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F r o m  a combination of indices of gas exchange (shape of the oxygen uti l ization curve,  body t e m p e r a -  
ture ,  r e s p i r a t o r y  quotient) in a modified a tmosphere ,  the poss ib le  manner  of development  of adrenal in  
edema of the lungs can be predic ted .  The roentgenologic cha r ac t e r i s t i c s  of the s tate  of the lungs, hear t ,  
and blood v e s s e l s  in edema a re  descr ibed .  

To produce  edema of the lungs, adrenal in is usual ly injected i n t r amuscu l a r l y  or  in t raper i tonea l ly  in 
l a rge  doses  (4-8 mg/kg)  [1-4, 6, 7], because  smal l  doses  of adrenal in  do not always cause  edema to 
develop. The reproduct ion of edema of the lungs by minimal  doses of adrenal in  is of cons iderable  in te res t .  

Observa t ions  have shown that  the development  of adrenal in  edema of the lungs in r a t s  depends on the 
general  gas exchange.  Data allowing this re la t ionship  to be obtained in a m o r e  concre te  fo rm a re  
descr ibed  below. 

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

The genera l  gas exchange was de te rmined  with a Buelau 's  s p i r o m e t e r  in an exper imenta l  chamber  
for  16-20 rain before  the exper imen t  began with the an imals  able to move f ree ly  [5]. The venti lat ion ra t e  
of the chamber  was 0.5 l i t e r /min~  The body t e m p e r a t u r e  was m e a s u r e d  in the r ec tum with an e l e c t r o -  
t h e r m o m e t e r .  

Adrenalin (1:1000) was injected in t r amuscu la r ly  (2.5 mg/kg)  af ter  fixation of the r a t s .  Altogether 69 
exper iments  were  ca r r i ed  out on female  r a t s  of different  weights .  The roentgenologic p ic ture  was studied 
in 20 exper iments .  Gas exchange in these  r a t s  was  de te rmined  2-3 h before  the exper iment .  Edema was 
produced a f te r  the control roen tgenogram had been taken.  Technical  conditions of roentgenography:  55-60 
kV, 5 mA, 0.08-0.1 sec,  magnif icat ion twice. A second roen tgenogram of the chest  was taken at the height 
of development  of edema.  Holding of the b rea th  followed by comple te  exclusion of abdominal r e sp i r a t ion  
were  used as signs of development  of s eve re  pulmonary  edema.  The whole s e r i e s  of roen tgenograms  was 
p r o c e s s e d  s imul taneously  in the developing anct fixing solut ions.  

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

Under exper imenta l  conditions changes took place in the composi t ion of the a tmosphere  in the c h a m -  
ber .  Carbon dioxide accumula ted  (up to 1-2.5 vol .  %) and the oxygen concentrat ion fell slightly. The 
animals  differed in thei r  degree  of adaptation to the medium.  The gas exchange, and also the body t e m -  
p e r a t u r e ,  showed an inc rease  and dec rea se .  

It  is known that  r a t s  with the same shape of gas-exchange  curve and s im i l a r  values  of oxygen demand 
and r e s p i r a t o r y  quotient (RQ), and a s i m i l a r  r e sp i r a t ion  ra te ,  develop edema of the lungs of about equal 
sever i ty  af ter  injection of adrenal in .  However,  r a t s  with identical indices of gas exchange are  not often 
found. Analys is  of the data showed that 4 types  of dynamics  of gas exchange can be distinguished: I) 
increas ing ,  with max imum O2 demand at end of exper iment ;  II) balanced,  remain ing  at the same  level  
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Fig. 1. Dynamics of general gas exchange of types I and IV in ra t s .  Top 
curve shows O2 deficit; bottom curve shows CO2 concentration (in volo %) 
in a tmosphere  of chamber  (reading f rom right to left). 

Fig.  2. Roentgenograms of r a t ' s  chest before injection of adrenalin (A) 
and at height of development of edema of the lungs (B). 

steadily or with slight fluctuation; III) falling at the end; and IV) falling at the beginning of the experiment 
(F ig  1). All changes in gas exchange were determined relative to the 6th minute of the experiment,  which 
was taken as the initial level,  when definite separation of the gas-exchange curves was usually present .  
Differences in the state of respi ra t ion were also taken into account: regular ,  mixed (regular with short  
burs ts  of periodic respirat ion) ,  and with a predominantly periodic, arhythmic type of r e sp i r a t i on .  

Clearer  resul ts  were  obtained on ra ts  with gas exchange of types I and IV. The pulmonary coefficient 
(PC) for the control ra ts  was 0.65• and the dry residue of the lungs 20.7• 

In ra ts  with gas exchange of type I, animals with a high body tempera ture  and high RQ constituted 
group 1o After injection of adrenalin these ra ts  developed severe  edema of the 1Qngs (Table 1). In ra ts  of 
group 2, with a high body tempera ture  and relat ively higher oxygen demand, but with low RQ, edema of the 
lungs did not develop. In all ra ts  of groups 3 and 4 with a lower body temperature ,  but with the same level 
of oxygen demand, marked edema of the lungs developed, following a more  severe  course  in the rats  of 
group 3 with higher RQ. 
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In r a t s  with gas exchange of type IV, the dec r ea se  in gas 
exchange began at the 5th-7th minute of the exper iments  andva r i ed  
considerably .  The gas-exchange  indices of groups 5 and 6 var ied  
within identical l imi t s ,  and only the shape of the curve  differed.  
Gas exchange of r a t s  of group 5 had a smal l  dec rease  and ten-  
dency to r i s e  at the end of the exper iment .  The course  of the 
edema in these animals  was m o r e  seve re ,  and s t a s i s  of blood 
was more  marked  than in the r a t s  of group 6, in which a l a r g e r  
fall of gas exchange took place mainly  toward the end of the 
exper iment .  Rats with low RQ and low l imi t s  of body t e m p e r a t u r e  
and oxygen demand were  placed in group 7. After injection of 
adrenal in they developed edema of the lungs. The r e su l t s  indicate 
a close re la t ionship  between the toxic action of adrenal in and the 
level  and dynamics of the total  gas exchange. 

Acute emphysema  of the lungs was obse rved  roen tgeno-  
logical ly in all r a t s  5-10 min af ter  injection of adrenal in .  The 
t r a n s v e r s e  d iamete r  of the chest  was inc reased  by 12-20%, the 
diaphragm was depressed ,  and the costophrenic  angles we re  
broadened.  Edema of the lungs was manifes ted  by a va r i ed  
degree  of uniform loss  of t rans lucency  of the lung t issue,  f rom 
a sl ight "veil"  to an intense,  d i f fuse  shadowing (Fig. 2). A 
definite re la t ionship  was found between the dec rea se  in t r a n s -  
lucency of the lung t i s sue  and the emphysema ,  on the one hand, 
and the seve r i ty  of edema on the other .  Against  the background 
of modified lung t issue,  l ight bands due to the l a rge  bronchi  
could be seen.  Dilatation of b ranches  of the pulmonary  a r t e r y  
indicated an inc rease  in filling of the pulmonary  ve s se l s  with 

blood. 

In all exper iments  acute dilatation of the hea r t  was found. 
Its  t r a n s v e r s e  d i ame te r  was inc reased  by up to 35% and its  
ve r t i ca l  d iamete r  by 25%. In s eve re  edema of the lungs, marked  
bulging of the pulmonary  a rch  was observed ,  ref lec t ing  a d i s -  
turbance  of the outflow of blood f rom the r ight  ven t r i c le .  The 
width of the vascu la r  bundle consis t ing of aor ta  and vena cava  
was modera te ly  increased .  
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