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Nitric Oxide Metabolite Concentration in
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Study Design: Prospective study.

Purpose: To establish the significance of cerebrospinal fluid (CSF) nitric oxide metabolite (NOx) concentration in acute spinal cord
injury (SCI) patients to assess the neurological severity and prognosis.

Overview of Literature: Quantitative analysis of specific biomarkers in CSF will assess neurological severity more accurately and
permit the formulation of a more precise management plan.

Methods: Forty SCI patients represented the cases and 20 lower limb injury patients were the controls. NOx concentration in CSF
was measured at week 1, 2, and 4 by Griess method. Magnetic resonance imaging (MRI, T2-weighted) done in each case to measure
cord edema and neurological severity was assessed using the Frankel classification.

Results: CSF NOx concentration peaked at week 2 and declined to normal by week 4. The concentration remained normal in contrals.
Mean NOx concentration was directly proportional to the severity of acute SCI as correlated with cord edema seen in MRI and neuro-
logical severity assessed.

Conclusions: CSF NOx concentration can be considered a specific quantitative biomarker in acute stage of SCI to predict the severity

and prognosis of SCI patients.
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Introduction

Morbidity and mortality is a major concern in spinal cord
injury (SCI). It usually has a phase of spinal shock pre-
cipitated immediately after the primary mechanical injury
followed by a secondary injury. The secondary injury is
due to infiltration of leukocytes, oxidative stress, tissue
edema and neuronal ischemia. The assessment of injury
severity can be done clinically by Frankel grading.
Radiologically, magnetic resonance imaging (MRI)

tindings in spinal cord after injury can also predict the
prognosis, but a specific quantitative biomarker can help
in assessing the neurological severity and prognosis more
precisely and aids in planning appropriate management.
Secondary injury causes apoptosis of neurons and nerve
degeneration [1,2]. Nitric oxide metabolite (NOx) works
in secondary injury. It is involved in neuronal signal
transmission and causes oxidative stress related cytotoxic
effects and neuron apoptosis secondary to nerve degener-
ation and dysfunction [2,3]. Its relation with SCI severity
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has not been explored much in humans. We have exam-
ined the cerebrospinal fluid (CSF) concentration of NOx
and correlated it with the clinical and MRI findings The
prognosis of SCI is usually predicted based on the early
results of MRI [4]; i.e., intramedullary signal alterations
due to hematoma, or edema in the spinal cord, as well as
the Frankel et al. classification [5,6]. Early quantitative
prediction of the prognosis is not easy, however, because
initial paresis due to spinal cord shock can change with
time.

There are currently no quantitative predictors for neu-
rologic improvement at the acute stage. So we have exam-
ined the CSF concentration of NOx and compared it with
the clinical and MRI findings to assess the neurological
severity, prognosis, and planning of surgical timing and
clarifying prediction of recovery.

Materials and Methods
1. Case

Forty patients (mean age, 38 years) with SCI at different
levels were taken after obtaining written informed con-
sent. The cases were followed up for a minimum of 12
months. All the cases had complaint of motor weakness,
numbness and sensory loss with or without bladder and
bowel involvement initially after injury. The mode of in-
jury included 34 fall from height, 12 road traffic accident
and 4 railway accident patients treated at Sir Sunderlal
Hospital, Banaras Hindu University. Patients with his-
tory of associated head injury were not included in the
study.

2. Control

The control group consisted of 20 admitted patients with
lower limb injury having different types of closed fracture
(10 male and female patients, each ranging from 18 to 50
years of age; mean age, 35 years).

3. Collection of CSF

CSF (1 mL) was collected using a 25 G needle under
aseptic conditions in all the cases within 30 days of injury.
Twenty cases of Frankle (A and B) and 20 cases of Fran-
kel (C and D) were included. In 15 cases, CSF was taken
three times at 0-7 days, 10-14 days and 20-28 days to

measure change in concentration of NOx with time. CSF
was collected in the control group was taken within 30
days of injury at the time of spinal anesthesia before sur-
gery. The specimens were stored at -20°C for measurement
of NOx.

4. Measurement of NOX

NOx was measured with the Griess method. The mini-
mum detectable NO concentration was 0.05 um/L. The
CSF sample was first deproteinized and centrifuged then
the assay was performed using a NO analyser that was
calibrated using a standard solution prior to separation of
NO2 and NO3. NO3 was reduced to NO2 to which Griess
reagent was added. It formed a purple azodye. The absorp-
tion was measured at 540 nm using a spectrometer. The
concentration was measured at the peak area of absorp-
tion. The accuracy of this method is well documented.

5. Measurement of cord edema

MRI was done in all the cases. The T2 sagittal section
weighted sequences were studied for measurement of
cord edema length within the spinal cord [7]. The extent
of edema in both the ends of the cord was marked and the
results were measured in MRI consoles. This showed the
number of segments the cord edema had spread. This ap-
proach has the highest correlation with patient prognosis
as compared to axial sequences [7].

6. Evaluation of neurological severity and recovery

Assessment of severity was done using Frankel Classi-
fication A, B, C, D, and E (based on sensory and motor
involvement) at the time of reporting and after final follow-
up. Frankel A and B were included in one group and C
and D were included in the other group. Assessment of
recovery was done in all 40 cases by Frankel classification
at the time of final follow-up. The recovery was calculated
and compared.

7. Data analyses

All the data are in mean+standard deviation. Correlation
was explored by Spearmans ranked correlation coeffi-
cient. A p<0.05 was taken as statistically significant. The
difference between the two groups was tested using the
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Mann-Whitney U test. The NOx concentration differences
among the various time periods (first week, second week,
and fourth week) consecutively in 15 cases were tested us-
ing the Wilcoxon rank sum test.

Table 1. Difference in NOx level in 15 cases where CSF examination
done in serial interval thrice

Nitric oxide level (pm)

Serial

Hos 1st week 2nd week 4th week
1. 9.2 92 9

2. 9.6 69 8.6

3. 8.7 61 10.4

4. 6 88 8.5

5. 94 101 7.8

6. 8.5 92 9.2

7. 75 61 7.6

8. 6.59 72 10

9. 8 73 8

10. 9.2 81 8.6
11. 8.7 725 9

12. 7.1 7185 8.2
13. 75 70 8

14. 8.7 85 8.4
15. 74 79 7.6
Mean+SD 8.31+0.91 78.13+11.65 8.59+0.82

NOx, nitric oxide metabolite; CSF, cerebrospinal fluid; SD, standard
deviation.

Table 2. NOx concentration in Frankel grade A+B and C+D

Frankel grade

NOx level (pm, mean+SD)
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Results

The mean NOx concentration in week 1, 2, and 4, and in
the control group was 8.31+0.91, 78.13£11.65, 8.59+0.82
and 4.52+0.79 pm, respectively. Differences in NOx at
week 1, 2 and 4 in the 15 consecutive cases (Table 1, Fig. 1)
were tested using the Wilcoxon rank sum test with r=0.868
and p> 0.001. The patients with a higher concentration of
NOx in CSF of group Frankel (A+B; n=20) had a mean of
84+14.09 um; the average number of segments involved
was three. Frankel (C+D; n=20) patients displayed a mean
NOx (Tables 2, 3) concentration of 9.68+2.00 um with an
average of 1.2 involved segments (Tables 4, 5).
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Fig. 1. Chart depicting time-course of changes in NOx concentration
at week 1, 2, and 4 after SCI in 15 consecutive cases. NOx, nitric oxide
metabolite; SCI, spinal cord injury.

Mann-Whitney U test (p-value)

A+B 84.00+14.09
C+D 9.68+2.00

<0.001
<0.001

NOx, nitric oxide metabolite; SD, standard deviation.

Table 3. Recovery percentage in Frankel grade A+B and C+D

o Total Mean NOx level
Initial exam .
cases in week 2 (pm)
Frankel (A+B) 20 84.00+14.09
Frankel (C+D) 20 9.68+2.00

(A +B) (C+D)

Final follow-up
Recovery
Not (%)
reviewed

10 3 50

NOx, nitric oxide metabolite.
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Table 4. FrankeL (A+B) group showing NOx level in CSF and MRI findings

Nitric oxide level Involved segments

S 10 in CSF (um) (cord edema)
1. 110 3
2. 88 3
3. 104 3
4 85 2
5. 105 3
6. 92 3
7. 73 3
8. 72.5 3
9. 755 3
10. 69 2
11. 61 3
12. 79 3
13. 101 3
14. 81 2
15. 96 3
16. 72 3
17. 70 3
18. 69 3
19. 85 3
20. 92 4
Mean+SD 84.00+14.09 3

Table 5. Frankel (C+D) group showing NOx level in CSF and MRI findings

Nitric oxide level Involved segments

ST in CSF (um) (cord edema)
1. 8.5 1
2. 12.2 1
3. 10.5 1
4. 8 1
5. 9.2 1
6. 10.6 2
7. 10 1
8. 1 2
9. 13 2
10. 1 2
11. 75 1
12. 7.8 1
13. 8 1
14. 7.7 1
15. 8 1
16. 14 1
17. 8.2 1
18. 7.5 1
19. 12 1
20. 9 1
Mean+SD 9.68+2.00 12

NOx, nitric oxide metabolite; CSF, cerebrospinal fluid; MRI, magnetic
resonance imaging; SD, standard deviation.

Discussion
1. Time-course of changes in NOx concentration after SCI

Consistent with findings from cauda equina injury, sev-
eral reports indicated that inducible nitric oxide synthase
(iNOS) expression and NO concentration significantly
increase around the injured spinal cord [8]. Hamada et
al. [9] demonstrated that iNOS mRNA at the SCI lesion
peaks 24 hours after SCI. Xu et al. [10] reported a pro-
gressive increase in iNOS expression in the injured spinal
cord with maximal expression on day 7, with high levels
of iNOS expression persisting for 2 weeks after SCI [5,6].
With regard to production of NOx, Nakahara et al. [8]
used the same system that we used in the present study,
and reported that NOx increases with biphasic changes,
i.e in between 1-12 hours and between 24 hours-3 days.
Fujieda et al. [11] demonstrated that N-acetyl aspartate

NOx, nitric oxide metabolite; CSF, cerebrospinal fluid; MRI, magnetic
resonance imaging; SD, standard deviation.

(NAA) level in the spinal cord might provide a meaning-
ful biomarker in rats. These animal studies support the
finding that CSF NOx increases from 1 to 14 days after
SCL Several animal experiments have established the role
of NO in SCI. In rats, iNOS level correlates significantly
with SCI, peaking at 24 hours after the injury and declin-
ing to normal after 72 hours. Xu et al. [10] reported that
NO concentration reaches a maximum on day 7 after SCI,
persists until 2 weeks, then declines. NO 0 level features a
biphasic peak in the first 12 hours and between days 1-3.
In our study, the NOx concentration increased mini-
mally to a mean (8.31+0.91 pum) in week 1 (acute phase),
increases significantly to a mean of 78.13+11.65 um in
week 2 (sub-acute phase) during tissue phagocytosis and
returned to near normal (mean 8.59+0.82 um in week 4.
Differences in NOx at week 1, 2, and 4 in 15 consecutive
cases were tested using the Wilcoxon rank sum test. NOx
was cytotoxic in the tissue and iNOx displayed specific
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cytotoxic effects in the spinal cord after injury. The oxi-
dized form is reportedly more toxic to proteins, lipids
and DNA, and induces neuronal apoptosis, which causes
neuronal degeneration and dysfunction in the spinal cord.
This suggests that in the sub-acute phase the increase in
NOx concentration level in CSF correlates with disease
activity according to the severity calculated by the Fran-
kel classification and American Spine Injury Association
Score motor score. Presently, the concentration of NOx
was high in cases with more severe injury. The concentra-
tion of NOx was time-dependent, with a peak value in
week 2 of SCL

The collective findings indicate that the NOx acts as a
specific indicator and marker of severity of neurological
impairment in SCI.

2. NOx concentration indicates the severity of neurologic
impairment

The NOx in intraventricular CSEF, also increases in patients
with severe closed head injury, peaking at 30 to 42 hours
after trauma, and is greater in patients that die compared
to surviving patients. This finding is roughly consistent
with our data in SCI; in our study NOx in Frankel (A+B)
groups were greater than that in Frankel (C+D) groups,
except that the peak NOx occurred during the early sub-
acute stage (week 2). In multiple sclerosis, moreover,
CSF nitrite levels correlate with clinical disease activity,
suggesting that nitrite levels might be a useful surrogate
marker for disease activity in multiple sclerosis. In the
present study, there was a significant correlation between
the NOx at the early sub acute stage and Frankel severity
scoring. These findings suggest that NOx at the early sub-
acute stage is an indicator of the severity of neurologic
impairment in SCI.

3. Correlation between CSF NOx concentration and
MRI cord edema

The CSF NOx concentration taken at week 2 in 20 cases
116 of Frankel group (A+B) and 20 cases of Frankel (C+D)
was compared with the MRI cord edema (involved seg-
ments). It shows that the patients with more concentration
of NOx in CSF of group Frankle (A+B) had a mean of
84+14.09 um with an average of 3 involved (Table 4), and
the group Frankel (C+D) had a mean NOx concentration
of 9.68+2.00 um with an average of one involved segment
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(Table 5). The difference in means between the two groups
was tested using the Mann-Whitney U test. Both the
groups were compared and correlations were determined
by Spearman ranked correlation coefficient. The p-value
of <0.05 was considered statistically significant. This study
and comparison shows a significant positive correlation
with a correlation coefficient of p<0.001 between the
MRI cord edema and CSF NOx in sub acute phase with
r=0.868. MRI cord edema and cord hemorrhage has al-
ready proven to be a good prognostic diagnostic tool in
SCI. So, CSF NOx can be a quantitative prognostic bio-
marker in SCL

4. Significant correlation between CSF NOx concentration
and neurologic recovery in SCI

NO reacts with O2 to form the powerful oxidant per-
oxynitrite (ONOO-) [12], which directly oxidizes lipids,
DNA and proteins. Excessive NO produced by iNOS has
cytotoxic effects and induces neuronal apoptosis in vitro,
in vivo and in the white matter around the SCI site in hu-
mans, causing neural degeneration and neuro-dysfunction
in the spinal cord. These data suggest that the high NOx
concentration may result in poor treatment results in some
neurologic diseases. Preoperative CSF NOx concentration
is higher than in pain-free controls and is significantly
correlated with the degree of pain relief following surgery
for lumbar degenerative disease and with the neurologic
recovery rate after decompression surgery for cervical de-
generative disease [13]. Frankel’s classification at the acute
stage is a predictor of cases with Frankel A, 31.3% of cases
with Frankel B and 70.7% of cases with Frankel C recov-
ered to at least Frankel D at the 1-year follow-up in 1461
SCI cases in an earlier study. In the present study, only 5%
of cases recovered from Frankel (A+B) to E where as 40%
cases recovered from Frankel (C+D) to E. CSF leukotriene
C4, which is a metabolite of arachidonic acid (eicosanoids),
levels increase at the acute stage and correlate with the
severity of neurologic impairment in patients with SCI. To
our knowledge, however, there are no quantitative predic-
tors for neurologic recovery in SCI at the acute stage. The
present study indicates that (NOx) at the early sub-acute
stage (approximately week 2) after trauma significantly
correlates with neurologic recovery in SCL

In this study, after 12 months of follow-up out of 20
patients classified under Frankle (A+B) only 4 patients
improved to Frankel (C+D) but 2 to Frankle (E), 13 cases
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still did not recovered from Frankel (A+B) with only 10%
recovery and in 20 cases of FrankeL (C+D) group, 10
cases improved to FrankeL (E) with 7 cases still remaining
as in Frankel (C+D) with 50% recovery. Also, in the pres-
ent study we have found that cases with cord edema more
than 3 segments involvement was in the Frankel (A+B)
group and have poor prognosis where as cases with cord
edema less than 3 segments was in the Frankel (C+D)
group, and had a good prognosis.

In the present study, the NOx concentration correlated
significantly with the neurological recovery in early sub-
acute phase in week 2. The NOx concentration was com-
pared and correlated with the MRI findings (segments
involved due to cord edema) to assess its specificity in SCI.
NOx concentration at week 2 following SCI can be taken as
a possible quantitative predictor for neurological recovery.

5. Limitations of the study

The most important limitation of this study is the imbal-
ance in the severity of impairment of neurological status.
The other drawback is the exact calculation of rostro-
cordal edema in the patients and accurate time to perform
MRI within the acute period cannot be determined, so it
is done as early as possible.

Conclusions

The severity of injury can be calculated by estimating the
NOx level in CSF in the sub-acute phase. A significant
positive correlation was evident between the MRI cord
edema and CSF NOXx in the sub-acute phase. CSF NOx is
implicated as a good quantitative prognostic biomarker
in SCI and can be a possible quantitative predictor for
neurological recovery. In India where the socioeconomic
status is low the NOx estimation in SCI patient will be a
good option for assessment of severity and prognosis and
for planning of surgery.
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