
Introduction

Spinal nerve root injury can be induced by chronic com-
pression and/or the presence of nucleus pulposus [1, 3, 4,
5, 20, 21, 22, 26, 31, 32, 33, 34, 35, 36, 37, 38, 39, 46,
52]. It has been demonstrated experimentally that epidu-
rally applied autologous nucleus pulposus, without any

compression, can induce significant changes in nerve root
morphology and function in animal models [4, 5, 21, 22,
31, 34, 35]. Nucleus pulposus has been demonstrated to
have inflammatogenic properties [33] and abundant macro-
phages and interleukin-1β immunoreactive cells have been
demonstrated in human disc hernias, suggesting an active
inflammation [11, 13]. Inflammatory mechanisms have
been suggested to be of pathogenetic significance in sciat-
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ica induced by a herniated disc, in both recent and older
literature [13, 14, 15, 18, 19, 24, 26, 39, 44, 45, 48]. High-
dose administration of methylprednisolone, a potent anti-
inflammatory drug, has been shown in other experiments
to reduce nucleus pulposus-induced nerve root injury dra-
matically [32]. Recently, the nonsteroidal anti-inflamma-
tory drug (NSAID) indomethacin was demonstrated to re-
duce the nucleus pulposus-induced effects on nerve root
conduction velocity and intraneural blood flow in a dog
model [1] and another NSAID, piroxicam, has been re-
ported to reduce the inflammatory mediator phospholi-
pase A2 in patients with herniated discs [41]. However,
serious complications such as sterile meningitis and con-
strictive arachnoiditis have also been reported regarding
both epidural and intrathecal injections of corticosteroids
[28], leading to a decreased use of such injections in
spinal pain syndromes.

The aim of the present study was to assess the efficacy
of two potent NSAIDs, diclofenac and ketoprofen, in pre-
venting nucleus pulposus-induced nerve root injury in an
established pig model.

Material and methods

Eighteen pigs (Swedish land breed/Swedish Yorkshire) weighing
25–30 kg received an intramuscular injection of 20 mg/kg body
weight of ketamine 50 mg/ml (Ketalar, Parke-Davis, Morris
Plains, N.J., USA) and an intravenous injection of 4 mg/kg body
weight of (methomidate chloride 50 mg/ml (Hypnodil, AB Leo,
Helsingborg, Sweden) and 0.1 mg/kg body weight of azaperon 
2 mg/ml (Stresnil, Janssen, Beerse, Belgium). Anesthesia was
maintained by additional intravenous injections of 2 mg/kg body
weight of Hypnodil and 0.05 mg/kg body weight of Stresnil. An
intramuscular injection of 10 mg/kg of benzylpenicillin (Novo-
cillin, Novo Nordiska A/S, Bagsvaerd, Denmark) was given just
prior to surgery and after surgery. The pigs also received an intra-
venous injection of 0.1 mg/kg of diazepam (Stesolid Novum,
Dumex, Helsingborg, Sweden) after surgery.

Nucleus pulposus was first harvested from the L2-3 disc, with
the animal placed on the side, through a retroperitoneal approach
[31]. The wound was then sutured and the pig placed prone.
Through a midline incision, a partial laminectomy of the first and
second sacral vertebra was performed to expose the first sacral nerve
roots bilaterally by aid of a microscope and under sterile condi-
tions. Approximately 100 mg of nucleus pulposus was placed epi-
durally around the first left sacral nerve root in all the pigs (Fig.1).
Starting 24 h after the nucleus pulposus application, six pigs were
treated with daily intramuscular injections of diclofenac (Voltaren,
Novartis, Basel, Switzerland), 3 mg/kg body weight, for 7 days.
Six other pigs were treated with daily intramuscular injections of
100 mg/ml ketoprofen (Romefen vet., Pherrovet, Malmö, Swe-
den), 4 mg/kg body weight, for 7 days. For control, six pigs re-
ceived daily intramuscular injections of physiologic saline.

The drug injections were administered by the staff of the ani-
mal house at our department and the observer had no access to in-
formation regarding whether the pigs were treated or not. The ex-
perimental protocol was approved by the Animal Ethics Research
Committee of Gothenburg University.

In all pigs, analysis was performed after 7 days. The pigs were
then reanesthetized by an intramuscular injection of 20 mg/kg
body weight of Ketalar and an intravenous injection of 35 mg/kg
of thiopental sodium (Pentothal, Abbott, Chicago, Ill., USA). The
pigs were ventilated on a respirator. Anesthesia was maintained 

by an intravenous bolus injection of 100 mg/kg body weight of
(α)-D(+)-glucochloralose (Chloralose, Merck, Darmstadt, Germany)
and by a continuous supply of 30 mg/kg per h of Chloralose. A
laminectomy from the sixth lumbar to the third sacral vertebra was
performed. The preparation was covered with a polyethylene
sheath to maintain temperature and moisture. Local tissue temper-
ature was continuously monitored and maintained at 37.5–38.0°C
by means of a heating lamp.

The thecal sac was then opened. The left first sacral nerve root
was stimulated by two E2 platinum needle electrodes (Grass,
Quincy, Mass., USA), which were connected to a Grass SD9 stim-
ulator. The electrodes were gently slid under the intrathecal part of
the nerve root, approximately 10 mm cranially to the application
site, and under the extrathecal part of the nerve root, approximately
10 mm caudally to the constrictor. Muscle action potentials
(MAPs) were registered by two platinum needle electrodes placed
approximately 10 mm apart in the paraspinal muscles of the tail.
This procedure is reproducible and represents a functional mea-
surement of the motor nerve fibers of the cauda equina nerve roots
[30, 40, 43]. The EMG was visualized using a Macintosh IIci com-
puter provided with Superscope software and a MacADIOS II A/D
converter (GW Instruments, Sommerville, Mass., USA) together
with a Grass P18 preamplifier. The separation distance between
the first peaks of the MAPs from the two recordings was deter-
mined and that between the two stimulation sites on the cauda
equina was measured with calipers. The nerve conduction velocity
between the two stimulation sites could thus be calculated from
these two measurements. To ensure that only impulses from ex-
posed nerve fibers were registered, the nerve root was slightly ele-
vated during stimulation. Statistical analyses were comprised of
calculations of the mean nerve conduction velocity for all experi-
ments in each treatment group. Student’s t-test for unpaired sam-
ples was used to compare the different series.

Results

There were no infections or neurologic deficits in any of
the animals, except for slightly impaired tail movement.

The results of the neurophysiologic assessment are
presented in Fig.2. The nerve conduction velocity was
significantly higher (P<0.05, Student’s t-test) in pigs
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Fig.1 Nucleus pulposus applied to the first left sacral nerve root
just cranially to the dorsal root ganglion



treated with diclofenac than in saline-treated controls.
However, there were no significant differences in nerve
conduction velocity in pigs treated with ketoprofen from
controls (P=0.70)

Discussion

The results of the present study demonstrate that the
NSAID diclofenac may reduce the nucleus pulposus-in-
duced nerve conduction velocity reduction.

In 1993 it was demonstrated that epidural application
of autologous nucleus pulposus, without any compres-
sion, induced significant changes in nerve root morphol-
ogy and function [31]. In a follow-up study, ultrastructural
changes such as swelling of Schwann cells were demon-
strated using electron microscopy [34]. The capacity of
nucleus pulposus to induce both structural and functional
changes in spinal nerve roots has been verified in several
recent studies evaluating the biologic effects of nucleus
pulposus [1, 3, 4, 20, 21, 22, 35, 38, 39, 44, 47, 52]. Nu-
cleus pulposus’ role in pain induction has recently been
evaluated [22, 36, 37]. In a model for walking analysis of
rats, it was demonstrated that application of nucleus pul-
posus epidurally, in combination with mechanical defor-
mation, may induce pain [37]. However, the authors could
find no apparent changes in the walking analysis, indicat-
ing that local application of nucleus pulposus per se, with-
out any mechanical deformation or compression, could
induce pain-related behavior. In another model for induc-
ing disc herniation in rats, the authors found that puncture
of a lumbar disc with subsequent herniation of nucleus
pulposus without nerve root compression or chronic dis-
placement of a lumbar nerve root did not induce signifi-
cant changes in thresholds for mechanical or thermal
stimulation compared to sham-operated animals [36]. On
the other hand, the combination of disc puncture and dis-
placement was demonstrated to cause a reduction of the
threshold for thermal stimulation, indicating hyperalgesia.

Corticosteroids, known to be potent anti-inflammatory
drugs, have been used clinically for many years in some
parts of the world for relief of sciatica in patients with
painful disc herniations [42, 50]. The corticosteroids have
been injected both epidurally and intrathecally [42]. How-
ever, serious complications of this treatment, including
constrictive arachnoiditis and sterile meningitis [28], have
also been reported, and the use of epi- or intradural injec-
tions of corticosteroids has now decreased. Methylpred-
nisolone, a corticosteroid, was demonstrated in a pig model
to reduce nucleus pulposus-induced effects on nerve root
function dramatically if administered intravenously in
high doses within 48 h [32]. The pharmacological mecha-
nisms in high-dose steroid treatment are complex and not
yet fully understood [16], but they include inhibition of
phospholipase A2 activation [27], prostaglandin synthesis
[7], and physical stabilization of membranes [2].

Nonsteroidal anti-inflammatory drugs exert their major
therapeutic effects by inhibition of prostanoid synthesis
[51]. Diclofenac, one of the NSAIDs used in this study,
has a potent inhibitory effect on cyclo-oxygenase and re-
duces the production of leukotrienes by cells participating
in the inflammatory process due to decreased availability
of intracellular arachidonic acid [23]. Ketoprofen, the
other NSAID used here, is also a well-known cyclo-oxy-
genase inhibitor [29]. However, the two isoforms of cy-
clo-oxygenase, COX-1 and COX-2, are inhibited to vary-
ing degrees by different anti-inflammatory drugs [6, 12].
Recently, the inhibitory potency and selectivity of differ-
ent NSAIDs were assessed in blood from humans [6]. Ke-
toprofen was found to be COX-1-selective, but diclofenac
was COX-2-selective. In another study, ketoprofen was
found to be the least COX-2-selective NSAID of all com-
pounds tested [12]. This difference in cyclo-oxygenase se-
lectivity might be one of the reasons why the effects of
ketoprofen and diclofenac differed regarding nucleus pul-
posus-induced nerve root injury in the present study.

The varying inhibitory effects on phospholipase A2 of
different NSAIDs have been assessed in serum from pa-
tients with acute pancreatitis [25]. Indomethacin was the
only NSAID that inhibited the enzyme activity at a serum
concentration level achieved after intravenous injections
in clinical use. However, when higher concentrations
were evaluated, diclofenac and ketoprofen were found to
have similar effects on the inhibition of phospholipase A2
activity, reducing by 93% and 90% respectively. Beta-
methasone and hydrocortisone, both corticosteroids, were
interestingly reported to have a weaker inhibitory effect
on phospholipase A2 activity than all tested NSAIDs. In-
domethacin has also been demonstrated to inhibit highly
purified mammalian phospholipase A2 in rabbit alveolar
macrophages and peritoneal polymorphonuclear leuko-
cytes [9].

The more potent inhibitory effect of indomethacin than
ketoprofen on phospholipase A2 activity might, together
with differences in cyclo-oxygenase selectivity [6, 25],
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Fig.2 Nerve conduction velocity in the different subseries 7 days
after application of nucleus pulposus



explain why indomethacin has been reported to block the
nucleus pulposus-induced changes in nerve conduction
velocity [1], although ketoprofen failed to do so in the
present study. However, in 1998 it was also reported that
two different phospholipase A2 enzymes are present in
herniated disc tissue from humans [14] and the difference
in inhibitory effects of varying NSAIDs on these two en-
zyme types is, to our knowledge, still not known.

Recently, a new generation of NSAIDs with COX-2
selectivity but no effects on COX-1 have been introduced
[8, 10, 17, 49]. Unfortunately, these two drugs, celecoxib
[8, 10] and rofecoxib [49] are today available only for oral
administration and not for intramuscular or intravenous
injection.

In summary, the results of this study indicate that di-
clofenac and similar NSAIDs may modulate the patho-
physiologic mechanisms involved in spinal nerve root in-
jury induced by nucleus pulposus and demonstrate that
other anti-inflammatory drugs than corticosteroids may
have a role in the treatment of spinal nerve root injury in-
duced by nucleus pulposus. Nevertheless, we want to

stress that the pharmacological and pathophysiological
mechanisms involved in these treatment effects are in-
completely known and need to be further investigated.

Conclusions

From this experimental study on the effects of two differ-
ent NSAIDs on spinal nerve root injury induced by nu-
cleus pulposus, we may conclude that diclofenac seems to
reduce the nucleus pulposus-induced nerve root dysfunc-
tion demonstrated as a preserved nerve conduction veloc-
ity in the nerve root after nucleus pulposus application.
Ketoprofen, however, did not seem to have a similar ef-
fect.
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