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Background: Intervertebral disc degeneration (IDD) is a common spinal disease affected by environmental and lifestyle fac-
tors that has a significant pathological cascade toward inflammation and partial disability. There is currently
no therapy that can completely restore the cellular derangement in IDD. Hence, in this study, the therapeutic
effects of apigenin on IDD were evaluated using a rat model.

Material/Methods: Animals were separated into 4 groups: Grp 1, sham-operated control; Grp 2, IDD-induced; Grp 3, IDD-
induced+apigenin treatment; Grp 4, apigenin control. The animals were assessed for inflammatory cytokines,
chemokines, and prostaglandin signaling.

Results: There were significant increases in the inflammatory cytokines IL-1p, IL-2, IL-6, IL-8 and IL-17 in the IDD-induced
group compared to that of control. Moreover, with increased levels of MMP-3, MMP-9, ADAMTS-4, and syn-
decan-4, the levels of TNF-c, IFN-y, prostaglandin E2, and cyclooxygenase 2 were directly increased in the IDD-
induced group. In contrast, apigenin protectively restored levels of prostaglandin signaling and reduced cy-
tokine levels. In addition, nucleus pulposus cells cultured separately with either TNF-o inhibitor or apigenin
significantly attenuated the levels of extracellular matrix proteins.

Conclusions: The reduction of cytokine levels under apigenin treatment suggests it may be a promising target drug therapy
for the treatment of deleterious IDD conditions.

MeSH Keywords: Cytokine-Induced Killer Cells ¢ Matrilin Proteins ¢ Photoreceptor Cells, Invertebrate

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/924587

%3308 E‘le MEI6 %53

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e924587-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




LAB/IN VITRO RESEARCH

Background

Back pain caused by stress and changes in working practic-
es on the job is the most common disability affecting popu-
lations in industrialized societies worldwide [1]. Back pain af-
fects not only the health and relationships of individuals but
also puts a strain on the working environment [2]. Overall, it
results in a decrease in economic productivity and an increase
in medical costs, which include the direct and indirect effects
of absence from work [3]. Health departments worldwide are
striving to ensure proper working facilities to avoid the rising
medical insurance costs, which burden nations [4]. Developed
nations have shown an increase in employee-friendly measures
to tackle this problem, but developing nations leave this onus
on the individuals at work. Hence, we must be aware of the
complications arising from back pain and its manifestation
from intervertebral disc degeneration (IDD).

The intervertebral disc contains an outer annulus fibrosus (AF)
and an inner matrix-rich nucleus pulposus (NP) [5]. The col-
lagen-rich fibrocartilaginous AF is responsible for withstand-
ing the hoop stresses from compressed NP [6]. The NP cells
are rich in aggrecan and reside in a hyperosmotic niche [7].
The extracellular matrix (ECM) components of normal discs,
such as collagen-type molecules, aid in the smooth function-
ing of the discs by providing anchoring support of the tissue to
the bone and tensile strength to the discs [8]. The chondroitin
and keratin sulphate chains of aggrecan hydrate the disc tis-
sues and, along with the ECM, keep the posture upright [9,10].

When the NP structure is under stress from the breakdown
of the ECM by proteases and cell senescence and death, tis-
sue degeneration progresses and results in low back pain [11].
The loss of proteoglycans results in decreased hydration of the
tissues in the disc, causing a drop in osmotic pressure which
then results in disc degeneration [8]. Collagens denature and
get ruptured, which is another factor in disc degeneration [2].
IDD cases show an increased loss of aggrecan and increased
disc permeability, which allow, for example, the inflammatory
cytokines tumor necrosis factor-a (TNF-) and interleukin-1
(IL-1B) to penetrate the disc, resulting in inflammation and
associated chronic back pain [12-14]. Therefore, inflammato-
ry cytokines play a significant role in disc degeneration [15].
Chronic low back pain is always related to sciatica, disc her-
niation, and stenosis, a condition occurring from a loss in disc
height owing to changes in the associated structures of mus-
cles and ligaments.

Apigenin is the most widely available flavonoid found in plants,
including parsley, onions, celery, fruits, herbs, tea, and wine [16],
and has antioxidant, anti-inflammatory, and anti-mutagenic
properties [17,18]. The antioxidative and neuroprotective role
apigenin plays in conditions like Alzheimer’s and Parkinson’s
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disease [19] and depression has given us the impetus to test
it against IDD, a condition related to the spinal cord, a neu-
rologically vital organ. Also, its use against spinal cord inju-
ry [20] gave us supporting evidence for testing it against IDD
in animals. Thus, we hypothesized that apigenin would con-
trol the action of inflammatory cytokines by acting against
TNF-a,, ameliorate the complications arising from IDD, signifi-
cantly improve the disc regeneration, and improve movement.

Material and Methods

Animals and clinical technique

Wistar male rats (weight, 110 g) were acquired from the Animal
Center of Hubei Province, Wuhan, China. The experimental pro-
tocol was accepted by the Institutional Animal Care and Use
Committee of the First People’s Hospital of Jingmen, Jingmen,
Hubei, China. All animal experiments were performed in agree-
ment with committee approval and regulations. To induce 1DD,
the needle-stab injury model was used, and the protocol fol-
lowed as per previous publications [21]. Briefly, rats were se-
dated with ketamine (75 mg/kg body weight; Sigma Aldrich,
MO, USA). Using radiography, the intervertebral disc space
between the Co7/Co8 or Co8/Co9 caudal vertebral discs was
first located, and then a 20-gauge aseptic needle controlled
by electronic stopper was inserted to a distance of approxi-
mately 5 mm from the dorsal toward the ventral side. The in-
jury was created by rotating the needle twice, and the needle
was removed from the site of injury in the direction it was in-
serted. After the induction, the rats were kept alone in cages
and exposed to a 12:12 h photoperiod (light-dark cycle) with
unrestricted access to tap water and food.

After 12 weeks, the animals were sedated briefly and placed
in a prone position in a 3.0 T MRI scanner in which the cau-
dal vertebral discs were imaged in the sagittal plane. The ob-
tained results were processed independently by 3 blinded ob-
servers. For the experimentation, the rats were separated into
4 groups: Group (Grp) 1: control (sham-operated); Grp 2: IDD
was induced; Grp 3: IDD+apigenin treatment (15 mg/kg) (rats
underwent IDD procedures, with drug injected into NP cells
at surgery and administered orally thereafter); Grp 4: apigen-
in control. At the end of the experimental period, the animals
were killed by an overdose of carbon dioxide; the tissues were
removed, fixed in formalin, and stained with hematoxylin and
eosin to assess the cellularity and morphology as per the pre-
viously described grading scale [22,23].

In vitro culture, isolation, and treatment of rat NP cells

For the analysis of the TNF-a-mediated signaling mechanism,
the in vitro cultures of NP cells were cultured and exposed to
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a TNF-a inhibitor. Later, the cells were assayed for the expres-
sion of inflammatory cytokines. Briefly, rat NP cells were isolat-
ed according to previously published methods [24]. The cells
were cultured in DMEM/F12 medium supplemented with
10% FBS and antibiotics, and the cells were grown till conflu-
ence. Once 70% confluence was reached, the cells were sep-
arated into groups and exposed to apigenin or TNF-a inhib-
itor (LMP-420, 50 puM). After 24 h, the cells were scraped off
and analyzed for expression of cytokines and matrix metal-
loproteinases (MMPs) using commercial ELISA kits following
the manufacturer’s instructions (Fine Biotech, Wuhan, China).

Biochemical and cytokine analysis

The estimations of glycosaminoglycan, proteoglycan 4 (PRG4),
thromboxane B2, prostaglandin E2, cysteinyl leukotriene, and
leukotriene B4 were done in the serum samples using com-
mercial ELISA kits following the manufacturer’s instructions
(Fine Biotech, Wuhan, China). Furthermore, the proinflammato-
ry and anti-inflammatory cytokines IL-2, IL-6, IL-8, IL-17, IFN-y,
IL-1B, MMP-2, and MMP-9 in the serum samples were estimat-
ed using commercial ELISA kits as per the manufacturer’s in-
structions (Abcam, Inc, USA; Biosource, Inc, USA).

Reverse transcription polymerase chain reaction

For the elucidation of the marker genes and matrix genes as-
sociated with IDD, total RNA was isolated from the NP cells
isolated from the control and experimental groups using
TRIzol reagent. The total RNA extracted was quantified us-
ing a NanoDrop spectrophotometer. For the cDNA synthesis,
an equal amount of RNA was transcribed to cDNA and the
real-time quantitative reverse transcription polymerase chain
reaction (RT-qPCR) was done for specific genes using SYBY
green/ROX master mix, and amplified by the Bio-Rad real-time
PCR system (Qiagen, Shanghai, China). The gene-specific prim-
ers used in the study are shown in Table 1. The gene expres-
sion was calculated from the CT values and the fold increase
was determined by the comparative CT method (AACT) with
expression values of GAPDH as the endogenous control [25].

Statistical examination
The results are expressed as meansstandard error. Statistical
significance was evaluated by student t test for comparisons

between groups. A P-value of less than 0.05 was considered
statistically significant.

Results

Results on the apigenin-mediated protective mechanism on IDD
and the various analyses made are herein presented. Initially,
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Table 1. Primer details of the study.

Gene  Primer Sequence

F CCTGGTAGGAGGGCTGGATT

Annealing

PN[EEE oo oo 57
R CCCGTAGGGCGATTACAGTC
F  TTTTCTCCAGGCAGCAACCA

TN e R S SRRt 56
R GCTAGCAGGACAGTCAAGGG
F  AAGGCGTTCAACTGAGCTGT

(do)) e oot o e 57
R ACACAGGAATCTTCACAAATGGAAC
F  CATTCAAGGCAGTCTTCAGCC

Periostin oo 56
R TTTGCAGGTGTGTCTTTTTGC
F  TCAGCATGCTTAGCCTTCCT

ML oemsmmeememomomememmmsese s mesemomomommaesaesases 58
R TAGCTTGGACGTCTTCACCC
F GTTATGAGACCCTGAGCCCG

N P O 57
R CCTTGGGGCAGCCATAGAAA
F  TCATGAACTTGGCCACTCCC

N P I 56
R AACAAGACTTCTCCCCGCAG
F  GATCCCCAGAGCGTTACTCG

L P2 B 58

R GATGGTGATGGGTTTCCCGT

the onset of injury was analyzed using MRI and histological
scores. MRI data were corroborated with the histological re-
sults and demonstrated a significantly lower MRI signal inten-
sity in the IDD-induced group compared to that of the sham-
operated control group at 12 weeks after the initial stab injury.
However, rats in the apigenin-treated group displayed higher
MRI signal intensity compared with that of the IDD-induced
group. In addition, the histological structure of the NP tissue
displayed a well-characterized and organized network of cells
and ECM in the apigenin-treated rats, while poor cellular struc-
ture was found in the IDD-induced rats (Figure 1).

The levels of proteoglycans and prostacyclin molecules eval-
uated in the control and the experimental groups are pre-
sented in Figure 2. The results demonstrated a significant de-
crease in glycosaminoglycan and proteoglycan content, and
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Figure 1. (A) MRI index to revealing water content and nucleus pulposus (NP) tissue structure. (B) The histological score of control
and experimental groups of rats. Statistical significance shown as * P<0.05, ** P<0.01 compared to sham-controls, * P<0.05,

IDD+apigenin-treated compared to IDD-induced rats.

a significant increase in the inflammatory mediators throm-
boxane B2, prostaglandin E2, cysteinyl leukotriene, and leu-
kotriene B4 in the IDD-induced group compared to those in
the sham-operated control group (P<0.01). On the other hand,
the levels of glycoproteins and prostacyclin were significant-
ly restored in the apigenin-treated group (P<0.01), suggesting
a protective event had been initiated in the IDD-induced ani-
mals by apigenin treatment (Figure 2).

Because of the observed decrease in proteoglycans in the IDD-
induced group, we evaluated the levels of MMPs to corrobo-
rate the signaling that had been activated in the disc degener-
ation. The results showed a substantial upsurge in the mRNA
levels of MMP-1 (2.1-fold), MMP-2 (4-fold), MMP-3 (4.2-fold),
MMP-9 (3.3-fold), A disintegrin and thrombospondin motifs
(ADAMTS)-4 (4.1-fold), and ADAMTS-5 (3.7-fold) in the IDD-
induced group compared to those in the sham control group.
Because the rats in the apigenin-treated group elicited a sig-
nificant (P<0.01) decline in the levels of these matrix protein
markers, it suggested that a restorative mechanism had been
initiated in these IDD-induced apigenin-treated rats (Figure 3).

We documented the mRNA expressions in the current study to
validate the role of apigenin on the modulation of IDD markers.
The expression levels of the control genes demonstrated by
RT-gPCR are shown in Figure 4. The results showed the mRNA
expressions of asporin (4-fold), syndecan-4 (5.2-fold), TNF-a
(2-fold), TNF-R1 (3-fold), COX-2 (2.7-fold), and periostin (3.2
fold) were significantly increased (P<0.01) in the IDD-induced
group compared to those in the sham control group. However,
the enhanced levels of these genes were decreased in the api-
genin-treated group, indicating that the drug initiated the re-
storative mechanism to return normal functioning (Figure 4).

Further experiments to measure cytokines levels were done
(Figure 5). Rats in the IDD-induced group showed a substantial

increase in the levels of cytokines, including IL-1f (P<0.01),
IL-17 (P<0.05), IFN-y (P<0.01), IL-6 (P<0.001), IL-8 (P<0.05), and
IL-2 (P<0.05) over those in the sham control group. Although,
these inflammatory cytokines were reduced in the apigenin-
treated group, indicating that the signaling of IDD progression
was reduced (Figure 5).

Conversely, cultured NP cells from the IDD-induced group ex-
posed to the TNF-a inhibitor also showed a reduction in cy-
tokine levels by the reduced expression of MMPs in the NP
cells. Therefore, the results of the current investigation con-
firm that the protective role of apigenin might be mediated
via TNF-a inhibition and can contribute to the development
of novel treatment approaches in IDD (Figure 6).

Discussion

We have evaluated the importance of using apigenin in IDD-
induced animals to assess its effects on disc degeneration re-
duction, and hence the back pain associated with it. Disc degen-
eration occurs with aging, decreased nutrient supply, diminished
matrix resuscitation, and other mechanical stressors. In IDD,
the gelatinous NP undergoes a change in texture to a fibrous
fissure-like structure over time [26]. In our IDD model, we have
shown that the needle-stab injury affected the NP of the IDD-
induced animals by degrading the ECM proteins, thereby mak-
ing the structure lose its water content and hence the gelati-
nous nature that absorbs mechanical stress. Clinically, MRI has
been an essential method for assessing the extent of IDD [26].
Since the disc structure was weakened in the IDD-induced an-
imals, the MRIs were weak, indicating the abnormal anatomy
in the effected animals [27]. However, the treatment with api-
genin improved the signals and, hence, showed the ameliorat-
ing or therapeutic nature of apigenin on the ECM of the discs
and its ability to restructure the affected discs. The MRI signals
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Figure 2. (A-F) represents the proteoglycans and prostacyclin in the control and experimental group of rats. The details of the assay
were given in the methodology section. Statistical significance shown as * P<0.05, ** P<0.01, compared to sham-controls,
# P<0.05, IDD+apigenin-treated compared to IDD-induced rats.

could be correlated with the extent of fibrotic lesions in the
affected regions of the discs [28] by the increased histological
score in the IDD-induced animals; the fibrosis was controlled
by the reduced inflammation in the apigenin-treated group.

Degenerated discs spontaneously synthesize the proinflam-
matory metabolites of arachidonic acid to prostaglandin E2
(PGE2), thromboxane B2, cysteinyl leukotriene, and leukotri-
ene B4, which are associated with disc herniation and were
released in the IDD-induced rats. Such molecules cause sensi-
tization of nociceptors and increase the pain in the spine [29].
This increasing trend is due to the degeneration of the tissues

and subsequent complications of pain due to the degrada-
tion of the ECM. Such increases were controlled in the api-
genin-treated group where the pain was curbed by the con-
trol of PGE2 production, for example. This was made possible
by a decrease in the expression of COX-2, which is responsi-
ble for PGE2 production and upregulation, and is involved in
the pathogenesis of disc herniation [29-32].

The load-bearing inability of the disc changes with the change
in the architecture and biochemical components of the disc,
and is the significant indicator of IDD. This is owing to the com-
pression which makes the disc too rigid to accept the load and
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Figure 3. (A-F) represents gRT-PCR mRNA expression analysis of MMP-1, MMP-2, MMP-3, MMP-9, ADAMTS-4 and ADAMTS-5 of control
and experimental groups of rats. The fold increase of gene expression is compared with the housekeeping gene GAPDH.
Statistical significance shown as * P<0.05, ** P<0.01, compared to sham controls, #* P<0.05, IDD+apigenin-treated compared

to IDD-induced rats.

leads to degeneration. Aggrecan loses its proteoglycans and
hydration to transform from a gelatinous structure to fibrous
tissues [2]. The resultant loss of glycosaminoglycans makes
the osmotic pressure decrease in the disc matrix, leading to
a decrease in load-bearing capacity [8]. This is followed by an
increase in the synthesis and activity of MMPs and ADAMTS.

It has been reported that the onset of IDD displays an increase
in IL-1B, TNF-0,, IL-6 [5], and IL-8, which are expressed as a re-
sult of the initiation of the innate immunity in animals and are
known to be pain intensity quotients [8]. Activated macrophages,
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eosinophils, neutrophils, and CD4+ lymphocytes produce TNF-o.
and regulate the activity of immune cells [33]. TNF-a. is proin-
flammatory and mediated the pain in the herniated discs of
the IDD-induced animals. The nociceptive nerve fibers in the
disc largely mediate the pain in the lower disc with the infiltra-
tion of TNF-a into it. Many researchers have shown that TNF-a.
and IL-1p induce the expression of MMPs, which would accel-
erate the catabolism of ECM proteins such as aggrecan and
collagen [34]. Disc degeneration occurs with ECM disruption
and hence induction of catabolic enzymes such as collagenase
(MMP-1), stromelysin (MMP-3), gelatinases (MMP-2), and MMP-9

Indexed in:

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]

€9245

[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[EMBASE/Excerpta Medica]



Ding F. et al.:
Apigenin mitigates intervertebral disc degeneration...
© Med Sci Monit, 2020; 26: €924587

LAB/IN VITRO RESEARCH

A B
57 6] e
*%
4 < 57
P g 4
g 5 # £ #
E= S 34
‘:: <
= 21 S
s Z 27
= g
1 - [ ) 1 | l
0 0
Control VD IVD+API API Control IVD IVD+API API
C D
257 357 o
*
3.0
2.0
= g 251
£ 151 # 2 207
= = '
L = 4
= 101 = 15
= £ 104
0.5
0.5
0.0 0.0
Control IVD IVD+API API Control IVD IVD+API API
E F
3.0 7 * 3.51 **
2.5 3.0
g 201 g ¥
2 £ 201 #
3 157 ! ]
= £ ]
= 1.01 k=]
S 5 107
0.5 05
0.0 0.0
Control IVD IVD+API API Control IVD IVD+API API

Figure 4. (A-F) represents gRT-PCR mRNA expression analysis of asporin, syndecan-4, TNF-o,, TNF-R1, COX-2 and periostin of control
and experimental group of rats. The fold increase of gene expression is compared with the housekeeping gene GAPDH.
Statistical significance shown as * P<0.05, ** P<0.01, *** P<0.001 compared to sham controls, # P<0.05, IDD+apigenin-treated

compared to IDD-induced rats.

are broadly expressed in ECM turnover and disc degeneration.
Aggrecanases such as ADAMTS-4 and ADAMTS-5, which degrade
the aggrecan, are also highly expressed in IDD. An imbalance in
the expression and activation of MMPs and their inhibitors leads
to IDD, as evident in the increase in MMP-1, MMP-2, MMP-3,
and MMP-9, and ADAMTS-4 and ADAMTS-5 in our IDD-induced
group. They work together with other inflammatory cytokines
to activate apoptosis of the cells in the disc and contribute to
IDD [35,36]. This creates an environment that is suitable for the
synthesis of inflammatory cytokines by T cells.

Activated proinflammatory Th17 cells produce IL-17, in partic-
ular IL-17A, which is implicated in the pathogenesis of lumbar
disc herniation [37-39]. The evidence of the role of Th17 lym-
phocytes in the pathology of IDD and existence of low back
pain was shown in our study with the increased IL-17 expres-
sion in the IDD-induced group. In agreement with previous re-
search [40], we observed that increased IL-17 expression was
associated with increased IFN-gamma expression, which could
be a synergistic action in IDD herniation.
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Figure 5. (A-F) represents cytokine expression analysis of control and experimental groups of rats. The detail of the experiment is
given in the methodology section. Statistical significance shown as * P<0.05, ** P<0.01, *** P<0.001 compared to sham
controls, # P<0.05, # P<0.01, IDD+apigenin-treated compared to IDD-induced rats.

There is crosstalk between various ECM proteins and MMPs in
the pathology of IDD. Proteins such as asporins, COX-2, peri-
ostin, and syndecans interact with MMPs in disc degenera-
tive complications to exhibit as pain, tissue fibrosis, and her-
niation. COX-2 is an essential regulator in the expression of
PGE2, which in turn acts as a catabolic factor by tilting the bal-
ance between matrix synthesis and expression of MMPs to-
ward inducing MMPs in osteoarthritis [41-43]. The expression
of periostin in rats [44] with degenerated discs shows that it
is participating in the process of IDD. The overprotective reac-
tion of periostin has accelerated the fibrillogenesis in the de-
generated discs. The level of periostin expressed is correlated

with the amount of fibrosis on the NP cells and the degree of
disc degeneration [45]. The increased expression of periostin
in our animal model has satisfactorily explained the degree
of disc degeneration that has occurred.

Periostin upregulates MMP-2 expression via the a583 integ-
rin/extracellular signal-regulated kinase signaling pathway [46].
The effect of increased expression of periostin on the level of
MMP-2 expression was demonstrated in this study. The increased
expression of periostin together with MMP-2 upregulation and
disc degeneration has been positively correlated in many earli-
er studies [47,48]. We observed an increase in IDD severity with
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Figure 6. (A, B) represents cytokines such as IL-1p, IL-17, IFN-y, TNF-oc and MMP-2 and MMP -9 activity of nucleus pulposus (NP) cells.
The detail of the experiment is given in the methodology section. Statistical significance shown as * P<0.05, ** P<0.01 TNF-o
inhibitor compared to untreated cells, # P<0.05, apigenin compared to untreated cells.

the increased expression of both periostin and MMP-2 in our
IDD-induced group as compared to that in the healthy group.
The IDD-induced groups were under the stress of matrix deg-
radation and, as in humans, IDD could be due to stress on the
spinal cord from the lifting of heavy weight or aging-related is-
sues. Apigenin treatment reversed and reduced the effects of
IDD induction in the rats by lowering periostin expression, there-
by lessening MMP-2’s action on the matrix proteins.

Another interesting correlation was observed between increas-
es in MMP-3 and syndecan 4, which involve TNF-o and IL-1f in
the NP in IDD. TNF-a. regulated the MMP-3 expression (as well
as ADAMTS-4 and ADAMTS-5) in the degradation of ECM com-
ponents. However, recent findings show that syndecan 4 is a
mediator of TNF-ai-mediated MMP-3 expression [49]. These re-
sults are supported by our findings whereby MMP3 increased
with increased syndecan 4 and TNF-o expression in the IDD-
induced group. The result of which was the observed increase
in ADAMTS-5, which initiates aggrecan degradation. This indi-
cates that MMP-3 expression was the initiator of ECM degra-
dation in those animals with the upstream activators and me-
diators actively pursuing it through NP cell stimulation. MMP-2
and MMP-3 expressions are crucial as they are vital to activating
other MMPs like MMP-1 and MMP-9 [50]. Apigenin treatment
acted to inhibit TNF-a. expression and hence the expression
of syndecan 4 and MMP-3 regulation in rescuing the pretreat-
ed animals from matrix degradation, allowing for restoration.
Therefore, a more in-depth analysis is required to understand the
signaling pathways of the inflammatory cytokines affecting IDD.

Results of previous studies have implicated the expressions of
different ECM protein sequences in the degenerated disc to be
behind the pathophysiology of degeneration. Asporin, an ECM
protein of the leucine-rich proteoglycans family [51], is highly
expressed in degenerated intervertebral discs [52]. The 14 as-
partate residues of asporin make it a risk molecule in osteoar-
thritis [53], and since IDD is also a degenerative disease and

the expression of asporin in IDD is confirmed, we explored its
expression by RT-gPCR from NP cells in all the groups. Our ob-
servation that asporin expression increased with an increase
in disc degeneration in rats in the IDD-induced group coin-
cided with the previous findings that this protein expression
is higher in highly degenerated discs. Since IL-1 is known to
increase the matrix-degrading enzymes, decrease matrix syn-
thesis, and increase proinflammatory cytokine expression [53],
it is also implicated in the expression of asporin in IDD [52].

We have demonstrated that our IDD model satisfactorily in-
duced IDD in rats and that the hallmark of IDD pathogenesis is
the imbalance in the expression of catabolic factors by NP cells
of intervertebral discs. This is primarily mediated by the pro-
inflammatory cytokines, especially TNF-o,, which is implicated
in the expression of many of the other inflammatory cytokines
and MMPs. Finally, to prove that IDD pathogenesis primarily oc-
curs through TNF-o, and apigenin acts overwhelmingly against
the TNF-a receptor, we used a TNF inhibitor along with apigen-
in in cultured NP cells. The outcome of the experiment provided
strong evidence that apigenin works like the TNF-o inhibitor and
blocks the TNF-a. receptor; hence, we observed a decrease in the
expression of the inflammatory cytokines IL-1p, IL-6, and IL-8,
and MMP-2 and MMP-9 with apigenin and the TNF-a inhibitor.

Conclusions

The results of our study reconfirm the participation of the im-
mune system in the formation of cytokines and chemokines
in the disc region. Apigenin could be used as a therapeutic
molecule in the control of IDD by reducing the expression of
the molecules involved in the pathophysiology of the disease.
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