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ABSTRACT
OBJECTIVE: Adenosine and nitric oxide (NO) are known as vasodilatators. We investigated
adenosine deaminase (ADA) activity and NO concentration in the cerebrospinal fluid (CSF) of
patients with subarachnoid hemorrhage (SAH).
METHODS: Forty patients with SAH and 10 controls were included in the study. Nitrate level
and ADA activity were measured in CSF. SAH patients were grouped according to the presence
of angiographic vasospasm, Hunt and Hess grading, Glasgow Coma Scale (GCS) and Fisher
Grade (FG).
RESULTS: The level of NO markers in SAH patients decreased when compared to that in the
control group (p<0.05). However, NO markers in patients with vasospasm was higher than in that
of patients without vasospasm (p<0.05). ADA activity increased in patients with SAH (p<0.01)
and also patients with angiographic vasospasm (p<0.05). ADA activity in the poor-grade SAH
group was higher than that in the good-grade SAH group. The group with the lower GCS showed
increased ADA activity compared to those with a higher GCS score (p<0.01). Furthermore,
patients with FG 4 had a higher level of ADA activity compared to FG 1 and 2 and FG 3 (p<0.001
and p<0.01, respectively).
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CONCLUSION: Decreased NO level may participate in the early development of vasospasm.
However, the increased level of ADA activity in the SAH patients with the poor clinical and
consciousness level may have resulted from the ischemic cerebral insult.
KEY WORDS: Adenosine deaminase activity, Cerebrospinal fluid, Nitric oxide, Subarachnoid
hemorrhage, Vasospasm

ÖZ
AMAÇ: Adenozin ve nitrik oksit (NO) vasodilatatör maddeler olarak bilinir. Bu nedenle
subaraknoid kanamalı (SAK) hastaların beyin omurilik sıvısında (BOS) adenozin deaminaz
(ADA) aktivitesi ve NO konsantrasyonunu araştırdık.
YÖNTEM ve GEREÇ: Bu çalışmaya 40 SAK'lı ve 10 kontrol hastası dahil edildi. BOS örneklerinde
nitrat düzeyi ve ADA aktivitesi çalışıldı. Hastalar, Hunt ve Hess (HH), Glasgow Koma Derecesi
(GKD), Fisher derecesi (FD) ve vazospazm varlığına göre gruplara ayrıldı.
BULGULAR: NO marker düzeyi, SAK’lı hastalarda kontrol hastalarına göre azalırken (p<0.05),
vazospazm olan hastalarda olmayanlara göre arttı (p<0.05). SAK’lı ve vazospazm gelişen
hastalarda ADA aktivitesinde artma saptandı (p<0.05). Hunt ve Hess derecelemesine (HH) göre,
ADA aktivitesi HH derecesi IV ve V olan hastalarda, HH derecesi I-III olanlar ve kontrol
hastalarına göre daha yüksekti (p<0.05. ADA aktivitesi GKD’si ≤8 olan hastalarda, GKD’si 14 olan
hastalar (p<0.01) ve kontrol hastalarına göre anlamlı artış gösterdi. Fisher derecelemesine göre,
FD’si 4 olan hastalar, kontrol (p<0.001), FD 1 ve 2 (p<0.001), ve FD 3 (p<0.01) olan hastalardan
daha yüksek ADA aktivitesine sahipti.
SONUÇ: NO düzeyinin düşük seviyede bulunması, erken vasospazm gelişmesinde NO’in rolünü
önerebilir. Ancak, nörolojik durumu ve şuuru ağır olan hastalarda ADA aktivitesinin yüksek
bulunması, SAK’ya eşlik eden inme bulgularından kaynaklanıyor olabilir. Bu nedenle tedavide
ADA inhibitörleri yararlı olabilir kanısındayız.
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INTRODUCTION

MATERIALS and METHODS

Nitric oxide (NO) is a major factor in the
modulation of cerebral vascular tone. It has been
shown that endothelium-dependent relaxation of
cerebral vessels is reduced after subarachnoid
hemorrhage (SAH). This finding is attributed to
necrosis or apoptosis in the endothelial cells of
vessels, as well as the presence of hemoglobin and
oxy-hemoglobin that bind NO (15,28,45,46). In
addition, patients with SAH also suffer from cerebral
stroke, which is another source of NO. Evidence
shows that an increase in NO concentration within
ischemic cerebral tissue is due to up-regulation of
constitutive nitric oxide synthase (cNOS) activity in
the acute phase of ischemic insult (21,34), while NO
produced by inducible nitric oxide synthase (iNOS)
increases in the late phase of cerebral ischemia
(17,44). Furthermore, a reactive increase of iNOS
expression has been shown in endothelial and
vascular smooth-muscle cells, as well as in activated
microglia, glial networks, and neurons in rats
subjected to experimental SAH (41).

Patients included in the present study were
admitted to the Neurosurgical Department of
Eskişehir Osmangazi University with a diagnosis of
SAH between January 2006 and July 2007. This
prospective study was approved by the Research
Council of Eskişehir Osmangazi University Medical
Faculty. A total of 40 patients with SAH were
included in the study (Table I). Cerebral aneurysm
was diagnosed and located by four-vessel cerebral
angiography (31 patients) and CT angiography (4
patients). Accordingly, 35 patients had cerebral
aneurysm and five had unknown etiology. Eighteen
(58%) of 31 patients undergoing four-vessel
angiography procedure had an evidence of
vasospasm (Figure 1). The vasospasm was defined as
the diameter of basal cerebral arteries narrowed at
least 11 % in comparison to the opposite site on

Adenosine, a metabolite of adenosine
triphosphate (ATP), is thought to possess a
housekeeping role in the nervous system. During
cerebral ischemic and traumatic insult (2,42),
adenosine is released in large quantities and exerts a
neuroprotective influence largely via the A1
receptor, which inhibits glutamate release and
neuronal activity (9,30). Adenosine deaminase
(ADA) is the catalyzing enzyme that converts
adenosine to inosine (13). The changes in
concentrations of adenosine and its metabolites,
including inosine and hypoxanthine, during
ischemia depend on ADA activity in the brain (23).
The ADA activity in cerebrospinal fluid (CSF) is
known to increase in tuberculous meningitis and its
use has been suggested to help differentiate this
from other forms of meningitis (6). To the best of our
knowledge, this study is the first to examine ADA
activity in CSF of patients suffering from SAH.
Patients with SAH suffer from the presence of
blood in the subarachnoid space and ischemic insult
in the acute stage of SAH. Therefore, we investigated
ADA activity and the level of NO markers in CSF of
patients with SAH according to their neurological
conditions, consciousness levels and blood volume
in the subarachnoid space on computed tomography
(CT) and the presence of vasospasm.
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Table I: Characteristics of patients with
Subarachnoid hemorrhage (SAH.)
Male: female

21:19

Mean Age

57.48

Etiology of SAH
Aneurysm

35

Unknown

5

Angiographic vasospasm
(31 patients were evaluated)
Vasospasm

18

Without vasospasm

13

Glasgow Coma Scale
≥14

18

9-13

12

≤8

10

Hunt & Hess Grading
Grade I

9

Grade II

9

Grade III

8

Grade IV

8

Grade V

6

Fisher Grading
Grade 1 and 2

17

Grade 3

12

Grade 4

11
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assay mixture (final volume 2 ml) containing 0.025
mM adenosine, 10 mM Tris-HCI (pH 7.4), 0.15 M
NaCI, 1.25% glycerol and 0.1 ml CSF. One unit of
activity represents one micromole of adenosine per
min at 37ºC temperature. The ADA activity was
expressed as unit (U)/L.
Statistical analyses

Figure 1: Figure. 1.A 52-year-old male patient with right
internal carotid artery bifurcation saccular aneurysm. Note that
the right A1 (1) and M1 (2) arteries had a narrowed diameter
when compared to the left side arteriogram. A denotes the right
side while B denotes the left side arteriogram.

antero-posterior and lateral projection of
radiography using an image analysis system (Osiris,
4.071). The Hunt and Hess grading scale was used
for clinical assessment of SAH severity (16). Patients
were also classified according to the Glasgow Coma
Scale (GCS) on admission (38). The amount of blood
observed on initial CT was classified according to
the Fisher Scale (11). A total of 10 patients served as
controls, including three with lumbar disc diseases,
three with trigeminal neuralgia and four with
normal pressure hydrocephaly. On the third day of
admission, CSF was removed via lumbar puncture
or at surgery from the SAH patients and was stored
at –80°C until needed.
Determination of NO

The data were presented as the mean±SEM and
analyzed using SPSS for windows 15.0 and
Sigmastat 3.1. For assessing multiple groups, Tukey’s
test following ANOVA was performed if the data
had a normal distribution, while Dunn’s test
followed by the Kruskal–Wallis test were used for
data that did not show a normal distribution.
Independent sample t test was used for assessing the
difference between two groups. Significance was
accepted at p<0.05.
RESULTS
Surgery was performed in 26 patients and their
aneurysms were clipped successfully. Nine patients
could not be operated on because of a high risk of
clinical condition for mortality. In the present study,
17 patients including 11 patients with vasospasm
died. Mortality was higher in patients with poor
grade and with vasospasm.
The level of NO markers in SAH patients
(0.99±0.01 μmol/L) decreased when compared to
that in the controls (1.05±0.01 μmol/L, p<0.01, Figure
2A). On the other hand, no significant differences

The final and stable end products of NO in vivo
are nitrate and nitrite, the sum of which reflects the
best index of total NO production. Nitrate in CSF
was assayed by a modification of the cadmiumreduction method as defined previously by Cortas et
al. (8). The nitrite produced was determined by
diazotization of sulfanylamide and coupling to
naphthylethylene diamine. After samples were
deproteinized with Somogyi reagent, nitrate was
reduced by Cu-coated Cd in glycine buffer at pH 9.7
(2.5–3 g of Cd granules for a 4-ml reaction mixture).
The reduction followed pseudo-first-order reaction
kinetics, with a convenient time interval for assay
being 90 min. Maximum reduction occurred at ~2 h.
Determination
Activity

of

Adenosine

Deaminase

The total adenosine deaminase (ADA: ADA1
plus ADA2) activity was measured in CSF by the
modification of Kaplan method (22). Optical density
was measured spectrophotometrially at 265 nm in an

2A
Figure 2: Graph showing the level of nitric oxide (NO) markers
in CSF; A) in control and SAH patients, B) in patents who had
developed vasospasm or not. Values are given as the mean±SEM.
(independent sample t test). **Significant at p<0.01,
* Significant at p<0.05.
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were found among the groups in relation to Hunt &
Hess grade, GCS score and Fisher grade (data not
shown). Interestingly, patients with angiographic
vasospasm had a higher NO product level
(0,100±0,02, Figure 2B) than patients without
vasospasm (0,94±0,02) and the difference was
significant (p<0.05).
Adenosine deaminase activity in the CSF of
patients with SAH (16.78±1.54 U/L) increased
significantly (p<0.01) in comparison to the controls
(11.48±1.10 U/L, Figure 3A). Furthermore, the
patients who had angiographic vasospasm had
higher ADA activity (20.52±3.19 U/L, p<0.05) than
patients without vasospasm (14.16 ±1.68 U/L,
Figure 3B). ADA activity in the poor-grade SAH
group was higher (22.49±3.18 U/L) (grade IV and V)
than the good-grade SAH group (grade I–III)
(13.70±1.3 U/L, Figure 4) (p<0.05) and control
patients (p<0.05). However, no significant difference
was observed between the good-grade SAH and
control patients (p>0.05).

Figure 3: Figure. 3.Graph showing adenosine deaminase (ADA)
activity in the CSF. A) in control and SAH patients, B) in
patents who had developed vasospasm or not. Values were given
as the mean±SEM. A significant elevation in ADA activity was
observed in SAH patients when compared to that in the controls
and in patients with vasospasm when compared to the patients
without vasospasm (independent sample t test). *Significant at
p<0.05.

Concerning GCS, the increase in ADA activity in
patients who had a score of ≥14 points (12.58±1.32
U/L) and those with a score of 9–13 points
(17.76±2.67 U/L) did not differ significantly from
that in the control patients (p>0.05, Figure 5).
However, ADA activity in patients who had a score
of ≤8 points (23.14±4.05 U/L) increased significantly
compared to that in patients with a score of ≥14
points (p<0.05) and control patients (p<0.01). In
addition, ADA activity in patients who had a score of
9–13 points did not differ significantly from the
patients who had a score of ≥14 points (p>0.05) and
control patients (p>0.05).

Similarly, ADA activity was also assessed by the
amount of blood on CT by using the Fisher SAH
grade (Figure 6). ADA activity in patients with Fisher
grade 4 (25.19±3.47 U/L) was significantly increased
compared to that in Fisher grade 1 and 2 patients
(12.75±1.43 U/L, p<0.001) and Fisher grade 3
(14.78±2.30 U/L, p<0.01) and control patients
(p<0.001). On the other hand, there was no
significant difference between patients with Fisher
grade 1 and 2 and the controls (p>0.05), Fisher grade
3 and the controls (p>0.05), and Fisher grade 1 and 2
and Fisher grade 3 (p>0.05).
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Figure 4: According to the Hunt and Hess grading scale, ADA
activity in good-grade (grade I–III) and poor-grade (grade IV
and V) SAH and control patients. Values were given as the
mean±SEM. There was no significant difference between control
and good-grade SAH patients. In contrast, ADA activity in
poor-grade SAH patients was significantly increased in
comparison with control and good-grade SAH patients (Dunn’s
multiple comparisons). *Significant at p<0.05.

Figure 5: Figure. 5.Adenosine deaminase (ADA) activity in
control and SAH patients, according to GCS scores. Values were
given as the mean±SEM. ADA activity in SAH patients who
had a GCS score of ≤8 was higher than that in the controls and
patients with a GCS score 14 (Tukey’s test). There was no
significant difference between the controls and patients with a
GCS score ≥14, or between patients who with a GCS score ≥14
and 9–13. G: GCS. *Significant at p<0.05, **Significant at
p<0.01.

DISCUSSION
Under physiological conditions, endothelial
nitric oxide synthase (eNOS) and neuronal nitric
oxide synthase (nNOS) synthesise NO only when
the intracellular calcium concentration is elevated
allowing calmodulin binding to the enzyme (27). It is
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Figure 6: Graph showing adenosine deaminase (ADA) activity
related to the Fisher grading system, which is based on the
amount of blood seen with CT. Values were given as the
mean±SEM. ADA activity in SAH patients with Fisher grade 4
was increased significantly when compared to controls, SAH
patients with Fisher grade 1 and 2, and Fisher grade 3 (Tukey
test). **Significant at p<0.01, ***Significant at p<0.001. FG:
Fisher grade.

believed that vasospasm results from the decreased
availability of NO and reduced endothelial and
neuronal NOS-mediated relaxation of large
conductive cerebral arteries (19,20,31). Nitric oxide
produced by eNOS is responsible for maintaining
vascular tone in addition to its protective effect on
the cerebral ischemia by producing an increase of the
blood flow in the penumbra area only during the
very early stages of cerebral ischemia (27). On the
other hand, inflammation of vessel after SAH causes
an increased NO level due to activation of iNOS in
the cells of the vascular wall and the inflammatory
response (41). There have been controversial reports
showing that NO is decreased or increased after
SAH
and
SAH–dependent
vasospasm
(5,20,24,25,32,37,43). Although the level of NO
markers was decreased in SAH patients in the
present study, the patients with vasospasm had a
higher level of NO markers in comparison to those
without vasospasm. Similar results have been
obtained in patients with SAH-dependent
vasospasm (43). Since NO and its metabolite are
hazardous in biological systems in high
concentrations (18), it is thought that a high level of
NO may contribute to the mechanism of vasospasm
(43).
In the acute stage of SAH, decreased levels of NO
can be explained by the presence of blood and blood
products, such as oxyhemoglobin that has been
161
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postulated to bind NO, in the subarachnoid space
(15). In addition, reversal of vasospasm after
intravascular application of exogenous NO has been
demonstrated in experimental SAH (1). NO level in
the CSF after SAH has been found to be increased,
and the degree of elevation is higher in patients with
poor-grade SAH, as well as in those with excess
blood in the subarachnoid space, as evaluated by
Fisher grading on CT (29,37). A transient decrease in
the NO level within 2–3 days is found during
investigation of nitrate/nitrite in the CSF of patients
with SAH (37), which supports our results. On the
other hand, a recent study NO level has been found
the to be lower in the CSF of SAH patients (25).
The other explanation for the decreasing level of
NO in the present study is that the presence of blood
around the major cerebral arteries caused
morphological changes in the vessels, including the
endothelial cells (46). In addition, Zubkov et al. have
reported endothelial cell apoptosis in the cerebral
arteries of a patient who died from vasospasm after
SAH (45). Therefore, endothelial dysfunction due to
necrosis or apoptosis is considered to be responsible
for the pathogenesis of cerebral vasospasm after
SAH. This endothelial injury impairs the
equilibrium between NO and prostacyclin whose
balance is critical for the maintenance of vascular
tone (7,19). Decreased constitutive NOS expression
or activity has been shown in experimental
vasospasm: endothelial NOS mRNA has been
demonstrated to decrease after experimental SAH in
monkeys (14), while immunoreactivity for neuronal
NOS is virtually absent in nervi vasorum of MCA in
cerebral vasospasm (31).
In the present study, ADA activity increased in
parallel with the poor neurological conditions (Hunt
and Hess classification) (16), a severe decrease in the
level of consciousness (GCS) (38), and the presence
of excess bleeding (Fisher classification) (11) in
patients with SAH. This suggests that adenosine was
accumulated in the extracellular space, as observed
after hypoxia, ischemia and trauma (3,26,39), since
the extracellular space, including CSF, may contain
biochemical molecules from blood vessels and the
brain. Cerebral ischemia leads to consumption of
energy stores by reducing the glucose and oxygen
supply (36). Consequently, ATP is metabolized to
adenosine and further to inosine, which both
accumulate in the extracellular space during
ischemia (12). Adenosine exerts its protective effects,
162
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including reduction of glutamate release, via
inhibition of presynaptic Ca2+ channels, direct
interference with the vesicle release machinery, and
potentially, activation of presynaptic K+ channels,
and also direct inhibition of the N-methyl-Daspartate receptor (4,9,30). Inosine, a product of
ADA, which also rises dramatically during
hypoxia/ischemia, may promote increased
glutamate release and neuronal activity by possible
desensitization of adenosine A1 receptors (9). Hence,
ADA inhibitor causes an increase in adenosine and a
decrease in inosine formation in cerebral ischemia in
animal studies (23).
During SAH, patients suffer from global or
regional cerebral ischemia, shown by cerebral
microdialysis monitoring and positron emission
tomography (10,40). Degradation products of purine
nucleotides (hypoxanthine, xanthine, uric acid and
lactate) and the markers of neuronal injury
(glutamate and glycerol) in patients with SAH have
been shown to be increased in the brain and CSF
(10,35,40). In the present study, the increased level of
ADA activity may reflect adenosine concentration in
CSF. Further increases in ADA activity, in association
with poor clinical condition, seem to be related to the
ischemic cerebral insult after SAH.
In conclusion, the decreased level of NO in the
CSF may be a sign of a decreased vasodilator
response in the cerebral arteries in the acute stage of
SAH. On the other hand, an increase in the level of
NO markers may be associated with cerebral
vasospasm. Furthermore, an increase in ADA
activity might indicate a use for ADA inhibitors in
the treatment of patients suffering from SAH.
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