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Abstract: Background: The pathogenesis of intervertebral disc degenerative disease (IDDD) remains unclear. While the 

anti-inflammatory role of IL-10 and the therapeutic potential of curcumin are well recognized, their specific interplay in 

IDDD remains poorly understood. Objectives: This study aimed to investigate whether curcumin alleviates IDDD by 

upregulating IL-10 to suppress MAPK pathway overactivation, thereby exerting anti-inflammatory, anti-apoptotic and pro-

anabolic effects on nucleus pulposus cells. Methods: Nucleus pulposus cells were isolated from patients with IDDD and 

divided into the following groups: control, varying concentrations of curcumin (10-80) μmol/L, varying concentrations of 

IL-10 (30-60) mM and a combination group of curcumin and IL-10. Cell proliferation and gene/protein expression were 

assessed using MTT assay, qPCR, Western blot and ELISA. Results: IL-10 promoted myeloid cell proliferation, 

upregulated Bax and GAG expression, enhanced collagen II synthesis and ERK1/2 phosphorylation, while downregulating 

Bcl-2 expression and reducing TNF-α and IL-6 secretion (P<0.05). These effects exhibited a dose-dependent enhancement, 

with high-dose IL-10 showing significantly greater efficacy compared to the low-dose group (P<0.05). Conclusion: IL-

10 mitigates disc degeneration by modulating MAPK signaling, reducing inflammation and apoptosis and promoting 

matrix synthesis in nucleus pulposus cells. 
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INTRODUCTION 

 

Intervertebral discs are fibrocartilaginous structures 

situated between adjacent vertebrae, primarily composed 

of water, collagen and proteoglycans. They are essential for 

spinal stability and mobility (Mohd Isa et al., 2022; Xin et 

al., 2022). With global aging and increasingly sedentary 

lifestyles, the clinical incidence of intervertebral disc 

degenerative disease (IDDD) has risen (Yurube et al., 2023; 

Wang et al., 2023). Degenerative disc disease and its 

associated disorders often manifest as lower back pain and 

reduced mobility (Taylor et al., 2024). IDDD can occur 

across age groups, with prevalence increasing with age 

(Novais et al., 2021). Symptoms such as pain, numbness 

and segmental spinal dysfunction significantly impair 

quality of life, necessitating effective treatment strategies 

(Ohyama et al., 2023). Under the combined effect of 

various physical and chemical factors, the pathological 

process of IDDD can cause molecular biological, 

mechanical and structural changes in the extracellular 

matrix of the intervertebral disc (Madhu et al., 2021). The 

overall structure of the disc is incomplete due to changes 

in the components of the extracellular matrix, such as 

collagen fiber II and a decrease or loss of GAG, which is 

an early marker for disc degeneration, which ultimately 

causes loss of water and decreased loading capacity of disc 

(Bhattacharya and Dubey, 2025; Dong et al., 2022). The 

causative factors for IDDD include genetic factors, aging 

of the organism, decreased immunity in the nucleus 

pulposus region, apoptosis or death of nucleus pulposus 

cells and many other factors (Wang et al., 2023; Li et al., 

2022). 
 

To date, the pathogenesis of disc degeneration is unclear. 

Inflammatory factors can participate in extracellular matrix 

metabolism and cell proliferation and, therefore, are 

currently considered to be key factors in the development 

of IDDD, causing disc matrix degradation and inducing 

nucleus pulposus cell injury (Zhang et al., 2024; Gong et 

al., 2023). IL-10 regulates cell growth and differentiation 

with immunosuppressive roles (Yang et al., 2025; Zhang et 

al., 2025) and is involved in several diseases (Li et al., 2022; 

York et al., 2024). However, the effect of IL-10 on IDDD 

inflammation and related mechanisms has not been 

elucidated. 
 

Curcumin is a diketone compound and can effectively 

inhibit platelet aggregation and reduce plasma viscosity to 

a certain extent, in addition to its anti-tumor, lipid-lowering 

and anti-inflammatory effects. Curcumin has been reported 

in the treatment of intervertebral disc diseases. It has been 

found that curcumin could slow down the degeneration of 

intervertebral discs by upregulating LC3 and 
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downregulating P62 in autophagy cells and at the same 

time, increasing the level of aggrecan and collagen II and 

decreasing the MMP-3 and MMP-13 expressions in 

nucleus pulposus cells (Xiao et al., 2020). In addition, it 

has also been found through animal experiments that 

curcumin inhibited NF-ΚB-p65 activity in degenerated 

intervertebral discs, reduced the expression level of TNF-

alpha and collagen fiber damage and effectively inhibited 

the degree of degeneration of lumbar intervertebral discs 

(Zamboni et al., 2022). However, it is not clear whether its 

therapeutic effect on degenerative disc disease is affected 

by IL-10 and further studies are thus needed (Zamboni et 

al., 2022). A schematic overview is presented in Fig. 1. 

 

MATERIALS AND METHODS 

 

General information 

Six patients diagnosed with IDDD who underwent surgical 

treatment between June 2015 and June 2016 were included 

(three males and three females, aged 35–49 years, mean 

age 36.2±3.2 years). Inclusion criteria (Ji et al., 2020) 

involved all patients diagnosed with IDDD by magnetic 

resonance imaging (MRI) of the lumbar spine; 

degeneration grade 3 was selected according to the 

Christian MRI grading criteria; patients were selected to be 

younger than 45 years old; and patients underwent surgery 

to remove the nucleus pulposus or resect the intervertebral 

disc. Exclusion criteria (Ji et al., 2020) included 

concomitant other lumbar disc pathologies, complicated 

with infectious diseases, malignant tumors, severe diabetes 

mellitus, severe hepatic and renal diseases, pulmonary 

fibrosis and osteometabolic diseases. Six patients with 

idiopathic scoliosis during the same period were selected, 

including three males and three females (age: 28-45 years, 

mean: 36.1±3.3 years), excluding IDDD or other lumbar 

disc diseases. Nucleus pulposus tissue specimens from the 

lumbar intervertebral discs were obtained from all 

individuals with informed consent.  

 

Reagents  

IL-10 was purchased from Sigma, USA; PVDF was from 

Pall Life Sciences. Antibodies against pERK1/2, ERK1/2 

and HRP-labeled IgG were purchased from Cell Signaling, 

U.S.A. Curcumin (Sigma Aldrich (Shanghai) Trading Co., 

Ltd; CAS: 458-37-7). 

 
Fig. 1: Schematic diagram of mechanism for curcumin in treatment of intervertebral disc degeneration. 
 

Table 1: Primer sequences. 
 

Genetics Upstream primers 5-3 Downstream primers 5-3 

GAPDH ACCAGGTATCTTGGTTG TAACCATGTCAGCGTGGT 

collagen II GCCAGGCATCTACTCACAGT TCTTAGGGAGCTTAGCCATT 

Bcl-2 CGATCCTCTTGACGCACAGGC TTAGCTCAGTCTAAGCCATACC 

Bax AGGCATCTTGACGCGCCAGG TTAGCCTAGGGATCTAAAGC 

Aggrecan CTACCGCTGCGATCCTGAG TCAGAGGTCTCGCATCGGT 

MMP-3 CAGGCATCCAGGGATTAATGG GCCTTGGCTGAGTGGTAGAG 

MMP-13 TGGTCCAGGAGATGAAGACC GGTCCTTGGAGTGGTCAGAC 
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Acquisition, culture and grouping of primary nucleus 

pulposus cells 

Nucleus pulposus tissues were collected during surgery and 

the annulus fibrosus was carefully removed. A sterile ultra-

clean bench was utilized to process each specimen. 

Specimens were rinsed in Petri dishes with D-Hank's 

solution until blood stains were completely removed from 

the nucleus pulposus tissue. The medullary tissue was cut 

into lmm3-sized pieces and the tissue was digested with 

collagenase at a concentration of 0.1% type II collagenase 

for 45 min with shaking and digestion followed by 

centrifugation of supernatant at 1,500 rpm for 5 min and 

addition of 4 mL of fresh DMEM medium for 24-48 h. The 

LECs were then cultured in a culture dish with D-Hank 

solution until blood stains were completely removed. LECs 

cells were inoculated at 1×105 cells/cm2 in 6-well plates 

with 10% FBS, 90% high sugar DMEM/F12 medium 

(containing 100 U/mL penicillin, 100 μg/mL streptomycin) 

and incubated at 37oC, 5% CO2 incubator. The fluid was 

changed every 3 d and cell passaging was performed when 

the cells were spread to 80%-90% from the bottom of the 

bottle. The cell passaging included removing the old 

culture medium, washing the cells using D-Hanks solution, 

digesting the cells and conducting cell passaging culture in 

the ratio of 1:2. 2-5 generations were selected for 

experiments. Nucleus pulposus cells were randomly 

divided into the following groups: a control group (without 

intervention), curcumin groups at different concentrations 

(10, 20, 40, 80 μmol/L), IL-10 groups at different 

concentrations (30, 60 mM) and a combined treatment 

group with curcumin (10 μmol/L) and IL-10 (60 mM). 

Cells in each group were treated for 48 h in a 37oC, 5% CO2 

incubator before subsequent experiments. 

 

Cell proliferation analysis 

Cells in 96-well plates were divided into control group and 

IL-10 group with different dosages (30 and 60 mM). After 

48h, 20 μL of MTT was added for 4 h and then 150 μL of 

DMSO was added 10 min to measure absorbance (A) value. 
 

ELISA to detect changes of TNF-α, IL-6 and GAG 

expression in the supernatants from cells in each group 

All specimens were used to detect TNF-α, IL-6 and GAG 

levels in supernatants from cells in each group by ELISA 

kit. The experimental procedures were performed 

according to the instructions from the ELISA kit.  
 

Real- time PCR 

mRNA was isolated for cDNA synthesis followed by CPR 

with primers in table 1. Gene level was analyzed semi-

quantitatively according to 2-ΔCt method. 
 

Western blot 

Whole protein was extracted and quantified by the 

Bradford method, followed by separation on SDS-PAGE 

for Western blot using primary antibodies with different 

ratios of dilutions of pERK1/2 (1:1000) and ERK1/2 

(1:1000), as well as β-actin (1:5000), respectively. X-films 

were scanned and strip densitometry was performed. The 

experiments were repeated four times (n=4), respectively, 

and statistically analyzed. 

 

Statistical analysis 

Data analysis was performed using SPSS 21.0 software, 

with results expressed as mean ± standard deviation. Due 

to the small sample size, the Kruskal-Wallis test was used 

for comparisons among multiple groups. P<0.05 indicated 

a difference. 

 

RESULTS 

 

Curcumin significantly reduces degenerative disc 

lesions while increasing IL-10 levels 

The results of the Thiazolyl Blue (MTT) assay showed that 

a curcumin concentration of 10 μmol/L significantly 

enhanced nucleus pulposus cell proliferation compared to 

the control (P=0.005). Therefore, this concentration was 

selected for subsequent experiments (Fig. 2). Hematoxylin 

staining further indicated that curcumin promoted 

osteogenic differentiation, as shown in Fig. 3. RT-PCR 

assay revealed that curcumin treatment significantly 

upregulated Collagen II and aggre-can mRNA and 

downregulated MMP-3 and MMP-13 mRNA (P=0.000, 

0.000, 0.000, 0.008), as shown in Fig. 4A. Western blot 

assay revealed that curcumin treatment significantly and 

markedly upregulated collagen II and aggrecan protein 

expression and downregulated MMP-3 and MMP-13 

protein expression (P=0.003, 0.000, 0.000, 0.000), as 

shown in Fig. 4B. Further ELLSA assay revealed that IL-

10 levels were elevated in curcumin group compared with 

control group (P=0.011), as shown in Fig. 5. 
 

IL-10 has an ameliorative effect on degenerative disc 

lesions and MAPK signaling pathway is also involved in 

this process 

IL-10 promoted proliferation of IDDD nucleus pulposus 

cells after acting on IDDD nucleus pulposus cells (P=0.008) 

and effect of promoting proliferation was more significant 

with increased dosage (Fig. 6). IL-10 significantly 

inhibited the expression of Bcl-2 (P＝0.003), promoted the 

expression of Bax (P＝0.008) and enhanced the expression 

of collagen II (P＝0.005) in IDDD nucleus pulposus cells. 

Moreover, with increased dosage, the effect on Bcl-2 and 

Bax in medullary cells of IDDD was more pronounced (Fig. 

7). Immunofluorescence results showed that the promotion 

of collagen II expression was also more pronounced with 

increased dose in the presence of IL-10 (Figs. 8 and 9). The 

above results indicated that IL-10 exerted an inhibitory 

effect on IDDD by inhibiting the apoptosis of IDDD 

myeloid cells and then promoting the proliferation of 

IDDD myeloid cells. 
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Fig. 2: Effect of curcumin on myeloid cell activity by MTT assay. The bar graph shows the absorbance (OD) values 

representing cell proliferation in control group and curcumin groups at concentrations of 10, 20, 40, and 80 μmol/L.  
Compared with control group, * P<0.05. Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; μmol/L, 

micromoles per liter. Symbol: P < 0.05 indicates statistical significance. 

 

 
 

Fig. 3: Effect of curcumin on osteogenic differentiation assessed by hematoxylin staining. The staining intensity and 

distribution of osteogenic markers were assessed in nucleus pulposus cells treated with curcumin (10 μmol/L) compared 

to the control group. 
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Fig. 4: RT‑PCR and Western blot analyses were used to detect the expression of collagen II, aggrecan, MMP-3 and MMP-

13. (a) RT-PCR detection of collagen II, aggrecan, MMP-3 and MMP-13 mRNA expression levels; (b) Western blot detection of 

collagen II, aggrecan, MMP-3 and MMP-13 protein expression levels. β-actin was used as a loading control. Compared with control 

group, * P<0.05. Abbreviations: RT-PCR, real-time polymerase chain reaction; MMP-3, matrix metalloproteinase-3; MMP-13, matrix 

metalloproteinase-13. 
 

 
 

Fig. 5: Comparison of IL-10 levels between the two groups. The bar graph shows IL-10 levels measured by ELISA in 

the control group and curcumin group. Compared with control group, * P<0.05. Abbreviations: IL-10, interleukin-10; ELISA, 

enzyme-linked immunosorbent assay.  

 



IL-10 affects mechanism of intervertebral disc degenerative lesions treated with curcumin by regulating the MAPK signaling pathway 

Pak. J. Pharm. Sci., Vol.39, No.8, August 2026, pp.2251-2263 2256 

IL-10 promoted proteoglycan expression and inhibited 

TNF-α and IL-6 in the supernatant from IDDD myeloid 

cells after its action in IDDD myeloid cells (P=0.000, 

0.000). The promotion of GAG expression and inhibition 

of TNF-α and IL-6 expressions were more significant with 

increased dosage (Figs. 10 and 11). IL-10 significantly 

inhibited ERK1/2 phosphorylation after acting on IDD 

myeloid cells (P=0.001) and the inhibitory effect on 

MAPK signaling pathway was more pronounced with 

increased dosage (Fig. 12). ERK1/2 phosphorylation was 

significantly inhibited in the presence of IL-10. 
 

Curcumin promotes inhibition of MAPK signaling 

pathway by IL-10, thus improving degenerative disc 

lesions 

The inhibitory effect of curcumin+IL-10 on 

ERK1/2/MAPK signaling pathway was significantly 

stronger than that of curcumin group and IL-10 group 

(P=0.001), (Fig. 13). Curcumin + IL-10 promoted the 

proliferation of medullary cells after acting on IDDD 

medullary cells compared with curcumin group and IL-10 

group (P=0.022) (Fig. 14). At the same time, curcumin + 

IL-10 inhibited TNF-α and IL-6 levels (P=0.007、0.035, 

Fig. 15). This shows that, curcumin can promote IL-10 to 

inhibit the MAPK signaling pathway, thus improving the 

degenerative disc lesions. 
 

DISCUSSION 
 

Nucleus pulposus cells contain proteoglycan-based GAG 

and type II collagen, which are essential for maintaining 

disc structure and biomechanical function. GAG retains 

water, ensuring disc elasticity and load-bearing capacity 

(Madhu et al., 2023; Zhao et al., 2025). As one of the main 

constituents of extracellular matrix, GAG maintains the 

mitigation of external shocks, as well as elasticity, which is 

a unique function of cartilage tissue (Kazemi et al., 2025). 

During IDDD pathology, the loss of GAG leads to water 

loss, which in turn causes changes in the function and 

structure of medullary cells, leading to IDDD (Xiang et al., 

2025). Under normal physiological conditions, the 

synthesis and degradation of GAG are in dynamic balance, 

which in turn maintains the normal function of the 

intervertebral disc. However, under the action of external 

factors, the expression of degradative enzymes can be 

increased, causing excessive degradation of matrix, 

disrupting the dynamic balance of GAG and inducing 

intervertebral disc degeneration (Zhao et al., 2024). During 

IDDD process, IL-1 and IL-6 secretion are increased, 

leading to inflammation, inducing damage to the nucleus 

pulposus cells and consequently the loss of collagen fibers 

(Li et al., 2020).  
 

In summary, IDDD is a complex pathological process 

involving inflammatory responses, extracellular matrix 

metabolic imbalance and cell apoptosis. This study is the 

first to explore in-vitro, the synergistic effects and 

underlying mechanisms of curcumin and IL-10 in 

regulating the MAPK signaling pathway and alleviating 

IDDD. The findings provide experimental evidence for 

understanding the pathophysiology of IDDD and 

developing novel therapeutic strategies. One of the key 

findings of this study is the protective effect of IL-10 on 

nucleus pulposus cells. The results indicate that IL-10 

dose-dependently promotes the proliferation of nucleus 

pulposus cells, upregulates the synthesis of Collagen II and 

GAG, while suppressing the expression of the pro-

apoptotic protein Bax and reducing the secretion of pro-

inflammatory factors TNF-α and IL-6. These findings align 

with the classical role of IL-10 as a key anti-inflammatory 

cytokine.  
 

Previous studies have confirmed that IL-10 can inhibit the 

release of inflammatory mediators and promote matrix 

synthesis in degenerative diseases such as osteoarthritis 

and cartilage degeneration (Zhang et al., 2025; Dalton et 

al., 2025). This study extends its effect to the field of IDD, 

demonstrating that IL-10 not only alleviates inflammation 

but also directly promotes the anabolic metabolism of 

nucleus pulposus cells, thereby counteracting matrix 

degradation during the degenerative process. This study 

revealed that the protective effect of IL-10 is partially 

mediated through the inhibition of the ERK1/2/MAPK 

signaling pathway. Experimental results showed that after 

IL-10 treatment, the levels of phosphorylated ERK1/2 

significantly decreased in a dose-dependent manner. The 

MAPK/ERK pathway is a core signaling cascade 

mediating cellular stress, inflammation and apoptosis and 

its persistent activation in IDDD leads to upregulated 

expression of matrix metalloproteinases (MMPs) and 

subsequent matrix degradation (Li et al., 2020; Li et al., 

2021). The findings of this study suggest that IL-10 may 

inhibit the overactivation of this pathway, thereby 

downregulating the expression of degradative enzymes 

such as MMP-3 and MMP-13 and consequently 

maintaining extracellular matrix homeostasis. This 

discovery provides a novel mechanistic explanation for the 

cytoprotective role of IL-10 in IDDD at the signaling level. 

 

Research has found that curcumin can upregulate 

autophagy, inhibit apoptosis and reduce the phenotype loss 

of endplate chondrocytes induced by high-intensity tensile 

stress, thereby alleviating mechanical imbalance-induced 

intervertebral disc degeneration (Xiao et al., 2020). It can 

also alleviate inflammation and back pain (Altaf et al., 

2025). This study discovered that curcumin can elevate the 

levels of IL-10 in nucleus pulposus cells and the 

combination of curcumin and IL-10 exhibits synergistic 

effects. As a natural polyphenol, curcumin has been 

confirmed by multiple studies for its anti-inflammatory and 

antioxidant properties, which contribute to alleviating 

IDDD (Wu et al., 2025; Wan et al., 2025). 
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Fig. 6: Effect of IL-10 on the proliferation of myeloid cells. The bar graph shows cell proliferation in control group, IL-

10 30 mM group, and IL-10 60 mM group. Compared with control group, * P<0.05; compared with 30 mM IL-10 group, # 

P<0.05. Abbreviations: IL-10, interleukin-10; mM, millimolar.  

 

 
 

Fig. 7: Effect of IL-10 on Bcl-2 and Bax expression in IDDD medullary cells. The bar graphs show relative expression 

levels of Bcl-2 and Bax in control group, IL-10 30 mM group, and IL-10 60 mM group. Compared with control group, * 

P<0.05; compared with 30 mM IL-10 group, # P<0.05. Abbreviations: IL-10, interleukin-10; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-

associated X protein; mM, millimolar. 
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Fig. 8: Effect of IL-10 on collagen II expression in myeloid cells. The bar graph shows collagen II expression levels in 

control group, IL-10 30 mM group, and IL-10 60 mM group. Compared with control group, * P<0.05; compared with 

30 mM IL-10 group, # P<0.05. Abbreviations: IL-10, interleukin-10; mM, millimolar.  
 

 
 

Fig. 9: Immunofluorescence showing effect of IL-10 on collagen II expression in myeloid cells. Representative 

immunofluorescence images of collagen II (green) in nucleus pulposus cells treated with different concentrations of IL-

10 (30 mM and 60 mM) compared to the control group. Scale bar = 100 μm (indicative). Increased fluorescence intensity 

of collagen II was observed with higher IL-10 doses. Abbreviations: IL-10, interleukin-10; mM, millimolar.  
 

 
 

Fig. 10: Effect of IL-10 on expression of inflammatory factors in myeloid cells. The bar graphs show TNF-α and IL-6 

expression levels (as measured by ELISA) in control group, IL-10 30 mM group, and IL-10 60 mM group. Compared with 

control group, * P<0.05; compared with 30 mM IL-10 group, # P<0.05. Abbreviations: IL-10, interleukin-10; TNF-α, tumor necrosis 

factor-alpha; IL-6, interleukin-6; mM, millimolar.  
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Fig. 11: Effect of IL-10 on GAG expression in myeloid cells. The bar graph shows GAG expression levels in control 

group, IL-10 30 mM group, and IL-10 60 mM group. Compared with control group, * P<0.05; compared with 30 mM IL-10 

group, # P<0.05. Abbreviations: IL-10, interleukin-10; GAG, glycosaminoglycan; mM, millimolar. 

 

 
 

Fig. 12: Effect of IL-10 on ERK1/2/MAPK signaling pathway in myeloid cells. (a) Western blot analysis of effect of IL-10 

on ERK1/2/MAPK signaling pathway in myeloid cells. Representative blots show p-ERK1/2, ERK1/2, and β-actin (loading control) 

in control, IL-10 30 mM, and IL-10 60 mM groups; (b) Quantitative analysis of p-ERK1/2/total ERK1/2 ratio from Western blot 

results; (c) Immunofluorescence showing analysis of the effect of IL-10 on ERK1/2/MAPK signaling pathway in myeloid cells. 

Representative images depict ERK1/2 localization (green) and DAPI-stained nuclei (blue). Scale bar = 50 μm (indicative). Compared 

with control group, * P<0.05; compared with 30 mM IL-10 group, # P<0.05. Abbreviations: IL-10, interleukin-10; ERK1/2, 

extracellular signal-regulated kinase 1/2; MAPK, mitogen-activated protein kinase; p-ERK1/2, phosphorylated ERK1/2; mM, 

millimolar; DAPI, 4’ ,6-diamidino-2-phenylindole. 
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Fig. 13: Effect of each group on ERK1/2/MAPK signaling pathway in myeloid cells. The bar graph shows p-ERK1/2/total 

ERK1/2 ratio in control group, curcumin group, IL-10 group, and curcumin+IL-10 combination group. Abbreviations: 

ERK1/2, extracellular signal-regulated kinase 1/2;  IL-10, interleukin-10.  

 

 
 

Fig. 14: Effect of each group on myeloid cell proliferation. The bar graph shows cell proliferation in control group, 

curcumin group, IL-10 group, and curcumin+IL-10 combination group. Compared with curcumin+IL-10 group, * P<0.05. 

Abbreviations: IL-10, interleukin-10.  
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This study further elucidates that part of its beneficial 

effects may be achieved by upregulating the expression of 

endogenous IL-10. More importantly, ERK1/2, as a key 

kinase in the MAPK signaling pathway, is widely present 

in various mammalian tissues and plays a crucial role in 

cell proliferation, cycle regulation, growth and survival, 

while also serving as a critical downstream effector in 

immune receptor-triggered inflammatory responses 

(Ozmen et al., 2023; Paiva et al., 2021). This study 

suggests that inhibiting ERK1/2 activation can suppress the 

secretion of inflammatory factors, promote nucleus 

pulposus cell proliferation, reduce intervertebral disc 

edema and delay the progression of IDDD. Furthermore, 

the combination group showed significantly superior 

effects compared to the single-treatment groups in 

inhibiting ERK1/2 phosphorylation, promoting cell 

proliferation and suppressing inflammatory factors. This 

indicates that curcumin and IL-10 may converge on the 

inhibition of the MAPK pathway through regulating 

different targets such as NF-κB and autophagy (Akhter et 

al., 2023; Li et al., 2022), thereby producing a better 

synergistic effect and more effectively blocking key 

pathogenic pathways in IDDD. 
 

CONCLUSION 
 

In summary, curcumin alleviates intervertebral disc 

degeneration by elevating IL-10 levels, synergistically 

inhibiting the MAPK signaling pathway, reducing 

inflammatory responses and promoting nucleus pulposus 

cell proliferation and extracellular matrix synthesis. This 

provides a potential novel strategy for the clinical treatment 

of degenerative disc disease. Future studies could further 

validate its efficacy in animal models or clinical trials. 
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Fig. 15: TNF-α and IL-6 level expression in each group. The bar graphs show TNF-α and IL-6 expression levels in control 

group, curcumin group, IL-10 group, and curcumin+IL-10 combination group. Compared with curcumin+IL-10 group, * 

P<0.05. Abbreviations: TNF-α, tumor necrosis factor-alpha; IL-6, interleukin-6; IL-10, interleukin-10. 
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