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Abstract

Objectives: To develop a rabbit model of intervertebral disc degeneration that more exactly simulates the pathological changes of
human intervertebral disc degeneration. Methods: Twelve New Zealand white rabbits were utilized to establish three different disc
injury models according to the following protocol; group A: anulus punctures were done with a 18-gauge needle at L2-L.3 and L5-L6;
Group B: intradiscal injection of interleukin-1 IL-1 B with a 23-gauge needle at L3-L4; and Group C: intradiscal injection of phosphate
buffer saline(PBS) with a 23-gauge needle at L4-L5. The L1-L2 level was used as a control. Rabbits were killed after 24 weeks. The
intervertebral disc height was measured by lateral plain radiographs. After the radiographic measurements were obtained, the interver-
tebral discs were removed and analyzed for DNA, sulfated glycosaminoglycan(s-GAG) and water contents of nucleus pulposus. Results:
The intervertebral disc height, s-GAG, and water contents in anulus needle punctures were significantly decreased in Group A, but the
DNA content in the nucleus pulposus was significantly increased when compared to the control. The significant decrease of disc height
and water contents were demonstrated, only the s-GAG and DNA contents did not show a significant difference in Group B when
compared to the control. The significant decrease of disc height, s-GAG, water, and DNA contents did not show in Group C when
compared to the control. Conclusion: The 18-gauge puncture models produced the most consistent disc degeneration in the rabbit
lumbar spine.
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INTRODUCTION However, with the development of molecular biology
and biomaterials, many novel therapeutic interventions
to repair disc have been proposed, such as growth factor
injection'??, cell transplantation™?, tissue engineering™
and gene therapy!®. Therefore it is necessary to
develop appropriate experimental animal models, which
mimic the degenerative process often occurring in
human IVD breakdown and can be used for pharmaco-
logical studies or the development of new biological
interventions.

The overall purpose of the present study was to
establish a simple, reproducible rabbit model of disc
degeneration with 18-gauge needles for annulus
puncture, 23-gauge needle for injection of interleukin-18
* This study was supported by National Natural Science Foundation of and phosphate buffer saline respectively. To achieve this
China(30400163) aim, radiologic and molecular biology studies were
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Animal models are powerful tools used to study the
pathways of degenerative change and uncover cause-
and-effect relationships in a complex environment.
Lumbar disc disease(LDD) caused by degeneration of
intervertebral discs(IVD) of the lumbar spine, is one of
the most common disorders seen in orthopaedic
practices. Despite the prevalence of degenerative IVD
disease, thus far, treatment has been limited to addressing
the symptoms rather than to the application of repair
methodologies. Many of the methods used to mitigate
symptoms are actually destructive to disc integrity!'l.
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MATERIALS AND METHODS
Animals and tissue harvest

Twelve New Zealand white rabbits were offered by
Animal Experimentation Center of Xi” an Jiaotong
University(all female, 7 months old, 4.6~5.1 kg body
weight), and were used to test 4 different disc degen-
eration models(Table 1). All procedures were approved
by the Institutional Animal Care and Use Committee of
the University of Xi’an Jiaotong University. The right
anterior surface of the lumbar intervertebral discs was
exposed through retroperitoneal approach. Five disc
spaces of each rabbit(L1-L2 to L5-L6) were used for
the experiment, and each disc space was treated accord-
ing to the following protocol:(DL1-L2 was used as the
control;@Group A:L2-L3 and L5-L6 received 1 anulus
punctures into the nucleus with a 18-gauge needle;
3 Group B: L3-L4 was injected with interleukin-18
10 ul(Sigma Chemical, USA) using a 23-gauge needle
(Fisher Company, USA); @ Group C:L4-L5 received
10 vl phosphate buffer saline(PBS) using a 23-gauge
needle(Table 1). In the anulus punctures, each needle
tip was inserted to the center of the nucleus.

Table 1 The three disc models

Level of

intervertebral
space

L1-L2 control

L2-L3 1 anulus puncture with an 18 gauge needle(Group A)

L3-L4 IL-1B:10 ulof 1 mmol/L with a 23-gauge needle(Group B)

L4-L5 PBS: 10 ul with a 23-gauge needle(Group C)

L5-L6 1 anulus puncture with an 18 gauge needle(Group A)

Groups

Twenty-four weeks after surgery, lateral plain radio-
graphs were obtained keeping all rabbits under general
anesthesia using ketamine hydrochloride(25 mg/kg)
when they were sacrificed. Immediately after death,
portions of the nucleus pulposus were carefully removed
from the lumbar intervertebral discs and collected into
preweighted 1.5 ml tubes. The water, DNA and
sulfated-glycosaminoglycan(s-GAG) content of each
nucleus pulposus were measured.

The nucleus

The nucleus tissues were weighed before and after
lyophilizing the tissue in a -60°C vacuum chamber. Water
content of the nucleus was expressed as a percentage
(%) of wet weight:(wet weight-dry weight)/wet weight
X 100%. Results at the experimental level was com-
pared to that at the control level(L1-L2) and expressed
as aratio.

1,9-Dimethylmethylene blue(DMMB) staining for
s-GAG was used to measure proteoglycan content in
the nucleus pulposus!!2. Briefly, 40 U of papain
dissolved in 250 ul of phosphate buffer with 10 mmol/
L EDTA, and 10 mmol/L cysteine was added into each

lyophilized sample. The tissue was digested overnight
at 60°C. After complete digestion, the tissue s-GAG was
determined by mixing 20 ulof a 1:1 000 sample with
200 v 1 of DMMB solution to measure the absorbance
at a wavelength of 515 nm wavelength. A standard curve
was made with known concentrations of chondroitin
sulfate. Standardized s-GAG content was expressed as
a percentage(%) of dry weight:s-GAG weight/dry
weight of nucleus X 100%. Results at the experimental
level were compared to that at the control level(LL1-L.2)
and expressed as a ratio.

DNA content was evaluated by fluorescence method
using Hoechst dye 33258131, The fluorescence of the
samples was read using a spectroflurometer with an
emission of 458 nm and excitation of 356 nm. A stan-
dard curve was prepared from known concentrations of
calf thymus DNA. Results at the experimental level was
compared to that at the control level(L1-L2) and
expressed as a ratio.

Plain radiograph documentation of rabbit disc
degeneration

A plain lateral radiograph was taken to measure the
change in disc height, the three-center line method
being used". On plain lateral film, four landmarks were
chosen at the uppermost or lowermost corners of the
vertebral bodies. Two straight lines were drawn using
four landmarks. Three additional lines-A, B, and C-were
drawn by dividing evenly the distance between the first
two lines(Fig. 1). Each disc height was measured with
computer software(Grabit version 1.51, Datatrend
Software, Raleigh, NC) by averaging the distance at
three different sites:(D+E+F)/3(Fig. 1). The disc height
at the experimental level was compared to that at the
control level(L1-L2) and expressed as a ratio.

Fig. 1 On plain lateral film, four landmarks were chosen at the
uppermost or lowermost corners of the vertebral bodies.
Two straight lines were drawn using four landmarks.
Three additional lines-A, B, and C-were drawn by
dividing evenly the distance between the first two lines.
Each disc height was measured by averaging the
distance at three different sites:(D+E+F)/3.

RESULTS
Change of intervertebral disc height

The disc height ratio to control was measured using
the 3 center lines method(Fig. 1). The disc height
decreased significantly in the 18 gauge group(P<0.01)
and in the IL1 B -injection group(P < 0.05). The PBS
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injection model showed no difference when compared
to the control(Fig. 2).
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Compared with the control, P < 0.01,"P < 0.05.
Fig. 2 Intervertebral disc hight ratio to the control

Water content of nucleus

The water content ratio to control of the nucleus was
measured and expressed as a percentage of wet disc
weight(Table 2). Compared to the control, the water
content in 1-puncture(18-gauge) and that in injection
(IL-1B significantly decreased(former:P < 0.01;
latter: P< 0.05). The injection(PBS) model showed no
difference when compared to the control(Fig. 3). The
pattern of water content was similar to the pattern of
disc height change of the nucleus.
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Fig. 3 Water content ratio to the control

Sulfated-Glycosaminoglycan content of nucleus

The s-GAG content ratio to control of the nucleus
was measured and expressed as a percentage of dry disc
weight(Table 2). Only the result for 1-puncture(18-
gauge) model showed a statistically significant differ-
ence when compared to control(P< 0.01, Fig. 4).
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Fig. 4 The s-GAG content ratio to the control of the nucleus

DNA content of nucleus

The DNA content ratio to control of the nucleus was
measured and expressed as a percentage of dry disc
weight(Table 2). Only the result for 1-puncture(18-
gauge) model showed a statistically significant differ-
ence as compared to control (P< 0.01, Fig. 5).
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Compared to the control, P << 0.01.
Fig. 5 DNA content ratio to the control

Table 2 The results of ratio of water content, sulfated glycosaminoglycan content, DNA and intervertebral

disc height

control Group A Group B Group C
IVD height ratio to control 1 0.67 + 0.18™ 0.84 = 0.11" 0.94 + 0.22
Water content ratio to control 1 0.85 £ 0.05™ 0.93 £ 0.04" 0.99 £ 0.02
s-GAG content ratio to control 1 0.53 £0.20” 0.94 £0.13 0.99 £0.17
DNA content ratio to control 1 2.01 £0.19” 1.06 £ 0.10 0.97 £0.20

Compared with the control, P << 0.01, "P < 0.05; IVD = intervertebral disc; s-GAG=sulfated glycosaminoglycan.

DISCUSSION

In the present study, through measuring lateral
“stab” of rabbit lumbar discs with an 18-gauge
needle, the intervertebral disc height, s-GAG, and water
contents over 24 weeks, showed a significant decrease
compared with what was seen in the control. The sig-

nificant decrease of disc height and water contents were
demonstrated, whereas only the s-GAG contents did not
show a significant difference in injection of interleukin-
1B as compared to the control. A significant decrease
of disc height, s-GAG, and water contents were not
shown with injection of phosphate buffer saline, as com-
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pared to the control.

Normally the nucleus pulposus of intervertebral disc,
which has no blood supply, is the location of immune
escape. In this case a series of auto-immune responses
will be activated, leading the nucleus to apoptosis,
induced by disc degeneration after the fibrous ring
broken, and nucleus pulposus is exposed to the serum!™!.
The present study using 18-gauge puncture needle
successfully established a model of disc degeneration
similar to that found in humans!'®'. However, no obvi-
ous disc degeneration was observed in the model of
injection of sterile PBS 10 11 with 23-gauge puncture
needle. Lotz considered that it was associated with the
size of the crack of anulus fibrosus. But some research-
ers found that obvious disc degeneration was observed
to puncture anulus fibrosus with 16-gauge, 18-gauge or
21-gauge needle!"®?. Korecki et al.”"! considered that
small gauge needle(25G) puncture had immediate and
progressive mechanical and biologic consequences with
important implications. In our study, some degree of
disc degeneration can be caused by the injection of IL-18
with a 23-gauge needle. Nevertheless, the water and
s-GAG content showed no significant difference in the
simple injection of the IL-1 B group compared with the
PBS. Maitre et al.® believed that IL-1B can induce the
formation of a variety of cytokines and activation of
MMP, causing the decomposition of disc matrixa and
inducing disc degeneration. Therefore, we believe that
the mechanical injury plays a dominant position in the
model of disc degeneration.

In addition, the DNA content showed no significant
difference with the injection of IL-18 and phosphate
buffer saline, when compared to the control, whereas
only anulus punctures with an 18-gauge needle obtained
a statistical significance. We thought, that as there is
some formation of connective tissue,(which can occur
with damage of the nucleus pulposus and reduction of
chordoma) concentrations of certain cells in the nucleus
pulposus become higher. Nomura et al**! also found
some connective tissue was formed with degeneration
of the intervertebral disc.

We have successfully established a model of disc
degeneration. But the extent of disc degeneration was
not suitable for the study of treatment of disc
degeneration. In subsequent studies, therefore, in order
to find the best level of disc degeneration and carry out
the genetic or biological treatment, the level of disc
degeneration should be detected at different time.
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