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nicot inamide-adenine dinucleotide; ni t rogen metabol ism;  ce r eb ra l  c i rcula t ion.  

Besides  its ro le  in the energy metabol i sm of the brain,  n icot inamide-adenine dinucleotide (NAD) has a 
pro tec t ive  action in hypoxic hypoxia and in exper imenta l  d is turbances  of the ce r eb ra l  c i rcula t ion [1, 3], it 
has now been shown that one of the mechan i sms  regulating the ammonia  level  in brain t i s sue  is  deamination 
of NAD and reaminat ion  of deamino-NAD by aspar ta te  [6]. 

Following the t rend  which has developed in the study of the neurochemica l  compensa tory  regulat ion of 
the c e r e b r a l  c i rcula t ion  [4, 5], in the p resen t  investigation the effect  of NAD was studied on some aspects  of 
ammonia metabol i sm in bra in  t i s sue  and the blood supply to the brain when the blood flow is reduced.  

EXPERIMENTAL M E T H O D  

Exper iments  were  c a r r i e d  out on noninbred albino ra t s  and cats  anesthet ized with urethane.  Unilateral  
occlusion of the common carot id  a r t e r y  in ra t s  was used as the model  of disturbance of the c e r e b r a l  hemo-  
dynamics.  The local cor t ica l  blood flow was de termined  quantitatively by the hydrogen c lea rance  method [9] 
in the modificat ion descr ibed  in [2]. The regional  c e r e b r a l  blood flow was studied by a radioisotope (133Xe) 
method [8, 10, 11]. Ammonia was de termined by the microdiffusion dist i l lat ion method [7, 13]. Total  gluta- 
mate  dehydrogenase (GDH) activity was de te rmined  spec t rophotomet r ica l ly  and expressed  in Wroblewski 
uni ts / rag protein [14]. P ro te in  was de termined  by Lo w ry ' s  method [12]. 

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

The resu l t s  show that 24 h af te r  uni la teral  l igation of the common carot id  a r t e ry  t h e r e  was a marked  
inc rease  in the f r ee  ammonia concentra t ion in the r a t ' s  brain f rom 0.49 ~ 0.02 rag% in the control  to 1.20 
0.04 rag% (P < 0.001) a f te r  l igation of the carot id  a r t e r y .  In t raper i tenea l  injection of NAD in a dose of 10 
m g /kg  under  these  conditions led to a dec rease  in the excess  ammonia concentra t ion to 0.82 �9 0.03 rag% (P < 
0.05). 

Considering modern  views that ,  besides its coenzyme act ivi ty,  NADalsohas  catalyt ic  activity toward 
GDH, one of the key enzyme sys tems  control l ing the ammonia level  in brain t i s sue ,  the action of NAD in the 
remova l  of ammonia  was studied p r imar i l y  by investigating the effects  of NAD on total  GDH activity during 
c e r e b r a l  i schemia .  The resu l t s  showed that during deficient  brain perfusion GDH activi ty in the reac t ion  of 
reduct ive  amination of a -ke tog lu ta ra t e  fell  f rom 0.38 �9 0.01 to 0.22 • 0.02 ]~mole NADH/mg prote in / ra in  (P < 
0.02), and this natura l ly  led to inhibition of ut i l izat ion of ammonia  and to its accumulat ion in excess ive  con-  
6entrat ions in brain t i s sue ,  whereas  activity of the enzyme in ~ i d a t i v e  deamination was unchanged. Af ter  
inject ion of NAD in a dose of 10 mg/kg  GDH activi ty was inc reased  to 0.31 �9 0.08 pmole  NADH/mg prote in / ra in  
(P < 0.02), or  81.8% of its initial level;  in that  way NAD promoted ammonia  uti l ization along the pathway of 
glutamic acid synthes is .  It becomes  c l ea r  that  the neurochemica l  mechan i sms  of action of NA D in connection 
with the removal  of excess ive  concentra t ions  of ammonia  f rom the brain are linked with res to ra t ion  of GDH 
activity in the reac t ion  of reduct ive  amination of a -ke tog lu ta ra te .  
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TABLE i. Effect of Intravenous Injection of 
NAD in a Dose of 5 mg/kg on Local Blood Flow 

through Parietal Cortex in Cats OVI • n= 8) 

Initial Injection 
Index background of NAD 

(5 mg/kg) 

Local cerebral blood flow, 
ml/min/lO0 g 

Resistance of cerebral vessels, 
mm Hg/ml/min/ 
100 g 

Systemic arterial pressure, 
mm Hg 

32,9_+1,9 

' 3,4__+0,3 

116,3_+3,0 

40,6!-3,2 
P<0,05 

2,2_0,2 
P<O,Ol 

102,7• 
P<O,02 

In the next ser ies  of  experiments  the ce rebra l  vasomotor  proper t ies  of NAD were studied in o rde r  to 
detect its possible role in the vascular  mechanisms  of compensat ion of the disturbed ce rebra l  circulat ion.  In 
experiments  with stabilized autoperfusion of the ca t ' s  brain through the internal maxi l lary  a r t e r i e s  it was 
shown that intracarot id injection of NAD in doses start ing f rom 0.2 rag kg was accompanied by a decrease  in 
res i s t ance  of the ce rebra l  vesse ls  of the carot id  sys tem by 12.4 • 2.1%, whereas  in a dose of 0.5 rag/kg NAD 
lowered the ce reb rovascu la r  res i s tance  by 24.5 �9 2.5%. A considerable  reduction of tone of the ce reb ra l  
vesse ls  (by 44.2 • 2.8%; P < 0.05) was found after int racarot id  injection of NAD in a dose of 1 rag/kg,  and at 
the same t ime the level of the sys temic  a r te r ia l  p r e s s u r e  fell. 

A fact which a t t rac ts  attention is that during injection of NAD the f i r s t  react ion to be observed was that 
of the ce reb ra l  vesse l s ,  and not until 10-15 s e c  la te r  was the sys temic  p r e s s u r e  observed  to fall. Moreover ,  
in small  doses NAD reduced ce reb rovascu la r  tone without affecting the a r te r ia l  p r e s s u r e .  This is evidence 
that  the reduction in ce reb rovascu la r  tone ar is ing after  injection of NAD was not the resul t  of their  myogenic  
autoregulatory react ion in response  to a change in the in t ravascular  p re s su re ,  but took place on account of 
the direct  effect of NAD on the ce rebra l  vesse ls .  

Exper iments  using quantitative methods of measur ing  the ce rebra l  blood flow showed that injection of 
NAD in a dose of t mg /kg  direct ly into the blood s t r eam of the brain was followed by an increase  in the regional  
cor t ica l  blood flow from 36.3 • 3.0 to 48.5 • 2.7 ra l /min /100  g (P < 0.01), i .e . ,  by 33%, accompanied by a de-  
c r ea se  in ce reb rovascu la r  r e s i s t ance  f rom 3.5 • 0.3 to 2.0 • 0.1 nun Hg/ml / ra in /100  g (P < 0.01) and a decrease  
in the sys temic  a r te r ia l  p r e s s u r e  f rom 124.4 • 4.1 to 106.8 • 3.1 ram Hg/ra l / ra in /100 g. 

Intravenous injection of NAD in a dose of 5 rag/kg into cats  caused an inc rease  in the local cor t ica l  blood 
flow by 20% accompanied by a dec rease  in the ce r eb rovascu l a r  r e s i s t ance  and sys temic  a r te r ia l  p r e s s u r e  
(Table 1). 

The ability of NA D to increase  the blood supply to the brain in intact animals thus revealed served  as 
the basis for  a study of the effect of NAD on the local c e r eb ra l  blood flow in the p resence  of a deficient blood 
supply to the brain. The local blood flow 1 h af ter  unilateral  ligation of the common carot id  a r t e r y  in ra ts  
was found to be reduced f rom 40:6 • 1.7 to 27.7 • 3.1 ra l /min /100  g (P < 0.05). 

A single intraperi toneal  injection of NAD in a dose of 10 rag/kg  led to r e c o v e r y  of the disturbed blood 
flow, which was 32.1 • 2.1 ra l /min /100  g, i.e., 87% of its initial level, 20 min after  injection of NAD, and reached 
94% of its initial level 1 h after  injection of NAD. 

These new aspects  of the action of NA D revealed by this investigation enable it to be regarded  as one of 
the neuroehemical  components of compensat ion for deficiency in the blood supply to the brain. 
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