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Purpose: Osteoarthritis (OA) is a multifactorial joint disease and inflammatory processes 
contribute to joint destruction. Isovitexin (IVX) is a flavone component found in passion 
flower, Cannabis and, and the palm that is known for its anti-inflammatory properties.
Materials and Methods: This study investigated in vitro the role and underlying mechan-
ism used by IVX in its regulation of OA development. Effects of IVX on the viability of 
chondrocytes were measured by CCK-8 assays. The phenotypes of extracellular matrix 
(ECM) degeneration and inflammation were measured by qPCR, Western blot, and ELISA; 
and NF-κB pathway was detected by immunofluorescence and Western blot. Molecular 
docking was applied to predict the interacting protein of IVX, while Nrf2 was knocked 
down by siRNAs to confirm its role.
Results: We demonstrated that IVX suppressed ECM degeneration and suppressed pro- 
inflammatory factors in IL-1β-treated chondrocytes. Additionally, IVX impact on NF-κB signal-
ing in IL-1β-exposed chondrocytic cells; Mechanistically, it was also demonstrated in molecular 
docking and knock down studies that IVX might bind to Nrf2 to suppress NF-κB pathway.
Conclusion: Our data suggest that IVX halts OA disease advancement through the Nrf2/ 
NF-κB axis, suggesting a possibility of IVX as a target for OA therapy.
Keywords: osteoarthritis, isovitexin, extracellular matrix, NF-κB, Nrf2

Introduction
In general, Osteoarthritis (OA), is known as a chronic, incurable, as well as 
degenerating illness, which is marked with tremendous pain, limited mobility and 
disability.1,2 With a large aging population, increased incidences of obesity, and 
occasional injury, OA has become prevalent around the world. Thus far, around 
27 million Americans and over 250 million people globally are affected by this 
disease.3,4 Advances in biological tissue engineering have attempted to ease treat-
ment and rehabilitation of OA.5 But more work needs to be done to achieve 
success. Stem cell therapy also is lagging behind in its ability to relieve OA.6,7 

Additionally, joint replacement surgery is costly.8 Given these complications, it is 
urgent and necessary to develop new drugs with high efficacy to relieve OA 
symptoms. This study, therefore, examined the role and efficacy of IVX in mana-
ging OA.

Inflammatory factors are known to control OA development.9 Among the chief 
cytokines, interleukin-1β (IL-1β) was reported to be highly expressed in OA 
animals and humans, and the level of IL-1β positively correlated with the progres-
sion of disease.10,11 As expected, high IL-1β levels increased the production of 
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), cytochrome C oxidase 
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subunit 2 (COX-2), and inducible nitric oxide synthase 2 
(iNOS), which severely impaired the metabolic turnover of 
extracellular matrix (ECM) inside knee joints.12,13 

Conversely, IL-1β or IL-1β receptor inhibition were 
shown to have a therapeutic effect on OA.14,15

Moreover, nuclear factor kappa-light-chain-enhancer or 
NF-κB signaling modulates inflammation and IL-1β- 
mediated catabolism in chondrocytes.16 Under conditions 
of IL-1β stimulation, a phosphate group is added to the NF- 
κB inhibitor alpha (IκBα) which becomes marked for pro-
teasomal degradation. This allows the p65 protein to be 
liberated from its inhibitory complex and travel to the 
nucleus,16,17 where it activates target-specific pro- 
inflammatory or catabolic downstream genes.18,19

Nrf2, an essential transcription factor, is primarily 
involved in cell homoeostasis. In fact, Nrf2 was shown to 
activate antioxidant, anti-apoptotic, and anti-inflammatory 
pathways to maintain homeostasis.20 Multiples studies have 
also demonstrated an important interaction involving NF- 
κB and Nrf2 needed to maintain cell homeostasis and 
improve inflammation.21,22 Interestingly, Nrf2 stimulation 
was also shown to depress the IL-1β-mediated stimulation 
of NF-κB in human chondrocytic cells.23 Furthermore, an 
imbalance in the levels of Nrf2 and NF-κB was reported to 
cause numerous diseases, including neurodegeneration.24 

Based on these reports, the Nrf2/NF-κB pathway is deemed 
crucial for investigations into promising targets for OA 
therapy. Heme oxygenase 1 (HO-1) is considered one of 
the main effectors of Nrf2-dependent cell responses.25 

Moreover, Nrf2/HO-1 association has been widely 
reported, especially in OA.26,27

Isovitexin (otherwise called homovitexin or saponaretin) 
is a class of flavonoid, commonly found in the passion 
flower, Cannabis and, and the palm.28 Multiple studies have 
demonstrated an anti-inflammatory role of IVX.29,30 

Moreover, IVX was also reported to protect cells from 
inflammation via its regulation of Nrf2 signaling pathway.31 

Given what is known about IVX, it is possible that its anti- 
inflammatory action may serve as a protective measure 
against OA, especially through the Nrf2/NF-κB pathway.

This paper aims to assess the protective aspect, if any, of 
IVX on OA. OA inflammation is activated via Nrf2/NF-κB 
signaling. Therefore, the IVX impact on the Nrf2/NF-κB 
axis will also be evaluated. The data presented here may aid 
in the advancements of future high efficacy OA therapy.

Materials and Methods
Statement of Ethics
The experimental mice are acquired from the Animal 
Experimental Research Center of Zhejiang Chinese Medical 
University (SYXK 2021–0012). The experimental scheme and 
ethical application are approved by the Animal Welfare and 
Ethics Review Committee of Zhejiang Chinese Medical 
University (IACUC-20,190,826-09), all operations are per-
formed strictly in accordance with the guidelines of this 
Committee.

Reagents and Antibodies
Reagents used and the companies they were purchased from 
are listed as follows: IVX (purity≥98%, Meilun 
Biotechnology, China and MedChemExpress LLC, USA), 
recombinant human IL-1β (PeproTech, USA), Collagenase 
Type II and dimethylsulfoxide (DMSO, Sigma-Aldrich, 
USA), Cell Counting Kit-8 (CCK-8, Dojindo, Japan). The 
primary (1º) antibodies used and the companies they were 
obtained from are listed below: against iNOS, Aggrecan, 
ADAMTS-5, and collagen II (COL II, Abcam, USA), against 
GAPDH, MMP-3, COX-2, and MMP-13 (Proteintech, China), 
and against IκBα, p-IκBα, p65, p-p65, Nrf2, HO1 (Cell 
Signaling Technology, USA). The secondary (2º) antibodies 
used and their companies are provided below: goat anti-mouse 
and anti-rabbit IgG-HRP (Bioworld, China), Alexa 
Fluor®488-labelled as well as Alexa Fluor®594-labelled goat 
anti-rabbit IgG (H+L) (Jackson ImmunoResearch, USA). The 
cell culture medium came from Gibco (Grand Island, USA), 
and the 4′,6-diamidino-2-phenylindole (DAPI) came from 
Beyotime (Shanghai, China).

Isolation and Cultivation of Primary Mice 
Chondrocytic Cells
To isolate primary mouse chondrocytic cells, cartilages of 
knee belonged to 30 immature C57BL/6 mice were diced 
into cubes, approximately 1 mm3, before Wash with PBS, 
and digested in 0.25% type II collagenase at 37°C for 2 hr. 
The resulting isolated cells were grown in DMEM/F12 con-
taining 10% FBS (Gibco) and 1% penicillin-streptomycin 
solution in a humidified environment at 5% CO2 at 37°C. 
The media was replaced once in 2 days and chondrocytes 
from the 2nd passage were utilized for further investigation.
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Experimental Design and Cell 
Transfections
The chondrocytes were seeded in a six-well plate and cultured 
for 24 hr until they were 50–70% confluent. Then, the cells 
were administered 10 ng/mL IL-1β, together with differing 
concentrations of IVX, namely 0, 25, 50 μg/mL for 24 hr. 
Subsequently, we employed PCR, Western blot analysis, 
immunofluorescence, or ELISA assays.

As for Cell transfections, the Nrf2-siRNA and Control- 
siRNA (negative control) were purchased from Santa Cruz 
Biotechnology (Ribo, Guangzhou, China). Then, the cells were 
transfected with 50 nM siRNA using Lipofectamine 2000 
siRNA transfection reagent (Thermo Fisher) for 24 hr. And the 
validity of siRNA was verified by Western blot in Figure 1A.

Cell Viability Assay
The Cell Counting Kit-8 (CCK-8; Dojindo Co, Japan) was 
employed for the assessment of cellular survival. Briefly, 
chondrocytic cells (50,000 cells/cm2) were grown in 96-well 
plates for 24 hr before a 24 hr treatment with IL-1β and IVX, 
as described previously. The cells next underwent PBS- 
wash, and exposure to 100 μL of DMEM/F12 and 10 μL 
of CCK-8, in 37°C for 1 hr. Lastly, absorbance at 450 nm 
was recorded by using a microplate reader (Thermo, USA).

Real-Time PCR
TRIzol (Invitrogen, USA) was employed for total RNA 
isolation, following manufacturer guidelines. In the next 
step, a total amount of 1000 ng RNA was used for reverse 

Figure 1 Nrf2 deficiency compromises IVX action on IL-1β-exposed chondrocytes. Nrf2 was knocked down by siRNA in IL-1β-exposed chondrocytes (A, B) Evaluation of 
Nrf2 and HO1 protein expression, using Western blot. Protein quantification was done using Image J. (C, D) Assessment of phosphorylated and unphosphorylated forms of 
IκBα and p65, using Western blot. Protein quantification was performed using Image J software. (E, F) Determination of the Nrf2 signaling-related protein expression. Data 
is average ± SD of 3 separate examinations. *p < 0.05, **p < 0.01. 
Abbreviation: Ns, not significant.
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transcription to form cDNA (MBI Fermantas, Germany) with 
the kit of PrimeScript-RT reagent (Japan), as well as the 
System of CFX96 Real-Time PCR (Bio-Rad Laboratories, 
USA). cDNA amplification was done by SYBR Premix Ex 
Taq (Takara, Japan) in the System of CFX96 Real-Time PCR 
(Bio-Rad Laboratories, USA). The normalization of the cycle 
threshold (Ct) of examined transcripts was carried out to the 
endogenous control (GAPDH). Finally, the relative levels of 
relevant genes were measured with the 2−ΔΔCt method.32 

Lastly, the primers employed to amplify inflammatory tran-
scripts were described previously.19

Western Blot Analysis
Chrondocyte lysis was done with radio immunoprecipitation 
assay (RIPA) (Beyotime, China) buffer and 1 mM phenyl-
methanesulfonyl fluoride (PMSF) (Beyotime, China), before 
centrifugation at 4°C and 12,000 rpm for 15 min. The levels 
of protein were quantified using the BCA protein assessment 
kit (Beyotime, China). Next, 40 μg of the protein was sepa-
rated on an 8–12% (w/v) sodium dodecyl sulfate polyacry-
lamide gel (Beijing Solarbio science and technology co., Ltd, 
China) electrophoresis and blotted onto the membranes of 
polyvinylidene fluoride (Bio-Rad, Hercules, USA). 
Moreover, the blocking was performed with 5% milk with 
zero fat within 2 hr, then 1º antibody incubation occurred at 
4°C overnight (O/N). The 1º antibodies used were against 
iNOS (1:1000), Aggrecan (1:800), COX-2 (1:1000), 
ADAMTS-5 (1:1000), p65 (1:1000), pp65 (1:800), MMP-3 
(1:1000), MMP-13 (1:1000), IκB-α (1:1000), p-IκB-α 
(1:800), Nrf2 (1:1000), HO1 (1:1000), or GAPDH 
(1:5000). The following day, after wash 3 times with PBS, 
the corresponding 2º antibodies were introduced for 2 hr at 
room temperature (RT) before Tris-buffered saline contain-
ing Tween® 20-wash 3X, followed by visualization with Plus 
reagent (Invitrogen, NY, USA) and ChemiDoc XRS+ Gel 
Imaging System (Bio-Rad, CA, USA). Lastly, the band 
intensities were meticulously explored using Image J 2.1 
(Bethesda, USA), standardized by GAPDH.

Immunofluorescence
Chondrocytic cells were grown and treated in the plates 
including 6 wells as mentioned earlier. Next, they underwent 
ice-cold PBS-wash before fixation with 4% (v/v) paraformal-
dehyde for 15 min, permeabilization with 0.1% Triton X-100 
diluted in PBS for 10 min, blocked with 5% bovine serum 
albumin for 1 hr at 37°C, exposed to 1º antibodies against 
COL II (1:200) p65 (1:200) or Nrf2 (1:200) at 4°C O/N, 
exposed to Alexa Fluor®594-conjugated or Alexa Fluor®488- 

labelled 2º antibodies (1:300) for 1 hr at RT, and stained by 
using 4′,6-diamidino-2-phenylindole (DAPI) for 5 min. Next, 
5 random fields per slide were selected for analysis using an 
ECLIPSE Ti microscope of Nikon (Nikon, Japan). Lastly, 
scientists blinded to the sample groups were employed to 
quantify fluorescence intensity with Image J 2.1 (Bethesda, 
USA). Protein expression was quantified by integrated optical 
density (IOD) with the Image J 2.1 image analysis system.

ELISA Assay
Culture supernatants were collected and stored at −20°C 
until analysis. The concentration of TNF-α, IL-6, and 
PGE2 in cell culture supernatants was measured using 
ELISA kits (R&D Systems, Minneapolis, MN, USA) 
according to the manufacturer’s instructions.

Molecular Modelling
The IVX 3-D molecular structure was constructed utilizing 
Discovery Studio 2016 and minimized with the CHARMm 
force field. Next, the Keap1-Nrf2 structural composite (PDB 
ID: 3WN7)33 was retrieved from the RCSB Protein Data Bank 
(https://www.rcsb.org/) and opened up in Discovery Studio 
2016. Following this, the Keap1-Nrf2 composite structure 
was manually altered by eliminating water and introducing 
hydrogen before the partially flexible CDOCKER program 
was utilized to localize special binding locations and the 
receptor radius. Finally, the molecular docking data were 
evaluated to assess CDOCKER energy scores, interaction 
site, and interaction force types.34

Statistical Analysis
Data presented as average ± SD of 3 separate examina-
tions. Data analysis was executed with GraphPad Prism 
(USA) (one-way analysis of variance (ANOVA) as well as 
Tukey’s post hoc test). Statistically significant data was 
given to p value of <0.05. The variations were deemed 
statistically significant at p < 0.05.

Results
Evaluation of IVX-Mediated Cellular 
Toxicity and Protection in Chondrocytic 
Cells
The IVX chemical composition is illustrated in Figure 2A. 
To identify if IVX exerts cytotoxicity, chondrocytic cells 
were given increasing concentrations of IVX, namely, 0, 
12, 25, 50, 100, 200, 400 μg/mL, for 24 or 48 hr before 
cell survival measurement, as described above. Based on 
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our result, concentrations up to 50 μM produced no obser-
vable cytotoxicity. However, IVX concentrations >100 μM 
markedly diminished cell survival (Figure 2B and C). 
Therefore, in further experimentation, IVX concentrations 
of 0, 25, and 50 μM were used to analyze its effect on IL- 
1β-treated chondrocytes.

IVX Impact on the Anabolic and 
Catabolic Nature of ECM in IL-1β- 
Exposed Chondrocytes
In order to determine whether IVX preserves ECM from 
IL-1β-mediated anabolic events, anabolic proteins were 
evaluated in IVX- and IL-1β-treated cells. We demon-
strated a strong protection in the levels of Aggrecan and 
COL II in the IVX-treated cells, as opposed to cells 
receiving IL-1β alone (Figure 3A and E). We, further, 
tested IVX’s effect on the ECM catabolic events and 
showed a strong suppression of ECM catabolic proteins, 
MMP-3, MMP-13, and ADAMTS-5 in the IVX-treated 
cells, relative to IL-alone (Figure 3A–D).

IVX Modulation of Pro-Inflammatory 
Factors in IL-1β-Exposed Chondrocytes
Since pro-inflammatory factors play a major role in OA, 
we next examined whether IVX modulates the expression 
of members of the pro-inflammatory pathway. To do this, 
we employed PCR and ELISA assays to demonstrate sig-
nificant increases in TNF-α and IL-6 levels upon IL-1β 
treatment, which were attenuated with exposure to IVX 
(Figure 4A and E). Similarly, using PCR and Western blot 
analysis, we revealed dramatic IL-1β-stimulated rise in 
iNOS and COX-2 generation, which were suppressed in 
the presence of IVX (Figure 4B–F). Collectively, these 

results suggest that IVX represses pro-inflammatory 
pathways.

IVX Impact on NF-κB Signaling in IL-1β- 
Exposed Chondrocytic Cells
Given that IVX strongly suppressed pro-inflammatory factors, 
we next investigated whether the cytoprotective actions of 
IVX involved the NF-κB signaling pathway. Using immuno-
fluorescence, we demonstrated p65 translocation to the 
nucleus in IL-1β-exposed chondrocytic cells. Comparatively, 
IVX exposed cells exhibited more p65 localization in the 
cytoplasm (Figure 5A). Moreover, Western blot analysis 
revealed a larger population of phosphorylated p65 and IκBα 
in IL-1β-exposed chondrocytic cells, as opposed to cells with 
no treatment, suggesting stimulation of the NF-κB signaling. 
Comparatively, the IVX-treated chondrocytes displayed 
remarkably low quantities of phosphorylated p65 and IκBα 
(Figure 5B–D). We further isolated chondrocyte nucleus and 
examined p65 protein expression in the nucleus using Western 
blot. Similar to our immunofluorescence data, IVX suppressed 
p65 presence in the nucleus (Figure 5B and E). In all, these 
results suggest a strong NF-κB signaling repression in the 
IVX-exposed chondrocytic cells.

Molecular Docking of IVX and Nrf2
Multiple upstream regulators are known to modulate NF- 
κB signaling. Among them, Nrf2 was shown to be a major 
regulator of this pathway26 and serve as a potential target 
for OA therapy.35 To identify possible interaction between 
IVX and protein(s) involved with the Nrf2/NF-κB path-
way, we conducted molecular docking analysis. Our ana-
lysis predicted that the Nrf2 protein contains a binding site 
for IVX (Figure 6A and B). In fact, we discovered high 
interaction energy between IVX and Nrf2, measuring at 

Figure 2 Evaluation of IVX-induced cellular toxicity and protection in IL-1β-exposed chondrocytic cells. (A) Chemical composition of IVX. (B, C) Assessment of IVX 
chondrocytic cells cytotoxicity, using differing concentrations of IVX for 24 hr and 48 hr. Data = average ± SD of 3 separate examinations. *p < 0.05, **p < 0.01. 
Abbreviation: Ns, not significant.
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42.95 kcal/mol (Figure 6C). Additionally, according to the 
2D-binding model, Nrf2 interacted with IVX via van der 
Waals, hydrogen bonds, and pi-alkyl interaction (Figure 
6D and E).

IVX Modulates NF-κB Signaling via Nrf2
To validate the involvement of the Nrf2 pathway in the IVX- 
mediated cytoprotection of IL-1β-exposed chondrocytes, we 
first explored Nrf2 localization using immunofluorescence. 
We demonstrated significant Nrf2 translocation to the nucleus, 
upon IVX treatment (Figure 7A). Similarly, Nrf2 levels in the 
nuclear fractions of chondrocytes were significantly upregu-
lated in IVX-treated chondrocytes, relative to IL-1β alone. 
Moreover, Nrf2-targeted HO1 protein expression in whole 
cells extracts was also elevated, relative to IL-1β-exposed 

cells (Figure 7B, D and E). These data were also verified in 
terms of HO1 transcripts levels, which remained remarkably 
high in IVX-exposed chondrocytic cells verses IL-1β alone 
(Figure 7C). Next, we generated Nrf2 deficiency in the iso-
lated chondrocytes, using siRNA. Using Western blot, we 
revealed low expression of Nrf2 and HO1 proteins upon 
Nrf2 deficiency, relative to the negative control (Figure 1A 
and B). Moreover, Nrf2 deficiency produced more phosphory-
lated forms of p65 and IκBα proteins, as compared to the 
control (Figure 1C and D). In all, our data indicates that IVX 
modulates NF-κB pathway through its regulation of Nrf2. 
Furthermore, we showed that IVX exposure raised the amount 
of Aggrecan protein, as opposed to IL-1β alone (Figure 1E). 
Conversely, Aggrecan protein levels were strongly suppressed 
under conditions of Nrf2 deficiency, while MMP13 protein 

Figure 3 IVX impact on ECM anabolic and catabolic actions in IL-1β-exposed chondrocytic cells, in presence or absence of IVX. (A) Evaluation of ECM catabolic and anabolic 
protein expression in IL-1β- and IVX-treated chondrocytes, relative to control. (B–D) Image J employed quantification of protein expression. (E) Detection of COL II by 
fluorescence microscopy, in conjunction with nuclear DAPI stain (scale bar: 50 μm). Data is average ± SD of 3 separate examinations. *p < 0.05, **p < 0.01, ***p < 0.001.
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was markedly elevated (Figure 1F). In all, these results suggest 
that IVX protects ECM via Nrf2 regulation. We, also, exam-
ined iNOS and COX-2 levels in the IVX-exposed chondrocy-
tic cells, using Western blot analysis. Based on our results, 
IVX exposure decreased iNOS and COX-2 protein levels, 
whereas Nrf2 deficiency increased both protein expression 
(Figure 1E and F), suggesting IVX regulates inflammation 
via Nrf2.

Discussion
OA is a wide-spread, incurable, degenerating illness, affect-
ing joints, and is associated with severe discomfort, limited 
mobility, and disability. Currently, there is no effective ther-
apy for OA. This disease is usually characterized by severe 
inflammatory attack on the joints. One therapeutic agent, 
IVX, has shown promise in suppressing inflammation in 

other tissues. Therefore, this study explored whether IVX 
can modulate OA progression. Based on our results, we 
demonstrated that IVX indeed slows down OA progression 
by Nrf2-mediated inhibition of the NF-κB signaling. This 
new finding can provide further insight into the future devel-
opment of therapeutics against OA.

Multiple studies have demonstrated protective effects of 
IVX on inflammatory-related diseases like Alzheimer’s 
disease,36 neuroinflammation,37 osteosarcoma,38 and liver 
cancer.39 To test IVX-induced protection of OA, isolated 
chondrocytes were exposed to a range of working and non- 
toxic IVX concentrations. We confirmed that IVX was able 
to suppress both excessive catabolism and inadequate ana-
bolism of ECM in IL-1β-exposed chondrocytes. This was 
consistent with another study where IVX was shown to 
decrease matrix metalloproteinases MMP-2 expression.40

Figure 4 IVX modulation of pro-inflammatory factors in IL-1β-exposed chondrocytes. (A, B) PCR analysis of inflammation-related transcripts. (C) Evaluation of 
inflammation-related protein expression, using Western blot. (D) Quantification of the protein expression using Image J software. (E, F) Detection of inflammation- 
related protein expression, using ELISA. Data presented as average ± SD of 3 separate examinations. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 5 IVX impact on NF-κB signaling in IL-1β-exposed chondrocytic cells, with or without IVX. (A) P65 localization, detected by fluorescence microscopy, in conjunction 
with nuclear DAPI stain (scale bar: 50 μm). (B) Evaluation of protein expression, using Western blot. (C–E) Image J employed quantification of protein expression. Data is 
average ± SD of 3 separate examinations. *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 6 Molecular docking of IVX on its binding site in Nrf2, using docking studies analysis. (A) The IVX modular structure. (B) The Nrf2 ribbon modular structure. (C) The high interaction 
energy (−42.95 kcal/mol) interaction between IVX and Nrf2. (D, E) The 2D binding model between IVX and Nrf2, showing interaction through van der Waals, Hydrogen Bonds, and Pi-Alkyl.
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Furthermore, inflammation is known to accelerate OA 
development,9 and existing evidences show that artificially 
suppressed inflammation can abrogate the progression of 
OA.27,41,42 In fact, Lv et al reported that IVX administration 
can notably reduce iNOS and COX-2 levels in monocyte/ 
macrophage-like cells (RAW 264.7).31 Similarly, in another 
study, TNF-α and IL-6 were strongly suppressed upon IVX 
treatment.29 Our findings corroborated previous studies in 
that IVX presence markedly lowered the amount of pro- 
inflammatory factors in IL-1β-exposed chondrocytes.

The NF-κB pathway controls IL-1β-mediated 
inflammation.16,43 In this study, IVX administration was 
shown to significantly suppress the NF-κB signaling by 
reducing the occurrence of phosphorylated p65, thereby, 
sequestering it in the cytoplasm. In agreement with this, 

earlier studies have also shown marked IVX-mediated 
suppression of NF-κB and its downstream signaling.30,44

Moreover, past studies have also demonstrated the Nrf2 
signaling pathway to be a major modulator in IL-1-mediated 
inflammation in chondrocytic cells.22 Moreover, the NF-κB 
signaling can be effectively targeted by the Nrf2 pathway 
thus delaying the advancement of OA.26,27 Here, we showed 
strong evidence that IVX exposure can activate the Nrf2 
signaling pathway in order to repress OA development. We 
were also able to demonstrate that IVX directly interacts 
with the AA residues in the inhibitory interacting pocket of 
Nrf2. Similar to our findings, Lv et al31 and Liu et al29 also 
reported that IVX can suppress Nrf2 signaling.

In conclusion, we investigated the role of IVX in 
modulating OA and explored its underlying mechanism. 

Figure 7 IVX impact on the Nrf2 signaling pathway in IL-1β-exposed chondrocytes, in the presence of or absence of IVX. (A) Detection of Nrf2, using immunofluorescence 
in conjunction with nuclear DAPI stain (scale bar: 50 μm). (B, D and E) Evaluation of Nrf2 levels in the nuclear fraction and downstream HO1 levels in the whole extract, 
using Western blot. Quantification of the protein was done using Image J. (C) Evaluation of HO1 transcript levels, using PCR. Data presented as average ± SD of 3 separate 
examinations. *p <0.05, **p < 0.01. 
Abbreviation: Ns, not significant.
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We reported that IVX can indeed suppress IL-1β-mediated 
inflammatory activation and maintain ECM balance in OA 
chondrocytic cells via the Nrf2/NF-κB axis (Figure 8).
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