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After  in t raper i tonea l  injection of hear t ,  kidney, and spleen antigens into guinea pigs and graf t ing of 
skin f r o m  donor guinea pigs ,  the rec ip ient  an imals  develop reac t ive  changes in the blood neutrophi ls ,  m a n -  
i fested by a specif ic  i nc rease  in the i r  sens i t iv i ty  to antigens of these  organs  (the leukocytolys is  reac t ion) ,  
accompanied  by the appearance  of a c c e s s o r y  nuclear  lobules in the nuclei of the neutrophi ls  (nonspecific 
r eac t ive  changes).  

Medawar  and other  inves t iga to r s  [9, 14, 15] have explained the s imi l a r i l y  between the reac t ions  of 
t ransplanta t ion  immunity  and the "delayed" a l l e rgy  of tubercul in  type. It has now been shown that the mos t  
accu ra t e  tes t  for  diagnosis  of bac t e r i a l  a l l e rgy  is the leukocytolysis  reac t ion  (deformation of leukocytes  
by the action of specif ic  bac t e r i a l  a l l e rgens  in vitro) [1, 2, 4, 7, 8, 17]. The high sensi t iv i ty  of this r e a c -  
tion is explained by di rec t  contact of the a l l e rgens  with the sens i t ized  leukocytes ,  which at the s ame  t ime  
can t r a n s m i t  sensi t izat ion to intact  an imals  [1, 10, 12, 14]. It has  also been found that a c c e s s o r y  nuclear  
lobules of the " d r u m - s t i c k "  type in neutrophi ls  identified by s e v e r a l  w o r k e r s  [3] as sex chromat in ,  cha r ac -  
t e r i s t i c  of women and female  animals ,  in var ious  human a l l e rgoses  and in an imals  sens i t ized  with bac -  
t e r i a l  a l l e rgens ,  as Sakharov and Kudrina [5, 6] have shown, a r e  r eac t i ve  changes in the nuclei of neu t ro -  
phils.  The number  of neutrophi ls  with a c c e s s s o r y  nuclear  lobules of c lass  A (to use  Kozenov ' s  [13] c l a s s i -  
fication) is inc reased  (depending on the degree  of sensi t izat ion) in men and women, and also in ma le  and 
f ema le  expe r imen ta l  an imals .  

In the presen t  invest igat ion r eac t i ve  changes in leukocytes  we re  studied in an imals  following homo-  
graf t ing  of skin and other  organs  in o rde r  to detect  a s tate  of sens i t iza t ion in the rec ip ien ts  to homologous 
t i s sue  antigens.  

Fig. 1. Deformat ion of neutrophil ic  
granulocyte  f r o m  blood of a rec ip ien t  
guinea pig sens i t ized  with donor guinea 
pig heat antigen, resul t ing f rom the 
action of speci f ic  antigen. 

Fig. 2. A c c e s s o r y  nuc lea r  lobules (in- 
dicated by arrow) in neutrophil ic  g ranu-  
locyte f rom blood of a rec ip ient  ma le  
guinea pig sens i t ized  with antigen f rom 
donor guinea pig hear t .  
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E X P E R I M E N T A L  M E T H O D  

The  l e u k o c y t o l y s i s  r e a c t i o n  was  c a r r i e d  out as  fo l lows :  
b lood  was  t aken  f r o m  a ve in  o r  the  h e a r t  of the  e x p e r i m e n t a l  
a n i m a l s  (guinea  pigs)  into a t e s t  tube  con ta in ing  5% s o d i u m  
c i t r a t e  so lu t ion  (in the  p r o p o r t i o n  of 1 : 4). Next ,  0.3 m l  of  the  
c i t r a t e d  b lood  w a s  p o u r e d  into each  of a s e r i e s  of t u b e s  and 
0.1 m l  an t igen  added,  wh i l e  p h y s i o l o g i c a l  s a l i n e  was  a d d e d  to 
the  c o n t r o l  tube .  The  an t igen  was  p r e p a r e d  f r o m  d i f f e r e n t  
o r g a n s  (hea r t ,  k idney ,  o r  sp leen)  which  w e r e  g round  in a m o r -  
t a r  with the addition of physiological saline [n the proportion 
of 1 : 10. The suspension obtained after centrifugation (2500 
rpm) was used as antigen. Tubes containing citrated blood and 
antigen were incubated at 37 ~ for I h. Thin films on slides 
were then made from the mixture of blood with antigen and 
stained by the Pappenheim- Kryukov method., The films were 
examined under immersion (1200 • Deformed neutrophils 
with injury to their cytoplasm and nucleus were counted 
(Fig. 1). 

Accessory nuclear lobules in the neutrophils were de- 
termined in blood films incubated with the addition of tissue 
antigens and also without antigen. These films were also 
stained by the Pappenheim- Kryukov method and with orcein. 
Only those accessory nuclear lobules were counted which had 
the typical "drum-stick" appearance and which corresponded 
to Kozenov's class (Fig. 2). Nuclear formations belonging to 
classes B, C, and D were not counted. 

The total number of male guinea pigs investigated by 
these methods was 200, 30 of which received skin homografts 
while the rest were sensitized with antigens of the homologous 
organs: kidney (70 guinea pigs), spleen (60 animals), heart 
(40 animals ). 

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

T h e  r e s u l t s  of a s tudy  of the  l e u k o c y t o l y s i s  r e a c t i o n  and 
of b lood  n e u t r o p h i l s  p o s s e s s i n g  a c c e s s o r y  n u c l e a r  l o b u l e s  in 
gu inea  p igs  a f t e r  sk in  h o m o g r a f t i n g  and a f t e r  i n t r a p e r i t o n e a l  
i n j e c t i o n  of k idney ,  s p l e e n ,  and h e a r t  a n t i g e n s  t a k e n  f r o m  d o n o r  
gu inea  p igs  a r e  s u m m a r i z e d  in T a b l e  1. In a l l  the  e x p e r i m e n t s ,  
m a l e  gu inea  p igs  w e r e  u s e d .  The  m e a n  n u m e r i c a l  r e s u l t s  of 
the  l e u k o c y t o l y s i s  r e a c t i o n  in the  a n i m a l s  b e f o r e  t he  e x p e r i -  
m e n t  did  not  e x c e e d  1.6-4%, i . e . ,  t hey  w e r e  wi th in  the  l i m i t s  
of the  n o r m a l  c o n t r o l .  The  m e a n  n u m b e r  of a c c e s s o r y  n u c l e a r  
l o b u l e s  of " d r u m - s t i c k "  type  in the gu inea  p igs  b e f o r e  the  e x -  
p e r i m e n t s  was  b e t w e e n  2.3 and 3%. In  a g r o u p  of 10 c o n t r o l  
gu inea  p igs  i n v e s t i g a t e d  s e p a r a t e l y ,  the  m e a n  n u m b e r  of  n e u t r o -  
ph i l s  wi th  a c c e s s o r y  n u c l e a r  l o b u l e s  was  2.65 • 0.094%. T h e i r  
n u m b e r  in h e a l t h y  f e m a l e  gu inea  p igs ,  on the  o t h e r  hand,  w a s  
8.79 • 0.073%. 

After immunization of the animals with kidney, spleen, 
or heart antigens, a parallel increase was observed in the 

percentage of deformed neutrophils, estimated by the leuko- 

cytolysis reaction, and in the number of neutrophils possess- 
ing accessory nuclear lobules. These indices rose to a max- 
imum in the experiments in which animals were sensitized 
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T A B L E  2. P e r c e n t a g e s  of L e u k o c y t o l y s i s  R e a c t i o n  and A c c e s s o r y  
N u c l e a r  L o b u l e s  in N e u t r o p h i l s  of M a l e  Gu inea  P i g s  in C r o s s e d  
T e s t s  wi th  T i s s u e  A n t i g e n s  

Organ 
used to 
prepare 
_anjigep__ 

Heart 

Kidneys 

Spleen 

Sensitiza. 
tion by 
skin 

grafting 

Index studied 

Deformation of 
leukocytes 

Accessory nuclear 
lobules 

Deformation of 
leukocytes 

Accessory nuclear 
lobules ' 

Deformation of 
leu koc ytes 

Accessory nuclear 
lobules 

De focmatLon of 
leukocytes 

Accessory nuclear 
., lobales 

Antigens for leukocytolysis reaction 

heart 

22,5_ + 0,436 

16,5-+0,256 

10,2-+0,193 

17,3• 

11,3-- + 0,280 

15,0• 

8,5-+0,017 

9,0• 0,093 

kidneys 

16,0• 0,280 

16,0---+0,235 

17,3• 

17,0• 

8,7"+0,115 

16,2• 

5,5• 

8,4- + 0,033 

spleen 

13,4+0,235 

16,8"+0,248 

11,5"+0,198 

16,5"+0,295 

17,3"+ 0,309 

17,0+0,318 

8,2.+ 0,025 

8,2.+ 0,040 

skin 

17,0-+ 
• 0,320 

10,0+_ 
+-- 0,083 

8,4.+ 
-+ 0,053 

blood films 
without antE- 

i gen (control 

3,2"+ 
---0,018 

16,0_+ 
"+ 0,295 

2,7"+ 
"+0,015 
16,8-+ 

"+ 0,390 

1,0• 
"+0,012 
16,3----- 
+ 0,380 

4,0-+ 
• 0,039 

8,1_+ 
4- 0,062 

Con~ol Deformation of 
ieukocytes 

Accessory nuclear 

lobules 

2,3+0,010 

2,4_+0,018 

2,8 + 0,042 

2,3_-_+0,052 

4,0-+0,053 

2,5- + 0,063 2,1-+ 
• 0,035 

0,8-- + 
• 0,004 
2,8- 

.+ 0,06! 

wi th  k idney ,  s p l e e n ,  and h e a r t  a n t i g e n s  d u r i n g  the  f i r s t  5 days  of the  e x p e r i m e n t .  On the  6th day  they  b e -  
gan to f a l l .  By the  2 1 s t - 3 0 t h  day  the  n u m b e r  of n e u t r o p h i l s  wi th  a c c e s s o r y  n u c l e a r  l obu l e s  had f a l l e n  to 
7 .5-9 .7%,  and the m e a n  p e r c e n t a g e  of the  l e u k o c y t o l y s i s  r e a c t i o n  had  f a l l en  to 9 .5-10.1%.  Mean p e r c e n t -  
a g e s  fo r  the  who le  p e r i o d  of t h e s e  e x p e r i m e n t s  w e r e  16 .5-17 .0  fo r  n e u t r o p h i l s  p o s s e s s i n g  a c c e s s o r y  nu -  
c l e a r  l o b u l e s  of the  " d r u m - s t i c k "  t y p e  and 16 .4-17 .2  fo r  the  l e u k o c y t o l y s i s  r e a c t i o n .  S t a t i s t i c a l  a n a l y s i s  
of the  r e s u l t s  showed  tha t  P <0.007,  so  tha t  the  r e s u l t s  ob ta ined  a r e  s i g n i f i c a n t .  

T h e s e  e x p e r i m e n t s  thus  showed  c o n c l u s i v e l y  tha t  the  i n c r e a s e  in the  p e r c e n t a g e  of a c c e s s o r y  nu -  
c l e a r  l o b u l e s  in the  n e u t r o p h i l s  of m a l e  gu inea  p igs  i s  due to a p a r a l l e l  r i s e  and f a l l  in the p e r c e n t a g e  of 
n e u t r o p h i l s  u n d e r g o i n g  d e f o r m a t i o n .  

Skin h o m o g r a f t i n g ,  a s  the  r e s u l t s  in T a b l e  1 show, p r o d u c e d  l e s s  m a r k e d  r e a c t i v e  c ha nge s  in  the 
n e u t r o p h i l s .  The  n u m b e r  of a c c e s s o r y  n u c l e a r  l o b u l e s  in the  n e u t r o p h i l s  a f t e r  sk in  g r a f t i n g  i n c r e a s e d  
r e l a t i v e l y  s l owly  un t i l  the  20th day ,  r e a c h i n g  13.2%. T h i s  was  fo l lowed  by  a d e c r e a s e  in the  n u m b e r  of 
" d r u m - s t i c k s "  in the  n e u t r o p h i l s  o n t h e  2 1 s t - 3 0 t h  day  to 4.1%. T h e i r  m e a n  n u m b e r  d u r i n g  the  m o n t h s  a f t e r  
sk in  g r a f t i n g  was  8.46%. The  r e a c t i o n  of d e f o r m a t i o n  of l e u k o c y t e s  wi th  sk in  an t igens  a l s o  i n c r e a s e d  in i n -  
t e n s i t y  un t i l  the  20th day  i n c l u s i v e ,  to r e a c h  17.3%. On the  2 1 s t - 3 0 t h  day  the  p e r c e n t a g e  of n e u t r o p h i l s  
u n d e r g o i n g  l e u k o c y t o l y s i s  f e l l  to  7.05. T h e  m e a n  p e r c e n t a g e  of l e u k o e y t o l y s i s  d u r i n g  the  p e r i o d  of the  e x -  
p e r i m e n t  w a s  14.16.  

C o m p a r i s o n  of the  r e s u l t s  o b t a i n e d  a f t e r  i n t r a p e r i t o n e a l  i n j ec t i on  of k idney ,  sp l e e n ,  and h e a r t  a n t i -  
gens  in to  gu inea  p igs  and of sk in  h o m o g r a f t i n g  of t h e s e  a n i m a l s  shows  a s i g n i f i c a n t  d i f f e r e n c e  in the  l e u k o -  
c y t e  r e a c t i o n ,  fo r  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  of t i s s u e  a n t i g e n s  the  m a x i m a l  i n c r e a s e s  in the  n u m b e r  of 
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neutrophils  with a c c e s s o r y  nuclear  lobules and with deformat ion  were  found during the f i r s t  5 days ,of the 
exper iment ,  whe rea s  a f t e r  skin graf t ing  they occu r r ed  on the 16th-20th days .  The indices of a c c e s s o r y  
nuclear  lobules and deformat ion  of leukocytes  w e r e  much higher  in expe r imen t s  with in t r ape r i tonea l  in-  
jection of antigens,  m o r e o v e r ,  than a f t e r  skin graft ing.  This  was evidently because  the antigenic s t imu la -  
tion was s t ronge r  a f te r  in t raper i tonea l  inoculation than a f te r  skin homograf t ing.  

It  can thus be concluded that a c c e s s o r y  nuclear  lobules in neutrophils  a re  r eac t ive  s t r u c t u r e s  due to 
sens i t iza t ion .  This  conclusion is also conf i rmed by r e su l t s  of s tudies of the d i rec t  action of a l le rg iz ing  
antigens on the nuclear  subs tance  of leukocytes  and, in pa r t i cu la r ,  on the i r  DNA [11, 12, 16, 18]. 

It  mus t  also be noted that t i s sue  antigens have a well  m a r k e d  specif ic i ty  of action on sens i t ized  
leukocytes  of expe r imen ta l  guinea pigs, whe reas  a c c e s s o r y  nuc lear  lobules in the neutrophi ls  a r e  non- 
specif ic  r eac t i ve  s t ruc tu re s ,  re f lec t ing  gene ra l  sens i t iza t ion  of the o rgan i sm i r r e s p e c t i v e  of the sens i t i z -  
ing antigen. These  fac t s  a r e  re f lec ted  in Table  2, in which s e v e r a l  s e r i e s  of expe r imen t s  on guinea pigs 
sens i t i zed  by homologous hear t ,  kidney, and spleen antigens and by skin homograf t ing a r e  s u m m a r i z e d .  

The r e su l t s  obtained by sens i t iza t ion  of guinea pigs with t i s sue  antigens agree  in pr inciple  with the 
fac ts  d i scovered  in bac t e r i a l  a l l e rgy  [7, 8]. The only d i f ference  is that  during bac t e r i a l  sensi t izat ion,  r e -  
ac t ive  changes in the leukocytes  a r e  much s t ronge r  than in the case  of sens i t iza t ion of the an imals  with 
homologous t i s sue  antigens.  
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