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An increase in the permeabi l i ty  of the lung membrane  is of great  importance in the pathogenesis of various 
forms of edema of the iungs [3]. This is shown by the outflow of a large quantity of serum protein into the edema 

fluid [2, 4-6]. Because in many forms of edema  of the lungs the cause has no local  act ion on the lung membrane,  
it  is logical  in these conditions to study the state of permeabi l i ty  of the vessel-t issue membranes of some other 

organs. This is most app l icab le  to centrogenic edema of the lungs. Various agents having a harmful act ion on the 

brain spread re la t ive ly  easily to the region of the hypothalamus, where the regulation of many autonomic functions 
including permeabi l i ty  is concentrated [1]. It must be assumed that when the cause of the edema acts on this re-  
gion of the brain, changes in pe rmeabi l i ty  may take p lace  not onty in the lung, but also in other ~issues. The object  
of the present invest igat ion was to study the changes in the permeabi l i ty  of cer tain tissues to macromolecuta r  sub- 
stances as shown by the e l imina t ion  of trypan blue, adsorbed by the blood proteins [10] from their vessels in two 
forms of exper imenta l  centrogenic edema of the lungs. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carried out on 106 noninbred albino rats of both sexes weighing 180-330 g. Three series 
of control experiments  were carried out on 46 animals,  while 60 rats were used for four series of experiments  with 
the production of centrogenic edema.  For this purpose, 36"rats with their head fixed in a stereotaxic apparatus in 
accordance with de Groot 's atlas [9], received inject ion of 0.02 ml  of 1:106 aconi t ine solution b i la te ra l ly  into the 
anterior hypothalamus. Pulmonary edema was caused in 24 rats by inject ion of 0.1-0.2 ml  of a stained 5% solu- 
tion of fibrinogen into the c is tema magna.  In some of the first experiments  the fibrinogen was in jec ted  into the 
cisterna mixed  with thrombin solution to form fibrin clots, i rr i tat ing the brain tissue [7, 8]. Subsequently, fibrogen 
alone was injected.  After inject ion of its stained solution, flakes of fibrin also were found in a l l  the ventricles and 
on the base of the brain, and edema of the lungs developed quickly. 

The hematocr i t  number was determined before the exper iment  and immedia t e ly  after death of the animals.  
The rats were quickly autopsied, and after  l igat ion of the main  vessels, the lungs, liver,  kidneys, and spleen were 
extracted,  and their  re la t ive  weight was determined (weight in grams per 100 g body weight).  The tissues of these 
organs, and also the walls  of the proximal  portion of the smal l  intestine,  the thigh muscle,  and the skin of the ab o 

domen (without the fatty cel lular  tissue) were dried to constant weight at  80-90 ~ and the rat io between their dry 

weight and the weight of the fresh tissue was ca lcu la ted  in per cent. The same est imations were made in healthy 
control rats k i l led  by air embol ism.  In other series of experiments ,  3-5 min after the in ject ion of aconi t ine or 
fibrinogen, an intravenous inject ion was given on a 1.0-1.2% solution of trypan blue in a dose of 0.2 ml /100  g body 

weight.  Immedia te ly  after death of the an imal  the chest was opened, blood was taken from the heart,  and the vas-  
cular  system was washed out through the chambers of the heart  with 40 ml of physiological  saline. The control 
rats were sacrif iced at  equal intervals after inject ion of the dye. After the vessels had been washed out, samples of 
the lungs, liver,  kidneys, smal l  intestine,  and muscles, each  100 mg in weight,  were taken and thoroughly minced 
with scissors, homogen ized  in a microblender ,  and the trypan blue was ext rac ted  with pyridine by the method of 
Judah and Willoughby [10], and es t imated co lor imet r ica l ly  on a F t ~ - M  photoelectr ic  color imeter .  The concentra-  
tion of the dye in the tissues, the plasma,  and the edema  fluid was ca lcu la ted  in mE%. 

E X P E R I M E N T A L  R E S U L T S  

The results of a l l  the series of investigations are shown in Tables 1 and 2. Comparison of the re la t ive  weight 
and the dry residue of the lungs in the animals  of the control and exper imenta l  series shows that both forms of 
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centrogenic edema were accompanied by an intensive disturb- 
ance of the water metabol ism in the lungs. A more marked e x -  
cess accumulation of water in the lung tissue took place in 
aconitine edema,  which m both series (Tables I and 2) was a 
companied by a somewhat greater increase in the relative weight 
of the lung and a decrease in the dry residue than fibrin edema.  
The development  of pulmonary edema was accompanied by 
marked disturbances of the water concentration in the blood and 
in certain tissues. The increase in the dry residue of the blood 
and the hematocrit  number (Table 1) demonstrated toss of water 
from the blood and hemoconcentration.  The increased flow of 
liquid from the blood into the lungs and the dehydration of the 
blood in both forms of centrogenic edema was evidently c o m -  
pensated to some degree by an outflow of water from some organs 

into the blood. 

A statistically significant increase in the dry residue took 
place in both cases in the liver and the wal l  of the small  intes- 
tine during fibrin edema (Table 1). To some e~xtent the de- 
crease in the degree of hydration of these tissues may have de-  
pended on changes arising in the hemodynamics  following brain 
injury and a decrease in the fil l ing of the tissues with blood, the 

-a dry residue of which was rather less than in the investigated tis- 
sues. In that case the weight of the corresponding organ must 

at 

.~ have fallen. In the present experiment  the decrease in the rela-  
at t ire  weight of the liver was small  and not significant, the weight 

of the kidneys rose slightly, but the weight of the spleen showed 
l itt le change. Following e lectrolyt ic  injury to the hypothalamus 

�9 ~ in rats, accompanied by edema of the lungs, Maire and Patton 
[11] found a considerable decrease in the relat ive weight of the 
liver and spleen, which they considered to be a sign of the redis- 
tribution of blood from the abdominal organs into the vessels of 
the pulmonary circulation. In rabbits with aconitine edema in 
the authors' laboratory, a significant decrease was found in the 

.m weight  of the liver, kidneys, and spleen. Hence, according to 
this indirect index, it may be concluded that the fil l ing of many 
of the internal organs with blood is reduced in the presence of 
centrogenic edema of the lungs. For reliable conclusions to be 
drawn, direct determinations must be made of the vo lume of 

x~ blood in the organs. 
O 

In the healthy animals ~.acrificed 2-94  rain after the in- 
travenous injection of trypan blue, definite traces of dye were 
found in the blood plasma and the investigated tissues, and the 
amounts did not depend on the t ime  after its injection when the 
rats died. They were equal in different tissues and corresponded 
to the degree of permeabil ity of their vessel-t issue membrane.  

"= In the series with aconitine edema the dye was injected in a 
at 

rather higher concentration (1.2%). Correspondingly, the con-  
centration of the dye in the plasma and organs of the control 

o u rats of this series was slightly higher than in the animals of the 
.~ other control group. Comparison of the concentrations of dye in 
F~ the lung tissues in the edematous and control animals showed 

that in both forms of centrogenic edema the permeabil ity of the 
lung membrane for proteins adsorbing the dye was considerably 
increased. The fact was noted that the greater (by dry residue 
and by relative weight) accumulation of water in the lungs in 
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aconi t ine  edema than in the fibrin form was accompan ied  by a re la t ive ly  smal ler  outflow of dye into the lung t is -  

sue and edema fluid. It is c lear  from Table 2 that in aconi t ine  edema the concentrat ion of dye in the lungs rose 

s ignif icant ly to 326% of its concentrat ion in the control group; in fibrin edema  it also reached 355%. Evidently, 

inject ion of aconi t ine  into the brain tissue was accompan ied  by more severe disturbances of the pulmonary hemo-  
dynamics and an increase in f i l t rat ion pressure, whereas after irr i tat ion of the brain by fibrin clots deposited on the 

walls of the ventricles,  the increase in permeabi l i ty  of the lungs was predominant .  This hypothesis is supported by 
the higher protein concentratiofi  in the edema fluid in aeoni t ine  edema  than in fibrin edema,  as the authors'  specia l  
experimenta showed. 

It is c lear  from Table  2 that in both forms of centrogenic edema  the concentrat ion of dye increased in a l l  
the invest igated tissues. The degree of increase in the concentrat ion of dye was independent of its concentrat ion in 
normal  conditions. The increase in its concentrat ion in a l l  the organs was not so marked as in the lung tissue, but 
in the l iver  and in the wall  of the smal l  intestine i twas significant.  The more intense staining of the tissues by the 

finely dispersed part icles  could only be at t r ibuted to an increase in the permeabi l i ty  of their membranes independ-  
ent of changes in their  hemodynamic  conditions, because the gravimetr ic  coefficients and indices of the water con-  
tent indica ted  rather a decrease in the fi l l ing of the invest igated tissues with blood. 

Hence, by act ing upon the brain to cause the development  of fatal  pulmonary edema in albino rats, an in-  
crease in the vessel-t issue permeabi l i ty  resulted not only in the Iungs, but also in other tissues, accompan ied  by re-  
distribution of the water between them. Evidently, the mechanisms of regulat ion of this property of the various 
organs show certain specif ic  features and procedures di rected toward them produce disturbances of different  in ten-  
sity. The increase in the pe rmeabi l i ty  of the lung membrane was much greater than the changes taking place  in 
the other invest igated tissues. 
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