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Activity of d ihydro-orota te  dehydrogenase and succinate dehydrogenase was studied cyto-  
chemical ly  in the blood lymphoeytes  of ra t s  and dogs before  and at var ious t imes  a f te r  
injection of anti lymphocytic se rum and anti lymphocytic globulin. Under the influence of 
these substances the number  of lymphocytes  without dehydrogenase act ivi ty in the p e r i -  
pheral  blood s t r eam increased,  and this was accompanied by an increase  in the number  
of cel ls  with high activity of t hese  enzymes.  The changes in the cytochemical  s t ruc tu re  
of the populations are  examined from the standpoint of the depress ive  and, at the same 
t ime,  the activating effect  of the p repa ra t ions .  

The object of this investigation was to study the activity of succinate dehydrogenase (SDH), ref lec t ing 
energy p r oc e s se s  in the mitochondria,  and of d ihydro-orota te  dehydrogenase (DDH), par t ic ipat ing in the 
synthesis  of pyrimidine bases ,  in the blood lymphocytes  of animals  at various t imes  af te r  injection of ant i -  
lymphocytic  se rum (ALS) and anti lymphocytic globulin (ALG). 

EXPERIMENTAL METHOD 

Experiments were carried out on male August rats (13 animals) weighing 150-200 g and on six male 
dogs weighing 20-25 kgo On alternate days for 1 week the rats received an intraperitoneal injection of 0.5 
ml rabbit ALS (nine animals) and of normal rabbit serum (four animals). Daily for 14 days the dogs re- 
ceived ALG intramuscularly in a dose of 5 mg protein/kg body weight. The ALG (batch 66/1) was prepared 
at the Moscow Research Institute of Epidemiology and Microbiology, Ministry of Health of the RSFSR, and 
had a lymphoagglutinin titer of 1:560 and a lymphoeytotoxin titer of I:1280. The ALS was prepared by im- 
munization of rabbits  with lymphocytes  obtained f rom ra t  lymph glands followed by adsorpt ion with ant i -  
e ry th rocy t i c  ant ibodies.  The t i t e r s  of lymphoagglutinins and lymphocytotoxins were 1:560 and 1:1280, and 
no antibodies against se rum prote ins  were  found. The t i t e r  of hemagglutinins was below 1:2. 

Before and a f te r  the injections of ALS and ALG into the animals  the total leukocyte count and blood 
formula  were  de te rmined .  Activity of SDH (1.99.3.1) and DDH (1.3.3.1) in the lymphocytes  was de termined 
cytochemical ly  by Nar t s i s sov ' s  method [3]. The number  of granules of react ion product  was counted in each 
lymphocyte (altogether 50 cells)o By ca r ry ing  out the analysis  in this way the combined dehydrogenase ac-  
t ivi ty in 50 cel ls  or  the mean act ivi ty per  lymphocyte could be expressed  and the cytochemical  s t ruc ture  of 
the per iphera l  lymphocyte population could be studied by a r ranging  them in cor responding  c lasses  depending 
on the level  of cell  enzyme activi ty.  
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Fig.  1. Changes in number  of lyrnphocytes without and with 
high DDH activity at various t imes af ter  injection of ALS. 
Unshaded columns, lymphocytes with no enzyme act ivi ty;  
shaded columns, lymphocytes with high enzyme activity.  

Fig.  2. Frequency polygon of lymphoeytes subdivided by 
DDH activity before and after  injection of ALS. Abscissa ,  
number  of granules in lymphocytes ; ordinate, number  cel ls .  

The resul ts  were subjected to statist ical  analysis .  The significance of the increase  in number  of 
lymphocytes with no activity and with high activity of the enzyme was a s ses sed  by means of Wilcoxon's non- 
pa ramet r i c  c r i te r ion .  To determine the s t ruc ture  of the lymphocyte population with respect  to enzyme ac -  
t ivity the pa ramete r s  of distribution were calculated and their  ar i thmetic  mean, s tandard deviation, and co-  
efficients of variation, a symmet ry ,  and excess  were determined.  The difference between the dispersions 
were est imated by means of F i s h e r ' s  c r i te r ion  and subdivision into two subpopulations was ca r r i ed  out by 
Urbakh's  method [6]~ Differences between the mean populations before and after  the injections were es t i -  
mated by Student's c r i te r ion .  

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

The study of DDH activity showed that at certain stages the injection of ALS into intact animals had 
vir tually no effect on the total activity of the enzyme, i.e., the total number  granules in 50 lymphocytes r e -  
mained constant.  A significant decrease  in DDH activity was discovered only af ter  three or four injections 
of the preparat ion (hth-7th day after  the beginning of injection). However, these mean indices of enzyme 
activity largely  masked the charac te r  of the change ar is ing in the per ipheral  blood lymphocyte population 
af ter  administrat ion of ALS~ Cells with no enzyme activity began to appear in the blood s t ream 2 h after  
injection of ALS; meanwhile the number of lymphocytes with high DDG activity increased.  These changes 
were par t icu lar ly  c lear  ( P -  0o05) on the 4th and 7th days after  the beginning of injection of the preparat ion 
(Fig. 1)o Results of this nature are  evidence of an increase in the metabolic heterogeneity of the lympho-  
cytes .  Each subsequent injection of ALS increased this heterogeneity and this, in turn, was ref lected in the 
curve of distribution of lymphoeytes as a function of their  degree of DDH activity, and at cer ta in  t imes this 
curve became asymmet r i ca l  in charac te r  (Fig~ 2, Table 1)o 

These resul ts  suggest that two populations of lymphocytes exist ;  s tat ist ical  populations showed that 
the mean of one subpopulation was 3.68 (ml = 0.9) and of the other 1305 (m2= 1.6). 

The dynamics of SDH activity in the peripheral  blood lymphocytes very  closely resembled  the cha rac -  
t e r  of the changes in DDH activi ty;  differences could be found only in the t imes of appearance of these 
changes.  

Control experiments  showed that injection of the corresponding doses of normal  rabbit se rum into the 
rats  led to a sharp increase  in dehydrogenase activity in the lymphocytes ; no cells with low enzyme activity 
were found. 

In t ramuscula r  injection of ALG into dogs caused changes in the population s t ruc ture  of the peripheral  
lymphocytes by dehydrogenase activi ty analogous to the changes observed in ra ts  af ter  injection of ALS. 
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TABLE 1. Stat is t ical  P a r a m e t e r s  of Population Structure of Rat 
Lymphocytes  by Dihydro-oro ta te  Dehydrogenase Activi ty before  and 
a f t e r  Admin is t ra t ion  of ALS 

I I 
• T 1 m •  of determination I X O V I A E 

I I 

' I 
Before injection . . . . . . .  7,3 * 3,32T 45 5 0,550. --I, 17 
On 7th day after injection. 5,9 6,9 117 0,850 ~: --0,2 

Legend: :~) m e a n  enzyme activity; a) s tandard deviation; V) coeff i-  
cient of var ia t ion;  A) coefficient  of a s y m m e t r y ;  E) coefficient  of 
excess .  

�9 Difference between means  by Student 's  c r i t e r ion  ( P <  0.01). 
SDifference between d i spers ions  by F i s h e r ' s  c r i t e r ion  4.3, P <  0.01. 
SDistribution before  injection of ALS s y m m e t r i c a l ,  a f t e r  injection 
a s y m m e t r i c a l  (P < 0~ for  50 cel ls) .  

The number  of cel ls  with high and with reduced  enzyme act iv i ty  in the blood s t r e a m  also increased ,  and 
this was re f lec ted  in the c h a r a c t e r  of the dis tr ibut ion curve,  which became  sharp ly  a s y m m e t r i c a l  as the 
total quantity of the p repa ra t ion  injected inc reased .  A general  dec rease  in DDH act ivi ty  in the dogs a p -  
pea r ed  a f t e r  10-12 injections (by the 1 0 t h - l l t h  day a f t e r  the beginning of injection of ALG).  

The c h a r a c t e r  of the cy toehemica l  changes in the pe r iphe ra l  lymphocytes  depends not only on the 
duration of injection (or, cor respondingly ,  on the total  dose) of ALS and ALG. As p r e l i m i n a r y  t e s t s  showed, 
the c h a r a c t e r  of the changes was c lose ly  connected with the initial and concomitant  s tate  of the an imal .  In 
pa r t i cu la r ,  injection of ALG into dogs a f t e r  skin graf t ing was accompanied  by an inc rease  in the number  of 
only those lymphocytes  with low DDH activi ty,  and this was combined with a dec rea se  in the total  act ivi ty  
of the enzyme .  S imi lar  changes were  found in r a t s  with nephrotoxic  nephr i t i s  a f t e r  injection of ALSo 

The dynamics  of dehydrogenase  ac t iv i ty  a f t e r  injection of ALS and ALG c l ea r l y  shows that  bes ides  
quanti tat ive changes in the blood lymphocytes  there  a re  a lso  qualitative changes,  the nature  of which (the 
appearance  of ce l l s  with sharp ly  reduced enzyme activity) co r r e sponds  to known views r ega rd ing  the de -  
p r e s s i v e  influence of these  p r e p a r a t i o n s .  In turn,  the ma rked  dec rea se  in DDH (decreased  synthesis  of 
pyr imidines)  and SDH (decrease  in the ene rgy  supply) act ivi ty  which occu r r ed  in pa r t  of the pe r iphe ra l  
lymphocyte  population mus t  be r ega rded  not only as a c r i t e r ion ,  but also as one cause  of the immunode-  
p r e s s i v e  act ion of ALS and ALG. 

Meanwhile, as the invest igat ions showed, the changes a r i s ing  in the lymphocyte  population s t ruc tu re  
cannot be comple te ly  explained by the dep re s s ive  effect  of the p r e p a r a t i o n s .  In pa r t i cu la r ,  the inc rease  in 
he te rogenei ty  of the lymphocytes  with r e s p e c t  to dehydrogenase  act ivi ty  a f t e r  injection of ALS and ALG, ob-  
se rved  a lso  in ce r ta in  a l le rg ic  d i seases  [5] and in the per iod of antibody synthes is  [4], is evidently one of 
the signs re f lec t ing  the s tate  of functional act iv i ty  of the lymphoid t i s sue .  The appearance  of a s tate  of this 
type a f te r  admin is t ra t ion  of ALS and ALG is also evidence of an inc rease  in the number  of lymphocytes  with 
high dehydrogenase  ac t iv i ty .  

The inc rease  in dehydrogenase  ac t iv i ty  in the pe r iphe ra l  blood lymphocytes  is a fea ture  constant ly  a c -  
companied  by a s ta te  of inc reased  ac t iv i ty  both of the cel ls  t hemse lves  (in pa r t i cu la r ,  in b las t  t r a n s f o r m a -  
tion [1]), and in the lymphoid t i s sue  in the per iod of antibody synthesis  [1, 2]. However ,  in these s ta tes  no 
inc rease  in the number  of cel ls  with low enzyme act iv i ty  is observed,  o r  this i nc rease  is t r a n s i t o r y  in c h a r -  
a c t e r  [4]. Af ter  injection of ALS and ALG the inc rease  in the number  of c i rcu la t ing  lymphocytes  with high 
dehydrogenase  ac t iv i ty  may  be connected with r ep len i shmen t  of the pe r iphe ra l  blood s t r e a m  with new cel l s  
f rom the lymph glands [7]. However,  the poss ib i l i ty  of s t e r i l e  act ivat ion of the cel ls  a r i s i ng  under the in-  
fluence of these  p repa ra t ions ,  and a lso  of the i r  differential  action on lymphocytes  of different origin [8], 
cannot be ruled out. 

The invest igat ions thus showed that a f t e r  injection of ALS and ALG in the per iod of s tabi l iza t ion of 
quanti tat ive shifts,  changes whose c h a r a c t e r  indicates  the p r e s e n c e  of a s imul taneous  depress ive  and a c -  
t ivat ing influence of the p repa ra t ions  can be detected cy tochemica l ly  in the lymphocyte  population s t ruc tu re .  
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