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The effect  of hypothermia  on the development  of pu lmonary  edema  produced by b i la te ra l  
division of the vagus ne rves  in the neck was studied in expe r imen t s  on guinea pigs and 
ra t s  of both sexes .  Hypothermia  was found not to p ro tec t  the an imals  against  d i s turbances  
of p e r m e a b i l i t y  of the a i r , b l o o d  b a r r i e r  of the lungs or  against  the development  of pu lmo-  
na ry  edema .  Conditions faci l i ta t ing the development  of t issue hypoxia were  c rea ted  ( a de- 
c r e a s e  in cy tochrome oxidase act ivi ty  in the m y o c a r d i u m  and succinate dehydrogenase  
ac t iv i ty  in the lungs) during the development  of edema.  
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Pathological  s ta tes  in which a r t i f i c ia l  hypothermia  has been demons t ra ted  are  s o m e t i m e s  compl i -  
cated by pu lmonary  edema,  worsening  the prognos is  cons iderably  [1, 3, 6]. There  a re  a few r epo r t s  in 
the l i t e r a tu re  on the effect  of hypothermia  on pu lmonary  edema,  but only on those types caused by exposure  
to a m m o n i u m  chlor ide  and s e r u m  and to h y p e r b a r i c  oxygen [2, 4, 8-10]. 

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

Expe r imen t s  were  c a r r i e d  out on 168 sexual ly  ma tu re  albino ra t s  and 54 guinea pigs of both sexes .  
Pu lmonary  edema  was induced in the t r acheo tomized  an imals  by one-s tage  b i l a te ra l  division of the vagus 
ne rves  in the neck. The an imals  were  cooled in a r e f r i g e r a t o r  until thei r  rec ta l  t e m p e r a t u r e  was 23.3- 
19.6~ (measured  with the TMS-2 e l e c t r o t h e r m o m e t e r ) .  The pe rmeab i l i ty  of the pu lmonary  a i r - b l o o d  
b a r r i e r  was de te rmined  with the aid of Evans '  Blue [5, 11]. The degree  of blood filling of the lungs was 
i n v e s t i g a t e d b y M e i j e r ' s m e t h o d  [12 ]wi thSe reb rovskaya ' s  modif icat ion [7]. The a r t e r i a l  p r e s s u r e  r e s p i r a -  
to ry  movemen t s ,  and ECG were  r ecorded .  Macroscop ic  changes in the thorac ic  organs  were  observed  in 
an ima l s  kil led 2 h a f t e r  vagotomy, the pu lmonary  coeff icient  (the ra t io  between the weight of the lungs in 
mg and the body weight in g) was de te rmined  and the weight of the dry res idue  of the lungs obtained. In 
specia l  expe r imen t s  the act ivi ty  of cy tochrome  oxidase and succinate dehydrogenase (using neo-  and blue 
t e t r azo l ium sal ts)  and a lso  the a c e t y l e s t e r a s e  act ivi ty (using parani t rophenyl  aceta te  as  the subs t ra te )  
were  inves t igated in the hear t  and lungs in specia l  expe r imen t s .  

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

At the momen t  of division of the vagus ne rves  in the uncooled ra t s  and guinea pigs the a r t e r i a l  p r e s -  
sure  rose  by 20-30 m m  and then fell  a l i t t le,  a f t e r  which it r emained  stable until the end of the exper iment .  
The r e sp i r a t i on  acqui red  the typical  c h a r a c t e r  of vagus dyspnea.  The hear t  ra te  fell  cons iderably  (from 
468.2 �9 11.7 to 335.0 �9 39.2/min;  P < 0.01). Changes in a t r i oven t r i cu l a r  and in t r aven t r i cu l a r  conduction 
appeared .  The r e su l t s  in Table 1 show that pu lmonary  edema  developed in the vagotomized ra t s  and guinea 
pigs as a r e su l t  of an inc rease  in pe rmeab i l i t y  of the pu lmonary  a i r - b l o o d  b a r r i e r .  The blood filling of 
the lungs was unchanged. 
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TABLE 2. 
under  '~0nditions of Normothermia  and Hypothermia (M ~= m) 

Exped- 
mental 
condi- 
dons 

Changes in Enzyme Activi ty in Lung and Heart  T i s sues  of Rats a f te r  Bi la tera l  Vagotomy 

Group of animals 

Normo- r 
uhermia Control (tracheotomy) i 

Experimental (vagotomy 
+ tracheotomy) 

Control (tracheotomy) 7 

Experimental (vagotomy i 7 
+ tracheotomy) 

Hypo- 
thennia 

Cytochrome oxidase activity 
(in mg tetrazolium/g wet 

'~ weight of tissue) 
d in the lung I in the heart z 

0,811+0,113 1,638__+0,228 

0,861-+0,169 1,576-+0,226 

0,847+___0,063 2,091+-0,200 

0,795__0,085 1,734___+0,150 

P,-2>0,5 Pi-3>0,5 
P,_3>0,5 P,_~>0,05 
P~_4>0,5 P2-4>0,2 
P3_4>0,5 P~-4>0,05 

Succinate de- hydrogenase ac- Buccinate de- ~}ydrogenase ac- 
uvity[mg tetra- ~tivitvtm~ tetra- 
zolium/g wet Izolitim/ff wet 
wt. of tissue Iwt. of tigsue 
in the lung m the heart 

0,158--+0,030 

0,1584-0,009 

0,163+-0,017 

0,I13~0,014 

Pi_o=l 
P,_3>0,5 
P~-4<0,05 
P3-4<0,01 

0,791+_0,081 

0,894___0,125 

0,8t5+-0,119 

0,982+-0,053 

PI-2>0,2 
PI.3>0,5 
P~-4>0,2 
Ps_4>0,1 

Levels of probability of difference (P) 
between different groups of' animals 

Acetylesmrase activity (in 
micromoles paranitrophenol 
per gram wet wt. of tissue) 

in the lung I in the heart 

24,94+-2,40 

21,24+- 1.31 

11,16+1,16 

15,69__+I ,59 

17,30+--1,46 15,96+-t , 19 

18,55+-1,28 21,55+-1,72 

Pt-2<0,05 
Pi-s<0,01 
P~-4<0,05 
P~-4>0,2 

P~-2<0,001 
Pt_s<0,01 
P2_4<0,01 
P~-4<0,01 

Vagotomy under hypothermic conditions led to a smal le r  (by 5-20 mm) increase  in the a r te r ia l  blood 
p re s su re .  The respi ra t ion  rate of the animals decreased  just as during normothermia .  The hear t  rate 
fell f rom 151.0 +5.0 to 123o0 �9 18.8/min (P< 0.05). Slowing of a t r iovent r icu lar  conduction and ventr icular  
ex t rasys to les  were  observed on the ECG. Vagotomic pulmonary edema developed under these conditions 
also as a resul t  of a substantial increase  in the permeabi l i ty  of the pulmonary a i r - b l o o d  b a r r i e r .  

Investigation of the enzyme act ivi ty in the t i ssues  of the rats  (Table 2) showed that unde rno rmo the r -  
mic conditions vagotomy did not change the cytochrome oxidase or  succinate dehydrogenase activity in 
e i ther  the lungs or  the myocard ium.  In the hypothermic animals a decrease  in cytochrome oxidase activity 
in the hear t  and suecinate dehydrogenase activity in the lungs was observed af ter  vagotomy. The develop- 
ment of vagotomic pulmonary edema in the uncooled ra ts  was accompanied by a marked decrease  in acetyl-  
e s t e ra se  activity in the lungs and an increase  in its activity in the heart .  Vagotomy ca r r i ed  our during 
hypothermia did not significantly change the activity of this enzyme in the lungs, but considerably increased  
it in the heart  muscle ,  

Hypothermia thus does not prevent  disturbance of the permeabi l i ty  of the a i r - b l o o d  b a r r i e r  of the 
lungs and the development of pulmonary edema af ter  vagotomy. Hypothermia c rea tes  conditions that may 
facili tate the development of t issue hypoxia and, in par t icular ,  a decrease  in the cytochrome oxidase ac-  
tivity in the myocard ium and succinate dehydrogenase activity in the lungs during the development of neu- 

rogenic pulmonary edema.  
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