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Intervertebral disc (IVD) degeneration is an age-related disease affecting the elderly population worldwide. The
disease is contributed by degeneration of the cartilage tissue in the vertebral column. The current study explores
the possibility of exploiting platelet derived growth factor (PDGF), a growth factor secreted by platelets, as a
therapeutic agent against the IVD degeneration. BALB/c mice were exposed to nicotine at higher concentrations
to induce IVD degeneration. Three different concentrations of PDGF (1 ng/mL, 2 ng/mL, 3 ng/mL) were used in
the study. Oxidative stress parameters were assessed through Lipid peroxidation (LPO), Myeloperoxidase (MPO)
and Nitric oxide (NO). Histopathology was done for assessing the extent of degeneration, collagen II, mucin, and
calcium deposition by Haematoxylin and Eosin staining, immunohistochemistry, Alcian blue and Alizarin red
staining respectively. Gene expression studies were carried out by quantitative real-time Polymerase chain re-
action (RT-PCR) for Aggrecan, alkaline phosphatase, RUNX2, Collagen I alpha and osteocalcin. IVD degeneration
was prominent and PDGF treatment restored the tissue as evidenced by H&E staining. Oxidative stress was
induced by the nicotine treatment and all the biomarkers of oxidative stress were restored back to normal by
PDGF in a dose dependent manner. Biomarkers of endochondral bone formation (aggrecan, alkaline phosphatase,
RUNX2, Collagen I alpha and osteocalcin) was observed to be normalized by exposing to PDGF in mRNA level
though RT-PCR. Mucin, calcium contents were also brought back to normal by PDGF treatment. In conclusion,
current work strongly supports that PDGF could be used as a therapeutic agent for the treatment of IVD
degeneration.

1. Introduction

It is generally recognized that intervertebral disc (IVD) degeneration
contributes to back, neck, and radiating discomfort in the aging popu-
lation. It triggers low back pain which is most common musculoskeletal
disorders globally and is a major healthcare burden among aged popu-
lation. (Cheung et al., 2009; Hong et al., 2013; Takatalo et al., 2011; Vos
et al., 2012). During the degeneration of the IVD there is a reduction in
the number of cells in the disc and the inner, gelatinous nucleus pulposus
(NP) is a salient feature of the IVD degeneration. The NP is made of
chondrocyte-like cells (Trout et al., 1982; Zhao et al., 2007) with a jelly
like consistency due to the accumulation of water enclosed by
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proteoglycans. (An et al., 2006) Inflammatory mediators such as TNFa,
IL-1, IL-6, and IL-17 are found to be active in aggravating the progres-
sion of the disease by degrading the extracellular matrix. Smoking is one
of the contributors of IVD degeneration, especially, nicotine has been
observed to be causing IVD degeneration (Oates et al., 1988; Uematsu
et al., 2001) via vasoconstriction, arteriosclerotic, carboxyhemoglobin
synthesis, affecting blood flow, and impeded fibrinolytic activity.(Akmal
et al., 2004).

Growth factor prolotherapy is considered as one of the vital method
providing long term cure in management of IVD degeneration pre-
venting surgical intervention in early stage (Kennon et al., 2018).
Platelet derived growth factor (PDGF) is composed of two different
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Table 1
PDGF concentration.

Sample Kit Concentration

Isolated Elabs - Human PDGF-AB (platelet derived
PDGF growth factor ab) Elisa kit
(E-EL-H1576)

293.57 pg/mL (1x10*
dilution)

Table showed the concentration of isolated PDGF at 10000-fold dilution esti-
mated by Kkit.

polypeptide chains originating from platelets, bone matrix and osteo-
sarcoma cells. As blood coagulates, it is triggered and released by
platelets that have broken down. The ability to produce and release
PDGF also exists in macrophages, endothelial cells, and epithelial cells.
PDGF prevents apoptosis of annulus fibrosus cells, increases collagen-3
matrix production and maintains the disc architecture, and promotes
biomechanical property which has drawn interest in intervertebral disc
regeneration.(Paglia et al., 2016) Sub endothelial basement membrane,
or collagen also induced the secretion of PDGF (Schecter et al., 2000;
Weiss et al., 1979) and they act by binding to PDGF receptors (PDGFR).
PDGF has been shown to promote collagen degradation possibly through
production of collagenase and therefore a chronic exposure could result
in a decline in the bone mass whereas acute exposure could be beneficial
since through its mitogenic property. It also acts as chemoattractant by
increasing anabolic process and decreasing catabolism through reduc-
tion in apoptosis specifically in IVD.(Romaniyanto et al., 2020).

It is well-known that nicotine, a key addictive substance found in
tobacco products, may contribute to a number of pathophysiologies,
including IVD degeneration possibly through vasoconstriction, arterio-
sclerotic, carboxy hemoglobin production, changes in blood flow, and
impaired fibrinolytic activity. The earlier study on nicotine-induced
osteoarthritis and to mimic chronic accumulation of nicotine-induced
toxicity in human umbilical vein endothelial cells (HUVECs), higher
doses of nicotine was used to establish mouse model.(Montgomery et al.,
2012) In the current study, we evaluated the therapeutic potential of
PDGF in alleviating the IVD degeneration and studied the osteogenic
and chondrogenic potency behind the ameliorative potential of PDGF.
We generated IVD degeneration model in rodent by exposing to high-
doses of nicotine followed by administering three different concentra-
tions of PDGF to the rodent model. After the exposure antioxidant ac-
tivity, immunohistochemistry, histopathological analysis, calcium and
mucin deposition, quantitative real-time PCR were done to evaluate the
mechanism of action of PDGF.

2. Materials and method
2.1. Experimental design and IVD degeneration induction with nicotine

Male BALB/c mice aged 8 weeks (n = 6 per group) were chosen for
this study. Male rats were chosen due to less behavioural variability in
response to stressors when compared to female counterparts. The ex-
periments performed based on guidelines provided by ethical committee
(Ethical No. SXBH-2022-034). Except control group, the mice from all
other groups were received a subcutaneous injection of 1.5 mg/kg
Nicotine (Lo et al., 2021a) twice daily for 30 days. According to the prior
study (Lo et al., 2021a), IVD degeneration was induced and treated with
100 pl of 1 ng/mL, 2 ng/mL and 3 ng/mL of PDGF with subcutaneous
injection into skin over the spine, after one month of nicotine induction.
Mice without any treatment kept as control PDGF treatment was done
once in a week totally for 4 weeks for treatment group (n = 6/group).
The group was separated as follows,

Group 1 - Control/ Untreated group.

Group 2 - Induction Group.

Group 3 — PDGF (1 ng/ml).

Group 4 — PDGF (2 ng/ml).

Group 5 - PDGF (3 ng/ml).
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Finally, animals were euthanized and all euthanization was per-
formed under isoflurane (2.5-5 % inhalation) (Hofgaard et al., 2012).
IVD’s were harvested in each group of mice for histopathology, alcian
blue, alizarin red and immunohistochemistry studies.

2.2. Isolation of PDGF

Clinically expired human blood was collected from blood bank
(Ethical No. SXBH-2022-034). The collected blood was centrifuged at
100 x g for 20 min at room temperature. Then, the plasma layer was
transferred to the new tube and centrifuged at 800 x g for 20 min to
pellet the platelet. Then, the platelet was washed twice with the
following solution - Tris-Hydrochloride (17 mM, pH 7.5) — nine volume,
0.15 M NacCl, 0.1 % glucose and acid citrate dextrose buffer - one vol-
ume. The washed platelets were centrifuged to concentrate. For isolation
of PDGF(Tsutsui, 2020), the pellet was mixed with NagPO4 (0.01 M) and
NacCl (0.08 M, pH 7.4) and the suspension kept at 100°C for 10 min and
centrifuged. Supernatant was collected and subjected to precipitation.
The precipitation was performed four times with 1 M NaCl overnight.
Supernatant fluids were collected by centrifugation at 7500 x g for 30
min and dialyzed against 20 vol of 0.08 M NaCl and 0.01 M Na3PO4 (pH
7.4). The PDGF-AB collected was subjected to Sodium dodecyl sulfa-
te-polyacrylamide gel electrophoresis (SDS-PAGE) with silver nitrate
staining according to the Morrissey method (Morrissey, 1981). Purity
and relative molecular weight were assessed using SDS-PAGE and esti-
mated by human PDGF-AB (platelet derived growth factor ab) Elisa kit
(ELABScience, USA).

2.3. Oxidative stress parameters

The intervertebral tissue sections were separately homogenised with
liquid nitrogen and prepared with PBS buffer pH: 7.0 to produce the
homogenates, which were then subjected to cold centrifugation
(12,000g; 15 min at 4 °C). Following centrifugation, the tissue super-
natant was used for further biochemical evaluations.

Malondialdehyde (MDA) generated during lipid peroxidation was
used to determine LPO levels.(Ohkawa et al., 1979) In brief, the IVD
collected from all the groups were homogenized using LN2 and ice cold
KCl buffer used to collect the homogenate. Then, to the 100 pl of ho-
mogenate, 200 pl of 8.1 % SDS, 1.5 ml of 20 % Acetic acid and 1.5 ml of
TBARS and 700 pl water was added. Then, the content was mixed and
kept for boiling for 60 min. The content was cooled to room temperature
and read at 532 nm. Reactive nitrogen compounds were detected with
the Griess reagent as end products include nitrates and nitrites. (Yaraee
et al., 2011) Briefly, the IVD from all the groups were homogenized
using LN2. The homogenate was collected and centrifuged at 2000 rpm
for 10 min. The supernatant was used for the analysis. 100 pl of super-
natant was taken in a Eppendorf and 50 pl of Griess A (1 % sulfanilamide
in 5 % phosphoric acid) and 50 pl of Griess B (0.1 % NED) Solution was
added and incubated in dark for 5 — 10 min. Then, the OD value was
taken at 540 nm using UV spectrophotometer and expressed in uM/mL.
Intervertebral tissue (5 % w/v) was homogenised in 0.5 % hexadecyl-
trimethylammonium bromide (HTAB, Sigma-Aldrich, Co., St. Louis, MO,
USA) with 50 mM potassium phosphate buffer (pH:6) with O-dianisidine
and diluted Hy05 for quantification of myeloperoxidase (MPO). The
homogenate was freeze-thawed three times and subjected to ten seconds
of sonication, then centrifuged at 14,000 g for 45 min at 4 °C. The MPO
was estimated from the supernatant by spectrophotometric analysis at
450 nm with 30sec intervals and measured as U/mg of tissue (Kim et al.,
2012).

2.4. Histology analysis
Intervertebral discs were removed and collected after sacrifice, fixed

in 10 % formalin, acid-decalcified, and processed according to standard
histological procedures. The paraffin embedded tissue was cut into thin
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Fig. 1. Qualitative and quantitative analysis of PDGF Fig. 1 denotes the qual-
itative and quantitative analysis of isolated PDGF. Gel image shows the quali-
tative confirmation of PDGF by SDS PAGE - silver staining method. PDGF bands
was observed in 33 KDa.

sections (5 mm) and subjected to Hematoxylin and Eosin staining as per
standard protocol.

2.5. Immunohistological analysis

THC staining of fixed tissue sections was carried out (Lo et al., 2021a).
Xylene was used to remove the paraffin wax from the unstained slice,
and ethanol in progressively lower quantities was used to rehydrate the
tissue sections. We utilised 5 % BSA buffer to prevent non-specific
binding. Tissue sections were treated with the Collagen II Monoclonal
antibody (6B3) (Invitrogen, USA) and incubated overnight at 4 °C. After
rinsed with 1X TBST thrice, these sections were treated with stabilized
peroxidase conjugated Goat anti — mouse (H + L) secondary antibody
(Invitrogen, USA) which contains 0.3 % Hy05, was employed to suppress
endogenous peroxidase activity and the peroxidase activity was seen
using 3,3 - diaminobenzidine (SRL, India). Slides were counterstained
with hematoxylin and then given one more water rinse and observed
under microscope and photographed.

2.6. Alcian blue and alizarin red

Alcian blue staining was performed to analyse the mucilage presence
in IVD in all groups.(Lo et al.,2021) and Calcium deposition was
observed using Dahl method. For this 1 % Alizarin Red S was used for
staining (5 min incubation) and fast green used as a counter stain. After
washing the slides visualised under microscope and photographed.
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(Rutges et al., 2010) were also used to further stain the sections in order
to observe the expression of mucin and calcium mineralization.

2.7. Real-time polymerase chain reaction (QPCR)

The total RNA was extracted from intervertebral disc region of mice
by RNA isolation kit (Promega, USA) and Real-Time Polymerase Chain
Reaction (qPCR) was performed as per manufacturer instruction. The
Qiagen PCR system (USA) was used to carry out qPCR assay and the
relative gene expression was evaluated with calibration samples in each
experiment. The used primers are given below:

Primer Forward Sequence Reverse Sequence

Aggrecan ~ CCGCTACGACGCCATCTG CCCCCACTCCAAAGAAGTTT

ALP CTTCATAAGCAGGCGGGGG TTAATTGACGTTCCGATCCTGC
RUNX2 TGCTCACTCCGTTTTGTTTTGT ~ ACCATACCCAGTCCCTGTTTT

Col 1a CTGGCAAAGACGGACTCAAC AGCTGAAGTCATAACCGCCA
BGLAP TGGCTTAAAGACCGCCTACA AGAGAGAGAGGACAGGGAGG

p- actin TCTGTGTGGATCGGTGGCT GTAAAACGCAGCTCAGTAACAGTC

2.8. Statistical analysis

All data were subjected to statistical analysis using Graphpad Prism
version 8.0. All experiments were triplicated and expressed as Mean +
SD. Data were analysed through One Way Analysis of Variance
(ANOVA) and the comparison between the groups were analysed by
Tukey’s multiple comparison test. The P value is < 0.001 considered as
significant.

3. Results

PDGF has been isolated and confirmed by SDS-PAGE, shown in Fig. 1
and quantified using Elisa kit given in Table 1We developed an in vivo
animal model to evaluate the regenerative bioactivities influence of
PDGF against IVD degeneration and the overall experimental design is
shown in Fig. 2.

3.1. Oxidative stress markers: NO, LPO and MPO

The lipid peroxidation level was elevated in the nicotine-induced
intervertebral disc degenerated group. With the treatment of PDGF
there was a dose-dependent decline in lipid peroxidation (Fig. 3A).
Complementing to the result, there was a dose-dependent reduction in
the MPO (Fig. 3B) was also observed. The same trend was also observ-
able in the nitric oxide levels. (Fig. 3C).

ab adaptation period (2 weeks)!
n=6) BALB/c mice/ Group

degeneration induction

Nicotine 1.5 mgkg twice a day IVD

Treatment (PDGF administration twice a
week)

!

Euthanize mice for assays

Oxidative stress parameters
Histological assays

Gene analysis by qPCR

Fig. 2. Time line of experiment and group separation Fig. 2 showed the time line of experimental design. The chart indicates the induction and treatment schedule.
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Fig. 3. Fig. 3 A Lipid peroxidation estimation Fig. 3 B MPO estimation Fig. 3C
Nitric oxide estimation Fig. 3A showed the LPO estimation in untreated,
induced and treated groups. LPO was very high in induced group compared to
control with very high significance (#) and decreased in treated groups in dose
dependent manner compared to induced group (*). One way ANOVA was
performed. ### - P < 0.0001, ** - P < 0.001, *** - P < 0.05. Fig. 3B showed
the MPO estimation in control, induced and treated groups. MPO was very high
in induced group compared to control with high significance. Gradual decrease
of MPO was observed in treated groups in dose dependent manner compared to
induced group. One way ANOVA was performed. # - indicates the comparison
between control and induced group. * - indicates the comparison between
induced and treated group. ### - P < 0.0001, ** - P < 0.001, *** -P < 0.0001
Fig. 3C showed the estimation of Nitric oxide level in control, induced and
treated groups. NO level was high in induced group and gradually decreased in
treated groups as dose dependent manner. One way ANOVA was performed. # -
indicates the comparison between control and induced group. * - indicates the
comparison between induced and treated group. ### - P < 0.0001, * - P <
0.05, ** - P < 0.001, *** -P < 0.0001.

3.2. Histological screening

3.2.1. Hematoxylin and eosin staining

H&E staining confirmed the degenerative changes which occurred in
the tissue whereas there was a regenerative signature observable in the
PDGF treated animal groups in a dose dependent manner. (Fig. 4).
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3.2.2. Immunohistochemistry

Immunohistochemistry was done to evaluate the level of type II
collagen. Similar to other experiments, in the animal group where the
intervertebral disc degeneration was induced, a reduced level of type II
collagen was observed. On contrary, there was a dose-dependent in-
crease in the type II collagen levels upon treatment with PDGF. (Fig. 5).

3.3. Alizarin red stain

Calcium deposition was evaluated from alizarin red staining in nu-
cleus pulposus disc (Fig. 6). Calcium level was much reduced in the
induced group compared to the control whereas low dose of PDGF (1 ng/
mL) there was a slight improvement in the calcium deposition. However,
in the high dose of PDGF treatment there was a pronounced improve-
ment in the calcium deposition. In the middle concentration (2 ng/mL)
there was a moderate amount of calcium deposition.

3.4. Alcian blue staining

Alcian blue selectively stains the mucin in the tissue sections (Fig. 7).
The tissue degeneration was observed in the intervertebral disc of ani-
mals treated with nicotine indicating the low level of mucin. However,
there was a marked elevation in the mucin upon treatment with PDGF in
a dose-dependent manner. In the 1 ng/mL PDGF treated group increased
mucin level compared to induced group is observable by increased blue
color. The intensity of mucin further increased in 2 ng/mL PDGF treated
group and in the 3 ng/mL PDGF treated group the mucin level is as equal
to control group indicative of a near to complete restoration of mucin.

3.5. Gene expression analysis by quantitative real-time PCR

The expression level of certain genes involved in intervertebral disc
regeneration was evaluated by quantitative real-time PCR shown in
Fig. 8. The expression levels of aggrecan, alkaline phosphatase, RUNX2,
type 1 collagen alpha, and osteocalcin was much reduced in interver-
tebral disc degenerated group. However, the expression levels of all the
genes were restored while treated with PDGF in a dose-dependent
manner.

4. Discussion

It is generally recognized that intervertebral disc (IVD) degeneration
contributes to back, neck, and radiating discomfort in the aging popu-
lation. (Ding et al., 2013) In the current study we evaluated the thera-
peutic potential of PDGF in alleviating IVD degeneration. IVD
degenerative condition in BALB/c mice was created by applying
increasing doses of nicotine in which the ihNPs population was drasti-
cally decreased. First, we evaluated the oxidative stress in the degen-
erative regions of the disc since oxidative stress is a major contributor of
the condition. ROS alters matrix proteins present in the IVD to result in
oxidative damage of the extracellular matrix which further weakens the
mechanical function of IVD. (Feng et al., 2017). ROS mediates the IVD
degeneration through inflammatory signaling, induction of autophagy,
mitophagy, DNA methylation, manifestation of advanced glycation end
products etc. (Cao et al., 2022) In our experiment it was observed that
PDGF showed a dose-dependent decline in the oxidative stress as indi-
cated by the markers LPO, MPO and NO. Therefore, it is clear from the
experiments that the treatment with PDGF could effectively clears the
ROS to result in amelioration of IVD degeneration.

IVD is composed of a specialized cartilaginous tissue composed of
collagens I and II. (Eyre & Muir, 1976). Analysis of type II collagen by
immunohistochemistry revealed a drastic decline in the IVD degen-
erated tissue while the increasing doses of PDGF gradually improved the
collagen type II in such tissues. ROS has been shown to degrade type II
collagen in articular cartilage.(Watari et al., 2011) Similarly, Tanaka
et al., demonstrated that ROS diminishes the biosynthesis of collagen in
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H & E Staining

A- Control

B- Induction 1.5 mg/kg nicotine
C-PDGF 1 ng/mL

D-PDGF 2 ng/mL

E- PDGF 3 ng/mL

Fig. 4. Histopathological analysis of IVD disc Fig. 4 showed the histopathological analysis of IVD disc in BALB/c mice. I — showed degeneration of NP disc matrix and
less cartilaginous structure. II — indicates less NP cells and recovering cartilaginous structure. III — indicates regeneration of NP disc matrix and cartilaginous
structure. IV — indicates regenerated disc matrix and cartilaginous structure was observed in high dose.

A- Control

B- Induction Nicotine 1.5mg/kG
C- PDGF Ing/mL

D- PDGF 2ng/mL

E- PDGF 3ng/mL

Fig. 5. Immunohistochemistry analysis Fig. 5 showed the immunohistochemistry staining of Collagen II of IVD disc. There was loss of NP cells in induction group
(5B), and the increased regeneration of NP cells was observed in dose dependent manner (5C, 5D and 5E).

the human dermal fibroblasts. (Tanaka et al., 1993) Therefore, it is
apparent that ROS not only degrades the type II collagen but also blocks
its synthesis. Our data further sheds light on the possible therapeutic
potential of PDGF by improving the type II collagen content as shown by
the immunohistochemistry. In addition, H&E staining also strengthens
the therapeutic efficacy of PDGF against the IVD degeneration. A
network of collagen type II and elastin fibers surrounds aggrecan, the
main proteoglycan found in the nucleous pulposus.(Adams & Roughley,
2006) Decreased aggrecan and collagen type II degradation in the nu-
cleus pulposus, altered IVD cell morphologies, and greater levels of in-
flammatory cytokines were associated with IVD degeneration. (Risbud
& Shapiro, 2014; Roughley, 2004) In earlier research, PDGF increased
the proliferation of IVD cells (Pratsinis & Kletsas, 2007; Thompson et al.,
1973) Similarly in our study, aggrecan expression decreased in mRNA
level of IVD group which is increased on treatment with PDGF in dose
dependent manner.

Mucins are one of the components of cartilages which are vulnerable
to ROS attack on terminal sugars and protein residues. (Brownlee et al.,

2007) It is reasonable to hypothesize that during the IVD degeneration
through nicotine, elevated ROS is likely to degrade mucins. The hy-
pothesis was evaluated by staining with alcian blue which revealed a
decreased amount of mucin in IVD degenerated tissues strengthening
the hypothesis. PDGF could effectively restore the mucin content in a
dose-dependent manner.

Mineralization of bone is an essential process for the strength of
bones and cartilages during which calcium phosphate nanocrystals are
filled into the bone matrix. During IVD degeneration there was a loss of
calcium as observed through alizarin red staining which could be
possibly through the adverse effects of reactive oxygen species. On the
other hand, treatment with PDGF increased the concentration of calcium
mineralization in a dose-dependent manner. To evaluate the mechanism
of remineralization we evaluated the expression of certain genes.
Calcification process is a complex one during which calcium apatite
crystals are accumulated into the bone matrix to provide strength to the
bone by the enzyme alkaline phosphatase (ALP). (Christoffersen &
Landis, 1991; Miller & Demarzo, 1988; Roach, 1999) The enzyme ALP
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Alizarin Red Staining

A- Control

B- Induction 1.5 mg/kg nicotine
C-PDGF 1 ng/mL

D- PDGF 2 ng/mL

E- PDGF 3 ng/mL

Fig. 6. Calcium deposition by Alizarin red staining method Fig. 6 showed the images of Calcium mineralization in IVD disc by Dahl’s Method. I — indicates reddish
orange color shows the Calcium deposition. II — indicates reduced NP disc matrix and cartilaginous structure and also low level Calcium accumulation. III - indicates
regeneration NP disc matrix, cartilaginous structure and increased level of Calcium deposition as dose dependent manner. IV- indicates the progressive regeneration

of disc matrix with high level of Calcium deposition.
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Alcian Blue Staining

A- Control

B- Induction 1.5 mg/kg nicotine
C-PDGF 1 ng/mL

D- PDGF 2 ng/mL

E- PDGF 3 ng/mL

Fig. 7. Alcian blue staining of mucilage tissues of IVD disc Fig. 7 showed the Alcian blue staining of mucilaginous tissues of IVD disc. I - indicates degeneration of NP
disc matrix and less cartilaginous structure. II and III - indicates regeneration of NP disc matrix and cartilaginous structure.

derives and mobilizes free phosphate ions from organic and inorganic
phosphate sources. (Anderson et al., 2004; Kamekura et al., 2006) These
free monophosphate ions in the presence of calcium ions synthesizes
hydroxy apatite crystals. Therefore, evaluating the dynamics of ALP
expression by quantitative real-time PCR revealed a dose-dependent
increase which parallels to the mineralization.

Osteocalcin is another factor involved in calcium mineralization
through aiding in hydroxyapatite crystal formation. Osteocalcin is an
extracellular factor secreted into the microenvironment and subsequent
conformational changes allows it to orient its Gla residues to bind with
calcium ions in hydroxyapatite.(Price et al., 1976; Zoch et al., 2016) In
our experiment quantification of osteocalcin revealed that in the
induced group a stronger suppression whereas treatment with PDGF
resulted in an upregulation of osteocalcin in a dose dependent manner
which is in line with dose-dependent calcium accumulation. Indirect
evidences also support our result that PDGF enhances mineralization
through restoration of the activity of osteocalcin. (Vordemvenne et al.,
2011).

Osteogenic cells migrating into the adjacent regions chondro-osseous

junction produce type I collagen. (Sandberg & Vuorio, 1987) Therefore,
we evaluated the expression levels of type I collagen alpha by quanti-
tative real-time PCR which revealed a strong downregulation during the
nicotine mediated degeneration of IVD and upon treatment with PDGF,
concentration dependent increase was observed confirming the induc-
tion of rebuilding of cartilage. Similar results were also observed in
RUNX-2 expression, which is a transcription factor for genes that regu-
lates osteoblast differentiation and chondrocyte hypertrophy, which
plays vital role in endochondral bone formation. (Jonason et al., 2009;
Liao et al., 2019; Sato et al., 2008). Thus confirming osteogenic and
chondrogenic ability of PDGF in restoration of IVD degeneration. It may
induce differentiation of mesenchymal stem cells to osteocytes and
chondrocytes through the bone morphogenetic protein signalling
pathway (Ghodadra & Singh, 2008). Most of the growth factor have
been administered depending on the stage of degeneration but research
has been constrained to in vitro and in vivo studies. Therefore, safe
clinical trial needs to be performed for human application which may
provide painless and non-invasive treatment with alleviation of IVD
degeneration
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Fig. 8. Gene expression analysis Fig. 8 showed the Gene expression analysis of IVD disc in BALB/c mice. Aggrecan, Osteocalcin (BGLAP), Collagen I «, Alkaline
Phosphatase (ALP) and RUNX-2 gene expression were analysed using qPCR normalization with p actin gene. Figure showed the reduced gene expression levels in
induced group, whereas the progressive upregulation was observed in treated groups in dose dependent manner compared to control group. # - indicates the
comparison between control and induced group. * - indicates the comparison between induced and treated group. NS — Non significant, * - P < 0.05, **- P < 0.001,

***.P < 0.0001.

5. Conclusion

Overall, the current work highlights the importance of cartilage
regeneration by PDGF in a dose dependent manner with a maximum
dose of 3 ng/mL. IVD was degenerated using nicotine exposure and
elevated reactive oxygen species was observed in the degenerated tissue.
Upon treatment with PDGF, there was a dose-dependent decline in the
ROS level. Staining of tissue sections revealed that PDGF treatment
restored the calcium and mucin levels. Type I collagen and type II
collagen were restored upon treatment with PDGF. Gene expression
studies provided endochondral bone formation markers such as Aggre-
can, Col 1o, RUNX-2, ALP and osteocalcin were downregulated in the
IVD degenerated tissues whereas they are brought back to normal in the
PDGF treated groups. Thus, proliferating chondrocytes give rise to hy-
pertrophic cells during the process of endochondral bone formation
which then deposit a mineralized matrix to form calcified cartilage prior
to replacement by bone. Overall, the study reveals the therapeutic po-
tential of PDGF for the treatment of IVD degeneration.
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