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The secondary response in mice immunized twice with I x 106 sheep 's  e ry throcytes  was in- 
vestigated by J e rne ' s  method. The animals were treated with alkylating compounds (phenyl- 
alanine mustard ,  mannomustine,  th io-TEPA , and cyclophosphamide) or by T- ray  irradiat ion 
either in the period of p r imary  immunization, during revaccination,  or  in the interval be-  
tween them. All the agents tested blocked the real izat ion of immunological  memory  and 
weakened its formation.  The alklylating agents had a s t ronger  effect on memory  formation 
than on the a l ready formed memory .  I rradiat ion was charac te r i zed  by the opposite picture.  
The differences observed can be explained on the assumption that res t ing and proliferat ing 
lymphocytes differ in their  sensit ivity to i r radia t ion and to alkylating compounds. 

The features distinguishing the immunodepress ive  action of var ious alkylating agents are  of great  
theoret ical  and pract ical  in teres t  because of the wide use of these compounds in modern medicine. Agents 
such as whole-body i rradiat ion,  phenylalanine mustard,  cyclophosphamide,  dipin, th io-TEPA, etc., have 
been shown to act differently on the initial and late phases of the p r imary  immune response [2, 3, 6]. Their  
ability to induce immunological  tolerance if injected in combination with a large dose of antigen also dif-  
fered significantly [6]. 

The object of the present  investigation was to study the effect of the above agents on the formation 
of the immunological  memory  and the secondary immune response.  

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

Adult noninbred mice,  mainly males ,  were immunized intravenously with a small  dose (1 • 106) of 
sheep 's  e ry throcytes  on two occasions at an interval  of 27-44 days. The number of an t ibody-formingce l l s  
in the spleen 4 days after the second immunizat ion was determined by Je rne ' s  method [8]. The alkylating 
compounds were injected intraperi toneal ly,  the injection being given ei ther  at the t ime of the f i rs t  or of 
the second immunization or during the interval  between them. 

Phenylalanine mustard  was injected in doses of 8 m g / k g  daily on 4 success ive  days, the injections 
being s tar ted either 1 day before the f i rs t  immunization or 7 days af ter  it, or 1 day before revaccination.  

Thio-TEPA was given by a s imi la r  scheme,  the injections being s tar ted either i day before the f i rs t  
immunization, 14 days af ter  it, or 1 day before revaccination.  
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Fig. 1. Effect of alkylating agents 
and irradiat ion on formation and r e -  
alization of the immunological  m e -  
mory.  Abscissa ,  period of in jec-  
tion of compounds (irradiation): 1) 
with f i rs t  injection of antigen; 2) in 
interval between injections of anti-  
gen; 3) with second injection of an-  
tigen; 4) control .  Ordinate, num-  
ber  of ant ibody-forming ceils in 
the spleen 4 days af ter  second in- 
jection of antigen. 

/00 ~n 

3O 

2O 

/0 

Fig. 2. 

A 

/ " .  2 

, i i i " ~ 1 6 3  i 

- I  0+1+2+3 +~" +2 +/~' 

Comparative sensitivity of 
different stages of formation of the 
immunological  memory  to the ac -  
tion of cyclophosphamide and of 
whole-body i rradiat ion:  1) mice 
r eceiving cyc lophos phamide (200 
mg/kg) ;  2) mice i r radiated with 
500 R. Abscissa ,  days of i r r ad i a -  
tion or administrat ion of cyclophos-  
phamide before (-) or af ter  (+) pr i -  
m a r y  immunization; ordinate, num-  
ber  of ant ibody-forming cells  in 
spleen of experimental  animals 4 
days af ter  revaccinat ion (in percent  
of control ,  logari thmic scale). 

Mannomustine was injected in doses of 25 m g / k g  daily on 
2 success ive  days, the injections being s tar ted either 1 day be-  
fore the f i rs t  immunization, 14 days af ter  it, or 1 day before r e -  
vaccination. 

Cyclophosphamide was injected as a single dose of 200 
m g / k g  (the t imes of the injection are  shown below). 

The animals were  i r radiated f rom a cobalt  source  in a 
single dose of 500 R. In the experiments  of ser ies  I i r radiat ion 
was given ei ther  a few hours before the f i rs t  immunization, 7 
days after  it, or a few hours before revaccinat ion.  In the ex-  
periments  of ser ies  II the t imes  of i rradiat ion varied.  

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

In the experiments  of se r ies  I the effect of the various 
agents on the formation of the immunological  memory  and on its 
real izat ion (the secondary response) was compared.  The r e -  
sults are  given in Fig. 1, which shows that all the agents tested 
have the s t rongest  depressant  effect on real izat ion of the im-  
munological memory:  phenylalanine mustard,  mannomustine, 
and i r radiat ion completely suppressed the secondary  response ,*  
while th io-TEPA weakened it considerably.  All the agents l ike- 
wise depressed the formation of the immunological  memory ,  but 
less severely; phenylalanine mustard had the strongest action, 
irradiation the weakest. Administration of phenylalanine mustard, 
mannomustine, or irradiation in the interval between the two in- 
jections of antigen weakened the secondary response, while thio- 
TEPA under the same conditions had no effect. 

If the action of the same agents on the formation of the im- 
munological memory and on the memory when already formed 
is compared, it will be clear that the process of formation of the 
memory was more vulnerable to the alkylating compounds (phenyl- 
alanine mustard, thio-TEPA) and less vulnerable to the action of 
irradiation. This is confirmed by the results of the experiments 
of series If, in which the effect of cyclophosphamide and whole- 
body irradiation on the various stages of formation of the im- 
munological memory is compared (Fig. 2). 

It will be clear from Fig. 2 that cyclophosphamide caused 
the s t rongest  suppress ion of formation of the immunological  
m e m o r y  if injected 1-3 days after  p r imary  immunization; in- 
jection of cyclophosphamide at other t imes was less effective. 
I r radiat ion,  on the other hand, part ial ly prevented the formation 
of the immunological memory  if given just before the p r imary  
immunization, had a lmost  no effect 1 day af ter  immunization, 
and considerably weakened the immunological  memory  if ca r r i ed  
out 1-2 weeks after  p r imary  immunization. 

The immunological memory ,  if tested relative to the pro-  
duction of IgM-antibodies during the secondary  response,  is 

known to appear in mice [13, 14] 1-2 days af ter  p r imary  immunization with sheep 's  e ry throcytes  and to 
attain its full development af ter  5-9 days. The resul ts  of the experiments of ser ies  II can thus be ex-  
pressed  as follows.- the process  formation of the immunological memory  is relat ively radiores is tant ,  but 
it is sensitive to cyclophosphamide; conversely,  the cells  c a r ry ing  the mature  memory  are  radiosensi t ive 

*Cyclophosphamide had a similar action [3]. 
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but r e s i s t an t  to cyclophosphamide.  Analysis  of Fig. 1 suggests  that the above r e m a r k s  about cyc lophos -  
phamide can be applied to some  extent a lso  to the other a lkylat ing agents tes ted .  

Lower  rad iosens i t iv i ty  of the s tage  of fo rmat ion  of the immunologica l  m e m o r y  than of the m e m o r y  
when formed has a lso  been observed  prev ious ly  by other worke r s  [9, 11]. No c l ea r  explanation of this fact  
has yet been  given. The suggest ion has been made [9] that antigen pe r s i s t i ng  a f t e r  the f i r s t  injection may 
r e sens i t i z e  intact  lymphocytes  s t i l l  r emain ing  intact a f t e r  i r rad ia t ion ;  in the la te r  s tages  n o a n t i g e n  is 
p resen t  and the m e m o r y  cannot be r e s t o r e d  a f te r  i r rad ia t ion .  This  hypothesis  evidently cannot explain 
d i f fe rences  e i ther  between the action of i r rad ia t ion  before  and a f t e r  the p r i m a r y  injection of antigen (Fig. 
2) or  i n t h e  action of i r rad ia t ion  and the alkylat ing compounds on the immunologica l  m e m o r y .  

Another  hypothesis  [11], which postulates  p ro l i fe ra t ive  ac t iv i ty  of the ce l l s  during fo rmat ion  of the 
immunologica l  m e m o r y ,  appea r s  m o r e  promis ing .  P ro l i f e ra t ing  b l a s t  cel ls  a re  m o r e  r ad io r e s i s t an t  than 
sma l l  lymphocytes  [10, 12], which c a r r y  m a t u r e  immunological  m e m o r y  [4]. The b las t  ce l l s  a r e  evidently 
r e la t ive ly  m o r e  sens i t ive  to the action of a lkylat ing agents  than to i r rad ia t ion ,  as is conf i rmed by m o r -  
phological  [7] and immunologica l  [2, 6] observa t ions .  The b iophysica l  bas i s  of these d i f ferences  may  be 
d i f fe rences  in the act ion of a lkylat ing compounds on the c h r o m o s o m a l  appara tus  of the cell:  there  is some  
evidence [1] that these  compounds,  unlike i r rad ia t ion ,  give r i s e  mainly  to latent,  pe r s i s t en t  changes which 
a r e  subsequent ly  e i ther  brought  to light in the S-phase  of the cel l  cycle  or  r epa i red .  If the cel l  population 
is p ro l i fe ra t ing  at the t ime  of act ion of the alkylat ing agent,  the probabi l i ty  of fixation of potential  les ions 
of the c h r o m o s o m a l  appara tus  is substant ia l ly  increased .  

The d i f ferences  between the action of alkylat ing compounds and i r rad ia t ion  on immune p r o c e s s e s  ob- 
s e rved  above mus t  not obscure  the p rope r t i e s  which a re  common  to these  agents (for example ,  the p r e -  
fe rent ia l  effect  on the secondary  immune r e sponse  compa red  with the p roces s  of m e m o r y  format ion) ,  or  
the substant ia l  d i f ferences  between the action of individual a lkylat ing compounds.  This aspec t  of the p rob -  
lem has been cons idered  by the authors  e l sewhere  [2, 3, 5, 6]. 
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