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Abstract. The present study was performed to investigate 
the role of p38 mitogen-activated protein kinase (MAPK) in 
the resorption of herniated intervertebral discs in 30 rats. In 
the non-contained and p38 MAPK inhibition (p38i) groups, 
two coccygeal intervertebral discs (IVDs) were removed and 
wounded prior to relocation into the subcutaneous space of the 
skin of the back. In the contained group, the cartilage endplates 
maintained their integrity. Furthermore, SB203580 was 
injected intraperitoneally into the p38i group, whereas saline 
was injected into the other two groups. In the non-contained 
group, the weight of the relocated IVDs decreased to a greater 
extent over time when compared with the contained and p38i 
groups. Phosphorylated p38, tumor necrosis factor-α, and 
interleukin-1β were observed to exhibit higher expression 
levels in the non-contained group compared with the contained 
and p38i groups, at weeks 1 and 4 post-surgery. The expression 
level of caspase-3 and the densities of apoptotic disc cells were 
significantly higher in the non-contained group compared 
with the contained and p38i groups at 4 weeks post-surgery. In 
conclusion, p38 MAPK induces apoptosis in IVDs, while also 

accelerating the resorption of the relocated IVDs. Thus, p38 
MAPK may be important in spontaneous resorption of IVDs.

Introduction

Intervertebral disc (IVD) herniation is the major cause of 
chronic sciatica and lower back pain (1). However, these severe 
symptoms can be noticeably relieved in 70% of lumbar disc 
herniation patients within 6 weeks of onset, while certain 
patients demonstrate a decrease in the size, or disappearance, 
of the herniated disc by magnetic resonance imaging (MRI) 
and computed tomography (CT) (1-3). This natural resorption 
is more likely to occur in extruded types, particularly in the 
sequestered type, as the herniated disc is more easily exposed 
to the epidural vascular supply by the presence of a tear in the 
posterior longitudinal ligament (PLL) (1,4,5). The mechanism 
of spontaneous resorption is associated with numerous factors. 
It has been shown that infiltrating macrophages and newly 
formed vessels promote the progression of spontaneous herni-
ated disc resorption (6). Tumor necrosis factor-α (TNF-α) and 
interleukin-1β (IL-1β), which are released from macrophages 
after the onset of disc herniation, are crucial in herniated disc 
resorption (7,8).

The apoptosis of IVD cells is increased more in 
non-contained disc herniation than in contained disc hernia-
tion, in which the herniated nucleus pulposus penetrates 
the PLL and is exposed to the epidural space (9). p38 
mitogen-activated protein kinase (MAPK) is hypothesized to 
be closely associated with inflammation and apoptosis (10,11). 
Furthermore, increasing evidence suggests that activated 
p38 MAPK induces apoptosis in the herniated disc (12,13). 
However, the association between p38 MAPK and apoptosis 
in herniated disc resorption remains to be clarified, thus the 
present study hypothesized that the induction of herniated 
disc apoptosis by p38 MAPK activation may be significant in 
spontaneous resorption.

In the current study, the occurrence of apoptosis in disc 
cells and the expression level of caspase-3 was examined in 
a rat model of IVD herniation. In addition, the expressions of 
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TNF-α, IL-1β, p38 MAPK, and P-p38 (phosphorylated p38) 
was investigated. These data may provide further insight 
into the underlying mechanism of spontaneous resorption of 
lumbar disc herniation.

Materials and methods

Animals and materials. All experiments were approved by 
the Institutional Animal Care and Use Committee (School of 
Pharmacy, East China University of Science and Technology; 
Shanghai, China). A total of 30 male Sprague-Dawley 
rats, (weight, 230-300 g) were obtained from the Shanghai 
Laboratory Animal Center Laboratory Animal Co., Ltd. 
(Shanghai, China). SB203580 (a p38 MAPK inhibitor) was 
obtained from Selleck Chemicals Co., Ltd. (Houston, TX, 
USA). The following antibodies were used: Rabbit anti-human 
polyclonal IL-1β (1:1,000; 13082-1-AP; Proteintech Group, 
Inc., Chicago, IL, USA) and polyclonal rabbit anti-human P-p38 
(1:1,000; GWB-ASB336; GenWay Biotech, Inc., San Diego, 
CA, USA), rabbit anti-human polyclonal p38 MAPK (1:1,000; 
33149; Signalway Antibody Co., Ltd., Maryland, MD, USA), 
rabbit anti-human polyclonal TNF-α (1:1,000; 17590-1-AP; 
Proteintech Group, Inc.) and rabbit anti-human polyclonal 
caspase-3 (1:1,000; 19677-1-AP; Proteintech Group, Inc.).

Animal model. The 30 rats were divided into control and p38i 
(p38 MAPK inhibition) groups in a 2:1 ratio. The rats were 
housed separately in plastic cages in a pathogen-free environ-
ment. The rats were fed sterile feed (Shanghai SLAC Laboratory 
Animal Co., Ltd., Shanghai, China) and were maintained under 
a 12 h light/dark cycle. The control group was subdivided 
equally into contained and non-contained groups according 
to different processing of the discs. Two coccygeal IVDs, 
containing the nucleus pulposus, annulus fibrosus and adjacent 
cartilage endplates, were obtained under 40 mg/kg intraperito-
neal pentobarbital (Sigma-Aldrich, St. Louis, MO, USA) from 
the rat tail. In the non-contained group, the cartilage endplates 
were punctured with a needle and the harvested disc mate-
rial was weighed using the FA1004B Millionth Sophisticated 
Analytical Balance (Shanghai Precision Instrument Co., Ltd., 
Shanghai, China) prior to autografting into the back muscle of 
the rat. In the contained group, the discs were placed into the 
back directly after noting the weight. In the p38i group, rats with 
autografted non-contained discs were injected into the perito-
neum, with 10 mg/kg SB203580, daily from days 1 to 28 after 
surgery. In the other two groups, rats received an injection of 
the same quantity of saline. Five rats from each group were 
sacrificed by overdose with pentobarbital sodium (200 mg/kg) 
for harvested disc material at weeks 1 and 4 post-surgery.

Tissue processing. After recording the weight of the harvested 
discs, one tissue specimen from each rat was prepared for 
histological observation, immunohistochemistry and terminal 
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) 
staining. All samples were fixed in 10% neutral buffered 
formalin (YiYan Biological Technology, Ltd., Shanghai, China) 
at room temperature overnight and embedded in paraffin (YiYan 
Biological Technology, Ltd.). The tissue specimens were sliced 
into 5 mm‑thick paraffin sections in the axial plane, using a 
microtome (BZ-600; BZ Technology Co., Ltd., Daventry, UK). 

Hematoxylin and eosin (H&E; Qianchen Biological Technology 
Co., Ltd., Shanghai, China) staining was used according to the 
standard method and the morphology of the harvested discs 
was examined under a microscope (170BN; Wincom Company 
Ltd., Changsha, China). The remaining tissue specimens were 
prepared for western blot by mechanically pulverizing the 
tissue with a pestle and mortar on ice and homogenizing in 
phosphate-buffered saline (PBS; Sigma-Aldrich).

Western blot analysis. Protein concentrations were determined 
using the bicinchoninic acid assay (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Proteins (50 µg) were resolved in 
10% sodium dodecyl sulfate-polyacrylamide gels (Beyotime 
Institute of Biotechnology, Shanghai, China), then transferred 
onto nitrocellulose membranes (GE Healthcare Life Sciences, 
Uppsala, Sweden). The membrane was blocked with 5% nonfat 
milk in Tris-buffered saline (Cell Signaling Technology, Inc., 
Danvers, MA, USA) for 1 h at room temperature and incubated 
with the IL-1β, TNF-α, p38 and P-p38 primary antibodies in 
dilution buffer (Beyotime Institute of Biotechnology) over-
night at 4˚C. The membranes were incubated with the goat 
anti-rabbit polyclonal secondary antibody (1:10,000; 110806; 
Jackson ImmunoResearch Laboratories, Inc., West Grove, 
PA, USA), alkaline phosphatase (AP; Roche Diagnostics, 
Basel, Switzerland), conjugated with AP containing nitro-blue 
tetrazolium chloride/5-bromo-4-chloro-3-indolyl-phosphate 
[Meryer (Shanghai) Chemical Technology Co., Ltd., Shanghai, 
China] at room temperature for 10-20 min, and imaged using 
enhanced chemiluminescence (GE Healthcare Life Sciences, 
Piscataway, NJ, USA). The X‑ray films (Kodak, Rochester, 
NY, USA) were scanned, and then the intensity of each signal 
density was measured and analyzed using ImageJ software, 
version 1.48 (National Institutes of Health, Bethesda, MD, 
USA). β-actin served as the internal control for protein loading.

Immunohistochemical staining. The tissue specimens were 
dewaxed with xylene (Qianchen Biological Technology 
Co., Ltd.) and rehydrated using a graded alcohol series. The 
endogenous peroxidase reactions were quenched with 3% 
H2O2 (Qianchen Biological Technology Co., Ltd.) for 10 min 
at room temperature. Then, nonspecific binding was blocked 
with 5% normal bovine serum albumin [Meryer (Shanghai) 
Chemical Technology Co., Ltd.] for 1 h at room temperature. 
The specimens were washed three times with PBS after 
incubation with the anti-caspase-3 primary antibodies over-
night at 4˚C. After incubation for 2 h with fluorescent‑labeled 
secondary antibodies, the specimens were washed another 
three times with PBS. Subsequently, for marker staining, 
the specimens were incubated with streptavidin-horseradish 
peroxidase [Meryer (Shanghai) Chemical Technology Co., 
Ltd.] at room temperature for 2 h and subsequently immersed in  
3,3'-diaminobenzidine tetrachloride (Roche Diagnostics) in 
the dark for 5-10 min. After counterstaining with hematoxylin, 
the specimens were dehydrated with a graded series of alcohol 
and examined under a light microscope (LB202; Leader 
Precision Instrument Co., Ltd., Dongguan, China).

TUNEL staining. The tissue specimens were rehydrated and 
endogenous peroxidase reactions were quenched (as mentioned 
above) and incubated with proteinase K (Roche Diagnostics) 
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for 15 min at 37˚C. The tissue specimens were then incubated 
with Equilibration Buffer (Roche Diagnostics) for 10 min 
prior to incubation with BrightGreen Labeling Mix (Roche 
Diagnostics) and TUNEL (Roche Diagnostics), for 1 h in the 
dark. Subsequent to three washes with distilled water, the tissue 
specimens were examined for apoptosis under a fluorescence 
microscope (LF302; Leader Precision Instrument Co., Ltd.).

Statistical analysis. Differences in the weight of the relocated 
discs were determined by one-way analysis of variance, 
followed by the Bonferroni post hoc test for multiple compari-
sons. Differences between any two groups were analyzed 
using the unpaired Student's t-test or the Mann-Whitney test 
as appropriate and P<0.05 was considered to indicate a statisti-
cally significant difference. SPSS software, version 18.0 (SPSS, 
Inc., Chicago, IL, USA) was used for statistical analysis.

Results

Histological changes. H&E-stained sections were examined 
under a microscope. As shown in Fig. 1, morphological 
changes in the annulus fibrosus and eosinophilic staining were 
not observed in contained disc tissues, but were apparent in the 
p38i group and were more evident in the non-contained group. 
The extracellular matrix and collagen fibers were disordered 
in the non-contained group, and were accompanied by neovas-
cularization and inflammatory cell infiltration, including the 
presence of macrophages in the relocated discs.

Weight change. The weight of relocated discs was examined 
prior to disc cell relocation and following sacrifice. The weight 
in the non‑contained group decreased significantly at week 4 
compared with week 1 and the time of surgery (P<0.05). 
However, in the contained and p38i groups (Fig. 2), there 
was no significant difference in disc weight between any of 
the three time-points. This indicated that the weight of the 
relocated disc in the non-contained group decreased more 
markedly than the other two groups as time progressed.

TNF‑α and IL‑1β expression levels. The expression levels 
of TNF-α and IL-1β were observed in the three groups by 
western blot analysis (Fig. 3). The expression levels of TNF-α 
and IL-1β were markedly higher in the non-contained and p38i 
groups compared with the contained group at week 1, however, 

at week 4 the difference was reduced. In the p38i group, the 
expression levels of TNF-α and IL-1β decreased gradually 
over time.

Activation of p38 MAPK. A high expression level of P-p38 was 
observed in the non-contained group, indicating that p38 phos-
phorylation was significantly suppressed by p38i. However, 
there was almost no difference in the expression intensity of 
non-P-p38 between all three groups at weeks 1 and 4 (Fig. 3).

Apoptosis of nucleus pulposus cells. TUNEL staining 
was performed to detect the presence of apoptotic cells 
in the relocated discs. As shown in Fig. 4, the apoptotic 
percentage differed between each group and was highest in 
the non-contained group. Apoptosis in the p38i group was less 
than that in the non-contained group, however, was more than 
in the contained group.

Caspase‑3 expression. Immunohistochemical staining 
was performed to evaluate the expression of caspase-3 

Figure 2. Change in weight of relocated discs. At the time of surgery, and 
at weeks 1 and 4 post-surgery, the weight of each relocated disc was mea-
sured. In the non-contained group, the weight gradually decreased, and a 
significant difference was observed when compared with the contained and 
p38 inhibition groups at week 4. This difference was also observed between 
the p38 inhibition and contained groups. *P<0.05, **P<0.01 vs. contained; 
#P<0.05 vs. p38 inhibition.

Figure 1. Hematoxylin and eosin‑stained sections were examined under a microscope four weeks after surgery (magnification, x200). (A) Numerous newly 
formed vessels and macrophages were observed in the relocated discs in the non-contained group and, in particular, the morphological structure was clearly 
destroyed, exhibiting disordered annulus fibrosus and shrinking of the nucleus pulposus tissue. (B) In the p38 inhibition group, the disc structure exhibited mild 
morphological alterations, and newly formed vessels and macrophages were observed in the relocated discs. (C) There was almost no change in the structure 
of the relocated discs in the contained group, furthermore, newly formed vessels and infiltrated macrophages were not observed.

  A   B   C
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in the relocated discs. Caspase-3 staining demonstrated 
different trends in the three groups (Fig. 5). The majority 
of the caspase-3-positive disc cells were observed in the 
non-contained group disc tissue. The expression of caspase-3 
in the p38i group was higher than in the contained group.

Discussion

With developments in imaging techniques, such as MRI 
and CT, there has been an increase in the reporting of the 
disappearance or decreases in size of herniated IVDs (14). 
Regression is more significant in extruded and sequestrated 
herniated discs. Disc migration is a subtype of disc extrusion, 
where the herniation is exposed to the epidural space, as well 
as transligamentous herniation. Komori et al (1) identified that 

the complete resolution rate was higher in a migration group 
when compared with a non-migration group (41 vs. 0%). 
Various hypotheses have been proposed to explain the mecha-
nism by which spontaneous resorption occurs. One hypothesis 
is that, in disc bulges and protrusions, the herniation may 
retract back into the parent disc (15,16). A second is that 
dehydration promotes disc regression due to a higher MRI T2 
signal intensity, as higher regression rates have previously been 
reported (17,18). Disc herniation into the epidural space causes 
an inflammatory reaction and neovascularization, resulting 
in the absorption of the herniated disc by phagocytosis and 
enzymatic degradation (19). In addition to these hypotheses, 
the apoptosis of disc cells has received greater attention, 
as evidence indicates that a higher degree of apoptotic disc 
cells is present in non-contained discs when compared with 

Figure 3. Western blots were generated and probed for TNF-α, IL-1β, p38 MAPK, and p-p38 MAPK at weeks 1 and 4. In the non-contained group, TNF-α, 
IL-1β, and p38 MAPK exhibited high expression levels, which were not observed in the contained group. The expression level of p38 MAPK was inhibited in 
the presence of SB203580, indicating that TNF-α and IL-1β promoted p38 expression in this condition. Additionally, the expression levels of TNF-α and IL-1β 
were suppressed by SB203580 treatment. TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1β; MAPK, mitogen-activated protein kinase; P, phosphorylated.

Figure 4. Relocated discs in the (A) non-contained (B) p38 inhibition and (C) contained groups were stained for apoptosis using the terminal deoxynucleotidyl 
transferase dUTP nick end labeling method; green fluorescence indicates apoptotic disc cells. The apoptotic percentage was highest in the non‑contained 
group, followed by the p38 inhibition group, and the lowest was observed in the contained group. Arrows indicate apoptotic cells (magnification, x200).

Figure 5. Typical appearance of immunoreactive cells for proteinases (magnification, x200). Immunohistochemical staining for caspase-3 in the 
(A) non-contained, (B) p38 inhibition and (C) contained groups. Caspase-3 immunoreactivity is indicated by brown-yellow staining (indicated by red arrows).

  A   B   C
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contained discs, suggesting that apoptosis of disc cells may be 
another mechanism in spontaneous resorption (20).

In the current study, an experimental rat model of disc 
resorption was proposed, which was modified based on a 
previously described method (21,22). The changes in disc 
weight and morphological structure indicated that this model 
appropriately simulated the sequestrated type of human disc 
herniation, in which spontaneous resorption is most likely to 
occur. In the non-contained model, newly formed vessels and 
macrophages easily infiltrated into the exposed disc tissues 
when the cartilage endplate was punctured with a needle. 
However, the infiltration was not obvious in the contained 
model, as the disc tissue is isolated from the blood supply and 
immune system. The decrease in weight of the relocated IVD 
may indicate spontaneous regression in vivo (8,23), thus this 
decrease demonstrated that the needle puncture model adopted 
was effective, simple and practical in the mechanistic investi-
gation of spontaneous regression by simulating extruded and 
sequestrated intervertebral disc herniation.

The MAPK signaling pathway family acts as a major 
kinase pathway, which regulates numerous physiological 
activities in cells, such as inflammation, metabolic balance, 
and apoptosis (24). Previous studies have demonstrated that 
when the IVD was relocated in vivo, the autografts induced 
TNF-α and IL-1β mRNA upregulation, rapidly followed by 
macrophage infiltration (25). The phosphorylation of p38 
MAPK, an important component of the MAPK family, was 
closely associated with the secretion and accumulation of 
proinflammatory factors. p38 MAPK can be activated by 
TNF-α and IL-1β through numerous signaling pathways, 
such as apoptosis-stimulating kinase and transforming 
growth factor-β-activated kinase (26-28). P-p38 MAPK in 
nucleus pulposus cells was markedly increased after cells 
were exposed to TNF-α or IL-1β, and the mRNA expres-
sion levels of TNF-α and IL-1β were downregulated by 
p38 inhibition (29,30). Furthermore, IL-1β and TNF-α may 
stimulate herniated disc nucleus pulposus cells to produce 
prostaglandin E2, IL-6 and matrix metalloproteinase-3 
(MMP-3), which were closely associated with disc degenera-
tion, but were decreased when p38 MAPK was inhibited. In 
a previous study, p38 MAPK inhibition increased the ratio 
of tissue inhibitor of metalloproteinases metallopeptidase 
inhibitor 1 to MMP-3 in vitro when activated by IL-1β or 
TNF-α, subsequently influencing the degradation of the 
extracellular matrix of nucleus pulposus cells (29).

In the present study, the expression levels of TNF-α and 
IL-1β were observed after the IVD was implanted in the 
non-contained group, accompanied by the high expression 
level of P-p38 MAPK. However, in the contained group, these 
proinflammatory factors were almost undetectable, which may 
have been due to the resulting isolation between the relocated 
disc, and the now segregated blood supply. Furthermore, P-p38 
MAPK was expressed at a moderately low level. In addition, 
the current study demonstrated that the P-p38 MAPK was 
suppressed significantly by SB203580 in the p38i group. It has 
been previously shown that p38 MAPK is activated by TNF-α 
and IL-1β secretion from macrophages or IVD tissue when the 
herniated disc penetrates the PLL (31).

p38 MAPK induces apoptosis through various signaling 
pathways. Cai et al (12) found that the phosphorylation of 

BimEL, a member of the Bcl-2 family, on Ser-65 may be a 
common regulatory point for cell death induced by the c-Jun 
N-terminal kinase and p38 MAPK signaling pathways. 
Hsu et al (32) proposed that receptor engagement activates 
p38α to promote apoptosis by the induction of Fas ligand 
(FasL) expression. In addition, p38 MAPK activation induces 
the activation of caspases, such as caspase-3, and apoptosis 
via the Fas-mediated death pathway (33). Regarding disc 
cells, Rannou et al (13) suggested that p38 MAPK signaling 
is crucial in the process of annulus fibrosus cell apoptosis 
during mechanical overload. Apoptotic cells are induced 
by the Fas-mediated death pathway, in which p38α MAPK 
activation increases the expression of Fas and FasL proteins, 
as well as caspase activation (33). In herniated discs, the 
apoptosis of disc cells following herniation differs depending 
on the type of herniation, which is higher in non-contained 
discs when compared with contained discs (9). When IVD 
cells undergo apoptosis, they are phagocytosed by macro-
phages and disc cells, including neighboring cells within cell 
clusters (34).

The present study found that the expression ratio of 
apoptotic cells and caspase-3 in the non-contained group was 
significantly higher than that of the contained group, however, 
this advantage was suppressed by p38 MAPK inhibition. 
Thus, following activation by TNF-α and IL-1β, P-p38 MAPK 
induces apoptosis of disc cells via a mechanism that remains 
unknown.

In conclusion, p38 MAPK was found to be involved in the 
process of spontaneous resorption by the induction of apop-
tosis in disc cells in a rat model of IVD herniation. To the best 
of our knowledge, this finding is the first direct evidence of the 
involvement of p38 MAPK in spontaneous resorption of IVDs.
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