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Grape seed extract inhibits nucleus pulposus
cell apoptosis and attenuates annular puncture
induced intervertebral disc degeneration in
rabbit model
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Abstract: Low back pain is a musculoskeletal disorders implicated to disc degeneration. Grape seed extracts (GSEs) is a
natural flavonoids rich compound with antioxidants and anti-inflammatory properties. This study is aimed at investigating
the inhibitory and anabolic response of GSE on annular punctured induced disc degeneration in rabbit model. TwentyEight New Zealand white rabbits (weighing about 2.0–3.5 kg) were used with institutional animal care committee’s approval.
The animals were divided into four groups (n=7 per group). Group A (non-punctured group) received distilled water
orally for 4 weeks. Group B (punctured group) received distilled water for 4 weeks. Group C (punctured treated group)
received distilled water for 4 weeks and thereafter received 500 mg/kg of GSE for another 4 weeks. Group D received 500
mg/kg of GSE immediately after puncture for 4 weeks. At the end of the experiment, the animals were sacrificed with
intramuscular injection of ketamine followed by intravenous injection of sodium pentobarbital. The percentage disc height
index of the punctured group showed significant decrease compared to the control and treated groups. Histological and
immunohistochemical studies showed distortion in the disc morphology, decrease in chondrocyte like cells, disorganization
of collagen and elastic fibers, increase Bax expression levels in the punctured group compared to control and treated groups
which was attenuated after GSE administration. GSE has preventive and restorative effects on punctured induced disc
preventing the degradation of collagen fibrils within the disc tissues.
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Introduction
Low back pain is one of the most common musculoskeletal disorders that causes a tremendous socio-economic
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burden for patients due to loss of productivity and increased
cost of health care [1]. Although the pathogenesis of low back
pain involves numerous and complex causes, the degeneration of the intervertebral disc (IVD) seems to be the main
contributing factor [2]. The IVD takes on the role of a spine
shock absorber and accommodates compressive loading
forces [3]. The disc consists of nucleus pulposus (NP) and
an annulus fibrosus (AF) and vertebral end plate (VEP) [4].
Cells in the NP region reside within the extracellular matrix
(ECM) rich in proteoglycans, which gives the gelatinous and
hydrated properties of the NP matrix rich thereby contribut-
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ing to the mechanical tensile strength towards the surrounding AF [5].
Intervertebral disc degeneration (IVDD) is a complex and
multifactorial process, influenced by genetic, nutritional
and mechanical factors [6]. As the cascade of degeneration
progresses, production of pro-inflammatory molecules such
as the factor of tumor necrosis and interleukins occurs at an
alarming rate, simultaneously coinciding with the degeneration process [6]. In addition, endplate calcification impairs
the flow of nutrients and exacerbates the environment of hypoxic acid contributing to nutrient insufficiency and inflammatory environment thereby accelerating cell death within
NP [7]. As a result of the aforementioned factors, proteoglycan levels and other proteins of the ECM decline leading to
disc desiccation and gradual instability [8]. One of the major
low back pain underlying causes is IVD degeneration [9].
Furthermore, other pathologies of the disc such as herniation
of the disc, spondylolisthesis, stenosis of the spinal canal or
facet joint syndrome are also contributed to IVD degeneration [10].
One of the most common surgical approaches for discogenic back pain is Spine fusion [11]. Although existing surgical treatments provide better pain relief than non-surgical
interventions [12]. However, they fail to address disc degeneration biology, such as high levels of pro-inflammatory cytokine or the inherent loss of NP cells. In additional, studies
have shown that surgery can lead to increased biomechanical
stress and the onset of adjacent segment degenerative cascade
[12].
Grape is one of the world’s most regularly consumed
fruits due to its rich polyphenol content of different biological significance mainly present within the seed (60%–70%)
and skin (30%) [13]. Previous research conducted on the phytochemical analysis of grape seed extract (GSE) revealed high
amount of phenolic (141.26 mg gallic acid/g), flavonid (68.16
mg quercetin/g) and polymeric procyanidins [14]. The most
effective antioxidant is grape seed proanthocyanidin [15]. It
was observed that High-performance liquid chromatography
analysis showed that Catechin (33.44) and epicatechin (13.03)
were the most important phenolic compounds of GSEs. Polyphenol of grape has been reported to have multiple biological
activities in grape seeds, including antithrombotic and cardioprotective effects, oxidative stress inhibition, free radical
reduction [13]. GSE has numerous biological attributes such
as antibacterial, antiviral, antioxidant, anti-inflammatory,
anti-allergic, and vasodilatory actions [16].
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Grape seeds and their extracts have high amounts of proanthocyanidins that are thought to be powerful antioxidants
with anti-inflammatory potential by scavenging reactive
oxygen species (ROS) [13]. Previous studies have shown that
GSE of proanthocyanidin possesses direct anti-inflammatory effects through immune cell modulation by reducing IL1β, TNFα [17], osteoarthritis model hyperalgesia and allodynia [18], arthritis model hypersensitivity and TNFα levels
[19], streptozotocin-induced diabetic neuropathy model allodynia [19]. In addition, GSE reduced microglia and astrocyte
activation in the brain neurons and also cause reduction of
Mitogen-Activated Protein Kinases in a model of temporomandibular joint pain through complete Freund’s adjuvant,
suggesting an immune-cell-specific mechanism of action
[20]. Furthermore, GSE antagonized increased expression of
IL-6 due to treatment with IL-17, IL-1β, or TNFα, in human
epithelial cells through inhibition of the NF-κB pathway and
was also observed in human adipocytes and macrophages
[21]. The anti-inflammatory effects of GSE are likely to be
mediated through a reduction in cytokine transcription as
a result of inhibition of NF-κ B activity [21]. This study is
therefore aimed at investigating the inhibitory response of
GSE on NP cell apoptosis and its anabolic potential in annular puncture induced IVDD in rabbit model.

Materials and Methods
Drugs/chemicals

GSE was obtained from Arab Company for Pharmaceutical and Medicinal plants, Egypt, with 99% purity, dissolved
in distilled water and given orally in a dose of 500 mg/kg.
All other chemicals used in the study were of good analytical
grade.

Surgical technique

All animal handling and surgical procedures were conducted in accordance with the ethical approval from the
Health Research Ethics Committee, College of Medicine of
the University of Lagos (CM/HREC/07/2019/121).
Twenty eight New Zealand White rabbits (weighing about
1.8–3.0 kg) were used with institutional animal care committee’s approval. The surgical technique was performed using
modified Kwon [22] procedure. Briefly, each rabbit was anesthetized with intramuscular injection of xylazine (5 mg/kg)
and ketamine (35 mg/kg), and the fur was shaved from the
mid back and right flank. After anaesthesia, a lateral plain
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X-ray was obtained to establish the pre-injection baseline
height of the IVDs. The rabbit was then placed in the lateral
oblique prone position, and the injection field was sterilized
with an alcohol sponge. Initially, the L5–L6 disc was identified through manual palpation of the interspinous space
from the mid back and pelvic rim. After confirmation of the
exact level, a 21-gauge angiography needle was inserted 3–4
cm ventrally from the midline into the disc space. After brief
confirmation of the needle position in the centre of the disc
space, the needle was held in the disc space for 30 seconds.
Before removal, the needle was rotated 360 degrees. In each
rabbit, each of three discs (L3–L4, L4–L5, and L5–L6) was
punctured. The L1–L2 and L2–L3 levels were designated
as the non-punctured, internal controls. For each level, all
procedures for identification and puncture were performed
within a calculated time. Special care was taken to minimize
contact with the periosteal tissues of the vertebrae because
this could cause hypertrophy of the soft tissues and bony
structures around the discs. Rabbits were monitored for neurological symptoms. The rabbits were placed in their cages
after observation for recovery.
The rabbits were divided into 7 animals per group:
• Group A (non-punctured group) received distilled water
orally for 4 weeks.
• Group B (punctured group) underwent annular puncture and received distilled water orally for 4 weeks.
• Group C (punctured treated group) underwent annular
puncture and received distilled water orally for 4 weeks
and thereafter received 500 mg/kg of GSE orally for another 4 weeks.
• Group D underwent annular puncture and received 500
mg/kg of GSE immediately after puncture orally for 4
weeks.
Lateral X-ray of the lumbar spine was taken before and
after the experiment to measure IVD height. After the experiments, rabbits were euthanatized and the IVDs were assessed. As an internal control, the non-punctured discs (L1/2
and L2/3) were also assessed.
At the end of the experiment, the animals were sacrificed
with intramuscular injection of ketamine (25.0 mg/kg) followed by intravenous injection of sodium pentobarbital (1.2
g/kg).

Determination of percentage disc height index

Lateral plain radiographs of the lumbar spine were
scanned and digitally stored with a radiograph machine by
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a Veterinary Radiologist (collimator-to film distance, 50 cm;
exposure, 5 mAs; penetration power, 44 kVp). During the radiographs, special care was taken to minimize axial rotation
of the disc space by holding the rabbit in the lateral decubitus position while ensuring the X-ray beam was maintained
straight. In addition, each rabbit was treated with a consistent amount of ketamine (35 mg/kg) and intramuscular
injection of xylazine (5 mg/kg) in order to provide a similar
degree of muscle relaxation to minimize differences in disc
height. Vertebral body height and disc height were measured
using Scion Imaging Software 4.0 (Scion Corporation, Chicago, IL, USA) and analyzed using image analysis program
(Image J; National Institutes of Health, Bethesda, MD, USA).
The IVD height was expressed as the disc height index
(DHI) using the method by Masuda et al. [23]. The average
IVD height was calculated using measurements obtained
from the anterior, middle, and posterior portions of the IVD
and was divided by the average of adjacent vertebral body
heights. Changes in the DHI were expressed as percentage
DHI and normalized to the measured pre-operative IVD
height (percentage DHI=post-operation DHI/pre-operation
DHI×100).

Histological studies

Histomorphology and organization of collagen and elastic fibres were analysed using Vialle et al. [24] procedure.
The intact specimens of the sacrificed rabbits were fixed.
The punctured discs and the control discs were harvested
for histologic analyses. Tissues were fixed with 10% neutral
buffered formalin for 48 hours, decalcified in Ethylinediaminetetraacetic acid solution (National Diagnostics, Atlanta,
GA, USA) for 3 days and then processed for paraffin sectioning. Blocks embedded in paraffin were cut into mid-sagittal
sections (4 μm in thickness) with a microtome. Sections were
stained with hematoxylin and eosin (H&E) to determine
the morphology and number of cellular constituents in the
AF, NP and EP, Haematoxylin van Gieson stain was used to
demonstrate collagen fibres in AF and NP; Verhoeff-van Gieson Stain was used to demonstrate elastic fibres in AF. The
slides were analysed under a light microscope. The degree of
IDD were assessed by a histological grading scale [23], with
scores ranging from grade 4 (normal) to grade 12 (severely
degenerated). This grading scale is based on degenerative
changes in 4 regions: the AF, the border between the AF and
the NP, the parenchyma of the NP, and the matrix of the NP.
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Biochemical analysis

Rabbits were randomly chosen for real time quantitative
polymerase chain reaction (PCR) using Kwon [22] procedure. The L3–L4 and L4–L5 levels were extracted for the
punctured disc while L1–L2 disc was extracted as a nonpunctured control. From each disc, the NP was carefully
removed from AF and stored separately. The tissues were
immediately placed into liquid nitrogen and frozen at –80°C
in preparation for PCR analysis. Genes were selected from
the representative forms related to the ECM component (collagen type 1 and 2, aggrecan) and catabolic enzymes Matrix
Metaloproteinase-13 (MMP-13). The frozen NP samples were
homogenized using Mini-Beadbeater; Bio Spec, Bartlesville,
OK, USA in 1 ml Trizol reagent (Invitrogen, Carlsbad, CA,
USA). RNA was extracted in accordance with the manufacturer’s instructions. The primers for the rabbit-specific genes
were designed in accordance with published sequences in
Kwon [22], procedure. Gene expression was analysed by RTPCR using ABI PRISM 9700 (Applied Biosystems, Foster
City, CA, USA). Gene expression levels were calibrated using
a constitutively expressed housekeeping gene, glyceraldehyde
phosphate dehydrogenase (GADPH). A positive standard
curve for each primer was obtained using serially diluted
cDNA sample mixture. Quantifications of gene expression
were calculated (comparative Ct method) using standard
curves and normalized to GAPDH in each sample, and then
the expression of treated discs was normalized to control
discs.
The sequences were as follows: Aggrecan (5’-GCTACGGAGACAAG GATGAGTTC-3’ and 5’-CGTAAAAGACCTCACCCTCCAT-3’), MMP-13 (5’-TGCCCCTCCTCAACAGTAAC-3’ and 5’-GAGCCCGCTGCATTCTTCTT-3’),
collagen type II : (5’-TCAGGAATTTGGTGTGGACATA3’ and 5’-CCGGACTGTGAGGTTAGGATAG-3’), Type
I col lagen (5’- G G G CA AGACAGTCATCGA ATA-3’
and 5’-GATTGGGATGGAGGGAGTTTA-3’) GAPDH
(5’-AAGGCCATCACCATCTTCCA-3’ and 5’-GGATGCGTTGCTGACAATCT-3’).

Determination of expression levels of protein
(immunohistochemical analysis)

The expression levels of Bax protein were determined using Le Maitre et al. [25] protocol. Representative IVDD areas
were chosen based on the staining of the tissue sections with
H&E. Formalin-fixed, paraffin-embedded 3 μm thick sections were de-paraffinized and rehydrated. Endogenous per-
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oxidase activity was blocked by incubating the sections with
3% H2O2 for 10 minutes followed by digestion with 0.01%
protease K for 10 minutes. Non-specific binding sites were
blocked by incubation with confining liquid for 10 minutes
after which the sections were incubated with rat polyclonal
antibody to Bax (Cell Signaling Inc., Danvers, MA, USA) at
4°C for 12 hours. After thorough washing, the sections were
incubated with biotinylated goat anti-rabbit IgG at 4°C for 60
minutes and then in Streptavidin-HRP for 10 minutes. The
final color reaction was developed by incubation with the
chromogenic substrate 3, 3’-diaminobenzidine (0.5 mg/ml in
Tris). The sections were counterstained with haematoxylin
and mounted for examination with an O-max microscope
coupled to Image J software.

Statistical analysis

Data were analysed using IBM SPSS Statistics for Windows, Version 24.0 (IBM Co., Armonk, NY, USA). Longitudinal X-ray data were analyzed using two-way analysis
of variance (ANOVA) followed by multiple comparison
using Bonferroni method. Quantitative real time-PCR data
were analyzed using student t-test. Data were presented as
mean±standard error of mean. The level of significant was
considered at P<0.05.

Results
Radiological analysis

The percentage disc height index (% DHI) of the punctured group showed significant decrease compared to the
non-punctured group (group A) (P<0.05) (Fig. 1). The narrowing of the disc height observed revealed the degeneration
of the intervertebral disc after 4 weeks of puncture. However, the administration of GSE immediately after puncture
(group D) showed no significant difference in the % DHI
compared with non-punctured group (group A). Although,
there was a significant difference in the % DHI of the group
administered with GSE after 4 weeks of puncture (group C)
compared with the control and the group that received GSE
immediately after puncture (P<0.05) (Fig. 1).

Histological analysis

The histomorphological photomicrograph of the IVD
section of the punctured group that received distilled water
(group B) showed disorganization of the IVD architecture
similar to degeneration such as narrowing of the disc, fis-
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sures and collapse of the collagen fibers within the AF, absence of the NP cells. The photomicrograph of the group that
received GSE immediately after puncture showed similar
morphology with the non-punctured group such as observable numerous chondrocytes like cells (CLCs) in the NP,
distinctive alignment of the collagen fibers with the AF, wellorganized VEP. However, the photomicrograph of the group
administered with GSE 4 weeks after puncture showed
regeneration of the NP cells, minimal disorganization of
the collage fibers within the AF and restoration of the IVD
height compared with group B.

Histological grading scores
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level of degeneration varied from 4 (normal) to 14 (severe
degeneration). In this present study, the punctured group
that received distilled water showed a significant increase in
the grading score (13) compared with the control (4) (P<0.05)
(Fig. 3). In addition, the punctured group that received GSE
immediately after puncture (group D) showed no significant
difference in the grading scores (4.5±0.5) compared with the
control (4). However, the histological grading score within
the group that received GSE 4 weeks after puncture was
significantly lower compared with group B (P<0.05) (Fig. 3).
Although, the grading score of the group that received GSE
4 weeks after puncture was significantly higher compared
with groups A and D respectively (P<0.05) (Fig. 3).

The histological grading score as previously described by
Boos et al. [26] was used to ascertain the degree of degeneration of the punctured IVD within the photomicrograph. The
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Fig. 1. Effect of GSE on DHI in annular punctured induced disc
degeneration in rabbit (n=7). Dist., distilled; GSE, grape seed extract;
% DHI, percentage disc height index. *P<0.05 as compared to group A;
**P<0.05 as compared to group C; ***P<0.05 as compared to groups
A and D.
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Fig. 3. Effect of GSE on histological grading score in annular
punctured induced disc degeneration in rabbit (n=7). Dist., distilled;
GSE, grape seed extract. *P<0.05 as compared to group A; **P<0.05
as compared to group C; ***P<0.05 as compared to groups A and D.
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Fig. 2. Photomicrograph of IVD histology in rabbit administered with Grape seed extract in the control and punctured treated groups (H&E,
×100). (A) Group A: showing normal IVD cytoarchitecture with numerous CLCs in the NP. (B) Group B: showing absence of CLCs in the NP
and disorganization of collagen fibers in the AF. (C) Group C: showing nearly similar features with group 1. (D) Group D: showing restoration
of NP contents. CLCs, chondrocytes like cells; IAF, inner annulus fibrosus; IVD, intervertebral disc; NP, nucleus pulposus; OAF, outer annulus
fibrosus; VEP, vertebral end plate. Scale Bars=250 μm (A–D).
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Morphometry analysis of chondrocyte-like cells in
IVD

The number of chondrocyte like cells within the AF (inner and outer) and NP is one of the major predictive features
to assess the level of IVD degeneration. In this present study,
the punctured group that received distilled water (group B)
showed a significant decrease in the CLCs within the NP
and inner AF compared to the control (P<0.05) (Fig. 4). The
number of CLCs within the
NP and inner AF in the punctured group that received
GSE immediately after puncture showed no significant difference compared to the control. Although, the increase in
number of CLCs in the NP and inner AF of group C was
significant compared to group B (P<0.05) (Fig. 4). However,
there was no significant difference in the number of CLCs in
the outer AF across all the groups.
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In the present study, the photomicrograph of the architecture of the collage fibers in the punctured group that received
distilled water showed lamellae structure distortion, disorientation of the obliquity of the collagen fibrils and incongruent in the attachment of the lamellae to the VEP compared
with the control. However, the group that received GSE immediately after puncture showed similar organization in the
alignment of the collagen fibrils and firm attachment of the
lamellae to the VEP compared to the control group. Furthermore, the non-punctured group (control) showed normal alternation of lamellae in the AF with longitudinal and oblique
arrangements within the outer and inner areas, firm attachment of the lamellae to the VEP thereby forming sharpey’s
fibers. Although, the punctured group that received GSE 4
weeks after IVD punctured showed mild disorganization of
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Fig. 4. (A–C) Effect of GSE on morphometric analysis of CLCs in annular punctured induced disc degeneration in rabbit (n=7). Group A, nonpunctured group; Group B, punctured non-treated group; Group C, treated group 4 weeks after punctured; Group D, treated group immediately
after punctured. CLCs, chondrocytes like cells; Dist., distilled; GSE, grape seed extract; IAF, inner annulus fibrosus; NP, nucleus pulposus;
OAF, outer annulus fibrosus. *P<0.05 as compared to group A; **P<0.05 as compared to group C; ***P<0.05 as compared to groups A and D.
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the collagen fibers compared to the control.

Histological sections of organization of elastic fibres

The photomicrograph of punctured group that received
distilled (group B) showed disorganization, distortion and
loss of continuity in the alignment of the elastic fibres in AF
with longitudinal arrangement of fibre not readily visible
compared to the control. However, the photomicrograph of
the treated groups (groups C and D) revealed similar morphological organization of elastic fibre after the punctured
animals were treated with GSE both immediately after puncture and 4 weeks after puncture respectively showing the attachment of sharpey’s fibers of the AF to the VEP.

Gene expression levels
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of AGG and COL 2 were significantly decline (Fig. 7B, D)
with corresponding increase in expression levels of 24. COL
1 and MMP-13 (Fig. 7A, C) within the punctured group that
received distilled water compared to the control (P<0.05) (Fig.
7). In addition, the group that received GSE 4 weeks after
punctured showed that the gene expression levels of AGG
and CoL 2 were significantly increased with corresponding decrease in CoL 1 and MMP-13 compared to group B
(P<0.05) (Fig. 7). However, there was no significant difference in the relative gene expression levels among the group
that received GSE immediately after puncture compared to
the control. Although, the gene expression levels of AGG
and CoL 2 were significantly decrease with corresponding
increase in the expression levels of CoL 1 and MMP-13 compare to groups A and D respectively (P<0.05) (Fig. 7).

The present study showed that the gene expression levels
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Fig. 5. (A) Photomicrograph of IVD collagen fibers organization in control rabbit showing parallel arrangements of collagen fibres in AF.
(B) Photomicrograph of IVD collagen fibers organization in punctured non-treated rabbit showing disorganization and loss of continuity a
of the arrangement of collagen fibres within the outer and IAF. (C) Photomicrograph of IVD collagen fibers organization in treated rabbit
after 4 weeks of punctured showing nearly normal re-organization in the distorted arrangements of collagen fibers in both outer and IAF. (D)
Photomicrograph of IVD collagen fibers organization in treated rabbit immediately after punctured showing parallel arrangements of collagen
fibres in AF (Haematoxylin van Gieson, ×100). AF, annulus fibrosus; IAF, inner annulus fibrosus; IVD, intervertebral disc; OAF, outer annulus
fibrosus; VEP, vertebral end plate. Scale Bars=100 μm (A, B, D), 250 μm (C).
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Fig. 6. (A) Photomicrograph of IVD elastic fibers organization in control rabbit showing parallel arrangements of elastic fibres in AF. (B)
Photomicrograph of IVD elastic fibers organization in punctured non-treated rabbit showing disorganization in the arrangement of elastic
fibres within the outer and IAF. (C) Photomicrograph of IVD elastic fibers organization in treated rabbit after 4 weeks of punctured showing
nearly normal arrangements of elastic fibers in both outer and IAF. (D) Photomicrograph of IVD elastic fibers organization in treated rabbit
immediately after punctured showing parallel arrangements of elastic fibres in AF (Verhoeff van Gieson, ×100). AF, annulus fibrosus; IAF, inner
annulus fibrosus; IVD, intervertebral disc; NP, nucleus pulposus; OAF, outer annulus fibrosus; VEP, vertebral end plate. Scale Bars=100 μm (AD).
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Fig. 7. (A–D) Effect of GSE on levels of gene expression in annular punctured induced disc degeneration in rabbit (n=7). Group A, nonpunctured group; Group B, punctured non-treated group; Group C, treated group 4 weeks after punctured; Group D, treated group immediately
after punctured. CoL 1, Collage type I; CoL 2, Collagen type II; Dist., distilled; GSE, grape seed extract; MMP-13, Matrix Metaloproteinase-13.
*P<0.05 as compared to group A; **P<0.05 as compared to group C; ***P<0.05 as compared to groups A and D.

Immunohistochemical analysis
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% expression level of Bax

The immunohistochemical analysis in this present study
showed that Bax expression level was significantly higher
within the punctured group that received distilled water
compared to the control (P<0.05) (Fig. 8). However, the
treated group that received GSE immediately after puncture
showed similar expression level of Bax compared to the
control. In addition, the expression level of Bax in the group
that received GSE 4 weeks after puncture was significantly
higher compared to the control and group D (P<0.05) (Fig. 8).
Although, the expression level of Bax among the group that
received GSE 4 weeks after puncture was significantly lower
compared to the punctured group that received distilled water (P<0.05) (Fig. 8).
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Fig. 8. Effect of GSE on expression levels of Bax in annular punctured
induced disc degeneration in rabbit (n=7). Dist., distilled; GSE, grape
seed extract. *P<0.05 as compared to group A; **P<0.05 as compared
to group C; ***P<0.05 as compared to groups A and D.
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Discussion
The increased number of people with disability due to low
back pain in both developed and developing countries has a
major socio-economic impact since the prevention and therapeutic intervention is hampered as a result of non-clarity
in the pathophysiology of low back pain [27]. However, the
association of low back pain with IVDD has been reported
[28]. Although, aetiology of the degeneration of the intervertebral disc implication in low back pain was documented
to be a multi-factorial process involving several changes in
disc architecture and function, biological and biomechanical alterations, genetic and biochemical composition of the
native tissue [28]. Since the pathogenesis of disc degeneration is a multi-factorial process, most treatments modalities
are geared towards treating the several pathological conditions arising from degenerated disc rather than addressing
the mechanism by which degeneration of the intervertebral
disc can be reversed, slowed or prevented. However, recent
researches are now focusing on novel therapeutic approaches
for the direct management of disc degeneration among
which are synthetic peptide or growth factor injections [23],
gene therapy [29], phytonutrients and supplements [30], cell
therapy and tissue engineering [29].
GSE has anti-inflammatory, antimicrobial, anticarcinogenic, antidiabetic, antioxidant and free radical scavenging
properties [31]. In addition, the neuroprotective properties
of GSE have been reported in neonatal rat hypoxic-ischemic
brain injury model [23].
In this present study, the % DHI of the punctured group
showed significant decrease compared to the non-punctured
group thereby suggesting degeneration of the intervertebral
disc attributed to the use of needle puncture. However, the
administration of GSE revealed both preventive and restorative capability of the extracts used immediately after puncture and 4 weeks after puncture. The result corroborates
with previous finding after the administration of D-RiboseL-Cysteine and 1-Isothiocyanato-4-(methylsulfinyl) butane
[30]. Radiological and histomorphological observation has
been strongly proven to predict the severity of annular puncture induced disc degeneration in animal models. Among
the observable characteristics include narrowing of the disc
space and height, reduction in water content of the disc, decrease in CLC within the NP, alterations in the morphology
of the NP and disorganization of the collagen fibrils within
the AF [30].
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The present histomorphological findings showed affirmative characteristics of the preventive and restorative response
of GSE in annular puncture induced disc degeneration in
which the integrity of the NP and AF was improved after
GSE administration. In addition, we observed increase cellularity in the NP and the organization of the arrangement of
collagen and elastic fibers were preserved and restored after
GSE administration immediately after puncture and 4 weeks
after puncture respectively. The NP cells are CLCs that are
capable of renewal or being prevented to undergo apoptosis
due to degeneration processes. Previous observations have
showed regenerative properties of several agents on annular
puncture induced degeneration of NP cells [22].
The role of proteoglycan in retention capacity of water and
swelling of the NP in intervertebral disc has been reported
as the main factor acting on the disc for its shock absorbing
nature [30, 32]. The decrease in the water content of the NP
due to degeneration of the IVD results in morphological disorganization of the disc thereby causing phenotypic changes
in the NP cells molecules that were linked to the onset of
disc degeneration among which are Collage type I (COL 1),
Collagen type II (COL 2), Aggrecan (AGC) and MMP-13 [32].
Our results showed increase in COL 2 and AGC expression
with a corresponding decrease in COL 1 and MMP-13 in the
GSE administered group compared to the punctured group.
Previous studies have expressed several genes that modulated
chondrocyte like cells and osteoarthritic chondrocytes [30].
However, research has linked MMP-13 as known proteins
that have the capacity of causing degradation of collagens
and glycosaminoglycans [32].
Apoptosis of the disc cells has been linked to the occurrence of IVD degeneration thereby leading to compression
of the nearby nerve roots which ultimately results in radiculopathy radiculopathy [30]. The complex process in which
cells undergo self-destruction without inducing any inflammatory response is referred to as apoptosis. Mitochondriamediated apoptosis is mainly regulated by pro- and antiapoptotic proteins. The anti-apoptotic Bcl-2 protein usually
form links that maintain mitochondrial membrane thereby
prevent the release of mitochondria-derived activator of
caspases (cytochrome c). The pro-apoptotic Bax protein has
been implicated in forming heterodimers with the anti-apoptotic Bcl-2 thereby causing the formation of pores within the
mitochondrial membrane [29]. In this study, Bax expression
levels were increased in the punctured group compared to
the non-puncture group. However, the expression levels of
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Bax in GSE administered groups were reduced compared to
the punctured group. Previous studies have attributed expression level of Bax to be implicated in the apoptosis of NP
cells which ultimately affect the catabolic and anabolic processes involved in cell proliferation thereby leading to disc
degeneration [32]. The present study showed that GSE inhibit
and reverse cells of the NP, which could be attributed to the
flavonoids and phenols present with the GSE. It was reported
that several flavonoids showed ameliorative and neuroprotective potential against oxidative stress induce damage by
increasing the endogenous antioxidant status thereby protecting the body against the deleterious damage of free radicals [33, 34]. Furthermore, several beneficial importances of
polyphenols within the GSE against oxidative stress induced
injury include inhibition of inflammation, prevention of
LDL oxidation, and preservation of cells and tissues from
oxidative stress damage [35, 36].
In addition, GSE was reported to decrease inflammation
either by modulation of inflammatory pathways or by reducing ROS levels within the cells and tissue [37]. The procyanidins present in GSE target inflammation through several
pathways such as inhibition of release of proinflammatory
factors [38] thereby scavenging free radicals by inhibiting
formation of pro-inflammatory cytokines. [39]. In addition
to the numerous flavonoids and phenolics present in GSE,
the inhibition of cell apoptosis observed in this study could
also be assisted by the antioxidants presents similar to the
antioxidant properties of Vitamin C. Previous study showed
that Vitamin C significantly helps in the process of metabolism, collagen synthesis, vasculogenesis, aging and cell proliferation [40].
In conclusion, the present study demonstrated that GSE
had preventive and restorative effects on punctured induced
intervertebral disc through radiological, biochemical, histological and immunohistochemical studies. GSE enhances the
synthesis of matrix proteoglycan and prevent the degradation of collagen fibrils within the disc tissues by increasing
aggrecan synthesis and decreased in MMP-13 in the transcriptional level. The present study revealed that GSE has
anti-inflammatory, anabolic and antioxidant attributes for
treatment of disc degenerative diseases.

ORCID
Ogunlade B.: https://orcid.org/0000-0003-2905-8874
Fidelis O. P.: https://orcid.org/0000-0002-6568-6774

https://doi.org/10.5115/acb.20.047

Ogunlade B, et al

Adelakun S. A.: https://orcid.org/0000-0002-8328-3119
Adedotun O. A.: https://orcid.org/0000-0002-9572-5383

Author Contributions
Conceptualization: OB. Data acquisition: OB, AOA. Data
analysis or interpretation: FOP. Drafting of the manuscript:
ASA. Critical revision of the manuscript: OB. Approval of
the final version of the manuscript: all authors.

Conflicts of Interest
No potential conflict of interest relevant to this article was
reported.

Acknowledgements
This work was conducted through collaboration between
different research facilities in Department of Human Anatomy, Federal University of Technology, Akure Nigeria and
Department of Anatomy, College of Medicine, University of
Lagos Nigeria. No specific financial support was received by
the authors from any individual or cooperate body during
this research.

References
1. Stewart WF, Ricci JA, Chee E, Morganstein D, Lipton R. Lost
productive time and cost due to common pain conditions in
the US workforce. JAMA 2003;290:2443-54.
2. Chen S, Lv X, Hu B, Shao Z, Wang B, Ma K, Lin H, Cui M.
RIPK1/RIPK3/MLKL-mediated necroptosis contributes to
compression-induced rat nucleus pulposus cells death. Apoptosis 2017;22:626-38.
3. Adams MA, Freeman BJ, Morrison HP, Nelson IW, Dolan P.
Mechanical initiation of intervertebral disc degeneration. Spine
(Phila Pa 1976) 2000;25:1625-36.
4. Urban JP, McMullin JF. Swelling pressure of the lumbar intervertebral discs: influence of age, spinal level, composition, and
degeneration. Spine (Phila Pa 1976) 1988;13:179-87.
5. Biyani A, Andersson GB. Low back pain: pathophysiology and
management. J Am Acad Orthop Surg 2004;12:106-15.
6. Han I, Ropper AE, Konya D, Kabatas S, Toktas Z, Aljuboori
Z, Zeng X, Chi JH, Zafonte R, Teng YD. Biological approaches
to treating intervertebral disk degeneration: devising stem cell
therapies. Cell Transplant 2015;24:2197-208.
7. Bibby SR, Urban JP. Effect of nutrient deprivation on the viability of intervertebral disc cells. Eur Spine J 2004;13:695-701.
8. Ohshima H, Urban JP. The effect of lactate and pH on proteo-

www.acbjournal.org

Anat Cell Biol 2020;53:313-324

GSE attenuates disc degeneration

9.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

glycan and protein synthesis rates in the intervertebral disc.
Spine (Phila Pa 1976) 1992;17:1079-82.
Förster M, Mahn F, Gockel U, Brosz M, Freynhagen R, Tölle
TR, Baron R. Axial low back pain: one painful area--many perceptions and mechanisms. PLoS One 2013;8:e68273.
Martin MD, Boxell CM, Malone DG. Pathophysiology of lumbar disc degeneration: a review of the literature. Neurosurg
Focus 2002;13:E1.
Brox JI, Reikerås O, Nygaard Ø, Sørensen R, Indahl A, Holm I,
Keller A, Ingebrigtsen T, Grundnes O, Lange JE, Friis A. Lumbar instrumented fusion compared with cognitive intervention
and exercises in patients with chronic back pain after previous
surgery for disc herniation: a prospective randomized controlled study. Pain 2006;122:145-55.
Errico TJ, Gatchel RJ, Schofferman J, Benzel EC, Faciszewski
T, Eskay-Auerbach M, Wang JC. A fair and balanced view of
spine fusion surgery. Spine J 2004;4(5 Suppl):S129-38.
Park SH, Park TS, Cha YS. Grape seed extract (Vitis vinifera)
partially reverses high fat diet-induced obesity in C57BL/6J
mice. Nutr Res Pract 2008;2:227-33.
Hamza AA, Heeba GH, Elwy HM, Murali C, El-Awady R,
Amin A. Molecular characterization of the grape seeds extract's effect against chemically induced liver cancer: in vivo
and in vitro analyses. Sci Rep 2018;8:1270.
Yilmaz Y, Toledo RT. Health aspects of functional grape seed
constituents. Trends Food Sci Technol 2004;15:422-33.
Bagchi D, Bagchi M, Stohs SJ, Das DK, Ray SD, Kuszynski CA,
Joshi SS, Pruess HG. Free radicals and grape seed proanthocyanidin extract: importance in human health and disease prevention. Toxicology 2000;148:187-97.
Li WG, Zhang XY, Wu YJ, Tian X. Anti-inflammatory effect
and mechanism of proanthocyanidins from grape seeds. Acta
Pharmacol Sin 2001;22:1117-20.
Woo YJ, Joo YB, Jung YO, Ju JH, Cho ML, Oh HJ, Jhun JY,
Park MK, Park JS, Kang CM, Sung MS, Park SH, Kim HY, Min
JK. Grape seed proanthocyanidin extract ameliorates monosodium iodoacetate-induced osteoarthritis. Exp Mol Med
2011;43:561-70.
Cho NP, Han HS, Leem DH, Choi IS, Jung JY, Kim HJ, Moon
KS, Choi KH, Soh Y, Kong G, Cho SD, Choi SH. Sulforaphane
enhances caspase-dependent apoptosis through inhibition of
cyclooxygenase-2 expression in human oral squamous carcinoma cells and nude mouse xenograft model. Oral Oncol
2009;45:654-60.
Cady RJ, Hirst JJ, Durham PL. Dietary grape seed polyphenols
repress neuron and glia activation in trigeminal ganglion and
trigeminal nucleus caudalis. Mol Pain 2010;6:91.
Chacón MR, Ceperuelo-Mallafré V, Maymó-Masip E, MateoSanz JM, Arola L, Guitiérrez C, Fernandez-Real JM, Ardèvol
A, Simón I, Vendrell J. Grape-seed procyanidins modulate
inflammation on human differentiated adipocytes in vitro. Cytokine 2009;47:137-42.
Kwon YJ. A minimally invasive rabbit model of progressive and
reproducible disc degeneration confirmed by radiology, gene

www.acbjournal.org

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

323

expression, and histology. J Korean Neurosurg Soc 2013;53:32330.
Masuda K, Imai Y, Okuma M, Muehleman C, Nakagawa K,
Akeda K, Thonar E, Andersson G, An HS. Osteogenic protein-1 injection into a degenerated disc induces the restoration
of disc height and structural changes in the rabbit anular puncture model. Spine (Phila Pa 1976) 2006;31:742-54.
Vialle EN, Vialle LR, Arruda Ade O. Histomorphometric
analysis of experimental disc degeneration. Global Spine J
2012;2:129-36.
Le Maitre CL, Freemont AJ, Hoyland JA. The role of interleukin-1 in the pathogenesis of human intervertebral disc degeneration. Arthritis Res Ther 2005;7:R732-45.
Boos N, Weissbach S, Rohrbach H, Weiler C, Spratt KF, Nerlich
AG. Classification of age-related changes in lumbar intervertebral discs: 2002 Volvo Award in basic science. Spine (Phila Pa
1976) 2002;27:2631-44.
Livshits G, Popham M, Malkin I, Sambrook PN, Macgregor AJ,
Spector T, Williams FM. Lumbar disc degeneration and genetic
factors are the main risk factors for low back pain in women:
the UK Twin Spine Study. Ann Rheum Dis 2011;70:1740-5.
Boubriak OA, Watson N, Sivan SS, Stubbens N, Urban JP. Factors regulating viable cell density in the intervertebral disc:
blood supply in relation to disc height. J Anat 2013;222:341-8.
Kwon YJ, Lee JW, Moon EJ, Chung YG, Kim OS, Kim HJ. Anabolic effects of Peniel 2000, a peptide that regulates TGF-β1
signaling on intervertebral disc degeneration. Spine (Phila Pa
1976) 2013;38:E49-58.
Ogunlade B, Adelakun SA, Fidelis OP, Owolabi FM. Preventive and regenerative responses to 1- isothiocyanato4-(methylsulfinyl) butane in annular puncture- induced
model of rabbit intervertebral disc degeneration. Anat J Afr
2018;7:1192-205.
Nassiri-Asl M, Hosseinzadeh H. Review of the pharmacological
effects of Vitis vinifera (Grape) and its bioactive constituents:
an update. Phytother Res 2016;30:1392-403.
Ogunlade B, Adelakun SA, Ibiayo AG, Alao AA, Ogunlade SA.
D-Ribose-L-Cysteine prevents intervertebral disc degeneration in annular puncture-induced rabbit model. Eur J Anat
2019;23:103-11.
de Zwart LL, Meerman JH, Commandeur JN, Vermeulen NP.
Biomarkers of free radical damage applications in experimental
animals and in humans. Free Radic Biol Med 1999;26:202-26.
Pérez DD, Strobel P, Foncea R, Díez MS, Vásquez L, Urquiaga
I, Castillo O, Cuevas A, San Martín A, Leighton F. Wine, diet,
antioxidant defenses, and oxidative damage. Ann N Y Acad Sci
2002;957:136-45.
Quettier-Deleu C, Voiselle G, Fruchart JC, Duriez P, Teissier E,
Bailleul F, Vasseur J, Trotin F. Hawthorn extracts inhibit LDL
oxidation. Pharmazie 2003;58:577-81.
Schreckinger ME, Wang J, Yousef G, Lila MA, Gonzalez de
Mejia E. Antioxidant capacity and in vitro inhibition of adipogenesis and inflammation by phenolic extracts of Vaccinium
floribundum and Aristotelia chilensis. J Agric Food Chem

https://doi.org/10.5115/acb.20.047

324 Anat Cell Biol 2020;53:313-324
2010;58:8966-76.
37. Sung B, Prasad S, Gupta SC, Patchva S, Aggarwal BB. Regulation of inflammation-mediated chronic diseases by botanicals.
In: Lau ASY, Shyur LF, editors. Recent trends in medicinal
plants research. London: Academic Press; 2012. p.57-132.
38. Panico AM, Cardile V, Avondo S, Garufi F, Gentile B, Puglia
C, Bonina F, Santagati NA, Ronsisvalle G. The in vitro effect of
a lyophilized extract of wine obtained from Jacquez grapes on

https://doi.org/10.5115/acb.20.047

Ogunlade B, et al

human chondrocytes. Phytomedicine 2006;13:522-6.
39. Georgiev V, Ananga A, Tsolova V. Recent advances and uses of
grape flavonoids as nutraceuticals. Nutrients 2014;6:391-415.
40. Abdollahifar MA, Azad N, Sajadi E, Shams Mofarahe Z, Zare F,
Moradi A, Rezaee F, Gholamin M, Abdi S. Vitamin C restores
ovarian follicular reservation in a mouse model of aging. Anat
Cell Biol 2019;52:196-203.

www.acbjournal.org

