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Lung Injury of Preterm Rats Induced by Prolonged
Exposure to High Oxygen Concentration of 85%

Li-Ling QIAN, Li-Wen CHANG , Qian-Shen ZHANG , Zhi-Hui RONG

Department of Pediatrics, Tongji Medical College , Huazhong University of Science and Technology, Wuhan 430030,
China

Abstract: Objective To study the deleterious effect of prolonged hyperoxia exposure on preterm rat lungs.
Methods On the 2nd postnatal day, preterm SD rats were randomly assigned to the air group (1) and hyperoxia group
(11, exposed to 85% O,). After 3, 7 and 14 days of exposure, the contents of total protein ( TP), hydroxyproline
(HYP) and malondialdehyde (MDA), total cell counts and differentiation in bronchoalveolar lavage fluid (BALF), ratio
of lung wet weight/dry weight (W/D), and lung collagen content were examined. After 3, 7, 14 and 21 days of
exposure, lung histopathology and radial alveolar counts (RAC) were performed. Results On day 3 of hyperoxia
exposure, only the MDA content increased in Group II ( P <0.05). On day 7 and 14, TP, HYP, total cell counts, the
percentage of neutrophils in BALF and lung W/D also significantly increased ( P <0.05 or 0.01). The differences of
lung collagen contents between the two groups were not significant { P >0.05). Hyperoxia exposure resulted in subacute
alveolitis and inhibition of lung development on day 7, 14 and 21. RAC was similar between the two groups on day 3
(4.9+0.7 vs 5.0 0.8), but different on day 7 (5.9+0.9 vs 7.1+ 0.9; P <0.05. On day 14 and 21, RAC
decreased more obviously in Group I1 compared with that in Group 1 (7.0+£0.8 vs9.9+0.6, 7.3+£0.9 vs 10.5£0.8;
P <0.01). Conclusions Prolonged exposure to 85% O, may result in subacute inflammatory lung injury and inhibition
of lung development in preterm rats. [Chin J Contemp Pediatr, 2003, 5(2). 95-99]
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Bronchopulmonary dysplasia (BPD) is a chronic lung disease that causes significant morbidity and
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mortality in infants. Despite recent improved neonatal
care, including surfactant therapy and new ventilation
modalities, the incidence of BPD is still prevalent.
The precise etiology of the disease remains unclear.
Prolonged exposure to hyperoxia in the newborn is
believed to be the major contributing factor of the de-
velopment of BPD'!. In most instances, the animal
models of hyperoxic lung injury used for studying
BPD are established by short-duration exposure to
oxygen (the concentration >90% ) in adult or term
newhorn animals. However, the patients who require
long-term supplemental oxygen are mostly premature
infants. Therefore, we established a preterm rat
model with hyperoxic lung injury induced by pro-
longed exposure to 85% O,, which was more practi-

cable in clinical practice.

Materials and methods

Animals and grouping

Adult Sprague-Dawley rats (weighing 200 — 220
g, 100 females and 34 males) were pravided by the
Experimental Animal Center of Tongji Medical Col-
lege, and kept in the laboratory for mating. Fetal rats
were delivered prematurely at gestational day 21
(term =22 days) by cesarean section and kept by oth-
er dams for lactation. On the 2nd postnatal day, the
preterm rats were randomly assigned to the air group
(I) and hyperoxia group (II). The rats in Group II
were kept in a chamber with an 85% O, concentra-
tion, a temperature of 25 —26C , a humidity of 60%
—70% and a CO, concentration of <0.5%. The
rats in Group I were kept in room air.
Analysis of brochonalveolar lavage fluid (BALF)

After 3, 7 and 14 days of exposure, six rats
from each group were sacrificed by an overdose of
anaesthesia. The trachea was intubated. Following
endotrachael intubation, the lungs were lavaged with
sterile saline (about 0.1 ml/g) at 4C. This proce-
dure was repeated twice. All recovered fluid was col-
lected. 100 pl of BALF was used to determine total
cell counts with a hemocytometer counting chamber.
Then the BALF was centrifuged for 10 min at 2500
rpm, and its cell debris was used for differential anal-

ysis by Wright-Giemsa staining. The supernatant flu-

id was stored at — 20T and reused for measurement
of total protein (TP), hydroxyproline (HYP) and
malondialdehyde (MDA) (the assay kits were pur-
chased from Jiancheng Bio Institute, Nanjing).
Measurement of lung wet weight/dry weight (W/D)

After 3, 7 and 14 days of exposure, another six
rats of each group were killed. The right lung was
then removed from the chest cavity, slightly blotted,
and the wet weights were determined. Then the lung
was dried in the oven at 60C and was weighed daily.
The tissue was considered dry when the weight was
constant for 2 consecutive days and the dry weight
was recorded. Lung W/D was calculated.
Lung collagen measurement

The left lung was excised, slightly wiped and
weighed. The lung tissue was crushed and lysed in 6
mol/L HCL at 110C for 24 h. The extraction was e-
vaporated at 70C , and then the residue was suspend-
ed in 0.5 ml distilled water. After purification, the
content of hydroxyproline in the filtrate was measured
by a spectrophotometer and the collagen content was
determined after being multiplied by 7.46. The result
was presented as mg/g lung tissue.
Lung histology and radial alveolar counts (RAC)

After 3, 7, 14 and 21 days of exposure, another
six unlavaged rats of each group were killed. The
lungs were perfused in situ via a tracheal cannula with
The left

bronchus was ligated, and then the left lung was ex-

freshly prepared 4% paraformaldehyde.

cised, immersed in paraformaldehyde and embedded
in paraffin wax within 24 h. 5 pm sections were
stained with hematoxylin and eosin. Lung histology
was examined under a light microscope, and radial
alveolar counts (RAC) were performed by determin-
ing the number of septae that intersected a perpendic-
ular line drawn from the center of a respiratory bron-
chiole to the distal acinus ( connective tissue septum or
pleura) under X< 100 magnificationm. At least S
fields were scrutinized on each lung slide.
Statistical analysis

Data were presented as means and standard devi-
ation (SD). The survival rate between groups was
examined by X2 test. The differences of other data be-

tween the groups were assessed by Student ¢ test.
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General conditions and body weights

Results The preterm rats in Group I had bright and

Animal survival rate

On the 3rd, 5th, 7th day of exposure, the sur-
vival rates in Group II (91.7%, 86.1%, 77.8%)
were close to those in Group I (90.6%, 84.4%,
81.2%, respectively). On the 10th day of exposure
to hyperoxia, the survival rate in Group Il was lower
than that in Group I (66.7% vs 78.1%; P <
0.05). On day 14 and 21 of O, exposure, the per-
centages of survivors in Group II dramatically de-
creased to 36.1% and 11.1%, significantly lower
than those in Group I (78.1%, 78.1%; P <0.01).

smooth furs and plentiful subcutaneous fat and were
active, while the rats in Group II had dry and dark
furs and were emaciated, sluggish and inactive.
About 14 days of hyperoxia exposure, the neonatal
rats in Group Il were obviously short of breath after
being kept out of the oxygen chamber. All preterm
rats continued to gain weight throughout the exposure
period. However, the body weight and weight gain
in Group II were significantly lower than those in
Group I ( P <0.01). Moreover, with the passing time
during hyperoxia, the weight differences between the two
groups became more significant (See Table 1).

Table 1 Changes of body weight in each group (n=6, 7 + s, g)

Group 0d 3d 7d 14 d 21d
I 3.76+0.29 7.07+1.19 11.28+0.94 21.85%1.65 40.73£1.77
11 3.81+0.32 5.19£0.82* 8.78+1.04% 17.77+1.14° 30.70+1.45°

Note: a vs Group I P <0.01

TP, MDA, HYP, total cell counts and differentials
in BALF

On day 3, only MDA increased in Group II com-
pared with that in Group I ( P <0.05). On day 7

and 14, TP, HYP and total cell counts were also sig-
nificantly increased ( P <0.05 or <0.01). A differ-
ence was found in cell differentials between the two

groups ( P <0.01 or 0.05) (See Table 2).

Table 2 TP, MDA, HYP, total cell counts and differentials in BALF and the lung W/D (n=6, 7 + 5)

HYP MDA

Cell count

Differential (% )

Dey Group (ug/ml) (nunol/l) (X 10° /ml) M N L WD
3d I 0.50+0.12 0.31+0.18 3.0+0.4 96.4t3.0 2.2+0.5 1.420.4 4.98%0.14
11 0.73+0.08 1.31+0.61° 3.3:£0.6 95.5€2.8 3.2%0.8 1.3£0.6 5.08+0.13
7d I 0.46 +0.05 0.31+0.20 2.6+0.4 96.1+£3.0  2.1+0.5 1.8%x0.4 4.96%0.11
I 1.00+£0.26 1.67+0.66 6.3+1.0° 51.3+%3.2 46.8+5.0° 1.9£0.5 5.21+0.11°
14d I 0.53+0.13 0.27+0.22 2.7+0.7 96.0t2.6 1.8+0.4 2.230.6 4.91%0.18
11 1.8310.53° 2.33+0.60 14.6£2.0°  74.1£5.0° 23.1%8.0° 2.8+0.4 5.67+0.22°

Note: a vs Group I P <0.05; b vs Group 1 P <0.01

Lung W/D

As shown in Table 2, we did not find any differ-
ences in lung W/D between the two groups on day 3 ( P
>0.05). On day 7 and 14, the ratios were significantly
higher in Group II than Group I ( P <0.05 or 0.01).
Lung collagen

On day 3, 7 and 14, the lung collagen contents
(mg/g. tissue) were 9.41 + 0.23, 9.54 + 0.37,
8.33 + 0.34 respectively in Group I, and 9.39 +

0.31, 9.44 £ 0.41, 9.53 £ 0.46 respectively in
Group II. The differences between the two groups
were not statistically significant ( P >0.05).
Lung histopathologic change and RAC

On day 3, no pathological change was observed
in Group I1. On day 7 and 14, red blood cells, mono-
cytes, macrophages and edema fluid were seen infil-
trating into the alveolar space and interstitium with

thickened alveolar septa. On day 21, inflammatory
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cell infiltration aggrevated markedly; and epithelial
and fibroblast hyperplasia were seen. It also showed
arrest of alveolar septation characterized as enlarged
alveoli and lacking of homogenous small and middle-
sized alveoli (See Figure 1). RAC was measured for

quantifying the alveolar number within a terminal res-

piratory unit. RAC was similar between the two
groups on day 3 (4.9%0.7 vs 5.0£0.8), but it was
different on day 7 (5.9+0.9 vs 7.1£0.9; P <0.05).
On day 14 and 21, RAC decreased more obviously in
Group I compared with that in Group I (7.0+£0.8 vs
9.9+0.6, 7.3+0.9vs 10.5£0.8), P <0.01.
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Figure 1 Histopathologic changes of lungs of preterm rats (HE X 200)
A Hyperoxia gmoup on day 3 (no obvious pathologic changes were found)

B Air group on day 7 {crests obviously increased and elveoli were forming)

C Hyperoxia group on day 7 {alveclar septa were slightly widened)
D Air group on day 21 (well developed slveoli were present)

E Hyperoxia group on day 21 (inflammartory cells merkedly were infiltrated and epithelial cells proliferated increased)

F Hyperoxia group on dey 21 (alveolar numbers decreased, alveolsr structure were simplified, septa were widened and alveolar walls were thick-

ened)

Discussion

Our results clearly showed that exposure to 85%
(O in preterm rats did not result in significant differ-
ence in the-survival rate compared with that of the air
group during 7 days of exposure. We demonstrated a
higher neonatal survival rate in hyperoxia compared
with that reported in adult rats'®!. However, mortal-
ity was higher in the hyperoxia group than that in the
air group after 7 — 10 days of exposure and the sur-
vival rate markedly decreased on the 14th day of O,

exposure. Body weight gain was obviously lower in

the hyperoxia group than that in the air group, sug-
gesting that hyperoxia exposure resulted in retarded
growth of the neonatal rats.

In our experiment, on day 3, MDA in BALF
was already higher in the hyperoxia group than that
in the air group. On day 7 and 14, HYP also in-
creased significantly. These results revealed that ex-
posure to 85% (), initially caused alveolar epithelial
cell and vascular endothelial cell injury and indicated
that MDA was a sensitive marker of early injury.
With the passing time of hyperoxia exposure, the dis-
ruption of basement membranes oceurred, lung per-

meability increased, and subsequently edema fluid and
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inflammatory cells were infiltrated into the alveolar
space and interstitium which resulted in the increase
in total protein and total cell counts in BALF and lung
W/D. The results demonstrated that exposure to
85% O, induced a subacute inflammatory response in
the lung and suggested that the damage of the alve-
olocapillary membrane barrier contributed to the
pathogenesis of lung injury. Our findings also showed
that the percentage of neutrophils increased signifi-
cantly after 7 days of O, exposure, but mononuclear-
macrophage cells were still in abundance during the

1) have also re-

whole exposure period. Coalson et a
ported that premature baboons demonstrated less in-
jury and diminished neutrophils in the alveolar exu-
dates compared with adult baboons after hyperoxia
exposure. These results indicated that the pulmonary
neutrophil response of neonates and adults differed.
The probable mechanism is that the bone marrow of
neonates is easily depleted, and additional neutrophils
cannot be released into the circulation to reach the
lung because the neutrophil storage pools are lower in
the neonate.

It has been reported{s"61 that the exposure of
adult animals to hyperoxia for 3 — 5 days could cause
severe pathological changes characterized by pul-
monary edema, hemorrhage, epithelial cellular necro-
sis and numerous extravasated inflammatory cells.
Hyperoxia caused interstitial hyperplasia and fibrotic
changes around the 14th day of exposure. Qur patho-
logical study showed that slight lung inflammatory re-
sponse did not appear in preterm rats until being ex-
posed to hyperoxia for 7 — 10 days. On day 14 and 21
of hyperoxia exposure, although cellular and collagen-
like material hyperplasia, and an enlarged alveolar
wall and lung septa were observed, no obvious fibrotic
changes were found and pathological changes exhibit-
ed a significant alveolar septal arrest characterized by
the reduction in the number of small-diameter alveoh
and alveolar simplification or sacculation. In addition,
no difference in lung collagen between the two groups
also suggested no obvious collagen accumulation or fi-

brotic changes occurred. These results indicated that

+ 99

prolonged hyperoxia exposure induced neonatal lung
injury characterized by subacute alveolitis, and inhibi-
tion of lung development, which is a special conse-
quence of hyperoxic lung injury in neonatal animals.
Furthermore, inflammatory response induced by hy-
peroxia exposure may be the critical factor, which
contributes to the pathogenesis of inhibition of lung
development in the newborn. Therefore, further elu-
cidation of the mechanism of inflammatory response
in related cells may provide a new approach in looking
for therapeutic strategies for BPD.

Recently many investigators suggest that local
emphysema, atelectasis and lung fibrosis are not the
essential pathologic changes of BPD, and the arrest of

lung development is just the primary histopathological

[7-8]

characteristic . The pathologic changes of cur model

were similar to the above-mentioned characteristics,
which indicated that our present study may provide an
ideal animal model for further exploring BPD.
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