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Under the influence of prolonged muscular  work (swimming for 5 h) the content of ATP,  
ADP, AMP, and creat ine phosphate in the brain  of albino rats  was reduced, while anaerobic 
carbohydrate  breakdown was intensified. The lowered concentrat ion of h igh-energy phos- 
phates was due to a deficiency of their  resynthesis  because of disturbance of the coupling 
of oxidative phosphorylation and of the integri ty of the mitochondrial  membranes .  Adminis-  
t ra t ion of pipradrol  to the rats  before swimming led to more  severe  disturbances of oxida- 
tive brain  metabol ism, reduced the generation of h igh-energy phosphates, and thus evi-  
dently led to exhaustion of the energy r e se rves  of the brain.  

The wr i te rs  have previously shown [2] that the increased working capaci ty of rats  produced by the 
psychost imulator  pipradrol  is achieved through increased utilization of the energy r e se rves  of the body. 

Since the stimulant effect of pipradrol  is based on its effect on the centra l  nervous sys tem it was 
decided to study the action of this compound on energy metabolism of the brain in rats  during prolonged 
muscular  exertion leading to fatigue. 

EXPERIMENTAL METHOD 

By biochemical and histochemical methods described previously [3, 5] the concentrations of glyco- 
gen, glucose, lactic acid, creatine phosphate (CP), and adenine nucleotides, the activity of hexokinase and 
of the succinate-, cytochrome-, and NAD-H2-oxidase systems, the intensity of oxidative phosphorylation, 
and the mechanochemical properties of the mitochondria were determined in the b_ain of albino rats 
weighing 120-140 g, in a state of relative rest and after swimming for 5 h in water at a temperature of 

28-30~ 

Pipradrol was injected subcutaneously in a dose of 1 mg/kg immediately before the rats were placed 
in water. The control group of animals received an injection of the same volume of physiological saline. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Injection of pipradrol  into intact ra ts  (Table 1) had no significant effect on oxidative phosphorylation 
or on the content of individual components of the adenosine sys tem (ATP, ADP, AMP) in brain  t issue;  the 
CP concentrat ion was reduced (by 10%), while the concentrat ions of lactic acid (by 15%) and glucose (by 
70%) were increased.  This increase  evidently enabled the brain to obtain increased amounts of glucose 
from the blood, for injection of pipradrol  is followed by a decrease  in the liver glycogen content and by 
hyperglycemia [2]. 

To assess  the effect of pipradrol  on the energy metabol ism of the brain  in fatigued ra ts ,  the c o m -  
pound was injected before muscular  exertion. Animals of the control  group became lethargic af ter  swim-  
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TABLE 1. Effect of P i p r a d r o l  on Some Indices of C a r b o h y d r a t e - P h o s p h o r u s  and Oxidative Bra in  
Metabo l i sm of Albino Rats  a f t e r  Swimming fo r  5 h (M • m; r e s u l t s  of 10-15 de te rmina t ions )  

Indices  s tudied 

Oxidat ive phosphoryla t ion  s u b s t r a t e  
glutamic + mal ic  acid 

AO (in ~ a t o m s / m g  protein) 
A p  (in p a t o m s / m g  protein)  
p/o  

Subst ra te :  succinic  acid 
AO (in ~ a t o m s / r a g  protein)  
AP (in ~ a t o m s / m g  protein)  
p/o  

Optical  dens i ty  of mi tochondr ia l  su spen -  
sion ( A E / m g  protein)  

NAD �9 H2-oxidase s y s t e m  (10 -7 mole/NAD �9 
H~/mg p r o t e i n / r a i n )  

Succ ina te -ox idase  s y s t e m  (in ~zl/lOOmg 
mois t  t i s s u e / h )  

1.02 
2,02 
1.94 

1.00 
1.58 
1.59 

0.430 

0.30 

193.0 
Cytochrome sys t em (in ~1/100 mg moi s t  

t i s s u e / h )  
Glycogen (in mg~/o) 
Glucose  (in mg~0 ) 
Lact ic  acid  (in mg%) 
Crea t ine  phosphate (in mg%) 
A T P  (in ~ m o l e s / g  mo i s t  t i s sue)  
ADP (in p m o l e s / g  mois t  t i ssue)  
AMP (in # m o l e s / g  mois t  t i s sue)  
He):okinase (in mi l l iuni t s )  

rest 

• 0.ii 

* 0,29 

* 0.08 

:~ 0.09 

:~ 0.12 

:~ 0,14 

:~ 0.02 

:~ 0.03 

Ii.0 

58.9 �9 3 .8  
68.3 :~ 1.5 
41.4 * 1.5 
29.8 :e 1.3 

8.4 :~ 0 .1  
1.86 :~ 0.07 
0.63 :~ 0.03 
0.40 :~ 0.02 

84.2 :~ 5.1 

C ontr  ol 

swimming 

0.93 �9 0.04 

1.02 :~ 0.12 

1.09 :~ 0 . I i  

0.94 :~ 0.I0 

1.09 :~ 0.04 

1.17 :~ 0 . i0  

0,340 :~ 0.03 

0.17 ~- 0.01 

182.1 �9 11.9 

44.2 * 3.2 

48.2 :~ 2.4 

57.9 :~ 2.2 
37.0 �9 1.7 

7.6 • 0.2 

1.34 �9 0.03 

0.52 �9 0.03 

0.36 �9 0.03 

121.1 :~ 12.3 

r e s t  

1.20 :~ 
2.23 =~ 
1.79 ~: 

1,24 :~ 
1.99 • 
1.60 =~ 

0.460 

0.31 :~ 

234.8 

71.3 :~ 5.3 
69.7 :~ 3.9 
71.5 =~ 4.4 
34.3 =~ 1.4 

7.6 �9 0.2 
1.82 ~: 0.05 
0.63 :~ 0.05 

Pip rad ro l  

swimming 

0.09 1.18 
0.36 1.18 
0.14 1.00 

0.06 1.07 
0.19 0.91 
0.14 0.84 

0.04 0.36 

0.02 0.17 

12.4 192.5 

46.3 
50.5 
57.8 
43.8 

6,7 
1,30 

0.56 

:~ 0.02 0.46 
:~ 9.5 163.9 

0.42 
137.4 

=~ 0.21 
* 0.14 
+ 0.10 

:e 0.08 
~- 0.08 

0.06 

0.02 

:~ 0 .01  

• 12.3 

3.3 
2.7 
2.4 

• 2.9 
0.3 
0.08 
0.03 
0.05 
9.9 

ming for  5 h, they developed dyspnea,  and the ba lance  between ut i l iza t ion  and r e s y n t h e s i s  of h igh -ene rgy  
phosphates  in the b r a i n  was upset ,  with, in p a r t i c u l a r ,  a d e c r e a s e  in the A T P  and CP levels  (by 28 and 10%, 
r e spec t i ve ly ) ;  g lyco lys i s  was c o n s i d e r a b l y  in tens i f ied  (the glycogen concent ra t ion  fel l  by 29% while the 
lac t ic  acid  concen t ra t ion  r o s e  by 27%), in a g r e e m e n t  with r e s u l t s  in the l i t e r a t u r e  [1]. 

A defini te  uncoupling of oxidation and phosphoryla t ion,  and a d e c r e a s e  in ac t iv i ty  of the NAD- H 2- 
oxidase  and cy toch rome  s y s t e m s  were  observed  in mi tochondr ia  i so la ted  f rom the b r a i n  of r a t s  a f t e r  
swimming  for  5 h. The d e c r e a s e  in the P / O  r a t i o  on account of a d e c r e a s e  in the e s t e r i f i c a t i on  of in-  
organic phosphate took place with the use of a mix ture  of glutamic and mal ic  acids  and a l so  of succinic  
acid  as the oxidation subs t r a t e .  This  effect was evidently dependent on swel l ing of the mi tochondr ia  and 
an i n c r e a s e  in the p e r m e a b i l i t y  of t he i r  m e m b r a n e s ,  because  it was accompanied  by a d e c r e a s e  in opt ical  
dens i ty  of the mi tochondr ia l  suspens ion .  

Cytochemica l  inves t iga t ion  of oxidat ive enzymes  in the neurons  of a l l  l a y e r s  of the co r t ex  and sub-  
c o r t i c a l  nuclei  r evea led  high ac t iv i ty  of succ ina te  dehydrogenase  and of the cy tochrome s ys t e m ,  e s p e c i a l -  
ly in l a y e r s  II, III, and IV. With the onset  of fat igue,  the ac t iv i ty  of succ ina te  dehydrogenase  and the cy to -  
ch rome  sys t em in the c o r t i c a l  neurons  fel l ,  but it  r ema ined  a lmos t  no rma l  in the subco r t i ea l  s t r u c t u r e s .  

In b ra in  sec t ions  s ta ined  by N i s s l ' s  method with toluidine blue mode ra t e  c h r o m a t o l y s i s  was p re sen t  
in s o m e  of the c o r t i c a l  p y r a m i d a l  c e l l s .  D i sappea rance  of the N i s s l ' s  subs tance  was most  conspicuous 
around the nuclei ,  and in some  ce l l s  a l so  at the points where  the dendr i t e s  left the ce l l  body. P i c t u r e s  
v e r y  s i m i l a r  to that  de sc r ibed  above,  but i l l u s t r a t i n g  the c h a r a c t e r  of RNA d is t r ibu t ion  in the neurons ,  
were  observed  in the cor tex  in sec t ions  s ta ined  by B r a c h e t ' s  method with methyl  g reen  - pyronine.  

P i p r a d r o l  had no benef ic ia l  act ion on t h e b r a i n  energy m e t a bo l i s m  during prolonged m u s c u l a r  work.  
Just  as in the cont ro l  group, in the r a t s  r e ce iv ing  p ip r ad ro l  before  swimming  the concent ra t ions  of glycogen, 
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ATP and, in pa r t i cu la r ,  CP (to a g r e a t e r  degree  than in the control ;  P < 0.05) in the bra in  were  reduced.  
The lactate  concentra t ion and hexokinase act ivi ty were  significantly increased  (P < 0.05 compared  with 
the control) ,  indicating intensif ication of  glycolysis .  A significant dec rease  in the intensi ty of r e s p i r a t o r y  
phosphorylat ion and in the optical  densi ty  of the mitochondria l  suspension was observed.  The loss of min -  
e ra l  phosphate during oxidation of a mix ture  of glutamic and mal ic  acids was equal to that in the control ,  
while dur ing oxidation of succinic acid it  was actual ly  g r ea t e r  (P < 0.05). 

P ip radro l  did not p revent  depress ion  of the act ivi ty  of the oxidative enzyme s y s t e m  studied, as the 
cy tochemica l  analys is  conf i rmed:  in all  l aye r s  of the cor tex ,  act ivi ty of succinate dehydrogenase and of 
the cy tochrome s y s t e m  was significantly reduced.  In sect ions stained by N i s s l ' sme thod  with toluidine 
blue,  var ious  fo rms  of ch romato lys i s  were  observed  in the overwhelming ma jo r i ty  of co r t i ca l  neurons ,  
s t a r t i ng  f rom cen t r a l  and ending with total  (in some ce l l s  of the gangionic layer) .  The c h a r a c t e r  of RNA 
distr ibut ion in the cy top lasm of these  cel ls  was cons iderab ly  dis turbed and its concentra t ion grea t ly  r e -  
duced. 

During prolonged and intensive muscu la r  exer t ion,  p ipradrol  thus aggrava tes  the d is turbance  of oxi-  
dative b ra in  me tabo l i sm and reduces  the generat ion of h igh-energy  phosphate,  thus evidently impai r ing  the 
energy  supply of the bra in  t i ssue .  Evidently as a r e su l t  of the reduced eff ic iency of r e s p i r a t o r y  phospho- 
rylat ion,  the compensa to ry  act ivat ion of glycolysis  mentioned above takes~place,withthe object  of cover ing  
the energy  r equ i r emen t s  of the brain .  

In the exper imen t s  in v i t ro ,  p ipradro l  in a final concentra t ion of 1 : 20,000 had no effect  on the in-  
dices of oxidative me tabo l i sm studied. This  sugges ts  that its action on b ra in  energy  me tabo l i sm is indi-  
r ec t  in c h a r a c t e r .  The i nc rea se  in working capaci ty  and the abolit ion of signs of fatigue produced by pi-  
p radro l  a r e  evidently due to weakening of the act ive inhibition in the cen t ra l  nervous  s y s t e m  [5] which p r e -  
vents  exhaust ion of the bra in  energy  r e s e r v e s .  
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