
All these data show that elevation of the plasma 8-ELIR level accompanies stress forma- 
tion, including the development of a state of shock in baboons. A definite role in the re- 
gulation of the plasma ~-endorphin level may be played by the paraventricular-perifornical 
region of the hypothalamus. Elevation of the B-endorphic level probably takes place on ac- 
count of increased hydrolysis of 8-1ipotropin and also on account of its increased synthesis 
in the pituitary. 
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The question whether hyaline membranes (HM)of the lungs in adults with an acute res- 
piratory failure syndrome are a feature of the diseaseitself or a complication developing 
during treatment remains unsolved. Some workers have observed the formation of HM in the 
shock lung syndrome only after artificial ventilation and transfusion of an inappropriate 
volume of fluid [8, 9, 12]. The problem of the times of development of HM, which is im- 
portant for an understanding of the pathogenesis of respiratory failure, also is being dis- 
cussed. Electron-microscopic investigations of the lungs of persons dying after chest injury, 
with the clinical picture of acute respiratory failure, revealed HM 1-7 days after death or 
later [5-7, ii, 12, 14]. 

In the investigation described below the possibility of HM formation in the absence of 
treatment was studied at the ultrastructural level on an experimental model of traumatic shock 
lung. 

EXPERIMENTAL METHOD 

A model of chest trauma accompanied by respiratory failure, and excluding any lesion of 
the vertebral column and spinal cord, was created in 78 guinea pigs weighing 300 g. The con- 
trol consisted of 50 intact guinea pigs. The morphological investigations at the macroscopic, 
microscopic, and ultrastructual levels, were undertaken i, 6, 12, 24, 48, and 72hafter trauma 
(13 animals at each time). Besides ordinarytransmissionmicroscopy, in order to study the 
lung surfactant, in 30 cases (five animals at each time) the animal was perfused with 3.6% 
glutaraldehyde in 0.1M cacodylate buffer (pH 7.3) through the pulmonary artery [15]. To 
detect glycosamino glycans of the surfactant and hypophase, ruthenium red was injected as 
a component of the fixing mixtures [2, I0]. 

EXPERIMENTAL RESULTS 

In 100% of cases the clinical picture of respiratory failure was obtained. At the macro- 
scopic and microscopic levels the typical picture of shock lung was discovered: a combination 
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Fig. i. Development of HM 72 h after trauma: a) HM consisting of granular and 
fibrillary deposits located directly on BM. BM is swollen, with indistinct bor- 
ders. E) Erythrocyte; b) HM lies next to damaged cytoplasm of type I pneumocyte. 
Electron histochemistry. 14,000 x. 

of widely spread bilateral foci of atalectasis, with disturbance of the microcirculation in 
the form of spasm of the venular bed of the lungs, accompanied by sludging and, in the over- 
whelming majority of cases, by a syndrome of disseminated intravascular blood (the DIBC syn- 
drome) with focal hemorrhages and interstitial edema [I]. On histological investigation con- 
centrationsof homogeneous eosinophilic masses distinguished from intra-alveolar edema by their 
lamellar form, sharply demarcated inside the alveolus, and the more intensive eosinophilia 
were observed after 72 h in the region of the floor of the alveoli, in only five of 13 cases. 
At the ultrastructural level typical HM was observed also after 72 h. They had the appearance 
of granular or fibrillary deposits with fragments of cell organelles, lying next to the walls 
of the alveoli in the form of strips (Fig. i). The type I pneumocytes lying beneath them be- 
came irregular in outline and multiple microprojections appeared on their free surface. The 
cytoplasm contained large vacuoles with edema fluid. The mitochondria appeared swollen with 
indistinct outlines. Detachment of the layer of type I pneumocytes from the basement membrane 
(BM) also was observed. The latter appeared swollen, felt-like, with indistinct boundaries, 
with electron-translucent Zones over a wide area. In some places HM were in direct contact 
with the basement membrane modified as described above (Fig. la). 

In the cytoplasm of the type II pneumocytes there were areas with floccular edema fluid, 
swollen mitochondria, and single osmiophilic lamellarbodies (OLB). The nuclear membrane in 
these cells was indistinct and blurred. Instead of typical OLB other pneumocytes contained 
large vacuoles. These changes in the alveolar epithelium are evidence of severe vacuolar de- 
generation of thesecells. These disturbances in the pneumocytes were also observed before 
development 'of HM. 
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Fig. 2. Fig~ 3. 

Fig. 2. State of hypophase of the lung surfactant 24 h after trauma: disorganiza- 
tion and lysis of membranous structures. Destruction of glycocalyxo Electron his- 
tochemistry. 205000 x. 

Fig. 3. Contents of alveolus 12 h after trauma: edema fluid, erythrocytes, fibrin 
threads (F) o Electron micrograph. 14,000 xo 

The development of HM also was preceded by changes in the lung surfactanto Destruction 
of the glycocalyx and disturbance of the ultrastructure of membranous formations of the sur- 
factant, in the form of disorganization and fusion, were observed as early as 24 h after trau- 
ma (Fig. 2). Similar changes were observed until the end of the experiment, when the sur- 
factant consisted mainly of felt-like, floccular, amorphous for~lations. A definite role in 
development of HM was played by disturbance of vascular permeability, as shown by changes in 
the organelles which were visible 1 h after the beginning of the experiment. The mitochon- 
dria appeared swollen, with an electron-translucent matrix, the cisterns of the endoplasmic 
reticulum were dilated, and the number of micropinocytotic vesicles was increased. These 
merged to form large vacuoles, evidence of vacuolar degeneration [3]. After 12 h lipid in- 
clusions appeared in the endothelium a sign of profound disturbances of the endothelial cells 
[4]. Widening of the interendothelial junctions with exposure of BM also was observed. 

Thus in respiratory failure due to chest injury, the formation of HM, constructed from 
fibrin and remnants of necrotic type I pneumocytes was observed after 72 h. Complex injuries 
to all elements of the air-blood barrier -- endothelium, type I pneumocytes, lung surfactant 
-- and also disturbances of the rheologic properties of the blood, in the form of sludging and 
the DIBC syndrome, and the development of interstitial edema all played a role in the&r de- 
velopment. 

Interstitial edema, developing under conditions of increased capillary permeability, was 
observed as early as during the first hour, and after 12 h it was combined with intra-alveo- 
lar edema. Under these circumstances the lumen of the alveo!i contained not only edema fluid, 
but also blood cells and fibrin threads among them (Fig. 3) and remnants of necrotic type I 
pneumocytes. 

Changes in the rheologic properties of the blood, in the form of sludging and DIBC syn- 
dromes could contribute to the disturbance of permeability. A sludging syndrome develops as 
early as 1 h after the beginning of the experiment, whereas the DIBC syndrome developed after 
6 h, and was manifested by the accumulation of platelets and agglutinated erythrocytes in the 
capillaries, with masses of fibrin among them. 
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