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Pregabalin treatment for neuropathic pain
may damage intervertebral disc tissue
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Abstract. The aim of the present study was to determine
whether pharmaceutical preparations with pregabalin (PGB)
as an active ingredient, which are widely prescribed by clini-
cians, exert toxic effects on human primary nucleus pulposus
(NP) and annulus fibrosis (AF). Primary human cell cultures
were obtained from intact (n=6) and degenerated (n=6) tissues
resected from the two groups of patients. Different doses of
PGB were applied to these cultures and cells were subjected
to molecular analyses at 0, 24 and 48 h. Cell vitality, toxicity
and proliferation were assessed using a spectrophotometer.
The expression of chondroadherin (CHAD), a (member of
the NP-specific protein family), hypoxia-inducible factor-1a
(HIF-1a) and type II collagen (COL2A1) was measured
using reverse transcription-quantitative polymerase chain
reaction. The results revealed that cell intensity increased
in a time-dependent manner and cell vitality continued in
the cultures without pharmaceuticals. Cell proliferation was
suppressed in the PGB-treated cultures independent from the
dose and duration of application. PGB was demonstrated to
suppress the expression of CHAD and HIF-1a. In contrast,
COL2AI1 gene expression was not revealed in any experi-
mental group. The present study utilized an in vitro model and
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the PGB active ingredient used herein may not be representa-
tive of clinical applications; however, the results demonstrated
that PGB has a toxic effect on NP/AF cell cultures containing
primary human intervertebral disc tissue. In summary, the use
of pharmacological agents containing PGB may suppress the
proliferation and differentiation of NP/AF cells and/or tissues,
which should be considered when deciding on an appropriate
treatment regime.

Introduction

Pregabalin (PGB) is a GABA analogue structured pharmaco-
logical agent (1). PGB is a calcium canal ligand of 02- and
acutely connects to the a2-0 subunit protein of voltage-gated
calcium channels, inducing calcium release in nerve endings
to inhibit the release of neurotransmitters, including gluta-
mate, noradrenaline and substance P (2). Owing to its
chemical structure and pharmaceutical features, PBG is used
as a treatment for epilepsy, peripheral neuropathic pain (3),
chronic musculoskeletal pain, postoperative pain following
lumbar-surgery (4), anxiety, somnipathy and fibromyalgia (5).
PGB is also frequently prescribed in neurology, neurosurgery,
orthopedics, traumatology, rheumatology, physical medicine
and rehabilitation, geriatrics, anesthesia, immunology, derma-
tology and endocrinology clinics (3-5). PBG has been reported
to have a number of adverse side effects, including vertigo,
somnolence, brain fog, ataxia, tremor and dysarthria (6,7).
However, to the best of our knowledge, it has not been conclu-
sively determined whether PGB has any adverse effects on
intervertebral disc tissues.

A modern focus of neurosurgery is the total repair of
damaged tissues, both mechanically and biologically, with
the help of regenerative and reparative medicine (8,9).
Pharmacological treatments are able to accumulate in tissues,
including the synovial liquid compartments, irrespective
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of the route of administration, may (10-12). In the present
study, PGB was applied to human nucleus pulposus (NP) and
annulus fibrosis (AF) cell cultures. Fibroblast cells prolif-
erate and are replaced by tissue that undergoes degeneration
during the healing process, particularly in trauma affecting
the NP/AF cells (8.,9). In order to prevent undesired fibroblast
proliferation, the implantation of cultured NP/AF cells during
therapy was discussed in recent studies (8,9). Exposure to
pharmacological agents may affect the healthy proliferation
of desired NP/AF cells and negatively affect the formation
of micro-environmental structures, including the extracel-
lular matrix (ECM) (13). The aim of the present study was to
conduct a pharmaco-molecular analysis of the effects of PGB
on type II collagen (COL2A1), the protein responsible for ECM
development, as well as on chondroadherin (CHAD) (13,14)
and hypoxia-inducible factor-la. (HIF-1a) (15,16), which are
NP specific marker proteins responsible for spinal cord and
dorsal column development.

The intervertebral disc (IVD) is composed of a central
gelatinous NP surrounded by elastic, ligamentous AF
and is flanked superiorly and inferiorly by cartilaginous
endplates (8,9). NP cells are specialized and share some char-
acteristics with articular chondrocytes in terms of aggrecan,
COL2AI and Sry-box 9 protein expression (17). However,
compared with articular cartilage (AC), the NP retains a
unique ECM with a higher glycosaminoglycan to hydroxypro-
line ratio and its native cells have distinctive gene expression
signatures (18). The initial stages of IVD are associated with
reduced cellularity, aberrant cell function, loss of proteogly-
cans and concomitant tissue dehydration (8,9). As cells within
the IVD are liable for ECM maintenance and homeostasis,
they serve important roles in the degenerative process (8,9).
Previous studies have demonstrated that mature NP cells are
generated from precursor notochordal cells (NCs), although
NP cells are morphologically different to NCs and express
different genes (19,20).

However, it is evident that the NP contains multiple cell
subpopulations (8,9). This cellular heterogeneity may repre-
sent different stages of proliferation, differentiation and
maturation; however, relatively little information is available
regarding these NP cell subpopulations. Successful develop-
ment of cell replacement treatments and IVD regeneration is
dependent on an in-depth understanding of the cellular and
molecular characteristics of functional IVD (17). CHAD is a
protein predominantly expressed in the ECM of the cartilagi-
nous tissue and the IVD (8.,9,13,14,21). CHAD interacts with
the collagen fibrils of the ECM and the cell surface molecules;
further, CHAD regulates the cell metabolism and ECM struc-
ture (8,9). Changes in CHAD expression may therefore lead to
pathological changes to the tissues over time (13,14,21).

HIF-1a regulates the key molecules associated with NP
cell survival, apoptosis, autophagy and matrix synthesis (22).
In addition, the HIF status and activity designates the response
of the NP cells under hypoxic and normoxic conditions (23).

Materials and methods
Ethical approval. The present study was approved we obtained

permission from the ethics committee of the Namik Kemal
University School of Medicine (Tekirdag, Turkey). Written
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informed consent was obtained from all study subjects.
Researchers were blinded to dosages and agents used. Analyses
were performed by the same researchers and were repeated at
least thrice to minimize the experimental errors.

Selection criteria. Tissues were obtained from the patients
with back and/or leg pain admitted to the Department of
Neurosurgery, Namik Kemal University, School of Medicine
between February 2017 and June 2017. Following physical
and neurological examinations, magnetic resonance imaging
(MRI) was performed and patients with lumbar disc hernia
were identified and included in the present study. A total of
15 patients were recruited, however patients with malignancy
(n=1), using biological agents (n=1), with a history of smoking
or alcohol consumption (n=2), taking beta-blocker drugs
(n=2), erythromycin (n=1) or fluoxetine (n=2) were excluded
from the study (10-12). Degenerated disc hernia (extruded
or migrated disc fragments) compressing the nerve roots
and/or the spinal cord were harvested, and the amount of disc
degeneration was graded according to Pfirrmann classifica-
tion using T2 weighted MRI (24). Lumbar microdiscectomy
was performed under endotracheal general anesthesia to the
patients placed in prone position through median skin incision.
Degenerated intervertebral disc tissue was resected during the
surgery. Tissues obtained from 6 patients, included 3 females
and 3 males (mean body mass index, 28.7 kg/m?; mean age,
39.98+11.16 years) were resected and transferred into sterile
falcon tubes containing penicillin streptomycin. The control
group comprised of volunteers admitted to the Emergency
Department of Republic of Turkey, Ministry of Health, State
Hospital (Tekirdag, Turkey). A total of 6 patients with vertebral
fractures in the thoracolumbar/lumbar region and additional
spinal cord compression were diagnosed with instability and
traumatic intervertebral disc hernia following lumbar MRI.
They underwent laminectomy and discectomy. These cases
were similar in terms of sex (3 male and 3 female), age and
body mass index (mean age, 40.62+13.46 years; mean body
mass index: 27.2 kg/m?).

Tissue explant and preparation of primary cell cultures.
Discs and granulation tissues were transferred to the labora-
tory Dulbecco's modified Eagle's medium (DMEM; Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 1% penicillin-streptomycin, 15% fetal bovine
serum (FBS) and 1% L-glutamine (all Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). Tissue samples were
irrigated with 0.9% isotonic sodium chloride solution in the
laminar flow cabinet and clarified from the red blood cells.
Tissues were dissected into 0.4 cm?® pieces, washed in Hank's
balanced salt solution (Gibco; Thermo Fisher Scientific, Inc.)
and transferred to Falcon tubes. Subsequently, 0.375 mg colla-
genase type II enzyme (Gibco; Thermo Fisher Scientific, Inc.)
dissolved in DMEM were added and incubated with 5% CO,
at 37°C overnight. The samples were subsequently centrifuged
at 4°C and 161 x g for 10 min. 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. Following incubation, cells were trypsinized with
trypsin-EDTA (0.25%). Once they reached confluence, cells
in the primary culture were passaged stained with Trypan
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blue at 37°C for 12 min and counted. Counting was performed
manually under normal laboratory conditions at 22.4°C using
a light microscope (magnification, x40). Cells were seeded
in 96-well plates at a density of 1.4x10* cells/well for MTT
analysis, in 24 well plates at a density of 3.4x10* cells/well
for acridin orange/propidium iodide (AO/PI) analysis and in
100 mm petri dishes at a density of 4.4x10° cells/dish for RNA
isolation.

Drug preparation. The main stock solutions of PGB (Lyrica
capsule®; Pfizer, Inc., New York, NY, USA) were prepared
freshly as 150 mg/ml by dissolving in DMEM. Thereafter,
the main stock solutions were transferred to sterilized thick
bottles, which had different pharmaceutical colors and thus
color-coding was performed. Preliminary experiments were
performed to investigate the optimum dose of PGB; concentra-
tions of 1, 50, 100 and 1,000 uM PGB were applied to human
primary NP/AF cell cultures. It was observed that >100 M
PGB completely inhibited cell proliferation (data not shown),
so a final concentration of 100 uM was selected. Tissues were
divided into the following groups: 1, untreated intact (i) AF/NP
group; 2, untreated degenerated (d)AF/NP group; 3, iAF/NP
treated with PGB; and 4, dAF/NP treated with 100 xM PGB.
Images were obtained from cell cultures using inverted light
and/or fluorescent microscope at x4, x10, x20 and x40. Cell
viability was analyzed using a commercial MTT kit (Vybrant
MTT Cell Proliferation Assay; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. MTT analyses were
performed prior to and following drug administration and
were recorded using an ELISA microplate reader at 540 nm.

Morphological evaluation by inverted and fluorescence
microscopy. Images of cell organizations of AF/NP cultures
were recorded confocally at a magnification of x10 under a
phase-contrast microscope. Morphological evaluations were
performed under normal conditions at 22.4°C for 10 min.
The AO/PI stain was prepared with 10 g sodium-EDTA,
4 mg PI, 50 ml FBS and 4 mg AO dissolved in 2 ml 99%
ethanol, and was mixed into wells; sterile distillated
water was added to reach a final volume of 200 ml. Cell
cultures were stained with AO/PI at room temperature for
10 min, and then cell death and cell viable were monitored
at a magnification of x10 using a fluorescent microscope.
Microphotographs of cell structures were obtained and
the images were evaluated using CytoVision® (version 7.0;
Genetix; Leica Microsystems, Inc., Buffalo Grove, IL, USA)
capture station imaging program.

MTT analyses. The cell viability tests were performed using a
commercial MTT kit (Vybrant MTT Cell Proliferation Assay;
Thermo Fisher Scientific, Inc.), which inhibits formazan
crystal formation in dead cells. Analyses were performed
prior to and following PGB addition. The cell culture medium
was removed and replaced with a fresh MTT solution [MTT
dissolved in 1 ml sterile PBS at a pH of 7.4 to prepare stock
solution (12 mM)]. The stock solution was diluted with
DMEM (10%) and 100 ul of this solution added to each well.
Following a 150 min incubation period at 37°C in a dark,
DMSO was then added and the samples were incubated for
10 min at 37°C. The absorbance was recorded at 540 nm. The
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viability of the control group prior to contrast agent addition
was accepted as 100%.

Gene expression analysis by reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
extracted from cultured iAF/NP and dAF/NP cells using a
PureLink RNA Mini kit (cat. no. 12183018 A; Ambion; Thermo
Fisher Scientific, Inc.) and 2-mercaptoethanol (Thermo Fisher
Scientific, Inc.). Purified RNA (50 ng) was reverse-transcribed
to complementary (c)DNA using a High Capacity cDNA
Reverse Transcription kit (cat. no. 4368814; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. qPCR
analyses were performed on the cDNA to analyze the changes
in gene expression using TagMan Gene Expression Assays
kits for CHAD (cat. no. 4448892; assay ID Hs00154382_m1),
HIF-1a (cat. no. 4453320; assay ID Hs00153153_m1), COL2A1
(cat. no. 4453320; assay ID Hs00264051_m1), and the internal
control (housekeeping) gene [3-actin (cat. no. 4453320; assay
ID Hs99999903_m1; Thermo Fisher Scientific, Inc.). Each
gene was amplified using an RT-qPCR reaction mix prepared
with 1 ul TagMan Gene Expression Assay, 10 ml of TagMan
Gene Expression Master Mix, 4 ml of cDNA template and
UltraPure DNase/RNase-Free distilled water on MicroAmp
Fast Optical 96-well reaction plates.

The Applied Biosystems 7300/7500 RT-PCR system was
used with the following reaction protocol: Hold at 50°C for
2 min, hold at 95°C for 10 and 1 min at 60°C for 40 cycles. The
gene expression levels were normalized by the expression of
[-actin for each sample and fold changes were evaluated using
the 244 method (8,9,25).

Cultures formed from intact AFCs/NPCs formed the
control group, named as Group 1. The gene expression levels in
this group (non-PGB group), were normalized by [-actin gene
expression, used as endogenous control and target gene expres-
sions were accepted as 100% [Relative quantitation (RQ)=1].
The RQ values in other groups were also normalized by -actin
gene expression and increase/decrease of target genes COL2A1,
HIF-1o. and CHAD expressions in the experimental groups was
compared with that in Group 1 to obtain the RQ values.

Statistical analysis. Minitab software (version 16; Minitab
Ltd., Coventry, United Kingdom) was used to analyze the
result of the present study. All data are presented as the
mean + standard deviation and were evaluated using one-way
analysis of variance with a post hoc Tukey test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Morphological analysis of NP/AF cell cultures. Confluent cells
in primary cultures obtained from both intact and degenerated
tissues were treated with trypsin to obtain cell suspensions.
Following 24 h of incubation, the experiment was initiated and
treatments were administered. The cell confluence at 0 h was
higher in iAFC/NPC cultures compared with the dAFC/NPC
cultures (Fig. 1A). In the microphotographs in Fig. 1B, the cells
in the dAFC/NPC culture samples had fewer and less viable
cells compared with the cells in the iAFC/NPC culture samples.
However, in these images, it was evident that the viability
and proliferation of PGB-treated cells were suppressed. In
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Figure 1. Inverted microscopy and acridin orange/propidium iodide staining of iAFC/NPC and dAFC/NPC treated with or without pregabalin for (A) 0,
(B) 24 and (C) 48 h.iAFC/NPC, intact annulus fibrosis/nucleus pulposus tissue; dAFC/NPC, degenerated annulus fibrosis/nucleus pulposus tissue; PGB, pregabalin.

Fig. 1C, in addition to the suppression of the proliferation in
the PGB-administered group, the integrity of the matrix of the
extracellular construct was occasionally impaired compared
with the control group. In summary, in all the samples in the
control group, the cells were alive, healthy and proliferative
compared with the PGB-administered samples. Additionally,
the ECM structure in microphotographs of all of the samples
in all control groups maintained its integrity.

Cell viability, toxicity and proliferation. Cell viability and
proliferation were evaluated using AO/PI staining and MTT
analysis in all the experimental groups. The results revealed
that, in dAFC/NPC tissues, cell proliferation was signifi-
cantly increased in the untreated group compared with the
PGB-treated group (P<0.05; Table I).

Evaluation of RT-qPCR analysis. The results of RT-qPCR
revealed that COL2A1 was not expressed in AFC/NPC
cultures in the experimental groups (Fig. 2). In untreated
1AFC/NPC tissues, HIF-1a and CHAD expression was mark-
edly decreased at 24 and 48 h compared with O h. It was
observed that, compared with untreated iAFC/NPC tissues
at 0 h, CHAD and HIF-la expression was decreased in

dAFC/NPC tissues at 0 and 24 h. However, CHAD expression
was significantly upregulated at 48 h in the dAFC/NPC group
compared with the untreated iAFC/NPC group at 0 h; HIF-1a
expression remained markedly decreased. In iAFC/NPC
tissues, no significant difference in CHAD expression was
observed between treated and untreated cells at 24 and 48 h,
however this change was significant when compared with
the untreated iAFC/NPC group at O h. HIF-1a expression
was markedly decreased in PGB-treated iAFC/NPC tissues
compared with untreated iAFC/NPC tissues at 24 h and
the expression was significantly decreased in PGB-treated
iAFC/NPC tissues at 24 and 48 h compared with the untreated
iAFC/NPC group at 0 h. In PGB-treated dAFC/NPC tissues,
HIF-1a expression at 24 and 48 h was significantly decreased,
and CHAD is significantly increased at 24 h and decreased at
48 h compared with the the untreated iAFC/NPC group at O h.

Discussion

PGB is a GABA analogue that blocks neurotransmitter release
via calcium channels mediated in the presynaptic ends although
it does not affect through GABA receptors (26). It has previ-
ously been reported that PGB has no analgesic effect (27).
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Table I. Assessment of the cell viability of intact and degenerate tissues following pregabalin treatment.

Proliferation (optical density)
Application Oh 24 h 48 h
Control degenerate tissue 0.270+0.01 0.230+0.01 0.197+0.00
Degenerate tissue 0.198+0.01* 0.234+0.01* 0.189+0.01*
Control intact tissue 0.270+0.01 0.232+0.01 0.360+0.00
Intact tissue 0.230+0.01° 0.246+0.01° 0.244+0.02°

1P<0.05 vs. control degenerate tissue and "P<0.05 vs. control intact tissue. Data was analysied using a one-way analysis of variance followed

by a post-hoc Turkey Pairwise Comparison test.
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Figure 2. Cultures were prepared from iAFC/NPC (n=6) and dAFC/NPC (n=6) tissues resected from the two groups of patients and treated with or without
PGB. The expression of HIF-1a, CHAD and COL2A1 was assessed at 0, 24 and 48 h. "P<0.05 vs. 0 h. iAFC/NPC, intact annulus fibrosis/nucleus pulposus
tissue; dAFC/NPC, degenerated annulus fibrosis/nucleus pulposus tissue; PGB, pregabalin; CHAD, chondroadherin; COL2A1, type II collagen; HIF-1a,

hypoxia-inducible factor-la.

Kim et al (28) created a facet joint degeneration model via percu-
taneous puncture-induced injury in rats. Rats were administered
with selective cox-2 inhibitors, non-steroidal anti-inflammatory
drugs (NSAIDs) and analgesic drugs, including PGB. They
underlined that NSAID and PGB applications did not exert
any analgesic effect (28). The indications section contained in
the pharmacopoeial product mopnography and/or prospectus
include many unlighted effect mechanisms of PGB or, more
importantly, side effects/adverse events. However, in many
branches of medicine, clinicians bravely prescribe this medi-
cine. In the current study, it was, therefore, aimed to investigate
the unlighted effects of PGB on intervertebral disc tissues.
Jang et al (29) reported that neuropathic pain developing
secondary to peripheral nerve damage causes inflammation
in the traumatic region. They aimed to determine the probable
effect of a GABA analogue, developed as an antiepileptic drug,
on immunomodulation. The tumoricidal effects of natural
killer (NK) cells against YAC-1 murine lymphoma cells and

phytohemagglutinin-stimulated T lymphocyte proliferation
were assessed in a neuropathic chronic constriction injury
mouse model. NK cell activity and splenocyte proliferation
were significantly increased in mice with chronic constriction
injury compared with control mice. Furthermore, PGB treat-
ment significantly suppressed NK cell activity and splenocyte
proliferation in mice with chronic constriction injury (29).

Salat er al (27)investigated the analgesic, antioxidant, meta-
bolic and toxic effects of PGB, which is frequently prescribed
to patients with diabetes for the management of neuropathic
pain syndrome. They concluded that PGB increased the pain
threshold in tactile allodynia and thermal hyperalgesia and
stated that PGB is an effective analgesic and antiallodynic
drug (27). Furthermore, they did not report any antioxidant or
cytotoxic effects of PGB (29).

In the present study, 100 xM doses of PGB were used
and it was demonstrated that PGB suppresses the prolifera-
tion of NPCs/AFCs cultures. The majority of previous trials
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have used tissues obtained from animals (10-12). Human and
animal tissues may differ in terms of sensitivity; therefore, the
results may be misleading (10-12). Commercial cell lines have
been used in some studies in place of animal tissues (20,30,31).
However, commercial cell lines contain a single cell type and
do not have complex coordination of cells with their micro-
environment and ECM (10-12). Test results that have been
already complicated become more complicated as a result of
the inability of the drug to interact with the microstructures
such as the ECM in the cell and its surroundings. Furthermore,
cell lines often do not have typical genotypic and phenotypic
features of the species from which they are derived as they are
genetically modified (10-12,32-34).

In the present study, tissues were harvested from patients
with lumber disc hernia who had undergone lumbar microd-
iscectomy. PGB was applied to NPCs/AFCs primary human
cultures to determine whether PGB had any toxic effect on
these cells. The effect of PGB on HIF-1a., CHAD and COL2A
was also assessed. Although using an in vitro experimental
setup may be considered to be a study limitation, this was
overcome by using human-derived tissues as opposed to
animal tissues or commercial cell lines. A major limitation of
the present study, however, is the small sample size.

The results of the present study revealed that CHAD and
HIF-la expression decreased in a time-dependent manner,
regardless of whether tissues were intact or degraded and PGB
treatment. It was noteworthy that CHAD and HIF-la levels
in dAFC/NPC tissues increased at 48 h. Healthy cells, even
if they were degenerated, proliferated quickly and formed the
ECM under sustained appropriate conditions. It is believed that
the main cause for this increase may be the in vitro experi-
mental setup. Following the diagnosis of the patients, they took
prescribed drugs every day. In the in vitro experiment, PGB
was applied to the culture medium once at the beginning. In
addition, there are compensatory mechanisms in the liver and
gastrointestinal systems that are not found in the in vitro experi-
mental environment. Thus, the toxicity of a drug taken into the
body is minimized by the first-pass effect mechanism. It should
be noted that the PGB agent was applied in vitro in the current
study. It may be more appropriate to pharmaco-molecularly
evaluate the data obtained following the application of this
drug in the clinical setting and to arrive at a definitive result.
PGB was applied continuously, as in the clinical setup, the
gene expression would change, and proliferation may stop. In
summary, PGB may have a cytotoxic effect on AF/NP tissues
and so clinicians should consider the risks before prescribing.
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