
I N V E S T I G A T I O N  O F  M E T A B O L I C  M E C H A N I S M S  

O F  T H E  I S O L A T E D  A N D  C O M B I N E D  A C T I O N  

O F  A C H E M I C A L  A L L E R G E N  

R .  V.  M e r k u r ' e v a ,  E .  I .  P r o t s e n k o ,  
L .  I .  B u s h i n s k a y a ,  B .  V.  A u l i k a ,  
A.  A.  K u l y g i n a ,  a n d  Y u .  I .  P r o k o p e n k o  

UDC 612.015.3-06:612.017.1 

Biochemica l  invest igat ion of the act ivi ty of enzyme s y s t e m s  located var ious ly  in the cel l ,  e i ther  
bound with l y s o s o m e s  (hyaluronidase,  N - a c e t y l - f i - D - g l u c o s a m i n i d a s e ,  f l -glucosidase)  and solu-  
ble in hya lop lasm (neuraminic  acid aldolase) ,  and the study of the s ta te  of e n z y m e - s u b s t r a t e  
complexes  of the immunologica l ly  ac t ive  ca rbohydra te -con ta in ing  b iopolymer  c l a s s  (glycopro-  
te ins ,  g l y c o s a m i n o g l y c a n s ) w e r e  c a r r i e d  out in t i s sues  of var ious  organs  (l iver,  kidney, smal l  
intest ine,  skin) and blood s e r u m  of albino r a t s  exposed to the isolated and combined (with v a r i -  
ous doses  of u l t rav io le t  radiat ion) action of a chemica l  a l le rgen ,  d ini t rochlorobenzene.  Genera l  
and specif ic  ru l e s  governing the metabol ic  reac t ions  whose manifes ta t ion  may be connected with 
the development  of  a l l e rgy  of delayed type were  d iscovered .  

The  invest igat ion of the b iochemica l  m e c h a n i s m s  of action of a l l e rgens  act ing e i ther  in isolat ion on the 
o rgan i sm or in combinat ion with physical  fac tors  may help to broaden our ideas of the ru les  governing the 
metabol ic  changes that  c h a r a c t e r i z e  the development  of  sensi t izat ion.  Such an invest igat ion could provide  a 
theore t ica l  bas i s  for the e s t ab l i shment  of hygienic n o r m s  for the action of the cor responding  externa l  envi ron-  
menta l  f ac to r s  of man. 

An impor tan t  ro le  in the development  of the immunological  r eac t ions  of the o rgan i sm is played by en- 
zyme s y s t e m s  boundwith the l y s o s o m e s  [11, 13]. Most acid hydro lases  of lysosomal  origin a r e  also known to 
be g lycopro te ins  in the i r  chemica l  s t ruc tu re ,  and they thus belong to an immunological ly  act ive  c l a s s  of p ro-  
te ins  [16, 17]o 

The object  of this invest igat ion was to study enzyme s y s t e m s  located var ious ly  in the cell  (bound with 
l y s o s o m e s ,  soluble in the cytosol) ,  and also of e n z y m e - s u b s t r a t e  complexes  (carbohydra te -conta in ing  biopoly- 
reefs)  using an expe r imen ta l  model of the act ion of a chemica l  a l l e rgen  in isolat ion and a lso  in combinat ion 
with a physical  fac tor ,  namely  var ious  doses  of u l t rav io le t  i r rad ia t ion  (UV). In the modern  view, UV can ei ther  
dep re s s  or intensify the phenomena of sens i t iza t ion  (depending on the dose used). Informat ion in the l i t e ra tu re  
on the effect  of UV i r rad ia t ion  on ly sosomal  enzymes  is l imi ted  in amount and cont rad ic tory  in nature  [9, 18]. 

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

Five groups  of albino r a t s  (54 an imals  al together)  we re  used. The an imals  of group 1 were  exposed to 
the continuous act ion of a th resho ld  dose of a chemica l  a l le rgen ,  dini t rochlorobenzene (DNCB, 19.6 mg /kg  by 
mouth) ; the an ima l s  of groups 2 and 3 exposed to the combined action of the s ame  concentra t ion of DNCB and 
of var ious  doses  of UV i r rad ia t ion  (0.75 and 3 e ry thema  doses  respec t ive ly ) ;  and the r a t s  of group 4 r ece ived  
0.75 e r y t h e m a  dose of UV i r rad ia t ion  only. The durat ion of the exper iment  was 30 days.  The l iver ,  kidneys,  
smal l  intest ine,  skin, and blood s e r u m  of the an imals  we re  used as the t es t  objects .  At the end of exposure  to 
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the var ious  fac tors  act ivi ty of the following lysosomal  hydro lases  was determined:  hyaluronidase  [12], N- 
a c e t y l - f l - D - g l u c o s a m i n i d a s e  [1], and f l -g lucosidase  [7]. Activi ty of the enzymes  was de te rmined  in l iver  homog-  
enate and in the lysosomal  f rac t ion  with or  without the addition of the detergent  Tr i ton  X-100 [8], so that the 
degree  of s tabi l i ty  of the bond between the enzymes  and the lysosomal  m e m b r a n e s  could be judged. To invest i -  
gate the e n z y m e -  subs t ra t e  complex glyc o s a m i n o g t y c a n s -  h y a l u r o n i d a s e - N - a c e t y l -  f l -D-g lucosamin idase ,  be-  
s ides the enzymic  methods indicated above, hexuronic acids also were  de te rmined  [14], for thei r  level r e f l ec t s  
the total  concentra t ion of g lycosaminoglycans .  The s tate  of g lycoprote in  me tabo l i sm was judged f rom the c a r -  
bohydra tes  in thei r  composi t ion (hexoses,  aminosugars )  [5], and by the e n z y m e - s u b s t r a t e  sys tem:  neuraminic  
acid (NA)-NA aldolase  [4]. Hyaluronidase  act ivi ty and the content of prote in-bound ca rbohydra te s  of g lycopro-  
teins (hexosamines ,  NA, hexoses)  in the blood s e r u m  of the r a t s  was de te rmined  by me.thods indicated above. 
Consider ing that the r a t io  between catabol ic  and energet ic  p r o c e s s e s  in the blood ce l l s  can s e rve  as a cyto-  
chemica l  c r i t e r ion  of a l l e rgy  of delayed type [10], the act ivi ty  of acid phosphatase  [15], one of the lysosomal  en- 
zymes ,  and a lso  of succinate dehydrogenase [6] in the blood lymphocytes  was de te rmined  cytochernical ly.  

The s e r u m  hyaluronidase  act ivi ty was e x p r e s s e d  in conventional  units. The unit of act ivi ty  was taken to 
be the quantity of N-ace ty lg lucosamine  l ibera ted  by the action of a 5~ solution of bovine t e s t i cu la r  hya luronidase  
(330 USP un i t s /mg,  Reanal ,  Hungary) f rom hyaluronic acid during incubation for 18 h at 37~ in ace ta te  buffer ,  
pH 3.7. 

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

In r e s p o n s e  to the isolated action of the chemica l  a l l e rgen  (DNCB) while no change o c c u r r e d  in the ac t iv i -  
ty of the lysosomal  g lycanohydro lases  (hyaluronidase and N-ace ty l - f i -D-g lucosaminidase)  in the r a t s '  l iver  a 
s ta t i s t i ca l ly  significant  (P < 0.01) accumulat ion of g lycosaminoglycans  was obse rved  (as r e f l ec t ed  in the hexu- 
ronic  acid level),  which underwent gradual  hydrolyt ic  degradat ion through the action of those enzymes .  This  
re la t ionship  in the e n z y m e -  subs t ra t e  s y s t e m  suggests  intensif icat ion of g lycosaminoglycan synthes is  in the 
l iver ,  more  espec ia l ly  because  an inc rease  in the  content of other r e p r e s e n t a t i v e s  of the ca rbohydra te  compo-  
nents of g lycosaminoglycans  was found s imul taneous ly  in the l iver  and the sma l l  intestine,  namely  hexosamines ,  
the level  of which on ave rage  was 75~ higher  than in the r a t s  of the control  group. Meanwhile the re  was a 
s ta t i s t i ca l ly  significant (P < 0.001) dec r ea s e  in hya luronidase  act ivi ty in the blood s e r u m  to 0.89 �9 0.1 unit c o m -  
pared  with the control  (1.38 �9 0.1 unit). The d is turbance  of g lycosaminoglycan me tabo l i sm was accompanied  
by opposite changes in the content of g lycoprote in  ca rbohydra t e s :  a dec r ea se  in the NA level,  espec ia l ly  in the 
smal l  intest ine (by 70~), and the accumulat ion of prote in-bound hexoses  in the l iver  of the exper imen ta l  ani-  
mals  (20~ higher  than in the control) .  These  changes possibly  r e f l ec t  quanti tat ive or s t ruc tu ra l  r eo rgan iza t ion  
of the po lysacchar ide  moiety of the immunoglobulins par t ic ipat ing in the phenomena of sensi t izat ion.  

The combined action of DNCB and 0.75 e ry thema  dose of UV i r rad ia t ion  was accompanied  by the develop-  
ment  of a metabol ic  reac t ion  not observed  when these  fac to r s  acted in isolation: a s ta t i s t i ca l ly  s ignif icant  in- 
c r e a s e  in hya luronidase  act ivi ty in the t i s sue  of the smal l  intest ine (by 57~) compa red  with the r a t s  of the con- 
t rol  group. This  fact could poss ib ly  be explained by the act ion of an adaptive mechan i sm linked with the bio- 
logical  ro le  of hyaluronidase  in t i s sue  and vascu la r  permeabi l i ty .  Meanwhile the dec r ea se  in the level  of hexu- 
ronic acids in the smal l  intest ine and l iver  (by 18.5 and 17.9~ respec t ive ly)  and also in the level  of pro te in-  
bound ca rbohydra t e s ,  namely  hexoses  (on the ave rage  by 36~ in the l iver)  and NA (by 22, 39, and 28~ in the 
kidneys,  smal l  intestine,  and l iver  respec t ive ly)  may be a t t r ibutable  to d is turbance  of the me tabo l i sm of ca rbo -  
hydra te -conta in ing  b iopolymers ;  the normal iz ing  effect  of UV i r radia t ion ,  in the dose used, on the metabol ic  
changes caused by the action of the chemica l  a l le rgen  was not obse rved  in this case .  

The effect  of the combined action of DNCB and a higher  dose of IJV i r rad ia t ion  (3 e ry thema  doses) on in- 
dividual enzyme s y s t e m s  var ied .  For  instance,  it caused  no significant  changes in hya luronidase  act ivi ty in the 
l iver ,  smal l  intest ine and blood s e rum ,  in f i -g lucosidase  act ivi ty  in the l iver ,  and in acid phosphatase  act ivi ty 
in the blood lymphocytes .  Meanwhile no solubil izat ion effect  of the f l -g lucosidase  of the l iver  l y sosomes  was 
found. At the s ame  t ime,  a metabol ic  reac t ion  not previous ly  manifes ted  during the isolated act ion of these  two 
fac tors  was es tabl ished:  a dec r ea s e  in N - a c e t y l -  f i -D-g lucosamin idase  act ivi ty  in the l iver  of the exper imenta l  
r a t s  (by 46~; P < 0.01). This  phenomenon was combined with a d e c r e a s e  in act ivi ty of an enzyme not bound 
with the subcel lular  s t r uc tu r e s  of the cell ,  NA aldolase  (a soluble enzyme of the cytosol) ,  in the l iver  (by 65~) 
and by a fall of the NA level  (by 90~) com pa red  with the cor responding  values  in the r a t s  of the control  group. 

A d is turbance  of glycoprote in  me tabo l i sm,  mani fes ted  as a change in the content of prote in-bound ca rbo -  
hydra tes ,  must  evidently thus be included among the genera l  metabol ic  r eac t ions  of the o rgan i sm to a chemica l  
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al lergen.  Since many member s  of the carbohydra te-conta in ing  biopolymer group a re  immunologically act ive 
p ro t e in s  and, in the opinion of some workers ,  natural  inhibitors of the immunological  r e sponse  [2, 10], these 
s t ruc tu ra l  changes in the carbohydra te  moiety of the glycoprote ins  may be connected with the development of 
a l le rgy  o f  delayed type. Indirect  evidence of the onset  of such a l lergy in response  to the combined action of 
DNCB and high doses  of UV i r radia t ion is given by cytochemical  observat ions  pointing to opposite changes in 
the activity of catabolic enzymes  ( increased acid phosphatase activity) and enzymes of energy metabol ism in 

t h e  lymphocytes  {depression of succinate  hydrogenase activity) in individual animals.  The biological signifi-  
cance of the ro le  of lysosomal  enzymes in immunological  reac t ions  evidently l ies in the important  ro l e  of lyso- 
somat /hydro lases  (at the level  of the blood cel ls  and of vitally important  organs and sys tems  as a whole) in the 
enzymic breakdown of substances  with antigenic p roper t ies .  
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