict be-
tween studies such as ours and those, mainly
clinical, that do not show a pathological interac-
tion between bleomycin and oxygen administra-
tion."® Certain authors, while apparently accept-
ing the adverse effect of added oxygen during
anesthesia, have not found pulmonary morbidity
either when inspired oxygen was kept below
25%'° or in a series of 14 patients when it was in
the range 30-100%.° Nygaard et al,'? publishing
almost coincidentally with and apparently con-
firming the findings of Goldiner et al,! made no
mention of hyperoxia, referring to “surgical
trauma” as the cause of respiratory failure in their
series. Also Goldiner and Rooney,11 in an edito-
rial comment, have referred to “more than 700
bleomycin-treated patients” who underwent sur-
gery and had inspired oxygen concentrations lim-
ited to less than 30% and with closely monitored
fluid replacement; in their words: “We have seen
no postoperative pulmonary failure in this group
of patients.”

Factors explaining such apparently contradic-
tory findings probably include the time and du-
ration of the bleomycin-oxygen interaction, the
respective doses and concentrations, and the pos-
sibility that lesser degrees of pulmonary damage
may escape clinical notice or be attributed to
other causes.

Meanwhile, it seems only prudent not to ex-
pose bleomycin-treated patients to oxygen con-
centrations above about 25% unless these are
essential to support life.
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