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M I C R O S  PE C T R O P H O T O M E  T R I C  C H A R A C T E R I S T I C S  

OF R E N A L  E N Z Y M E S  IN A C U T E  C I R C U L A T O R Y  

F A I L U R E  

A. P.  K u r i l i n  UDC 616.8-009.831-06:616.61-008.64-07: 
616.61-008.931-074 

Activity of lactate,  succinate,  g lucose-6-phospha te ,  f i -hydroxybutyrate ,  NADH, and NADPH dehy- 
d rogenases ,  andof  alkaline and acid phosphatases  in the kidneys was invest igated in intact cats ,  
during hexobarbi ta l  anesthesia ,  af ter  hypotension produced by injection of a ganglion blocker  
(Arfonad) for 5 h, 24 h af ter  the end of ar t i f ic ia l  hypotension, and af ter  mass ive  blood loss.  All 
pa r t s  of the nephron responded by dif ferent ia l  changes of enzyme activity.  A sharp  dec r ea se  
in the role  of the pr incipal  pathway of oxidation (the Krebs  cycle) in energy  me tabo l i sm took 
place,  andunder  the conditions of c i r cu la to ry  hypoxia the glycotytic pathway and pentose shunt 
became predominant .  

KEY WORDS: acute vascu la r  fa i lure;  kidneys; enzyme activity.  

Acute sys temic  c i r cu la to ry  fai lure  (collapse),  of var ied  origin, frequently leads to acute rena l  insuffi-  
ciency [4, 6], which is based on c i r cu la to ry  hypoxia of the kidney and, it has been suggested,  a d is turbance of 
the function of ene rgy - fo rm i ng  sys t ems ,  espec ia l ly  of oxidoreductases  and hydro lases  [1-4,  6]. 

In this invest igat ion the dynamics  of act ivi ty of var ious  oxidoreduetases  and hydro lases  in the kidney was 
studied in the ea r ly  s tages  of acute c i r cu la to ry  fai lure  and af ter  blood loss .  

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

Oxidative and hydrolyt ic  enzymes  of the kidneys were  invest igated in 50 male cats  divided into four 
groups:  1) intact (8), 2) anesthet ized (10), 3) killed immedia te ly  af ter  ar t i f ic ia l  hypotension for 5 h, and 24 h 
af ter  its end (25), and 4) killed af ter  hypotension for 4 h, caused by blood loss  (6). The genera l  anesthetic,  a 
10~ solution of hexobarbi tal ,  was injected in t raper i tonea l ly  (0.1 g/kg). Art i f ic ia l  hypotension was produced in 
the anesthet ized animals  by intravenous dr ip  injection of a 0.1% solution of Arfonad or by repea ted  bleeding 
f rom the f emora l  a r t e ry .  The blood p r e s s u r e  fell  to 50% of its initial level,  at which it was maintained through- 
out the exper iments .  

To a s s e s s  the dynamics  of activity of ox idoreduc tases  and hydrolases ,  a s e r i e s  of eight enzymes  was 
chosen for  test ing:  lactate  dehydrogenase (LD), the most  important  enzyme of glycolysis ;  g lucose-6-phosphate  
dehydrogenase (G6PD), an indicator  of the intensity of glucose oxidation in the pentose shunt; succinate de-  
hydrogenase (SD), a h is tochemical  indicator  of the Krebs  cycle;  f l -hydroxybutyrate  dehydrogenase  (fi-HBD), 
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F ig .  1. Changes  in a c t i v i t y  of o x i d o r e d u c t a s e s  and h y d r o l a s e s  in e p i t h e l i u m  of d i f f e r e n t  p a r t s  of 
the ca t  neph ron  d u r i n g  a r t i f i c i a l  hypo tens ion ,  24 h a f t e r  i t s  end,  and a f t e r  acu te  blood l o s s :  1) in -  
t ac t  a n i m a l s ;  2) c o n t r o l  a n i m a l s  ( h e x o b a r b i t a l  a n e s t h e s i a ) ;  3) a f t e r  h y p o t e n s i o n  for  5 h ( in jec t ion  
of Ar fonad) ;  4) 24 h a f t e r  end of hypo tens ion ;  5) a f t e r  acu te  blood l o s s .  

c o n c e r n e d  in the ox ida t ion  of fa t ty  a c i d s ;  d e h y d r o g e n a s e s  of the  r e d u c e d  f o r m s  of NAD (NADH-D) and NADP 
(NADPH-D),  i n d i c a t o r s  of the g e n e r a l  a c t i v i t y  of s y s t e m s  connec t ed  with NAD and NADP and a l so  c a r r y i n g  
e l e c t r o n s  to the c y t o c h r o m e  s y s t e m ;  a l k a l i n e  p h o s p h a t a s e  (ALP), h y d r o l y z i n g  p h o s p h o r i c  ac id  e s t e r s  and con -  
nec ted  with A T P  f o r m a t i o n ;  and ac id  p h o s p h a t a s e  (AcP),  the  m o s t  i m p o r t a n t  r e p r e s e n t a t i v e  of the i y s o s o m a l  
e n z y m e s .  A c t i v i t i e s  of  LD, G6PD,  fl-HBD, SD, NADH-D,  N A D P H - D ,  A l P  and A c P  w e r e  d e t e r m i n e d .  H i s t o -  
c h e m i c a l  r e a c t i o n s  w e r e  c a r r i e d  out  on f r o z e n  s e c t i o n s .  To e x t r a c t  the  l ip id  i n c l u s i o n s  the  k idney  s e c t i o n s  w e r e  
t r e a t e d  b e f o r e  incuba t ion  with  cold  ace tone  [5]. The c o m p a r a t i v e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of e n z y m e  a c t i v i t y  in 
the  s e c t i o n s  was  c a r r i e d  out with the  M U F - 5  i n s t r u m e n t .  
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E X P E R I M E N T A L  R E S U L T S  

Microspectrophotometric investigation of the renal enzymes (Fig. 1) showed that the nephron of intact 
animals has a character is t ic  tissue enzyme profile. In the epithelium of the proximal portions, the enzyme 
with higher activity than all the others was NADPH-D~ The activity of AlP was 17%, AcP 55%, LD 57%, 
NADPH-D 64%, fl-HBD 67%, SD 74%, and G61~D 85% lower, respectively, than the NADH-D activity. In the epi- 
thelium of the distal portions, NADH-D activity was 44% lower than in the proximal portions, fl-HBD activity 
was at the same level, whereas SD activity was 10%, AcP 17%, NADPH-D 37%, and G6PD 87%~respectively, 
lower than NADH-D activity. The AlP activity could not be detected in the distal tubules. In the descending thin 
portion of the loop of Henle comparatively low activity of most of the above enzymes was discovered. The SD activ- 
ity, which was the highest in this situation, was 63% lower than the NADH-D activity in the proximal tubules, 
and in the loop of Henle the NADH-D activity was 33%, NADPH-D 66%, AlP 88%, fl-HBD 83%, AcP 86%, G6PD 
92%, and LD activity 93% lower than the SD activity. 

Hexobarbitai anesthesia had no sLgnificant effect on the tissue enzyme profile of the kidneys of the Lntact 
cats. Changes in the activity of the overwhelming majority of the above enzymes were not statistically signifi- 
cant (P >0.05). 

The essential feature of the dynamics of the tissue enzyme profile of the nephron after artificial hypotonia 
for 5 h was the changes in the activity of oxidoreductases and hydrolases in its different parts. In the proximal 
tubules LD activity was increased by 110% and G6PD activity by 320%, whereas SD activity was reduced by 52%, 
fl-HBD by 37%, NADH-D by 47%, NADPH-D by 61%, AlP by 33%, and AcP activity by 29%, respectively. In the 
distal tubules LD activity also was increased by 100% and G6PD activity by 390%, whereas SD activity was r e -  
duced by 47%, fl-HBD by 17%, NADH-D by 23%, NADPH-D by 44%, and AcP by 17%. In the loop of Henle LD ac- 
tivity was increased by 590% and G6PD activity by 220%, whereas SD activity was reduced by 41%, fl-HBD by 
47%, NADH-D by 37%, NADPH-D by 47%, AlP by 67%, and AcP by 23%, respectively. 

Similar changes in enzyme activity also were observed after blood loss. In the proximal tubules LD ac- 
tivity was increased by 100% and G6PD activity by 320%, whereas SD activity was reduced by 52%, fl-HBD by 
33%, NADH-D by 47%, NADPH-D by 41%, AlP by 23%, and AcP by 33%, respectively. In the distal tubules LD 
activity was increased by 80% and G6PD by 370%, whereas SD activity was reduced by 47%, fl-HBD by 17%, 
NADH-D by 23%, NADPH-D by 41%, and AcP by 52%, respectively. In the loop of Henle LD activity was in- 
creased by 470% and G6PD by 220%, whereas SD activity was reduced by 41%, fl-HBD by 58%, NADH-D by 41%, 
NADPH-D by 44%, AlP by 60%, and AcP by 9%, respectively. 

The normal tissue enzyme profile of the kidneys was res tored 24 h after the end of artificial hypotension. 
Compared with their levels during artificial hypotension, activity of LD in the proximal tubules was reduced by 
44% and of G6PD by 64%, whereas SD activity was increased by 100%, fl-HBD by 60%, NADH-D by 90%, 
NADPH-D by 70%, AlP by 30%, and AcP by 40%. In the distal tubules LD activity also was reduced by 52% and 
G6PD by 72%, whereas SD activity was increased by 100%, ~-HBD by 30%, NADH-D by 30%, NADPH-D by 80%, 
and AcP by 110%. In the loops of Henle LD activity was reduced by 71% and G6PD by 55%, whereas SD activity 
was increased by 60%, fi-HBD by 100%, NADH-D by 60%, NADPH-D by 90%, AlP by 180%, and AcP by 30%. 

In the loops of Henle the activity of all enzymes except AcP was changed under comparable conditions: 
The changes were significant (P < 0.001) during artificial hypotension, blood loss, and hexobarbital anesthesia, 
as well as the changes between artificial hypotension and 24 h after its end. 

The results confirm the general views expressed by Serov et al. [7-9] and Avtandilov et al. [1, 2] r e -  
garding the compensatory character  of the changes in the enzyme systems of the nephron as a result  of the 
various procedures. Quantitative studies of the activity of ox[doreductases and hydrolases during acute vas- 
cular insufficiency revealed regular changes in the enzyme homeostasis of the kidneys. They are clear evi- 
dence of a sharp decrease in the importance of the principal oxidation pathway in the Krebs cycle in the pro- 
vision of energy and predominance of the glycolytic pathway and the pentose shunt during circulatory hypoxia. 
This fact can evidently be regarded as the response of the tissue enzymes to hypoxia and as a manifestation of 
compensatory and adaptive reactions at the subcellular level in the enzyme systems of the kidneys. 

The changes in activity of the oxidoreductases and hydrolases described above can demonstrate a very 
important general pathological rule" Tissue enzyme mechanisms compensate for disturbed metabolism. On the 
other hand, the prolonged action of aeute vascular insufficiency leads to tissue enzyme changes [2] in the kid- 
ney tissue, expressed as a reorganization of the intracellular metabolism of the renal epithelium to the glyco- 
lytic and pentose pathways, the energy value of which is extremely low. 
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C H A N G E S  IN P H A G O C Y T E S  A N D  

IN O B S T R U C T I V E  P N E U M O N I A  

L.  V. Y a s h c h e n k o  

LYMPHOCYTES 

UDC 616.24-002-092.9-07:616.155.3-07 

A cytochemica l  invest igat ion was made of the s ta te  of the phagocytes  and lymphocytes  exposed 
to the action of a foreign body under sept ic  and asept ic  conditions. One of the main mechan i sms  
of the development  of an i n f l ammato ry -des t ruc t i ve  p roce s s  in the lungs is by local and sys t emic  
changes in the r a t io  between the numbers  of phagocytes  and lymphocytes ,  d is turbance of the 
pe rmeab i l i ty  of the i r  ly sosomal  m e m b r a n e s ,  and an inc rease  in the number  of des t royed m a c r o -  
phages,  neutrophils ,  and lymphocytes ,  all of which can be r ega rded  as indices of ce l lu lar  r e -  
gress ion .  

KEY WORDS: pneumonia; r eg re s s ion ;  macrophages ;  leukocytes.  

Invest igat ions by Anichkov et al .  [ 1-3] have shown that a f ter  par t ia l  obs t ruct ion of a bronchus (by su tu r -  
ing or introduction of a foreign body) p r o g r e s s i v e  i n f l ammato ry -des t ruc t i ve  changes develop in the lungs. 
The i r  development  is a ssoc ia ted  with act ivat ion of the autogenous f lo ra  and the a r r i va l  of an exogenous f lo ra  in 
the r e s p i r a t o r y  t rac t .  Macrophages  and lymphocytes  of the blood have been studied by the wr i t e r  during this 
p roces s  [6, 8, 9]. 

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

A length of nylon thread 6 cm long and 0.6 m m  in d i a m e t e r  was introduced into the t r a chea  of 32 rabbi ts .  
The dis ta l  end of this length of thread lay at the bifurcat ion of the t rachea .  Four  healthy rabbi t s  acted as the 
control .  The exper imenta l  animals  (four at each t ime) were  killed 1 and 3 days,  1 and 2 weeks,  and 1,  2, 3, and 
6 months af ter  introduction of the thread.  To a s s e s s  the action of the foreign body on the phagocytes and 
lymphocytes  under asept ic  conditions, a length of s t e r i l e  nylon th read  1 cm tong and 0.2 mm in d i ame te r  was 
introduced in t raper i tonea l ly  into 43 albino mice.  Five an lmats  s e rved  as the control  group. The exper imenta l  
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