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A cytochemica l  invest igat ion was made of the s ta te  of the phagocytes  and lymphocytes  exposed 
to the action of a foreign body under sept ic  and asept ic  conditions. One of the main mechan i sms  
of the development  of an i n f l ammato ry -des t ruc t i ve  p roce s s  in the lungs is by local and sys t emic  
changes in the r a t io  between the numbers  of phagocytes  and lymphocytes ,  d is turbance of the 
pe rmeab i l i ty  of the i r  ly sosomal  m e m b r a n e s ,  and an inc rease  in the number  of des t royed m a c r o -  
phages,  neutrophils ,  and lymphocytes ,  all of which can be r ega rded  as indices of ce l lu lar  r e -  
gress ion .  
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Invest igat ions by Anichkov et al .  [ 1-3] have shown that a f ter  par t ia l  obs t ruct ion of a bronchus (by su tu r -  
ing or introduction of a foreign body) p r o g r e s s i v e  i n f l ammato ry -des t ruc t i ve  changes develop in the lungs. 
The i r  development  is a ssoc ia ted  with act ivat ion of the autogenous f lo ra  and the a r r i va l  of an exogenous f lo ra  in 
the r e s p i r a t o r y  t rac t .  Macrophages  and lymphocytes  of the blood have been studied by the wr i t e r  during this 
p roces s  [6, 8, 9]. 

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

A length of nylon thread 6 cm long and 0.6 m m  in d i a m e t e r  was introduced into the t r a chea  of 32 rabbi ts .  
The dis ta l  end of this length of thread lay at the bifurcat ion of the t rachea .  Four  healthy rabbi t s  acted as the 
control .  The exper imenta l  animals  (four at each t ime) were  killed 1 and 3 days,  1 and 2 weeks,  and 1,  2, 3, and 
6 months af ter  introduction of the thread.  To a s s e s s  the action of the foreign body on the phagocytes and 
lymphocytes  under asept ic  conditions, a length of s t e r i l e  nylon th read  1 cm tong and 0.2 mm in d i ame te r  was 
introduced in t raper i tonea l ly  into 43 albino mice.  Five an lmats  s e rved  as the control  group. The exper imenta l  
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TABLE I. Changes in Morphological Composition, Number of Cells with Diffusion of Acid 
Phosphatase ,  andNumber of Dest royed Cells in Trachea  of Rabbits at Different T imes  
af ter  Introduction of Fore ign  Body 

Index ! 
studied t Cells 

Percentage Macro-. 
of various phages 
c e l l s  Neutrophils 

Lympho- 
cytes 

Percentage. Macro- 
of cells- phages 
with diffu- Neutrophils 
sion of acid 
phosphatase Lympho- 

I eytes 

Percentage tMaero - 
6f--dr royed~ phages 
cel ls  tNeutrophils 

|Lympho- 
I eytes 

Control tday[ 

73,332̀ - 1,23 38,0 

16,34+---0,53 55,01 

10,3320,53 7,0 

45,99"- 3,06 43,94 

24,56+2,26 58,32 

25,99-+0,69 38,83 

22,66~2,10 1 54,0 

15,02 1,26 ] 37,33 

8,33 +" 1,26 t 34,0 

Time of investigation 
3da,t lweek t 2weeksl lm~ i 6months 

21,2 

66,4 

12,4 

t 6,0 18,0 46,5 

74,25 71,0 47,0 

9,75 11,0 6,5 

69,93 67,73 

70,64 63,65 

49,06 57,99 

49,661 52,33 

53,33 J 62,0 

62,33 [ 65,0 

72,44 68,47 

66,29 61,0 

60,04 57,52 

56,66 4t ,33 

71,66 7t,66 

63,33 29,66 

} 2 montt~_ [ 3 months 

45,68 48,0 

34,66 32,0 

19,66 20,0 

53,55 60,24 

63,70 69,23 

61,37 60,12 

44,33 -- 

75,0 

28,66 28,33 

32,2-'- 2,94 
P<O,OOI 
28,2"*- 3,36 
P <0,001 
39,6 m 2,52 
P<O,OI 

62,34'- 1,65 
P<0,001 

74,45-'-2,0[ 
P<0,001 

62.13~ 1,24 
P <0,001 

52,33~2.10 
P <0,001 
70,0-*- 1,6s 
P <o,00t 
32.0~-_D.84 
P<O,OO! 

mice (five at each time, except three at 35 days) were killed 4 and 6 h, and 1, 2, 4, 6, 8, 21, and 35 days after 
introduction of the thread. Smears  taken f rom the t rachea  and peritoneal cavity were stained by the Romanov- 
sky-Giemsa  and Gram methods. Acid phosphatase activity was demonst ra ted  by Burs tone ' s  method (with 
naphthyl phosphate). To determine the extent of the changes in the phagocytes and lymphocytes in the rabbits,  
f i lms f rom the peritoneal cavity (a t6  months) and per ipheral  blood (at all times) were stained by the Romanov-  
sky-Giemsa  method and for acid phosphatase. When films stained by the Romanovsky--Giemsa method were 
assessed,  the cell  composit ion and number of des t royed cel ls  were expressed  as percentages.  Staining by 
Gram' s method was used to study the microbial  f lora tn the films. During analysis  of preparat ions in which 
acid phosphatase activity was found the charac te r  of distr ibution of the enzyme was estimated" the granular  
consis tency and the diffuseness of formation of the end product of the reaction.  The basis for this a ssessment  
is the information in [7] on the lysosomal  localization of acid phosphatase, which is responsible for the granu- 
lar cha rac t e r  of formation of the end product of the react ion in the cytochemical  test .  Conversely,  an ex t ra -  
lysosomal  localization of the enzyme determines  the diffuse charac te r  of distr ibution of the end product of the 
reaction, and f rom the functional point of view, as has been shown in various pathological p rocesses  [4, 5], 
this is evidence of a disturbance of membrane permeabil i ty.  In each film f rom the t rachea  and peritoneal cav-  
ity at least 100 cells,  and in each blood film at least 200 cells ,  were counted, making a grand total of about 
40,000 cells. The significance of differences thus revealed was determined by stat is t ical  analysis of the ma- 
ter ial  by Student's t test.  

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

As a resul t  of the action of the foreign body under both septic and aseptic conditions largely s imi lar  
changes took place in the phagocytes and lymphocytes (Tables 1 and 2). 

This was expressed  as a decrease  in the number of macrophages,  an increase  in the number of neutro-  
phils and lymphocytes,  with a simultaneous disturbance of the permeabil i ty  of their  lysosomal  membranes,  and 
an increase in the number of des t royed cells  of all three types. The difference observed in the t imes and cha r -  
acter  of the cellular  changes d iscovered in the t rachea  and peritoneal cavity was probably due to the microbial  
factor.  The dis turbances  discovered in the phagocytes and lymphocytes of the t rachea,  indicating the develo p- 
ment of p rocesses  of cellular  regress ion ,  were connected with the accumulation and activation of a microbial  
f lora and destruct ion of the mucous membrane,  as revealed by the appearance of numerous microbial  cells in 
films from the t rachea  stained by Gram' s method and "sheets" of desquamated epithelium in films stained by 
the Romanovsky-Giemsa  method star t ing from 1-2 weeks after the beginning of the experiment.  The changes 
descr ibed were sys temic  in charac ter ,  for as Tables 3 and 4 show, as a resul t  of in t ra t racheal  introduction of 
the thread in the rabbits,  the number of ceils with diffusion of acid phosphatase and the number of destroyed 
cells in the peritoneal cavity of the rabbits,  and the cell composit ion and number of cells  with diffusion of acid 
phosphatase in their blood changed. Regress ion  of phagocytes and lymphocytes is evidently an important  factor 
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T A B L E  2. Changes  in M o r p h o l o g i c a l  C o m p o s i t i o n ,  N u m b e r  of C e l l s  with Di f fus ion  of Ac id  
P h o s p h a t a s e ,  and N u m b e r  of D e s t r o y e d  C e l l s  in P e r i t o n e a l  Cav i ty  of A lb ino  Mice  at 
D i f f e r e n t  T i m e s  a f t e r  In t roduc t ion  of F o r e i g n  Body 

Index 
studied 

Percentage of. 
various cells 

Percentage of 
ceils with 
diffusion of 
acid phospha- 
tase 

Percentage of 
destroyed 
ceils 

Ceils 

Macro- 
#age,  s 

Neutro- 
phi~ 

Lympao- 
cytes 

i Macro- 
phages 

Neutro- 
phils 

Lympno- 
cytes 

Macro= - 

phages 
Neutrophils 
tffmpho- 

eyte8 

Control Time of investigatio n 
4h t 6h Ilday~days I 4days I 6days ] 8days 121days,l 35days 

~5,5_3,3058,6E 34,03~798~62,5 59,5 42,23 73,25 66,75 64,17 77,0• 
P<O,OOa P<0,,O0t 

7,0•  19,0 ~3,33--~6,3{ 21,5 18,75 18,5 18,0 18,0 19,83 10,O~ 1,76 
P'<O ,001 P<O, 001 

7 ,3•  22,331 12.73 16,0 11,75 ]9,25~t,2~ 8,75 15,25 16.00 13,0~1,76 
l P<O,OOI P<0,05 

;13,91 ~3,36 54,3E 60,51 95,07 90,46 95,77~ t,0~ 89,81 79,97 52,77+ 11,40 
P<~O,O01 P<:O.O01 

4,79•  18,79 13,09 74,6 83,9 77,58 85,66~0,86 75,65 29,36__+4.33 
P<5 ,50 t  P,~O, O0 I 

5,1__.+0,32 13.42 10.84 I0.9535,54 54,22 73,51 52.52 26~78~3,15 
P<O;OOl 

12.33• 1,2621,0 
2,66~0,42 14,0 
2.66~0,42 5,33 

39 ,3345 ,66 t47 ,66  t 50, 66 
118.33 20,33{ 

12.335.3316,668.33123,339,33 

45,56 
24,0 

7,0 

90, 12 
83,77 

87,37 ~ t,54 
P<~0,001 

48,6 { 
29,66 
10,0 

65,27 72,0~3,52 
P'~O,OOZ 

41,99 39,0____+ 1,93 
P<~O,O01 

31,38 31,0"4"1,76 
P<O,O01 

Legend .  C o n t r o l  i n d i c e s  c o m p a r e d  wi th  i n d i c e s  of  p r i m a r y  m a x i m a l  v a r i a t i o n s .  The  l a t t e r  
w e r e  c o m p a r e d  with  i n d i c e s  o b t a i n e d  on the 35th day .  

T A B L E  3. Changes  in N u m b e r  of C e l l s  wi th  Di f fus ion  of Acid  P h o s p h a t a s e  and N u m b e r  
of D e s t r o y e d  C e l l s  in P e r i t o n e a l  Cav i ty  of R a b b i t s  a f t e r  I n t r a c h e a l  In j ec t ion  of Nylon 
T h r e a d  

Index studied 

Percentage of cells with 
diffusion of acid phosphatase 

Cells 

Macrophages 

Neutrophils 
Lymphocytes 

Control 

23,75 -+- 1,05 

0 
20,55+0,97 

6 months after 
procedure 

66,66~3,85 
P<0,01 

60,0 
53,84---+2,05 
P<0,001 

Percentage of destroyed cells Macrophages 

Neutrophils 

L ymphoc ytes 

20,66-----2,52 

2,0--0,84 

2.66-----0,42 

44,0---2,52 
P<O,OOl 
7,0~2.10 

P<O,05 
11 ,ore 0,84 
P<O,OOl 

T A B L E  4. Changes  in M o r p h o l o g i c a l  C o m p o s i t i o n  and N u m b e r  of C e i l s  wi th  Di f fus ion  
of Ac id  P h o s p h a t a s e  in the  P e r i p h e r a l  Blood of R a b b i t s  at V a r i o u s  T i m e s  a f t e r  I n t r a -  
t r a c h e a l  I n t r o d u c t i o n  of Nylon T h r e a d  

Index 
studied 

.ymphocytes / 
neutrophils 
ratio 

Percentage of 
cells with dif- 
fusion of acid 
phosphatase 

Cells 

Neutrophils 

i Lympho- 
yctes 

Control 

2,71~0,40 

t day 13 days[ 1 week 

3.9 3,31 3.35 

Time of investigation 

[ 2 months { 3 months 

1,35 

27,13----- 2,74 

8.8+0,64 

25,68 25,98 23,4 

12,79 9,73 13,42 

2weeks t lmonth 

5,94 5,96+---0.20 
P<0,001 

33,26 + 1,44 41,83 
P<0.001 1 

16,27"*0,65 25,48 
P<0,001 

J 

t I:::: 

I 6 months 

0,5~0,04 
P<:0,O01 

72,38 

65,4 
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in the development of obstructive pneumonia, for it may lead to penetration of the microflora into deeper parts 
of the bronchial tree. Subsequent autolysis of lymphocytes and phagocytes and liberation of the hydrolytic en- 
zymes contained in them may lead to destruction of the surrounding tissue. Evidence of this is given by the 
morphological investigation of the lungs of the same rabbits, which showed that the most important component 
of the developing tissue process was infiltration by phagocytes and lymphocytes followed by the progressive 
development, starting from the second week, of destructive changes in them. These changes were particularly 
severe in the later stages when signs of maximal regression of the whole system of phagocytes and lympho- 
cytes were present. 
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