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Abstract: Neuron-specific enolase (NSE) is a mitochondrial
enzyme that is found at high levels in neurons. Changes
in NSE levels may provide quantitative information about
the extent of certain types of neurological injury, including
cerebral infarction, subarachnoid hemorrhage,
intracerebral hemorrhage, and head trauma. This study
investigated serum levels of NSE by enzyme immunoassay
after global cerebral ischemia in rats, and evaluilted the
effects of low-dose methylprednisolone on serum NSE
concentration. The results confirmed that serum NSE is a
sensitive marker of cerebral ischemia, and revealed a
positive correlation between NSE levels and low-dose
methylprednisolone treatment.

Özet: Nöron-spesifik enolaz (NSE) nöronlarda yüksek
oranda bulunan mitokondria! bir enzim olup, serebral
infarkt, subaraknoid kanarna, intraserebral kanama ve
kafa travmasynda nörolojik yaralanmanin derecesi
hakkinda önemli bilgiler verdigi bilinmektedir. Bu
çalismada, ratlarda global serebral iskemide serum NSE
düzeyleri enzim immunoessey metodu ile çalisilmis,
düsük doz metilprednizolonun enzim serum
konsantrasyonlarina etkisinin arastirilmasi amaçlanmistir.
Elde edilen sonuçlar serum NSE sensitivitesinin serebral
iskemide önemli bir gösterge oldugunu ve düsük doz
metilprednizolon tedavisi ile serum enzim düzeyleri
arasinda anlamli bir iliski oldugunu belirgin olarak
gös term istir.
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INTRODUCTION

BiologieaI markers for the central nervous
system (CNS) can be used to improve diagnostie
aeeuraçy and assess the effeets of treatment. An early
marker of neuronal damage would be valuable for
gauging the timing and extent of eerebral injury, and

would assist with prognostieation. The diagnosis of
CNS isehemia is seldam in doubt; thus, the main

interest in neurologieal injury markers relates to
therapeutie guidanee. A marker may be speeifie,
indicating the severity of a partieular aspect of the
disease, or it may be general, indieating the patient's
potential survival time. In addition to this
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information, it would be valuable to be able to
quantify the severity of the injury, and to then
carreIate severity with outcome or responses to
different therapies.

CLearly, a reliable biochemical index of
neurological injury would be extremely useful. The
ideal marker would be uniformly present and specific
to neurological tissue. Uniform presence of the
marker substance ensures that the amount of tissue
damage is refleeted independent of the location of
injury. The distribution of the marker should be
relatively uniform in order to indicate the amount of
tissue damaged, but, in order to assist with prognosis,
ideally there should be slightly higher concentrations
in areas vital to survivaL. In addition to the

importance of distribution, the marker must be
specific to the CNS. Another characteristic of the ideal
indicator of CNS damage is that it should be released
only upon cell death, and not in reversible injury.
Although theoretically desirable, this qualification is
most difficult to achieve. In order to be readily
detectable, a mark er enzyme must be soluble;
however, to avoid reflecting minor fluetuations in
membran e permeability, it must not leak during
physiological or pharmacological alterations. In
summary, the ideal serum marker of neurological
injury should have high specificity for the brain and
high sensitivity for cerebral tissue. Also, it should be
measurable in the serum immediately after injury,
and should be released in a time-dependent manner
in accord with damage. An early prognostic indicator
is needed in order to seleet appropriate therapies and
quantify their effects.

it has recently been shown that brain tissue
contains a specific form of enolase that is strueturally,
immunologically, and functionally distinct from the
enolase present in other tissues. This isoenzyme,
designated neuron-specific enolase (NSE), is located
in differentiated neurons (1,2,13,23). In this study,
we investigated serum levels of NSE after induetion
of global cerebral ischemia in rats. We also evaluated
the effects of methylprednisolone treatment on the
serum concentrations of this enzyme. The broader
purpose was to determine whether changes in
enzyme levels during the destructive process of
cerebral ischemia reflect the therapeutic efficiency of
medical interventions.

MATERIALS AND METHODS

Twenty-one adult male Sprague-Dawley rats
(250-350 g) were used in the study. Food was
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withheld for 12-16hours prior to the experiment, but
the animals were allowed free access to water. The

rats were randomly assigned to three groups: Group
1 (n=7) controls were sham-operated and treated with
physiological saline solution; Group 2 rats (n=7)
sustained ischemia-reperfusion and were treated
with physiological saline; and Group 3 (n=7) rats
sustained ischemia-reperfusion and were treated
with methylprednisolone (Mustafa Nevzat
Laboratories, IstanbuL, Turkey).

Global cerebral ischemia was produced using
a four-vessel ocelusion method (22). The rats were
anesthetized with intraperitoneal ketamine (90 mg/
kg) and xylazine (10 mg/kg). Using a posterior
cervical approach, an incision was made behind the
occipital bone directly over the first two cervical
vertebrae. The paraspinal museles were dissected
and retracted from the midline, and both vertebral
arteries were electrocauterized and severed.

Twenty-four hours later, the rats were
anesthetized with intraperitoneal urethane (1.2 g/
kg). Thirty minutes prior to this, we administered 2
ml physiological saline solution (Group 2) and 8-mg/
kg methylprednisolone (Group 3) intraperitoneally.
Then the animals were placed in supine position and
the common carotid arteries were isolated through a
ventral midline cervical incision. The exposed
common carotid arteries were oceluded bilaterally
for 30 minutes using miniature aneurysm elips. After
this period, recirculation was achieved by releasing
the elips, and we visually confirmed spontaneous
reperfusion under the microscope. Sixty minutes after
recirculation, a smail amount of blood was obtained
from the tail artery of each rat, and the samples were
frozen and kept at -20 QCuntil they were analyzed.
The rats were all sacrificed with an intraperitoneal
injection of 100-mg/kg thiopental. The control
animals (Group 1) underwent all the surgical
procedures described except for the vessel ocelusions.

Serum NSE concentrations were measured by
radioimmunassay, as described previously (11,20).
All determinations were performed under blind
coding. The data were analyzed on a personal
computer using commercial software (Sytat for
Windows, version 6.0, SrSS), and the differences
within each group were statistically tested using
analysis of variance (ANOVA). The groups' mean
enzyme concentrations were compared using the
Mann Whitney U-test. All results were express ed as
mean ± standard deviation (SD), and p values <0.05
were considered significant.
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RESULTS mean ± SD
serum NSE

The NSE values for each group (~ig/L) are
shown in Table 1. In the sham-operated saline-treated
graup (Group 1), the maximum and minimum NSE
values were 1.6 pg/L and 1.1 pg/L, respectively. In
the ischemia-reperfusion and saline-treated rats
(Group 2), these values were considerably higher, at
4.4 pg/L and 2.2 pg/L, respectively. In the ischemia
reperfusion methylprednisolone-treated rats (Group
3), the maximum and minimum concentrations (2.0
pg/L and 1.0 pg/L. respectively were slightly lower
than the control values, but the difference was not
significant. The respective means for the three groups
were 1.31±0.18 pg/L, 3.26±0.89 pg/L, and 1.67±0.35
pg/L (TabIe 2). The differences among the group
medians were highly significant (p<0.0005), and this
comparison is illustrated in Figure 1.
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HistologicaI Evaiiiation
The rats' brains were removed and then post

fixed in 4% formaldehyde overnight. After 12 hours,
we cut 3mm-thick coranal slices and embedded these
in paraffin. The embedded tissues were then cut in

Figure 1: Themean serum NSE values foreachstudy group
presented in bar graph format. The median
enzymeconcentrationin themethylprednisolone
treatedrats (Group3)wassignificantlylower than
that in the saline-treated animals (Group 2).

Table 2: The mean ± SO for the NSE concentrations

in each of the three study groups. The
differences among the means were all highly
significant (Mann Whitney U-test, p<0.0005).

Table 1: The serum NSE value s for all rats in each

study group as measured by
radioimmunassay (pg/L). (Group 1: sham
opera ted and saline-trea ted; Group 2:
ischemia-reperfusion and saline-treated;
Group 3: ischemia-reperfusion and
methy ipredniso lone-t~ea ted)

n Group1Group2Group3
1

1.2 4.41.0
2

1.1 3.21.9
3

1.5 2.21.6
4

1.6 2.51.5
5

1.3 3.82.0
6

1.2 2.51.9
7

1.3 4.21.8

DISCUSSION

8-pm sections and stained with hematoxylin and
eosin, and S-100. All slides were examined under the
light micrascope (Olympus, BH-2, Olympus, Japan)
by one examiner who was blinded to the treatment
condition. Standardized sections of cerebral tissue

were qualitatively evaluated to assess edema
formation. In the ischemia-reperfusion saline-treated
(Figure 2) and methylprednisolone-treated (Figure
3) groups, neuronal histopathology was evaluated
in the coranal sections at the level of the caudate

nuc1eus and hippocampus.

NSE is released into both the cerebrospinal fluid
and serum after CNS damage. This enzyme is a very

Enolase is a potentially useful glycolytic and
mitochondrial enzyme that is involved in energy
yielding metabolism. it is a dimeric cytoplasmic
enzyme composed of three immunologically distinct
subunits (a, b, and g) that give rise to five isoenzymes
(aa, bb, gg, ab, and ag) (17). These forms have
differential cellular distributions, and of particular
interest are the isoenzyme patterns in the nervous
system. Isoenzyme gg is confined to the neurons, and
is called neuran-specific enolase, whereas aa-enolase
has be en found in astrocytes, ependymal cells,
endothelial cells, and Schwann cells (24).

me an ± SD
1.31±0.18
3.26±0.89
1.67±0.35

Sham operation, saline treated
Ischemia-reperfusion, sa1inetreated
Ischemia -reperfusion,
methylprednisolone treated

Group
1
2
3
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Figure 2: An 5-1 QQ-stained brain section from the ischemia
reperfusion saline-treated group shows high
density staining. (xlQO)

Figure 3: An 5-10Q-stained brain section from the ischemia
reperfusion methylprednisolone-treated group
shows low-density staining. (x40)

sensitiye marker for many types of neurological
iniury, including cerebral ischemia, subarachnoid
hemorrhage, intracerebral hemorrhage, and head
iniury. It is well established that neurons are the CNS
ceiis that are most sensitiye to ischemia, and studies
of patients with neurological lesions have
demonstrated a relationship between the degree of
ceiidamage in the CNS and the concentration of NSE
(1,6,17,26).Thus, it appears that NSE may be a marker
of CNS damage. Research has also shown elevated
NSE levels in patients with mild cerebral ischemia,
including those who have suffered transient ischemic
attacks and minor strokes thathave not been
visualized radiologically (16,21).

Cerebral ischemia followed by reperfusion
results in a host of biochemical events that

aggravate the initial damage and cause threshold-
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dependent iniury. The flow rates in the areas of
primary necrosis are known to be below the rate
required to maintain energy metabolism (12). One
important molecular cascade involves an
intracellular accumulation of calcium followed by
activation of cell membrane phospholipases. These
enzymes degrade membrane phospholipids and
release arachidonic acid. Arachidonate is a precursor
of vasoconstrictor substances, the thromboxanes and
prostaglandins. The synthesis of these substances
produces free radicals, which are unwanted
byproducts. These molecules not only damage CNS
enzymes, but also cause further injury to cell
membranes through lipid peroxidation. In
conjunction with secondary ischemia, lactate is
formed and the resultant acidosis exacerbates CNS
damage. A variety of cellular functions are disturbed
as a result of these conditions. These processes
include transmitter mechanisms, energy metabolism,
enzymatic mechanisms, and Na+ /K+ ionic gradient
maintenance. Phospholipid breakdown induces
membrane instability as well as iniury to the blood
brain barrier and lysosomes. This breakdown leads
to capillary leakage and lysozyme release, inereasing
the damage aIready associated with secondary
ischemia (12,19).

A maior goal of this research was to assess
whether methylprednisolone is capable of preventing
the consequences of secondary ischemia. We
determined the serum concentrations of NSE
associated with cerebral ischemia, and the n assessed
whether the drug attenuated the expected ri se in
NSE. Methylprednisolone is known to help stabilize
cell membranes and prevent edema, inhibit the
activation of phospholipases, and scavenge free
radicals. Studies of several indicators of ischemia
induced damage to cerebral tissue have
demonstrated that this agent provides therapeutic
benefits (5,8,918,27,29).

To our knowledge, the present study is the first
in the literature to have evaluated the effects of
methylprednisolone based on serum NSE levels after
cerebral ischemia. One earlier investigation found
that minimum doses of glucocorticoids did not affect
peroxidative metabolism (9);however, another study
showed that low and megadoses of glucocorticoids
inhibited transcription of the glucose transporter
gene, and directly inhibited glucose transport by
moving glucose transporter molecules from the
plasma membrane to intracellular sites (28). The
finding of no effect is consistent with reports that
have documented a lack of glucocorticoid-mediated
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improvement in several types of neurological insult
(4,5,7,25). However, it disputes other reports of
positive glucocorticoid effects af ter ischemia and
CNS injury (9,15,29).

Administering megadoses of methylprednisolone
is known to provide neuroprotective advantages in
patients with spinal cord injuries (3,14). Beneficial
effects of megadoses of this drug have also been
documented after CNS trauma in several animal
models (9,10). it has been hypothesized that this
protective effect reflects the ability of extremely high
doses of methylprednisolone (30 mg/kg) to inhibit
lipid peroxidation induced by oxygen free radicals,
as has been demonstrated in rats (8,14,15,18). In the
present study, we found that even low-dose
methylprednisolone (8 mg/kg) had significant effects
on serum NSE levels in rats. The mean NSE

concentrations in Groups 1 through 3 were 1.31±0.18
pg/L, 3.26±0.89 pg/L, and 1.67±0.35 pg/L,
respectively, and the differences among the means
were all highly significant (p<0.0005). These results
confirm that serum NSE is a sensitiye marker of
cerebral ischemia, and indicate that low-dose
methylprednisolone does attenuate NSE levels after
CNS injury.

In conelusion, these results suggest that
investigation of NSE levels during the cerebral
ischemic process may be useful for assessing the
therapeutic efficacy of medical interventions. Our
observations are of potential clinical relevance to
various aspects of neurosurgical practice.
Pretreatment with glucocorticoids for expected
ischemia during temporary occlusion, or for expected
intraparenchymal trauma during intracranial or
spinal surgery, may prevent some of the deleterious
effects of neuronal ischemia. NSE is a reliable

biochemical index of neurological injury. Our
findings suggest that it may be of significant clinical
value as a predictor of outcome, and as a means of
evaIuating patient management and therapeutic
interventions. Future studies of this isoenzyme may
show that it is a very important marker for the
pathophysiological process in nervous tissue
damage.
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