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SUMMARY

Aim: Degenerative disc disease in the lumbar spine is widely
observed. Degenerative disc diseases are among the causes
of low back pain in older age. Modern drug discovery studies
have aimed to identify potential molecules that target multiple
pathways with a safer profile against degeneration. This study
aimed to evaluate the effects of curcumin, a natural phenolic
compound, on primary cell cultures prepared using intervertebral
disc (IVD) tissues resected during the surgeries of patients with
lumbar disc herniation.

Material and Methods: Primary cell cultures were prepared using
human IVD tissues of eight patients. Untreated groups served as
the control and curcumin-treated groups as the study sample. In-
vitro cytotoxicity analyses were performed in all groups. Acridine
orange (AQO)/propidium iodide (PI) and Janus Green B staining
were performed to evaluate cell surface morphologies. One-way
analysis of variance and Tukey HSD, a multiple comparison test,
were used to assess the obtained data.

Results: Proliferation slightly increased as of 24 h in the curcumin-
treated samples, but decreased in the 48 and 72 hour curcumin-
treated samples compared to the control samples. The obtained
results were statistically significant (p<0.05). Additionally
no cytotoxicity was observed according to morphological
evaluations.

Conclusion: This research is an in-vitro experimental study.
However, this natural and non-toxic pleiotropic agent can
be targeted to cell-damaged sites through appropriate drug
delivery systems. It may thus be a safe treatment option for the
regeneration of degenerated lumbar IVD cells in the future.

Keywords: Annulus fibrosus, curcumin, cytotoxicity, nucleus
pulposus, primary cell culture, proliferation

OZET

Amag: Lomber omurga bolgesinde dejeneratif disk hastaligiyaygin
olarak gozlemlenmektedir. Dejeneratif disk hastaliklari, yaslilikta
bel agrisinin nedenlerinden biridir. Modern ilag kesfi ¢alismalari,
daha givenli bir profille dejenerasyona karsi coklu yollari
hedefleyebilen potansiyel molekdlleri tanimlamayr amaglamistir.
Bu calismanin amaci, dogal bir fenolik bilesik olan kurkuminin,
lomber disk herniasyonu olan hastalarin cerrahileri sirasinda
cikarilan intervertebral disk (IVD) dokulari kullanilarak hazirlanan
primer hicre kultrleri Gzerindeki etkilerini degerlendirmektir.

Materyal ve Metotlar: Sekiz hastanin insan VD dokulari
kullanilarak primer hicre kulturleri hazirlandi. Tedavi edilmemis
gruplar kontrol grubu olarak hizmet etti, kurkumin tedavisi
uygulanan gruplar ise calisma ornegi olarak kullanildi. Tim
gruplarda in-vitro sitotoksisite analizleri yapildi. Hicre yizey
morfolojilerini ~ degerlendirmek i¢in  Akrin  Orange (AO)/
Propidyum lodur (PI) ve Janus Green B boyamasi yapildi. Elde
edilen verileri degerlendirmek icin tek yonli varyans analizi ve
coklu karsilastirma testi olarak Tukey HSD kullanildi.

Bulgular: Kurkumin tedavisi uygulanan érneklerde 24 saat sonra
hafif bir sekilde cogalma gorilirken, 48 ve 72 saatlik kurkumin
tedavisi uygulanan 6rneklerde kontrol 6rneklerine kiyasla azaldi.
Elde edilen sonuglar istatistiksel olarak anlamliydi (p<0.05). Ayrica
morfolojik degerlendirmelere gore sitotoksisite gbzlenmedi.

Sonug: Bu arastirma in-vitro deneysel bir ¢calismadir. Ancak, bu
dogal ve toksik olmayan ¢cok yonli ajan uygunilag tasima sistemleri
aracihigiyla hiicre hasarli bolgelere yonlendirilebilir. Bu nedenle
gelecekte dejeneratif lomber IVD hicrelerinin rejenerasyonu igin
guvenli bir tedavi segenegi olabilir.

Anahtar kelimeler: Annulus fibrosis, kurkumin, sitotoksisite,
nukleus pulposus, primer hicre kilttra, proliferasyon
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INTRODUCTION

Curcumin is one of the major bioactive polyphenolic
compounds obtained from the rhizomes of Curcuma longa
(family Zingiberaceae), a perennial herbaceous herb with
yellow flowers and pointed leaves (1). This natural phenolic
compound, which has been investigated for the treatment
of many autoimmune and inflammatory diseases such
as rheumatoid arthritis (2), influences cell cycles such as
cyclin D1 and cyclin E (3), cell apoptosis through activation
of caspases and reduction of receptors in antiapoptotic
genes (4).

Curcumin plays a role in the molecular mechanisms of
aging and senescence of cells, and its pharmacological role,
therapeutic capacity, and limitations have been examined
by many studies. Curcumin is an anti-aging compound and
is effective in the treatment of age-related diseases (5).
In addition, it plays an important role in cell survival and
cell proliferation via phosphatidylinositol-3-kinase (PI3K)/
protein kinase B (AKT) and mammalian target of rapamycin
(mTOR) pathways (6).

Curcumin inhibits gene expression levels of many
inflammatory factors through oxidative stress, and it
alleviates neuropathic pain and neuroinflammation (7).

Curcumin and its analogs show cytostatic activity through
the oxygenated aromatic rings (8). Curcumin is a natural
component with anti-inflammatory, chemopreventive,
antimutagenic, antitumor, antioxidant, anticytotoxic, and
neuroprotective properties, and its effects have been
investigated in the treatment of many different diseases
(9). Curcumin has preventive and therapeutic effects
on the degeneration of cartilage-like tissues. A study
has evaluated the protective effects of curcumin against
sodium nitroprusside-induced chondrocyte apoptosis in
rabbits, and it has been suggested that curcumin both
increases the vitality of chondrocytes and has a protective
effect against the damage caused by sodium nitroprusside
in chondrocytes.

In addition, curcumin administration protects the
extracellular matrix (ECM) synthesis and prevents the
degradation of the ECM. Curcumin has a protective effect
on chondrocytes and is a pharmacological potential agent
that can be used both in the prevention and treatment
of the pathogenesis of osteoarthritis developed due to
cartilage cell damage (10).

Inastudyusingosteoarthriticsynovial cells, the combination
including curcumin has shown beneficial effects against
osteoarthritis characterized by pain and inflammation
(11). In another study on chondrocytes derived from
mouse knee cartilage, chondrocyte proliferation,
viability, and cytotoxicity analysis of curcumin have been
performed using the MTS [3-(4,5-dimethylthiazol-2-

yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium] assay. This study has suggested that curcumin
significantly increases cell viability and preserves ECM
synthesis (12).

Curcumin prevents disc degeneration against oxidative
damage and mitochondrial dysfunction by restoring
autophagic flux in Intervertebral disc (IVD) cells (13).
Curcumin affects many important pathways, especially
its protective effect, and its effectiveness in lumbar IVD
degeneration (IVDD) treatments has been investigated
(14).

The present study aimed to in-vitro evaluate the effects of
curcumin applied to primary cell cultures prepared using
the degenerated IVD tissues obtained from patients with
lumbar disc herniation on the viability and proliferation of
annulus fibrosus (AF)/nucleus pulposus (NP) cells and ECM
structures.

MATERIALS AND METHODS
Ethics approval and consent to participate

Approval has been obtained from the local ethics
committee of the School of Medicine of XXX University
(date: 23/02/2022 no. 43) to conduct the study. All patients
signed an informed consent form.

Case selection criteria

Patients who presented to the neurosurgery clinic with
complaints of low back and leg pain, loss of sensation,
and urinary incontinence were evaluated. Following
neurological,  electrodiagnostic,  and radiological
examinations, patients with spinal cord and radicular
compression due to lumbar disc herniation were
operated on. Primary cell cultures were prepared using
the tissues obtained from the patients who underwent
lumbar microdiscectomy (15). In the lumbar spinal MRI
examinations of the cases, discopathy level, narrowing
of the disc space, annular tear and loss of density were
observed, and lumbar hernia NP was present in the
degenerative background. To assess the degree of IVD
degeneration, the Pfirrmann classification grading system
with the aid of a T2-weighted magnetic resonance image
was used. IVD tissues were obtained from patients
(Pfirrmann grading scale stage Ill-1V; 4 females, 4 males;
mean age: 42.98 + 2.18 years) without smoking history
and alcohol consumption. In addition to pregnancy, those
with a diagnosis of malignancy and those using biological
agents were not used for the preparation of primary
cultures in this study and were not included in the study.
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Preparation of primary cell cultures

Cell culture protocol was performed according to the
descriptions from previous studies (16, 17). Tissues were
first treated mechanically and then enzymatically. For this;
subsequently, 0.375 mg collagenase type Il enzyme (Gibco;
Thermo Fisher Scientific, Inc.) dissolved in DMEM were
added and incubated with 5% CO2 at 37°C overnight (16,
17). The samples were subsequently centrifuged at 4°Cand
161 x g for 10 min (16, 17). Cell pellets were resuspended
by adding the cell culture medium, transferred to T75
flasks, and incubated at 37°C for 72 h to obtain the primary
cell cultures (16, 17). Following incubation, cells were
trypsinized with trypsin EDTA (0.25%). The samples were
centrifuged twice consecutively, and the supernatant on
the tubes was discarded. Pellets precipitated at the bottom
of the tubes were resuspended with a freshly prepared cell
culture medium. The samples were transported to flasks.
The cells were trypsinized and counted using the Thoma
slide. The counted cells were plated at 1.5x106 cells per
well in 96-well plates for 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) viability and
proliferation and toxicity assays. The cells were plated at
2.1x105 per well in 24-well plates for acridine orange (AO)
and propidium iodide (PI) (AO/PI) assays, and Janus Green
B assays.

Application of curcumin to human primary chondrocyte
cultures

Cell samples that were not administered drugs constituted
the control group samples, while the curcumin-
treated group constituted the experimental group. The
concentration of curcumin treated to cell cultures was
10 uM. Curcumin dissolved in 0.1% dimethyl sulfoxide
(DMSO) in PBS. The Control group was treated with 0.1%
DMSO in Phosphate-buffered saline (PBS) (18).

Morphological evaluation via inverted light microscopy

Cell surface morphologies and ECM structures were
examined under 4x, 10x, 20x, and 40x magnifications
using an inverted light microscope. Before and after the
curcumin administration, the primary cell cultures were
evaluated using an inverted light microscope (Olympus
CKX41). To determine cell viability and confirm MTT results,
nucleic acid-binding dyes AO and Pl were used (19, 20).
The samples were treated with a 10 uM concentration of
curcumin. To prepare the AO/PI stain, AO (4 mg dissolved
in 2 mL 99% ethanol), sodium-ethylenediaminetetraacetic
acid (10g), PI (4 mg), and 50 mL fetal bovine serum were
mixed well, and sterile distilled water was added to reach
a 200 mL final volume, according to a previously reported
method (20).

Leica DM 2500 fluorescent microscope was used for
AQ/PI analysis. The images were evaluated using the

Cytovision Capture Station imaging software (version
7.0; Genetix; Leica Microsystems, Inc., Buffalo Grove, IL,
USA). In addition, Janus Green B dye, which changes color
according to the amount of oxygen was used to stain the
mitochondria supravitally. The indicator oxidizes to a blue
color when oxygen is present. In the absence of oxygen,
the indicator decreases and the color changes to pink (21,
22).

Cell viability, toxicity, and proliferation analyses using
MTT and enzyme-linked immunosorbent assay

The viability tests were performed using a commercial
kit [3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium
bromide (MTT), Vybrant MTT Cell Proliferation Assay,
Cat#V13154, Thermo Fisher Scientific, Waltham, MA,
USA.)]. For viability and cell toxicity measurements,
a Mindray MR 96 ELISA device (China), was used.
Absorbances were measured at a wavelength of 540 nm.
The viability of the control group before contrast agent
addition was accepted as 100%. The proliferation and the
inhibition of the proliferation were calculated using the
following formulas, according to a previously reported
method (20). Since the half-life of curcumin is between 5-7
h (23), all analyses were terminated within 72 h.

Statistical analysis

Minitab software (version 22) was used for the statistical
evaluation. Data were evaluated at a 95% confidence
interval (Cl). Analysis of variance (ANOVA) was used
to determine the differences between groups. Tukey’s
honest significant difference (HSD) test was used to assess
differences between multiple groups. The results were
presented as mean + standard deviation (mean + SD). The
p < 0.05 was accepted as statistically significant.

RESULTS

Curcumin-treated AF and NPC cultures were followed
up for 72 h. Curcumin administrated AF and NP cells
preserved their morphological structures. The samples
stained with Janus-Green-B dye in all experimental groups
were evaluated. AO and PI staining were carried out to
determine whether there was cell death in all cultures
and to confirm MTT cell viability, toxicity, and proliferation
analysis. Photographs of inverted microscopy, Janus Green
and AO/PI-stained cultures are given in Figure 1. As can
be clearly observed in Figure, AF/NPC cultures preserved
their unique morphology. furthermore, AO/PI staining
confirmed that there was no toxic effect or cell death at
the applied dose of curcumine.
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Figure 1. Morphological examinations. First column, inverted microscopy
(A, D, G, and J respectively, 10x magnification); second column, Janus
Green-stained cultures (B, E, H, and K respectively, 20x magnification);
third column, acridine orange/propidium iodide-stained (C, F, | and L
respectively,10x magnification) cultures.

Although no morphological change occurred, MTT analysis

revealed a different situation. Figure 2 shows the graph of
absorbance values obtained by MTT analysis (Figure 2).

Table 1. Statistical analysis of MTT-ELISA
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Group 1 (Control; without curcumin) Group 2 (with treated curcumin)

Figure 2. Interval plot of absorbance (540 nm, O.D.) comparison of the
experimental group treated with curcumin compared to the control
group.

As a result of the % vitality calculations; proliferation
increased by 1.51% at 24 h in the curcumin-treated
samples compared to the untreated samples. In turn,
proliferation decreased by 18.80% and 49.31% at 48
and 72 h, respectively, in the curcumin-treated samples
compared to the control samples. Statistical analysis of
MTT data is given in tables (Table 1, Table 2). These results
were statistically significant (p<0.05).

Source Adj SS Adj MS F-Value p*
Groups 0.100650 0.100650 102356.02 0.000
Time (hours) 0.035656 0.011885 12086.86 0.000
Groups Time (hours) 0.171930 0.057310 58281.44 0.000

*p<0.05 vs. control group and p<0.05 vs. curcumin-treated group. Adj SS, adjusted sum of squares; Adj MS, adjusted mean

square

Table 2. Data were analyzed using a one-way analysis of variance followed by a post-hoc Turkey Pairwise Comparison test

Variable Time (hours) Mean+StDev Grouping
Control 0 0.367+0.001 E

24 0.396+0.0009 D

48 0.436+0.0009 B

72 0.588+0.0009 A
Curcumin treated 0 0.367+0.001 E

24 0.402+0.0009 C

48 0.354+0.0009 F

72 0.298+0.0009 G

*A: Highest rate of cell viability and proliferation. G: The lowest rate of cell viability and proliferation. StdDev: standard

deviation
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DISCUSSION

Inflammatory response and neoangiogenesis are induced
by triggering ECM degradation, resulting in NP inhibition
and accelerated development of IVDD. Lumbar IVDD is
an independent risk factor for back pain, disc hernia,
myelopathy, and radiculopathy (24).

Intervertebral disc disease is a complex chronic disease of
the spine, and the lumbar region is significantly affected.
Cervical spondylosis are the pathologies with the highest
morbidity among IVD-related pathologies (14). In addition,
up to 80% of adults suffer from low back pain-related
diseases and lumbar VDD has become an important health
problem (14, 24). Many studies have investigated different
natural compounds for the regeneration of degenerated
AF/NP cells that cause such health problems. Curcumin is a
non-toxic and anti-inflammatory compound and alleviates
lumbar radiculopathy by reducing neuroinflammation,
oxidative stress, and nociceptive factors. Therefore, this
natural phenolic compound has gained popularity.

Xiao et al (18) reported that curcumin, covering a three-
month treatment period, did not have acute cytotoxicity
at doses of 2 g/kg body weight in mice and 8000 mg/day
in humans. A study by Kakiuchi et al. tested curcumin and
the authors reported that pharmacological inhibition of
MTORC1 may protect against apoptosis, aging, and ECM
catabolism at the cellular level in humans intervertebral
disc tissue through Akt and autophagy induction. They
also suggested that curcumin is not cytotoxic compared to
other MTORC1 inhibitors, but its protective effect is weak
(25). Cherif et al (26) aimed to reduce neuroinflammation,
oxidative  stress, and nociceptive factors  with
pharmacological agents that exhibit senolytic and anti-
inflammatory activities such as curcumin.

Many studies have investigated pharmacological treatment
methods not only to prevent IVDD but also to provide IVD
regeneration. Cell cultures obtained from humans (14,
27) and animal tissues (13) are generally used in studies
investigating the effects of curcumin on lumbar IVDD. The
effects of curcumin on regeneration are investigated using
commercial cell lines (28).

However, it is very well known that commercial cell lines
contain only a single cell type and do not have complex
coordination mechanisms in the cells’ microenvironment
(29). Commercial cell lines do not have the same genotypic
and phenotypic characteristics as seen in the human body.
Therefore, the results obtained from studies using cell
lines may be misleading. The sensitivity of animal tissue
is known to differ from that of human tissue (29). Results
of studies using animal tissues may differ from those using
human tissues, giving rise to misleading results (30). In the
present study, primary cell cultures prepared from human
degenerated IVDs were used. This may enhance the value
of the study.

Intervertebral Disc Disease is characterized by cellular,
structural, compositional, and mechanical changes in AF/
NP, and is usually associated with back and low back pain. It
affects not only AF/NP but also the cartilaginous end-plate
adjacent to AF/NP. The endplate, which has a cartilaginous
structure, changes with aging and degeneration.
Tissue hydration is adversely affected due to increased
calcification, decreased glycosaminoglycan/collagen, and
proteoglycan levels. Therefore, permeability and diffusion-
related transport of the solute may be limited (31). Some
clinical patient monitoring studies have suggested that
physical medicine and rehabilitation, one of the current
conservative treatment modalities, has anabolic effects
characterized by cell growth, proliferation in articular
cartilage tissue, and an increase in ECM structure (32).
However, no studies have used human IVD tissues when
evaluating the effects of treatment modalities on IVDD (31).
IVDD is a multifactorial, progressive process characterized
by phenotypic and genotypic changes leading to low
back pain and functional loss. The prolonged imbalance
between anabolism and catabolism in the discs alters the
microstructure at the cellular level, causing progressive
proteoglycan loss and dehydration leading to IVDD.

Current treatment algorithms for VDD may only
alleviate symptoms but do not target the underlying
degenerative process and its management. Many studies
have investigated the differences between aging and
degeneration of disc tissue and aimed to identify various
factors responsible for disc degeneration and determine
regeneration strategies. None of the current treatment
modalities have successfully addressed the underlying
biological problem symptomatic degenerated disc (33).

Organic compounds with a molecular weight of fewer than
900 Daltons are at the forefront of new trend research,
with the belief that they can prevent the degeneration
of intervertebral disc tissue cells and increase the
regeneration of IVD due to their anti-inflammatory, anti-
apoptotic, anti-oxidative and anabolic effects. Using a
rat tail puncture-induced model of IVDD, a study has
established that quercetin, a plant flavonol from the
flavonoid group of polyphenols, has a protective effect
against IVDD. In addition, quercetin can prevent IVDD by
modulating autophagy due to its positive effects on cell
proliferation, and, therefore, is a potential therapeutic
strategy for IVDD treatment (34). Likewise, berberine, a
quaternary ammonium salt of the protoberberine group of
benzylisoquinoline alkaloids, suppresses the microtubule-
associated protein 1A/1B-light chain 3 (LC3) protein, which
plays an important role in autophagy, thus preventing
apoptosis and ECM degradation in NP cells and healing cell
proliferation and IVDD (35).

Cyanidin, a natural anthocyanidin type organic compound
found in many plants, including grapes, blueberries,
blackberries, and cherries, could alleviate apoptosis of NP
cells and IVDD in vitro and in vivo studies in rats (36). In
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addition, apigenin, found in many plants, and a natural
product belonging to the flavone class, is known to be
used in the treatment of IVDD due to its positive effects on
the viability of NP cells (37).

In the present study, curcumin, an herbal and small
phenolic molecule, was applied to IVD cell cultures.
Proliferation increased at 24 h in the curcumin-treated
samples compared to the control samples. However, it
gradually decreased at 48 and 72 h (p<0.05). Since the
curcumin compound has a very short half-life of 5-7 h, it
was applied to cell cultures once and no further curcumin
application was performed within 72 h. This may cause
a decrease in the proliferation level. In vitro and in vivo
studies generally have some limitations (38). The limitation
of our study is that it was performed in primary cell
cultures. Therefore, the data obtained will not fully reflect
the possible systemic effects of curcumin. Curcumin, a
hydrophobic polyphenol, has been shown to cause poor
systemic bioavailability from the time of oral administration
because of rapid metabolism and conjugation in animal
studies. In addition, curcumin is absorbed after oral dosing
in humans and can be detected as glucuronide and sulfate
conjugates in plasma (39). Also, primary cultures were
prepared from tissues obtained from the same race and
a small number of people.Cell culture samples prepared
from intact tissues could not be included in the study as an
additional control group, since healthy disc tissue cannot
be obtained within ethical frameworks.

CONCLUSION

Curcumine did not cause a decrease in cell proliferation
from the time of administration until 24 h but reduces cell
proliferation at 48 and 72 hours. therefore, considering
the short half-life of the drug, in clinical applications
appropriate drug delivery systems that will provide drug
release every 24 hours may have positive effects on the
viability and proliferation of AF and NP cells.
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