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Abstract

In the pathophysiology of lumbosacral radiculopathy, inflammation of the nerve root is of
critical importance. Additionally, free radicals have been shown to be associated with some in-
flammatory process. This study was designed to investigate whether free radicals participate in the
pathophysiology of nerve root involvement. We measured superoxide dismutase (SOD) activity
in cerebrospinal fluid (CSF) of 31 patients with unilateral lumbosacral radiculopathy caused by a
herniated disc using electron spin resonance (ESR) spectrometry. Then SOD activity was com-
pared with the type of nerve root compression as seen on preoperative myelography. SOD activity
in the normal control group was 7U/ml, while that in the hernia group remarkably decreased. The
concentration gradient of SOD activity was different between central herniation and centrolateral
herniation. Our findings indicate that free radicals are generated after nerve root compression.
Under severe deficiency of SOD activity in CSF, serum SOD penetrates into CSF after further
compression. In addition, SOD in CSF may play an important role in protecting against nerve root
involvement.
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In the pathophysiology of lumbosacral
radiculopathy, inflammation of the nerve root is
of critical importance. Additionally, free radicals
have been shown to be associated with some
inflammatory process. This study was designed
to investigate whether free radicals participate
in the pathophysiology of nerve root involvement.
We measured superoxide dismutase (SOD) activi-
ty in cerebrospinal fluid (CSF) of 31 patients with
unilateral lumbosacral radiculopathy caused by a
herniated disc using electron spin resonance
(ESR) spectrometry. Then SOD activity was
compared with the type of nerve root compres-
sion as seen on preoperative myelography. SOD
activity in the normal control group was 7U/ml,
while that in the hernia group remarkably de-
creased. The concentration gradient of SOD
activity was different between central herniation
and centrolateral herniation. Our findings indi-
cate that free radicals are generated after nerve
root compression. Under severe deficiency of
SOD activity in CSF, serum SOD penetrates into
CSF after further compression. In addition, SOD
in CSF may play an important role in protecting
against nerve root involvement.

Key words: superoxide dismutase (SOD), cerebrospinal
fluid (CSF), nerve root compression, inflammation, free
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I n the pathophysiology of lumbosacral radiculopathy,

inflammation of the nerve root is of critical impor-
tance (1). Lumbosacral radiculopathy is probably initiated
by mechanical nerve root compression and becomes more
severe by disturbance of microcirculation (2) and/or
blockage of cerebrospinal fluid (CSE') flow (3-9) inside the
nerve root. However, no systematic review has been
done on the morphological and physiological aspects of
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nerve root compression. We think that lumbosacral
radiculopathy, which has so far been presumed to be
induced by the above process, is produced at the final
stage of some inflammatory process.

Free radicals play important roles in the pathogenesis
of various diseases and have been shown to be associated
with some inflammatory process. Superoxide (O,7), an
oxygen-derived free radical, is generated during ischemia-
reperfusion injury of microcirculation (10, 11) and follow-
ing activation of granulocytes (12). Superoxide dismutase
(SOD)(13), which catalyzes the dismutation of O,
participates in the scavenging systems due to free radicals
and thereby protects the aggravation against tissue
injuries associated with inflammation. SOD activity can
be measured by electron spin resonance (ESR)
spectrometry (14, 15), and the fluctuation in SOD activity
indicates the generation of O,~. We expect that O, and
SOD may fluctuate at a certain stage of the inflammatory
process from nerve root compression to lumbosacral
radiculopathy.

This study was designed to investigate whether free
radicals participate in the pathophysiology of nerve root
involvement. We measured SOD activity in CSF of 31
patients with unilateral lumbosacral radiculopathy caused
by a herniated disc using ESR spectrometry, and then
SOD activity was compared with the type of nerve root
compression as seen on preoperative myelography. We
hypothesize that the inflammatory process from nerve
root compression progresses to the formation of
intraneurial edema.

Materials and Methods

Subjects. The subjects of this study were 31
patients with unilateral lumbosacral radiculopathy caused
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by a herniated disc (hernia group). Soon after hospitaliza-
tion for acute radicular pain, they underwent lumbar
myelography. Four of these patients were treated
conservatively with bed rest, but the other 27 patients
were operated on and a herniated disc was confirmed. In
the normal control group, 18 patients with trauma in the
lower extremities but without neurological symptoms such
as radicular pain were included.

The hernia group consisted of 10 women and 21 men,
ranging in age from 19 to 59 vears (mean age, 39 years).
The control group consisted of 6 women and 12 men,
ranging in age from 11 to 55 years (mean age, 32 years).

Evaluation by myelography. All the
patients were evaluated by preoperative lumbar myelogra-
phy to determine the involvement of the dural sac and/or
the nerve root. Using myelographic findings on the
posteroanterior projection, we classified the patients in the
hernia group into two types (Fig. 1): those with central
herniation who had unilateral radiculopathy and a positive
myelogram on the non-symptomatic as well as the symp-
tomatic side, and those with centrolateral herniation who
had a positive myelogram on the symptomatic side alone.
This classification by myelographic findings accorded with
the findings at surgery regarding the site of the herniated
disc and the magnitude of compression. The patients with
centrolateral herniation showed more compression against
the nerve root than against the dural sac, and had severer
radicular pain than those with central herniation.

Collection of CSF. CSF was taken by lumbar

puncture at the time of lumbar myelography in the hernia
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group and lumbar anesthesia in the control group. Imme-
diately after lumbar puncture, 0.5ml of CSF as “Initial
CSF” and then 5ml of CSF as "Final CSEF” were
collected from the level of the herniated disc or above.
When nerve root compression affects CSF locally and its
effect diffuses farther, initiall CSE should fluctuate firstly
and fmal CSE does secondly. Initial CSF appeared to
indicate current CSF, while final CSF appeared to indi-
cate past CSF with respect to persistent local fluctuation.
CST samples were centrifuged at 1000 g for 10 min, and
the supernatant solutions were frozen and kept at —80°C
until analysis.

Measurement of SOD activity.  SOD activ-
ity in CSF was measured by ESR spectrometry using the
spin-trap method (14, 15); O, generated by hypoxanth-
ine (2mM, 50 1) and xanthine oxidase (0.326 U/ml, 50
1) in vitro was simultaneously trapped with the use of 5,
5-dimethyl-1-pyrroline-1-oxide (DMPO: 9.8mM, 15 ul),
and DMPO-0,~ spin adduct was analyzed using a JES-
FE1XG ESR spectrometer (JEOL, Tokyo, Japan).
SOD activity was calculated under the standard curve
using decreased spin adduct with known SOD unit and
the unit was defined according to McCord and Fridovich
(13). The values obtained by ESR method closely cor-
related with those obtained by the cytochrome ¢ reductase
method (15). The conditions of ESR spectrometry were

as follows: magnetic field, 3352 5mT; power, 8.0

mW; modulation, 0.8mT; amplitude, 400; response,
0.1sec; sweep time, 2min; and at room temperature.
Statistical analysis.

Statistical analysis was

Fig. |
were right-sided. A: Central herniation, B: Centrolateral herniation.
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Preoperative myelograms on the posteroanterior projection of two types of herniated discs at L4/L5 level. In both cases, symptoms
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performed using Student’s ¢-test. The paired #-test was
used to compare SOD activity between initial CSF and
final CSF, while the unpaired ¢-test was used to compare
two groups or two types of herniated discs. We consid-
ered differences significant when P < 0.05.

Results

In the normal control group, neither age nor sex had
any effect on SOD activity in CSF and mean SOD
activity was 6.927 U/ml in initial CSF and 7.335U/ml in
final CSF. There were no differences (P = 0.19) in SOD
activity between mitial CSF and fmal CSF. In all the
patients with a herniated disc, central herniation or
centrolateral herniation, SOD activities in both initial
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CSF and fmal CSF' were significantly less than in the
control group (Figs. 2 and 3). SOD activity of final CSF
in the patients with centrolateral herniation was far less
(P <0.05) than that in the patients with central hernia-
tion.

We defined the concentration gradient as the difference
in SOD activity between initial CSF and final CSF":

Concentration gradient of _ S0D activity 50D activity
SOD activity in CSF in mitial CSF  in final CSF

The concentration gradient of SOD activity was negative
(P <0.05) in the patients with central herniation and
positive (P < 0.05) in the patients with centrolateral
herniation, while no gradient (P = 0.19) was observed in
the control group (Table 1).

U/mi U/mli (LB ___________ U/mi U/ml
33 O |7 | ]
(& 6.927 7.335 £ :Z;}::;’,Z;;”;
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S 57 -5 o |
I3 Q ]
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Fig. 2  Superoxide dismutase (SOD) activity in cerebrospinal fluid Fig. 3  SOD activities for all the patients with herniated discs

(CSF). In the hernia group (®—®), SOD activites in both initial CSF
and final CSF were significantly less (P < 0.00001) than in the normal
control group (©—0).

(dotted lines). The mean for each hernia type is shown with a thick
soid line. The mean for the control group is shown with a thin solid
line. SOD: See legend to Fig. 2

Table | Superoxide dismutase (SOD) activity in cerebrospinal fluid (CSF)
G No. of SOD activity (U/ml)* Concentration gradient
roup cases Initial Final (U/mi)?

Hernia
Central 14 3.150 = 2.541 3.828 + 3.054* —0.678 + 1.077**
Centrolateral 17 2.703 + 2.040 1.902 + 1.185* 0.798 — 1.440**
Total 31 2.904 — 2.298 2.772 £2.397 0.132 = 1.473

Normal '8 6.927 = 2.796 7.335 + 2.508 —0.408 = .28t

=, Mean+=SD; *, P<0.05; ** P<0.005.
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Discussion

The question designed in this study is whether free
radicals participate in the pathophysiology of nerve root
involvement. If the generation of free radicals exceeds the
capacity of the scavenging systems, excess free radicals
may contribute markedly to the aggravation of tissue
injuries associated with inflammation.

Lumbar CSF springs from the fourth ventricle and
circulates in the subarachnoid space with the flow shifting
to the cephalic or the caudal direction depending on the
respiratory and cardiac cycles (16, 17), but its flow in the
lumbar spine is absent or minimal (17). Because CSF' has
only minimal flow in the lumbar spine, the fluctuation of
SOD activity under pathological conditions persists for
some time. This persistent local fluctuation brings about
the concentration gradient of SOD activity in CSF, The
nerve root and its fibers are surrounded by CSF, which
may offer them mechanical protection (2) as well as
nutritional support (4-6, 8). Morphological observations
by electron microscopy have demonstrated that CSF is
linked with the endoneurial fluid inside the nerve root (18
-20). Therefore, the study of CSF makes it possible to
investigate the pathophysiology of nerve root involve-
ment.

The first finding is that free radicals are generated after
nerve root compression. In fact, SOD activity in the
control group was approximately 7U/ml, while that in
the hernia group remarkably decreased (Figs. 2 and 3).
Experimental studies have shown that blood flow inside
the nerve root is disturbed during nerve root compression
and is restored after its release (21, 22). Disturbance of
microcirculation results in increased anaerobic metabolism
of the nerve root (23). McCord and Granger proposed
that ischemia-reperfusion injury of microcirculation under
hypoxic conditions leads to the generation of O, via the
xanthine oxidase (XO) pathway, and we concur with this
view (10, 11). The O,  generated by this process is
immediately quenched by the scavenging systems in the
endoneurial fluid. Consequently, SOD activity decreases
in initial CSF firstly and obviously has a negative concen-
tration gradient. In fact, the gradient was negative in the
patients with central herniation (Fig. 3 and Table 1).
Under severe deficiency of SOD activity, iIf excess free
radicals are generated after further compression, the
scavenging systems are broken down.

The second finding is that serum SOD penetrates into

http://escholarship.lib.okayama-u.ac.jp/amo/vol 50/iss4/3
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CSF after further nerve root compression under severe
deficiency of SOD activity in CSF described above. In
fact, the concentration gradient of SOD activity was
different between central herniation and centrolateral
herniation. Theoretically, the concentration gradient of
SOD activity would be expected to be negative. On the
contrary, the concentration gradient was positive under
severe deficiency of SOD activity in the patients with
centrolateral herniation (Fig. 3 and Table 1). It has been
previously reported that serum proteins penetrate into
CSF in the patients with lumbosacral radiculopathy and
sciatica (24), especially with centrolateral herniation (25).
Recent magnetic resonance imaging (MRI) studies have
demonstrated gadolinium-DTPA enhancement of the
nerve root compressed by a herniated disc (26). Experi-
mentally (19, 22, 27, 28) and clinically (29), further
compression leads to increased microvascular permeability
of vessels intrinsic to the nerve root and the breakdown
of the blood-nerve barrier, resulting in the formation of
intraneurial edema. Normal SOD activity in serum is
approximately 5U/ml (14). We suggest that serum SOD
penetrates into CSF after further compression. SOD
activity increases with serum SOD, in initial CSF firstly.
Thus, the finding of a positive concentration gradient of
SOD activity implies that further compression may lead to
the breakdown of the blood-nerve barrier.

We propose that the blood-nerve barrier breaks down
by the following inflammatory process: After nerve root
compression and its release, O, 1is generated around
endothelial cells via the XO pathway, which is activated
by ischemia-reperfusion injury of microcirculation (10, 11).
This reaction initiates the production of chemical media-
tors and adhesion molecules, enabling the interaction of
granulocytes with endothelial cells (12). These activated
granulocytes generate excess O,  via the NADPH
oxidase pathway. The excess O, leads to the breakdown
of the blood-nerve barrier (30). Under severe deficiency
of SOD activity in CSF, oxygen-derived free radicals
readily aggravate tissue injuries.

In summary, our findings indicate that free radicals
participate in the pathophysiology of nerve root involve-
ment. In addition, SOD in CSF may play an important
role in protecting against its progression. We have for-
mulated the following hypothesis concerning the patho-
physiology of nerve root involvement: Free radicals are
generated during ischemia-reperfusion injury of microcir-
culation after nerve root compression. The blood-nerve
barrier is then broken by the damage due to excess free
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radicals after further compression, resulting in the forma-
tion of intraneurial edema. Although the present findings
help clarify the inflammatory process of the acute and
early stage in the pathophysiology of nerve root involve-
ment, it is still unknown which stage may be connected
with each neurological symptom such as radicular pain,
sensory deficit and muscle weakness. We believe that
these symptoms may be attenuated if the progression of
nerve root involvement could be stopped during the above
process.

SOD activity in CSF and its concentration gradient
may help quantify nerve root involvement not previously
detectable by imaging modalities. In addition, SOD may
prove useful for the treatment of lumbosacral
radiculopathy. Without the breakdown of the scavenging
systems due to free radicals, some patients with a herniat-
ed disc may have less severe neurological symptoms.
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