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Studies on Changes in Pulmonary Surfactant in Pathological States of the Lung.

1. Acute Lung Injury Induced by N-nitroso-N-methylurethane : ARDS Like Model

Tomoyuki WATANABE, Yoshio KUROKI and Hisako KIKUCHI
First Department of Biochemisty, Sapporo Medical University School of Medicine
(Chief : Prof. T. AKINO)

ABSTRACT The levels of surfactant protein (SP)-A,SP-B and SP-D were studied in bron-
choalveolar lavage (BAL)-subfractions and lamellar body (LB) subfractions of rats with acute lung
injury due to subcutaneous injection of N-nitroso-N-methylurethane (NMU, 4.0 mg/kg of body
weight). NMU-injected or saline-injected rats were sacrificed on day 2, day 4 and day 7, and BAL
and LB were obtained. The BAL was divided into two subfractions by two different methods, i.e,
alv1l and alv2 fractions as defined by Nicholas et al, and LA (large aggregates) and SA (small
aggregates) fractions according to Jobe ef al. The LB was divided into two subfractions, IbA and
IbB fractions according to Nicholas et al. These BAL-subfractions and LB subfractions were anal-
yzed for total protein, total phospholipid and surfactant proteins such as SP-A, SP-B and SP-D.
The results obtained are summarised as follows :

1) The levels of total protein and phospholipid in alv2 and SA fractions increased in NMU-
injected rats through day 7, indicating that pool sizes of small aggregate-formed surfactant (SA-
Sf), which almost completely represented the phospholipid content, had increased in the alveolar
space in the acute lung injury. This result suggests that a conversion of large aggregate-formed
surfactant (LA-SE) to SA-Sf might be induced in the alveoli by the acute lung injury.

2) In NMU-injected rats, SP-A, SP-B and SP-D levels in BAL-subfractions were altered
differently. SP-A and SP-B levels in LA fraction of NMU-injected rats were markedly lower than
normal on day 2 (88.3 xg/rat on day 0 to 14.9 ug/rat on day 2 for SP-A, and 12.6 ug/rat to 1.5 ug/

Abbreviations:
NMU : N-nitroso-N-methylurethane PG : phosphatidylglycerol
St . surfactant PI : phosphatidylinositol
LB : lamellar body SP : surfactant protein
TM : tubular myelin BAL : bronchoalveolar lavage
LA : large aggregate ELISA . enzyme-linked immunosorbent assay
SA  : small aggregate SDS-PAGE : sodium dodecylsulfate-polyacrylamide gel
DPPC : dipalmitoyl phosphatidylcholine electrophoresis

PC : phosphatidylcholine
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rat for SP-B, respectively). Then, the SP-A levels in alv1l and LA fractions returned gradually to
about 50-60% of the first levels through day 7, while the SP-B levels in both fractions remained at
almost the same diminished levels. SP-D levels in alv2 and SA fractions of NMU-injected rats were
markedly higher than controls on day 4. SP-A and SP-B levels in SA fraction and SP-D levels in
LA fraction of NMU-injected rats were not altered significantly during the experimental periods.

3) The3H-LA faction was isolated from culture media of rat alveolar type II cells labeled with
3H- choline for 20 hrs, followed by treatment with TPA and incubation for 18 hrs with BAL fluid
obtained NMU-injected rats. About 95% of the *H-LA converted to SA fration, indicating that a

factor capable of converting LA-Sf to SA-Sf may be contained in the BAL.
(Received September 9, 1994 and accepted October 11, 1994)
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Fig. 1 Changes in phospholipid composition in bron-
choalveolar lavage fluid and lamellar body
fraction of rat lung by subcutaneous injection
of 4.0 mg/kg body wt. of NMU to rats.
PC, Phosphatidylcholine ;
PG, Phosphatidylglycerol ;
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Fig. 2 Changes in protein (A) and phospholipid (B)
contents in BAL-subfraction, i.e., large
aggregates (LA) and small aggregates (SA),
of rat lung after NMU injection.

Results are expressed as means*S.D. of 3
animal studies.

*p<0.01; **p<0.05 when compared with
the levels of day 0.
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Table 1 Protein and phospholipid -contents of BAL-subfractions and lamellar body subfractions
of rat lung at 7 days post-NMU (4.0 mg/kg of body wt) injection.

Protein (/ts;f/ rat) Phospholipid (¢mole/rat) Phospholipid/protein
Control (A)  NMU-treated (B) B/A  Control (a) NMU-treated (b) b/a C‘;%OI NMLL—/tlgeated

BAL-subfractions

alv 1 292.71164.9 766.7+ 185.1** 2.62 0.558+0.144 0.510£0.122 0.91 1.9 0.67

alv 2 4111.3£821.4 21961.7+9404.9** 5.34 2.823+0.339 17.467+2.454* 6.16  0.69 0.79

LA 378.0£146.4  1200.3+ 536.4** 3.17 1.512%£0.218 1.090£0.250 0.72  4.00 0.91

SA 4226.6:971.6 23661.3+8892.2** 5.60 2.570£0.862 18.009+2.412* 7.01  0.61 0.76
Lamellar body subfractions

hA 140,04 57.2 63.6+ 12.0 0.45 0.612+0.127 0.324£0.197 0.53  4.37 5.09

b B 82.0x 12.1 75.0x 11.5 0.91 0.506+0.060 0.560+0.187 1.1  6.17 7.47

alvl and alv2, and Ib A and 1b B were separated from bronchoalveolar lavage fluid, and lung tissue of

rats, respectively, according to Nicholas ef al.3®

LA (large aggregates) and SA (small aggregates) were separated from bronchoalveolar lavage fluid of

rats according to Jobe ef al.2®

Values are means=+S. D. for different preparations (n=3)
*p<0.01, **p<0.05 when compared with the levels in controls
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Fig. 3 A: Alveolar phosphatidylcholine (PC) pool
sizes of large (LA) (open bars) and small
aggregates (SA) (solid bars) of surfactant
in rats with NMU-induced lung injury from
day 0 to day 7 after NMU injection.

B: The ratio of small to large aggregates of
alveolar saturated PC pool sizes

*p<0.05 when compared with the levels of

day 0.
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Fig. 4 Changes in SP-A (A), SP-B (B) and SP-D
(C) contents in BAL-subfractions, i.e., large
aggregates (LA) and small aggregates A
of rat lung after NMU injection.

Results are expressed as means+S.D. (ug/
rat) of 3 animal studies.

*p<0.01; **p<0.05 when compared with the
levels of day 0.
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Table 2 SP-A, SP-B and SP-D contents of BAL-subfractions and lamellar body subfractions
of rat lung at 7 days post-NMU (4.0 mg/kg of body wt.) injection.
SP-A (ug/rat) SP-B (ug/rat) SP-D (ug/rat)
Control ~ NMU-treated Control ~ NMU-treated Control ~ NMU-treated
W ® A T ® YA W ® BA
BAL-subfractions
alv 1 51.1+ 5.5  24.3+4.0* 0.48 5.4%16 0.6+0.3* 0.11 0.32£0.06 0.40+0.24 1.25
alv 2 17.1£ 7.2 18.6+4.7 1.09  7.4%0.5 4.1+0.9* 0.55 8.96+0.54 25.89%+5.83* 2.89
LA 88.3122.0  53.9%6.1 0.61 12.0+1.8 2.0£0.7* 0.17 1.10+0.21 1.45+£0.56 1.32
SA 5.4%£ 2.4 9.3+£2.4 1.72  4.4%1.6 2.5%£0.1 0.57 8.05+1.19 23.67+5.51* 2.94
Lamellar body subfractions
b A 3.6 1.1 2.310.8 0.64 4.6£0.4 3.8%1.5 0.83 0.05£0.01 0.02+0.01  0.40
b B 2.5+ 0.8 3.8£1.2 1,52 4.3£0.9 7.442.1 1.72 0.05£0.01  0.03£0.00 0.60

Values are means+S. D. for different preparations (n=3)
*p<0.01, *‘*p<0.05 when compared with the levels in controls

Table 3 Conversion of large aggregates
lavage fluid from NMU-injected rats

(LA) to small aggreates (SA) with bronchoalveolar

Radioactivity (cpm) after incubation of 3H-L.A with BAL

Control BAL (n=2)

NMU-treated BAL (n=2)

LA
SA
% Conversion of LA to SA

41723 4176
33437 77503
44.5 94.9
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