
E F F E C T  O F  A T R O P I N I Z A T I O N  ON D E V E L O P M E N T  

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

A C U T E  P U L M O N A R Y  E D E M A  

E .  M,  I s m a i l o v  UDC 616-24-005.98  0-02:616-  001.12- 
092.9] -092-02:65 .217.34:547.  
944. 3. 

KEY WORDS: high a l t i tude  acu te  p u l m o n a r y  edema;  a t r o p i n i z a t i o n ;  p a r a s y m p a t h e t i c  i n f l ue nc es .  

The m e c h a n i s m s  of d e v e l o p m e n t  of high a l t i tude  acute  p u l m o n a r y  edema  (HAAPE) a r e  l a r g e l y  d e t e r -  
m i n e d  by the s ta te  of the n e r v o u s  s t r u c t u r e s  c o n t r o l l i n g  ac t iv i ty  of the func t iona l  s y s t e m s  which p r e v e n t  o r  
p r o m o t e  i ts  deve lopmen t .  This  pape r  g ives  the r e s u l t s  of e x p e r i m e n t s  a i me d  at  s tudying  the ac t ion  of p h a r m a -  
co logica l  b lock ing  of p a r a s y m p a t h e t i c  i n f luences  on the d e v e l o p m e n t  of HAAPE. 

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

E x p e r i m e n t s  were  c a r r i e d  out on 12 m a l e  ch inch i l l a  r a bb i t s  weighing 2 .5-4  kg, which r e c e i v e d  an i n j e c -  
t ion of the p e r i p h e r a l  m u s c a r i n i c  cho l ino ly t ic  a t rop ine  (1.5 I n g / k g ) ,  a f t e r  which the a n i m a l s  were  t r a n s f e r r e d  
to a c l i m a t i c  p r e s s u r e  c h a m b e r  where  m e t e o r o l o g i c a l  f ac to r s  c o r r e s p o n d i n g  to an " a l t i t u d e "  of 6000 In were  
c r ea t ed .  Under  these  condi t ions ,  the v a r i o u s  p a r a m e t e r s  for  s tudy were  d e t e r m i n e d  on the r a bb i t s  e v e r y  hour  

TABLE 1. P a r a m e t e r s  of R e s p i r a t o r y  F u n c t i o n  and H e m o d y n a m i c s  in  A t r o p i n i z e d  A n i m a l s  
be fore  and a f t e r  A s c e n t  to an Al t i tude  of 6000 in 

Parameter 

-1 
Respiration rate, rain 
Respiration volume, ml 
RMV, mi#nin 

O in expired air, 
2 vol. % 

02 in alveolar air, eel. % 

CO 2 in expired air, eel. % 

CO 2 in alveolar air, eel. % 
02 saturation of arterial 

blood, % 

Physiological dead space, ml 
Ratio of alveolar to pulmonary 

ventilation 
A-V difference for 02,  eeL% 

Heart rate, beats/rain 

Minute volume of heart, ml/min 

Systolic pressure, mm Hg 

Diastolic pressure, mm Hg 
Total peripheral resistance, 

dynes-see.era-5 

Initial 
data 

136.+ 15 
5,70 -+ 0,72 
777++_ 128 

17,05.+0,17 

15,8.+0,42 

3,94.+0,19 

5,59--+0,42 

92,3.+2,16 

1,674-0,45 

0,76-+ 0,03 
3,O3__+0,6 

250,I.+ 34,4 

754=]= 123 

it 1.9.+6,8 

66,7-+ 8,68 

9634--+ 1401 

60 

165.+22 
6,33.+0,9 
1042+ 197 

16,93~: 0,27 

15,74• 

4,03.+0,18 

5,56-+0,39 

56,6• 

1,70,,+-0,31 

0,77.+0,07 
0,74-0,097 

268,2--+ 50,2 

955,54-142,C 

117,6.+9,8 

76,5• 

8299_+ 1110 

Exposure, rain 

120 

167.+25 
5,88.+0,81 
981~201 

16,94+___0,21 

15,93.+0,27 

3,82• 

5,52--+0,38 

56,3• 

1,56.+0,33 

0,84-0.05 
0,64_0,06t 

285,7-+48,9 

963,5--+ 169,1 

117,34-t0,7 

73,3--+ 10,8 

8O85• 1479 

180 

169+__25 
5,72-+I,0 
964--+__214 

16.90.+0,15 

15.75• 

3.90-+0.43 

5,38-+0,33 

56,0_+9,6t 

1,68• 

0,78.+0,06 
0,66• 0,2 t 

281,6.+41,0 

960-+ 165 

115,4.+7,9 

72,3-+ 13,0 

8805-+2007 

240 

166.+26 
5,72--+0,8 
949-+ 208 

17,41.+0,22 

14,9.+0,17 

3,5-+0,35 

6,054-0,31 

64,2• lO,3t 

2,42_+0,62 

0,58.+003t 
0,62.+0,141" 

272,3--+ 37,1 

879,5--+ 185 

108,4--+8,77 

76,2--+9,2 

8809___2491 

300 360 

I61--+21 
5,614-0,56 
989--+ 117 

17, 59--+ 0,25 

14,69-+0,35 

3,38--+__0,30 

6,32--+0,31 

62,2• 8,4 I" 

2,68--+0,38 

0,544-0,05t 
0,56• 

268,7-+41,4 

858--+ 123 

98,7-+ 5,2 

76,9.+ %O3 

8255• 766 

166• 
5,46-+0,6 
902-+ 128 

17,64• 

14,35• 

3,21+-0,23" 

6,39-+0,3t 

56,7-+-9,4t 

2,72+_0,39 

0,50• O,04t 
0,58_+0,1t 

267, 8+ 42,4 

824• 139 

t00,8• 

77,9++_7,9 

8839+ i357 

*P  < 0.05. 
t P  < 0.02. 

J o i n t  L a b o r a t o r y  of E x p e r i m e n t a l  Cardio logy,  Ki rgh iz  R e s e a r c h  Ins t i tu te  of Card io logy  and C e n t r a l  Re-  
s e a r c h  L a b o r a t o r y ,  Ki rgh iz  Medica l  Ins t i tu te ,  F r u n z e .  ( P r e s e n t e d  by A c a d e m i c i a n  of the A c a d e m y  of Medica l  
Sc iences  of the USSR A.M. Chernukh . )  T r a n s l a t e d  f r o m  Byu l l e t en '  E k s p e r i m e n t a l ' n o i  Biologi i  i Medi t s iny ,  Vol. 
94, No. 10, pp. 39-41, October ,  1982. O r i g i n a l  a r t i c l e  s u b m i t t e d  N o v e m b e r  17, 1981. 
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TABLE 2. P a r a m e t e r s  of R e s p i r a t o r y  F u n c t i o n  and H e m o d y n a m i c s  be fo re  and a f t e r  A s c e n t  

to an Al t i tude  of 6000 m by A n i m a l s  Not Rece iv ing  At rop ine  

Parameter 

-I Respiration rate, min 
Respiratory volume, ml 

RMV, ml/min 
0 in expired air, 

2 vol.% 
0 2 in alveolar air, 

vol.% 

CO 2 inalveoiar air, vol.% 

CO 2 in expired air, vol.% 
02  saturation of 
�9 arterial blood, % 

Physiological dead space, ml 
Ratio of alveolar to 

pulmonary ventilation 

A-V difference for 0 2, voL% 

Heart rate, beats/rain 

Minute volume of 
heart, ml/min 

Systolic pressure, mm Hg 

Diastolic pressure, mm Hg 
Total peripheral resistance, 
dynes.sec.cm-5 

Initial 
data 

119.4+_19,4 
5.56+0,98 

652,5 -+ 93,68 

17,09-+0.27 

15,61~0,39 

5,63• 

3,42-+0,32 

95,6-+ 1,75 

1,5l• 

0,72+0,06 

2,69-+0,34 

203+ 22 

677,7-+97,3 

102,5+4,4 

65,0• 

10044• t494 

60 

141,1-+17,8 
5,62• 

795,5+__99 

16,84-+0,29 

15,54+0,40 

5,28-+0,25 

3,66-+O29 

69,15-+3,48 t 

1,31+_+_0,47 

0,76+0,08 

0,65• "t 

232+_ 28 

778,0+ 114,3 

111,2• 

65,5+5,13 

9238-+ 1325 

120 

147,7-+ 18,5 
5,66-+0,94 

820,7-+93,4 

16,89• 

15,48~0,37 

5,12-~ 0,34 

3,68+0,30 

65,7-+ 6,02' 

1,435:0,49 

0,74• 

0,66• 'I" 

232,0• 26,8 

789,7+ 111,1~ 

113,8• 

63,3!5,82 

9106+ 1265 

Exposure, min 

180 

148,3• 
5,72+__ 1,14 

826,0-+ 104 

17,05-+ 0,37 

15,30+0,46 

5,12-+0,45 

3,41-+0,35 

66,6+ 5,8 t 

1,77+ 0,69 

O,69-+0,08 

0,64-+0,07 t 

230,9_+26,5 

778,5-+ 103,7 

110,4_+7,7 

69,0.~ 7,24 

9322-+1115 

240 

151,2• 
5,38:2= I, I 

791,2__+ 120 

17,34-+0,30 

15,27+0,56 

6,50-+ 0,55 

3,095=0,31 

61,6+ 5,8 ~" 

1,93+0,68 

0,64+0,08 

0,57-+0,08 t 

231',0• 23,8 

771,0+ 104,3 

104,6+__9,33 

70,7• 7, I l 

9215-+ 1272 

300 

151,1• 
5,0• 

752,~ t04 

17,82+__0,33 

15,79-+0.61 

5,23+ 0,35 

2,74 -+ 0,20 

49,8• t 

1,94-+0,46 

0,61-+0,07 

0,51+0,08 "t 

227,8+20,5 

716,2_110,s 

99,2• 

71,8+4,63 

9750_+ 1594 

360 

152.2• 17,9 
4,8+0,8 

729-1-104 

18,92-1.-0,37" 

16,43• 

5,14m0,33 

2,46• 0,14.* 

39,9=k 3,04* 

1,97• 

0,59+0,05 

0,45• t 

226,0+*- 17,9 

677,5• 114,0 

96,2++_4,4 

73,7• 5,45 

10251~ 1677 

*P < 0.05. 
? P  < 0.02. 

for  6 h. The in i t i a l  da ta  were  r e c o r d e d  be fo rehand .  To a s s e s s  the s ta te  of func t ion  of the c a r d i o v a s c u l a r  s y s -  
t em the ECG was r e c o r d e d  in s t a n d a r d  l ead  II on the 6NEK-410 a p p a r a t u s  and the lef t  and r i g h t  s ides  of the 
h e a r t ,  p u l m o n a r y  a r t e r y ,  and a o r t a  were  c a t h e t e r i z e d  to r e c o r d  the p r e s s u r e  c u r v e s  by m e a n s  o f e l e e t r o m a n o m -  

e t e r s  on a Mingograph-81  r e c o r d e r  (E lema ,  Sweden) .  The c o n c e n t r a t i o n s  of ga se s  in s a m p l e s  of exp i red  and 
a l v e o l a r  a i r  were  d e t e r m i n e d  by a Haldane gas a n a l y z e r .  The con t ro l  g roup  c o n s i s t e d  of ten  r a b b i t s  not r e c e i v -  
ing a t rop ine .  P u l m o n a r y  edema  was d iagnosed  by d e t e r m i n i n g  the p u l m o n a r y  coeff ic ient ,  based  on the d ry  r e s i -  
due of lung t i s s u e  [5] ,  and a lso  by h i s to log ica l  me thods .  The a n i m a l s  were  k i l l ed  by decap i ta t ion .  

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

As Tab le  1 shows,  i m m e d i a t e l y  a f t e r  t r a n s f e r  of the a t r op i n i z e d  a n i m a l s  to the p r e s s u r e  c h a m b e r  the i r  
r e s p i r a t i o n  r a t e  r o s e  a p p r e c i a b l y ,  caus ing  a d i s t i n c t  r i s e  in the r e s p i r a t o r y  minu te  vo lume.  Th i s  p a r a m e t e r ,  i t  
will  be noted i n c r e a s e d  not  only as the r e s u l t  of an i n c r e a s e  in the n u m b e r  of r e s p i r a t o r y  m o v e m e n t s ,  bu t  a l so  
b e c a u s e  of t he i r  deepen ing .  This  was shown both by an i n c r e a s e  in  r e s p i r a t o r y  vo lume  du r ing  the f i r s t  180 rain 
and also by d e c r e a s e  in the phys io log ica l  r e s p i r a t o r y  dead space .  Be c a use  of the i n c r e a s e d  ve n t i l a t i on  of the 
lungs ,  e x c r e t i o n  of c a r b o n  dioxide with the exp i r ed  a i r  was i n t e n s i f i e d  and the oxygen c o n c e n t r a t i o n  in  the a l -  
veo l a r  a i r  ro se .  Al l  these  shif ts  enab led  a su f f i c i en t ly  high deg ree  of oxygen s a t u r a t i o n  of the a r t e r i a l  blood to 
be m a i n t a i n e d ,  c o m p a r e d  with va lues  ob ta ined  in  the group  of a n i m a l s  not  r e c e i v i n g  a t rop ine  (Table  2). The 
changes  d e s c r i b e d  c o n f i r m  data  in the l i t e r a t u r e  [3] showing that  a t r op i n i z a t i on ,  while not  caus ing  s ign i f i can t  
changes  in the s u r f a c t a n t  s y s t e m ,  l eads  to an  i n c r e a s e  in  the r e s p i r a t o r y  vo lume  and compl i ance  of the lungs .  
Ca lcu la t ion  of the ra t io  of the a l v e o l a r  v e n t i l a t i o n  to p u l m o n a r y  ve n t i l a t i on  a lso  showed an i n c r e a s e  in  this  
p a r a m e t e r  du r ing  the f i r s t  few hours  of exposu re  to a " h i g h  a l t i t u d e . "  

An i n c r e a s e  in the h e a r t  r a t e  was o b s e r v e d  in  the e x p e r i m e n t a l  a n i m a l s  and i t  r e m a i n e d  above i ts  i n i t i a l  
va lue  th roughout  the pe r iod  of exposure .  This  was a c c o m p a n i e d  by a s m a l l  i n c r e a s e  in  the minu te  vo lume  of the 
hea r t .  The sy s to l i c  vo lume  i n c r e a s e d  d u r i n g  the f i r s t  few hour s  bu t  l a t e r  showed a t endency  to d e c r e a s e .  Ca l -  
cu la t ion  of the p e r i p h e r a l  v a s c u l a r  r e s i s t a n c e  r e v e a l e d  a g r e a t e r  d e c r e a s e  in  the a t r o p i n i z e d  a n i m a l s  than  in  
the con t ro l  g roup .  It can  be conc luded  f r o m  phase  a n a l y s i s  of c a r d i a c  ac t iv i ty  that  the lef t  h e a r t  was no t  s i g n i f -  
i c an t ly  over loaded .  The work of the r igh t  h e a r t  i n c r e a s e d  as  e x p o s u r e  cont inued ,  bu t  d e t e r m i n a t i o n  of the 
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phases of the cardiac cycle revealed nothing more than a decrease in its functional capacity. The circulation 
time from the right heart to the ear was increased (by 120%), indicating the development of congestive mani- 
festations, although this value was much less than in the group of animals with HAAPE (an increase of 240- 
270~,). Morphological analysis of lung tissue after sacrifice of the animals showed that the frequency of devel- 
opment of I[AAPE was sharply reduced in the atropinized animals (one cause of mild HAAPE) compared with 
the group of control animals (four cases). 

The resul ts  do not agree with those of some workers  [6] who state that an increase  in the flow of af fer -  
ent impulses along the vagus nerve may prevent  the development of pulmonary edema (admittedly, not of the 
high altitude type),  whereas blocking them contributes to its development. One of the factors  preventing HAAPE 
is evidently an adequate degree of oxygen saturat ion of the a r te r ia l  blood. This is achieved through mainten-  
ance of adequate ventilation of the lungs, as a resul t  of which the oxygen concentrat ion in the alveolar  a ir  does 
not fall to the cr i t ical  values which were observed in the animals with HAAPE. The effect iveness of the gas 
exchange in the atropinized animals  was probably attributable to the improvement  of bronchial  pateney, enabling 
an increase  in the volume and improvement  of the composit ion of the alveolar  gases  [ 1, 41. Comparison of the 
oxygen saturat ion of the blood in the two groups of animals descr ibed above and also the resul ts  of previous 
investigations [2] show that the shift of this p a r a m e t e r  toward a decrease  (under 50~) is one of the factors  
which provokes ttAAPE. A marked fall in the 02 saturat ion of the blood causes  a sharp increase  in the central  
blood volume, a r i se  of p r e s su re  in the pulmonary vesse ls ,  and an increase  in the load of the r ight heart.  If the 
l iberation of various metaboli tes increasing vascular  permeabi l i ty  during hypoxia of this kind is also taken into 
account, the increase  in the frequency of occur rence  of HAAPE in animals with low blood ar ter ia l iza t ion  will be 
easi ly understood. Conversely,  maintenance of a r te r ia l  blood saturat ion at above the cr i t icat  level in a t ro -  
pinized animals evidently prevented the activation of pathological shifts of the regula tory  sys tems  that f r e -  
quently lead to the development of HAAPE. 
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