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The act ion of ant i lymphocyt ic  s e r u m  (ALS) on hypersens i t iv i ty  of delayed type (HDT) was 
studied in expe r imen t s  on 255 guinea pigs infected with tubercu los i s  and vaccinated with 
BCG. After  admin i s t r a t ion  of ALS the lymphocytes  d i sappeared  f r o m  the pa raco r t i ca l  zones 
of the lymph glands and p e r i a r t e r i a l  zones of the white pulp of the spleen.  A dec rea se  in the 
ac t iv i ty  of ce r t a in  enzymes  (acid and alkaline phosphatases)  and in the RNA content  and in- 
corpora t ion  of thymidine-H 3 were  observed .  Adminis t ra t ion  of ALS inhibited the development  
of HDT induced in vivo ( tuberculin tes ts)  and in v i t ro  (blast t r a n s f o r m a t i o n  of lymphocytes  
t e s t  and inhibition of migra t ion  of per i tonea l  exudate cel ls  f rom the cap i l l a r ies ) .  

Hypersens i t iv i ty  of delayed type (HDT) plays an impor tan t  ro le  in the r e s i s t a n c e  of the o rgan i sm  to 
tubercu los i s  [1, 3, 5, 10]. Injury o r  inact ivat ion of the HDT mus t  influence the s ta te  of r e s i s t a n c e  to the in- 
fecting agent.  Anti lymphocyt ic  s e r u m  (ALS) ac t s  on HDT in a manner  s i m i l a r  to ant igens of mycobac t e r i a  
[8, 15]. In many in fec t ions - - typhus  f eve r  [4], l ep rosy  [6], smal lpox [9], e t c . - i t  adve r se ly  affects  t r e a t m e n t  
of the d i sease .  When ALS was injected into an imals  infected with a v i ru lent  s t r a i n  of Mycobac te r ium tuber -  
cu los i s , i t  led to an  inc rease  in m i l i a ry  d i s semina t ion  and to e a r l i e r  death of the an imals  [1]. 

The object  of the p r e s en t  invest igat ion was to study the act ion of ALS on HDT during infection with 
tubercu los i s  and vaccinat ion.  

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

Expe r imen t s  were  c a r r i e d  out on 255 guinea pigs.  Some of the an ima l s  were  infected with the v i ru -  
lent s t r a i n  M. tubercu los i s  Bovinus-8 in a dose  of 0.0001 mg.  Hal f  of the an imals  of this group were  in- 
fected immedia te ly  a f t e r  injection of 1 ml  ALS (a fur ther  1 ml  was injected a f t e r  24 h). Another group of 
an imals  was vaccinated with BCG in a dose of 1 rag. Half  of the an imals  of this group were  given two injec-  
tions of ALS at  an in te rva l  of 24 h 2.5 months a f t e r  vaccinat ion.  All the an imals  of this group were  then 
infected with the v i ru len t  s t r a i n  Bovinus-8 in a dose of 0.0001 mg. The second half  of both groups  of ani-  
ma l s  r ece ived  no rma l  r abb i t  s e r u m  (NRS) by the s a m e  scheme .  The ALS was injected by the method of 
Heise  and Weise r  [8]. The methods of c a r r y i n g  out the migra t ion  inhibit ion and b l a s t - t r a n s f o r m a t i o n  t e s t s  
were  desc r ibed  p rev ious ly  [3]. The tubercul in  tes ts  were  c a r r i e d  out with PPD, which was injected in t r a -  
de rma l ly  in a dose  of 0.1 ml  and a dilution of 1 : 10. The sect ions  of the lymph glands and spleen were  
stained with hematoxy l in -eos in ,  for  acid and alkaline phosphatase  and for  DNA and RNA; au toradiographic  
t e s t s  with thymidine-H 3 and e l ec t ron  m i c r o s c o p y  a l so  were  used. 

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

His tological  invest igat ion of the lymph glands and spleen of the infected an ima l s  showed that 5-7 days  
a f t e r  infection m arked  p ro l i fe ra t ion  of sma l l  lymphocytes  and b l a s t  ce l l s  o c c u r r e d  in the p a r a c o r t i c a l  zones 
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Fig. i .  Proliferative reactions in thymus-dependent zones of 
the spleen and lymph glands of guinea pigs vaccinated with BCG: 
a) white pulp of spleen 2.5 months after vaccination. Marked 
proliferation of lymphocytes in periarterial zone, 150 x; b) cor- 
tex of regional lymph gland 2.5 months after vaccination. Active 
incorporation of thymidine-H 3, 150 x. 

Fig. 2. Action of ALS on thymus-dependent  zones of the spleen 
and lymph glands of guinea pigs vaccinated with BCG: a) white 
pulp of spleen 2.5 months after  vaccination; depopulation of per i -  
a r t e r ia l  zones 24 h af ter  injection of ALS, 150 • ; b) cortex of r e -  
gional lymph gland 2.5 months after vaccination; 24 h after injec- 
tion of ALS activity of thymidine-H 3 incorporation is reduced; 150• 

of the lymph glands and pe r i a r t e r i a l  zones of the white pulp of the spleen (Fig. 1). These cells actively in- 
corpora te  thymidine-H 3, s tain positively for RNA, contain acid phosphatase granules ,  and in the e lectron 
microscope  are  found to contain polysomes and lysosomes .  The same picture was visible in these zones 
1-2.5 months af ter  vaccination.  The lymphocytes  began to disappear  f rom these zones 24 h af ter  the injec- 
tion of ALS and the p rocess  reached a maximum one week after  injection of the s e rum (Fig. 2), when these 
zones were mainly filled with his t iocytes  and re t i cu la r  cel ls .  Histochemical  investigation of these zones 
revealed a sharp  decrease  in activity of acid and alkaline phosphatases,  DNA, and RNA and their  thymidine- 
H 3 incorporat ion was much less  marked than in animals not receiving ALS. 

The b las t - t ransformat ion  reac t ion  in the infected animals receiving ALS was a lmost  completely sup -  
pressed  throughout their  period of survival ,  whereas  in the infected animals not receiving ALS the number 
of blas t  cells 21-30 days af ter  infection had a lmost  reached the level cha rac te r i s t i c  of the vaccinated ani- 
mals (Fig. 3a). In the vaccinated animals  2.5 months af ter  vaccination the mean percentage of blas t  cells 
was 5.2. As a r esu l t  of subsequent infection the number of blast  ceils increased very  slightly after  1 week, 
but it then fell during the spread of the tuberculous infection. In the vaccinated animals receiving ALS a 
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Fig. 3. Action of ALS on t es t s  
for  HDT in vi tro;  a) b l a s t -  
t r a n s f o r m a t i o n  reac t ion  in in- 
fected and vaccinated guinea 
pigs,  t r ea ted  and not t r ea t ed  
with ALS, respec t ive ly ;  b) mi -  
gra t ion- inhibi t ion t e s t  in in- 
fected and vaccinated guinea 
pigs,  t r ea t ed  and not t r ea t ed  
with ALS, r e spec t ive ly .  1)Boy.  
8; 2) Boy. 8 + ALS; 3) BCG + 
Boy. 8; 4) BCG + ALS +Bov .  8. 

s h a r p  and s ta t i s t i ca l ly  significant  dec r ea se  in the number  of b l a s t  
ce l l s  was observed  24 h a f te r  the injection. When these an imals  were  
subsequently infected, throughout the per iod of the i r  surv iva l  the num- 
b e r  of b l a s t  cel ls  showed no tendency to r i s e .  

The reac t ion  of inhibition of migra t ion  of cel ls  of the per i toneal  
exudate f r o m  cap i l l a r i e s  was not detectable  in the infected an imals  
until the 4th week of infection, a f t e r  which migra t ion  began to be in- 
hibited very  sl ightly,  and 2 months a f t e r  infection i t  was sharply  in- 
hibited (Fig. 3b). F r o m  1.5 to 2 months a f te r  infection the inhibition 
of migra t ion  was more  marked  in an imals  t r ea ted  with ALS than in 
an imals  t r ea t ed  with NRS (difference not s ta t i s t i ca l ly  significant) .  In 
the an imals  which were  vaccinated and then infected there  was a g rad-  
ual i nc rease  in the intensity of the reac t ion ,  which was espec ia l ly  
m a rked  2 months and more  af ter  infection. In the an imals  of this 
group t r ea t ed  with ALS no sha rp  inhibition of migra t ion  was obse rved  
until 4 months a f t e r  infection (the di f ference f rom the group of an imals  
t r ea t ed  with NRS was s ta t i s t ica l ly  s ignif icant  1 and 2 months a f t e r  in- 
fection),  but even 4 months a f te r  infection the inhibition of migra t ion  
was not so marked  as in guinea pigs not r ece iv ing  ALS. 

The tubercul in  t e s t s  on the infected an imals  gave the l a r g e s t  
r eac t ions  4-5 weeks a f te r  infection and they d e c r e a s e d  in s ize shor t ly  
before  death. In an imals  t r ea ted  with ALS the tubercul in  t e s t s  gave 
weak r e su l t s  throughout the per iod of the exper imen t .  The intensi ty 
of the tubercul in  tes t s  was r ega rded  as ave rage  (mean size 15 • 15 
mm) 2 months a f t e r  vaccinat ion,  and during subsequent  infection a f t e r  
a s l ight  init ial  insignif icant  inc rease  they diminished gradual ly;  in the 
vaccinated an imals  t r ea ted  with ALS the tubercul in  tes t s  were  weak 
throughout the per iod of the expe r imen t s .  

ALS grea t ly  lowers  the r e s i s t a n c e  of guinea pigs to tuberculos is  
and a lso  the immuni ty  of the an imals  a f te r  vaccinat ion [1, 15]. This is 

due chiefly to injury to the m e c h a n i s m s  of hypersens i t iv i ty  of delayed type (ALS inhibits b l a s t  t r a n s f o r m a -  
tion, the sens i t iv i ty  of the skin to tubercul in ,  and the abil i ty of lymphocytes  to inhibit migra t ion  of m a c r o -  
phages f r o m  cap i l l a r ies ) .  The m arked  inhibition of migra t ion  of macrophages  in an imals  t r ea ted  with ALS 
2 months a f te r  infection was evident ly  a t t r ibutable  to the high vulnerabi l i ty  of the cel ls  in the t e rmina l  
s tage o f  the d i sease .  Morphological  invest igat ions  of the lymph glands and spleen also show that  the main  
action of A I ~  is  d i rec ted  agains t  the thymus-dependent  zones of these o rgans  -- the p a r a c o r t i e a l  zones of 
the lymph glands and the p e r i a r t e r i a l  a r e a s  of the white pulp of the spleen,  i .e . ,  on the population of long- 
living, r ec i r cu la t ing ,  thymus-dependen t  lymphocytes  respons ib le  for  the development  and manifes ta t ion  of 
hypersens i t iv i ty  of delayed type [2, 12, 13, 14, e tc . ] .  Meanwhile ALS has  a negligible influence on the level  

of the s e r u m  ant i tuberculos is  antibodies [1]. 

In tubercu los i s  the m y c o b a c t e r i a  a re  des t royed  chiefly (if not ent irely)  in t race l lu la r ly  in the m a c r o -  
phages .  F r o m  this point of view it is  in te res t ing  to note that ALS, while sharp ly  reducing r e s i s t ance ,  has 
hard ly  any effect  on phagocytosis  in tuberculos is ,  while the an t imacrophaga l  s e r u m ,  while reducing the 
number  of mac rophages  in the body, has  a negligible ef fec t  on r e s i s t ance  to tubercu los i s .  It  can the re fo re  
be concluded that  phagocytos is  of m y o c b a c t e r i a  is  ineffect ive without the par t ic ipat ion  of ce r t a in  mechan i sms  

of HDT. 

Evidence in suppor t  of this hypothesis  is a l ready  avai lable;  it has  been shown, for example ,  that 
mac rophages  taken f r o m  vaccinated an imals  t r ea ted  with ALS are  st i l l  able to ingest ,  but not to des t roy ,  
mycobae te r i a .  I t  has  a lso  been shown that  sens i t i zed  lymphocytes  and cytokinins (mediators  of HDT) s t im-  
ulate phagocytosis  of m y c o b a c t e r i a  in v i t ro  [1, 11]. 
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