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The acid phosphatase  level  in the blood lymphocytes  of August r a t s  was inc reased  7 days af ter  
injection of F r eu nd ' s  comple te  adjuvant into the an imals ,  while the dehydrogenase level  was  lowered .  The 
opposi te  changes were  obse rved  a f te r  14 days.  After  r epea ted  injection of adjuvant, acid phosphatase  
act ivi ty in the blood granulocytes  r eached  a max imum on the 14th day and r ema ined  high until the 45thday.  

It  was  p rev ious ly  shown that  a f te r  in t raper i tonea l  injeetion of F reund ' s  adjuvant with BCG vaccine  
into r a t s  the an imals  develop a syndrome  r e sembl ing  in some  manifes ta t ions  human lupus e ry thematosus  
(the LE phenomenon, sy s t emic  vascu l i t i s ,  de rma t i t i s ,  the "wi re  loop" phenomenon in the kidneys) [5, 7]. 
It has also been shown that the lymphocytes  of sick an imals  have a ma rked  cytotoxic action on a f ib rob las t  
t i s sue  cul ture  [6]. The manifes ta t ion  of this a g g r e s s i v e  behavior  of lymphocytes  is pe rhaps  accompanied  
by changes in the i r  metabol ic  p r o c e s s e s .  This  suggest ion is made all the m o r e  probable  because  i m m u -  
nization is accompanied  by cons iderable  changes in the leveI of l y sosomal  and mitochondr ia l  enzymes  [1, 3]. 

The object  of this invest igat ion was to study the act ivi ty  of the following enzymes  in the leukocytes:  
acid phosphatase ,  as a m a r k e r  of l y s o s o m e s  and an index of catabolic act ivi ty,  sueeinate  dehydrogenase  as 
a m a r k e r  of mi toehondr ia  and an index of the act ivi ty of energy  p r o c e s s e s  in the K r e b s  cycle ,  and m i t o -  
chondrial  (~-glycerophosphate dehydrogenase ,  cha rac te r i z ing  the connection between glycolys is  and r e s p i -  
ra t ion  and the degree  of par t ic ipa t ion  of the mi toehondr ia  in oxidation of the hya lop lasmic  reduced  fo rm of 
n ieo t inamide-adenine  dinucleotide (NAD). 

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

Exper imen t s  we re  c a r r i e d  out on 25 August r a t s  weighing 150-200 g. F r eund ' s  adjuvant was injected 
once into 5 animals  and twice into 15 r a t s  at  in te rva l s  of 10 days,  while 5 animals  compr i s ed  the control 
group.  Blood f i lms  w e r e  taken f rom the caudal vein.  The an imals  w e r e  examined before  inject ion of 
adjuvant, and 7 and 14 days and 1.5 months a f t e r  injection. Individual data w e r e  per iodica l ly  compared  
with initial observa t ions  for  the same animal .  

Fnzyme act ivi ty  in the blood lymphocytes  was invest igated cytochemical ly :  acid phosphatase  (3.1.3. 
2) by the method of Goldberg and Ba rka  [9], succinate  dehydrogenase  (1.3.99.1) by the method of Quaglino 
and Hayhoe [13], and ~ -g lyce rophospha te  dehydrogenase  (1.1.99.5)by N a r t s i s s o v ' s  method [2]. Acid 
phosphatase  act ivi ty was  also studied in g ranulocy tes .  When a s s e s s i n g  act ivi ty  of the enzyme,  100 cel ls  
we re  counted in sui tably stained f i lms  and divided into groups depending on the intensity of deposit ion of 
r eac t ion  produc ts .  The cel ls  w e r e  divided into two groups:  all  lymphoeytes  (or granuloeytes)  in which 
enzyme act ivi ty  was absent  o r  only t r a c e s  of deposit ion of reac t ion  products  were  obse rved  in the cy to -  
p l a sm were  included in one group, and leukocytes  whose cy top lasm was comple te ly  (high activity) o r  
a lmos t  comple te ly  (moderate  activity) f i l led with reac t ion  products  were  included in the second group~ 
This  method of counting was fully desc r ibed  prev ious ly  [1]. The r e su l t s  w e r e  exp re s sed  as pe rcen tages  
of cel ls  with high and modera t e ly  high enzyme act ivi ty.  The r e su l t s  w e r e  analyzed by s ta t i s t ica l  methods 
with a s s e s s m e n t  of the s ignif icance of the difference between the a r i thmet ic  means  of two se t s .  
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E X P E R I M E N T A L  R E S U L T S  

Considerable  changes in enzyme act ivi ty in the leukocytes  were  found in the exper imenta l  an imals  
depending on the t imes  of taking blood af ter  injection of the adjuvant. Significant d i f ferences  were  also 
found in reac t ions  to p r i m a r y  and repea ted  s t imulat ion,  After  the f i r s t  injection of adjuvant (Fig. 1) a de -  
c r e a s e  in act ivi ty of oxidative enzymes  with p r e s e r v a t i o n  of high act ivi ty,  or  an actual  i nc rea se  in act ivi ty 
of acid phosphatase  were  obse rved  in the lymphocytes ,  The dec rease  in act ivi ty of succinate  dehydro-  
genase  on the 14th day af ter  injection of adjuvant compared  with its initial level  is s ta t i s t ica l ly  significant 
(before injection of adjuvant 20 +6,8",  on the 14th day 0; P < 0.05). The i nc rea se  in acid phosphatase  
act ivi ty in the lymphocytes  on the 7th day (49 :~ 1.5) compared  with the initial data (37 :~4.27) is also 
s ta t i s t ica l ly  significant  (P < 0o05). Changes in ~-g lycerophosphate  dehydrogenase act ivi ty on the 14th day 
compared  with the initial values  a re  no m o r e  than a tendency (0.1 > P > 0.05). 

Changes of this type p e r s i s t e d  for  two weeks .  Acid phosphatase  act ivi ty in the granulocytes  changed 
only slightly at  these  t imes ,  the values  remain ing  close to those obse rved  init ial ly.  

On the 7th day af ter  res t imula t ion  the high level  of acid phosphatase  activity in the lymphocytes  fell ,  
some t imes  to 0 by the 14th day (Fig, 1). Dehydrogenase act ivi ty showed changes in the opposite direct ion.  
Changes in the act ivi ty of these  enzymes  on the 7th day compared  with init ial ly were  s ta t i s t ica l ly  significant (for 
acid phosphatase  in the lymphocytes  P < 0.02, for  succinate dehydrogenase P < 0.05, for  ~ -g lycerophosphate  
dehydrogenase P < 0.01). 

Acid phosphatase activity in the blood granulocytes differed only slightly from its initial value on 
the 7th day. On the 14th day, however, its activity was sharply increased, definite granules appearing in 
the leukoeytes, filling the cytoplasm in large numbers. Later (Fig. I) no definite relationship could be 
seen between activity of the enzymes in the lymphocytes. Their indices differed only a little from the 
corresponding values obtained in the control group and also from their initial values. High acid phosphatase 
activity in the granulocytes was characteristic of these periods. 

It is interesting to compare the results obtained with those of the study of the cytotoxie effect of 
lymphocytes from animals with experimental autoimmune diseases in tissue culture. For instance, the 
cytotoxic effect of lymphocytes from animals with "adjuvant" nephritis appeared on the 8th-llth day after 
injection of the nephritogenic mixture [II]o Transfer of the pathological process is possible at these times, 
e.g., "adjuvant" arthritis can be transferred by means of lymphoeytes of the sick animal to recipients of 
the same line [16]. Lymphocytes taken from donors on the 14th day after injection of adjuvant cannot 
transfer the pathological process, and no cytotoxic effect was observed after the llth day. At the same 
time, as the present observations show, acid phosphatase activity of the lymphocytes reached a maximum 
by the 7th day; by the 14th day after injection of adjuvant it was down to a minimum even if a further 
injection of adjuvant had been given (on the 10th day after the first injection)~ Changes in succinate dehy- 
drogenase activitywere in the opposite direction: with an increase in acid phosphatase activity, succinate 
dehydrogenase activity fell. These relationships between change s in the biological properties of lymphocyte s 
and changes in indices characterizing the state of their lysosomes and mitochondria are probably not fortuitous. 

Considerable attention is being paid at the present time to the role of lysosomal structures in the 
pathogenesis of allergic conditions. In particular, during lysis of granules in the neutrophils which con- 
stitute a special type of lysosomes, the Arth[is and Sehwartzmann phenomena take place; a marked increase 
in acid phosphatase activity is found in allergic diseases [3, 15], after immunization followed by various 
complications [3], and after sensitization of animals with oxazalone and tuberculin [I0]. At the same time, 
administration of antihistamine preparations and glueoeorticoids is known to stabilize lysosomal mem- 
branes and to reduce the number of these organelles in cells [17]. 

The results described above show that the development of various types of hypersensitivity in the 
organism is accompanied by an increase in acid phosphatase activity both in lymphocytes and in other 
cells. If it is remembered that injection of Freund's complete adjuvant simulates a state of allergy of 
the delayed type as well as stimulating immunogenesis, in the present investigations changes could natu, 
rally be expected in the acid phosphatase activity in the lymphocytes. These changes were found to occur 
in phases, an increase in acid phosphatase activity being combined with a decrease in activity of the 
oxidative enzymes of energy metabolism. It is considered that this relationship can be regarded as a 

alues of the mean sampling error are shown. 
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Fig, 1. Changes in acid phosphatase and dehydrogenase activity inrats 
under the influence of a single (A)and two (B) injections of Freund's 
complete adjuvant (mean data and standard deviations-- M • ~). I) Acid 
phosphatase activity in granulocytes; 2) acid phosphata se activity in lympho- 
cytes;  3) succinate  dehydrogenase  act ivi ty in Iymphocytes ;  4) ~ - g l y e e r o p h o s -  
phate dehydrogenase  act ivi ty  in lymphocytes .  Absc i s sa ,  t imes  of invest igat ion 
(in days);  ordinate ,  pe rcen tage  of lymphocytes  (granulocytes)  with high and 
mode ra t e  enzyme act ivi ty .  

cy tochemica l  c r i t e r ion  of hypersens i t iv i ty  of the delayed type in the per iod of i ts  format ion ,  and judging  
f r o m  compar i son  of the biological  p r o p e r t i e s  of the lymphocytes ,  it r e f l ec t s  this hypersens i t iv i ty  to the 
highest  degree .  

An i nc r ea s e  in acid phosphatase  act ivi ty in the c i rcula t ing blood lymphocytes  was  obse rved  by the 
w r i t e r s  in chi ldren a f t e r  injection of DPT vaccine,  when the per iod of immunizat ion was uncomplicated [1]. 
React ions  of the s ame  type w e r e  also obse rved  during b l a s t - t r a n s f o r m a t i o n  of lymphocytes  in cul ture  on 
the addition of phytohemagglut inin [14]. In both cases ,  however ,  the i nc r ea se  in acid phosphatase  ac t iv i ty  
was  accompanied  by a cons iderable ,  or  actual ly a g r ea t e r  i nc rea se  in act ivi ty of the oxidative enzymes .  
Combinations of this type evidently r e f l ec t  physiological  act ivat ion of lymphocytes  and a r e  not c h a r a c -  
t e r i s t i c  of delayed hypersens i t iv i ty .  The r ea sons  for  the opposi te  c h a r a c t e r  of changes in acid phosphatase  
and dehydrogenase  act ivi ty a r e  not c l ea r .  The i nc rea se  in acid phosphatase  act ivi ty evidently co r responds  
to an i nc r ea se  in the number  of l y s o s o m e s  in the cel ls  accompanying  different ia t ion of the lymphocytes .  
The s a m e  phenomenon has p rev ious ly  been obse rved  af ter  injection of b ruce l la  vaccine,  prodigiosan,  and 
Vi-ant igen in mouse  mac rophages  [4]. The poss ib i l i ty  of an i nc rea se  in enzyme act ivi ty  because  of in-  
c r e a s e d  synthes is  is  not ruled out. It  is imposs ib le  at this s tage to explain the dec r ea se  in activity of the 
oxidative enzymes .  

The d e c r e a s e  in succinate  dehydrogenase  act ivi ty d i scovered  exper imenta l ly  is evidence of a s ig -  
nif icant  fall in energy  me tabo l i sm in the mi tochondr ia .  Low act ivi ty  of mi tochondr ia l  o~-glycerophosphate 
dehydrogenase  indirect ly  sugges ts  a d is turbance  of the in tegra t ion of g lycolys is  and r e sp i ra t ion .  Active 
migra t ion  of ions and molecules  through m e m b r a n e  b a r r i e r s  is  known to be s t r i c t ly  coordinated with the 
ut i l izat ion and r e - c r e a t i o n  of energy  [10]. A d e c r e a s e  in ATP fo rmat ion  in the cell,  for  instance,  is 
accompanied  by a sharp  i n c r e a s e  in l ibera t ion  of p ro te ins  f rom it [12]. 

The dec r ea s e  in act ivi ty of dehydrogenases  par t ic ipat ing  in energy me tabo l i sm demons t ra t ed  in these  
expe r imen t s  sugges ts  that  product ion of h igh-energy  compounds in the lymphocytes  is  reduced.  Such 
changes mus t  be accompanied  by a d is turbance  of pe rmeab i l i t y  and integr i ty  of the cell m e m b r a n e  and 
m e m b r a n e s  of the o rgane l l es ,  espec ia l ly  l y s o s o m e s .  Under  those conditions the l y sosoma l  enzymes  
~aaving los t  the i r  isolation) and the ce l l s  themse lves ,  espec ia l ly  lymphocytes ,  can evidently become pas s ive  
chemical  a g g r e s s o r s .  
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