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Abstract. The aim of the present study was to dynamically 
observe and discuss the significance of inflammatory cyto-
kines in cervical degenerative disease induced by unbalanced 
dynamic and static forces in rats. A total of 60 Sprague Dawley 
rats were randomized into test (n=45) and control (n=15) 
groups, which were randomly subdivided into three groups 
corresponding to assessment at one, three and six months 
post-operation. The test group included 10, 15 and 20 rats at the 
corresponding post-operative stage and the control group had 
five rats at each time‑point. By excising cervicodorsal muscles 
and ligaments, an unbalanced dynamic and static rat model 
was established in the test group. At one, three and six-months 
post-operation, venous serum of test and control group rats 
was collected and inflammatory cytokines in the serum of 
all rats were quantitatively determined by ELISA. The results 
revealed that compared with the control group, the interleukin 
(IL)-1β, IL-10 and tumor necrosis factor-α levels in the test 
group were significantly increased at one and three months 
(P<0.05, <0.01 or <0.001), and that IL‑12 was significantly 
increased at three months (P<0.05). However, transforming 
growth factor-β1 increased at one month but was significantly 
decreased at three months (P<0.01). IL-6 did not change 
significantly throughout the observation period (P>0.05). In 
conclusion, cervical vertebral stability may be accompanied 
with changes of inflammatory cytokines.

Introduction

With long time of work and study, cervical spondylosis is 
becoming a common disease in modern society. However, 
the specific pathogenesis has remained to be fully clarified 
and may result from multiple factors. Cervical instability 
is considered the main etiological basis of cervical spon-
dylosis. It has been confirmed that destroying the stability 
of dynamic and static forces of rats may promote cervical 
disc degeneration (1), which is in line with a previous 
study by our group (unpublished data). At the same time, 
the mechanisms associated with changes of inflamma-
tory cytokines in disc degeneration have remained elusive. 
Mern et al (2) linked vertebral disc degeneration with intra-
discal cytokine imbalance, which leads to decreased disc 
cell density. Wuertz and Haglund (3) suggested that the pres-
ence of interleukin (IL)-1β, IL-6 and tumor necrosis factor 
(TNF)-α exacerbates disc degeneration. Shamji et al (4) 
and Akyol et al (5) reported that disc samples of patients 
with cervical spondylosis contained higher levels of IL-2, 
IL-4, IL-10, IL-12 and IL-17 compared with those in healthy 
control subjects. However, earlier studies have mainly 
focused on IL-1β and TNF-α, which are considered the first 
inflammatory cytokines in intervertebral discs (6,7), while 
more recent studies have assessed IL-6, IL-8 and other cyto-
kines (8-12). As the majority of cervical spondylosis patients 
are administered drugs, physiotherapy and other conserva-
tive treatments, this may interfere with the detection of 
cytokines to a certain extent. Furthermore, previous studies 
have used post-operative human cervical nucleus pulposus as 
samples, while domestic and international studies assessing 
inflammatory cytokines in the serum appear to be lacking. 
Finally, the nucleus pulposus is easily contaminated with 
blood and tissue fluid, which may affect the outcome during 
the sampling. Therefore, the present study used a rat model of 
cervical spondylosis by disturbing the cervical equilibrium of 
dynamic and static forces in order to induce cervical degen-
eration (13). By detecting the levels of IL‑1β, IL-6, IL-10, 
IL-12, transforming growth factor (TGF)-β and TNF-α in 
the serum of experimental and control rats, the association 
between changes of inflammatory cytokines and cervical 
degeneration were investigated. The present study provided 
an experimental basis and reference for clinical prevention 
and treatment of cervical spondylosis.
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Materials and methods

Animals. A total of 60 adult and healthy male Sprague 
Dawley (SD) rats (age, 6 weeks; weight, 220-250 g; Shanghai 
Laboratory Animal Center, Shanghai, China) were randomized 
into test (n=45) and control (n=15) groups, which were subdi-
vided into one-, three- and six months post-operation groups. 
The test group included 10, 15, 20 rats at the corresponding 
post‑operative stages and the control group contained five rats 
at each time-point. The present study was performed in strict 
accordance with the recommendations in the Guide for the 
Care and Use of Laboratory Animals of the National Institutes 
of Health. The animal protocol was reviewed and approved by 
the Institutional Animal Care and Use Committee (IACUC) of 
Nanjing Medical University (Nanjing, China).

Model establishment. Rats in the test group that had been 
solid-food fasted for 12 h prior to surgery were anesthetized by 
intraperitoneal injection with 10% chloral hydrate (300 mg/kg; 
Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) and 
fixed on the operating table in the prone position with a 50‑ml 
falcon tube under the neck. Subsequent to shaving the nape of 
the neck and disinfection, a 2-2.5 cm longitudinal incision was 
made at the midline to perforate the skin and subcutaneous 
tissue. Every muscle layer was fully separated. Superficial 
muscles, platysma muscle, trapezius and rhomboideus, and 
deeper muscles, splenius cervicis muscle, longissimus capitis 
et atlantis, longissimus cervicis, hiocostalis cervicis and 
semispinalis capitis were transected successively, and 1.5 cm 
of those muscles were resected to avoid coalescence. At last, 
supraspinous ligament and interspinous ligaments from C2 
to C7 were cut off prior to suturing skin layers successively, 
without removing the sutures, which came off naturally. The 
preparation prior to surgery and anesthesia for rats in the 
pseudo-surgery (control) group was the same as that in the 
test group. The skin incision of rats in the control group was 
sutured without resecting or cutting any muscle or ligament. 
Each rat was fed a standard diet and had access to food and 
water ad libitum in individual cages under normal conditions 
at 23‑25˚C with a relative humidity of 40‑70% and a 12‑h 
light/dark cycle with intramuscular injection of 50,000 units 
penicillin sodium to prevent infection following surgery.

Index assessment. At one, three or six months post-surgery, 
the serum of rats in the control and experimental groups 
was obtained following intraperitoneal anesthesia with 10% 
chloral hydrate from the intraperitoneal venous blood by 
centrifugation at 630 x g for 15 min at 4˚C, and preserved at 
‑80˚C after. Serum IL‑1β, IL-6, IL-10, TGF-β1 and TNF-α 
levels were measured using a standard quantitative sand-
wich ELISA (MultiSciences Biotech Co., Ltd., Hangzhou, 
Zhejiang, China), and serum IL-12 levels were measured using 
a standard quantitative sandwich ELISA (Nanjing Jiancheng 
Bioengineering Institute, Nanjing China) with a 1.42 pg/ml 
(IL-1β), 2.57 pg/ml (IL-6), 0.48 pg/ml (IL-10), 3 pg/ml (IL-12), 
7.14 pg/ml (TNF-α), 31.25 pg/ml (TGF-β1) detection limit of 
sensitivity. The minimum detectable dose was determined by 
adding two standard deviations to the mean optical density 
value of ten zero standard replicates and calculating the 
corresponding concentration. Serum samples were diluted 

1:5 or 1:10 in PBS. Concentrations were reported as pg/ml. 
All analyses and calibrations were performed in duplicate. 
Optical densities were determined using an absorbance 
microplate reader (Elx808™; Bio‑Tek Instruments, Winooski, 
VT, USA) at 450 nm. GraphPad Prism Data Analysis soft-
ware 6 (GraphPad Software, Inc., La Jolla, CA, USA). was 
used to analyze all materials and depict the standard curve.

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. Statistical analyses were performed with 
GraphPad Prism 6 (GraphPad Software, Inc.). F-test was used 
to assess the equality of variances. If variances were equal, a 
Students t-test was employed to compare mean values among 
groups. The Rank-sum test was performed if data were not 
normally distributed or variances were not equal. P<0.05 was 
determined to indicate statistically significant difference.

Results

General observation. Forty-five SD rats in the test group 
underwent surgery without any perioperative mortality and 
were characterized by head bobbing, twisting and shaking that 
disappeared within approximately one week. At seven days 
after surgery, five rats had died (Table I) and were dissected, 
revealing cervical infection and intestinal tympaniteses. No 
further mortality was observed at one, three and six months 
post-operation.

Changes in inf lammatory cytokine levels. The serum 
inflammatory cytokine levels in the two groups at different 
time-points are shown in Table II. The content of IL-1β in the 
control group at one, three and six months post-operation was 
97.76±13.33, 112.69±33.35 and 99.78±13.44 pg/ml, respec-
tively, while that in the experimental group was 266.69±85.33, 
211.22±49.23 and 143.71±38.58 pg/ml, respectively. Compared 
with that in the control group, the serum IL-1β content in the 
experimental group was significantly increased at one and 
three months (P<0.05; Fig. 1).

The content of IL-6 in the control group at one, three and 
six months post-operation was 261.05±14.69, 257.84±7.87 
and 254.80±21.13 pg/ml, respectively, while that in the 
experimental group was 269.99±13.87, 262.61±12.20 and 
266.40±16.59 pg/ml, respectively. Compared with that in the 
control group, the IL-6 content in the experimental group 
showed no significant change at any of the time‑points (Fig. 2).

The content of IL-10 in the control group at one, three 
and six months post-operation was 59.81±3.68, 64.60±0.96 
and 59.82±13.11 pg/ml, respectively, while that in the 
experimental group was 94.65±9.37, 111.73±10.42 and 
69.93±9.69 pg/ml, respectively. Compared with those in the 
control group, the serum levels of IL-10 in the experimental 
group were significantly increased at one and three months 
(P<0.001; Fig. 3).

The content of IL-12 in the control group at one, three 
and six months post-surgery was 315.74±34.32, 268.21±77.31 
and 322.83±34.77 pg/ml, respectively, while that in the 
experimental group was 333.73±37.25, 375.56±40.70 and 
339.37±20.56 pg/ml, respectively. Compared with the control 
group, the serum levels of IL-12 in the experimental group 
were significantly increased at three month (P<0.05; Fig. 4).
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The content of TNF-α in the control group at one, three 
and six months post-operation was 79.55±7.64, 74.54±2.23 and 
79.60±11.76 pg/ml, respectively, while that in the experimental 
group was 147.15±26.12, 144.39±29.45 and 101.59±16.19 pg/ml, 
respectively. Compared with those in the control group, the 
serum levels of TNF-α in the experimental group were signifi-
cantly increased at one and three months (P<0.01; Fig. 5).

The content of TGF-β1 in the control group at one, 
three and six months post-operation were 4,214.21±258.59, 
4,894.47±327.32 and 3,608.41±387.11 pg/ml, respectively, 
while those in the experimental group were 4,789.72±633.27, 
4,044.79±361.26 and 3,333.52±251.41 pg/ml, respectively. 
Compared with the control group, there was an increasing 
trend in TGF-β1 content at one month, which may have been 

a compensatory increase, followed by a significant decrease at 
three months (P<0.01; Fig. 6).

Following investigation of post-operative healing in the 
two groups it was demonstrated that part of the cervical back 
muscle in the experimental group healed and exhibited scar-
ring over time, especially at 6 months post-surgery (Fig. 7). In 
the control group, the incision healed well and the cervical 
back muscle was well arranged under the subcutaneous tissue.

Discussion

The present study successfully established a rat model of 
cervical spondylosis by creating a non-equilibrium of dynamic 

Figure 1. Serum IL-1β content in rats (pg/ml). Compared with those in the 
control group, the serum IL-1β content in the experimental group as signifi-
cantly increased at one and three months. *P<0.05 vs. control. Values are 
expressed as the mean ± standard deviation. IL, interleukin; Mon, months.

Table I. Survival rate of animals in the present study.

 Control group Experimental group
Time ------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------
(months) Total (n) Survived, n (%) Died (n) Total (n) Survived, n (%) Died (n)

1 5 5 (100) 0 10 9 (90) 1
3 5 5 (100) 0 15 13 (87) 2
6 5 5 (100) 0 20 18 (90) 2

Table II. Serum inflammatory cytokine content in rats (pg/ml).

 Group
 ---------------------------------------------------------------------------
 Time  Experimental
Cytokine (months) Control group group

IL-1β 1 97.76±13.33 266.69±85.33a

 3 112.69±33.35 211.22±49.23a

 6 99.78±13.44 143.71±38.58
IL-6 1 261.05±14.69 269.99±13.87
 3 257.84±7.87 262.61±12.20
 6 254.80±21.13 266.40±16.59
IL-10 1 59.81±3.68 94.65±9.37b

 3 64.60±0.96 111.73±10.42b

 6 59.82±13.11 69.93±9.69
IL-12 1 315.74±34.32 333.73±37.25
 3 268.21±77.31 375.56±40.70a

 6 322.83±34.77 339.37±20.56
TNF-α 1 79.55±7.64 147.15±26.12c

 3 74.54±2.23 144.39±29.45c

 6 79.60±11.76 101.59±16.19
TGF-β1 1 4,214.21±258.59 4,789.72±633.27
 3 4,894.47±327.32 4,044.79±361.26c

 6 3,608.41±387.11 3,333.52±251.41

Values are expressed as the mean ± standard deviation. aP<0.05, 
bP<0.001, cP<0.01 vs. control group. CG, control group; EG, experi-
mental group; IL, interleukin; TNF, tumor necrosis factor; TGF, 
transforming growth factor. Figure 2. Serum IL-6 content in rats (pg/ml). Compared with those in 

the control group, the IL-6 content in the experimental group was not 
significantly changed at any of the time‑points. Values are expressed as the 
mean ± standard deviation. IL, interleukin; Mon, months.
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and static forces. X-ray analysis (unpublished data) of the 
cervical spine of experimental group rats revealed degen-
erative manifestations, including disappearance of the cervical 
physiological curvature, reduction of the intervertebral 
foramen in size and narrowing of the disc space. The animal 
model of cervical degeneration provided a reliable sample for 

future studies on the association between serum inflammatory 
cytokines and cervical degeneration.

Cytokines are glycoproteins produced by a variety of cells 
and are secreted into the extracellular space to participate in the 
immune response and inflammatory regulation. As a research 
hot spot, IL-1β is thought to be the most important cytokine, 
with a strong pro‑inflammatory activity by stimulating the 
production of multiple pro‑inflammatory mediators such as 
cytokines, chemokines and matrix metalloproteinases (14-16). 
In addition, IL-1β promotes oxidative stress and accelerates 
the degradation of extracellular matrix by inducing cell senes-
cence apoptosis, thereby accelerating disc degeneration (17). 
In the present study, the serum IL-1β content was elevated 
in parallel with the progression of cervical degeneration at 
one and three months, suggesting that IL-1β is an important 
inflammatory mediator with a pivotal role in cervical degen-
eration. Degeneration of the cervical vertebrae accompanied 
by a high level of local IL-1β and IL-1β mediated a strong 
inflammatory response, and local inflammation accelerates 
the oxidation of intervertebral disc cells and degradation of 

Figure 4. Serum IL-12 content in rats (pg/ml). Compared with those in the 
control group, the serum levels of IL-12 in the experimental group were 
significantly increased at three months. *P<0.05 vs. control. Values are 
expressed as the mean ± standard deviation. IL, interleukin; Mon, months.

Figure 5. Serum TNF-α content in rats (pg/ml). Compared with those in the 
control group, the serum levels of TNF-α in the experimental group were 
significantly increased in at one and three months. **P<0.01 vs. control. 
Values are expressed as the mean ± standard deviation. TNF, tumor necrosis 
factor; Mon, months.

Figure 3. Serum IL-10 content in rats (pg/ml). Compared with those in the 
control group, the serum levels of IL-10 in the experimental group were 
significantly increased at one and three months. ***P<0.001 vs. control. 
Values are expressed as the mean ± standard deviation. IL, interleukin; Mon, 
months.

Figure 6. Serum TGF-β1 content in rats (pg/ml). Compared with that in the 
control group, there was an increasing trend in the TGF-β1 content at one 
month, which may have been a compensatory increase, and was significantly 
decreased at three months. **P<0.01 vs. control. Values are expressed as the 
mean ± standard deviation. TGF, transforming growth factor; Mon, months.

Figure 7. Rats in the two groups were anesthetized at each time-point 
post-operation and an incision was made to observe the healing condition. 
(A) Control group; (B) 1, (C) 3 and (D) 6 months post‑surgery in the experi-
mental group. Part of the cervical back muscle in the experimental group 
healed and scarred over time.
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extracellular matrix, which facilitates disc degeneration. In 
another study by Smith et al (18), co-treatment with IL-1β 
and IL-1 receptor antagonist almost completely reversed 
degenerative changes of bovine nucleus pulposus cells induced 
by IL-1β. This conclusion inspired us to treat cervical disc 
degeneration by eliminating local inflammatory factors and 
cytokines to restore intra-disc homeostasis, e.g. by intra-disc 
injection of cytokine receptor antagonists. Sainoh et al (19) 
demonstrated that intradiscal tocilizumab injection exerted 
a short-term analgesic effect in patients with discogenic low 
back pain, however further research is required to determine 
the long-term effects.

A previous study suggested that the level of TNF-α is 
closely associated with cervical pain of patients with cervical 
spondylosis. TNF-α facilitates neurovascular ingrowth via 
increasing the production of nerve growth factor and vascular 
endothelial growth factor. It also facilitates matrix degradation 
and upregulates substance P, suggesting it may sensitize nerves 
to painful responses or facilitate structural disruption (20,21). 
Lai et al (22) confirmed that compared with the changed 
cervical structure or partial neurovascular hyperplasia, the 
pain caused by cervical spondylosis was more closely linked 
with local inflammation. When comparing nucleus pulposus 
material from disk herniation vs. painful degenerative disk 
disease, higher levels of TNF-α were detected in the painful 
degenerative disk disease group (23,24). In the present study, 
elevated serum TNF-α content and cervical degeneration 
showed a positive association at the first and third months, 
suggesting that the pain caused by cervical degeneration 
was chronically sustained and intensified over the first three 
months, accompanied by degeneration of the cervical verte-
brae.

IL-12 is mainly produced by dendritic cells and macro-
phages, with a wide range of immune and pro‑inflammatory 
effects by promoting the secretion of interferon-γ and has an 
enhanced role in other pro‑inflammatory reactions (25,26). 
T‑lymphocytes are major inflammatory cells in cervical disc 
tissue, its cell subsets, particularly the imbalance of T-helper 
type 1 vs. type 2 cell subsets and cytokines may be associated 
with cervical degeneration, and IL-12 has an important role 
in T-cell mediated autoimmune diseases (27). Akyol et al (28) 
found that the expression of IL‑12 significantly increased in 
cervical disc tissue of cervical spondylosis patients compared 
with that in the control group. The present study assessed 
serum samples and found that the amount of IL-12 in the 
experimental group was significantly increased at 3 months 
post-operation compared with that in the control group. 
However, the increasing trend of IL-12 in serum samples was 
not as remarkable as that in disc samples. It is therefore specu-
lated that IL-12 is mainly involved in the immune response in 
disc tissue but less in serum.

IL‑10 is a homodimeric anti‑inflammatory 36‑kDa cytokine 
produced by monocytes and lymphocytes. Anti‑inflammatory 
IL-10 is probably increased in intervertebral disk disease as 
a result of the tight coupling of the pro‑inflammatory arm 
of the local disk disease process with an anti‑inflammatory 
regulatory arm of the response, which is necessary to prevent 
excessive stimulation and tissue destruction (29). A previous 
study found more IL-10-positive cells in the degenerated discs 
than in the control discs (30). Similarly, the present study 

revealed that the expression of IL-10 was gradually increased, 
which is consistent with the above conclusions. IL-10 is known 
to have a major role in the anti‑inflammatory response and is 
raised as a feedback effect. Li et al (31) observed that either 
TGF-β or IL‑10 alone suppressed the expression of inflam-
matory cytokines. Furthermore, their combined use produced 
a higher level of inhibition of TNF-α and IL-1β than either 
TGF-β or IL-10 alone. It was therefore speculated that IL-10 
may be involved in an anti-degeneration mechanism in the 
cervical degeneration process.

It is similar to the cytokine IL-10, Maltman et al (32) 
found that TGF-β guides abnormal bone remodeling, and has 
a vital role in maintaining articular cartilage and subchon-
dral bone homeostasis. TGF-β has been reported to increase 
proteoglycan production to adjust the proliferation of type II 
collagen intervertebral disk cells and reduce matrix degrada-
tion to thereby regulate the metabolism of intervertebral disc 
cells (33,34). While certain studies found that proteoglycan 
production in nucleus pulposus cells was increased through 
gene therapy with TGF-β, it is inferred that TGF-β is a protec-
tive cytokine in the intervertebral disc (35-37). In the present 
study, an increasing trend of TGF-β1 at 1 month post-oper-
ation was identified, while it had significantly decreased at 
3 months. This may be the body's protective response to 
cervical degeneration. As TGF-β decreased earlier than 
other cytokines, it may be speculated that the early stage of 
cervical degeneration may be accompanied with the increase 
of TGF-β1. TGF-β1 may then activate the body's anti-cervical 
degeneration mechanism by increasing the production and 
reducing the degradation of proteoglycan matrix, guiding 
bone and cartilage remodeling to restore the stability of the 
local cervical spine. The specific mechanisms still require to 
be further investigated.

Kishimoto et al (38) proposed that IL-6 is a multifunctional 
cytokine involved in cell proliferation and differentiation, 
maintaining immune homeostasis, macrophage function and 
other key functions. It has been confirmed that IL‑6 can be used 
as a pro‑inflammatory cytokine, which may cause secondary 
injury (39,40). Sainoh et al (41) achieved a pain reduction by 
intra-disc injection of IL-6 inhibitor. Miyagi et al (42) found 
that the expression of IL-6 in a rat model of intervertebral 
disc injury increased steadily from the first to the fourth day 
compared with that in the control group. Sainoh et al (41) 
found that IL-6 and IL-6 receptor levels reached a maximum 
on the first day post‑disc injury and then gradually decreased 
in injured intervertebral discs over time compared to those 
in the disks of non-injured mice. Conversely, in the present 
study, no significant changes in the serum levels of IL‑6 were 
found in the test and control groups at any time-point. The 
possible reasons may be as follows: First, the sample detec-
tion in the above studies was usually within a few days after 
model establishment, but was at least one month in the present 
study. Differences in species between studies may be another 
factor affecting the results of the experiments. Finally, the 
present study assessed serum samples, while the above studies 
assessed cytokine levels in the intervertebral disc, which 
may have influenced the outcome. Xiang et al (43) reported 
that inflammatory cytokines in degenerative disc tissue were 
significantly higher than those in serum, which confirms this 
conjecture.
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Of note, the present study found that in the experimental 
group, the levels of IL-1β, IL-6, IL-10, IL-12, TGF-β and 
TNF-α at six months had obviously decreased compared with 
those at one and three months. This may be associated with 
the partial healing of neck muscles and scarring, which may 
in part lead to the recovery of cervical vertebral stability. The 
recovery of cervical vertebral stability retards the process of 
cervical degeneration, resulting in the decrease of inflam-
matory cytokines. It is therefore inferred that the changes 
of inflammatory cytokines were associated with cervical 
vertebral stability, but not with cervical degeneration. The 
initiating factors of cervical spondylosis therefore remain to 
be elucidated.

The present study preliminarily assessed the association 
between serum inflammatory cytokines and cervical degener-
ation. However, there is a limitation as the addition of another 
control group, in which comparable muscles in different parts 
of mice were cut, is required. The changes in cytokines may 
have been due to muscle ligation rather than spine-associated 
processes. However, the expression of associated genes and 
signal transduction pathways in the process of cervical degen-
eration has remained indeterminate and will be the focus of 
further study.
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