View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Okayama University Scientific Achievement Repository

Acta Medica Okayama

Volume 55, Issue 4 2001 Article 5
AUGUST 2001

Concentration of nitric oxide (NO) in spinal
fluid of chronic spinal disease.

Yasuamasa Yumite* Kazuhiro Takeuchif Yoshiaki Harada*

Norio Ogawa** Hajime Inoue'T

*Okayama University,
fOkayama University,
{Okayama University,
**QOkayama University,
T Okayama University,

Copyright ©1999 OKAYAMA UNIVERSITY MEDICAL SCHOOL. All rights reserved.


https://core.ac.uk/display/12547758?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Concentration of nitric oxide (NO) in spinal
fluid of chronic spinal disease.”
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Abstract

We studied total nitric oxide (nitrite + nitrate) (NO) levels in cerebrospinal fluid (CSF) of
chronic spinal diseases in nonsmokers (133 patients: 76 men and 57 women; mean age, 63 years;
range, 15-92 years) by the Griess method to clarify the role of NO in different spinal diseases. The
extent of compression in terms of numbers of disc level at the compressed spinal nerve and neuro-
logical evaluation were also assessed according to the Japanese Orthopaedic Association scores.
The spinal diseases included cervical myelopathy and radiculopathy (cervical disease group), os-
sification of yellow ligament (thoracic disease group), and lumbar disc herniation, lumbar canal
stenosis and lumbar spondylolisthesis (lumbar disease group). NO levels in the spinal disease
groups (4.98+/-2.28 micromol/l: mean +/- SD) were significantly higher than that in the control
group (2.534/-0.94 micromol/l). An inverse correlation was detected between the elevated levels
of NO and the grade of clinical symptoms in the cervical disorders. The number of disc level at the
compressed spinal nerve was positively correlated with elevated NO levels in CSF in the cervical
and lumbar disorder groups. These results indicate that nerve compression may elevate NO levels
in CSF, and that NO concentration in the CSF might be a useful marker of damage to nervous
system in spinal disorders.

KEYWORDS: Griess method, Japanese Orthopaedic Association Score(JOA score), magnetic
resonance imaging(MRI), biochemistry assay

*PMID: 11512564 [PubMed - indexed for MEDLINE]
Copyright (C) OKAYAMA UNIVERSITY MEDICAL SCHOOL



Yumite et al.: Concentration of nitric oxide (NO) in spina fluid of chronic

Acta Med. Okayama, 2001 T —
Vol. 55, No. 4, pp. 219-228 Acta Medica
Okayama

]
http:/ /www.lib.okayama-u.ac.jp/ www/acta/

Onginal Article

Concentration of Nitric Oxide (NO) in Spinal Fluid
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We studied total nitric oxide (nitrite + nitrate) (NO) levels in cerebrospinal fluid (CSF) of chronic
spinal diseases in nonsmokers (133 patients: 76 men and 57 women; mean age, 63 years; range, 15-
92 years) by the Griess method to clarify the role of NO in different spinal diseases. The extent of
compression in terms of numbers of disc level at the compressed spinal nerve and neurological
evaluation were also assessed according to the Japanese Orthopaedic Association scores. The spinal
diseases included cervical myelopathy and radiculopathy (cervical disease group), ossification of
yellow ligament (thoracic disease group), and lumbar disc herniation, lumbar canal stenosis and
lumbar spondylolisthesis (lumbar disease group). NO levels in the spinal disease groups (4.98 + 2.28
umol/1: mean + SD) were significantly higher than that in the control group (2.53 + 0.94 xmol/1).
An inverse correlation was detected between the elevated levels of NO and the grade of clinical
symptoms in the cervical disorders. The number of disc level at the compressed spinal nerve was
positively correlated with elevated NO levels in CSF in the cervical and lumbar disorder groups.
These results indicate that nerve compression may elevate NO levels in CSF, and that NO concentra-
tion in the CSF might be a useful marker of damage to nervous system in spinal disorders.

Key words: Griess method, Japanese Orthopaedic Association score (JOA score), magnetic resonance imaging
(MRI), biochemistry assay

N itric oxide (NO) is thought to play 3 distinct roles

in the central nervous system (CNS). The first is
a normal physiological role. It has been reported that NO
induces long-term potentiation about the memory via Ca?™
activity in the cerebellum and the hippocampus [1-3].
NO also triggers apoptosis of neurons after inducing a
decrease in the level of nicotinamide adenine dinucleotide
(NAD) [4-6]. On the other hand, some studies have
suggested that NO may reduce the apoptosis of neurons
[7-9]. NO also appears to play a neurotoxic role [10-

Received February 8, 2001; accepted March 6, 2001.
*Corresponding author. Phone: +81-86-235-7273; Fax:+81-86-223-9727

Produced by The Berkeley Electronic Press, 2001

12]. NO changes the composition of ONOO™, then
directly damages DNA and the lipid membrane of neu-
rons, especially in diseases such as Alzheimer’s disease
[13-18]. Delayed neurotoxicity, such as ischemic dam-
age, is induced by glutamate neurotoxity through N-
methyl-d-aspartate (NMDA) receptors [19-21]. In its
third role, NO may also exert protective effects against
neurotoxity. NO appears to ameliorate inflammation
through reactive oxygen species [22-25]. The radical
form of NO (NO-) is thought to exert neurotoxic
potency, while the nitrosonium ion form of NO (NO¥)
may act neuroprotectively [26].

The above studies have focused mainly on the role of
NO in the CNS; however, there have been few reports
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on the effects of NO on the whole spine, and fewer still
on NO in chronic spinal disease. Asahara reported
elevated NO levels in the cerebrospinal fluid (CSF) of
patients with lumbar spondylosis [27]. In addition, NO
has been shown to cause hypersensitivity to pain in the
spinal cord [28-31], and is thought to be involved in the
pathogenesis of secondary injuries after spinal cord
trauma [32, 33].

The aim of the current study was to clarify the role of
NO in spinal diseases by comparing NO levels in 3
groups of chronic spinal diseases: myelopathy and
radiculopathy (cervical disease group), ossification of
yellow ligament (thoracic disease group), and lumbar disc
herniation, lumbar canal stenosis and spondylolisthesis
(lumbar disease group). In the first stage of the compara-
tive analysis, we mesured NO levels in the CSE of
patients with spinal disease and volunteers without neu-
rological symptoms. We then evaluated the relation
between NO level and neurological symptoms, extent of
compression, and white blood cell (WBC), protein and
glucose levels in CSF. We hypothesized that the NO
concentration would vary among each of the 3 anatomical
levels of the spinal based on the compressive pathology.

Acta Med. Okayama Vol. 55, No. 4
Materials and Methods

We analyzed NO levels in the CSF of 133 patients
with chronic degenerative spinal disease (76 males and 57
females; mean age, 63 years; range, 15-92 years). All
of them had been hospitalized for further examination and
underwent lumbar myelography. The authors classified
them into 3 groups corresponding to anatomical levels of
the spine; cervical, thoracic and lumbar group. The
cervical group consisted of 35 patients (21 males and 14
females; mean age, 65 years; range, 42-78 years), the
thoracic group of 5 patients (4 males and 1 females; mean
age, 61 years; range, 20-76 years) and the lumbar group
of 93 patients (51 males and 42 females; mean age, 62
years; range, 15-87 years) (Table 1). The authors
evaluated clinical status based on the Japanese Ortho-
paedic Association score (JOA score), and recorded the
number of disc level at the compressed spinal nerve in
these patients in the sagittal and axial views using of
magnetic resonance imaging (MRI).

As a control, we also analyzed NO levels in a group
of 39 patients without neurological symptoms (14 males
and 25 females; mean age, 50 years; range, 16-89
years). Patients with inflammatory disease, myocardiac
ischemia or hemodialysis were excluded from this study
due to the possibile influence of inflammation or medica-

Table | Subjects and patient data
Patients (Male, Female) Mean age JOA score NO (umol/1)
| Control group Total 39 (14, 25) 50 years 2.53 1094
Il Spinal disease group
Cervical group Total 35 (21, 14) 65 10.7/17¢ 450+ 1.83**

a) Myelopathy 27 (16, I1) 66 10.0 478 +1.87**

b) Radiculopathy 8(5 3) 62 13.2 3.52 + |.38*
Thoracic group Total 5 ( 4, 1) 6l 5.6/132 395+ |.13**
Lumbar group Total 93 (51, 42) 62 1.2/15% 5.21 * 3.68**

a) Lumbar disc herniation 30 (22, 8) 48 7.2 3.74 &+ 2.36*

b) Lumbar canal stenosis 30 (17, 13) 71 7.0 6.08 + 3.94** ++

c) Spondylolisthesis 33 (12, 21) 66 7.4 5.74 £ 4.09** *

Total 133 (76, 57) 63 498 +2.28

a: The maximum JOA scores in controls were 17, 13 and |5 points for the cervical, thoracic, and lumbar groups, reskectively. Vaiues
(zmol/lare the means + SD. *P < 0.05 and **P < 0.0 vs. control group ; *P < 0.0l and **P <0.05 vs. lumbar disc herniation

http://escholarship.lib.okayama-u.ac.jp/amo/vol 55/iss4/5



Yumite et al.: Concentration of nitric oxide (NO) in spinal fluid of chronic

August 2001

tion upon NO concentration in the CSF' or serum. Since
the NO levels of smokers in the lumbar disease group
were significantly higher than those of nonsmokers (see
results), we excluded smokers with chronic spinal disease
from the present study, and based all our results on the
data for nonsmokers. Informed consent for this study
was obtained from all subjects.

Collection of CSF. Two 1.5ml CSF samples
were obtained by lumbar puncture during lumbar myelo-
graphy in the spinal disease group or during lumbar
anesthesia in the control group. The first sample was
used for the biochemical assay and the latter was used for
the NO measurement. The CSF sample was collected
mainly from the 14/5 level. The latter samples were
immediately cryopreserved at —15 °C until examination.

Biochemical assay. The WBC in the CSF
was counted using the table of Fuchs-Rosenthal. Protein
in the CSF was measured with a spectrophotometer
(U1000; Hitachi Science Systems, Tokyo, Japan) after
reacting with radioactive solution (micro TP-test WAKO;
Wako Junyaku Kogyo, Tokyo, Japan). Glucose in CSF
was measured according to the electrode method
(Glucoroder-GXR; A&T, Tokyo, Japan). Normal
WBC, protein and glucose levels in the present examina-
tion were 0-5 /mm?3, 10-40 mg/dl and 50-75 mg/dl,
respectively.

Analysis of nitrogen oxides. The CSF
samples were thawed at room temperature. Protein was
removed from CSF samples by addition of 0.3N NaOH
and 5% ZnSO, and centrifugation at 12,000 rpm for 10
min. Then, the supernatant fluid was filtrated with a glass
filter (SJAPLO04NS; Millipore, Tokyo, Japan).

Nitrite (NO, ™) and nitrate (NOs~) were measured by
the Griess method [34, 35]. Briefly, our system used
an autoanalyzer (Model TCI-NOX 1000; Tokyo Kasei
Kogyo, Tokyo, Japan) to conduct automated flow injec-
tion analysis as described by Habu [36]. The carrier
solution (A7500) and the Griess reagent solutions (A7502
and A7503) (Tokyo Kasei Kogyo, Tokyo, Japan) were
prepared just before the experiment and kept at room
temperature. Sodium nitrate solution (NOx standard
solution; Tokyo Kasei Kogyo) was loaded by means of a
sample injector (Model SVI-6U7; Tokyo Kasei Kogyo)
before measurement. Nitrate (NO;~) was changed to
nitrite (NO,~) using an A7200 Cd-Cu reduction column
(Tokyo Kasei Kogyo). The total NO,~ reacts with the
Griess reagent to form a purple azo compound. The
absorbance at 540 nm was measured with a spectro-
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photometer (Model S/3250; Somakogaku, Tokyo,
Japan). NO,™ measurements were performed twice for
each sample.

Analysis. The NO concentrations were mea-
sured in patients of the control group, and the mean
concentration was determined. The spinal disease patients
were divided into 3 groups (a cervical, a thoracic and a
lumbar group) according to clinical signs and image
analysis. The cervical group was divided into 2 subgroups
by clinical status and MRI, a radiculopathy group (neu-
rological signs in one root area n=8; 5 males and 3
females; mean age, 62 years; range, 48-80 years) and a
myelopathy group (neurological signs in the upper or
lower extremities and trunk; n = 27; 16 males and 11
females; mean age, 66 years; range, 38-92 years). The
thoracic group included only patients with ossification of
yellow ligament. The lumbar group was also divided into
3 subgroups; a lumbar disc herniation group (n = 30; 22
males and 8 females; mean age, 48 years; range, 15-79
years), a lumbar canal stenosis group (n = 30; 17 males
and 13 females; mean age, 71 years; range, 53-86
years), and a spondylolisthesis group (n = 33; 12 males
and 21 females; mean age, 66 years; range, 25-87
years). Patients with lumbar disc herniation show a
tension sign and hypoesthesia from root commpression.
The main clinical sign of lumbar canal stenosis is intermit-
tent claudication due to ischemia of the cauda during
walking. Spondylolisthesis causes lower back pain. The
scoring system (17-2) for cervical myelopathy (JOA
score) consists of neurologic symptoms (Table 2). The
JOA score for thoracic disease uses the scoring system
(17-2) for cervical myelopathy, but excludes the upper
extremity signs. The JOA score for lumbar disease
consists of a pain scale (category I), neurologic symptoms
(category II) and the urinary bladder function (category
IIT) (Table 3). The relation between each clinical status
and the level of NO was analyzed. The extent of com-
pression was defmned as the number of disc level at the
compressed spinal nerve visible in the sagittal view on
MRI. The levels of NO were compared with the number
of WBC, the protein level and the glucose level in CSF-.

Statistical Analysis. The values are express-
ed as the mean = SD. Statistical analyses were made
with the Stat View-J 4.11 program (Inc. Berkeley, CA,
USA). Simple regression was used at the NO level in the
control group and the relation between NO levels and the
JOA score was assessed in the cervical, thoracic and
lumbar groups. Welch’s or Student’s - test was used to
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Table 2  Scoring system (17-2) for cervical myelopathy (Japanese Orthopaedic Association)

Category

A. MOTOR FUNCTION B. SENSORY FUNCTION
|. Fingers |. Upper Extremity

0=Unable to feed oneself with any tableware including
chopsticks, a spoon or fork, and/or unable to fasten
buttons of any size

| = Can manage to feed oneself with a spoon and/or a fork
but not with chopsticks

2 = Either chopstick-feeding or writing is possible but not
practiccal, and/or large buttons can be fastened

3 = Either chopstick-feeding or writing is clumsy but practical,
and/or cuffbuttons can be fastened

4 = Normal

Il. Shoulder and Elbow
Evaluated by MMT score of the deltoid or biceps muscles,
whichever is weaker

-2 = MMT 2 or below
-l =MMT3
-0.5=MMT 4

0 =MMT5

Ill. Lower Extremity

0 = Unable to stand up and walk by any means

0.5 = Able to stand up but unable to walk

| = Unable to walk without a cane or other support on a
level

1.5 = Able to walk without a support but with a clumsy gait

2 = Walks independently on a level but needs support on
stairs

2.5 = Walks independently when going upstairs, but needs
support when going downstairs

3 = Capable of fast walking but clumsily

4 = Normal

0 = Complete loss of touch pain sensation

0.5 = 50% or below of normal sensation and/or sever pain or
numbness

| = Over 60% of normal sensation and/or moderate pain or
numbness

1.5 = Subjective numbness of a slight degree without any
objective sensory deficit

2 = Normal

Il. Trunk

0 = Complete loss of touch and pain sensation

0.5 = 50% or below of normal sensation and/or sever pain or
numbness

| = Over 60% of normal sensation and/or moderate pain or
numbness

1.5 = Subjective numbness of a slight degree without any
objective sensory deficit

2 = Normal

Ill. Lower Extremity

0 = Complete loss of touch and pain sensation

0.5 = 50% or below of normal sensation and/or sever pain or
numbness

| = Over 60% of normal sensation and/or moderate pain or
numbness

|.5 = Subjective numbness of a slight degree without any
ogjective sensory deficit

2 = Normal

C. Bladder Function
0 = Urinary retention and/or incontinense
I = Sense of retention and/or dribbling and/or thin stream
and/or incomplete continense
2 = Urinary retardation and/or pollakiuria
3 = Normal

compare NO levels of the control group to those of the
spinal disease groups and subgroups. Kruskal-Wallis test
and Fisher’s protected least significant difference (Fisher’s
PLSD test) was used for the relation between NO levels
and the number of disc level at the compressed spinal
nerve in a disease group.

Results

The NO detection lLimit was 0.1 zmol/l (95%
confidence limit) and the inter-assay and intra-assay
coefficients of variation in our experiment were 2.0%,

respectively. The mean level of NO in the control group
was 2.53 +0.94 (mean &= SD) gmol/l. The NO level

http://escholarship.lib.okayama-u.ac.jp/amo/vol 55/iss4/5

was 2.47 £ 0.93 ymol/] in males and 2.63 & 0.99 xmol/1
in females. There was no significant gender difference in
mean NO levels. Simple regression: NO concentra-
tion = 0.016 X age + 1.75; P < 0.05, r =0.33 (Fig. 1).

The mean values of NO in the cervical, thoracic and
lumbar groups were 4.50 = 1.83, 3.95 + 1.13 and 5.21 &=
3.68 umol/l, respectively. All these values were
significantly higher than those of the control group (Stu-
dent’s #-test, P <0.01). However, there were no
significant differences among the cervical, thoracic and
lumbar groups (Table 1).

Within the cervical group, NO concentration was
lower in the radiculopathy subgroup (3.52 & 1.38 zmol/1)
than in the cervical myelopathy subgroup (4.78 & 1.87
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Table 3  Assessment of treatment for lower back pain from the Japanese Orthopaedic Association
|. Subjective Symptoms (9 points) II. Clinical Signs (6 points)
A. Lower Back Pain A. Straight-Leg-Raising Test
a. None 3 (including tight hamstring)
b. Occasional mild pain 2 a. Normal 2
c. Frequent mild or occasional sever pain | b. 30-70 degrees |
d. Frequent or continuous severe pain 0 ¢. Less than 30 degrees 0
B. Leg Pain and/or Tingling B. Sensory Disturbance
a. None 3 a. None
b. Occasional slight symptom 2 b. Slight disturbance (not subjective) 2
c. Frequent slight or occasional sever symptom | ¢. Marked disturbance |
d. Frequent or continuous severe symptom 0 C. Motor Disturbance (MMT) 0
C. Gait a. Normal (Grade 5)
a. Normal 3 b. Slight weakness (Grade 4) 2
b. able to walk farther than 500 meters although it 2 c. Marked weakness (Grade 3-0) |
results in pain, tingling, and/or muscle weak- lIl. Urinary Bladder Function
ness a. Normal (-6 points)
c. unable to walk farther than 500 meters owisg to b. Mild dysuria 0
leg pain, tingling, and/or muscle weakness c. Severe dysuria -3
d. Unable to walk farther than 100 meters owing to *Incontinence -6

leg pain, tingling and/or muscle weakness 0

*Urinary retention

® Male
O Female
NO mmolé!)
5_ ) OO
o)
41 °
31  °5
° S&® o o
2 8 Y .O (@] © o © O 8 [e)
PYe)
e O
1_
O| T T T T T T T
20 30 40 50 60 70 80 90
Age

Fig. |

NO level in the CSF of control group. The mean level of NO in the control group was 2.53 & 0.94 zmol/I. Simple regression: NO

concentration = 1.75+ 0.016 X age: P < 0.05, r =0.33. There was no significant gender difference according to sex.

pmol/1), but not significantly (Table 1). The number of
disc level at the compressed spinal nerve correlated
positively with the elevated NO concentration. Mean NO
concentration was 3.10 + 1.30 gmol/l in patients with
one disc level at the compressed spinal nerve; 3.71 +
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1.39 umol/l in those with 2 compressing disc levels;
4,75+ 1.19 umol/] in those with 3 compressing disc
levels; 5.63 + 0.74 umol/] in those with 4 compressing
disc levels and 7.04 + 1.46 gmol/] in those with 5 com-
pressing disc level. The NO level in patients with
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3, 4, 5 compressing disc levels was significantly higher
than that in one compressing disc level, NO level in 4 and
5 compressing disc levels was significantly higher than
that in 2 compressing disc levels and NO level in 5
compressing disc levels was significantly higher than in 3
compressing disc levels based on Fisher’'s PLLSD test

Acta Med. Okayama Vol. 55, No. 4

(Fig. 2). There was an inverse correlation between the
level of NO and the JOA score in patients with cervical
disease (Fiig. 3A). The WBC was 1.9 /mm®, the protein
level was 51.3mg/dl and the glucose level was 68.2
mg/dl in the cervical group. The density of protein was
slightly higher than that of normal. There were no
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Number of compressing disc levels Number of compressing disc leve
Fig. 2  The relation between NO level in the CSF and the number of disc levels at the compressed spinal nerve in the cervical (A) and lumbar

(B) groups. (A) In the cervical group, NO concentration was 3.10 & 1.30 umol/I in patients with 1, 3.71 & 1.39 zmol/l in patients with 2,
475+ 1.19 gmol/I in patients with 3, 5.63 = 0.74 gzmol/| in patients with 4 and 7.04 & 1.46 gmol/I in patients with 5 compressing disc levels.
Fisher's Protected Least Significant Difference, “P < 0.01 and P < 0.05 vs. the group with | compressing disc level; °P < 0.01 and ¥P <
0.05 vs. the group with 2 compressed disc levels; °P < 0.0l vs. the group with 3 compressing disc levels (Fisher's PLSD test). (B) In the
lumbar group, NO concentration was 4.41 £ 2.65 zmol/| in patients with |, 5.75 % 2.34 xmol/! in patients with 2 and 6.60 & 3.16 gmol/! in
patients with 3 compressing disc levels. Fisher's Protected Least Significant Difference, “P < 0.05 vs. | compressed disc level.

NO (umol/l) NO (umol/l)
10 101
i o |
1 o}

5,
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o
6 8 10 12 14 16 17 2 4 6 8 10 12 13
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Fig. 3  The relation between NO level in the CSF and JOA score in the cervical (A) and thoracic (B) groups. (A) There was an inverse
correlation between the level of NO and the JOA score in the cervical group. NO concentration = 7.30 — 0.25 X JOA score; P < 0.05, r =0.41.
(B) There was an inverse correlation between NO level and JOA score, but this association did not reach the level of statistical significance.
NO concentration = 7.12 — 0.46 X JOA score; 0.05 <P <0.10, r=0.82.
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significant differences among the 3 values and NO levels
in the cervical group.

In the thoracic group, there was an inverse tendency
between the level of NO and the JOA score (Fig. 3B).
The WBC was 2.3 /mm?, the protein level was 81.0
mg/dl and the glucose level was 71 mg/dl. Only protein
in the CSF was higher than the normal value. There were
no significant differences in the thoracic group in these
biochemical indices and NO levels.

In the lumbar group, the NO concentrations of CSF
in lumbar canal stenosis (5.63 = 3.31 xmol/1) and spon-
dylolisthesis  (5.43 £ 2.56 ymol/l) were significantly
higher than that in lumbar disc herniation (4.07 1= 2.62
umol/l) (Student’s #test, P <0.01 and P <0.05)
(Table 1). The NO concentration was 4.41 =+ 2.65
umol/1 in the single disc level at the compressed spinal
nerve, 5.75=% 2.34 umol/l in the 2 compressing disc
levels and 6.60 = 3.16 wmol/] in the 3 compressing disc
levels (Fig. 2). NO levels in patients with 2 or 3
compressing disc levels were also higher than that in
patients with one compressing disc level (Fisher’s PLSD;
P <0.05). The result was that the NO concentration did
not correlate with JOA score in patients with lumbar
disease. The WBC was 2.4 /mm?, the protein level 61.0
mg/dl, and the glucose level 67.9 mg/dl in the lumbar
group. The protein level was slightly higher than normal.
There was no significant correlation between NO level and
either WBC, density of protein or desity of glucose in the
CSF in the lumbar disease group.

We also compared NO levels in the CSF between
smokers and non-smokers of the cervical group (35
nonsmokers and 22 smokers), the thoracic group (5
nonsmokers and 5 smokers) and the lumbar group (93
nonsmokers and 27 smokers). In the cervical group, the
mean NO level in the CSF was 4.50 & 1.83 gmol/1 in
nonsmokers and 4.90 & 2.45 gmol/1 in smokers. In the
thoracic group, the mean NO level in the CSF (3.95 &
1.13 wmol/1) of the nonsmoker group was lower than that
in the smoker group (4.84 = 0.68 ymol/l). The mean
NO level of CSF in the lumbar group was 4.77 = 2.07
pumol/l in nonsmokers and 6.35 £ 3.56 umol/l in
smokers, and there was a significant difference between
the smoker and nonsmoker groups.

Discussion

In 1988, Furchgott first demonstrated NO is an
endothelium derived relaxing factor (EDRF) [37-39].
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NO is synthesized during the oxidation of L-arginine to
L-citrulline by 3 isoforms of NOS: nNOS (neuron-NOS,
NOS-1), iNOS (inducible-NOS, NOS-2) and eNOS
(endothelium-NOS, NOS-3). eNOS and nNOS are
calcium-dependent but iNOS calcium-independent.

The role of iNOS in inflammation has been well
defined; the combination of iNOS and inflammation has
been shown to cause tissue damage and pain. Activated
murine macrophages produce a high level of NO [40].
Because increased levels of NO,™ and NO;™ have recently
been detected in the serum and airway fluid of patients
with rheumatic disease and pneumonia, it is possible that
human macrophages can produce NO [41, 42]. Recent
reports have also demonstrated increased NO metabolism
in the CSF of patients with menigococcal meningitis
[43, 44]. Therefore, patients with inflammatory disease
were excluded from this study.

NO is known to play physiological, neurotoxic and
neuroprotective roles. It is not clear which isoform of
NOS is involved in the elevation of NO in the CSF.
Recent reports have also demonstrated that iNOS can be
induced in motor neurons after spinal root avulsion and
that NO may be responsible for the secondary neural
injury through perfusion after trauma [45].

There have been few reports about the role of NO in
the spinal cord or root. The mechanism of NO produc-
tion in spinal cord injury is not yet evident. NO is thought
to be involved in the pathogenesis of secondary injuries
several hours after primary injury in cases of spinal cord
trauma. Asahara first reported increased NO metabolism
in the CSF in patients with lumbar spondylosis [27]. In
this study, we detected elevated NO levels in the CSF of
patients with chronic spinal disorders. The mean values
of NO in the cervical, thoracic and lumbar groups were
significantly larger than that in the control group (Table
1). There were no significant differences in NO levels
within the whole spine. Therefore, the mechanism of NO
regulation in the spinal cord may be similar to that in the
cauda.

The number of disc level at the compressed spinal
nerve was positively correlated with the NO concentra-
tion. In the cervical group, myelopathy was generally due
to spinal cord compression, and radiculopathy was gener-
ally due to root compression. Canal stenosis and spon-
dylolisthesis were due to the cauda equina compression,
but the root compression was due to disc herniation. The
extent of the compression in the nerve system may be one
factor of NO production.
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At each level of the spine, elevated NO levels were
positively correlated with compressive spinal disease in
the present study. It has been reported that NO levels in
plasma are lower in tobacco smokers [46]. In comparing
the resultant ranges of elevated NO and patient histories,
an unexpected pattern emerged. Among patients with
spinal diseases and especially among patients in the lum-
bar group, smokers showed greater elevation of NO level
than nonsmokers. The findings of this cursory analysis
suggest that NO levels in the CSF might be elevated by
tobacco smoking, but a detailed analysis of the relevant
effects of tobacco use on NO levels in the CSF is well
outside the scope of the current study. If gradient levels
of NO in the CSF are to be of diagnostic value, then the
factors that consistently affect these levels must be
identified, and the nature of those effects clarified.

The normal level of NO in human plasma is thought
to be 20-30 gmol/1 [46, 47]. In the present study, the
NO level in serum was higher than that in CSF. This
raises the possibility that there may be a barrier similar to
the blood brain barrier in the spine. A possible source
might be the NO,~ or NO;™ in the plasma via permeata-
tion of the tissue membrane.

Several other reports have demonstrated that cNOS is
localized in the dorsal horn of spinal cord. This enzyme
induces NO production, which acts as a sensory mediator
[48, 49]. In the current study, the elevated levels of
NO in the cervical and thoracic groups correlated with the
grade of neurological deficit; the more severe the symp-
toms were, the larger the concentration of NO was (Fig.
3). The maximum JOA score in the control group
without neurodeficit was 17 points, and the corresponding
NO concentration was 3.03 zmol/l. This is the approxi-
mate standard value of 2.53 xmol/] of the control group.
The compressed CNS cord may regulate ¢cNOS in the
posterolateral segments, and might induce elevation of the
NO level.

NO plays a role in long-term potentiation by the Ca**
activity in cerebellum and hippocampus, and this potentia-
tion causes hypersensitivity for pain in the spinal cord
[27-30]. In the current study, we were unable to detect
any significant correlation between NO level and pain
scale (category I of JOA score (Table 3)). We could not
detect the acerbation of pain status by induced NO. On
the other hand, one of the factors related to pain in
lumbar disc herniation is said to be inflammation by the
chemical factors, Ig(G, phospholipase A2 or prostaglan-
din E2 [50-52]. Tamada reported the relation between
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tension sign and free radicals in the compressed nerve
root [53]. In patients with lumbar disc herniation, NO
elevation may derive from iNOS production. The pathol-
ogy of canal stenosis and spondylolisthesis differs from
that of disc herniation, and the onset mechanisms differ
among 3 pathologies (root compression, cauda compres-
sion and spinal instability) in cases of lumbar spine. The
symptoms in these disorders are quite different. The
authors have concluded that JOA score may not be
discriminating enough for clinical assesment of pain for
comparative studies of different disorders. On the other
hand, in cases of cervical and thoracic spinal disease, we
believe that JOA score is a good indicator of neurological

signs.
Elevated NO levels in CSF can be used as a reliable

marker of extent of neuron damage in clinical applications.
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