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The relationship between age and the activity of NO-synthase and generation of free 
radicals in different compartments of the brain was studied in male Wistar rats. NO- 
synthase activity was highest in the cerebellum and lower in the cerebral cortex. It 
increased with age in the cerebellum and remained unchanged in the cortex, being 
virtually the same in the right and left hemispheres. Radical generation was much 
higher in the cerebellum than in the cortex and, as a rule, was age-dependent. The 
ratio of NO-synthase activity to radical generation was age-dependent: a tendency to- 
ward a positive linear correlation was observed in young animals, no correlation could 
be traced in adults, and a negative one was observed in old rats. 
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The role of nitric oxide (NO) in the functioning 
of the central nervous system has attracted grow- 
ing interest in recent years [14]. The source of 
NO in the brain is NO-synthase (NOS) activity. 
Constitutive (in the neurons) and inducible (in 
glial cells) forms of NOS have been detected in 
brain tissue [9]. The relationship between NOS 
activity and age has not been studied up to the 
present time, nor has the regional distribution of 
the enzyme in the brain been assessed by directly 
measuring its activity. The regional distribution of 
the enzyme synthesizing the vessel-relaxing factor 
(NO) in the rat brain has been studied by measur- 
ing guanylate cyclase activity, which cannot be con- 
sidered as a reliable indicator of  NOS activity [3]. 

The reaction of L-arginine oxidation catalyzed 
by NOS includes, along with citruUin formation, 
the generation of at least two products of a free- 
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radical nature: NO and superoxide [11], the in- 
teraction between these radicals leading to the for- 
mation of  highly reactive compounds which are 
believed to be important factors in NO neurotox- 
icity [5,6,8]. A close relationship is hypothesized 
between NOS activity and the generation of reac- 
tive oxygen species in brain tissue. Measurement 
of  chemi luminescence  (CL) is a wel l -known 
method for assessing free-radical generation, despite 
the fact that different reactions may be the source 
of CL [13]. Analysis of  H202-induced CL helps 
assess the potential generation of free radicals by 
tissue [15]. 

Our task in this study was to investigate the 
relationship between age and the activity of NOS 
and free-radical generation in some compartments 
of the brain of Wistar rats. 

MATERIALS AND METHODS 

Thirty-nine male Wistar rats kept in a vivari- 
um with unlimited access to water and food we- 
re examined, 6 of  these being young (aged 2.5 
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months), 15 adult (5.5 months), and 18 old (23 
months) animals. 

The rats were decapitated and the brain was 
rapidly isolated, washed in ice-cold isotonic NaC1 
solution, and frozen in liquid nitrogen. The cer- 
ebellum, left and right cerebral cortex, and sub- 
cortical structures were isolated from the frozen 
brain and homogenized with 2 volumes of a buffer 
containing 50 mM HEPES, pH 7.4, and 1 mM 
CaCI 2. Samples of these homogenates were used to 
measure NOS activity, and the remaining portion 
was centrifuged at 3000 g for 10 min; the super- 
natants were used to measure CL. 

NOS activity was measured by recording mo- 
nonitrosyl complexes of  NO with diethyldithiocar- 
bamate and bivalent iron [1]. CL (maximum emis- 
sion) was recorded after H202 induction [12] us- 
ing a KhLM-3M chemiluminometer  (Russia) at 
20~ in glass cuvettes. Luminol (50 N of a 0.34 
mM solution) and 20 ~tl of  400-times-diluted su- 
pernatant was added to 1 ml of buffer, pH, 7.4, 
containing 20 mM KH2PO 4 and 115 mM KC1. 
The reaction was triggered by adding H202 in a 
final concentration of 0.48 mM. 

Sigma chemicals were used in the study. 
Statistical analysis was carried out using STAT- 

GRAPHICS software. 

RESULTS 

Figure 1 presents the results of  measuring NOS 
activity in various compartments in the brain of  
rats of different age. As a rule, NOS activity in 
the cerebellum was higher in adult rats than in 
pups and was virtually the same in old animals 
as in adults. In other structures this activity was 
not age-dependent.  The highest activity was ob- 
served in the cerebellum and subcortical structures, 
but differences between NOS activity in the cer- 
ebellum and other structures were not as great as 
those reported by some authors [3], who assessed 
this parameter by indirect methods. No obvious 
asymmetry was observed in the distribution of  
NOS activity in the cerebral cortex, although the 
asymmetry coefficient (ratio of  NOS activity in 
the left and right hemispheres) in young rats 
(1.22+0.07) differed from that in adult (0.95+0.08, 
p<0.05) and old (0.99+0.06, p<0.06) animals. 
ANOVA analysis of variance revealed a reliable age 
dependence of  NOS activity only in the cerebel- 
lum (F=3.74, p<0.04). 

The positive linear correlations of NOS activ- 
ity in various portions of the brain revealed in old 
rats were indicative of a concordant pattern of re- 
gional changes of NOS activity in this group: cer- 
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Fig. 1. NOS activity in brain compartments of rats of different 
age. Here and in Fig, 2: I) cerebellum; 2) left hemisphere; 3) 
right hemisphere;  4) subcort ical  structures. Differences are 
reliable by the nonparametric Wilcoxon--Mann--Whi tney test. 
Between brain compartments within one group: adult rats, I -  
3 (p<0.03) and 1--2 (p<0.02); old rats, i - -3 ,  1--2, 3--4, and 
2- -4  (p<0.01). Between the same brain compar tments  in 
different  groups:  1) a d u l t - - y o u n g  (p<0.005), o l d - y o u n g  
(p<0.01); 3) o ld - -adu l t  (p<0.03), adu l t - -young  (p<0.002). 
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l=ig. 2. Intensity of H202--induced luminol -dependent  CL in 
the so luble  f rac t ion of  the brain in rats of d i f ferent  age. 
Differences reliable by the nonparametric W i l c o x o n - - M a n n -  
Whitney test. Between brain compartments within one group: 
young rats, 1--4 {p<0.03); adult rats, l--3,  1--2 (p<0.001), I-- 

4 (p<0.01), 2 - - 4  {p<0.005), 3 - - 4  {p<0.02); old rats, I - - 3  
(p<0.002), 1--2 (p<0.004), I - - 4  (p<0.02). Between the same 
brain compartments in different groups: I} o ld--adul t  (p<0.02}, 
adul t - -young (p<0.001); 3) o ld- -adul t  (p<0.04), adul t - -young 
(p<0.002), o l d - - y o u n g  (p<0.07); 2) a d u l t - - y o u n g  (p<0.001), 
o l d - - y o u n g  (p<0.02}; 4) o l d - - a d u l t  (p<0.04}, a d u l t - y o u n g  
{p<0.002). 
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- subcortical structures, right hemisphere - subcor- 
tical structures (r=0.73-0.93, p<0.001-0.0001). 

Figure 2 presents  data  on CL  intensi ty  in 
various compar tments  o f  the brain. As a rule, CL 
was appreciably higher in the cerebellum than in 
the cortex and subcortical structures. At first CL  
diminished with age (pups--+ adults) but then it 
increased (adults--+ old rats). No reliable correla- 
tions between C L  values in various compartments  
of  the brain were detected in the studied groups 
of  animals. 

Some reports suggest a close relationship be- 
tween the genera t ion  of  free radicals and NOS 
activity: in v i t ro  generat ion of  superoxide radical 
[11] and hydrogen peroxide [5] by the brain NOS; 
in vi tro NO react ion with superoxide and organic 
peroxide radicals [10]; thermodynamic  possibility 
of  generation o f  a hydroxyl radical from NO [6]; 
in v i t ro  ini t ia t ion o f  lipid peroxidation in low- 
density l ipoproteins by NO and superoxide [2]; 
N-methyl-D-aspartate receptor-induced increase of  
the generation o f  superoxide [7] and hydroxyl [4] 
radicals in v ivo.  These data provide a basis for as- 
suming that  NOS plays an important  role in the 
formation of  the free-radical status of  brain tissue 
and that  there is a positive correlation between 
NOS activity and  free-radical generation. None-  
theless, in no case did we detect a positive corre- 
lation between these parameters. Moreover, in old 
rats negative correlations were observed (both as a 
tendency  and statistically reliable) between NOS 
and radical generation in the cerebellum (r=-0.41,  
p<0.08), left hemisphere ( r=-0 .52 ,  p<0.03), right 
hemisphere  ( r = - 0 . 5 1 ,  p<0.03),  and subcort ical  
structures ( r= -0 .33 ,  p<0.2). In young rats statis- 
ticaUy negligible tendencies toward positive corre- 
lations between NOS and radical generation were 
seen ( r=0 .27  to 0.69, p<0.4 to 0.13 in various 
compar tments  o f  the brain; the lack of  statistical 
reliability may  be due to the small number  of  

animals per group). In adult  rats nei ther  statisti- 
ca l ly  rel iable co r re l a t ions  b e t w e e n  NOS and 
chemiluminescence nor  evident tendencies  were 
detected. 

Hence, the relationship between NOS activity 
and free-radical generation in brain tissue is much 
more intricate than might be hypothesized from in 
vitro data, and it appears to depend on the age of 
the animal. 

The authors are grateful to A. I. Tsapin for his 
assistance in recording the electron paramagnetic 
resonance spectra. 
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