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Study Design: Experimental animal study.

Purpose: We aimed to determine the optimal dose of a single direct injection of the tumor necrosis factor (TNF)-a inhibitor, etaner-
cept, by using the rat model of degenerative intervertebral disc from injury.

Overview of Literature: The pain-related peptide expression was suppressed in the etanercept (100 pg and 1,000 pg)-administered
groups in a dose-dependent manner.

Methods: The neurotracer FluoroGold (FG) was applied to the surfaces of L4/5 discs to label their innervating dorsal root ganglion
(DRG) neurons (n=50). Ten rats were included in the nonpunctured disc sham surgery control group, whereas the other 40 were
included in the experimental group in which intervertebral discs were punctured with a 23-gauge needle. Saline or etanercept (10
fg, 100 pg, or 1,000 pg) was injected into the punctured discs (n=10 for each treatment). After 14 days of surgery, DRGs from L1 to
L6 were harvested, sectioned, and immunostained for calcitonin gene-related peptide (CGRP). The proportion of FG-labeled CGRP-
immunoreactive DRG neurons was evaluated in all the groups.

Results: There were no significant differences between the puncture+saline group and the puncture+10-pg etanercept group (p>0.05).
However, a significant decrease in the percentage of FG and CGRP double-positive cells in FG-positive cells was observed in the etan-
ercept (100 pg and 1,000 pg)-administered groups in a dose-dependent manner (p<0.05).

Conclusions: When a low dose of the TNF-a inhibitor (10 ug of etanercept) was directly administered to the rat intervertebral disc
in the rat model of degenerative intervertebral disc from injury, no suppressive effect on the pain-related peptide expression was ob-
served. However, when a higher dose of etanercept (100 pg and 1,000 pg) was administered, the pain-related peptide expression was
suppressed in a dose-dependent manner.
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Introduction

The ingrowth of the pain-mediating nerve surrounding
the lumbar vertebral body end plate or annulus fibrosus
of the intervertebral disc into the vertebral body end plate
and intervertebral disc (nerve ingrowth) is one of the
causes of human intervertebral disc back pain [1]. Several
cytokines including the neurotrophic factor (nerve
growth factor and tumor necrosis factor [TNF-a]) influ-
ence the nerve ingrowth. Above all, TNF-a is one of the
factors affecting human intervertebral disc back pain,
because TNF-a induces inflammation in the degenerative
intervertebral disc and promotes the ingrowth of the pain
sensory nerve into the intervertebral disc [2]. Multiple
subcutaneous injections of etanercept, a TNF-a inhibitor,
are shown to be efficacious for intervertebral back pain,
as reported in Europe and the United States. However, the
efficacy of etanercept is currently controversial [3,4]. It is
thought that the subcutaneous injection of etanercept is
inefficacious because its local drug concentration in the
intervertebral disc is low [5].

Considering this, we examined the efficacy of a single
dose of TNF-a inhibitor (100 pg of etanercept) that was
directly injected into the rat degenerative intervertebral
disc. We previously observed a significant increase in the
pain-related peptide level in the nerves of rat degenera-
tive intervertebral discs compared with normal discs.
In addition, etanercept administration could suppress
the increase in the peptide level. We thus reported that a
single dose of TNF-a inhibitor with direct injection into
the rat degenerative intervertebral disc was efficacious
[6]. In our facility, based on the results from these experi-
ments, the TNF-a inhibitor was directly administered as a
single dose to patients with intervertebral disc back pain
after approval from our clinical study department. We
reported that the injection of 10 mg of etanercept into the
intervertebral disc was efficacious for human interverte-
bral disc back pain [7]. However, the appropriate dose of
etanercept has not been determined in animal or clinical
studies. In the present study, we aimed to determine the
optimal dose of a single and direct injection of the TNF-a
inhibitor etanercept by using the rat model of degenera-
tive intervertebral disc from injury.

Materials and Methods

All protocols for the animal procedures were approved by

the Ethics Committees of our institutions following the
National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals (1996 revision).

1. Retrograde FluoroGold labeling for the detection of
DRG neurons

A total of 50 male Sprague-Dawley rats weighing 250 to
300 g were used in this study. All the rats were anesthe-
tized with sodium pentobarbital (40 mg/kg, intraperito-
neally) and treated aseptically during all experiments. A
midline ventral longitudinal incision was made over the
abdomen of each rat, and the L4/5 intervertebral disc was
exposed under a microscope. The neurotracer FluoroGold
(FG; Fluorochrome, Denver, CO, USA) was applied to the
surfaces of all L4/5 intervertebral discs in all the 50 rats to
label dorsal root ganglion (DRG) neurons innervating the
discs.

2. Intervertebral disc puncture and etanercept treatment

After 60 minutes of FG application, 10 of the 50 rats were
used as nonpunctured disc sham surgery controls (i.e.,
the nonpunctured control group: n=10), whereas the
other 40 were used for the punctured disc experimental
model (i.e., intervertebral discs were punctured with a
23-gauge needle). Each disc was punctured 10 times. Sub-
sequently, 10 pg, 100 pg, or 1,000 pg of etanercept (total
volume: 20 uL) (Takeda Pharmaceutical Co., Osaka, Ja-
pan) or 20 uL of saline was applied to the punctured discs
at the same time point (n=10 for each treatment group:
puncture+etanercept [10 ug, 100 pg, or 1,000 pg] groups
and the puncture+saline group). The hole was immediately
sealed with the cyanoacrylate adhesive to prevent leak-
age of etanercept or saline, and the skin was closed. This
procedure was performed following previously reported
methods [8,9].

3. Dorsal root ganglion resection and fixation

After 14 days of the surgery, the rats were anesthetized
with sodium pentobarbital (40 mg/kg, intraperitoneally)
and perfused transcardially with 0.9% saline, followed
by 500 mL of 4% paraformaldehyde in phosphate buffer
(0.1 M, pH 7.4). Next, the DRGs on both sides from the
L1 to L6 levels were resected from rats in all the groups;
the specimens were immersed in the same fixative solu-



Dose optimization of etanercept in rat disc injury models {4 I

tion overnight at 4°C. After storing in 0.01 M phosphate-
buffered saline (PBS) containing 20% sucrose for 20 hours
at 4°C, each ganglion was sectioned at 10-um thickness on
a cryostat and mounted on poly-1-lysine-coated slides.

4. Immunohistochemistry for CGRP

Endogenous tissue peroxidase activity was quenched by
soaking the sections in 0.3% hydrogen peroxide solution
prepared with 0.01 M PBS for 30 minutes. The specimens
were then treated for 90 minutes at room temperature in a
blocking solution consisting of 0.01 M PBS with 0.3% Tri-
ton X-100 and 3% skimmed milk. The sections were la-
beled using a primary rabbit antibody to calcitonin gene-
related peptide (CGRP; Chemicon, Temecula, CA, USA)
diluted 1:1000 in blocking solution, and incubated for 20
hours at 4°C. To detect CGRP-immunoreactive neurons
in the DRGs, the sections were incubated with goat anti-
rabbit Alexa Fluor 488 fluorescent antibody conjugate
(1:400; Molecular Probes, Eugene, OR, USA). The sec-
tions were examined using a fluorescence microscope,
and the number of FG-labeled neurons, total number of
CGRP-immunoreactive neurons, and FG-labeled and
CGRP-immunoreactive neurons were counted. A ran-
domized sample of 10 areas for each section of DRG was
counted.

5. Statistical analysis

We used an analysis of variance test to compare the pro-
portion of CGRP-immunoreactive neurons and FG-
positive neurons in the DRG on the third day after muscle
injury. A p-value of <0.05 was considered statistically
significant.

Results

The proportion of FG-labeled CGRP-immunoreactive
neurons per total FG-labeled neurons from the L1 to L6
level was 43.1%+6.9% in the nonpunctured sham con-
trol group, 57.1%+9.1% in the puncture+saline group,
45.3%+9.7% in the puncture+10-ug etanercept group,
38.3%%4.1% in the puncture+100-pug etanercept group,
and 26.6%*3.2% in the puncture+1,000-ug etanercept
group (Figs. 1, 2). The proportion of CGRP-immunore-
active neurons was significantly higher in the puncture
+saline group compared with the nonpuncture group
(p<0.05). There were no significant differences between
the puncture+saline group and the puncture+10-ug etan-
ercept group (p>0.05). However, a significant decrease in
the percentage of FG and CGRP double-positive cells in
FG-positive cells was observed in the etanercept (100 ug
and 1,000 pg)-administered groups in a dose-dependent
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Fig. 1. The arrowheads and arrows indicate the FluoroGold (FG)-labeled calcitonin gene-related peptide (CGRP)-immunoreactive neu-
rons. Immunochistochemistry for CGRP (x100). (A-D) FG-labeled neurons. (A) FG-labeled neurons in the puncture+saline group. (B) FG-
labeled neurons in the puncture+10-pg etanercept group. (C) FG-labeled neurons in the puncture+100-pg etanercept group. (D) FG-labeled
neurons in the puncture+1,000-pg etanercept group. (E-H) CGRP-immunoreactive neurons. (E) CGRP-immunoreactive neurons in the
puncture+saline group. (F) CGRP-immunoreactive neurons in the puncture+10-ug etanercept group. (G) CGRP-immunoreactive neurons in
the puncture+100-pg etanercept group. (H) CGRP-immunoreactive neurons in the puncture+1,000-ug etanercept group.
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Fig. 2. In the L1-6 dorsal root ganglion, the ratio of FluoroGold (FG)-positive calcitonin gene-related pep-
tide positive cells in FG-positive cells in the nonpunctured sham control, puncture+saline, puncture+10-
Hg etanercept, puncture+100-pg etanercept, and puncture+1,000-ug etanercept groups. NS, not signifi-

cant. Analysis of variance test. *p<0.05.

manner (p<0.05).

Discussion

In the present study, we observed an increase in the pain-
related peptide level in the rat disc puncture model. In
addition, when 10 pg of etanercept was directly admin-
istered as a single dose to the rat intervertebral disc, no
suppressive effect on the pain-related peptide expression
was observed in the administered group, indicating that a
low dose of etanercept was inefficacious. This is consistent
with the results previously reported by Cohen et al. [5].
They reported that a single dose of etanercept (0.1-1.5
mg) with direct injection into the intervertebral disc of
patients with chronic intervertebral disc pain was inef-
ficacious [5]. On the other hand, the pain-related peptide
expression was suppressed in the etanercept (100 pg and
1,000 ug)-administered groups in a dose-dependent man-
ner. It was reported that the subcutaneous injection of
etanercept reduced the disease activity of patients with ac-
tive rheumatoid arthritis (RA) in a dose-dependent man-
ner [10]. However, the subcutaneous injection of 50 mg of
etanercept to RA patients results in a significantly higher
risk for adverse events compared to the 25 mg injection.
For instance, upper respiratory infection particularly
develops 4 times more often for etanercept treated RA pa-

tients. Therefore, we think that such a simple subcutane-
ous dose escalation is unfavorable from a viewpoint con-
sidering the possibility of complications [11]. Based on
these results, a direct and single administration of a high
dose of etanercept at 25 mg and 2.5 times as high as the
previous clinical trial study into the intervertebral disc of
patients with chronic intervertebral disc pain is currently
being tested. The results so far suggest a higher efficacy of
etanercept. In addition, we will carefully observe the ad-
verse events such as infections that are associated with the
increase in the dose of etanercept.

Conclusions

When a low dose of the TNF-a inhibitor (10 pg of etan-
ercept) was directly administered to the rat intervertebral
disc in the rat model of degenerative intervertebral disc
from injury, no suppressive effect on the pain-related
peptide expression was observed. However, when a higher
dose of etanercept (100 ug and 1,000 pg) was adminis-
tered, the pain-related peptide expression was suppressed
in a dose-dependent manner. Based on these results, in
our facility, a direct and single administration of a high
dose of etanercept (25 mg, 2.5 times as high as the previ-
ous clinical trial study) is currently being tested after ap-
proval from our clinical study department.
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