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During recent  years, for the invest igat ion of the water and salt  metabol ism of mammals ,  the method of deter-  

mining the water volumes of distribution of cer tain substances has often been used [6]. In a previous report [2], the 

author showed that  after intravenous inject ion of a hypertonic solution of NaC1 into cats, the osmotic concentrat ion 
of the blood was balanced ex t remely  rapidly (in the course of 30 sec). It was suggested that this was achieved by 
the osmotic redistr ibution of water and of osmot ica l ly  ac t ive  substances between the blood and the body tissues. 

This process, ca l led  by the author a pr imary osmoregulatory reaction,  does not involve the par t ic ipat ion of the kid- 
neys and it comprises the passive movement  of water into the blood and the movement  of salts outside the vascular 

system. The second of these is ev ident ly  an ac t ive  process, control led by the subcortical  osmoregulatory centers in 
the hypotha lamic  region. It has been found that  a measured osmotic loading with NaC1 causes the same change in 

osmotic pressure as if  i t  had been distributed over a volume similar  to the volumes of distribution of the Na and C1 ions. 

The object  of the present invest igat ion was to a t tempt  to discover the character  of the primary osmoregulatory 

reac t ion  after in jec t ion  of substances of different permeabi l i t ies  into the blood stream and after different degrees of 

osmotic loading. For this purpose, cats were given intravenous injections of hypertonic solutions of sucrose, the true 
distribution volume of which is equal  to the volume of the ext race l lu lar  fluid, for p rac t ica l ly  no sucrose penetrates 
through the ce l l  membranes [5], of urea, which penetrates read i ly  into cells and is distributed throughout the total  
volume of water capable  of di lut ion [13], and of NaC1. The Na ion is known to penetrate  into ceils compara t ive ly  
wel l  [11], and it is continuously e l imina ted  from them by means of the "sodium pump" [9]. With high degrees of 
loading,  the distribution volume of NaC1 approximates to the to ta l  volume of the body water [4,6]. 

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

Hypertonic solutions of NaC1, sucrose, and urea were in jec ted  into the femoral  vein of adult  cats anesthet ized 
with urethane. The experiments  of series I were set up in a s imilar  manner to those described earlier, [2]: the in jec-  
tions, which lasted 15 sec, were given every 5 min; at each in jec t ion  5.25 mi l l io smoles /kg  body weight was injected.  

After the first three inject ions of NaCI* solutions of sucrose or urea of the same osmotic concentrat ion were injected.  

In control experiments,  NaC1 was in jec ted  four t imes al together.  Blood samples were taken from the carotid artery 
before the fourth inject ion,  then every 3 sec during the first 30 sec after the fourth inject ion,  and then at less frequent 
intervals until  the end of the first 5 rain. The osmotic concentrat ion of the blood in the samples was determined by 

means of an e lectrocryoscope [3] and th~ dilut ion of the blood by the hematocri t .  In the experiments  of series II, 
the animals  rece ived  inject ions of hypertonic equi l ibrated NaC1 solutions of different concentrations continuously for 

20 min. During and after the in ject ion,  blood samples were taken and the urine coI lec ted  for determinat ion of their 
osmotic pressure. The  volumes of the in jec ted  sohition and urine were recorded. Some animals  were deeerebrated 
at the l eve l  of the corpora quadrigemina.  

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  

In the experiments  of series I, results on the whole analogous to those described previously [2] were obtained: 
the osmotic concentrat ion of the blood at first rose sharply, reaching a maximum 18-20 sec after the beginning of 
the inject ion,  and then i t  fe l l  rapidly to a cer tain stable level ,  which was regarded as the establishment of osmotic 

*NaC1 was in jec ted  as a 8% equi l ibra ted solution with the addit ion of KC1 and CaC12 in the same proportions as in 
Ringer's solution. 
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Changes in Osmotic Concentration (in % of Original Level) and Dilution of Blood after Intravenous TABLE 1. 

Injections of Hypertonic Solutions of NaC1, Sucrose, and Urea 

No. of 

Conditions of experiments experi- Index 

ments 

13 4 injections of NaC1 

3 injections of NaC1, 1 in-  

ject ion of sucrose 

Osmotic concentration of blood 
Dilution of blood 

Osmotic concentration of blood 

x dilution 

Osmotic concentration of blood 
Dilution of blood 

Osmotic concentration of blood 

x dilution 
Osmotic concentration of blood 
Dilution of blood 

Osmotic concentration of blood 

41/2 min 

after 3rd 

injection 

108.7 • 0.5 

1.27• 0.02 

138.0 4- 2.4 

108.9 i 1.5 

1.35:k 0.07 

147.0 i 4.9 

108.6 • 0.5 
1.31• 0.02 3 injections of NaC1, 1 in- 

ject ion of urea 

At point of 

maximum after 

4th inject ion 

136.5 • 2.5 

1.434. 0.03 

195.2 4. 2.5 

148.7 • 4.2 

1.47• 0.02 

218.6 • 9.3 

127.4 • 2.3 

1.33• 0.02 

41/2 rain 

after 4th 
inject ion 

111.9 4. 2.0 

1.31• 0.02 

146.6 i 2.6 

111.9 :~ 1.0 
1.40• 0.02 

156.6 ! 5.3 

111.3 • I.i 

1.28• 0.03 

x dilution i42.3 • 1.7 169.4 • 4.5 142.5 i 2.1 

equilibrium. The osmotic concentration of the blood before the beginning of the injections was on the average 

349.0 • 2.8 milliosmoles/liter. The values of the osmotic concentration of the blood as percentages of the initial 

level and the dilution of the blood as determined by the hematocrit 4.5 rain after the 3rd and 4th injections and at 

the maximum of osmotic pressure after the 4th injection are given in Table I. The values of the osmotic concen- 

tration of the blood calculated in relation to the initial blood volume (the product of the osmotic concentration and 

the dilution characterizing the osmotic concentration which would be produced in undiluted blood) are also given in 

Table I. 

Because the blood accounts for 12.5%o of the body weight and the plasma for about 60%0 of the blood volume, 

the injection of 5.25 milliosmoles/kg increased the total concentration of osmotically active substances in the plas- 

ma by roughly 20% (if the salts were not eliminated from the blood stream while they were being administered). 

The increase in the osmotic concentration of the blood by more than 20% in the course of an injection (calculated 

in relation to the initial blood volume) therefore indicated that at that particular moment the injected solution had 

not been distributed throughout its volume. Such a phenomenon was observed at the point of the maximum of the 

osmotic concentration of the blood after injection of NaCl and sucrose. Urea was distributed (or excreted) more 

quickly. A large proportion of the total amount of the salts had been e l iminated from the blood stream 4.5 rain af- 

ter the injections of all three substances. In the case of the inject ion of sucrose, the blood dilution was greatest. A 

considerable movement of fluid into the blood was also caused by NaC1. Conversely, inject ion of urea, which pene- 
trates readily into the tissues, did not lead to dilution of the blood. However, despite the differences in the permea- 

bil i ty of the injected substances and the variation in the role of the dilution component, the total osmotic effect of 
the primary osmoregulatory reaction was the same for all  three solutions; the osmotic concentration of the blood rose 

as a result of each inject ion on th e average by 2.9%. 

If the injected osmotic load of 5.25 milliosmoles was divided by the mean increase in osmotic concentration 
of the blood (2.9% of 349 mill iosmoles/l i ter)  and the result expressed per kilogram body weight, the mean volume of 

osmotic distribution was obtained, amounting to 52% of the body weight. As might be expected from the concept of 

the isoosmolarity of the ex t race lh ta r  and intracellular  fluids [4,10,15], the volume of the osmotic distribution calcu- 

lated as described above was of the same order as the total volume of water in the body. According to various au- 

thors, using special methods for its determination, this value in cats is 59-70.6% of the body weight [6-8,16], in dogs 

48-75.7% [12-14,16], and in rabbits 58.35-77.8% [7,12,14]. 

The results of the experiments of series II are given in Table  2. The value of the osmotic load as a percentage 

of the total volume of salts in the plasma was calculated from the concrete values of the osmotic concentration of 
the blood and the hematocrit  of individual animals.  When the volume of the osmotic distribution was calculated, 
a correction was made for the amount of salts injected and for the volume of fluid injected and excreted. The part 
played by the kidneys in the primary osmoregulatory reaction was negligible; they excreted only a part of the in jec-  
ted fluid and a few percent of salts. Despite the considerable differences in the concentration and volume of the in- 
jected solutions, and in the relative role of renal excretion, the dilutions of the blood and the rate of e l iminat ion of 
salts from the blood stream, the osmotic load injected into the blood was distributed extremely quickly whatever its 

magnitude. 
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In the control animals, the primary osmoregulatory reaction was largely completed during the injection. In 
the decerebrate animals, this process took place much more slowly. The volume of the osmotic distribution during 
the period of the observations approximated to a relatively stable value close to that calculated for the experiments 
of series I. 

Hence, in the case of intravenous injections of hypertonic solutions into cats, the primary osmoregulatory reac- 
tion took place extremely quickly, irrespective of the size of the osmotic load injected, its chemical  composition, 
the t ime of the injection, and the rate of excretion by the kidneys, leading to equilibration of the osmotic concen- 
tration of the blood. Decerebration slowed, but did not stop this process. In the period of established osmotic equi- 
librium, the increase in the osmotic pressure of the blood was determined entirely by the size of the injected osmotic 
load and was independent of the concentration and permeability of the substance injected. 

The volume of distribution of the osmotic load was close to the total volume of water capable of diluting (to 
the total water of the body). These facts suggest that the primary osmoregulatory reaction takes place as a result of 
the establishment of osmotic equilibrium between the tissues and the extracellular fluid, which is reached both on 
account of the passive movement of water [1] and by the redistribution of osmotically active components along the 
osmotic gradient. With an excess of a substance in the blood for which the cell membranes are impermeable or only 
slightly permeable, a redistribution of other substances with higher permeability may take place. 
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All abbreviations of periodicals in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y * l e t t e r  t r a n s l i t e r a -  
t i o n s  of the  a b b r e v i a t i o n s  as given in the original Russian journal. Some  or a l l  o f  t h i s  per t~  

od ica l  l i t e ra tu re  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete list of the  c o v e r - t o -  
c o v e r  English translations appears at the back of the first issue of this year. 
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