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Abstract. – OBJECTIVE: The present study 
aimed to investigate the impact of two Nrf2 ag-
onists, tBHQ and 4-Octyl Itaconate, on nucleus 
pulposus (NP) degeneration and explore the un-
derlying mechanism. 

PATIENTS AND METHODS: We isolated the 
NP cells from the disc tissue of disc herniation 
patients. NP cells were pretreated with an ade-
quate dose of tBHQ, Itaconate, or the mixture of 
them, and then subjected to the Lipopolysac-
charides (LPS) stimulation to induce degenera-
tion. Besides, the Nrf2 gene silenced NP cells 
were also used as a comparison. Moreover, the 
LPS-treated NP cells were also cultured in the 
mix of tBHQ and Itaconate to determine whether 
the agonists affected reverse degeneration. 

RESULTS: LPS treatment suppressed Nrf2 
expression and induced the NP cell degenera-
tion with a decrease of cell viability and colla-
gen II expression, an increase of reactive oxy-
gen species (ROS) production, inflammatory 
cytokine accumulation (IL-1β, TNF-α), and apop-
tosis (Caspase3, Caspase8). However, tBHQ or 
Itaconate pretreated NP cells contained a higher 
level of Nrf2 protein and alleviated the negative 
effect caused by LPS, which was abolished with 
the silencing of Nrf2. Additionally, tBHQ showed 
a better ability to suppress ROS than Itaconate. 
Meanwhile, Itaconate inhibited a higher amount 
of IL-1β and TNF-α than tBHQ. Interestingly, 
when NP cells were pretreated with both tBHQ 
and Itaconate, the result indicated an excellent 
anti-ROS and anti-inflammatory peculiarity. Fur-
thermore, when NP cells suffered from LPS first 
and then treated with the agonist, the anti-ROS 
and anti-inflammatory effects remained. Howev-
er, the cell viability, collagen II, and apoptotic de-
gree were not improved. 

CONCLUSIONS: Both tBHQ and Itaconate ef-
fectively prevent NP cells from degeneration 
through anti-ROS and anti-inflammation, and the 
combined use of them may have better effects. 
But in comparison, their impact on reversing NP 
cell degeneration has yet to be proven.
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Introduction

Intervertebral disc degeneration (IDD) is the 
pathological basis of disc herniation, spinal steno-
sis, and spine diseases1. With the development of 
medical technology, surgical treatment is one of 
the methods for IDD related diseases, including 
nucleus pulposus removal, laminectomy, and inter-
nal fixation2. Though it effectively solves clinical 
symptoms (chronic pain in the neck and shoulder, 
lower back, and limb), surgical treatment is only 
symptomatic treatment. It cannot fundamentally 
remove the cause of the diseases. Besides, surgi-
cal treatment brings nerve root injury, interver-
tebral space infection, spinal instability, adjacent 
segment degeneration, postoperative recurrence, 
and other complications3,4. Therefore, exploring 
the molecular mechanism of IDD can provide an 
effective strategy for early intervention, delay, or 
even prevention of IDD related diseases.

The pathology of IDD mainly involves inflam-
matory infiltration, reduced number and function 
of nucleus pulposus (NP) cells, change of colla-
gen type, and abnormal metabolism of extracel-
lular matrix (ECM)5. These changes are closely 
related to reactive oxygen species (ROS)6, a nor-
mal aerobic metabolite mainly including hydro-
gen peroxide (H2O2), superoxide anion (O2-), and 
hydroxyl radical (-OH)7. Typically, the generation 
and removal of ROS are in a dynamic balance. 
Low concentration of ROS participates as a sig-
naling molecule in normal physiological activi-
ties such as cell proliferation and differentiation, 
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damage repair, inflammation, and immunity. Un-
der pathological conditions, the excessive produc-
tion or weak clearance of ROS leads to the cells in 
an oxidative stress state, causing oxidative damage 
to DNA and protein lipids, thereby the apoptosis 
of cells8. It has been widely reported that ROS 
takes part in the pathophysiological inflammatory 
response and regulates the apoptosis of NP cells 
by activating JNK, p38MAPK, NF-κB signaling 
pathways9,10, providing the pieces of evidence that 
ROS involved in the occurrence and development 
of IDD. 

Nuclear factor erythroid 2-related factor 2 
(Nrf2) is an essential anti-oxidant defense fac-
tor in the body and is expressed in almost all cell 
types. When harmful stimulants such as ROS 
increase, the cytoplasmic Nrf-2 and its inhibitor 
Keap 1 are depolymerized11. After the free Nrf-
2 enters the nucleus, it combines with the Maf 
protein to form a dimer and reacts with anti-oxi-
dant response elements (ARE) to initiate the tran-
scriptional expression of a series of anti-oxidant 
enzymes12,13. The Nrf2-ARE signaling pathway 
is a vital protective pathway formed by the body 
against oxidative stress caused by various exter-
nal causes14,15. 

In the past few years, many natural and syn-
thetic compounds have been proven to activate 
Nrf2. Some of these compounds have been ef-
ficiently used in clinical trials to treat multiple 
sclerosis16, like muscular dystrophy, skin can-
cer, and chronic kidney disease17,18. However, 
clinical research has not yet been carried out 
in the field of IDD. In this study, we compared 
the role of two different Nrf2 agonists, tert-bu-
tylhydroquinone (tBHQ) and 4-Octyl Itaconate 
(Itaconate), in the process of NP cells degen-
eration to provides a theoretical basis for the 
future treatment of IDD disease.

Patients and Methods

NP Cells Preparation
This research was approved by the Ethics 

Committee of Shanghai Xuhui Hospital. The NP 
cells were isolated from the NP tissue donated by 
the patients undergoing lumbar disc herniation 
operations in our hospital. Eight patients were 
participating in the study, and all of them have 
signed the informed consent before the surgery. 
We isolated the NP cells following the protocol 
briefly follows: NP tissue was disintegrated into 
small pieces and digested with the mixture of 

0.25% trypsin and 0.25% type XI collagenase 
(Sigma-Aldrich, St. Louis, MO, USA) overnight 
at 37°C. NP cell pellets were filtered from the su-
pernatant of the solution and resuspended in cul-
ture medium (DMEM/F12 with 10% fetal bovine 
serum and 1% penicillin-streptomycin, Gibco, 
Rockville, MD, USA).

Drug Treatments
We cultured the NP cells in the 24 well plates 

with a density of 1.5×104 per well. To test the opti-
mized concentration of tBHQ, Itaconate (Selleck, 
Shanghai, China), and the mixture of them, we 
used ranged concentration of drugs to stimulate 
NP cells for 24 hours. The highest concentration 
that did not affect the cell viability was applied 
in our experiment. Besides, we also used Lipo-
polysaccharides (LPS, Boehringer, Ingelheim, 
Germany) to induce NP cell degeneration as the 
previous describe19. 

Nrf2 Silencing
Small interfering RNA (siRNA) was purchased 

from Thermo Fisher Scientific (ID: 106668, 
Waltham, MA, USA). Nrf2-siRNA lentivirus (10 
μL virus/mL medium) was added directly to NP 
cells with Lipofectamine 2000 (Invitrogen, Carls-
bad, CA, USA) for 48 h, according to the manu-
facturer’s instructions. Nrf2 silencing efficiency 
in the NP cells was verified by Western blotting. 

Western Blotting (WB)
After treatments, total protein of NP cells was 

isolated with the radioimmunoprecipitation assay 
(RIPA) method (Beyotime, Shanghai, China), and 
45 μg of protein lysates were separated in a 10% 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) gel and transferred 
to a polyvinylidene difluoride (PVDF) membrane 
(Millipore, Billerica, MA, USA). After blocking 
with 5% non-fat milk, PVDF blots were incubat-
ed with desired primary antibodies: anti-Nrf2 
(ab62352, Abcam, Cambridge, MA, USA, di-
luted in 1:1000), anti-GAPDH (ab9485, Abcam, 
Cambridge, MA, USA, diluted in 1:3000) and 
secondary antibody Goat Anti-Rabbit IgG (HRP) 
(ab7090, Abcam, Cambridge, MA, USA, diluted 
in 1:1000), which were then detected by enhanced 
chemiluminescence (ECL) reagents (Beyotime, 
Shanghai, China). ImageJ software (National In-
stitutes of Health, Bethesda, MD, USA) was used 
for the quantification of the blot intensities nor-
malized to the glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH).
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Immunofluorescence (IF)
We determined the collagen II expression in NP 

cells using IF methods. The F-actin staining was 
also used to observe the contour of the cells. Brief-
ly, NP cells were fixed and permeabilized before 
incubation with primary antibody: anti-collagen 
(ab34712, Abcam, Cambridge, MA, USA, diluted 
in 1:200) overnight at 4°C. The following day, NP 
cells were subsequently incubated with Donkey 
Anti-Rabbit IgG H&L (ab150075, Abcam, Cam-
bridge, MA, USA, diluted in 1:1000), 4’,6-diamid-
ino-2-phenylindole (DAPI) (Beyotime, Shanghai, 
China, diluted in 1:1000), and Phalloidin-iFluor 488 
Reagent (ab176753, Abcam, Cambridge, MA, USA, 
diluted in 1:1000) for one h. The staining intensity 
was measured using the Image-J software (National 
Institutes of Health, Bethesda, MD, USA).

Quantitative Reverse Transcription 
Polymerase Chain Reaction Assay 
(qRT-PCR)

We determined the Caspase 3 and Caspase 8 
expression in NP cells using qRT-PCR. Total RNA 
was isolated by the TRIzol reagents (Toyobo Co, 
Ltd, Osaka, Japan) and reverse transcribed into 
complementary deoxyribose nucleic acid (cDNA) 
according to the manufacturer’s instructions. The 
real-time PCR analysis was performed to analyze 
500 ng cDNA from each sample. The mRNA prim-
ers are: Caspase 3 Forward (5’-AGAACTGGACT-
GTGGCATTGAG-3’), Reverse (5’-GCTTGTCG-
GCATACTGTTTCAG-3’); Caspase 8 Forward 
(5’-CATCCAGTCACTTTGCCAGA-3’), Reverse 
(5’-GCATCTGTTTCCCCATGTTT-3’); GAP-
DH Forward (5’-ACAACTTTGGTATCGTG-
GAAGG-3’), Reverse (5’-GCCATCACGCCA-
CAGTTTC-3’). We utilized the 2−∆∆Ct method for 
mRNA quantification by normalization to GAP-
DH as the reference gene.

Enzyme-Linked Immunosorbent 
Assay (ELISA)

We determine the IL-1β, TNF-α, and ROS lev-
els in the culture medium with ELISA. Following 
treatment, we collected the supernatants of the me-
dium and the concentrations of IL-1β, TNF-α, and 
ROS synthesized by NP cells determined using IL-
1β, TNF-α and ROS kits from Abcam (ab214025; 
ab181421; ab139476, Cambridge, MA, USA) ac-
cording to the manufacturer’s instructions.

Cell Viability Assay
We determined the cell viability by the cell 

counting kit-8 (CCK-8) assay. NP Cells were seed-

ed at a density of 1×104 cells per well in a 96-well 
plate. Following treatment, the cells were incubat-
ed with CCK8 reagent (Beyotime, Shanghai, Chi-
na) according to the manufacturer’s instructions. 
The intensity of CCK8 product was measured at 
550 nm using a microplate reader (Labsystems 
Multiskan, Helsinki, Finland).

Statistical Analysis
Statistical analysis was performed by Statis-

tical Product and Service Solutions (SPSS) soft-
ware (version 20.0, Chicago, USA), and data were 
expressed as the mean ± standard deviation (SD). 
Differences between two groups were analyzed 
by using the Student’s t-test. Comparison be-
tween multiple groups was done using One-way 
ANOVA test followed by Post-Hoc Test (Least 
Significant Difference). p<0.05 was considered 
statistically significant. 

Results

The Optimized Drug Concentration 
for Cell Culture

To increase the amount of Nrf2 with the ag-
onist as much as possible without affecting the 
viability of NP cells, we increased the concentra-
tion of tBHQ and Itaconate (Figure 1A) from 5 
µM to 30 µM in the culture medium and tested 
the cell viability by CCK8 assay after 24 hours of 
stimulation. We found the NP cell viability was 
significantly decreased at the concentration of 
30 µM of tBHQ or 20 µM of Itaconate compared 
to the no-drug group (Figure 1B). Therefore, we 
used the 25 µM of tBHQ or 15 µM of Itaconate as 
the maximum safe concentration for cell culture. 
Additionally, we also wondered about the effect 
of the mixture of tBHQ and Itaconate on NP cells 
metabolism. Therefore, the maximum safe con-
centration of the mixture was also tested. Since 
the rate of optimized concentration of tBHQ and 
Itaconate was 5:3, we made the mixture from 5 
µM tBHQ + 3 µM Itaconate, 10 µM tBHQ + 6 
µM Itaconate, 15 µM tBHQ + 9 µM Itaconate, to 
20 µM tBHQ + 12 µM Itaconate. From the result 
of Figure.1C, we found the safe concentration of 
the mix was 24 µM. 

tBHQ and Itaconate Pretreatment 
Protects Collagen II Synthesis 
by Nrf2 Activation

To clear the effect of tBHQ, Itaconate, or the 
mix on the process of NP cells degeneration, 
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we pretreated the NP cells with tBHQ (25 µM), 
Itaconate (15 µM), or the mix (15 µM tBHQ + 9 
µM Itaconate) for 24 hours. Then, the cells with 
or without agonist pretreatment were suffered 
from defined media supplemented with a single 
dose of LPS20 (30 mg/mL) for three days to in-
duce degeneration. Apart from the normal NP 
cells, the Nrf2 gene-silenced NP cells were also 
used to show how the drugs affect NP cells with 
the deficiency of Nrf2. The cells without any drug 
treatment were divided as control. The results of 
the WB analysis of Nrf2 protein indicated that 
LPS significantly suppressed the Nrf2 expres-
sion compared to the control; the NP cells with 
the pretreatment of tBHQ, Itaconate, or the mix 
contained a higher level of Nrf2 after LPS stim-
ulation; the efficiency of siRNA transfection was 
significant that Nrf2 silenced NP cells expressed 
a shallow dose of Nrf2 undergoing any treatments 
(Figure 2A, 2B). Furthermore, we analyzed the 
collagen II expression as the indicator of NP cell 
degeneration. In Figure 2C, the collagen II ex-
pression was shown in the red color, and the entire 
cell region was presented as green. Compared to 
the control, LPS treatment reduced the collagen II 
content, which was alleviated by tBHQ, Itaconate, 
or the mix pretreatment. Besides, there was no 
significant difference between tBHQ, Itaconate, 
and the mix on the collagen II expression. How-
ever, when the Nrf2 was silenced, the protection 
of tBHQ and Itaconate was abolished (Figure 2D). 
Therefore, these agonists play a positive role in 
NP cells based on the activation of Nrf2. 

tBHQ and Itaconate Pretreatment 
Suppresses Inflammation, ROS, and 
Apoptosis During NP Cells Degeneration

In addition to collagen II expression, we also 
valued the cell viability, ROS generation, inflam-
mation, and apoptotic markers of NP cells to de-
termine the effect of the agonist of Nrf2. As shown 
in Figure 3A, the CCK8 assay suggested LPS re-
duced the cell viability compared to the control, 
and the tBHQ and Itaconate pretreatment did not 
improve NP cell viability under LPS stimulation. 
However, we noticed that the mix was function-
al to increase cell viability. Apart from this, LPS 
also triggered the ROS production, which was 
rejected by the pretreatment of tBHQ, Itaconate, 
and the mix, among of which tBHQ showed the 
best influence on the anti-ROS function (Figure 
3B). For testing the anti-inflammatory effect of 
tBHQ and Itaconate, we analyzed the IL-1β and 
TNF-α content in the culture medium after three 
days of treatment. Compared to the control, LPS 
highly increased the IL-1β and TNF-α production 
in NP cells, and tBHQ and Itaconate pretreat-
ment were both useful to suppress the IL-1β and 
TNF-α expression, which was more significant 
with Itaconate (Figure 3C). Furthermore, tBHQ 
and Itaconate were also proved to have a good 
anti-apoptosis effect reflecting on the suppression 
of Caspase 3 and Caspase 8 expression (Figure 
3D). Collecting from these results, we found that 
tBHQ showed a better anti-oxidant effect, Itacon-
ate showed a better anti-inflammation effect, and 
the mix showed an eclectic impact on anti- both 

Figure 1. Cell viability after tBHQ and Itaconate treatments. NP cells were cultured with a ranged concentration of tBHQ 
or Itaconate, or the mix of them for 24 hours. A, The chemical formula of tBHQ and Itaconate. B, CCK8 assay of NP cells 
after 24 hours treatment of tBHQ or Itaconate (5 µM to 30 µM). C, CCK8 assay of NP cells after 24 hours treatment of mix 
of tBHQ and Itaconate (from 5+3 µM to 20+12 µM). Results are expressed as mean ± SD (*p < 0.05, **p < 0.01 compared to 
non-treatment group).
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silenced. Therefore, it is clear that tBHQ and 
Itaconate protect NP cells from degeneration via 
Nrf2 activation.

oxidant and inflammation. Even more notewor-
thy is that the protection of tBHQ and Itaconate 
was almost abolished when the Nrf2 gene was 

Figure 2. tBHQ and Itaconate pretreatment protects collagen II synthesis by Nrf2 activation. We prepared normal NP cells 
and Nrf2 gene silenced NP cells. Each cell group was divided into five subgroups. The cells without any drug treatment were 
set as control; NP cells were subjected to LPS to induce degeneration without or with the pretreatment of tBHQ (15 µM), 
Itaconate (25 µM), or the mix of them (9+15 µM). A, WB analysis for Nrf2 expression of normal and Nrf2-silenced NP cells, 
and B, the quantification of blots measured by Image J software. C, IF analysis for collagen II (red) expression and F-actin 
(green) in each group (magnifications: 200X), and D, the quantification of collagen II measured by Image J software. Results 
are expressed as mean ± SD. (*p < 0.05, ***p < 0.001).
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sis after LPS treatment (Figure 4C, 4D). Ad-
ditionally, the mix of tBHQ and Itaconate also 
did not affect the protection of the cell viabi-
lity compared to the LPS group (Figure 4E). 
Even though we found the supplement of the 
mix of tBHQ and Itaconate suppressed the IL-
1β and ROS generation after the treatment of 
LPS (Figure 4F, 4G). Finally, the result of the 
qRT-PCR of the Caspase 3 also suggested the 
mix of tBHQ and Itaconate did not reverse the 
apoptosis of degenerated NP cells (Figure 4H). 
Therefore, the supplement of tBHQ and Itaco-
nate was not significantly effective in reversing 
the degeneration of NP cells.

A Mix of tBHQ and Itaconate is Weak in 
Reversing NP Cells Degeneration

The pretreatment of Nrf2 agonists can delay 
the degeneration of NP cells under noxious sti-
mulation, which shows its potentially preven-
tive effect on IDD. However, for degenerated 
NP cells, does the agonist have a therapeutic 
effect of reversing degeneration? We used LPS 
to induce NP cells degeneration and continuo-
usly treated the degenerated NP cells with a 
mix of tBHQ and Itaconate. As shown in Figure 
4A and 4B, the combination also increased the 
Nrf2 expression after LPS treatment. However, 
the mix did not improve the collagen II synthe-

Figure 3. tBHQ and Itaconate pretreatment suppresses inflammation, ROS, and apoptosis during NP cell degeneration. The 
normal or Nrf2-silenced NP cells were subjected to LPS (3 days) to induce degeneration without or with the pretreatment (24 
hours) of tBHQ (15 µM), Itaconate (25 µM), or the mix of them (9+15 µM). A, CCK8 assay of NP cells after agonist pretreat-
ment and LPS treatment. B, ROS generation, C, IL-1β, and D, TNF-α content synthesized by NP cells in the supernatant of 
the medium was tested by ELASA. D, Real time-PCR analysis for Caspase3 and Caspase8 expression by normalization to 
GAPDH. Results are expressed as mean ± SD. (*p < 0.05, **p < 0.01, ***p < 0.001).
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Discussion

Nrf2 is a transcription factor that functions as 
a sensor for cell damage by triggering cytoprotec-
tive gene expression when activated12. In the cur-
rent study, we compared two novel Nrf2 agonists 
-tBHQ and Itaconate- to determine their effects 
on LPS-induced NP cell degeneration. There are 
various opinions on the exact mechanism of IDD, 
including the decreased vitality of intervertebral 
disc cells, apoptosis, disturbance of ECM metabo-
lism, a reduced nutritional supply of intervertebral 
discs, and inflammatory response21. Excess ROS 

can destroy the homeostasis of NP, during of which 
the original cartilage-like phenotype of NP cells is 
lost. It is an aerobic metabolite and has a power-
ful oxidizing ability, which is generally produced 
in mitochondria, endoplasmic reticulum, plasma 
membrane, and nucleus6. The oxidized respiratory 
chain on the mitochondrial inner membrane is the 
primary source of endogenous ROS. If these sub-
stances are not removed in a timely and effective 
manner, lipid peroxidation, DNA, and other pro-
tease compounds will occur, which consists of the 
pathological basis of NP cells damage and degra-
dation of ECM, eventually leading to IDD22. 

Figure 4. The effect of a mix of tBHQ and Itaconate in reversing NP cell degeneration. NP cells were pretreated with LPS (3 
days) to induce degeneration and subjected to the mix of tBHQ and Itaconate (9+15 µM) for another 3 days. A, WB analysis 
for Nrf2 expression and B, the quantification of blots measured by Image J software. C, D, IF analysis for collagen II (red) 
expression and F-actin (green) (magnifications: 200X), and the quantification of collagen II measured by Image J software. 
E, CCK8 assay. F, G, ELISA assay for the IL-1β and ROS production. H, Real time-PCR analysis for Caspase3 expression by 
normalization to GAPDH. Results are expressed as mean ± SD. (*p < 0.05, ***p < 0.001).
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Furthermore, excessive inflammatory cyto-
kines correlate with IDD progression. Studies 
have shown that several critical pro-inflamma-
tory cytokines, including TNF-α, IL-1β, and IL-
6, are significantly increased in the disc of IDD 
patients23. They negatively affect the collagen II 
generation from NP cells decreases, which accel-
erates the imbalance of ECM. Besides, inflamma-
tory factors can induce various matrix-degrading 
enzymes in the cell, such as MMPs and ADAMTs, 
thereby aggravating IDD. The oxidative stress re-
sponse and the inflammatory response are often 
accompanied by mutual cause and effect, leading 
to apoptosis of the NP cells24. In contrast, the in-
hibition of pro-inflammatory cytokines could sig-
nificantly delay the IDD process. Resveratrol is 
widely reported to play a role in preventing IDD 
via suppressing ROS, TNF-α, and IL-1β25-27. Fur-
thermore, cortistatin is newly found to protects 
against IDD by inhibiting mitochondrial ROS 
and inflammasome activation caused by TNF-α. 
Additionally, activation of Nrf2 is perceived to 
suppress ROS production efficiently and mean-
while decrease the generation of inflammatory 
cytokines28. Depend on the suppression of ROS 
and inflammation, medicines, like Moracin29, 
Luteoloside30, and Kinsenoside31, are verified to 
ameliorate the progression of IDD through Nrf2 
activation functionally.

What we focused on in this study has been 
confirmed to activate Nrf2 in various cells. tBHQ 
widely exists in foods, including oils, crackers, 
and cereals, and is a well-characterized Nrf2 
activator through preventing Nrf2 repression 
by Keap132. Li et al33 used tBHQ to protect he-
patocytes against saturated fatty acids-induced 
lipotoxicity through Nrf2 activation. tBHQ also 
alleviates chronic pulmonary toxicity by reduc-
ing oxidative stress and endoplasmic reticulum 
stress34. Besides, Itaconate is elucidated to have an 
outstanding therapeutic value for the treatment of 
systemic lupus erythematosus through inhibiting 
the inflammation by disrupting Keap1-Nrf2 path-
way35. However, no evidence was provided that 
tBHQ and Itaconate can be used to interrupt IDD. 
In our experiment, we first tested the safe concen-
tration of cell culture with tBHQ and Itaconate, 
and we wanted to use as much as possible, with 
no harm to NP cells. LPS is efficient to induce NP 
cells degeneration by increasing the ROS produc-
tion and triggering inflammation response. After 
pretreated with tBHQ and Itaconate, NP cells 
presented a strong defense to the negative effect 
of LPS; collagen II expression was increased, the 

cell viability was improved, ROS production de-
creased, IL-1β and TNF-α were suppressed, and 
the apoptosis was eventually prevented. Indeed, 
these protective manners were abolished when 
the Nrf2 gene was silenced. Therefore, these two 
agonists of Nrf2 are confirmed to protect NP cell 
degeneration effectively.  

Interestingly, based on ensuring NP cell activ-
ity, tBHQ and Itaconate show different advantag-
es in anti-inflammatory and anti-ROS properties. 
After we maximized the dose of drugs, tBHQ 
suppressed the ROS production more significant-
ly than Itaconate, and Itaconate pretreated NP cell 
presented a more potent ability in anti-IL-1β and 
TNF-α. However, no difference was observed in 
the measurement of cell viability and apoptosis. 
We then wondered whether the combination of 
tBHQ and Itaconate could optimize the effect of 
both anti-inflammation and anti-ROS. As except, 
we also used the maximum dose of the mixture 
of them and found the mix showed not only good 
anti-inflammatory effect but also had strong an-
ti-oxidant properties. Moreover, the mix also im-
proved the cell viability, which was superior to a 
single pretreatment of tBHQ or Itaconate. Though 
tBHQ and Itaconate are both Nrf2 agonists, they 
present different advantages in preventing NP 
cell degeneration. To continuously explore wheth-
er the application of the mix plays a role in reverse 
NP cell degeneration, we used the LPS to cause 
degeneration and then subjected the cells into the 
medium containing the drugs. The mixture also 
activated the Nrf2 expression. However, the col-
lagen II expression, cell viability, and apoptosis 
were not improved. Meanwhile, the inflammation 
and ROS were still suppressed by the stimuli of 
the mix of tBHQ and Itaconate. In contrast to its 
preventive effect, the therapeutic effect of the mix 
is not so noticeable. It perhaps has a more signifi-
cant result when the stimulation time is extended.

Conclusions

Collectively, our present results suggest pretre-
atment with tBHQ or Itaconate both prevents NP 
cells degeneration by activating Nrf2. In compa-
rison, tBHQ and Itaconate show much more po-
tent anti-oxidant and anti-inflammation capacity, 
respectively. Besides, the mix of tBHQ and Ita-
conate takes the advantages of each. Additional-
ly, our results show that earlier use of the mix of 
tBHQ and Itaconate has a better effect on preven-
ting NP cell degeneration. Taken together, the no-
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velty of this study uncovers the impacts of tBHQ 
and Itaconate in activating Nrf2, which would be 
a promising therapy in preventing IDD. 
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