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The effect  of the genera l  a l le rg ic  reac t ion  of delayed type (GARDT) to b ruce l los i s  antigen on 
glycolyt ic  p r o c e s s e s  and activi ty of  dehydrogenases  of  t h e  Krebs '  cycle  was studied in the blood 
and organs  of  guinea pigs. Bes ides  inhibition o f  the act ivi ty of  the four dehydrogenases  studied, 
inhibition of g lycolys is  connected with a d e c r e a s e  in the concentra t ions  of lacta te  and pyruvate  
and inhibition of lac ta te  dehydrogenase  (LD) activi ty was observed.  An i nc r ea se  in the content 
of anaerobic  f rac t ions  and a d e c r e a s e  in the content of ae rob ic  f rac t ions  were  obse rved  in the 
LD i sozyme  spec t rum,  toge ther  with exces s ivenes s  of the s p e c t r u m  i tself .  
KEY WORDS: a l l e rg ic  reac t ion  of delayed type; mic rob ia l  antigen; g lycolys is ;  dehydrogenase  
activity;  lac ta te  dehydrogenase  and i ts  i s o z y m e s .  

As the w r i t e r s  showed prev ious ly  [6] a l le rg ic  reac t ions  of  immed ia t e  type were  accompanied by profound 
changes in o x i d a t i o n - r e d u c t i o n  p r o c e s s e s  accompanied  by marked  inhibition of dehydrogenation,  a d is turbance  
of the function of the cy tochrome region of the biological  oxidation chain, and a compensa to ry  intensif icat ion of 
g lycolys is ,  leading to uncompensa ted  metabol ic  acidosis .  

The re la t ions  between immedia te  and delayed a l lergy are  complex,  but these  two types of a l le rgy  are  
c lose ly  in terconnected  and const i tute "a closed chain of t rans i t ions  between anaphylact ic  reac t ions  of immed ia t e  
and reac t ions  of delayed type"  [1]. 

The object  of the p resen t  invest igat ion was accordingly to study the b iochemica l  changes a r i s ing  during 
the development  of a genera l  a l lerg ic  reac t ion  of delayed type (GARDT), more  espec ia l ly  because  no data on 
this  subject  can be found in the l i t e ra tu re .  

EXPERIMENTAL METHOD 

Two series of experiments were carried out on 142 guinea pigs.. I) control, If) animals with a GARDT to 

Bruce l l a  antigen. The animals  were  sens i t ized  by a single inject ion of a living cul ture  of Bruce l la  abortus  in a 
dose  of 109 bac te r i a l  cel ls .  The degree  of sens i t iza t ion  was tes ted  45-50 days af ter  inject ion of the sensi t iz ing 
dose by Burne t ' s  tes t ,  and was 1.71 ~0.17 cm 2. 

The reac t ing  dose of the rapeu t ic  b ruce l los i s  vacc ine  (TBV, manufac tured  by the Tbil isi  Resea r ch  Inst i tute  
of Vaccines  and Sera,  batch 411, No. OBK 1505) was injected in t ravenous ly  5-7 days af ter  Burne t ' s  t e s t  in a 
vo lume of 1 ml  (5 x 108 bac t e r i a l  cells) .  The intensi ty  of GARDT was judged by the t e m p e r a t u r e  reac t ion  [2, 18]. 
The animals  were  inves t iga ted  at the height of development  of the reac t ion ,  namely  8 h a f te r  injection of the r e -  
acting dose of antigen, when the t e m p e r a t u r e  reached  a m a x i m u m  [3], with a mean r i s e  of 1.1°C. 

The concentra t ions  of lact ic  and pyruvic  acids [5, 8], and of glucose and glycogen [4, 9], the total  act ivi ty 
of  lacta te  dehydrogenase  (LD) [16] and i ts  i s o zymes  [10, 11, 15], and act ivi ty of th ree  NAD-dependent dehydro-  
genases  of the Krebs '  cycle  - i soc i t r a t e ,  ~ - k e t o g l u t a r a t e ,  and ma la t e  dehydrogenases  (MD) and of the f l avo-  
prote in  enzyme succinate  dehydrogenase  (SD) [13, 14], were  de te rmined  in the blood and t i s sues  of  the ex p e r i -  
menta l  animals .  

The r e su l t s  were  subjected to s ta t i s t i ca l  analysis  by means  of Student 's  t - t e s t .  Coefficients of pa i red  and 
mult iple co r re la t ion  were  calculated,  and, in the case  of the LD i sozyme  spec t rum,  i ts  ent ropy and e x c e s s i v e -  
ness .  
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TABLE 1. Concentrations of Lactate and Pyruvate and LD Activity (M~-m) in Organs 
and Blood of Control Guinea Pigs (I) and during GARDT to Brucella Antigen (II) 

Index 
Series 
of ex- Blood 
peri - 

Lactate, mg/g 
or rag/100 ml blood 

Pyruvate, pg/g tissue 
or mg:qO0 ml 
blood 

Lactate/pzruvate, % 
O I  control 

Redox potential, mV 

"Excess o~/lactate, 
mg/g 

LD, #rnoles pytuvate/ 
g tissue/h 

I 8,7-1-0.7 I 
II 5,8~_0,6" I 

I 
I 0 ,6~0 ,1  [ 

II 0,8--I-0,1 I 

ii 50 
I --168,7 

II --178,9 

II --1,27 

II 23,6.-t- 1,6 
24,0q-7,7 

Brain 

6,4_1,0 
4,5_0,5" 

23,7±3,9 
15,9-4-1,2 

!04 
--129,5 
--128,8 

0,23 

568-t-71 
447_52 

Heart 

6,3+0,6 
4,6_0,5" 

27,2-4-3,9 
15,5___I ,4" 

128 
--131,6 
--127,9 

1,09 

1026___96 
978+82 

Lungs 

5,5!-_0,7 
4,5+0,6 

44.24-5.2 
23.0-1-4 .O* 

151 
--139.8 
--133.7 

1.63 

365!-56 
249___47 

Liver 

5,9+0,7 
3,2q-0,4" 

15,7-4-2,6 
21,9-b2,0 

37 
--125,8 
--138,0 

--0,60 

400q-70 
164-~-3,6" 

I 

Spleen 

; ,9-~-0,7 
;,7~0,4" 

:,9q-4,0 
i, 4-~-2,1 

69 
-131.3 
-137,6 

--1,00 

* P <0.05 compared with control. 

Kidneys 

5,2±1,8 
3,6-t-0,5 

19,5~2,6 
19,8q-1,6 

69 
--125,2 
--134,6 

--1,31 

839+__81 
576±75* 

i/.~_7 Excessiveness ~ ' 9 ~ ~ 4 0  

Heart Liver Excessiveness 

Fig.  1. Dis t r ibu t ion  of  LD i s o z y m e s  and ex -  
c e s s i v e n e s s  of  i s o z y m e  s p e c t r u m  in o rgans  
o f  c on t ro l  guinea  pigs  (I) and guinea  pigs with 
a GARDT (II). 

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

Dur ing  the GABDT to B r u c e l l a  ant igen the lac t ic  acid level  was lowered  in all o rgans  (Table 1), but m o s t  
s ign i f ican t ly  in the l ive r  (by 48%) and m u s c l e s  (by 89%). The py ruva t e  concen t r a t ion  fell  in the lungs (by 48%), 
the  h e a r t  (by 43%), the bra in  (by 37%), and the m u s c l e s .  

The l a c t a t e /py ruva t e  ra t io  fell  in m o s t  o r g a n s  and the lac ta te  exces s  in s e v e r a l  o rgans  was  negat ive  in 
value.  

The LD ac t iv i ty  was  s ign i f i can t ly  d e p r e s s e d  in the l ive r  (by 59%), k idneys  (by 32%), and m u s c l e s  (by 16%). 

The LD i s o z y m e  s p e c t r u m  showed a d e c r e a s e  in the r e l a t i ve  p ropor t i on  o f  ae rob ic  f r ac t ions  and an in-  
c r e a s e  in the anae rob ic  f r ac t ions .  The e n t ropy  of  the s p e c t r u m  was i n c r e a s e d ,  but i ts  e x c e s s i v e n e s s  was r e -  
duced,  point ing to ins tab i l i ty  o f  this  s y s t e m  (Fig. 1). 
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Fig. 2. Activity of  dehydrogenases  of  K r e b s '  
cycle  in o rgans  of  guinea pigs with GARDT 
(in % of control).  1) I soe i t r a t e  dehydrogen-  
ase: 2) ~ -ke tog lu t a r a t e  dehydrogenase ;  3) 
SD; 4) MD. 

Consequently,  judging f r o m  the data descr ibed  above, the ve loc i ty  of  g lycolys is  was reduced,  and this led 
to a d e c r e a s e  in the product ion of lact ic  and pyruvic  acids.  The accumulat ion of pyruvate  in the l ive r  could be 
the resu l t  of cons iderab le  inhibition of the subsequent  pathways of i ts  m e t a b o l i s m  in the Krebs '  cycle ,  for the 
reac t ion  of dehydrogenat ion p r o c e s s e s  to the GARDT to Bruee l la  antigen consis ted of a dec rea se  in the act ivi ty  
of  all four dehydrogenases  studied (Fig. 2). 

I soc i t r a t e  dehydrogenase ,  whose activi ty fell  s ignif icant ly in all o rgans  without exception, r eac ted  mos t  
s t rongly  of all. The fact  that  inhibition of succinic acid was s ignif icant ly less  in those organs  in which MD ac-  
t ivi ty  fel l  sharp ly  will be noted (Fig. 2). This was pe rhaps  due to the r e m o v a l  of oxalate  inhibition. 

The cause of this sha rp  inhibition of dehydrogenat ion p r o c e s s e s  in K r e b s '  cycle could be a change in the 
pe rmeab i l i t y  of the m e m b r a n e s  with d is turbance  of the s t r u c t u r e  of the mi tochondr ia  [12]. Fat ty  acids accu -  
mula t ing in  a l le rg ic  r eac t ionsbecause  of i nc rea sed  g lycolys is  [17] could also have an inhibi tory effect  on the de-  
hydrogenases .  During analysis  of coeff icients  of pa i red  and mult iple  co r re la t ion  in the la t te r  case  v e r y  close 
d i rec t  co r re l a t ion  between the p a r a m e t e r s  studied was shown, the coefficient  being c lose  to unity. 

Negative co r re la t ion  between dehydrogenase  act ivi ty and the indices of g lycolys is  and d i rec t  co r re la t ion  
between individual dehydrogenases  were  found in the organs .  

Changes d i scovered  during the GARDT to Brucel la  antigen thus differed qual i ta t ively f r o m  changes found 
by the wr i t e r s  during sens i t iza t ion  by Bruce l las  [7] and were  unfavorable  in c h a r a c t e r ,  for  besides  inhibition of  
dehydrogenases ,  g lycolys is  also was depressed .  In the p resence  of  a marked  blocking of dehydrogenation and a 
reduct ion in ca ta lase  act ivi ty and the concentra t ions  of cy tochrome c and myoglohin [7], the wr i t e r s  a re  inclined 
to r ega rd  this as an e x t r e m e l y  unfavorable  sign of  exhaustion of the compensa to ry  powers  of the body, leading 
to a c r i t i ca l  def iciency of the energy requ i red  for  synthes is  of the h igh -ene rgy  compounds that  maintain the 
supply of ene rgy  for  all the functions of  the body. 
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