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Deng et al.: A New Rat Model of Lumbar Disc Herniation for Minimally Invasive Interventional Surgery
The objective of this study was to establish a new rat model of lumbar disc herniation for minimally invasive
interventional surgery. Sixty Sprague Dawley rats were selected and randomly divided into three groups of 20
in each group, group A the new model group, group B model control group and group C the sham operation
group. Group A sample was taken from the nucleus pulposus of the caudal vertebra and transplanted to the
root of the sciatic nerve. The group B sample was taken from the nucleus pulposus of the caudal vertebra
and transplanted to the L5 spinal nerve side to establish a model. The C group was only sutured after the
sciatic nerve was separated, and no other treatment was performed. The mechanical pain threshold and
thermal pain threshold were measured before and after 1, 3, 5, 7 and 14 days of operation, and the lower
limb temperature was measured. Half of the rats in each group were sacrificed on the day 7 and 14 after
operation. The expression levels of IL-8 and TNF-α were detected by immunohistochemistry in the L5 dorsal
root ganglia and sciatic nerve tissues. The results showed that compared with group C, group A and group
B had lower mechanical pain threshold and thermal pain threshold at 1, 3, 5, 7 and 14 days after operation
and lower average limb temperature. The number of IL-8 and TNF-α positive cells in L5 dorsal root ganglia
and sciatic nerve tissue increased at 7 days after operation. The number of positive cells decreased at 14 days,
but it was still higher than that of group C. The difference between the two groups was significant (p>0.05);
compared with group B, the mechanical pain threshold and thermal pain threshold and the temperature of
lower limbs of group A tend to be consistent at 1, 3, 5, 7, and 14 d after operation, and the number of IL-8
and TNF-α positive cells tends to be consistent. There is no significant difference between the two groups
(p<0.05). It could be concluded that the new rat model of lumbar disc herniation in this experiment can
perfectly replicate the aetiology of lumbar disc herniation. The procedure is simple and the injury is small.
It provides a favourable and stable experimental model for further study of the mechanism and treatment of
lumbar disc herniation in the future.
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As a common disease, lumbar disc herniation seriously
affects the quality of life of patients. In order to
study the pathophysiological mechanism of lumbar
disc herniation and explore new treatment methods,
researchers at home and abroad use various methods
to establish animal models to simulate the process of
disease development. However, the various animal
models are produced in a variety of ways, and the
nature and duration of the pain obtained are not the
same. At present, animal models commonly used
for disc herniation can be divided into 3 categories,
a simple mechanical compression model, a simple
inflammatory stimulation model, and a compound
model combining compression and inflammatory

stimuli. These 3 models have different application,
and the compound animal model combining
compression and inflammatory stimulation is more in
line with the pathological mechanism of the disease,
and is also the typical animal model at present[1,2].
Sasaki et al. simulated the inflammatory stimulation
and mechanical compression of human lumbar disc
herniation appropriately through the transplantation of
intervertebral disc tissue and carry through mechanical
compression[3]. Such a model can better induce changes
in neurobehavior in rats, but the modelling operation
is difficult and the normal anatomical structure of the
rats is greatly damaged. Therefore, this study intended
to transplant the nucleus pulposus at the sciatic nerve
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and conduct cerclage, to observe the advantages and
disadvantages of the model.

tests were performed on each group of animals at 1, 3,
5, 7, and 14 d after surgery.

MATERIALS AND METHODS

For mechanical stimulation of hyperalgesia (PWT),
von Frey fibres (Von Frey Hairs, USA) were placed
against the posterior part of the right hind limb of the
rat for 4 to 5 s, and the rats were lifted. Avoidance,
lameness, licking footing and the like were considered
positive reactions. The average value was obtained
from measurements of 5 times.

An optical microscope (Nikon 80i, Nikon, Japan), twostep immunohistochemistry detection kits, SV0002rabbit IgG, rabbit antitumor necrosis factor α and
rabbit antiIL8 all were obtained from Wuhan Boster
Biological Engineering Co., Ltd.
Experimental animals and grouping:
Sixty healthy male Sprague Dawley rats (200~250 g)
were selected and randomly divided into 3 groups,
with 20 rats in each group. Group A is the model
group, group B served as the control group and group
C the sham operated group. For group A, rats were
anesthetized with 10 % chloral hydrate (Shanghai
Fourth Pharmaceutical Co., Ltd.), and the skin was
cut in the outer edge of the femur in the middle of one
thigh to expose the main sciatic nerve. A longitudinal
incision was made in the proximal part of the rat tail,
and the nucleus pulposus of the rat's tail disc (about
0.4 mg) was taken out and covered on the main stem
of the exposed sciatic nerve. The fibre loop was placed
on the nucleus pulposus by about 0.3 mm. Three silk
thread (4th size) knots spaced about 1 mm apart were
evenly placed on the sciatic nerve trunk. Each ligation
showed slight twitching on the ipsilateral hind leg,
forming a slight compression.
Group B rats were anesthetized with 10 % chloral
hydrate. The skin was cut in the medial longitudinal
direction with the L5 spinous process as the center,
and the bilateral L4 and L5 lamina were exposed, and
the right nerve roots of L4 and L5 were revealed. The
sampling of the nucleus pulposus of the rat tail is the
same as above. It was then placed at the nerve root and
circulated the L4 and L5 nerve roots with a 4th silk
thread. The tightness of the ligation should produce
a slight twitch on the ipsilateral hind leg, forming a
slight compression. The sciatic nerve was isolated after
anesthesia in the group C rats in the same manner, and
the incision was sutured gently layer by layer without
causing damage.
Detection of pain-related neurobehaviors:
Three days before surgery, the threshold of mechanical
stimulation of the hind legs and the latency of thermal
contracture reflex were measured, and the difference
was calculated as a normal control. Neurobehavioral
59

Paw withdrawal thermal latency (PWL) was tested
using a smart hot plate tester (Shandong, YLS-6B), and
the temperature of the hot plate was set to 52°. When
the rat quickly lift the foot, the time from the start to
the contraction was recorded, which is PWL. Each test
interval was at least 5 min, and the measurement was
averaged 5 times.
For detecting the average temperature change of lower
limbs, temperature measurement of the lower limbs
of both sides of the rats was measured on days 1, 3,
5, 7, 14, and 21 d after surgery. The rats were placed
in a prone position and the lower limbs were placed
in a naturally straight state, and the lower limbs were
photographed using an infrared camera (FLIR T650sc,
USA) and the average temperature was recorded.
Immunohistochemical detection of spinal ganglia
and nerve roots:
The expression levels of IL-8 and tumour necrosis
factor (TNF-α) in the L5 dorsal root ganglia and
sciatic nerve tissues of the rats were detected by
immunohistochemistry. Fifteen rats were randomly
selected and sacrificed from each group on d 7 and d 14
after surgery. L5 dorsal root ganglia and sciatic nerve
were surgically removed, fixed, embedded, and sliced.
Hematoxylin-eosin (HE) staining was performed, and
brownish yellow particles were positive reactants.
IL-8 and TNF-α staining was measured by flaky or
granular brown-yellow staining in the cytoplasm and
on the nuclear membrane. Only the blue color of the
nuclei of the cells was negative. The results under
the microscope were graded as follows. A- staining
intensity: no staining was 0 points; light yellow particles
in the cytoplasm that is significantly higher than the
background was 1 point; blue particles were 2 points;
brown yellow particles were 3 points. B- percentage of
positive (10 fields of view were randomly observed),
0 points if the number of positive cells counted was
negative; ≤10 % of the number of positive cells was
1 point; 11-50 % was 2 points; 51-75 % was 3 points;
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>75 % was 4 points. 0-1 A+B scores was negative (-);
2 score for weak positive (+); 3-4 were positive (++);
5-7 were strongly positive (+++).
Statistical analysis:
The data were statistically processed using SPSS18.0
statistical software. The data were expressed as
mean±standard deviation. One-way ANOVA was used
to compare the measurement data between groups
and within the group. P<0.05 was considered to be
statistically significant.

RESULTS AND DISCUSSION
In both the experimental group and the control group,
the behavioural manifestations of licking foot and
dangling were observed in the right hind paw with
mild exstrophy. There was no significant difference
in the mechanical pain threshold between the groups
at 1 d before surgery (p>0.05). Except for the sham
operation group, the mechanical pain threshold of
the other groups showed a downward trend from 1 to
5 d after operation, and reached the lowest at 5 d after
operation. Compared with before operation and group
C, the difference of mechanical pain threshold was
significantly lower in each group (p<0.05). Compared
with group C, the mechanical pain thresholds of group
A and group B increased at 7 d and 14 d after operation,
but the difference was still statistically significant
(p<0.05). The detailed data was shown in Table 1.
There was no significant difference in the thermal pain
threshold between the rats in each group at 1 day before
surgery (p>0.05). The thermal pain threshold of rats

in all groups except the sham operation group showed
a downward trend from 1 to 5 d after operation and
reached the lowest at 5 d after operation. Compared
with pre operation and group C, the difference of
thermal pain threshold was significantly lower after
modelling in each group (p<0.05). There was a
statistically significant difference in the thermal pain
threshold between group A and group B at 7 and 14 d
after surgery (p<0.05). The detailed data was shown in
Table 1.
There was no significant difference in the average
temperature of lower limbs between the groups at 1 d
before surgery (p>0.05). The lower limb temperature of
the rats in the other groups except the sham operation
group showed a downward trend from 1 to 5 d after
operation and reached the lowest at 5 d after operation.
There was a statistically significant difference in the
lower limb temperature between the rats in each group
after modeling (p<0.05). The detailed data was shown
in Table 2, fig. 1.
On d 5 after operation, the number of IL-8 and TNF-α
positive cells in L5 dorsal root ganglia and sciatic
nerve tissue increased, and the number of positive
cells decreased on d 14, but still higher than the sham
operated group. The difference between the two groups
was significant (p>0.05); there was no significant
difference in cell positive rate between the model
group and the control group from 5 and 14 d (p>0.05).
The detailed data was shown in figs. 2 and 3.
Lumbar disc herniation is a common and recurrent
disease and one of the main causes of sciatica[4]. Due
to the high incidence rate, it has become a hot topic

TABLE 1: MECHANICAL PAIN AND THERMAL PAIN THRESHOLD IN EACH GROUP RATS OF DIFFERENT
TIME POINTS (MEAN±SD)
Group
Group A
Group B
Group C
Group
Group A
Group B
Group C

-1d
5.93+0.16
5.94+0.15
5.96+0.09
-1d
6.22+0.73
6.41+0.51
6.10+0.41

1d
5.24+0.18
5.35+0.14
6.00+0.09
1d
4.85+0.69
5.19+0.29
5.84+0.57

3d
4.58+0.44* ※
4.83+0.41*※
6.00+0.10
3d
3.96+0.58*※
4.30+0.26*※
6.07+0.46

5d
3.67+0.56*※
3.92+0.62*※
6.03+0.08
5d
3.14+0.63*※
3.53+0.31*※
6.12+0.55

7d
3.92+0.55*※
4.08+0.47*※
6.00+0.10
7d
3.43+0.49*※
3.72+0.30*※
6.01+0.63

14d
4.47+0.45*※
4.37+0.35*※
6.05+0.07
14d
3.86+0.45*※
4.18+0.27*※
5.99+0.54

Note: * p<0.05 compared with before operation; ※p<0.05 compared with group C

TABLE 2: TEMPERATURE OF LOWER LIMB IN EACH GROUP RATS OF DIFFERENT TIME POINTS
Group
left side of group A
right side of group A
left side of group B
left side of group B

-1d
29.20+0.07
29.23+0.21
29.23+0.43
29.21+0.33

1d
29.36+0.22
27.55+0.16*※
29.17+0.37
27.45+0.38*※

3d
29.39+0.24
27.24+0.08*※
29.10+0.65
27.10+0.37*※

5d
29.26+0.48
26.88+0.24*※
29.05+0.55
26.82+0.52*※

7d
29.29+0.06
27.24+0.39*※
29.19+0.63
27.18+0.57*※

14d
29.32+0.02
27.92+0.23*※
29.16+0.13
27.83+0.51*※

Note: mean±SD, *p<0.05 vs preoperation; ※p<0.05 vs the contralateral limb
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in current clinical research. Lumbar disc herniation is
a disease caused by acute injury, accumulated strain
and other factors leading to rupture of the annulus
fibrosus and compression of the nerve root or spinal
cord by nucleus pulposus evagination on the basis of
degeneration of the intervertebral disc. Studies have
shown that there are two main causes of root pain
caused by herniated disc, mechanical compression
of nerve roots and the physiological or biochemical
activity of intervertebral disc tissue on nerve roots[5].
At present, the rat model of lumbar disc herniation
used is mainly divided into three categories:

Fig. 1: Temperature chart of lower limb of rat
The temperature of the rat’s right lower limb after operation is
lower than the healthy left limb

New model group (A)

simple mechanical compression model, simple
inflammatory stimulation model and combining
model of mechanical compression and inflammatory
stimulation. Early studies have shown that mechanical
compression of the spinal nerve is the cause of sciatica.
Wang et al. established a chronic nerve root injury
model to simulate the compression of the intervertebral
disc nerve root compression model by compressing
the L5 nerve roots of rats with micro-silica balls[6].
However, it was found clinically that imaging
studies often show that there is no protrusion or less
protrusion of disc tissue but symptoms of sciatica,
suggesting that mechanical compression may not be
the only cause of sciatica[7]. Animal experiments have
also confirmed that nucleus pulposus can cause pain
even without mechanical compression[8]. Based on
the previous single factor model, Kim et al. designed
a model of sciatica caused by the combination of
mechanical compression and nucleus pulposus
inflammatory stimuli[9]. Transplantation of the SD
rat tail intervertebral disc tissue to the L5 dorsal root
ganglion (DRG) directly compresses the nerve root,
which simulated the pathophysiology of the disease.
This model has become a well-recognized one that is
commonly used at this stage. However, this model has
disadvantages such as complicated operation, great
damage to the normal anatomy of rats, and difficulty in
surgical intervention in the later stage. The new model

Sham operation group (C)

Model control group (B)

Fig. 2: Immunohistochemical staining results of Il-8 (×200)
Il-8 labeled as dorsal root ganglia, tan plaques or particle in the cell were positive. Positive cells were not found in group C

New model group (A)

Model control group (B)

Sham operation group (C)

Fig. 3: Immunohistochemical staining results of TNF-α (×200)
Tan plaques or particle in the cell were positive. Positive cells were not found in group C
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developed in this investigation is an improvisation
on the basis of this model. Since rat L4 and L5 were
constantly transferred into the sciatic nerve, the sciatic
nerve was used for nucleus pulposus transplantation
and compression[10]. In addition, this study was based on
the CCI model. The classical CCI model uses a chromic
catgut for cerclage, and this experiment used silk thread
for cerclage to prevent the catgut from interfering with
the behavioural thermal pain threshold[11]. A new rat
model of lumbar disc herniation was established using
a method that was simple, easy to expose nerves, and is
less disruptive to normal anatomical structures. It can
obtain larger sciatic nerves, which is easy to identify,
and is simple to bundle, and the lesions can be quickly
found by late surgical intervention.
Mechanical pain threshold and thermal pain threshold
are the reliable indicators of the stability of sciatica
caused by lumbar disc herniation[12]. Compared with
the classic model, the results of the mechanical pain
threshold and the thermal pain threshold of the new
model group began to decline on the first day after
surgery until the fifth day, which was then basically
stable, at least until the 14th day after surgery. It can
be observed from Tables 1 and 2 that the mechanical
pain threshold and the thermal pain threshold were
significantly reduced from the first day, and the
comparison with the sham operation group was
statistically significant. Until the 14th d, there was
still statistical significance compared with the sham
operation group. There was no statistically significant
difference between the new model group and the
control group. This proved that the new model is
stable and reliable, early in pain sensitivity and long in
duration. It is a new and reliable model of lumbar disc
herniation, which can guarantee further experiments.
With the development of technology, the detection
of lower limb temperature has become a relatively
new indicator[13]. Lumbar disc herniation is found in
the clinic to cause changes in the temperature of the
lower limbs, which can assist in the diagnosis of the
disease by measuring the lower limbs of the patient[14].
Therefore, this experiment compared the surgical side
and healthy side temperature of the rat leg to prove that
the new model is consistent with the classical model
and conforms to the pathophysiological changes of
lumbar disc herniation. In this experiment, it was found
that the new model group and the model control group
in Table 2 showed lower temperature of the surgical
side at the first day after surgery until the fifth day.
Compared with the sham operation group, there was a
Special Issue 1, 2019

statistical difference between the body temperature of
surgical side and the healthy side from the first day after
surgery. There was no significant difference between
the new model group and the control group. This proved
that the new model can comprehensively replicate the
pathological process of the disease. Decreased limb
temperature may be associated with less blood flow
caused by compression on concomitant vessel blood
vessels, which still needs further investigation.
Numerous studies have shown that lumbar disc
herniation is caused by a combination of chemical and
mechanical factors. Inflammatory mediators play an
important role in the development and progression of
herniated disc pain. The behavioral symptoms of pain
caused by nucleus pulposus in the intervertebral disc are
mainly due to the inflammatory response mediated by
pro-inflammatory factors in the nucleus pulposus of the
intervertebral disc[15]. The expression of some cytokines
such as IL-1, IL-6, IL-8, TNF-α and cyclooxygenase-2
is closely related to ganglion injury induced by nucleus
pulposus and related nerve root pain[16]. In this study,
IL-8 and TNF-α were selected for immunological
analysis. IL-8 is a CXC chemokine, its main role is for
the chemotaxis of neutrophils and lymphocytes, and is
closely related to some intervertebral disc degeneration
pain and chronic inflammatory pain[17]. TNF-α played
an important role in inflammatory pain by regulating
central sensitization. Studies have shown that
TNF-α interacts with the neuroinflammatory system
through peripheral or central mechanisms to regulate
neuropathic pain[18]. TNF-α causes the continuous
up-regulation of primary sensory afferent DRG and
mechanical hyperalgesia through autocrine stimulation
stimulated by peripheral nerve stimulation, which may
indicate that up-regulation of TNF-α on DRG plays
an important role in the formation of pathological
pain[19]. Since the role of DRG in pain management and
regulation is very important, DRG and peripheral sciatic
nerve were selected for immunological testing[20]. In
this study, immunological assays were performed on
IL-8 and TNF-α in the sciatic nerve and DRG. It was
found that the number of IL-8 and TNF-α positive
cells in the inflammatory mediators of peripheral
nerve tissue and DRG increased significantly at 7 days
after modeling, and the difference was statistically
significant compared with the sham operation group.
The expression of positive cells decreased at 14 d after
surgery, but the difference from the sham group was
still significant. There was no statistically significant
difference between the new model group and the model
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control group. It shows that the new model group can
simulate the inflammation development process of disc
herniation as well as the model control group.
Because the model control group is a classic animal
model of lumbar disc herniation, the animal model
designed by this experiment can simulate the
pathological development process of disc herniation
as well as the classic animal model through the
comparison of behavioural, limb temperature changes
and immunohistochemistry results. In addition, the
new animal model has the following advantages:
firstly, the operation is simple. The sciatic nerve is
superficial and easy to find. The nerve is thick, so it
is easy for free, cerclage, and it can reduce the pulling
damage to the nerve during cerclage. Secondly, there
is very little bleeding. There is no need to remove the
bone when exposing the nerve, and there is almost
no obvious bleeding. Thirdly, the symptoms appear
early. The lower limb symptoms appeared on the first
day after surgery. Fourthly, the model is stable. By the
14th d after surgery, the behavioral and immunological
indicators of rats were stable. Fifthly, it is convenient for
further experimental intervention. The purpose of the
model was to further perform surgical and therapeutic
interventions. In the classic model, the nerve roots
were relatively small, the tissue adhesion was heavier,
and the operation was difficult when reoperation was
performed. In the new model group, the nerves were
thick and superficial, and the surrounding muscles
were lightly attached, and the reoperation was easy.
In conclusion, the rat model of lumbar disc herniation
established in this investigation is simple, minimally
invasive, and stable in mechanical pain sensitivity
and heat sensitivity. The inflammatory response of
the sciatic nerve and DRG is accurate, which provides
a good and stable experimental model for further
exploration of the mechanism and treatment of lumbar
disc herniation in the future.
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