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A previous investigation [I] showed that if mice are kept for two weeks in a pressure chamber at 

an atmospheric pressure corresponding to an altitude of 2000 m, it has no effect on the state of cellular 

and humoral immunity, whereas repeated "ascents" of the mice to an " altitude" of 4000-6500 m leads to 

some depression of antibody formation in immunized animals. 

This paper describes the results of a histochemical investigation of the lymphoid organs and sub- 

cutaneous cellular tissue at the site of injection of antigen into immunized mice, and also gives the histo- 
logical picture of the lymphoid organs of unimmunized mice kept at a low atmospheric pressure. 

EXPERIMENTAL METHOD 

The investigation was conducted on 150 male mice of the Balb/c line, weighing about 20 g. Experi- 

mental group 1 included 40 animals kept for two weeks in a pressure chamber at an atmospheric pressure 

of 596 mm Hg (corresponding to an altitude of 2000 m). Experimental group 2 also consisted of 40 mice 

which were kept for 6 h daily for 10 days in a pressure chamber in which the pressure was lowered every 

second day by 25 rnm Hg (a value corresponding to an ascent of 500 m), the initial pressure in the chamber 

being 462 mm Hg and the final pressure 330 mm Hg (corresponding to altitudes of 4000 and ~$500 m). The 
mice of group 3 (control), also 40 in number, were kept throughout the experiment at a normal atmospheric 

pressure. Two hours after the end of the experiment all the mice received a subcutaneous injection into 

the right thigh of an alcohol-killed typhoid vaccine in a dose of 400 million cells. The mice were sacri- 

ficed 3 hours, and 3, 4, 5, 7, i0, and 14 days after immunization. The subcutaneous cellui[ar tissue at 

the site of injection of the antigen, the regional (inguinal) lymph gland, and the spleen were fixed in cold 

acetone and embedded in paraffin wax. Serial sections were stained with haemotoxylin-eosin, methyl 

green-pyronine (control with ribonuclease}, and by the PAS method (control with amylase). Similar meth- 

ods were used to study the lymph glands and spleen of 30 unimmunized mice kept together with the ani- 

mals of groups 1 and 2. 

The intensity of the plasma-cell hyperplasia in the regional lymph gland of the immunized mice was 

determined by the method of V. P. Mikhailov and co-workers [2]. The numerical results were subjected 

to statistical analysis. The difference between the mean indices in the mice of different groups was re- 

garded as significant if P < 0.05. 

EXPERIMENTAL RESULTS 

Lymphoid organs of unimmunized mice. Histological changes were found in the lymph glands and 

spleen only of the mice of experimental group 2 : the lymphoid follicles and their pale centers were re- 

duced in size (see the figure a and b), the number of cells in the red pulp of the spleen was reduced, mainly 
on account of lymphocytes, in the pale centers of the lymphoid follicles of the spleen and lymph glands, 

mitoses were more rarely seen. 

Similar changes in the lymphoid organs of rats under the influence of hypoxic hypoxia have been ob- 

served by other authors [3, 4j, who in addition described a marked decrease in the weight and size of the 
lymph glands in the experimental animals. Under the influence of hypoxia some inhibition of the process 
of lymphocyte reproduction evidently ~akes place and this accounts for the hypoplasia of the lymphoid tissue. 
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Spleen and reg iona l  lymph gland of mice  kept at a low 
a tmosphe r i c  p r e s s u r e ,  a) Lymphoid fo l l ic le  of the spleen 
of a no rma l  mouse ; b) hypoplas ia  of a fo l l i c le  with a sharp  
d e c r e a s e  in the number  of lymphocytes  in the spleen of a 
mouse  r epea t ed ly  " ra i sed"  to an "al t i tude" of 4000-6500m; 
c) lymphoid fol l ic le  with a well  ma rked  center  of i r r i t a -  
t ion in the reg iona l  lymph gland of a mouse immunized  
with typhoid vacc ine ;  d) hypoplas ia  and absence of a center  
of i r r i t a t i o n  in a fo l l i c le  of the reg iona l  lymph gland of an 
immunized  mouse r e pe a t e d l y  " ra i sed"  to an "al t i tude" of 
4000-6500 m. Hematoxyl in -eos in ,  60• 

Changes in the subcutaneous ce l lu l a r  t i s sue  at the s i te  of inject ion of antigen in immunized  mice .  
In the an imals  of the cont ro l  group 3 h af ter  inject ion of the antigen, m a r k e d  exudative and in f i l t r a t ive  
changes were  obse rved  in the subcutaneous ce l lu la r  t i s sue .  After  24 h, an extensive zone of inf i l t ra t ion  
was found at the s i te  of inject ion of the antigen, consis t ing  a lmos t  en t i r e ly  of neut rophi l s ,  and the cy to-  
p l a s m  of mos t  of these  ce l l s  contained glycogen g ranu les .  On the 3rd day many of the neut rophi l s  had 
d i s in tegra ted ,  and this  p r o c e s s  was p receded  by d i s appea rance  of or a d e c r e a s e  in the content of the g lyco-  
gen in the cy top lasm.  Evident ly  in the p r o c e s s  of phagocytos is  the neut rophi l s  u t i l i zed  glycogen, and only 
a f te r  the energy r e s o u r c e s  of the cel l  we re  exhausted,  did d i s in tegra t ion  take p lace .  Mass ive  des t ruc t ion  
of the neut rophi l s  was accompanied  by a sharp  d e c r e a s e  in the i r  number  and by a s imul taneous  and p r o -  
g r e s s i v e  i n c r e a s e  in the number  of mac rophages ,  which r eached  i ts  max imum on the 5th-7th day af ter  in -  
ject ion of the antigen and then gradua l ly  fel l .  The cy toplasm of the macrophages  contained granules  of 
RNA and subs tances  s ta ined by the PAS method evidently g lycopro te ins ,  because  the s ta ining was not 
abol i shed  by p r e l i m i n a r y  t r ea tmen t  of the sec t ions  with amylase ) .  On the 10th-14th day af ter  in ject ion of 
the antigen, newly fo rmed  connective t i s sue  was obse rved  in the subcutaneous ce l l u l a r  t i s sue .  

Smal l  co l lec t ions ,  main ly  of i m m a t u r e  p l a s m a  ce l l s ,  were  obse rved  on the 7th-]0th  day af te r  i n j ec -  
t ion of the antigen around the blood v e s s e l s  s i tuated a shor t  d i s tance  f rom the main  focus of inf lammat ion.  

The changes in the subcutaneous ce l lu l a r  t i s s u e  at the s i te  of inject ion of the antigen in the mice  of 
exper imen ta l  groups  I and 2 were  ident ica l  with those  in the cont ro l  an imals .  The only d i f ference  ob- 
se rved  in the mice  of group 2 was the d e c r e a s e  in the glycogen content in the neut rophi l s  in the e a r l y  
periods after immunization. 

Changes in the regional (inguin~tl) lymph glands of the immunized mice. The first changes in the 
regional lymph gland of the control mice, in the form of a desquamative catarrh of the sinuses, were ob- 
served 3 days after injection of the antigen. Meanwhile, in the medullary cords of the lymph glands a 
marked proliferation of the reticular cells was observed, differentiating in the direction of the formation 
of elements of the plasma-cell series (plasmablasts, immature plasma Cells). The cytoplasm of the plasma 
cells contained large amounts of RNA. Plasma-cell hyperplasia in the medullary cords of the lymph glands 
reached its maximum on the 4th-5th day after immunization, and then gradually diminished. Mature plasma 
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cells began to predominate in the medul lary  cords  on the 5th day after injection of the antigen. The de- 
velopment of p l a sma-ce l l  hyperplas ia  in the regional  lymph glands took place slightly (approximately 24 
h) before the appearance of antibodies in the blood. 

Simultaneously with the development of p lasma-ce l l  hyperplas ia  in the medullary cords  of the lymph 
gland, a marked increase  in the size of the pale centers  of the lymphoid follicles, which consisted of p ro -  
l iferating re t icular  cells and blasts ,  was observed.  The RNA content in the cytoplasm of the prol i ferat ing 
cells  of the pale centers  of the follicles was high. 

The resul t s  of this study of p lasma-ce l l  hyperplas ia  in the medullary cords of the lymph glands 
showed that its intensity was the same in the animals of all the groups (the difference between the mean 
values for the mice of the experimental  and control  groups was not s tat is t ical ly significant). So far as 
the pale centers  of the lymphoid follicles are  concerned, in the mice of experimental  group 2 the react ive  
changes in these centers  were less intensive and the number of follicles in the lymph gland was smal le r  
than in the mice of the control  group (see the figure e and d). 

Since severa l  authors [5-71 have shown that besides elements of the p lasma-ce l l  ser ies ,  antibodies 
are  also produced (although in smal le r  quantities, by the cells of the pale centers  of the lymphoid follicles,  
it may be supposed that the slight dec rease  in the t i ters  of antibodies in the mice of group 2 was due to 
the presence  of fewer cells producing antibodies in the pale centers .  

No changes associated with immunization could be discovered in the spleen of the experimental  and 
control  mice.  

It may thus be concluded that keeping mice for 2 weeks at an atmospheric  p r e s su re  of 596 rnrn Hg 
does not cause changes in their  irnmunomorphologicat  react ion developing in the subcutaneous cellular 
t issue at the site of injection of the antigen, and in the regional  lymph glands of immunized mice.  Re-  
peated "ascents" of the mice to an "altitude" of 4000-6500 m lead to moderate  hypoplasia of the lymphoid 
t issue,  a decrease  in the glycogen content in the neutrophils infiltrating the t issue at the site of injection 
of the antigen, and a decrease  in the size of the react ive  centers  in the follicles of the regional  lymph 
glands of the immunized mice.  The resul t s  of immunomorphologieat  investigation co r re l a t e  closely with 
the resul ts  of serological  investigations repor ted  previously [11. 
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