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Besides its role in the energy metabolism of the brain, nicotinamide-adenine dinucleotide (NAD) has a
protective action in hypoxic hypoxia and in experimental disturbances of the cerebral circulation [1, 3], it
has now been shown that one of the mechanisms regulating the ammonia level in brain tissue is deamination
of NAD and reamination of deamino-NAD by aspartate [6].

Following the trend which has developed in the study of the neurochemical compensatory reguiation of
the cerebral circulation [4, 5], in the present investigation the effect of NAD was studied on some aspects of
ammonia metabolism in brain tissue and the blood supply to the brain when the blood flow is reduced,

EXPERIMENTAL METHOD

Experiments were carried out on noninbred albino rats and cats anesthetized with urethane, Unilateral
occlusion of the common carotid artery in rats was used as the model of disturbance of the cerebral hemo-
dynamics. The local cortical blood flow was determined quantitatively by the hydrogen clearance method [9]
in the modification described in [2]. The regional cerebral blood flow was studied by a radioisotope (13&e)-
method [8, 10, 11], Ammonia was determined by the microdiffusion distillation method [7, 13]. Total gluta-
mate dehydrogenase (GDH) activity was determined spectrophotometrically and expressed in Wroblewski
units /mg protein [14]. Protein was determined by Lowry's method [12].

EXPERIMENTAL RESULTS

The results show that 24 h after unilateral ligation of the common carotid artery there was a marked
increase in the free ammonia concentration in the rat's brain from 0,49 = 0.02 mg% in the control to 1,20 =
0.04 mg% (P < 0,001) after ligation of the carotid artery. Intraperitoneal injection of NAD in a dose of 10
mg/kg under these conditions led to a decrease in the excess ammonia concentration to 0.82 = 0,03 mg% (P <
0.05),

Considering modern views that, besides its coenzyme activity, NADalsohas catalytic activity toward
GDH, one of the key enzyme systems controlling the ammonia level in brain tissue, the action of NAD in the
removal of ammonia was studied primarily by investigating the effects of NAD on total GDH activity during
cerebral ischemia, The results showed that during deficient brain perfusion GDH activity in the reaction of
reductive amination of a-ketoglutarate fell from 0,38 + 0,01 to 0,22 + 0,02 pmole NADH/mg protein/min (P <
0,02), and this naturally led to inhibition of utilization of ammonia and to its accumulation in excessive con-
centrations in brain tissue, whereas activity of the enzyme in oxidative deamination was unchanged, After
injection of NAD in a dose of 10 mg/kg GDH activity was increased to 0.31 + 0,08 pmole NADH /mg protein/min
(P < 0.02), or 81,8% of its initial level; in that way NAD promoted ammonia utilization along the pathway of
glutamic acid synthesis., I becomes clear that the neurochemical mechanisms of action of NAD in connection
with the removal of excessive concentrations of ammonia from the brain are linked with restoration of GDH
activity in the reaction of reductive amination of a-ketoglutarate,
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TABLE 1, Effect of Intravenous Injection of
NAD in a Dose of 5 mg/kg on Local Blood Flow
through Parietal Cortex in Cats (M £m; n=28)
Initial Injection

AD
Index background ?Sf Irjxg/kg)

Local cerebral blood flow,

ml/min/100 g 32,9+1,9 40,6+3.2
Resistance of cerebral vessels, P<0,05
mm Hg/ml/min/ :
100 g 3,4+0,3 2,240,2
Systemic arterial pressure, P<0,01
mm Hg 116,3:£3,0 | 102,7%3,7
P<0,02

In the next series of experiments the cerebral vasomotor properties of NAD were studied in order fo
detect its possible role in the vascular mechanisms of compensation of the disturbed cerebral circulation, In
experiments with stabilized autoperfusion of the cat's brain through the internal maxillary arteries it was
shown that intracarotid injection of NAD in doses starting from 0.2 mg kg was accompanied by a decrease in
resistance of the cerebral vessels of the carotid system by 12.4 £ 2.1%, whereas in a dose of 0.5 mg/kg NAD
lowered the cerebrovascular resistance by 24.5 = 2,5%. A considerable reduction of fone of the cerebral
vessels (by 44.2 = 2,8%; P < 0,05) was found after intracarotid injection of NAD in a dose of 1 mg/kg, and at
the same time the level of the systemic arterial pressure fell.

A fact which attracts attention is that during injection of NAD the first reaction to be observed was that
of the cerebral vessels, and not until 10-15 sec later was the systemic pressure observed to fall. Moreover,
in small doses NAD reduced cerebrovascular tone without affecting the arterial pressure. This is evidence
that the reduction in cerebrovascular tone arising after injection of NAD was not the result of their myogenic
autoregulatory reaction in response to a change in the intravascular pressure, but took place on account of
the direct effect of NAD on the cerebral vessels.

E xperiments using quantitative methods of measuring the cerebral blood flow showed that injection of
NAD in a dose of 1 mg/kg directly into the blood stream of the brain was followed by an increase in the regional
cortical blood flow from 36,3 + 3.0 to 48,5+ 2,7 ml/min/100 g (P < 0.01), i.e., by 33%, accompanied by a de-
crease in cerebrovascular resistance from 3,5+ 0,3 to 2,0 # 0.1 mm Hg/ml/min/100 g (P < 0,01) and a decrease
in the systemic arterial pressure from 124.4 + 4,1 to 106.8 = 3,1 mm Hg/ml/min/100 g.

Intravenous injection of NAD in a dose of 5 mg/kg into cats caused an increase in the local cortical blood
flow by 20% accompanied by a decrease in the cerebrovascular resistance and systemic arterial pressure
(Table 1),

The ability of NAD 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 cerebral blood flow in the presence of a deficient blood
supply to the brain, The local blood flow 1 h after unilateral ligation of the common carotid artery in rats
was found to be reduced from 40,6 + 1,7 to 27.7 = 8.1 ml/min/100 g (P < 0.05),

A single intraperitoneal injection of NAD in a dose of 10 mg/kg led to recovery of the disturbed blood
flow, which was 32.1% 2,1 mlAnin/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 NAD revealed by this investigation enable it to be regarded as one of
the neurochemical components of compensation for deficiency in the blood supply to the brain,

LITERATURE CITED

G. Z. Abakumov, Farmakol Toksikol., No, 5, 620 (1977).

E. S. Gabrielyan, E, A, Amroyan, and E, S, Oganesyan, Krovoobrashchenie, No, 2, 8 (1976).

P, 1. Lukienko, Farmakol, Toksikol,, No, 5, 602 (1975).

S. A, Mirzoyan, "Effects of biologically active components of the brain on the cerebral circulation,

Academic Oration [in Russian], Erevan (1974).

5.  S.A.Mirzoyan, in: The Pharmacology of Physiologically Active Substances [in. Russian], Moscow—
Frunze (1978), p. 8.

6. S. G. Movsesyan, in; Problems in Brain Biochemistry [in Russian], No. 8, Erevan (1973), p. 19,

7. A.1,8ilakova, G, P, Trush, and A, A, Yavilyakova, Vopr, Med, Khim,, No, 5, 538 (1962),

R s

61



10,
11,
12.
13.
14,

62

0. K, Chikovani, K, D, Kalantarov, and ¥, M, Lyass, Med. Radiol., No. 1, 47 (1972).

K. Aukland, Acta Neurol. Scand., 14, 42 (1965).

K. Hoedi-Rasmussen et al,, Circ, Res.,, 18, 237 (1966),

N, Lassen and D, Ingvar, in: Progress in Nuclear Medicine, Vol. 1, Basel (1972), p. 376.
O. Lowry et al., J. Biol, Chem., 193, 265 (1951),

D. Seligson and H. Seligson, J. Lab. Clin, Med., 38, 324 (1951),

F. Wroblewski and J, La Due, Proc, Soc. Exp. Biol. (New York), 90, 210 (1955).



