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Facts described in the l i terature show that a decrease in the oxygen concentrat ion in the inspired air  has a 
marked effect  on the state of the protect ive mechanisms of the body, responsible for its resistance to exogenous 
and endogenous infect ion [7, 9, 10, 12-14]. Since the resistance of the body to infection depends, besides on other 

factors, pr imar i ly  on the state of the ce l lu lar  and humoral  immuni ty ,  the at tent ion of investigators has natural ly 
been concentrated main ly  on these two protect ive  reactions. Whereas some authors [2] have observed a decrease 
in the phagocyt ic  ac t iv i ty  of the cel ls  of the re t icu loendothel ia l  system (RES) in animals  at  a lowered atmospheric  

pressure, others [5, 6] have not observed this phenomenon. The reports in the l i terature concerning the effect  of 

hypoxia on the intensity of antibody production l ikewise are ex t remely  contradictory.  According to results obtained 

by some investigators, antibody production rises in hypoxia [8, 16, 17], while others describe the opposite [2, g]. 
This contradict ion has not yet  been expla ined,  and to some extent  it  may depend on differences in the exper imenta l  

conditions and on species differences between the animals  used in the exper iment .  

The object  of the present investigation was to study the effect  of hypoxic hypoxia on the state of the ce l lu lar  
and humoral  immuni ty  in mice .  

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

Experiments were carried out on 200 male  mice  of the Balb /c  line weighing about 20 g. In exper iment  1, 
70 mice  were kept continuously for two weeks in a vent i la ted  pressure chamber  at  an atmospheric  pressure of 
569 mm Hg (corresponding to an a l t i tude  of 2000 m). During exper iment  2, 70 mice  were kept  6 h daily for 10 days 
in a pressure chamber ,  the pressure inside which was lowered by 2a mm Hg every consecutive 2 days, the in i t ia l  

pressure in the chamber  being 462 mm Hg (corresponding to an a l t i tude of 4000 m) and the final pressure 330 mm 
Hg (corresponding to an a l t i tude  of 6500 in). Two hours after the end of the exper iment  40 animals  from each ex-  
per imentaI  group, and also 40 control mice  (kept at  a normal  atmospheric  pressure), received a subcutaneous in-  
ject ion of 400 mi l l ion  cei ls  of an a l coho l -k i l l ed  typhoid vacc ine  into the right thigh. The mice  were sacrif iced 
3 and 24 h and 3, 4, 5, 7, 10, and 14 days after  immuniza t ion  (a animals  at  each  period). The concentrat ion of Vi 
ant ibodies in the blood serum of the mice  was determined by the passive hemagglut inat ion react ion [16] as modi -  

fied by N. A. Kraskina and N. M. Gutorova [4].* 

The phagocyt ic  ac t iv i ty  of the blood leukocytes and of the ceils of the RES was studied in unimmunized  mice  
of exper imenta l  groups 1 and 2 at  intervals of 1, g, and 5 days after the end of the exper iment  (10 mice  at  each 
t ime).  The phagocyt ic  power of the RES cells was de termined from the rate a t  which the blood was c leared  from in-  
travenously in jec ted  part icles  of ink [11]. The index K (ref lect ing the total  phagocytic  power of the RES cells) and 
the index ~ (ref lect ing the intensity of phagocytosis of ink by the RES cells  of the l iver and spleen) were ca lcula ted .  
To assess the phagocytic  ac t iv i ty  of the blood leukocytes the phagocyt ic  number and phagocyt ic  index were c a l -  
cu la ted  [1]. As a control  for this part of the investigation,  the indices of the phagocyt ic  power of the RIgS cel ls  and 
phagocytic  ac t iv i ty  of the blood leukocytes of 20 mice  kept at  a normal  atmospheric pressure were used. The nu- 
mer ica l  results were analyzed  by s ta t is t ical  methods. 

* The work invoIving the passive hemggglut inat ion react ion was carr ied out in the depar tment  of immunology of 
the Moscow Research Institute of Epidemiology and Microbiology under the direct ion of Candidate  of Medica l  

Sciences V. I. Levenson, to whom the authors express their grat i tude.  
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Changes in Phagocytic Activi ty of RES Cells and Blood Leukocytes in Mice 

kept at a Lowered Atmospheric Pressure of 596 mm Hg (Expt. 1) 

and 462-330 mm Hg (Expt. 2) 

T ime  of invest igat ion Index a Phagocy- Phagocy- ! 
of mice  (in days) (in days) p t ic  no. I P t ic  index p 

(M~ m) I (M~ m) (M• m) 

E x p e r i m e n t  1 

0,028• 59+5,  
0,018__0,001 >0,05  43~-6,00 
Io,o21• 43~7,0  

E x p e r i m e n t  2 

i, 
024+0,001 >0,05 73•  

,026T0,003 >0,05 39•  
,024-+0,0021>0,051 49•  

C o n t r o l  

0,024• 42•  

<0,05[ 5,2--+0,51>0,05 
>0,05 4,5+0,3 >0,05 
>0,05 3,7~_0,3>0,05 

<0,05110,0• <0,05 
>0,05 2,6• 
>0,05 2 ,8 •  

4 ,5•  

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

:i,, , f " .................. :-:-:--: 
z 3 4, 5 6  7 8  ~ 10111ZlS14, l,q 

Changes in titers of Vi antibodies 
in blood serum of mice  kept at a 
lowered atmospheric  pressure of 
596 mm Hg (Expt. 1) and ~62- 
330 mm Hg (Expt. 2) and i m m u -  
nized with typhoid vaccine.  1) Con- 
trol; 2) Expt. 1; 3) Expt. 2. Along 
the axis of ,ordinates- t i ter  of an t i -  
bodies; along the axis of absc i s sa s -  

days after immunizat ion .  

Twenty four hours after a two-week stay of the mice  in the pressure 
chamber  at an atmospheric  pressure of 596 mm Hg (Expt. 1) the phagocyt ic  
power of the RES cells of the liver and spleen was sl ightly raised and the 
number of blood neutrophils showing phagocytic  ac t iv i ty  was increased, 

whereas the phagocytic  index of the neutrophils were unchanged (see table) .  
These changes continued for a short t ime,  and three days after the end of 
the exper iment  the phagocytic  power of the RES cells  (index c~) and the 
phagocytic  number returned to normal.  The increase in the phagocytic  
power of the PtgS ceils was possibly associated with s t imulat ion of the 
physiological  system of the connect ive tissue (PSCT) arising under the in-  
f luence of the moderate  hypoxia. 

Similar  s t imulat ion of the e lements  of the PSCT was observed in rab-  
bits raised to an a l t i tude of 2000 121 [6], and also in patients with oxygen 
insufficiency due to a c i rculatory disturbance of the first degree [3]. 

The intensity of production of Vi antibodies in mice  immunized  with 
typhoid vaccine  and kept at a lowered atmospheric  pressure was unchanged 
by comparison with the level  in control animais  (see figure). 

Twenty-four hours after the end of Expt. 2, during which the mice  
were kept in a more rarefied atmosphere (462-330 mm Hg), the number of 

neutrophils showing phagocytic  ac t iv i ty  was c lear ly  increased and the phagocyt ic  index was e leva ted  (see table).  

However, as in Expt. 1, these changes were of short duration, and by the 3rd day the number of neutrophils showing 
phagocytic  ac t iv i ty  had fal len to normal  and the phagocytic  index was ac tua l ly  below normal.  These changes 
could be the results of s t imulat ion of the PSCT, as ment ioned above, or of the "stress" react ion arising during as-  
cent  and descent of the animals.  The phagocyt ic  power of the RES cells  in the exper imenta l  mice  remained within 
normal  l imits  in contrast to that of the animals  used in Expt. 1. Evidently the  s t imulat ing effect  of moderate  hy-  
poxia on the e lements  of the PSCT was absent at the lower atmospheric  pressure. 

The results of determinat ion of the Vi antibodies in the blood serum of the immunized  mice  showed that the 
general  character  of the curve ref lect ing the changes in antibody titers at different times after immuniza t ion  re-  
mained the sarne as in the control animals;  the level  of the antibodies in the blood of the exper imenta l  animals,  
however, fel l  espec ia l ly  at the height of immunogenesis (see figure). The results obtained are in good agreement  
with the results of investigations by Soviet authors [2, 5] who reported a fal l  in the intensity of antibody formation 
at  approxinc[ately the same degree of rarefact ion of the an-nosphere, but they do not agree with reports by Western 
investigators [8, 16, 17], who found the opposite. 
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When summarizing the results described above it must, however, be remembered that the 2 week stay of the 

mice at  a lowered atmospheric pressure of 596 mm Hg (corresponding to an altitude of 9000 m) had no significant 
effect on the state of the cellular and humoral immunity. After repeated ascents of the mice to altitudes of 4000- 
6500 m (an atmospheric pressure of 462-330 mm Hg), antibody production felt slightly, but definitely, and this may 
be connected with disturbance of the synthesis of immune proteins in the cells producing antibodies or with a de-  
crease in the number of these cells. In these circumstances the phagocytic activity of the RES ceils was undisturbed. 
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