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The manner  in which d i s tu rbances  of r e s p i r a t o r y  function a f t e r  acute blood loss  a re  de t e r -  
mined by the c h a r a c t e r  of neurohumora l  re la t ions  was studied in e x p e r i m e n t s  on 54 dogs.  
The concentrat ion of  adrenal in- l ike  subs tances  in the blood shows cons is tent  changes in r e -  
sponse to blood loss .  The chol inergic  act ivi ty and the serotenin  level ,  on the o ther  hand, 
change in two different  ways:  they may e i ther  inc rease  or  d e c r e a s e .  Depending on the type 
of change in chol inergic  act ivi ty  of the blood and in the serotonin level ,  changes in r e s p i r a -  
tion may follow a d i f ferent  pa t t e rn .  In the f i r s t  case  deep r e sp i r a t ion  develops,  a c c o m -  
panied by r e s p i r a t o r y  a lkalosis ;  in the second case  fas t  shallow breathing develops,  a c c o m -  
panied by r e s p i r a t o r y  ac idos is .  

The impor tan t  role  of the chol inergic  and ad rene rg ic  s y s t e m s  and also of serotonin in the regulat ion 
of r e s p i r a t o r y  function and the rhy thmic  act ivi ty of the r e s p i r a t o r y  cen te r  has been  demons t ra t ed  [1, 2, 4, 
7]. 

In the invest igat ion desc r ibed  below the way in which d i s tu rbances  of r e s p i r a t o r y  function a f te r  acute 
lethal blood loss  a re  de te rmined  by the c h a r a c t e r  of changes in the media to r  s y s t e m  of the blood was studied. 

EXPERIMENTAL METHOD 

In experiments on 54 dogs weighing 14-16 kg, under hexobarbital anesthesia (60 mg/kg body weight) 
a massive blood loss (4.8 :~ 0.26% of the body weight) of lethal proportions was produced by bleeding from 
the femoral artery. 

Catecholamines in the blood were determined by Shaw's method in Matlina's modification [5], acetyl- 
choline by Shutskii's method [i0] on the SF-4 spectrophotometer, cholinesterase activity by a chemical 
method [13], and serotenin by a biological method on the ileum of the albino rat [9]. Shutskii's method of 
determining acetylcholine in the blood was first verified by comparison with a modified biological method 
of determination of acetylcholine on the frog's lung [8, 13]. 

Respiration was recorded pneumographically and at the same time with the AOOZ-M Soviet closed- 
type spirograph (Kazan' Medfizpribor Technical Design Bureau). The EEG, ECG, and electrical activity 
of the inspiratery (external intercostal) and expiratory (external oblique abdominal) muscles were recorded 
simultaneously on two type ]~]~ChS-I electroencephalographs. It has been said that electromyography en- 
ables the most complete estimate to be made of the state of the respiratory center and of the neuromus- 
cular apparatus of respiration [6, 12]. 
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TABLE 1. D y n a m i c s  of Cho l ine rg i c  Act iv i ty  and Sero ton in  Concen-  
t r a t i o n  in  the Blood dur ing  Acute Lethal  Blood Loss (Var ian t  1) 

I 
Stages of terminal I Statistical 
process I index 

: hlitial data - M 
~m 
P 

AC 
( in  pg%) 

PCE,(in 
mg/mt per 
hour) 

ACE (in [ Serotouin 
mg(~l  perl(in •g/ml) 
hour) I 

16,1 I 0,74 0,289 0,018 
4,1 
0,121 

6,7 
O, 134 

Beginning of blood M 4,3 6,9 16,4 0,75 
loss ~m O, 124 O, t07 0,315 0,018 

P > o ,  1 > o ,  1 > o ,  1 > o ,  1 

Phase of increased M 8,0 12,08 21,84 1,4 
respiration rate ~m 0,120 O, 155 0,296 0,033 

P <0,001 <0,001 <0,001 <0,001 

Terminal pause M 1,4 4,3 10,75 0,39 
___m 0,066 0,121 0,324 0,014 
P ~0,001 ~0,001 <0,001 <0,001 

Agony M 4,2 7, I I6,0 0,76 
• O, 109 O, 151 0,208 0,019 
P >o, 1 >0,05 >0,1 > 0,1 

Clinical death 0,28 
0,019 

<o,ool 

2,26 
0,164 

<0,001 

M 
__rn 
P 

6,9 
0,148 

>0,  1 

0,29 
0,14 

<0,001 

Legend.  Here  and in  F i g .  2: AC (ace ty lchol ine) ,  PCE (pseudocho l ine -  
s t e r a s e ) ;  ACE ( a c e t y l c h o l i n e s t e r a s e ) ;  P) s ign i f i cance  of d i f f e rence  
r e l a t i v e  to initial v a l u e s .  

TABLE 2. D y n a m i c s  of Cho l ine rg i c  Act iv i ty  and Sero ton in  Concen-  
t r a t i o n  in  the Blood dur ing  Acute Letha l  Blood Loss  (Var ian t  2) 

PCE.(in ACE. (in Stages of terminal Statistical AC mg/inl per mg/ml per Serotonin 
process index (in pgqo) hours) hour) (in •g/ml 

l~itial data M 3,8 7,0 15,5 0,69 
+m 0,122 0, t38 0,379 0,027 

p . . . .  

Beginning of blood M 3,6 6,8 15, 1 0,67 
loss -4-rn 0,129 0, 14t 0,923 0,028 

P >0,1 >0,1 >0, 1 >0, l 

Phase of increased M 2,0 4,1 10,6 0,36 
respiration rate • 0,127 0,141 0,292 0,014 

P <0,001 <0,001 <0,00t <0,001 

Terminal pause /14 1,0 3,4 7,5 0,24 
~+m 0,083 0,142 0,215 0,010 
P <0,001 <0,001 <0,001 <0,001 

Agony M 3,7 5,3 15,1 0,63 
-J-rn 0,184 0,127 0,274 0,020 
P >0,1 <0,001 /-'>0,1 0,05 

Clinical death M 
+ m  
P 

0,2 
0,017 

<0,001 

5,1 
O, 129 

<0,001 

2,3 
0,174 

<o,ooi 

0,17 
0,014 

<0,001 

The exc i t ab i l i t y  and  l ab i l i t y  of the r e s p i r a t o r y  c e n t e r  w e r e  r e c o r d e d  by the method  d e s c r i b e d  by 
G a r a n i n a  [3]. The gas  compos i t i on  of the a r t e r i a l  b lood at  the va r i ous  s tages  of blood loss  was  d e t e r m i n e d  
on the AZIV-1  a p p a r a t u s  wi th  a t t a c h m e n t  (Kazan '  Medf i zp r ibo r  Te c hn i c a l  Des ign  Bureau)  by A s t r u p ' s  
method .  The t i m e s  of tak ing  the blood s a m p l e s  (s tages  of l e tha l  blood loss)  w e r e  ob ta ined  f r o m  the p n e u m o -  
g raph ic  c u r v e .  
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EXPERIMENTAL RESULTS 

The blood cateeholamine level was shown to change consistently in response to acute blood loss, 
rising immediately after the beginning of bleeding to 19.3 ~- 0.306 pg% (normal value 2.8 • 0.116 #g%), 
thereafter falling to 1.53 * 0.108 #g% in the terminal pause, and rising again to 9.9 ~- 0.174 #g% during 

i 

agony and then falling sharply in the period of clinical death (to 0.54 • 0.042 #g%). 

The cholinergic activity of the blood and the blood serotonin level changed in two ways during acute 
blood loss. In the first way the cholinergic activity of the blood and the serotonin level rose in response to 
blood loss, fell gradually in the terminal pause, returned to their original level during agony, and then fell 
sharply again during clinical death (Table i). in the second way the eholinergic activity and serotonin level 
of the blood began to fall immediately in response to bleeding, returning to their initial level during the 
period of agony and then falling sharply during clinical death (Table 2). 

Changes in the blood mediator level during acute blood loss occurred much before the changes in pH, 

PCO2, and PO 2. 

In va r ian t  1 of the changes in chol inergic  act ivi ty  and serotonin concentrat ion in the blood, f r o m  the 
initial  phases  and a lmos t  until the t e rmina l  pause,  r e sp i r a t ion  was rapid  and deep (the r e sp i r a t ion  ra t e  
rose  by 125 * 3.245% and the r e s p i r a t o r y  volume by 77 * 4.025%) and the exci tabi l i ty  of the r e s p i r a t o r y  
center  and the e lec t r i ca l  act ivi ty  of the in sp i r a to ry  and exp i r a to ry  musc l e s  i nc rea sed  (whereas  no rma l ly  
the threshold  of s t imulat ion of the cent ra l  end of the vagus ne rve  was 0.3 • 0.7 mA, in this s e r i e s  of ex-  
pe r imen t s  it fel l  to 0.1 • 0.016 mA); the  e l ec t r i ca l  act ivi ty of the i n sp i r a to ry  and exp i r a to ry  musc les  in- 
c r ea sed  f r o m  42 and 32 to 52-56 and 42-44 s p i k e s / s e e  r e spec t ive ly .  

The minute pu lmonary  ventilation i nc rea sed  and the oxygen consumption of the an imal  ro se  by 62.3 • 
2.678%, while the e l iminat ion of carbon dioxide was inc reased  by 53.4 • 1.543%, as a r e su l t  of which r e -  
sp i r a to ry  a lka los is  began to develop (pH 7.42, PCO 2 21 m m  Hg). 

In va r ian t  2 of the changes in chol inergic  act ivi ty and serotonin concentrat ion in the blood, against  
the background of a dec r ea s e  in the acetylcholine level  and cho l ines te rase  act ivi ty and a fall  in the serotonin 
concentrat ion in the blood, r e sp i r a t i on  was rapid  and shallow (the r e sp i r a t i on  ra t e  was inc reased  by 132 • 
5.432%, the r e s p i r a t o r y  volume was reduced by 44 • 3.421%), and the exci tabi l i ty  of the r e s p i r a t o r y  center  
and e l ec t r i ca l  act ivi ty of bhe insp i ra to ry  and exp i r a to ry  musc l e s  fell  (the threshold  of s t imulat ion of the 
vagus nerve  was i nc rea sed  to 2.6 • 0.228 mA) and the e l ec t r i ca l  act ivi ty of the in sp i r a to ry  and exp i r a to ry  
musc les  fell to 28-30 and 20-22 s p i k e s / s e c  r e spec t ive ly .  The pulmonary  venti lat ion was reduced,  the oxy-  
gen consumption of the an imal  fell  by 32 • 2.345%, the carbon dioxide el iminat ion fell  by 47.8 • 2.1%, and 
r e s p i r a t o r y  ac idos is  developed (pH 7.08, PCO 2 56 m m  Fig). 

These expe r imen t s  thus showed that the inc rease  in the concentrat ion of the chol inergic  complex and 
of serotonin in the blood a f t e r  blood loss  is accompanied  by rapid  and deep r e sp i r a t ion  with the develop-  
ment of r e s p i r a t o r y  a lka los i s .  Converse ly ,  with a dec rea se  in the level  of chol inergic  act ivi ty and of the 
serotonin concentrat ion in the blood rapid but shallow resp i ra t ion  is observed,  with the development  of r e -  
sp i r a to ry  ac idos is .  
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