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Inhibition of migra t ion of the blood leukocytes was studied in guinea pigs sensi t ized with rab-  
bit kidney t issue ex t rac t  (dose 10 #g and 6.5 rag). Observations on leukocyte migra t ion  were  
made in P e r f i l ' e v - G a b e  rec tangula r  capi l lar ies .  Immunologically, the phenomenon was dis-  
t inctly specif ic  in cha rac te r .  In the exper imenta l  model  used the phenomenon of inhibition of 
leukocyte migra t ion  developed l a t e r  than the posit ive a l lergic  skin tes t s  and was mos t  marked  
4-8 weeks a f t e r  the beginning of sensit ization. The use of heparinized blood as subst ra te  fo r  
the investigation by the method used has many advantages over  the original  method and its 
modificat ions.  

Investigations have shown [5-7] that the act ivi ty of leukocytes obtained f rom per i toneal  exudate or  
lymph glands of animals  with hypersens i t iv i ty  of delayed type to migra te  toward an antigen is inhibited by 
the addition of this antigen to the surrounding medium, which is not observed if any other  antigens a re  added 
instead or  in exper iments  with cel ls  f rom unsensi t ized animals.  This phenomenon is regarded  as a reac t ion  
of hypersens i t iv i ty  of delayed type in vi t ro.  However,  considerable  difficulties a r i se  during its study and 
use, even in exper imenta l  conditions, not to mention in cl inical  pract ice ,  

This paper  descr ibes  the resu l t s  of investigations in which, by the use of a new and compara t ive ly  
simple method, definite and reproducible  resu l t s  can be obtained during repeated  tes ts  in exper iments  of 
var ious  kinds on large  numbers  of animals .  

EXPERIMENTAL METHOD 

Intact guinea pigs and guinea pigs sensitized with tissue antigen, in the form of an extract of rabbit 
k~dney prepared by Witebsky's method, with a protein content of 30 mg~/ml were used. The antigen was di- 
luted in physiological saline; the appropriate dilution was mixed in equal volumes with Freund's complete 
adjuvant and injected into guinea pigs in a dose of 0.i ml of the mixture into the plantar pad. The guinea 
pigs of one group were sensitized with a dose of I0 pgprotein, those of the other group with a dose of 6.5 lug. 
To investigate migration of the l eukoeytes small samples of blood were taken from the heart, mixed with 
heparin (15 units to 1 ml blood), placed on silicone-treated watch glasses in a volume of 0.2 ml, and treated 
by the addition of 0.05 ml of various antigens (experimental, i.e., rabbit kidney extract or control, consisting 
of normal rabbit serum) or Eagle's medium (control), which was also used to prepare the dilutions of antigen 
for addition to the blood. One end of a plate containing five parallel rectangular channels with a cross sec- 
tion of 0.4 • 0.15 mm (Perfil'ev-Gabe capillary tubes [3, 4]) was immersed in each :mixture, so that the 
tubes filled quickly and uniformly, after which they were sealed at both ends with molten sealing wax and 
centrifuged for 5 rain at 500 rpm. As a result, the leukoeytes separated as a layer covering 2-3 micrometer 
scale divisions (examined with the MBS-2 microscope; ocular 8, objective 0.6) above the'larger layer of 
erythroeytes. The capillary plates were incubated at 37~ for 18-24 h, after which the dimensions of the 
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Fig. i. Inhibition of migration of blood leukocytes in Perfil'ev-Gabe 
rectangular capillary tubes: I) arrangement of cells in capillary tubes 
after centrifugation and before incubation: a) lumen of capillary tube; 
b) layer of leukoeytes; c) layer of erythrocytes; II) arrangement of 
ceils after incubation: a) concentrations of migrating leukoeytes (pale 
areas); III) marked inhibition of migration of cells by specific antigen: 
d) arrows indicate limits of migration of leukoeytes. 
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Fig.  2. Change in migra t ion  ac -  
t ivi ty of blood leukocytes  of s ens i -  
t ized an ima l s  under  the influence 
of specif ic  and nonspecifie antigens: 
1) concentra t ion of specif ic  antigen 
1 r a g / m l  blood; 2) concentra t ion of 
specif ic  antigen 4 m g / m l  blood; 3) 
concentra t ion of control  antigen 4 
m g / m l  blood. Absc issa ,  t ime a f t e r  
sens i t iza t ion  of an imals  (in weeks); 
ordinate,  degree  of migra t ion  of leu-  
koeytes  (in % of c o n t r o l -  migra t ion  
of leukocytes  without addition of an-  
tigen). 

migra t ion  zone of the leukocytes  we re  noted (in m i c r o m e t e r  scale  
divisions),  counting f r o m  the i r  or iginal  posi t ion to the l imit  of 
migra t ion  of the ma in  body of the cel ls .  F o r  each  sample  studied 
the mean  value of the migra t ion  in each  of the five cap i l l a ry  tubes 
was  de termined.  To c o m p a r e  the  expe r imen ta l  and control  data 
the following conventional scheme was adopted: d i f fe rences  of 
l ess  than 30% in the s ize of the migra t ion  zones were  d is regarded;  
d i f fe rences  of 31-49~0 were  a s s e s s e d  as  weak inhibition (or weak 
st imulat ion,  if the migra t ion  zone in the exper imen ta l  s e r i e s  was 
g r e a t e r  than in the control); d i f fe rences  of 50% or  m o r e  were  r e -  
garded  as  showing a m a r k e d  effect  (Fig. 1). 

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

1. Indices of Migrat ion of Blood Leukocytes  of Intact  Guinea 
Pigs,  Effec t  of Cer ta in  Antigens and of Repeated  Blood Sampling 
on It. Blood s amp le s  f r o m  34 guinea pigs we re  studied. The 
m e a n  index of migra t ion  of the leukocytes  fo r  the whole group of 
an imals  was 5.8 • 0.72 divisions.  Cons iderable  deviat ion of the 
individual migra t ion  f r o m  the m e a n  index occured  in four  ca se s  
(2.2, 2.5, 11.5, and 13.2 divisions).  In a l l  o ther  c a se s  (88%) the 
individual indices of migra t ion  were  c lose  to the mean  index of 
migra t ion  of the leukocytes .  The addition of p ro te in  antigens 
(normal rabbi t  s e r u m  or  kidney extract ) '  to the blood samples  for  
testing, in a dose of 1-4 m g / m l ,  led to weak inhibition of m i g r a -  
t ion of the leukocytes  in only one case .  As a rule ,  s t imulat ion of 
migra t ion  was obse rved  and was  m o r e  m a r k e d  in the expe r imen t s  
with kidney antigen. In that case  the re  was  actual ly  an inc rease  

in the mean  index of migra t ion  (especial ly  if a l a rge  dose of antigen was  used). Since it was  intended to c a r r y  
out dynamic invest igat ions,  the ef fec t  of r epea ted  blood sampl ing on the an imals  on leukocyte migra t ion  was 
studied. E x p e r i m e n t s  showed that the mean  index of migra t ion  fo r  49 s amp le s  taken once a week f r o m  seven  
guinea pigs r each  7.8 • 0.72; i .e. ,  it was g r e a t e r  than the index for  single samples .  Repeated blood sampl ing  
by  ca rd iac  puncture  thus s t imula tes  migra t ion  of the leukocytes .  
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2. Experiments with Blood Leukocytes of Sensitized Guinea Pigs. A. Effect of Repeated Blood Sam- 
piing on Migration of Leukocytes of Sensitized Guinea Pigs. Altogether i00 samples obtained by repeated 
puncture at intervals of 1 or 2 weeks from 20 guinea pigs sensitized with i0 pg antigen and 78 samples from 
ii animals sensitized with 6.5 mg antigen were tested. The mean indices of migration were 8.1 :~ 0.28 in 
both cases, i.e., much higher than the mean index for unsensitized guinea pigs after a single sample. Stim- 
ulation of leukocyte migration was observed in sensitized guinea pigs throughout the period of observation 
(17 weeks), starting with the first blood sample (i week after sensitization), whereas in analogous experi- 
ments with intact animals it appeared only after the third or fourth blood sampling and continued for a 
shorter time (9 weeks). 

B. Specific Inhibition of Migration of Blood Leukocytes of Sensitized Animals by Addition of the Cor- 
responding Antigen. Altogether 86 blood samples were obtained in 17 weeks from 13 guinea pigs sensitized 
with I0 gg kidney antigen. Addition of kidney antigen in a dose of 4 mg/ml inhibited migration in 39 sam- 
ples (43%), and in 22 (24.4%) of them the inhibition of migration was marked; i.e., migration of the cells on 
the addition of specific antigen to them was inhibited by 50% or more compared with migration of cells of 
the same blood sample in the control capillary tubes without addition of the antigen. Addition of the control 
antigen in the same dose inhibited migration of the leukocytes in only nine samples, and marked inhibition 
was obtained in only two samples. Investigation of 67 blood samples obtained at various times from Ii 
guinea pigs sensitized with 6.5 rag antigen revealed inhibition of leukocyte migration after addition of kidney 
antigen in 43 samples (64%), in 30 of which (44.8%) the degree of inhibition was marked. In capillary tubes 
with the control antigen only weak inhibition was observed in four samples. On the whole, during the inves- 
tigation of 153 blood samples inhibition of migration of leukocytes was found on the addition of the corre- 
sponding antigen in 82 samples (54%), in 52 of which (34%) the degree of inhibition was marked. Addition of 
the control antigen led to inhibition in only 13 samples (8.5%), to a marked degree in only two (1.3%). The 
dynamics of the changes in the mean index of migration of the blood leukocytes of the experimental animals 
after contact with kidney antigen compared with the control value, taken as 100% for each time, is illustrated 
in Fig. 2. The most marked inhibition of leukocyte migration was found in samples taken 4-8 weeks after 
sensitization, and it was particularly considerable after sensitization with a large dose of tissue antigen: 
in that case migration of the cells was completely absent in samples taken on the 35th-42nd day after sen- 
sitization. 

C. Relations between Specific Inhibition of Migration of Leukocytes and Allergic Skin Tests. It fol- 
lowed f r o m  prev ious  invest igat ions [1, 2] that a l l e rg ic  skin t e s t s  we re  obse rved  in dogs sens i t i zed  with t i s -  
sue antigen in doses  of between 2 0 p g  and 20 rng, with effect  f r o m  the 5th-6th day a f t e r  sens i t iza t ion  and they 
could be reproduced  fo r  2.5-3 months.  An inc rease  in the sensi t iz ing dose did not lengthen the per iod of 
reproduct ion  of the skin reac t ions ,  but it modif ied the i r  cha rac te r :  if reproduced  8-10 weeks a f t e r  sens i t i -  
zat ion they were  mixed  in cha rac te r ;  i .e. ,  bes ides  f ea tu res  of reac t ions  of delayed type they a l so  included 
f ea tu r e s  of reac t ions  of immedia te  type. This  conclusion was  conf i rmed  by expe r imen t s  to study the p a s -  
sive t r a n s f e r  of hypersens i t iv i ty  of the different  types,  which at  this t ime could be done s e p a r a t e l y  by the 
ce l l s  o r  s e r u m  f r o m  the cor responding  donors:  the ce l l s  t r ansmi t t ed  hypersens i t iv i ty  of delayed type and 
the s e r u m  hypersens i t iv i ty  of immedia te  type. Compar i son  of these r e su l t s  with the dynamics  of inhibition 
of leukocyte migra t ion  (Fig. 2) showed, f i rs t ,  that this  inhibition is delayed by compar i son  with the a l l e rg ic  
skin react ion.  Fu r the r ,  max ima l  inhibition of leukocyte migra t ion  on sens i t iza t ion  with a l a rge  dose was  
obse rved  before  the t imes  of appea rance  of a l l e rg ic  reac t ions  of mixed type. Finally,  m a x i m a l  inhibition 
was obtained a f t e r  sens i t iza t ion  with a smal l  dose at  the same  t imes  as  a f t e r  sens i t iza t ion  with a l a rge  dose, 
while the an imals  p r e s e r v e d  hypersens i t iv i ty  of delayed type in the pure  fo rm.  

In the ana lys i s  of the expe r imen ta l  r e su l t s  it will f i r s t  be noted that the migra t ing  ce l l s  t h e m s e l v e s  
(as has been  shown fo r  m a e r o p h a g e s  of the per i tonea l  exudate) a re  on ly  indicator  ce l l s  in this phenomenon, 
with no immunologica l  specif ic i ty .  The inhibition of migra t ion  was due to the act ion of a subs tance  (the m i -  
gra t ion  inhibiting factor)  s e c r e t e d  by sens i t ized  lymphocytes  on contact  with the speci f ic  antigen. The indi- 
c a to r  ce l l s  (in expe r imen t s  with pe r i tonea l  exudate cells)  a r e  cons idered  to be mac rophages .  The exp e r i -  
ments  desc r ibed  above conf i rm data in the l i t e r a tu r e  [8-10] that blood leukocytes  can  p e r f o r m  the same  role .  
A c l o s e r  compara t ive  study of this p r b l e m  is required.  The next task is to quantify the phenomenon of in- 
hibition of leukocyte migra t ion  and, in pa r t i cu la r ,  to de te rmine  whether  the inhibition fac tor ,  in doses  s m a l l e r  
than inhibitory, can instead s t imula te  migra t ion  of the leukocytes  (as was obse rved  in the controls)  and 
whether  the gap between the two types  of doses  is l a rge  enough to wa r r an t  descr ip t ion  as  a ~quali tat ive jump."  
In expe r imen t s  with blood ce l l s  it is impor tant  to exclude any poss ib le  effect  of in te rac t ion  between specif ic  
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antibodies and the added antigen on the result. In this respect it must be emphasized that in the present ex- 
periments sensitization of guinea pigs with a dose of i0 #g antigen led to a pure form of hypersensitivity of 
delayed type, and that no circulating antibodies were found throughout the period of observation. So far as 
animals sensitized in a dose of 6.5 mg are concerned, as was stated above, maximal inhibition of migration 
was observed in them on the 35th-42nd day, i.e., long before the appearance of allergic skin reactions of 
mixed type. Confirmatory experiments also were carried out. They showed that the addition of one of the 
immune sera and the corresponding antigen to normal blood separately or together did not lead to inhibition 
of leukocyte migration. All these observations indicate that the phenomenon observed in fact reflects hyper- 
sensitivity of delayed type, although this fact was not established ~nequivocally in this investigation. From 
the technical point of view the advantage of the method used over that described in the literature must be 
stressed: its simplicity, the small quantity of test material required, the ability to make observations on 
several samples simultaneously, convenience of quantitative assessment of the results and, finally, the pros- 
pects for its use under clinical conditions. 
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