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The sensitivity of the organism to loss of blood is not dependent solely on the amount of blood lost, or on 
the rate at which it is lost. Experiments carried out in I. R. Petrov's laboratory [3] have shown that over-heating, 
trauma, starvation, and other factors greatly aggravate the consequet~ces of hemorrhage. Loss of blood leads 
more quickly to hemorrhagic collapse in anesthetized [1] or shocked [2] subjects. Replacement therapy, invol- 
ving transfusion of blood or blood extenders, is most effective during the early stages of collapse. Infusions of 
blood or physiological saline are given after loss of blood in order to avert collapse. Saline is sometimes in- 
fused in very large amounts, with the intention of providing the organism with the largest possible reserves of 
fluid. 

Arterial pressure is not signifcantly affected by slow intravenous infusion of even very large amounts of 
physiological saline. On this basis it has been thought that massive infusions of physiological saline are quite 
safe, and are therefore not only permissible, but even desirable in cases in which there is a risk of hemorrhage. 
It should not, however, be overlooked that intravenous infusion of physiological saline is not without effect on 
the react ion0f  the orgNaism to loss of blood. 

We have investigated the reaction of the organism to loss of blood following intravenous infusion of large 
volumes of physiological saline. 

* In Russian. 
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E X P E R I M E N T A L  M E T H O D S *  

Out" experiments  were performed on dogs. Subcutaneous inject ions of morphine,  in doses of 0.5 ml  of i %  
solution per kg of body weight, were given 30-45 minutes before the exper iment .  The dogs were t ied down, 
and the common carotid artery, t rachea,  external  jugular vein, and i l i ac  artery were exposed. Recordings of  
ar ter ia l  pressure and respiration were rnade during the experiments.  A glass cannula was inserted into the jugu- 
lar vein, and connected by rubber tubing with a graduated vessel containing physiological  sal ine at 37-89 ~ 
After recording the in i t ia l  ar ter ia l  pressure and the respiration, the physiological  saline was infused into the 
vein, at a rate  of 10-15 mi per minute,  unti l  the to ta l  volume infused amounted to 1 -2  t imes  the volume of  
c i rculat ing blood ( this  volume was computed from I. R. Petrov's table) .  Immed ia t e ly  after comple t ion  of  the 
transfusion,blood was withdrawn through a cannula inserted into the i l i ac  artery.  

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

Since slow infnasion of large amounts of  saline had no signifieanct  effect on ar ter ia l  blood pressure, blood 
let t ing began at the pressure level  shown in Tab le  1. The animals  were in a state of profound hemorrhagic  

collapse.  Arter ial  pressure fell  to 10-40 mm Hg after the loss of 29-69% of the c i rculat ing blood. 

The results are presented in the Table .  

T A B L E  I 

Effect of Saline Infusions on the Sensitivity of the Organisrn to Subsequent Exsanguination 

Weight of 

dog, Kg 

7.3 
7,I 
6,2 
7.4 
7.0 
8.0 
8.9 
5.3 

11.7 
:20 

In i t ia l  
ar ter ia l  
pressure, 
mm Hg 

t24 
150 
t50 
t40 

Amount of 
physiological 
sal ine in-  
fused, ml  

i 100 
570 
600 
700 

Arter ial  
pressure 
after in -  
fusion, 
mm Hg 

104 
150 
150 
150 

Amount of 
blood 
removed,  
ml  

184 
150 
230 
300 

Percentage 
of to ta l  
volume of 
blood 
removed 

35.3 
29.4, 
51.9 
50.7 

Arter ia l  
pressure 
after exsan-  
ig~ination, 

m Hg 

30 
24 
40 
25 

t20 
I60 
150 
160 
175 
150 

600 
1 100 

900 
700 
900 

2 000 

126 
164 
160 
150 
200 
160 

300 
375 
440 
200 
700 

1 000 

60.0 
65.6 
69.1 
65. I 
66.6 
64.6 

A v e r a g e  56,6 

10 
30 
25 
t6 
24 
30 

As is evident  from the ]?able, massive infusion of physiological  sal ine not only did not raise resistance to 
exsanguination, but in fact lowered it. Profound shock followed the loss of about half  the c i rcula t ing  volume 

of the blood. 

It appears that the nature of  the react ion of the ar ter ia l  pressure to loss of blood changes after saline in- 
fusions. Arter ial  pressure remained steady for a cer ta in  t ime  after b lood- le t t ing  had begun, in the control  ani- 

mals  (Figure 1). Fal i  in ar ter ial  blood pressure began as soon as bleeding of  prmdously infused animals  was 
commenced .  This is evidence of weakening of compensatory reflex reactions,  which umaHy appear in response 

to loss of blood. The al terat ions in ar ter ia l  pressure recorded during exsanguination of an animal  previoasly 

loaded with saline are shown in Figure 2. 

It thus appears that although slow, massive infusion of physiological  sal ine does not g ive  rise to a W visible 
stable changes in ar ter iaI  pressure it nevertheless affects the reac t iv i ty  of the organism. 

The Third-Year  students Novikova and Ryzhkova took part in these experiments.  
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The absence of pressure changes during slow infusion 
is evidence of the rapid deployment of reflex adaptive 
mechanisms, tending towards maintenance of tile normal 
level of arterial pressure. The more prolonged the il~- 
fllsion, the greater is, in all probability, the increase in 
sensitivity of the vasomotor center, and the more active 
and adequate is the corresponding compensatory reaction.  

It might have been expected that at higher rates of 
infusion of saline the compensatory reaction would also 
be accelerated, and hence  that there would be a steadily 
ri~ing intensification of stimulation of  tile vasomotor cen- 
ter. The possibility thus emerges of development of il~- 
hibition of the center, presumably of a parabiotic nature, 
with the danger of fall in arterial pressure. 

Fig.  1. Alterations arterial pressure of  a healthy Tile following experiments* were performed on a 
dog during exsanguination (weight of dog 11 kg). group 12 dogs, in order to verify this possibility. The ani- 

mals were treated as in the preceding group, except t h a t  
intravenous infusion of  saline took place at a rate of not less than 50 ml per minute; as before, pressure was 
registered in the col:nmor~ carotid artery, 

Fig. 2. Reaction to exsanguination of a dog previously irlfused With physioiogical 
saline (weight of dog 6.2 kg). 1) tjeginning of infusion; 2) end of infusion; 3) 
beginning of blood- letting~ 4) end of  blood- Ietting. 500 ml of  physiological sao 
line was infused, and 290 ml of blood removed. Explanation of curves ( f rom 
above down) : respiration, arterial pressure. 

The reaction elicited tn response to acute overloading with saline, in particular that part of it manifested 
by alterations in arterial pressure, was not uniform for all the animals, In two cases arterial pressure at first 
rose steeply, and then fell abruptly, leading to the death of the animal (Figure a). 

A considerable fall in arterial pressure was seen in 7 dogs soon after beginning the infusion. The dogs did 
not die, however, and the pressure even rose slightly as infusion was continued. Death ensued as a result of pul- 
mouary edema when the volume of fluid infused was equal m 2- 3 t imes the volume of circulating blood. Pul- 
monary edema supervened in 3 dogs without previous fall in arterial pressure. 

- - - - ' ~  The Third 5' eat students Chaika, Rudueva0 and Lizogubenko took part in these experiments, 
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It thus appears that rapid infusion of physiological saline caused a pronounced fail in arterial pressure in 
9 out of 12 dogs, foltowed by their death, i.e,, collapse ensued from acute overloading of the organism with 
physiological sa1~t~e~ 

The most common cause of death from acute over- 
loading with physiological saline was pulmonary edema. 
Arrest of the heart took place at relatively high arterial 
pressures (80 mm Hg). After opening the iliac artery 
pressure fell gradually and smoothly to zero. This is evi- 
dence of the disturbance in normal hemodynamics caused 
by overloading with physiological saline. 

Histological examination of the organs of the animals 
of this group, performed in collaboration with the Chair of 
Pathological Anatomy, revealed Certain characteristic 
changes in the tissues' structure, apart fl'om the generali- 
zed edematous condition, The argyrophilic substanc~::of 
the lung tissues was disintegrated, and the pulmonary blood 
vessels contained pro}ein floccules, suggesting that the plas- 
ma proteins had undergone profound alterations. 

Our experiments show that significant changes take 
place in the organism following rapid infusion of large 
amounts of physiological saline. 

Fig. 3. Reaction to rapid infusion of physioiogicat 
sali~e (650 ml infused; weight of dog 6 kg). t be- Stimulation of the vasomotor center associated with 
giiming of infusion; ! end of infusion~ Exp!ana~ slow infusion of physiological saline aggravates the out- 
tion of curves as in Figure 2. come of subsequent blood-letting. 
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Ablation of ~he cerebral hemispheres of dogs causes alterations in tile vegetative and somatic functions of 
the organism, such as the nature of gastric secretion, the activity of the salivary glands, etc. There are also 
changes in the response of the organism to certain factors : they become more responsive to introduction of hor- 
mones [1]~ and they give a more intense leukocytic reaction to parenterally introduced proteins [2]. 

There can be no doubt that the reticuloendothelial system (RES) takes part in these reactions. 

The present paper is devoted to a study of RES function in dogs before and after decerebration. 

* In Rnss~am 
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