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With a fall in the environmental pressure of man, sorption of indifferent gases into the body tissues is re- 
duced. When the rate of fall of pressure does not exceed a certain value, the body frees itself from excess of gas 
by a process of molecular diffusion, If this condition is not satisfied the indifferent gas is released directly into 
the tissues in a phase of bubble formation. The development of these gas bubbles when the environmental pres- 
sure falls is the fundamental cause of decompression sickness. Persistent bubbles begin to form only when there 
is a definite discrepancy between the tension of the gas in the body and the general pressure. The value of this 
pressure difference is given the name of the permissible supersaturation (PS). 

From work by several authors [5, 13] it may be assumed that the PS varies from one individual to another. 
The object of the present investigation was to try to explain the mechanism of these individual differences in 
the ability of the body to retain an indifferent gas in a state of supersaturation. 

We could find no reports in the literature which were directly concerned with the solution of this problem. 
In carrying out our investigation we had, therefore, to start from a predetermined hypothesis based mainly on re- 
sults described by M. P. Brestkin [4], American workers [12], D.N.  Nasonov and V. Ya. Aleksandrov [7], N. V. 
Lazarev [6] and M. I. Yakobson [11]. 

In the present work we investigated the relationship between the individual ability of the body to with- 
stand a definite pressure difference without developing decompression sickness and the following blood indices: 
the serum protein content, the hemoglobin, the erythrocyte sedimentation rate, the mean corpuscular volume, 

and also the hydrophilia of the skin. 

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

Experiments were carried out on 7 male dogs of average nutritional level kept on a strict intake of water 
and food. Twice a week 4 - 4.5 ml of blood was taken from the anterolateral metatarsal vein of each dog, the 
body temperature taken and a test of the hydrophilia of the skin performed [8]. After this test the dog was placed 
for 4 hours in a compression chamber at normal atmospheric pressure; occasionally the animal was weighed and 
its pulse rate taken before being placed in the chamber. 

The mean corpuscular volume of the blood was determined with the hematoerit and the hemoglobin by a 
colorimetrie method [3]. A small portion of the blood taken was mixed with ammonium and potassium oxalate 
In order to obtain plasma and from the rest of the blood, serum was obtained by a method ensuring no contam- 
ination with hemoglobin [2]. The total protein content of the plasma was estimated by the biuret reaction and 
in the serum -- the total protein content and the albumin content after precipitation of the globulins with saturated 
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sodium sulfate solution [15]. In addition two precipitation reactions 
were carried out with the serum: zinc sulfate [10] andcoagulating 
[1]. For the colorimetric measurements we used the FEK-M color- 
imeter. 

After the preliminary experiments had given clear results we 
proceeded to measure the PS by the method of I. I, Savichev and 
A. N. Bukharin [5]. For this purpose, after taking the blood and car- 
rying out the test of hydrophilia of the skin, we placed the dog in the 
chamber and raised the pressure to 2.4 abs01ute atmospheres. At the 
end of 4 hours the pressure was lowered to atmospheric within 50-60 
sec. If signs of decompression sickness appeared, a therapeutic re- 
compression was carried out. In the absence of signs of the sickness, 
after a minimum of two days the dog was again placed in the chamber, 
this time at a pressure of 0.2 absolute atmos above the previous. This 
continued until after release from any pressure decompression sick- 
ness developed. The value of the PS was taken to be the maximum 
pressure which did not cause the sickness. The PS was expressed by 
the formula Ap = PNz--PA, where PNz is the nitrogen pressure in the 
tissues after exposure for 4 hours, in practice equal to the partial 
pressure of Nz in this total pressure [14]; PA is the atmospheric pres- 
sure, equal to 1 absolute atmos. 

The results of measurement of the blood indices were analysed 
statistically by the rules generally accepted in experimental work [9]. 

E X P E R I M E N T A L  RESULTS 

As seen from Table 1, over a period of 3-8 months small vari- 
ations in the PS were observed in only 2 experimental dogs. 

In order to fulfil the main task of the investigation, we carried 
out 194 experiments in 16 series. The experimental results are shown 
in Table 2. In this table the significant arithmetic mean values of 
all indices are given, obtained in accordance with the variation of the 
index from 27 to 3 separate values. In the two lower lines of the ta" 
ble are indicated the statistical criteria of the relationshi p, in this case 
also only when of proved significance. 

It follows from the results in Table 2 that there is a close sta- 

tistical relationship between the PS and the protein composition of the 
serum: the higher the albumin content and the lower the globulin con- 
tent, the greater the degree of supersaturation which the dog as a role 
is able to withstand. This relationship is seen particularly clearly 
from a comparison of the PS and the albumin-globulin ratio (A/G). 
This relationship between the PS and A/G is shown graphically in the 

Fig.* 

The character of distribution of the points on the graph suggests 
the presence of an almost proportionate relationship between the PS 
and the value of the A/G. It is noteworthy that the points which re- 
late to the observations made in the autumn (x) are situated to the left 
of those relating to the winter and spring(e). Evidently in the autumn 
some factor acts on the body which causes the PS to increase without 

* The graph is drawn to a logarithmic scale in order to reduce its size. 

30 



Ig 

f3 nf3 O O 

O ~ 1:/ 

I I 

> 

r 

I 

O~ r 

I 

,-., ,- __ 

O0 
i 

o- 

I ~ 

0 

I , . 

0 o~ 

: 

0 ~-~ 

r e.~ 

e.DO 
to r 

i> 

i% 

.,q 

I i .... 
$:~, oo e.n r 

J _ t____ 

bo r r r 

I C:~ . �9 | . r 

' to to 

-t- i o -�84 ---- 

eoo~ g 

O OO 
O 

I ~ol '~~ 

OO 'I ...... i 

O 

:1 

r e.~ r 
~ ~ �9 . 

"~.. g 

i 

tZ 

O 
Ox~ 

' CO 

, , gP-- 

~:~ PS, atmos, tot.o 

to~ I 
;.. ~ ].B~ weight, kg 

r162 

~ Body *,--temperature, 

~ iPulse rate, per 

_to ~:~g nean corpuscular 
ir b,~. /olume, % 

~ ~ lasma proteins, 
tototo / g% 

m ol ~ ~ m m ca ol Serum proteins, 

i 

~g2= ".~'o,=~ ~ Albumins, g~0 

t,~ ,-- t~ ~tO ~ 

2-. ~x~ ~:~ o~--"~ Globulins, g% 

i 

-- ~ ~ - ~ to to iAlbumin/- Globtdin 

'~'- ' "~i "~ 
I 

otto i ratio 
I 

o o i o o o o Zinc sulfate reac- 
"~'~ .... "~'~1 ~ ] 00' 

to ~ ba co /ion, extinction 

Goagalation test 

I I '~highest dilution 

__ _ ,with coagulation) 

II Hemoglobin, 
__ ~extine tion 

I I ESR, mm/hr 

:Time of absorp- 
tion of physiologi- 
cal saline, 
minutes 

O 

t~ 

"O 

O 

O 

g 

t-' 

tO 



ps 
0.300. x �9 

O.g00- 

0 zOO. 

x �9 

I "  ' 

-OO~Q 0 Q}#O 

~ X  

x 

X 

x 

o *  

Q 0, 

a ag a aa oJceocj / G 

Relationship between the value of the permissible super- 
saturation of the body with nitrogen and the value of the 
albumin-globulin ratio of the blood serum. 
x) Observations made in the autumn; O) observations 
made in the winter and spring. 

at the same time affecting the composition of the blood proteins. 

The correlation between the PS and the composition of the serum proteins is confirmed both by the pres- 
ence of a relationship between the PS and the zinc sulfate test, although in this case the relationship is not 
linear but curvilinear, in the form of a hyperbola. 

A curvilinear relationship was also found between the PS on the one hand and the body weight and pulse 
rate on the other. The curve in this case was S-shaped. It is difficult to understand the meaning of this pheno- 
menon without further investigation. 

The relationship between the PS and the hydrophilia of the skin merits attention. The closeness of this 
relationship is considerably less than between the PS and the protein composition of the serum, but the shape of 
the graph here is quite definite and is linear in character: The higher the PS the greater the hydrophilia. 

Hence the physiological indices most closely connected with the PS are the albumin and globulin content 
of the blood serum. 

It is interesting that in eases when variations in the PS were observed, as for instance in the dogs Mars and 
V'yunok, the increase in the PS was accompanied by an increase in the mean value of A/G. Consequently here 
also we find confirmation of the relationships which have been discovered. 

On the whole the results given in this paper demonstrate the existence of a well defined relationship be- 
tween the ability of the body to retain nitrogen in a supersaturated state, the protein composition of the blood 
and the water metabolism. Evidently differences in the coUoidal properties of the blood and other fluid tissues 
are the factor which to a large extent determines the value of the permissible supersaturation of the body with 
an indifferent gas. 

SUMMARY 

The relationship of the ability of the body to retain nitrogen in condition of oversaturation to the quali-  
tative pecnlarities of the blood proteins and to skin hydrophilism was demonstrated in chronic experiments on 

dogs. 
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